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Preface 

From t i m e  t o  t i m e  the  Geological Survey has  published t h e  results of 
symposia of broad, general interest .  This allows a wide distribution of t h e  results 
of these  meetings and also makes  a much larger  audience aware  of advances  being 
made in cer ta in  fields. 

In 1970 we published the  proceedings of a symposium on "Basins and 
Geosynclines of t h e  Canadian Shield". This was  probably t h e  f i rs t  a t t e m p t  t o  bring 
together  the  results of t h e  reconnaissance s tudies  t h a t  had been in i t ia ted  in t h e  
Shield a f t e r  World War 11. In t h e  pas t  decade more  detailed mapping projects  have 
been undertaken and our understanding of t h e  Shield has  undergone considerable 
refinement a s  a result of t h e  application of fac ies  models and p la t e  t ec ton ic  
theory. I t  thus  seemed appropr ia te  for another  symposium t o  be held, which would 
allow these  advances t o  be  described and discussed. Because much of t h e  work in  
t h e  pas t  decade has been di rected t o  t h e  study of basinal evolution, particularly in 
t h e  less highly a l tered successions, t he  organizers decided to  l imit  t h e  topic t o  
"Proterozoic Basins of Canada". This highly successful symposium sponsored by t h e  
Geological Association of Canada, was held in Halifax in May 1980. Early in t h e  
planning for t h e  symposium t h e  Geological Survey was  asked t o  under take  t h e  
publication of t h e  proceedings. I a m  pleased t h a t  this was possible and I 
congratula te  the  symposium editor and the  s taf f  of t he  Survey's Geological 
Information Division fo r  producing such an  informat ive  and a t t r a c t i v e  volume. 

Ottawa, October 198 1 J.G. Fyles 
Acting Director General  
Geological Survey of Canada 
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Aerial view o f  the mounds o f  the Reef  facies o f  the 
Beechey Platform, Western River Formation, Kilohigok 
Basin. The island outcrop shown in the photograph is in 
the southeastern part o f  Bathurst Inlet, N . W . T .  

The bar scale represents approximately 100 m. 

GSC photograph 203059-H b y  F.H.A. Campbell. 

The funds  fo r  t h e  printing of t h e  covers  for  this volume 
were  generously provided by t h e  Robinson Fund 
o f  t h e  Geological Association of Canada. 



Con tents 
vii Introduction 

1 'The mid-Proterozoic Wernecke Supergroup, Wernecke Mountains, Yukon Territory 
- G.D. Delaney 

25 The late Proterozoic Rapitan Glaciation in the northern Cordillera 
- G.M. Yeo 

47 Stratigraphy and sedimentology of the Upper Proterozoic Little Dal Group, 
Mackenzie Mountains, Northwest Territories 
- J.D. Aitken 

73 Correlation of upper Proterozoic s t rata  in the Cordillera: paleornagnetisrn of the 
Tsezotene sills and the  Little Dal lavas 

- W.A. Morris and J.K. Park 

79 Stratigraphy of the Akaitcho Group and the development of an early Proterozoic continental 
margin, Woprnay Orogen, Northwest Territories 
- R.M. Easton 

97 Autopsy of Athapuscow Aulacogen: a failed arm affected by three collisions 
- P.F. Hoffman 

103 Evolution of the Early Proterozoic Kilohigok Basin, Bathurst Inlet-Victoria Island, 
Northwest Territories 
- F.H.A. Campbell and M.P. Cecile 

133 Early Proterozoic LaBine Group of Woprnay Orogen: remnant of a continental volcanic a r c  
developed during oblique convergence 
- R.S. Hildebrand 

157 Tectonism and depositional history of the  Helikian Hornby Bay and Dismal Lakes groups, 
District of Mackenzie 
- C. Kerans, G.M. Ross, 3.A. Donaldson and H.3. Geldsetzer 

183 Horizontal motions and rotations in the Canadian Shield during the Early Proterozoic 
- J.C. McGlynn and E. Irving 

191 Paleomagnetic results from the lower Proterozoic rocks of Great  Slave Lake and 
Bathc~rst Inlet areas, Northwest Territories 
- M.E. Evans and C.S. Hoye 

203 The Amundsen Ernbayrnent, Northwest Territories; relevance t o  the Upper Proterozoic 
evolution of North America 

- G.M. Young 

219 Hudsonian and Helikian basins of the Athabasca region, Northern Saskatchewan 
- P. Rarnakers 

235 Sedimentary history of the Belcher Group of Hudson Bay 
- B.D. Ricketts and J.A. Donaldson 

255 Paleomagnetisrn of the Circum-Ungava Fold Belt 11: Proterozoic rocks of Richmond Gulf 
and Manitounuk Islands 
- E.3. Schwarz and Y. Fujiwara 

269 Rift-related cyclic sedimentation in the  Neohelikian Borden Basin, northern Baffin Island 
- G.D. Jackson and T.R. Iannelli 

303 Paleomagnetism of the  Bylot basins: evidence for Mackenzie continental tensional tectonics 
- W.F. Fahrig, K.W. Christie, and D.L. Jones 

313 The Aphebian Ramah Group, Northern Labrador 
- I. Knight and W.C. Morgan 

331 Early Proterozoic sequences in Labrador 
- R.J. Wardle and D.G. Bailey 

361 Volcanism, sedimentation, plutonism and Grenvillian deformation in the Helikian basins 
of Central Labrador 
- Bruce Ryan 

379 Evolution of early Proterozoic basins of the  Great Lakes region 
- P.K. Sims, K.D. Card, and S.B. Lumbers 

399 Keweenawan geology of the Lake Superior Basin 
- Henry Wallace 

419 Precambrian fossils in Canada - the 1970s in Retrospect 
- H.3. Hofmann 

444 Author Index 



5.
 
R.
M.
 

Ea
st

on
 

6.
 
P.
F.
 

Ho
ff

ma
n 

7.
 
F.
H.
A.
 

Ca
mp

be
ll

 
an

d 
M.
P.
 
Ce

ci
le

 
8.
 
R.
S.
 

Hi
ld

er
br

an
d 

9.
 
C. 

Ke
ra

m,
 G
.M
. 

Ro
ss

, 
J.
A.
 

Do
na

ld
so

n 
an

d 
H. 

J.
 
Ge

ld
se

tz
er

 
10
. 

J.
C.
 

Mc
Gl

yn
n 

an
d 

E.
 

Ir
vi

ng
 

14
. 

B.
D.

 
Ri

ck
et

ts
 a

nd
 J
.A
. 

Do
na

ld
so

n 
15

.. 
E.J

. 
Sc

hw
ar

z 
an

d 
Y. 

Fu
ji

wa
ra

 
16
. 

G.
D.
 

Ja
ck

so
n 

an
d 

T.
R.
 
Ia

nn
el

li
 

.D
. 

Ca
rd

 a
nd

 



INTRODUCTION 

I n  1970 t h e  Geological Survey of Canada published t h e  
results of a symposium on "Basins and Geosynclines of t h e  
Canadian Shield'' (GSC Paper  70-40). The studies on which 
this symposium was based were  largely of a reconnaissance 
nature  but  provided the  foundation upon which Precambrian 
geologists have been able t o  establish local, regional, and 
cont inenta l  frameworks.  Advances over t h e  past decade have  
aided in deciphering the  basinal evolution of individual 
successions and relating these  t o  o ther ,  typically widely 
separa ted sequences. Thus in 1980, a symposium could be 
devoted solely t o  Proterozoic sequences in t h e  Canadian 
Shield and t h e  Cordillera which provided scientists1 with a 
forum t o  discuss and develop thei r  ideas and interpretations.  
This symposium on "Proterozoic Basins of Canada1', was held 
in Halifax a t  t he  Annual Meeting of t h e  Geological 
Association of Canada and Mineralogical Association of 
Canada. 

The most striking di f ference  between the  1970 and 1980 
symposia is t h e  degree t o  which interpretations of basinal 
evolution have been affected by t h e  advent  of p l a t e  
tec tonics .  During the  coming decade, a s  in t h e  past ,  I a m  
sure  the  in terpre ta t ions  contained herein will b e  modified and 
refined resulting in a comprehensive synthesis of t h e  
evolution of Proterozoic Basins in Canada. 

The papers in this volume a r e  arranged f rom wes t  t o  e a s t  
(see  index map) and in s t ra t igraphic  order  where papers a r e  
from t h e  same  region. With t h e  exception of t h e  paper by 
H.J. Hofmann on Precambrian fossils, t he  papers cover 
s p e c ~ f i c  basins and individual authors  have gone t o  
considerable lengths t o  in tegra te  their  models into a regional 
picture.  The papers cover specific basins in Canada, t h e  
exception being the  paper by H.J. Hofmann on Precambrian 
fossils, and individual authors  have gone t o  considerable 
lengths t o  in tegra te  thei r  models in to  a regional picture. 
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sect ions  of t h e  Geological Survey supplied thei r  cus tomary 
excel lent  service  in reproducing t h e  illustrations. 

E n  1970, la commission gkologique du Canada a publid les 
rksul ta ts  dlun symposium sur les "Bassins e t  gdosynclinaux du 
Bouclier canadienl '  (Etude 70-40 d e  la C.G.C.). Les  btudes 
sur lesquelles reposait  ce symposium consis ta ient  e n  grande 
par t ie  en  des travaux d e  reconnaissance, mais e l l e s  o n t  tout  
d e  meme  permis h des  g6ologues du Prdcambrien d'dtablir des  
s t ruc tu res  locales, rdgionales et continentales.  Les progres 
accomplis depuis dix ans  o n t  contribud r e t r ace r  l'dvolution 
d e  ce r t a ines  successions, qui sont  ordinai rement  des  
sdquences largement sdpardes, e t  d e  les m e t t r e  e n  relation 
les unes avec  les autres.  Ainsi, en  1980, un symposium a - t - i l  
pu Ctre consacrC en t i6 remen t  aux sdquences protdrozoiques 
du Bouclier canadien et d e  la  Cordill&re, p e r m e t t a n t  a des  
scientifiques d e  se rkunir pour d iscuter  et ddvelopper leurs 
iddes e t  leurs interprdtations.  C e  symposium, tenu sous le  
thgme d e  "Bassins prot6rozoiques du Canada", a eu  lieu & 
Halifax dans  le  cad re  d e  I'assemblde annuelle d e  I'Association 
des  gdologues du Canada et d e  I'Association canadienne d e  
mindralogie. 

C e  qui f rappe le plus dans  les d i f ferences  e n t r e  les 
symposiums d e  1970 e t  d e  1980, c 'es t  d e  voir jusqu'h quel 
point la  tec tonique des  plaques a modifie les  in terprkta t ions  
d e  l'dvolution des  bassins. J e  suis sQr qu'au cours  des  dix 
prochaines annkes, comme par l e  passd, nos in terprdta t ions  
d'aujourd'hui seront  modifides e t  prdcisdes e t  qu'elles 
ddboucheront sur une synth6se .compl6te  d e  l'dvolution des  
bassins protdrozoiques du  Canada. 

Les d tudes  composant ce volume sont  groupkes geo- 
graphiquement dlouest e n  e s t  (voir la car te- index)  e t  ceux qui 
s'appliquent i la mCme rdgion sont  classkes par ordre  s t ra t i -  
graphique. C e s  dtudes  por tent  sur des  bassins prdcis du 
Canada, h l 'exception d e  ce l l e  d e  H.J. Hofmann, qui a pour 
obje t  les fossiles du Prbcambrien; ce r t a ins  au teu r s  o n t  dD 
d6ployd des  e f fo r t s  considkrables pour intdgrer leurs mod6les 
dans  un tableau rdgional. 
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NOTE 

"For purposes of comparison t h e  Rb-Sr ages  in th is  volume have been 
recalculated where necessary using XE7Rb of 1.42 x 10-I yr-'.I' 



THE MID-PROTEROZOIC WERNECKE SUPERGROUP, 
WERNECKE MOUNTAINS, YUKON TERRITORY 

G.D. Delaney 
Department o f  Geology, University o f  Western Ontario, London, Ontario, N6A 5B7 

Delaney. G.D., The mid-Proterozoic Wernecke Supergroup, Wernecke Mountains, Yukon Territory; g 
Proterozoic Basins of Canada, F.H.A. Campbell, editor; Geological S r v e y  o f  Canada, Paper 81-10, 
p. 1-23, 1981. 

Abstract 

The Wernecke Supergroup is subdivided, from oldest to  youngest into the Fairchild Lake Group, 
the Quartet Group and the Gillespie Lake Group. The Fairchild Lake Group consists of at least 4 km 
of  light-grey weathering, thin bedded to  laminated siltstone, mudstone and fine sandstone with some 
intercalated carbonate. Locally these rocks have been transformed into phyllites and schists. The 
Fairchild Lake Group is tentatively subdivided into five formations. Carbonate members near the 
middle and at the top of this group are important stratigraphic markers. Although most of the 
Fairchild Lake Group was deposited in deeper water, by predominantly southerly flowing currents, a 
shallow marginal marine regime characterized the depositional setting o f  the second youngest 
formation. 

The Quartet Group, which generally conformably overlies the Fairchild Lake Group, consists o f  
at least 5 km of monotonous dark-grey-weathering, wavy to  lenticular to  flaser bedded siltstone, 
carbonaceous siltstone, mudstone and fine sandstone; two subdivisions are recognized in this group. 
Although the basal part o f  the Quartet Group probably accumulated in a sediment-starved stagnant 
basin, the greater part o f  the group was deposited in a shallow marine environment. 

The contact between the Quartet Group and the overlying Gillespie Lake Group is transitional. 
The Gillespie Lake Group consists of more than 4 km of buff- to orange- to  grey- to locally maroon- 
weathering dolomite, silty and clayey dolomite, siltstone, mudstone and fine sandstone. In the type 
area, seven subdivisions are defined in the Gillespie Lake Group. The lower part o f  this group is fine 
grained terrigenous sediments and terrigenous-carbonate admixtures. The upper part of the Gillespie 
Lake Group consists o f  shallow water dolomite characterized by stromatolites, cryptalgal laminates, 
oolites, and pisolites. 

The Wernecke Supergroup hosts numerous spectacular breccia complexes which locally contain 
significant enrichments of U, Cu, Ba, Co or Fe. These bodies are of variable size and shape; their 
most spectacular development occurs in the upper part of the Fairchild Lake Group. Individual 
breccia complexes are commonly composed of three genetic varieties o f  breccia: fault breccia, stope 
breccia and channel-way breccia. Several types of alteration are associated with the breccia 
complexes including Na-feldspathization, silicification, hematitization and carbonatization. The 
breccia complexes are located on or near splays of the Richardson Fault Array, a system of west- to 
northwest-trending faults o f  great antiquity. The breccia complexes are envisaged as having 
developed in a dilational tectonic regime. 

Dykes and sills o f  diorite, gabbro and peridotite intrude the Wernecke Supergroup. These 
intrusive bodies are probably of several ages. 

Strata of the Wernecke Supergroup have been def ormed into west-northwest trending open 
folds, although the structural style is locally more complex, involving faults and the e f fec ts  of 
intrusive breccia complexes. Some of this deformation is related to the Racklan orogeny, which 
probably culminated between 1.2 and 1.3 Ga ago. 

The Wernecke %pergroup is correlated with the lower three groups of the Belt-Purcell 
%pergroup of the southern Cordillera. 

Paleocurrent analyses coupled with limited facies information indicate that in the Middle 
Proterozoic, an east-west trending depositional margin lay to  the north of the present day Wernecke 
Mountains. It is hypothesized that the formation of this margin is related to a continent-continent 
collision event recorded in the Aphebian Coronation Geosyncline. 



C.D. Delaney 

Le supergroupe de Wernecke cornprend les divisions suivantes, donne'es en ordre ascendant: 
groupe de Fairchild Lake, groupe de Quartet et groupe de Gillespie Lake. Le groupe de Fairchild 
Lake, provisoirernent subdivise' en cinq formations, est compose' d'au rnoins 4 krn de couches minces 
ou de larnelles alt6r6es de siltstone, de rnudstone et de grhs fin, gris pcile, avec des intercalations de 
carbonate. Par endroits, ces roches se sont transforrne'es en phyllades et en schistes. Des carbonates 
prhs du milieu et au sornmet du groupe sont d'irnportants repkres stratigraphiques. Bien que le groupe 
ait e'te' presque entihrement de'pose' en eau profonde, surtout par des courants en direction sud, la 
deuxi8rne formation la plus re'cente s'est accumul6e dans un environnement marin co^tier, peu profond. 

Le groupe de Quartet comprend deux subdivisions et en ge'ne'ral a e'te'de'pose' en concordance sur 
le groupe de Fairchild Lake; il est compose' d'au moins 5 krn de siltstone, de siltstone carbone'e, de 
rnudstone et de grBs f in alte're's, de couleur gris fonce' monotone, en couches onduleuses 2r 
lenticulaires, parfois d stratification confuse. Bien que la base du groupe se serait accumule'e dans un 
bassin stagnant de'pourvu de se'dirnents, la rnajeure partie du groupe a e'te' de'pose'e dans un 
environnem ent rnarin peu prof ond. 

Une surface de contact transitional existe entre le groupe de Quartet et le groupe de Gillespie 
Lake susjacent. Le groupe de Gillespie Lake comprend plus de 4 km de dolomie, de dolomie silteuse 
et argileuse, de siltstone, de mudstone et de grDs fin alte're's, dont la couleur varie du chamois h 
Iforange', au gris et par endroits, au bordeaux. Sept subdivisions sont identifie'es dans la r6gion type. 
La partie infkieure du groupe est compose'e de s6diments terrighnes fins et de me'langes de se'dirnents 
terrighnes et de carbonates. La partie supe'rieure est une dolomie d'eau peu profonde, caracte'rise'e 
par la pr6sence de stromatolites, de larnelles de carbonates construites, d'oolites et de pisolites. 

Le supergroupe de Wernecke contient un grand nornbre de complexes de brbches spectaculaires, 
par endroits enrichis en U, en Cu, en Ba, en Co, ou en Fe. Ces masses ont une forrne et des 
dimensions varie'es et sont le mieux de'veloppe'es dans la partie supkieure du groupe de Fairchild 
Lake. Les complexes de brbches particuliers sont en ge'n6ral divise's en trois varie'te's ge'ne'riques: les 
brhches de faille, les brhches de pente et les brhches de chenal. Plusieurs types d1alt6ration y sont 
associb, y compris la feldspathisation sodique, la silicification, l'he'rnatitisation et la carbonatat ion. 
Les complexes de brbches sont situe's prhs des failles rnineures de l'alignement de failles de 
Richardson, re'seau de failles trBs ancien orient6 ouest-nord-ouest. Ces complexes se seraient forme's 
dans un r6gime tectonique de dilatation. 

Le supergroupe de Wernecke est traverse' par des filons et des filons-couches de diorite, de 
gabbro et de pkidotite, sans doute d'ciges diffe'rents. 

La de'formation des couches du supergroupe de Wernecke a produit des plis ouverts orient& 
ouest-nord-ouest et par endroits, un style structural plus cornplexe cornprenant des failles et les 
e f fe ts  des complexes intrusifs de brhches. Cette de'formation se rapporte en partie h llorogBne de 
Racklan, qui se serait termine' il y a 1.2 ou 1,3 Ga. 

Une corre'lation a e'te' e'tablie entre le supergroupe de Wernecke et trois groupes infe'rieurs du 
supergroupe de Belt-Purcell dans la Cordillhre du Sud. 

L'analyse de pale'ocourants et les renseignements limite's fournis par les facihs sugghrent 
l'existence, au Pale'ozoi'que rnoyen, d'une marge de se'dirnentation au nord des monts Wernecke 
actuels. La cr6ation de cette marge serait relie'e & une collision entre deux continents enregistre'e 
dans le ge'osynclinal de Coronation de 11Aph6bien. 

INTRODUCTION Other than a ~ r e l i m i n a r v  o ~ e n  f i le  r e ~ o r t  
(Delaney, 1978), only brief summary descriptions of ' t h e  Pa r t s  of t he  northwestern Canadian Cordillera a r e  Wernecke Supergroup have been published (e.g. 

underlain by thick successions of Proterozoic sediments  
(Fig. 1.1). These s t r a t a  a r e  important  not only in Young e t  al., 1979; Yeo e t  al., 1978). Therefore  a somewhat  

detailed description o f  these  rocks is presented here ,  documenting t h e  early geological evolution of t h e  Cordillera, 
bu t  also because they host a variety of types of mineraliza- together  with preliminary in terpre ta t ions  of environments of 

t ion (Delaney e t  al., in press). deposition. 
. . 

Recently,  on the  basis of l i thostratigraphic correla- 
tions, Young e t  al. (1979) subdivided t h e  Proterozoic  
successions of  northwestern North America into th ree  
sequences, separated by significant regional unconformities. 
These sequences a r e  named A, B, and C and were  deposited 
f rom about 1.7 t o  1.2 Ga, 1.2 t o  0.8 Ca ,  and 0.8 t o  0.57 Ga 
respectively (Fig. I. 1). 

Prior to  the  present investigation, t he  Proterozoic  
s t r a t a  of t h e  Wernecke Mountains had only been studied 
during reconnaissance mapping projects (e.g. Wheeler, 1954; 
Green, 1972; Blusson, 1974; Norris, 1976). As a result  of th is  
ear ly  work severa l  d i f ferent  informal s t ra t igraphic  classifica- 
t ions were  proposed. Subsequent revisions (Bell and 
Delaney, 1977; Delaney, 1978) led t o  the  proposal of some  
formal  s t ra t igraphic  names. - .  

This paper documents t h e  geology of t h e  Proterozoic  In addition to  the  s t ra t igraphic  s tudies  summarized in 
Supergroup 1978) in the northern th is  paper,  o ther  a spec t s  of t h e  Wernecke Supergroup have  Wernecke Mountains of t h e  north-central  Yukon Territory.  recent ly  been investigated. Morin (19761, Archer and The Wernecke constitutes the 'Idest recognized Schmidt (l977),  Bell and Delaney (1977), Bell (1978) and sequence (A of Young e t  a]., 1979) in t h e  northern Canadian Delaney et al. (in press) examined the mineralized intrusive Cordillera. breccia complexes which c u t  t h e  Wernecke Supergroup. 
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During the  same  years, W. Goodfellow of the  Geological 
Survey of Canada conducted reconnaissance and detailed 
s t r eam sediment geochemical investigations in the  northern 
Wernecke Mountains (Goodfellow e t  al., 1976; Jonasson and 
Goodfellow, 1976; Geological Survey of Canada, 1978; 
Goodfellow, 1979). Laznicka (1 977a, b, 1976) and Laznicka 
and Edwards (1979) studied t h e  geology and mineralization in 
t h e  Delores Creek area.  

The oldest Proterozoic rocks exposed in the  Wernecke 
Mountains consist of a t  leas t  14 km of  generally fine grained 
terrigenous and carbonate rocks. This sequence has been 
subdivided into th ree  groups which a r e  named, f rom oldest  t o  
youngest, t h e  Fairchild Lake Group, t he  Quar t e t  Group and 
the  Gillespie Lake Group (Delaney, 1978). This ent i re  
succession was named the  Wernecke Supergroup (ibid.) a s  t h e  
type a rea  is in the  Wernecke Mountains and because these  
rocks had earlier been referred to a s  e i ther  t he  "Wernecke 
type Proterozoics" (Archer and Schmidt, 1977) or  t h e  
"Wernecke Assemblage" (Eisbacher, 1978). 

Spectacular mineralized breccia complexes a r e  
developed within s t r a t a  of t h e  Wernecke Supergroup. These 
sediments a r e  also cu t  by dykes and sills of gabbro, d ior i te  
and peridotite. 

FAIRCHILD LAKE GROUP 

The Fairchild Lake Group' consists of a t  least  4 km of 
light grey-,  ~ r e y - ,  and greenish grey-weathering, generally 
thin bedded , commonly laminated sil tstone3, mudstone, 
claystone and fine sandstone with minor in tercala ted  
carbonate  rocks. These rocks a r e  regionally metamorphosed 
t o  greenschist  fac ies  (Turner, 1968), and a r e  locally 
converted t o  schists,  slates and phyllites. 

The Fairchild Lake Group outcrops in narrow, irregular,  
commonly deformed strips along a corridor which parallels 
t h e  Bonnet Plume River (Fig. 1.2). East and southwest of 
Fairchild Lake however, t he re  a r e  thick continuous sequences 
of this group. The linear distribution of t h e  Fairchild Lake 
Group along the  Bonnet Plume River suggests t h a t  i t  fo rms  
the  co re  of a complex anticlinal s t ructure .  Outside t h e  
Bonnet Plume River corridor, t he  only other known exposures 
of Fairchild Lake Group s t r a t a  occur at the  headwaters  of 
Bond Creek (Fig. 1.2) and near  the  southern margin of t h e  
Li t t le  Wind River anticlinorium (Fig. 1.1). Nowhere has t h e  
base of this group been observed. 

The Fairchild Lake Group is tenta t ively  subdivided into 
five units of formational s ta tus  (Fig. 1.3; c.f. Delaney, 1978). 
From oldest t o  youngest these  units have been informally 
designated F-1, F-2,  F-3,  F-4,  and F-TR. 

The only known exposures of t h e  F-1 occur  southwest 
of Fairchild Lake in a thick overturned sequence (Fig. 1.2). 
This unit consists of a t  least  1800 m of generally thin to  
medium beds of l ight grey-, grey-, and greenish grey- 
weathering sil tstone, mudstone and fine sandstone with a few 
thin beds of limestone. These rocks a r e  fairly resistant t o  
weathering, excep t  in zones where they a r e  dissected by 
closely spaced f rac tures  or  where  they contain a high 
carbonate  component. The F-1 is mostly even and parallel- 
laminated t o  lenticular bedded, with local development of  
wavy bedding. Small sca le  crossbeds, small  sca le  

asymmetr ica l  ripple marks and load s t ruc tu res  produced f rom 
loaded ripples a r e  common throughout the  F-1. It is 
character ized by a unimodal southeasterly paleocurrent 
pa t t e rn  (Fig. 1.1). 

The F-1 is conformably overlain by the  F-2. This 
con tac t  is marked by the  f i r s t  appearance of t h e  ribbed- 
weather ing sil tstone-limestone member  of t h e  F-2. 

The F-2 consists of about  400 m of light grey-, light 
greenish grey-, and locally buff-weathering, generally thin 
bedded sil tstone, mudstone, f ine  sandstone and sil ty to  sandy 
limestone. The most diagnostic f ea tu re  of this uni t  is t he  
presence of several ribbed-weathering members  (Fig. 1.4) 
character ized by rhythmically a l ternat ing thin beds of 
si l tstohe and thin beds to  thick laminae of silty to  sandy 
limestone. Both these  rock types  contain smal l  s ca l e  cross- 
beds (Fig. 1.5). Between these  carbonate  rhythmite  members 
a r e  sequences of wavy-bedded, planar-bedded and lenticular- 
laminated siltstone. Locally in tercala ted  within these  
sequences a r e  medium to  thick beds of coarse  sil tstone t o  
fine sandstone. Crossbedding and load s t ruc tu res  a r e  
common. 

Small sca le  folds a r e  locally developed and a s  in most 
o ther  units of t h e  Fairchild Lake Group, t he re  a r e  zones of 
closely spaced f rac tures  which mask all  primary features .  
The mineral assemblages and t ex tu res  a r e  typical of 
greenschist  f ac i e s  regional metamorphism. 

Crossbeds from t h e  F-2 southwest of Fairchild Lake 
indicate  a unimodal south-southwesterly trending dispersal 
pa t t e rn  (Fig. 1.10). 

The F -2  is conformably overlain by t h e  F-3. This 
con tac t  is  placed where  t h e  uppermost member  of ribbed- 
weathering sil tstone and limestone of the  F-2  is succeeded by 
a sequence of greenish grey-weathering, even parallel- 
laminated t o  lenticular bedded sil tstone. 

The F -3  of the  Fairchild Lake Group consists of about  
2000 m of thin to  locally medium beds of light grey-, grey- 
and d rab  grvenish grey-weathering sil tstone, mudstone and 
fine sandstone, with a few intercala ted  thin beds of silty 
limestone. In the  F-3 t h e  bedding s ty le  varies f rom even 
parallel laminations to  lenticular bedding (Fig. 1.6). Sole 
s t ructures ,  in particular f lu tes  a r e  present in par ts  of this 
unit; r ipple marks and load s t ruc tu res  a r e  abundant 
throughout. 

The F -3  mudstones a r e  composed of medium t o  coarse  
sil t  s i ze  grains of qua r t z  and plagioclase in a matr ix  of 
ser ic i te  and chlorite.  These rocks a r e  commonly 
recrystall ized. Many of t h e  mudstone beds a r e  character ized 
by very thin, even parallel  laminations delimited by 
variations in the  proportions of t he  const i tuent  mineral 
grains. In t h e  vicinity of t h e  breccia  complexes (see below), 
mudstones have commonly been converted to  schists and 
phyllites. Some of these  metamorphosed rocks contain 
garnet  porphyroblasts, b io t i te  and chlorite;  o the r  var ie t ies  
a r e  character ized by medium-grained chloritoid porphyro- 
blasts. Whole rock geochemical studies suggest t h a t  t h e  
metamorphic  assemblage present  in a particular rock is in 
pa r t  a function of t h e  rock's chemical  composition. 
Chloritoid for example,  occurs  only in schists and phyllites 
with a high alumina content.  

The designation and descriptions of some of t h e  type and typical sect ions  of the  various 
subdivisions of t he  Wernecke Supergroup a r e  contained in Delaney, 1978. 

The terminology which is used in this paper to descr ibe  the  thickness of beds and laminae is t h a t  
of Ingram (1954) a s  adapted by Campbell (1967). 

The classification of both t h e  terrigenous and carbonate  rock types  described in this paper is 
based on Folk (1974). 
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Figure 1.4. Outcrop of a ribbed-weathering limestone- 
siltstone member of the F-2 of the Fairchild Lake Group. 
GSC 203062-V 
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molar tooth s t r  Sandstone 

cher t  Breccia Complex 

Intrusive Body 
(dior i te .per idot i teetc. )  

Figure 1.3. Stratigraphic cross-sec tion, 
Wernecke Supergroup. 

Siltstone beds of the F-3 are composed of an 
equigranular mosaic of recrystallized medium to coarse silt- 
size grains of quartz and plagioclase with scattered grains of 
chlorite and sericite. 

Although a unimodal south-southwesterly-trending 
dispersal pattern characterizes the F-3 in some exposures 
southwest of Fairchild Lake (Fig. 1.10), a t  other localities in 
this area there is a polymodal dispersal pattern. 

The contact between the F-3 and the F-TR is conform- 
able and may be in part transitional. The F-3 is probably a 
facies equivalent of the F-4 (Fig. 1.3). 

Figure 1.5. Close-up view of ribbed-weathering limestone- 
siltstone member of the F-2 of the Fairchild Lake Group. 
Note that resistant weathering siltstone beds are 
characterized by either even-parallel laminations or 
lenticular crossbeds. The recessive weathering, silty 
limestone beds are typically cross laminated. 

The F-4 consists of a t  least 500 m of grey- to greenish 
grey-weathering siltstone, fine sandstone and mudstone. The 
coarse siltstone to very fine sandstone occurs in medium to 
thick, even, parallel-laminated to cross-laminated beds 
(Fig. 1.25). Thin to locally medium beds of dark grey- to 
greenish grey-weathering laminated to wavy bedded 
mudstone are interbedded within this siltstone-sandstone 
sequence. To the northeast of Fairchild Lake, the F-4 is 
commonly characterized by parallel, asymmetrical wave 
formed ripple marks. 

The mudstone beds of the F-4 are composed of 
scattered grains of silt size quartz and plagioclase in a 
matrix of biotite, muscovite and sericite. Very thin 
laminations are defined by variations in mineral percentages. 
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Figure 1.6. Overturned sequence of thin beds of mudstone 
and sil tstone of the  F-3  of the  Fairchild Luke Group. Beds of 
even-parallel laminated mudstone a l t e rna te  with lenticular 
beds  of si l tstone. Load s t ruc tu res  a r e  ubiquitous throughout 
t h e  F-3. 

In some exposures the  mudstones a r e  character ized by a 
spot ted  a l tera t ion texture  defined by spherical bodies of 
si l ica and, in some  instances, chlorite.  

The F-4 sil tstone beds consist of an equigranular 
mosaic of quar tz  and minor plagioclase with biotite, chlor i te  
and ser ic i te  -i calc i te  ? dolomite + epidote + margarite.  In 
some instances laminations in t h e  sil tstone beds a r e  defined 
by linear t ra ins  of opaque minerals; in o thers  thin to  medium 
laminae of si l tstone a l t e rna te  with laminae of mudstone. 

The fine sandstone beds of t h e  F-4 a r e  composed of an  
equigranular mosaic of quar tz  and plagioclase with sca t t e red  
grains of muscovite and in some instances ferroan dolomite 
and minor heavy minerals. Some F-4 sediments contain c lo ts  
of brown amorphous carbonaceous dust. 

At t h e  northeast  end of Fairchild Lake, crossbeds and 
ripple c re s t  t rends  (Fig. 1.10) indicate t h a t  t h e  F-4 sediments  
were  deposited by southeasterly-flowing currents.  In t h e  
Delores Creek area ,  this unit is character ized by a polymodal 
paleocurrent pat tern  (Fig. 1.10) typical of a tidally- 
influenced shallow marine environment (Klein, 1970). 

The s t ra t igraphic  position of t h e  F-4 suggests t h a t  i t  
may b e  a facies  equivalent of t h e  F -3  (Fig. 1.3). The c o n t a c t  
between t h e  F-4 and t h e  F-TR has not  been observed. In t h e  
Delores Creek area,  the  F-'4 appears  t o  be  unconformably 
overlain by unit Q - I  of t h e  Quar t e t  Group. 

F-TR 

The F-TR consists of up t o  365 m of grey-, dark  grey-, 
brown-, and locally white-weathering s la te ,  mudstone, 
siltstone. dolomitic mudstone. s i l tv  dolomite and l imestone. 

contains members character ized by thin beds of grey t o  
generally orange brown-weathering, even parallel  laminated 
to  cross-laminated sil ty dolomite (Fig. 1.7). Rusty- 
weathering s l a t e  beds commonly contain smal l  cubic crys ta ls  
of pyrite. The rnudstone beds a r e  character ized by thin 
t o  thick, rhythmically a l ternat ing,  light grey and dark 
grey laminae. Crossbeds and molar tooth  s t ruc tu re  
(OIConnor, 1972) occur in some  sil ty dolomite  beds. 

Approximately two thirds of t he  way above t h e  base of 
t h e  F-TR the re  is a distinctive 7 t o  14 m-thick white- 
weathering l imestone member which const i tu tes  one of the  
most important  markers  in t h e  Wernecke Supergroup 
(Fig. 1.8). This member,  which has  gradational contacts ,  
consists of thin t o  medium beds of generally coarsely 
crystall ine ca lc i te  separa ted by dark grey carbonaceous 
laminations. A few sca t t e red  grey-weathering che r t  nodules 
a r e  locally present.  

Above the  white l imestone marker is a sequence of 
thin, commonly rust-stained, beds of grey- t o  dark grey- 
weathering, carbonaceous c lays tone and mudstone, which in 
i t s  lower par t  is interbedded with thin beds of grey- t o  
orange-brown-weathering sil ty dolomite,  silty l imestone and 
dolomitic or calcareous s i l t s tone and claystone. The number 
and proportion of carbonate  beds gradually decrease  up 
section until t h e  sequence consists ent i re ly  of dark grey, 
locally rust-stained carbonaceous claystone. 

In t h e  northern par t  of t h e  study a rea ,  near  Kiwi Lake, 
a larger proportion of the  F-TR beds a r e  carbonate .  Almost 
a l l  a r e  dolomite. To the  southeas t ,  in t h e  Fairchild Lake 
a rea ,  t he  thickness and number of carbonate  beds decrease ,  
and many of t h e  beds a r e  composed of ca lc i te .  

The white l imestone marker  is composed of a mosaic of 
coarse  to  very coarsely crystall ine ca lc i te ,  with minor si l t  
s i ze  quar tz ,  plagioclase, and sca t t e red  grains of muscovite 
and ser ic i te ,  with some specks of carbonaceous dust.  The 
beds of silty dolomite-dolomitic si l tstone a r e  composed of 
varying amounts  of c l a s t i c  dolomite,  quar tz ,  plagioclase, 
ser ic i te ,  muscovite, chlorite,  carbonaceous dust and heavy 
minerals. In some instances th is  lithology is character ized by 
a homogeneous mosaic of very  finely to  finely crystall ine 
dolomite (senso-stricto) to ferroan dolomite with up t o  30% 
s i l t  s ize  quar tz ,  minor si l t  s i ze  plagioclase, and carbonaceous 
dust  with sca t t e red  grains of ser ic i te  and muscovite. Most 
si l ty dolomite beds however, a r e  laminated. Although most 

- ~ - -~ ~ 

'The ~ o w k r  par t  of t he  F- is aTsequence  of  thin beds o f  Figure 1.7. Even-parallel laminated and cross  laminated 
grey- t o  dark grey-weathering s la tes  and mudstones which silty dolomite beds of t h e  F-TR of t h e  Fairchild Lake Group. 
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Figure 1.8. Panoramic view of a portion of the F-TR in an 
exposure along the Bonnet Plume River. White-weathering 
limestone marker bed (10 m), which is offset by a fault, is in 
the centre of  the photograph (arrow). The ridge below the 
saddle on the le f t  side of the photograph is underlain by a 
breccia complex. 

Figure 1.9. Unconformity in the Little Wind River area 
between near flat lying light grey Ordovician dolomites and 
steeply dipping strata of the F-TR of  the Fairchild Lake 
Group. 

of the  laminae a r e  defined by minor to  significant variations 
in the  percentages and/or s ize  of t h e  const i tuent  minerals, 
some a r e  defined by planar trains of carbonaceous dust. 
Microscopic primary s t ructures  include graded bedding and 
syn-sedimentary folds; styloli tes a re  a common secondary 
s t ructure .  

A pervasive closely-spaced f r ac tu re  sys tem dissects 
many of t h e  outcrops of t h e  F-TR, obliterating primary 
structures.  Widespread development of breccia  bodies also 
occurs a t  this stratigraphic level. At some locali t ies t h e  
breccias completely encompass the  F-TR. 

The only paleocurrent d a t a  obtained for t h e  F-TR were  
collected f rom a crossbedded sil ty dolomite member  
(Fig. 1.7) exposed on a hill eas t  of Kiwi Lake. Although t h e  
rose diagram (Fig. 1.10) of these  da ta  exhibits some  s c a t t e r ,  
t he  main dispersal pa t t e rn  appears  t o  have been f rom e a s t  t o  
west. 

The con tac t  between t h e  F-TR and t h e  Q - I  of t h e  
overlying Quar t e t  Group is transit ional.  The con tac t  is  
placed a t  t he  top of the  uppermost orange brown-weathering 
dolomitic si l tstone in t h e  F-TR. At  many places,  however, 
t he  F-TR and s t r a t a  of t h e  Q u a r t e t  Group a r e  in faul t  
contact .  

Summary 

The five formations of t h e  Fairchild Lake Group 
comprise a thick sequence of f ine  grained sil iciclastic 
sediments,  with distinctive carbonate  units near t h e  middle 
and a t  t he  top of the  group. Although most of t h e  group was  
deposited in deeper water ,  by predominantly southerly 
flowing currents,  t h e  F-4 was  deposited in a shallow marginal 
marine environment. The ca rbona te  members in t h e  F-2  and 
t h e  F-TR a r e  probably distal  representa t ives  of areas  of 
carbonates  which may have fringed the  margin of t h e  
Wernecke Basin during deposition of par ts  of t h e  Fairchild 
Lake Group. Facies  changes  within t h e  F-TR, character ized 
by th icker  dominantly dolomitic carbonate  beds in t h e  north 
and thinner dominantly ca lc i t ic  beds in the  south,  suggest 
t ha t  t h e  depositional margin of t h e  Wernecke Basin may have 
lain north of t h e  present day Wernecke Mountains. This 
association of l imestone beds in t h e  deeper  pa r t s  of t h e  basin 
and dolomite beds near t h e  shallow margin is typical  of some 
of t h e  thick miogeoclinal terrigenous-carbonate successions 
of t he  Middle Proterozoic  (e.g. t he  Belt-Purcell Supergroup; 
Smith and Barnes, 1966). 

QUARTET CROUP 

The Quar t e t  Group consists of a monotonous succession, 
a t  leas t  5 km thick, of dark  grey-weathering sil tstone, f ine  
sandstone, mudstone and claystone with minor in tercala ted  
sil ty dolomite. Locally these  rocks have been transformed 
into s la tes ,  phyllites and schists.  

There  a r e  extensive exposures of rocks of t h e  Quar t e t  
Group throughout t h e  Wernecke and Olgivie mountains and in 
t h e  Keele Range of t h e  Porcupine Pla teau (Norris, personal 
communication, 1980; Fig. 1.1). A faul t  wedge of the  
Quar t e t  Group outcrops in the  Richardson Mountains 
(Norris, 1976). 

The Quar t e t  Croup has  been tenta t ively  subdivided into 
two units of formational rank. From older t o  younger these  
have been informally designated Q-1 and 4 -2 .  

The Q-1 consists of about  200 m of dark grey- 
weathering, thin bedded, carbonaceous claystone and silty 
carbonaceous mudstone. The Q- I  is character ized by two  
sequences,  each consisting of carbonaceous claystone over- 
lain by clayey sil tstone. The upper of these  two  sequences 
contains abundant pyr i te  and usually weathers  a rusty colour. 
Generally,  t he  Q- I  s t r a t a  have been metamorphosed to s la te .  

The con tac t  between t h e  Q-1 and t h e  conformably 
overlying 4 - 2  is marked by t h e  f i rs t  appearance of even 
parallel  laminated mudstone beds. 

The 4 - 2  consists of up t o  5000 m of dark  grey- t o  grey- 
weathering sil tstone, mudstone, f ine  sandstone and c lays tone 
(Fig. 1.1 1). The lower several hundred me t re s  of t he  4 - 2  is 
rhythmically a l ternat ing,  even parallel laminated to  thin 
bedded, light grey-weathering s i l t s tone and dark  grey- 
weathering mudstone. 
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Figure 1.10. Paleocurrent data from the Fairchild Lake Group of the northern Wernecke Mountains. 

Above this lower succession, t he  4 - 2  is character ized 
by medium to  thick beds of wavy, lenticular and flaser- 
bedded sil tstone (Fig. 1.12, 1.13); thin,  medium and locally 
thick beds of cross-laminated coarse  sil tstone to  very fine 
sandstone; medium to  thick beds of "chaotic" carbonaceous 
s i l t s tone and laminae t o  thin beds of mudstone and claystone. 

Both hexagonal and rectangular var ie t ies  of inter- 
ference  ripples (Fig. 1.15; Bucher, 1919) a r e  a ubiquitous 
f ea tu re  throughout the  4 - 2 .  These s t ructures  a re  best 
developed in t h e  wavy, flaser and lenticular-bedded 
sequences. Other  common primary sedimentary  s t ruc tu res  in 
the  4 - 2  include both asymmetr ica l  and symmetr ica l  r ipple 
marks,  load s t ructures  produced by piled, loaded ripples, 
f lame s t ructures ,  and ball and pillow s t ructures .  Shrinkage 
c racks  (Fig. 1.14) a r e  abundant throughout the  4-2 ,  
particularly in t h e  lenticular bedded sequences. Although a 
few of these s t ructures  a re  obviously desiccation cracks,  

most a r e  interpreted to  have formed by synaeresis 
(whi te ,  1961; Burst, 1965). Beds of coa r se  sil tstone-fine 
sandstone commonly pinch and swell and t e rmina te  in 
recumbently folded masses (Fig. 1.16), in terpre ted a s  slump 
s t ructures .  Wavy, lenticular and flaser bedded sequences 
within the  4 - 2  a r e  texturally inhomogeneous, compositionally 
variable rocks character ized by very thin laminations. These 
consist  of various amounts  of quar tz ,  plagioclase, micaceous 
minerals and carbonaceous dust and debris. The framework is 
variable proportions of fine sil t  and very fine sand. 
Recrystall ization has commonly masked the  original micro- 
scopic textures.  Microscopic primary s t ructures  include 
graded bedding, laminations, crossbedding, load s t ructures ,  
scour surfaces  and shrinkage cracks.  

The medium to  thick, commonly slump-folded, beds of 
coarse  siltstone-to-very fine sandstone a r e  submature  t o  
ma tu re  arkose. 



Figure 1.11. Panoramic view of the Q-2 looking east near Figure 1.13. Wavy-bedded siltstone-claystone in the Q-2 of 
the headwaters of a tributary of Rapitan Creek. Note the the Quartet Group. Note grading in some beds; match stick 
monotonous dark grey-weathering colour of the 8-2 .  (centre o f  photo) is about 40 mm long. 

Figure 1-12. Sequence o f  wavy t o  lenticular bedded 
siltstone o f  the Q-2 of the Quartet Group. The tape measure 
is 50 mm wide. 

The chaot ic  carbonaceous mudstone-to-siltstone beds of 
the  4 - 2  a r e  character ized by thin, parallel-aligned, wispy t o  
bulbous lenses of coarse  silt-to-fine sand s i ze  qua r t z  and 
plagioclase, forming an intact-to-disrupted framework in a 
matr ix  of micaceous minerals. Locally distinctive pebble- 
s ize  lithic f ragments  a r e  present in these rocks. 

Cleavage, which commonly in tersects  bedding a t  a low 
angle, is ubiquitous in t h e  4 -2 .  The 4 - 2  is commonly 
dissected by normal, reverse,  and thrust  faul ts  which locally 
cause repetit ion of t h e  succession. The faulting, coupled 
with the  monotonous character  of t he  4 - 2 ,  great ly  
complicates stratigraphic reconstruction. 

The Q-2 is character ized by bimodal or polymodal 
paleocurrent dispersal  pat terns  (Fig. 1.17). For t h e  bimodal 
dispersal patterns,  t h e  modes a r e  e i ther  180° or 90' apar t .  
Although some of t h e  polymodal distribution pat terns  a r e  
character ized by modes a t  90°, in most cases  the  pat tern  is 
much more complex. 

Figure 1.14. Synaeresis cracks in dark grey laminated 
mudstone bed of the Q-2 of the Quartet Group. The tape 
measure case is 50 mm wide. 

The con tac t  between t h e  Q-2 and t h e  overlying G-TR 
of t h e  Gillespie Lake Group is transit ional.  The con tac t  is  
marked by the  f i rs t  appearance of a bed of orange- 
weathering dolomitic siltstone. 

Summary 

The homogenous, pyritic, carbonaceous claystone and 
mudstone a t  t h e  base  of t h e  Quar t e t  Group (Q-1) probably 
accumulated in a sediment-starved basin. A gradually 
increasing influx of sediment into th is  basin is recorded by 
the  sil tstone-mudstone rhythmites a t  t he  base of t h e  Q-2. 
The thick fine grained dark grey-weathering sil iciclastic 
sediments comprising the  bulk of t h e  4 - 2  a r e  character ized 
by facies associations and paleocurrent dispersal  pa t t e rns  
typical of shallow marine environments. 
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Figure 1.15. Interference ripple marks  on a si l tstone bed of 
the  Q-2 of the  Quar te t  Group. Coin near  bottom of photo is 
18 mm in diameter .  GSC 203062-T 

Figure 1.16. Bulbous termination of a slump-folded bed of 
coarse sil tstone in the  9 - 2  of t he  Quar t e t  Group. 

Bimodal, bipolar paleocurrent dispersal pat terns  a r e  
in terpre ted to  ref lec t  t idal currents  (Klein, 1967). Bimodal 
and polymodal dispersal pat terns  with modal c lasses  90' 
apa r t  or in more  complex distribution pat terns  character ize  a 
shallow marine, t idal f la t  environment (Tanner, 1955; 
Klein, 1967; Picard and High, 1968). This regime, is 
subjected to  t h e  combined e f f ec t s  of oceanic circulation 
currents,  t ida l  currents,  meteorological currents  and density 
currents  (Johnson, 1978). 

In addition to the  paleocurrent dispersal trends,  o ther  
fac tors  supporting a subtidal t o  in ter t idal  origin for t he  4 - 2  
a r e  t h e  wavy, lenticular and flaser bedded facies  (Reineck 
and Wunderlich, 1968; Reineck and Singh, 1973) and t h e  
presence of in ter ference  ripple marks. The slumped sil tstone 
beds of t h e  4 - 2  (Fig. 1.16) may be re la ted  to  locally unstable 
slopes, perhaps created by rapid sediment deposition. An 
initial analysis of t h e  orientation of these  slump s t ruc tu res  
indicates t h a t  they formed on a southeasterly-trending 
paleoslope. 

GILLESPIE LAKE GROUP 

In the  Wernecke Mountains, t h e  Gillespie Lake Group 
consists of a t  leas t  4 km of buff-, orange-, and locally grey- 
or maroon-weathering dolomite,  clayey, si l ty or  sandy 
dolomite,  limestone, dolomitic claystone, mudstone and sand- 
stone, and claystone, mudstone and sandstone. S t r a t a  of the  
Gillespie Lake Group a r e  widely exposed in both t h e  
Wernecke and Olgivie mountains (Fig. 1.1). 

At the  type locality t h e  Gillespie Lake Group has been 
tenta t ively  subdivided into 7 units of probable formational 
s t a tus  (Fig. 1.3). These subdivisions have been informally 
designated G-TR, G-2, G-3, G-4, G-5, G-6, and G-7 in 
ascending order.  At present,  some of these  subdivisions 
probably cannot be  t raced outside the  type a r e a  because of 
d ramat i c  fac ies  changes and s t ruc tu ra l  complications.  The 
nature  of these  fac ies  relationships will only b e  resolved 
following fur ther  detailed s t ra t igraphic  studies in the  region 
surrounding Gillespie Lake. 

G-TR 

The con tac t  between Quar t e t  Group and Gillespie Lake 
Group is transitional. The lowermost subdivision of t h e  
Gillespie Lake Group, t h e  G-TR, consists of up t o  700 m of 
grey-weathering sil tstone, f ine  sandstone and mudstone, and 
orange-to-locally brown-weathering silty dolomite and 
dolomitic s i l t s tone (Fig. 1.3). The thickness of this unit is 
highly variable, ranging f rom a maximum of 700 m to  a s  l i t t l e  
a s  25 m. Locally t h e  G-TR is dissected by faul ts  which c u t  
ou t  or r epea t  par t  of t he  section. 

The lower part  of t he  G-TR is character ized by the  
same  facies  components as t h e  4 - 2  of t h e  Q u a r t e t  Group. 
Scat tered throughout the  lower par t  of t h e  G-TR a r e  a few 
orange-to-brown, slightly recessive weathering, thin,  cross- 
laminated beds and laminae of dolomitic si l tstone to  silty 
dolomite. In some cases,  where  these  dolomitic beds a r e  
t raced along strike,  the i r  distinctive orange-weathering 
colouration pinches ou t  and disappears only t o  reappear 
far ther  along strike.  The number and proportion of these  
dolomitic beds gradually increase  up section so  tha t  in i t s  
upper pa r t  this unit assumes a distinctive striped weathering 
colouration. Stripes consist  of a l ternat ing grey-weathering 
beds of wavy bedded sil tstone and fine sandstone and orange- 
weathering beds of silty dolomite.  The G-TR contains the  
s a m e  sedimentary  s t ruc tu res  a s  unit 4 - 2  of t he  Quar t e t  
Group. 

Microscopic examination of si l tstone, sandstone and 
mudstone beds of t he  G-TR reveals similar composition to  
those f rom the  4-2.  The composition of t h e  recessive- 
weathering dolomite beds and laminae of t h e  G-TR is also 
highly variable. Most a r e  character ized by thin laminae and 
lenticles of coarse  sil t-size qua r t z  and plagioclase which 
a l t e rna te  with laminae of finely crystall ine ferroan dolomite 
containing medium t o  coa r se  sil t  s i ze  grains of quar tz ,  minor 
plagioclase and micaceous minerals. The calcareous  sil tstone 
beds of G-TR a r e  composed of a framework of coarse  s i l t  
s ize  quar tz  and plagioclase with sca t t e red  flakes of  
muscovite in medium crystall ine calcite.  

The presence of pockets of primary limestone, together  
with t h e  crystall ine nature  of t he  dolomite,  suggests t h a t  t h e  
ent i re  unit has been dolomitized. Very weak regional 
metamorphism is indicated by t h e  occurrence  of secondary 
muscovite and chlorite.  

Paleocurrent  pat terns  derived f rom crossbeds and ripple 
marks a r e  commonly unimodal (Fig. 1.181, with t ranspor t  t o  
t h e  south or  southeast .  Unimodal trends appear  t o  
predominate in t h e  upper pa r t  of t h e  G-TR. In the  lower p a r t  



Figure 1.17. Paleocurrent data from crossbedding in unit Q-2 of the Quartet Group 
of  the northern Wernecke Mountains. 

of the  G-TR, however, bimodal or polymodal pat terns  similar The dolomitic mudstone beds of t h e  G-2 a r e  composed 
to  those found in the  4-2 a r e  more common. These complex of sca t t e red ,  finely crystall ine dolomite  t o  ferroan dolomite,  
paleocurrent dispersal  pat terns  and the  various f ac i e s  s i l t  s i ze  quar tz ,  micaceous minerals (mostly ser ic i te  and 
present,  suggest t h a t  t h e  lower par t  of t h e  G-TR was  chlorite with sca t t e red  grains of b iot i te)  and carbonaceous 
deposited in a shallow marine environment.  dust.  Laminations in this lithology a r e  typically defined by 

e i ther  variations in const i tuent  components,  or  by l inear 
G-2 t ra ins  of carbonaceous dust. 

Conformably above the  G-TR, the  unit called G-2 
consists of  400 t o  600 m of tan-, brownish grey-, and orange- 
weathering dolomitic si l tstone, dolomitic mudstone, si l tstone 
and silty dolomite. The lower par t  is mostly thin lenticular 
beds of dolomitic si l tstone, but  t h e  greater  par t  is a 
homogeneous sequence of brownish grey-weathering, slightly 
dolomitic mudstone with some lenticular beds of si l tstone. 
Locally, the  dolomitic mudstones weather to  a distinctive 
greenish grey. In t h e  upper par t  of the 'G-2 a few of t h e  beds 
contain granule size,  elliptically-shaped, lenses of black 
chert .  Load s t ruc tu res  a r e  locally developed. 

The sil ty crystall ine dolomite is composed of a f r ame-  
work of aphanocrystall ine to  very finely crystall ine dolomite 
to  ferroan dolomite with s i l t  s i ze  grains of quar tz ,  minor 
plagioclase, ser ic i te ,  muscovite, chlorite,  carbonaceous dust  
(usually in thin laminae and lenses), pyrite (as  isolated 
octahedra),  iron-free ca l c i t e  and ell iptical  lenses of cher t .  
Many dolomitic si l tstone beds consist of even parallel, very 
thin laminae of various proportions of s i l t  s i ze  qua r t z  and 
plagioclase, ser ic i te ,  crystall ine ferroan dolomite and carbon- 
aceous  dust. 
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Figure 1.18. Paleocurrent d a t a  f rom unit  G-TR of the  Gillespie Lake Group 
of t h e  northern Wernecke Mountains. 

Paleocurrents show t h a t  t he  sediments of G-2 were  
deposited by southerly-flowing currents  (Fig. 1.26). 

The C-3, which conformably overlies t h e  G-2, consists 
of medium to thick beds of  buff-weathering sil ty dolomite. 
Generally, these  beds a re  character ized by even parallel 
laminations. Some beds have a distinctive ribbed-weathering 
appearance, resulting from alternation of recessive- 
weathering laminae of silty dolomite and more  resistant 
laminae of dolomitic siltstone. Some of the ribbed- 
weathering units contain lenses of e longate  in t raformat ional  
f ragments  aligned perpendicular t o  bedding to  form tent -  
like s t ructures .  No paleocurrent da t a  were  collected f rom 
t h e  G-3. 

Although a faul t  con tac t  separa tes  G-3 and G-4 in the  
type  area ,  i t  appears  t h a t  they a r e  conformable. 

The C-4  (Fig. 1.3) consists of about  450 m of brown-, 
buff-, grey- and locally orange- or  maroon-, recessive- 
w e a t h e r ~ n g  silty dolomite,  dolomite,  dolomitic mudstone, 
dolomitic si l tstone and che r t .  It is character ized by thin beds 
of even parallel  laminated t o  locally wavy laminated 
dolomitic si l tstone with discontinuous lenses and thin beds of 
dark grey cher t ,  which const i tu tes  up to  20 per cen t  of t he  
section. 

The middle subdiv.ision of the  C-4  consists of about  
125 m of buff-, grey-, and locally orange-weathering sil ty 
dolomite and dolomite with minor dolomitic si l tstone, 
dolomitic mudstone and cher t .  The basal par t  of this 
subdivision is medium to thick beds of buff- and grey-buff- 
weathering, generally even parallel  laminated sil ty t o  clayey 
dolomite. This is  overlain by cyclically thickening-upward, 
medium t o  thick beds of silty dolomite.  The upper par t  of 
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Figure 1.19. Inclined columnar s t romatol i tes  in the  G-7 of 
the  Gillespie Lake Group. Note reversal  in direction of 
inclination of columns. Bedding parallels base  of photograph. 
Each division of pole is 10 crn. 

t h e  middle subdivision is thin- t o  medium-bedded dolomite 
and silty dolomite. The middle subdivision of t h e  G-4 is 
character ized by a paucity of che r t  compared t o  t h e  upper 
and lower subdivisions. 

The 100 m thick upper subdivision consists of thin beds 
of buff-weathering silty dolomite to  dolomite. Throughout 
this succession a r e  thin beds, discontinuous lenses and 
irregular-shaped masses of grey and dark grey cher t .  
Concretions a r e  locally present in the  upper part .  Near t h e  
top  is a sequence of thin to  medium beds of silty dolomite 
with interbeds of dolomitic claystone. 

Although the  con tac t  between t h e  G-4 and t h e  G-5  is 
covered a t  t h e  type locality, i t  appears conformable. 

A threefold subdivision of this unit was also recognized. 
The lowest 150 t o  175 m consists of buff- and locally maroon- 
weathering, even parallel laminated and cross-laminated thin 
to  medium beds of silty dolomite with thin in terbeds  of grey- 
and buff-weathering dolomitic claystone. 

The middle subdivision of t h e  G-5 i s a  sequence of  buff- 
weathering, thin to  locally medium beds of even parallel 
laminated and ripple cross-laminated dolomite and sil ty 
dolomite which a l t e rna te  in a regular fashion with grey- 
weathering laminae and thin beds of dolomitic claystone. 
Interbedded within this sequence a r e  buff-, grey-, and pinkish 
grey-weathering, thin to thick beds of s t romatol i t ic  dolomite 
pebble conglomerate.  Locally some in t ac t  columnar and 
columnar branching strornatoli tes occur within these  
conglomerate beds. Thin beds of f l a t  chip conglomerate  a r e  
also associated with these  beds of a lgal  debris. 

The lower par t  of t h e  middle subdivision of t h e  G-5 
contains isolated breccia mounds up t o  3 m high. These 
consist of angular c las ts  of s t romatol i t ic  dolomite with a few 
isolated in t ac t  columnar stromatolites.  There a r e  a few beds 
of inclined columnar strornatoli tes in which the  s t rornatol i tes  
exhibit a l ternat ions  in t h e  direction of thei r  inclination 
(Fig. 1.19). The morphology of these strornatoli tes probably 
ref lec ts  a l ternat ions  in current  directions. 

The upper 100 m subdivision is a sequence of thin beds 
of buff- and grey-, locally orange-weathering, wavy and 
flaser-bedded, even parallel-laminated and cross laminated 
dolomite together  with sil ty and clayey dolomite  and minor 
dolomitic si l tstone and mudstone. Large  pa r t s  of this unit 
weather  with a distinctive striped colouration. This i s  
defined by a l ternat ions  of laminated and bedded slightly si l ty,  
buff-weathering dolomite with laminated and thinly bedded 
grey- t o  dark-grey-weathering carbonaceous dolomite.  

Various types of conglomerate  in this sequence include 
subangular t o  subrounded granule- t o  pebble-size dolomite 
f ragments  in a disrupted matrix,  pebble-size f la t  chips of 
dolomite in lenses and angular pebble- t o  cobble-size 
dolomite fragments.  Pods and lenses of dark grey che r t  a r e  
also present.  slump s t ruc tu res  a r e  common in t h e  upper part .  

The to t a l  thickness and s t ra t igraphic  character is t ics  of 
portions of t he  upper p a r t  of t h e  G - 5  a r e  unknown a s  i t  
commonly occupies s t e e p  inaccessible ter ra in  in the  type 
area .  

Paleocurrent measurements  were  obtained from only 
two locali t ies in t h e  G-5 (Fig. 1.26). Although a polymodal 
dispersal  pa t t e rn  cha rac te r i zes  each of these  s i tes ,  in both 
cases  there  is a s t rong south trending mode. 

The (2-6, which conformably overlies t h e  G-5, is a 
500- t o  800 m-thick sequence of buff-, grey-, green-, and 
maroon-weathering silty dolomite,  silty l imestone, dolomitic 
mudstone and dolomitic si l tstone. 

This unit is dissected by severa l  faul ts  of unknown 
displacement.  This fac tor ,  coupled with i t s  monotonous 
cha rac te r ,  make t h e  thickness figures for t h e  unit only 
es t imates .  

The lower par t  of t h e  G-6 consists of thin t o  medium 
beds of buff-weathering, even parallel-laminated, locally 
cross-laminated sil ty dolomite  and dolomitic mudstone. 
Intercalated within this sequence a r e  some  thin t o  medium 
beds of grey weathering c layey carbonaceous dolomite.  This 
succession is overlain by medium and thick beds of buff- 
weathering sil ty dolomite  which vary f rom massive and 
homogeneous to  interbedded, cross-laminated sil ty dolomite 
and fine grained sil ty dolomite.  This unit  weathers  in a 
distinctive ribbed fashion. Load s t ructures  a r e  abundant in 
t h e  G-6. 

About 200 m above t h e  base of t he  G-6 a r e  greenish 
grey-weathering, even parallel-laminated beds of very finely 
crystall ine limestone. The weathering colour of this par t  of 
t he  sequence ranges f rom green t o  maroon. The maroon units 
locally contain lenses of  breccia  and conglomerate  of 
granule- t o  pebble-size f ragments  of si l ty hemat i t ic  
limestone. These conglomerate  lenses, commonly coa ted  
with an  irregular apple-green malachi te  stain,  a r e  c u t  by very 
thin ca l c i t e  veins containing pyr i te  and chalcopyrite.  These 
distinctive drab green-  and maroon-weathering sil ty 
l imestone beds occur  within a sequence of buff-weathering 
and rhythmically a l ternat ing thin beds of dolomitic si l tstone 
and silty dolomite which weather  in a d is t inct ive  ribbed 
fashion. 

The upper 300 to  400 m of t h e  G-6 consists of grey- and 
buff-weathering lenticular and wavy-bedded silty dolomite 
and silty limestone. In general,  this sequence is character-  
ized by beds of cross-laminated sil ty dolomite  and sil ty 
l imestone which a l t e rna te  with thick laminae of clayey silty 
dolomite. 
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Conformably overlying the  G-6 is t he  G-7, a 400- t o  
700 m-thicl< sequence of orange-, buff-, and grey-, locally 
pink-weathering carbonates.  The main components of  this 
formation a r e  thin,  generally medium and occasionally thick 
beds of crinkly l am~na ' t ed  dolomite (Fig. 1.201, oolit ic and 
pisolitic dolomite,  s t romatol i t ic  dolomite,  clayey carbon- 
aceous  dolomite, and even parallel-laminated to  wavy 
and lenticular bedded dolomite.  Molar-tooth s t ruc tu re  
(O'Connor, 1972; Smith,  1968) is a ubiquitous fea ture .  

Cryptalgal crinkly-laminated dolomite beds commonly 
pass laterally into hemispheroidal s t romatol i te  mounds 
(Fig. 1.21). The s t romatol i t ic  fac ies  of t h e  G-7 is cha rac te r -  
ized by a wide variety of forms (Fig. 1.19, 1.21), including 
oncolites. Individual dolomite beds of t he  G-7 locally include 
patches of l ight grey limestone. Lenses and nodules of grey 
and dark grey cher t  a r e  present  throughout the  G-7, but 
appear t o  b e  preferentially developed a t  t he  tops of pisolite 
and oolite beds. 

Figure 1.20. Bed of  crinkly-laminated algal dolomite in the Most of t h e  G-7 is composed of crystall ine dolomite,  
G-7 of the Gillespie Lake Group. with minor amounts  of si l t  s i ze  quar tz ,  muscovite, ser ic i te ,  

chlor i te  and carbonaceous dust.  

Figure 1-21. Large domal stromatolite in the G-7 o f  the 
Gillespie Lake Group. 

The beds of even parallel-laminated sil ty dolomite and 
dolomitic mudstone a r e  composed of quar tz ,  micaceous 
minerals, finely crystall ine dolomite, ferroan dolomite, and 
carbonaceous dust.  This lithology is character ized by two  
var ie t ies  of laminations: -those defined by parallel  
discontinuous carbonaceous s t reaks  and those defined by 
variations in t h e  percentages of t h e  const i tuent  minerals. 

The distinctive ribbed-weathering, silty dolomite beds 
in the  G-6 a r e  composed of a l ternat ing thin beds and thick 
laminae of finely crystall ine ferroan dolomite and th ick 
laminae to thin beds composed of a matr ix  of aphanocrystal-  
line t o  very finely crystall ine dolomite containing sca t t e red  
silt-size quar tz  grains, minor muscovite and parallel planar 
trains of carbonaceous dust. Microstylolites a r e  preserved in 
many of these  rocks. 

Although bimodal paleocurrent pat terns  cha rac te r i ze  
the  G-6, in each case  the  dominant mode trends south 
(Fig. 1.26). 

Polymodal paleocurrent pat terns  a r e  typical (Fig. 1.26). 

Summary 

The Gillespie Lake Group is a 4 km thick sequence of 
buff-, grey-, and orange-weathering, f ine grained terrigenous 
and carbonate  sediments.  Although seven subdivisions of  
formational rank a r e  defined in t h e  type a rea ,  s t ructura l  
complications and d ramat i c  f ac i e s  changes  hinder correlation 
with surrounding areas.  

The basal pa r t  (G-TR) of the  Gillespie Lake Group is 
shallow marine sil iclastic sediments  with a gradual increase  
in the  proportion of dolomite occurring up sequence. These 
silty dolomite beds a r e  character ized by southerly d i rec ted 
paleocurrent dispersal  pat terns  and r e f l ec t  t he  initiation of a 
major inundation of carbonate  de t r i t u s  f rom a source  t o  t h e  
north. 

The lower format ions  of t h e  Gillespie Lake Group 
(G-2 to  G-4) a r e  fine grained siliclastic-dolomite admixtures.  
Unimodal southerly directed paleocurrent dispersal pa t t e rns  
character ize  t h e  G-2. Distinctive che r ty  units occur in pa r t s  
of the  G-4. These format ions  a r e  interpreted to  r e f l ec t  t he  
more  distal  fac ies  of a major a r e a  of  carbonate  buildup which 
lay to  the  north. This basin also received a reduced but st i l l  
significant input of si l iciclastic sediments.  

The G-5 is also fine grained dolomitic-siliclastic 
admixtures,  but contains beds of s t romatol i t ic  conglomerate  
and breccia a s  well a s  beds of f l a t  chip conglomerate.  Again 
southerly d i rec ted paleocurrent  dispersal  pa t t e rns  
predominate.  The G-5 probably ref lec ts  a shallowing of t h e  
depositional environment. 

The G-6 is a thick sequence of dolomite,  l imestone and 
terrigenous-carbonate admixtures.  In addition t o  the  typical 
buff- and grey-weathering colouration of t h e  Gillespie Lake 
Group, this formation has distinctive green- and maroon- 
weathering zones which locally contain copper 
mineralization. Southerly d i rec ted paleocurrent dispersal  
pa t t e rns  typify t h e  G-6. 

At the  type  a rea ,  t h e  uppermost par t  of t he  Gillespie 
Lake Group (G-7) is shallow marine  platformal carbonates  
character ized by beds of crinkly laminated dolomite,  oolit ic 
and pisolitic dolomite,  s t romatol i t ic  dolomite and wavy and 
lenticular beds of dolomite. Polymodal paleocurrent pa t t e rns  
a r e  typical. 



The presence of patches of primary l imestone through- 
out  t h e  Gillespie Lake Group indicate t h a t  much of this group 
was probably originally limestone. 

BRECCIA COMPLEXES 

St ra t a  of t he  Wernecke Supergroup a r e  c u t  by numerous 
breccia  complexes which locally a r e  significantly enriched in 
U, Cu, Ba, Co, or F e  (Morin, 1976; Bell and Delaney, 1977; 
Bell, 1978; Archer et al., 1977; Archer and Schmidt,  1977; 
Laznicl<a, 1977a, b, 1978; Laznicka and Edwards, 1979; 
Delaney et al., in press). 

These breccia complexes a r e  character ized by both 
variable shape and size.  In plan view, individual breccia  
bodies a r e  circular,  ell iptical  or have an elongate,  commonly 
irregular,  outline. In vertical  section, they a r e  clearly 
discordant, pinch and swell (Fig. 1.25), and a r e  character ized 
by numerous offshoots. Some breccia apophyses a r e  parallel 
t o  bedding; t hese  s t ra t i form breccias  were  previously 
mistaken for  volcanic breccias (c.f. Bell and Delaney, 1977). 
The widest breccia  bodies occur in units F-3, F-4  and F-TR 
of t h e  Fairchild Lake Group (Fig. 1.3). 

The con tac t s  between breccias and surrounding country 
rock a r e  variable. They range f rom those character ized by 
sharp  margins, with upward dragging of host beds, t o  those in 
which t h e  degree of brecciation gradually decreases  outward, 
grading into weakly-fractured country rock. The variable 
nature  of these  boundaries is related to  t h e  complex genet ic  
origin of  t h e  breccia  bodies (see below). Nowhere have t h e  
breccias been observed cutting s t r a t a  which overlie t h e  
Wernecke Supergroup. 

The breccia  bodies exhibit a considerable range in size. 
For example,  t he  large breccia complex in F-3, F-4 and 
F-TR of t h e  Slab Mountain a rea  is es t imated to  b e  abou t  
4 1<m by 0.5 km (Bell and Delaney, 1977), whereas some  
breccias  a r e  only a few metres  wide. The average dimension 
of these bodies ranges between 100 and 800 m (Archer and 
Schmidt, 1977). I t  should b e  noted, though, t h a t  t h e  
perceived s ize  variations a r e  in par t  a function of t h e  level of 
s t ra t igraphic  exposure. 

Most breccia  complexes a re  developed on, or  in close 
proximity to, faul ts  (Fig. 1.2). In particular,  splays of west -  
t o  northwesterly-trending faults of t h e  Richardson Faul t  
Array (Norris and Hopkins, 1977) appear to  have served a s  
loci for t he  emplacement  of these bodies. 

Three genetically distinct varieties of breccia can be 
di f ferent ia ted  (Delaney et al., in press). These are :  f au l t  
breccia,  s tope breccia and channelway breccia.  Faul t  breccia  
typically contains pebble and cobble s i ze  mater ia l  or  larger 
fragments.  These f ragments  occur in a granulated rock 
matrix.  This variety of breccia  usually occupies a linear 
zone. The contacts  between faul t  breccias and t h e  
surrounding country rock a r e  usually diffuse, and character-  
ized by a gradual decrease  in both the  number of f r ac tu res  
and t h e  degree  of rotation of clasts. The s tope  breccias 
(Fig. 1.24) consist of varied sized, generally angular 
f ragments  (maximum 30 rn) which occur e i ther  a s  isolated 
blocks in a granulated matrix or a s  an irregular,  jumbled- 
in t ac t  framework. The margins of this var ie ty  of breccia  a r e  
usually sharp  and locally the  contact  with the  host lithology 
is s teeply  inclined. The channelway breccias a r e  thin (1 -5 rn) 
pipe-shaped bodies which a r e  commonly a t  a high angle to  t h e  
horizontal. They a r e  character ized by sharp  margins, contain 
well-rounded pebble-size clasts,  and locally have flow 
s t ruc tu res  preserved in thei r  matrix.  

A variety of types  of a l tera t ion a r e  associated with t h e  
breccia complexes including Na-feldspathization, silicifica- 
tion, hemat i t iza t ion and carbonat iza t ion (Bell and 
Delaney, 1977; Laznicka and Edwards, 1979; Delaney e t  al., 
in press). Locally, phases of this a l tera t ion have permeated 
outward from t h e  breccias  into the  surrounding country rock. 
The intensity of a l tera t ion can be  qui te  variable. Near t h e  
headwaters  of Delores Creek for example sodic 
metasomatism has  been so  pervasive a s  t o  c r e a t e  medium t o  
coarsely crystall ine a lb i t ic  "syenites" (Laznicka and 
Edwards, 1979). These bodies were  originally in terpre ted t o  
be porphyry copper syenites. 

A metamorphic  aureole  is commonly developed around 
the  breccia bodies, particularly a t  lower s t ra t igraphic  levels. 
In these  aureoles,  t h e  fine grained sediments  of t he  Quar t e t  
and Fairchild Lake groups have been transformed into l ight 
greenish grey phyllites and schists which commonly contain 
porphyroblasts of chloritoid or garnet .  

A review of the  various types  of mineralization 
associated with t h e  breccia  complexes i s  beyond t h e  scope of 
this paper (see Morin, 1976; Archer and Schmidt,  1977; Bell 
and Delaney, 1977; Bell, 1978; Laznicka and Edwards, 1979; 
Delaney e t  al., in press). It is interesting to  note,  however, 
t h a t  a l l  known occurrences  of uranium a r e  confined t o  an  
interval near t h e  con tac t  of t he  Fairchild Lake and Quar t e t  
groups. 

Bell (1978) and Delaney e t  al. (in press) have presented 
models for t he  genesis of t h e  Wernecke breccia  bodies. The 
s t ruc tu res  a re  believed to  have developed in a dilatational 
tec tonic  regime (Sawkins, 1976; Gabelman, 1977a, b). The 
initiation of breccia  development i s  re la ted  t o  ac t iv i ty  of t h e  
Richardson Fault  Array (Norris and Hopkins, 19771, a ser ies  
of deep-seated, long ac t ive  s t ructures .  

Breccia development re la ted  t o  faul t  ac t iv i ty  was  
probably followed by hydraulic stoping , (Gilrnour, 1977). 
Finally, gas-charged fluids in small  pipes dissected the  faul t -  
s tope  breccia  complexes. Each phase in t h e  development of 
t he  breccia  complexes was probably multistaged, and 
commonly overlapped other  stages.  Mineralizing fluids 
associated with the  breccia  bodies were  probably derived 
f rom a variety of sources  including those tapped f rom t h e  

Figure 1.22. Panorama near Algae Mountain of  diorite dyke 
(25 m wide) cross-cutting a sequence of  dolomites of the 
Cillespie Lake Group. Note the white dedolornitization 
alteration zone developed around the dyke. 
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mant le  (Gabelman, l977b), those associated with intrusive 
bodies (Laznicka and Edwards, 1979) and those enriched by 
leaching of sediments of t he  Wernecke Supergroup 
(Bell, 1978). 

INTRUSIVE BODIES 

Green- t o  brown-weathering dykes and sills of diorite,  
gabbro, and a t  least  one body of peridotite, intrude s t r a t a  of 
t h e  Wernecke Supergroup (Green, 1972). In the  northern pa r t  
of t h e  study area ,  these  r a re  bodies a r e  generally I t o  3 m 
wide. To t h e  south, in the  Rackla Range, both the  s i ze  and 
number of dykes and sills increase.  Where dykes cross-cut 
Fairchild Lake and Quar te t  groups s t r a t a ,  their  presence is 
commonly masked by a similar weathering. This subdued 
expression contras ts  with the  spectacular con tac t  aureoles 
developed around these  bodies where  they intrude s t r a t a  of 
t h e  Gillespie Lake Group (Fig. 1.22). 

Stratigraphic relationships suggest t h a t  t h e  intrusive 
bodies may be of several ages.  Fragments of diorite occur 
locally in the  breccia complexes; a t  other places however, 
dykes in t rude the  breccias. Some of these  bodies a r e  c u t  off 
at t h e  unconformity separating s t r a t a  of t h e  Wernecke 
Supergroup from younger rocks, whereas o thers  penetra te  
this boundary. Green (1972) suggested t h a t  some dykes may 
be  a s  young a s  Cretaceous.  

STRUCTURAL OVERVIEW 

Structura l  relationships of rocks of t he  Wernecke 
Supergroup a r e  complex and not  ye t  completely understood. 
These rocks were  folded, faulted and c u t  by intrusive breccia 
complexes prior t o  deposition of the  Proterozoic Pinguicula 
Group (Eisbacher, 1978). 

In a regional sense, t he  Wernecke Supergroup appears t o  
have been deformed into open folds whose axes trend north- 
west. In t h e  southeastern par t  of t he  map a r e a  however, 
s t r a t a  of t h e  Gillespie Lake Group a r e  deformed in to  t ight  
northeasterly-trending folds. This simple s t ructura l  s ty le  is  
not present everywhere; locally rocks of all  t h ree  groups a r e  
overturned. 

The Wernecke Supergroup in the  northern Wernecke 
Mountains is dissected by a group of west-  t o  northwest- 
trending ver t ica l  curvilinear faults (Fig. 1.1, 1.2) which 
represent t h e  southern extension of t h e  Richardson Faul t  
Array (Norris and Hopkins, 1977). This system of faul ts  was 
in terpre ted (ibid.) a s  deep-seated, long-lived s t ructures  which 
have undergone both vertical  and la tera l  movements. The 
large anticline-like s t ructure  which parallels t h e  Bonnet 
Plume River may be  related to  differential  ver t ica l  move- 
men t s  along t h e  Richardson Faul t  Array (Fig. 1.2). 

In addition to  the  Richardson Fault  Array and i t s  
related splays, s t r a t a  of t he  Wernecke Supergroup a r e  c u t  by 
numerous steep-to-shallow normal and reverse faults with 
varying amounts  of offse t .  These s t ructures  hinder s t r a t i -  
graphic reconstruction. 

Besides t h e  e f f ec t s  of folding and faulting, d is t inct  
s t ructura l  aberrations a r e  also encountered in t h e  vicinity of 
t h e  breccia  complexes. Near these  bodies t h e  surrounding 
country rocks a re  contorted,  f rac tured,  metamorphosed and 
locally metasomatized. 

The northern boundary of the  Wernecke Supergroup is 
marked by t h e  Knorr Fault  (of t h e  Richardson Fault  Array), a 
s teeply  dipping normal f au l t  which juxtaposes younger 
Proterozoic  rocks against  s t r a t a  of t h e  Q u a r t e t  Croup 
(Fig. 1.2). In the  western par t  of t h e  study area ,  Lower 
Paleozoic rocks unconformably overlie t h e  Wernecke 

Figure 1.23. Panoramic v i ew  to  east f rom near Algae 
Mountain o f  contact be tween  Gillespie Lake Group and 
Pinguicula Group. This site is near the  t ype  locality of the 
Racklan Orogen. 

Supergroup commonly forming spectacular  angular uncon- 
formities (Fig. 1.9). To t h e  east, s t r a t a  of t h e  Wernecke 
Supergroup a re  unconformably overlain by those of e i the r  t h e  
Pinguicula Group (Fig. 1.23) or those of t h e  Ekwi Supergroup. 

Regional Tectonics  

The deformational even t s  af fect ing s t r a t a  of t h e  
Wernecke Supergroup prior t o  t h e  deposition of rocks of 
sequence B a r e  a t t r ibuted to  the  Racklan orogeny 
(Gabrielse, 1967; Eisbacher, 1978; Yeo e t  al., 1978; Young 
e t  al., 1979). These events,  which probably culminated about 
1.2 t o  1.3 Ga ago, included folding, fault ing (both ver t ica l  and 
l a t e ra l  movements along the  Richardson Faul t  Array) and 
probably t h e  development of t h e  breccia  complexes. 

Recently i t  has  been recognized (Eisbacher, 1978; 
Yeo e t  al., 1978; Young e t  al., 1979) tha t  deformation 
a t t r ibuted to the  Racklan orogeny (Gabrielse, 1967) occurred 
much ear l ier  (1.2 vs 0.8 Ga) than events  in t h e  Mackenzie 
Mountains to  which i t  was  formerly equated. The younger 
Proterozoic  deformational event  which a f f ec t ed  t h e  
Mackenzie Mountains Supergroup is now referred to  a s  the  
Hayhook orogeny (Young et al., 1979) and i t  is considered t o  
b e  the  temporal  equivalent of t he  enigmat ic  East Kootenay 
orogeny of the  southern Cordillera (White, 1959). 

GEOCHRONOLOGY 

Few geochronometric d a t a  a r e  available for t h e  
Wernecke Supergroup. Archer et al. (1977) repor ted  a K-Ar 
a g e  determination of 1.5 Ga on bioti te f rom an intrusive 
breccia  complex which cu t s  s t r a t a  of t he  Upper Fairchild 
Lake Group a t  Quar t e t  Mountain. A 2 0 7 P b - 2 3 5 ~  age  of 
1153 Ma and a 2 0 7 ~ b - 2 0 6 P b  age  of 1249 Ma were  obtained on 
a pitchblende sample  col lec ted f rom a f r ac tu re  sys tem 
peripheral t o  a breccia  complex developed in t h e  lower 
Quar t e t  Group west  of Quar t e t  Lakes (Archer and 
Schmidt,  1977). Godwin e t  al. (1978) reported a Stacey and 
Kramers  model lead age  of about  1.44 Ga for two  lead 
deposits hosted in s t r a t a  of t h e  Gillespie Lake Group in the  
Coal Creek Dome of the  Olgivie Mountains. Morin (1978) 
repor ted  a Stacey and Kramers  model lead isotope a g e  of 
1288 Ma for layered galena in rocks of t h e  Gillespie Lake 
Group f rom t h e  Har t  River area .  



DEPOSITIONAL SETTING OF THE 
WERNECKE SUPERGROUP 

Figure 1.24. Stope breccia phase of a breccia  body a t  
Quar t e t  Mountain. Note variable orientation of blocks. 
Large block near  c e n t r e  of photo is about 1 m wide. 

Recently,  K-Ar age  da te s  of 613 + 15 Ma (GSC K-Ar 
No. 3118) and 552 2 13 Ma (GSC K-Ar No. 3115) were  
determined on bioti te f rom two  petrographically d i f ferent  
lamprophyres which c u t  s t r a t a  of t he  upper Fairchild Lake 
Group in the  northern par t  of t he  area .  These intrusive 
bodies show chemical affinit ies to  carbonat i tes  
(Gabelman, l977a). Both dykes have a spatial  association 
with splays of the  Richardson Faul t  Array. I t  has  
subsequently been reported (G.M. Yeo, personal communica- 
tion) t h a t  dykes petrographically similar to one of those 
dated (GSC K-Ar No. 3118) cu t  s t r a t a  of t he  Rapitan Group 
in t h e  Knorr Range northeast  of Kiwi Lake. The lamprophyre 
dykes at this locality a r e  intimately associated with t h e  
Knorr Faul t ,  an  eas ter ly  splay of t h e  Richardson Fault  Array. 
It is concluded tha t  t he  dates  obtained may provide a 
minimum age  for the  deposition of the  Rapitan Group 
(Yeo, 1978). 

STRATIGRAPHIC CORRELATIONS 

More detailed stratigraphic information on t h e  middle 
and upper Proterozoic  successions of t h e  northern Cordillera 
and Shield has permit ted  more  detailed l i thostratigraphic 
correlations in this region (Young, 1977; Aitken et al., 1978; 
Young et al., 1979). These correlations have also been 
extended to encompass northern Canada and northern 
Greenland (Young, 1979) with t h e  view of gaining a compre- 
hensive understanding of middle t o  l a t e  Proterozoic  evolution 
of the  region surrounding t h e  Canadian cra ton.  

S t r a t a  of t h e  Wernecke Supergroup a r e  corre la ted  with 
the  lower th ree  groups of t h e  Belt-Purcell Supergroup of t h e  
south-central  Cordillera (Young et al., 1979; Young, 1979; 
Young et al., in press). The successions of t hese  two  a reas  
a r e  character ized by a thick sequence of fine grained sili- 
c las t ic  rocks with some in tercala ted  carbonate  units, capped 
by thick s t romatol i t ic  carbonates  (i.e. Wallace-Siyeh and 
Gillespie Lake groups). Although t h e  distinct angular uncon- 
forrnity a t  t h e  top  of t h e  Gillespie Lake Group is not found 
within t h e  Belt-Purcell Supergroup, there  a r e  severa l  lines of 
evidence suggesting a period of major tec tonic  adjus tment  
prior t o  the  d e ~ o s i t i o n  of the  fine grained t e r r i ~ e n o u s  rocks 

Many hypotheses have been published on t h e  nature  and 
origin of t h e  western cont inenta l  margin of North America 
during the  Middle Proterozoic.  Most workers have character-  
ized t h e  thick fine grained terrigenous-carbonate sequences 
of t h e  Belt-Purcell Supergroup and corre la t ive  rocks a s  a 
miogeoclinal succession akin t o  those formed a s  a prograding 
t e r r a c e  wedge (Price,  1964; Gabrielse, 1972; Harrison 
and Reynolds, 1976; Monger and Price,  1979). Some 
" B e l t o l o g i ~ t s ~ ~  have suggested t h a t  this margin was  c r e a t e d  by 
a major rif t ing event  in t h e  middle Proterozoic  
(Stewar t ,  1977; Monger e t  al., 1972). O the r s  have carried 
this concept  further,  suggesting t h a t  counterpar ts  formed 
during the  rift ing event  may b e  found in Siberia (Sears and 
Price,  1978) or  Australia (Jefferson, 1978). Badham (1978) 
however, has  disputed this mid-Proterozoic rif t ing event ,  
suggesting t h a t  t he re  has  been a cont inenta l  margin t o  t h e  
west of t h e  North American cra ton since t h e  Archean. 

Available information on t h e  depositional basin in which 
t h e  Belt-Purcell sediments  were  deposited suggests a some-  
what  complex margin character ized by r e -en t r an t s  (Harrison 
and Reynolds, 1976; Harrison e t  al., 1974; Harrison, 1972). 
The nature  of this s ame  margin in northern Canada however, 
is  for  t h e  most pa r t  conjecture.  

In t h e  northern Cordillera,  Proterozoic  s t r a t a  occur  in 
an a rcua te  pa t t e rn  which follows the  trend of t h e  Mackenzie, 
Wernecke, Ogilvie and Barn mountains (Fig.I.1). 
Gabrielse (1972), in an  analysis of t h e  na tu re  and distribution 
of Proterozoic  s t r a t a  in t h e  Mackenzie Mountains, favoured 
t h e  model of Je le tzky (1962) who suggested tha t ,  north of t h e  
Mackenzie Mountains, t h e  trend of the  depositional margin 
was eas t -west  (Fig. 1.27). In an  in terpre ta t ion of t h e  
Laramide s t ructura l  s ty l e  of t h e  eas tern  margin of t h e  
northern Cordillera, Norris (1972, p. 638) theorized t h a t  t h e  
a r c u a t e  s t ructura l  plan of this region (Fig. 1.1, 1.27) may 
have in par t  been due t o  the  "ancient, persistent and 
fundamental  shape of t h e  eas t e rn  margin of t he  miogeocline". 
Aitken and Long (1978) provided some  corroborating evidence 
for  this hypothesis when they suggested on t h e  basis of 
isopach analysis, t h a t  t h e  a r c u a t e  shape of t h e  Mackenzie 
Mountains existed during deposition of rocks of t h e  
Mackenzie Mountains Supergroup (sequence B). 

bf t he  ~ i s s o " l a  Group which G e r ~ i e  the  svtromato~itic Figure 1-25. Breccia complex which cu t s  the  F - 4  of the 
carbonates of t h e  Wallace-Siyeh Formation (Harrison, 1972; Fairchild Lake Group in the  vicinity of Delores Creek,  Note 
Young et al., 1979). irregular configuration of breccia .  
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Figure 1.26. Paleocurrent da t a  f rom cross-bedding in the  Gillespie Lake Group 
of t h e  northern Wernecke Mountains. 

Another fac tor  which would seem to  support the  
a rcua te  nature  of t h e  Proterozoic depositional margin of t h e  
northern Cordillera, a t  least  during t h e  deposition of rocks of 
sequences 0 and C, is t he  relative position of these  s t r a t a  
(Fig. 1.1). Rocks of sequence B generally l ie "outboard" of 
those of sequence A and they in turn a r e  flanked "outboard" 
by rocks of  sequence C. 

Detailed fac ies  and paleocurrent analyses will b e  
required to  determine whether or not t h e  a rcua te  configura- 
t ion of t h e  eas t e rn  margin of t h e  northern Cordillera existed 
during deposition of t h e  sediments  of t h e  Wernecke 
Supergroup. Future  investigations in t h e  Olgivie Mountains 
and in the  Keele Range of t h e  Porcupine Pla teau (Fig. 1.1) 
will b e  of particular importance in resolving this problem. 

There  is however, some  evidence supporting t h e  
existence of an east-west-trending depositional margin for 
s t r a t a  of t h e  Wernecke Supergroup in t h e  Wernecke 

Mountains. This evidence includes: I -  t he  predominantly 
unimodal southerly-directed paleocurrent dispersal trends 
which cha rac te r i ze  t h e  g r e a t  thickness of t h e  Fairchild Lake 
Group, a s  well  a s  some format ions  of t h e  Cillespie Lake 
Group (Fig. 1.10, 1.18, 1.26); 2- t h e  orientation of slump 
s t ructures  in t h e  Quar t e t  Group which indicate a south- 
eas ter ly  trending paleoslope; 3-  f ac i e s  changes  in some of t h e  
format ions  of t h e  Fairchild Lake Group which indicate  t h a t  
thicker,  dominantly dolomitic ca rbona te  rocks l ie  t o  t h e  
north with thinner dominantly l imestone units lying t o  t h e  
south. 

If in f a c t  t h e  eas t e rn  margin of t h e  northern Canadian 
Cordillera was character ized by t h e  a r c u a t e  trend suggested 
by Norris (1972), then what  was  the  origin of this margin and 
what  was  t h e  provenance of t h e  thick sequence of 
miogeoclinal sediments  comprising t h e  Wernecke Supergroup? 
Clues to  the  genesis of this depositional regime may lie t o  
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Figure 1.27. Tectonic e lements  which have a bearing on' 
t he  na tu re  of t h e  mid-Proterozoic continental  margin of 
northwestern North America. 

t he  eas t  of the  Cordillera, in the  Aphebian Coronation 
Geosyncline (Hoffman, 1973; Hoffman and McGlynn, 1977). 
Hoffman (1979) has suggested tha t  a recently recognized 
younger orogenic event in the  Coronation Geosyncline may 
record a continental  collision which juxtaposed t h e  Grea t  
Bear batholith complex against  t h e  Hepburn Belt  (Fig. 1.27). 
Hoffman has fur ther  speculated that  this collisional event  
probably postdates t h e  development of t h e  Grea t  Bear 
Batholith (1.7-1.9 Ga). The pla te  involved in this collisional 
event may be akin to  one of the  rnicroplates which Churkin 
and Eberlein (1977) have hypothesized were  colliding with the  
western  margin of t h e  North American continent during t h e  
Proterozoic and Paleozoic. 

CONCLUSIONS 

The mid-Proterozoic Wernecke Supergroup is a 15 km- 
thick sequence of fine grained terrigenous and carbonate  
sediments which records a shoaling-upward miogeoclinal 
depositional regime. These s t r a t a  const i tu te  t h e  o ldes t  
succession in t h e  northern Cordillera and thus provide clues 
to t h e  early geological evolution of this region. Analyses of 
paleocurrent d a t a  suggest t h a t  in the  mid-Proterozoic, an  
east-west depositional margin lay to  the  north of t h e  present 
day Wernecke Mountains. The origin of this depositional 

margin and the  provenance of the  sediments of t h e  Wernecke 
Supergroup may b e  re la ted  t o  a cont inenta l  collision even t  
which occurred in t h e  Coronation Geosyncline about 1.7 t o  
1.9 Ga ago. The development and ref inement  of this 
hypothesis awai ts  fur ther  s tudies  of t h e  Wernecke 
Supergroup, particularly in t h e  Olgivie Mountains and in t h e  
Keele Range of the  Porcupine Pla teau.  
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Abstract 

The Rapitan Group comprises a sequence o f  marine, glaciomarine, and possible glacial 
sediments outcropping in the Mackenzie and Wernecke mountains. The lowest unit, the Mount Berg 
Formation, is a grey-green mixtite seen only in the southern Mackenzie Mountains. Conformably 
above this, the Sayunei Formation is dominated by maroon to red, silty rhythmites with abundant 
dropstones. Conformably overlying this, the Shezal Formation successively comprises maroon and 
greenish grey mixtites. These two formations outcrop discontinuously throughout the southern and 
central Mackenzie Mountains. A homologous succession of rhythmites and mixtites is present in the 
Upper Tindir Group in Alaska. In the northern Mackenzie Mountains, however, only red and greenish 
grey mixtites occur. Jasper-hematite iron formation o f  probable rift-related, volcanogenic 
hydrothermal origin was found in the red mixtites of the northern Mackenzies as well as in the upper 
Sayunei and Tindir rhythmites. The Rapitan Group lies not far below the Precambrian-Cambrian 
boundary and overlies rocks judged to  be about 0.8 Ga old. Except locally, the basal contact is 
distinctly unconformable. This unconf ormity marks the last major faulting event before the 
Paleozoic Era. An early, local(?), glacial advance (Mount Berg) was separated from a later one 
(Shezal) by an interstadial period (Sayunei). 

On nearly every continent late Proterozoic glacial and glacial marine sequences, commonly 
bearing iron formations o f  hydrothermal origin, were deposited following major faulting episodes. 
This suggests that global(?) glaciation(s) followed widespread continental breakup. The development 
o f  new seaways in combination with extensive continental uplift resulted in new global circulatory 
patterns and weather systems. Glaciation in the late Proterozoic was the likely consequence of these 
factors. 

Le groupe de Rapitan se compose d'une se'rie de roches se'dimentaires marines, glaciomarines et 
peut 6tre glaciaires affleurant dans les monts Mackenzie et Wernecke. L'unite' la plus profonde, la 
formation du mont Berg, est une mixtite gris-vert qui n'apparait que dans le sud des monts 
Mackenzie. La formation de Sayunei repose en conformite' en dessus; elle est constitue'e surtout par 
des rythmites limoneuses maron Z1 rouges, avec d'abondantes stagmalites; en conformite' au-dessus de 
cette dernibre, la formation de Shezal se compose successivement de mixtites maron et  gris-vert. 
Les deux formations affleurent de f a ~ o n  discontinue dans le sud et  le centre des monts Mackenzie. 
On trouve une succession homologue de rythmites et mixtites dans la partie supe'rieure du groupe de 
Tindir en Alaska. Dans le nord des monts Mackenzie cependant, on ne retrouve que des mixtites 
rouges et gris-vert. Une formation ferrifhre h jaspe-he'matite d'origine probablement hydrothermale, 
volcanogbne et relie'e 6 une fissure, a 6te' trouvSe dans les mixtites rouges du nord de la chaine de 
Mackenzie ainsi que dans les rythmites supBieures de Sayunei et celles de Tindir. Le groupe de 
Rapitan se trouve h peu de distance au-dessous de la limite Pre'cambrien-Cambrien, et  repose sur des 
roches qu'on estime ige'es de 0,8 Ga. Sauf par endroits, le contact de base est nettement discordant. 
Cette discordance marque le dernier important e'vgnement de failles avant le Pale'ozoique. Une 
ancienne avance'e glaciaire localise'e (?) (mont Berg) a 6te' se'pare'e d'une autre plus re'cente (Shezal) 
par une pe'riode interstadiaire (Sayunei). 

Sur presque tous les continents, les se'ries glaciaires et  glaciomarines de la f in du Pr~ te ' r~~d i ' que  
portant souvent des formations ferrifkres d'origine hydrothermales, ont e'te' de'pose'es aprgs des 
kbnements  de failles importants. Cette observation donne 6 penser quZcne ou plusieurs glaciations 
mondiales (?) ont suivi le fractionnement majeur des continents. L'apparition de mers nouvelles et la 
remonte'e conside'rable des continents ont donne' lieu 6 de nouveaux modes de circulation plane'taire et  
de nouveaux systhmes me't6orologiques. La glaciation de la f in du Prot6rozoi'que re'sulte 
vraisemblablement de ces fracteurs. 
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PROTEROZOIC RAPITAN GLACIATION IN THE NORTHERN CORDILLERA 

INTRODUCTION 

Among t h e  most str iking fea tures  of t h e  l a t e  
Proterozoic  is t he  occurrence,  on nearly every continent,  of 
deposits  of probable glacial  origin. Less well-known is t h e  
widespread occurrence  of iron formation,  o f t en  in t imate ly  
associated with supposed glacial  sediments.  Such an  associa- 
tion occurs  in t h e  Cordillera of northwestern Canada and 
adjacent  Alaska. This paper reviews t h e  s t ra t igraphy and 
geochemistry of t h e  Rapitan glacial  sediments and iron 
format ion and speculates on the  significance of these  
phenomena in t h e  l a t e  Proterozoic.  

Stratigraphic nomencla ture  formal ized by 
Eisbacher (1978a) is followed here ,  excep t  for  recognition of 
a d is t inc t  mixt i te  unit, t h e  Mount Berg Formation,  below the  
Sayunei Formation,  and inclusion of Ziegler's (1959) Snake 
River Til l i te (maroon mixt i tes ,  conglomerates,  and sand- 
s tones  in Snake River a r e a )  within t h e  Shezal Format ion 
r a the r  than the  Sayunei. Eisbacher (1978a) expanded t h e  
Rapitan Group to  include t h e  Keele and Twitya formations,  
presumably to  emphasize  a major c l a s t i c  t o  ca rbona te  cycle  
within a sequence  of such megacycles  (Eisbacher, 1976). It 
has  also been proposed t h a t  t h e  Rapitan Croup b e  res t r ic ted  
t o  i t s  original  s ense  (Green and Godwin, 1963) t o  include only 

Figure 2.2. Stratigraphy of the upper- 4 

most Proterozoic rocks of the northern Cambrean 
Cordillera. Location o f  composite 
sections as shown in Figure 2.1. I[ 
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t h e  mixt i tes  and closely re la ted  
rocks  and t h a t  a new unit ,  t h e  Hay 
Creek  Group, be  established to  
include t h e  overlying Proterozoic  
rocks  (Yeo, 1978; Young e t  al., 
1979). Because t h e  emphasis  of th is  
paper  is on t h e  supposed glacial  
units ,  th is  l i t t le ,  res t r ic ted ,  usage is  
continued here. 

STRATIGRAPHIC AND 
STRUCTURAL FRAMEWORK OF 
THE RAPITAN GROUP 

The l a t e  Proterozoic  sedi- 
mentary  record of nor thwestern  
North America  can be  subdivided 
in to  a t r iad  of major sequences 
s epa ra t ed  by significant tec tonic  
events  a t  approximately 1.2 C a  and 
0.8 G a  (Young et al., 1979). The 
youngest  of these  is recognized only 
in t h e  Cordil lera (Fig. 2.1). The 
Rapi tan  Croup and i t s  corre la t ives  
l ie  a t  t h e  base of th is  sequence  
(Fig. 2.2). 

Stratigraphic Framework 

The unmetamorphosed Rapitan 
Croup unconformably over l ies  t h e  
s t ab l e  p la t form assemblage  of 
carbonates  and relatively ma tu re  
c l a s t i c s  of t h e  Mackenzie Mountains 
Supergroup, which fo rms  t h e  middle 
sequence  of t h e  upper Proterozoic  
t r iad  in Mackenzie Mountains. 
Synsedimentary faults ,  intrusive and 
sedimentary  breccias,  conglom- 
e ra t e s ,  redbeds, and evapor i tes  
indica te  res t r ic ted  basin develop- 
men t  and t ec ton ic  instabil i ty 
towards  t h e  end of deposit ion of t h e  
Mackenzie Mountains Supergroup 
(Eisbacher, 1978b; Jef ferson,  1978). 

An angular unconformity 
generally marks  t h e  base  of t h e  
Rapi tan  Croup. In ea s t e rn  
Wernecke Mountains, t h e  Rapitan 
Group unconformably overlies t h e  
Pinguicula Group (Eisbacher, 1978b), 
a poorly known pla t form sequence  
thought to  be  a t  leas t  part ly cor- 
re la t ive  with t h e  Mackenzie 
Mountains Supergroup (Eisbacher, 
1978b; Yeo et al., 1978; 
Young e t  al., 1979). Blusson (1976) 
repor ted  Rapitan equivalents in t h e  
southern  Wernecke Mountains a s  
well. 
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The Rapitan Group (sensu s t r ic to)  includes maroon and 
grey rnixtites, silty rhythmites,  conglomerates,  sandstones, 
and iron formation (Fig. 2.2). Maroon rhythmites of the  
Sayunei Formation a r e  the  basal unit over most of t h e  
Mountain River and Redstone River areas.  In Thundercloud 
Range, however, mixtites underlie t he  Sayunei. Maroon 
rnixtites of t he  Snake River Tillite member of t he  Shezal 
Formation t ake  t h e  place of t h e  Sayunei rhythmites in Snake 
River a rea .  Maroon rnixtites of t he  Shezal Formation also 
locally overlie t he  Sayunei Formation. The upper Shezal 
Formation comprises mainly greenish grey mixtites.  Jasper- 
hemat i te  iron formation occurs in both the  Shezal and 
Sayunei formations.  

Overyling t h e  Rapitan Group a re  recessive, friable to 
fissile, dark grey shale and minor sandstone of the  Twitya 
Formation. The Twitya interfingers with and is overlain by 
characterist ically resistant carbonates,  sandstones,  and silt- 
stones of t h e  Keele Formation. The Proterozoic succession is 
capped by recessive mudstones of t h e  Sheepbed Formation. 
To emphasize  thei r  distinctness f rom t h e  underlying c las t ics  
these th ree  units have been collectively called the  Hay Creek 
Group (Yeo, 1978; Young et al., 1979). Conformably above 
this l ie resistant sandstones and carbonates of t h e  l a t e  Lower 
Cambrian Backbone Ranges Formation. 

Unmetamorphosed Precambrian s t r a t a  in t h e  western  
Ogilvie Mountains of east-central  Alaska make up t h e  Tindir 
Group (Cairnes, 1914; Mertie, 1932; Churkin, 1973). In t h e  
upper par t  of t h e  Tindir Group a sequence of iron formation- 
bearing maroon rhythmites and mixtites associated with 
basalts is remarkably like the  Rapitan (Fig. 2.2). Shales, 
sandstones, and carbonates above strongly resemble t h e  
Twitya and Keele formations. The Upper Tindir Group is also 
overlain by Lower Cambrian carbonate  and c las t ic  s t r a t a .  

South and west of Coal Creek Dome in t h e  southern 
Ogilvie Mountains (1 16B and I16C/EK) thick dolomite boulder 
conglomerates (Unit 2d of Green, 1972) may be corre la t ive  
with t h e  Upper Tindir mixtites or t h e  Shezal Formation 
(Fig. 2.2). Locally these  rocks a r e  interbedded with and 
overlain by calcareous,  vesicular lava flows, breccias,  and 
agglomerates.  They overlie possible Pinguicula Group 
equivalents (grey dolostones with minor black shale  and 
quar tz i te)  and a r e  overlain by possible Hay Creek Group 
equivalents (dark shales with minor dolostone). 

Geochronology and Paleomagnetism 

Geochronology 
Stromatolites,  macrofossils and algal microfossils 

described from the  Litt le Dal Group suggest a middle to  l a t e  
Riphean a g e  (1 100-800 Ma) (Hofmann and Aitken, 1979; 
Aitken, 1978). The middle t o  upper Riphean s t romatol i te  
Baicalia is reported in carbonate rocks of the  Lower Tindir 
Group in Alaska (Churkin Allison and Moorman, 1973). A 
lower a g e  l imit  of about  800 Ma for t h e  onset of Rapitan 
deposition is suggested by an age  of 790 Ma (Rb-Sr) from 
gabbros intruding t h e  Mackenzie Mountains Supergroup 
(Aitken, 1979). 

Nodular and tuberose, parallel branching, columnar 
s t romatol i tes  occur in t h e  Keele  Formation and resemble t h e  
La te  Riphean t o  Cambrian form, Acaciella (Walter, 1972). 

A lower Cambrian (Waucoban) upper age  l imi t  is 
indicated by t h e  Ollenellid-Archaeocyathid fauna repor ted  in 
rocks conformably overlying t h e  Proterozoic succession in 
Mackenzie Mountains (Gabrielse e t  al., 1973). K-Ar age  
determinations on bioti te f rom lamprophyre dykes south of 
Margaret Lake (106 E) yielded dates  of 552 + 13 Ma and 
5613 i 15 Ma (Delaney, personal communication). Similar 
dykes c u t  t h e  Twitya Formation north of Margaret Lake. 

A Lower Cambrian archaeocyathid-trilobite fauna is 
also present in rocks conformably overlying t h e  Tindir Group 
(Brabb, 1967). Microfossils similar t o  those  in t h e  l a t e  
Proterozoic  Hector  Formation a t  t h e  top of t h e  Windermere 
Supergroup occur in shales and l imestones overlying the  
Basalt-Redbed unit of t h e  Upper Tindir Group (Allison and 
Moorman, 1973). 

Paleomagnetism 
Paleomagnetic d a t a  f rom t h e  l a t e  Proterozoic  a r e  st i l l  

relatively sparse and open to  numerous in terpre ta t ions  
(e.g. Morris and Roy, 1977; Nairn and Ressetar ,  1978). 
Paleomagnetic investigations of t h e  lower Rapitan by 
Morris (1977) and Morris and Park  (1981) yielded th ree  
directions of remnant  magnetization. One  of these  is  
in terpre ted to  be due to  the rma l  overprinting on account  of 
i ts  lower magnetic stabil i ty.  The most s table  direction gave 
a low lati tude pole, while t h e  remaining direction gave  a high 
la t i tude  pole. Morris (1977) tenta t ively  in terpre ted the  low 
la t i tude  pole to represent t he  original depositional remnance 
of the  lower Rapitan and the  high la t i tude  pole t o  represent 
la ter  d iagenet ic  overprinting. Paleomagnet ic  s tudies  of o the r  
supposed l a t e  Proterozoic t i l l i tes in eas t  Greenland, Norway, 
and Scotland have also revealed two remnance directions 
representing both high and low la t i tude  poles (Morris, 1977). 
The ambiguity of paleolati tude has  ye t  t o  b e  resolved. 

St ructura l  Geology and Metamorphism 

Deposition of the  Rapitan was preceded by and 
controlled by widespread block faulting and uplift  of under- 
lying s t r a t a  to  t h e  eas t .  Jef ferson (1978) showed t h a t  t h e  
northwest trending pre-Rapitan miogeocline in the  southern 
Mackenzie Mountains was probably complexly embayed. 
These embayments  were  presumably controlled by normal 
fault ing along north-northwesterly t rends  a s  indicated by 
Eisbacher (1977, Fig. 46.9). This fault ing may have 
accompanied northwesterly displacement along a dextra l  
t ransform system ancest ra l  t o  t h e  Richardson Fault  Array 
(Norris, 1977; Norris and Hopkins, 1977). Paleoscarps 
exposed a t  a few locali t ies show t h a t  pre-Rapitan relief of 
hundreds of me t re s  was  developed. Consequently, an angular, 
onlapping unconformity is widely developed a t  t h e  base of t he  
Rapitan,  particularly towards  t h e  margin of t h e  Rapi tan  basin 
(cf. Eisbacher, 1978a, Fig. 3). Locally, as at Coa tes  Lake, 
t he  Rapitan lies conformably on rhythmites  of t h e  Coppercap 
Formation. This suggests t h a t  no g r e a t  h ia tus  separa ted 
deposition of the  Rapi tan  and the  underlying Mackenzie 
Mountains Supergroup. 

Eisbacher (1 978b) and Helmstaedt  et al. (1979) have 
suggested t h a t  th is  basal unconformity occurs locally within 
t h e  Sayunei Formation. They described folded and faulted 
Coppercap Formation carbonates  and basal Sayunei si l tstones 
overlying Redstone River evapor i tes  in Sekwi Mountains 
(105 P) between the  Keele and Ekwi rivers. There,  fold axes  
and faul ts  trend north-northwest parallel  t o  t h e  trend of 
Laramide folding and thrusting. Although maroon mixt i tes  
a r e  reported t o  t runca te  the  folds and faults 
(Helmstaedt  e t  al., 1979, Fig. 4)  th is  is  not c l ea r  in t h e  field. 
The supposed unconformity is  obscured by ta lus  and i t  is 
unclear whether i t  pos tdates  t h e  major reverse faul t  shown 
cut t ing the  folds. The maroon mixt i te  itself is gently folded 
about t h e  s a m e  axes  a s  t h e  underlying Sayunei si l tstones and 
Coppercap limestones. Therefore  t h e  folding even t  postdates 
t h e  apparent  unconformity. An a l ternat ive  explanation for 
t h e  observed angular discordance is t h a t  i t  i s  a product of 
Laramide thrusting (Yeo, 1978; Yeo et al., 1978). 

Local faulting continued during Rapi tan  deposition. 
Small s ca l e  synsedimentary faul ts  a r e  common, a s  a r e  minor 
slump folds (Young, 1976; P la t e  Ib;  Eisbacher, 1978a, Fig. 9). 
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Figure 2.3. Type section of the Mount Berg Formation, on the 
south side of Mount Berg in the Thundercloud Range of the 
lMackenzie Mountains ( 6 Z 0 3 1 ' N ;  126°15'W).  

Continued local t ec ton ic  instability following Rapitan 
deposition is demonstra ted  by t h e  spectacular  carbonate  
olistoli ths in the  Twitya Formation in Mountain River a rea  
(Eisbacher, 1978a, Fig. 28). Norris and Hopkins (1977) 
postulated a t  leas t  40 km of pre-Cretaceous,  dextra l  
displacement of t h e  Shezal outlier south of Margaret  Lake 
(106 E) along the  Knorr Fault ,  par t  of t h e  Richardson Fault  
Array. The l a t t e r  was  probably ac t ive  f rom l a t e  Proterozoic  
t ime  (Norris, 1977; Delaney e t  al., in press). 

Major deformation affect ing t h e  Rapitan probably did 
not  occur until t he  Laramide orogeny. Thrusting and 
en echelon folding at this t ime  produced t ec ton ic  shortening 
of 12 to 14 per c e n t  (Norris, 1972; Aitken and Long, 1978). 
Aitken and Long (1978) have suggested t h a t  t h e  thrus t  
faul ts  themselves were  controlled by t h e  shape of the  
youngest Proterozoic  c l a s t i c  wedge (i.e. Sequence C of 
Young e t  al., 1979). 

STRATIGRAPHY OF THE RAPITAN CROUP 
AND RELATED ROCKS 

The Rapitan Group outcrops discontinuously for about  
630 km in an  a r c u a t e  north and northwest trending bel t  
(Fig. 2.1). Two major basins a r e  recognizable in Mackenzie 
Mountains: t he  Snake River basin in t h e  northwest and t h e  
Mountain River-Redstone River basin in t h e  south and east .  
The l a t t e r  may be  subdivided in to  a t  leas t  t h ree  subbasins. In 
the  southern basin th ree  possible glacioclastic formations 
occur: t h e  Mount Berg, Sayunei, and Shezal formations.  In 
t h e  northern basin only the  Shezal Formation outcrops. 

Two possible glacioclastic format ions  occur  in t h e  
Basalt-Redbed unit of t he  Tindir Group of eas t -centra l  
Alaska. As mentioned earlier,  o the r  rocks probably 
corre la t ive  with the  Rapi tan ,  but poorly known, outcrop in 
t h e  southern Ogilvie and Wernecke mountains. 

Mount Berg Formation 

The Mount Berg Formation (formerly Mount Berg 
Member, Yeo, 1978) outcrops only in the  southeast  in 
Thundercloud Range (95 L). I t  was  f i rs t  described briefly by 
Condon (1964). Predominantly greenish grey mixtites and 
sil tstones a r e  locally more  than 313 m thick. Besides these  
two dominant lithologies, conglomerate  and sandstone beds 
a r e  also present. The base  of t h e  format ion is defined a s  t h e  
f i rs t  appearance of mixt i te  above carbonate  and c las t ic  rocks 
of t h e  Mackenzie Mountains Supergroup. The lower con tac t  
is not exposed at t h e  type section on the  south side of Mount 
Berg (Fig. 2.3), but  underlying L i t t l e  Dal carbonates  outcrop 
t o  t h e  east .  The Mount Berg interfingers above with t h e  



maroon rhythmites character is t ic  of t h e  Sayunei Formation. 
The Mount Berg Formation rocks a re  typically greenish grey, 
but may b e  red to  brown, particularly in t h e  upper part .  The 
strong resemblance between the  Mount Berg and Shezal 
formations suggests a similar origin. 

Three principal lithofacies, described below, a r e  
present in the  Mount Berg. 

Mixtite Lithofacies 

The mixtite and mudstone l i thofacies a r e  crudely inter- 
bedded. Beds a re  up t o  7 m thick but a r e  typically less than 
1 m. In the  mixtites,  t he  megaclast  content  varies up to  
about  60 per cent.  Clasts a r e  angular t o  subrounded and up 
t o  25 c m  in diameter;  pebble sizes predominate. Angular and 
subangular intraformational si l tstone f ragments  a r e  most 
abundant,  but be t t e r  rounded carbonate  and greenstone c las ts  
a r e  common. In one section, subrounded qua r t z i t e  and red 
jasper pebbles a r e  present. With this exception, no 
extrabasinal c las ts  were  found. Other  than a vague 
orientation subparallel t o  bedding no c las t  orientation was 
recognized. The mixt i te  matr ix  is si l ty t o  sandy and 
weathering is blocky t o  friable, and moderately recessive. 

Mudstone Lithofacies 

Predominantly silty mudstone beds a r e  up to 2 m thick, 
but generally thinner than t h e  interbedded mixtites. The 
mudstones a r e  massive t o  faintly laminated. Contacts  appear 
to  be  sharp  and even. The mudstones a r e  f r iable  and more  
recessive than t h e  rnixtite. 

Sandstone and Conglomerate Lithofacies 

Blocky and resistant,  f ine- t o  medium-grained 
laminated sandstone beds up to  0.3 m thick a r e  interbedded 
with the  mixtites and sil tstones.  Lower con tac t s  a r e  
generally sharp and even. Pebble-cobble conglomerate  beds 
up t o  0.6 m thick a r e  interbedded with and transit ional into 
t h e  mixtite.  No s t ructures  were noted in the  conglomerates.  
Subrounded carbonate and greenstone c las ts  predominate in a 
sandy to  si l ty matrix. 

Paleocurrents 

Too few paleocurrent da t a  were collected to  clearly 
indicate  the  dispersal of t h e  Mount Berg Formation. 
However, i t s  absence below t h e  Sayunei t o  t h e  west in 
Backbone Ranges suggests derivation from t h e  eas t .  

Sayunei Formation 

The Sayunei Formation is charac' terized by 'lnumerous, 
monotonously laminated sil tstone or sandstone beds, 
commonly intercalated with lenses of coarse,  angular 
mater ia l  ...I1 (Eisbacher, 1978a). I t  is typically red, reddish 
brown, or maroon. Green or greenish grey colours a re  
common, however, especially a t  t he  base and top of t h e  
formation and in coarse  grained beds (cf. Eisbacher, 1978a, 
Fig. 10). It is less resistant than the  underlying carbonates,  
bu t  more  resistant than t h e  overlying mixtites and shales. I t  
lies unconformably above the  Mackenzie Mountains 
Supergroup, except  locally, a s  in Thundercloud Range where 
i t  interfingers with t h e  upper par t  of t h e  Mount Berg 
Formation, or a t  Coates  Lake where i t  appears  to  be 
transit ional f rom greenish grey carbonate  rhythmites  of t h e  
Coppercap Formation. The Sayunei outcrops above t h e  
Pla teau Thrust a s  far  north a s  the  western edge of Mount 
Eduni map a r e a  (106 A). Regional thickness variations 
indicates t h a t  i t  was deposited in three  or more  subbasins 
(Fig. 2.4). 

Five principal l i thofacies a re  distinguished in t h e  
Sayunei Formation: si l tstone-argil l i te rhythmites,  sandstone, 
conglomerate,  mixt i te ,  and iron format ion.  The iron 
formation is described in a la ter  section. 

Siltstone-argillite Rhythmite Lithofacies 

The predominant l i thofacies of t h e  Sayunei Formation 
comprises mill imetre to cen t ime t re  thick graded and 
laminated couplets of s i l t s tone and argil l i te.  Con tac t s  
between rhythrnites a r e  typically knife-sharp and planar 
while con tac t s  between the  two s ize  phases may be  sharp or  
gradational. Recessive, ca lcareous  s i l t s tone and sandstone 
lenses and beds up t o  a few cen t ime t re s  thick occur in t h e  
rhy thmites.  Small -scale crosslamination may b e  preserved in 
such beds. 

The siliceous argil l i te phase of t he  rhythmite litho- 
fac ies  is  commonly s o  enriched in hemat i t e  towards  the  upper 
par t  of t he  Sayunei Formation a s  to  b e  iron formation. 
Beds of jasper and hemat i t e  a r e  commonly associated with 
such beds. 

Flame s t ructures  and load cas ts  a r e  common a t  t h e  
base of thick sandy rhythmites.  Ripple crosslaminated sand 
beds and lenses up to several cen t ime t re s  thick may be  
in tercala ted  in the  rhythmites.  The rhythmites include 
Bouma AE, BCDE, CDE, and DE sequences. Complete  Bouma 
sequences a r e  rare.  Convolute bedding is locally well 
developed (Young, 1976, P la t e  lb). Coarse  grained, sandy, 
c l a s t i c  dykes a r e  a lso  found locally. Ra re  dolomite 
pseudomorphs may b e  present  (Young, 1976, P la t e  2b). 

Subangular t o  rounded, rarely s t r ia ted ,  lonestones a r e  
common throughout t h e  Sayunei Formation. These commonly 
pierce and depress underlying laminae, suggesting t h a t  they 
were  dropped into p lace  (Young, 1976, P la t e s  Ic ,  d). 
Aggregate sediment pel le ts  a r e  also reported (Young, 1976). 
Outs ize  s tones  commonly a r e  basal to,  or  just below, con- 
g lomerate  beds. One such stone, a subrounded carbonate  
c las t  2.5 m in d iameter ,  is associated with a pebble con- 
g lomerate  bed only 10 c m  thick. 

Sandstone Lithofacies 

The sandstone l i thofacies is transit ional into the  sil t-  
s tone  phase of t h e  rhythmites  and in to  t h e  conglomerate  
lithofacies. Petrographically,  t h e  sandstones a r e  mainly 
l i thic (mudstone) wackes and feldspathic l i thic (mudstone) 
wackes. Beds up t o  15 c m  thick may b e  amalgamated into 
units up t o  I m. Basal con tac t s  a r e  typically scoured with 
ripped-up argil l i te f ragments ,  f l ame  s t ructures ,  and load 
casts.  Internal s t ruc tu res  include normal, reverse,  or  par t ia l  
grading, preferred grain orientation, and recumbent  flow- 
folding (Eisbacher, l978a, Fig. 6). Crossbedding may b e  
accentuated by muddy laminae (cf. Bouma and 
Hollister, 1973, Fig. 13). 

Laterally continuous beds up to  3 c m  thick, composed 
of 1 t o  2 mm si l t s tone nodules, occur north of North 
Redstone River. Con tac t s  of t hese  beds a r e  sharp  and even. 

Conglomerate Lithofacies 

Sayunei conglomerates  range f rom stringers of 
s ca t t e red  c las ts  t o  beds more  than 1.5 m thick. The con- 
g lomerates  a r e  character is t ica l ly  organized (Walker and 
Mutti, 1973) with sharp, irregular contacts ,  lenticular bed- 
ding, framework support ,  grading, and imbrication. 
Conglomerate beds a r e  more  abundant in t h e  lower pa r t  of 
t h e  Sayunei where they commonly occur  in closely 
spaced sets. 
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Distribution and paleo- 
current summary of the 
Sayunei Formation in 
Mackenzie Mountains. 
Crossbed data are grouped. 
The lower number indicates 
the number of stations 
a t  which the measurements 
(upper number) were made. 

Figure 2.4b 

Preliminary isopach map 
(non-pal inspast ic) of the 
Sayunei Formation. The 
erosive eastern limit is 
shown as a wavy line. 
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The most conspicuous c las ts  a r e  carbonate .  These 
range f rom angular t o  subrounded, but tend to  b e  
angular. Volcanic and qua r t z i t e  f ragments  a r e  less 
common and tend t o  be  b e t t e r  rounded. No extrabasinal 
c las ts  have been reported. 

Mixtite Lithofacies 

Minor mixt i tes  a r e  interbedded throughout t h e  
Sayunei and include t h e  sharpclast-sil tstones of 
Eisbacher (l978b, Fig. 8). Pebbles to  boulders a r e  
suspended in a si l ty matrix.  Beds up t o  a few m e t r e s  
thick a r e  particularly well developed in the  upper par t  of 
t he  Sayunei. A thin mudstone layer is  present a t  t h e  
base of some  mixt i te  beds. Preferred c las t  or ienta t ion 
subparallel t o  bedding may be developed. Con tac t s  a r e  
typically sharp  and even. Most c las ts  tend to  b e  
subangular or angular, but subrounded c las ts  do occur.  

Paleocurrents 

Paleocurrent da t a ,  mainly f rom ripple 
crosslamination, a r e  qui te  variable (Fig. 2.4a). Transport  
is generally westerly. Unimodal, bimodal, and bipolar 
transport  pat terns  suggest t h a t  severa l  t ranspor t  
mechanisms were  active.  The wide range of var iance  
values (Fig. 2.4a) is typical of marine environments 
(Long and Young, 1978). 

Shezal Formation 

The Shezal Formation (Eisbacher, 1978a) is 
dominated by massive and crudely bedded buff, grey- 
green,  and reddish rnixtites. It outcrops  discontinuously 
throughout t h e  Mackenzie a r c  and in t h e  nor theas tern  
Wernecke Mountains (Fig. 2.5). Like t h e  underlying 
Sayunei, t h e  Shezal Formation pinches o u t  t o  t h e  
southeast  and northwest over a few tens  of kilometres.  
In t h e  Keele-Twitya rivers a r e a  t h e  depoaxis of t h e  
Shezal lies t o  the  west of t h a t  of the  Sayunei. The 
Shezal Formation appears  t o  res t  conformably on t h e  
Sayunei and unconformably on older s t r a t a .  Locally, 
Sayunei rhythmites interfinger with basal Shezal 
mixtites.  The upper c o n t a c t  is sharp  and conformable  
beneath  dark grey shales and calc l i th i tes  of t h e  Twitya 
Formation (Eisbacher, 1978a, Fig. 12). This c o n t a c t  is 
generally obscured beneath  Twitya talus. 

Three  members,  distinguished by colour and 
s t ructures ,  a r e  recognized regionally. The lower, 
hemat i t i c  Mountain River Member (Yeo, 1978) was  
formerly included in the  Lower Rapi tan  (Gabrielse et al., 
1973; Aitken et al., 1978). In Snake River a r e a  t h e  lower 
red member  is called t h e  Snake River Tillite 
(Ziegler, 1959). Grey-green t o  buff mixt i tes  above the  
red mixt i tes  comprise t h e  Bonnet Plume River Member 
(Ziegler, 1959; Yeo, 1978). The significance of t h e  
colour change is discussed e lsewhere  in this paper. 

Figure 2.5a. Distribution and paleocurrent pattern of 
the Shezal Formation in Mackenzie Mountains. Crossbed 
data are grouped as in Figure 2.4. 

Figure 2.5b. Preliminary isopach map (non-palinspastic) 
of the Shezal Formation. The erosive eastern limit is 
shown as a wavy line. 
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In addition to mixtite,  important l i thofacies include 
mudstone, sandstone, and conglomerate.  Jasper-hematite 
iron formation of economic potential  is found in t h e  Snake 
River Tillite. Minor iron formation occurs locally in the  
lower par t  of  t h e  Shezal in t h e  southern basin. 

Mountain River-Redstone River Area 

The reddish lower member of the  Shezal Formation, t he  
Mountain River Member, varies in thickness up t o  362 m. I t  
is characterist ically slightly more recessive than t h e  Sayunei 
Formation, but  less recessive than the  overlying grey 
rnixtites. Thick-bedded, generally massive mixt i tes  
cha rac te r i ze  this member.  The scaly weathering 
character is t ic  of t h e  grey mixtites is not well  developed. 
Minor l i thofacies a re  conglomerate,  sandstone, and mudstone. 

The grey upper member of t h e  Shezal, t h e  Bonnet 
Plume River Member, is reported to be up to 824 m thick 
(Upitis, 1966). Widespread scaly weathering 
(Eisbacher, 1978a, Fig. 13) results in recessive sections in 
which f ea tu res  a r e  obscured by talus. Clast-rich beds tend to  
b e  most resistant.  Interfingering with, and reworking of, 
underlying red sediment occurs locally. Massive rnixtites 
predominate but s t ra t i f ied  rnixtite, conglomerate,  sandstone, 
and mudstone also occur. 

Shake River Area 

The Snake River Tillite was the  name  given by 
Ziegler (1959) to  t h e  red mixt i tes  near Snake River. These 
were  subsequently called the  Rapitan Group by Green and 
Godwin (1963). I t  unconformably overlies carbonates,  shales, 
and sandstones of t he  Mackenzie Mountains Supergroup and 
Pinguicula Group (Eisbacher, l978a, Fig. 12.4). I t  is 
transit ional both upwards and laterally into grey-green 
mixt i tes  of t h e  Bonnet Plume River Member. Maximum 
thickness is g rea t e r  than 750 m. . I t  is  moderately resistant,  
but becomes recessive upwards. This unit contains 
significant amounts  of jasper-hematite iron formation 
(Stuart ,  1963; Gross, 1965a). 

Eisbacher (1978a, b) included t h e  Snake River Tillite in 
t h e  Sayunei Formation, but,  a s  discussed e lsewhere  
(Yeo, 1978; Yeo e t  al., 1978) these  units a re  lithologically 
distinct,  although they may b e  homotaxial  equivalents. 
Mixtites bearing rounded c las ts  a re  the  character is t ic  litho- 
fac ies  of t h e  Snake River Tillite. The rhythmites typical of 
t h e  Sayunei a r e  absent.  Following the  reasoning implicit  in 
Eisbacher's ( l978a)  inclusion of the  former  Lower Rapitan 
maroon mixt i tes  in t h e  Shezal Formation, t h e  Snake River 
Tillite is included here  a s  well. 

The major l i thofacies of t h e  Snake River Tillite a r e  
massive and s t ra t i f ied  rnixtite, mudstone, sandstone, con- 
g lomerate ,  and jasper-hematite iron formation. 

The Bonnet Plume River Tillite described by 
Ziegler (1959) outcrops south of Margaret Lake (106 E). 
Far ther  eas t ,  on South Iron Creek,  i t  lies above and la tera l  t o  
t h e  Snake River Tillite Member. The grey mixtites 
comprising the  bulk of t h e  Shezal f a r the r  south  a r e  also 
included in this member.  I t  is conformably overlain by black 
shales  and sandstones of t h e  Twitya Formation. Maximum 
thickness exceeds  775 m on South Iron Creek (106 F). 

Major l i thofacies include greenish grey to  buff, massive 
and s t ra t i f ied  mixtite,  conglomerate,  sandstone, and 
mudstone. 

Mixtite Lithofacies 

From a distance the  Shezal mixt i tes  appear  crudely 
bedded, especially in t h e  lower part .  Beds may exceed 10 m 
in thickness. Bedding is generally difficult  t o  s e e  in outcrop, 
however. Weathering of t h e  Bonnet Plume River mixt i te  is 
typically scaly and recessive,  but t h e  red rnixti tes a r e  more 
resistant and weather  blocky to friable.  Two kinds of mixtite 
occur:  massive and s t ra t i f ied .  

The bulk of t he  Shezal comprises massive mixtite.  It is 
character ized by lack of internal s t ruc tu re  excep t  for 
preferred subparallel c las t  orientation. At severa l  si tes in 
t h e  Snake River Tillite at Discovery Creek (106 F), preferred 
c las t  orientation in planes parallel  t o  bedding was observed. 
Scarc i ty  of well-defined bedding surfaces  precluded a 
regional study of c l a s t  orientation. Locally, irregular 
slickenside surfaces  a r e  preserved in the  mix t i t e  matrix.  The 
s t r i ae  were  formed by re la t ive  movement  of small  c las ts  
during plastic deformation of t h e  matrix 
(Eisbacher, 1976, 1978a). 

The s t ra t i f ied  rnixti te is character ized by crude, 
centirnetre-scale bedding due to  variable muddy matrix 
content ,  wispy mudstone s t reaks ,  thin beds of mudstone chip 
breccia,  and occasional laminated, f ine grained sandy beds. 
The s t ra t i f ica t ion is commonly emphasized by colour 
variation. The scaly weathering and internal deformation 
character is t ic  of much of t h e  Shezal (Eisbacher, 1976, 1978a) 
may obscure s t ra t i f ica t ion.  St ra t i f ied  rnixti te is especially 
common in the  Snake River Tillite. Thin, relatively well- 
bedded mixt i te  beds he re  may be  t r aced  for  hundreds 
of metres .  

The matr ix  of t h e  rnixti tes is locally ca lcareous  or 
dolomitic siltstone. Matrix composition generally ref lec ts  
megaclast  abundance (Eisbacher,  l978a). Hemat i t e  cement  
character izes  t h e  Mountain River and Snake River Tillite 
members.  These a r e  relatively be t t e r  indurated than the  
Bonnet Plume River Member. 

Stones in the  mixt i tes  range f rom subangular t o  
rounded. Clas ts  a r e  up t o  5 m in d i ame te r  (Eisbacher, 1978a). 
Large c las ts  tend to  be  b e t t e r  rounded. Face ted  and s t r ia ted  
c l a s t s  a r e  locally common. Buff t o  greenish grey carbonate  
c las ts  a r e  the  most abundant ext raformat ional  stones. 
Greenstone and qua r t z i t e  c las ts  a r e  locally common. 
Reworked jasper-hematite c las ts  occur  locally. 
Eisbacher (1978a) reported an increase in c l a s t  size,  density, 
and diversity towards t h e  top of the  Shezal in Redstone River 
area .  However, t h e  reverse  occurs in t h e  Snake River Tillite 
in Discovery Creek a r e a  where most s tones  a re  probably 
intrabasinal. Ra re  rhyolite porphyry and metamorphic  c las ts  
locally occur.  The neares t  known source  for such rocks lies 
e a s t  of Grea t  Bear Lake (e.g. Hoffman, 1978). 

Mudstone Lithofacies 

Structureless mudstone beds up t o  severa l  me t re s  thick 
a r e  interbedded with t h e  mixtites.  They a r e  identical  t o  the  
matr ix  of t h e  massive mixt i te ,  but lack megaclasts.  They 
may g rade  laterally into mixtite.  Contacts  a r e  sharp or 
transit ional.  

Sandstone Lithofacies 

Sandstone beds range up to 3 m in thickness, but a r e  
generally less than 40 c m  thick. They a r e  commonly massive 
with sharp  even contacts .  Basal con tac t s  may show load 
cas ts .  Less commonly, graded bedding and ripple cross- 
bedding is developed. Slump folding is common. Pockets  of 
two  or more  sandstone beds may occur within a short  



interval. S tuar t  (1963) reported tha t  graded, fine- to 
medium-grained, moderately well-sorted feldspathic areni te  
beds were  useful marker beds in t h e  Snake River Tillite. 
Such la tera l  persistence has not been observed in Mountain 
River-Redstone River area .  

Minor, finely laminated sil tstone beds up to  3 0  c m  thick 
with sharp  even con tac t s  a r e  more akin t o  t h e  sandstone beds 
than t o  t h e  massive mudstones. 

Conglomerate Lithofacies 

Conglomerate beds in t h e  Shezal a r e  generally less than 
a me t re  thick, but locally may be much thicker,  particularly 
in the  Snake River Tillite. Commonly the  conglomerates 
form boulder or cobble beds with irregular contacts .  Locally, 
irregular lenses of conglomerate with uneven channeled or 
load casted bases (Eisbacher,1978a) a r e  present. 
Conglomerate beds typically pinch out laterally over a few 
tens  or hundreds of metres.  Wedge-shaped massive and 
graded conglomerates a r e  conspicuous in t h e  Snake River 
Tillite a t  Discovery Creek. Clasts a re  typically subrounded 
to  rounded. Carbonate c las ts  a r e  most abundant,  but green- 
stone, quar tz i te ,  and che r t  a r e  common. 

Paleocurrents 

Paleocurrent da t a  f rom crossbedded sandstones in 
Mountain River-Redstone River a r e a  a r e  variable, but 
generally suggest westerly transport  (Fig. 2.5a). 

Paleocurrents in the  Snake River a r e a  a r e  d i rec ted 
westerly and southerly in t h e  eas tern  par t  of Snake River 
basin (i.e. Discovery Creek, 106 F), but a r e  d i rec ted eas ter ly  
and southerly elsewhere (Fig. 2.5a). No crossbedded sands 
were  found in the  type a r e a  (Ziegler, 1959) of t h e  Bonnet 
Plume River Member near  Margaret Lake (106 E). 

Upper Tindir Group 

Cairnes (1914) used t h e  name, Tindir Group, for t he  
thick, unmetamorphosed sedimentary sequence underlying 
Cambrian limestones in the  Tatonduk River-Yukon River a rea  
of eas t -centra l  Alaska. Subsequent studies were  undertaken 
by Mert ie  (1932), Brabb and Churkin (1965, 1969 
Churkin, 19731, and others.  Several authors 
(e.g. Gabrielse, 1967, 1973; Churkin, 1973; Eisbacher, 1978a) 
have suggested correlation of pa r t  of t he  upper Tindir Group 
with t h e  Rapitan Croup. Detailed field investigations 
(Allison et al., in press) support  this. 

In ascending stratigraphic order,  t he  Upper Tindir 
Group comprises maf ic  volcanics, maroon rhythrnites with 
iron formation, maroon mixtite,  shales, and resedimented 
carbonates,  and carbonaceous magnesian l imestones 
(Allison e t  al., in press). This sequence is conformably 
overlain by Lower Cambrian carbonates  and argil l i tes 
(Brabb, 1967; Churkin, 1973). Due to  complex faulting, a 
complete  section through t h e  Upper Tindir is nowhere 
exposed. The best section outcrops along the  north bank of 
t h e  Tatonduk River. The aggregate  thickness of t h e  Basalt- 
Redbed Member (Unit C of Mertie, 1932), t h e  suggested 
Rapitan correlative,  is es t imated a t  760 m (Brabb and 
Churkin, 1969 Churkin, 1973). This member includes th ree  
subunits: amygdaloidal volcanics, maroon s i l t s tone 
rhythrnites with sandstone, conglomerate,  and mixt i te  
interbeds,  and maroon rnixtites. These various subunits a r e  
described below. 

Volcanic Subunit 

Mert ie  (1932) e s t ima ted  t h e  lavas to  b e  up to  300 m 
thick. The lavas vary f rom massive t o  pillowed t o  agglom- 
era t ic .  Individual flows a r e  generally 1 to  2 m thick, with 
pillows up t o  1 m in d iameter ,  but flows up to  22 m thick with 
pillows a s  much a s  4 m in d i ame te r  a r e  reported 
(Mertie, 1932). The volcanics a r e  greenish and weather  
reddish grey to brown. Copper staining is locally conspicuous. 

Although the  volcanics appear  t o  overlie Lower Tindir 
carbonates  with angular discordance, t h e  a c t u a l  con tac t  is  
not exposed. Friable maroon rnixtites with greenstone and 
carbonate  megaclasts apparently overlie t h e  lavas 
conformably. The relationship of th is  mixt i te  t o  t h e  r e s t  of 
t h e  overlying c las t ics  is  obscured by faulting. 

Rhythmite &bunit 

Maroon rhythrnites a r e  well exposed along t h e  Tatonduk 
River and on t h e  mountain t o  t h e  north; thei r  thickness is 
greater  than 300 m (Allison e t  al., in press). Three litho- 
facies occur: si l tstone rhythrnites, sandstone, and polymictic 
conglomerate.  The lower par t  of t h e  subunit  is  folded and 
faulted and t h e  base is not exposed. Along t h e  river t h e  
rhythmites  interfinger conformably with t h e  overlying 
rnixtites but  t o  the  north they a r e  overlain by mixt i te  in 
angular discordance. Petrographically,  t h e  rhythrnites 
comprise l i thic (carbonate) wackes and mudstones. The 
matr ix  is hematite-rich.  

The sil tstone rhythmites  a r e  laminated and parallel- 
bedded. Graded bedding, r ipple crosslamination, f l ame  
s t ructures ,  load casts,  slump s t ructures ,  and rip-up s t ructures  
a r e  present.  In some beds classic Bourna sequences 
a r e  present.  

Isolated pebbles and cobbles a r e  ubiquitous in t h e  
rhythmites.  Commonly these  lonestones a r e  faceted and 
s t r ia ted  and appear to  have been dropped into t h e  laminated 
beds. Carbonate  lonestones predominate,  bu t  greenstone and 
jasper c las ts  a r e  also common. The finest  grained mudstones 
a r e  commonly so hemat i t i c  a s  to  be iron formation and 
contain thin bands of red jasper. 

Sandy beds in t h e  rhythmite  subunit  a r e  up t o  0.5 rn 
thick and vary f rom massive to graded, with typically planar 
or load cas ted  basal contacts .  Such coarser grained beds a r e  
most common towards t h e  middle pa r t  of t h e  rhythmite  
subunit. 

The conglomerates of t h e  rhythmite  subunit  range from 
pebble-rich zones to  discontinuous pebble-cobble orthocon- 
g lomerate  beds up to  1 5  c m  thick. The conglomerates  a r e  
polymictic with predominantly subangular t o  subrounded 
carbonate  pebbles in a silty matrix.  Some c las ts  appear to  
have depressed t h e  underlying rhythmites,  while o the r s  poke 
up in to  overlying sediment.  A weak preferred orientation of 
clast-long axes  is developed subparallel t o  bedding. 
Conglomerate beds become more abundant towards  the  top of 
the  rhythmite  subunit. 

Mixtite &bunit 

Maroon mixtites near Tatonduk River a r e  more  than 
300 m thick and conta in  r a r e  discontinuous orthocon- 
g lomerate  beds. Poorly exposed mixt i tes  a t  t h e  top of the  
rhythmite  subunit a r e  greenish grey and a r e  conformably 
overlain by grey shales and calcareous  turbidites. The 
mixt i tes  a r e  crudely s t ra t i f ied .  Rounded t o  angular, pre- 
dominantly dolostone c las ts  occur  throughout t h e  clast-rlch 
rnixtites; minor greenstone f ragments  a r e  also present.  The 
c las ts  range up to  boulders, but  pebble-sized ones  a r e  most 
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common. Faceted and s t r ia ted  surfaces  a r e  common on t h e  
clasts,  which a r e  oriented with their  long axes  subparallel t o  
bedding. The gross matr ix  composition ref lec ts  t h e  
megaclast  abundance. The matrix is hematite-rich in red 
mixtite;  chlorite-rich in grey mixt i te  (Farfan, 1979). 

Paleocurrents 

Measurements of ripple crosslamination in t h e  
rhythmite  subunit indicate strongly unimodal, west-  
northwesterly transport  (Farfan, 1979). A southwesterly 
mean azimuth f rom crossbedding in turbidites above t h e  
mixt i te  suggests t h a t  t he  mixtite subunit was also derived 
f rom the  eas t .  

IRON FORMATION 

Iron formation in the  Rapitan Group was f i rs t  reported 
by prospectors a t  t he  t ime  of t h e  Klondike gold rush 
(Keele, 1906). The presence of iron formation in Snake River 
a r e a  was noted by Camsell  (1906). Keele  (1910) described 
iron formation in t h e  Sayunei Formation where t h e  Keele 
River en te r s  t h e  Backbone Range (95 L). The Cres t  deposit  
east of Snake River was  discovered in 1961 and an intensive 
program of exploration and evaluation was undertaken 
(Stuart ,  1963; Green and Godwin, 1963). Exploration was 
undertaken in t h e  southern Mackenzie Mountains a s  well  
(Condon, 1964). Reserves in the  Cres t  deposit were  
es t imated t o  b e  in excess  of twenty billion tons of which six 
billion tons averaging 47.2 per c e n t  iron might be  ex t r ac t ed  
by open pit  methods within a single ten square  mile a r e a  
(Stuart ,  1963). 

Sayunei Iron Formation 

Laminated, concordant,  jasper-hematite iron formation 
beds commonly occur in the  upper pa r t  of t h e  Sayunei 
Formation. Up to  th ree  sepa ra t e  beds may occur in one 
section. Beds may exceed a me t re  in thickness and persist  
laterally for several kilometres. Four forms of iron 
formation occur  in t h e  Sayunei Formation: laminated and 
nodular jasper-hematite, hemat i t ic  argil l i te,  and locally, 
jasper-magnetite iron formation. All fo rms  occur in c lose  
association. 

Shezal Iron Format ion 

Iron formation occurs locally in t h e  Keele  River a r e a  
near the  base of t h e  Shezal Formation. On Nite Mountain, 
west of Keele River (105 P), jasper-magnetite iron formation 
occurs in the  lower par t  of t he  Bonnet Plume River mixtite.  
Lenses of nodular and irregular jasper-hematite iron 
formation occur occasionally in t h e  Mountain River mixtite.  
Reworked f ragments  of iron formation a r e  also locally 
common. 

The principal iron deposits of t he  Rapitan a r e  in the  
Snake River Till i te eas t  of Snake River itself (106 F). The 
main iron-bearing zone a t  Snake River is about  150 m thick 
and lies about  150 m above t h e  base of t h e  Shezal. More than 
10 iron-rich subzones up to 24 m thick can be  recognized 
within the  main zone (Stuart ,  1963). These zones interfinger 
with mixtite and pinch o u t  eas t  and west of North Iron Creek  
(106 F). The iron formation is eroded to the  north and 
appears t o  thin downdip to  t h e  south. In addition t o  t h e  th ree  
forms of iron formation Stuar t  (1963) recognized a t  Snake 
River (laminated, nodular, and irregular), mix t i t e  iron 
formation also occurs. Centimetre-scale banding in 
laminated iron formation could be  t raced 1.5 km a t  North 
Iron Creek (106 F). A t  Discovery Creek and on North Iron 
Creek thick c l a s t i c  sills and dykes c u t  t h e  iron formation. 

Upper Tindir Iron Format ion 

Massive hemat i t e  iron formation was found in talus,  but 
not in place, f rom volcanics which underlie hemat i t ic  
rhythmites and mixtites.  Laminated argil l i te iron formation 
is common in t h e  rhythmite  succession on Tatonduk River. 
The overlying mixtites may also b e  sufficiently ferruginous t o  
be classified a s  iron formation. 

Iron Format ion Li thofacies  

Laminated Iron Formation 

This is t h e  predominant form of iron formation in 
Sayunei Formation. It is character ized by a l ternat ing 
laminae of hemat i t e  and jasper. Either component may 
dominate to form jasper-rich or hematite-rich bands and/or 
lenticular patches  up to  severa l  cen t ime t re s  thick. Contacts  
between t h e  bands a r e  generally sharp  and even, coincident 
with lamination, but con tac t s  between patchy a reas  a r e  
typically diffuse and irregular.  Laminae may be  t raced 
continuously across thei r  l a t e ra l  contacts .  Irregular 
hematite-rich patches  within jasper-rich a reas  suggest local 
diagenetic iron enrichment.  Effects  of h e m a t i t e  depletion in 
laminae and haloes adjacent  t o  hemat i te- r ich  bands and 
patches appear  a s  brighter,  reddish orange, iron-poor jasper. 

Authigenic ca l c i t e  crys ta ls  up t o  5 mm occur singly, in 
patches,  and in laminations. These a r e  concentra ted  in 
maroon, iron-rich, jasper bands, and a r e  less common in t h e  
red, iron-poor jasper or in t h e  hemat i t e  bands. Fine grained 
calcareous laminae a r e  common in t h e  hemat i t ic  bands and 
patches.  Hemat i t e  pseudomorphs a f t e r  dolomite a r e  also 
present.  

Locally, small-scale synsedimentary faul ts  developed 
a f t e r  partial  segregation of banded sil ica and hemat i te .  
Silica s t ructures  preserved as intergrown, f la t tened jasper 
discs up to  I c m  thick and more  than 20 c m  in d iameter  w e r e  
found at one locality. 

Nodular Iron Formation 

Nodular iron formation is less common in the  Sayunei 
Formation than in t h e  Snake River Tillite. Uniform and 
irregular red jasper nodules, typically less than 5 mm thick, 
occur  sca t t e red  or  clustered in laminated or massive 
hemat i t e  in beds f rom I t o  20 c m  thick. 

The nodules have sharp  margins and commonly contain 
two or  th ree  concentr ic  zones which r e f l ec t  in ternal  
variation in si l ica and iron content .  Some nodules have 
hemat i t e  or ca l c i t e  nucleii. Matrix laminae t e rmina te  
abruptly against  t he  nodules and enveloping laminae a r e  
commonly def lec ted around them. Fla t tening and smear ing 
of the  nodules was observed above and below lonestones. 
Nodules range f rom spheroids to  discoids f la t tened parallel  t o  
bedding. Less commonly, dark grey c h e r t  nodules a r e  
developed in laminated red (iron-poor) jasper. Hemat i te-  
enriched pressure shadows occur adjacent  t o  many nodules. 
Nodules may be  intergrown in grape-like c lus ters  which grade 
in to  lenticular s t ructures .  

Less res is tant ,  laminated, maroon, calcareous,  
hemat i t ic  lenses and beds, generally less than 2 c m  thick, a r e  
commonly interbedded in the  nodular iron formation. 
Laminae may be  t r aced  across  t h e  sharp,  commonly irregular 
con tac t s  of these  f ea tu res  into adjacent  hemat i t e  or jasper- 
rich beds. Laminae a r e  slightly def lec ted around many of t h e  
calcareous lenses. Such beds a r e  much less common in t h e  
laminated iron formation. 



lrregular Iron Formation 

Irregularly-shaped jasper lenticles have many features  
in common with the  nodules. The lenticles commonly form 
irregular masses and intergrowths of jasper in a massive or 
laminated hemat i t ic  matrix.  Compositional zoning is 
common. Matrix laminae may be t raced into t h e  lenticles 
while enveloping laminae "flow" around them. The lenticles 
may be  broken or bent. Less commonly, the  hemat i te  
s t ructures  occur in a jasper matrix. Both nodules and 
lent ic les  may occur in t h e  s a m e  bed. The s i ze  of a nodular or  
lenticular s t ructure  tends to be similar t o  o ther  associated 
s t ruc tu res  in the  s a m e  bed. 

Hemat i t ic  Argillite Iron Formation 

The argil l i t ic phase of t h e  rhythmite  couplets typical of 
t h e  Sayunei Formation and Upper Tindir Group a r e  locally so 
enriched in hemat i t e  a s  t o  be  iron formation. This is t h e  
most common type of iron formation in the  Upper Tindir 
Group. Similar iron formation has been described f rom 
Archean turbidite sequences (Dunbar and McCa11, 1969; 
Shegelski and Scot t ,  1974). Such hematite-rich beds a r e  
commonly associated with other forms of iron formation, and 
a r e  transit ional t o  the  laminated iron formation. 

Hemat i t ic  Mixtite Iron Formation 

Mixtite may also be  so iron-rich a s  to be iron 
formation. This type of iron format ion is relatively 
uncommon in the  Rapitan Group. Mixtite iron formation has  
been described from l a t e  Proterozoic rocks of South 
Australia (Whitten, 1970). 

GEOCHEMISTRY 

Average compositions of Rapitan c las t ics  and related 
rocks a r e  shown in Table 2.1. Their variability and high 
degree  of differentiation compared to  normal sedimentary 
rocks can be  shown by the  wide range of alkali  ratios and high 
silica-alumina ratios (cf .Garre ls  and Mackenzie, 1971, 
Fig. 9.1). 

The minor transit ion metals,  cobalt ,  nickel, copper,  and 
z inc  were  analyzed a s  these  a r e  useful indicators of t h e  
influence of hydrothermal sys tems (Bonatti, 1975; 
Calvert ,  1978; Toth, 1980). 

The mean composition of shales from t h e  Twitya 
Formation may be used a s  a norm to which t h e  composition 
of the  underlying sediments and iron formation might b e  
compared. Except for low calcium, t h e  major e lement  
composition of the  Twitya shale is similar t o  widely quoted 
average mudstone values (e.g. Blatt  et al., 1972, Table 11-2). 
T race  e lement  da ta  for mudstones a re  relatively limited. 
However, t he  cobalt ,  copper,  and nickel values for  t h e  Twitya 
shales fall  within t h e  range of values reported by Shaw (1954) 
for various mudrocks. 

The silica-titanium correlation ref lec ts  t h e  presence of 
silica in det r i ta l  form in the  grey mixtites.  The alumina-iron 
association ref lec ts  the  presence of de t r i t a l  magnet i te  as 
well. Significant negative correlations were  found between 
silica and volatiles, alumina and manganese, iron and 
manganese, t i tanium and volatiles, and sodium and potassium. 
These negative correlations ref lec t  an inverse relationship 
between abundance of carbonate and noncarbonate detri tus.  
The sodium-potassium antithesis is  more difficult  t o  explain. 
Some sodium may be associated with carbonates in the  form 
of authigenic albite.  

Trace  me ta l  abundances were  low. Compared t o  t h e  
Twitya shale,  t h e  grey mixt i tes  a r e  slightly depleted in 
copper and enriched in the  o ther  t h r e e  t r a c e  elements.  
Correlation coeff ic ients  (Yeo, manuscript  in preparation) 
suggest a significant positive association between zinc and 
both iron and nickel. A negative association between copper 
and phosphorus is indicated. 

Geochemistry of  t h e  Red Clast ics  

Mean chemical  analyses of red c l a s t i c  sediments f rom 
the  Rapitan and Tindir groups a r e  also given in Table 2.1. 

Except  for higher manganese,  t h e  mean composition of 
red clastics from the  Rapitan is not strikingly di f ferent  f rom 
t h a t  of t h e  grey clastics.  Compared t o  t h e  Twitya shale,  t h e  
underlying c las t ics  a r e  strongly enriched in calcium and 
depleted in potassium. Analyses of Upper Tindir c las t ics  
suggest similar tendencies.  

Mean analyses of iron formation f rom the  Rapitan and 
Upper Tindir groups a r e  also repor ted  in Table 2.1. 
Compared to  t h e  red clastics,  t h e  Rapi tan  iron formation is 
enriched in iron and phosphorus and depleted in everything 
e l se  bu t  si l ica and manganese. T race  me ta l  abundances a r e  
also lower. The Upper Tindir iron format ion also shows iron 
and phosphorus enr ichment  compared t o  associated clastics.  
It is depleted in everything but  t i tanium. Except  for  zinc,  
t r a c e  me ta l  concentra t ions  a r e  also lower than in t h e  
associated clastics.  

The Rapitan iron formation is notably depleted in nickel 
and zinc compared to  t h e  Twitya shale. I t  is  slightly deple ted 
in copper and slightly enriched in cobalt .  The Tindir iron 
formation is increasingly depleted in zinc,  nickel, and copper,  
and slightly enriched in cobalt .  

Correlation coeff ic ients  (Yeo, manuscript  in 
preparation) show t h a t  cobal t ,  nickel, and z inc  a r e  associated 
with one another  and with alumina, magnesium, potassium, 
and ti tanium. Cobal t  and nickel also show a positive corre la-  
tion with sodium. They show a negat ive  correlation with 
iron, however. 

Unlike Algoman and Superior type  iron formations 
(Gross, 1965b), bu t  like Phanerozoic iron-rich chemical 
sediments,  r a r e  e a r t h  e lement  pat terns  f rom the  iron 
format ion show europium depletion and resemble t h e  modern 
seawa te r  pat tern  (Fryer,  1977). However, t h e  relatively low 
abundance of REEs is character is t ic  of ear l ier  Proterozoic  
iron formation and unlike Phanerozoic chemical  sediments.  

ORIGIN OF THE CLASTIC SEDIMENTS 

Although many ear l ier  workers preferred a mass flow 
origin for t h e  Rapi tan  mixtites,  recent  opinion (Young, 1976; 
Eisbacher, 1976, 1977, 1978a; and others)  has  favoured 
Ziegler's (1959) hypothesis t h a t  they a r e  of glacial  mar ine  
origin. Controversy over the  deposition of the  Sayunei 
rhythmites persists,  however. Young (1 976) suggested t h a t  
they a r e  glacial-marine turbidites with interbedded flow 
ti l l i tes and ice-rafted debris. A similar origin is suggested 
for t h e  Upper Tindir redbed unit (Allison et al., in press). 
Eisbacher (1978a) supported a turbidity cu r ren t  origin for t h e  
rhythmites  but recognized a glacial  influence only in the  
upper part .  He suggested t h a t  t h e  abundant angular clasts,  
including lonestones, were  derived f rom synsedimentary f au l t  
scarps  and reworked by mass flow. 

Evidence fo r  Glaciation 

The extensive  distribution of t h e  Rapi tan  and s t ra t i -  
graphic continuity upwards and locally downwards in to  
mar ine  sediments make a marine environment for Rapitan 
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Table 2.1. Average compositions of Rapitan clastics and related rocks 
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Mount Grey Red 
Twitya Shezal Sayunei Berg Clastics Clastics 

C.V.% C.V.% C.V.% C.V.96 C.V.96 C. V.% 

MnO 

T i 0  2 

p205 

L.O.I. 

Total 

Co 

Ni 

Cu 

Zn 

No. of 
Samples 4 10 6 3 7 12 

Rapitan Rapitan Rapitan Tindir 
Clastics Chemical IF Clastic IF Rapitan IF Clast ics Tindir IF 1 

S i 0 2  

A1203 

CaO 

Fe2Os 

MnO 

p205 

L.O.I. 

Total 

No. of 
Samples 



Group deposition certain.  Genet ic  interpretation of supposed 
ancient glacial  deposits must be viewed with caution since 
cr i ter ia  for distinguishing among Quaternary glacial deposits 
a r e  st i l l  uncertain (Dreimanis, 1976). In f ac t ,  many concepts  
about  modern glacial-marine sedimentation c o m e  f rom 
ancient deposits (i.e. Carey and Ahmad, 1960; Reading and 
Walker, 1966; and others). 

Massive Mixtites 

The prevalance of rounded, commonly faceted and 
s t r ia ted  stones in thick, crudely bedded, massive mixtites is  
t h e  strongest argument  against a simple mudflow origin. The 
la tera l  distribution and thickness of t h e  Shezal mixtites a s  a 
lensoid ribbon up to a few tens  of kilometres wide and 
hundreds of metres  thick, a s  well a s  i n t ima te  association with 
o ther  sediments having possible glaciogene features ,  support  
this. This distribution pat tern  resembles t h a t  of Quaternary  
glacial-marine deposits off t he  coas t  of Alaska (Molnia and 
Carlson, 1978). Thick-bedded, massive tills found here 
resemble t h e  massive mixtites. They were a t t r ibuted to  ice- 
raft ing by Miller (1953). The apparent  scarc i ty  of glacio- 
dynamic s t ructures  in t h e  massive mixtites favours a melt-  
out  origin (Dreimanis, l976), although the  presence of 
slickenside surfaces locally in the  matr ix  suggests some  
lodgment t i l l  deposition beneath grounded i c e  (Sugden and 
John, 1976; Kriiger and Marcussen, 1976). The peculiar 
fissility character is t ic  of silty basal tills (Dreimanis, 1976) 
may b e  preserved in the  scaly weathering typical of grey 
Shezal mixtites. Local development of strong c l a s t  fabrics 
also suggests basal till deposition (Marcussen, 1975; Kriiger 
and Marcussen, 19761, but these  can a lso  be in terpre ted a s  
t ransverse  fabrics developed during mass flows. 

Stratified Mixtite 

The s t ra t i f ied  mixtites may also b e  produced by more 
than one mechanism. The well-stratified kind typical of 
parts of the  Snake River Tillite resemble s t ra t i f ied  tills 
ascribed t o  subaqueous till flow by Marcussen (19731, 
May (19771, Evenson et al. (1977) and Hicock et al .  (in press). 
The more  crudely s t ra t i f ied  kind may be formed by iceberg 
rafting (Lavrushin, 1968; Ovenshine, 1970) or, less likely, 
smearing of so f t  mater ia l  beneath overriding i ce  
(Kriiger, 1979, Fig. 10). 

Rhythmites 

Rhythmite  deposits containing ice-rafted mater ia l  a r e  
common in Quaternary (Banerjee, 1973) and ancient  glacial  
deposits (Banerjee, 1966; Rattigan, 1967; Reading and 
Walker, 1966; McCann and Kennedy, 1974; Nystuen, 1976). 
The Sayunei rhythmites have fea tures  typical of turbidites 
(Young, 1976; Eisbacher, 1976, 1978a). The predominance of 
base-cut-out Bouma sequences indicates t h a t  they a r e  distal  
turbidites,  corresponding to Facies D of Walker and 
Mutti  (1973; cf.  Reading and Walker, 1966, Fig. 12). The 
occurrence  of mixt i tes  below t h e  rhythrnites in t h e  southern 
Mackenzie Mountains (i.e. Mount Berg Formation), t h e  
ubiquitous lonestones, including occasionally s t r ia ted  and 
f ace ted  dropstones, and t h e  occurrence  of possible t i l l  pellets 
in the  rhythmites suggest t h a t  glaciation began before,  and 
persisted during rhythmite  deposition. The sediment source  
for t he  rhythrnites was likely a t  or near the  glacier terminii. 

Eisbacher (1978a) suggested t h a t  lonestones in t h e  
rhythmites,  particularly in the  lower part ,  might be  individual 
clasts isolated from low-viscosity slurry flows which gave 
r ise  t o  t h e  massive sharp  c las t  s i l t s tone beds. This, however, 
does  not  explain t h e  common occurrence  of lonestones 
piercing underlying rhythrnites (Young, 1976, P la t e  IC,  Dl. 
Such lonestones were  most likely dropped in f rom floating 
ice. 

Conglomerates and Sandstones 

Currents  and flow mechanisms which deposited t h e  
sandstones and conglomerates  must have ranged in 
competence widely, reflecting variation in sediment supply 
and fluctuations of t he  ice  front.  

Sandstone beds with scoured bases, rip-up clasts,  planar 
and crosslamination a r e  in terpre ted a s  products of turbulent 
traction currents.  Sandstone beds with non-erosive bases, 
planar tops, and lack of internal s t ruc tu re  excep t  for  grading 
were  probably produced by grain flow. 

Highly organized conglomerates  (e.g. imbricate  Sayunei 
sharpstones of Eisbacher, 1976) with channeled lower 
con tac t s  were  transported a s  bed load by s t rong bot tom 
currents.  Less well-organized massive or graded con- 
g lomerates  were  probably deposited by iner t ia  flow. 

In the  Rapitan Group, well-stratified mixtites,  con- 
glomerates,  sandstones, and rhythrnites form a spect rum of 
resedimented l i thofacies (Middleton and Hampton, 1973, 
Fig. 10). Inertia flow mechanisms predominated c lose  t o  t h e  
sediment  source  while turbulent flow was  increasingly 
important distally. 

ORIGIN OF THE IRON FORMATION 

There is l i t t le  doubt t h a t  iron formation is a chemical  
precipitate.  Both hydrogenous and hydrothermal precipita- 
tion have been proposed t o  explain t h e  Rapitan Croup iron 
formations. Condon (1964) suggested tha t  iron weathered 
f rom penecontemporaneous volcanic rocks was  transported in 
suspension as colloidal fer r ic  oxide in f reshwater  s t reams,  
and precipitated on enter ing the  sea.  The presence of 
pseudomorphs a f t e r  evapor i te  minerals (i.e. dolomite and 
glauberite) suggested an evapor i t ic  mechanism t o  
Young (1976), who speculated t h a t  iron and silica might have 
been precipitated f rom brine solutions formed when large  
quant i t ies  of s eawa te r  f roze  t o  t h e  base  of a cold-based i ce  
shelf (Carey and Ahmad, 1960). Gross (1965a, 1977) proposed 
a hydrothermal origin by which iron and silica precipitated 
from fumarolic waters  discharged along submarine faul t  
zones. This las t  model s eems  most likely. 

Iron-rich sediments of hydrothermal origin may be 
distinguished f rom those of hydrogenous origin by numerous 
geochemical fea tures .  Hydrothermal iron-silica precipi ta tes  
a r e  character ized by high Si02/A1203 and high Fe/Ni+Co+Cu 
(Bonatti ,  1975); high Fe/Al+Mn and Ni/Cu < I (Calvert ,  1978); 
low Co/Zn and Co+Ni+Cu abundance (Toth, 1980). The 
Rapitan and Upper Tindir iron format ions  exhibit  a l l  of t hese  
fea tures .  The low REE abundance reported by Fryer (1977) is 
also typical of hydrothermal precipi ta tes  (Calvert ,  1978; 
Toth, 1980). For brevity only t h e  minor transit ion me ta l  
relationships a r e  shown here  (Fig. 2.6). 

Source  of t h e  Iron 

The g rea t  volume of t h e  iron formation in association 
with sediments t h a t  must have been relatively rapidly 
deposited requires a sys tem capable  of quickly producing an 
immense quant i ty  of iron and silica. Recent  exper imenta l  
studies (e.g. Bischoff and Dickson, 1975; Seyfried and 
Bischoff, 1977) and investigations of oceanic hydrothermal 
deposits associated with ac t ive  ridges (Dymond et al., 1973; 
Dymond and Veeh, 1975; Corliss et al., 1978, 1979; Toth, 
1980; Bischoff, 19801, volcanic buildups (Butusova, 1966; 
Puchelt ,  1976), and non-volcanic f r ac tu re  sys tems 
(Castellarin and Sartori ,  1978) confirm and ref ine  models for 
hydrothermal me ta l  deposits proposed by Corliss (l971),  
Bonatti  (1975), and others. Such a model bes t  explains t h e  
source  of t h e  Rapi tan  iron. 
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T - Twitya shale 
R - Shezal mixtite 
o - Sayunei mudstone 
o - Mount Berg mixt i te  
* - Sayueni iron format ion 
Q - Shezal iron format ion 
x - upper Tindir iron format ion 

Solid symbols - r ed  rocks 
Open symbols - grey-coloured sedimentary rocks 

Figure 2.6. Relative abundances of minor transit ion me ta l s  
in c las t ic  and chemical sedimentary rocks of the  Rapitan 
Group and r e l a t ed  rocks. The low Co/Zn ra t ios  and/or low 
Co+Cu+Ni abundances shown here  suggest a hydrothermal 
source  (c.f.: Toth, 1980, Fig. 6) .  

Gross (1965, 1973) suggested t h a t  iron-bearing hydro- 
thermal  solutions were  discharged along f r ac tu res  possibly 
re la ted  t o  contemporaneous volcanism. He proposed t h a t  
hemat i t ic  stockworks and veins west of Snake River might be  
remnants  of t h e  fumarolic systems. Be11 (1978) echoed this 
hypothesis and showed t h a t  t hese  ferruginous breccia  
complexes were  faul t  controlled. However, brecciation 
appears  to  pre-date  Rapi tan  sedimentation (Delaney, 1981). 
Locally abundant volcaniclastic mater ia l  reported in t h e  
Rapi tan  sediments (Condon, 1964; Cross, 1973) suggests con- 
temporaneous volcanic activity.  Pillow lavas interfinger with 
possible Shezal equivalents in t h e  southern Ogilvie Mountains 
(Green, 19721, but no iron formation was reported there .  
However, volcanics in t h e  Upper Tindir Group in western  
Ogilvie Mountains a re  associated with ferruginous sediments 
and iron formation. This, plus t h e  evidence for  a dilational 
t ec ton ic  regime proposed by Eisbacher (l977), support  t h e  
probable existence of a hydrothermal system related to  
volcanism and rift ing (Fig. 2.7). 

Development o f  t h e  Redbeds 

Until recently i t  was  generally thought t h a t  t h e  
abundance of organic mater ia l  and consequent reducing con- 
ditions in most marine sediments made marine  redbed 
formation unlikely (Berner, 1971; Van Houten, 1973; 
Walker, 1974; and others). Many examples of marine redbeds 
a r e  now known. They may be  formed by resedimentation and 
rapid burial of previously oxidized sediment  (Lajoie and 
Chagnon, 1973; Ziegler and McKerrow, 1975; Francke and 
Paul, 1980), submarine weathering of ferruginous rocks 

(Muller, 1967; Fairbridge, 1967; Scot t  and Hajash, 1976), or  
by hydrothermal ac t iv i ty  (Davies and Supko, 1973). 
Association with chemical  iron formation indicates t h a t  
enrichment in iron and sil ica in t h e  red sediments  was  due t o  
ongoing precipitation during c las t ic  deposition. The early 
development of red pigmentation is indicated by restriction 
of zones of diagenetic reduction within the  redbeds t o  coarse  
grained, permeable beds and adjacent  t o  ca rbona te  clasts.  It 
is likely t h a t  t h e  red coloration is a primary f e a t u r e  produced 
by t h e  same  process tha t  formed the  iron format ion.  

DEPOSITIONAL HISTORY 

Basin Configuration and Tectonics  

In Mackenzie Mountains glacioclastic sediment  formed 
a lensoid bel t  generally less than 30 km wide, parallel t o  
rising eas tern  source  areas.  This uplift  is indicated by 
eastward-increasing unconformity a s  well  a s  preservation of 
ancient  faul t  scarps  downthrown to the  west.  Thick sediment 
accumulations in subbasins nearly coincident with embay- 
ments  developed in Mackenzie Mountains Supergroup t ime 
(Jefferson, ora l  communication, 1980) support  evidence for 
continued fault-controlled,  basin subsidence during deposition 
and suggest t ha t  major ou t l e t  glaciers debouched into these  
subbasins. In t h e  northern Mackenzie Mountains a centr ipeta l  
t ranspor t  pat tern  suggests a major embayment  open t o  t h e  
south and bounded to  the  west by a probable high. In the  
western  Ogilvie Mountains, generally wester ly  transport  
suggests a rising source  a r e a  to the  eas t  for  t h e  Upper Tindir 
Group elastics. 

Mount Berg Formation 

The Mount Berg mixt i tes  were  probably deposited in 
f ront  of or beneath floating ice. At this t ime  mountain 
glaciers may have existed locally in t h e  rising Mackenzie 
uplift  a r ea  or ,  if a c ra ton ic  ice  shee t  was  already developed, 
only isolated out le t  glaciers had pierced t h e  marginal barrier 
uplift. 

Sayunei Formation 

Sayunei rhythmites  interfinger with t h e  underlying 
Mount Berg mixt i tes  and overlying Shezal Formation. The 
rhythmites  a r e  at leas t  partly the  d is ta l  equivalents of t he  
mixtites.  In addition t o  mater ia l  carried away f rom the  i c e  
margin by turbidity currents  and mass flows, considerable 
det r i tus  was deposited by melting and overturning icebergs. 
The thickness and distribution of t h e  rhythmites  suggest t h a t  
much deposition took place  in locally subsiding subbasins, 
perhaps a t  t he  terminii  of out le t  glaciers. The re la t ive  
angularity of many Sayunei megaclas ts  may result from 
t ranspor t  a s  high level  load ra ther  than as basal load within 
the  ice.  This might be  due t o  extensive  exposed uplands 
shedding debris onto the  surface  of t he  glaciers or cold-base 
glacial  conditions inhibiting plucking and abrasion of c las ts  at 
t h e  glacier sole (Boulton, 1978). 

Iron and silica, derived f rom nearby hydrothermal 
sys tems in an  ac t ive  marginal basin must  have been carried in 
slightly acid and relatively warm countercurrents  into the  
a r e a  of c l a s t i c  deposition where  they were  precipitated a s  
f e r r i c  hydroxyoxides(?) and silica gel  upon mixing with cold, 
oxygenated, weakly alkaline water .  This hypothesis accounts 
for  t h e  iron-silica enr ichment  of t h e  redbeds. During periods 
of relatively low c l a s t i c  influx iron formation could 
accumulate .  Manganese, much more soluble than iron and 
silica, must have been carried ou t  of th is  environment and 
deposited elsewhere.  



Figure 2.7. Hypothetical model f o r  precipitation of iron and silica f rom a hydrothermal seawa te r  
system with glacioclastic sediments.  

Shezal Formation 

The Shezal mixtites a r e  interpreted t o  b e  principally 
aquat i l l i te  (Schermerhorn, 1966) and flow t i l l i te  
(Boulton, 1968) laid down in f ront  of or beneath floating ice. 
Extensive ice  shelves probably existed.  The larges t  of these  
floated in the  Snake River area ,  anchored to  t h e  eas t  and 
west  of t h e  Mackenzie and Wernecke uplifts. Sea level must 
have fallen during Shezal t ime  a s  the  depoaxis of t he  Shezal 
mixtites lies somewhat basinward of t h a t  of t h e  distal  fac ies  
equivalent Sayunei rhythmites  and because Sayunei material ,  
including rounded c las ts  of iron formation, was locally 
reworked. into the  Shezal. The g rea t  quantity of iron 
formation in the  lower Shezal near Snake River was  deposited 
in t h e  s a m e  manner and probably a t  t h e  s a m e  t ime  a s  the  
Sayunei iron formation. The transition from redbed rnixtites 
and rhythmites to grey rnixtites may ref lec t  e i ther  cessation 
of hydrothermal activity or  change in the  c i rcula tory  system. 
This also may have been a synchronous event  throughout t h e  
Rapitan basin. 

Upper Tindir Redbeds 

Deposition of the  Upper Tindir rhythmite and mixt i te  
redbeds and iron formation was analogous with t h a t  of t h e  
Rapitan. Deposition of t h e  Rapitan and Upper Tindir redbeds 
was  probably contemporaneous. 

CONCLUSIONS 

In the  northern Cordillera, thick, widespread rnixtites 
and rhythmites were  deposited under glacial  mar ine  
conditions along an evolving continental  margin in l a t e  
Proterozoic  t ime. The rnixtites were  deposited mainly by 
basal mel tout  f rom floating ice  and by mass flow ei ther  
d i rec t ly  from the  ice  or  by remobilization of mel tout  till. 
The rhythmites a r e  distal  fac ies  equivalents of t h e  mixtites 
laid down by turbidity currents.  Together with iceberg- 
raf ted  material ,  o ther  sediment-gravity flow deposits a re  
in tercala ted  with t h e  rhythmites. These sediments were  
deposited from t h e  calving terminii  of ou t l e t  glaciers and ice  
shelves a s  a lensoid ribbon along a rising paleocoast 
subparallel  t o  and cratonward of the  subsequently developed 
Silurian platform-basin transit ion line (Tipper, 1978). 

The geochemistry of the  iron format ion suggests a 
hydrothermal source,  probably controlled by a regional 
f r ac tu re  system which controlled t h e  shape of the  basin 
margin. Volcanics in t h e  Upper Tindir Group may also be a 
product of rifting. The red colour of much of t h e  Rapitan 
and equivalents must resul t  f rom t h e  s a m e  mechanism t h a t  
produced t h e  iron formation. 

All along the  eas tern  edge of the  North American 
Cordillera l a t e  Proterozoic  rocks lap onto  s t r a t a  of middle 
and l a t e  Proterozoic  age.  The con tac t  is generally a major 
unconformity which may re f l ec t  considerable uplift (e.g. Lis 
and Pr ice ,  1976). Mixtites commonly occur  at t h e  base of t h e  
youngest Proterozoic succession. They over l ie  a thick s t ab le  
platform succession of carbonates  and relatively ma tu re  
c l a s t i c  rocks and a r e  overlain by mudstones and carbonates.  
In t h e  Upper Tindir and Rapitan groups, and in the  Kingston 
Peak  Formation of eas t e rn  California, banded iron formation 
is intimately associated with the  rnixtites. The overlying 
rocks a r e  in terpre ted a s  a passive cont inenta l  margin c l a s t i c  
wedge deposited consequent to  an  extensive  rift ing event  
(Stewart,  1972; Young et a]., 1979; and others). 

The upper Proterozoic  tectono-stratigraphic 
assemblage o u t l ~ n e d  above is not unique t o  western  North 
America.  I t  may be  found along t h e  margins of Precambrian 
cra tons  on nearly every  cont inent  (Anonymous, 1976; 
Dunn e t  al., 1971; Kroner,  1979; Mendes, 1971; Salop, 1977; 
Schuller and Szu-Haui, 1959; Spencer, 1975). This indicates 
widespread similarity of t ec ton ic  and c l imat ic  conditions in 
t h e  l a t e  Proterozoic  although the  re la t ive  ages  of these  
deposits a r e  s t i l l  poorly known. 

The arguments  over  glacial  or t ec ton ic  control of l a t e  
Proterozoic  mixt i te  deposits can be reconciled. Uplift and 
reduced continentali ty a r e  among t h e  f ac to r s  suggested a s  
causes of widespread glaciation (Harland and Herod, 1975). 
They a r e  known to  b e  ext remely sensit ive parameters  of 
glaciation (Sugden and John, 1976). Unlike more  exo t i c  
hypotheses concerning ancient  glaciations,  a hypsographic 
model can easily be  confirmed. Development of faul t  
controlled in t racractonic  and marginal basis accompanied 
widespread uplift along basin margins before  and during 
deposition of t h e  upper Proterozoic  rnixtites 
(Schermerhorn, 1974; and others). Rising .highlands and 
development of new seaways near the  end of t h e  Precambrian 
favoured widespread glaciation. Other  f ac to r s  may also b e  
involved, but  thei r  e f f e c t  is less cer ta in .  
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a. Deposition of the Mount Berg 
mixtites was apparently 
restricted. These sediments 
may be remnant products of 
localized mountain glaciers or 
an early outlet glacier 
breaching the barrier of an 
uplifted craton margin. 

PALEOGEOGRAPHY OF THE RAPITAN GLKIATION 
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b. Numerous outlet glaciers must 
have developed during Sayunei 
time. Glacioclastic rhythmites 
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were deposited outward from 
these. Proximal mixtites were 
probably eroded during sub- 
sequent relative uplift ,  except 
in the Snake River area where 
an ice shelf developed in a 
major embayment. Deposition 
o f  iron and silica at this time 
indicates an active hydro- 
thermal system with possible 
submarine volcanism. Pillow 
lavas are associated with 
Rapitan correlatives in the 
upper Tindir Group of eastern 
Alaska. 

c. The relative fall of sea level 
in Shezal time allowed the 
mixtite facies to extend 
basinward over the rhyth- 
mites. Widespread ice shelves 
probably developed. With the 
end of this glacial period sea 
level rose and passive craton 
margin sedimentation resumed 
(i.e., Twitya shale and 
equivalents). 

Figure 2.8. Tentative paleo- 
geography of the northern 
Cordillera during the late 
Proterozoic Rapitan glaciation. 
Basin tectonics af ter 
Eisbacher (1977). 



Global development of dilational faul t  systems, 
commonly accompanied by volcanism, also helps explain the  
appearance of widespread iron formation near  t h e  end of t h e  
Precambrian. These iron formations a r e  commonly 
associated with mixtites. 'The geochemistry of many of these  
is consistent with a hydrothermal origin like t h a t  proposed 
for the  Rapitan and Tindir iron formations (Yeo, manuscript 
in preparation). 

Extensive glacial-marine deposits and iron formation in 
the  l a t e  Proterozoic,  typified by the  Rapi tan  Group and t h e  
corre la t ive  Upper Tindir redbeds, can b e  viewed a s  mani- 
festations of the  transition in crus ta l  evolution from the  
Proterozoic  stage,  characterized, with a few important  
exceptions, by extensive s table  platform conditions, t o  t h e  
Phanerozoic stage,  character ized by widespread interplate 
activity.  
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Abstract 

The Little Dal Group (0.7-1.0 Ga), consisting mainly of  non-clastic strata, accumulated 
uninterruptedly in an epicratonic setting. Depositional strike follows the concave-southwestward 
tectonic arc of Mackenzie Mountains. Southwestward thickening is demonstrable for most forma- 
t ions. 

Early in the history of the group, facies differentiation was pronounced, between a high-energy 
carbonate platform and a basin (epicratonic), with the facies boundary cutting across the long-term 
isopach trend. Once depositional relief was smoothed by sedimentation, it did not recur t o  any 
marked degree. 

Lithofacies demonstrate control by: (a)  pulses of terrigenous detritus from a southeastern 
source, that define crudley chronostratigraphic units; (b)  dominance of  longshore transport o f  detritus 
in the littoral zone; ( c )  repeated cutof f  of detrital input, coincident with marine transgressions. 

Refinement of Little Dal stratigraphy permits delineation of  an unconformity within strata 
formerly assigned to  the group, here recognized as the base of the overlying "copper cycle". 

Le groupe de Little Dal (0,7-1,O Ga) comprend principalement des couches non-clastiques qui se 
sont accumule'es de fagon ininterrompue dans un contexte e'picratonique. La direction de la 
se'dimentation suit I'arc tectonique dont la concavite' est oriente'e vers le sud-ouest des monts 
Mackenzie. L'e'paississement vers le sud-ouest de la plupart des formations peut 6tre de'montre'. 

Depuis le de'but de llhistoire du groupe, les faciBs e'taient bien marque's, allant d'une plate-forme 
carbonate'e de haute e'nergie a un bassin (e'picratonique), dans lequel la limite des faciBs coupe la 
direction des isopaques b long terme. Une fois que le relief de de'p6t a Qte' adouci par la 
se'dimentation, il n'a pas re'apparu sous une forme marque'e. 

La limite des lithofaciks a e'te' de'montre'e par: (a)  des apports de roches de'tritiques terrigenes 
du sud-ouest, qui de'finissent approximativement des unit& chronostratigraphiques; (b) la dominance 
d'un transport littoral de roches de'tritiques dans la zone littorale; ( c )  des arrits re'pe'te's de l'apport 
de roches de'tritiques correspondant h des transgressions marines. 

Le raffinement de la stratigraphie de Little Dal permet de de'limiter une discordance dans les 
couches attribue'es ante'rieurement au groupe; qui a e'te' reconnu ici comme e'tant la base du "cycle de 
cuivre" sus-jacent . 

INTRODUCTION 

The structural culmination o f  the Mackenzie Fold Belt, 
extending from north Nahanni River northward and westward 
around the Mackenzie Arc nearly to  Snake River (Fig. 3.1) 
provides widespread exposures o f  the  "Mackenzie Mountains 
supergroup"1, a thick and virtually conformable succession 
that includes the oldest strata exposed in the fold belt 
(Fig. 3.2). The upper part o f  the supergroup forms a natural 
subdivision. It consists mainly o f  nonclastic strata, and is 
bounded beneath by a thick, clastic-dominated succession 
(Katherine Group, Tsezotene Formation) and above by 
unconfor mities on which lie various for mations o f  Hadr ynian 
to  Devonian age. This easily recognized, upper subdivision o f  
the "Mackenzie Mountains supergroup" is the Little Dal 
Group (Gabrielse e t  al., 1978). 

The writer's continuing studies o f  Mackenzie Mountains 
geology, commenced in 1969, have repeatedly focused on the  
Little Dal, for the following reasons: 

a. Widespread misunderstanding o f  the  relationships between 
isolated sections and the type section, and the lack o f  
e f f e c t i v e  criteria for distinguishing between the lower 
and upper divisions o f  the group, have led t o  mismapping 
o f  a number o f  major structures. 

b. Because o f  the widespread exposures o f  the Little Dal, its 
lithology and thickness and their variations provide an 
ideal opportunity to  assess the tectonic regime in late 
Proterozoic time. 

' "Mackenzie Mountains supergroup" lacks formal status at this date, although it already has been 
widely employed. As informally proposed by Young e t  al., (1979, in press), it encompasses at its base 
the oldest strata exposed in Mackenzie Mountains (map unit H I ) ,  and at  its top the Redstone River 
and Coppercap formations. Recognition in this paper o f  an unconformity at the base o f  the "copper 
cycle" (base o f  Redstone in some sections, lower in many) suggests that when "Mackenzie Mountains 
supergroup" is formalized, it may be advisable to  exclude strata o f  the "copper cycler'. 
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c. The L i t t l e  Dal is of economic impor tance  in t h a t  i t  
contains impor tant  showings of zinc,  and fo rms  t h e  floor 
of t h e  Redstone Copper Belt. 

d. Many of t he  individual rock types  found in t h e  L i t t l e  Dal, 
and some  of t h e  algal  s t roma to l i t e s  in par t icular ,  a r e  
easily recognized a s  c las ts  in younger conglomeratic for-  
mations, and a r e  thus  useful a s  provenance indicators. 

e. The L i t t l e  Dal carbonates  a r e  impor tant  pa r t s  of t h e  
s t ruc tura l  skeleton of t h e  Mackenzie Mountains, and t h e  
Gypsum format ion has  ac t ed  a s  a level of major s t ruc tu ra l  
de tachments .  

f. The Li t t le  Dal conta ins  abundant microfossils, and some  
of t h e  oldest  known macrofossils: analvsis of t h e  life- 
environment of both may contr ibute  t o  evolutionary 
biology. 

g. Its varied and abundant s t romatol i tes ,  coupled with 
increasing knowledge of i t s  absolute  age ,  will provide 
another  t e s t  of t h e  validity (or otherwise) of t h e  
use of s t romatol i te  assemblages in in tercont inenta l  
biostratigraphic correlation (work in progress by 
M.A. Semikhatov). 

Thus, t h e  L i t t l e  Dal has  been singled o u t  for  analysis in 
th is  symposium volume. In vie& of t h e  l imitations of space ,  
t h e  t r ea tmen t  is long on in terpre ta t ion  and short  on data ;  
even so, only t h e  major highlights of deposit ional history c a n  
b e  dea l t  with. 

STRATIGRAPHIC RELATIONS AND AGE 
O F  THE LITTLE DAL GROUP 

The L i t t l e  Dal is e i ther  an  upper,  or t h e  uppermost 
major subdivision of t h e  "Mackenzie Mountains supergroup" 
(Fig. 3.2), depending on t h e  choice  of upper l imit  fo r  t h e  
l a t t e r ,  a s  discussed la ter .  In i t s  nor thwestern  exposures,  i t  
res ts  with apparent  conformity  on t h e  uppermost  unit of t h e  
Kather ine  Group (Aitken e t  al., 1 9 7 8 ,  whereas  in t h e  
southeas t ,  t h e  con tac t  with t h e  s a m e  uni t  is obviously 
erosional. 

The upper con tac t  of t h e  L i t t l e  Dal, a s  amended here ,  
i s  a newly recognized unconformity at t h e  base  of t h e  
proposed, inf or ma1 "copper cycle". The "copper cycle1 '  
encompasses t h e  Redstone  River and Coppercap formations,  
and with them,  a n  underlying cycl ica l  unit  wi th  sandstones,  
formerly assigned t o  t h e  Li t t le  Dal. The basa l t ic  lavas a t  t h e  
t op  of t h e  Li t t le  Dal Group a r e  a lso  t en t a t ive ly  t ransfer red  
t o  t h e  "copper cycle". 

Virtually all who have wri t ten  about  t h e  Proterozoic  
rocks of Mackenzie Mountains have  recognized t h e  parallels 
between t h e  northern and southern Proterozoic  successions of 
t h e  Cordil lera.  In both regions, a p la t form assemblage  rich in 
ca rbona te  rocks  (Purcell  Supergroup in t h e  south,  "Mackenzie 
Mountains supergroup" in t h e  nor th)  is unconformably over-  
lain by a clastic-dominated assemblage,  par t ly  of slope and 
deepwater  origin and containing g lac ia l  deposi t s  (Windermere 
Supergroup in t h e  south,  "Ekwi supergroup"' in t he  north). 
Making d u e  a l lowance for  t h e  d e a r t h  of radiometr ic  da t e s ,  
virtually a l l  authors ,  including t h e  wr i t e r ,  have  assumed 
broad s t ra t igraphic  equivalence between t h e  lower and upper 
assemblages of each  region (Gabrielse,  1972; S t ewar t ,  1972; 
Eisbacher, 1978). A dissenting view was taken by 
Young e t  al. (in press), who suggested l imiting ages  of 1.2 and 
0.7 Ga  for  t h e  "Mackenzie Mountains supergroup", al though 
t h e  younger l imi t  was  based on K-Ar d a t e s  t h a t  may be  open 
t o  question,  and on assumed relationships between intrusive 
and ext rus ive  basic rocks. Evidence is accumulat ing  t h a t  t h e  
upper par t ,  a t  leas t ,  of t h e  I1Macl<enzie Mountains super- 
group" may indeed be  younger than t h e  youngest  Purcell. 

Paleontological  evidence  sugges ts  an  a g e  of 0.9-1.0 G a  
for  t he  L i t t l e  Dal Group. A change  in s t roma to l i t e  
assemblages t h a t  occu r s  low in t h e  Upper Ca rbona te  forma-  
tion corresponds t o  a change a t  t h e  base  of t h e  Upper 
Riphaean of t h e  USSR, da t ed  a t  950 f 5 0  Ma 
(see Aitken et al., 1978). Hofmann and Aitken (1979) 
concluded t h a t  t h e  micro- and macrof lora  of t h e  Basinal 
assemblage  ("Basinal sequence") suggested a n  age of 
1.1-0.8 Ga. Tha t  e s t i m a t e  was  strongly influenced by t h e  
presence of Chuaria,  now known t o  range back in to  much 
older rocks in China, and must b e  reconsidered in t h a t  light. 
Nevertheless,  t h e  macrofossjl  Tawuia  Hofmann and 
Aitken (1979), which has recent ly  been found in t h e  Rusty  
Shale and Upper Ca rbona te  format ions  a s  well  a s  in t h e  
Basinal and P la t fo rm formations,  is now known f rom s t r a t a  in 
China dated  a t  0.9 G a  (Duan, ms). The implied corre la t ion  i s  
cons is tent  with o the r  evidence  fo r  t h e  a g e  of t h e  L i t t l e  Dal, 
although t h e  to t a l  range  of Tawuia is  known nei ther  in North 
America  nor in Asia. 

The implications of t h e  ex t r eme ly  complex paleo- 
magnetism of s o m e  of t h e  Li t t le  Dal s t r a t a  and  t h e  igneous 
rocks  associa ted  with t h e m  a r e  discussed by Morris and 
Park (1981). A paleopole for s t r a t a  low in t h e  Li t t le  Dal, 
de termined by Park (in press), a g r e e s  closely with poles f rom 
t h e  Grenville Province  da t ed  at around 0.95 Ga, but also fa l l s  
on a younger, t en t a t ive ,  polar-wandering curve  a t  about  
0.77 Ca. Paleopoles f rom diabase  sills intruded in to  t h e  
Tsezotene  Format ion a r e  c lose  t o  t h e  L i t t l e  Dal poles, and 
similarly ambiguous a s  t o  implications of age .  The younger 
age ,  however, is  cons is tent  with t h e  Rb-Sr isochron a g e  of 

Term informally proposed by Young e t  al. (1979, in press), and a l ready widely used. 
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about  0.77 Ga  reported for  t he  sills (Armstrong et al., STRATIGRAPHY AND SEDIMENTOLOGY 
in press). Diabase dykes assumed t o  be  re la ted  t o  t h e  sills Overview 
c u t  t he  Li t t le  Dal Croup a s  high a s  t he  Grainstone format ion,  
and a r e  believed t o  be  t h e  source  of diabase c las ts  in t h e  The s t r a t a  of t he  L i t t l e  Dal Group a r e  generally well 
Shezal (middle Rapitan) Formation.  exposed, fresh and unmetamorphosed. The widespread dolo- 

rnitization has  commonly caused l i t t l e  loss of t h e  e lements  of 
A further' important Of the deposit ional fabr ic  c r i t i ca l  t o  sedimentological  in terpre ta-  work is that the magnetization Of the lavas at  the top Of the tion. Destruction of depositional fabric has occurred mainly 

L i t t l e  Dal Group is significantly d i f ferent  f rom t h a t  of t h e  in strata subjacent to the sub-Rapitan unconformity; how- 
diabase  sills (Morris and Park,  1981). The intrusive and ever, the distribution of this alteration (weathering) is in 
ext rus ive  rocks record two di f ferent  events ,  not one. itself significant t o  t h e  in terpre ta t ion  of t h e  Proterozoic  

A f ina l  implication of t h e  new, younger, apparent  d a t e s  history of t h e  region. 
is t h a t  t h e  onset  of Rapi tan  glaciatyon in- Mackenzie A persistent problem is t h e  geographic distr ibution of 
Mountains, post-0.77 Ga, is significantly younger t han  t h e  
estimates of 0.8-0.85 Ga for the onset of deposition of the  

(Fig' 3.1, 3'3). With local the upper 
L i t t l e  Dal has been stripped f rom t h e  region nor th  and e a s t  of 

Toby diamict i te  a t  t h e  base  of t he  classical  Windermere Plateau Fault by erosion at  the sub-Rapitan, sub-Cambrian, 
Of the southern 1972; sub-upper Cambrian,  and possibly other unconformities, 

S t ewar t ,  1972; Miller, 1973). 

Figure 3.2 '-w - 
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Figure 3.2a. Key t o  lithologic symbols. 

Figure 3.2. 'Maclcenzie Mountains supergroup' and Little Dal 
Group; nomenclature and gross lithology. For key t o  litho- 
logic symbols, see Figure 3.2a. 



Figure 3.3. Index t o  locali t ies 

A further e f f e c t  of this stripping is t ha t  the  lower Li t t le  Dal 
reaches the  mountain f ront  only within t h e  t ransverse  
s t ructura l  sag between Keele and Carcajou rivers. On t h e  
o the r  hand, t h e  Plateau Thrust Sheet (Fig. 3.1) is s t ructura l ly  
detached f rom older s t r a t a  a t  t he  level of t h e  Gypsum 
formation (upper Litt le Dal), and thrus t  northeastward ove r  
younger s t r a t a .  The Pla teau Thrust thus marks t h e  south- 
westward l imit  of observation for  t h e  lower Li t t le  Dal. In 
consequence, t he  s t ra t igraphic  sections t h a t  a r e  the  da ta  

base for  this repor t  l ie  along a band about 350 krn long and a t  
.most 100 krn wide (much narrower fo r  t h e  upper part). 
Isopachs based on d a t a  points so  distributed can be drawn 
"objectively" or mechanically in many di f ferent  ways. By 
drawing on d a t a  o ther  than thickness alone, some  units can  be  
"isopached" subjectively s o  a s  t o  present a reasonable and 
harmonious configuration. For o ther  units, however, i t  is not 
even cer ta in  whether depositional thickening is away f rom o r  
toward the  craton. 
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Subdivision of t h e  L i t t l e  Dal Croup 

The Li t t le  Dal Group is divided here  into six informal 
l i thostratigraphic units of formational rank a s  follows 
(see Fig. 3.2): 

ffl + 
U 

3 Coppercap Formation 
Redstone River Formation 
Basaltic lava and unnamed member 

0 
U 

Unconformity 

" Upper Carbonate  formation 
Rusty Shale formation 

3 Gypsum formation 
c7 

Grainstone formation 
3 Basinal and Pla t form assemblages,  jointly 3 0 Mudcracked formation 

Unconformity 

KATHERINE GROUP 

Most of these  units have been referred to  previously a s  
subunits of "Map unit H5" (now obsolete), with t h e  s a m e  
descriptive names (Aitken, 1977; Aitken et al., 1978). 

The Basinal and Pla t form assemblages a r e  lithologically 
and geographically distinct,  mutually exclusive fac ies  of a 
s t ra t igraphic  interval bounded by roughly t ime-parallel  con- 
t ac t s .  Consequently, the i r  fu ture  formalization a s  equivalent 
formations will be  appropriate.  

Type Section of  t h e  L i t t l e  Dal  

The type section of the  Li t t le  Dal Group is composite 
(Gabrielse et al., 1973). It was measured by i t s  authors  and 
remeasured by t h e  wri ter  and R. Booker on westward- 
extending spurs f rom a dominant north-south ridge, t h e  lower 
par t  10 km, the  upper par t  15 km south-southeast of Coates  
(Li t t le  Dal) Lake, in Glacier Lake map a r e a  (95L). 

The type  section contains the  following units: 

Sayunei Formation (Rapitan Group) 
unconformity 

LITTLE DAL GROUP: 
Upper Carbonate  formation 
Rusty Shale formation 
Gypsum formation (covered; gypsum out- 

crops along s t r ~ k e  N and S 
of section) 

Grainstone formation 
Pla t form assemblage (basal, shaly, recessive 

unit is thin equivalent of 
Mudcracked fm)  

structurally concordant,  erosional c o n t a c t  
KATHERINE GROUP (Unit K7) 

By a happy historical  accident ,  t w o  units assigned t o  
t h e  Li t t le  Dal a r e  missing f rom t h e  type section. The f i rs t  is  
t h e  basalt ic lava t h a t  locally overlies member  D of t h e  Upper 
Carbonate.  The second is  a cycl ica l  unit  of sandstone, 
dolomite,  si l tstone and mudstone t h a t  overlies e i ther  t h e  
lava, or members D and C. For reasons given a t  t h e  end of 
this paper, these  t w o  units a r e  t ransferred t o  the  overlying 
"copper cycle". Emendation of t h e  type  sect ion of t h e  Li t t le  
Dal Group is not required. 

Mudcracked format ion 

The Mudcracked formation, 20 t o  60 m thick, is  t h e  
thinnest unit he re  accorded format ional  rank. It is s o  
ranked because i t  is t h e  significant init ial  deposit  of 
t h e  Li t t le  Dal Group and di f fers  markedly f rom t h e  
overlying Basinal assemblage. Its base  is drawn a t  t h e  
base of t h e  lowest shale  above t h e  monolithic quar tz i tes  
of t h e  uppermost member  (K7) of t h e  Kather ine  Group 
(see Aitken et al., 1978). I t s  t op  is drawn at t h e  top  of a 
member of dolomite derived f rom ooid-intraclast  grainstone 
t h a t  occurs  below t h e  f i r s t  nodular lithology character is t ic  of 
t h e  lower Basinal assemblage, and near  t h e  highest occur- 
rence  of qua r t z  sand in th is  p a r t  of t h e  column. It i s  
informally and temporarily named for t h e  predominant 
development of wide, orthogonal, sand-filled mudcracks. 

Lithology 

Lower member. The lower, clastic-dominated member 
t h a t  forms most  of t h e  Mudcracked format ion consists mainly 
of grey, brown, black, green and red mudstone, with 
subordinate fine and very f ine  grained sandstone in very thin 
t o  r a re  thick beds. Much of t h e  sandstone, and a l l  of i t  in 
cra tonward (presumably shoreward) sections,  appears  in very  
thin t o  medium beds with rippled tops, and in chains of 
s tarved ripples (Fig. 3.4). The ripples a r e  mainly of cu r ren t  
type ,  but in t h e  common interference-rippled beds both 
current-  and oscil lation-type cross-sections occur ,  and t h e  
terminal  laminations consistently drape across the  underlying 
cross-laminae. Hummocky bedding also occurs.  Flutes  and 
grooves occur  sporadically. Basinward, sandstone and mud- 
s tone a r e  commonly arranged in to  coarsening-upward, 
thickening-upward cycles (Fig. 3.51, which locally a t  leas t  a r e  
separa ted by an  erosion surface .  The thick, upper sandstones 
of these  cycles  a r e  in some  cases  s t ructura l ly  cryptic;  
elsewhere they a r e  cross-laminated in both trough and 
tabular accre t ion styles,  and plane-parallel laminated. Both 
straight-crested and lunate  cu r ren t  ripples a r e  also present.  
Prominently mudcracked horizons a r e  r ecu r ren t  in t h e  mud- 
stones,  and sa l t  "hoppers" occur  a t  many, if not  all  sections. 
Shale-pebble conglomerates  occur throughout units of ripple 
cross-laminated sandstone, but  occur  only at t h e  bases of 
thick sandstone beds. 

In the  lower member,  carbonate  rocks decrease  basin- 
ward f rom as much a s  a third t o  near-vanishing. They a r e  
microcrystall ine,  argillaceous, locally nodular, yellow- 
weathering dolomites,  commonly associa ted  with dolomite- 
pebble rudstones. 

Oolite member. The Ool i te  member ,  nowhere more  
than 14 m thick, forms t h e  top of t h e  Mudcracked format ion 
and is an  important  regional marker (Fig. 3.6, 3.7). It 
consists mainly of dark  grey, dolomitized, ooid and in t rac las t  
grainstone, weathering dull orange or  orange-brown, 
generally in thick beds. Minor f lakes tone and oncoid 
grainstone occur  locally. 

l The informal upper and lower divisions of t he  Li t t le  Dal Group, a s  presented here,  do not correspond 
with t h e  upper and lower members  of t h e  Li t t le  Dal Formation, a s  proposed by 
Gabrielse et al. (1973, p. 17). The original members  were  distinguished on c r i t e r i a  t h a t  a r e  not  
applicable regionally; a t t empts  t o  extend t h e m  beyond t h e  vicinity of t h e  type  sect ion have  led t o  
mapping errors.  



Regional Variation 

The uniformity of t he  formation a s  seen in correlation 
panels drawn along t h e  a r c u a t e  t ec ton ic  t r end  (Fig. 3.6) 
suggests t h a t  t h e  local  tec tonic  s t r ike  approximates  t h e  
depositional strike,  while panels drawn perpendicular t o  t h a t  
trend (Fig. 3.7) show basinward (southwestward) thickening. 
These considerations allow a subjective cho ice  t o  b e  made  
among t h e  many possible isopach configurations,  two  of 
which a r e  i l lustrated in Figure 3.8. The dashed version is an  
a t t e m p t  to  accommodate  the  trend of t h e  fac ies  change in 
t h e  succeeding Basinal/Platform package (see Fig. 3.14). 
Notable and somewhat  surprising is t h e  basinward increase  in 
sandstone con ten t  (Fig. 3.7). 

The Mudcracked unit is regarded a s  having formational 
s t a tus  only in t h e  region t h a t  became  basinal during t h e  
succeeding depositional episode. Traced in to  t h e  platformal 
region (Fig. 3.6), i t  is only 10-30 m thick, and contains l i t t l e  

F i w e  3.4. Mudcracked formation: shale and sandstone, sandstone; dolomite beds a re  relatively prominent,  t h e  mud- 
with sandstone in character is t ic  "starved" ripple forms. rocks tend t o  be reddish, and sa l t  hoppers a r e  present.  These 

a r e  character is t ics  of t h e  shoreward, upper and la ter  a spec t s  
of t h e  Mudcracked formation. In t h e  p la t formal  region, 
where problems of thickness, exposure and mappabilit; a r e  
encountered, i t  is bes t  t r ea t ed  a s  a member  of t h e  Pla t form 
assemblage, ra ther  than a s  a formation. 

Sedimentological in terpre ta t ion of t h e  lower, clastic- 
dominated member of t h e  Mudcracked format ion begins with 
t h e  coarsening-upward, thickening-upward, regressive mud- 
stone-sandstone cycles  t h a t  a r e  obviously l i t tora l  and appear  
t o  be  of beach, bar,  t idal inlet  and t idal  de l t a  origin. A 
progradational, alluvial origin is re jec ted because  of t h e  lack 
of such cycles and t h e  low sandstone con ten t  at "shoreward" 
sites.  Assuming a l i t tora l  environment for  t h e  sandstones 
capping the  cycles,  t h e  underlying association of mudstone 
with thin sandstones, s tarved cu r ren t  ripples, in ter ference  
ripples, f l u t e s  and grooves invites a subl i t tora l  interpretation. 
Each thin sandstone in th is  association may b e  t h e  deposit  of 
a single s to rm surge, reworked by waning s to rm currents  and 
normal currents.  Mudcracked mudstones, grouped in some  
sect ions  with this f ac i e s  association, con t rad ic t  this interpre- 
tation; focused re-examination may resolve  t h e  problem. 
Mudcracked, partly red mudstones with sa l t  hoppers t h a t  
occur above t h e  l i t tora l  sandstones can be  accommodated in 
a muddy tidal environment,  behind inferred offshore bars. 
The thin argil laceous dolomites and dolomite-pebble rud- 
s tones  also f i t  a lagoonal o r  t idal-flat  in terpre ta t ion.  

This apparently straightforward in terpre ta t ion is com- 
plicated by recognition of transgressive onlap within t h e  
Mudcracked formation. The basal c o n t a c t  appears  conform- 
ab le  in t h e  region t h a t  became basinal during t h e  ensuing 
deposit ional episode; bu t  in t h e  region t h a t  developed instead 
a s  a carbonate  p la t form,  c lear  evidence of an  erosional 
con tac t  is widespread, and t h e  s t r a t a  equivalent t o  t h e  
Mudcracked format ion a r e  thin and contain l i t t l e  qua r t z  sand. 
Southeastward transgressive onlap is strongly implied. 
Following this view, t h e  presence of thick sandstones in 
l i t tora l  cycles only a t  basinward s i tes  may be  in terpre ted as a 
t e m ~ o r a l  channe: a sand s u ~ ~ l v  sufficient t o  build an  offshore  

Figure 3.5- ~ ~ d ~ ~ ~ ~ k ~ d  formation: one of three coarsening- bar  kystem m+ have existdd only ear ly  in t h e  history of t h e  
upward cycles, shale below, sandstone above, a t  formation, before marine transgression had flooded the  broad 

sect ion 77-20. subaerial  exposures of t h e  Katherine sandstones t h a t  were  
t h e  apparent  sand source.  
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Figure 3.7. Mudcracked formation: correlation panel across 
depositional and tec tonic  strike. 

Paleocurrent pat terns  determined for the  Mudcracked 
formation lack consistency (Fig. 3.81, but tend t o  be  poly- 
modal. The principal mode for cu r ren t  lamination dip- 
directions a t  d i f ferent  s i tes  may be offshore(SW) o r  
longshore (NW or SE). At Section 79-21, t he  mode of a small  
sample  of f lu tes  and grooves (n=6) is  perpendicular and 
di rected offshore re la t ive  t o  a northwest-directed longshore 
maximum determined from ripple cross-lamination. This is  
t h e  pat tern  predicted by t h e  model presented, but  i t  is  not 
consistently repeated. Onshore-directed crossbedding occurs  
mainly in the  thick sandstone beds in terpre ted a s  l i t toral .  

The upper, ool i te  member  of t h e  Mudcracked format ion 
sepa ra t e s  a l i t tora l  assemblage below from s t r a t a  of subtidal 
t o  deepwater origin above. It is in terpre ted a s  a transgres- 
sive, high-energy shoreline deposit. The cutoff of important  
sand supply a t  roughly t h e  t i m e  of deposition of t h e  ool i te  
may record ent rapment  of quar tz  sand in es tuar ies  by rising 
s e a  level. 

Figure 3.8. Mudcracked formation: t en ta t ive  isopachs and  
paleocurrents.  Broken-line isopachs conform t o  t r end  of 
boundary between platform and basin in succeeding 
formations.  

"Basinal assemblage" 

The Basinal and Pla t form assemblages were  deposited 
contemporaneously during a period recorded by t h e  s t r a t i -  
graphic in terval  between two  approximately t ime-parallel  
markers,  t h e  ool i te  member  of t h e  Mudcracked formation and 
the  base of t he  Grainstone formation. 

Pronounced regional variation is  present  in t h e  Basinal 
assemblage, however,  i t s  overall  unity is expressed in t h e  
following character is t ics :  

In t imate  mixing of ca rbona te  rocks and sil iciclastic 
mudrocks; 

A tendency t o  nodular cha rac te r ,  especially in t h e  
lower part;  

Prominence of decimetre-scale depositional rhythms; 

General (though not  complete)  absence of indicators of 
shallow-water deposition; and 

.Abundance of limestone, a s  opposed t o  t h e  generally 
dolomitized na tu re  of most Li t t le  Dal carbonate  s t r a t a .  

Lithology 

Nodular l i thofacies.  Diagenetic nodules and nodular 
bedding occur  throughout t h e  Basinal assemblage, bu t  a r e  
most prominent in t h e  lower part .  A t  most localities, t h e  
unit  commences  with interbedded calcareous  black shale and 
microcrystall ine,  argil laceous l imesone (locally dolomitized). 
The decimetre-scale  carbonate  beds pinch and swell  abruptly,  
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in nodular ra ther  than lenticular fashion, and a r e  usually 
accompanied by a few discre te  nodules t ens  of cen t ime t re s  in 
largest  dimension. Together with local preservation of 
bedforms, for  example, large-scale current  ripples, t h a t  do 
not  conform t o  t h e  external  outline of t h e  carbonate  body, 
this geometry  demonstra tes  t h a t  t h e  nodular beds a r e  largely 
diagenetic in origin, although many may be nucleated on a 
bed of par t icula te  l ime sediment.  Molar-tooth s t ruc tu re  is  
common in association with t h e  black shale  - nodular lime- 
s tone  l i thofacies,  occurring not only in limestone, but also in 
beds described in the  field a s  black calcareous mudstone. 
The lowest, massive, conglomeratic,  matrix-supported debris- 
flow deposits and slide masses a r e  associated with t h e  
nodular black shale lithofacies. 

In all but t he  most basinward sections, a highly 
character is t ic  red nodular l i thofacies (Fig. 3.9) appears  near  
t h e  base of t h e  Basinal assemblage, and in some  sect ions  near  
the  transit ion t o  the  Platform assemblage, and persists a s  
recurrent tongues w e l l  into the upper The Figure 3.9. Basinal assemblage: red nodular facies. 
matr ix  rock is consistently described in field notes a s  
calcareous mudstone or  shale, and will be  referred t o  he re  a s  
mudstone. In stained thin section, however, i t  is in f a c t  a 
very argil laceous limestone. The discoid t o  spheroidal 
nodules a r e  grey t o  pink microcrystall ine limestone. Their 
dimensions rarely exceed 10 c m  a s  measured perpendicular t o  
bedding, but  commonly a r e  much g rea te r  alo-ng the  bedding. 
At many levels, t he  nodules coalesce laterally in to  persistent 
l imestone beds t h a t  a r e  nodular in some  instances and 
bounded by planar surfaces  in others;  i t  is  difficult  t o  judge 
whether or not any primary lime-mudstone beds a r e  present.  
The size, shape, and concentration of nodules varies s t r a t i -  
graphically, s o  t h a t  outcrops display distinct bedding based on 
nodule distribution. The nodules, and in compressed form, 
the  enclosing mudstone display corrugated, sub-mill imetre 
lamination of uncertain origin. In many sections,  t he  red 
nodular mudstone l i thofacies contains,  near  the  base  and 
diminishing upward, laminae and thin lenses of very  f ine  
grained, qua r t z  sandstone. Sandstone is missing in basinward 
sections; shoreward, sandstone is more abundant and persists 
higher in t h e  section. Flat-pebble rudstone composed of 
tabular  rounded c las ts  of l imestone like t h a t  forming t h e  
nodules is  common near the  base of t he  red nodular litho- 
fac ies  and dies out  upward. These conglomerates rarely 
exceed 25 c m  in thickness, and usually occur a s  depositional 
lenses. No sedimentary s t ruc tu res  o ther  than those a l ready 
described a r e  known from the  red nodular mudstones; many 
nodules have been split in the  search for uncompressed 
s t ructures  such a s  mudcracks, but  without result. 

Locally, t h e  nodular fac ies  described above is grey t o  
greyish-olive. Red intervals pass laterally t o  olive over a 
d is tance  of 100 m. In variegated outcrops,  t h e  red is c u t  by 
t h e  green; hence, red is apparently the  primary colour. 

Rhythmite lithofacies. Rhytlimites of one kind or  
another  a r e  t h e  most character is t ic  and ubiquitous of t h e  
basinal lithofacies. Easily perceived a s  rhythmites  
(Fig. 3.101, they a r e  nevertheless difficult  t o  describe,  
because of t he  intergradation between silty (quar tz  si l t)  
l imestone and calcareous  (quartz) si l tstone, between sil ty 
shale  and shaly sil tstone, e t ce t e ra .  The most common 
rhythmites involve a simple ABAB al tera t ion between 
dominant, mainly thin beds of ca lc is i l t i te  and thinner beds or  
laminae of s i l t s tone o r  si l ty shale. Less commonly, an  
ABCABC pat tern ,  with near-black shale added a s  "C", occurs. 
The l imestone and sil tstone a r e  laminated a t  a submillimetre Figure 3.10. Bastno[ assemblage: deepwater rhythmite, 
scale,  and normally graded laminae, commonly with micro- 
load casts,  a r e  widespread (Fig. 3.1 1). section 76-2 .  



Figure 3.11. Basinal assemblage: micro-graded laminae 
from argil laceous l imestone bed of rhythmite  fac ies .  Scale  
bar  is  0.5 cm long. 

Many of t h e  calcisil t i te beds contain low-amplitude, 
long-wavelength (25 cm)  current-ripple forms in which t h e  
terminal laminae drape across t h e  underlying ones. In stained 
thin section, silt-sized c las ts  of both ca l c i t e  and dolomtie a r e  
recognizable. Paleocurrents determined f rom t h e  fo rese t  
lamination generally show no distinct maxima, and laclc 
consistency between stations.  

Nodules and nodular thin beds of microcrystall ine lime- 
stone, of ten  incorrectly described a s  lime-mudstone, a r e  
commonly centred on horizons of cu r ren t  ripples. Some of 
these  outgrowths a r e  undoubtedly diagenetic,  but given the  
sett ing, i t  is  difficult t o  judge whether some of the  nodular 
bedding may be due t o  downslope creep. 

Sil tstone intergrades complete ly  with both ca lc is i l t i te  
and brown t o  black, ca lcareous  carbonaceous shale. In 
addition t o  i t s  par t  in the  decimeter-scale rhythms, si l tstone 
with or without l imestone nodules forms units up t o  2 0  m 
thick in some  of t h e  more  basinward sections. 

A t  many locali t ies f ragments  of carbonaceous m a t s  o r  
fi lms (Beltina, Morania), f la t tened in the  bedding plane, a r e  
abundant in both l imestone and sil tstone beds. Careful  
search of the  carbonaceous beds can yield specimens of t h e  
millimetre-scale disc Chuar ia  and t h e  centimetre-scale,  
strap-like compression Tawuia (Hofmann and Aitken, 1979); a 
well-preserved microflora is also present (Hofmann and 
Aitken, 1979). 

Pale-pellet grainstone. One o r  more  units of l imestone 
consisting of pale c ream t o  grey pellets of microcrystall ine 
ca l c i t e  in a sparry cemen t  occur a t  t h e  top of the  Basinal 
assemblage a t  a number of sections,  usually higher than t h e  
f i r s t  unit of small  s t romatol i tes  t h a t  indicates  t h e  transit ion 
in to  t h e  Grainstone formation. This distinctive,  pale grey- 
weathering rock is medium- and thick-bedded, and usually 
faintly cross laminated. 

St romatol i t ic  l i thofacies.  Qu i t e  a p a r t  f rom t h e  giant  
s t romatol i t ic  reefs,  which will be discussed, separa te ly ,  algal 
s t romatol i tes  occur in the  Basinal assemblage a s  isolated 
small  bioherms, extensive biostromes, o r  what  will b e  t e rmed  
here  d i f ferent ia ted  biostromes, t h a t  is, "biostromes of 
bioherms". Small bioherms and thin (less than 1 m) 
biostromes occur  here  and the re  in the  lower sixth,  more  or 
less, of t he  formation. The s t romatol i te  a t  this level is  a 
small ,  unwalled, rarely branching and highly consis tent  form. 
One or  more  horizons of small  hemispherical biostromes 
commonly occur  in t h e  uppermost t en th  of t h e  formation; t h e  
s t romatol i te  he re  is locally identifiable a s  Baicalia. 

Two especially prominent d i f ferent ia ted  biostromes 
also occur.  The lower, up t o  20 m thick but  generally much 
less, i s  a near-regional marker  extending f a r  in to  t h e  basin 
and apparently providing a foundation for  t h e  g iant  
s t romatol i te  reefs  (Fig. 3.12). Its base is about 50 m above 
the  base of the  formation. The upper one, some  330-350 m 
above t h e  base, forms a tongue 55  m thick a t  Ekwi River t h a t  
spli ts  in to  successively thinner biostromes northwestward and 
disappears, over  a d is tance  of 30 km. The s t romatol i tes  
contained therein a r e  not well preserved. At one locality, 
t he  form is centimetre-scale,  e r ec t ,  walled, and rarely 
branching, with cylindrical and both moderately upward- 
expanding and -contracting intervals,  bu t  larger,  strongly 
expanding forms have also been observed. Both of these  
biostromes may be  regarded a s  tongues extending f rom the  
s t romatol i t ic  but t ress  t h a t  defines the  edge of the  platform 
(see  below, under "Platform assemblage"). 

Giant reefs.  Giant s t romatol i t ic  r ee f s  up t o  300 m 
high, unknown elsewhere in the  world, occur only in a fairly 
well-defined bel t  in t h e  western  par t  of t h e  exposed Basinal 
assemblage (Fig. 3.13, 3.14). These reefs  a r e  no t  merely 
var iants  of t h e  tens-of-metres thick di f ferent ia ted  
biostromes described above. The reefs  a r e  cri t ically 
distinguished from t h e  biostromes and their  const i tuent  
bioherms by the  following cr i ter ia :  

a. Height-to-breadth ra t ios  g rea te r  than 1:50, a s  compared 
t o  one t o  thousands fo r  t h e  biostromes. 

b. Thick mant les  of bouldery debris (talus) on thei r  flanks, a 
consequence of thei r  g r e a t  topographic relief during 
growth. 

c. Lack of decimetre-scale  growth increments  t h a t  can  be  
t r aced  for  hundreds of me t re s  through biostromes or  
corre la ted  f rom bioherm t o  bioherm within di f ferent ia ted  
biostromes. 

d. Dominance in t h e  r ee f s  of a sub-centimetre-scale,  
unwalled, digitate,  commonly recumbent  s t romatol i te  
t h a t  occurs  only locally and rarely elsewhere in the  Li t t le  
Dal. 

Field study of the  r ee f s  is  not  complete ,  y e t  a l l  of what  
i s  presently known would const i tu te  a paper in itself. Briefly, 
t h e  reef co res  a r e  compound; they consist  of a pile of 
spheroidal bioherms g rea te r  than I m and less than 10 m in 
d iameter .  Gently inclined, horizontal  and even downward 
growth of t h e  small  d ig i ta te  s t romatol i tes  t h a t  built  t h e  
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Figure 3.12. Basinal and Platform assemblages and Grainstone formation: correlation panel. For key to lithologic 
symbols, see Figure 3.2a. Vertical lining denotes red coloration. "S" denotes lowest occurrence of quartz sand near base of 
Grainstone formation. 

bioherms is the norm. Development of each individual 
bioherm generally ended with an envelope of Stratifera 
(essentially, undifferentiated cryptalgal laminite) that 
commonly displays vertical relief of several metres. The 
reef cores are mantled on their flanks by up to 100 m of 
bouldery reef talus. Rotated and inverted blocks up to 10 m 
are common. The relief on talus lobes that tongue downward 
into basinal rhythmite demonstrates minimum relief of a t  
least tens of metres above the basin floor. Although many of 
the erosionally stripped reefs appear as pinnacles, all reefs 
with intact tops are flat-topped and commonly stepped. Only 
within the uppermost 1 to 10 m of intact reef tops is there 
any evidence of hydraulic fragmentation (stromatolite-chip 
breccias and conglomerates, oncolites, etc.). Some of the 

reefs, especially the most easterly, are dolomitized, while 
others remain pale grey limestone. Paradoxically, primary 
fabric detail is generally better preserved in the dolomitized 
rocks. 

Regional Variation 

Regional variation in the Basinal assemblage between 
basin-flank (proximal) and more basinward (distal) sites is 
clear-cut (Fig. 3.12-3.14). 

Proximal sites are characterized by: 

a. A high carbonate to clastic ratio in rhythmite lithofacies. 

b. A tendency to dolomitization of the rhythmite limestones. 
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c .  Prominence of penecontemporaneous slump-folds, slide 
masses and debris flows. 

d. Relatively strong development of s t romatol i te  biostromes 
near  the  top and base. 

e .  Prominence of the  red nodular l i thofacies in the  lower 
half. 

f. Presence and persistence t o  high levels of quar tz  sand in 
the  rhythmite and red nodular lithofacies. 

Distal s i tes  a r e  character ized by: 

a. Relatively low carbonate  t o  c las t ic  ra t io  in rhythmites.  

b. Prominence of siltstone, especially in metres-thick units. 

c. Prominence of thick units of black mudrocks. 

d. Presence of s t romatol i t ic  reefs.  

Interpretation 

Interpretation of t h e  rhythmite  fac ies  a s  of deeper- 
water ,  subtidal origin does not appear open t o  serious 
challenge. The l imestone and sil tstone beds a r e  a t  leas t  in 
pa r t  very f ine  grained turbidites (units C, Dl E of t h e  Bouma 
sequence). Evidence of depositional slope is widespread, and 
most prominent in a reas  judged on other  cr i ter ia  t o  be a t  t h e  
basin margin. The talus tongues flanking t h e  giant  reefs  give 
di rec t  evidence of a t  leas t  t ens  of me t re s  of wa te r  depth.  

Consideration of the  limestone-rich basin-flank assem- 
blage in relation t o  the  sil tstone- and shale-rich distal  
assemblage suggests more  than one source  for  t h e  basinal 
sediments. The mainly silt-grade carbonate  sediment 
(including silt-grade dolomite) probably poured off t he  
"carbonate factory" of t he  shallow-water platform, e i ther  
along a broad f ron t  or  through a number of passes through t h e  

platform rim, during and immediately following ,major s to rms  
(McIlreath and James, 1979). The amount  of c lay  and qua r t z  
s i l t  occurring in t h e  rocks of t h e  p la t form assemblage is 
insignificant, despite the  presence the re  of many quiet-water 
sediment traps,  a s  a t t e s t ed  by units of l ime mudstone, hence, 
a s epa ra t e  source  o r  sources fo r  de t r i t a l  mud appears  
probable. The notion of multiple sources  accounts  f o r  t h e  
observed variability in proportions of rock-types between 
basinal sections a f ew kilometres apa r t ,  especially within t h e  
reef belt. Turbiditic pulses of de t r i t a l  mud, if f rom a point 
source,  would b e  expected t o  form a fan-like deposit, while 
pulses of f ine  carbonate  from the  platform would be  expected 
t o  form ei ther  fans  or sheets,  depending on whether they 
were  introduced through passes in t h e  p la t form rim or  along a 
broad front.  The e f f e c t  of t h e  g iant  r ee f s  in deflecting 
currents  must have been profound; one flank of a reef would 
have been a "shadow" a r e a  for one type of sediment o r  
another,  depending on t h e  direction of transport .  This may 
account  for  t h e  observed lack of consistency in paleocurrent 
directions determined fo r  the  rhythmites.  In a reas  shielded 
f rom both carbonate  and sil iciclastic flows, only hemipelagic 
mud would be deposited. 

The conclusion t h a t  t h e  red nodular l i thofacies is also 
subtidal in origin may be  more  contentious.  Some would 
point t o  t h e  flat-pebble rudstones a s  evidence for  
intertidalJsupratida1 origin. The following f a c t s  appear  t o  
s tand against  t h e  l a t t e r  possibility: 

a.  Absence of mudcracks and ripple marks. 

b. Absence of algal s t romatol i tes  (in a carbonate-deposit ing 
environment). 

c .  Absence of evidence for  t he  fo rmer  presence of 
evaporit ic minerals, despite their  presence in overlying 
and underlying formations.  

Figure 3.13. Basinal assemblage, Grainstone and Gypsum formations at locality 76-22. Stromatolite 
reef at  right is split by a fault occupied by a diabase dyke. Note drape of rhythmite beds against r ee f .  
Hlb-basinal rhythmites; r-reef; Hlg-Grainstone formation; Hlgy-Gypsum formation. 
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Figure 3.14. Facies  differentiation of the  Platform and 
Basinal assemblages. 

d. Persistence of thin (10 cm) beds of l imestone, and thin 
nodule layers, for  hundreds of metres.  

e. Transition to,  and intertonguing with rhythmite  litho- 
somes (Fig. 3.12) without the  intervention of any litho- 
fac ies  identifiable a s  l i t toral .  

f .  Similarity t o  pelagic redbeds, (commonly with calcareous 
nodules and beds of diagenetic origin) t h a t  a r e  widespread 
in the  Devonian of Germany (Franke and Paul, 1980). The 
red coloration in t h e  Devonian example is a t t r ibuted t o  an  
oxygenated water  column due t o  a paucity of organic 
growth t h a t  in turn  is due t o  a lack of nutrients.  

Although the re  is no reason t o  deny the  possibility t h a t  
t h e  s t romatol i te  biostromes may record temporary  shallow- 
ing, neither is such a postulate necessary. A subtidal origin 
fo r  some s t romatol i tes  (especially in the  Precambrian) has  
gained wide acceptance ,  and needs no deta i led  defence here. 
To be sure,  origin within the  photic zone must be  assumed, 
and the  presence of stromatolite-derived flakes suggests a 
depth  within t h e  reach of s torm waves ( the  absence of 
elongate,  or iented s t romatol i tes  suggests t h e  absence of 
persistent currents).  Continuing this thought,  is  i t  not  
plausible that ,  r a the r  than shallowing, t h e  biostromes record 
temporary diminution in turbidity, simultaneously encourag- 
ing the  growth of algal f i lms and deepening the  photic zone? 
Significantly, nei ther  an  erosion surface  nor a conglomerate  
a t  t he  bases of these  particular biostromes was noted in the  
field. 

Although t h e  mode of growth of t h e  g iant  r ee f s  is  
reasonably c lear  f rom the  description given above, the  reason 
fo r  their  localization in what on o the r  c r i t e r i a  i s  a distal  p a r t  
of t he  basin remains largely an  enigma. A t  t w o  
locali t ies (76-6, 77-55), reef growth commenced on a founda- 
t ion provided by t h e  lower d i f ferent ia ted  biostrome, and th is  

may be  assumed t o  be the  rule. (Because t h e  reefs  expanded 
outward a s  they grew upward, t h e  lowest reef-rock 
encountered in a random section is by no means necessarily 
the  ear l ies t  reef-rock.) On the  other  hand, a s  t h e  ex ten t  of 
t h e  foundation biostrome is vastly g rea te r  than t h a t  of t h e  
reef belt, another  localizing influence must be sought. Exist- 
ing s t ra t igraphic  control  does not suppor t  a hypothesis of 
reef-growth on paleostructural  highs, nor is  consis tent  
orientation t o  elongate reefs  apparent  (a g rea t e r  volume of 
d a t a  might change these  t en ta t ive  observations). The obser- 
vation that ,  within t h e  basinal rhythmites,  terrigenous sedi- 
ment  is most abundant within the  reef belt ,  suggests t h a t  
vigorous reef growth may have been dependent on land- 
derived nutrients.  This hypothesis i s  consis tent  with t h e  
observation t h a t  t h e  red nodular l i thofacies,  a t t r ibu ted  
ult imately t o  lack of nutrients,  is  t o  a large  degree  ant i -  
pathet ic  t o  t h e  reefs.  

The Basinal assemblage records a t  i t s  base  fairly rapid 
deepening f rom t h e  perit idal zone, and a t  i t s  top, gradual 
shallowing t o  peritidal conditions once  more. I t  is of 
considerable in teres t  t h a t  molar-tooth s t ruc tu re  i s  
prominently developed in these  transit ion zones (Fig. 3.12). 
This observation, which can be repeated in o the r  Li t t le  Dal 
formations,  combined with severa l  observations of post- 
emplacement  molar-tooth s t ruc tu re  developed in t h e  matr ix  
of debris flows, negates  the  of ten-made identification of 
molar-tooth a s  a "shallow-water indicator". The shallow 
subtidal environment (I-lorn?) is  clearly at leas t  one  of t h e  
environments in which molar-tooth s t ruc tu re  formed, and 
may be t h e  only one. 

By t h e  onset of deposition of t h e  Grainstone formation, 
sedimentation had filled the  basin t o  t h e  perit idal zone, and 
the re  i s  no evidence on t h e  shallow-water ca rbona te  platform 
for a s e a  level drop a t  this t ime. At f i r s t  glance,  therefore ,  
it  might b e  expected tha t  t h e  Basinal assemblage would be 
thicker than t h e  equivalent platform assemblage. Not so; t h e  
to t a l  thickness measured f rom the  base  of t he  L i t t l e  Dal 
Group t o  the  base  of t he  Grainstone format ion varies f rom 
450 t o  635 m in t h e  basinal region, with t h e  th icker  sect ions  
lying along the  basin flank, while t h e  equivalent interval in 
t h e  platform region varies f rom 450 t o  815 m. The answer 
lies in d i f ferent ia l  compaction; with a much higher con ten t  of 
s i l ica te  mudrocks, t he  Basinal assemblage, with up t o  40% 
mudrocks, has  compacted more  than t h e  Pla t form 
assemblage, with less than 5%. 

The sparse  and poorly distributed thickness d a t a  for  t h e  
combined Basinal and Pla t form assemblages permit  isopachs 
t o  be drawn t o  show cra tonward thickening, basinward 
thickening, or  - an interesting possibility t o  be recalled 
l a t e r  - basinward thickening t o  a depositional axis, then 
thinning. In any event ,  t he  boundary between Basinal and 
Pla t form assemblages cross-cuts isopachs, both those for t he  
combined Basinal and Pla t form assemblages and those for  t h e  
underlying Mudcracked formation, an  indication t h a t  
differentiation of fac ies  a t  th is  level was a response t o  
f ac to r s  o the r  than  differential  subsidence. I t  appears  likely 
tha t  oceanic f ac to r s  were  responsible for  t h e  creat ion of t h e  
carbonate  platform, and the  maintenance thereon of shallow 
conditions through rapid carbonate  sedimentation, while t h e  
adjoining basin deepened a s  a consequence of "starvation". 

"Platform assemblage" 

The Pla t form assemblage is  corre la t ive  and continuous 
with t h e  Basinal assemblage, but lithologically distinct.  I t  
includes the  sub-regional, multistorey s t romatol i te  biostrome 
complex (Rouge Mountain member) t h a t  largely sepa ra t e s  t h e  
platform and basinal lithofacies. 
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The earmarks  of the  Platform assemblage are:  

a. Dearth of si l iciclastic sediments,  

b. Prominence of in t rac las t  and ooid grainstones, 

c .  Prominence of l ime mudstone with molar-tooth s t ructure ,  

d. Many small  s t romatol i te  bioherms and kisotromes, and 

e .  Distinctly thicker bedding, on average, than the  Basinal 
assemblage. 

Lithology 

The limestones t h a t  form t h e  Pla t form assemblage a t  
most localities a r e  characterist ically grey t o  dark grey t o  
brown-grey, and weather largely t o  rubbly brownish grey 
outcrops of sombre appearance. This monotony is broken by 
a few units of pale yellow-weathering "platy dolomite1' litho- 
facies,  a s  described below, under "Grainstone formation", and 
by thin; usually "one-storey" s t romatol i te  biostromes and 
differentiated biostromes which, where undolomitized, 
weather very pale grey. 

Intraclast  grainstone is t h e  most character is t ic  of 
major lithofacies. It consists of well rounded, mill imetre- 
scale  c las ts  of near-black l ime mudstone in a white ca l c i t e  
matrix. The somewhat  less common ooid grainstone is  
similar in appearance, a s  a r e  t h e  frequently recurring beds of 
flakestone (mat-chip grainstone, packstone and floatstone).  
All these  rocks a r e  usually medium- and thick-bedded, and 
weather  blocky o r  rubbly. 

Lime mudstone is variably medium- and thick-bedded, 
indistinctly bedded, o r  nodular thin- and medium-bedded. In 
d i f ferent  units i t  weathers  platy, blocky, or  rubbly. Molar- 
tooth s t ructure  is very common. Units of current-laminated 
calcisil t i te a r e  inconspicuous. 

Isolated s t romatol i te  bioherms in the  Pla t form 
assemblage a r e  usually small, less than I m in height. 
Biostromes and di f ferent ia ted  biostromes ("biostromes of 
bioherms") locally exceed 10 m in thickness. The cqnst i tuent  
s t romatol i tes  a r e  mainly simple domal and short  columnar 
types  lacking t h e  showy complexity and variety of t h e  
s t romatol i tes  of t h e  upper Li t t le  Dal. S ~ B I I  bioherms of a 
cent imetre-scale  d igi ta te  s t romatol i te  like the  unnamed 
reef-builder of t he  Basinal assemblage a r e  rare .  

An important  unit  of laminated, platy,  silty dolomitic 
limestone, low in the  type section of the  Li t t le  Dal Group, 
contains abundant Tawuia and a few Chuaria. 

The endless repetit ion of a small  number of rock-types 
in t h e  Platform assemblage suggests cyclicity.  The wri ter  
has  not had the  opportunity t o  study this very thick formation 
in sufficient deta i l  t o  identify t h e  cycle ,  if one  exists. 

A prominent, resistant,  many-storied s t romatol i te  
biostrome complex, he re  termed t h e  Rouge Mountain 
member,  marks t h e  boundary between Pla t form and Basinal 
assemblages (Fig. 3.12, 3.14). This member is commonly 
a l tered t o  deep rusty-orange weathering dolomite. Excellent 
sections a r e  exposed on the  west  f lank of Tsezotene Range 
and near the  head of Rouge Mountain River, which takes  i t s  
name from the  spectacularly "red1' s t romatol i t ic  dolomite. 

The barrier biostrome complex is up t o  203 m thick. I t  
is  built of 15 t o  25 cm biostromal growth-increments of a 
variety of intergrading stromatolites,  giving rise t o  a 
medium-bedded appearance. The dominant s t romatol i te  form 
consists of short ,  unwalled, rarely branching, regular 
columns. This dominant form intergrades  with rapidly 
expanding, actively branching fo rms  assignable t o  Baicalia. 

Other  common forms a r e  a divergent,  "bushy" form with 
numerous semi-pros t ra te  columns; a very  irregular,  unwalled 
fo rm with many "bridges" between columns, and a uniform, 
slim, cylindrical form, apparently walled. The general  
prevalence of columnar fo rms  is broken at intervals by s h e e t s  
of laterally linked hemispheroids ("Stratifera"). Interruptions 
of biostrome development by beds of non-stromatolit ic 
sediment a r e  rare ,  and beds recording high turbulence, such 
a s  grainstones or  rudstones, a r e  not  present.  

Only two comple te  sections of t h e  Pla t form assemblage 
have been measured. A t  t h e  type  sect ion of t h e  L i t t l e  
Da1 (79-2) t h e  assemblage is  812.8 m thick, a s  measured by 
R. Booker and the  writer.  At section 79-1, regionally basin- 
ward of the  type section, t he  assemblage is  only 453.8 m 
thick. 

Interpretation 

The Pla t form assemblage is t h e  product of nonclastic 
sedimentation on a fairly shallow, fairly high-energy plat-  
form. Interruptions of t h e  prevailing gra ins tone deposition by 
lime-mud deposition took place e i the r  sequentially,  during 
episodes of deeper  wa te r  or lessened turbulence, or  spatially,  
in sheltered a reas  behind grainstone banks. Subaqueous 
deposition appears  t o  have been t h e  rule, in view of t h e  
paucity of indications of subaerial exposure and the  general  
lack of dolomitization. The s t romatol i tes  appear t o  be  
largely of shallow subtidal origin (0-10 m?). 

It might appear,  a t  f i rs t  glance,  t h a t  t he  Rouge 
Mountain member represents  a slightly elevated, perhaps 
perit idal r im t o  t h e  platform, analogous t o  modern barr ier  
reefs  (Fig. 3.12, 3.15A). There a r e  severa l  difficult ies with 
this interpretation. Such an e levated rim would be exposed 
t o  the  a t t a c k  of deep-sea waves generated in t h e  basin, and 

A - interpreted as a shallow rim to  the platform 
B - interpreted as a deeper water buttress to  the platform 

Coarse stipple - limestone, matnly grainstone 
Fine stipple - limestone, turbiditic calcisiltite and lime 

mudstone 

Figure 3.15. Two possible interpretations of the 'Rouge 
Mountain member' (regional, multi-storey biostrome). 
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t he  expected consequences a re  three: a .  hydraulic fragmen- 
ta t ion of s t romatol i tes ,  or  at leas t  their  youngest laminae; 
b. elongation and orientation of individual stromatolites;  
c. a low-energy regime inside the  rim. None of these  
consequences is recorded. 

More a t t r ac t ive  is a model in which the  biostrome 
complex formed a gently sloping, stabilizing but t ress  in fairly 
deep  water ,  (10 to  80 m?) flanking the  platform (Fig. 3.156). 
Such a configuration would permit  open-sea wave energy t o  
reach the  pla t form (tides may of course have contributed t o  
t h e  energy regime of t h e  platform in e i ther  model). Because 
of t h e  dear th  of particulate,  non-stromatolit ic sediment  
within the  biostrome complex, t he  buttress model does not 
admi t  t h e  earlier-mentioned possibility of "feeding" t h e  
basinal rhythmite  facies with turbid waters  tha t  flowed off 
t h e  platform on a broad f ront  during storms. It is necessary 
t o  assume instead t h a t  t he  turbidity currents  originated a t  
channels or  passes through the  complex, although no such 
channels have been observed. 

Grainstone format ion 

The Grainstone formation records a period during which 
facies variation was reduced, and "shallow-water1' sedimenta- 
tion was re-established across the  ent i re  region of Li t t le  Dal 
exposures. Li t t le  is known of t h e  upper pa r t  of t h e  forma- 
tion, missing a t  many locali t ies and covered a t  others.  In 
f ac t ,  only two  complete  sect ions  of t h e  formation, both with 
covered upper contacts ,  have been obtained. On the  other  
hand, regionally valid members can be differentiated within 
the  lower par t  of t he  formation, and thus this lower division 
is amenable t o  stratigraphic and sedimentological analysis. 

The base  of t he  Grainstone formation is gradational. It 
is drawn a t  t he  lowest appearance of e i ther  t h e  massive 
ool i te  or t h e  platy dolomite lithofacies, described below. I t s  
top, though l i t t le  observed, is apparently conformable,  and 
drawn at t h e  lowest appearance of continuous beds of gypsum 
or anhydrite. 

Maximum thickness determined for the  Grainstone 
formation is 425 m, in an  incomplete section. The lower 
division ranges in thickness f rom 139 to  265 m; t h e  poor 
distribution of d a t a  points allows isopachs of this division t o  
b e  drawn showing basinward thinning, basinward thickening, 
or  basinward thickening t o  a maximum, followed by basin- 
ward thinning. 

The Grainstone formation is economically significant a s  
host t o  the  major Mississippi Valley-type zinc showings a t  
Gayna River. 

Li tho1 ogy 

The Grainstone formation is a group of extensive litho- 
somes, or members,  composed of one or  o ther  of t w o  
li thofacies,  te rmed massive oolite and platy dolomite. 

Massive oolite lithofacies. The massive oolite litho- 
fac ies  is  dominated by thick, massive, resistant beds of 
brownish grey, mainly fine equicrystall ine dolomite. 
Accessory qua r t z  sand is noted only a t  a few, relatively 
shoreward sites. Rarely is t h e  depositional t ex tu re  visible a s  
dolomite, but  t h e  sca t t e red  blebs and nodules of pale grey or  
pale brown che r t  preserve an ooid grainstone t ex tu re  in g r e a t  
detail .  Primary s t ructures  a r e  planar lamination, low-angle 
cross-lamination, low-angle tabular accre t ion s e t s  and 
megaripple or  smal l  dune forms. Paleocurrents determined 

f rom the  dip directions of ripple crosslamination and low- 
angle accre t ion s e t s  weakly define bimodal - bipolar 
pat terns ,  with t h e  maxima oriented subparallel  t o  
depositional s t r ike  (Fig. 3.16). 

Subordinate rock-types associated and "lumped" with 
the  massive oolite beds include crypta lgal  laminite and 
associated flakestone (mat-chip packstone), small  s t romato-  
Jite bioherms of simple domal and short  columnar forms, and 
units of ripple cross-laminated dolomite in terpre ted a s  
ex-calcisiltite. 

Platy dolomite lithofacies. The distinctive,  platy 
dolomite l i thofacies is dominated by thin, platy and flaggy 
beds of yellow-weathering, grey, microcrystall ine dolomite. 
Quar t z  sand is common, e i ther  a s  sca t t e red  accessory grains 
or  a s  lenses, laminae and very thin beds of dolomitic sand- 
stone, a s  sand-filled mudcracks, and a s  s tarved ripples of 
sandstone. A consistent and significant tendency in units of 
platy dolomite is t h a t  t h e  basal beds a r e  sand-free, t h e  f i r s t  
quar tz  grains appearing some me t re s  above t h e  base and 
increasing in amount  upward. Scour-and-fill s t ructures ,  
cryptalgal laminite, f lakestone, low domal algal s t romatol i tes  
and pale-pellet grainstone a r e  present locally, but a r e  not  a s  
prominent a s  t h e  environmental model (below) mi h t  predict. 
Thin units of ooid grainstone a r e  rare.  Slumped ?broken and 
unbroken) beds appearing he re  and the re  probably record 
slumping into t idal creeks ,  but no def in i te  channel profiles 
have been seen. Fenest ra l  (birdseye) fabric,  t h a t  would be  
expected in this association according t o  t h e  model of 
J ames  (1979) has  not been recorded. 

P -  P L A T  

G r a i n s t o n e  ') fm. 

0-foreset dips of  crossbeds in massive oolite 
P-foreset dips of current ripples in platy dolomite 

Figure 3.16. Grainstone formation: paleocurrents. 



J.D. Aitken 

Grey dolomitic shale is  present in variable amounts, a s  
partings and thin interbeds. Shale tends t o  be sparse o r  
absent low in the  Grainstone formation, and becomes a major 
component towards the  top. This shale i s  very susceptible t o  
red weathering at, and for  a considerable distance below, 
unconformities. C a r e  is required in defining con tac t s  with 
overlying red formations. 

Minor rock types. Minor rock types  of t h e  Grainstone 
formation include l ime mudstone with molar-tooth s t ruc tu re  
that ,  together  with grey shale,  forms a thin, recessive- 
weathering member  ( the  "argillaceous marker" of the  geolo- 
gists a t  Gayna River) in the  western half of t he  study a rea .  
Millimetre-scale tabular vugs a f t e r  gypsum occur a t  t h e  top 
of the  member. Salt-hoppers in sandstone and shale occur  in 
the  upper division, increasing in abundance upward. Also in 
t h e  upper divison, pockets and beds of brecciated platy 
dolomite a r e  fairly common. Gypsum in bodies interpreted a s  
lenses is encountered within the  platy dolomite l i thofacies by 
drilling a t  Gayna River (R. Hewton, personal communication), 
but  has not been seen in outcrop. Random masses of dark 
grey che r t  occur  in t h e  platy dolomites, especially near t h e  
top of the  formation. 

Regional Variation 

In the  southeast ,  at t h e  type section of t h e  Li t t le  Dal, 
t he  sequence of informal members in the  lower division of 
the  Grainstone formation is a s  follows: 

platy dolomite 111 
massive oolite I1 Con tac t s  between ool i te  
platy dolomite I1 and overlying platy mem- 
massive oolite I bers a r e  usually inter- 
platy dolomite I bedded. 

This ar rangement  persists northwest around t h e  t ec ton ic  a r c  
t o  Godlin River, beyond which platy dolomites I and I1 pinch 
ou t  (Fig. 3.12). Far ther  northwest (retaining the  same  desig- 
nations for persistent units), t h e  ar rangement  is: 

Nomenclature,  
Gayna River prospect 

platy dolomite 111 "platy dolostone" 
massive oolite I1 "upper host" 
shale,  molar-tooth ~largi l laceous  marker" 

l ime mudstone 
massive ool i te  I "lower host" 

Parallel changes a r e  noted in t h e  distribution of qua r t z  
sand. Sand is most abundant in the  southeast  and diminishes. 
markedly northwestward. Nevertheless, t he  first ,  or  lowest 
appearance of qua r t z  sand defines a horizon essentially 
parallel  t o  o the r  markers  (Fig. 3.12). 

Interpretation 

The massive ool i te  l i thofacies provides a c l ea r  record 
of a mobile, high-energy ooid shoal complex. Widespread 
planar lamination suggests t h a t  t h e  swash zone on shallow 
banks may have been the  principal "ooid factory". Algal m a t s  
and s t romatol i tes  became established on inactive banks, and 
silt-grade carbonate  accumulated in sheltered a reas  behind 
banks. The gradationally overlying platy dolomite fac ies  then 
must represent  t h e  lagoonal, intertidal and supratidal 
deposits of James '  (1979, p. 11 1) model; if so, t h e  lagoonal 
deposits differ l i t t le  in basic lithology from the  subaerial  
deposits. The lagoon is recorded in t h e  non-mudcracked, non- 
sandy beds t h a t  form t h e  lower par ts  of many units of platy 
dolomite, and in t h e  pale-pellet grainstones. Apparently, t h e  
lagoon was shallow, narrow, transitory,  or all of these.  

The amount  of spectacularly mudcracked platy 
dolomite suggests an  intertidal - supratidal zone of g r e a t  
breadth,  perhaps tens  of kilometres.  Even so, a l l  modern 
models predic t  t h a t  dry land lay not  f a r  cra tonward of today's 
exposures of t h e  Grainstone formation. The relatively sparse  
development of evapor i tes  on the  extensive f l a t s  suggests a 
c l imate  only slightly arid. 

The distribution of qua r t z  sand in t h e  platy dolomite 
t e s t s  t h e  imagination. Because t h e  massive l i t tora l  ool i te  i s  
not in general  sandy, i t  is unreasonable t o  appeal t o  a model 
applicable t o  o ther  si tuations,  namely, one in which sand has  
been blown inland f rom the  shoreline onto  t h e  supratidal 
f lats.  In the  Grainstone formation, t h e  qua r t z  sand must b e  
an  aeolian contribution f rom t h e  landmass. The northwest- 
ward diminution of qua r t z  sand, and dispersed but northward- 
d i rec ted modes of sandy current-ripple cross-lamination 
(Fig. 3.161, support  northward dispersion of qua r t z  from a 
southern or  southeas tern  source,  a s  fo r  o the r  Li t t le  Dal 
formations. 

A sandy zone t h a t  follows closely t h e  gradational,  
interbedded Basinal-Grainstone con tac t  in the  western par t  
of t he  study a rea ,  is  not associated with platy dolomite 
lithofacies, and is directly overlain by massive oolite,  
requires a sepa ra t e  interpretation. This sand was presumably 
transported alongshore in t h e  surf zone on t h e  seaward s ide  
of t h e  oolite shoals. 

Figure 3.12 demonstra tes  complex marine  strandline 
movements. In two  cycles,  "platy dolomite  1" - "massive 
oolite I" and "platy dolomite 11" - "massive ool i te  II", t h e  
lagoonal t o  supratidal platy dolomite thickens southeastward 
a t  t he  expense of t he  overlying l i t tora l  oolite. This is a c l ea r  
record of two  marine  transgressions following t h e  regression 
t h a t  init iated deposition of t h e  Grainstone formation. The 
second transgression advanced fur ther ,  bringing a thin 
member of subtidal facies,  t h e  "argillaceous marker", in to  
t h e  western half of he study area .  "Platy dolomite 111" is  
regressive re la t ive  t o  underlying members,  and increasingly 
evaporit ic upward. The correlation panel must b e  read with 
t h e  understanding t h a t  t h e  l ine of sect ion is  oblique t o  
depositional trends,  and undoubtedly closer t o  depositional 
s t r ike  than t o  regional dip; i t  is not a "right sectionf1. 

Gypsum format ion 

The Gypsum formation is t h e  l eas t  studied of t h e  L i t t l e  
Dal formations.  I t  is generally poorly exposed or covered, a s  
a t  t he  type section of the  Li t t le  Dal. In addition, s t ructura l  
involvement of t h e  formation l imits,  even in theory, t h e  
number of comple te  sections t h a t  might be obtained. 

Along t h e  t r a c e  of Pla teau Fault ,  t h e  hanging wall i s  
t h e  Gypsum formation; thus, in addition t o  the  expected 
disturbance in detail ,  an  unknown thickness of t h e  format ion 
is faulted out.  North and e a s t  of Pla teau Fault ,  only f ive  
a reas  a r e  known in which t h e  Gypsum format ion has  escaped 
erosional removal at one o r  o the r  of t h e  post-Litt le Dal 
unconformities. 

The basal con tac t  is abruptly gradational and 
apparently conformable.  The upper con tac t ,  drawn a t  t h e  t o p  
of t h e  highest gypsum bed, i s  gradational by interbedding. 

The g rea te s t  ltnown thickness is  5 3 0 m ,  a t  a 
section (76-7) in which tens  of me t re s  have been eroded a t  
t he  sub-upper Cambrian unconformity. 

Lithology 

Gypsum is t he  essential  rock-type making up t h e  forma-  
tion in outcrop; all sections contain units t ens  of me t re s  thick 
t h a t  a r e  described a s  98-100% gypsum (X-ray di f f rac t ion 
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reveals t h e  presence of anhydrite,  a s  well). The micro- 
crystall ine gypsum is predominantly white, dirty-white and 
pale  grey, rarely pale green and pink, t he  non-white varieties 
having a small  clay content .  In t h e  Mountain River drainage 
a rea ,  dark grey, argillaceous, carbonaceous gypsum occurs 
near  the  base. Most sections contain one or more reddish 
zones near  t h e  top. Planar lamination predominates, but 
most sections contain subordinate intervals of mosaic o r  
"chicken wire" nodular fabric,  usually associated with 
enterol i th ic  folds. Gypsum occurs rarely in a nodular 
displacive relationship in red shale. Salt  hoppers a r e  locally 
present in the  transition beds a t  t he  top of t h e  formation. 

Excepting the  regional "carbonate member" and t h e  
possible shoreward facies described below, non-sulphate beds 
nowhere amount  t o  a s  much a s  10 per c e n t  of t he  formation. 
They include laminae of argillaceous, gypseous, microcrystal-  
line dolomite, laminae and metres-thick units of red and 
green gypseous shale, laminae of quar tz  si l tstone, and 
metres-thick units of sandy (quartz) gypsum and gypsiferous 
sandstone, usually pink or  red. Beds with quar tz  sand a r e  
l imited t o  a thin zone close t o  t h e  base and another  up t o  
20 m thick a t  t h e  top of t h e  formation. The to t a l  content  of 
fine grained siliciclastic mater ia l  (clay, si l t)  shows a distinct 
increase eas tward and southward around t h e  t ec ton ic  arc.  

Carbonate  member.  Well-exposed sections in front of 
t h e  Pla teau Fault  from Codlin River northeastward reveal a 
remarl<ably uniform carbonate  member,  88 t o  120 m below 
t h e  top. The member,  7.4 t o  20.9 m thick, is everywhere 
composed of two  beds subequal in thickness. The lower bed 
consists of decimetre-scale nodules of grey microcrystall ine 
l imestone in a matrix of do lon~ i t e  tha t  is brownish grey, 
microcrystalline, calcareous and argillaceous. A t  th ree  ou t  
of four sections,  t he  nodules a r e  jumbled and bent,  and 
angular f ragments  of nodule mater ia l  a r e  present,  suggesting 
t h a t  t h e  bed has undergone mass movement. The upper bed 
consists of grey microcrystall ine limestone, finely laminated 
and massive. At one section, t he  en t i r e  member is 
dolomitized and contains nodules of grey cher t .  

Shoreward(?) facies.  On t h e  west f lank of Tsezotene 
Range, a unit not  known from other  a reas  underlies t h e  Rusty 
Shale formation. It consists largely of thin-bedded, red,  pink 
and yellow, si l ty,  ear thy dolomite,  interbedded dolomite and 
maroon dolomitic shale, and pink dolomitic siltstone. Breccia 
of yellow dolomite fragments,  in par t  with red mdustone 
matrix,  i s  common. Yellow and red, sandy, laminated 
dolomite occurs here  and there .  Most exposures reveal 
slump-folds and slump-breccias. By i t s  stratigraphic position, 
this unit appears  t o  be  a shoreward facies  of t h e  Gypsum 
formation. Alternative'ly, i t  would be a shoreward facies  of 
t he  upper Grainstone formation; in the  l a t t e r  case ,  t h e  
Gypsum pinches out  a t  Tsezotene Range. 

In view of the  l imited amount  of d a t a  available, any 
a t t e m p t  a t  an  in terpre ta t ion of the  Gypsum formation must 
be  tenta t ive .  The principal evidence is negative; t h e  com- 
ple te  lack of indications of subaerial exposure, coupled with 
t h e  general planar lamination (showing t h a t  depositional 
s t ruc tu re  has  not  been destroyed by diagenesis) suggests t h a t  
gypsum deposition was mainly subaqueous. The local, basal 
carbonaceous gypsum is consistent with such an in terpre ta-  
tion. The confinement of qua r t z  sand and most of t h e  qua r t z  
si l t  t o  the  base and top of the  formation (and hence, by 
application of Waltherfs Law, t o  the  margins of the  gypsum 
body) supports a subaqueous origin; t he re  was no extensive 

dry surface  on which aeolian t ranspor t  of sand could occur. 
The environment appears,  then, t o  have been lagoonal, and 
for much of the  ex ten t  of t he  formation, not  a complex of 
many small  lagoons but (in view of t h e  continuity of t he  
carbonate  member) a single lagoon at leas t  160 km long and 
of unknown width. 

The carbonate  member  appears  t o  record a period of 
reduced salinity in t h e  lagoon, when calc ium carbonate ,  
instead of calcium sulphate,  was precipitated.  The lower, 
nodular bed is possibly a bed of ca lc i t ized anhydr i te  nodules. 
If such is t he  case ,  t h e  observed distortion may b e  due, not t o  
mass translation, but t o  volume changes undergone during 
complex diagenesis. Such an  in terpre ta t ion avoids the  
necessity of imagining a single mass flow taking place  along a 
160 km front,  in a lagoonal environment. 

Subaqueous precipitation of mar ine  evapor i tes  c a n  t a k e  
place only in an environment having res t r ic ted  exchange with 
normal seawater ;  a barrier or  sill of some  kind must have 
existed t o  isolate t h e  lagoon f rom t h e  open sea.  As for  all of 
t h e  Li t t le  Dal Group, t he  cra tonal  shoreline lay t o  t h e  
northeast .  Because t h e  Gypsum f o r m a t i o n  is present  along 
t h e  t r a c e  of Pla teau Fault ,  t h e  barr ier  l ies  somewhere  
downdip, southwest of t h a t  t race ,  and is inaccessible. 
Available evidence supports e i ther  of two  distinct specula- 
t ions a s  t o  t h e  origin of t h e  barrier,  t h e  one appealing t o  
depositional, t he  o ther  t o  t ec ton ic  processes. 

Depositional barrier.  The hypothesis of a depositional 
barrier arises f rom the  close and apparently conformable 
relationship between Grainstone and Gypsum formations.  It 
has been noted above t h a t  in two cycles t h a t  make up t h e  
lower division of the  Grainstone formation, a fac ies  relation- 
ship exists between basinward massive ool i te  of l i t tora l  origin 
and cratonward platy dolomite of lagoonal, in ter t idal  and 
supratidal origin. A third cycle  ( the  upper division) is  
observed only in a platy dolomite l i thofacies t h a t  is  partly 
evaporit ic.  It is  reasonable t o  infer,  therefore ,  t h a t  downdip 
t o  the  southwest,  beyond observation, t h e  upper Grainstone 
format ion passes into a largely oolitic, l i t tora l  shoal complex. 
Under conditions only slightly changed f rom those  obtaining 
during t h e  lower two  cycles,  such a s  stronger winds, or  winds 
blowing more  directly onshore, t h e  shoal complex could 
develop so  a s  t o  r e s t r i c t  seawater  exchange with t h e  lagoon 
more  severely than during ear l ier  cycles, leading t o  evapora- 
t i ve  precipitation of gypsum in t h e  lagoon. Under th is  
hypothesis, t he  Gypsum format ion would be  a lagoonal fac ies  
equivalent of an  upper, younger, basinward development of 
t h e  Crainstone formation. 

Tectonic barrier.  The hypothesis of a t ec ton ic  barrier 
isolating the  evapor i t ic  lagoon is  suggested by thinning of t h e  
Grainstone formation a t  s i tes  t h a t  a r e  seaward in t e rms  of 
depositional facies. In addition, thickness d a t a  for  t h e  
combined Basinal and Platform asemblages  can  b e  
" i ~ o p a c h e d ~ ~  t o  show southwestward thickening t o  a deposi- 
t ional axis, followed by southwestward thinning (although 
numerous o the r  possible isopach configurations can b e  
drawn). Basinward thickening followed by thinning, if real ,  
suggests a model involving a n  outer-shelf uplift  o r  s t ructura l  
"high" of t he  so r t  t h a t  has been documented widely, both in 
t h e  geological record and in the  Recent  (see Schuepbach ,and 
Vail, 1980). 

According t o  this hypothesis, t h e  shelf-edge "high" 
would have begun t o  develop at some  t i m e  during deposition 
of t h e  Basinal and Pla t form assemblages and continued t o  
develop during Crainstone deposition, culminating a s  t h e  
"barrier1' sill of t h e  gypsum-depositing lagoon. 



Rusty Shale format ion Lithology 

The Rusty Shale formation is an  easily recognized, 
recessive-weathering, shaly interval t h a t  lies between t h e  
very recessive, usually covered, Gypsum formation beneath 
and the  impressive cliffs of t he  Upper Carbonate  formation 
above. I ts  generally rusty aspect  and ribbed topographic 
expression a r e  distinctive. The formation is generally 
confined t o  the  Plateau thrust  plate,  but is locally preserved 
in the  footwall  region. 

The basal con tac t  of t h e  Rusty Shale formation is 
gradational and interbedded. The upper con tac t  is also 
interbedded (note t h e  presence of identical  carbonate  rock- 
types above and below the  contact) .  It is drawn a t  t he  top of 
the  highest shale beneath t h e  distinctive member A of the  
Upper Carbonate  formation. This definition of t h e  con tac t  
requires t h e  "marker quar tz i te tq  t o  be  placed in the  Upper 
Carbonate  formation a t  section 79-2. 

The varied rocks of t h e  Rusty Shale format ion a r e  bes t  
discussed in t e rms  of f ive  superposed, informal members,  
some  of which display informative regional variations 
(Fig. 3.17). Each member would be mappable a t  a 
sufficiently large  scale.  

First carbonate member. The basal, f i r s t  carbonate  
member  i s  up t o  40 m thick. It is dominated by crypta lgal  
laminite,  mainly dolomitized but locally preserved a s  lime- 
stone. Local differentiation in to  linked hemispheroids 
(Stratifera) is common. Minor flakestone, in t rac las t  grain- 
stone, and flat-pebble rudstone normally accompany t h e  
cryptalgal laminite.  A l i t t l e  accessory qua r t z  sand is usually 
present. Partings and thin interbeds of dark grey t o  black 
shale sepa ra t e  the  carbonate  beds. Minor secondary che r t  is 
present locally. The f i r s t  carbonate  grades  in to  t h e  overlying 
member  by interbedding. 

Figure 3.17. Rusty Shale formation: correlation panel parallel t o  depositional and tectonic strike. 
For key t o  lithologic symbols, see Figure 3.2a. 



STRATIGRAPHY AND SEDIMENTOLOGY, LITTLE DAL GROUP 

First shale member.  The f i rs t  shale member,  up t o  
84 m thick, i s  dominated by mudrocks. Fissile shale a t  t h e  
base  is grey and green, with abundant carbonaceous flakes 
(Beltina). Upward in t h e  member,  t h e  mudrocks a r e  green 
and/or reddish purple, in part  fissile and in par t  hard and 
nonfissile, inviting the  name llargillitell. The green phase is  
character ized in part  by zones containing up t o  20 per cen t  of 
sub-millimetre-sized spheres of anker i t ic  carbonate.  The 
dense, cleavable, splendently-lustered brown carbonate  is 
easily mistaken for  sphalerite;  i t s  weathering is  largely 
responsible for  t he  rusty aspect  of t he  formation. In some 
sections,  t he  member  contains laminae, pods and mudcrack 
fillings of grey, very fine grained and pyrit ic quartzite.  
About one third of t h e  way up from t h e  base of t h e  member  
i s  a regional, d i f ferent ia ted  biostrome character ized by t h e  
s t romatol i te  Baicalia, preserved mainly a s  dolomite bu t  
locally a s  limestone. Par ts  of the  biostrome a r e  replaced 
locally by coarsely crystall ine ankerite.  The biostrome is  
thickest in t h e  northwest,  and thins t o  extinction toward the  
southeas t  (Fig. 3.1 7). 

Middle sandstone member.  The middle sandstone is up 
t o  48 m thick. It is  dominated by qua r t z i t e  t ha t  is white, 
green, purple and very fine grained. Wavy lamination due t o  
low-rel~ef ripple forms of both current  and oscillation type i s  
general. Shale-chip conglomerates a r e  abundant. Mudcracks 
a r e  spectacularly developed, especially t h e  "organic looking" 
pseudofossil Manchuriophycus (Fig. 3.181, an  earmark of t h e  
formation. In t h e  southeast ,  where  thickness and sandstone 
content  a r e  g rea te s t ,  t h e  member consists of two sandstone 
units separa ted by a unit of red and green mudcracked shale,  
with or without laminae and lenses of sandstone. To the  
northwest,  t h e  big sandstone units spli t  up, and t h e  member  
becomes interbedded sandstone and shale (Fig. 3.17). 

Second shale  member,  The second shale  member, up t o  
54 m thick, consists mainly of shale t h a t  i s  fissile, grey t o  
black, carbonaceous,. pyritic, and partly interlaminated with 
grey siltstone. L a m ~ n a e  and pods of qua r t z i t e  a s  described 
above also occur. Mudcracks a r e  present, and outcrops 
commonly display a "sulphur bloom". The shales contain 
abundant carbonaceous flakes (Beltina), and locally a t  least ,  
Tawuia and Chuar ia  in outstandingly detailed preservation. 

Second carbonate  member.  The second carbonate  
member is t h e  uppermost of t h e  formation. I t  is  up t o  48 rn 
thick and consists mainly of varied dolomites interbedded 
with subordinate black shale in a cycl ica l  arrangement.  The 
dolomites include ex-lime mudstone, in par t  with molar-tooth 
s t ructure ,  crypta lgal  laminite t h a t  makes up most of t h e  
cycle, f lakestone and intraclast  and ooid grainstone. The 
cycle,  where complete ,  is  similar t o  t h e  character is t ic  cyc le  
of Member B of the  Li t t le  Dal Upper Carbonate,  described 
below. 

Two regional marker beds occur within the  second 
carbonate  member.  The lower of these,  which dies out  t o  t h e  
southeast ,  i s  a d i f ferent ia ted  s t romatol i te  biostrome charac-  
terized by Baicalia. The upper marker bed, up t o  11.8 m 
thick, is  termed t h e  "marker quartzite1'. Best developed in 
the  southeast ,  i t  dies out  t o  the  northwest.  It consists of 
quar tz  sandstone t h a t  is  grey, white, pale green, and locally 
purple. Predominantly fine grained, and thus distinct f rom 
lower sandstones, i t  i s  partly medium grained only in t h e  
ext reme southeas t ,  a t  section 79-6. The proportion of t h e  
marker having di f ferent  primary s t ruc tu re  varies great ly  
between localities. Much of i t  is in thick massive beds t h a t  
a r e  crypt ic  a s  t o  f ine  structure.  Elsewhere, thin planar 
bedding or  slightly wavy parallel lamination may dominate.  

Figure 3.18. The pseudofossil Manchuriophycus, character-  
i s t ic  of t h e  Rusty  Shale (actually mudcracks). 

Ripple cross-lamination and shallow trough cross-lamination 
appear  locally a t  t he  top. Mudracks and oscillation ripple 
marks a r e  rare. The marker qua r t z i t e  includes minor 
dolomite and sandy dolomite in some  sections.  

In terpre ta t ion 

The remarkable  persistence of thin members of t he  
Rusty Shale along t h e  tec tonic  a r c  (Fig. 3.1 7) shows t h e  
orientation of depositional s t r ike  in a t  leas t  a general way. 
The anomalous, shortened section a t  76-18 may have beds 
faul ted  out,  although no faul t  was recognized. 

Isopachs for t h e  Rusty Shale formation a r e  shown in 
Figure 3.19. The overall  pa t t e rn  superimposed on southwest- 
ward thickening is a rcua te  and congruent with the  tec tonic  
arc.  Contouring is  biased, f irst ,  by knowledge of depositional 
s t r ike ,  and second, by observed harmonious thickness varia- 
t ions in t h e  Rusty Shale and in members  A, B and C of the  
Upper Carbonate.  That is, where one is thick, t h e  o thers  a r e  
thick, and vice versa. Although simpler,  less inflected 
isopachs could be drawn for each of these  four units over par t  
of thei r  extent ,  ce r t a in  inflections for  each unit  a r e  
unavoidable, and i t  is  possible t o  draw isopachs for each unit 
t h a t  a r e  congruent with those for  each of t h e  others,  without 
violating available data .  The significance of this will be  
evident later.  

The en t i r e  format ion is perit idal in origin. The transi-  
tion from Gypsum formation t o  t h e  f i r s t  carbonate  member  
mainly records filling of the  lagoon, and t h e  transgressive 
advance of peritidal carbonate  sediments laid down a t  and 
near  a ra ther  sheltered, gently sloping shoreline. The supply 
of si l iciclastic det r i tus  a t  this t ime  was small;  i t  is notable 
t h a t  i t  is  t h e  most  basinward sect ions  tha t  contain more  
qua r t z  sand. 

The f i r s t  shale  and middle sandstone members, with 
their  mudcracks, shale-chip conglomerates and ripple marks 
(including small-scale oscillation ripples) a r e  t h e  deposits of 
extensive t idal f la ts .  They record a manifold increase in the  
supply of si l iciclastic mud and sand t h a t  smothered 
carbonate-producing mechanisms, excep t  for t he  Baicalia 
biostrome t h a t  s eems  to record a brief pause in t h e  supply of 
detri tus.  

The second shale member,  carbonaceous and lacking t h e  
oxidized colours of t h e  lower shales, was  apparently laid 
down subaqueously. The local mudcracks may record 
temporary  exposure or  may be  of subaqueous origin. The 
overall "low-energy" aspect  of t he  member suggests a 



Figure 3.19. Tentat ive  isopachs, Rusty  Shale format ion and 
Member C of Upper Carbonate  format ion.  

lagoonal origin, t h e  lagoon forming behind a s t romatol i t ic  
l i t tora l  complex represented by the  lower pa r t  of t h e  second 
carbonate  member. The presence he re  of Tawuia and 
Chuaria,  in a sedimentary association totally distinct from 
t h a t  of t he  Basinal assemblage, raises t h e  question as t o  
whether these  primitive plants lived in t h e  open s e a  o r  in t h e  
lagoons. It seems unlikely t h a t  they could be adapted t o  both 
environments. 

The upper par t  of t he  second carbonate  member 
consists largely of cycles involving a grainstone unit. Such 
shallowing-upward cycles  with a basal grainstone a r e  
reasonably a t t r ibuted t o  migrations of a l i t tora l  zone fronting 
t h e  sea  (James, 1979), and a r e  s o  viewed here. 

The "marker quar tz i te t t  is an  extraordinarily informa- 
t i ve  unit. Its internal s t ruc tu re  and relationship t o  enclosing 
s t r a t a  indicate a beach deposit. I ts  distribution, consistent 
with what  is known of grain-size variation, records movement 
of qua r t z  sand northward. When t h e  Rusty Shale formation 
a s  a whole is considered, i t  i s  c lear  t h a t  f rom southeast  t o  
northwest along the  tec tonic  arc ,  qua r t z  sand decreases  and 
carbonate  s t r a t a  increase  in every level, a distribution 
mimicking t h a t  observed for  t h e  Grainstone formation. 

Clearly, we have here  a record of a persistent supply of 
si l iciclastic det r i tus ,  f rom somewhere southeas t  of t h e  las t  
exposures of t h e  Li t t le  Dal. It seems equally c lear  that ,  a s  

for  t h e  Mudcracked formation, mud and sand were  moved 
northwestward mainly in the  high-energy l i t tora l  zone. Sand 
t h a t  reached the  t idal f l a t s  was mainly washed or blown 
inland f rom t h e  l i t tora l  zone. Finally, t h e  question of t h e  
cutoff of sand supply arises. In view of t h e  in terpre ta t ion of 
the  base of t he  Upper Carbonate  a s  transgressive (see  below), 
i t  appears  t o  be  y e t  another  case  of t h e  ponding of det r i tus  in 
the  es tuar ies  by re la t ive  s e a  level rise. 

Upper Carbonate  format ion 

The Upper Carbonate  formation, a s  amended here,  
comprises t h e  thick, cliff-forming, stromatolite-rich carbon- 
a t e  rocks tha t  cap  t h e  Li t t le  Dal Group (Aitken e t  al., 1978). 
It has  been erroneously referred t o  a s  "Litt le Dal Formation, 
sensu stricto" (Aitken, 1977). 

The base of t h e  formation is drawn arbi t rar i ly  a t  t h e  
top of t h e  highest shale,  in t h e  zone of transit ion with t h e  
Rusty Shale formation. Relationships a t  t he  top of t h e  
formation a r e  discussed in the  section following. 

Lithology 

The Upper Carbonate  is  character ized by t h e  
dominance of carbonate  rocks (almost ent i re ly  dolomites), 
cyclicity,  abundance of columnar branching s t romatol i tes ,  
and colourful outcrops striped in shades of grey, yellow, 
orange, and red. In t h e  course of fieldwork, four r a the r  
imprecisely defined members  were  widely recognized. 
Subsequent, detailed comparison of measured sections 
established f i rm definit ions and the  regional validity of t h e  
four  members (Fig. 3.20). 

Member A.  Member A, 57  t o  92.5 m thick, consists of 
dolomite in thick, massive, resistant beds generally weather-  
ing dark grey. Ex-lime mudstone with prominent t o  
spectacular  molar-tooth s t ruc tu re  i s  present  everywhere,  
displaced t o  varying degrees  by thick s t romatol i te  biostromes 
and bioherms. Ex-grainstone, notably ooid grainstone, occurs  
in nearly every  section. Cryptalgal larninite is  usually 
present;  che r t  is rare.  

Member B. Member B, 30 t o  150 m thick, is  recognized 
by i t s  slightly recessive,  ledgy o'utcrop t h a t  ref lec ts  i t s  
cyclicity,  and by t h e  reddish and yellowish weathering colours 
of i t s  mudrocks and argil laceous dolomites. Much of t h e  
member  consists of small-scale cycles,  1 t o  6 m thick. 
Although t h e  cyclicity i s  obvious, high variabili ty makes i t  
difficult  t o  designate an  "ideal" cycle,  without resort  t o  an  
approach more deta i led  than has  been possible. Where ex- 
grainstone, notably ooid grainstone, is  present ,  i t  tends  t o  
r e s t  on an erosional base, and is taken a s  unit A in a 
shallowing-upward, ABC cycle.  In broad terms,  t h e  r e s t  of 
t h e  cycle  consists of e i the r  mudstone/shale o r  locally mud- 
cracked muddy dolomite,  or  ex-lime mudstone with molar- 
tooth  s t ruc tu re  (B unit), gradationally overlain by crypta lgal  
lamini te  t h a t  is argil laceous,  silty or  sandy in some cycles 
and generally mudcracked, with local, small-scale t eepee  
s t ruc tu res  (C unit). However, ool i te  also occurs  interbedded 
with laminite in t h e  C units, in violation of the  s tereotyped 
cycle.  

Algal s t romatol i tes  a r e  relatively inconspicuous. Where 
columnar and columnar-branching s t romatol i tes  occur,  they 
a r e  embedded in t h e  A and B units. S t romatol i tes  associated 
with t h e  C laminites a r e  of simple domal form. Beds of 
ripple cross-laminated microcrystall ine dolomite,  assumed t o  
be  ex-calcisiltite, occur  in t h e  cyclical  B units. 
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Figure 3.20. Upper Carbonate formation: correlation panel, mainly along the tectonic and depositional strike. 
For key t o  lithologic symbols, see Figure 3.2a. 

Minor const i tuents  of t h e  member  a r e  flat-pebble rud- 
stones,  f lakestones,  and beds with mill imetre-scale,  tabular ,  
silicified objec ts  t h a t  may be  replaced gypsum crystals,  and 
vugs of s imi lar  form. Brecciated dolomite  beds occur  he re  
and there.  C h e r t  is rare.  Local, thick beds of molar-tooth 
dolomite  and ex-oolite near  t h e  base  suggest  a n  intertongued 
con tac t  with Member A. 

Member C .  Member C ,  102 t o  212 m thick, consists 
essentially of dolomite  with much secondary cher t .  Thick, 
massive, res is tant  units  dominated by bioherms and 
biostromes with varied and well preserved branching 

s t roma to l i t e s  a r e  character is t ic .  A t  most locali t ies,  much 
crypta lgal  lamini te  is  present.  Units of ex-calcisi l t i te(?) a s  
described above a r e  fairly prominent.  Small  tabular  vugs, 
apparently a f t e r  gypsum, occur  he re  and there .  Mudcracks 
were  observed at one  sec t ion  only. 

Member D. Member D,  up t o  342 m thick,  consists 
largely of s t romatol i t ic  ca rbona te  uni ts  l ike  those  t h a t  
dominate  Member C, in ter rupted  by widely separa ted  beds of 
dark  grey,  green-grey, brown and purple si l iciclastic mud- 
rocks. Small-scale,  shallowing-upward cycles  like those  of 
Member B occur ,  as d o  cyclical  a l te rnat ions  of ex-grainstone 



with s t romatol i te  biostromes and of ex-mudstone with 
biostromes. All sections contain units of s t romatol i te  
bioherms several metres  high. These a r e  built in pa r t  by a 
small  branching s t romatol i te  similar t o  the  reef-builder of 
t h e  Basinal assemblage. Cher t  is rare.  Identification of the  
lower contact  on overall lithologic cha rac te r  is  difficult. 
Fortunately,  t h e  basal beds of Member D a r e  a marker zone 
consisting of a unit  of dolomite nodules in a matrix of reddish 
t o  purplish argillaceous dolomite or mudstone, overlain by 
grey t o  lavender, laminated, shaly l imestone (locally 
dolomite), grading t o  calcareous shale ( the  "clinky shale" of 
local parlance). At several localities, t he  base of t he  marker 
zone is a thin bed (rarely more  than 25 cm) of oncolites in a 
sandy? ,glauconitic matrix. This bed strongly suggests a 
deposl t~onal  break a t  t he  contact .  

Interpretation 

Figure 3.19 presents isopachs for  Member C of t h e  
Upper Carbonate  formation, drawn s o  a s  t o  be  congruent with 
isopachs fo r  t h e  Rusty Shale formation without violating any 
thickness data .  Isopachs for Members A and 0 can  be drawn 
t o  a similar configuration. The procedure is  justified by t h e  
observation t h a t  t h e  Upper Carbonate  members and t h e  
Rusty Shale formation change thickness in concer t  (Fig. 3.17, 
3.20). 

The gradational,  interbedded, basal con tac t  of t he  
Upper Carbonate  records two changes f rom conditions 
prevailing during terminal Rusty Shale deposition, f irst ,  
cutoff of supply of terrigenous sediment,  and second, assump- 
tion of dominance by the  high-energy l i t tora l  (grainstone) and 
low-energy subtidal (lime mudstone) carbonates  t h a t  form 
par ts  of t he  underlying cycles. The l a t t e r  change is a record 
of transgression, which accounts  for t h e  cutoff of si l iciclastic 
sediment.  Although Member A may be  cryptically cyclical, 
t h e  overall  e f f e c t  is t h a t  of a transgression of g rea t e r  
amplitude (though probably slower) than the  multiple trans- 
gressions recorded by the  terminal cycles  of t h e  Rusty Shale 
formation. 

The Member A transgression resulted in the  building 
of an  extensive, shallow-water, low-energy, almost mud- 
f r e e  platform. Terrigenous mud in small amounts gained 
access  t o  this platform only a t  t imes  of deepest  water  cover,  
a s  t he  Member B shallowing-upward cycles  were  laid down. 
Many cycles ended with buildup of largely crypta lgal  
carbonate  s t r a t a  t o  high intertidal and supratidal levels, 
reaching a s t a t i c  condition until renewed and apparently 
rapid deepening caused t h e  invasion of a high-energy 
shoreline and subsequent deposition of subtidal t o  low 
intertidal lime and/or siliciclastic muds. 

The lower two  members of t h e  Upper Carbonate ,  and 
their  relationship t o  the  Rusty Shale, bear  a remarkable 
resemblance t o  t h e  Upper Cambrian Lyell Formation of t h e  
southern Canadian Rockies and i t s  relationship t o  t h e  under- 
lying Sullivan Formation. The paleogeography and sedimen- 
tology of the  l a t t e r  case  were  recently outlined by t h e  author  
(Aitken, 1978), and may have application t o  t h e  in terpre ta-  
tion of the  L i t t l e  Dal units. 

The correlation panel (Fig. 3.20) is  drawn along t h e  
depositional strike,  and shows only slight evidence for  a 
fac ies  relationship between Members A and 6. Application of 
t h e  Upper Cambrian model t o  t h e  Upper Proterozoic c a s e  
suggests t h a t  if d a t a  were  obtainable t o  const ruct  a correla- 
tion panel aligned with the  depositional dip, i t  would show 
both the  Rusty Shale-Member A and t h e  Member A - 

Member B con tac t s  rising stratigraphically northeastward. In 

this context ,  Member A would be  a marginal facies,  and 
Member B an interior facies of an  expanding carbonate  shoal 
complex advancing cratoliward over t h e  deposits of a muddy, 
shallow inshore "basin". 

Member C of the  Upper Carbonate  format ion records  
continued development of t h e  ca rbona te  platform, again in 
t h e  absence of significant terrigenous clastics.  St romatol i te  
complexes fringing the  platform may have provided a sc reen  
against  mud invasion. 

As noted above, Member D commences  with a sandy, 
glauconitic oncol i te  bed t h a t  may record a depositional 
hiatus. This is  succeeded immediately by f i rs t ,  nodular, and 
second, finely laminated argil laceous carbonate  s t r a t a ,  
suggesting lagoonal deposition. The remainder of t h e  
member  i s  fundamentally cyclic and somewhat  similar t o  
member  B, although incursions of si l iciclastic mud were  less 
common. Given essentially similar paleogeographic sett ings,  
t h e  reasons fo r  t h e  weak development of s t romatol i tes  in 
Member B and thei r  outstanding development in member  D 
a r e  unclear. 

Upper Contact ,  and S t r a t a  Overlying t h e  L i t t l e  Dal  Group 

Where t h e  Upper Carbonate  format ion is  overlain by 
pillowed basal t ic  lava, t h e  c o n t a c t  is  conformable.  No 
conglomerate  is  present,  no truncation of bedding is seen. 
The base of t h e  lava  has developed load c a s t s  in to  underlying 
l ime mud at severa l  localities, with a t t endan t  injection of t h e  
sof t  carbonate  sediment  upward in to  the  base of t he  lava 
flow. In the  Thundercloud Range, l imestone deposition was  
briefly resumed during a pause between eruptions. 

Subdivision of the  Upper Carbonate  in to  members,  and 
detailed corre la t ion of these  members  (Fig. 3.20, 3.21) 
demonstra te  t h a t  t h e  overlying member  of sandstone, 
dolomite, si l tstone, and mudstone with local gypsum and 
conglomerate,  t h a t  succeeds Member D, i s  unconformable on  
underlying units. This member,  he re  t e rmed  Basal Sandy 
member  of t h e  "copper cycle", i s  recognized by t h e  
appearance of sandstone above a thick interval of ca rbona te  
s t r a t a  and minor mudrocks containing no de t r i t a l  mater ia l  
coarser  than sil t ,  excep t  for  a l i t t l e  accessory quar tz  sand in 
r a re  carbonate  beds. This is  accompanied by a marked 
dec rease  in t h e  r a t io  of ca rbona te  t o  non-carbonate s t r a t a .  
Marked cyclicity i s  evident a t  a number of localities. In 
common with t h e  res t  of t he  "copper cycle" (see  below), and 
in marked con t ra s t  with t h e  members  of t h e  underlying Upper 
Carbonate  formation, t h e  Basal Sandy member  displays 
pronounced l a t e ra l  variation in thickness and in t h e  propor- 
t ions of i t s  d i f ferent  rock types, although t h e  cha rac te r  of 
each rock-type i s  reasonably constant .  

Cyclicity in t h e  Basal Sandy member  is bes t  developed 
a t  sec t ion 79-4. There, cycles  0.3 t o  4 m thick a r e  a s  
follows: 

1. Shale, purple, e t c .  

3. Dolomite, grey, pink, microcrystall ine,  crypta lgal  
laminite;  commonly sandy, or  with sandy laminae. 

2. Sandstone, red, pink, purple, grey, f ine  and medium 
grained, thin and medium bedded, flaggy t o  massive; 
generally planar-laminated. 

I. Shale, purple, sandy, hackly; oscil lation ripple-marks. A 
thin pebbly lag deposit  a t  t he  base in some cycles.  

A t  sect ion 79-4, t w o  thin pebble conglomerates  a r e  
interbedded with t h e  mixed sequence below t h e  thick, coa r se  
conglomerate  t h a t  most geologists would t ake  a s  "base of 
Redstone River Formation". 
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Figure 3.21. Correlation panel: relationships at  the  base of the 

Where the  basalt ic lavas a r e  present,  but not elsewhere, 
t h e  overlying Basal Sandy member  strongly r e f l ec t s  basal t ic  
provenance a t  i t s  base; higher sands a r e  progressively more  
quar tzose  and locally pyritic. Dominant primary s t ruc tu res  
a r e  planar lamination and low-angle planar and tangential  
cross-sets 10 c m  and less thick. Mudcracks a r e  present  
locally. 

Thin beds of matrix-supported, sharpstone and round- 
s tone dolomite-pebble conglomerate  occur er ra t ica l ly  in t h e  
member; they in ter rupt  both sandsone and dolomite units. 

Units of grey, green, pink and purple, ripple cross- 
laminated sil tstone, o r  interlaminated sil tstone and shale, 
commonly pyrit ic,  occur in some sections. 

At sections in t h e  most southerly ex ten t  of 'copper 
cycle '  exposures (e.g. 79-6, 79-10), sandstone diminishes 
upward, and t h e  member becomes an a l ternat ion of red or  
purple, dolomitic, commonly silty mudstones with units of 
laminated, che r ty  dolomite o r  l imestone in which mudcracks, 
dewatering s t ructures  and t eepee  s t ructures  a r e  conspicuous 
and beds of flakestone prominent. This sequence is directly 
overlain by carbonates  of t h e  Coppercap Formation, and 

'copper cycle'. For key to lithologic symbols, s e e  Figure 3 . 2 ~ .  

given t h e  absence of polymict conglomerate  and evaporites,  
would be  mapped a s  a typical  Redstone River Formation by 
most. 

A t  sect ion 76-8, a unit  of pale grey shaly dolomitic 
gypsum is exposed within t h e  Basal Sandy member. 
Elsewhere, breccia ted  carbonate  units suggest t ha t  
evaporites have been removed by solution. 

A t  a number of sections,  t h e  highest beds a r e  
conspicuous, pale grey-weathering beds of microcrystalline, 
laminated dolomite with large-scale mudcracks and t eepee  
s t ructures ,  much replaced by dark grey t o  whi te  cher t .  Cher t  
replacements  of gypsum roset tes  occur in this unit a t  
section 77-36. 

Where coarse  framework conglomerates mark t h e  base 
of t h e  Redstone River Formation, t he  sub-conglomerate beds, 
t h a t  is  t h e  Basal Sandy member,  have been placed in the  
L i t t l e  Dal (e.g. ,Jefferson,1978; Ruelle, in press). 
Elsewhere, t h e  con tac t  has been placed a t  t h e  base of t he  
evapor i tes  (ibid.). Problems a r e  brought t o  l ight a t  such 
locali t ies a s  76-8, where  gypsum occurs well below the  
lowest conglomerate.  
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The present study provides a solution t o  t h e  problem, 
in recognizing t h a t  t he  onset  of t h e  depositional cycle  largely 
represented by the  Redstone River and Coppercap formations 
is recorded a t  a horizon lower than t h e  accepted base 
of t h e  Redstone River, namely, at the  newly-discovered 
unconformity below t h e  Basal Sandy member.  
Communication will be improved by uniting the  unnamed, 
basal, sandy member with t h e  Redstone River and Coppercap 
format ions  a s  the  informal "copper cycle". Resolution of t h e  
problem of formal nomenclature is lef t  t o  those involved in 
detailed study of the  post-Litt le Dal succession. 

The bes t  nomenclatural  solution for  t h e  volcanic rocks 
is not y e t  determined. To e r e c t  a new formation for  t h e  thin 
discontinuous lavas would be inappropriate a t  t he  present 
s t age  and scale of mapping in the  region. Reasonable 
arguments  may be  made for  e i ther  retaining t h e  lavas within 
t h e  Li t t le  Dal, o r  transferring them t o  the  "copper cycle". 
The former  option is favoured by the  conformable base of t he  
lavas, and the  evidence (volcanic-derived conglomerates) of 
erosion a t  the i r  top. Furthermore,  t h e  paleomagnetism of 
t h e  lavas (Morris and Park, 1981) records weathering of the  
upper par t  of t he  lavas in a magnet ic  field of d i f ferent  
orientation from t h a t  in which t h e  lavas cooled originally; a 
significant hiatus is  undoubtedly present. On t h e  o the r  hand, 
localization of t h e  lavas above the  thickest sections,  
member-by-member, of t he  Li t t le  Da l '  Upper Carbonate  
shows t h a t  t he  lavas were  erupted in to  paleostructural  lows, 
where  t h e  sub- "copper cycle" erosion recorded elsewhere 
need not have occurred. 

In this report ,  t he  lavas a r e  tentatively assigned t o  t h e  
"copper cycle", for  t he  following reasons: 

a. In t e r m s  of stratigraphic level, t he  base of t h e  lavas 
corre la tes  with the  base of t h e  Basal Sandy member of 
t h e  "copper cycle". 

b. Both eruption of lava and t h e  renewed influx of sandy 
det r i tus  a r e  viewed a s  consequences of t he  onset  of 
fault ing t h a t  is more strongly expressed in Redstone River 
sedimentation and apparently reached a climax 
immediately prior t o  t h e  onset  of Rapitan deposition. 

c .  The chemistry of the  Redstone River evaporites suggests 
continued vulcanism (Ruelle, in press); t h a t  vulcanism o r  
t h e  copper-rich lavas a r e  probably primary sources  of t h e  
stratabound copper of t he  Redstone Copper Belt (Ruelle, 
in press). 

Figures 3.20 and 3.21 reveal a degree  of correspondence 
between depositional "thicks" and "thins" in t h e  "copper 
cycle" and similar f ea tu res  in the  Li t t le  Dal, downward a t  
leas t  t o  the  level of t h e  Rusty Shale Formation. This 
correspondence suggests t h a t  t he  differential  ver t ica l  
movements ult imately expressed by faulting during t h e  
"copper cycle1'  had a long history, beginning in a subt le  way 
a t  leas t  a s  f a r  back a s  Rusty Shale t ime. This t h e m e  is  
examined in g rea te r  deta i l  by C.W. Jefferson, personal 
communication, 1980. 

The Redstone River-Coppercap cycle  has previously 
been included within t h e  Mackenzie Mountains supergroup, 
presumably because t h e  sub-Rapitan unconformity provided a 
natura l  upper boundary, and because the  base of t he  Redstone 
River was only locally unconformable. Recognition of an  
unconformity beneath t h e  "copper cycle" suggests t h a t  t h e  
top  of t h e  supergroup should perhaps be  drawn t o  exclude the  
"copper cycle". 

SUMMARY AND CONCLUSIONS 

Deposition of the  two  kilometre-thick L i t t l e  Dal Group 
commenced with deposition, during southeas tward onlap, of 
t h e  Mudcracked format ion - a complex of l i t toral ,  subtidal, 
intertidal and lagoonal, mixed de t r i t a l  and ca rbona te  s t r a t a .  
Siliciclastic sediment was probably derived f rom a source  t o  
t h e  southeast ,  a s  for  all sandy format ions  of t h e  L i t t l e  Dal. 

Deposition of t h e  Mudcracked format ion ended with t h e  
transgressive passage of a high-energy shoreline t h a t  laid 
down ooid and in t rac las t  grainstones. In t h e  southeast ,  t hese  
were  t h e  f i r s t  deposits of a persistent,  fairly high-energy 
ca rbona te  platform, recorded a s  the  Pla t form assemblage. In 
the  northwest,  t he  grainstones were  succeeded by subtidal 
deposits, dominated by rhythmites,  par t ly  turbidit ic 
carbonates,  of t h e  Basinal assemblage. A red, nodular 
mudstone facies  deposited proximally t o  the  platform may 
record a dear th  of plant nutrients,  while g iant  s t romatol i t ic  
reefs  of distal  position may record supply of nutr ients  f rom a 
cra tonal  source.  

The boundary between Basinal and Pla t form assem- 
blages is marked by an extensive,  thick, multi-story s t roma-  
to l i t e  biostrome. The s t romatol i tes  appear  t o  have 
buttressed t h e  platform-edge slope, r a the r  than forming a 
perit idal r im t o  the  platform. 

With depositional filling of t h e  basinal region, shallow- 
wa te r  deposition was  re-established over t h e  e n t i r e  region of 
Li t t le  Dal exposures, and regional differentiation of fac ies  
great ly  subdued. The Grainstone formation, a complex of 
l i t tora l  grainstones and platy dolomites (ex-mudstones) of 
lagoonal, in ter t idal  and supratidal origin, records t w o  t rans-  
gressions followed by regression and the  onset of evaporit ic 
conditions. 

A t  t h e  end of Grainstone deposition, a sill o r  barrier of 
unknown cha rac te r  developed somewhere downdip, t o  the  
southwest,  and formed a lagoon against  t he  cra tonal  shore- 
line. In this lagoon, thick, fairly pure  gypsum and anhydr i te  
accumulated a s  t h e  Gypsum formation. 

At t h e  end of Gypsum deposition, re la t ive  s e a  level rise 
drowned the  sill, and a carbonate-deposit ing shoreline 
advanced across  t h e  fo rmer  lagoon, init iating deposition of 
t h e  Rusty Shale formation. The basal carbonates  were  
overwhelmed by a new pulse of si l iciclastic sediments  from 
t h e  southeast;  these  were  mainly laid down in t idal-flat  and 
lagoonal sett ings.  As t h e  supply of de t r i t u s  waned toward t h e  
end of Rusty Shale t ime,  carbonate  deposition was renewed in 
mixed clastic-carbonate,  shallowing-upward cycles,  and a 
(quar tz)  sandy beach was  briefly established in t h e  south. 

With t h e  onset  of deposition of t h e  Upper Carbonate  
formation, a regional, frequently strornatoli t ic carbonate  
platform was again established; minor amoun t s  of c lay  
reached t h e  middle of t h e  p la t form only following pulses of 
re la t ive  s e a  level rise. Thickness variations in t h e  members 
of t he  Upper Carbonate  a r e  harmonious with those of t he  
Rusty shale,  and record slight d i f ferences  in subsidence r a t e  
t h a t  may be  premonitory t o  faulting manifested during t h e  
ensuing "copper cycle". The base of a cyclical  member  of 
sandstone, dolomite and mudrocks, formerly placed in t h e  top 
of t h e  Li t t le  Dal, unconformably t runca te s  underlying 
members.  It i s  accordingly removed f rom t h e  L i t t l e -Da l  and 
grouped with t h e  Redstone River and Coppercap formations 
a s  the  informal "copper cycle". Locally underlying, basalt ic 
lavas a r e  also tenta t ively  t ransferred f rom t h e  top of t h e  
L i t t l e  Dal t o  t h e  "copper cycle", although a n  erosional hiatus 
above t h e  lavas is  recognized. 



STRATIGRAPHY AND SEDIMENTOLOGY, LlTTLE DAL GROUP 

ACKNOWLEDGMENTS 

The manuscript  was improved by incorporation of 
t h e  helpful suggestions of cr i t ica l  reader  D.W. Morrow. 
The author is indebted to  Kathy Black, Rob Sandau, 
Kevin Sharman, Kelly Kingsmith, Shirley Hermanson, 
Rob Booker, and Christ ian Viau for  t h e  many, long, hard days 
spent  a s  my ass is tants  in t h e  field. Darrel  Long and 
Mike Ceci le  were  particularly generous with t i m e  and ideas 
a s  t h e  in terpre ta t ions  presented here  gradually took form. 

REFERENCES 

Aitken, J.D. 
1977: New d a t a  on corre la t ion  of t h e  L i t t l e  Dal 

Formation and a revision of Proterozoic  map-unit 
"H5"; Report  of Activit ies, .  Pa r t  A, Geological 
Survey of Canada,  Paper  77-IA, p. 131-135. 

1978: Revised models for depositional grand cycles,  
Cambrian  of t h e  southern Rocky Mountains, 
Canada; Bulletin of Canadian Pet ro leum Geology, 
V. 26, p. 515-542. 

Aitken, J.D., Long, D.G.F., and Semikhatov, M.A. 
1978: Progress in Helikian s t ra t igraphy,  Mackenzie 

Mountains; Cur ren t  Research,  P a r t  A, 
Geological Survey of Canada, Paper  78-I A, 
p. 481-484. 

Armstrong, R.L, Eisbacher, G.H., and Evans, Paul D. 
Age and s t ra t igraphic- tec tonic  significance of 
Proterozoic  d iabase  sheets,  Mackenzie Mountains, 
Northwestern Canada; Canadian Journal of Ear th  
Sciences. (in press) 

Duan Chen Hua (ms). 
Chuar ia  f rom some  a reas  of East  China; Tienjin 
Ins t i tu te  of Mines, S t a t e  Bureau of Geology, 
People's Republic of China. 

Eisbacher, G.H. 
1976: Proterozoic  Rapitan Group and re la ted  rocks, 

Redstone River a r ea ,  d is t r ic t  of Mackenzie; & 
Repor t  of Activit ies,  P a r t  A, Geological  Survey of 
Canada,  Paper 76-IA,  p. 117-125. 

1978: Re-definition and subdivision of t h e  Rapitan 
Group, Mackenzie Mountains; Geological Survey 
of Canada, Paper 77-35. 

Franke,  Wolfgang and Paul,  Josef 
1980: Pelagic redbeds in t h e  Devonian of Germany - 

deposit ion and diagenesis; Sedimentary  Geology, 
V. 25, p. 231-236. 

Gabrielse, H. 
1972: Younger Precambrian  of t h e  Canadian  Cordil lera;  

American Journal of Science,  v. 272, p. 521-536. 

Gabrielse,  H., Blusson, S.L., and Roddick, J.A. 
1973: Geology of F l a t  River,  Glacier Lake and Wrigley 

Lake  map-areas,  District  of Mackenzie and Yukon 
Terri tory;  Geological Survey of Canada, 
Memoir 366, Pts.  I and 11. 

Hofmann, H.J. and Aitken, J.D. 
1979: Precambrian  biota f rom t h e  Li t t le  Dal Group, 

Mackenzie Mountains, nor thwestern  Canada; 
Canadian Journal of Earth Scienes,  v. 16, 
p. 150-166. 

James ,  Noel P. 
1979: Facies  Models 10. Shallowing-upward sequences in 

carbonates ,  R.G. Walker, ed., Facies  Models; 
Geoscience Canada,  Repr in t  Series I ,  Geological  
Association of Canada; p. 109- 1 19. 

Jef ferson,  C.W. 
1978: Stratigraphy and sedimentology, Upper 

Proterozoic  Redstone  Copper Belt ,  Mackenzie 
Mountains, Northwest Terr i tor ies  - a preliminary 
repor t ;  Canada,  Depa r tmen t  of Indian and 
Northern Affairs,  Mineral Industry Repor t ,  1975, 
p. 157-169. 

Mcllreath,  I.A. and James ,  Noel, P. 
1979: Facies  Models 12. Ca rbona te  slopes, 

R.G. Walker, ed., Facies  Models; Geoscience  
Canada,  Repr in t  Series I ;  Geological  Association 
of Canada, p. 133-143. 

Miller, F.K. 
1973: The a g e  of t h e  Windermere Group and i t s  relation 

t o  t h e  Belt Supergroup in Nor theas tern  
Washington, (Abs.) Belt Symposium, Volume I; 
Depar tment  of Geology, University of Idaho, and 
Idaho Bureau of Mines and Geology, Moscow, 
p. 221. 

Morris, W.A. and Park ,  J.K. 
1981: Correlation of Upper Proterozoic  s t r a t a  in t h e  

Cordillera: paleornagnetism of t h e  Tsezotene  sills 
and t h e  L i t t l e  Dal lavas; Proterozoic  Basins of 
Canada, F.H.A. Campbell ,  ed., Geological Survey 
of Canada,  Pape r  81  - 10, r epo r t  4. 

Park ,  3.K. 
Multicomponent magnet iza t ion  of t h e  L i t t l e  Dal 
Group, Mackenzie Mountains, Northwest 
Terri tories,  Canada, and i t s  analysis; Journal of 
Geophysical Research.  (in press) 

Ruelle,  J.C.L. 
Depositional envi ronments  and genesis of s t ra t i -  
form copper  deposits  of t h e  Redstone  Copper 
Belt, Mackenzie Mountains, N.W.T., Canada,  
Precambrian  Sulphide Deposits  (Robinson 
Volume), Geological  Association of Canada,  
Special  Paper.  (in press) 

Schuepbach, Martin A. and Vail, Pe t e r  R.  
1980: Evolution of outer  highs on d ivergent  cont inenta l  

margins; Cont inenta l  Tectonics,  National 
Academy of Sciences,  Studies in Geophysics, 
Washington, p. 50-62. 

S t ewar t ,  John H. 
1972: Initial deposits  in t h e  Cordil leran Geosyncline: 

evidence  of a L a t e  Precambrian  (<850  m-y.) 
cont inenta l  separation; Geological Society of 
America  Bulletin, v. 83, p. 1345-1360. 

Yeo, G.M. 
1978: Iron-formation in t h e  Rapi tan  Group, Mackenzie 

Mountains, Yukon and Northwest Terri tories;  b 
Depar tment  of Indian and Northern Affairs, 
Mineral Industry Report ,  1975, p. 170-175. 

Young, G.M., Jef ferson,  C.W ., Delaney, G.D., and Yeo, G.M. 
1979: Middle and l a t e  Proterozoic  evolution of t h e  

nor thern  Canadian  Cordil lera and  Shield; Geology, 
v. 7, p. 125-128. 

Young, G.M., Jef ferson,  C.W., Long, D.G.F., Delaney, G.D. 
and Yeo, G.M. 

Upper Proterozoic  s t ra t igraphy of nor theas tern  
Canada and Precambrian  history of North 
American Cordil lera;  Society of Economic 
Geologists, Coeur  d'Alene Field Conference ,  
Wallace, Idaho, Nov. 3-5, 1977; Idaho Bureau of 
Mines. (in press) 





CORRELATION OF UPPER PROTEROZOIC STRATA I N  THE CORDILLERA: 
PALEOMAGNETISM OF THE TSEZOTENE SILLS AND THE LITTLE DAL LAVAS 

W.A. Morris1 and J.K. Park2 

Morris, W.A. and Park, J.K., Correlation of upper Proterozoic strata in the Cordillera: 
paleomagnetism of  the Tsezotene sills and the Little Dal lavas; fi Proterozoic Basins of  Canada, 
F.H.A. Campbell, editor; Geological &rvey of Canada, Paper 81-10, p. 73-78,  1981. 

Abstract 

Two possible correlations have been suggested between the Proterozoic sequences o f  the 
Mackenzie and Wernecke mountains in the northern Cordillera of  Canada. Crucial t o  these 
correlations is the possible existence of an unconformity at some point immediately above, or near 
the top of ,  the Little Dal Croup in the Mackenzie Mountains Supergroup. Paleomagnetic results from 
the Little Dal Croup sediments, the overlying Little Dal lavas, and diabase sills in the older 
Tsezotene Formation suggest that there is a major discontinuity at  some point below the lavas. 
Comparing poles from these rock units with others from Laurentia provides an estimate of  
700-780 Ma for the age of this unconformity in the Mackenzie Mountains. In the absence o f  
equivalent data from the Wernecke Mountains it is not certain t o  which unconformity this should be 
related. 

On a sugge'r6 deux corre'lations possibles entre les successions prote'rozo'l'ques des monts 
Mackenzie et  des monts Wernecke, situes dans le nord de la CordillQre canadienne. Un point crucial 
pour l'e'tabl issement de ces correlations, est llexistence possible d'une discordance stratigraphique en 
un point situe irnme'diatement au-dessus, ou pres du sommet du groupe de Little Dal, dans le 
supergrope des monts Mackenzie. Les r6sultats pale'omagn6tiques obtenus sur les s6diments du 
groupe de Little Dal, les alves sus-jacentes de Little Dall et les sills de diabase de la formation plus 
anciennes de Tsezotene, semblent indiquer qu'il existe m e  importante discontinuit6 en un certain 
niveau au-dessous des laves. En comparant les pbles de ces unite's rocheuses aux pbles dlautres unite's 
de la region laurentienne, on a estime' I'hge de la discordance stratigraphique des monts Mackenzie h 
700-780 Ma. En ['absence de donn6es e'quivalentes pour les monts Wernecke, on ne peut dire avec 
certitude b quelle discordance stratigraphique on pourrait rattacher la discontinuit6 observe'e. 

INTRODUCTlON PALEOMACNETIC RESULTS 

A number o f  possible lithostratigraphic correlations 
have been proposed for the post-Hudsonian rocks o f  the North 
American Cordillera, and the northwest margin o f  the 
Canadian Shield. Criteria employed in the erection o f  these 
correlations include stratigraphic position, lithologic 
similarity, structural and metamorphic state, and the 
presence o f  particular stromatolite types. Most crucial t o  
these correlations, however, is the recognition o f  major 
unconformities. These are usually adopted as the boundaries 
o f  a particular rock sequence. Correlation o f  sequences from 
one region t o  the next is based on the assumption that the 
bounding unconformities in the regions under comparison are 
at  least partially contemporaneous. Unfortunately, in the 
absence o f  diagnostic fossils by which the age o f  rock strata 
can be established, i t  is di f f icul t  t o  prove that Precambrian 
unconformities are indeed synchronous. Further, in cratonic 
regimes where tectonism is limited, i t  is possible that a 
number o f  paraconformities may be totally missed, and hence 
erroneous correlations may result. 

In resolving this problem o f  age control there are two 
possible approaches: ( I )  geochronology - to  establish absolute 
ages for particular rock units; and (2) paleomagnetism - t o  
establish and compare pole positions characteristic o f  certain 
rock units. (Clearly both methods have limitations mainly 
related to  the rock types present, and also t o  the possible 
presence o f  later postdepositional alterations.) In this paper 
new paleomagnetic data from two rock units in the 
Mackenzie Mountains, and a review o f  the paleomagnetic and 
radiometric evidence relating to  the possible significance o f  
one o f  the Mackenzie Mountain unconformities are presented. 

The Tsezotene Sills 

The stratigraphic succession in the Mackenzie 
Mountains Supergroup is shown in Figure 4.1. The upper part 
o f  the Tsezotene Formation contains a major, regionally 
extensive diabase sill from which samples were collected at  
1 1  sites over a distance o f  about 200 k m  (Fig. 4.2). Material 
was collected from an additional site (site 1 )  in a lower sill. 
The general paleomagnetic results from these sites are 
presented here with a more detailed account given elsewhere 
(Park, in press). 

As many as four separate magnetizations were 
uncovered in single specimens using a two-stage method o f  
treatment involving alternating field (AF)  treatment 
(generally 20 t o  45 mT) followed by thermal demagnetization 
(up t o  650°C). Under AF, directions generally migrated t o  a 
shallow westerly direction. With increase in temperature 
during subsequent thermal treatment, successive magnetiza- 
tions associated with probable maghemite and magnetite (?) 
( R R ,  west), magnetite (?) ( R N ,  east),  and reverse (BR, west) 
and normal (BN, east) hematite (?) were recovered. The 
magnetization directions as depicted in Figure 4.3 were 
resolved using vector diagrams (Zijderveld 1967) and 
vector subtraction techniques (Park and Roy, 1979; Park, 
in press). RR  is a low inclination westerly magnetization 
with unblocking temperatures (TUB)  usually ranging from 
about 200°C up to  between 350' and 500°C, and R N  a 
more easterly magnetization o f  shallow t o  steep 
inclination having TUB'S from 500°C up t o  near the 575°C 
Curie point o f  magnetite. The RR direction is well defined 
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(38 specimens; mean direction: D=272", l=OO; a 95=6"), but 
R N  is very scat tered (29 specimens; mean direction: D=94", 
I=+35"; a 95=13"). Si te  1 f rom t h e  lower sill yields a very 
s t e e p  direction (crosses in Fig. 4.3a). 

The higher TUB magnetizations above 575°C were 
probably acquired during the  a l tera t ion of magnet i te  t o  
hemat i t e  over a period of one or many field reversals. (A 
small  amount  of hemat i t e  probably formed by t h e  inversion 
of maghemite above 350°C during t h e  heating experiments,  
but  i t  would account for far too small  a proportion of the  
measured hemat i t e  intensity to  significantly bias the  
B directions.) This magnet i te  a l tera t ion probably occurred 
relatively soon a f t e r  t h e  acquisition of R, s ince  t h e  
predominant B component (BR) has  a direction ( I 8  specimens; 
mean direction: D=269", I=OlO; a 9 5 = 9 0 )  within 3" of RR and 
t h e  less well-defined BN (7 specimens; mean direction: 
D=094", I= - loo ;  a 95=22") is antiparallel  t o  BR within error.  

MACKENZIE MTNS. 

Figure 4.1. Proterozoic stratigraphy in the Mackenzie 
Mountains (Northwest Territories), and the possible options 
for its correlation with the Wernecke Mountains sequences 
(Yukon) by means of the inferred unconformities lun.) 
present. The figure is in part af ter Eisbacher l978b 
(Fig. 12.1). 
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Figure 4.2. Location map showing the sampling area 
(solid rectangle). 

Because of t h e  close ag reemen t  between tile mean R R  
and BR (and also BN) directions (<3"  apa r t )  we believe t h a t  
R R  is in f a c t  t h e  initial magnetization direction. This 
agreement  between magnet i te  (and maghemite) and hemet i t e  
components precludes a remanence acquisit ion through l a t e r  
geological processes. In f ac t ,  t h e  predominant maghemite  
portion of R R  would be less susceptible t o  la ter  geological 
processes o ther  than heat .  The less well defined and qui te  
sca t t e red  R N  does not lie in t h e  s a m e  direction (irrespective 
of sign), and this could be a t t r ibuted t o  a number of causes.  
R N  could be  a resul tant  magnetization composed of t h e  
init ial  R N  component (antiparalled t o  R R )  and a chemical  
remanent  magnetization of varying pro-portion developed 
during the  Laramide uplift and folding, thus producing t h e  
smeared distribution of directions ranging t o  t h e  Cretaceous  
field direction. (It i s  of no te  t h a t  compared t o  o the r  s i t e s  
most of t h e  directions of t h e  more  extensively a l t e red  s i t e  1 
a r e  significantly near  t h e  Cre taceous  direction.)  The 
apparent  lack of change in R R  would then be owing t o  i t s  
being predominatly carr ied  by maghemite.  R N  could also be 
explained a s  the  resul tant  of an  init ial  R N  (east)  component 
and RR. A third a l ternat ive  is t h a t  t h e  individual R N  
directions could represent  ac tua l  directions obtained during 
t h e  course of a field reversal  e i the r  by cooling by a pure 
thermal acquisition process or  soon a f t e r  by a chemical  
acquisition process. At present i t  is not possible t o  pinpoint 
t h e  t rue  nature  of R N ,  but i t  is  probable t h a t  R R  represents 
t h e  initial magnetization of t h e  sill. 

The  L i t t l e  Dal  Lavas 

At a number of locali t ies in the  Mackenzie Mountains 
an  amygdaloidal lava occurs in t h e  upper pa r t  of t h e  L i t t l e  
Dal Group (Fig. 4.1, 4.2). Ten s i tes  were  sampled for  paleo- 
magnetic analysis f rom t w o  sect ions  through t h e  lava out-  
cropping a t  63" 48'N, 231" 30'E. A t  each of these  sect ions  
the  lava could be  subdivided into two  distinct portions: a 
lower portion of c lean unaltered lava, and an  upper portion 
exhibiting extensive subaerial  weathering. Paleomagnetically 
these  two  portions have qu i t e  d i f ferent  remanence directions. 
Here, we present  a general discussion of the  acquisition 
history of t h e  th ree  magnetizations observed f rom t h e  two  
sections (Fig. 4.4). A more  detailed discussion will be  given 
elsewhere (Morris, in preparation). 

Direction LD-L (4 sites;  mean direction: D=304", 
I=20°; a 95'7"; pole 24"N, 115"E) is considered t o  represent  
t h e  ear l ies t  phase of magnetization a t  this locality, and 
possibly da te s  f rom t h e  initial extrusion of t h e  lava. LD-L is 
found only in t h e  lowermost par ts  of t h e  lava, never in t h e  
uppermost weathered part .  It is  always unidirectional and in 
any one specimen never  coexists with another  remanence 
direction. A t  s i t e  10, one half of t h e  specimens carry  LD-L 
and t h e  other  half a mixture of LD-M and LD-N. The LD-L 
remanence resides in both magnet i te  and hemat i t e  with no 
significant d i f ferences  between t h e  directions. Thermal 
demagnetization exper iments  on specimens with this direc- 
t ion indicate t h a t  i t  has  a res t r ic ted  unblocking window of 
only about 25"-50°C for  both t h e  hemat i t e  ( a t  c .  660°C) and 
magnet i te  ( a t  c .  570°C) components. 

LD-M and LD-N (Fig. 4.4) a r e  found only in t h e  upper 
weathered pa r t  of t h e  lava. These t w o  directions commonly 
coexis t  in t h e  s a m e  specimen. On t h e  basis of their  differing 
remanence character is t ics  t h e  preferred acquisition sequence 
is LD-M + LD-N. LD-M (5 sites;  mean direction: D=266", 
1.48"; a 9 s = l 1 0 ;  pole 24"N, 159"E) is always found a s  the  
higher t empera tu re  phase re la t ive  t o  LD-N. Specimens 
whose TUB spec t r a  a r e  dominated by LD-N (8 sites;  mean 
direction: D=270°, 1=71 "; a 95'4"; pole 47"N, 175"E) o f t en  
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show a transit ion t o  the  LD-M direction upon thermal t r ea t -  
ment. In many cases, companion specimens t o  those which 
yield two  directions upon thermal demagnetization do not 
show the  same  two components upon AF t r ea tmen t ;  t h e  
coercivity spec t r a  being dominated by the  LD-N remanence. 
From this evidence i t  is  suggested t h a t  t h e  magnetic mineral 
carr ier  of t he  LD-N remanence is probably geothite.  LD-M, 
on t h e  o the r  hand, is most commonly observed a s  a hemat i t e  
residing remanence. 

There a r e  no conclusive t e s t s  t o  establish the  absolute 
ages  of any of these  magnetizations. In t h e  absence of any 
evidence to  the  contrary,  we assume tha t  the  association of 
LD-L with t h e  unaltered lava may be taken a s  indicating t h a t  
LD-L represents the  initial extrusion of t h e  lava. Certainly 
t h e  f a c t  t h a t  t he  magnetite and hemat i t e  components of 
LD-L a r e  in close directional agreement  points t o  an  initial 
magnetization. A fold t e s t  verification of this assumption 
would be  most useful. LD-M appears  intimately associated 
with t h e  hemat iza t ion of t h e  upper pa r t  of t h e  lava. This 
event  may have taken place quite early in the  evolution of 
the  Mackenzie Mountains, s ince  lava pebbles in a conglom- 
e r a t e  below t h e  immediately overlying Redstone River 
Formation show well-defined hematized rims which appear t o  

Figure 4.3. Thermal directions from individual specimens 
previously treated by a1 ternating fields. In (a), R R  directions 
(maghernite/magnetite ?) are to  the west, RN (magnetite) to 
the east. (b)  represents the hematite directions. Directions 
have been resolved by using vector subtraction and Zijderveld 
diagrams. Crosses depict directions from site 1. Solid (open) 
symbols denote directions with positive (negative) inclina- 
tions in this and succeeding stereographic projections. 

have been formed prior t o  t h e  incorporation of t h e  pebbles in 
the  conglomerate.  It is probable t h a t  i t  is this hemat iza t ion 
event  t ha t  is  recorded by t h e  hemat i t i c  magnetizations of the  
upper lavas. Hence LD-M could p reda te  deposition of t h e  
Redstone River Formation. 

The a g e  of t h e  LD-N direction is t h e  l eas t  well 
constrained. Comparing a similar pole from t h e  Li t t le  Dal 
Group t o  t h e  Phanerozoic pole path for  North America,  
Park (in press) preferred a Cretaceous  a g e  for  this 
remanence, associating i t s  acquisition with t h e  Cretaceous  
orogenesis in t h e  Mackenzie Mountains. Hence t h e  possible 
age  range for  this component is  L a t e  Precambrian t o  
Cretacous. We will not consider t h e  LD-N direction fur ther  
in this paper. 

DISCUSSION 

Regional Geology 

In t h e  Mackenzie Mountains t h e  number, position, and 
magnitude of major unconformities (Fig. 4.1) within t h e  
succession is very much open t o  question 
(Eisbacher, 1978a, 1978b; Yeo et al., 1978; Young et al., 
1979). Two groups of unconformities have been discussed: 
a )  unconformities a t  t h e  base and/or within t h e  Rapitan 
Group, and b) unconformities within t h e  upper pa r t  of t h e  
Mackenzie Mountains Supergroup. An unconformity a t  t h e  
base of t h e  Rapitan Group has  been accep ted  without 
question. The intra-Sayunei Formation unconformity claimed 
by Helmstaedt  e t  al. (1979) and Eisbacher (1978b), however, 
has  been questioned by Yeo et al. (1978) who claimed t h a t  i t  
is  merely an  apparent unconformity, produced e i ther  by a 
much l a t e r  d6collement event ,  o r  by very early large-scale 
slump folds. ' 

Verification of,  and t h e  significance of, t h e  lower group 
of unconformities is  crucia l  t o  t h e  t w o  correlation schemes 
proposed between the  Proterozoic sequences of t he  
Mackenzie and Wernecke mountains. Figure 4.1 (in pa r t  a f t e r  
Yeo e t  al., 1978) summarizes t h e  schemat ic  s t ra t igraphy of 
the  Proterozoic units in the  eas t e rn  Wernecke Mountains and 
t h e  Mackenzie Mountains. Subdivision of the  lower portion of 
the  Wernecke Mountains sect ion is closely demarca ted  into 
t h r e e  distinct sequences. In decreasing age  these  a r e  the  
Wernecke Supergroup, t h e  Pinguicula Group, and t h e  Rapitan 
Croup. The boundary between each sequence is marked by a 
pronounced regional unconformity (Eisbacher, 197813). 

LITTLE DAL f 

Figure 4.4. Site directions (corrected for t i l t )  of the 
magnetic phases present in the unaltered ( L )  and altered 
portions ( M  and N )  of the lava. Circles depict the cxgg errors 
about the site means. 

' s e e  also Aitken et al., Helmstaedt  et al. (1981), Canadian Journal of Ear th  Sciences, v. 18, p. 410-418. 
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Assuming tha t  the  Redstone River and Coppercap 
format ions  unconformably overlie t h e  Li t t le  Dal Group, 
Eisbacher (1978b) suggested t h e  correlation: 

Rapitan: Rapitan 

Pinguicula: "Copper Cycle" (Redstone River + 
Coppercap) 

Wernecke: Mackenzie Mountain (less Redstone River 
and Coppercap) 

Yeo e t  al. (19781, in contras t ,  did not recognize the  sub- 
Redstone River unconformity and therefore  suggested t h a t  
t h e  correlation should be: 

Rapitan: Rapitan 

Pinguicula: Mackenzie Mountain 

Wernecke: ? 

Much clearly depends on the  significance of the  sub- 
Redstone River unconformity. Yeo e t  al. (1978) s t a t ed  t h a t  
"the con tac t  between the  Redstone River Formation and the  
underlying Li t t le  Dal Formation [Group] does  not  appear t o  
be  a major s t ra t igraphic  break". They admit ,  however, t h a t  
t h e  c o n t a c t  is locally abrupt but prefer  not t o  designate this 
a s  an  unconformity a s  has Eisbacher (1978b, Fig. 12.1). More 
recently Aitken (1980; 1981) has  proposed t h a t  this 
unconformity is not located at t h e  base of t h e  Redstone 
River, but ra ther  within the  Li t t le  Dal Croup at t h e  base  of 
t h e  Li t t le  Dal lavas. The Redstone River, Coppercap, and 
Li t t le  Dal lava sequence is then identified a s  a sepa ra t e  
"Copper Cycle" sequence. As we now have paleomagnetic 
d a t a  from t h e  Li t t le  Dal sediments (Park,  in press), t h e  L i t t l e  
Dal lavas (herein), and t h e  Tsezotene sills (herein), i t  is  
possible to  examine the  possible temporal ex ten t  of this 
l a t t e r  unconformity. 

Paleornagnetic Poles 

Figures 4.5a and 4.5b compare  the  paleomagnetic pole 
positions obtained from t h e  Mackenzie Mountains with t w o  
segments  of t he  l a t e  Precambrian pole path proposed fo r  
Laurentia (Morris and Roy, 1977); a )  covers t h e  in terval  
approximately 900-1050 Ma, and b) covers t h e  period f rom 
approximately 625-800 Ma. 

First  we discuss the  possible f i t  of these  new poles t o  
t h e  pole segment  for 900-1050 Ma (Fig. 4.5a). The t w o  poles 
LD-A (15"S, 142"E) and LD-B (03OS, 138"E) f rom t h e  L i t t l e  
Dal sediments  ("basinal sequence") closely ag ree  with poles 
f rom the  Grenville Province dated a t  around 950 Ma, and if 
we adopt the  preferred acquisition sequence A +  B, w e  find 
t h a t  these  poles plot in t h e  inferred temporal  order  of 
acquisition on t h e  pole path. From these  pole positions and 
t h e  s t romatol i t ic  evidence (Hofmann and Aitken, 1979) w e  
infer an age  for the  deposition of the  Li t t le  Dal of around 
950, Ma. (These poles a r e  sufficiently divergent from Belt  
Series poles a s  t o  preclude a possible older (c. 1100 Ma) age.) 
The new pole T f rom t h e  Tsezotene sills i s  not  significantly 
d i f ferent  f rom pole LD-8. It could b e  suggested, then, t h a t  
t he  sills were  also formed around 950 Ma. This, however,  
conflicts with t h e  reported 766 and 769 Ma Rb-Sr isochron 
ages  (X=1.42 x lo - ' '  am')  on samples f rom two  of these  sills 
in t h e  Mackenzie Mountains (.R.L. Armstrong, G.H. Eisbacher 
and P.D. Evans, in preparation). We have t w o  options. 
Either,  this radiometric age  is not truly representa t ive  of t h e  
sills sampled in this paleomagnetic study, or  pole T is being 
compared t o  t h e  wrong pole path segment  in Figure 4.5a. 

Poles LD-L and LD-M from t h e  lavas also appear  t o  be 
at variance with this segment  of pole path. Assuming t h e  
Li t t le  Dal lava conformably overlies Li t t le  Dal sediments,  

and assuming t h a t  t h e  co r rec t  original magnetization has  
been identified in both cases,  t hen  i t  should follow t h a t  t h e  
pole positions f rom these  two  units should be  somewhat  
similar. As shown in Figure 4.5a poles LD-A and LD-L a r e  
qui te  dissimilar, and moreover, pole LD-L does  not  plot 
anywhere near  t h e  generally accep ted  pole path  for  t h e  
period 900-1050 Ma. One of our assumptions the re fo re  must 
be false. Without conclusive t e s t s  of remanence age  i t  is  no t  
possible t o  examine the  second assumption (i.e. LD-L is t h e  
initial magnetization),  but  i t  is possible t o  test t h e  f i r s t  
(accepting t h e  second) by comparing these  new poles t o  o the r  
segments  of pole path.  

For t h e  period 900 Ma t o  Middle Cambrian the re  a r e  
few poles available from Laurentia,  and any pole path  fo r  t h i s  
interval i s  somewhat  speculative.  Figure 4.5b presents a pole 
path which may be  considered speculatively representa t ive  of 
t h e  interval 800 t o  650 Ma. The younger portion of t h e  
Hadrynian Track proposed by Morris and Roy (1977) is t ied by 
poles f rom the  Upper Torridonian sediments of northern 
Scotland. In Fi u re  4.5b these  777 Ma (Rb-Sr isochron, B X=1.42 x l o - '  ' a- ) sediments  a r e  indicated by poles 6-12 
(Piper and Smith, in press). Of particular in teres t  is  t h e  
sharp bend in the  pole path suggested by t h e  polar movement 
I I + 12. Fur ther  detail ing of this possible change in pole path 
trend is  qui te  important.  The second portion of t h e  path  i s  
based on only t h r e e  results f rom t h e  Tudor gabbro (pole 458) 
and t h e  Franklin diabase (poles 450 and FR). If we a c c e p t  
t h a t  t he  magnetization age  in both these  studies is d i rec t ly  
equivalent t o  thei r  reported K-Ar isochron ages  then t h e  
suggested pole sequence would be  f rom wes t  t o  e a s t  with a n  
approximate  a g e  of around 650 t o  670 Ma. Our new poles 
f rom t h e  Mackenzie Mountains compare  more  favourably 
with these  younger segments  of pole path. First ,  comparing 
pole T f rom t h e  sills t o  the  pole segment  of Figure 4.5b w e  
find t h a t  i t  plots a t  t h e  younger end of t h e  Torridonian 
segment  (as  defined above). The Rb-Sr a g e  for  t hese  
sediments i s  around 770 Ma, not  great ly  d i f ferent  f rom t h e  
766 and 769 Ma Rb-Sr isochron ages  reported f rom t h e  
intrusions. I t  is  also possible t o  plot t he  Li t t le  Dal sediment  
poles (LD-A and LD-8) on this younger segment  of pole path  
(Fig. 4.5a). Therefore  f rom t h e  paleomagnetic evidence 
alone, w e  cannot  d i f ferent ia te  between t h e  two  age  
e s t ima tes  for  t h e  sediments of c. 770 Ma and c .  950 Ma, 
although a 950 Ma a g e  is preferred. 

Poles LD-L and LD-M a r e  supportive of t h e  younger 
segment  of t h e  pole path. The t w o  poles plot in t h e  co r rec t  
location and also conform t o  t h e  pole sequence suggested by 
petrology and t h e  demagnetization data .  This path also 
suggests t h a t  pole LD-M was acquired relatively soon a f t e r  
format ion of t h e  lava, again closely agreeing with t h e  
geological evidence. Further,  poles T, LD-L and LD-M can  
now be  joined in a simple single path t h a t  does not conf l ic t  
with any o the r  known paleomagnetic data .  

The f o r m a t  of t h e  pole path  between t h e  segments  
shown in Figure 4.5b and between t h e  younger segment  and 
Paleozoic pole paths is  presently unknown. The present 
format  suggests t h e  lava has an  a g e  of around 680 Ma. This 
is  qui te  d i f ferent  from ei ther  of t h e  two  ages  proposed for  
the  underlying Li t t le  Dal sediments,  o r  Tsezotene sills. 
Should fu tu re  d a t a  confirm this analysis then the re  must b e  a 
major unconformity between t h e  Li t t le  Dal lavas', and t h e  
underlying "basinal sequence" of Li t t le  Dal sediments  
(cf. Aitken, 1980) with an  a g e  around 700-750 Ma. 
Alternatively,  i t  may l a t e r  b e  shown t h a t  LD-L does  not  
represent t h e  initial magnetization in t h e  lava (i.e. our  
second assumption was wrong). If then t h e  co r rec t  pole 
sequence should be LD-A + LD-B + LD-M the re  would be  no 
supporting evidence for any major discontinuity within t h e  
Li t t le  Dal Group. 



Figure 4.5. The Hodrynian polar track relative t o  North America af ter Morris and Roy (1977) as defined by 
poles in the periods from about 1050 t o  900 Ma (a)  and 950 to  650 Ma (b). Only a few of the poles which 
define this track are shown, the rest are depicited by error circles. For a fuller discussion of this path 
interested readers are referred to  the afore-mentioned reference. In this paper our discussion is limited t o  
the following pertinent poles: 

LD-A and LD-B: Little Dal Group lfbasinol sequence" A and B components (Park, 1980); 
LD-L and LD-M: Little Dal lava L and M components (this paper); 
T: sills in Tsezotene Formation (this paper); 
FR and 450: Franklin diabases (averages calculated by Palmer and Hayatsu, 1975); 
poles 6-12: Upper Torridonian sediments (Piper and Smith, in press); 
458: Tudor gabbro (Palmer and Carmichoel, 1973). 

Other poles shown are: 

A L: Allard Lake anorthosite (Hargraves and Burt, 1967); 
C: Little Dal Group sediments C pole (Park, 1980); 
CH: Chequamegon Sandstone (Dubois, 1962); 
E P :  rocks of El Poso, Texas(Spal1, 1971); 
F: Frontenac Axis dykes (Park and Irving, 1972); 
G: Grand Canyon Suite (Elston and Gromme', 1974); 
H(A), H(B), H(C): Haliburton intrusions (Buchan and Dunlop, 1976); 
J2: Jocobsville Formation (Roy and Robertson, 1978); 
M 1 : Morin Complex (Irving et  al., 19741; 
NP: Nankoweap Formation [Elston and Gromme', 1974); 
RY:  Rapiton Group Y pole (Morris, 1977); 
SG: Stoer Group (Stewart and Irving, 1974); 
T2: Orienta 2 (Dubois, 1962). 

The approximote error ovals of 95% confidence are plotted about the mean site (or sample) poles. The star 
represents the present sampling area. 



W.A. Morris and J.K. Park 

CONCLUSIONS 

The da ta  presented above suggest t h a t  t he re  is  a 
significant unconformity within t h e  L i t t l e  Dal Group a s  i t  i s  
presently defined. Perhaps, a s  Aitken (1980) has  proposed t h e  
upper pa r t  of t h e  Li t t le  Dal should be  included in t h e  "Copper 
Cycle". A best  e s t ima te  for t he  age  of this unconformity 
appears t o  be around 700 t o  750 Ma. In itself this informa- 
tion does not pass judgment on e i ther  of t he  two correlations 
proposed between t h e  Wernecke and Mackenzie mountains 
(see above). It merely confirms t h e  exis tence  of one uncon- 
formity within the  Mackenzie Mountains section, and 
provides an  age  e s t ima te  of this event.  In order t o  tes t  
e i ther  correlation i t  would be necessary t o  establish and 
compare  t h e  complete  paleomagnetic signatures for  each 
unconformity in both the  Wernecke and Mackenzie 
mountains. 
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Abstract 

The early Proterozoic Akaitcho Croup consists of 8 to 10 km of metasedimentary and 
metavolcanic rocks located in the central metamorphic zone of the Wopmay Orogen (Bear Province). 
In the northern part of the orogen (north of  66ON), the following generalized stratigraphic sequence 
has been recognized: ( 1 )  a lower basaltic unit of unknown thickness (Ipiutak formation), (2)  3-4 km of 
arkosic turbidites (Zephyr formation) intruded by sills of rhyolite porphyry (Okrark sills), (3)  basalt 
and rhyolite volcanic complexes (Nasittok subgroup), and ( 4 )  1 t o  3 km of pelite and tuffaceous 
sedimentary rocks (Aglerok formation), locally with abundant basaltic and gabbroic rocks (Tallerk 
formation). The upper pelite is conformably overlain by a different pelite belonging to the Odjick 
Formation (lower Epworth Group). 

Two types of REE patterns are present in the Akaitcho Group basalts: a sloping pattern (Ce/Yb 
ratio 10 to  15) similar to  patterns for recent continental tholeiite suites such as the Columbia River 
basalts; and a flat REE pattern (Ce/Yb ratio 2 to 5 )  similar to ocean tholeiite (Group I1 ocean basalts 
and marginal basin basalt). The Akaitcho Group records a temporal evolution in basalt geochemistry 
from older evolved continental tholeiites, through continental tholeiites, t o  younger, ocean tholeiites. 
An evolution in basalt geochemistry from older, transitional tholeiites t o  ocean tholeiites has been 
documented from recent ri f t  areas, such as the Afar. Akaitcho Croup rhyolites have total REE 
abundances lower than the most evolved Akaitcho Group basalts, and Ce/Yb ratios (20 to 25) 
different from the basalts, and are probably crustal-derived. 

Bimodal volcanism (subalkaline basal t-rhyolite) in association with continent-derived sediments, 
the temporal evolution of the basalt geochemistry, and the similarity of the Akaitcho Group t o  recent 
ri f t  sequences indicates that the Akaitcho Group was deposited in a r i f t .  The stratigraphic position 
of the Akaitcho Group beneath the lower Epworth Group preserves products of the initial rifting in 
the Wopmay Orogen, and that ocean crust probably -did exist west of the Slave Craton in the early 
Proterozoic. 

R6surne' 

Le groupe dlAkaitcho, d18ge prote'rozo'ique infe'rieur, consiste en 8 d 10 km de roches 
me'tavolcaniques h me'tase'dimentaires, situe'es dans la zone me'tamorphique centrale de llorog&ne de 
Wopmay (province du Grand lac de I'Oursl. Dans la partie nord de I1orog&ne (au nord de 66ON), on a 
identifie' la succession stratigraphique ge'ne'rale suivante: ( I )  une unite' basaltique inf e'rieure de 
puissance inconnue (formation d'fpiutak), (2) 3 h 4 km de turbidites arkosiques (formation de Ze'phyr) 
traverse'es par des sills de porphyre rhyolitique (sills dlOkrark), (3)des  complexes volcaniques 
basaltiques et rhyolitiques (sous-groupe de Nasittok) et ( 4 )  1 h 3 km de pe'lites et roches se'dimentaires 
tufacges (formation dlAglerok) localement accompagn6e.s dlabondantes roches basaltiques et 
gabbroi'ques (formation de Tallerk). Les pe'lites supe'rieures sont recouvertes en conformite' par des 
pe'lites d i f f k e n t e s  appartenant b la formation dlOdjick (groupe inf6rieur dlEpworth). 

On rencontre deux types de tendances REE dans les basaltes du groupe dlAkaitcho: une courbe 
descendante (rapport Ce/Yb de 10 h 15), semblable h celle des suites thole'iitiques continentales 
re'centes telles que les basaltes du fleuve Colombia; et une courbe REE en palier (rapport Ce/Yb de 
2 h 5 )  comme pour les thole'iites oce'aniques (basaltes oce'aniques du groupe I1 et basaltes de bassin 
marginal). Le groupe dlAkaitcho montre une e'volution dans le temps de la ge'ochimie des basaltes 
allant de thole'iites continentales anciennes modif ie'es h des tholkiites continentales, et enf in h des 
thole'iites oce'aniques plus re'centes. Gr6ce h I1e'tude de re'centes zones de fracture (ri f ts)  comme les 
Afars, on a pu documenter I'e'volution de la ggochimie des basaltes depuis les thole'iites anciennes e t  
celles de transition aux thole'iites oce'aniques. Les rhyolites du groupe dlAkaitcho pre'sentent des 
quantite's totales de REE infkieures 6 celles des basaltes les plus e'volue's du groupe dJAkaitcho, e t  les 
rapports C e D b  (20 h 25) different de ceux des basaltes; ces roches sont probablement issues de la 
croilte. 

Le volcanisme bimodal (basaltes subalcalins-rhyolites) associe' aux se'diments d k i v h  des 
continents, I1e'volution dans le temps de la g6ochimie des basaltes, et la ressemblance entre le groupe 
dlAkaitcho et certaines successions rencontre'es dans les rifts indiquent que le groupe dlAkaitcho s'est 
de'pose' dans un tel rift.  La situation stratigraphique du groupe d'Akaitcho au-dessous de la partie 
infgrieure du groupe dlEpworth, qui est une succession de marge continentale passive et la pre'sence 
de thole'iites oce'aniques dans la partie supe'rieure du groupe dJAkaitcho, indiquent que le groupe en 
question contient encore des produits de la pgriode initiale de fracturation qui a eu lieu dans llorog&ne 
de Wopmay, et que la croiite oce'anique e'tait probablement pre'sente h I1ouest du craton du Grand lac 
des Esclaves pendant le Protkozoi'que infkieur.  
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INTRODUCTION 

Present understanding of the  early development of 
r i f ted  cont inenta l  margins is  poor because r i f t  s t ructures  of 
modern continental  margins a r e  commonly covered by thick 
sedimentary sequences. This difficulty can be  overcome by 
studying sediment starved continental  margins, such a s  North 
Biscay and Galicia (Montadert  et al., 1979), or  by studying 
very young rifts, such a s  t h e  Afar (Mohr, 1978) or  t h e  Gulf of 
California (Moore, 1973; Einsele et al., 1980) where  t h e  
continental  margins a r e  not yet  fully developed. 
Alternatively,  one can examine the  products of rif t ing 
preserved in deformed continental  margins. In these  areas,  
t h e  opportunity t o  observe t h e  products of rif t ing in cross- 
section compensates for t h e  metamorphism and deformation 
these  rocks a r e  likely to  have undergone. 

The early Proterozoic Wopmay Orogen (McGlynn, 1970; 
Hoffman, 1980) located in t h e  Bear St ructura l  Province 
(Fig. 5.1) contains t h e  Akaitcho Group: a rock sequence 
consisting of bimodal (basalt-rhyolite) volcanics and 
subarkosic t o  arkosic sediments believed to  have been 
deposited in a r i f t  (Easton, 1980; Hoffman et al., 1978). The 
Akaitcho Group is associated with a younger passive 
cont inenta l  margin sedimentary sequence (Hoffman, 1973, 
19801, providing an opportunity t o  study a r i f t  sequence which 
preceded t h e  development of such a continental  margin. 

This paper is  aimed a t  a review of t h e  present 
knowledge of t h e  Akaitcho Group (first  defined in 1978) in 
t e rms  of i t s  significance with respect  t o  the  evolution of the  
Woprnay Orogen, and outlines fur ther  research needed on t h e  
Akaitcho Group, particularly in t h e  southern pa r t  of t h e  
Wopmay Orogen. 

The Akaitcho Group has been well studied only in the  
northern half of t h e  Wopmay Orogen above 66"N 
(Hoffman et al., 1978; Easton, l980), and is discussed in 
de ta i l  he re  whereas t h e  remainder of t h e  Akaitcho Group is 
discussed in more  general terms. 

SLAVE PROVINCE 

CHURCHILL 

REGIONAL SETTING 

The Wopmay Orogen is a north-south trending mobile 
bel t  which developed along t h e  western  margin of t h e  Slave 
Structura l  Province in early Proterozoic  t i m e  (Fig. 5.1). The 
peak of orogenic ac t iv i ty ,  ,as determined by K-Ar radiometr ic  
dates ,  was  about 1800 Ma (Stockwell, 1970). The  orogen can 
b e  divided in to  4 t ec ton ic  zones (Fig. 5.1; Hoffman, 1980). 
Zone 1 comprises thin, autochthonous pla t formal  sedimentary 
rocks overlain by distal  flysch and molasse. The Kirkerk 
Thrust Fault  s epa ra t e s  Zone 1 f rom t h e  more  westerly 
Zone 2, which contains thicker,  p la t formal  (miogeosynclinal) 
rocks overlain by nor ther ly-der~ved flysch, both of which 
have been thrus t  towards  t h e  cra ton.  Cloos ant ic l ine  
sepa ra t e s  Zone 3 from Zone 2, and also marks t h e  position of 
t h e  fac ies  change between pla t formal  rocks (outer 
continental  shelf) and deeper  wa te r  equivalents (continental  
r i se  and slope deposits). Zone 3 is a metamorphic  and 
batholithic ter rane ,  divided in to  3 subzones by t h e  Marceau 
and Okrark thrust  faul ts  (Fig. 5.2). The eas t e rn  subzone 
contains cont inenta l  s lope and rise deposits of t h e  Epworth 
Group. The cen t r a l  subzone contains intrusive rocks of t h e  
Hepburn Batholith, volcanic and sedimentary  rocks of t h e  
Akaitcho Group, and cont inenta l  r ise peli tes of t h e  Epworth 
Group which conformably overlie t he  Akaitcho Group 
(Easton, 1980). The western  subzone comprises  sedimentary  
and volcanic rocks of t h e  Akaitcho Group, and intrusive rocks 
of t h e  Wentzel Batholith. Metamorphic g rade  in Zone 3 
ranges f rom chlor i te  (lower greenschist)  t o  above muscovite 
breakdown (upper amphibolite t o  granul i te  facies), and is  
spatially re la ted  t o  t h e  Hepburn and Wentzel batholiths 
(St -0nge and Carmichael,  1979; Hoffman et al., 1980). 

The Wopmay Faul t  s epa ra t e s  Zone 3 f rom Zone 4. 
Zone 4 contains weakly metamorphosed calc-alkaline 
volcanic and sedimentary  rocks and epizonal plutons of t h e  
Grea t  Bear volcano-plutonic bel t  (Hoffman and 
McGlynn, 1977; Hildebrand, 1981). Conglomerates  in t h e  
eas ternmost  Zone 4 contain det r i tus  derived from t h e  
Wentzel Batholith, and locally, sedimentary  and volcanic 
rocks of Zone 4 l ie  unconformably on metamorphosed 
Akaitcho Group rocks and t h e  Wentzel Batholith (Hoffman 
and McGlynn, 1977), indicating t h a t  a t  l ea s t  by the  la ter  
s t ages  of volcanism in eas t e rn  Zone 4, Zone 3 rocks had been 
deformed, metamorphosed, uplifted, and exposed. 

STRATIGRAPHY 

The distribution of the  t h r e e  main groups of supra- 
crus ta l  rocks present  in Zones 1, 2 and 3 of t h e  Wopmay 
Orogen - t h e  Epworth Group, t h e  Akaitcho Group and t h e  
Snare Group - is shown in Figure 5.2. The Akaitcho Group is 
preserved a t  upper greenschis.t t o  lower amphibolite me ta -  
morphic grade in 5 major a r e a s  in t h e  Wopmay Orogen: t h e  
Hepburn Lake area ,  t h e  Calder  River belt ,  t h e  Grant  Lake 
area ,  t h e  Rebesca  Lake a rea ,  and t h e  Redrock Lake a r e a  
(Fig. 5.2). The Hepburn Lake a r e a  is t h e  best  studied 
(Easton, 1980), and t h e  bulk of t h e  d a t a  presented in th is  
paper concerns this area .  The Calder  River bel t  
(McGlynn, 1974, 1975, 1976; Lord and Parsons, 1952) and t h e  
Grant  Lake a r e a  (McGlynn, 1964) a r e  a continuation of t h e  
Hepburn Lake a r e a  (Easton, 1981). The Rebesca Lake 
(Lord, 1942) and t h e  Redrock Lake a r e a  (Fraser  et al., 1960; 
Mursky et al., 1970) a r e  poorly known. 

Figure 5.1. Tectonic subdivisions of the northwestern 
Canadian Shield (af ter Hoffman, 1980). 
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K E Y  

E P W O R T H  GROUP 

A K A I T C H O  GROUP 

undivided volcanic rocks, mainly rnafic 

NASITTOK subgroup (basalt-rhyolite volcanic 

OKRARK FM (rhyolite sills) and 
ZEPHYR FM (arkoses) 

undivided metasedimentary rocks 

I N T R U S I V E  ROCKS 

a granite to  tonalitic intrusions 

H HEPBURN BATHOLITH 

W WENTZEL BATHOLITH 

MUSKOX INTRUSION 

M T  MARCEAU THRUST 

0 T OKRARK THRUST 

Figure 5.2. Simplified geological map of the central metamorphic zone (Zone 3) 
of the Wopmay Orogen. Boxed areas: 

(1)  Hepburn Lake map area; 
(2) Carder River Belt; 
(3)  Grant Lake map area; 
(4)  Rebesca Lake area; 

3(5) Redrock Lake area. Sources used in the compilation: Easton, 1980; 

because of the greater number of lithologies represented, and the general 
reliability of the map of Mursky e t  al. (1970) in the Hepburn Lake area. 
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AKAITCHO GROUP 

The Akaitcho Group consists of 8 t o  10 km of metasedi- 
mentary  and metavoicanic rocks. The t e r m  Akaitcho Group 
was introduced by Hoffman et al. (1978) for  metamorphic 
rocks e a s t  of t he  Wopmay Fault and west  of t he  Hepburn 
Batholith which could not b e  correlated with Epworth Group 
s t r a t a .  Easton (1980) subdivided t h e  Akaitcho Group in to  
5 unnamed formations upon completion of 1:50 000 scale  
mapping of t h e  Akaitcho Group in t h e  Hepburn Lake map  
a r e a  (86 J). These formations,  in addition t o  a new formation 
and a subgroup, a r e  described below, and informal names a r e  
applied t o  the  formations. A generalized s t ra t igraphic  
column for t h e  Akaitcho Group, which also shows the  facies 
relations between the  main Akaitcho Group lithoiogies, is 
shown in Figure 5.3. 

Ipiutak format ion arnphibolites 

The oldest exposed rocks of t he  Akaitcho Group 
const i tu te  the  Ipiutak formation which consists of a minimum 
of 500 rn of basalt  flows and tuffs  now preserved a s  
migmatized amphibo1,ite. Rhyolite has not been found in 

O D J I C K  F M .  - E P W O R T H  G R O U P  

T A L L E R K  FM. , 1 
A G L E R O K  F M  D 

0 = 
N A S I T T O K  sub-group W ? 

O K R A R K  ailla '2 + = :  
Z E P H Y R  FM. 

I P I U T A K  F M .  

I  
R M E  1 

L l T H O L O G l E S  
gobbro S I I I S  

a pslite with quartzite p o r p h y r i t ! ~ .  low SiOZ 
~nterbeds rhyolite 

s i l ic00~1  sillltone ('lrl h ~ g h  SiOp rhyolite, 
flows and tuffs 

olive palits and p o r p h y r ~ t ~ c  
volcaniclarlic aedirnenls  or^^%^ sills 

marble plogioclase porphyr~t ic  
rhyolite sills 

association with t h e  amphibolites, and this could be a 
distinguishing character is t ic  of t h e  format ion.  Peii t ic rocks,  
now migmatite,  interfinger with t h e  upper amphibolites, and 
a r e  considered t o  b e  pa r t  of t h e  Ipiutak formation. The  
peli t ic rocks reach a maximum thickness of 300 to  400 m. 
The base of t h e  Ipiutak format ion has  n o t  been observed. The 
type a rea  i s  5 km south  of Wentzel Lake (Fig. 5.4). 

Zephyr format ion 

Three t o  four kilometres of subarkosic t o  arkosic 
turbidite overlie t h e  Ipiutak formation. Turbidite beds 
typically range f rom 10 t o  100 c m  thick, and typically have 
arkosic, medium sand bases with green or  grey peii te t ops  
(Fig. 5.5). Cur ren t  s t ructures  a r e  rarely observed in t h e  
turbidites. Rounded grains of epidote,  tourmaline and zircon 
a r e  common in the  basal turbidite beds. Upper and lower 
con tac t s  of t h e  format ion a r e  sharp. Typical outcrops of t h e  
Zephyr format ion can be observed between Zephyr Lake and 
Akaitcho Lake, and on the  northwest shore  of Akaitcho Lake 
(Fig. 5.4). 

% conglomerate lllj bosoltic tuffs AL - Akaitcho Lake OL - Okrark Lake 
AG - Aglerok Lake T L  - Tallerk Lake 0 arkoaic t u r b ~ d i f c s  P I I I O W ~ ~  (and massive) HL - Hepburn Lake WL - Wentzel Lake 

basalt flown K L  - Kapvik Lake ZL - Zephyr Lake 
Figure 5.3. Generalized stratigraphic column showing main Figure 5.4, Distribution of  Akaitcho G~~~~ volcanic 
lithologies and fades  relations between formations of the compleses in the northern Wopmay Orogen (Hepburn Lake 
Akaitcho Group. map area, west half). 
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Figure 5.5. Arkosic turbidite of t he  Zephyr formation. The 
centra l  bed shows refract ion of cleavage in the  upper peli t ic 
zone of the  turbidite. Hammer is 30 cm long. Lichen cover 
i s  typical of most  Akaitcho Group outcrops. GSC 203061-X 

Okrark sills 

Plagioclase porphyritic and or thoclase  porphyritic, 
300 to  600 m thick, rhyolite porphyry sills intrusive into t h e  
Zephyr formation a re  termed t h e  Okrark sills (Fig. 5.6). The 
plagioclase porphyritic and or thoclase  porphyritic sills a r e  
indistinguishable chemically. Contacts  between the  sills and 
t h e  turbidites a r e  generally sharp,  and the  sills have con tac t  
metamorphosed the  adjacent  sedimentary rocks. The Okrark 
sills a r e  corre la t ive  with low Si02,  high Zr porphyrit ic 
rhyolite found in the  upper par ts  of t h e  Tuertok, Sinister and 
Belleau volcanic complexes of t he  Nasittok subgroup 
(Easton, 1980). Both types of sills a r e  exposed on Okrark 
Lake (Fig. 5.4). 

Nasit tok subgroup 

The subgroup consists of five volcanic complexes,  t h e  
Sinister, Tuertok, Kapvik, Belleau and Zephyr complexes 
(Easton, 1980; Fig. 5.4). The volcanic complexes typically 
have a 2 km thick basal basalt  unit containing both pillowed 
flows (Fig. 5.8) and tuffs  (Fig. 5.9) overlain by porphyritic, 
low S i 0 2 ,  high Zr rhyolite domes and flows. The only 
exception to  this typical stratigraphy is t h e  Kapvik Volcanic 
Complex (Fig. 5.71, where  high Si02,  low Zr rhyolite is 
present  below t h e  basal basal t  sequence. The s t ra t igraphy of 
t h e  volcanic complexes has  been outlined in Easton (1980) and 
will not b e  repeated here. Figure 5.7 is, however, a 
simplified diagram showing t h e  complex s t ra t igraphic  
relationship between t h e  Kapvik and Tuertok volcanic 
complexes. In addition t o  the  volcanic units, conglomerates,  
which commonly contain grani te  and grani te  gneiss cobbles 
(Fig. 5.101, breccias (Fig. 5.11 ), marbles and quar tz i tes ,  a r e  
closely associated with the  volcanic complexes, and a r e  
considered t o  b e  p a r t  of t h e  Nasit tok subgroup. The Tuertok 
Volcanic Complex (Fig. 5.5) is  regarded a s  typical. The 
con tac t  of t h e  Tuertok Volcanic Complex with t h e  Zephyr 
format ion is sharp,  in the  f ew places where i t  has  been 
observed. The con tac t  between t h e  Kapvik Volcanic Complex 
and the  Zephyr formation is complex, because a gabbro sill 
swarm, intrusive in to  t h e  Zephyr formation, underlies t h e  
basal rhyolites and basalts of t h e  Kapvik Complex (Fig. 5.7). 
The bases of t h e  o ther  complexes a r e  not exposed. The 
volcanic complexes a re  overlain, and interfinger with, t h e  
peli tes of t h e  overlying Aglerok formation. Volcanism in t h e  

Figure 5.6. Orthoclase porphyrit ic sill of t he  Okrark  sills. 
GSC 203061-Y 

Nasittok subgroup was mainly subaqueous, with pillowed 
basalt  and basal t  tuff  being predominant. The rhyolites were  
deposited a s  wa te r  lain tuffs,  flows, and domes. A few 
possible welded ash-flow tuffs  a r e  present in t h e  upper pa r t s  
of t h e  volcanic complexes (Easton, 19801, indicating t h a t  
locally, volcanic complexes w e r e  subaerial. 

Aglerok format ion 

Olive peli tes,  3-4 km thick over l ie  and interfinger with 
t h e  Nasittok subgroup. Bedding in t h e  peli tes is  on a 
mill imetre t o  a cen t ime t re  scale.  Included with t h e  pel i tes  
a r e  volcaniclastic sedimentary  rocks and minor basal t ic  and 
rhyolit ic tuffs.  The Aglerok format ion was derived primarily 
f rom weather ing of t h e  Nasit tok subgroup volcanic 
complexes,  with a minor contribution f rom an  adjacent  
cont inenta l  source  a r e a  (Easton, 1980). Con tac t s  with t h e  
sills and volcanics of t he  overlying Tallerk format ion a r e  
sharp. Typical exposures of Aglerok format ion lithologies 
can be observed west of Aglerok Lake. 

Tallerk format ion 

On t h e  north shore  of t h e  Coppermine River,  pillow 
basalts overlie pel i tes  of t h e  Aglerok formation. From 
Hepburn Lake south t o  66ON (Fig. 5.4), 50  t o  200 m thick 
gabbro sills intrude t h e  Aglerok formation. These maf i c  
rocks a r e  considered t o  be part  of t h e  Tallerk formation. A 
t i tani ferous  siliceous s i l t s tone overlying t h e  Aglerok forma-  
tion and underlying t h e  Odjick Formation 8 km nor thwest  of 
Hepburn Lake (Easton, 1980) is  included with t h e  Tallerk 
formation. The upper par t  of t h e  Tallerk format ion is 
intruded by tonalit ic,  grani t ic  and gabbroic intrusions of t h e  
Hepburn Batholith, and hence t h e  thickness of t h e  format ion 
is not  well known. In t h e  two  a reas  where  Odjick Formation 
pel i tes  were  observed t o  overlie t h e  Akaitcho Group 
(Easton, 1980), t h e  Tallerk formation is  300 t o  400 m thick. 

GEOCHEMISTRY 

On t h e  basis of major and t r a c e  e lement  geochemistry,  
in conjunction with field observations, Easton (1980) 
recognized t w o  types  of rhyolite in t h e  Akaitcho Group: 
( I )  volumetrically minor, generally aphanatic,  high SiOn 
(73 t o  76%), low Zr (100 t o  200 ppm) rhyolite;  and 



Figure 5.7 

Stratigraphic relations between the 
Tuertok and Kapvik volcanic complexes. 
Lithologies as in Figure 5.3. 

T U E R T O K  K A P V  l K 

. . . . . . . . . . 
v  V  v  v v v v v v v v  

v  v  v v  

n O 

Figure 5.8. Pillow lavas, upper Belleau Volcanic Complex, Figure 5.10. Granitoid gneiss pebbles in conglomerate in the 
Nasittok subgroup. GSC.203061 -W upper part of the Tuertok Volcanic Complex. GSC 203062-E 

Figure 5.9. Finely bedded basaltic tuf fs  of the Kapvik Figure 5.11. Carbonate-cemented rhyolite volcanic breccia 
Volcanic Complex. GSC 203061 -U present in the upper part o f  the Kapvik Volcanic Complex. 

GSC 203061-2 
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(2)abundant,  generally orthoclase porphyritic low SiOn 
(68 t o  71%), high Zr (250 t o  350 ppm) rhyolite (Table 5.1). 
Both types  of rhyolite may have been derived f rom melting of 
lower crus ta l  rocks. Two types of tholeii t ic basalt  a r e  also 
present: Type 1 basalts, which a r e  stratigraphically highest, 
have t r a c e  e lement  contents  similar t o  marginal basin 
oceanic basalts, and Type 2 basalt  is similar t o  continental  
tholeii tes (Easton, 1980; Table 5.1). Newly obtained REE 
d a t a ' p r e s e n t e d  in Figures 5.12 and 5.13 support these  sub- 
divisions. In addition, t h e  REE d a t a  have a bearing on two  
important  questions, namely: (1) t h e  temporal evolution of 
the  Akaitcho Group basalts,  and (2) t h e  origin of t h e  
rhyolites. 

BASALTS 

Two types of REE pat terns  a r e  observed in the  
Akaitcho Group basalts (Fig. 5.12). The sloping pa t t e rn  is 
character is t ic  of continental  tholeii tes (e.g. BCR-1, 
Columbia River basalt ,  Fig. 5.12). The f l a t  pa t t e rn  is 
character is t ic  of marginal basin and some  ocean floor basalts 
(Fig. 5.12). The distribution of t h e  REE pat tern  in basalts of 
t he  Belleau Volcanic Complex of t h e  Nasit tok subgroup 
(Fig. 5.12) is  particularly significant. The Belleau Volcanic 
Complex (Fig. 5.12) is one of the  most westerly of t he  
Akaitcho Group volcanic complexes (Fig. 5.4), and is  
preserved a t  lower greenschist  grade (chlorite grade in peli t ic 
rocks). The Belleau Complex consists of a 1 t o  1.5 krn thick 
lower unit  of predominantly massive basalt  with minor 
pillowed basalt ,  both c u t  by gabbro sills. The lower basalt  
sequence is capped by a 300 m thick compositionally zoned 
(rhyolitic base, daci te  top) l i thic lapilli tuff ,  possibly an  ash- 
flow tuff ,  overlain by 100 t o  200 m of volcaniclastic 
sedimentary rocks. The sedimentary  rocks a r e  overlain by 
I t o  1.5 km of pillowed basalt. Several 300 t o  500 m thick 
gabbro sills a r e  present near  t h e  base  of this upper basal t  
pile. The lower basalts a r e  all  continental  tholeii tes 
(Fig. 5.12). The upper basalts have f la t  REE pat terns  
character is t ic  of Group I1 oceanic  basalts (Frey et al., 1977; 
Fig. 5.12). Thus, t h e  basalts in t h e  Belleau Complex evolved 
through t i m e  from early,  continental  basalts t o  la ter ,  oceanic 
basalts. A similar t rend is observed in t h e  Kapvik and 
Tuertok volcanic complexes. 

The temporal evolution of t h e  basalts of t h e  Belleau 
Volcanic Complex also occurs  through t h e  whole Akaitcho 
Group (Fig. 5.12; Table 5.1). The stratigraphically lowest 
basalts (Ipiutak formation) a r e  continental  tholeii tes,  and a r e  
somewhat  transitional towards  alkaline basalts. The Kapvik, 
Tuertok and lower Belleau basalts a r e  less evolved 
continental  tholeii tes,  and have lower REE abundances than 
t h e  Ipiutak basalts, but they s t i l l  have sloping REE pat terns  
character is t ic  of continental  tholeiites. The stratigraphically 
highest basal ts  of t h e  Belleau, Tuertok, .and t h e  Kapvik. 
volcanic complexes have f l a t  REE patterns.  The major and 
t r a c e  e lement  contents  of t h e  basalts also show this temporal  
evolution (Table 5.1), but less dramatically.  

RHYOLITES 

Average REE pat terns  of Akaitcho Group rhyolites a r e  
shown in Figure 5.13. The REE pat terns  for  t h e  high and low 
Si rhyolites a r e  similar, t h e  high Si rhyolites having slightly 
greater  LREE abundances, and slightly lower HREE con ten t s  
than t h e  low Si rhyolites. The lower HREE contents  of t he  
high Si rhyolites is consistent with their  observed low Zr 
content .  

The absolute abundances of REE in both types  of 
rhyolites a r e  lower than t h e  REE abundances observed in t h e  
most f rac t ionated Akaitcho Group basalts (e.g. Ipiutak 

formation, Fig. 5.131, and t h e  Ce/Yb ratios of t h e  rhyolites 
(20 t o  25) a r e  d i f ferent  than t h e  Ce/Yb ra t ios  for  t h e  basalts 
( f la t  pat tern ,  5 t o  7; sloping pat tern  10 t o  15). Neither of 
these  e f f ec t s  would be  expected if t h e  rhyolites w e r e  re la ted  
t o  t h e  basalts by differentiation. In addition, t h e  high Fe, Ti, 
Mn, K, Ba and radiogenic Sr con ten t s  (Easton, 1980) in t h e  
rhyolite, plus t h e  abundance of rhyolite in t h e  Nasittok 
subgroup (felsic/mafic r a t io  .2 t o  .3), indicate  t h a t  t h e  
rhyolites a r e  most likely derived by crus ta l  melting. The 
REE con ten t s  of t h e  rhyolites a r e  similar t o  e s t ima tes  of t h e  
REE content  of t he  continental  crus t  (Fig. 5.13) a s  indicated 
by d i r ec t  sampling (Shaw et al., 1976; Taylor, 1964), o r  in 
continent-derived peli t ic rocks (Nance and Taylor, 1976, 
1977). The slightly higher HREE pat terns  of t h e  rhyolites 
could r e f l ec t  t he  more  maf i c  cha rac te r  of t h e  lower crus t  
(c.f. Eichelberger, 1978). The di f ference  between the  high 
and low Si rhyolites could be  re la ted  t o  sl ight d i f ferences  in 
t h e  degree  of melting. The lower Fe ,  Mn, and Ti contents  
(Table 5.1) in the  high Si rhyolites, plus t h e  low Zr, and LREE 
contents ,  and t h e  small  quant i t ies  and lower s t ra t igraphic  
position of the  high Si rhyolites (base of t he  Kapvik Volcanic 
Complex, Nasittok subgroup) is consistent with t h e  high Si 
rhyolites representing ear ly  melts. Grea te r  degrees  of 
partial  melting would lower t h e  Si02 content ,  and increase 
t h e  Fe, Mn, Ti and Zr con ten t s  of t h e  low Si rhyolites. The 
larger volumes and higher s t ra t igraphic  position of the  low Si 
rhyolites is consistent with this interpretation. 

DEPOSITIONAL ENVIRONMENT 

Bimodal volcanism with a high fe ls ic /maf ic  r a t io  in t h e  
Nasittok subgroup, in association with subarkosic t o  arkosic 
sedimentary  rocks suggests t h a t  t h e  Akaitcho basin probably 
was  a r i f t  valley. The l inear distribution of t h e  volcanic 
rocks may also indicate volcanism in a r i f t  valley, although i t  
could r e f l ec t  la ter  tectonism. The temporal  evolution shown 
by the  REE pat terns  of t he  Akaitcho Group basalt  f rom older, 
continental  tholeii tes t o  younger oceanic  thole i i te  (Fig. 5.12) 
is  similar t o  t h a t  observed in recent  r i f t  t e r r anes  such a s  the  
Afar (Barberi and Varet, 1978). 

The geochemical evolution of t h e  basalt  geochemistry 
f rom cont inenta l  t o  oceanic  basalts,  and subsequent burial of 
t h e  Akaitcho Group by deepwater  peli tes of t he  Odjick 
Formation suggest t h a t  t h e  s i ze  of t h e  Akaitcho basin (rift)  
increased with t ime. 

REGIONAL CORRELATION AND AGE 

Correlation of t h e  main s t ra t igraphic  units in t h e  
northern Wopmay Orogen is  shown in Figure 5.14. Da ta  for  
t h e  Epworth Group a r e  f rom Hoffman(1973)  and 
Hoffman et al. (1978). The Akaitcho Group is  known t o  
conformably underlie pel i tes  of t he  Odjick Formation 
(Easton, 1980). This suggests t h a t  t h e  Vaillant Formation 
basalts and t h e  Stanbridge Formation dolomites, which a r e  
a lso  overlain by t h e  Odjick Formation, a r e  corre la t ive  with 
t h e  Akaitcho Group. This seems  reasonable on lithological 
grounds also, because both t h e  marbles present  in t h e  
Nasit tok subgroup and t h e  Stanbridge dolomite contain 
abundant qua r t z  gr i t ,  and a r e  associated with basal t ic  rocks. 
The eas tward thinning of t h e  Vaillant basalt ,  and t h e  change 
f rom pillow basalts in t h e  west  t o  tuffs  interbedded with 
mudstone in t h e  eas t  (Hoffman, 19731, is  consistent with t h e  
Vaillant Formation being corre la t ive  with t h e  Akaitcho 
Group. 

Two periods of rif t-related volcanism and 
sedimenta t ion a r e  preserved in t h e  Athapuscow Aulacogen 
(Hoffman e t  al., 1977). The older, metamorphosed Wilson 
Island Group has  been in terpre ted a s  an  early,  failed rift ing 
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4 I P I U T C K  b o s a l t s  

lower B E L L E L U  b a s a l l s  
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L I I I I  I I l I I I I , l l  

LO C e  Pr N o  Sn, E d  Gd T t .  Ly t io Er Tm Y b  

Figure 5.12. Chrondrite normalized REE contents o f  
Akaitcho Group basalts. The lpiutak basalt plotted is repre- 
sentative of 15 Ipiutak basalts analyses. The lower Belleau 
basalt is representative o f  15 lower Belleau basalts. Lower 
Kapvik basalts and Tuertok basalts are also similar to  the 
lower Belleau basalts. The upper Belleau basalt is represen- 
tative of 10 upper Belleau basalts. The upper Kapvik and 
Tuertok basalts are similar to  the upper Belleau basalt. Field 
of mid-Atlantic ridge lavas from Bryan et  al. (1976). REE 
were determined using the thin film technique o f  Eby (1972) 
as modified by Fryer (1977). Data normalized to  Leedy 
chrondrite values of  Masuda et  al. (1973) divided by 1.20. 

even t  in t h e  aulacogen (Hoffman et al., 1977). The  Union 
Island Group, which forms t h e  basal  pa r t  of t h e  Grea t  Slave 
Supergroup (Hoffman, 1968, 1973) is  presumed t o  d a t e  f rom 
t h e  init ial  format ion of t h e  aulacogen (Hoffman et al., 1977). 
Only a l imited amount  of geochemical  d a t a  is  available for  
t h e  Union Island Group basalts .  Goff and Sca r f e  (1978) found 
t h a t  basalts  in a marginal volcanic complex had alkaline 
affinit ies,  whereas  those  of a l a t e r ,  medial  volcanic complex 
a r e  cont inenta l  tholeii tes.  The  d a t a  repor ted  by Goff and 
Sca r f e  (1978) for  t h e  Union Island Group a r e  unlike t h e  d a t a  
avai lable  for t h e  Akaitcho Group (Easton, 1980; Fig. 5.15). 
The  reason fo r  this d i f ference  is  unknown. One  possible 
explanation is  t h a t  t h e  Union Island Group basa l t s  had 
clinopyroxene a s  a residual phase, or underwent shallow level 
f rac t ionat ion  of clinopyroxene, whereas t h e  Akaitcho Group 
basa l t s  did not.  Although t h e  Union Island Group represents  a 
r i f t ing  even t  in roughly t h e  s a m e  s t ra t igraphic  position a s  t h e  
Akaitcho Group, t h e  two  groups may not be  contemporane-  
ous, and hence,  not  s t r ic t ly  corre la t ive .  

The t e r m  Snare Group was  introduced by Lord (1942) 
f o r  metasedimentary  and metavolcanic  rocks preserved west  
of t h e  Bear-Slave boundary, and included rocks located on 
both s ides  of t h e  Wopmay Faul t .  Although h e  did not 
des ignate  a t ype  a rea ,  i t  is evident  t h a t  Lord ( l942)  

considered metasedimentary  rocks in t h e  vicinity of Ingray 
and Mat tberry  lakes t o  represent  typica l  Sna re  Group 
lithologies. 

Since 1942, in various pa r t s  of t h e  Wopmay orogen, 
particularly in t h e  nor th ,  rocks  which previously would have  
been assigned t o  t h e  Snare Group have  been assigned t o  one  
of t h e  Akaitcho, Epworth,  Labine (Hildebrand, 1981) or Sloan 
(Hoffman, 1978) groups. Thus, a t  present,  t h e r e  is some  
confusion over  s t ra t igraphic  nomenc la tu re  wi th in  Zone 3 of 
t h e  Wopmay Orogen. Workers in t h e  t y p e  a r e a  of t h e  Snare 
Group have  suggested t h a t  t h e  Snare  Group may be  corre la-  
t i v e  wi th  t h e  Epworth Group (e.g. McGlynn and Fraser ,  1972). 
Metavolcanic rocks in t h e  western  Snare  Group a r e  probably 
co r r e l a t i ve  with t h e  Akai tcho Group especially in t h e  Calder  
River,  Grant  Lake and nor thern  Bedrock Lake  a reas  
(Fig. 5.2). Unfortunately,  t h e r e  is very l i t t le  geological 
informat ion in t h e  a r e a  between 65' and 66"N. Until th is  
a r e a  is  mapped, and Akai tcho and Epworth Group lithologies 
mapped southward t o  t h e  Ingray and Mat tberry  Lake  areas ,  
f i rm  corre la t ions  between t h e  Snare,  Epworth and Akaitcho 
groups canno t  b e  made,  al though i t  is  suspected  t h a t  t h e  
Snare Group includes rocks  of both  t h e  Akai tcho and Epworth 
groups. It is recommended t h a t  t h e  t e r m  Snare  Group be  
used fo r  metasedimentary  (and metavolcanics)  rocks west of 
t h e  Bear-Slave boundary and  e a s t  of t h e  Wopmay Fau l t  which 
cannot ,  o r  have  no t  been assigned t o  t h e  Akai tcho o r  Epworth 
groups. This usage d i f fers  f rom Lord's (1942) usage in t h a t  i t  
excludes rocks west of t h e  Wopmay Fault .  

I + high Zr  ( 3 0 0  ppm).low S i 0 2  (70%),  rhyolite 

3 t  low Zr (PO0 ppm), high SiOp (75%),rhyalite 

A overage ubper crust (Taylor.  1 9 6 4 )  

La C 8  Pr Nd Sm Eu Gd Tb  Dy Ho Er Tm Yb 

Figure 5.13. Chrondrite normalized REE contents of 
Akaitcho Group rhyolites. High Zr rhyolite is representative 
of 5 Nasittok subgroup rhyolites and 6 Okrark sills. Low Zr 
rhyolite plotted is representative o f  6 analyses. Average 
crust from Taylor (1964). 
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Figure 5.14. Correlation of strata in the northern Wopmay 
Orogen, showing position of the Akaitcho Group relative 
to the Epworth Group. Epworth Group data from 
Hoffman (1973), and Hoffman et al. (1978). 

The a g e  of t he  Akaitcho Group remains uncertain.  A 
minimum a g e  is 1800 Ma based on K-Ar cooling ages  for  t h e  
ea s t e rn  Bear Province (Stockwell, 1970), and a maximum a g e  
is  about  2100 Ma, t h e  a g e  of alkaline complexes and diabase  
dyke swarms presumably re la ted  t o  early rif t ing along t h e  
western  margin of t h e  Slave Craton (Hoffman, 1980). A 
Rb-Sr whole rock a g e  of 1881 + 82 Ma (20) has  been obtained 
using 6 samples  f rom a n  Okrark  si l l  located 15 km south  of 
Okrark Lake. The geological significance of th is  da t e ,  
namely is i t  an  a g e  of metamorphism or an  a g e  of emplace-  
ment,  has not ye t  been ascer ta ined.  

DEPOSITIONAL HISTORY OF THE AKAITCHO GROUP 

Between 1.9 and 2.1 Ga, r if t ing began in t h e  western  
pa r t  of t h e  Slave Craton.  Although basement t o  t h e  Akaitcho 
Group has not  been observed, t h e  presence  of probable crus t -  
derived rhyolites suggests t h a t  t h e  Akaitcho Group was  
initially deposited on cont inenta l  c rus t .  The thickness of t h e  
crus t  is unknown, but by analogy with r ecen t  r i f t  te r ranes ,  
probably thinned t o  t h e  west  towards t h e  c e n t r e  of t h e  rif t ,  
by ro ta t ion  along f au l t  blocks in t h e  upper c r u s t  (Morton and 
Black, 1975; Zanet t in  and Justin-Visentin, 1975) and by 
duct i le  spreading of t h e  lower c rus t  (Bo t t , 1976 ;  
Montadert  e t  al., 1979). 

The oldest  rocks observed in t h e  Akaitcho Group in t h e  
northern Wopmay a r e  cont inenta l  tholeii t ic basalts;  hence,  
r i f t ing  may have  been well advanced by t h e  t i m e  these  
basalts  were  erupted.  Nevertheless,  cont inenta l  t e r r anes  
were  nearby, and shed voluminous arkosic turbid i tes  in to  t h e  
Akaitcho basin. As r i f t ing  progressed, la rge  basa l t  volcanoes 
were  constructed.  The tholeii t ic chemis t ry  of t h e  Akai tcho 

i " AKAl7CHO GROUP 

A TYPE 1 basalt (oceanic) 

/ \ A TYPE 2 basalt (continental) 

A UNION ISLAND GROUP 

WPB - within plate basalt field 
OFB - ocean floor basalt field boundaries after Pearce and 

Cann (1973) 

Figure 5.15. Ti-Y-Zr plot for Akaitcho Group and Union 
Island Group basalts. Union Island Group data from Gof f  and 
Scarfe (1978). Plot is not considered to have significance 
regarding the tectonic environment of the basalts. 

Group basalts  in t hese  volcanoes, sugges ts  significant degrees  
of par t ia l  mel t ing  in t h e  m a n t l e  source  a r ea .  The large  
volumes of basa l t ic  magma  introduced suff ic ient  h e a t  in to  
t h e  .c rus t  t o  cause  c rus t a l  mel t ing  and production of t h e  
abundant  rhyolites of t h e  Akai tcho Croup. The  abundance  of 
basa l t  t u f f s  suggests t h a t  s o m e  of t h e  complexes  formed in 
shallow water .  Probable welded ash-flow tu f f s  indica te  t h a t  
t h e  upper pa r t s  of t h e  volcanoes were  probably emergen t  a s  
islands. The basin probably deepened and widened with t ime ,  
a s  f iner  grained sedimentary  rocks  become  dominant  in t h e  
upper pa r t  of t h e  Akai tcho Group. Volcanism appears  t o  
wane,  probably due  t o  westward  migration of t h e  c e n t r e  of 
volcanism. Eventually,  t h e  continent-derived c l a s t i c  rocks of 
t h e  westward  prograding Odjick Format ion buried t h e  
Akai tcho Group. The  t ec ton ic  evolution of t h e  Akaitcho 
Group is shown schemat ica l ly  in Figure  5.16. The  na tu re  of 
t h e  c rus t  which was  present  on t h e  western  margin of t h e  
c r a ton  during t h e  l a t e r  s t ages  of Akaitcho Group deposit ion i s  
discussed in t h e  next  section.  The subsequent history of 
Epworth Group deposit ion has  been summarized by 
Hoffman (1973, 1980). 

DISCUSSION 

The  discussion is  divided in to  two  sections.  The f i rs t  
s ec t ion  compares  t h e  Akai tcho Group t o  modern r i f t  
sequences.  The purpose of this discussion is t o  point o u t  
s imi lar i t ies  between t h e  Akai tcho Group and modern  rif ts ,  t o  
show t h a t  t h e  absence  of peralkaline rhyolite in t h e  Akai tcho 
Group is no t  of g r e a t  impor t ,  and t o  suggest  t h a t  ocean ic  
c r u s t  is not  observed in r i f t  a r e a s  because  t h e  processes 
involved in t h e  genera t ion  of oceanic  c rus t  in r i f t s  is  
d i f f e r en t  than t h e  process in opera t ion  at spreading ridges. 
In t h e  second sec t ion ,  t h e  s igni f icance  of t h e  Akai tcho Group 
t o  t h e  development  of t h e  Wopmay Orogen is  discussed. 
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I - post-Ipiutak formation deposition and syn-Zephyr 
formation deposition. Akaitcho Group units older than 
the Ipiutak formation, i f  they exist, are considered part of 
the basement. 

PRESERVED 
I I 

11 - late Nasittok subgroup deposition. Rift-type ocean crust 
(see tex t  for discussion) has developed west of the 
continental crust underlying the Nasittok subgroup. 

I11 - late Tallerk formation deposition. Centre o f  volcanism 
has migrated to  the west, development o f  ridge-type 
ocean crust is inferred to  have begun t o  the west. 

IV - late Rocknest Formation deposition. Akaitcho Group is 
buried beneath a passive continental margin sedimentary 
succession. 

(not to scale)  

\ 

IPIUTAK FM 

ZEPHYR FM 
RIFT TYPE OCEAN CRUST 

NASITTOK SUBGROUP 

AGLEROK FM a RIDGE TYPE OCEAN CRUST 

VAILLANT FM 

STANBRIDGE FM 

ODJICK FM 

ROCKNEST FM 

zones of magma generation 1 
basalt feeders and sills 

Figure 5.16. Cartoon illustrating the evolution of the 
Coronation continental margin during the early Proterozoic. 

Comparison Peralkaline lavas  a r e  glassy, and only occur  high in t h e  
s t ra t igraphic  sequence  of t h e  cumulo-volcanoes. The,  s t r a to id  

In the Afar triangle north Of the lake region Of the s e r i e s  is  underlain by a n  unknown thickness of c l a s t i c  sedi-  Ethiopian r i f t ,  Barberi  et al. (1972a, 1975) and Barberi and mentary  rocks (Chessex et al., 1975; Mohr, 1978). The  over-  Varet  (1977, 1978) have  recognized t h r e e  types  of volcanism: all stratigraphy of the series, in particular the oceanic  volcanism of t h e  axial  ranges, volcanic cen t r e s  near  presence of cumulo-volcanoes with few pyroclastic rocks 
the r i f t  margins crust, and the constructed on large basaltic plains, and the basalt gee- 
s t ra to id  ser ies  of southern  Afar. The s t ra to id  ser ies  conta ins  chemistry is similar to that observed in the Nasittok sub- transit ional flood basalts  with modera te  LREE enr ichment  group, in par t icular ,  t h e  Tuer tok and Kapvik volcanic interlayered in t h e  upper pa r t  wi th  si l icic f lows and ash-flow complexes. .Ihe major difference is that the Nasittok tuffs.  Locally, cen t r a l  cumulo-volcanoes, wi thout  summit  subgroup was  mainly deposited subaqueously. T h e  absence  of 

formed by lava domes with scanty pyroclastics peralkaline rhyolites in t h e  Nasit tok subgroup does not  appea r  developed. Porphyrit ic lavas a r e  subalkaline rhyolites. 
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t o  be  a significant difference, because they a r e  only 
preserved a t  high s t ra t igraphic  levels in t h e  s t ra to id  series,  
and hence would b e  easily eroded. Barberi  et al. (197 1, 19751, 
Barberi and Varet (19771, and Coombs (1963) have a t t r ibuted 
the  origin of some peralkaline rhyolites to  crys ta l  f rac t iona-  
tion f rom a mildly alkaline basal t  parent,  probably under 
conditions of low pHnO-p02 (Barberi et al., 1975). Thus, t h e  
absence of peralkaline rhyolites in the  Nasittok sub roup can 
be  a t t r ibuted t o  the  lack of a suitable parent ?no alkali 
basalts have been found in t h e  Akaitcho Group) and possibly 
high pH2O-pOn conditions in t h e  basalt ic source  region. In 
addition, peralkaline rhyolites, commonly ignimbritic, a r e  
more  common in the  marginal volcanic cen t r e s  and t h e  axial  
ranges of Afar (Barberi et al., 1972a, b, 1975; Barberi and 
Varet, 1977, 1978) where  high level magma chambers a r e  
present.  The high level magma chambers  a r e  probably 
necessary for crys ta l  fractionation, and volati le accumulation 
(as in calc-alkaline magma chambers;  Smith, 1978; 
Hildreth, 1979) responsible for the  generation of peralkaline 
rhyolites. Such large chambers  appear t o  be  absent  beneath  
t h e  s t ra to id  ser ies  (Barberi et al., 1975; Barberi and 
Varet, 1977, 1978). This could also be  t h e  c a s e  for  t h e  
Nasittok volcanic complexes.  Finally, because t h e  Akaitcho 
Group rhyolites a r e  derived from crus ta l  fusion, and a r e  not  
re la ted  t o  t h e  basalts through differentiation, t h e  absence of 
peralkaline rhyolites is no t  surprising. 

The presence of oceanic basement beneath the  Afar 
region is in dispute by geophysicists and geologists (see  
discussion by Barberi and Varet, 1975a, b; Mohr, 1978). The 
geophysicists no te  t h a t  t h e  crus t  is abnormally thick for 
oceanic basement (Fig. 5.17) and have in terpre ted t h e  
6.0-6.3 kmlsec  layer a s  representing a t t enua ted  upper 
continental  c rus t  (Mohr, 1978). 

The geologists in terpre t  t he  layer a s  a metamorphosed 
dyke complex, similar t o  layer '20' of oceanic  c rus t  
(Mohr, 1978). In t h e  l a t t e r  case,  t h e  oceanic  crus t  beneath 
t h e  Afar is unusually thick compared t o  normal ridge-type 
ocean crus t  (Fig. 5.17), and t h e  g rea te r  thickness of this rif t-  
t ype  ocean c rus t  has  been a t t r ibuted t o  a slow extension r a t e  
t h a t  permits mant le  derived magmas t o  accumulate ,  and 
di f ferent ia te  in the  c rus t  (Barberi and Varet, 1975a). The n e t  
e f f e c t  produces oceanic  crus t  d i f ferent  f rom ridge-type 
crust .  The presence of ridge-type oceanic c rus t  in t h e  Red 
Sea and the  Gulf of Aden (Fig. 5.17) indicates t h a t  t he  thick 
r i f t  type ocean crus t  e i ther  evolves into ridge-type ocean 
crust ,  or  t h a t  i t  is  a transit ional s t age  between oceanic and 
continental  crust .  

The Guayamas Basin is par t  of t h e  developing Gulf 
of California rif t .  Preliminary resul ts  of DSDP Leg 64 
indicate  t h a t  in t h e  axial  r i f t  a reas ,  and between rifts ,  basalt  
flows have been intruded in to  rapidly deposited sof t  sedi- 
ments. Younger sills overlie t h e  older sills because t h e  sills 
can pene t r a t e  so f t  sediments  more  easily than older,  
compacted,  intruded and hydrothermally a l tered sediments 
(Einsele e t  al., 1980; Curray e t  al., 1979). The important  f a c t  
is t h a t  this process of sill injection produces an  oceanic  
basement  qui te  d i f ferent  in s t ra t igraphy (Einsele e t  al., 1980) 
and in thickness (Moore, 1973; Fig. 5.17) from normal 
ophiolites. If t he  type of oceanic  basement  described f rom 
t h e  Gulf of California and t h e  Afar is  typical of rif ts ,  this 
could explain t h e  absence of recognizable ophiolite 
stratigraphy in rif t ing sequences preserved in orogens 
(see discussion by Rankin, 1975). 

Extent  of rift ing 

The remaining question is whether  t h e  Akaitcho Group 
formed in an  ensialic r i f t ,  of which only t h e  e a s t  margin is 
now exposed, or if r if t ing continued, with t h e  development of 
an  Atlantic type cont inenta l  margin and generat ion of ridge- 
type  oceanic crust .  

Hoffman (1973, 1980) and Hoffman e t  al. (1978) have 
presented convincing s t ra t igraphic  and sedimentological 
evidence for  t h e  development of an  At lant ic  type  cont inenta l  
margin along t h e  wes t  margin of t h e  Slave Craton in t h e  
early Proterozoic.  'This continental  margin developed a f t e r  
deposition of t h e  Akaitcho Group a s  pel i tes  of t he  Odjick 
Formation overlie t h e  Akaitcho Group. 

Hoffman (1980; s e e  Table 5.2) has  summarized t h e  
evidence for rif t ing along the  western  edge  of the  Slave 
Craton in t h e  ear ly  Proterozoic.  This evidence includes t h e  
presence of three ,  2.1 -1 .1 G a  alkaline-peralkaline 
complexes, four diabase dyke swarms all  about  2.1 Ga in age ,  
and the  presence of two  aulacogens spaced 800 km a p a r t  
which s t r ike  a t  high angles t o  t h e  t rend of t h e  Wopmay 
Orogen (Fig. 5.18). This close association of alkaline 
complexes,  four diabase dyke swarms, aulacogens and dyke 
swarms is similar t o  magmat i c  and t ec ton ic  ac t iv i ty  observed 
during t h e  breakup of cont inenta l  a r eas  during t h e  Cenozoic 
(Burke and Dewey, 1973; Burke, 19i16, 1977). 

In addition t o  t h e  above evidence, t h e r e  is  t h e  r i f t  
re la ted  Akaitcho Group which is overlain by a passive 
cont inenta l  ter race-r ise  sedimentary  sequence. The 
evolution of t h e  Akaitcho Group tholeii tes f rom the  older,  

 ETHIOPIAN^ s AFARI N AFARI GULF  OF^ R E D   SEA^ ICELAND'   OCEAN^ GULF OF  CALIFORNIA^ 
PLATEAU ADEN CRUST 

North Central Mouth 

Figure 5.1 7. Crustal sections for the Afar 
r i f t  (Mohr, 1978), ridge type ocean crust 
(Salisbury et  al., 1979). and the Gulf of 
California (Moore, 1973). Note the greater 
thickness o f  oceanic crust in the developing 
r i f t s ,  particularly north and central Gulf o f  
California. Layer with 4-6 km/sec velocities 
in the Gulf of  California is a mixed 
layer of basalt and sediment (Moore, 1973; 
Einsele et  al., 1980). 
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Volcanism 

Table  5.2. Comparison of t h e  evidence of r if t ing in t h e  Wopmay Orogen and t h e  Appalachian Orogen 

Sedimentary 
Fill 

Wopmay Orogen 
(early Proterozoic 2.1 t o  1.8 Ga) 

Akaitcho Group (this paper) 

Appalachian Orogen 
(Eocambrian t o  Permian)  

bimodal 

(i) basalt  - cont inenta l  tholeii te (early) 
- ocean thole i i te  ( late) 

(ii) rhyoli te - subalkaline, c rus ta l  derived 

- - - - - 

- Catoct in ,  Tibbet Hill, Mt. R o d g e r ~  and Ashe 
format ions  

- tholeii t ic basa l t  (decrease  in alkalinity towards  
promontories? (Rankin, 1976) 

- peralkaline rhyolites and g ran i t e s  associa ted  with 
promontories (Rankin, 1976) 

- arkosic turbidites,  cont inent  derived (early) 

- peli tes and volcaniclastic sediments  ( late) 
overlain by cont inenta l  shelf c las t ics  

- variable,  coa r se  c las t ics  and conglomerates  in some  
areas ,  pe l i te  and volcaniclastic sediments  elsewhere,  
sediment  thickness increased towards  promontories;  
sediments  and volcanics overlain by cont inenta l  shelf 
c las t ics  derived f rom t h e  west  (Rodgers,  1972; 
Rankin, 1975; Thomas, 1977) 

Basement - volcanics res t  on basement  in fold and thrus t  
be l t  (Zone 2) 

- basement not  observed in Zone 3, but 
continental  in pa r t  because  of abundant crus ta l  
derived rhyolites 

- cont inenta l  c rus t  (Grenville) overlain by volcanics, o r  
conglomerates  

Associated 
Magmatism 

Associated 
R i f t s  

- Simpson Island Dyke (Burwash and Cavell ,  1978; 
Badham, 1979; Reinhardt,  1972) 

- Blachford Alkaline Complex (Davidson, 1978) 

- Bigspruce nepheline syeni te  carbonate  complex 
(Martineau and Lamber t ,  1975) 

- Indin, Dogrib, 'X1 and Hearne  diabase dykes 
(Hoffman, 1980) 

- Athapuscow aulacogen (Hoffman, 197 3, this 
volume; Hoffman et al., 1980) I 

- Taktu failed a r m  (Campbell  and Ceci le ,  this 
volume) 

- aulacogen spaced 800 km a p a r t  1 

- dykes in northern Newfoundland and on Belle Island 
cu t t i ng  Greenville basemen t  (Strong and 
Williams, 1972; Strong, 1975) 

- alkaline complexes (Doig, 1970) generally along 
St.  Lawrence-Ot tawa graben 

- southern  Oklahoma aulacogen (Hoffman et al., 1974; 
Ham, 1969) 

- Ottawa-St .  Lawrence-Bonchere Graben I 
- promontories spaced 600-800 km a p a r t  I 

cont inenta l  Ipiutak basalts  t o  t h e  younger, oceanic,  upper 
Belleau basa l t s  (Fig. 5.12) indicates t h a t  products of r l f t lng  
preserved by t h e  Akaitcho Group progressed t o  t h e  s t a g e  
where  r i f t - type  ocean c rus t  was  being genera ted .  T h e  
presence  of t h e  overlying cont inenta l  te r race-r i se  sequence  
indica tes  t h a t  r i f t ing  was  probably successful ,  and t h a t  ridge- 
t ype  ocean crus t  was genera ted .  This is unlike t h e  l a t e  
Proterozoic  Burin Group in t h e  Avalon Zone of t h e  
Appalachians (Strong et al., 1978; Strong and Dostal ,  1978, 
1980), where  only rif t- type ocean c rus t  was  genera ted  and 
where  t h e r e  is  no  overlying cont inenta l  te r race-r i se  
sequence.  

Thus, i t  s eems  probable t h a t  an  ocean basin floored by 
ridge-type ocean c rus t  did develop off of t h e  western  margin 
of t h e  Slave Craton in t h e  early Proterozoic.  

Hoffman et al. (1970) and Hoffman (1973, 1980) have  
previously emphasized t h e  similari ty be tween t h e  Wopmay 
Orogen and Paleozoic and Cenozoic  orogens. As a f ina l  
point, I submit t h a t  t h e  evidence for  r if t ing in t h e  Wopmay 
Orogen is a s  compelling a s  t h a t  for  t h e  Appalachian Orogen 
(Table 5.2; Fig. 5.18). The d i f f e r ence  between t h e  two  
orogens is t h a t  ophioli te nappes present  in t h e  nor thern  
Appalachians provide independent evidence  t h a t  ridge-type 
ocean c rus t  did exist ,  whereas in t h e  Wopmay Orogen, th is  
def in i t ive  evidence  is absent.  

SUMMARY 

In summary,  t h e  ear ly  Proterozoic  Akaitcho Group 
preserves products of r if t ing similar t o  those  found in modern 
r i f t  valleys. The  Akaitcho Group basalts  evolved upward 
f rom cont inenta l  tholeii tes t o  younger oceanic  tholeii tes,  a 
geochemical evolutionary pa t t e rn  observed in modern r i f t s  
such a s  t h e  Afar.  The  geochemical evolution of t h e  Akai tcho 
Group basalts ,  and t h e  subsequent burial of t h e  Akaitcho 
Group by a n  ea r ly  Proterozoic  cont inenta l  t e r r a c e  sequence  
indica tes  t h a t  ridge-type ocean crus t  most probably 
developed off t h e  western  margin of t h e  Slave Craton during 
t h e  ear ly  Proterozoic.  Subsequent deformat ion of t h e  
~ k a i t c h o - G r o u p  and other  supracrus ta l  rocks of t h e  Wopmay 
Orogen probably r e f l ec t s  t h e  des t ruct ion  of th is  oceanic  
crus t .  

Some impor tant ,  outstanding problems in our  under- 
standing of t h e  Akaitcho Group are:  

I. The  nature ,  composit ion and thickness of t h e  Akai tcho 
basement .  

2. If preserved, wha t  a r e  t h e  lower pa r t s  of t h e  Akai tcho 
Group like? If volcanic rocks a r e  present,  a r e  t hey  
alkaline or subalkaline? 



Figure 5.18 

Comparison of rocks  re la ted  t o  the  early 
Proterozoic rif t ing of the  Wopmay 
Orogen ( a f t e r  Hoffman, 1980) and 
Eocambrian rift ing of the  Appalachian 
Orogen ( a f t e r  Rodgers, 1972; 
Rankin, 1976; and  Thomas, 1977). Note 
difference in scale  between t h e  two  
orogens. For a more  deta i led  map  of t h e  
Eocambrian r i f t  f ac i e s  rocks consult 
Williams (1978). 

rift facies deposits 

3. Does t h e  cha rac te r  of t he  Akaitcho Group change t o  t h e  Barberi, F., Borsi, S., Ferrara ,  G., Marinelli, G., 
south? Santacroce,  R., Tazieff,  H., and Varet, J. 

4. What is t h e  a g e  of t h e  Akaitcho Group? An answer t o  this 197 2a: - ~ v o l u t i o n  of t h e  Danakil Depression (Afar,  

question might provide some  const ra in t  on t h e  width of Ethiopia) in light of radiometr ic  a g e  determina-  

t h e  ocean basin. tions; Journal of Geology, v. 80, p. 720-729. 
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AUTOPSY OF ATHAPUSCOW AULACOGEN: 
A FAILED ARM AFFECTED BY THREE COLLISIONS 

P.F. Hoffman 
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SUMMARY 

Hoffman P.F., Autopsy of Athapuscow Aulacogen: A fa i led  a rm a f fec t ed  by three  collisions; & 
Proterozoic Basins of Canada,  F.H.A. Campbell ,  editor;  Geological Survey of Canada,  Paper 81-10, 
p. 97-102, 1981. 

~ t h a ~ u s c o w  Aulacogen is a deformed eas t  -northeast-  
trending basin, 270 km long by a t  most 80 km wide, of l i t t le-  
metamorphosed early Proterozoic  sedimentary and magmat ic  
rocks exposed in and around t h e  East ~ r m '  of Grea t  Slave 
Lake, Northwest Territories. To the  northwest is t h e  Slave 
Province, a 2.6 G a  cra ton mostly stripped of i t s  Proterozoic  
cover.  Southeast  of t he  aulacogen is t h e  "Northwest 
Churchill Province", consisting mostly of high-grade 
Archean (?) rocks, strongly retrograded, and re l ic ts  of a low- 
t o  medium-grade volcanic-sedimentary cover sequence 
(Wilson Island Group), locally intruded by granite,  t h a t  
predates  t h e  aulacogen. These metamorphic and basement 
rocks a r e  involved in a 20-km-wide east-northeast-trending 
zone of severe  mylonitization (Slave-Chantrey Mylonite 
Zone) t h a t  skirts t h e  southeast  border of t h e  aulacogen. The 
western  end of the  aulacogen is onlapped by Phanerozoic 
cover,  beneath which i t  probably merges with t h e  foreland 
sedimentary  prism (Coronation Supergroup) of Wopmay 
Orogen, which evolved contemporaneously with t h e  
aulacogen. Zircon chronology suggests t h a t  t h e  major orogen 
(Trans-Hudson Orogen) between the  northwest Churchill 
Province and t h e  Superior Province closed within t h e  same  
t i m e  in terval  (1.8-1.9Ga) . a s  Wopmay Orogen and 
deformation of t h e  aulacogen. 

Excluding the  aforementioned Wilson Island Group, t he  
s t ra t igraphy of the  aulacogen consists of two  relatively 
conformable  sequences separa ted by a regional angular 
unconformity.  The younger sequence (Et-then Group) is 
virtually unmetamorphosed and consists of alluvial 
fanglomerate ,  locally with basalt  flows, and pebbly fluvial 
sandstone. The older sequence (Great  Slave Supergroup) is 
subgreenschist  in grade and records a grand transgressive- 
regressive cycle  t h a t  has been corre la ted  in deta i l  with the  
Coronation Supergroup of Wopmay Orogen and t h e  Goulburn 
Group of Kilohigok Basin, a less deformed basin on t h e  Slave 
Craton. Basal conglomerates of t h e  Grea t  Slave Supergroup 
conta in  c las ts  of Wilson Island Group and basement rocks 
derived in par t  f rom t h e  Slave-Chantrey Mylonite Zone. 

The Great  Slave Supergroup comprises five formal 
groups, t h e  Union Island, Sosan, Kahochella, Pe the i  and 
Chris t ie  Bay groups, listed in ascending order.  The Union 
Island Group is preserved only in a narrow (15 km) eas t -  
northeast-trending zone and comprises a sequence of 
dolomitic,  carbonaceous and argillaceous lake (?) sediments 
t h a t  contain buildups of both tholeii t ic and alkalic basalt  
flows and related gabbro sills. The Sosan Croup disconform- 
ably overlies t h e  Union Island Group and extensively onlaps 
t h e  basement.  Its lower pa r t  (Hornby Channel and Duhamel 
formations) is mostly devoid of volcanics and exhibits 
considerable local variation in thickness and facies.  It is 
generally thickest,  about  3 km, in a zone coincident with but  
broader and longer than t h e  preserved Union Island Group, 
he rea f t e r  referred to  a s  the  "axial zone". The sequence 

L1aulacog6ne dlAthapuscow e s t  un bassin d6form6 
or ient6  est-nord-est, d'une longueur d e  270 km e t  d'une 
largeur maxirnale de  80  km. I1 s e  compose d e  roches 
magmatiques et sddimentaires du Protdrozoique infkrieur, 
peu mdtamorphisdes, qui sont  exposkes dans  le  bras  Est  (East 
~ r m ) '  du Grand lac  des  Esclaves e t  i proximitd. Au nord-est 
s e  trouve la province des  Esclaves, c r a ton  d e  2,6 Ga et 
ddbarrassd en bonne par t ie  aujourd'hui de  s a  couver ture  
proterozoYque. Au sud-est d e  I'aulacog&ne, se trouve la  
portion nord-ouest de  la province de  Churchill, composee 
sur tout  de  roches arch6ennes  (?) fo r t emen t  mdtamorphisdes, 
e t  prdsentant les e f f e t s  dlun in tense  mdtamorphisme 
rdgressif, ainsi  que les  res tes  d'une succession volcano- 
sddimentaire de  couver ture ,  fa ib lement  & moyenneme?t 
mdtamorphisde (groupe de  Wilson Island), t raversee  
localement par des  intrusions d e  granite,  et plus rdcente  que 
I'aulacogine. Ces  roches mktamorphiques e t  roches du 
soubassement font  pa r t i e  d'une zone d'intense mylonitisation 
d e  20 km d e  large,  or ientke  est-nord-est (zone mylonitisde d e  
Slave-Chantrey) qui s e  t rouve h la  bordure sud-est d e  
I 'aulacogine.  La par t ie  ouest d e  I'aulacogkne e s t  chevauch ie  
par une couche du Phandrozoi'que, et au-dessous d e  celle-ci, 
e l le  s e  confond probablement avec  le prisrne sddimenta i re  d e  
la  plate-forme cont inenta le  (supergroupe d e  Coronation) de  
110rog6ne de  Wopmay, qui a dvolu6 e n  mCme t emps  que 
l1aulacog&ne. ~ ' a p r 6 s  la data t ion rdalisde sur le zircon, le  
principal orog6ne (orog&ne Trans-Hudsonien) s i tuh e n t r e  le  
nord-ouest de la  province de Churchill et la province du lac 
SupCrieur s ' e s t ,  f e r m 6  e n  m&me t e m p s  (1,8-1,O Ga) que 
I'orogine de  Wopmay e t  pendant la dkformation de  
I'aulacogine. 

Exception f a i t e  du groupe d e  Wilson Island 
susmentionnd, la s t ra t igraphie  d e  I'aulacog&?e co,mporte deux 
successions re la t ivement  concordantes,  separees  par une 
discordance angulaire rkgionale. La succession la  plus jeune 
(groupe de Et- then)  n'est pratiquement pas mdtamorphisCe; 
e l le  se compose d'un fanglomhrat localement  recouvert  d e  
coul6es basalt iques e t  de gr6s fluviati les caillouteux. La 
succession la  plus ancienne (supergroupe d e  Great  Slave) a 
d td  mdtamorphisde dans l e  sous-faci&s des  schistes ver ts  et 
cont ient  les vestiges d'un important  cycle  d e  transgression e t  
regression, qui a d t 6  corrdld Ctroitement avec  l e  supergroupe 
d e  Coronation dans l 'orogkne de  Wopmay et le  groupe d e  
Goulburn dans l e  bassin d e  Kilohigok, moins dhform6 et situd 
sur l e  cra ton du Grand l ac  des Esclaves. Les conglom6rats d e  
base  du supergroupe d e  Grea t  Slave cont iennent  des  roches 
clastiques du groupe d e  Wilson Island e t  des roches de  
soubassement provenant en  par t ie  de  la zone d e  mylonite d e  
Slave-Chantrey. 

Le supergroupe d e  Grea t  Slave s e  compose de  cinq 
groupes reconnus, appelks groupes de  Union Island, de  Sosan, 
d e  Kahochella, d e  Pe the i  et de  Chr is t ie  Bay, dans  I'ordre 
ascendant.  Le groupe de  Union Island n'est conservd que dans  

- - 

' "East Arm" is not an  officially recognized place name and does not appear on top0 maps, 
although i t  is in regular use by residents of Grea t  Slave Lake. 

Le toponyme "East Arm" n'est pas un toponyme officiellement reconnu, par contre ,  il e s t  utilisk 
couramment  dans la rdgion du Grand l ac  des Esclaves. 
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consists of a lower pebbly subfeldspathic areni te  (Hornby 
Channel Formation), deposited by braided rivers t h a t  flowed 
uniformly t o  the  west-southwest, overlain gradationally by 
perit idal stromatolit ic dolomite (Duhamel Formation). The 
dolomite is commonly missing beneath a disconformity a t  t h e  
base of t he  upper Sosan Group, a laterally more  uniform 
sandstone blanket about I km thick, again with west- 
southwesterly d i rec ted paleocurrents. This blanket consists 
of a lower white t o  pink quartzose sandstone (Kluziai 
Formation) that  grades upward into red micaceous sand- 
si l tstone (Akaitcho River Formation). Tholeiitic basalt 
centres ,  locally with rhyolite cauldrons and domes, a r e  
developed especially near the  top of the sandstone blanket 
(e.g. Seton Forrnation). The top of t h e  blanket marks a major 
deepening of the  water column and deposition of non- 
mudcracked red and green marine (?) shale  (Kahochella 
Group). The shale increases smoothly in thickness f rom less 
than 0.5 km on the  northwest margin of t he  aulacogen t o  
more  than 2.5 km toward t h e  axial  zone. Sil tstone turbidites 
occur  in the  axial zone and were  derived a t  least  in par t  f rom 
the  southwest. Basalt ic and bimodal volcanic cen t r e s  flared 
up in termit tent ly  during shale  deposition along nor theas t  and 
east-northeast-trending lines. Volcanism ceased during 
deposition of the  succeeding 0.5 km thickness of carbonates  
(Pethei Group), which undergo a marked facies  change f rom 
shallow water  cryptalgal platforms and ramps along t h e  
northwest margin of t h e  aulacogen, through a relatively thin 
transit ional slope facies,  t o  deep-water l imestone and 
marlstone that  intertongue in the  axial zone with greywacke 
turbidites derived f rom t h e  southwest. Halite casts a t  t h e  
top  of t h e  basinal fac ies  Pethei  Group signal an impending 
salinity crisis. The succeeding unit is a broken format ion 
(Stark Megabreccia), comprising a pervasively breccia ted  
consanguineous association of peritidal dolomite-limestone 
and red halite-casted silt-mudstone tha t  becomes sandy 
toward the  west-southwest. The megabreccia sharply over- 
lies all facies of the  Pethei  Group and is thought t o  have 
resulted from withdrawal of s a l t  originally deposited between 
t h e  deeper water facies of t he  Pethei  Group and the  
preserved shallow water lithologies in the  megabreccia.  The 
rnegabreccia was fur ther  disrupted during subsequent 
tec tonic  overthrusting. The megabreccia and the  succeeding 
nonbrecciated redbed sequence, mostly nonmarine, together  
comprise t h e  Christie Bay Group, about 1.5 km thick. The 
immature  fluvial and del ta ic  sandstones (Tochatwi 
Forrnation) overlying the  rnegabreccia a r e  derived f rom t h e  
southwest,  a s  is t h e  terrigenous component of the  
rnegabreccia itself. The fluvial sandstones a r e  succeeded by 
playa lake  (?) sediments (Por tage  Inlet Formation) capped by 
subaerial  basalt  flows (Pearson Formation). 

' In addition t o  the  volcanism already mentioned, t he re  
were  at leas t  four significant episodes of intrusive 
magmatism of contrasting character .  Alkaline and 
peralkaline intrusions, 2.1-2.2 Ga in age, a r e  recognized on 
t h e  north (Blachford Intrusive Suite) and south (Simpson 
Island Dyke) sides of t he  aulacogen. Both a r e  intruded by 
east-northeast-trending swarms of a l tered diabase dykes 
(Hearne Dykes) tha t  appear to  predate  t h e  Union Island and 
Sosan groups. The alkaline-peralkaline complexes, Hearne  
Dykes and Union Island Group alkalic-tholeiitic volcanism 
could all  be  closely related but,  a s  age  control  is lacking, t he  
unlikely possibility t h a t  t h e  alkaline-peralkaline complexes, 
o r  even t h e  Hearne Dykes, predate  t h e  Wilson Island Group 
cannot be completely excluded. 

The Jackson Gabbros a r e  a suite of minor intrusives 
commonly associated with t h e  upper Sosan Group and 
Kahochella Group volcanism (Seton volcanism sensu lato) but 
more  important a r e  the  calc-alkaline Compton Laccoliths, 
which postdate the  Grea t  Slave Supergroup and p reda te  t h e  

une kt roi te  (15 km) bande o r i e n t i e  est-nord-est e t  comprend 
une succession d e  skdiments lacust res  (?) dolomitiques, 
carbonacds  et argileux qui cont iennent  des  accumulations de  
coulkes basaltiques thol6iitiques e t  alcalines,  ainsi  que l e s  
sills gabbroi'ques associks. L e  groupe d e  Sosan repose e n  
discordance dt6rosion sur le  groupe dlUnion Island e t  recouvre 
une grande par t ie  du soubassement.  Sa  pa r t i e  inf6rieure 
(formations d e  Hornby Channel et d e  Duhamel) e s t  presque 
ent i6rement  ddpourvue de  roches volcaniques e t  prksente 
localement de  grandes variations d'kpaisseur et d e  fac i is .  
Son kpaisseur e s t  gknkralement maximale,  3 krn environ, dans 
une zone qui coincide avec  le groupe encore  exis tant  dlUnion 
Island, plus large  et plus long, appeld plus loin "zone axiale". 
La succession s e  compose d'une a r i n i t e  infCrieure, d e  
ca rac t6 re  subfeldpathique e t  cail louteux (forrnation d e  
Hornby Channel), dkposke par des  cours d'eaux anastomosds 
qui coulaient uniformiment  en direction ouest sud-ouest; c e  
ddp6t s e  transforrne graduel lement  e n  une dolomie 
s t romatol i t ique  pkrit idale (forrnation d e  Duhamel). La  
dolomie e s t  souvent absente  au-dessous d'une disconcordance 
d16rosion situde la  base d e  l a  portion supkrieure du groupe 
d e  Sosan, qui fo rme  une couver ture  la t6ra lement  plys 
uniforme de  I k m  d'kpaisseur environ, et 06 apparai t  
I 'orientation ouest-sud-ouest des  paldocourants. C e t t e  
couche e s t  composke des  gr6s quar tzeux infkrieurs blancs i 
roses, (formation d e  Kluziai) qui passe vers  l e  haut un 
s i l t s tone sableux et micacd rouge (formation dfAkaitcho 
River). I1 exis te  des cheminkes d e  basal tes  tholkiitiques, 
accompagnks localement d e  ca ldei ras  et d e  d6mes 
rhyolitiques, sur tout  pr6s du sommet  d e  la couver ture  de  gr6s 
(par exemple,  la formation de  Seton). Celui-ci montre  un 
important  accroissement d e  la  colonne d'eau et l e  dkp6t d e  
schis te  argileux marin (?) rouge e t  ver t  d6pourvu de  f en te s  de  
dessiccation (groupe de  Kahochella). L'kpaisseur du schis te  
argileux augmente  t r i s  progressivement,  d e  moins d e  0,5 km 
sur la marge nord-ouest d e  I'aulacog6ne plus d e  2,5 km p r i s  
de  la  zone axiale. On rencontre  des  turbidi tes  d e  s i l t s tone 
dans la  zone axiale, par t ie l lement  issues du sud-ouest. Des 
cheminkes basalt iques et de  caract&-e bimodal sont  
sporadiquement ent rkes  e n  kruption durant  la  skdimentation 
des  schistes argileux, le  long de  lignes d 'orientation nord-est 
e t  est-nord-est. Le volcanisme a cessk durant  l a  
skdimentation d e  la  couche carbonatke  suivante  (groupe d e  
Pethei) ,  d'une kpaisseur d e  0,5 km, dont le  faci&s varie 
fo r t emen t  d'un f a c i i s  de  plates-formes et ta lus  cryptalgaux 
l e  long d e  la  marge nord-ouest d e  llaulacog&ne, un faci&s d e  
transit ion incl in i  re la t ivement  mince, puis des  ca lcai res  e t  
marnes  d'eau profonde s ' interdigitant dans l a  zone axia le  avec  
des  turbidites de  grauwacke provenant du sud-ouest. Des 
empreintes  de' hali te au sommet  du groupe d e  Pethei ,  dont le  
f a c i i s  e s t  celui d'un bassin, signalent un changement  brutal  
d e  la salinitg. La couche suivante e s t  une formation 
f ragmentde  (mggabr iche  d e  Stark),  qui comprend des  
br&ches, associkes et s imul tankment  formkes,  d e  dolomies et 
calcai res  e t  de  mudstones et sil ts  contenant  des  empreintes  
de  hal i te  qui deviennent sableuses dans la  d i rec t ion est-sud- 
ouest.  La  mkgabr iche  recouvre ne t t emen t  tous  les  faci6s du 
groupe d e  Pethei;  on suppose qu'elle s'est formke pendant le  
r e t r a i t  du se l  dkposk init ialement e n t r e  l e  f a c i i s  d'eau 
profonde du groupe d e  Pe the i  e t  les s id imen t s  d'eau peu 
profonde conservds dans  la mkgabr6che. Celle-ci a k t 6  
per turbke i nouveau pendant l e  charr iage  tectonique 
ult6rieur.  La m6gabr;che e t  la succession suivante i red 
beds non brkchifike et e n  major i t6  non marine,  forment  
ensemble  l e  groupe d e  Chr is t ie  Bay, d ' i  peu pr6s 1,5 km 
d'kpaisseur. Les g r i s  f luviati les e t  delta'iques immatures  
(formation d e  Tochatwi) qui recouvrent la  mkgabr6che 
proviennent du sud-ouest, c o m m e  la composante  terriggne d e  
la  mkgabr iche  elle-m6me. Les g r i s  f luviati les sont  suivis d e  
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Et-then Group. They a r e  hornblende or hornblende-biotite 
diorites (in t h e  west half of t he  aulacogen) and quar tz  
monzonites (in the  eas t  half), using IUGS definitions. The 
laccoliths a r e  generally floored by the  top of the  Pethei 
Group and bulge discordantly upward into t h e  Stark  
Megabreccia. The laccoliths definitely transgress and 
postdate  t h e  thrusting of t h e  Great  Slave Supergroup. Except 
for  contrasting host rocks, the  laccoliths have much in 
common with cer ta in  intrusions in t h e  1.87 C a  calc-alkaline 
Great  Bear Magmatic Zone of Wopmay Orogen. Finally, 
a f t e r  more  than 600 Ma of tec tonic  inactivity,  the  aulacogen 
was intruded by a 125 krn-long cone shee t  (Fortress Gabbro) 
and throughgoing north-northwest-trending diabase dykes 
during t h e  Mackenzie Igneous Event a t  about  1.22 Ga. 

Deformation of t h e  aulacogen occurred in two  distinct 
phases. The first  occurred a f t e r  Grea t  Slave Supergroup 
deposition and before intrusion of t h e  calc-alkaline Compton 
Laccoliths. It involves thick-skinned northwest-directed 
overthrusting of t h e  northwest Churchill Province toward t h e  
Slave Craton,  resulting in the  stacking of pellicular alloch- 
thonous shee t s  of axial  zone facies  rocks on to  t h e  
tectonically steepened northwest margin of t h e  aulacogen. 
The southeast  margin of t he  aulacogen was destroyed by 
erosion, probably a t  this time. In this in terpre ta t ion,  t h e  
basement  rocks along the  present-day southeast  margin of 
t h e  aulacogen (e.g. Simpson Islands-Hornby Channel-Union 
Island a r e a  and south of t h e  McDonald Faul t )  and t h e  axial  
fac ies  Union Island and Sosan group rocks in depositional 
con tac t  with t h a t  basement a r e  allochthonous with respect  t o  
t h e  Slave Craton. They tectonically overlie t he  sedimentary 
allochthons between t h e  two basement blocks. To what 
ex ten t  t he  sedimentary allochthons a r e  thrus t  sheets  rooted 
beneath  t h e  southeast  basement allochthon or  gravity slides 
derived f rom the  basement allochthon itself is uncertain.  
Resolution of this problem could have far-reaching paleogeo- 
graphic implications. 

The allochthons can be  readily corre la ted  along the  
length of t he  aulacogen and a r e  classified into six groups or  
t i e r s  on t h e  basis of stratigraphic interval and sedimentary 
f ac i e s  involved, s t ructura l  style and position relative to  o ther  
allochthons or nappes within t h e  stack. The lowest t ier  
consists of multiply imbricated and strongly refolded slope 
f ac i e s  Pe the i  Group limestone and uppermost Kahochella 
Group shale. These a r e  parautochthonous nappes in t h e  sense  
t h a t  they l ie  above nearly the  s a m e  slope fac ies  in t h e  
autochthon, or have a t  most been translated only across t h e  
ou te r  edge of t h e  shallow-shelf fac ies  zone. The overlying 
"Bunting Nappes" a r e  composed of thick axial  basin-facies 
Kahochella and Pe the i  group rocks, detached near t h e  base  of 
t h e  Kahochella Group. Structurally,  these  nappes preserve 
t h e  nose and/or one or t h e  o ther  limb of major northwest- 
facing recumbent anticlines, t he  overturned limbs of which 
a r e  strongly sheared. All of t h e  Chr is t ie  Bay Group i s  
probably allochthonous, having moved laterally without 
s t ra t igraphic  dislocation by slip within t h e  Stark  
Megabreccia,  which behaved a s  a ductile unit  during 
overthrusting. The Chris t ie  Bay Group is preserved mainly in 
f ront  of t h e  Bunting Nappes, tectonically prograding onto  t h e  
autochthon, but t h e  Stark  Megabreccia locally encloses t h e  
leading edges of t h e  Bunting, Meridian and parautochthonous 
nappes and occurs a s  tec tonic  lenses along major nappe- 
bounding thrusts. The "Meridian Nappes" a r e  composed of 
th ick  axial-zone areni tes  of t h e  Sosan Group, very similar 
lithologically t o  outliers preserved on t h e  southeas tern  
basement allochthon. The Meridian Nappes a r e  well 
developed only in the  nor theas t  par t  of t h e  aulacogen, where  
t h e  then adjacent  basement allochthon (i.e. before strike-slip 
faulting) is almost devoid of such outliers.  The reverse is 
t r u e  t o  t h e  southwest - t h e  outliers a r e  extensive and the  

sddiments d e  lac de playa (?) (formation de  Por tage  Inlet) 
coiffks d e  couldes basalt iques subakriennes (formation d e  
Pearson). 

En plus du volcanisme d k j i  rnentionnk, il y a eu au 
moins quatre  importantes  p i r iodes  d e  magmat isme intrusif, 
de  caractgre- contrastd.  Des intrusions alcalines et 
peralcalines, agdes d e  2,l  h 2,2 Ga apparaissent sur les cbtks  
nord (sdrie intrusive de Blachford) e t  sud (dyke d e  Simpson 
Island) d e  I'aulacog6ne! qui sont t raversds  par un essaim d e  
dykes de  diabase a l tdres  (dykes de  Hearne) d'orientation es t -  
nord-est et sont ne t t emen t  ultdrieurs aux groupes dlUnion 
Island e t  de  Sosan. Les complexes alcalins et peralcalins, les 
dykes d e  Hearn et l e  volcanisme alcalin e t  tholkiitique du 
groupe dfUnion Island pourraient tous Ctre k t roi tement  liks 
rnais, comme la  data t ion f a i t  ddfaut,  on ne  peut  exclure 
to ta lement  la mince possibilitd que les complexes alcalins et 
peralcalins, voire les dykes d e  Hearne, a i en t  preckdk l e  
groupe de  Wilson Island. 

Les gabbros d e  Jackson const i tuent  une sdrie intrusive 
mineure frdquemrnent associge au volcanisme du groupe 
supkrieur de  Sosan et celui  du groupe d e  Kahochella (au 
sens large, volcanisme de  Seton); mais plus irnportantes sont  
les laccolites calco-alcalines d e  Compton, plus jeunes que le  
supergroupe de  Grea t  Slave mais plus anciennes que le groupe 
d e  Et-then. ~ ' a p r 6 s  la  classification d e  1'Union 
internationale des sc iences  gdologiques, il s 'agit  d e  diorites 2 
hornblende ou A hornblende et biot i te  (dans l a  rnoitid ouest d e  
I'aulacogGne) e t  d e  monzonites quartziques (dans la moitid 
est). Les laccolites reposent dans  I'ensemble sur le  sommet  
du groupe de  Pethei  e t  forrnent un bombement au-dessous d e  
la  migabr6che d e  Stark.  Elles depassent ne t t emen t  le 
charriage du supergroupe de  Grea t  Slave e t  sont  ultdrieures 5 
celui-ci. Except6 la  roche encaissante  contrastke,  les 
laccolites ont beaucoup en comrnun avec  cer ta ines  intrusions 
d e  la  zone magmat ique calco-alcaline d e  Grea t  Bear de  
I'oroggne de  Wopmay (Sgde de  1,87 Gal. Enfin, a p r i s  plus d e  
600 Ma d'inactivitk tectonique, I'aulacog6ne a dtk  pinktrk  par 
un complexe annulaire (cone sheet )  d'une longueur d e  125 km 
(gabbro de  Fortress) et t raversde  par des  dykes de  diabase 
d'orientation nord-nord-ouest durant  I'intrusion kruptive d e  
Mackenzie (1,22 Ga). 

La ddformation de  I ' au l acog~ne  a eu  lieu en deux phases 
distinctes.  La premikre  phase est ultkrieure au  dkp6t du 
supergroupe du Grand lac des Esclaves e t  antdrieure i 
I'intrusion des laccol i tes  calco-alcalines d e  Compton. Elle 
e s t  due un important  charr iage  du nord-ouest de  la province 
d e  Churchill vers le  c ra ton  du Grand l ac  des  Esclaves, puis 
I'ernpilement de  minces nappes allochtones issues des faci6s 
d e  la zone axia le  sur la bordure nord-ouest d e  I'aulacog6ne, 
tectoniquement accentuge. La bordure sud-ouest d e  
11aulacog6ne a 6 tk  d6trui te  par I'drosion, probablement h la  
m h e  kpoque. Dans c e t t e  in terpr i ta t ion,  les roches du 
soubassement qui bordent la marge- sud-est ac tuel le  d e  
11aulacog6ne (pa_r exemple  la zone des ~ l e s  Simpson, du chenal 
Hornby et d e  1'1le Union et le  sud d e  la fail le McDonald), et 
les roches des groupes d e  Union Island e t  d e  Sosan A faciks 
axial  d i r ec t emen t  dkposkes sur ce soubassement sont  
allochtones par rapport  au cra ton du Grand lac  des Esclaves. 
Elles reposent tec toniquement  sur les  roches skdimentaires 
allochtones situkes e n t r e  les deux blocs du soubassernent. 
Dans quelle mesure  les roches allochtones skdimentaires sont  
des  nappes de  charr iage  irnrnobiliske sous la portion sud-est 
d e  la couche allochtone basale,-ou encore  des portions d e  
c e t t e  couche allochtone ent ra lnde par gravi td  n'est pas 
clair .  La solution d e  ce probl6me pourrait  pe rme t t r e  d e  
t i rer  des conclusions paliogkographiques particuli6rement 
importantes.  



P.F. Hoffman 

nappes r a r e  - and this gives additional support  t o  the  idea 
t h a t  t h e  Meridian Nappes a r e  derived f rom the  basement 
allochthon. The Meridian Nappes locally override the  trailing 
edges of t he  Bunting Nappes, and their  complementary 
s t ra t igraphies  and similar s t ructura l  s ty les  suggest a common 
origin in t h e  same  zone. 

In the  southwest half of the  aulacogen is a single(?) 
large  nappe, t he  "Basile Nappe", composed exclusively of 
Wilson Island Group rocks and a small  high-level intrusion 
(But te  Granite). The Basile Nappe appears to  override the  
trailing edges of t he  Bunting and Meridian nappes, and 
elsewhere t h e  autochthon. Its  metamorphism and much of i t s  
in ternal  deformation probably predate  i ts  emplacement  a s  a 
nappe. Because this nappe comprises the  bulk of t he  known 
W~lson Island Group, t he  original configuration of t h e  Wilson 
Island Group and i t s  relation t o  t h e  Archean basement  before  
thrusting remains obscure. 

The southeastern basement allochthon and i t s  
indigenous Union Island and Sosan Group out l iers  appear t o  
override a l l  o ther  s t ructura l  units. The basement allochthon 
is believed t o  have moved on "Inconnu Thrust", named a f t e r  
Inconnu Channel which separa tes  the  leading edge of the  
basement  allochthon f rom t h e  Basile Nappe. A southeast-  
plunging tec tonic  lineation is developed in t h e  Wilson Island 
Group beneath t h e  thrust .  The basement allochthon is 
intruded by diatreme-like breccia dykes tha t  contain blocks 
of Stark  Megabreccia, possibly derived f rom beneath  t h e  
allochthon. 

The existence of overthrusting, not recognized in 
reconnaissance mapping, is  consistent with t h e  increased 
crus ta l  thicl<ness beneath  t h e  aulacogen known from seismic 
ref ract ion experiments.  A genetically important  peculiari ty 
of the  nappes is their  apparent  retrogradational order of 
emplacement.  

The second major deformation affect ing t h e  aulacogen 
is associated with the  McDonald Fault  Zone, an  eas t -  
northeast-trending zone of right-lateral  strike-slip faulting. 
Precise  faul t  separations a r e  not easily obtained because t h e  
zone nearly parallels t h e  tec tonic  s t r ike  of t h e  ear l ier  thrus ts  
and folds, and the  sedimentary axial  trend of the  aulacogen. 
Nevertheless, consistent separations of 65-80 km across the  
main strand, t he  McDonald-Wilson Fault ,  of rock units a s  old 
a s  Archean and s t ruc tu res  a s  young a s  t h e  nappes 
demonstra tes  tha t ,  contrary  to  the  vlews of some, virtually 
all  of t he  strike-slip movement occurred late.  The calc- 
alkaline Compton Laccoliths a r e  displaced by subsidiary 
strike-slip faul ts  ( they do not c o n t a c t  t he  main strand) and 
the re  is abundant s t ructura l  a s  well a s  sedimentological 
evidence tha t  strike-slip faulting was accompanied by 
deposition of t h e  Et- then Croup, which unconformably 
overlies the  laccoliths. The distribution of laccoliths is not 
related to  major strike-slip faults. Adjacent t o  and within 
t h e  strike-slip zone a r e  northeast-trending right-handed 
en echelon folds of low amplitude and large  wavelength. This -- 
folding a f f ec t s  t h e  Et- then Group and has also refolded t h e  
nappes and the  underlying allochthon. That is why the  once 
ra ther  continuous allochthons a r e  now exposed in such a 
complicated pa t t e rn  of discontinuous nappes. 

In t h e  light of p la te  tec tonic  models recent ly  proposed 
for the  Wopmay and Trans-Hudson orogens, a six s t age  
evolutionary model is  proposed for Athapuscow Aulacogen. 
S tage  1 includes t h e  Union Island Group and possibly also t h e  
alkaline-peralkaline complexes and Hearne Dykes. This 
ac t iv i ty  is in terpre ted a s  an  expression of crus ta l  and litho- 
spheric s t re tching across an  east-northeast-trending failed 
a rm connected and more-or-less contemporaneous with initial 
r if t ing and breakup along the  Coronation cont inenta l  margin 

Les  ter ra ins  allochtones sont fac i les  A corr6ler e n t r e  
eux sur tou te  la longueur de  I'aulacog6ne et sont  classks e n  
six groupes ou Ctages, d ' ap r i s  I ' intervalle stratigraphique et 
le  fac iks  skdimenta i re  concern&s, l e  s ty l e  s t ructura l  et la  
position par rapport  aux au t r e s  ter ra ins  allochtones ou aux 
nappes A I'interieur d e  la colonne stratigraphique. L16tage d e  
base s e  compose du sommet  des  schis tes  argileux du groupe 
d e  Kahochella et des  ca lcai res  du groupe d e  Pe the i  A fac i6s  
d e  pente ,  qui sont fo r t emen t  imbriquks e t  remodel6s par d e  
nouveaux plissements. C e  sont des nappes parautochthones,  
puisqu'elles dominent presque l e  m h e  f ac i6s  d e  pente  que la  
roche autochtone, ou on t  seulement  k t 6  t ranspor t6es  par- 
dessus la bordure extkr ieure  de  la  zone A faciits de  plate- 
fo rme  peu profonde. Les "nappes d e  Bunting" sus-jacentes 
sont  composkes des  s t r a t e s  Cpaisses des  groupes d e  Pethei  et 
d e  Kahochella A faciks d'axe d e  bassin, prks d e  la  base du 
groupe de  Kahochella. Sur 1e plan s t ructura l ,  c e s  nappes d e  
charr iage  por tent  encore  le  nez e t  parfois aussi I'un ou I 'autre 
des  f lancs  des  grands  anticlinaux couchks, expos i s  au nord- 
ouest,  dont les flancs d6versCs sont  f o r t e m e n t  ci-saillks. 
Tout le groupe de  Chr is t ie  Bay e s t  probablement allochtone, 
ayant  la t6ra lement  gliss6e sans d6rangement  stratigraphique 
A I'intkrieur de  la  m&gabr&che d e  Stark ,  qui s 'est  comport6e  
comme une unit6 mallkable durant  la pouss6e. Le groupe d e  
Chr is t ie  Bay e s t  conserv6 sur tout  devant  les nappes de  
Bunting, e t  recouvre tec toniquement  une pa r t i e  d e  la  roche 
autochtone, mais la  b r i c h e  de  S ta rk  englobe localement l e  
f ron t  d e  charr iage  des  nappes parautochtones  et des nappes 
d e  Bunting e t  de  Meridian, e t  s e  prksente  sous forme de  
lenti l les tectoniques le  long des grandes fail les l imi tant  l e s  
nappes. Les  "nappes de  Meridian" sont  compos6es des  
arkni tes  axiales 6paisses du groupe d e  Sosan, t rk s  semblable 
lithologiquement aux klippes conservees  sur I'allochtone 
basale au sud-est. Les nappes d e  Meridian ne sont bien 
dkveloppkes que dans  l e  nord-est d e  I'aulacogkne, ob  l e  
soubassement allochtone adjacent  l'kpoque (c.-&-d, avan t  
les  dkcrochements  horizontaux) e s t  presque dkpourvu de  t e l s  
tkmoins. L'inverse e s t  vrai  au sud-ouest: les tkmoins sont  
ktendus et les  nappes d e  charr iage  sont  rares ,  ce qui donne un 
poids suppl6mentaire I'hypothise selon laquelle les nappes 
de  charr iage  de  Meridian proviennent d e  la  roche allochtone 
du soubassement. Les nappes d e  charr iage  d e  Meridian 
recouvrent localement la  bordure a r r ik re  des  nappes d e  
Bunting, et leurs s t ra t igraphies  complkmentai res  ainsi que 
leurs s ty les  s t ructuraux semblables laissent croi re  2 une 
origine commune dans la m&me zone. 

Dans la  moiti6 sud-ouest d e  I'aulacogkne se trouve une 
seu le  (?) grande nappe de  charriage,  la  "nappe d e  Basile", 
compos6e exclusivement d e  roches du groupe de  Wilson Island 
e t  d'une pet i te  intrusion d e  niveau &lev6 (grani te  d e  Butte). 
La nappe de  Basile semble  recouvrir  l e s  bords ar r i6res  des  
nappes d e  charr iage  d e  Bunting e t  d e  Meridian, e t ,  ailleurs, le  
ter ra in  autochtone. Son m6tamorphisme e t  une grande pa r t i e  
de  ses  d6formations in ternes  sont  probablement antkr ieurs  & 
sa mise en  place. E tan t  donnk que Sette nappe comprend la  
majeure  par t ie  d e  ce qu'on connait  du groupe d e  Wilson 
Island, la configuration init iale de c e  m@me groupe e t  s a  
si tuation par rappor t  au  soubassement arch6en avan t  l e  
charr iage  demeurent  obscure. 

L'allochtone basale du sud-est e t  s e s  klippes indigknes 
des  groupes d e  Union Island et de  Sosan semblent  resouvrir  
t ou te s  les  au t r e s  unitks s t ructura les .  On c ro l t  que  
I'allochtone basale s'est ddplac6 au-dessus du charr iage  
d' "Inconnu", ainsi dknomm6 d1apr6s le chenal  Inconnu qui 
s i p a r e  le f ront  d e  charr iage  d e  I'allochtone basale d e  la  nappe 
d e  Basile. Une lin6ation tec tonique plongeant vers l e  sud-est 
e s t  presente  dans  l e  groupe d e  Wilson Island au-dessous du 
charriage.  L'allochtone basal a subi I'intrusion de dykes 
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t o  t h e  west. This correlation is in need of radiometr ic  
control.  S tage  2 includes the  sandstone-dolomite sequence of 
t h e  lower Sosan Croup. This is readily interpreted a s  an  
embayment  of t h e  sedimentary prism (Epworth Group) 
developed along the  Coronation passive margin a s  a result  of 
thermal  contraction and thickening of the  l i thosphere 
following rifting. Stage  3 includes all  the  res t  of t he  Grea t  
Slave Supergroup, and was probably deposited in less than 
20 million years. It is interpreted a s  par t  of t he  foreland 
basin resulting f rom at tempted west-dipping subduction of 
t h e  Coronation margin during i t s  collision with the  Hottah 
Terrane between 1.92 and 1.89 Ga. Stage 4 is t he  over thrus t  
deformation of aulacogen, t he  timing and orientation of 
which a r e  inexplicable by events  in Wopmay Orogen. This 
deformation may be a distant intracontinental  response to  
collision in t h e  Trans-Hudson Orogen, 650 krn t o  t h e  
southeas t ,  analogous t o  the  Neogene thrusting in the  Tien 
Shan of centra l  Asia related t o  the  India-Eurasia collision. 
S tage  5 includes the  calc-alkaline Compton Laccoliths which, 
like the  Grea t  Bear Magmatic Zone, a r e  in terpre ted a s  t h e  
product of an oblique east-dipping subduction zone init iated 
by arc-polarity reversal following t h e  Hottah-Coronation 
collision. This continental  a r c  was act ive  between about  
1.88 and 1.86 Ga. Stage 6 includes t h e  major strike-slip 
faulting and related en echelon folding, and Et- then Group 
sedimentation. This ac t iv i ty  is corre la ted  with t h e  conjugate 
t ranscurrent  fault ing in Wopmay Orogen and lef t - la tera l  
strike-slip faulting on the  Bathurst  Fault  Zone affect ing t h e  
Kilohigok Basin. This is believed t o  result  f rom terminal  
collision in Woprnay Orogen, probably occurring soon a f t e r  
t h e  cessation of calc-alkaline rnagmatisrn a t  about  1.86 Ga. 

In conclusion, Athapuscow Aulacogen is an  outstanding 
example  of a multistage in t racra tonic  basin, controlled a t  
virtually every s tage  by events  occurring a t  nearby 
cont inenta l  margins. When compared with Phanerozoic 
basins, t he  following very t en ta t ive  and qual i ta t ive  
d i f ferences  s e e m  t o  emerge: 

1. Thermally driven subsidence (e.g. passive margin 
sequence) seems  less; 

2. Tectonically driven subsidence (e.g. foreland basin) seems 
more; and 

3. Collisional cracking of the  subducting pla te  t o  permit  
tholeii t ic magmatism in t h e  foreland basin (e.g. Seton 
Formation and Jackson Gabbro) is more  common. 

These conclusions a r e  consistent with t h e  idea of a somewhat  
ho t t e r  mant le  and consequently thinner l i thosphere in the  
ear ly  Proterozoic,  and have obvious implications for  Archean 
tectonics.  

brgchitiques d e  type dia t r&me qui cont iennent  des  blocs de  la  
rnigabrkche d e  Stark ,  provenant peut-&tre d e  dessous la 
roche allochtone. 

Le charriage,  qui n'est pas identifik sur les  c a r t e s  de  
reconnaissance, e s t  e n  accord avec  I 'accroissement d e  
I'dpaisseur d e  la croOte sous l ' au l acog~ne ,  ddterminde par des  
expkriences d e  &fraction sisrnique. L'ordre d e  mise en  place 
apparernment rgtrograde des  nappFs d e  charr iage  e s t  une 
particularitd importante  d e  leur genese. 

La deuxi&me grande dkforrnation qui touche 
llaulacog&ne es t  associ6e i la zone de  fail les d e  McDonald, 
zone or ientke  est-nord-est d e  fa i l les  A d6crochement  la tkra l  
droit. La sdparation p r i c i se  des  fail les e s t  difficile A 
d i t e rmine r  &ant donnd que la zone e s t  presque parall&le A la  
direction tec tonique des  pousskes et plis antCrieurs, e t  A 
I 'orientation axiale des  sgdiments d e  I1aulacog&ne. 
Nkanmoins, des  ddcrochements  persistants d e  6 5  A 80  km le  
long de  la fail le la plus irnportante, ce l le  de  McDonald- 
Wilson, d'unitks rocheuses pouvant d a t e r  d e  1'Archden et des  
s t ruc tu res  aussi jeunes que l e s  nappes d e  charr iage  
dgrnontrent que, contrairernent i I'opinion d e  cer ta ins ,  
pratiquement tous les ddcrochernents horizontaux on t  d t g  
tardifs. Les laccolites calco-alcalines de  Cornpton sont 
ddplackes par des  fail les secondaires r e j e t  ver t ica l  (qui ne  
touchent pas I'ensemble principal) et il exis te  d'abondants 
indices s t ructuraux e t  skdirnentologiques prouvant que le  
ddcrochernent horizontal  a k t 6  accornpagnk du dkpat  du 
groupe Et-then, qui repose en discordance sur les laccolites.  
La distribution des laccol i tes  n 'est  pas like aux grandes  fail les 
d e  dkcrochement  horizontal. A proximitg e t  l 'intkrieur de  
la zone de  ddcrochement  horizontal  s e  t rouvent  des  plis 
orientks nord-est, dextres ,  e n  6chelon d e  faible ampl i tude et 
d e  grande longueur d'onde. C e  plissernent a touch6 le  groupe 
dtEt- then e t  plissi  nouveau les  nappes d e  charr iage  et la  
roche autochtone sous-jacente. VoilA pourquoi les  ter ra ins  
allochtones aut refois  assez  continus s e  p r i sen ten t  aujourd'hui 
cornrne un ensemble complexe d e  nappes d e  charr iage  
discontinues. 

A la  lurni6re des  rnodkles de tectonique des  plaques 
proposks r icernrnent  pour les orog6nes d e  Wopmay et Trans- 
Hudsonien, on propose un mod i l e  kvolutionnaire en six ktapes 
pour I'aulacogene d1Athapuscow. Le s t ade  1 cornprend le  
groupe dlUnion Island et peut  &re  kgalement les  complexes 
alcalins et peralcalins e t  les dykes de  Hearne. On in terprkte  
c e t t e  ac t iv i tk  c o m m e  une expression d e  116tirement d e  la  
croOte et d e  la  lithosphbre le long d'un bras  est-nord-est 
avortd,  associ6 aux f r ac tu res  e t  au r i f t  longeant la bordure 
cont inenta le  du Couronnement I'ouest et peu pr&s 
contemporain  de  c e s  s t ructures .  C e t t e  c o r r ~ l a t i o n  ndcessite 
une vkrification par data t ion radiomktrique. Le deux i ime  
s t ade  comprend la  succession g r i s  e t  dolornies d e  la  par t ie  
infgrieure du groupe d e  Sosan. On I1interpr&te d1emb16e 
c o m m e  une indentation du prisme sgdimenta i re  (groupe 
dlEpworth) qui s 'est  d ivelopp6e le  long d e  la rnarge passive du 
Couronnernent par sui te  d e  Ja contract ion thermique et d e  
I'dpaississement d e  la  lithosphkre apr6s I'apparition du rift .  
Le troisi6me s t ade  cornprend tou t  le  r e s t e  du supergroupe d e  
Grea t  Slave et s'est probablement ddposg e n  rnoins d e  20 Ga. 
On I1interpr6te cornrne une par t ie  du bassin de Iravant-pays 
rksultant d'un dkbut d e  subduction, avec  plongement vers 
I'ouest, d e  l a  bordure du Couronnement pendant l a  collision 
de  celle-ci avec  la zone d e  Hot tah ,  il y a 1,92 1,89 Ca. L e  
quatr igme s t ade  est la  dgformation par charr iage  d e  
l'aulacog&ne, dont la chronologie et I'orientation ne peuvent 
stexpliquer par les kvknernents d e  I1orog&ne d e  Woprnay. 
C e t t e  dkformation pourrait  & t r e  une rkaction 
in t racont inenta le  d is tante  5 la collision qui s 'est  produite 
dans I1orog&ne Trans-Hudsonien A 600 km au  sud-est, c o m m e  



la  pousske da tan t  du ~ k o g i n e  qui a eu lieu dans le  Tien Shan 
au cen t r e  de  llAsie, par suite d e  la collision en t r e  llInde e t  
I'Eurasie. Le c i n q u i h e  s t ade  cornprend 1es laccolites calco- 
alcalins d e  Cornpton qui, cornme la  zone rnagrnatique du 
Grand lac  d e  I'Ours, sont interprCt6es cornrne le produit, d'une 
zone de subduction oblique inclin6e vers I'est, et init iee par  
une inversion d e  la polaritk de  I'arc h la sui te  de  la collision 
en t r e  la zone dlHottah e t  la zone de  Coronation. Ce t  a r c  
continental  k t a i t  actif  il y a environ 1,82 h 1,86 Ga. Le 
s t ade  6 comprend la formation de  grandes failles A 
d6crochement horizontal e t  les plissernents associ6s en  
kchelon, ainsi que  la s6dimentation du groupe d'Et-then. 
C e t t e  activit.6 e s t  corrklke avec  la formation des failles 
conjugukes i dckrochement horizontal d e  I'orogine d e  
Wopmay et d e  fail les ddcrochernent Iatkral gauche de  la 
zone de fail le de  Bathurst, dans le bassin de  Kilohigok. C e  
phknomine rksulterait  d e  la de rn i i r e  collision a f f ec t an t  
1'orog;ne de Woprnay, probablernent survenue peu de temps 
a p r i s  la fin du rnagnetisme calco-alcalin, il y a environ 
1,86 Ga. 

En conclusion, I'aulacog&ne dtAthapuscow e s t  un 
exernple rernarquable d'un bassin in t racra tonique forrnk e n  
plusieurs ktapes,  et soumis durant  presque chaque k tape  d e  
son d6veloppement h I'influence dlkvknernents a f f ec t an t  les 
rnarges continent?!es voisines. Lorsqu'on le  compare  aux 
bassins phankrozolques, on peut essayer  d e  dkgager les 
diffkrences qualitatives suivantes: 

1. La subsidence induite therrniquernent (c.-h-d. la  
succession d e  la rnarge passive) semble  rnoindre; 

2. La subsidence induite tec toniquement  (c.-h-d. le  bassin 
d'avant-pays) semble  plus irnportante;  

3.  La f ractura t ion par collision d e  la  plaque en subduction, 
accompagnke d'un rnagrnatisrne tholkii t ique dans le  bassin 
d'avant-pays (c.-h-d. le volcanisrne de  Seton et d e  
Pearson) e s t  beaucoup plus frkquent.  

Ces  conclusions sont  conformes h I'idke d'un manteau un peu 
plus chaud, et par conskquent d'une l i thosphire  plus mince a u  
dkbut du ProtCrozoi$ue, e t  ont  des  implications Cvidentes du 
point de vue de  la  tectonique de  I'Archden. 
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Abstract 

The Kilohigok Basin is a large intracratonic feature covering more than 7000 km2  and hosting 
up to 7000 m of Goulburn Group strata. The Kilohigok Basin is correlative in age with the Coronation 
Supergroup o f  the Wopmay Orogen and Great Slave Supergroup o f  the Athapuscow Aulacogen. 
&bsidence in the Kilohigok &sin commenced as an Axial Zone developed as a splay o f f  the Taktu 
Aulacogen o f  Wopmay Orogen. Initial shallow marine to nonmarine sedimentation, centred about the 
Axial Zone, was accompanied by development of extensive stromatolite reef complexes on 
paleotopographic highs. Following a period of minor(?) uplift and erosion, increased uplift in the 
source areas to the south and east supplied sands and gravels to  extensive braided rivers which spread 
these clastics down the Axial Zone and across the flanking platforms. Periodic shallow marine 
deposition on the floodplain was overwhelmed by renewed fluvial sedimentation during this phase o f  
accumulation, which gradually decreased as the basin and source areas stabilized. 

Waning uplift  in the source areas, coupled with stabilization of the Axial Zone and platforms, 
resulted in the deposition o f  shallow marine to  deltaic sands. Regional stabilization, and subsequent 
emergence of the platforms, culminated with formation of regionally extensive pisolitic calcrete 
paleosoils. Coeval with emergence, continuous subsidence o f  the Axial Zone was accompanied by 
deposition o f  deep- to shallow-water stromatolite complexes adjacent to  an intertidal delta at the 
southern end of the zone. 

Extrabasinal-derived, perhaps collision-generated, calcareous mudstone turbidites rapidly buried 
this entire sequence. These sediments may record the initial clastic influx generated by the first 
stages o f  continental collision in the northwestern extension of the Wopmay Orogen. The mudstone 
basin was in turn buried by a northward-prograding stromatolite reef complex, which supplied some, 
if  not most, o f  the clastic carbonate to  the shoaling basin. 

The emergent stromatolite reef complex was in turn covered by southward-prograding 
supratidal to  intertidal evaporitic mudstones. These fine grained clastics were the precursors of the 
coarsening-upward "molasse stage" clastics, which ended with deposition o f  coarse fluvial sands and 
conglomerates as the coarse clastics generated in the collision zone advanced into the basin. 

Le bassin Kilohigok est un vaste e'le'ment intracratonique couvrant plus de 7 000 km2  e t  
contenant jusqu'h 7 000 m de couches du groupe de Goulbourn. Ce bassin est aussi ancien que le 
super-groupe de Coronation de Iforog&ne de Wopmay et  que le super-groupe Great Slave de 
I'aulacog&ne dfAthapuscow. La subsidence du bassin Kilohigok a commence' au moment 06 une zone 
axiale slest e'vasde et  s'est dissocie'e de l'aulacog&ne de Taktu de llorog&ne de Wopmay. Les premiers 
se'diments marins h non marins, qui se sont accumule's dons la zone axiale, e'taient accompagnds par la 
formation de vastes complexes re'cifaux de stromatolites sur des crgtes pale'ontopographiques. AprQs 
une pdriode de soul&vement et d'drosion mineures (?), le soulQvement accru dans les zones originales 
au sud et  h I'est a aliment6 en sables et graviers Ies grandes riviQres anastomose'es qui s'ktendaient 
sur ces roches clastiques le long de la zone axiale et d'un bout d l'autre des plates-formes late'rales. 
Les de'p6ts marins qui se sont accumule's p6riodiquement h faible profondeur sur les lits majeurs ont 
6te' recouverts par des se'diments fluviatiles renouvele's pendant cette phase dlaccurnulation, qui a 
progressivement diminud h mesure que le bassin et  les sources se stabilisaient. 

Le soul&vement de'croissant dans les re'gions originales, associe' avec la stabilisation de la zone 
axiale et des plates-formes, a entrarnd le de'p6t de sables marins h deltaiques peu profonds. La 
stabilisation re?gionale, et I'apparition ultkrieure des plates-formes, ont entrain6 la formation de 
pale'osols h croctes calcaires pisolithiques qui ont recouvert de grandes e'tendues r6gionales. En 
m6me temps, la subsidence continue de la zone axiale s'est accompagne'e de ddpdts de complexes de 
stromatolites en eau profonde h peu profonde h proximite? d'un delta intertidal h l'extre'mite' 
mdridionale de la zone. 

' Precambrian Division, Geological Survey o f  Canada, 588 Booth St., Ottawa 
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Des argiles calcaires de'pose'es par des courants de turbidite' e t  provenant de l'exte'rieur du 
bassin, peut-6tre dues d une collision, ont rapidement enfoui toute cet te  se'quence. Ces se'diments 
indiquent peut-6tre l'apport initial de matibres clastiques provoque' par les premihres &tapes d'une 
collision continentale dans le prolongement du nord-ouest de lforog8ne de Wopmay. Ce bassin 
dfargiles a, lui aussi, e'te' enfoui par un complexe re'cifal de stromatolites qui s'avancait vers le nord; 
le complexe a fourni une partie, sinon la plupart des carbonates clastiques au bassin peu profond. 

Ce complexe re'cifal de stromatolites naissant a, d son tour, e'te' recouvert par des mudstones 
e'vaporitiques intertidales. Ces roches clastiques d grain fin sont apparues avant les roches clastiques 
arrive'es au stade de plasticite' e t  dont les grains vont en grossissant vers le haut; ce t te  pe'riode s'est 
termine'e avec le d6p6t de sables fluviatiles d gros grain et  de congtome'rats au moment ob les roches 
clastiques d grosgrain qui se sont forme'es dans la zone de collision se sont avancQes dans le bassin. 

INTRODUCTION Thorsteinsson and Tozer (1962) mapped quartzites in 

The northwestern Canadian Shield is unique in its 
preservation of  several large correlative early Proterozoic 
sedimentary basins, all part o f  an early continental margin in 
northwestern Canada. These basins preserve large areas o f  
relatively undeformed strata containing spectacular sedi- 
mentary structures, diverse microscopic to gigantic 
stromatolites, olistostromes, and paleosols. 

Kilohigok Basin is one o f  these basins located well 
within the craton but connected t o  the continental margin by 
a paleorift system. The basin covers more than 7000 km2 and 
preserves up t o  7000 m o f  strata, representing numerous 
sedimentary environments. 

PREVIOUS WORK 

OINeill (1924) first introduced the term Goulburn to  
describe 4000 fee t  o f  quartzites exposed on Goulburn 
Peninsula in north-central Bathurst Inlet. Wright (1957) 
extended the use o f  the term Goulburn to  include two map 
units in the Beechey Lake area south o f  the inlet. He also 
elevated the Goulburn t o  group status by adding a lower unit 
o f  quartzites, slates and limestones t o  OINeill's quartzites. 

Fraser (1964) produced the first comprehensive map o f  
the Goulburn Group, correlated O'Neillls and Wright's map 
areas, and added four additional units t o  the Goulburn Group. 
Tremblay (1967) formally named four o f  the map units o f  
Fraser and Wright, and later named another o f  Fraserls units 
(Tremblay, 1968). 

Fraser and Tremblay (1969) first correlated strata o f  
the Epworth and Goulburn groups. In addition, they also 
indirectly identified one o f  the major intra-basinal tectonic 
features which separates the two regions - the Rockinghorse 
Arch. This fundamental correlation and their subsequent 
work provided the basis on which much o f  the later work in 
both regions has been based. 

Tremblay (1971) produced a detailed account o f  the 
stratigraphy and sedimentology o f  the Western River and 
Burnside River formations in the Beechey Lake area, and also 
named the sandstones and conglomerates which uncon- 
formably rest on the Goulburn Group, the Ellice and Tinney 
Cove formations. 

Campbell and Cecile (1975a, 1976a, b)  further sub- 
divided the Goulburn Group, with the addition o f  the Quadyuk 
and Amagok formations. These, and previously-defined 
formations, were also subdivided into members and sub- 

the Wellington High area o f  Victoria island' as eiuivalents o f  
the Glenelg Formation o f  the Shaler Group (see Young, 1981). 
Subsequent examination o f  these sediments (Campbell and 
Cecile, 1979) demonstrated that they are correlative with the 
Burnside River Formation t o  the south. Sediments in the 
Hadley Bay area o f  northern Victoria Island were interpreted 
to  be Archean in age (Thorsteinsson and Tozer, 1962), but 
have recently been correlated with the Western River 
Formation (Campbell, 198 1).  

members (campbell and Cecile, OP. tit.; C e d e  and Figure 7.1. Distribution of the Goulbourn Group and 
Campbell, 1978). The only major revision to  this previous correlative Hadley Formation (west side Hadley Bay) shown 
terminology made here is the elevation o f  the BR member o f  in solid black; correlative successions in the Wopmay and the Burnside River Formation t o  the Mara Formation, and the Athapuscow as shown. younger Proterozoic sequences shown 
subdivision o f  this new formation into two members as  open circles. Letter designationas as follows: 
(see Table 7.1 ). 

B.F. - Bathurst Fault System T.F. - Thelon Front 
M.F. - MacDonald-Wilson Fault N.B. - Nonacho Basin 
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Table 7.1. Table of Formations, Goulburn Group 
- - - - 

AMAGOK FORMATlON A - white to mauve coarse-grained, moderately indurated lithic and arkosic sandstones; 
minor conelomerate 

BROWN SOUND 
FORMATION 

Omingmaktook 
Member 

B3c - red, well indurated lithic and arkosic sandstones interstratified with white and mauve 
coarse-grained, moderately indurated sandstones 

8 3 8  - thin vesicular basalt flows interstratified with red sandstones - 
BgA - red, medium- to  fine-grained, well indurated lithic and arkosic sandstones - 

et - ferruginous, calcareous muddy siltstones 

- allochthonous sheets of brecciated and chaotically folded carbonates 
surrounded by carbonate-mudstone breccia 

B I S  - buff-brown, medium- to  coarse-grained immature sandstone 

0 1  - ferruginous, calcareous mudstone, salt  cas ts  locally abundant - 
near the  base of the  succession 

K4 - stromatolitic carbonate, clastic carbonate; abundant edge-wise 
conglomerate, oncoliths (western equivalent of KI-KI) 

K3 - stromatolitic carbonate, clastic carbonate; abundant intraformational conglomerate, 
KUUVIK minor mudstone 
FORMATION 

KZ - very thick units of alternating carbonate-rich and mudstone-rich beds 

K1 - thin-bedded carbonate-mudstone rhythmites (more than 50% carbonate) 

Pg - red and green mudstones and siltstones with minor carbonate (western equivalent of P I -P3)  

PI, - thin-bedded mostly red mudstone-carbonate rhythmites with carbonate concretions 
(eastern equivalent of PI-P3) 

P3  - thin-bedded mostly green carbonate-mudstone rhythmites; minor concretionary mudstone 
PEACOCK HILLS 
FORMATION PI - thin-bedded green, red, and red-brown mudstone rhythmites; massive, 

thick-bedded siltstones with rare  concretions or lenses of carbonate 

P I  - thin-bedded red and green mudstone rhythmites; minor concretionary rnudstone and 
carbonate beds 

- -- - - 

QUADYUK FORMATlON Q - stromatolitic carbonate, c las t ic  carbonate; minor clacareous quartzite,  
mudstone, and rare intraformational breccia 

M p  - pisolitic ferruginous dolomite; granular hematite ironstone; minor ferruginous 
dolomitic quartzite 

MARA FORMATION 
Ms - red fine grained sandstone and siltstone; minor red quar tz i te  

B - pink, white, red quartzite and minor subarkose; quartz-pebble conglomerate; 
intraformational conglomerate; conglomerate; rare  shaly or muddy partings 

BURNSIDE RIVER BD - arenaceous dolomite; doloarenite 
FORMATION 

B - red mudstone, minor dolomite and strornatolitic dolomite 

Upper Argillite Member 

Wg - grey, buff, and red argillite and mudstone; minor quar tz i te  and subarkose 

Quartzite Member 

WI, - white, pink and red quartzite and subarkose; red mudstone and 
argillite; minor grey-green quartzose turbidites. 
Stromatolitic and c las t ic  carbonate, doloarenite and dolosiltite; 
minor pisolitic ferruginous dolomite (Beechey Platform). 

Red Siltstone Member 
WESTERN RIVER 

W1 - red siltstone, mudstone, and argillite; minor c las t ic  and 
FORMATION quartose carbonate and quartzite; rare stromatolitic carbonate 

Lower Member 

WI - interbedded siltstone, quartzite,  argillite, mudstone; minor 
thin-bedded quartzose turbidites. 
Stromatolitic and clastic carbonate, calcareous quartzite and 
minor quar tz i te  (Kimerot Platform). 

Basal Conglomerate and Regolith Member 

W1 - quartzite,  quartz-pebble conglomerate, argillite, regolith; minor clastic carbonate 

A - undifferentiated granitoid, gneissic, metasedimentary and metavolcanic rocks - 
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TECTONIC SETTING 

Hoffman et al. (1970) f i rs t  suggested tha t  t he  basin 
which contained the  Goulburn Group was related to  the  basins 
containing the  Great  Slave Supergroup and Epworth Group 
(Fig. 7.1). Subsequently, Hoffman (1973) suggested tha t  t h e  
Goulburn Group was deposited in an  aulacogen re la ted  t o  t h e  
Coronation Geosyncline (since re-named t h e  Wopmay 
Orogen). 

Campbell and Cecile (1975a) introduced the  term 
Kilohigok Basin for the  depositional s i te  of t he  Goulburn 
Group, and interprered i t  a s  an in t racra tonic  basin intimately 
re la ted  t o  the  development of t h e  Coronation Geosyncline 
and Athapuscow Aulacogen (Campbell and Cecile,  1975b,; 
1 9 7 6 ~ ) .  These same  authors  (1 980) delineated and defined 
intra- and interbasinal tec tonic  e lements  of the  Kilohigok 
Basin. 

The Western and Eastern  platforms a r e  a reas  of 
relatively thin Goulburn Group, and thei r  contained facies  a r e  
indicative of platformal depositional environments. The 
Rockinghorse Arch is a linear-type hinge a rea ,  separating 
Coronation Supergroup rocks from Goulburn Group s t ra ta .  
The Axial Zone is a north-northwest trending linear f ea tu re  
which contains t h e  thickest accumulations of Goulburn Group 
sediments. Facies of t he  Western River, Burnside River, and 
Quadyuk formations ef fect ively  del ineate  the  margins of t h e  
zone. The Hanimok High is an intrabasinal linear(?) f ea tu re  
which a f f ec t s  only the  thickness of the  Western River 
Formation. 

Paleocurrent d a t a  from the  Burnside River Formation 
suggested t h a t  t he re  was a major east-west depositional 
trough in the  Coronation Gulf a rea  during depbsition of the  
Goulburn Group (Campbell and Cecile,  1979). Independent 
work by Hoffman (1980) suggested tha t  there  was a tr iple 
point a t  t he  western end of Coronation Gulf during formation 
of Wopmay Orogen, and t h a t  t he  failed a r m  from this 
junction trended to  the  east .  Paleocurrent d a t a  f rom t h e  
Hadley Formation of Northern Victoria Island supported this 
in terpre ta t ion,  and the  failed a rm was named t h e  Taktu 
Aulacogen ' (Campbell, 198 1). 

Tectono-depositional analysis of t h e  Kilohigok Basin 
and corre la t ive  successions in the  Wopmay Orogen 
(Hoffman, 19801, indicate t h a t  t he  Taktu Aulacogen was a 
major controlling f ac to r  during the  evolution of these  basins. 

GENERAL GEOLOGY 

The Goulburn Group is an  unmetarnorphosed succession 
of sandstones, mudstones, siltstones, and carbonates  
contained within the  Kilohigok Basin, and resting 
unconformably on Archean gneisses, metasediments,  rneta- 
volcanics, and plutonic rocks of t he  Slave Structura l  Province 
(Fig. 7.1). In and around t h e  Axial Zone, t he  group consists of 
a 5000+ m thick succession of quar tz i te ,  conglomerate,  
s t romatol i t ic  carbonate,  carbonate,  si l tstone and mudstone, 
overlain by 2000t m of arkosic and l i thic sandstone, si l tstone, 
and minor basalt (Table 7.1). 

On the  Western Pla t form (Fig. 7.21, t h e  Goulburn Group 
consists of quar tz i te ,  subarkose, s t romatol i t ic  carbonate ,  
carbonate,  si l tstone and rnudstone. The younger arkosic and 
lithic sandstone, si l tstone and basalts of t h e  Axial Zone have 
e i ther  been eroded or were not deposited on the  Western 
Platform. At the  western ext remity  of t he  Goulburn Group, 
in the  Contwoyto Lake a r e a  (Fig. 7.11, t h e  group consists of 
350+ m of quar tz i te ,  subarkose, s t romatol i t ic  carbonate ,  
carbonate ,  si l tstone and mudstone. Again, t he  arkosic and 
lithic sandstones a r e  absent.  

The Goulburn Group has  been subdivided into e ight  
format ions  and numerous members  and submembers 
(Table 7.11, a s  described briefly below, f rom the  base to  the  
top: 

I. Western River Formation: a th ick  succession of 
interstratif ied,  varicoloured mudstone, si l tstone, 
quar tz i te ,  carbonate ,  s t romatol i t ic  carbonate ,  pebble 
conglomerate  and minor pisolitic dolomite and/or 
ironstone. 

2. Burnside River Formation: a thick succession of 
quar tz i te ,  conglomerate,  subarkose and minor si l tstone, 
shale, mudstone, and arenaceous  carbonate .  

3. Mara Formation: a thin succession of red sil tstone, f ine 
grained qua r t z i t e  and pisolitic dolomite  and granular 
hematite-ironstone. 

4. Quadyuk Formation: a thin succession of s t romatol i t ic  
carbonate,  carbonate ,  dolomitic quar tz i te ,  and minor 
mudstone. 

Figure 7.2. Tectonic elements o f  the Kilohigok Basin, shown 
in their prefault position. The Goulburn Group and Hadley 
Formation are solid black. H.H. is the designation for the 
intrabasinal Hamimok High. 

Taktu is t h e  Inuit word for fog, t hus  an  appropr ia te  name  for t h  is inferred s t ructure .  
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5. Peacock Hills Formation: a thin succession of calcareous 
mudstone, mudstone, siltstone, and de t r i t a l  carbonate.  

6. Kuuvik Formation: a thin succession of carbonate,  
s t romatol i t ic  carbonate,  and minor mudstone. 

7. Brown Sound Formation: a thick succession of red 
calcareous mudstones, slump breccia,  red sil tstone, red 
arkosic and l i thic sandstone and conglomerates,  and minor 
basalt. 

8. Amagok Formation: a thick succession of arkosic and 
lithic sandstones and minor conglomerate.  

The Goulburn Group is unconformably overlain by 
middle Proterozoic polymictic conglomerates,  arkose, 
qua r t z i t e  and quar tz i t ic  conglomerates of t he  Tinney Cove 
and Ellice formations in t h e  Bathurst Inlet area ,  a s  well a s  t o  
t h e  nor theas t  on Victoria Island and Kent Peninsula (Fig. 7.1) 
(Campbell and Cecile,  1976a; Campbell, 1978, 1979, 198 1). 

The various formations in the  Goulburn Group a r e  
described in ascending stratigraphic order below. Unless 
otherwise s ta ted ,  t h e  formations and other  subdivisions of t h e  
Group were  defined e i the r  by Tremblay (1968, 19711, 
Campbell  and Ceci le(1975a,  1976a,b),  or Cecile and 
Campbell  (1 977, 1978). The various tec tonic  e lements  
referred t o  in t h e  formation descriptions and discussions a r e  
shown in Figure 7.2. 

The Western River Format ion 

The Western River Formation, although highly variable 
in thickness and contained lithologies, occurs throughout the  
southern pa r t  of t he  basin, and across t h e  Western Platform. 
It is  present only in t h e  southern pa r t  of t h e  Eastern  
Pla t form.  

The formation has been subdivided in to  five informal 
members  (Table 7.1), which a r e  described in ascending s t ra t i -  
graphic order below: 

Regolith and Basal Conglomerate Member 

This member is developed locally a t  t he  base of t h e  
Goulburn Group a t  t he  periphery of t h e  Kilohigok Basin. In 
t h e  Bathurst  Inlet area,  i t  comprises pebble t o  boulder 
dolomitic conglomerate,  with minor quartz-pebble con- 
glomerate,  up t o  6 m in to t a l  thickness. The conglomerate  is 
commonly transit ional both laterally and vertically into 
coarse  grained white quar tz i te ,  or  rarely beachrock 
(Donaldson and Ricketts,  1979) in the  southern p a r t  of t h e  
Axial Zone, and into argil l i te in the  remainder of t he  basin. 
The regolithic par t  of t he  member consists of a thin zone 
(0.5-3.0 m) of saprolit ic-weathered Archean granitoid,  
gneissic, or  rarely Yellowknife Supergroup-type metasedi- 
ments. 

Lower Member 

Initially defined by Tremblay (1971) a s  the  Lower 
Argillite member,  this usage was continued by others  
(Campbell and Cecile,  1975a; 1976a, b). However, due  t o  t h e  
diverse lithologies and facies  present in t h e  member,  t h e  
name is here  abbreviated to the  Lower member of t he  
Western River Formation. 

We he re  subdivide t h e  member into two laterally- 
equivalent depositional facies,  described briefly below: 

W 1  Facies: consists of grey and grey-green argil l i tes,  
with minor fine grained qua r t z i t e  and thin beds of 
s t romatol i t ic  ferruginous dolomite. I t  forms t h e  basal pa r t  of  
t he  Goulburn Group where the  underlying member  is absent.  

In the  southernmost par t  of t he  Goulburn Croup eas t  of 
Bathurst  Inlet, the  fac ies  consists of greywacke turbidites 
and thin-bedded c l a s t i c  carbonate.  These fac ies  a r e  la tera l ly  
transit ional into the  Kimerot Facies. 

Kimerot Facies: occurs  predominantly e a s t  of 
Bathurst  Inlet, and in a few outcrops in t h e  southernmost 
Goulburn Group in the  Beechey Lake a r e a  (Fig. 7.3, 7.4). It 
comprises a thick succession of s t romatol i t ic  and c las t ic  
carbonate,  quar tz i te ,  quartz-pebble conglomerate,  and minor 
thin red sil tstones and mudstones. The s t romatol i t ic  
platform assemblage is symmetr ica l  about  the  paleotopo- 
graphically highest intertidal t o  supratidal zone, and is 
flanked on both the  north and south sides by relatively deep- 
water  troughs fringed by reef complexes (Fig. 7.5). 

Red Siltstone Member 

The Red Siltstone member is a thick, monotonous 
succession of red sil tstone or mudstone, with several locally- 
developed, discontinuous, units of grey sil tstone, and 
argillite. Thin, discontinuous s t romatol i te  beds, generally 
thin but  locally thick wedge-shaped qua r t z i t e  and dolomite 
beds occur in the  uppermost pa r t  of t he  member in t h e  
southernmost par t  of t h e  Axial Zone. Fine lamination, 
mudcracks, f laser bedding, slump balls, concretions,  and 
ripples occur throughout the  member.  The concretions a r e  
particularly well developed in the  westernmost par ts  of t h e  
Western Platform. 

Figure 7.3. Distribution of the facies (capitals) and 
subfacies (lower case) of the Kimerot Platform, east of 
Bathurst Inlet. The north-south cross-section shown in 
Figure 7.4 is reconstructed from these facies. 
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Figure 7.4. In terpre ted cross-section through the  Kimerot Depth 
pla t form,  showing the  general ized variations in the  
s t romatol i te  morphologies and paleotopography. Compare 
with Figure 7.3 f o r  locations and distribution. 

- 

TROUGH 

I??- 

Quartz i te  Member 

PLATFORM 

The Quar tz i te  member is divided into two  depositional 
facies,  based primarily on t h e  presence of s t romatol i t ic  
and/or c las t ic  dolomite. These laterally-equivalent f ac i e s  
occupy well-defined geographic positions within t h e  basin, 
and a r e  described below. 

REEF 
Clast~c Zone 

Quartz i te  Facies: consists of quar tz i te ,  minor quar tz-  
pebble conglomerate and red sil tstone, and r a re  carbonate.  
The rocks a r e  predominantly massive, with bedding defined 
by slight variations in colour and/or grain size.  Rare  trough 
crossbeds and ripple marks a r e  the  only primary sedimentary 
s t ructures .  Along t h e  northern margin of t he  Goulburn 
Group, northern distal(?) equivalents a r e  grey-green 
immature  sands with r a re  sole marks. 

RAMP 

- 

Apart f rom a slight overall  decrease  in grain s ize  of t h e  
sands of this facies,  t he re  appears  t o  be  l i t t le  variation in 
thei r  cha rac te r  f rom t h e  Axial Zone t o  t h e  western  ex t r emi ty  
of t h e  Western Platform. Calcareous qua r t z i t e s  on south- 
cen t r a l  Victoria Island (Campbell and Cecile,  1979) may b e  
t h e  northern la tera l  equivalent of this facies. 

Isolated Zone 

- o m  

Beechey Platform Facies: occurs only in t h e  southern 
par t  of t h e  Axial Zone, a s  an  east-west trending extensive 
s t romatol i t ic  carbonate  belt ,  containing shallow marine 
terrigenous clastics.  A maximum of four s t romatol i te  sub- 
units occur within the  facies. All thin and pinch out  t o  the  
west ,  where the  fac ies  is transit ional into the  Quar t z i t e  
Facies. The Beechey has been subdivided into two  regional 
subfacies,  both of which occur on e i ther  side of t h e  Bathurst  
Fault  System, and a r e  corre la t ive  across i t .  

The Reef subfacies,  the  most northerly of t he  two, 
consists of vast ,  elongate,  high-relief bioherms of branching 
columnar s t romatol i tes  with deep inter-bioherm channels. 
The bioherms a r e  up t o  100 m long, and f rom 2-20 m wide 
(Fig. 7.6A, B). Intervening channels, commonly with 
overhanging margins, and filled with ca lcareous  sil tstone and 
fine sandstone, a r e  usually less than 4 m deep. The Reef 
subfacies  is capped by a thin ferruginous pisolitic dolomite 
and minor red shale  in terpre ted a s  a paleosol or  caliche.  In 
eas ternmost  Goulburn Group exposures, t he re  is a complete  
transit ion f rom t h e  Reef subfacies in to  fine grained 
terrigenous clastics;  this is not exposed elsewhere in the  
basin. 

Sheeted 
Zone 

The Pla t form subfacies,  which occurs south of t h e  Reef 
subfacies,  comprises laterally and vertically highly variable 
s t romatol i te  types.  There a r e  th ree  in ter re la ted  s t romatol i te  

Tabular Zone - 

groups in the  subfacies,  namely parallel-  and undulatory 
laminated a lgal  mats ,  and tabular bioherms of branching 
columns (Fig. 7.6C). The l a t t e r  appear  t o  mark t h e  transit ion 
zone between t h e  two  subfacies. In addition t o  the  c l a s t i c  
and biogenic carbonate ,  minor red s i l t s tone or shale, white 
dolomitic qua r t z i t e  and reddish pisolitic dolomite (caliche) 
occur  throughout the  subfacies, but  nowhere form the  
dominant lithology. 

Upper Argillite Member 

The Upper Argillite member consists predominantly of 
grey or grey-green, thin-bedded argil l i te,  si l tstone, and minor 
mudstone over most of t he  basin. In t h e  southernmost Axial 
Zone, thin grey or whi te  qua r t z i t e  is  present ,  and thin beds of 
red sil tstone occur  locallv west of t h e  Bathurst  Fault  Svstem. 
East  of t h e  f au l t  sys tem,- the  member  is dominated by 'red t o  
g rey  l i thic and feldspathic sandstones and quar tz i tes ,  and 
contains only minor grey-green sil tstones and argil l i te.  In 
th is  a r e a  e a s t  of Bathurst  Inlet, t h e r e  appears  t o  be  a 
comple te  gradation f rom t h e  underlying Quar t z i t e  member  
in to  t h e  overlying Burnside River Formation. The Upper 
Argill i te member  is missing near the  western  margin of t h e  
Axial Zone, in the  vicinity of t he  Hanimok High (Fig. 7.2), 
where the  Quar t z i t e  member  and t h e  Burnside River 
Formation a r e  in conformable contact .  

The argil l i tes,  si l tstones,  and mudstones of t he  Upper 
Argillite member display r a re  flutes,  grooves and graded 
bedding; on t h e  whole they resemble dis ta l  turbidites.  The 
relatively coarser  sediments  on the  eas ternmost  par t  of t h e  
member a r e  th icker  bedded, rarely crossbedded and rippled; 
parallel  lamination is locally common. 

Paleocurrents  of t h e  Western River Formation 

Paleocurrent  indicators a r e  not  s o  abundant in th is  
format ion a s  jn  o the r s  of t he  Goulburn Group, and a r e  
insufficient t o  demons t r a t e  regional t ranspor t  trends.  
However, trough and planar crossbeds, primarily f rom t h e  
Lower and Quar t z i t e  members,  show dispersal  pat terns  f rom 
t h e  southeast  t o  the  northwest and west (Fig. 7.7A). Current  
and wave ripples, primarily from the  Axial Zone of the  basin, 
indicate this s a m e  dispersal  pat tern  (Fig. 7.7B). 

St romatol i tes  have been in terpre ted to  develop 
elongations parallel t o  the  predominant direction of wave and 
cu r ren t  a t t a c k  (Hoffman, 1969, 1974; Donaldson, 1976; 
Gebelein, 1969). Kimerot  Pla t form s t romato l i t e s  a r e  all  
e longate  approximately north-to-south (Fig. 7.8A), but th is  i s  
apparent ly  unrelated t o  t h e  tec tonic  evolution of the  basin. 
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A. Ramp f a c i e ~  elongate stromatolite bioherms. The person A. Aerial view of  reef-mounds from the Reef f a c i e ~ .  
for scale is at the left margin. GSC 202670-F Beechey Platform. The largest mound is approximately 

100 m. Compare with Figure 7.6B, taken from ground B. Reef facies elongate stromatolite bioherms. 
GSC 202667-0 level of the same exposure. GSC 203059-H 
- . - - . - - . . 

B. Reefs facies, Beechey Platform. The person for scale is 
C. Isolated mound from the Platform facies. These locally 

have well-developed molar tooth structure in their cores. at the l e f t  margin of  the photograph. GSC 203059-5 

GSC 202670-C C.  Undulatory stromatolite mat from the Platform facies of  

Figure 7.5 the Beechey Platform. Pseudo-columnar stromatolites 
are at the base. GSC 202671 

Figure 7.6. Western River Formation. 
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A. Trough and planar crossbeds 

B. Current  ripples (solid), and wave ripples c re s t s  (open) 

Figure 7.7. Rose diagrams of paleocurrent indicators of t he  
Western River Formation. The number of readings is a s  
shown, and the  diameter  of t he  c e n t r e  c i rc le  is  20 p e r  cent .  

Rather ,  t he  variation in s t romatol i te  morphologies (Fig. 7.4), 
la tera l  facies variations, and the  trend of the  platform 
subnormal to  the  Axial Zone of the  basin all  suggest t h a t  t h e  
Kimerot developed on a topographic high during init ial  
transgression. The absence of debris breccias,  together  with 
t h e  gradual north-to-south change in relief of t h e  
stromatolit 'es, suggests t h a t  t he  platform developed on an 
a rea  of low slope (Playford e t  al., 1976; Hoffman, 1974). 

Beechey Pla t form s t romatol i tes  a r e  also elongate 
approximately north-to-south (Fig. 7.8B). However, in 
contras t  t o  those of t he  Kimerot, they a r e  res t r ic ted  t o  t h e  
southern end of t h e  Axial Zone, and show a marked south-to- 
north transit ion f rom supratidal/ intertidal t o  subtidal fac ies  
(Fig. 7.8B). The distribution of t h e  Beechey Pla t form,  and 
relative position of i t s  fac ies  is t he  first  indication t h a t  t he  
Axial Zone of the  basin was behaving a s  an  ac t ive  tec tonic  
e lement .  

Discussion 

Deposition in the  Kilohigok Basin commenced with the  
initial onlap of t h e  Archean basement complex during t h e  
subsiding passive margin s t age  of t h e  Wopmay Orogen. The 
developing Taktu Aulacogen spread eas tward in to  t h e  
cont inenta l  margin, and t h e  Axial Zone of  t h e  Kilohigok Basin 
developed off i t  a s  a southeast-trending splay. 

During initial transgression, an early Proterozoic  
regolith was stripped from high-relief areas,  and buried in 
regions which were  covered relatively rapidly by Western 
River s t ra ta .  Terrigenous c las t ics  of t h e  Lower member  
initially accumulated in pre-existing valleys, while the  inter- 
vening topographic highs were  the  s i tes  of extensive 
s t romatol i te  platforms. Thin pisolitic paleosols formed 
during emergent  periods of Lower member deposition on the  
western edge of the  proto-Axial Zone. Ferruginous 
s t romatol i tes  accumulated in ephemeral lagoons in t h e  s a m e  
region during periods of minimal c l a s t i c  sedimentation. As 
t h e  pre-Goulburn Group topogtaphic depressions were  filled, 
and Axial Zone subsidence decreased, the  sediments of t he  
Lower member spread across the  Western Platform. 

A. Rose diagrams of s t romatol i te  elongations f r o m  the  
Kimerot  Platform. The basin is shown in i t s  r e s to red  
position. 

B. Rose diagrams of s t romatol i te  elongations f rom t h e  
Beechey Platform. The basin i s  shown in i t s  r e s to red  
position. M S  is  t he  designation fo r  t he  in t e rp re t ed  
southern l imi t  of t h e  Reef fac ies ,  and  PL f o r  the  Pla t form 
facies .  

Figure 7.8 

With increasing sediment supply re la t ive  t o  subsidence 
of t h e  basin, t he  prograding shallow marine sediments  of t h e  
Red Siltstone member  buried the  Lower member  rocks. 



KILOHICOK BASIN, BATHURST INLET-VICTORIA ISLAND, NORTHWEST TERRITORIES 

Figure  7.9 

Fence diagram, looking north,  of 
measured sect ions  through the  
Beechey Platform, in the  southern- 
most p a r t  of t h e  Axial Zone, 
ad jacen t  to the  Bathurst  Fault. 
The base  of t he  Western River 
Formation is shown a s  a solid line. 
Paleosols a r e  solid black in the  
sections,  and the  s t romatol i t ic  
segments  a r e  pat terned.  The 
unpat terned a r e a  south  of t he  
Western River is  Archean. 

Sedimentary s t ructures  suggest t h a t  this member was 
deposited in a muddy, tidal-flat dominated regime, with t h e  
grey sil tstones deposited during periodic marine incursions 
(Reif and Sla t t ,  1979). The interstratif ied,  relatively coarse  
c las t ics  in the  southern par t  of t he  Axial Zone suggest t h a t  
this was probably the  distributary locus for  t he  remainder of 
t he  sediments  of the  member. 

Lithologies, sedimentary s t ructures ,  s t romatol i tes ,  and 
in t ima te  association with t h e  Red Siltstone member suggest 
t h a t  a shallow marine depositional environment was 
continuously maintained throughout deposition of the  
Quar tz i te  member.  Subsidence of the  Axial Zone was  
continuously g rea te r  than tha t  of the  flanking Western 
Pla t form,  resulting in the  east-to-west thinning char- 
ac ter is t ic  of t he  ent i re  formation. The Beechey Pla t form 
accumulated during periodic minor transgressions in the  
southern Axial Zone. The Reef subfacies formed t h e  
seaward-facing f ronta l  barrier,  while the  Pla t form subfacies 
accumulated in the  protected "back-reef" region to  the  south. 
Pla t form subfacies development was in termit tent ly  cur ta i led  
during emergen t  periods, which culminated with paleosol 
format ion and possible erosion a s  the  Axial Zone filled with 
biogenic and terrigenous sediments. This repeated 
transgression-filling-emergence sequence produced the  
character is t ic  repet i t ive  alternation in t h e  Pla t form 
Subfacies (Fig. 7.9). With relative stabil i ty in the  Axial Zone, 
and increased supply of terrigenous clastics,  t h e  
transgressive-filling cycles ended, and the  qua r t z  sands 
spread down the  Axial Zone and across the  Western Pla t form.  

Lithologies, sedimentary s t ructures ,  and complete  lack 
of shallow-water fea tures  suggest t h a t  t h e  Upper Argillite 
member accumulated in a relatively deep-water environment 
with l i t t le  t rac t ion current  activity.  The member  was  
deposited a f t e r  a rapid transgression which buried the  shelf 
quar tz i tes  beneath their  possible distal  equivalents. The 
coarser  c las t ics  in the  member in the  southern Axial Zone 
suggest t h a t  this region was continuously maintained a s  t h e  
primary distributary locus. 

The Burnside River Formation 

The Burnside River Formation consists of a thick 
(2150 m maximum) sequence of pink, white, and red 
quar tz i te ,  quartz-pebble conglomerate,  conglomerate,  and 
minor dolomite, mudstone, and shale. The format ion is t he  
most extensive in t h e  Goulburn Group, and outcrops 
throughout t h e  basin f rom centra l  Victoria Island in t h e  north 
t o  t h e  outlier west of Contwoyto Lake in t h e  west (Fig. 7.1). 
The format ion a s  redefined here  (see Table 7.1) includes only 
those  coarse  grained sediments which overlie e i the r  t he  

Figure 7.10. Dessication c racks  in Burnside River 
Formation f ine  gra ined quar tz i tes ,  in the  southern p a r t  of the  
basin. GSC 202668-W 

Western River Formation or the  Archean basement (in the  
northeast) .  The fine grained sediments  previously mapped a s  
t h e  BR member a re  here  assigned to  the  Mara Formation 
(see below). 

The Burnside River Formation apparently conformably 
overlies t h e  Upper Argill i te member  of t h e  Western River 
Formation a t  almost all  locali t ies in the  southern par t  of t he  
basin and on t h e  Western Platform. In one area ,  near t h e  
western margin of the  Axial Zone, the  Burnside River res ts  
d i rec t ly  on t h e  Quar t z i t e  member of t h e  Western River 
Formation. 'The significance of this relationship will be  
discussed fur ther  below. On t h e  cen t r a l  and northern par ts  of 
t he  Eastern Pla t form,  the  Burnside River res ts  
unconformably on Archean basement  rocks. Although the  
base of the  formation is not  exposed on southern Victoria 
Island, possible Western River Formation equivalents may 
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Figure 7.11. Typical fining-upward cycles  

- f rom the  Burnside River Formation. (i) i s  tho  
ideal, comple te  cycle ,  and t h e  remainder  a r e  
typical var ia t ions  f rom within the  basin. The 

v i divisions of t h e  fining-upward cycles  a r e  a f t e r  
Mia11 (1977, 1978). 

occur beneath the  Burnside River (see Campbell  and 
Cecile,  1979). The top of the  formation is defined a s  t h e  
f i rs t  appearance of greater  than 50 per c e n t  red fine grained 
sandstone or  si l tstone of t h e  overlying Mara Formation. 

Two members a r e  defined within the  coa r se  quar tzose  
c las t ics  of t h e  Burnside River Formation. Both members  
occur  only in the  western par t  of t he  basin and on the  
Western Platform. 

The BD Member 

The BD member consists of up t o  35 m of laminated t o  
thick bedded doloarenite, quartzose doloarenite,  and minor 
dolomitic quartzite.  Other than ripple marks, poorly- 
developed planar crossbedding is t h e  sole primary 
sedimentary  structure.  

The BM Member 

The BM member consists of laminated mudstone, shale, 
f ine grained red sandstone, minor fine grained doloarenite 
and s t romatol i t ic  dolomite,  and, a t  t h e  top,  dolomitic quar tz-  
pebble conglomerate.  The member,  only approximately 15 m 
thick, occurs only in the  southern par t  of t he  Axial Zone, and 
pinches ou t  in both directions along s t r ike  (Campbell  and 
Cecile,  1976b). The rare ,  isolated, biscuit-type s t romato l i t e s  
occur only in t h e  uppermost pa r t  of t h e  member. Desiccation 
c racks  (Fig. 7.10) in both fine and coa r se  c las t ics  a r e  common 
throughout the  member; poorly-developed planar crossbeds 
occur  in t h e  uppermost pebbly par t  of t h e  unit. 

Siliceous Clas t ics  of the  Burnside River Formation 

Approximately 90 per c e n t  of t h e  Burnside River 
consists of variously coloured quar tz i te ,  pebble and boulder 
conglomerate ,  and minor shale  and/or mudstone. The 
qua r t z i t e s  a r e  ubiquitously trough crossbedded, and typically 
form segments  of fining-upward cycles  (0.5-2.5 m thick). The 
typical fac ies  of these  fining-upward cylces  (see Fig. 7.11), 
following t h e  terminology of Miall(1977; 1978) and 
Rust (19781, are:  

Cm Facies: occurs a t  t he  base and consists of usually 
s t ructure less  orthoconglomerate,  with a coa r se  sand or  g r i t  
matrix,  and r a r e  thin lenses of coa r se  grained quar tz i te .  The 
Gm Facies  commonly incises t h e  upper 0.5-2.0 rn of t h e  
underlying unit  (Fig. 7.12A), and t h e  f ac i e s  is best  developed 
in t h e  southern par t  of t he  Axial Zone of t h e  Basin. The 
large  channels commonly contain white vein qua r t z  
pebbles 10-20 c m  in d iameter  (maximum 45 cm), and l a rge  
in t raformat ional  qua r t z i t e  c las ts  (Fig. 7.12B). The upper 
con tac t  of t h e  Gm Facies  is commonly gradational into one 
of t h e  t w o  overlying f ac i e s  of t h e  cycle.  

Sm Facies: consists of massive, coa r se  grained, near- 
s t ructure less  sandstone, with only a fa in t  in ternal  lamination 
and small  isolated qua r t z  pebbles. The c o n t a c t  with t h e  
underlying Gm Facies  is marked by an  upward increase in the  
amount  of coarse  sand, and a sympathet ic  decrease  in both 
the  number and the  s ize  of t h e  boulders. The Sm Facies  is 
rare ,  and occurs only in the  southern  and eas t e rn  pa r t s  of t h e  
Axial Zone. I ts  thickness is variable (up t o  2.0 m), and th is  
appears  d i rec t ly  related t o  t h e  thickness of t h e  underlying, 
basal, facies. 
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St Facies: is t he  most common, and consists of trough 
crossbedded, locally pebbly qua r t z i t e  and gr i t .  Where the  
S t  Facies res ts  on t h e  Gm, t h e  c o n t a c t  is usually abrupt ,  with 
t h e  basal St sediments  containing only smal l  s ca t t e red  
pebbles. The S t  Facies  is here  subdivided in to  a lower (St , )  
and an upper (St21 segment .  S t l  consists of large-scale 
(0.4-1.7 rn) trough crossbedded, commonly pebbly quar tz i te ,  
which passes upward in to  crossbedded, less pebbly qua r t z i t e  
(Fig. 7.12C). The base of t h e  fac ies  is transit ional in to  e i the r  
t h e  Sm, or res ts  abruptly on the  Gm. Where the  S t l  forms 
t h e  basal division of t h e  fining-upward cycle ,  t h e  lowermost 
troughs commonly have a basal pebble lag  which del ineates  
the  base of t he  cycle.  The top of the  S t l  is transit ional into 
t h e  overlying Stn, with t h e  transit ion marked by a decrease  in 
t h e  s ize  of t he  troughs, percentage of pebbles, and grain s ize  
of t h e  sands. 

The St2 consists of smaller-scale (0.3-1.2 m)  trough 
crossbedded, generally medium grained quar tz i te .  The sands 
usuallv lack ~ e b b l e s ,  exceDt in t h e  southernmost   art of the  
formation. f he S t p  ' t y p i c ~ l l y  forms the  basal divkion of the  
fining-upward cycle in the  western,  centra l ,  and some 
northern par ts  of t he  format ion on the  Western Platform. 
The transit ion from t h e  top  of t h e  St2 in to  t h e  overlying 
Sh Facies  usually occurs over less than 20 c m .  

Sh Facies: consists predominantly of reddish t o  
purplish, f ine grained, parallel-bedded or laminated quar tz i te ,  
with r a re  planar crossbedding and locally well-developed 
ripple marks. Where preserved, t h e  con tac t  with the  
overlying Fm Facies  is sharp, abrupt ,  and parallel  t o  the  
internal lamination in t h e  Sh sands. 

Fm Facies: is cha rac te r i zed  by deep  red t o  purplish 
red, 1-5 c m  mudstones and shales which form t h e  topmost 
veneer or "skin" of t h e  cycle.  Most commonly, though, t he  
only evidence of t h e  f ac i e s  a r e  t h e  sca t t e red  mud chips and 
f lakes  in t h e  basal pa r t s  of t h e  overlying cycle. Mudcracks 
and small-scale rippies a r e  common where t h e  upper surface  
of t he  f ac i e s  is preserved. 

Conglomerates 
Conglomerate dominated successions, unrelated to  the  

G m  Facies  of t h e  fining-upward cycles,  a r e  bes t  developed in 
the  southern par t  of t he  Axial Zone and t h e  southern par t  of 
Victoria Island, on t h e  Eastern  Platform. In these  areas ,  
f ramework and clast-supported conglomerates  up t o  1.5 m 
thick, with parallel  upper and lower surfaces,  a r e  
in ters t ra t i f ied  with coarse  grained quar tz i tes  and grits. Most 
pebbles and boulders in t h e  conglomerates  a r e  white vein 
qua r t z  and in t raformat ional  qua r t z i t e  ( together  commonly 
over  80%). The remainder of t h e  c l a s t s  a r e  qua r t z i t e  of 
unknown origin, and granitoid of gneissic rocks. Quar t z  
c las ts  a r e  generally 20-30 c m ,  while the  intraformational 
qua r t z i t e  boulders a r e  somewhat  larger (30-80 cm). 

A. Conglomerate-filled (Gm facies) channel at the base of a 
fining-upward cycle in the Wlrnside River Formation, 
from the southern part of the Axial Zone. GSC 202667-W 

B. Vein quartz boulders (white), and large, trough 
crossbedded intraformational quartzite megaboulders 
filling a channel at the base of the fining-upward cycle in 
the Wlrnside River Formation, southern Axial Zone. 
GSC 202667-J 

C. Large-scale trough crossbeds o f  the S t ,  subfacies of the 
Wtrnside River fining-upward cycles. The scale is at the 
approximate centre of the photograph. GSC 202917-C 

Figure 7.12 
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Figure 7.13. Paleocurrent roses of trough crossbed axes  
f rom the  Burnside River Formation. The da ta  have been 
grouped f rom several locali t ies in the  vicinity of each rose, 
fo r  clari ty.  The number of readings is a s  shown, and t h e  
diameter  of the  cen t r e  c i rc le  is 10 per  cen t .  

Paleocurrents of t he  Burnside River Formation 

Ubiquitous trough crossbeds in the  St Facies  show 
almost unimodal paleocurrent patterns,  generally t o  the  
northwest,  over wide a reas  and thick sequences of t h e  
formation (Fig. 7.13). There is, however, a significant 
variation in the  paleocurrent trends along the  Eastern 
Pla t form of the  basin (from south t o  north), showing a well- 
defined shift  in the  orientation form north-northwest t o  
westerly and then a southwesterly direction. 

Current  and wave ripples, while not so  abundant a s  
trough crossbeds, show the  s a m e  overall  dispersal  pa t t e rn  
(Fig; 7.14). However, insufficient ripples were  recorded t o  
reconst ruct  regional paleocurrent maps. 

Depositional Environment of t he  Burnside River Formation 

Fining-upward cycles in coarse c las t ic  successions, 
which a r e  commonly devoid of fine grained det r i tus ,  have 
been in terpre ted elsewhere as t h e  products of fluvial 
depositonal systems (see Rust,  ,1978; Cant ,  1978; Miall, 1978; 
Long, 1978a; Morey, 1974; Smith, 1971). Taken together ,  t he  
unimodal paleocurrent patterns,  character is t ic  uneven 
bedding surfaces,  scour and fill structures,  absence of fine 
grained detri tus,  and rapid la tera l  and ver t ica l  grain s i ze  
variations all  suggest rapidly changing variable flow 
conditions, character is t ic  of a braided river sys tem.  

The BD member  of t h e  Burnside River Formation was 
deposited during a minor marine incursion, possibly 
associated with fluvial avulsion, a s  suggested by Allen (1974) 
and Friend and Moody-Stewart (1970). The member  was  
probably deposited throughout t h e  southern p a r t  of t he  basin, 
but with renewed coarse  c las t ic  sedimentation, t he  member 
was eroded from the  Axial Zone. 

The BM (or mudstone) member  sediments  accumulated 
in a shallow ephemeral lake on t h e  fluvial d is t r ibutary  plain. 
St romatol i t ic  carbonates  initially formed a t  t he  rim of the  
lake, and gradually prograded across the  filling depression t o  
form t h e  resistant carbonate-sil ica cemen ted  "cap" which 
protected t h e  underlying f ine  grained c las t ics  from l a t e r  
fluvial erosion (see Clemmenson, 1978; Wheeler and 
Textoris,  1978). 

The intraformational qua r t z i t e  boulders, with thei r  
contained quar tz  veinlets and associated qua r t z  c l a s t s  
(Fig. 7.12B), indicate t h a t  cementat ion was  coeval  with sedi- 
menta t ion throughout deposition of t h e  Burnside River 
Formation. Cementat ion and/or s i lcre te  formation, 
elsewhere in terpre ted a s  a consequence of subaerial  exposure 
in a semiarid environment (Williamson, 1957; Selleck, 1978; 
Smale, 1973) is  consistent with deposition by braided rivers 
across an  extensive  floodplain. Sequential  repeated periodic 
fluvial avulsion would have exposed large  t r a c t s  of t h e  
floodplain, with consequent precipitation of si l ica in t h e  
porous sands. This may have been accompanied by 
dewater ing and desiccation, which could have produced the  
deep, relatively narrow, f r ac tu res  in which the  "vein" qua r t z  
could have been precipitated.  Rapid, possibly fault-initiated, 
subsidence of t h e  Axial Zone of t h e  basin, with a t t endan t  
f rac tur ing of the  contained sediments and essentially 
instantaneous fluvial capture ,  would have produced the  large  
"mega-bouldersff of in t raformat ional  qua r t z i t e  and qua r t z  t o  
fill t h e  rapidly downcutting channels. 

In summary, then, following an erosional in terval  which 
locally removed some of t h e  Western Format ion f rom within 
the  basin, and probably stripped i t  complete ly  f rom t h e  

A. Rose diagram of cu r ren t  ripples f rom the  Burnside River 
Formation. The number of readings is a s  shown, and the  
d i ame te r  of the  c e n t r e  c i rc le  is 10 p e r  cent .  

B. Rose diagram of wave ripple c re s t  or ienta t ions  f rom the  
Burnside River Formation. The number of readings is a s  
shown and the  d i ame te r  of the  c e n t r e  c i rc le  is 
10 pe r  cent .  

Figure 7.14 
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Eastern Pla t form,  the  braided rivers carr ied  coarse  sands and 
gravels f rom rising source areas  to  the  south and eas t .  As 
t h e  Taktu Aulacogen progressively subsided more in the  eas t ,  
causing a southwestward swing in dispersal (Fig. 7.13), t h e  
rivers carried their  det r i tus  across the  slowly subsiding 
Eastern Platform. With continued subsidence, a thin, 
relatively proximal, fluvial succession was deposited directly 
on the  denuded Archean basement complex. 

The Axial Zone of the  basin, f irst  weakly developed 
during Western River sedimentation, was a major tectono- 
depositional f ea tu re  during deposition of the  Burnside River 
Formation. Coincident with elevation of the  source areas  
and subsidence of t h e  Taktu, t he  Axial Zone began a period of 
continuous, though in termit tent ,  subsidence. Initially, t h e  
distributing rivers were  channeled into the  zone, but during 
s table  periods t h e  excess  clastics spread across t h e  Western 
Platform. The repet i t ive  alternations of subsidence-filling- 
spillover produced the  thick sequence in the  Axial Zone, and 
t h e  relatively thin sequence on the  Western Platform. 

Prolonged periods of nondeposition in the  Axial Zone, 
and possibly on the  Eastern Platform a s  well, produced the  
character is t ic  cemented intraformational quar tz i tes  of t h e  
Burnside River Formation conglomerates. Equivalent fine 
grained clastics,  generated in and bypassed through t h e  
braided floodplain, accumulated downslope in the  Taktu a s  
t h e  Mara Formation fine sands and silts. With waning uplift 
in the  source areas ,  progressively finer grained sediments 
were  supplied to  t h e  basin, a s  Burnside River deposition 
ended. 

The Mara Formation 

The Mara Formation was initially mapped a s  the  
BR member of t he  Burnside River Formation (Campbell and 
Cecile,  1975a). However, i t s  thickness, la tera l  extent ,  and 
dis t inct  lithologies mer i t  formational rank. 

The formation consists of red sil tstone, fine grained 
reddish or purplish sandstone, mudstone, grey sil tstone, and 
ferruginous pisolitic dolomite and/or granular hemat i te-  
ironstone a t  t h e  top. 

The formation occurs throughout t h e  southern par t  of 
t h e  basin and across t h e  Western Platform, but not on 
Victoria Island or on the  southern oar t  of t he  Eastern 
Platform. The type a r e a  of t h e  fo imat ion is near t h e  
junction of t h e  Mara and Burnside Rivers, where i t  is 
approximately 200 m thick. The base of t he  Mara Formation 
is transit ional in to  t h e  underlying Burnside River Formation, 
and the  con tac t  is marked by upward-increasing amounts  of 
fine grained red sandstone or si l tstone a t  the  expense of t h e  
coarse  and medium grained quar tz i tes  below. The top of t h e  
format ion is defined a s  t h e  first  appearance of e i ther  t h e  
s t romatol i t ic  carbonate  (continuous upward) of t h e  Quadyuk 
Formation, or ca lcareous  mudstones of t he  Peacock Hills 
Formation. 

The Mara Formation has been subdivided into two  
members,  a lower Siltstone member (Ms) and an upper, 
Pisoli te member (Mp). 

Siltstone Member ( M s )  

The sil tstone member consists of thin-bedded t o  
~a ra l l e l - l amina ted  units of red sil tstone or fine s ra ined 

in ters t ra t i f ied  with the  red sil tstones near  the  top of t h e  
member in the  south-central  par t  of t h e  Axial Zone. Beyond 
the  southern Axial Zone, the  member  is mostly Sh Facies  
sands, with minor Fm Facies  muds or  silts. Thin (20-70 c m )  
fining-upward cycles a r e  locally present throughout t h e  
member,  but a r e  difficult  t o  discern due t o  lack of colour 
contras t  and narrow range. 

Pisolite Member (Mp) 
The Pisolite member  of t h e  Mara Formation consists of 

thin to  medium beds of ca rbona te  pisoliths in a matr ix  of fine 
grained hemat i t ic  quar tz i te .  Minor thin beds of granular 
hemat i te  ironstone occur  in t h e  eas t e rn  pa r t  of t h e  member.  
The pisolitic beds typically weather  a rusty brown; t h e  
ironstone beds a deep purple. 

The member caps  t h e  Mara Formation in the  southern 
and western parts of t he  basin, but  is absent  in t h e  south- 
cen t r a l  part  of the  Axial Zone, where the  MS member is 
conformably overlain by t h e  Quadyuk Formation. The 
member is nowhere g rea te r  than 12 m thick, but  forms a 
continuous, very distinct,  unit throughout i t s  ent i re  extent .  
I ts  base is defined a s  the  f i rs t  appearance of dolomite 
pisoliths or  ironstone in thin beds. The top  is defined by t h e  
first  appearance of the  s t romatol i t ic  carbonates  of t he  
Quadyuk Formation or ca lcareous  mudstones of t h e  Peacock 
Hills Formation. The c o n t a c t  with the  Peacock Hills i s  
always abrupt,  but thin beds of red sil tstone o r  dolomite may 
occur  beneath the  Quadyuk Formation. 

Throughout t h e  Western Pla t form,  t h e  pisolitic 
carbonate  occurs in well-defined beds, locally in tercala ted  
with thinner units of fine grained hemat i t ic  quar tz i te .  The 
pisoliths range in s i ze  f rom 0.25 t o  4.0 c m ,  a r e  mixed, and 
show no evidence of sorting. Rarely,  a crude inverse grading 
is present in some beds (Fig. 7.15). Locally, individual 
pisoliths a r e  incorporated in to  t h e  overlying sandstone beds. 
Although partially t o  complete ly  recrystall ized, t he  pisoliths 
sometimes show an original concentr ic  lamination. Pisolith 
co res  a r e  generally a small  f ragment  of quartz,  or rarely, 
hemat i te .  The pisoliths a r e  l i t t l e  broken, and a r e  rarely 
amalgamated t o  form larger,  composite,  pisoliths. 

" 
quar tz i te ,  locally capped by veneers o f  shale or mudstone. In Figure 7.15. Carbonate pisoliths of  the Mp member of the 
t h e  southern pa r t  of t h e  Axial Zone, Sh-Fm fining-upward Mars Formation, near the western margin of the h i a l  Zone. 
cycles  (terminology a s  above) with abundant mudcracks and The pisoliths are set in a matrix of fine grained hematitic 
laddered ripples predominate.  Rare,  discontinuous thin quartrite. Note the poorly developed inverse grading. 
s t romatol i te  units (30-40 cm)  locally occur  in t imate ly  G~~ 2 0 2 6 6 7 4  
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A. Rose diagrams of s t romatol i te  elongations f rom the  
Sheeted f ac i e s  of t he  Quadyuk Formation (solid black). 
The basin is shown in i t s  res tored position, and  t h e  base  of 
t h e  Goulburn Group is shown a s  a dashed line. 
'A'designates the  Archean basement,  and 'H'  is the 
Helikian cover.  

Depositional Environment of  t he  Mara Formation 

The thin fining-upward cycles, fine grained sediments,  
ripples, mudcracks, and r a re  discontinuous s t romatol i t ic  units 
a l l  suggest t h a t  t h e  Siltstone member was deposited in a 
muddy tidal-flat t ype  of environment. 

Most authors presently consider large pisoliths of t he  
Mp member type  to  have formed in the  vadose zone, ra ther  
than shallow marine environments (see Bla t t  et al., 1972). 
Definit ive c r i t e r i a  for this interpretation a r e  lithologic 
association, degree  of reworking by t r ac t ive  currents ,  
preferent ia l  accre t ion,  geopeta l  s t ructures ,  reverse  grading, 
and polygonal "fitting" of t he  pisoliths in the  rock. All but 
t h e  last  of these  character is t ics  were  observelj in t h e  
M p  member,  strongly suggesting a caliche-type origin. 

The granular ironstone typical of t h e  western and 
cen t r a l  par ts  of the  Axial Zone is also in terpre ted a s  a 
variety of paleosol, but formed in an environment which was 
not  as continuously exposed a s  t h e  Western Pla t form 
(Wanless, 1975). 

The carbonate  in the  member was probably formed a t  
t h e  periphery of the  basin, perhaps in an  in ter t idal  
environment in  the  southern par t  of t h e  Axial Zone, la tera l ly  
equivalent t o  the  Quadyuk Formation (see discussion below). 
If t h e  bulk of t he  carbonate  was aeolian-transported, t he  
amount  of carbonate  supplied a s  dust would depend solely on 
the  available carbonate  in the  source a rea ,  degree  of 
induration, runoff, and to t a l  precipitation. In present-day, 
arid,  aeolian-dominated areas ,  vegetation largely controls  t h e  
amount  of dust, runoff, and water  loss through evapotrans- 
piration. However, with the  to ta l  absence of stabilizing 
vegeta t ive  cover during the  Proterozoic,  both dust  and runoff 

B. Rose diagram of s t romato l i t e  elongations f rom the  Reef- 
Mound fac i e s  of t h e  Quadyuk Formation (solid black). 
Designations a s  in Figure 7.1 6A. 

Figure 7.16 

would have been considerably higher. Thus, although the  
present-day recorded dust maximum is some  450 kg/ha/month 
(Goudie, 19731, t h e  accumulation on the  Western Pla t form 
would have been f a r  g r e a t e r  and easily suff ic ient  t o  produce 
t h e  carbonate  of t h e  Pisoli te member.  

Regionally, similar pisolitic paleosols formed at 
equivalent s t ra t igraphic  positions in t h e  foreland basin of 
Wopmay Orogen (upper Tree  River Formation) and t h e  north 
margin of Athapuscow Aulacogen (Akaitcho River Formation) 
(Hoffman, personal communication, 1980). 

A decreasing supply of c las t ics  following t h e  end of 
Burnside River sedimentation, coupled with basin-wide 
stabil i ty and/or slow subsidence, resulted in near sea-level 
conditions being maintained throughout deposition of t h e  
Siltstone member of t h e  Mara Formation. Apparently, 
though, t h e  d i f ferent ia l  in t h e  re la t ive  r a t e s  of subsidence 
beween the  Axial Zone and the  Western Pla t form was con- 
tinuously maintained throughout deposition of the  member,  
result ing in a g rea t e r  accumulation of the  member  in the  
zone than elsewhere. 

Near the  end of deposition of the  Mara Formation, 
subsidence of the  basin terminated,  excep t  in the  Axial Zone. 
This emergent  period, periodically interrupted by local 
s t r e a m  reworking, resulted in t h e  format ion of t h e  ca l iche  
and/or ca l c re t e  of t h e  Pisoli te member.  However, 
sedimentation in t h e  Axial Zone continued, a lbei t  frequently 
with large  suprali t toral  areas ,  until marine transgression of 
both t h e  Axial Zone and t h e  remainder of t he  basin resulted 
in deposition of t h e  Quadyuk and Peacock Hills formations.  
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The ~uad~uk"orma t ion  

The Quadyuk Formation conformably overlies the  Mara 
Formation and comprises s t romatol i t ic  and nonstromatolit ic 
carbonate ,  ca lcareous  fine grained quar tz i te  near the  base, 
minor calcareous sil tstone and mudstone turbidites with r a re  
quartz-pebble conglomerate or gr i t  in the  southern Axial 
Zone a t  t he  base of t he  unit. The Quadyuk varies in thickness 
up t o  60 m, in the  a rea  southwest of Bathurst Inlet, bu t  
pinches out south of Quadyuk Island, and is absent f rom t h e  
Western Pla t form (see Campbell  and Cecile,  1976b). 

The base of t he  formation is defined a s  t h e  f i rs t  
s t romatol i t ic  carbonate  or  ca lcareous  sandstone overlying the  
red sil tstones or Pisolite member rocks of t he  underlying 
Mara Formation. The top  of t h e  formation is defined as the  
f i rs t  appearance of grey-green calcareous mudstones (rarely 
reddish) of t he  Peacock Hills Formation. 

The Quadyuk Formation has been subdivided into two  
regionally extensive,  mappable, depositional facies,  based on 
the  cha rac te r  of t he  contained strornatoli tes.  

Sheeted Facies: consists of a succession of laterally- 
linked crude columns arranged in a sheeted pat tern .  Where 
best  developed, the  facies occurs directly above a fine 
grained dolomite-quartzite succession which rests on or is 
transit ional into the  Siltstone member of t h e  Mara 
Formation. The facies consists of low-amplitude, crudely 
columnar strornatoli tes which a r e  elongate ovals in plan, and 
occur in thin sheets  of varying thickness (0.5-2.0 m). The 
individual s t romatol i tes  from this fac ies  a r e  character is -  
tically elongate north-south (Fig. 7.16A). The facies outcrops 
nearly continuously in the  southern par t  of the  Axial Zone, 
but occurs only in thin units in t h e  southwest. It extends  t o  
t h e  southern l imit  of t he  formation in the  Axial Zone, 
between Quadyuk Island and Tinney Cove (Campbell and 
Cecile,  1976b). 

Mound Facies: is the  thickest and most extensive  of 
t he  facies of the  Quadyuk. I t  always overlies the  Sheeted 
fac ies ,  and ranges in thickness f rom approximately 50 m 
southwest of Bathurst  Inlet t o  less than 0.5 m south of 
Quadyuk Island. 

The Mound facies  consists of isolated and nested, 
e longate  t o  sub-circular mounds and small  bioherms 
composed of narrow (1.0-2.0 cm), laterally-linked, crudely 
branching columns, and these  characterist ically weather a 
rust-brown t o  rust-red. The mounds and bioherms have a 
rounded, convex-upward top surface ,  with relatively abrupt  
la tera l  terminations.  They range in s ize  f rom the  
"megamounds" 20-30 m long in t h e  southwest t o  t h e  
"minimounds" only some  1-2 m long in t h e  north. They a r e  
consistent,  however, in their  form, orientation, and develop- 
ment.  They appear t o  have formed initially a s  relatively f l a t  
sheets,  with l i t t l e  or no ver t ica l  relief, and these  rapidly 
developed strongly oriented east-west f lanks with deep  inter- 
mound channels (Fig. 7.16B). 

Locally within this facies,  nearly tr iangular mounds (in 
cross-section) apparently developed a s  isolated individuals, in 
a r e a s  of l i t t le  or no c las t ic  deposition, and these  rapidly 
expanded upward until they became  laterally linked. 

Depositional Environment of the Quadyuk Formation 

Stromatol i tes  composed predominantly of ferruginous 
carbonate  have been interpreted elsewhere a s  subtidal, with 
the  mound s ize  increasing with depth,  while iron-poor 
s t romatol i tes  have been interpreted a s  intertidal (Truswell 
and Eriksson, 1973; Eriksson et al., 1976). The res t r ic ted  
distribution, thickness, and elongations of t he  s t romatol i tes  

f rom the Sheeted fac ies  suggest t h a t  they were  deposited in a 
shallow north-south trending depression, with an  east-west 
trending shoreline (Fig. 7.16A). 

The distribution of the  Mound facies,  together  with 
thei r  in t imate  association with probable deep-water 
sediments,  east-west elongations on t h e  flanks of t h e  Axial 
Zone (Fig. 7.16B), and their  superposed relationship t o  the  
Sheeted facies,  suggests t h a t  they were  deposited during a 
transgressive episode produced by a marked increase  in t h e  
r a t e  of subsidence of the  Axial Zone. 

The southward pinchout of both fac ies  within t h e  Axial 
Zone, into laterally-equivalent(?) periodically des iccated 
shales and mudstones of t h e  upper pa r t  of t h e  Siltstone 
member of t he  Mara For m a t  ion indicates  t h a t  deposition of 
terrigenous c las t ics  was  continuous throughout formation of 
t h e  Quadyuk s t romatol i tes ,  and t h a t  t h e  transgressive l imit  
during deposition of the  upper-most Quadyuk was  between 
Quadyuk Island and Tinney Cove, in the  southern Axial Zone 
(see Fig. 7.17). 

Coeval with ca l c re t e  and f e r r i c re t e  formation on t h e  
Western Pla t form and western  margin of t he  Axial Zone, 
subsidence of the  zone resulted in t h e  channeling of t h e  
remaining amounts  of terrigenous de t r i t u s  (Mara Formation, 
Sil tstone member) into the  southern par t  of t he  zone. These 
shales, siltstones, and mudstones accumulated on a small  
intertidal-supratidal de l t a  a t  t h e  southern end of the  Axial 
Zone (Fig. 7.17). 

A t  the  s a m e  t ime,  t he  relatively shallow-water 
s t romatol i tes  of t h e  Sheeted f ac i e s  developed in a reas  of 
l i t t le  terrigenous sedimenta t ion in t h e  offshore regions of t h e  
del ta  complex. As well, t he  f i rs t  deep-water s t romatol i tes  of 
t h e  Mound facies  formed along the  flanks of t he  delta.  As 
t h e  Axial Zone began t o  subside a t  a more  rapid ra te ,  t h e  
shallow subtidal t o  intertidal(?) s t romatol i tes  of t he  Sheeted 
fac ies  regraded southward across t h e  del ta ic  sediments of t h e  
Mara. In addition, t he  deepwater  Mound facies  s t romatol i tes  
also regraded over the i r  shallow-water equivalents. 

With continued transgression (Fig. 7.171, both fac ies  
continued t o  migrate  shoreward, up t h e  slope of t h e  de l t a  
complex. The consistently maintained elongation orientation 
of the  s t romatol i tes  of both fac ies  suggests t h a t  subsidence 
was  rapidly increasing near  the  end of Quadyuk deposition. 
The increasing amount  of terrigenous c las t ics  in t h e  
uppermost par t  of t he  Quadyuk supports this hypothesis. 

This s a m e  de t r i t u s  (lowermost Peacock Hills Formation) 
r e s t s  conformably on t h e  top of t h e  Pisoli te member  of t h e  
Mara Formation on t h e  Western Pla t form,  indicating t h a t  t h e  
en t i r e  basin foundered a s  Quadyuk deposition ended. 

The Peacock Hills Format ion 

The Peacock Hills Formation consists predominantly of 
varicoloured calcareous  and noncalcareous mudstones and 
sil tstones.  The format ion everywhere  conformably overlies 
e i ther  t h e  Quadyuk or Mara formations.  It is missing (eroded) 
f rom the  en t i r e  Eastern  Pla t form,  is th ickes t  in t h e  north- 
cen t r a l  pa r t  of t h e  Axial Zone (300+ m), and thins 
dramatically to  less than 70 m in the  southern Axial Zone and 
the  western  periphery of the  Western Platform. 

The format ion has  been subdivided in to  th ree  dominant 
members,  which occur throughout the  cen t r a l  pa r t  of t h e  
basin: 

P, member: consists of thin-bedded red and green t o  
greenish grey mudstone rhythmites and con- 
cre t ionary  mudstone. 

' Quadyuk is t h e  Inuit word for backbone or spine. 
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Figure 7.17 

Interpreted depositional environments of 
the facies of the Quadyuk Formation 
through early to late Quadyuk time. The 
basin is shown in its original position. 

However, paleocurrents,  abundance of ca rbona te  in t h e  
sequence, slope s t ructures ,  channels, and in si tu breccias  
suggest an intrabasinal source for much of the  carbonate  
det r i tus  in t h e  format ion (see Fig. 7.19). 

The upward-increasing carbonate  in the  formation, 
together  with the  eventual  shoaling in to  t h e  overlying Kuuvik 
Formation, suggests t h a t  t h e  Kuuvik may have been the  
source of t h e  c l a s t i c  carbonate  in t h e  Peacock Hills 

E A R L Y  Formation. 

P 2  member: consists of green, red,  and red-brown 
mudstone rhythmites and massive siltstone. Depositional Environment of the Peacock Hills Formation 

P I  member: consists o f  thin-bedded carbonate-mudstone As the  Axial Zone of the  basin continued t o  subside 
rhvthmites.  follow in^ deposition of t h e  Quadyuk Formation, t h e  mudstone - .  

basin fac ies  of t h e  Peacock Hills buried . t h e  Quadyuk 
There are that are lateral s t romatol i tes .  The continued subsidence of the  basin may 

these  three  members,  and which a re  considerably condensed have been accompanied by significant sediment loading as the 
when 'Ompared to sections Of the members' These prograding c l a s t i c  wedge of t h e  Peacock Hills gradually filled 
are:  t he  basin. The absence of shallow-water s t ructures  and 
P r  member: thin-bedded red carbonate-mudstone textures ,  together  with s t ruc tu res  normally associated with 

rhythmites (eastern facies,  in t h e  southern turbidites,  suggest t h a t  t h e  mudstone basin fac ies  was  
par t  of t he  Axial Zone). deposited in relatively deep  wa te r  by repeated s t rong 

P5 member: red and green mudstones and sil tstones,  currents.  

minor carbonate  (western facies,  western The terrigenous muds, and ca rbona te  muds and silts, 
ex t r emi ty  of t he  Western Platform). were  deposited in relatively rapidly subsiding a r e a  of t h e  

basin ackoss a significant deFposifional slope, a s  suggested by 
In addition graded bedding present throughout the the  slump folds, channels,  and breccias.  T h e  rhythmites  formation, climbing ripples, f lutes, ,  grooves, scours, slump accumulated during periods of high sediment  supply, which folds, convolute bedding, and local ln si tu breccias  a r e  also interrupted normal pelagic sedimentation represented by the present (Fig. 7.18A1 B,C). The formation has  been described thin, continuous, structureless mudstones. and discussed in some deta i l  elsewhere, and thus deta i led  

descriptions of  t h e  internal variations a re  not included here  Paleocurrents  and thickness variations of the  format ion 
(see Cecile,  1976; Cecile and Campbell, 1978). suggest t h a t  deposition commenced in the  northern pa r t  of 

Paleocurrents of the Peacock Hills Formation 

t he -ax ia l  Zone and gradually spread across  the  remainder of 
t he  basin. The very thin (70 m) sect ion of the  format ion in 
t h e  southernmost Dart of t h e  Axial Zone sueees ts  t h a t  th is  

U" 

Climbing ripples and r a re  crossbeds in t h e  Peacock Hills a rea  was continuously a topographic high during deposition of 
indicate tha t  one source of the  mudstone rhythmites  in t he  much of the  Peacock Hills Formation. 
centra l  Kilohigok Basin was t o  the  north and e a s t  (Fig. 7.19). 



mudstone, si l tstone, or ca lcareous  mudstone o'r sz ts tone.  The 
formation conformably overlies t h e  Peacock Hills at a l l  
locali t ies in t h e  basin and on the  Western Platform. It was 
initially subdivided into four members,  and then subdivided 
fur ther  into submembers (see Cecile and Campbell, 1978). 

KlLOHIGOK BASIN, BATHURST INLET-VICTORIA ISLAND, NORTHWEST TERRITORIES 

The Kuuvik' Formation 

or laminated carbonate.  All sedimentary  struct"res present 
in the  underlying Mudstone Basin fac ies  of t h e  Peacock Hills 
a r e  present in this member.  

K 2  member (Shelf facies): consists of a sequence of 
in ters t ra t i f ied  thick units of c l a s t i c  carbonate  and mudstone. 
The pr ime distinguishing cha rac te r i s t i c  of this member is t h e  
presence of two a l ternat ing lithologies - carbonate  and 
mudstone. Thick carbonate-mudstone rhythmites  a r e  
common near the  base of t h e  member,  while continuous or 
discontinuous mudstones a r e  common in the  upper part .  
Abundant, thick,  intraclast-bearing, locally s t romatol i t ic  
carbonate  beds a r e  also common in the  upper par t  of the  
succession. Mudstones of t h e  member  change f rom grey, 
green and red in the  lower par t  t o  red or mauve in the  upper 
part .  The carbonates  commonly show evidence of traction- 
current  deposition (scouring, parallel lamination, 
crossbedding) in t h e  rhythmites,  while the  rnudstones a r e  
e i ther  massive or very poorly sorted.  

K3 member (Stromatolitic Carbonate facies): consists 
a lmost  exclusively of c lean carbonate  with abundant 
s t romatol i tes .  The c o n t a c t  with the  underlying Shelf fac ies  
is normally transit ional over a f ew metres ,  and is marked by 

A. Flutes on the' base o f  a muddy siltstone bed in the 
Peacock Hills Formation. Current flow from le f t  to right. 
GSC 202670-5 

B. Cross-section through climbing ripples in calcareous 
siltstone, Peacock Hills Formation. GSC 202670-P 

C. Block carbonate breccia from the uppermost part of the 
Peacock Hills Formation, in the southern part of the Axial 
Zone. GSC 202667-Y 

Figure 7.18 

The Kuuvik Formation is composed predominantly of 
c las t ic  and s t romatol i t ic  carbonate,  with varying amounts  of 

Figure 7.19. Rose diagram of climbing ripples from the 
Peacock Hills Formation. The number of readings is as 
shown, and the diameter o f  the centre circle is 10  per cent. 

N 
I 

K1 member (Carbonate Basin facies): t h e  basal unit, 
consists of thinly-bedded (2-4 c m )  carbonate-mudstone 
rhythmites,  with g rea te r  than 50% carbonate  by volume. The 
sequence conformably overlies t h e  Peacock Hills, and the  
c o n t a c t  is generally transit ional upward, defined by 
increasing carbonate.  Carbonate  si l tstone or  mudstone which 
grades  upward into grey-green or red argil laceous mudstones 
a r e  in ters t ra t i f ied  with beds of  uniform mudstone, carbonate.  

Kuuvik is possibly the Inuit word for muskox underfur. 
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a rapid gradation into nearly pure ca rbona te  sediments.  
Cecile and Campbell  (1978) subdivided th is  member  into f ive  
submernbers, which a r e  described briefly below: 

K 3 c  and K3m submembers (Subtidal Carbonates with 
Stromatolite Mounds): t he  lower par t  is character ized by 
scoured, channeled, and crossbedded f ine  sand t o  silt-sized 
carbonates  with isolated s t rornatol i te  mounds. The upper 
part  is similar,  but contains large,  well developed, isolated 
s t romatol i te  mounds (Fig. 7.20A). All mounds a r e  moderately 
elongate,  and thei r  elongation parallels t h a t  in t h e  overlying 
subfacies. The c las t ic  and biogenic sediments  of these  
subfacies accumulated in a shallow subtidal environment,  
with ac t ive  preferent ia l  currents ,  result ing in abundant 
traction-current depositional s t ructures .  

Ksrm and K3r submembers (Reef  Mounds and Reef 
Columns): a r e  preserved a s  vertically-stacked s t ra t igraphic  
units, and the  lower (Ksrm) is transit ional in to  t h e  upper 

Large (greater  than 1 m) upward-coalescing mounds t h a t  form extensive  
sheets ,  vertically separa ted by crossbedded, intraclast-bearing ca rbona te  
si l tstones and fine sandstones cha rac te r i ze  the  Ksrm subfacies. The mounds 
range in height f rom 2-3 m t o  g rea te r  than 10 m, strongly suggesting a high 
depositional relief (Fig. 7.20B). Channels commonly incise t h e  upper surfaces  of 
t h e  sheets ,  which have developed di rect ly  f rom t h e  individual mounds. 

The Ksr  subfacies consists of large  sheets  of laterally-linked, columnar 
s t romatol i tes  which have developed on t h e  individual mounds. The subfacies 
contains four distinct columnar s t romatol i te  types  ( s e e c e c i l e  and 
Campbell, 1978). The sheets  of  columns a r e  commonly inclsed by in t rac las t  and 
debris-filled channels which a r e  oriented parallel  t o  the  elongation of the  
individual columns. These channels extend downward up t o  2 rn into the  upper 
surfaces  of t h e  shee t s  (Fig. 7.20C). 

K s  member: consists of a thin succession which is divided in to  two  
subfacies. It occurs only on t h e  westernmost  pa r t  of t h e  Western Pla t form,  and 
is in terpre ted a s  equivalent t o  the  members  of t h e  formation in the  Axial Zone 
and eas tern  pa r t  of t he  Western Platform. The member  outcrops  only in t h e  co res  
of two  smal l  synclines near  Contwoyto Lake (Fig. 7.1), and is nowhere more  than 
30 m thick. 

The basal submember of t h e  KI, consists of c l a s t i c  carbonates  with thin beds 
of red or  green mudstone with abundant in t rac las ts  and small  r ipple crosslaminae. 
The upper subrnember consists of intraclast-rich carbonates ,  edgewise 
conglomerates,  thin beds of red and green mudstone, and 'minor linked and isolated 
s t romato l i t e  biscuits and oncoliths. Rarely,  t h e  fine grained carbonate  in the  
uppermost par t  of t he  subfacies is rnudcracked. 

Paleocurrents of the Kuuvik Formation 

Stromatol i te  elongations for a l l  ca rbona te  f ac i e s  and subfacies  of t he  
format ion a r e  identical  for  any particular locality. As many of these  forms a r e  
in terpre ted t o  have formed in shallow water  t o  in ter t idal  environments,  t he  
elongations a r e  in terpre ted a s  perpendicular t o  t h e  paleoshoreline(s). In t h e  Axial 
Zone of the  basin, t h e  s t romatol i tes  a r e  mostly e longate  approximately north- 
south,  while the re  a r e  significant variations f rom this orientation on the  Western 

A. Well-developed, closely spaced individual mounds from the K3m submember of 
the Kuuvik Formation. The scale is divided into 30 cm units. CSC 202670-E 

B. Very large reef-mound from the Ksm submember o f  the Kuuvik Formation, 
perpendicular to the elongation direction. Note the upward decrease in 
synoptic relief of  the laminae sets. CSC 202918 

C. Bedding plane-parallel erosion surface showing two elongate stromatolite 
forms that are mutually perpendicular, from the uppermost part of the Kuuvik 
Formation, in the southern part of the Axial Zone. The stromatolites are 
bordered by an intraclast-filled channel (lower lef t) .  The scale is given by the 
compass in the top left-centre of  the photograph. CSC 202465-W 

Figure 7.20 



TORIES 

Plat form,  and southeastern p a r t  of t h e  Axial Zone (Fig. 7.21). 
This depar ture  is consistent with the  interpretation tha t  t h e  
Axial Zone was  initially filled by the  Mudstone and Carbonate  
Basin facies,  and the  s t romatol i t ic  par t  of t h e  Kuuvik 
prograded over i t s  own fore-reef shelf and rhythmite  
detri tus.  This is in par t  confirmed by the  paleocurrent da t a  
f rom the  underlying Peacock Hills Formation (Fig. 7.1 9; s e e  
also discussion below). 

The s t romatol i te  elongations f rom the  Kuuvik also show 
t h a t  t he  Axial Zone of t h e  basin maintained i t s  orientation 
re la t ive  t o  t h e  Western Pla t form during Kuuvik deposition. 
The thickness variations, together  with minor fac ies  changes, 
suggest t h a t  t he  paleoslope on the  Western Pla t form was 
generally t o  t h e  east-northeast  during deposition of t h e  
Kuuvik. 

Depositional Environment o f  the Kuuvik Formation 

Vertically stacked members  of t h e  Kuuvik Formation 
all show evidence of once being laterally juxtaposed facies  
(see Walther's Law, fi Middleton, 1973). During deposition, 
members of t he  Kuuvik Formation accumulated a s  a la tera l  
succession of basin, t o  shelf, t o  fore-reef clastics,  t o  reef and 
back reef fac ies  (see Ceci le  and Campbell, 1978). 

As do t h e  underlying Mudstone Basin rhythmites  of t h e  
Peacock Hills, t he  Kl Carbonate  Basin sediments show 
evidence of deep wa te r  deposition by turbidity currents ,  
which interrupted normal pelagic sedimentation. The overall  
upward increase in the  percentage of carbonate  through t h e  
uppermost P3 and into the  overlying K1 strongly suggests 
t ha t  t he  de t r i t a l  carbonate  source was prograding in to  the  
basin. 

The overlying Kp Shelf f ac i e s  was  deposited by periodic 
strong currents  carrying abundant de t r i t a l  carbonate ,  a s  well 
a s  by gravitational se t t l ing  of large  volumes of mudstone. 
The sympathet ic  upward increase  in thickness of both t h e  
ca rbona te  and the  mudstone beds suggests a more  proximal 
source  than for t he  underlying Kl member.  The abundant 
in t rac las ts ,  red colour, and variegated na tu re  of t h e  
uppermost Kp mudstones suggests progressively more 
shoaling environment. The I<n  sediments  were  initially 
deposited on a submerged ca rbona te  platform, which received 
storm-generated and t ranspor ted  carbonate  det r i tus  from a 
proximal, prograding, possibly emergen t  reef t rac t .  The 
mudstones may have been bypassed through gaps  in the  reef 
t r a c t  during these  storms. 

In the  Kg member ,  abundant intraclast-rich sediments,  
channels, crossbedding, lack of mudstone, and ex t r eme  
elongations of individual s t romato l i t e s  and mounds indicate 
t h a t  t h e  c las t ic  and biogenic sediments  accumulated in a 
high-energy environment.  The s i ze  of t h e  mounds, ver t ica l  
and l a t e ra l  spacing, variations in relief,  and their  ex t r eme  
elongation indicate t h a t  they had the  potent ia l  of wave 
resistance,  and of strongly influencing t h e  local environment. 
The possible drainage, wave-generated, or  swash channels 
suggest t h a t  they formed in the  surf zone, and thus  probably 
continuously supplied de t r i t u s  t o  the  Mudstone and Carbonate  
Basin fac ies  which they overlie. 

The K4 Plat form fac ie s  accumulated in a markedly 
di f ferent  environment than i t s  l a t e ra l  equivalents to t h e  eas t .  
In con t ra s t  t o  the  s t romatol i tes  of t he  Axial Zone, those of 
t h e  Pla t form facies  show no diversity or  reef development,  
consis tent  with development in shallow water .  This 
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interpretation is consistent with the  very thin gross cha rac te r  
of t h e  Kq, suggesting t h a t  it is t he  vestige of a once- 
continuous basin-rimming carbonate  veneer t h a t  may have 
extended a s  f a r  south a s  t h e  Athapuscow Aulacogen. 

The Brown Sound Formation 

The Brown Sound Formation conformably overlies the  
Kuuvik, with the  dominant lithologies interfingering in t h e  
c o n t a c t  a rea  (10-50 m). The con tac t  between the  two 
formations is defined a s  the  first  appearance of g rea t e r  than 
50 per c e n t  mudstone, in thick successions, and this c o n t a c t  
can generally be  mapped t o  within a few metres.  

The Brown Sound is conformably overlain by t h e  
Amagok Formation. In t h e  southern part  of t he  Axial Zone, 
t he  upper par t  of the  Brown Sound (10-30 m) becomes coarser  
grained and lighter red in colour, until t h e  sediments a r e  only 
moderately indurated and c ream to  mauve in colour. In the  
north-central  par t  of t he  Axial Zone, t h e  upper pa r t  of t h e  
Brown Sound consists of thick alternations of fine and 
medium grained spotted red arkoses, and coarse  grained 
c r e a m  t o  mauve sandstones over about  400 m of section. In 
both areas ,  t he  contact  between the  Brown Sound and 
Amagok Formations is defined by the  last thick succession of 
fine t o  medium grained well-indurated red or reddish 
sandstones. The Brown Sound has been subdivided in to  th ree  
members,  a s  well a s  numerous submembers (see Campbell  and 
Cecile,  1976a, b; Cccile and Campbell, 1977). 

BI member: consists of ,  f rom the  base to  the  top, red 
mudstones (200 m), sandstones (60 rn), and a slump breccia  
named the  Orningmaktookl olistostrome (70-200 m where 
present). The lower mudstones a r e  gradational in to  t h e  
Icuuvik Formation, and contain thin beds of carbonate  and 
mudstone with ripple marks, mudcracks, and abundant sa l t  
ca s t s  (Fig. 7.22A, B). The mudstones a r e  commonly 
calcareous,  display distinctive red-green mottl ing, and a r e  
conformably overlain by thick units of coarse  grained buff 
immature  sandstones in ters t ra t i f ied  with thin units of 
mudstone. The sandstones a r e  crossbedded and locally 
contain abundant carbonate  rock fragments.  

The sandstone submember is apparently thickest on 
Banks Peninsula, in the  south-central par t  of t he  Axial Zone. 
However, exposures of this unit a r e  complicated by faulting 
in the  southern a rea  of t he  zone. 

The sandstones a r e  directly overlain by a laterally 
discontinuous slump breccia  (Omingmaktook olistostrome) of 
allochthonous brecciated and chaotically folded shee t s  of 
carbonate  s e t  in a carbonate-mudstone breccia matrix.  The 
allochthonous carbonate sheets  apparently accumulated 
essentially in t h e  s a m e  s t ra t igraphic  position a s  t h a t  in which 
they were  deposited. 'The largest  slumped sheets  occur  in 
south-central  Coulburn Group exposures, (see Ceci le  and 
Campbell, 1977). 

B2 member: conformably overlies El ,  is approximately 
300 m t h i c k ,  and occurs throughout the  southern pa r t  of t h e  
basin without noticable variation in thickness. The base  of 
t h e  member  is defined a s  t h e  f i rs t  appearance of red muddy 
sil tstones immediately above the  Omingmaktook 
olistostrome. The siltstones, which become progressively 
coarser upward through the  member,  a r e  thinly bedded, 
texturally homogenous, laminated, red, muddy, and 
calcareous.  They typically have flaggy partings, specular 
hemat i te ,  and abundant det r i ta l  muscovite. Approximately 
100 m above the  base of t he  member,  thin mud-chip con- 
g lomerates  f i rs t  appear,  with small, low-amplitude ripples on 
t h e  upper surfaces  of t he  sil tstone beds. These continue 
sporadically throughout the  remainder of t h e  member .  

A. Small-scale current ripples on mudstones of the 
lowermost Brown Sound Formation. CSC 202666-1 

B. Salt casts on the upper bedding surface of  mudstones of 
the lowermost Brown Sound Formation. GSC 203062-R 

Figure 7.22 

BB member: consists of well-indurated red arkoses and 
m i n o r i h i n  basalt  flows. The conformable con tac t  with t h e  
BP member is gradational over  10-40 m, and is defined by t h e  - 
f i rs t  appearance of thick successions of fine grained sand- 
stones. On Banks Peninsula, in the  south-central  Axial Zone, 
t h e  B g  has  been subdivided into th ree  submembers.  Thinner, 
fault-disrupted equivalents of these  occur throughout eas t e rn  
Goulburn Croup exposures, but  were  not mapped a t  t h e  scale  
of this study (1:250 000). 

B 3 a  submember: t he  lowest,  consists of 200-400 m of 
fine to medium grained well-indurated sandstones, locally 
in ters t ra t i f ied  with red mudstones and r a re  muddy sil tstones.  

l Omingmaktook is t he  Inuit word for  muskox place. 
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B3b submember: is a succession of white-spotted red 
sandstones in ters t ra t i f ied  with very thin (3-8 m) 
amygdaloidal basalt  flows. Each flow is character ized by a 
chilled base, f ine t o  medium grained sub-ophitic centre ,  and a 
chilled, locally blocky top with quar tz-  and carbonate-filled 
vesicles. Thicker, more massive flows occur a t  t h e  southern 
end of Bathurst Lake, but  disruption of the  sequence by 
faulting has obliterated much of the  stratigraphic detail. In 
this area ,  though, they appear t o  b e  approximately 50 m 
below the  base of the  Amagok Formation. 

B3c submember: is a transit ional unit between the  
Brown-Sound and Amagok formations. It consists of thick, 
white-spotted red sandstones interstratif ied with thick 
cream-coloured pebbly sandstones similar in t ex tu re  and 
composition t o  those  of t h e  Amagok. 

The Amagokl Formation 

The Amagok Formation consists of a succession of 
c ream to  mauve, poorly indurated immature  sandstones which 
range f rom 800 m in the  north to  1000 m in southern 
exposures. The base of t h e  formation is defined a s  the  las t  
appearance of thick, f ine to  medium grained, well-indurated 
sandstones of t h e  Brown Sound Formation. The top of t h e  
formation is marked by an angular unconformity with younger 
Proterozoic  sandstones and conglomerates of t h e  Tinney 
Cove and Ellice formations. 

Bedding units in t h e  Amagok consist of 1-2 m thick 
trough crossbedded sandstones, capped by abundantly rippled 
and massive ferruginous sandstones. On Banks Peninsula, in 
t h e  south-central Axial Zone, t h e  sandstones contain 
abundant dispersed pebbles, and one thin orthoconglomerate 
bed. Of the  pebbles in t h e  ortho-conglomerate, 
approximately 50 per c e n t  a re  white qua r t z  and minor 
quar tz i te ;  t h e  remainder a r e  granitoid and gneissic rocks 
(30-40%), mylonite (10-20%) and fine grained sediments and 
minor volcanics. The volcanic clasts,  which comprise only 
approximately I per c e n t  of  t he  clasts,  include fine grained 
acid to  in termedia te  tuffs,  red crystal-rich acid t o  
in termedia te  tuff,  and sub-ophitic and porphyritic fresh 
in termedia te  to  basic rocks. 

Paleocurrents o f  the Brown Sound and Amagok Formations 

Approximately 275 paleocurrent indicators were  
recorded from these  two formations throughout the  a r e a  
examined (Fig. 7.23). Paleocurrent indicators from t h e  
B3 sandstones (Fig. 7.23A) show a general bu t  diffuse - 
southward dispersal pattern.  Current ripples in the  lower 
Brown Sound (Fig. 7.2381, associated with mudcracks and sa l t  
cas ts ,  a r e  consistent with t h e  orientation of t h e  
paleostrandline in terpre ted f rom s t romatol i te  elongations 
f rom the  underlying Kuuvik Formation (Fig. 7.21). 

Trough and planar crossbeds f rom the  Arnagok 
Formation in both t h e  northern and southern par ts  of t h e  
Axial Zone show tha t  these  sands and conglomerates  were 
transported t o  t h e  west and southwest as well  (Fig. 7.23C). 
Thus, the  paleocurrent and facies da ta  together  show tha t  
these  sediments were  transported across t h e  basin by 
currents  flowing from t h e  north,  northeast ,  and eas t .  

Depositional Environments of the Brown Sound and 
Arnagok Formations 

The Brown Sound and Amagok formations a r e  
considered t o  be  a diachronous ver t ica l  succession formed by 
la tera l  progradation of adjacent  fac ies  in to  the  Kilohigok 
Basin (Walther's Law, Middleton, 1973). 

A. Trough and planar crossbeds from the Brown Sound 

B. Current ripples from the Brown Sound 

C.  Trough and planar crossbeds from the Amagok 

Figure 7.23. Rose diagrams of  paleocurrent indicators from 
the Brown Sound and Amagok formations. Number o f  
readings is as shown, and the diameter o f  the centre circle is 
20 per cent. 

The lowermost (El) fac ies  of t h e  Brown Sound records a 
pause or possibly a reversal  in the  major regression of the  
s e a s  f rom t h e  Kilohigok Basin recorded in the  underlying 
carbonates  and mudstones (Kuuvik and Peacock Hills). The 
overlying facies  of t h e  Brown Sound demonstra te  a continua- 
tion of this regression, resulting in a widespread influx of 
terrigenous det r i tus  in to  the  basin (Bp and 5 3  members), and 
culminating with deposition of the  braided fluvial coarse  
sands and conglomerates  of t he  Amagok Formation. 

KILOHICOK BASIN - WOPMAY OROGEN 
TECTONO-DEPOSITIONAL RELATIONS 

Rocks of the  Kilohigok Basin have been l i thostrati-  
graphically corre la ted  with t h e  Coronation Supergroup 
(Wopmay Orogen) and t h e  Grea t  Slave Supergroup 
(Athapuscow Aulacogen) by Campbell  and Cecile ( 1 9 7 6 ~ )  and 
most recently by Hoffman (1981a). In addition t o  t h e  gross 
correlation of format ions  and groups, each sequence contains 
unique common e l emen t s  at precisely t h e  s a m e  s t ra t igraphic  
position which reinforce an in terpre ted common evolution. 
The interdependant depositional relationships of t he  Wopmay 
Orogen and Kilohigok Basin a re  in terpre ted here  using the  
Wilson Cycle model proposed by Hoffman (1980, 1981b). 

Hoffman (1980) suggested t h a t  two  aulacogens 
(Athapuscow and t h e  since-named Taktu) developed a s  failed 
a r m s  of t r ip le  r i f t s  which formed over t w o  hot spots, while 

Amagok is t he  Inuit word for wolf. 
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Figure 7.24. Inter-related elements of the Wopmay Orogen, 
Taktu Aulacogen and Kilohigok Basin. Modified from 
Campbell (1981) and Hoffman (1980). 

the active arms in the intervening area linked to form the 
Wopmay Orogen (see Fig. 7.24). The initial protracted period 
of continental rifting, terrace-rise sedimentation, and early 
volcanism was followed much later by oblique subduction of 
the Slave Plate. 

Sedimentation in the Kilohigok and eastern Wopmay 
Orogen can be subdivided into five main tectofacies', based 
on the character of the contained sediments, and their 
relative positions within the Wilson Cycle model as follows: 

A. Initial Subsidence tectofacies: Western River; Odjick, 
Rocknest formations. 

B. Secondary Subsidence tectofacies: Burnside River, Mara; 
Tree River and Fontano formations. 

C. Early Tertiary Subsidence tectofacies: (top of Mara), 
Quadyuk, Peacock Hills; Asiak, Fontano formations. 

D. Middle Tertiary Subsidence tectofacies: Kuuvik, lower 
Brown Sound; Cowles Lake formations. 

E. Terminal Subsidence tectofacies: mid-upper Brown 
Sound, Amagok; Takiyuak formations. 

hitial  Subsidence Tectofacies 

With eastward propogation of the Taktu Aulacogen 
from the epicentral hot spot a t  the western end of 
Coronation Gulf with earliest ocean opening, sedimentation 

commenced in the Wopmay as the Akaitcho Group was 
deposited. With increasing eastward-spreading subsidence, 
the earliest clastics of the Odjick Formation accumulated on 
the Slave Craton margin, supplied from source areas to the 
east and south (paleocurrent data from Hoffman, personal 
communication, 1980). 

The earliest sediments of the Western River 
accumulated in the Kilohigok Basin, as intracontinental 
equivalents of the initial Odjick clastics (see Fig. 7.25). 
Initially, the Western River clastics and biogenic carbonates 
were essentially restricted to the proto-Axial Zone of the 
basin, as well as minor areas of the Western Platform. 

With increasing subsidence of the eastern Taktu, 
equivalent sediments of the Western River Formation may 
have been deposited on the northern part of the Eastern 
Platform as the Hadley Formation (Campbell, 1981). In 
addition, although not extensively preserved, Western River 
equivalents were probably deposited on the remainder of the 
Eastern Platform, in much the same fashion as they 
accumulated on the Western Platform. 

With depression of the flanking marginal areas of the 
aulacogen and Axial Zone of the Kilohigok Basin, easterly- 
derived terrigenous clastics were increasingly restricted to 
the Kilohigok Basin, with little detritus reaching the eastern 
margin of the Wopmay. This predominantly marine period of 
Western River sedimentation is equivalent to the formation 
of the Rocknest stromatolite carbonate platform, which 
commenced following a period of accumulation of fine, 
pelagic, clastics on the subsiding passive margin (Fig. 7.26; 
Hoffman, 1975). During final stages of initial rifting, the 
Taktu and Axial Zone reached their subsidence maxima. 
During this period of maximum transgression, only pelagic 

Figure 7.25. Distribution of the units of the earliest Initial 
Sicbsidence tectofacies. This tectofacies is related to the 
passive margin subsidence to the west, a t  the continental 
margin. The Odjick sediments are beginning to cover the 
Akaitcho Group, and are gradually regrading onto the Slave 
Craton. The earliest sediments of the Western River 
Formation are accumulating in the Axial Zone of the 
Kilohigok Basin, and advancing onto the marginal areas of the 
Eastern and Western platforms. 

Tectofacies: "a lithofacies that is interpreted tectonically" (Glossary of Geology, R.L. Bates and 
3.A. Jackson, ed., American Geological Institute, 1980). 



KILOHIGOK BASIN, BATHURST INLET-VICTORIA ISLAND, NORTHWEST TERRITORIES 

'1 FHAC 

Figure 7.26. Distribution of the units of the middle part o f  
the Initial SLbsidence tectofacies. This tectofacies is related 
to  the continued subsidence of the passive margin of  the 
continent to the west. Southeasterly-derived Odjick delta- 
prodelta clastics are deposited on the slowly subsiding 
margin, and have buried the Akaitcho Group. Western River 
sediments are deposited farther east and west onto the 
flanking platforms adjacent to the &ial Zone of the basin. 

I I 

Figure 7.27. Distribution o f  the latest units o f  the Initial 
SLbsidence tectofacies. This is near the terminal stages o f  
the passive margin subsidence. The Western River marine 
basin is now at its maximum extent, and only minimal 
terrigenous clastics reach the subsiding passive craton 
margin. The lack of clastic sediment supply permitted the 
development of the extensive Rocknest stromatolite 
platform. 

Figure 7.28. Distribution of units of the early Secondary 
Subsidence tectofacies. This phase in the Kilohigok Basin is 
intimately related ' to  the initiation of west-dipping 
subduction of the Wopmay Orogen (see Hoffman, 1980). As 
the distal edge of the Slave Plate descends into the west- 
dipping subduction zone, the Roclcnest Shelf founders, and the 
Rockinghorse Arch develops as a broad swell that crudely 
parallels the subduction zone. Fluvial clastics of the 
Eurnside River spread down the Axial Zone and into the 
Taktu Aulacogen, and are also deposited on the Eastern 
Platform, now denuded of older Western River sediments. 
The distal equivalents of the Eurnside River which reach the 
sea at the mouth o f  the Taktu accumulate as the Mara silts. 
These silts are also swept southward parallel to  the coast, t o  
be deposited as part of the Tree River Fan. 

and hemipelagic sediments reached t h e  passive margin, and 
t h e  Rocknest Pla t form reached i t s  maximum development 
(Fig. 7.27). 

The near-complete absence of the  Western River 
Formation f rom t h e  Eastern Pla t form,  t h e  locally missing 
Upper Argillite member within the  basin, and Archean 
boulders in t h e  Burnside River Formation suggest t ha t  t he re  
was  a prot racted temporal  break before  deposition of t h e  
Burnside River. This was f i rs t  indicated by t h e  aberrant  
paleomagnetic pole position for t h e  Western River as shown 
by Evans and Hoye (1981). A similar erosional in terval  a lso  
occurs between the  Duhamel and Kluziai in the  Athapuscow 
Aulacogen (Hoffman, 1968) and possibly also between t h e  
Rocknest Formation and the  Recluse Group in the  eas tern  
Wopmay (Hoffman, 1981a). 

With the  onset of west-dipping subduction of t h e  Slave 
Pla te ,  t he  perit idal Rocknest shelf foundered (Fig. 7.28). 
Tensional s t ress  within t h e  Slave P l a t e  produced the  Lupin 
Fault-type s t ructures ,  and also extended the  Axial Zone of 
t h e  Kilohigok Basin. Subduction of the  Slave P la t e  also 
produced an upward "bulge" within t h e  cra ton,  subparallel t o  
t h e  subduction zone - t he  Rockinghorse Arch - which 
effect ively  dammed t h e  westward spread of fluvial clastics.  

Secondary Subsidence Tec to fac ie s  

Subduction and associated distension of t h e  Axial Zone 
apparently peaked during deposition of the  Burnside River 
fluvial  clastics.  Distension resulted in periodic, perhaps 
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Figure 7.29. Distribution o f  the units of the late Secondary 
Sbsidence tectofacies. With decreasing supply o f  clastics, 
and accompanying marine transgression, the Mara silts 
regraded into the Kilohigok Basin, and the Burnside River 
floodplain all but disappeared. With dimunition of the 
positive topographic e f f ec t s  of the Rockinghorse Arch, the 
Mara silts may have spread across the arch directly into the 
Tree River Fan complex. 

t 
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Figure 7.30. Distribution of the units of the early Tertiary 
Subsidence tectofacies. This phase is intimately related t o  
the continent-microcontinent collision (see Hoffman, 1980). 
This collision, initially north of the Taktu, produced uplifted 
zones of earlier clastics, which were cannibalized and shed 
southward as the Asiak wackes into the trough generated by 
continuing subduction in the south. During this same period, 
regional uplift of most of the Kilohigok Basin and Woprnay 
shelf produced the Mara-Tree River paleosols, while Quadyuk 
stromatolites formed in, and probably rimmed, the sediment- 
starved trough. 

catastrophic,  episodes of faultingfsubsidence which channeled 
Burnside River c las t ics  into the  Axial Zone, and dis ta l  
equivalents into the  Taktu Aulacogen. With continued 
extension, perhaps generated through clockwise rotation of 
t h e  c ra ton  northwest of  t h e  Taktu during oblique subduction, 
t h e  Taktu continued i t s  eastward propogation, and proximal 
fluvial c las t ics  of t he  Burnside River accumulated on the  
Eastern Platform. 

A minor splay may have developed off the  eas tern  end 
of the  Taktu a t  this t ime, a s  suggested by paleocurrents in 
t h e  northernmost Burnside River on the  Eastern  Platform. 
This splay, or depression, ac ted a s  a channel down which the  
Burnside River-Mara prograded into t h e  Taktu, and merged 
with their  southern-derived equivalents (Fig. 7.28). 

During deposition of the  coarse c las t ics  of t he  Burnside 
River, t he  d is ta l  equivalent fine sands and sil ts  accumulated 
a s  the  Mara Formation fluvio-deltaic succession a t  t he  
prograding braided floodplain front.  Initially deposited 
directly on the  Western River Formation in t h e  southern par t  
of t h e  basin, these  fine grained sediments were  removed and 
redeposited during progradation of the  Burnside River fluvial 
plain. However, a s  t h e  Mara silts advanced into the  shallow 
marine fac ies  a t  t h e  mouth of the  Taktu, they were  swept  
along the  shallow cont inenta l  margin and accumulated a s  t h e  
Tree River Formation (Fig. 7.29). 

Early Ter t iary  Subsidence Tectofacies  

Regional subsidence and marine transgression which 
accompanied deposition of t h e  Mara and Tree  River may have 
been init iated by reactivation of the  Taktu and Axial Zone 
during terminal s tages  of subduction and initial s tages  of 
collision (see Sengor, 1976). As collision continued, t h e  
ent i re  a rea  became emergent ,  and the  character is t ic  regional 
paleosols formed at t h e  top  of t h e  Mara and Tree  River. 

Figure 7.31. Distribution o f  the units of the middle Tertiary 
Subsidence tectofacies. As the collision zone continued its 
southward 'migration from north of the Taktu Aulacogen, 
progressively coarser and more cratonic clastics were 
supplied to the Asiak wackes, following denudation of the 
basement north of the Taktu. Coeval with continuing 
collision, the Taktu Aulacogen was reactivated, distal muddy 
equivalents o f  the Asiak wackes were deposited as the 
Peacock Hills in the Kilohigok Basin, and the Kuuvik proto- 
platform developed on the relatively stable, shallow marine 
continental hinterland. 
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Figure 7.32. Distribution of the units of the late-middle 
Tertiary Subsidence tectofacies. Following erosion of the 
uplifted, collision-generated highlands, and prior to rapid 
post-collision isostatic uplift, Cowles Lake laminites and 
westerly-derived wackes were the only terrigenous clastics 
supplied to the region. The paucity of terrigenous clastics 
supplied to the Kilohigok Basin resulted in the rapid(?) 
progradation of the Kuuvik Platform into the basin and 
possibly down the aulacogen. Southward-prograding muds and 
silts of the  Brown Sound Formation were still f a r  to the north 
of the Taktu a t  this time, but were gradually advancing 
southward. 

At the same time, though, the Axial Zone of the Kilohigok, 
and probably the Taktu and Woprnay axes were maintained a s  
s tat ic  or slowly subsiding depocentres. 

The paucity of terrigenous detritus supplied t o  the 
Axial Zone and the remainder of the region a t  this time 
permitted the fringing stromatolitic carbonates of the  
Quadyulc to develop. These apparently rimmed the Axial 
Zone, and may have extended around the rim of the Taktu 
(Fig. 7.30). Coeval with Quadyuk platform deposition, 
wackes derived from the collision-generated highlands north 
of the Taktu spread southward into the Woprnay axis and 
accumulated as the Asiak Formation. The Wopmay axis, as  
indicated by paleocurrents (Hoffman, personal 
communication, 1980) in the Asiak, was parallel t o  
subparallel to  the t race of the subduction zone, similar to the 
present Timor Basin (Shanmugam and Walker, 1980). 

Middle ~ e r t i a r ~  Subsidence Tectofacies 

As collision continued, both the Taktu and Axial Zone 
continued to subside. Coarse detritus from the orogenic 
source areas  to the north continued to pour into the Woprnay 
(Hoffman, 1980), while their fine grained distal equivalents 
accumulated in the Kilohigok as  the Peacock Hills Formation 
(Fig. 7.31). The Kuuvik proto-Platform developed in the 
shallow epeiric sea which covered the continental interior 
during this period of minor, though extensive, subsidence. 

As the tectonic highlands were denuded, and supplied 
less and less clastic detritus to  the basins, the Kuuvik 
prograded into the basin over the Peacock Hills and i ts  own 
fore-reef detritus (Fig. 7.32). Waning sediment supply from 
the north is reflected in the Wopmay by deposition of the 

Cowles Lake Iaminites and subordinate westerly-derived 
Cowles Lake wackes. The Wopmay was continuously a 
relatively deep-water basin during Cowles Lake deposition 
and equivalent Kuuvik progradation, as the sequence is 
stromatolite-free. However, the uppermost part of the 
Cowles Lake contains fragments of the characteristic "ridged 
stromatolite" biscuits typical of the top of the Kuuvik ( ~ e c i l e  
and Campbell, 19781, suggesting that  the Kuuvik prograded 
relatively close to  the Tree and Takijuq Basins (Fig. 7.32). 

Terminal Subsidence Tectof acies 

Following separation of .the subducted slab from the 
west-dipping Slave Plate, the isostatically imbalanced, 
overthickened sedimentary wedge in the  collision zone began 
to rise and shed detritus back onto the craton and basins. 
The initial fine grained clastics of the Brown Sound 
Formation were the penultimate deposits of the coarsening- 
upward "molasse phase" in the Woprnay and Kilohigok 
(Fig. 7.33). 

As the rate  of isostatic uplift in the collision zone 
increased, progressively coarser detritus was supplied to  the 
basin(s) as  vast muddy fluvio-deltaic systems spread south 
and east  into the Kilohigok and Wopmay respectively. 
Takiyuak muds, silts and sands were derived from the same 
eastward-advancing source a s  the  earlier westerly-derived 
Cowles Lake wackes. 

As the fluvial distributaries advanced over the basin, 
minor subcrustal fractures breached the  surface and formed 
conduits for the thin subaerial basalts of the uppermost 
Brown Sound. This early fracturing may have been a 
precursor of the later Bathurst Fault System. If this is 
correct,  then considerable volumes of volcanics may have 
been deposited in the northern Kilohigok and Taktu 
(Fig. 7.34). 

Figure 7.33. Distribution of the units of the early Terminal 
Sibsidence tectofacies. Following, or coeval with, 
detachment of the west-dipping subducted slab, possibly 
related to the effects  of a distal second collision, isostatic 
uplift commenced in the region north of the Taktu 
Aulacogen. The southward-prograding uplift supplied 
progressively coarser terrigenous clastics to fluvio-deltaic 
distributaries, which spread them across the Kuuvik Platform 
a s  the Brown Sound, and over the Cowles Lake a s  the 
Takiyuak. 
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Figure 7.34. Distribution of units of the l a t e  Terminal 
S b s i d e n c e  tectofacies.  With a n  increased r a t e  of isostatic 
uplift, progressively coarser  westerly, northerly and easterly- 
derived terrigenous sediments  spread across  t h e  region a s  the  
Brown Sound and Takiyuak sands. Basalts (solid black) in the  
uppermost Brown Sound may have been extruded during 
periods of minor faulting. The southward-prograding 
sediments  u l t imate ly  covered both basins, a s  t h e  braided 
fluvial g r i t s  and gravels  of t he  Arnagok and Takiyuak(?) were  
deposited. 

During terminal  deposition in the  Kilohigok and 
Wopmay, braided fluvial sys tems spread coarse  sands and 
gravels from the  north, ea s t  and west into both regions. The 
boulders in t h e  Amagok Formation conglomerates suggest 
t h a t  t he  earlier sedimentary  cover in and north of t h e  Taktu  
had been completely cannibalized, and t h e  Archean basement  
was exposed around t h e  Taktu and Kilohigok Basin. 

SUMMARY AND CONCLUSIONS 

The spatially re la ted  Wopmay Orogen and Kilohigok 
Basin both developed in response to  initial r if t ing of t h e  
continental  margin over the  Coronation Hot Spot 
(Hoffman, 1980). The Taktu Aulacogen, propogated a s  a 
failed r i f t  a r m  from the  t r ip le  junction over t h e  Coronation 
Hot  Spot, developed a subsidiary splay off i t s  ea s t e rn  
termination which became the  Axial Zone of the  Kilohigok 
Basin. 

Marine transgression of t h e  dissected Archean 
basement in t h e  Kilohigok Basin region resulted in deposition 
of the  shallow marine-dominated Western River Formation, 
with i t s  a t t endan t  s t romatol i te  platforms, shallow shelf 
qua r t z  sands, and subordinate de l t a i c  muds and silts. These 
sediments a r e  temporally equivalent t o  t h e  initial passive 
margin succession accumulating on the  eas tern  border of t he  
Wopmay Orogen. 

With relatively(?) rapid subsidence, t h e  shallow shelf 
c las t ics  were  covered by a thin succession of thei r  deeper- 
wa te r  equivalents a s  t h e  Upper Argillite member regraded 
in to  the  basin. 

At some t ime  a f t e r  deposition of the  Western River 
Formation, t h e  basin was locally and/or regionally uplifted, 
and par ts  or  a l l  of t h e  format ion were  stripped f rom the  
Eastern Pla t form and local a reas  within the  southern par t  of 
the  basin. This pre-Burnside River period of uplift  and 
erosion may b e  equivalent t o  similar episodes at t h e  s a m e  
s t ra t igraphic  position in the  passive margin succession of t h e  
Wopmay and the  Athapuscow Aulacogen. 

With increased uplift in the  source area(s)  t o  the  south  
and eas t  of t he  basin, together  with coeval subsidence of t h e  
Axial Zone of the  basin, braided rivers spread coa r se  
prograding sands and gravels throughout the  southern Axial 
Zone and across the  Western Platform. The distal  
equivalents of these  c las t ics  accumulated a t  t he  apex of t h e  
Axial Zone in the  Taktu Aulacogen a s  t h e  Mara Formation 
prograding fluvio-deltaic shallow sil ts  and muds. With 
increasing la tera l  subsidence of the  flanks of t he  Axial Zone 
of the  basin, t he  sediments of t h e  Burnside River Formation 
were  deposited on the  flanking Eastern  Pla t form,  and on to  
the  northern margins of t he  Taktu Aulacogen on t h e  present  
Victoria Island. 

With decreasing sediment supply to the  basin, and 
stabilization of the  Kilohigok and Taktu, t h e  fine grained 
equivalents of the  fluvial sediments of t he  Burnside 
River - t h e  Mara Formation - regraded into t h e  basin a s  t h e  
shallow marine or fluvio-deltaic deposits accumulated in the  
basin and across the  passive margin of the  Wopmay Orogen t o  
the  west. 

As subsidence of t h e  basin ended, t he  en t i r e  Wopmay 
and a t t endan t  aulacogens were  uplifted, and t h e  regional 
paleosols formed on the  top of the  Mara, T ree  River and 
sediments in the  Athapuscow Aulacogen at t h e  equivalent 
s t ra t igraphic  level. However, t h e  Axial Zone of t h e  basin 
continued t o  be a depocentre  during paleosol formation, and 
the  Quadyuk Formation strornatoli t ic carbonates  were  
deposited in the  trough and presumably around t h e  rim of t h e  
sediment-starved trough. 

Uplift north of the  Taktu,  a s  well a s  t he  Wopmay 
Orogen, possibly re la ted  to  the  initial s tages  of oblique(?) 
collision of the  continent-microcontinent over t h e  subduction 
zone, spread cannibalized de t r i t u s  back in to  t h e  remnant  
subduction trough a s  t h e  Asiak wackes were  deposited. The 
distal  equivalents of these  c las t ics  accumulated in t h e  
Kilohigok a s  the  precursors of t h e  Peacock Hills Formation 
calcareous mudstones. With continued, perhaps collision- 
generated subsidence of t h e  Kilohigok Basin and t h e  Taktu,  
increasing amounts  of these  c las t ics  were  spilled into t h e  
basin and onto the  slowly-subsiding carbonate  platform. The 
Kuuvik s t romatol i t ic  carbonates  were  spreading across this 
in t racra tonic  platform, and may have reached a s  f a r  a s  the  
Athapuscow Aulacogen t o  t h e  south. This carbonate  "veneer" 
across the  cra ton may have been the  major source of t he  
c las t ic  carbonate  which was in t imate ly  admixed with the  
terrigenous c las t ics  of t he  Peacock Hills t o  form t h e  upward- 
increasing carbonates  of t h e  formation a s  t h e  Kuuvik 
prograded across  i t s  own fore-reef detri tus.  

With diminution of terrigenous c las t ics  supplied t o  t h e  
basin, t he  Kuuvik Proto-Pla t form prograded into t h e  Axial 
Zone of the  basin and across  t h e  Western and Eastern(?) 
Platforms. Continuous rapid subsidence was g rea te r  than the  
accumulation/growth r a t e  of t he  Kuuvik s t romatol i tes  in the  
northernmost par t  of the  Wopmay shelf, and the  Asiak 
wackes were  continuously deposited in th is  area.  

With rapid isostatic uplift, following de tachmen t  of t he  
west-dipping subducted slab, t h e  region north of t he  Taktu 
Aulacogen rapidly rose, and shed terrigenous de t r i t u s  
southward across  the  d is ta l  reaches  of t he  Kuuvik Platform. 
These sediments  were  deposited a s  t h e  sil ts  and muds of the  
basal Brown Sound Formation. 

With continuing southward-prograding and coarsening 
c las t ics  supplied to  the  Kilohigok Basin, t he  en t i r e  region was  
buried beneath  the  fluvial sands, grits ,  and gravels of t h e  
Amagok Formation a s  deposition in t h e  Kilohigok Basin 
ended. 
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Abstract 

The 1.87 Ga LaBine Group outcrops along the western margin o f  Wopmay orogen at Great Bear 
Lake and rests on a deformed and metamorphosed 1.92 Ga sialic basement complex. It is overlain by 
rocks of the mainly rhyodacitic Sloan Group. Syn- to post-volcanic plutons of the Great Bear 
batholith intrude both groups. 

From Echo Bay northward to .Hornby Bay the oldest rocks of the LaBine Group are mainly 
andesitic lavas, breccias, and pyroclastic rocks at least 3000 m thick, interpreted to  be the remains 
o f  a number o f  large stratovolcanoes. Overlying, and in part interfingering with the stratovolcanoes, 
are seven major ash-flow t u f f  sheets, which are locally intercalated with andesite, dacite, rhyolite 
flows and domes, and a diverse assemblage of fluvial and lacustrine sedimentary rocks. 

Sheets of ash-flow tuff include units thicker than 800 m deposited within cauldrons and thin 
cooling units deposited outside the cauldrons. Intercalated with intracauldron tu f f  are wedges of 
breccia and megabreccia, presumably derived from the walls o f  the cauldrons during subsidence. 

Facies relations and the overall evolution o f  the field from early gas-poor andesitic eruptions to 
gas-rich eruptions o f  ash-flow t u f f  are closely comparable to Oligocene volcanic fields of the United 
States believed related to  subduction. Rocks of the LaBine field were hydrothermally altered by 
high-level geothermal processes but on the basis of S i02 ,  T i 0 2 ,  REE, and phenocryst mineralogy they 
can be classified as calc-alkaline. Therefore, it is concluded that the LaBine Group represents an 
early Proterozoic volcanic arc developed upon continental crust. Preserved stratovolcanoes and 
other high-level volcanic strata indicate that the LaBine Group was erupted into a basin which was 
subsiding concomitant with eruptions. The basin was probably generated in a wrench zone related to 
oblique convergence. 

Laccoliths in Athapuscow Aulacogen together with recent geochronological and field data 
suggest that the LaBine Group postdates continent-microcontinent collision in Wopmay Orogen and 
was probably generated above an eastward-dipping Benioff zone which was either segmented or 
became shallower with time. 

Le groupe de Labine, qui date de 1.87 Ga, affleure le long de la marge ouest de llorog&ne de 
Wopmay, dans la re'gion du Grand lac de ['Ours, et  repose sur un complexe rocheux de caractere 
sialique, d6forrn6 et me'tarnorphise', cfg6 de 1.92 Ga. I1 est recouvert par les roches principalement 
rhyodacitiques ciu groupe de Sloan. Des plutons synvolcaniques h postvolcaniques du batholite du 
Grand lac de I1Ours traversent les deux groupes. 

De la baie dlEcho au nord h la baie Hornby, les plus anciennes roches du groupe de Labine sont 
principalement des laves and6sitiques. des breches et des roches pyroclastiques d'au moins 3 000 m 
d16paisseur, qui d1apr8s certaines interpre'tations, seraient les restes de quelques grands stratovolcans. 
Sept vastes nappes de t u f s  re'pandues sous forme de coule'es de cendres, qui recouvrent les 
stratovolcans et parfois pre'sentent des interdigitations avec ceux-ci, sont localement intercale'es 
dans des andbites, dacites, coule'es et  ddmes rhyolitiques, et  divers assemblages de roches 
se'dimentaires dlorigine fluviatile et lacustre. 

Les nappes de tufs re'pandues sous forme de coule'es de cendres contiennent des unite's de 
puissance supe'rieure h 800 m. d6pose'es 6 11int6rieur des caldeiras, et de minces coule'es de lave, 
de'pose'es h l'exte'rieur de celles-ci. Des formations en biseau, forme'es de braches et  me'gabr&ches, 
probablement d6rive'es des parois des caldeiras pendant la subsidence de celles-ci, sont intercale'es 
avec les tu fs  de Ifint6rieur des caldeiras. 

Les relations de faci&s et l'e'volution globale ciu terrain, d'abord soumis h des 6ruptions 
andksitiques pauvres en e'manat ions gazeuses, puis aux e'ruptions gazeuses de tu fs  re'pandus en coul6es 
de cendres rappellent fortement les secteurs volcaniques oligocanes des Etats-Unis, que l'on estime 
associe's aux phdnornhnes de subduction. Les roches du secteur de Labine ont e'te' alte're'es par des 
re'actions hydrotherrnales intenses, mais en raison de leur teneur en S i02 ,  en Ti02  et  REE e t  de la 
rningralogie des phe'nocristaux, on peut les classer dans les roches calcoalcalines. On en conclut donc 
que le groupe de Labine correspond h un arc volcanique d16ge prot6rozo?que in fk ieur ,  form6 



au-dessus de la crodte continentale. Les stratovolcans e t  autres niveaux volcaniques cre'6s par une 
activite'volcanique intense, e t  encore conserve's, indiquent que le groupe de Labine s'est e'coule' lors 
d16ruptions dans un bassin, dont l'affaissernent a accornpagne' les e'ruptions. Le bassin s'est 
probablernent form6 dans une zone de de'chirement r6sultant d'une convergence oblique. 

Dans 11aulacog8ne dlAthapuscow, llexistence de laccolites e t  les r6centes donne'es 
ge'ochronologiques e t  donne'es obtenues sur le terrain sernblent indiquer que le groupe de Labine est  
ult6rieur h la collision entre continent e t  microcontinent qui a eu lieu lors de 110rog8ne de Wopmay, e t  
a probablement 6 t6form6 au-dessus d'une zone de Benioff plongeant vers l'est, qui s lest  fragrnente'e 
ou est devenue moins profonde au cours des temps. 

INTRODUCTION During the next 25 years geological work was mainly 

In recent years the concept of plate tectonics has confined t o  detailed studies of the  mineral deposits a t  LaBine 

provided an actualistic framework to interpcet the geology of Point (Campbell, 1955, 1957; Jory, 1964; Robinson, I97 1; 

continents, which contain the vast majority of recorded earth Robinson and Morton, 1972; Robinson and Badham, 1974) and 

history. Geologists now examine pre-Mesozoic terranes with in the Conjuror Bay-Camsell River region (Badham, 1972, 

an eye toward determining an evolutionary scheme for the 1973a, b, 1975; Badham e t  al., 1972; Shegelski, 1973; Badharn 
and Morton, 1976). Mursky (1973) compiled much of the  development of the earth based on similarities with, and previously restricted data collected by the  Geological Survey dissimilarities to, post-Mesozoic terranes. of Canada durinr! the war. 

Studies of post-Mesozoic volcanic and plutonic rocks 
suggest i t  is possible to relate magmatic belts to  specific 
tectonic settings. In fact,  studies in Cenozoic volcano- 
plutonic terranes indicate that most can be related to  
lithospheric plate motions. Thus, igneous rocks may provide 
valuable insight into tectonic processes in older, cratonic 
regions where there is no sea floor record. 

The purpose of this paper is t o  present stratigraphic and 
geochemical data from the LaBine Group, a 1.87 Ga volcanic 
field located along the eastern shore of Great Bear Lake, and 
to discuss the tectonic setting and regional implications. 

PREVIOUS WORK 

Bell (1901) first investigated the geology in the region 
of Great Bear Lake a s  part of a lengthy canoe reconnaissance 
for the Geological Survey of Canada in 1899. He noted 
"cobalt bloom and copper stain" along the east shore of t h e  
lake but was unable to investigate his discovery a s  he was 
under great pressure to reach civilization before f r e e z e u ~ .  

The area received only minor attention from 
prospectors and trappers until 1930 when Gilbert LaBine, 
then president of Eldorado Mining Company, discovered high 
grade silver-pitchblende veins a t  the present townsite of Port 
Radium. The veins were mined for radium and silver until 
1940 when the mine was shut down due to World War I1 and 
the  resulting disruption of the  radium market. 

Kidd (1932) examined the mineral deposit for t h e  
Geological Survey of Canada in 1931. Kidd subsequently 
mapped much of the region a t  a scale of 1:250 000 (1933) and 
also made a broad reconnaissance of a 20 mile wide strip 
from Great Bear Lake to Great Slave Lake (1936). Smaller 
areas near Port Radium were mapped by Robinson (19331, 
Riley (19351, and Furnival (1939). 

In 1941 Eldorado gave Enrico Fermi and associates a t  
Columbia University 5 tons of uranium oxide for their 
experiments t o  generate a chain reaction and the  mine was 
reopened to supply the strategic metal uranium to the United 
States Government. In 1944 the Canadian Government 
obtained ownership of the property and a program of 1 inch 
to 400 foot mapping in the vicinity of Port Radium was 
initiated by the Geological Survey of Canada (Joliffe and 
Baternan, 1944; Thurber, 1946; Feniak, 1947; Fortier, 1948). 
Later, Feniak (1952) mapped the MacAlpine Channel area a t  
a scale of 1:50 000 while Lord and Parsons (1947) mapped the 
Camsell River region. 

Hoffman(1978) made the  first comprehensive 
reconnaissance maps of the area during the middle 1970s and 
established the  regional stratigraphy (Hoffman and 
McGlynn, 1977). Hoffman (1972) and Badham (1973a) first 
alluded to a subduction origin for the Great Bear Volcano- 
Plutonic Belt by pointing out the similarities of the Great  
Bear batholith with batholiths of t h e  Andes. 

REGIONAL SETTING 

The LaBine volcanic field lies along the western margin 
of t h e  Bear Structural Province in the northwestern Canadian 
Shield (Fig. 8.1). It is part of the Great Bear Volcano- 
Plutonic Belt (Fig. 8.1) which forms t h e  western part of t h e  
early Proterozoic Wopmay Orogen (Fraser e t  al., 1972; 
Hoffman, 1973; Hoffman and McGlynn, 1977). The orogen 
developed along the western side of an Archean craton (Slave 
Province) between about 2.1 and 1.8 Ga. Hoffman (1980a) 
divided Wopmay Orogen into 4 tectonic zones: 1) a thin 
autochthonous cratonic cover and foreland basin seauence 
that  unconformably overlies Archean basement; 2) a foid and 
thrust belt where rocks of the  continental shelf and foredeep 
a re  thrust eastward relative to the craton; 3 ) a n  
orthotectonic zone in which deformed initial r i f t  clastic and 
volcanic rocks, passive continental slope-rise and foredeep 
rocks a r e  metamorphosed and intruded by a multitude of syn- 
to  post-tectonic, mesozonal S-type plutons; and 4) the little- 
deformed Great Bear Volcano-Plutonic Belt, consisting of 
subgreenschist facies volcanic and sedimentary rocks 
(McTavish Supergroup) which unconformably overlie a 
deformed and metamorphosed basement complex, and are  
intruded by tabular to  sheetlike, epizonal I-type plutons of 
granitoid composition (Great Bear batholith). 

High level plutonic rocks of the Great Bear batholith 
and the deformed basement rocks dominate the  southern half 
of the  Great Bear Volcano-Plutonic Belt while their 
consanguinous volcanic and sedimentary roof (McTavish 
Supergroup) is widely exposed in the northern half. The 
McTavish Supergroup is folded about gently-plunging, 
northwest-trending axes. These folds a r e  asymmetric with 
the  northeasterly dipping limbs generally being much larger 
(Hoffman, e t  al., 1976). Thus, the supracrustal rocks become 
progressively younger t o  the northeast, with the oldest rocks 
of the belt exposed only in the  southwest. These relations 
suggest that the Great  Bear Volcano-Plutonic Belt has a 
slight northeastward plunge. 
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The McTavish Supergroup is divided into 3 groups 
separated by unconformities: t h e  LaBine Group, Sloan Group 
and t h e  Dumas Group, in ascending order. The Sloan Group, 
exposed in t h e  cen t r a l  par t  of t h e  belt ,  consists mostly of 
thick sequences of densely-welded dac i t e  and rhyodacite ash- 
flow tuff (Hoffman and McGlynn, 1977), perhaps cauldron fill. 
The Dumas Group exposed on the  east  side of t he  belt, 
comprises maf ic  Iavas and mudstones cu t  by siliceous sills 
(S. Bowring, personal communication). The LaBine Group is a 
diverse assemblage of tholeii t ic (Wilson, 1979) and calc- 
alkaline lava flows and pyroclastic rocks, plus a variety of 
sedimentary and high-level porphyritic intrusive rocks. The 
LaBine Group outcrops in 3 areas ,  all  in the  western par t  of 
t he  volcano-plutonic belt: one around Conjuror Bay and 
Camsell River; another a t  Hottah Lake; and along t h e  eas t e rn  
shore of Grea t  Bear Lake f rom Echo Bay northward t o  
Hornby Bay (Fig. 8.1). This las t  a r e a  is t h e  principal subject  
of this paper. 

An ash-flow tuff ,  high in the  LaBine Group stratigraphy 
a t  Conjuror Bay, is 1.87 ? .OI Ga (Van Schmus and 
Bowring, 1980; and personal communication). U-Pb ages  of 
plutons a t  Po r t  Radium, a t  leas t  one  of which is demonstrably 
synvolcanic, a r e  indistinguishable at present f rom t h e  ash- 
flow a t  Conjuror Bay (Van Schmus and Bowring, 1980; and 
personal communication). 

There a r e  many exposures near Hottah Lake and a t  
Conjuror Bay where the  LaBine Group can be  seen t o  
unconformably overlie metamorphic rocks, here  informally 
termed t h e  metamorphic sui te  of Holly Lake. The su i t e  is 
c u t  by many foliated granitoid plutons, one of which has  
yielded zircons dated a s  1.92 + .O1 Ga (Van Schmus and 
Bowring, 1980). Together the  metamorphic sui te  and t h e  
plutons collectively form what is known a s  t h e  Hottah 
Terrane. This t e r r ane  was intensely deformed prior t o  
deposition of t h e  LaBine Group and has  a prominent north- 
nor theas t  - south-southwest penetra t ive  fabric. 

The Grea t  Bear Volcano-Plutonic Belt is generally 
separa ted f rom the  or thotectonic  zone by the  Wopmay faul t  
(Fig. 8.1), although volcanic and sedimentary rocks of t he  
Dumas Group locally overstep the  fault  and onlap t h e  high 

rade rocks of t h e  or thotectonic  zone unconformably 
Hoffman et al., 1976; Hoffman and McGlynn, 1977). k 

The en t i r e  Grea t  Bear Volcano-Plutonic Belt  is c u t  by 
numerous, nearly vertical ,  northeast-trending strike-slip 
fau'lts (McGlynn, 1977) tha t  postdate magmatism in t h e  bel t  
and t h a t  bend, splay, and die  ou t  towards the  Woprnay f au l t  
(Fig. 8.1). These faul ts  a r e  bu t  one par t  of a regional 
conjugate set of t ranscurrent  faul ts  t h a t  occurs  throughout 
Wopmay Orogen (Hoffman, l980b). Separations of units 
across these  faul ts  a r e  typically hundreds of me t re s  t o  
several kilometers. Many of t h e  faul t  zones a r e  filled with 
quar tz  stockworks up to  several hundred me t re s  across 
(Furnival, 1935). 

The Grea t  Bear Volcano-Plutonic Belt is  unconformably 
overlain by middle Proterozoic rocks of Arnundsen basin 
(Hornby Bay Group) to  t h e  north (Fig. 8.1) and by Paleozoic 
sedimentary rocks of t he  Northern Interior Pla t form t o  t h e  
west. 

STRATIGRAPHY 

Introduction 

The LaBine Group formed a s  a composite volcanic field 
upon sialic crust .  Complex facies relations, t remendous  
variations in topographic relief,  and long, varied erupt ive  
histories a r e  character is t ics  of such fields. The LaBine 
volcanic field is no exception, but  discussion of  a l l  rock types  

Figure 8.2. Major stratigraphic subdivisions and 
nomenclature of the LaBine Group in the study area. 

undivided 
sedimenlary and pyroclastic 

rocks 

and thei r  s t ructura l  relations is beyond the  scope of this 
paper. Consequently, only t h e  major s t ra t igraphic  units from 
Echo Bay to Hornby Bay will b e  discussed here,  in an  a t t e m p t  
t o  cha rac te r i ze  t h e  general  volcanic evolution of this region 
and provide a broad overview of  t h e  volcano-tectonic 
environment.  
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In a crude way, t h e  s t ra t igraphy of t h e  map a r e a  can b e  
subdivided into two main erupt ive  phases: an  early phase 
character ized by relatively gas-poor eruptions of andesi t ic  
lava represented by t h e .  Po r t  Radium and Echo Bay 
formations,  and a younger, more  gas-charged, phase typified 
by voluminous eruptions of  ash-flow tuff .  The younger, 
si l iceous volcanics a r e  divided into the  Cameron Bay and 
Feniak formations.  The s t ra t igraphic  nomencla ture  used in 
this paper is shown in Figures 8.2 and 8.3. 

Cornwall Tuff 

u w 
a: McKenzie Tuff 

B .  
G 
a Lindsley Tuff -2 

P 
Surpr~se Lake Member 

Mlle Lake Member 

PORT RADIUM FORMATION 

P o r t  Radium Format ion 

The Por t  Radium Format ion is t he  oldest unit in the  
succession and is exposed only near Dowdell Point and on 
LaBine Peninsula (Fig. 8.4). The base of the  formation is 
everywhere  truncated by younger plutonic rocks of t h e  Grea t  
Bear Batholith. These intrusions plus in tense  folding, 
brecciation, hydrothermal a l tera t ion,  and intrusion by at 
leas t  two additional sui tes  of high-level plutons, make 
thickness e s t ima tes  unreliable. The con tac t  with t h e  
overlying Echo Bay Formation is placed a t  t he  base of t he  
lowest lava flow. 

Where undisturbed and relatively unaltered, P o r t  
Radium Formation consists predominantly of laminated t o  
thinly bedded sil tstone, sandstone, ashstone, and minor 
conglomerate  of andesit ic provenance. Rel ic t  sedimentary 
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2 = eas tern  Doghead Point 6 = Stevens Island 
3 = western Achook Island 7 = Mackenzie Island 
4 = centra l  Achook Island 8 = Dowdell Point-Echo Bay 

Figure 8.3. Generalized columnar sect ions  

s t ructures ,  such a s  ripple laminations, graded and convoluted 
bedding, and low-angle cross s t ra t i f ica t ion,  a r e  common. 
Mudcracks were reported from this unit by Campbell (1955) 
but  none were  seen during the  present investigation. Rocks 
initially described by Jory  (1964) a s  l 'microcrystalline a lb i te  
tuffs" a re  sediments and ash tha t  were  hydrothermally 
albit ized during emplacement  of t h e  Mystery Island Intrusive 
Suite. 

Particularly in t h e  lower par ts  of t h e  formation, 
calcareous laminae a r e  abundant and there  a r e  a t  leas t  two 
I m thick carbonate  beds near Mile Lake; a similar bed was 
observed underground in t h e  current  mine workings on LaBine 
Peninsula. 

In general,  t he  formation coarsens upwards with 
granules of aphanitic t o  porphyritic andesi te  becoming 
abundant in t h e  upper 100 m. In some  locations a polyrnictic 
conglomerate near t h e  top of the  formation fills channels c u t  
in to  t h e  finer grained sedimentary  rocks. 

Echo Bay Format ion 

The Echo Bay Formation consists of a thick pile of 
andesi te  flows and breccias,  sparse  rhyodacite flows and 
breccias,  in tercala ted  epiclastic rocks and minor beds of 
reworked tuff t h a t  conformably overlie t h e  Por t  Radium 
Formation. I t  is best  exposed in a section from Dowdell 
Point t o  Echo Bay, where  i t  is nearly 3000 m thick 
(Fig. 8.3, 8.4). 

The formation is divided into 3 informal members - 
Mile Lake, Surprise Lake, and Sparkplug Lake members. The 
stratigraphically lowest member (Mile Lake) comprises 400 m 
of in tercala ted  epiclastic rocks and lava flows while t h e  
overlying Surprise Lake member contains only minor beds of 
epic las t ic  rocks between lava flows. Andesite flows and 
breccias  with abundant plagioclase phenocrysts t h a t  overlie 
Mackenzie Tuff a r e  collectively t e rmed  t h e  Sparkplug Lake 
member.  This member  includes a small, composite andesite 
cone and vent complex approximately 1 km in diameter  
located south of Lindsley Bay but  stratigraphically higher in 
t h e  section than most rocks of t he  Sparkplug Lake member.  
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Figure 8.5. Andesite of t h e  Echo Bay Formation 

In general ,  lavas of t h e  Sparkplug Lake member  a r e  
distinguished f rom those of t h e  Surprise Lake member  only by 
the i r  s t ra t igraphic  position. 

The lava flows of t h e  Echo Bay Formation a r e  
plagioclase porphyrit ic and t h e  abundance o f  phenocrysts may 
range within individual f lows f rom 5 t o  40 per cent .  Many of 
t h e  flows show t rachyt ic  t ex tu re  defined by platy plagioclase 
crys ta ls  up to  I c m  across (Fig. 8.5). Before a l tera t ion ,  most 
flows contained smal l  pyroxene or hornblende phenocrysts, 
commonly rimmed with opaque Fe-oxides. Re l i c t  olivine 
euhedra occur in some of t h e  lower flows. 

All Echo Bay Formation lavas a r e  a l tered  t o  some  
degree: ferromagnesian minerals a r e  o f t en  replaced by 
chlorite,  opaque Fe-Ti oxides, epidote,  and clay minerals. 
The matr ix  is commonly a fine grained mosaic of sphene,  
albite,  quar tz ,  chlorites,  zeoli tes,  and c l ay  minerals. 

Amygdules, commonly sparse but locally up t o  20 per  
c e n t  o f  t h e  rock, a r e  predominantly si l ica but  in some  flows 
located  within a l tera t ion  haloes around granitoid intrusions, 
conta in  mixtures of quar tz ,  epidote,  chlorites,  pyrite and 
ca lc i te .  

In outcrop, flows a r e  generally massive o r  columnar 
jointed but some  have platy-jointed or breccia ted  bases. 
Brecciated bases erade  u ~ w a r d  into massive lava. and a r e  u 

of t en  partial ly oxidized t o  a brick-red colour. Many 
individual f lows have reddened flow breccias  at the i r  t ops  and  
margins. 

Eruption cen t r e s  for  t h e  lavas a r e  not exposed and lay 
outside t h e  map area .  Flows t h a t  in ter tongue with sediments  
of t h e  Cameron Bay Formation become  thinner and sparser  
eas tward ,  suggesting t h a t  one c e n t r e  lay west  of t h e  map  
area .  Similarly, flows t h a t  pinch o u t  to  t h e  south and west,  
and interfinger with conglomerate  in t h e  Vance Peninsula 
region, were  presumably erupted  f rom cen t r e s  to  t h e  e a s t  o r  
north of t h e  map area .  

Epiclastic rocks of t h e  Mile Lake  member  consist  
a lmost  entirely of volcanic de t r i tus  and a r e  coa r se  arkos ic  t o  
l i th ic  sandstone and clast-supported conglomerate ,  
occasionally polymictic but normally dominated by c l a s t s  of 
subrounded t o  rounded andesite.  Some massive conglomerate  
beds, up to  severa l  metres  thick,  a r e  probably laharic as they  
conta in  blocks of a wide var ie ty  of s ize ,  shape, and rock type  
floating in a muddy or si l ty matrix.  Many of t h e  sandstones  
display normal grading and comprise  imbricated blocky 
plagioclase crys ta ls  with rounded corners  and semispherical  
aug i t e  grains. These  beds a r e  probably reworked c rys t a l  tuf f .  

Ripple lamination and crossbedding a r e  commonly preserved 
in t h e  sandstones but exposures a r e  insufficient fo r  
paleocurrent analysis. 

Cameron  Bay Format ion 

The Cameron Bay Formation is a varied assemblage of 
volcanic and sedimentary  rocks t h a t  over l ies  t h e  Echo Bay 
Formation,  excep t  in t h e  southern  pa r t  of t h e  a r ea ,  where  
both formations interfinger.  As used in th is  paper,  t h e  
Cameron Bay Formation comprises  c l a s t i c  rocks, rhyoli te 
flows, 6 major units  of ash-flow tu f f ,  and seve ra l  andes i te  
complexes.  Major ash-flow tuff  uni ts  a r e  assigned informal 
member  s t a tu s  within t h e  Cameron Bay Formation.  Ash-flow 
terminology is t h a t  of Smith  (1960). For  convenience,  
epic las t ic  rocks stratigraphically near  ash-flow tuff  members  
a r e  discussed with those members.  

From Vance Peninsula south  to  Echo Bay massive t o  
poorly-bedded andes i te  bouldery conglomerates  and breccias  
interfinger with t h e  Echo Bay Format ion.  These  c l a s t i c s  a r e  
in terpre ted  a s  fluvial and debris-flow deposits  t h a t  formed 
pa r t s  of t he  volcaniclastic aprons  on t h e  vent  f lanks  f rom 
which Echo Bay lavas w e r e  erupted .  An unnamed, flow- 
banded and flow-folded rhyolite (Fig. 8.6) ext rus ive  with 
abundant silica-lined cavi t ies  t o  8 c m  occurs  on top  of g r i t t y  
sandstone  on Mackenzie Island. The  eruption c e n t r e  for  this 
flow is unknown. 

Lindsley Tuff  Member 

The Lindsley Tuff is discontinuously exposed over  much 
of t h e  bel t .  It is absent  in t h e  southwest ,  overlies Echo Bay 
Format ion in t h e  Lindsley Bay region, and di rec t ly  overlies 
both Echo Bay andes i te  or conglomerate ,  breccia  and rhyolite 
of t h e  Cameron Bay Formation on Vance Peninsula, S tevens  
Island, and Achook Island. The Lindsley is a maximum of 
1000 m th ick  and is a single, composit ionally zone cooling 
unit composed of many flow units. Intensely f rac tured  and 
broken qua r t z  phenocrysts (up to  20%) dominate  t h e  lower 
ash-flows. Al tered  plagioclase and maf i c  phenocrysts 
become  progressively more  abundant  upward in overlying ash- 
flows. Lithic f r agmen t s  cons t i t u t e  a t  most  only a f e w  per  
c e n t  of t h e  unit and a r e  dominantly andesite.  

Figure 8.6. Flow-banded rhyolite f low of t he  Cameron Bay 
Formation.  



The tuff is densely welded throughout and pumice is 
generally not recognizable, probably due t o  postdepositional 
recrystall ization and alteration. However, on Achook Island, 
t he re  is a zone with well-developed eutaxi t ic  s t ructure  about 
35 m above the  contact  with the  underlying Echo Bay 
Formation. 

On eas tern  Vance Peninsula and northeast  of Echo Bay 
the  tuff is always less than 30 m thick and is of ten  absent.  
Channels, now filled with sandstone and conglomerate,  were  
incised in the  tuff a f t e r  deposition. On Mackenzie Island, 
2 km away f rom Vance Peninsula in pre-transcurrent faul t  
reconstructions,  500 m of Lindsley Tuff is overlain by 
Mackenzie Tuff with no evidence of erosion. One kilometre 
to t h e  west  of Mackenzie Island, t he  Lindsley Tuff is overlain 
by epiclastic rocks and a rhyolitic flow or dome a t  least  1 km 
in diameter .  Elsewhere, a s  on Stevens Island and Achook 
Island, t he  tuff is overlain by coarse  sedimentary  rocks, but 
with no apparent  extensive channelling. 

Massive t o  poorly-bedded wedges of breccia  containing Figure 8.7. Moderately-welded Mackenzie T u f f  
blocks up t o  3 m across a r e  interbedded with t h e  Lindsley 
Tuff in the  Lindsley Bay region. These a re  interpreted a s  - - 
talus breccias and ind ica t e  considerable topographic relief 
during deposition. 'The inferred high relief may account  for 
the  rapid la tera l  thickness variations of t he  tuff. 

The abrupt pinchout of thick sections of tuff,  coupled 
with t h e  presence of ta lus  breccias suggests t h a t  t h e  Lindsley 
Tuff ponded against  a topographic barrier. As there  is no 
indication of a topographic barrier in t h e  underlying 
sedimentary rocks, i t  must have developed during eruption of 
the  tuff.  

One possible mechanism to explain these relations is 
cauldron collapse concurrent with t h e  ash-flow eruptions. 
The thick sections could represent intracauldron deposition 
while the  thin sections may be remnants  of t h e  outflow sheet.  
The talus breccias would have been shed from t h e  high- 
standing wall of t h e  cauldron. Lipman (1976) described 
similar breccias intercalated with intracauldron tuffs  in 
several cauldrons in t h e  San Juan volcanic field of 
southwestern Colorado. He a t t r ibuted t h e  breccias in these  
cauldrons to  landslides tha t  resulted from t h e  caving of t h e  
s t e e p  cauldron margins. 

Mackenzie T u f f  Member 

The Mackenzie Tuff is a composite ash-flow tuff sheet  
t ha t  contains abundant foreign rock f ragments  and less than  
I0  per c e n t  phenocrysts of quar tz ,  a l tered potassium 
feldspar, plagioclase and sparse ferromagnesian minerals. 
Eutaxitic t ex tu re  is commonly well developed, especially on 
Mackenzie Island (Fig. 8.7). On Mackenzie Island t h e  upper 
cooling unit contains abundant accre t ionary  lapilli (Fig. 8.8). 

The Mackenzie Tuff is exposed only in t h e  southern half 
of t h e  belt. I t  is  a t  least  1 km thick on Mackenzie Island and 
consists of  3 cooling units, with no sediment  interbeds. South 
of Mackenzie Island t h e  cooling units a r e  separa ted by lenses 
of ripple-laminated sil tstone and mudstone o r  by flows of t h e  
Sparkplug Lake Member of t he  Echo Bay Formation. The 
cooling units fill broad paleovalleys and pinch out  over local 
paleo high areas.  On Vance Peninsula the re  a r e  a t  least  6 
cooling units, each less than 20 m thick, interbedded with 
arkosic sandstone and pebbly gritstone. 

From Vance Peninsula north t o  Doghead Peninsula t h e  
Mackenzie Tuff is absent and i t s  s t ra t igraphic  position is 
occupied by a thick pile (1 km) of sedimentary  rocks. This 
sequence is in terpre ted a s  a ser ies  of braided s t r eam,  alluvial 
fan and lacustrine complexes. Hematit ic,  polymictic and 
polymodal conglomerate of mainly volcano-plutonic 
provenance dominate this interval. Locally, however,  

Figure 8.8. Accret ionary  lapilli in the  Mackenzie Tuff 

t he re  a r e  beds of conglomerate  containing 90 per cen t  well- 
rounded or thoquar tz i te  clasts.  Volcanic lithic and feldspathic 
sandstones a re  planar or trough crossbedded and commonly 
contain mudchips. Ripple-laminated sil tstone, somet imes  
with mudstone drapes,  occur throughout the  sequence. Local 
mudstones, occasionally with mudcracks may mark t h e  s i t e s  
of lacustrine sedimentation or  in s o m e  cases, t h e  distal  ends  
of  debris flows. 

Devitrified ashstone beds ( to  2 m) a r e  common, 
especially on .Vance Peninsula. Remnants  of t h e  beds, 
occurring a s  freestanding pinnacles of ashstone surrounded by 
sandstone, indicate they were  channelled and eroded before  
deposition of t h e  sandstones. The ashstone beds may 
represent coignimbrite ashes of t he  type described by Sparks 
and Walker (1977). 

Directly overlying t h e  Mackenzie Tuff west  of Lindsley 
Bay is a 50 m coarsening-upward succession consisting of 
basal mudstone to  crossbedded sandstones and pebbly 
sandstone, overlain by bouldery polymictic conglomerate.  
The ent i re  sequence is capped by andesite lavas of t he  
Sparkplug Lake Member of t h e  Echo Bay Formation. The 
finely laminated mudstones, with lenses of fine grained 
sandstone, a r e  locally mudcracked, and a r e  likely lacust r ine  
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in origin. Sandstones overlying the  mudrocks a r e  medium- to  
coarse-grained and commonly gr i t ty .  Some beds a r e  graded 
and contain imbricated pebbles t h a t  become smaller 
upsection. These beds a r e  typically about  2 m thick and a r e  
overlain by trough and planar crossbedded sandstones. This 
pa r t  of t he  succession is interpreted a s  braided s t ream 
deposits. Clast-supported, crudely bedded bouldery 
polymictic conglomerates,  t h a t  overlie t he  sandstones,  
probably represent alluvial fan  deposits. The en t i r e  sequence 
is in terpre ted a s  a prograding alluvial fan complex, re la ted  t o  
renewed volcanism from volcanic centres  of t h e  Echo Bay 
Formation, over lacustrine sediments. 

Stevens Tuff Member 

Stevens Tuff member consists of moderately to  densely 
welded ash-flows t h a t  form one cooling unit character ized by 
large partly resorbed phenocrysts of quartz.  Lithic 
f ragments  a r e  ubiquitous near the  base of t he  unit on 
Cornwall Island, Achook Island and Doghead Point,  and 
commonly comprise up t o  30 per c e n t  of t h e  rock. Pumice  
f r agmen t s  a r e  common, but  in thick sections a r e  obscured by 
a l tera t ion and welding. On Achook Island a t  leas t  75 thin 
ash-fall tuff  beds underlie t h e  Stevens Tuff (Fig. 8.9). 

The tuff occurs throughout the  bel t  from Echo Bay to  
Doghead Point. I t  is 20 m thick on Doghead Point and 
thickens gradually to  the  east-southeast .  On Achook Island, 
t h e  tuff is 400 rn thick and f a r the r  eas t ,  on Cornwall Island, 
an  incomplete section of several hundred me t re s  outcrops in 
individual f au l t  blocks. The Stevens Tuff thins drastically 

a g a i n s t  a northeast-trending t ranscurrent  faul t  on the  eas tern  
end of Cornwall  Island. South and e a s t  of this faul t ,  t he  tuff ,  
which is less than 100 m thick, commonly appears  t o  fill 
paleovalleys or  is extensively channelled and eroded. North 
and west of t h e  fault  t he re  is no evidence of a s t ructura l  
break or g rea t  topographic relief in t h e  underlying 
sedimentary rocks, so i t  is unlikely tha t  t he  fault  was ac t ive  
before  ash-flow tuff eruptions. The faul t  is in terpre ted t o  
have been ac t ive  during eruption of t h e  ash-flows and la ter  
react ivated during strike-slip faulting. 

It appears  tha t  t he  Stevens Tuff was deposited in a low- 
lying a r e a  t h a t  deepened t o  t h e  southeast  and was bounded by 
a major s t ructura l  break, against  which ash-flows ponded to  a 
considerable thickness. The most probable explanation for 
these  relations is t h a t  t h e  Stevens Tuff was erupted 
concurrent with cauldron collapse. 

As t h e  centra l  cauldron block appears to have been 
fault-bounded on only one side, i t  is reasonable t o  conclude 
t h a t  t h e  cen t r a l  block subsided in a "trap-door" fashion; t h a t  
is, bounded on one s ide  by a large  faul t  and on t h e  o the r  by a 
monoclinal f lexure.  Trap-door subsidence of cen t r a l  blocks in 
Cenozoic calderas has been documented by severa l  workers 
(Seager, 1973; Seager and Clemons, 1975; Lamber t ,  1974; 
Steven and Lipman, 1976; Elston et al., 1976). 

Achook Andesite Member 

Amygdaloidal, sparsely-porphyritic lava flows, tuff ,  and 
breccia of andesit ic composition t h a t  overlie Mackenzie Tuff 
f rom Echo Bay t o  Doghead Point a r e  collectively termed the  
Achook Andesite. These flows and breccias contain abundant 
amygdules and sparse  phenocrysts of a l tered plagioclase and 
amphibole. In these respects t h e  Achook Andesite is 
d i f ferent  f rom t h e  Echo Bay Formation which is sparsely 
amygdaloidal phenocryst-rich andesite.  Lava flows in t h e  
Achook a r e  generally less than 10 m thick, and commonly 
flow-banded. Amygdules a r e  commonly mixtures of  blood- 
red and snow-white chalcedony and in some  flows a r e  so 
common t h a t  they outline flow folds. 

Figure 8.9. Ash-fall beds a t  t h e  base of Stevens Tuff. Note 
pen fo r  scale .  

The Achook Andesite is in tercala ted  with severa l  ash- 
flow shee t s  (Fig. 8.3) which indicates t h a t  andesit ic eruptions 
occurred sporadically over a t i m e  span suff ic ient  t o  deposit 
severa l  major ash-flow sheets ,  and t h a t  d i f ferent  volcanoes in 
the  a r e a  were  ac t ive  concurrently.  

The thickest sections (up to 1 km) of t h e  Achook 
Andesite occur on Cornwall Island and t h e  unit  th ins  rapidly 
away f rom this area.  Intensely a l tered andesi te  breccia 
severa l  hundred metres  thick on Achook Island may mark t h e  
s i t e  of an eruptive centre .  The breccias,  consisting of 
andesite blocks of varying sizes in a fine, comminuted matrix 
of andesi te  microbreccia and broken crystals,  a r e  interpreted 
a s  explosion breccias. 

On Doghead Point lapilli tuff and ashstone contain 
normal and reverse graded beds. Con tac t s  between these  
beds a re  commonly gradational.  The beds a r e  probably 
products of Strombolian-type eruptions. 'The lack of sharp 
contacts ,  coupled with t h e  graded bedding, indicates  t h a t  
eruption and deposition wen t  on more  or  less continuously. 
The graded bedding developed a s  erupt ive  s t rength  waxed and 
waned and/or a s  wind velocity and direction f luctuated 
(Fisher, unpublished manuscript), or possibly a s  conduit  s ize  
changed during eruption (Wilson e t  al., 1980). 

Doghead Tuff 

The Doghead Tuff is a single crystal-rich cooling unit 
t h a t  contains up t o  30 per c e n t  broken phenocrysts of highly 
a l t e red  hornblende, bioti te,  and plagioclase (Fig. 8.10). It is 
exposed only on Achook Island and Doghead Point. Most of 
t h e  uni t  is very densely welded, with highly f l a t t ened  pumice 
f r agmen t s  near t h e  base and top. Fla t tened blocks ( to  50 cm) 
on Doghead Point contain inclined tension f rac tures ,  which 
indicate  post-emplacement flowage of the  tuff (Schmincke 
and Swanson, 1967). The orientation of t h e  f rac tures  
indicates  t h a t  movement was  toward t h e  northeast .  

On Achook Island t h e  tuff overlies an  eastward- 
thickening wedge of bouldery, polymictic conglomerate  and 
breccia,  thin ash-flows with similar mineralogy to  t h e  
Doghead Tuff, and andesite flows. Interbeds of thin ash- 
flows in t h e  conglomerates  indicate  t h a t  eruptions began 
during conglomerate  deposition. 
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Figure 8.10. Densely-welded, crystal rich zone o f  
Doghead T u f f .  

The Doghead Tuff is a minimum of 700 m th ick  on 
Achook Island. Both t h e  tuf f  and underlying conglomerate  
pinch ou t  eas tward  in less than 400 m against  a ser ies  of 
closely-spaced syndepositional (?) faul ts  which were  
subsequently react iva ted  during postvolcanic deformat ion 
(Fig. 8.11). The tuff  thickens toward t h e  wes t  and nor thwest  
and is over  I km thick on Doghead Point. 

The above relations suggest  t h a t  t h e  Doghead Tuff was  
deposited within a depression and ponded against  a 
topographic barrier.  The exac t  na ture  and cause  of t h e  
depression is unknown but  a ca ldera  origin is suspected.  

Western Channel Tu f f  Member 

The Western Channel Tuff consists of a single brick-red 
weathering cooling unit  t h a t  varies f rom modera te ly  t o  
densely welded and displays spectacular  eutaxi t ic  t ex tu re  
(Fig. 8.12) and prominent columnar joints. The lower 2 m is 
everywhere dr i f t  or ta lus  covered,  which suggests t h e  unit 
has an unwelded base. 

Western Channel Tuff is  exposed only on Doghead Point  
and Achook Island. I t  is everywhere  porphyritic, but  c rys t a l s  
of a l te red  plagioclase, potassium feldspar,  b io t i te  and q u a r t z  
together  generally do  not  exceed 10 per c e n t  of t h e  rock, 
except  near t h e  t o p  where they occupy nearly 20 per c e n t  by 
volume. Plagioclase is absent  in t h e  lower third of t h e  t u f f ,  
but becomes abundant in t h e  upper two thirds. 

The tuf f  is over  500 m thick on Doghead Point and th ins  
t o  about  75 m on Achook Island. On Achook Island t h e  
Western Channel overlies a westward-thickening wedge of 
gr i t s tone ,  sandstone,  and bouldery polymictic conglomerate .  

Rocher Range Tuf f  

Rocher Range Tuff is exposed only on Doghead Point  
where  i t  is at leas t  300 m thick. The top  of t h e  member  is  
no t  exposed. I t  i s  no t  present  on Achook Island, only 3 km 
away. The tuff  is  densely welded, locally flow banded, and 
pumice seldom occurs,  perhaps due to  postdeposit ional 
recrystall ization.  The lower 30 m a r e  clogged with andes i te  
f ragments  of unknown provenance up to  I rn across.  
Phenocrysts form 15 t o  30 per c e n t  of t h e  rock and a r e  
a l tered  plagioclase, hornblende, and bioti te.  

, 300m , 

hornblende-plagioclase porphyry 

quartz porphyry 

Corwall tuff 

Western Channel tuff 

Doghead tuff 

conglomerate 

[II1] Achook andesite 

B Stevens tuff 

Figure8.11. Geological sketch map of north-central 
Achook Island illustrating relations at postulated cauldron 
margin. All units are dipping steeply t o  the north-northeast. 
Note thickness variations in the Doghead T u f f ,  believed to  
have been erupted concurrently with subsidence. 

Feniak Format ion 

The  Feniak Format ion occu r s  throughout t h e  region 
f rom Vance Peninsula t o  Doghead Point. I t  i s  bes t  exposed 
north of Stevens  Island. As def ined here ,  t h e  unit  includes all  
ext rus ive  and sedimentary  rocks between t h e  base of t h e  
Cornwall  Tuff and t h e  Sloan Group. Contained within this 
in terval  a r e  one  major ash-flow tuff  shee t  (Cornwall  Tuff), a 
thick,  stubby dac i t e  flow, and a diverse assemblage  of 
waterlaid c rys t a l  tuf f ,  devitrif ied ashstone,  thin ash-flow 
sheets ,  f ine  grained epic las t ic  rocks, and r a re  beds of 
s t roma to l i t i c  dolomite.  It d i f fers  f rom t h e  Cameron  Bay 
Format ion in t h a t  pyroclastic rocks (i.e. ashstone,  c rys t a l  
tuff  and ash-flow tu f f )  make up t h e  majority of t h e  in terval  
and coa r se  epic las t ic  rocks a r e  relatively minor. 
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Figure8.12. Eutaxitic texture  typical of the  Western 
Channel Tuff. 

Cornwall Tuff Member 

The lowermost unit of t h e  Feniak Formation is t he  
Cornwall Tuff Member, a non- t o  densely-welded composite 
ash-flow sheet  containing 5 to  15 per cen t  a l tered 
plagioclase, hornblende, quartz,  and potassium feldspar 
phenocrysts. The unit is  well exposed on Achook Island and 
on Cornwall Island where it is over 1 km thick and highly 
propylitized. North of Stevens Island t h e  tuff could be a s  
thick a s  1.8 km, but t h e  cen t r a l  portion of t h e  unit is not 
exposed and continuity cannot  be  demonstrated. 

On Achook Island the  Cornwall Tuff contains a 4 m 
thick, probably lacustrine, s t romatol i t ic  dolomite bed which 
suggests t ha t  t he  tuff a t  this locality is composed of a t  leas t  
2 cooling units. On Doghead Point t h e  Cornwall Tuff consists 
of three ,  or  possibly four, thin cooling units in tercala ted  with 
a thin sequence of diverse epiclastic rocks and a 
s t romatol i t ic  dolomite bed similar to t h a t  on Achook Island. 

This epic las t ic  sequence consists, in i t s  lower parts,  of 
finely laminated sandstone and mudstone interbedded with 
thin beds of cryptalgal limestones, commonly with well- 
developed tepee  structures.  Numerous beds of devitrif ied 
ashstone also occur in this section. These weather  various 
shades of pink, white and green and range f rom 30-70 c m  
thick. They a r e  in terpre ted t o  b e  of airfall  origin and may 
represent co-ignimbrite a i r  fa l l  deposits. 

Fine grained arkosic sandstones and wedges of volcano- 
polymictic conglomerate,  which pinch ou t  or  thicken a t  
syndepositional faults a r e  also present in this lower par t  of 
t he  section. 

Clas t ic  rocks in t h e  middle par t  of t h e  sect ion contain 
numerous slump folds and lenses of water-laid crys ta l  tuf f .  
Overlying these beds a re  100-150 m of interbedded crys ta l  
tuff and ashstone. 

A 1 km thick daci te  flow overlies t h e  Cornwall Tuff on 
both Achook and Cornwall islands. It is generally highly 
a l t e red  but  where a l tera t ion is low, i t  is plagioclase 
porphyrit ic and contains a flow-banded base. 

The thickness of much of t h e  Cornwall Tuff suggests 
t h a t  i t  is intra-cauldron facies  tuff t h a t  ponded within a 
topographic depression c rea t ed  by the  subsidence of  a cen t r a l  
block during the  ash-flow eruptions. The thin, multiple 
cooling units preserved on Doghead Point a r e  likely the  
remains of t h e  outflow sheet.  

Intrusive Rocks 

A wide variety of intrusive rocks a r e  exposed in the  
belt ,  but only t h e  largest ,  geologically most significant, 
bodies a r e  discussed here. For information regarding the  
intrusives not discussed in this paper, t h e  in teres ted  reader is 
referred to Geological Survey of Canada Open File 709 
(Hildebrand, 1980). Modal mineral proportions were  
es t imated in the  field and the  nomencla ture  follows tha t  
recommended by Streckeisen (1973). The noun porphyry, a s  
used in this paper, refers  only to  intrusive rocks which consist 
of phenocrysts in an aphani t ic  groundmass. 

Cobalt Porphyry 

Podiform to irregular-shaped intrusions of hornblende- 
plagioclase porphyry and microdiorite,  collectively termed 
t h e  Cobalt  porphyry, a r e  abundant at LaBine Point and c u t  
only the  Port  Radium and lower Echo Bay formations.  The 
Cobalt  porphyries a r e  of unknown age  but a s  they a re  
lithologically similar t o  the  host andesice lavas of t he  lower  
Echo Bay Formation, they a r e  in terpre ted a s  subvolcanic 
magma chambers from which some of t h e  stratigraphically 
higher lava flows were  erupted. 

Brecciated zones up to  2 m wide occur  within individual 
Cobalt  porphyry bodies adjacent t o  t h e  wall  rocks. The 
matr ix  between t h e  blocks consists of unbrecciated porphyry 
or  finely breccia ted  and comminuted porphyry. Wall rocks 
near  t h e  contacts  a r e  also brecciated. 

The brecciation of  both t h e  porphyries and t h e  wall 
rock may have commenced before t h e  porphyries had 
completely crystall ized and could r e f l ec t  t h e  inflation and 
deflation t h a t  would result  if these  bodies were  subvolcanic 
magma chambers  t h a t  vented at t h e  surface.  As t h e  
chambers  were emptied during eruption, solidified magma a t  
thei r  outer  margins would be f rac tured and broken a s  t h e  
magma chambers  collapsed. Alternatively,  t h e  breccias 
could be the  product of s t eam explosions if t h e  sediments  
were  wet  when t h e  porphyries were  intruded. There appears 
t o  be less brecciation where  t h e  porphyries intrude lava 
flows. Thus, t h e  s t e a m  explosion concep t  may b e  of local 
importance, but t h e  occurrence  of breccias in both a reas  
suggests t h a t  both mechanisms did occur. 

Mystery Island Intrusive Suite 

The Mystery Island Intrusive Suite comprises severa l  
(Fig. 8.4) semi-concordant sheets  of medium grained diorite,  
quar tz  syenite,  and granodiorite. They a r e  widely distributed 
throughout t h e  southern half of t h e  m a p  a r e a  and intrude 
both t h e  Por t  Radium and Echo Bay formations. 
Character is t ic  of these  intrusions a r e  a l tera t ion haloes up t o  
2 km wide, comprising an  inner bleached and albitized zone, a 
cen t r a l  zone of apatite-actinolite-magnetite pods, breccias, 
veins, and replacement,  and an outer  zone of chalcopyrite 
and pyr i te  gossan. 

One member  of this suite,  t h e  Tu t  pluton (Fig. 8.1), is  
likely contemporaneous with LaBine volcanism because i t  
intrudes the  Echo Bay Formation and conglomerate of t he  
Cameron Bay For mation southwest of Lindsley Bay contains 
abundant c las ts  up to 1 m in d iameter ,  of d ior i te  and qua r t z  
monzonite identical  in grain size,  t ex tu re  and lithology t o  
phases of t h e  Tut  pluton. Fur thermore ,  paleocurrents in 
associated sandstones show t ranspor t  directions t o  t h e  eas t ,  
away f rom t h e  pluton (Fig. 8.13). The conglomerate is 
overlain by t h e  Stevens Tuff, indicating t h a t  t he  pluton was  
unroofed before  t h e  tuff was  deposited. 
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Figure 8.13. Geological sketch map  of an a rea  west of 
Lindsley Bay showing intercalation of the  Echo Bay 
Formation with the  Mackenrie Tuff. Note westward pinchout 
of sandstone and conglomerate.  The Tut pluton is located 
1 km west of this figure.  A paleocurrent rose  diagram for  
t h e  sandstone underlying the  conglomerate rich in Tut pluton 

,c las ts  is  also shown. 

&bvolcanic Porphyries 

Porphyries of varied compositions outcrop in the  region. 
Most common a r e  bioti te-quartz and hornblende-plagioclase 
porphyries of unknown a g e  which of ten  intrude a thick 
conglomeratic horizon above t h e  Lindsley Tuff. Another 
important  group of porphyries, which Hoffman (1978) termed 
t h e  Mulligan Porphyries, intrudes t h e  Sloan-LaBine con tac t  in 
several par ts  of t h e  bel t  (Fig. 8.4). They a re  sill-like bodies 
of plagioclase-quartz porphyry believed by Hoffman (personal 
communication) to  be partly coeval with Sloan volcanism. 

A distinctive plagioclase-potassium feldspar-quartz 
porphyry outcrops on Cornwall Island, where i t  in t rudes  and 
intensely a l t e r s  conglomerate  of t h e  Cameron Bay 
Formation. The overlying Stevens Tuff locally contains up to  
30 per c e n t  lithic f ragments  identical  t o  this porphyry. If 
they were  derived from t h e  porphyry, then t h e  porphyry was 
intruded to  within 1.5 km of t h e  surface  - t h e  s t ra t igraphic  
separation between i t  and t h e  Stevens Tuff. 

Hogarth Pluton 

The Hogarth pluton intrudes volcanic and sedimentary  
rocks of t h e  LaBine Croup and is exposed f rom Vance 
Peninsula northward to  Achook Island (Fig. 8.4). I t  consists 
of medium grained hornblende-biotite (chlorite-epidote), 
granodiorite and monzogranite. The granodiorite generally 
occurs  in t h e  upper portions of t h e  pluton, while 
monzogranite dominates  t h e  lower part .  Con tac t s  with t h e  
wall  rock a r e  invariably razor-sharp and a l tera t ion is 
minimal. No miarolytic cavi t ies  were  found. Xenoliths, of 
par t ly  digested country rock up to  0.5 m across,  a r e  sparse. 

A group of block faults t h a t  cu t s  rocks of t h e  LaBine 
Group occurs above t h e  roof of t he  Hogarth pluton on Achook 
Island, Cornwall Island and on Stevens Island. These faul ts  

typically have di f ferent  t rends  than postvolcanic t ranscurrent  
faul ts  or their  splays and do not  c u t  t h e  Sloan Group except  
where react ivated by the  younger t ranscurrent  faults. The 
early faults must predate  the  Sloan Group because  one is l e f t  
laterally separated on Doghead Peninsula by another  faul t ,  
probably dip-slip with wes t  s ide  down, which is overstepped 
by ash-flow tuff of t h e  Sloan Group. 

The faul ts  a r e  t runcated by the  Hogarth pluton near i t s  
apex but a t  deeper s t ructura l  levels they pene t r a t e  the  outer  
shell  of t h e  pluton. These relations a r e  interpreted t o  
indicate t h a t  t he  faul ts  were  ac t ive  synchronously with 
emplacement  of t h e  Hogarth pluton and t h a t  magma near t h e  
margins of t h e  lower pa r t  of t h e  intrusion had already 
crystall ized when t h e  uppermost portions of t h e  pluton w e r e  
emplaced. If this in terpre ta t ion is c o r r e c t  then t h e  Hogarth 
pluton must predate  t h e  Sloan Group, and barring significant 
pre-Sloan Group erosion of t h e  LaBine Group the  maximum 
depth of emplacement  of t h e  pluton is approximately t h e  
s t ra t igraphic  thickness between i t s  roof and t h e  LaBine-Sloan 
con tac t  - about  2.5 km. 

C , l k m  , 

a)  a map view of the  Cornwall  cauldron (Hogarth pluton) 

b) in terpre t ive  cross  sect ion of Valles ca ldera  
(Smith e t  al., 1970) 

c)  in terpre t ive  cross sect ion of Timber Mountain caldera 
(Byers e t  al., 1976) 

Figure 8.14. Comparison of cross-sections through the  
centra l  portions of 3 la rge  resurgent  calderas.  A 
s t ra t igraphic  unit  in each  a rea  has  been blackened t o  show 
t h e  doming and development of t he  centra l  grabens.  Note the  
occurrence  of both  normal and reverse  f au l t s  above the  
Hogarth pluton in a .  
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Interestingly, t he  faults a re  topographically coincident 
with the  thickest and most a l tered pa r t s  of t he  Cornwall 
Tuff, suggesting tha t  t h e  tuff,  faul ts  and pluton a r e  
genetically related.  Structural  relations above the  Hogarth 
pluton display striking similarit ies t o  resurgent domes of 
large collapse calderas in other volcanic fields. Blocks above 
i t s  roof a r e  jostled and lifted and the re  is a graben located in 
the  centra l  par t  of this uplift (Fig. 8.14). Similar relations 
a r e  present in resurgent domes of Creede Caldera (Steven 
and Ra t t e ,  1973; Steven and Lipman, 1973), Valles Caldera  
(Smith e t  al . ,  19701, Long Valley Caldera (Bailey, 1976; Bailey 
and Koeppen, 1977), t h e  Timber Mountain Caldera 
(Byers e t  al., 19761, and many others.  The lack of miarolytic 
cavi t ies  o r  associated pegmat i tes  in the  Hogarth pluton which 
intruded within a few kilometres of t h e  surface,  suggests t h a t  

t h e  pluton had already lost most of i t s  volati les before  final 
emplacement .  A possible mechanism for  thei r  loss appears t o  
be  voluminous ash-flow tuff eruptions which resulted when 
volatile pressure exceeded the  conta inment  capabili ty of t h e  
roof. 

Later Granitoids 

Several granitoid plutons t h a t  postdate  the  Sloan 
volcanics occur within the  region covered by this paper. 
They a re  biotite-hornblende (chlorite-epidote) monzogranite 
and grani te ,  typically with narrow al tera t ion haloes and sharp 
contacts.  These plutons were  emplaced by block stoping and 
wall-rock assimilation. Xenoliths of partly digested Country 
rock a r e  common in some  outcrops,  most notably at LaBine 
Point, a s  a r e  miarolytic cavities lined with pegmat i te  
(Firr. 8.15). Contacts  with the  wall rock a r e  invariablv razor- 
s h G p  and leucocrat ic  border phases a r e  common (~ i~ . ' 8 .16 ) .  

VOLCANIC EVOLUTION 

The fine grained, locally mudcracked, volcaniclastics of 
t he  Port  Radium Formation were  deposited in a lacustrine 
environment and a r e  interpreted as mater ia l  f rom growing, 
but d is tant  volcanoes. With fu r the r  growth and development 
of the  volcanoes, alluvial fan complexes,  preserved a s  the  
Mile Lake Member of t h e  Echo Bay Formation, prograded 
across the  lacustrine beds and in turn were  succeeded by 
thousands of me t re s  of monotonous andesi te  flows erupted 
from a t  least  two volcanic cen t r e s  (Fig. 8.17). Similar fac ies  
relations related to  growth and progradation of volcanoes 
have been described by Williams and McBirney (19791, 
Clemons (19791, Lipman (1975), and Smedes and 
Pros tka  (1972). 

Andesitic volcanism had waned, but had not ended, 
when t h e  f i rs t  of severa l  major ash-flow sheets  was  erupted 
and ponded within a steep-walled topographic depression. Of 
seven major ash-flow sheets,  a t  leas t  t h r e e  can b e  related t o  
cauldrons (Fig. 8.18). Cauldron subsidence coeval with ash- 
flow eruptions is demonstra ted  by the  order of magnitude 
thickness variations of t he  ash-flow tuff sheets.  However, 
t he  s i ze  and shape of the  cauldrons a r e  indeterminable 
because of post-eruptive t ec ton ic  complications, including 
two episodes of granitic plutonism, folding about northwest- 
trending axes, and separation by a multi tude of northeast-  

Figure 8.15. Outcrop near contact o f  granitic pluton trending t ranscurrent  iaults.  

showing abundant partly digested xenoliths and pegmatite- 
lined rniarolitic cavities. 

lacustrine/alluvial plain 

Figure 8.16. Contact of granitic pluton. Note leucocratic Figure 8.17. Stratigraphic model for growth and 
border phase. progradat ion o f  stratovol cano. 
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Figure 8.19. Histogram showing silica variation 
(recalculated H 2 0  free)  in major stratigraphic units of the 
LaBine Group. 
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Figure 8.18. Restored thickness variations of major ash- 
flow sheets (diagramatic and scale only approximate). 

Several, and probably all, t h e  ash-flow sheets  a r e  
compositionally zoned. Typically, t h e  ear l ies t  flows in each 
shee t  a r e  more siliceous, while la ter  flows a r e  more  
intermediate.  This compositional zoning indicates t h a t  t h e  
source  magma chambers for t h e  ash-flows were  
compositionally zoned, with more  di f ferent ia ted  upper 
portions (see Smith, 1979). These magma chambers a r e  
interpreted to  have been individual plutons, such a s  t h e  
Hogarth, which probably coalesced at depth forming a 
batholith of regional dimensions. 

The change from gas-poor andesit ic volcanism to  more  
highly gas-charged ash-flow eruptions could represent  
progressive differentiation of t h e  batholith a s  i t  rose toward 
t h e  surface,  or perhaps i t  temporally ref lec ts  a higher degree  
of crus ta l  input  in t h e  zone of magma genesis. Alternatively,  
t h e  magmas may have scavenged volatiles during thei r  rise t o  
t h e  surface  with the  andesites being erupted earlier,  and 
f rom a deeper level. 

CHEMISTRY 

Volcanic rock petrochemistry is highly complicated by 
post-eruptive processes which modify the  original magmat i c  
composition. These processes include devitrif ication, deuter ic  
processes, vapour phase transport  and crystall ization, 
fumarolic alteration, and hydration through interaction with 
ground wa te r  (Smith, 1960; Keith and Muffler, 1978; 
Lipman, 1965). Con tac t  metamorphism and hydrothermal 
systems, related to  contemporaneous or la ter  events,  may 
fur ther  modify ear l ier  a l tera t ion making i t  difficult  t o  
determine the  original magmat ic  composition. 

As one might expect ,  t h e  ent i re  LaBine Group of the  
Echo Bay-Hornby Bay region is a l tered t o  some  degree.  
Chemical analyses1 were  performed on the  least  a l tered 
rocks to ascer ta in  thei r  broad chemical af f in i t ies  and for  
a l tera t ion studies in progress. 

K20 +Na20 MgO 

Figure 8.20. AMF diagram for rocks o f  the LaBine Group. 
Tholeiitic-Calc-alkaline dividing line from lrvine and 
Baragar, 197 1. 

In general,  t he  LaBine Group is of in termedia te  
composition with most SiOn values clustering between 55 and 
68 per c e n t  (Fig. 8.19), a chemical  character is t ic  of ca lc-  
alkaline volcanic rocks (Green, 1980). Alkali and alkaline- 
ea r th  variations indicate  t h a t  t hese  e l emen t s  were  ext remely 
mobile during a l tera t ion and cannot  b e  used for  
classifications although the  sui te  shows no F e  enr ichment  
trend on an AMF diagram (Fig. 8.20). 

Titanium, while cer ta in ly  mobile to  some degree  under 
appropriate conditions, may be  less mobile than most o the r  
e l emen t s  (Pearce  and Cann, 1973). TiOn values for  all  rocks 
analyzed a r e  less than 1.0 per cent .  In termedia te  rocks with 
low TiOn (C 1.75%) dominate  Ter t iary-Recent  volcanic 
provinces classified as orogenic (i.e. volcanic arcs)  by Ewart  
and LeMaitre (1980). Green (1980) believed t h a t  typical Ti02 
values for island a r c  and cont inenta l  a r c  rock ser ies  a r e  less 
than 1.2 per cent.  Fur thermore ,  calc-alkaline ext rus ive  
rocks of cont inenta l  a r c s  such a s  t h e  Taupo Zone of 
New Zealand (Ewart  e t  al., 1977; Cole, 1978, 1979), t h e  
Andes (for example: Kussmaul et al., 1977; Deruelle, 19781, 
Papua (MacKenzie, 1976) and t h e  Pontid a r c  (Egin et al., 
1979) nearly always have T i 0 2  less than 1.0 per cent .  

'Complete  chemical analyses a r e  available f rom the  author on request.  
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Rare  ea r th  e lement  (REE) analyses of rocks f rom 
t h e  LaBine Group (Fig. 8.21) exhibit light REE enrich- 
ment  pat terns  and t h e  high overall  abundances typical 
of high-K continental  volcanic a rc s  such a s  t h e  
Chilean Andes ('Thorpe e t  al., 1976, 1979), t he  Taupo 
Zone (Ewar te t a l . , 1977 ;  Cole,1979), and Sardinia 
(Dupuy et al., 1979). 

ALTERATION 

The most prevalent a l tera t ion in the  LaBine Group is 
pervasive potassium metasomatism in which potassium is 
enriched and soda depleted. While not yet  studied in detail ,  
many rocks contain greater  than 6.0 per cen t  K 2 0  and less 
than 0.5 per cen t  NazO. In these  rocks the  plagioclase 
feldspars a r e  completely replaced by an unidentified K-rich 
mineral(s) which is yellow-reactive t o  sodium cobaltinitrate,  
a s  is  t h e  groundmass. Trace  e lements  such a s  Rb and Sr a r e  
also af fected by this a l tera t ion and a l tered rocks with high 
KzO/Na20  ratios have Rb/Sr ratios greater  than 10. 
Obviously, Rb-Sr ages  obtained from t h e  LaBine Group 
(Robinson and Morton, 1972) may not represent cooling ages  
but rather a r e  related to  hydrothermal events. 

ASH-FLOW TUFFS 

10 - 

1 I , , , , , , , , , , , , , R  
La Ce Pr Nd Sm Eu Gd Dy Er Yb 

a)  Hogarth pluton 
b,c)  Mystery Island Intrusive Suite 

d,e,f)  Echo Bay Formation 
g)  Rocher Rouge Tuff 
h) Lindsley Tuff 
i) Western Channel Tuff 
j )  Mackenzie Tu f f  

Figure 8.21. Representative rare  ear th  e lement  abundances 
of rocks occurring in the  s tudy area .  

Alteration of t h e  type  described above has  been 
documented in many volcano-plutonic t e r r anes  by numerous 
workers (for example: R a t t e  and Steven, 1967; 
Kisversanyi, 1972; Chapin et al., 1978; Wodzicki and 
Bowen, 1979). Fenner (1936) and Keith et al. (1978) described 
similar a l tera t ion of Recent  age  from shallow boreholes 
in t h e  Yellowstone geothermal  field and i t  has  been 
widely recognized t h a t  hot spring wa te r s  a r e  commonly 
depleted in potash re la t ive  to  soda (Allen,1935; 
Orville, 1963; Grindley, 1965; Nathan, 1976; Taylor, 1976; 
Sorey e t  al., 1978; Stauffer  et al., 1980; Sammel,  1980; 
Parry  et al., 1980; Rinehart ,  1980). Thus, t he  LaBine Group 
is in terpre ted t o  have been a f f ec t ed  by a fossil geothermal  
field in which hot springs were  abundant. 

INTERPRETATION AND TECTONIC SETTING 

Although alkali and alkaline ea r th  me ta l s  were  mobile 
during hydrothermal a l tera t ion,  t he  original phenocryst 
mineralogy (quartz, potassium feldspar, bioti te,  hornblende, 
and plagioclase) coupled with S O 2 ,  T i 0 2 ,  and REE values 
indicate  t h a t  t h e  LaBine volcanic field is a high-K, calc- 
alkaline belt  of mainly in termedia te  composition rocks t h a t  
fall  within the  broad class of orogenic volcanic rocks (Ewart 
and LeMaitre,  1980). In detail ,  they a r e  chemically similar to 
cont inenta l  a r c s  re la ted  t o  subduction such a s  t h e  Andes. In 
overall  stratigraphy, mode of eruption, and mineralogy the  
LaBine Group resembles Cenozoic volcanic fields of t h e  
western United S ta t e s  such a s  t h e  San Juan volcanic field 
(Steven and Lipman, 1976), t h e  Datil-Mogollon volcanic field 
(Elston et al., 19761, and t h e  Elkhorn Mountain volcanic field 
( ~ l e p p e r  et al., 1971). Cogent  arguments  have been made by 
severa l  authors t h a t  t h e  calc-alkaline volcanic rocks in those 
fields were  re la ted  t o  oblique, low-angle subduction of the  
Farallon pla te  beneath t h e  North American continent 
during t h e  Eocene-Oligocene (Lipman et al., 1971, 1972; 
Elston, 1976; Coney and Reynolds, 1977; Lipman, 1980). 

Although genet ic  deta i ls  of  volcanic a r c  magmatism a r e  
s t i l l  controversial ,  t he re  seems l i t t le  doubt t h a t  a r c  
rnagmatism is a multistage product of lithospheric subduction 
(Marsh, 1979). I s e e  no compelling reason to  invoke an ad hoc 
model to  explain the  origin of LaBine Group volcanic rocks a s  
they  have readily identifiable Cenozoic analogs. Therefore,  I 
conclude t h a t  t he  LaBine Group represents a remnant  of an  
ear ly  Proterozoic  cont inenta l  volcanic a r c  and t h a t  
subduction, which may be  t h e  principal driving mechanism of 
p la te  tec tonics  (Forsyth and Uyeda, 1975; Richter ,  1977; 
Chapple and Tullis, 1977), was occurring a t  leas t  by about 
1.9 G a  ago. 

Stratovolcanoes a re  not likely to be  preserved in the  
geologic record because they a r e  topographically high- 
standing features ,  y e t  clearly the re  a r e  tremendous 
thicknesses of andesite preserved in the  LaBine Group. A 
probable explanation is t h a t  t h e  LaBine Group developed in a 
basin which subsided concurrent  with eruptions. The 
hypothesis t h a t  t he  Grea t  Bear Volcano-Plutonic Belt was a 
region of subsidence during volcanism was f i r s t  put  for th  by 
Hoffman and McGlynn (1977) who argued t h a t  t h e  bel t  
subsided in response t o  bending of a strike-slip fault .  

Volcanic a r c s  o f t en  contain basins of various kinds. For 
example,  grabens presently being filled with volcanics and 
re la ted  sediments  a r e  well-developed in the  Cascades  (Fyfe 
and McBirney, 19751, Nicaragua (McBirney, l969), Ecuador 
(Williams and McBirney,1979), and New Zealand 
(Ewart et al., 1977; Cole, 1979; Reyners, 1980). The Centra l  
American a r c  contains o ther  types  of  basins besides grabens. 
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Figure 8.22. Schematic cross-sections i l lustrating the  s imi lar i ty  between t h e  G r e a t  Bear 
Volcano-Plutonic Belt (a) and t h e  Calipuy Formation Ib). 

In Honduras, "intermontane tec tonic  troughs" developed 
during and a f t e r  eruption of andesit ic t o  basalt ic lavas and 
breccias of t he  early Tertiary Matagalpa Formation, and 
many Miocene ash-flow sheets  filled those, a s  well  a s  o ther ,  
broad, shallow basins (Williams and McBirney, 1969). 
Williams and McBirney (1969) also described a ser ies  of  
north-south trending, en  echelon basins such a s  t h e  Sula basin 
and t h e  huge Comayagua Valley of Honduras. Fur thermore ,  
many individual Centra l  American volcanoes, such a s  those 
found in Guatemala  (Williams e t  al., 1964), a r e  located within 
sags or depressions. 

Ye t  another  type  of basin developed in a r c  t e r r anes  is 
found in northern Peru  (Hollister and Sirvas 8, 1978). There  
basalt ic and andesit ic volcanoes of t he  Calipuy Format ion 
were  erupted in a linear basin concomitant with folding of 
t h e  volcanic and sedimentary basin-fill. Structurally the  
basin is strikingly similar t o  the  Grea t  Bear Volcano-Plutonic 
Belt (Fig. 8.22). Folds in both regions a r e  en echelon with 
axes  t h a t  a r e  oblique to  regional trends and t o  thei r  
respect ive  outcrop areas.  

Wilcox et al. (1973) showed how en echelon s t ruc tu res  
a r e  re la ted  t o  wrench zones generated by horizontal  shear  
couples. A given a rea  in a wrench zone can undergo 
a l ternat ing periods of extension and compression because t h e  
stress regime a t  any particular place in the  sys tem depends 
on factors  which change with t ime,  such a s  bends and gaps in 
t h e  braided faul t  sys t em (Crowell, 1974a, b) or whether  t h e  
system is one of  parallel, divergent,  or  convergent wrenching 
(Wilcox et al., 1973). Crowell (19791, using t h e  broad San 
Andreas transform system a s  an example,  pointed out  t h a t  
wrench zones must be considered a s  complex moving sys tems 
in which local tec tonic  pat terns ,  such a s  pull-apart basins, 
strike-slip faults,  stretching, squeezing, d ismemberment  and 
rotation of individual fault-bounded blocks, a r e  rapidly 
transformed a s  p l a t e  movement continues. 

Wrench sys tems a r e  not  confined to  t ransform margins 
but a r e  also common in regions of oblique convergence 
(transpression) where the  wrench sys tem may appear  in t h e  
magmat ic  a r c  (Fitch, 1972; Nakamura and Uyeda, 1980). 
There a r e  numerous places where  this si tuation exists with 
some of t h e  more  spectacular  examples found in: New 
Zealand where the  Taupo Zone and the  Alpine and Hope 
Faults appear to be  re la ted  t o  transpression (Sporli, 1980; 
Cole and Lewis, 1981); t h e  northern Andes (Campbell, 1974), 
where  t h e  Dolores-Guayaquil Faul t  sys tem formed in 
response to  oblique motion of t h e  northern portion of t h e  
Nasca P la t e  with respect  t o  South. America; Guatemala  
where Williams et al. (1964) in terpre ted conjugate se t s  of 
oblique faul ts  t o  have been produced by strike-slip 
movements parallel  t o  the  long axis of t h e  Cen t ra l  American 
Trench; and in Sumatra  where  t h e  Sunda Arc is being folded 
and splintered by the  Semangko fau l t  sys tem in response t o  
oblique convergence of t h e  Indian-Australian P la t e  with t h e  
Eurasian Plate.  

The Semangko, or  Barisan, Faul t  System of Sumatra  
exhibits most of t h e  - fea tures  typically found in wrench zones 
and is particularly in teres t ing because i t  sl ices through the  
magmat ic  f ront  (Fig. 8.23). Areas in the  a r c  have undergone 
severa l  periods of extension and compression leading t o  
en echelon folding of basins filled with volcanic and 
sedimentary  rocks (van Bemmelen, 1949; Westerveld, 1953). 
Topographic depressions have developed in extensional 
regimes along t h e  faul t  itself (Page et al., 19791, especially 
near junctions o f ,  and gaps between,  en  echelon faul t  
segments  (Tjia, 1978; Posavec e t  al., 1973). It is this t ype  of 
environment (wrenched a r c )  t h a t  I envision for t h e  LaBine 
Group because i t  sa t i s f ies  all known const ra in ts  (i.e. a r c  
volcanism, deposition in a basin, and en echelon folding). 
Although not  touted in t h e  l i tera ture ,  perhaps many 
exposures of  ancient  a r c  rocks represent  t h e  fill of wrench- 
generated basins re la ted  to  oblique convergence, for this 
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Figure 8.23. Generalized and schemat ic  geological m a p  of a m a t r a  showing relationship between 
arc  volcanics, en  echelon folds,  and the  Sernangko Fault  zone. 

concept  provides a simple and logical explanation for t he  Deformation of t h e  Hottah Terrane must postdate  a 
preservation of high-level a r c  volcanoes which otherwise deformed pluton found a t  Hot tah  Lake dated a t  
might b e  eroded t o  thei r  roots. 1.92 + 0.01 Ga (Van Schmus and Bowring, 1980). If 

deformation in both bel ts  was re la ted  t o  t h e  s a m e  event,  a s  

TECTONIC MODEL 

The tec tonic  model presented here is similar to tha t  
presented by Hoffman (1 980a) but some refinements and 
modifications have been made in light of new 
geochronological and field data .  The model is shown 
schematically in Figure 8.24. 

In this model t he  Hottah Terrane is assumed to  be 
allochthonous with respect t o  t h e  Slave Craton and t o  be t h e  
remnant  of a microcontinent or a r c  which collided with the  
Slave Craton over a westward-dipping Benioff zone 
(Fig. 8.24a). The collision resulted in accre t ion and 
deformation of the  microcontinent and deformation of t h e  
western  edge of t h e  Slave Craton with i t s  westward-facing 
passive margin sequence (Fig. 8.24b). 

Continent-microcontinent or continent-arc collisions 
a r e  by no means rare  in the  geologic record. Excellent 
examples  of more  recent  continent-small  p la te  collisions a r e  
present  along t h e  northwestern edge of t h e  Australian 
continent where the  edge of t h e  Australian-New Guinea shelf 
is presently colliding with t h e  Banda a r c  
(Von der  Borch, 1979). During t h e  Miocene, an  early Ter t iary  
a r c  was accre ted to t h e  continent a t  New Guinea 
(Hamilton, 1979). Other  examples of continent- 
microcontinent collision occur in the  Eastern European 
Alpine System (Burchfiel, 1980) where severa l  collisions a r e  
believed t o  have occurred f rom mid-Cretaceous t o  t h e  
Recent .  In the  northern Canadian Cordillera 
Tempelman-Kluit (1979) in terpre ted geologic relations in 
t e rms  of a Late  Jurassic-early Cretaceous  continent- 
rnicrocontinent collision. 

In Wopmay Orogen t h e  age  of t h e  collision is 
in terpre ted to  have occurred between about  1.92 and 1.89 Ca. 
Metamorphic isograds, which postdate the  major pulse of 
thrusting in the  deformed passive margin sequence 
(Hoffman et al., 1980), a r e  related to mesozonal S-type 
plutons (St -0nge and Carmichael,  1979) whose mean age is 
1.89 ? 0.01 Ga l  (Van Schmus and Bowring, 1980). 

postulated here, then the  age  of deformation is bracketed 
between 1.92 % 0.01 C a  and 1.89 + 0.01 Ga. 

The LaBine Group, which res ts  unconformably on the  
Hot tah  Terrane and lacks i t s  penetra t ive  fabric,  must b e  
younger than t h e  microcontinent-continent collision. If t h e  
LaBine Group is a volcanic a r c  related to  subduction, then i t  
must have developed over  an  eastwardly-dipping subduction 
zone, a s  the  ocean eas t  of t he  microcontinent had already 
closed. This in terpre ta t ion requires t h a t  following collision 
subduction changed from westward-dipping on t h e  eas t  side 
of t h e  microcontinent t o  eastward-dipping on the  west side 
(Fig. 8 .24~) .  

Many examples of continent-arc or microcontinent 
collisions appear  t o  have involved a reversal of subduction 
direction following collision. Hamilton (1979) presented 
evidence for incipient subduction reversal  north of t he  island 
of  Alor, as a result  of collision between t h e  Banda Arc  and 
t h e  Australian Continent.  He also suggested t h a t  reversal  of 
subduction direction occurred a f t e r  arc-continent collision a t  
New Guinea. The Miocene collision of t h e  Apulian f ragment  
with Euro-Russian continental  crus t  was along a southward- 
dipping subduction zone while present day subduction under 
t h e  Hellenic Arc is northward (Burchfiel, 1980). In t h e  
northern Canadian Cordilleran example  of continent- 
microcontinent collision subduction is also believed to  have 
stepped outboard of the  acc re t ed  t e r r ane  and reversed 
direction (Tempelman-Kluit, 1979). 

Independent support  for an  eastward-dipping subduction 
zone following collision in Woprnay orogen occurs  in 
Athapuscow Aulacogen, located 300 km southeas t  of Por t  
Radium (Fig. 8.1). There a group of calc-alkaline laccoliths, 
strikingly similar in composition, a l tera t ion and metall iferous 
deposits to the  Mystery Island Intrusive Suite,  a r e  distributed 
axially over t h e  length of t h e  aulacogen, which trends normal 
t o  t h e  Wopmay cont inenta l  margin. The laccoliths exhibit  
compositional changes ranging from dior i te  in the  west t o  
qua r t z  monzonite in t h e  eas t  (Hoffman e t  al., 1977). 

'Age determinations by Van Schmus and Bowring a r e  U-Pb zircon ages. 



Badham (1978) considered th is  t o  be  an  oversimplification bu t  The laccoliths postdate  westerly-derived orogenic 
s t a t ed  t h a t  both potassium feldspar and biot i te  content  in t h e  rnolasse presumably produced during collision and have an  
laccoliths increased eastward. a ~ ~ a r e n t  age  of 1.86 Ga + .02 Ga (Van Schmus and Bowrinrr. . . - ", 

personal communication) - t h e  s a m e  a g e  or slightly younger The compositional trend in these laccoliths is  similar t o  than the LaBine Group. Thus, they support the concept of an 
those o f  magmatic a rc s  (Moore, 1959, 1961; Ninkovitch and eastward-dipping subduction zone that postdated the 
Hays, 1972; Kistler, 1974; Dickinson, 1975) - a similarity first  microcontinent-continent collision. 
~ o i n t e d  ou t  bv Hoffman et al. (1977) who suggested t h a t  t h e  -- 
intrusions might be  a result  of subduction. 
W 

At t h e  present  t ime  magmatism occurs  
E above Benioff zones where  they a r e  about  

100-200 km below t h e  su r face  (see for  
example: Isacks and Barazangi, 1977). If this 
was also t h e  case  during t h e  early 
Proterozoic  then t h e  Benioff zone ~ o s t u l a t e d  
to  have generated t h e  laccoliths ;nust have 
been fairly shallow, for  t hey  occur up t o  
250 km from the  trench believed to have 
existed west  of t he  accre ted microcontinent.  

A shallow Benioff zone might explain 
t h e  conspicuous absence of similar 
magrnatism in the  Slave cra ton which should 
have resulted if a lithospheric s lab  was  being 
subducted in an  eas tward direction. Perhaps  
t h e  dip of t h e  s lab  was  so  shallow t h a t  t h e r e  
was  no asthenospheric wedge above t h e  
Benioff zone exceDt under t h e  aulacoaen, 

Hottah Terrane 

Appoxirnate western lkrnkt of present exposure 

I / Sloan Group 

Figure 8.24. Proposed tectonic model for the origin of the LaBine Group 
and related rocks. See text  for  explanation. 

where i t  had upwelled duringWthe 
initial r i f t ing which c rea t ed  t h e  Woprnay 
cont inenta l  margin. The possibility t h a t  t h e  
presence of asthenospheric mant le  above a 
Benioff zone is necessary for a r c  magmatism 
t o  occur  has  been proposed by Liprnan (1980) 
and Dewey (1980). They both believed t h a t  
extinction of magmat ic  ac t iv i ty  in t h e  
Peruvian Andes is re la ted  to  ex t r eme  
flattening of t h e  Benioff zone such t h a t  t h e r e  
is  no asthenospheric mant le  wedge present 
above it. 

If this hypothesis is c o r r e c t  then why 
was t h e r e  magrnatism of t h e  LaBine Group? 
I suggest t h a t  i t  may have been for one  of 
t h r e e  reasons: 1) possibly t h e  subducting 
l i thospheric s lab  was segmented,  in much the  
same  manner a s  modern s labs  (Carr e t  al., 
1979; Isacks and Barazangi, 1977) so  t h a t  t he  
segmen t  dipping under t h e  aulacogen was  
dipping at a shallower angle than t h e  segment  
descending beneath t h e  LaBine region, or;  
2) if LaBine volcanism is slightly older than 
t h e  laccoliths in t h e  aulacogen, t h e  dip of t h e  
downgoing s lab  could have decreased with 
t ime  or;  3) t h e  presence of thin l i thosphere in 
t h e  suture  zone, which t h e  LaBine Group 
likely buries. 

I t  is t h e  region of th ickes t  and oldest 
l i thosphere where,  a f t e r  collision, subduction 
would likely in i t ia te  because old lithosphere 
would tend to  sink in to  t h e  asthenosphere 
f a s t e r  than young, hot l i thosphere (Molnar 
and Atwater ,  1978). With t ime ,  progressively 
younger l i thosphere would b e  subducted 
resulting in a Benioff zone t h a t  becomes 
shallower with t ime. Assuming this, I 
specula te  t h a t  t h e  voluminous volcanism of 
t h e  Sloan Group, located e a s t  of and 
stratigraphically above t h e  LaBine Group, 
ref lec ts  progressive shallowing of t h e  
downgoing s l ab  a s  younger, h o t t e r  and thinner 
l i thosphere was  subducted. 
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Burke et al. (1976) argued t h a t  during t h e  Precambrian, 
convergence ra tes  would have been g rea te r ,  and Benioff 
zones more numerous, than in the  Phanerozoic due to the  
g rea te r  thermal  output of the  ear th  a t  t h a t  t ime. If true,  
then Proterozoic Benioff zones would have been generally 
f l a t t e r  than those  of t h e  Phanerozoic because the  lithosphere 
would have been thinner and hot ter  during t h e  Proterozoic. 

It is  likely t h a t  shallower subduction would lead t o  
s t ronger  coupling of t h e  convergent plates (Dewey, 1980). 
When stronger coupling and oblique convergence occur 
together ,  wrench zones in a rc s  should be  more common. Was 
this t h e  case  during the  Proterozoic? 
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TECTONISM AND DEPOSITIONAL HISTORY OF THE HELIKIAN 
HORNBY BAY AND DISMAL LAKES GROUPS, DISTRICT OF MACKENZIE 

C. Keransl, C.M. Ross1, 3.A. ~ o n a l d s o n '  and H.J. ~ e l d s e t z e r *  

Kerans, C., Ross, G.M., Donaldson, J.A.,  and Geldsetzer, H.J., Tectonism and depositional history of 
the Helikian Hornby Bay and Dismal Lakes groups, District of Mackenzie; & Proterozoic Basins of 
Canada, F. H.  A. Campbell, editor; Geological Survey of Canada, Paper 81-10, p. 157-182, 1981. 

The Hornby Bay and Dismal Lakes groups, the basal components of the Coppermine Homocline, 
are a middle Proterozoic succession of terrestrial and shallow marine sedimentary rocks deposited 
over the northern margin of the early Proterozoic Wopmay Orogen. Lithologic sequences and facies 
patterns within both groups reflect the response of sedimentation to changes in the loci of uplift 
and/or subsidence, and syndepositional normal fault activity. The two Groups represent two 
terrestrial siliciclastic to marine carbonate cycles o f  deposition, each in excess o f  1.5 km thick. 

Hornby Bay Group sedimentation began with infill of crustal depressions by two separate, in 
part coeval, fluvial systems (Bigbear system, Fault River system). A basement peneplain (Teshierpi- 
Bigtree Peneplain) formed in the source area as a consequence of the extended erosion that occurred 
during deposition of these systems. Cratonic tilting, manifest in Bigbear and Fault River systems as 
syndepositional normal faults, resulted in a northwest-dipping paleoslope and caused incision of the 
peneplain. With subsidence, deposition of the regionally extensive westward-flowing Lady Nye fluvial 
system buried the earlier fluvial deposits and infilled the dissected peneplain. Continued subsidence 
and/or eustatic sea level rise led to  marine transgression and deposition o f  siliciclastic deltaic-marine 
and subtidal-intertidal stromatolitic dolostone facies. Cratonic uplift  and the onset of a second 
siliciclastic-carbonate cycle resulted in drowning of regressive supratidal algal marshes and 
carbonate mudflats by deltaic-floodplain siliciclastic facies of upper Hornby Bay Group. Synchronous 
normal movement along a major fault (Teshierpi Fault) resulted in erosion o f  Hornby &ly Group on 
the upthrown block and controlled fluvial drainage patterns of upper Hornby Bay and lower Dismal 
Lakes groups. 

The basal Dismal Lakes Group siliciclastic unit records the transition from southwest crustal 
tilting, to regional subsidence and formation of the Dismal Lakes platform with a terrestrial source 
area to the southeast. With decreased fault activity, continued erosion and gradual marine 
inundation, the lower Dismal Lakes Group siliciclastic fining-upward sequence was deposited on a 
stable, northwest-sloping, low-relief platform. Peritidal to  open shelf carbonates, which form the 
bulk of the Dismal Lakes Group, accumulated on a broad platform. 

Localized uplift in the September Lakes area exposed portions of this platform to subaerial 
erosion and karst development, while shallow marine deposition continued uninterrupted west o f  
Dismal Lakes. A final transgression preceded extrusion of the Coppermine River flood basalts and 
submerged all previously exposed parts of the platform under an epeiric sea. Dismal Lakes Group 
deposition was terminated by an east-west extensional event marked by extrusion of the Coppermine 
River Group plateau basalts and intrusion of the Muskox Complex and Mackenzie-age diabase dykes. 

Comparison of Dismal Lalces Group with the Ellice, Parry Bay, and Kanuyak formations of the 
Elu Basin reveals a close lithologic and tectono-depositional correlation indicating that both areas 
represent remnants o f  a more extensive Helikian shelf. 

Les groupes de Hornby Bay et  de Dismal Lakes, qui constituent la base de l'homoclinal de 
Coppermine, repre'sentent une succession d'cige prote'rozoi'que moyen, constitue'e de roches 
se'dimentaires qui s'e'taient de'pose'es en milieu terrestre et en milieu marin peu profond sur la marge 
nord de llorogQne de Wopmay, forme' au de'but du Proterozo'ique. Les successions lithologiques et  les 
distributions de faciks observe'es dans les deux groupes refletent la correspondance entre les modes de 
se'dimentation et les de'placements des centres de soulkvement ou de subsidence, et aussi l'activite' 
tectonique (failles normales) accompagnant la se'dimentation. Les deux groupes reprbentent deux 
cycles de se'dimentation, l'un de caractbe continental (silicoclastique). l'autre de caractere marin 
(carbonate'); ils de'passent chacun 1,5 k m  d'e'paisseur. 

La se'dimentation qui a cr6e' le groupe de Hornby Bay a de'butg par le comblement de de'pressions 
crustales par deux systbmes fluviatiles distincts, en partie contemporains (systQme de Bigbear, 
systQme de Fault River). Une pe'ne'plaine basale fpe'n4plaine de Teshierpi-Bigtree) a e'te' forme'e dans 
la zone source, par l'kosion prolonge'e qui a accompagne' la formation de ces systemes. Le 
basculement du craton, qui s'est traduit dans les systbmes de Bigbear et de Fault River par la 
formation de failles normales pendant l'e'pisode de se'dimentation, a cre'e' un pale'ogradient incline' vers 
le nord-ouest; de ce fait,  la pe'ne'plaine a e'te' entaille'e par l'kosion. Avec la subsidence, s'est forme' 
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le vaste systkme se'dimentaire fluviatile de Lady Nye, orient6 vers l'ouest, qui a recouvert les  de'p6ts 
fluviatiles plus anciens et comb16 la pe'ne'plaine disse'que'e. La subsidence prolonge'e, peut-gtre 
accompagne'e d'une monte'e eustatique du niveau de la mer, a donne' lieu h une transgression marine et  
h la formation d'un facihs se'dimentaire silicoclastique, de type deltai'que-marin, et d'un facihs de 
dolostone, de type strornatolitique subtidal h intertidal. En raison du soulkvement cratonique et  du 
de'clenchement d'un second cycle silicoclastique h carbonate, les marais supratidaux re'gressifs 
occupe's par des formations algales et les marais littoraux carbonate's ont e'te' recouverts par les  
faciks silicoclastiques deltai'ques et de plaine inondable caracte'ristiques de la partie supe'rieure du 
groupe de Hornby Bay. Un mouvement normal synchrone, apparu le long d'une irnportante faille 
(faille de Teshierpi), a entrain6 l'e'rosion du groupe de Hornby Bay sur le bloc soulwR et  de'termine' 
les caractekes du re'seau hydrographique, dans la partie supe'rieure clu groupe de Hornby Bay et  la 
partie infe'rieure du groupe de Dismal Lakes. 

L'unite' basale silicoclastique du groupe de Dismal Lakes rnontre la lransition entre le 
basculernent crustal vers le sud-ouest, e t  la subsidence re'gionale et  la formation de la plate-forme de 
Dismal Lakes; il existait une source de se'dirnentation terrestre au sud-est. Avec la diminution de 
l'activite' tectonique, la continuation de l'e'rosion et une transgression marine graduelle, la succession 
silicoclastique de la partie infhieure du groupe de Dismal Lakes, qui s'affine vers le haut, s'est 
de'pode sur une plate-forme de faible relief incline'e vers le nord-ouest. Les carbonates du milieu 
pe'ritidal passant ir un milieu de plate-forme ouverte, qui forment la majeure partie du groupe de 
Dismal Lakes, se sont accumule's sur une vaste plate-forme. 

Dans la re'gion des lacs September, un soulhvement localise' a expose' des parties de cet te  plate- 
forrne h l'e'rosion subae'rienne et h la karstification, tandis que la se'dirnentation marine peu profonde 
s'est poursuivie sans interruption h l'ouest des lacs Dismal. Une transgression finale a pre'ce'de' 
d'e'panchement des basaltes des plateaux de la re'gion de la riviere Coppermine, et toutes les parties 
anciennement expose'es de la plate-forme ont e'te' submerge'es par une mer e'picontinentale. La 
se'dimentation du groupe de Dismal Lakes s'est terrnine'e par une phase d'extension est-ouest, marque'e 
par l'e'panchement des basaltes de plateaux du groupe de Coppermine River, e t  l'intrusion des dykes 
de diabase du complexe de Muskox et  de ceux de l'e'tage du Mackenzie. 

En comparant le groupe de Dismal Lakes aux formations d'Ellice et  Parry Bay, e t  h celle de 
Kanuyak dans le bassin Elu, on de'couvre une e'troite corre'lation lithologique et  tectono-se'dimentaire, 
qui indique que ces deux re'gions repre'sentent les vestiges d'une plate-forme plus vaste d'6ge he'likien. 

REGIONAL GEOLOGY 

The Hornby Bay and overlying Dismal Lakes Group are 
the lowermost groups in the undeformed, north-dipping 
Coppermine Homocline (Fig. 9.1) o f  the Amundsen 
Embayment (see Young, 1981) (which also contains the 
Coppermine River and Rae groups in this area). The Hornby 
Bay Group rests unconformably on Aphebian basement 
ranging in age from 1.93-1.85 Ga (Van Schmus and Bowring, 
1980) and is overlain with local unconformity by the Dismal 
Lakes Group. The Dismal Lakes Group is conformably 
overlain by basalt flows o f  the Coppermine River Group, 
dated at 1.2 Ga (Baragar, 1972). Both groups are cut  by the 
Muskox Intrusion and by Mackenzie-age diabase dykes 
(Fig. 9.2a). 

The Hornby Bay and Dismal Lakes groups represent two 
cycles in excess o f  2.5 km thick o f  terrestrial siliciclastic t o  
marine-carbonate deposition that took place over older stable 
cratonic crust (Woprnay Orogen). Deposition occurred on a 
generally quiescent post-orogenic basement although periodic 
movement along reactivated basement faults caused locally 
important facies changes. 

The basement of the southern part o f  the Amundsen 
Ernbayment includes the Aphebian Hepburn rnetamorphic- 
plutonic complex, the Great Bear Batholith (and associated 
volcanic rocks) and sedimentary rocks o f  the Coronation 
Supergroup (Hoffman,  l98la). The Hepburn complex is 
composed o f  foliated granitoid rocks o f  the Hepburn and 
Wentzel batholiths and metasedimentary rocks o f  the 
Akaitcho and Epworth groups. Granitic and volcanic rocks o f  
the Great Bear Batholith and McTavish Supergroup 
(see Hildebrand, 1981) probably underlie most o f  the Hornby 
Bay and Dismal Lakes groups and contributed significant 
clastics to the basal Hornby Bay Group. 

Northeast- and northwest-trending faults significantly 
influenced the depositional history o f  both the Hornby Bay 
and Dismal Lakes groups. According to Hoffman (198 1b) and 
Hoffman and St-Onge (1981) these are conjugate wrench 
faults that formed as a result o f  Aphebian plate collision 
west o f  the present exposure o f  the Wopmay Orogen and were 
characterized by strike-slip and reverse motion. During and 
following deposition o f  the Hornby Bay and Dismal Lakes 
groups the sense o f  movement on these faults was dip-slip 

Figure 9.1. Principal lithologic components of the north- 
western Canadian Shield. 
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Figure 9.2~1. Geologic map and generalized map units o f  the Proterozoic rocks o f  
the Coppermine River - Great Bear Lake area. 

and oblique dip-slip. These  f au l t s  were  
r eac t iva t ed  in response t o  tensional 
s t r e s se s  developed during periods of 
regional uplift. 

North-trending f au l t s  such a s  t h e  
Canoe  Lake Faul t ,  Herb  Dixon Faul t ,  
and unnamed faul ts  along t h e  Leith 
Line (see  below) and f a r t h e r  west,  a r e  
also an impor tant  s t ruc tu ra l  component  
of t h e  Hornby Bay and Dismal Lakes 
groups. These  faul ts  a r e  character ized  
by dip-slip movement  t h a t  was  for t h e  
most  pa r t  res t r ic ted  t o  la te-  t o  post- 
Dismal Lakes Group deposit ion (except  
fo r  t h e  Leith Line). The  f au l t s  parallel  
t h e  trend of Mackenzie-age diabase 
dykes, Coppermine  River Group basalt  
feeders,  and t h e  Muskox Intrusion, 
which suggests t h a t  t hese  f ea tu re s  
formed under t h e  s a m e  s t r e s s  system. 

HORNBY BAY GROUP 

Introduction 

The Hornby Bay Group is a n  
approximate ly  1500 m thick succession 
of shallow wa te r  sediments  dominated 
by fluviati le and mar ine  si l iciclastics 
(Fig. 9.3). The basa l  uni t  of sandstone 
and conglomerate  (Unit 8 - terminology 
of Baragar and Donaldson, 1973) was  
deposited in t h r e e  s e p a r a t e  but 
in ter re la ted  deposit ional systems: t h e  
Bigbear, Faul t  River,  and Lady Nye 
fluvial  sys t ems  (Fig. 9.2a). Facies  
pa t t e rns  and paleocurrents  d o  no t  
r e f l e c t  cont ro l  by f au l t  ac t iv i ty  re la ted  
t o  t h e  final s tages  of compression in 
t h e  Wopmay Orogen, t he re fo re  
indicating a cessa t ion  of orogenic 
ac t iv i ty  prior to  deposition of Hornby 
Bay Group sediments.  The Bigbear and 
Faul t  River sys t ems  were  in pa r t  
coeval,  and both  a r e  conformably 
overlain by the  Lady Nye system. The 
fluvial  sediments  of t h e  Lady Nye 
sys t em grade  la tera l ly  and vertically 
in to  del ta ic-mar ine  si l iciclastics 
(undifferentiated component  of Unit 8 )  
and a d is t inc t ive  uni t  of s t roma to l i t i c  
dolostones (Unit 9). Carbonates  were  
deposited along a northeast-trending 
shoreline t h a t  migra ted  to  t h e  e a s t  
during mar ine  transgression. Basement  

UC - Ilunn Crcck 
uplift  in t h e  no r theas t  resulted in 

I l l  - I I~.bcnsoc Ldkv 
progradation of deltaic-marine 

LK - Copllcrlnlnc Klvcr  
sil iciclastics of Unit 10 over  ca rbona te  

GREAT BEAR 
I N  - 1)1\111.71 Lakes 

algal  marshes  of upper Unit 9. 
uc - U C I I ~ ~ U  L;ILC C;r.lban I ) C L  - ~ > ~ i l r c  LJLC React iva t ion  of a major nor theas t -  
CLF - Canuc L ~ L C  F ~ U I I  I)K - 1)ensc Kivcr trending basemen t  f au l t  (Teshierpi 
[ K F  - La51 Kivur I nu11 L L  - LI~LJ~CI I I I  L. I I \L~ Faul t )  during regional upl i f t  resulted in 
r lF  - Falcon Lahc Faults CL - Greunltorn Lakes an unconformable relationship between 
I K F  - ~ ~ U I I  Kivcr FJUII . Iiornby u a y  t h e  Hornby Bay Group and Dismal 

Lakes Group on t h e  upthrown faul t  
sr - Stnrstcr Fault LR  - l a c  Ruuvicrrc block. 
SC - St.Cernraln Cral,cn Lux - Lac LuKuun 

N - Narakay lslanrls Westward thickening of de l ta ic-  
- wol>~nnY fault 51 . scptcnrl)cr I . a h  marine fac ies  of upper Unit  8 across  

Lei th  Line records  t h e  f i rs t  ac t iv i ty  of 

Figure 9.2b. Map of geographic locations and major structural components 
referred to in the text .  
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Figure  9.3. Generalized s t ra t igraphic  column fo r  the  
Hornby Bay Group. This column applies only t o  Lady Nye 
sys tem and overlying units and does  not include subdivisions 
in lower Unit 8. 

this inferred hinge zone. Leith Line extends  f rom t h e  
informally named "Leith Ridge" (Balkwill, 1971) on the  south 
shore of Grea t  Bear Lake, north through the  eas tern  (and 
deepest )  par t  of Great  Bear Lake, and continues northward 
through t h e  Hornby Bay and Dismal Lakes groups (Fig. 9.2b). 
Indirect evidence of this f e a t u r e  is suggested by t h e  
concentration of north-trending (presumably Mackenzie-age) 
dykes in a reas  west of Leith Line, a marked change in faul t  
pa t t e rns  across  t h e  Line (northeast  and northwest t rends  eas t  
of t he  Line; north and eas t  trends west of t h e  Line), lack of 
basement exposures west of  t h e  Line, and a sharp  change in 
t h e  s t r ike  of map units across t h e  Line (eastward in t h e  eas t ;  
northward in the  west). Consistent westward thickening of 
map units and in terpre ted deepening of depositional 
environments of  western fac ies  of both t h e  Hornby Bay and 
Dismal Lakes groups indicates g rea t e r  subsidence west of t he  
Leith Line. Steeply-dipping t o  ver t ica l  and locally 
overturned beds of t h e  Hornby Bay Group along this line 
suggest significant post-depositional movement.  

Bigbear Fluvial System 

Sedimentary rocks of t he  Bigbear sys t em a r e  exposed 
eas t  and north of Coppermine River and a s  sca t t e red  fault-  
bounded erosional outliers along Wopmay Faul t  (St. Germain 
Graben, Zephyr Graben, Belleau Graben), Sinister Fault ,  and 
Canoe Lake Fault  (Fig. 9.2b). These outliers occur  up to  
60 krn away f rom t h e  main exposures and suggest t h a t  t h e  
present deposits of t h e  Bigbear sys tem represent  remnants  of 
a once continuous cover. The Bigbear sys tem overlies fresh 

t o  slightly weathered rocks of t h e  G r e a t  Bear Batholith west  
of Wopmay Fault  and rocks of t he  Hepburn metamorphic- 
plutonic complex eas t  of t h e  fault .  The sys t em is in par t  
conformably overlain by basal a ren i t e s  of t h e  Lady Nye 
fluvial system and in par t  unconformably overlain by basal 
si l iciclastics of t h e  Dismal Lakes Group. The sedimentary 
sequence is subdivided into t h r e e  s t ages  (Fig. 9.4) t ha t  record 
infill of a rugged basement  topography (s tage  I), s table  
braidplain deposition (stage 111, and f au l t  reactivation 
(s tage  111) (see  Fig. 9.5). 

S tage  1 

The three  map units (8a1-3) which comprise t h e  
deposits of this s t age  of sedimentation onlap basement  rocks. 
The basal unit  (ga l )  ranges f rom calcareous  volcanic 
paraconglomerate  t o  micaceous arkosic si l tstone. It rests on 
weathered basement with a hackly blocky f r ac tu re  and grades  
in to  overlying conglomerate  and pebbly a r e n i t e  (8a2). It 
ranges in thickness f rom 0 t o  40 m. The s i l t s tones  pinch out  
t o  the  northwest concomitant  with thickening of the  
paraconglomerates.  The paraconglomerates  a r e  composed of 
locally derived angular volcanic rock f ragments  in a 
ca lcareous  (locally s t romatol i t ic)  matr ix  and a r e  interlayered 
with lenses of f l a t  laminated t o  crossbedded feldspathic 
qua r t z  arenite.  These lithologies occur  a s  erosional remnants  
along the  flanks of present-day basement hills. Feldspathic 
s i l t s tone with mud rip-ups, grani t ic  and volcanic granules, 
and parting plane l ineation occurs  in valleys surrounded by 
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Figure  9.4. Lithofacies succession and depositional s t a g e s  
f o r  t h e  Bigbear sys tem (Unit 8A). 
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Figure 9.5. Diagmrnrnatic reconstruction of depositional 
environments recorded by t he  Bigbear sys tem.  

basement hills. Paleocurrent indicators a r e  sparse  but  
generally suggest a southeast-dipping paleoslope with 
t ranspor t  a f f ec t ed  locally by basement topography. 

Unit 8 a 2  is composed of interlayered arenaceous  l i thic 
pebble paraconglomerate and pebbly to  granular l i thic t o  
feldspathic hemat i t ic  quar tz  arenite.  It has a maximum 
thickness of 125 m and pinches out  t o  t h e  west-northwest.  
The unit has  gradational con tac t s  with overlying and under- 
lying rocks. The paraconglomerates a r e  massive and contain 
locally derived volcanic and grani t ic  pebbles. The 
moderately sorted and submature areni tes  contain trough and 
tabular  planar crossbeds up t o  2 m. The unit becomes finer 
and less lithic upward. Paleocurrents a r e  unimodal to  t h e  
southeas t  with local deflections about  basement highs. 

The overlying unit (8a3) is a variegated red and white 
feldspathic to subfeldspathic, medium grained, moderately 
sorted quar tz  a ren i t e  up t a  120 m thick. In t h e  northwest i t  
is interlayered with volcanic boulder t o  pebble paraconglom- 
e r a t e s  which a r e  absent in t h e  southeast .  Unit 8a3 is t h e  
basal segment  in contact  with basement in all  outliers 
investigated. I t  is ubiquitously trough crossbedded with less 
common tabular-planar crossbeds. Current,  wave, and run- 
off (ladderback) ripple marks a r e  common. The amount  of 
feldspar and t h e  average crossbed thickness (10-50 c m )  
decreases  upward. Paleocurrents a r e  unimodal t o  t h e  south- 
eas t  with no indication of deflections around basement highs. 

Interpretation. Unit 8a  deposits formed local alluvial 
fan/talus cones  by both mass movement  (paraconglomerates) 
and traction run-off (arenites) (Fig. 9.5). The feldspathic 
si l tstones a r e  in terpre ted a s  fluviolacustrine deposits t h a t  
accumulated a s  d is ta l  equivalents in topographic lows. The 
occurrence of this unit a t  t h e  base of many present-day 
basement hills and the  s t ra t igraphic  onlapping observed 
suggests t h a t  t he  present  topography is an  exhumed 
paleotopography. The overlying paraconglomerates and 
pebbly areni tes  (8a2) a r e  high-energy braided river deposits 
similar t o  t h e  Donjek River fac ies  of Mia11 (1978). Their 
deposition and dispersal  was controlled to some ex ten t  by 
paleotopography. Feldspathic areni tes  (8a3) a r e  moderate  t o  
low energy braided s t r e a m  deposits. Their occurrence  a s  t h e  
basal unit in t h e  out l iers  and consistent southeast  paleo- 
currents  suggest t h a t  by t h e  t ime  of thei r  deposition the  
rugged paleotopography had been infilled and a regional, 
essentially planar, depositional surface  existed. 

Stage  I1 

Deposition during this s t age  is recorded by two units 
(gat+, 8as), both of which a r e  composed almost completely of 
medium grained, well sor ted  hemat i t i c  qua r t z  areni te .  
Unit 8 a 4  is a maximum of 200 m thick in the  southeas t ,  but 
pinches o u t  45 km t o  t h e  northwest.  It is in gradational 
con tac t  with overlying and underlying units. The unit  has a 
friable,  slabby-weathering appearance as a result  of heavy 
hemat i t e  staining. Tabular- and wedge-planar crossbeds 
(maximum 1.5 m) a r e  t h e  dominant s t ructure .  These cross- 
beds typically a r e  composed of se t s  of crosslaminae t h a t  have 
low angle discordance between s e t s  (2nd order surfaces  of 
Brookfield, 1977) and a maximum foreset  dip of 26". Current  
ripple lamination occurs  with directions of t ranspor t  both 
parallel  and perpendicular t o  the  down-dip direction of the  
foreset  lamination. Climbing ripples a r e  also present.  
Paleocurrents a r e  unimodal to  the  southeast  but commonly 
have a strong nor theas t  mode. 

The overlying unit (8a5) has  a maximum thickness of 
380 m and is in sharp  con tac t  with the  overlying 
conglomerate-bearing unit. I t  is composed completely of 
medium grained, variably hemat i t ic  qua r t z  a ren i t e  although 
thin (<1 m) sil iceous volcanic granulestones occur  in t h e  
northwest.  Plane bed t o  undulose current  lamination is 
typical of t h e  unit and produces a distinctive "table-top" 
weathering profile. Bedding surfaces  commonly have wave 
ripples and thin red mudstone veneers with sand-filled mud 
cracks.  Shallow (c20  cm)  mudchip-filled scours occur within 
the  plane bedded unit. Interlayered with plane bedded 
areni tes  a r e  large  (up to 3 m) tabular planar crossbeds with 
foreset  dips of 10 t o  26O t h a t  do  not scour t h e  underlying 
areni te .  Very thick lenses (10-12 m) of low angle trough 
crossbeds with festoon widths up t o  30 m a t e  also present.  
These large  bed forms a r e  composed of smaller bundles of 
laminae, 0.5-1.5 m thick, with discordant surfaces  between 
bundles. Paleocurrents  show moderate  dispersion bu t  trend 
south-southeast ,  

Interpretation. Unit 8 a 4  is in terpre ted a s  an aeolian 
deposit based on the  similarity of t h e  s ty le  of crosslamination 
t o  recent  and ancient  aeolianites f rom other  locali t ies 
(Brook field, 1977; Hunter, 1977). The overlying unit was  
deposited in a mixed aeolian and extremely low energy fluvial 
sett ing. The plane to  undulose bedded areni tes  formed by 
migration of low amplitude sand waves  or  sand sheets  on a 
very shallow braidplain. Analogous s t ructures  in t h e  P l a t t e  
River (Smith, 1971) form in wa te r  depths  of severa l  
cent imetres .  The interlayered crossbedded areni tes  a r e  also 
in terpre ted a s  aeolian, based mainly on the  lack of scour at 
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their  bases, an expected f ea tu re  if they formed during fluvial  
flood stages.  The thick megatrough crossbeds were  deposited 
by barchan dune migration. The occurrence  of these units 
suggests t h a t  sedimentation took place in a s t ab le  and slowly 
subsiding basin. 

Stage 111 

Unit 8a6  is composed of ma tu re  medium grained qua r t z  
areni te  interlayered with massive beds of intraformational 
cobble-boulder paraconglomerate.  The base  of t he  unit is 
marked by the  abrupt  appearance of intraformational boulder 
paraconglomerate.  The unit grades in to  t h e  overlying 
unit  8a7.  Thickness e s t ima tes  of unit 8 a 6  a r e  impossible due 
t o  t h e  lack of marker beds and rubbly exposure. 

The areni tes  commonly display f l a t -  t o  undulose 
lamination with tabular-planar and trough crossbeds 
comprising about 20  per c e n t  of t h e  unit. Intraformational 
paraconglomerates a r e  composed of subrounded t o  subangular 
c las ts  of red qua r t z  a ren i t e  in a hemat i t ic  sandy matrix.  The 
paraconglomerates res t  on surfaces  scoured into the  under- 
lying arenite.  Where present,  pebble imbrication and r a r e  
cross s t ra t i f ica t ion in t h e  paraconglomerates indicate  
t ranspor t  t o  the  southwest,  in contras t  t o  t h e  interlayered 
areni tes  which have southeast-trending paleocurrents.  

Unit 8 a 7  is composed of interlayered f l a t  laminated 
qua r t z  areni te ,  mudcracked, very hemat i t ic ,  muddy 
granulestone, and  clay-rich granulestone and coa r se  qua r t z  
arenite.  The base of t h e  unit is distinguished by t h e  f i rs t  
occurrence  of vein qua r t z  pebbles in unit  8. Unit 8a7 is 
overlain conformably by basal Lady Nye sys tem conglomerate  
(Bunn Creek Facies) and unconformably by basal Dismal 
Lakes Group elastics. The coarse  qua r t z  areni tes  occur  in 
shallow lenses a t  t he  base of t he  unit but become tabular 
bodies of trough crossbedded pebble-granule a ren i t e  towards  
t h e  top. Vein qua r t z  pebbles a r e  the  most common clasts,  
but red quar tz  a ren i t e  pebbles also occur.  Paleocurrents a r e  
unimodal t o  the  west-southwest. 

Interpretation. The interlayered areni tes  and paracon- 
glornerates ( 8 a ~ )  a r e  in terpre ted a s  products of deposition on 
a braidplain (arenites) t h a t  was  interrupted by influxes of 
locally-derived s t r e a m  flood paraconglomerate.  The 
variation in crossbed orientation between t h e  areni tes  and 
paraconglomerates,  and intrabasinal cobble origin, r e f l ec t  
periods of southwest-side-down normal movement  along t h e  
Sinister Fault (Fig. 9.2b). This resulted in local paleoslope 
change and erosion of ear l ier  Bigbear deposits. 

Unit 8a7 records a gradual change f rom low-energy 
braidplain deposition t o  higher-energy braided river 
deposition, a s  shown by the  upward increase in both grain s i ze  
and crossbed thickness. The gradual southeas t  t o  southwest  
change in paleocurrents ref lec ts  a change f rom the  preceding 
paleoslope t o  t h a t  of t h e  overlying Lady Nye conglomerate.  

Reactivation of the  Sinister Fault  during Bigbear 
deposition is in terpre ted a s  a manifestation of large-scale 
regional tilting, which gradually changed the  paleoslope f rom 
southeast-dipping during Bigbear deposition t o  southwest- 
dipping during Lady Nye deposition. 

Faul t  River Fluvial System 

Fault  River sys tem s t r a t a  a r e  exposed in a ser ies  of 
s t eep  cues tas  along the  northwestern side of t h e  Fault  River 
valley, in fault-bounded wedges southeas t  of t h e  valley, and 
on islands in Great  Bear Lake (Fig. 9.2b). At leas t  150 m of 
postdepositional dip-slip movement (northwest side down) has  
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Figure 9.6. Lithofacies succession and proposed 
depositional environments for the Fault River system. 

occurred on t h e  Faul t  River Fault .  Facies  in ascending 
s t ra t igraphic  order onlap weathered,  hemat i te- r ich  volcanic 
and grani t ic  rocks of t h e  G r e a t  Bear Batholith t o  t h e  
northeast .  In addition, all  units display a significant 
coarsening of grain s i ze  in this s a m e  direction. The sequence 
is conformably overlain by t h e  basal conglomerate  of t h e  
Lady Nye fluvial  system. The Faul t  River system, which has  
a thickness of 330 m, is subdivided in to  four fac ies  (Fig. 9.6), 
inferred t o  have been deposited in d is t inct  environmental 
sett ings.  

Prospect Creek Facies 

This fac ies  r e s t s  on weathered volcanic rocks of t h e  
McTavish Supergroup and coarsens  upward f rom sil tstone- 
a ren i t e  a t  t h e  base t o  boulder paraconglomerate  near  t h e  top  
as t h e  fac ies  grades  into t h e  overlying Volcanic 
Paraconglomerate  Facies. 

The Prospect Creek Facies  ranges er ra t ica l ly  in 
thickness from 0-40 m. Where absent,  t h e  overlying Volcanic 
Paraconglomerate  Facies  r e s t s  d i rec t ly  on basement.  The 
lower pa r t  of t h e  fac ies  is composed of hemat i te- r ich  sil t-  
stones,  mudstones, and poorly sor ted  arkosic  arenites.  The 
areni tes  occur  in trough crossbeds t h a t  fill scours in under- 
lying beds, and in tabular-planar and massive beds 
interlayered with f la t -  t o  ripple-laminated sil tstones and 
mudstones. Angular f e l s i t e  and g ran i t e  pebbles become 
increasingly abundant higher in t h e  facies.  These pebbles 
appear f i rs t  a s  thin lags in a ren i t e  beds and then in massive 
mud-rich paraconglomerates.  
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The middle par t  of the  facies is composed of superposed 
massive paraconglomerate beds with lenticles of f la t -  
laminated, sparsely mudcracked argillaceous sil tstone, and 
lenses of trough crossbedded arkosic arenite.  Towards t h e  
top of the  facies,  boulder beds of orthoconglomerate and 
paraconglomerate contain abundant round to  subround fe ls i t ic  
and granitoid clasts. Boulders of red quar tz  arenite and vein 
qua r t z  a r e  conspicuous components of t h e  uppermost 
conglomerate  beds. Interlayered thin specularite-rich 
l i tharenites a r e  flat-laminated and have scoured upper 
contacts .  The Prospect Creek Facies  is capped by f la t -  
laminated t o  trough crossbedded pebbly subarkose. 
Paleocurrents from the  lower beds of the  fac ies  show 
t ranspor t  t o  t h e  northwest (away f rom t h e  present bounding 
faul t )  but  change to southwest-directed in the  upper par t  of 
t he  facies. 

Interpretation. Based on textura l  and compositional 
immatur i ty  and prevalence of probable debris-flow 
paraconglomerates,  t he  Prospect Creek Facies  is in terpre ted 
a s  alluvial fan deposits (cf. Nilsen, 1969). The composition of 
t h e  lower beds, t he  northwest directed paleocurrents, and 
irregular la tera l  thinning and thickening indicate deposition 
of locally derived detri tus,  perhaps shed off of the  Faul t  
River Fault  scarp,  into an a rea  with a maximum of 40 m 
paleotopographic relief. The upward increase in grain s i ze  
and abundance of debris-flow beds high in the  facies suggest 
fan  progradation. The increased maturity of these  units 
suggests a secondary ( f anapex)  ra ther  than primary 
(basement) source  area.  Clast  composition and paleocurrents 
suggest a source a rea  to the  northeast .  

Volcanic Paraconglomerate Facies 

This facies is c o m ~ o s e d  of coarse  quar tz  a ren i t e  with 
paraconglomerate interbkds up to 5 m thick. I t  is in con tac t  
with both the  underlying Prospect Creek Facies and basement  
and is overlain by the  fine grained Elizabeth Lake Facies. 
The paraconglomerate beds a r e  massive and composed of well 
rounded t o  subrounded boulders of felsi te,  red quar tz  areni te ,  
and vein qua r t z  in a matrix of coarse  quar tz  areni te .  The 
basal conglomerate  has a 2:l ra t io  of volcanic to red quar tz  
areni te  boulders, whereas the  uppermost bed is composed 
almost completely of boulders of red qua r t z  arenite.  The 
paraconglomerate beds a r e  separa ted by coarse  qua r t z  
areni tes  with trough and tabular-planar crossbeds with low- 
angle lamination. The amount  of interbedded a ren i t e  
decreases  to  less than 10 per c e n t  to the  northeast .  
Paleocurrent measurements from t h e  crossbedded a ren i t e  
layers a r e  strongly unimodal to  t h e  west-southwest. 

Interpretation. This f ac i e s  was deposited a s  a result  of 
s t ream flood ra ther  than s table  fluvial processes 
(cf. Miall, 1977). The red quar tz  areni te  boulders, litho- 
logically identical  to rocks in t h e  Bigbear system, a r e  
inferred . t o  have been eroded a s  the  Fault  River sys tem 
drainage incised outlying Bigbear sys tem deposits. The 
compositional matur i ty  and relatively well-sorted t ex tu re  of 
t he  associated areni tes  suggests t h a t  this fac ies  contains 
secondary reworked fan deposits. Spasmodic fault-related 
basin floor subsidence was t h e  probable mechanism fo r  
secondary fan  formation, and accounts  for the  relatively 
abrupt  introduction and termination of this facies. 

Elizabeth Lake Facies 

This f ac i e s  extends  f rom the  type  a r e a  (Elizabeth Lake, 
north of Doghead Point,  Great  Bear Lake) to the  eas ternmost  
exposures examined, in t h e  Faul t  River valley. In t h e  east 
the  base of t he  fac ies  rests directly on t h e  boulder surface  of 

t h e  underlying Volcanic Paraconglomerate  Facies.  The facies 
is composed mainly of well-sorted, fine-grained, mudchip- 
bearing red quar tz  areni te .  Towards the  top of the  facies,  
thin lags and massive beds of hematite-rich volcanic debris 
occur. The dominant sedimentary  s t ructures  a r e  thin 
( ~ 2 5  c m )  trough crossbeds with low-angle foreset  lamination 
transit ional into current  l ineated upper flow regime plane 
beds. In-phase aggradat ional  ripples and mudcracks a r e  
abundant. Volcanic det r i tus  f i rs t  appears  a s  isolated granule 
lags which gradually dec rease  in abundance, giving way to 
several massive, pebbly to  granular,  matrix-supported 
conglomerate  beds in t h e  uppermost par t  of t he  facies. 

In eas ternmost  exposures, both average bed thickness 
and grain s i ze  increase. Volcanic granulestones and red 
quar tz  a ren i t e  cobbles occur throughout the  fac ies  in this 
s a m e  area .  Paleocurrents  a r e  unimodal, with t ranspor t  
directions ranging f rom north-northwest in eas ternmost  
exposures t o  south-southwest in t h e  t y p e  area.  

Interpretation. The character is t ic  upper flow regime 
s t ra t i f ica t ion,  thin bedding, unimodal paleocurrents and 
periodic desiccation, suggest this fac ies  accumulated in a 
shallow-water, high-energy fluvial environment,  possibly an  
ephemeral s t r eam complex character ized by shee t  flooding. 
Variation f rom recent  analogues (Picard and High, 1973; 
Mcl<ee e t  al., l967), such a s  lack of scour fea tures ,  is 
a t t r ibuted t o  t h e  paucity of channelized flow in a 
nonvegetated fluvial sys tem (cf. Schumm, 1968). The 
mature ,  well-sorted cha rac te r  of this fac ies  indicates  
extensive reworking and sorting, and suggests a distal ,  
secondary, fan  sett ing. 

Volcanic Litharenite Facies 

This is  t he  thickest f ac i e s  in the  Fault  River system, 
with a minimum thickness of 125 m. It has a gradational 
lower c o n t a c t  (5-10 m) with the  underlying Elizabeth Lake 
Facies and is conformably overlain by t h e  Bunn Creek 
conglomerates  of t h e  Lady Nye fluvial system. The facies  is 
composed of medium- to  coarse-grained l i thic and qua r t z  
areni tes  with abundant granules and small  pebbles of volcanic 
detri tus.  Trough crossbeds, t h e  only sedimentary s t ruc tu res  
within t h e  facies,  range f rom an ave rage  1.5 m to  a maximum 
of 15 m thick. The transit ion f rom t h e  Elizabeth Lake Facies  
into t h e  Volcanic Li thareni te  Facies  is marked by a gradual 
upward increase in bed thickness and grain size,  an  increase  
in abundance of volcanic det r i tus ,  and a loss of hemat i t i c  
pigmentation. Average grain s i ze  and the  abundance of 
volcanic debris increases t o  t h e  northeast .  Paleocurrents  a r e  
strongly unimodal to  t h e  west ,  and a r e  consistent throughout 
t h e  facies. Concentrations of conglomeratic mater ia l  a r e  
absent.  

Interpretation. The large  scale  cross s t ra t i f ica t ion in 
this fac ies  and distinct unimodal paleocurrent pat tern ,  
indicate a high-energy fluvial environment. The lack of 
smaller crossbeds indicative of emergen t  falling-water s t age  
sedimentation precludes identification of depositional 
cyclicity. The low paleocurrent dispersion indicates  a 
paleoslope of regional extent .  The scale  of cross 
s t ra t i f ica t ion in this fac ies  may re f l ec t  an  increase  in 
discharge volume a s  a result  of source-area incision (to the  
eas t )  and piracy of a Bigbead?) drainage ne t  
(cf. Coleman, 1969). The contained lithologies and s t ruc tu res  
suggest th is  fac ies  formed during a period of ongoing uplift in 
t h e  eas t  t h a t  caused a regional (basinwide) change in 
paleoslope t o  t h e  west. 
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The four fac ies  of t h e  Faul t  River sys tem display an 
overall  upwards increase in t ex tu ra l  and compositional 
maturity,  and also an  increase in fluvial, ra ther  than debris 
flow, s ty le  of deposition. Although this is atypical of 
ter res t r ia l  c las t ic  wedges a f f ec t ed  by repeated movement on 
basin-bounding faul ts  (cf. Heward, 1978; Steel,  19761, i t  is 
suggested tha t  t h e  present bounding f au l t  of t h e  Fault  River 
system was ac t ive  during deposition. The distribution and 
cha rac te r  of fac ies  within t h e  sys t em suggest t h a t  this and 
related faul ts  (Hoffman, 1978) were  important  in restricting 
deposition t o  a northeast-trending, wedge-shaped depression. 
Most fac ies  record derivation from t h e  eas t  via second-cycle 
reworking of earlier deposits t h a t  were  in par t  Fault  River 
alluvial fan facies,  and in par t  Bigbear system facies. 
Regional uplift in the  eas t  was punctuated by pulses of 
(dip-slip?) movement along faul ts  and subsidence of t h e  
depression (Fig. 9.7). 

Lady Nye Fluvial System 

This is t he  thickest and areally most extensive  fluvial 
system within Unit 8 (Fig. 9.2a). Facies of ascending 
s t ra t igraphic  order  res t  unconforrnably on fresh granitoid and 
volcanic . rocks of t h e  system, excep t  where  basal 
conglomerate  conformably overlies t h e  Volcanic Litharenite 
Facies of t h e  Fault  River system, and west of t he  Muskox 
Intrusion where basal pebbly a ren i t e  conformably overlies t h e  
Bigbear system. The Lady Nye sys tem is conformably 
overlain by, and is gradational into, Unit 9 dolostone, with 
t h e  exception of a reas  adjacent  t o  and e a s t  of t h e  Teshierpi 
Fault ,  where  basal si l iclastics of t h e  Dismal Lakes Group res t  
unconformably on Unit 9 (Fig. 9.2a). 

Lady Nye sys tem lithologies record a completely 
gradational fining-up sequence f rom fluvial into deltaic- 
marine deposits, and a r e  subdivided into th ree  facies: Bunn 
Creek Facies, Cape  MacDonnel Facies,  and an unnamed 
del ta ic  fac ies  (Fig. 9.8). 

Basement-Cover Relationships 

A basement regolith is conspicuous in i t s  absence 
beneath the  Lady Nye system. Basement lithologies typically 
display minor hemat i t ic  enrichment of potassium feldspars, 
rnafic phases, and volcanic glass, but  a r e  o therwise  
remarkably fresh. Inliers and large  bodies of basement  
(Fig. 9.2a) a r e  topographically rugged, positive fea tures ,  t h a t  
have embayed or re-entrant con tac t s  and apophyses t h a t  
extend into the  surrounding areni te  cover.  Arenite commonly 

Source Area 

Litharenite ,NE Teshierpi-Bigtree Highlands 

Braided River / 

Paraconalomera 
Stream Floods v 

Figure 9.7. Schematic reconstruction of facies 
configuration during deposition of Fault River system. Note 
that the bounding fault is not the Fault River Fault. 

outcrops in these  ernbayments and also occurs a s  erosional 
remnants  high on the  flanks of hills of basement.  Clas ts  in 
these  areni tes  a r e  rarely local, and paleocurrents a r e  
d i rec ted parallel  t o  and/or into basement  regions, but not 
away from these  areas .  In addition, t h e r e  a r e  areas,  in 
particular southeast  of t he  .Teshierpi Faul t ,  where  basement  
hills a r e  capped by a horizontal  t o  westerly-dipping planar 
su r face  t h a t  extends  across an  intervening arenite-fi l led 
valley t o  adjacent  basement  outliers (Fig. 9.2a). 

The planar surface  is in terpre ted a s  a peneplain t h a t  
formed when this a r e a  was the  source  region for t h e  Bigbear 
system. The present rugged topography of t h e  basement  and 
t h e  occurrence  of outcrops of a r e n i t e  on t h e  flanks of 
outliers suggests t h a t  t h e  present  topography is an  exhumed 
paleotopography. Basement inliers formed a s  t h e  result  of 
peneplain dissection during uplift (early during Lady Nye 
deposition) and were  subsequently buried by Lady Nye sys tem 
rivers a s  t h e  peneplain subsided. 

Eunn Creek Facies 
This f ac i e s  is named for exposures along Bunn Creek 

(north shore  of Hornby Bay, Grea t  Bear Lake; Fig. 9.2b) and 
can be  mapped a s  f a r  north a s  Teshierpi Highlands. The to t a l  
thickness of t h e  fac ies  is unknown, a s  i t  is gradational in to  
the  overlying Cape  MacDonnel Facies.  In the  Hornby Bay 
a r e a  t h e  basal conglomerate  overlies Faul t  River sys tem 
rocks; t o  t h e  nor th  and nor theas t  basal conglomerate  and 
pebbly a ren i t e  overlie Grea t  Bear Batholith rocks. The basal 

LADY NYE SYSTEM 
UNIT 9 DOLOSTONE 

- Unnamed 

FAN DELTA COMPLEX 

-Cape MacDonnel Facies - 

SANDY BRAIDPLAIN 

SANDY BRAIDED RIVER 

TESHIERPI - BIGTREE PENEPLAIN - - - - 

Bunn Creek Facies 

HIGH-ENERGY GRAVELLY 
BRAIDED RIVER 

GREAT DEAR BATHOLITH - - - - 
Figure 9.8. Lithofacies succession and depositional 
environments for the Lady Nye system. The top o f  the Great 
Bear Batholith represents the surface o f  the Teshierpi- 
Bigtree Peneplain. 
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par t  of this fac ies  is composed of polymictic 
orthoconglomerates interlayered with coarse  pebbly qua r t z  
arenites.  The conglomerates a r e  massive, but show well- 
developed pebble imbrication. Clasts include red qua r t z  
areni te ,  peloidal ironstone, vein quartz,  algal-laminated 
cher t ,  and low-grade metasedimentary rocks. Interlayered 
pebbly to  granular quar tz  areni tes  display trough crossbeds up 
t o  2 m. Conglomerate beds and pebble-sized c las ts  decrease  
in abundance upward, a s  do overall  bed thickness and grain 
sizes. Flat-laminated to tabular-planar crossbedded 
micaceous qua r t z  arenites,  with scoured upper contacts ,  a r e  
common in t h e  middle part of t he  facies.  Paleocurrents a r e  
unimodal t o  t h e  southwest and west.  

Interpretation. The Bunn Creek Facies  represents t h e  
proximal to  medial  par t  of a gravelly, braided river complex 
similar to t h e  Donjek River (Williams and Rust, 1969) or t h e  
Sco t t  outwash fan (Boothroyd, 1972). It marks t h e  beginning 
of deposition and subsidence following peneplain incision. 
Pebbles of only very resistant lithologies, absence of locally- 
derived mater ia l  in the  conglomerates,  and lack of regolith 
a r e  t h e  result  of prolonged reworking during peneplain 
incision. The distinctive c las ts  of peloidal ironstone probably 
were  derived f rom ironstones of t h e  Tree  River 
(Hoffman, 1981a) or Mara formations (Campbell and 
Cecile,  1981). The neares t  present exposure of this lithology 
is t h e  Tree Basin (Hoffman, 1980a,b), approximately 200 km 
east of Dismal Lakes. Red quar tz  a ren i t e  c las ts  in t h e  Bunn 
Creek Facies  conglomerates indicate tha t  Lady Nye fluvial 
incision of t h e  basement peneplain involved erosion of pa r t s  
of t h e  Bigbear system. Paleocurrents,  in addition to  c las t  
provenance, indicate regional westward t i l t ing with uplift in 
t h e  east-northeast ,  in the  Coronation Gulf-Tree Basin a rea  
(Fig.9.1). The basinwide westward t i l t ing r e f l ec t s  
continuation of  a process f i rs t  recorded in the  upper par ts  of 
both t h e  Bigbear and Fault  River systems. 

Cape Mac Donne1 Facies 

This fac ies  outcrops in rubbly low-relief bluffs in t h e  
cen t r a l  pa r t  of t h e  Lady Nye sys tem (Fig. 9.2b) and a s  s t e e p  
cliffs capped by diabase sills on the  north shore of Hornby 
Bay. The facies  is transit ional into underlying Bunn Creek 
Facies, t h e  overlying deltaic-marine elastics, and Unit 9 
dolostones. The t rue  thickness is unknown, but is e s t ima ted  
in excess of 600 rn. 

The facies  is composed almost completely of medium 
grained qua r t z  arenite.  In t h e  Teshierpi Highlands and Lac 
Rouvigre area ,  t he  areni tes  a re  well-sorted, hemat i t ic ,  and 
occur in trough crossbed s e t s  up t o  1.5 m. Rippled surfaces  
and thin quar tz  pebble lags a r e  common. Towards t h e  north 
shore  of Hornby Bay (Cape MacDonnel area),  t h e  a ren i t e s  a r e  
nonhematit ic and occur in trough and tabular-planar 1-2 m 
crossbedded cosets,  separa ted by thin scoured micaceous 
sil tstones and/or green t o  red mudstone. Paleocurrents  a r e  
consistently unimodal and range f rom west t o  northwest.  

Interpretation. The Cape  MacDonnel Facies  was  
deposited by westward-flowing sandy braided r ivers  
(braidplain) similar t o  the  Lower P la t t e  River 
(cf. Smith, 1970) and Tana River (cf. Collinson, 1970). 
Relatively high-energy proximal fluvial environments in t h e  
Teshierpi HighlandsILac RouviGre a r e a  a r e  suggested by t h e  
predominance of large trough crossbeds and a lack of 
mudstone intercalations.  Because t h e  present Teshierpi 
Highlands a r e  t h e  result  of dip-slip movement (northwest side 
down) on Teshierpi Fault ,  t h e  through-going westward- 
d i rec ted paleocurrents of t he  Lady Nye sys tem predate  
reactivation of this fault. 

Fan Delta/Marginal Marine Facies 

This facies,  exposed on t h e  south shore and islands of 
Dease Arm and f rom the  west end of Dismal Lakes south to 
East River,  marks the  transit ion from fluvial Lady Nye 
areni tes  into marine dolostones of Unit 9. I ts  maximum 
thickness is 100 m in t h e  westernmost  exposures (Narakay 
Islands, Dease Arm) and i t  thins eas tward t o  ze ro  a t  t h e  south 
shores of Dismal Lakes. The thinning is most marked across 
a north-trending l ineament referred to  here a s  Lei th  Line 
(Fig. 9.2b). 

Black to  red and green lenticular-bedded shales  and 
ma tu re  qua r t z  areni tes  a r e  character is t ic  of this facies.  The 
areni tes  range from tabular sheets  to scour-based lenses, 
both with f la t -  t o  ripple-lamination and commonly rippled top 
surfaces.  Siliceous and locally calcareous angular mudchips 
a r e  common in t h e  a ren i t e s  and t h e  l a t t e r  a r e  usually 
associated with oolites. The interlayered shales a r e  
commonly mudcracked and infilled by t h e  overlying arenites.  

Interpretation. This fac ies ,  bounded below by fluvial 
Lady Nye areni tes  and above by basal Unit 9 dolostone, is 
interpreted a s  a fan de l t a  complex (cf. McGowen, 1971). A 
typical depositional cycle involved deposition by t rac t ion 
currents  during fluvial flood run-off (arenites) followed by 
suspension deposition (mudstones) and subaerial  exposure. 
Oolites and calcareous in t rac las ts  were  deposited by onshore 
currents  during marine inundation. The eas tward thinning 
and eventual pinchout of this fac ies  is a t t r ibuted t o  
shallowing t o  t h e  east of t h e  Leith Line. 

Unit 9 

This unit gradationally underlies ar.d in par t  interfingers 
with underlying Lady Nye sys tem siliciclastics, and is 
transit ional into the  overlying mudstones and areni tes  of 
Unit 10 (Fig. 9.3). It is exposed from t h e  Narakay Islands 
(Dease Arm) eas twards  to  a r e a s  adjacent  to, but not across, 
t he  Teshierpi Faul t  (Fig. 9.2b). A maximum thickness of a t  
leas t  450 m occurs in Dease  Arm area ,  diminishing eas twards  
to  less than 60 m. Thinning is most pronounced across t h e  
Leith Line. The lithologic sequence is divided into three  
fac ies  (Fig. 9.9): a lower c las t ic  fac ies  (9A); a domal 
s t romatol i te  fac ies  (98); and a n  upper c las t ic  fac ies  (9C). 

Lower Clastic Facies (9A)  

This f ac i e s  ranges f rom 20 m thick near  Teshierpi Fault  
t o  more  than 90 m thick along the  north shore of Dease Arm. 
Its base  is defined by t h e  f i rs t  appearance of dolostone. The 
gradational upper boundary is arbitrari ly designated to  be  t h e  
last  appearance of microdigitate domal stromatolites.  This 
fac ies  records the  transit ion f rom predominantly si l iciclastic 
t o  predominantly carbonate  deposition. 

The lower par t  of t h e  fac ies  consists of interbedded 
quar tz  areni te ,  siliceous mudstone, in t rac las t ic  dolostone, 
quar tzose  dolarenite,  and dololuti te character ized by domal 
s t romatol i tes .  The s t romatol i tes  a r e  symmetr ic  domes which 
display laterally continuous smooth laminations (LLH), 
in t rac las t ic  channel fill (SH-C) (Logan e t  al., 1964) and small 
d ig i t a t e  columnar protuberances.  Arenaceous beds a r e  
massive or show tabular-planar cross s t ra t i f ica t ion and 
commonly display herringbone crossbeds. Overlying trough 
crossbedded quar tz  a ren i t e  and silicified oolit ic dolarenite 
commonly enclose flat-based bioherms of d ig i t a t e  micro- 
domal s t romatol i tes ,  precursors to  the  more  extensive 
bioherms/biostromes a t  t he  top of the  facies.  Paleocurrents  
f rom t h e  crossbedded units show large  dispersion, but  
commonly have a strong maximum to  the  northwest or  
northeast .  
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Figure 9.9. Lithofacies subdivision for  Unit 9. Note different 

The upper par t  of  t h e  fac ies  is composed of  crossbedded 
oolites, low-relief, laterally linked, dornal strornatoli tes 
(LLH), and coarsely crystall ine dolostone with r a r e  ripple 
marks  and current  laminations. The top of the  fac ies  is 
marlted by several prominent basinwide marker beds of 
silicified bioherms and biostromes of compound domal 
strornatoli tes.  These s t romatol i tes  exhibit a smooth domal 
morphology t h a t  grades  into crenula te  domes, and finally in to  
radiating digi ta te  microdomes. South of Dismal Lakes the  
domes a r e  relatively small  and occur only in one bed, whereas  
up to  five d is t inct  domal beds occur  in the  Dease Arm a rea .  
These domes a r e  overlain by, and in places display channel 
fills o f ,  massive well-sorted oolites. 

Silicified nodular roset tes  with bladed pseudornorphs 
t h a t  resemble t h e  early diagenetic "cauliflower evaporites" 
described by Chown and Elkins (1974), Walker e t  al. (19771, 
and Milliken (1979) occur  sporadically throughout th is  facies.  
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They occur in cross-laminated quar tzose  dolarenite,  
s ca t t e red  along laminae within strornatoli tes,  and as coa r se  
pods in interdomal channels. They a r e  most abundant in a 
northeast-trending zone within t h e  facies.  

Domal St romatol i te  Facies  (9BI 

The upper and lower boundaries of this fac ies  a r e  
gradational into underlying (9A) and overlying (9C) facies.  I t  
is composed of smoothly laminated t o  slightly c renu la t e  
domal s t romatol i tes ,  commonly with oncolit ic cores ,  and 
in terbeds  of mixed oolit ic and in t rac las t ic  debris (Fig. 9.9). 
Thin beds of f l a t  t o  ripple-laminated red t o  green siliceous 
mudstone and dololuti te also occur.  The oncolites and dornal 
strornatoli tes a r e  commonly transit ional upward in to  f l a t  
algal mats.  Small ( < I  c m )  arborescent  s t romatol i tes  form 
layers of palisade-like s t ruc tu res  (cf. Hardie, 1977) within 
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some of the  smooth domes and f la t  mats.  The domes a re  Narakay Islands Volcanic Complex 
symmetr ic  to  slightly elongate and commonly have flat-chip 
intraclasts in interdomal depressions. The interbedded 
elastics, composed of oolites and round to subround in t ra-  
c las ts  with r a re  coarse dololuti te f ragments  a r e  usually 
massive and only rarely show cross stratif ication. Although 
desiccation cracks  a r e  absent,  t epee  s t ructures  (cf. Assereto 
and Kendall, 1977) and especially silicified roset tes  (cf. 9A) 
a r e  locally common. 

Upper Clastic Facies. l9C) 

This fac ies ,  and t h e  transit ion from Unit 9 into Unit 10, 
is poorly exposed. It represents the  transit ion zone from 
s t romatol i t ic  dolostone of Unit 9 into the  sil iciclastics of 
Unit 10. It is composed of massive to  crossbedded units of 
in t rac las t ic  dolarenite with some  oolites, in tercala ted  with 
thin siliceous argil l i te layers (Fig. 9.9). The in t rac las t ic  beds 
a r e  well  sorted,  but commonly contain slabs up to 10 c m  of 
massive t o  finely laminated tan  dololuti te (cryptalgal 
laminite), suspended in the  sand-size matrix.  Red and green 
argil l i te layers which drape rippled surfaces  a r e  commonly 
mudcracked and in rare  cases  display runzel marks. 
Conglomerate beds with c las ts  of silicified.Unit 9 lithologies, 
some exhibiting weathering rinds, a r e  prominent in exposures 
of this fac ies  close to Teshierpi Fault. The amount and s ize  
of this mater ia l  decreases  substantially to  t h e  west. The 
boundary with Unit 10 is arbitrari ly chosen a s  t h a t  point a t  
which sil iciclastic layers form g rea te r  than 50 per c e n t  of t he  
lithology. 

Interpretation of  Unit  9 

Unit 9 dolostones represent t he  deposits of a marine 
transgression. Interfingering of siliciclastics and carbonates  
in l i thofacies 9A is most pronounced in t h e  west bu t  absent in 
the  eas t ,  reflecting relatively rapid eastward shoreline 
progradation over t h e  del ta ic jmar ine  and distal  f luvial  fac ies  
of t h e  Lady Nye system. The northeast  trend of maximum 
abundance of silicified sulphate roset tes  is inferred to  ref lec t  
an  approximate  shoreline orientation. This in terpre ta t ion is  
supported by paleocurrents both perpendicular and parallel  t o  
this trend. Lithofacies 9A, recording deposition in a 
nearshore intertidal t o  subtidal se t t ing,  is remarkably similar 
t o  the  l a t e  Proterozoic succession of del ta ic  and intertidal 
si l iciclastics and biostromal c las t ic  dolostones described by 
Tucker (1977). The silicified s t romatol i tes  in upper 9A have 
a morphology similar t o  t h e  subtidal mound and channel belt  
s t romatol i tes  of t h e  middle Proterozoic Pethei  Formation 
(Hoffman, 19741, and probably formed shallow subtidal 
buildups. They a r e  t h e  only recognized subtidal fac ies  in 
Unit 9, and thei r  basinwide occurrence represents the  
maximum ex ten t  of mar ine  transgression during Hornby Bay 
Group deposition. 

Gradual shoaling of t h e  short-lived "Hornby Bay 
Platform" is recorded by progradation of t h e  9B li thofacies 
assemblage, interpreted a s  a supratidal t o  high intertidal 
algal marsh and t idal  complex (cf .Hardie ,1977;  
Hoffman, 1975). Continued regression led to deposition of 
t h e  9C li thofacies assemblage in a transit ional mar ine  t idal  
f la t  t o  outer  del ta ic  plain se t t ing (lower Unit 10). Weathered 
and silicified c las ts  of Unit 9A in t h e  9C li thofacies close t o  
Teshierpi Faul t  a r e  indicative of t h e  f i rs t  s t age  of 
reactivation of this northwest-side-down fault .  

Lithified 9A and 9B Facies exposed on t h e  upthrown, 
southeast  block were  subaerially silicified(?), eroded and 
deposited a s  an  apron on t h e  downthrown block. Teshierpi 
Fault  reactivation is interpreted a s  a local manifestation of 
regional cra tonic  uplift which resulted in deposition of 
Units 10 and 11. 

The Narakay Islands Volcanic Complex, on islands of 
t he  same  name in Dease Arm of Grea t  Bear Lake (Fig. 9.2b), 
records a period of maf ic  volcanism t h a t  was coeval with l a t e  
Unit 8 to  Unit 9 deposition. Four erupt ive  even t s  a r e  
recognized, spanning more  than 400 m of s t ra t igraphic  
section. The volcanic rocks a r e  a lmost  completely 
pyroclastic and were deposited a s  agglomerates,  a i r fa l l  and 
pyroclastic surge, lapilli and ash tuffs.  Carbonate  a l tera t ion 
bf t h e  volcanics is 'ubiquitous excep t  for  a single massive 
porphyry composed of fine grained olivine-plagioclase basalt, 
in terpre ted to  record t h e  original composition of t h e  
py roclastics. 

The tec tonic  significance of t h e  volcanic complex is not 
completely understood, but i t  may represent mantle-derived 
magmas released during crus ta l  f r ac tu re  produced during 
north-south extension and format ion of t h e  Dismal Lakes 
Platform. 

Unit  10 

Exposures of Unit 10 occur discontinuously in a bel t  
t h a t  extends  from the  south shore  of Dismal Lakes to  t h e  
mouth of Dease River (Grea t  Bear Lake); i t  is  absent  eas t  of 
t he  Teshierpi Fault  (Fig. 9.2a,b). It has a gradational t o  sharp  
(nonconformable) con tac t  with underlying Unit 9 and a 
gradational contact  with Unit 11, except  adjacent  t o  t h e  
Teshierpi Faul t  where i t  has  been partially to  completely 
eroded prior t o  deposition of Unit 1 I. The unit  thickens f rom 
120 m along the  south shore of Dismal Lakes to  more than 
500 m a t  East River (Fig. 9.2b). It thins t o  less than 80 m t o  
t h e  northwest where it nonconformably overlies Unit 9. Only 
two  nearly complete  sect ions  a r e  exposed and a r e  presented 
below. 

On t h e  south shore  of Dismal Lakes, Unit 10 is 
composed mostly of interbedded red to  green mudstone and 
qua r t z  si l tstone and areni te  with granular arkoses and thin 
dolostones lower in t h e  uni t  (Fig. 9.10). The lower third of 
t h e  sequence displays interrupted fining-up cycles  composed 
of mudchip-bearing feldspathic t o  arkosic areni te ,  with 
granules of Units 8 and 9, t h a t  fine-up to  si l tstone, mudstone, 
calcareous mildstone and finally, dolostone. The areni tes  
display small  sca le  trough t o  ripple crossbedding, plane t o  
massive bedding, res t  on weakly scoured surfaces ,  and have 
wave-rippled tops. The sil tstones commonly display wavy t o  
lenticular bedding and a var ie ty  of current  and wave ripple 
marks. Mudstones a r e  commonly mudcracked and grade into 
thin f l a t  laminated to  in t rac las t ic  dolostone. 

The upper two thirds of t he  unit is composed of 
mudchip-rich, f ine grained, quar tz  a ren i t e  and s i l t s tone and 
pervasively mudcracked red mudstone. These lithologies 
occur  in thin ( < I 0  c m )  arenite-mudstone couplets t h a t  
comprise larger scale  (4-8 m) poorly organized fining- or  
coarsening-upward cycles. The thicker areni tes  (20-40 cm)  
display a tabular geometry  and a r e  commonly massive t o  
plane bedded with thin mud flasers. In si tu desiccation 
breccia  and compaction obscure sedimentary  s t ruc tu res  in 
thinner bedded par ts  of t h e  unit. The amount  of arenaceous 
ma te r i a l  increases a s  t h e  unit grades  in to  Unit 11. 

A much thicker and coarser grained succession is 
exposed a t  East River. There,  t h e  base  of Unit 10 is 
composed of lenticular areni tes  and des iccated red 
mudstones, similar t o  t h e  south Dismal Lakes section. This is 
overlain by th ree  fac ies  assemblages which def ine  two  
coarsening-upwardlfining-upward cycles. Flaser,  wavy, and 
lenticularly bedded green argil l i te,  si l tstone, and a ren i t e  
( fac ies  a ,  Fig. 9-10), commonly with sof t  sediment deforma- 
t ion and injection s t ruc tu res  coarsens up into trough cross- 
bedded pebbly to  well sor ted  quar tz  a ren i t e  ( fac ies  b). The 



C. Kearns. G.M. Ross. J.A. Donaldson and H.J. Geldsetzer 

FLeSER/LENTICULAR/ 
I-- WAVY BEDDING 

A MUDCRACKS 
@ SOFT SEDIMENT 

DEFORMATION - RIPPLEMARKS 

Lithofacies succession in two, near ly  
complete ,  sec t ions  of Unit 10. Locations 
of sect ions  a r e  shown in Figure 9.2b. 

areni tes  have strong unimodal southwest paleocurrents,  and 
contain pebbles of vein qua r t z  and Unit 8 areni te .  Fla t  
laminated intervals less than  2 m thick occur near the  top 
and bot tom of this facies. The areni te  facies fines upward 
in to  interlayered fine grained a ren i t e  bodies (20-40 c m  thick) 
separa ted by thin mud fi lms ( fac ies  c). These areni tes  display 
smal l  sca le  (<20 cm)  tabular planar and trough crossbedding 
and undulose planar bedding. Paleocurrents a r e  weakly 
bimodal-bipolar with a strong northeast  mode. The a-b-c  
fac ies  sequence is repeated twice  before Unit 10 grades  into 
overlying Unit I I arenites.  

Interpretation of Unit 10 

The East River succession is interpreted t o  represent  
two cycles of constructive/destructive del ta  building in a 
marginal marine se t t ing (cf. Vos, 1977). Floodplain fac ies  a t  
t he  base of t he  section grade into fac ies  a ,  a tidally 
influenced del ta  plain to t idal f l a t  (Vos, 1977; Klein, 1977). 
The areni tes  of facies b record progradation of a braided 
fluvial distributary (fan de l t a  lobe?) f ac i e s  with f l a t  
laminated intervals representing marine swash bar  or  beach 
accre t ion (cf. Vos and Ericksson, 1977) or  fluvial, emergen t  
bar plane beds. Facies  c formed during periods of fluvial 
quiescence when deposition was  dominated by des t ruct ive  
phase shallow marine reworking via longshore and onshore 
cu r ren t s  (cf. Hayes, 1975). 

The Dismal Lakes section represents coeval flood- 
plainloverbank deposition (cf. Allen, 1965) with each fining- 
up cycle  recording thin shee t  flood events. The lack of 
evaporites and scarc i ty  of traction current  s t ructures ,  in 
addition to  t h e  ter res t r ia l  provenance of t h e  lower areni tes ,  
favour a floodplain ra ther  than high in ter t idal  f la t  environ- 
ment  (Klein, 1970). 

Uplift of lower Hornby Bay Group and Aphebian 
basement to  the  east-northeast  o f ,  and including, t h e  
Teshierpi-Bigtree Highlands, shed c las t ics  t o  t h e  west-  
southwest and overwhelmed t h e  carbonate  f l a t s  of fac ies  9 C  
(Fig. 9.1 1). Syndepositional movement on t h e  Teshierpi Faul t  
may have locally a f f ec t ed  subsidence r a t e s  and res t r ic ted  
coarse  c l a s t i c  deposition t o  t h e  south (East River) with a 
la tera l ly  fining and thinning floodplain fac ies  t o  t h e  north 
(Fig. 9.11). Sil iciclastic deposits of Unit 10 signal t he  
beginning of  t h e  second sil iciclastic t o  carbonate  cycle. 

Summary of Hornby Bay Group 

Deposition of t h e  Hornby Bay Group commenced a f t e r  
t h e  cessation of orogenic ac t iv i ty  in t h e  underlying Wopmay 
Orogen. Uplift and peneplanation of t h e  Teshierpi-Bigtree 
Highlands shed a fining-upward sequence of fluvial silici- 
c las t ics  (Bigbear sys tem) t o  t h e  southeast .  L a t e  s t age  
deposition in this sys tem was punctuated by intrabasinal 
normal fault ing along t h e  Sinister Fault. This was  coeval 
with normal fault ing in t h e  Faul t  River a r e a  and format ion of 
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t h e  trough-shaped Fault  River sys tem depocentre.  These 
even t s  r e f l ec t  a period of c rus t a l  t i l t ing and a change f rom a 
southeas t  t o  southwest paleoslope, during which the  
Teshierpi-Bigtree Highlands were  incised. 

Burial of t h e  Bigbear and Fault  River sys t ems  and infill 
of t h e  incised peneplain occurred a s  t h e  westward-flowing 
Lady Nye sys tem was  deposited on the  regionally subsiding 
basement .  Thickening of upper Lady Nye sys tem a ren i t e s  and 
dis ta l  de l ta ic  fac ies  t o  t h e  west a r e  t h e  first  indication of 
increased subsidence across t h e  Leith Line. Continuing 
basinal  subsidence resulted in marine transgression and 
format ion of a short-lived carbonate  p la t form (Unit  9) with 

6 km 
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SUPRATIDAL MUDFLAT 

GREAT BEAR BATHOLITH 

TIDAL - DELTAIC PL 

e .  . . .  . . . .  . . . .  . . . . . . , . . ' .  . , .v  
A) Normal fault movement along the Teshierpi Fault exposed 

Unit 9 dolostone to subaerial silicification with erosion 
and transportation to the southwest. 

B) Regional uplift caused erosion of Units 9,  8 and basement. 
Drainage was in part controlled by oblique dip-slip move- 
ment towards the southwest along the Teshierpi Fault. 

C )  The culmination of uplift resulted in further erosion of 
Hornby Bay Group and basement rocks and deposition on a 
north-northwest facing fluvial (Unit 11)  - Deltaic 
(Unit 12) complex. 

Figure 9.11. Schematic representation of  tectonic events 
and depositional environments during upper Unit 9 f9C) of the 
Hornby Bay Group through Unit 12 of the Dismal Lakes 
Group. View is from East River looking northeast along the 
Teshierpi Fault (see Fig. 9.2b). 

local  maf ic  volcanism. Ca rbona te  l i thofacies  record a 
gradual shoaling of t h e  p la t form f rom a subtidal  s t romatol i t ic  
barr ier  complex (9A) in to  in ter t ida l  and supra t ida l  a lga l  
marshes (96). Shoaling coincident with t h e  beginning of 
basement  uplif t  and rejuvenation culminated  in drowning of 
t h e  carbonate  marshes and mudf la ts  by t h e  fluvial-deltaic 
si l iciclastics of Unit 10. Normal fault ing,  in response t o  
regional c rus t a l  warping, occurred  along Teshierpi Fault  and 
locally enhanced source  a r e a  relief and res t r ic ted  t h e  trend 
of Unit 10 channel f ac i e s  t o  a west-southwest pa t tern ,  
subparallel  t o  the  fault .  On t h e  upthrown eas t e rn  block of 
t h e  Teshierpi Fault ,  Unit 9 and Lady Nye sys tem lithologies 
were  eroded, resulting in an unconformity between basal 
Dismal Lakes Group sil iciclastics and Hornby Bay Group. 
Erosion of Hornby Bay Group a ren i t e s  (Lady Nye system) 
provided abundant arenaceous  debris t h a t  was  deposited a s  
t h e  supermature  second-cycle fluvio-marine a r en i t e s  of 
Unit 11. 

DISMAL LAKES GROUP 

Introduction 

Basal Dismal Lakes Group sandstones (Unit 11) res t  
with local  unconformity on Hornby Bay Croup sediments  and 
Aphebian basement (Fig. 9.2a). This locally unconformable 
relationship is inferred t o  be  re la ted  t o  syndepositional west-  
side-down movement along Teshierpi Fault .  Faul t  movement 
began during l a t e  Hornby Bay Group deposit ion (see above), 
and culminated prior t o  deposition of Unit 11 areni tes .  

Fault-related t ec ton ic  ac t iv i ty  in i t ia ted  a second silici- 
c l a s t i c  (Units 10 t o  13) t o  ca rbona te  (Units 14 t o  16) 
depositional sequence  (Fig. 9.12) of s imi lar  cha rac t e r  t o  t h e  
"grand cycle"  of Aitken (1966). Basal Dismal Lakes Group 
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Figure 9.12. Stratigraphic column for Dismal Lakes Group 
showing environments of deposition. 
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si l iciclastics fine upwards f rom qua r t z  areni tes  (Unit 11) t o  West of t he  Teshierpi Fault ,  this unit  is gradational and 
mixed areni tes  and shales (Unit 12), and finally into mixed conformable with underlying Unit 10; in a r e a s  eas t  of t h e  
mudstones and dolostones of Unit 13 (Fig. 9.10). This fining- f au l t  i t  res ts  unconformably on Unit 8 and locally basement.  
upward sil iciclastic sequence ref lec ts  gradual diminution of In the  region immediately northwest of t he  f au l t  where t h e  
topographic relief and development of a broad s table  Herb Dixon and Teshierpi f au l t s  join (Fig. 9.2a,b), Unit  11 
platform. res ts  unconformably on fault-bounded blocks of Units 10, 9, 8 

and basement.  ~ h ;  base  of Unit I I across t h e  Teshierpi Faul t  
Upper Lakes were is not considered to be a time equivalent surface. 

during eastward transaression of this northward and " " 
westward-sloping platform. Extreme la tera l  continuity of Although the  c o n t a c t  is poorly exposed, Unit 11 g rades  
contained dolostone units ref lec ts  a period of regional in to  t h e  overlying sandstone-shale of Unit 12. The thickness 
t ec ton ic  stability. Interruption of stable platform deposition of this unit is unknown; a maximum of 300 m has been 
occurred near the  end of Dismal Lakes deposition (Unit 16) a s  measured and t h e  unit thins towards the  e a s t  t o  an  e s t ima ted  
marked by a regionally extensive disconformity which 70 m. 
extended a s  far eas t  a s  corre la t ive  rocks in Bathurst  Inlet 
(Campbell, 1978). 

Unit I1  is composed of ma tu re  to  supe rma tu re  medium 
grained siliceous qua r t z  areni te ,  rarely with sca t t e red  vein 

Unit  I1  quar tz  granules, granular coa r se  grained qua r t z  areni tes  with 
clay-silica cemen t ,  and vein qua r t z  pebble-bearing qua r t z  

Outcrops of Unit I1  occur in a bel t  t h a t  extends  from areni te .  A thin paraconglomerate with cobbles of Unit 8, 
nor theas t  of t he  Muskox Intrusion to  the  north of Dease River vein quar tz ,  and locally Unit 9,. is found a t  t h e  unconformity. 
(Fig. 9.2a,b), although a complete  section is not exposed. Three representa t ive  par t ia l  sec t ions  of Unit 11 a r e  shown in 

Figure 9.13. 
1 3 
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Figure 9.13. Partial stratigraphic columns for Unit 11. Section locations on Figure 9.2b. Scale is in metres 
and differs between sections. None of the sections have an exposed top (Unit 12). Colours to the lef t  of 
column three refer to colour of mudstone and argillite interlayers and reflect the change from oxidized (red) 
mudstones in lower Unit 1 1  to reduced (black-brown) mudstones in upper Unit 11 and Unit 12. S is symbol for 
nodular sulphate and P for pyrite. 
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Two lithofacies assemblages a r e  mappable on a regional 
scale  and irregularly interlayered throughout t h e  unit with 
several assemblages of only local extent .  Submature to  
supermature  pebbly t o  granular quar tz  areni tes  typically 
display trough crossbeds with strong unimodal paleocurrents. 
Transport directions a r e  west-southwest in the  lower par t  of 
t h e  unit, and north-northwest in the  upper part .  

The second facies  assemblage is composed of well- 
sorted quar tz  areni te  tha t  has a resistant t o  friable 
weathering cha rac te r  and displays a variety of sedimentary 
s t ructures .  Thin (<20 cm)  trough and tabular-planar 
crossbeds and plane bedding a re  typical. Current  and wave 
ripple marks, megaripples, sof t  sediment deformation, thin 
mud films, rare  reactivation surfaces,  and herringbone 
tabular planar crossbeds also occur.  Paleocurrents f rom this 
facies a re  commonly bimodal-bipolar t o  the  northwest and 
southeast ,  polymodal, and rarely unimodal to  the  southeast .  

Interpretation 

A B I TIDAL FLAT-  CHANNEL FILL - 
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Unit 11 is in terpre ted t o  have been deposited in a mixed I I 
marginal marine-flu"ia1 environment. o n  the  basis of 
unimodal paleocurrents, commonly submature  cha rac te r  of  Fmre measured 
t he  lithology, and the  lack of sedimentary s t ructures  and/or sequences l2 and 
cycles of creek ( ~ ~ ~ ~ i ~ ,  1978) or tidal inlet origin interpreted depositional settings. See text for discussion. 
(Haves, 1975: Kumar and Sanders, 1974) the submature lithe- Section numbers (3, 5) correspond to locations o f  Figure 9.19. 
faciks ' represents periods of dedosition in a braided fluvial 
channel. 'The thinibedded facie; was deposited in a tidally- 
influenced shallow marine environment, a s  suggested mostly 
by the  paleocurrent patterns.  Inferred depositional processes 
include wash-over fans  (Andrews, 1970), beachface and swash 
bar accretion (Vos and Ericksson, 1977) for flat-bedded 
intervals, subtidal t o  intertidal sand and f la ts  (Klein, 1970, 
1977) or estuarine t idal  del tas  (Boothroyd and Hubbard, 1975) 
for units with bimodal t o  polymodal paleocurrents.  

Uplift ea s t  and northeast  of Dismal Lakes provided 
source  a r e a  relief and led to  deposition by southwest-flowing 
fluvial systems of ma tu re  t o  submature second-cycle qua r t z  
areni te  (Fig. 9.11). Dip-slip movement on the  Teshierpi Fault  
during this t ime  is interpreted t o  b e  a local response t o  
s t resses  generated by regional uplift. Terrestrially-derived 
areni tes  were  reworked by marine currents  during periods of 
fluvial inactivity. Regional subsidence was init iated during 
deposition of Unit 11. The paleoslope changed from 
southwest t o  north-northwest and led t o  formation of the  
north- and west-facing Dismal Lakes Platform. 
Subsidence/sea level r ise also allowed onlap of Unit I 1  onto  
t h e  upthrown eas tern  block of the  Teshierpi Fault  (Fig. 9.11). 

Unit 12 

Mixed sandstone-shale lithologies of Unit 12 conform- 
ably overlie and interfinger with shale-poor quar tz  areni tes  
of Unit 11. The c o n t a c t  is arbitrari ly defined a s  the  first  
appearance of metre-thick shale beds in the  section. Shales 
range in colour f rom greenish brown to  black. The minimum 
thickness for Unit 12 is es t imated a t  100 m in t h e  Dismal 
Lakes area ,  where the  unit is best  exposed. Latera l  thickness 
variations cannot be  determined because of recessive 
weathering. Essential lithologic components of Unit 12 a r e  
1-20 m sequences of lenticular or flaser-bedded mixed 
sandstone-shale, and 2-25 m cross-bedded quar tz  areni te  
bodies. 

Sedimentary s t ruc tu res  in the  shaly intervals include 
symmetr ic ,  asymmetr ic  and in ter ference  ripple marks,  
injection-modified mudcracks, small  channel scours and rill 
marks. Both lenticular and flaser bedded units, t he  dominant 
bedding types, show polymodal paleocurrent distributions. 
Ra re  isolated oolit ic units less than 20 c m  thick a r e  inter- 
spersed in this otherwise entirely sil iciclastic section. 

Sandstone sequences a r e  grouped into two categor ies  
(A and B) based on sandstone body geometry  and bedforms. 
Sequence A (Fig. 9.14) displays tabular- and wedge-planar 
crossbed se t s  which gradationally coarsen upward from t h e  
underlying lenticular-bedded shaly fac ies  described above. 
Individual tabular-planar crossbed se t s  (average I m) a r e  
in tercala ted  with green sandy argil l i te beds up t o  20 cm.  
Individual sandstone beds form compound units up to 6 m 
thick. 

Sequence B consists of rhythmically-repeated, scour- 
based, sandstone- t o  mixed sandstone-shale sequences 
(Fig. 9.14). Sandstone bodies average 15 m and pinch ou t  
laterally over 750- 1000 m. Massive and tabular-planar 
bedsets (20-120 c m )  a t  t he  base of a sandstone body pass 
upward into thinner trough crossbedded areni tes  and finally 
into mixed sandstone-shale beds. These intervening shaly 
units range f rom 5-10 rn thick. Paleocurrents in lower 
portions of t h e  sandstone bodies a r e  unimodal t o  the  north 
becoming polymodal or bimodal-bipolar in t h e  capping trough 
crossbedded areni tes  and in shaly lenticular bedded units. 

Sil iciclastic deposits of upper Unit 12 interfinger with 
Unit 13 sandy s t romatol i t ic  mar ine  dolostones in t h e  west  
(Fig. 9.14) whereas in the  eas t ,  they a r e  overlain abruptly by 
ter res t r ia l  wadi-fan deposits of Unit 13. 

Interpretation 

Lenticular- and flaser-bedded mixed sandstone-shale 
intervals a r e  in terpre ted a s  t idal f l a t  deposits, possibly 
deposited in par t  on marine-marginal portions of a del ta  plain 
(Fig. 9.15). Sequence A sandstones gradationally overlie and 
interfinger with these  t idal f l a t  deposits producing an overall  
coarsening-upward sequence. Tabular-planar crossbed s e t s  
a r e  inferred t o  have formed during sandwave migration, and 
may represent longshore deposits similar t o  those described 
by Coleman (1966) from t h e  Mississippi River del ta ,  or by 
Meckel (1975) f rom the  Colorado River delta.  Wedge-shaped 
se t s  resemble beach shoreface  deposits and isolated oolit ic 
units may indicate  s torm washover (cf.  Hayes, 1967) from a 
laterally associated marine carbonate  f ac i e s  (see Unit 13A). 
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Figure 9.15. Paleogeographic reconstruction of Unit 12 and 
lower Unit 13 looking south. Source area in southeast corner 
corresponds to Teshierpi Highlands. Cuestas represent 
uplifted Hornby Bay Group sediments. 

Sequence 0 fining-upward cycles a r e  in terpre ted a s  
channel-fill deposits. The unimodal transport ,  shown by 
tabular-planar crossbeds in the  basal fill, probably represents 
migration of transverse bars in distal  del ta ic  
distributary channels (cf.Oomkens, 1974; Eriksson, 1977; 

. Van d e  Graaf ,  1972) or in ebb-dominated t idal channels 
(cf. Barwis, 1978). Greater  paleocurrent dispersion in upper 
portions of Sequence B sand bodies indicates t idal  cu r ren t  
reworking of the  channel fill which eventually was  succeeded 
by deposition of  mixed sandstone-shale on t idal  f la ts .  Cyclic 
repeti t ion in sequence B probably resulted f rom repeated 
channel migration. 

A westward transit ion into sediments deposited in more 
open marine environments,  and north- and northwesterly- 
d i rec ted paleocurrents suggest a northeasterly depositional 
s t r ike  approximately parallel t o  Teshierpi Faul t  and adjacent  
highlands (Fig. 9.15). 

Unit 13 

The transit ion f rom black shales and sandstones of 
Unit 12 into red mudstones and dolostones of Unit 13 is sharp  
and conformable in t h e  Dismal Lakes area .  To the  west 
though, shales in the  upper par t  of Unit 12 interfinger with 
quar tzose  s t romatol i t ic  dolostones of basal Unit 13 
(Fig. 9.16). Unit 13 thickens westward f rom approximately 
100 m in the  Dismal Lakes a rea ,  t o  150 m in the  Dease Lake 
a rea ,  30 km to  the  west.  

In the  Dismal Lakes area ,  t h ree  poorly defined 
lithologic zones a r e  recognized (Fig. 9.16): a )  basal massive 
red mudstone containing thin scour-based sheets  and channel- 
fill deposits of l i thic areni te ;  b) red mudstones with intra- 
c las t ic  rip-up zones, r a re  sand-sized sil iciclastic detri tus,  and 
c)  uppermost,  red shaly mudstones containing hal i te  hoppers 
and abundant mudcracks interbedded with current-laminated 
red-tan siltstones. Silty dolostone beds appear near the  top  
of this section and grade upward into clastic-stromatolit ic 
dolostones of Unit 14. Overall  trends in the  section a r e  an  
upward fining and an increase in the  carbonate/sil iciclastic 
ratio. 

In t h e  Dease Lake a r e a  th ree  dis t inct  l i thofacies 
(equivalent t o  informal members) a r e  recognized in Unit I 3  
(Fig. 9.16). Lithofacies 13A consists of quartzose-oolit ic- 
in t rac las t ic  dolarenite and s t romatol i t ic  dolostone. Tabular- 
planar and herringbone crossbed se t s  a r e  common. 

L A G O O N A L -  

HIGH ENERGY 
TIDAL F L A T  - 
BARRIER FACIES 

Figure 9.16. Stratigraphic sections o f  Unit 13 from Dease 
Lake (2 )  and Dismal Lakes (3) showing facies changes and 
interpreted depositional environments. Symbols as in 
Figure 9.10. Section locations (2, 3) shown in Figure 9.19. 

Associated s t ructures  such a s  smal l  channel fills, flat-chip 
conglomerates,  mudcracks,  symmetr ica l  and in ter ference  
ripples and ball-and-pillow s t ruc tu res  a r e  typical. This 
l i thofacies has  been recognized only west of t h e  Leith Line, 
where  i t  interfingers with underlying Unit  12 black shales. 
Lithofacies 13A passes conformably upwards in to  13B. 

Lithofacies 13B consists of 20-60 c m  interbeds of red 
mudstone and tan  silty dolostone. Red mudstones contain 
hal i te  hoppers and mudcracks,  whereas  t h e  tan  dolostones 
typically contain small-scale ripple cross s t r a t a  and parallel 
current  laminae. The c o n t a c t  between li thofacies 13B and 
13C is best exposed near Dease Lake where red mudstones 
and tan  dolostones of 13B pass gradationally upward in to  pink 
mudstones and c r e a m  dolostones of 13C. 

Lithofacies 13C consists of hal f -metre  thick inter- 
bedded pink mudstone and pink-grey dololutite. Parallel  
cu r ren t  lamination is t h e  only primary sedimentary  s t ruc tu re  
observed in this l i thofacies.  

Extensive so f t  sediment  deformation typifies litho- 
fac ies  13C in the  a r e a  between Dease Lake and Dease Arm, 
Grea t  Bear Lake. Sediments become progressively more 
deformed westward. A basal 2 m dololuti te breccia  in t h e  
eas t  thickens westward to  a maximum of 6 m. This breccia  i s  
overlain west  of Dease  Lake by a zone of recurnbently-folded 
dololuti tes which pass upwards into upright isoclines. Fold 
axes  a r e  subhorizontal  throughout and parallel  t o  a major 
east-trending faul t  - t h e  East  River Faul t  (Fig. 9.2b). The 
basal breccia  parallels t h e  l i thofacies 13B-13C con tac t  and 
t h e  upper con tac t  shows strongly breccia ted  l i thofacies 13C 
draped by gently-dipping Unit 14 dolostones. Unit 14 dolo- 
s tones  show minor folding and brecciation for a maximum of 
1 m above the  con tac t  but a r e  otherwise unaffected.  
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Interpretation 

Deposition of Unit 13 represents the  final s t age  of 
si l iciclastic source-area stabilization and the  formation of 
the  broad, low-relief Dismal Lakes Platform. Lateral  fac ies  
changes i l lustrated in Figure 9.16 suggest an  east-to-west 
terrestrial-to-marine transit ion marked by a westward 
decrease  in terrigenous det r i tus  and concomitant increase in 
mar ine  carbonates.  Gradual eastward transgression produced 
a ver t ica l  succession of wadi-fan and tidal f la t  deposits 
overlain by coas ta l  sabkha deposits which were  onlapped by 
marine  dolostones of Unit 14. An arid t o  semi-arid c l ima te  is 
implied for Unit 13, based upon the  abundance of hal i te  
hoppers and gypsum pseudomorphs within this unit. 

Soft  sediment deformation, res t r ic ted  to  l i thofacies 
13C, was probably produced by high pore-fluid concentration 
within clay-rich portions of this l i thofacies which 
preferentially weakened t h e  rocks. This unit is  bounded by 
t ec ton ic  contacts ,  indicating a post-depositional deformation 
origin. The tec tonic  nature  of brecciation and corre-  
spondence of fold axes  to  the  East River Fault  trend suggest 
post-Dismal Lakes Group faul t  movement,  a s  opposed t o  
solution collapse. 

Unit 14 

Shaly to  clean dolostones of Unit 14 conformably over- 
lie mudstones and dolostones of Unit 13  (Fig. 9.17). The 
con tac t  between these  two units is gradational and is 
arbitrari ly defined a s  the  first  appearance of s t romatol i t ic  
carbonates.  The upper con tac t  of Unit 14 is marked by a thin 
s t romatol i te  biostrorne which can be mapped throughout t h e  
area .  Unit 14 is an es t imated 120 m thick in t h e  Dismal 
Lakes area ,  and thickens westward t o  270 m north of Dease  
Lake. 

I metres L;.;;i 
Figure 9.17. Lithostratigraphy o f  Unit 14. General column 
on left is subdivided into gradational lithofacies as follows: 

A) silty dololutite and red rnudstone (upper Unit 13); 
B) silty dololutite with black shale partings (lithofacies 14A); 
C) clastic, stromatolitic dolostone (lithofacies 148); 
D) oolitic dolarenite and cryptalgal laminite (litho- 

facies 14C). 

Distinctive biostrome which caps unit provides principal 
marker bed for correlation (a-lutite; b-siltite; c-arenite; 
d-rudite). 

Unit 14 is divided into th ree  l i thofacies,  on t h e  basis of 
contained lithologies and associated sedimentary  s t ructures  
(Fig. 9.17). The biostrome which caps  Unit  14 is discussed 
separately.  

Lithofacies 14A 

Lithofacies 14A is a uniform sequence of current-  
laminated dololuti te with thin shale  partings (Fig. 9.17, 
section 8). Broad low domal s t romato l i t e s  (LLH-C) occur 
sparsely on bedding planes; some  a r e  draped by 2-4 c m  beds 
of oolit ic-intraclastic doloarenite. No scour,  rip-up o r  
desiccation s t ructures  occur within t h e  l i thofacies.  The 
transit ion from li thofacies 14A t o  14B is marked by an  
increased percentage of intraclastic-oolit ic dolareni te  (up to  
30%) re la t ive  t o  interbedded crypta lgal  and current-  
laminated dololuti te (Fig. 9.17, section C) .  

Lithofacies 148 

Low domal and club-shaped s t romatol i tes  (SH-C and 
SH-V), oncolites and f l a t  algal m a t s  a r e  t h e  dominant 
cryptalgal s t ruc tu res  of l i thofacies 14B. The SH-C and SH-V 
s t romatol i tes  a r e  laterally bounded by intercolumn scour 
channels. Broad shallow channel s t ruc tu res  (1.0 x 0.2 m) 
dissect t he  dololuti te beds. Current  and oscillation ripples 
a r e  common bedforms; desiccation c racks  and hal i te  hoppers 
a r e  rare.  

Lithofacies 14C 

Lithofacies 14C contains variable amounts of oolit ic 
dolarenite in tercala ted  with densely laminated crypta lgal  
laminite with abundant synaeresis features.  Oolitic units 
comprise no more  than 40 per c e n t  of this lithofacies. 
Individual oolite beds (average 40 cm)  a r e  separa ted by 
cryptalgal beds (Fig. 9.17, section D). 

A st romatol i te  biostrome fo rms  a continuous 1-6 m 
marker which res ts  sharply on l i thofacies 14C. The 
succession of s t romatol i te  fo rms  in th is  biostrome consists of 
f l a t  mats ,  low domes, and branching columnar forms, with 
t h e  uppermost branching s t age  developed only in t h e  Dismal 
Lakes area .  Shaly dololuti tes of Unit 15 abruptly overlie t h e  
biostrome. 

Interpretation o f  Unit 14 

The ver t ica l  succession grading from siliciclastic- 
dominated mudstones of Unit  13  in to  clean c las t ic  carbonates  
of upper Unit 14 is in terpre ted to  have been produced by a 
s teady marine transgression across  t h e  broad s table  silici- 
c las t ic  coas ta l  plain deposits. Unit 14 l i thofacies (Fig. 9.17) 
represent laterally equivalent environmental zones, 
i l lustrated in Figure 9.18. Shaly dololuti tes of l i thofacies 
14A probably accumulated in a quie t  subtidal lagoon sparsely 
populated by stromatolites.  Thin beds of oolit ic and in t ra-  
c las t ic  de t r i t u s  were  brought in by s torms from t idal  f la ts  
( l i thofacies 148) seaward of the  lagoon. Mixed clastic- 
s t romatol i t ic  deposits of l i thofacies 148  a r e  interpreted t o  
have formed in a complex of in ter t idal  and shallow subtidal 
environments including t idal  f l a t ,  t idal  channel and beach 
environments similar t o  t h e  Three Creeks  region of Andros 
Island (Hardie, 1977; Shinn e t  al., 1969). Interfingering 
oolit ic and algal ma t  sediments (l i thofacies 14C) represent  
relatively high-energy in ter t idal  and supratidal deposits. 

The ex t r eme  la tera l  continuity of t h e  uppermost 
Unit 14 biostrome ref lec ts  uniformity of this low-relief 
platform; t h e  absence of intercolumnar c las t ic  det r i tus  
within t h e  biostrome suggests a relatively low-energy 
depositional environment. 
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Figure 9.18. Paleoenvironmental reconstruction of Units 13 
and 14. 

Unit 15 

Shaly dololuti tes of basal Unit 15 res t  abruptly on t h e  
uppermost Unit 14 biostrome in all  a reas .  The upper con tac t  
of Unit 15 is defined by a second biostromal marker which is 
continuous f rom Grea t  Bear Lake t o  Coppermine River. 
Where this biostrome pinches out  to the  eas t ,  a s t r a t i fo rm 
chert-clast  breccia  defines t h e  Unit 15-16 con tac t  
(Fig. 9.19). Unit 15 is 300 m thick in the  Dismal Lakes a rea ,  
thins t o  90 m eastward in the  September Lake a rea ,  and 
thickens t o  360 m westward, north of Dease Arm, Grea t  Bear 
Lake. 

Unit 15 is divided into three  distinct l i thofacies,  each 
of which has conformable contacts  with successive units 
(Fig. 9.19). September Lake High (Fig. 9.19) is introduced 
here  a s  a distinct tec tonic  e lement  of t h e  Dismal Lakes 
Pla t form which subsided a t  a slower r a t e  re la t ive  to  t h e  
remainder of the  platform. The following description and 
interpretation of Unit 15 contras ts  depositional histories of 
t h e  Dismal Lakes Pla t form and the  September  Lake High for 
each of the  th ree  lithofacies. 

Lithofacies 15A 

Lithofacies 15A consists of shaly, flaggy-bedded, 
current-laminated t o  massive dololutite. These dololuti tes 
sharply overlie t h e  s t romatol i tes  of the  Unit 14 biostrome. 
Shallow-water c las t ic  textures  a r e  common in lowermost 
portions of this l i thofacies,  but these  pass rapidly upwards 
into structureless or parallel current-laminated dololutites. 
On the  September Lake High, oxidized sil iciclastics give this 
l i thofacies a red colour, whereas green t o  black sil iciclastics 
and grey to  black dololuti te rhythmites  typify the  deposits on 
t h e  Dismal Lakes Pla t form to  the  west. Graded bedding, 
small-scale s t ra t i form breccias, so f t  sediment  folding, 
sedimentary boudinage and low-angle truncation surfaces  
(cf.  Wilson, 1969; Cook and Taylor, 1977) occur in t h e  
rhythmites.  

Lithofacies 15B 

Lithofacies 15B is composed entirely of massive 
s t romatol i t ic  dolostones which form prominent beige- 
coloured bluffs along the  ent i re  outcrop belt  of t he  Dismal 
Lakes Group. It is a maximum of 100 m thick in t h e  Grea t  
Bear Lake area.  On the  September Lake High, t he  ver t ica l  
s t romatol i te  succession of branching conical-columnar 
(Jacutophyton-type), conical-columnar (Conophyton-type) and 
broad domal s t romatol i tes  (Fig. 9.19) produced an  a lgal  build- 
up t h a t  averages  40 m. St romatol i te  inter-areas a r e  filled 
with massive dololuti te or fibrous botryoidal cements .  

300 
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DISMAL LAKES PLATFORM 

Figure 9.19. Stratigraphic cross-section of Unit 15 showing 
three-fold lithofacies subdivision. Lithofacies A subdivided 
into siliciclastic-rich dololutite (dashed), platy dololutite 
(grey tone) and grey-black carbonate rhythmites (horizontal 
ruling). Note westward thickening and facies changes which 
distinguish September Lake High and the western portion of 
the Dismal Lakes Platform. Lower contact is Unit14 
biostrome (not shown). Upper contact marked by Unit 16 
biostrome, and in the east, a silicic breccia. Location of 
measured sections used shown in lower right. 

Clast ic  intercolumnar debris is  absent .  North of Dease Arm, 
Grea t  Bear Lake, severa l  1-2  m growth cycles of f la t  ma t -  t o  
conical-columnar- t o  branching conical-columnar s t romato-  
l i tes occur.  A more  variable association of curly beds 
(Kerans and Donaldson, 1979) and conical-columnar s t romato-  
l i tes  occurs on t h e  cen t r a l  platform. 

Lithofacies 15C 

On the  September  Lake High, l i thofacies  15C consists 
of 20 m of pisolitic and fenes t ra l  dolostone, dense crypta lgal  
laminite and s t r a t i fo rm silicified evapor i te  breccias. This 
l i thofacies is  significantly th icker  f rom Dismal Lakes wes t  t o  
Great  Bear Lake (120 m), consisting predominantly of 
s t romatol i t ic ,  ool i t ic  and in t rac las t ic  dolostones (Fig. 9.19). 
Tepee s t ruc tu res  and edgewise conglomerate  a r e  common. 

lnterpretation of Unit 15 

Rapid transgression, init iating growth of t h e  Unit 14 
biostrome (Fig. 9.20A), continued during deposition of litho- 
f ac i e s  15A. Low-energy current-laminated, dololuti tes 
accumulated on t h e  September  Lake High, while on deeper  
portions of t he  Dismal Lakes Pla t form,  carbonate  rhythmites  
similar t o  subtidal shelf f ac i e s  (Cook and Taylor, 1977; 
Wilson, 1969; Pfeil  and Read, 1980) formed below s torm wave 
base  (Fig. 9.20B). The paucity of in t raformat ional  truncation 
surfaces  (cf.  Wilson, 1969) and slump s t ruc tu res  suggests t he  
absence of a significant shelf-slope break in t h e  outcrop area .  
Onset of sub-wave base conditions was  followed by the  
development of conical  and associa ted  s t romatol i tes  which 
formed a unique build-up on t h e  September  Lake High, and 
smaller scale  cycl ic  growth sequences on more  act ively  
subsiding portions of t h e  Dismal Lakes Pla t form (Fig. 9.20C). 
The absence of wave-generated s t ruc tu res  and clastic-filled 
channels within t h e  September  Lake build-up suggests t h a t  i t  
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C.GROWTH OF DEEPER-WATER STROMATOLI TES 

Figure 9.20. Stages of deposition inferred for Unit 15. See 
text for discussion. Subdivisions a, b and c of  lithofacies 15A 
as in Figure 9.19. 

did not a c t  a s  a wave baffle, but was located on a relatively 
deep portion of the  shelf. Lithofacies 158 appears t o  onlap 
underlying facies  eastward, and records the  maximum trans- 
gression of t h e  Dismal Lakes sea.  Assuming t h a t  a similar 
conical-columnar strornatoli te unit in the  Pa r ry  Bay 
Formation of the  Elu Basin (Campbell, 1979) is t ime-  
corre la t ive  (see Fig. 9.22), a continuous north-sloping 
platform probably joined the  Elu Basin and the  Dismal Lakes 
Pla t form at th is  t ime. 

Shoaling of this submerged shelf occurred rapidly on the  
September Lake High, where  subtidal s t romatol i tes  (156) pass 
directly upwards into pisolitic and evaporit ic deposits (15C). 
While intertidal and supratidal deposits accumulated on t h e  
High, shallow subtidal oolit ic shoals and intertidal algal f la ts  
predominated on t h e  western portions of t h e  Dismal Lakes 
Platform (Fig. 9.20D). 

Unit 16 

Unit 16, the  uppermost unit of t he  Dismal Lakes Croup, 
is well exposed in cliff sections capped by Coppermine River 
Group basalts and in north-dipping cues tas  along Greenhorn 
and Great  Bear lakes. The basal con tac t  is conformable and 
is defined by a strornatoli te biostrome complex in t h e  west 
and a s t ra t i form breccia in t h e  e a s t  (Fig. 9.19). Unit 16 is 
190 m thick in the  Dismal Lakes a rea ,  thins to 90 m on the  
September Lake High and thickens westward t o  370 m north- 
eas t  of Great  Bear Lake (Fig. 9.21). 

The upper con tac t  of Unit 16 with basalt  flows of t h e  
Coppermine River Group is sharp and conformable.  The basal 
basalt  flow is characterist ically crumbly (punky) and highly 
a l tered,  commonly containing calc i te ,  epidote  and aga te  
amygdules (Baragar, personal communication, 1980). Pipe 
vesicles also occur in t h e  basal flow, in addition t o  
plastically-deformed rip-up c las ts  of underlying dolostone. 
These da ta  support  t he  in terpre ta t ion t h a t  t he  initial lavas 
were  extruded onto  wet  sediments  of probable shallow marine 
(peritidal) origin. Ra re  pillows just above the  basal flow 
(Baragar,  personal communication, 1980) suggest t h a t  local 
shallow flow-top lakes developed following the  initial 
extrusion. 

Lower and upper dolostone subdivisions of Unit 16 a r e  
separa ted by a complex of collapse breccias  and mixed 
sil iciclastic-carbonate sediments  formed during uplift  and 
erosion of the  eas tern  Dismal Lakes Pla t form (Fig. 9.21). 

Lower Dolostone 

On the western portion of t h e  Dismal Lakes Platform, 
t h e  lower dolostone subdivision consists of a basal cyclically- 
repeated s t romatol i te  biostrome complex which res ts  on 
perit idal dolostones of upper Unit 15, and is in turn overlain 
by 40-80 m of current-laminated red and green shales. These 
shales, Jacking s t ructures  indicative of subaerial  exposure, 
become increasingly more carbonate-rich upwards, and 
eventually a r e  succeeded by in t rac las t ic  and oolit ic 
dolarenite.  The dolarenites a t t a in  a thickness of approxi- 
mate ly  60 m. On t h e  September  Lake High, t he  equivalent of 
t he  biostrome-shale-dolostone sequence is a monotonous 
sequence of f l a t  crypta lgal  larninites which a r e  in continuous 
conformable con tac t  with perit idal dolostones of upper 
Unit 15. 

Disconformity Complex 

Carbonate  deposition was  in ter rupted abruptly on both 
the  September Lake High and t h e  eas tern  Dismal Lakes 
Pla t form by a period of regional uplift  which c rea t ed  an 
extensive disconformity. However, coeval dolomitic and 
s t romatol i t ic  shales  were  deposited without apparent  break 

1 ? ? ? ?  7 B yy 1p I 1  

Upper p~rilldal dolo~lonas 

metres 

AL LAKES PLATFORM SEPTEMBER 

/' 

LAKE 

/ 

HIGH 

Figure 9.21. Stratigraphic cross-section of Unit 16. Lower 
and upper dolostone subdivisions of Unit 16 are shown 
separated by a disconforrnity marked by paleokarst in the 
east and less evident surfaces of erosion westward. Section 
locations as in Figure 9.19. 
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Figure 9.22. Lithostratigraphic correlation of Dismal Lakes 
Group and Ellice, Parry Bay and Kanuyak format ions  of 
Bathurst Inlet. Sea-level curve on r ight  compares  
depositional histories of Dismal Lakes (lined) and Elu (dotted) 
basins. See t ex t  fo r  discussion. Inferred depositional 
environments are:  ter res t r ia l  (TI, l i t tora l  (L )  and shelf (S). 

west of t h e  Leith Line (Fig. 9.21). Disconformity-related 
sediments north of Dismal Lakes consist of a thin (5-20 c m )  
regolith developed on underlying dolostones, a metre-thick 
conglomeratic sublitharenite sand sheet ,  and a mixed 
sil iciclastic-carbonate wedge which thickens t o  the  west and 
grades  upwards in to  clean upper Unit I6  dolostones 
(Fig. 9.21). On the  September Lake H ~ g h ,  an  irregular erosion 
surface  developed on underlying dolostones, with a local 
relief up t o  40 m. Syndepositional normal faul ts  resulted in 
local relief up t o  35 m,  and provided a source  for localized 
talus breccias.  Spectacular kars t  fea tures ,  including large- 
scale  collapse breccias,  cave-floor fluvial sediments  and 
laminar-fibrous carbonate  speleothem deposits a r e  preserved. 
Upper portions of t h e  ta lus  and collapse breccias  a r e  
reworked and incorporated into the  basal sand sheet ,  and 
solution joints and pockets  in t h e  weathered surface  a r e  
downfilled by t h e  sand. As in the  Dismal Lakes a rea ,  mixed 
sil iciclastic-carbonate sediments  grade upwards in to  c lean 
dolostones of upper Unit 16. A s t romatol i t ic  marker bed 
composed of Tungussia-like forms marks t h e  upper l imit  of 
mixed sil iciclastic-carbonate lithologies on t h e  western  
Dismal Lakes Pla t form and t h e  September Lake High, and is  
useful in regional correlation (Fig. 9.2 1 ). 

Upper Dolostone 

The upper dolostone subdivision above t h e  s t romatol i te  
marker is lithologically uniform from t h e  Dismal Lakes 
Pla t form onto  t h e  September Lake High, and consists of 
in t rac las t ic  and oolit ic dolarenite with abundant club-shaped 
(SH-V) stromatolites.  The assemblage is very similar t o  
lower Unit 16 dolostones. The upper dolostone thins slightly 
from 80 m to 50 m between Great  Bear Lake and September  
Lake. Basalts of t h e  Coppermine River Group res t  conform- 
ably upon these  dolostones, but do not interfinger with them. 

Interpretation of Unit 16 

A short-lived local transgression on t h e  western portion 
of the  Dismal Lakes Pla t form is recorded by the  subtidal t o  
intertidal biostrome-shale-clastic carbonate  sequence which 
overlies supratidal dolostones of upper Unit 15. On t h e  
September Lake High, subtidal equivalents of t h e  b ios t rome 
and shale  units a r e  missing f rom basal Unit 16, a s  perit idal 
conditions prevailed through the  Unit 15-16 transition. This 
period of local transgression and eventual  re turn  t o  in ter t idal  
conditions was followed by major regression. An abrupt  
disconformity was produced, leaving no record of gradual  
off lap  in pre-disconformity sediments.  This abrupt change 
ref lec ts  a rapid change in conditions, most likely caused by 
renewed basement uplift r a the r  than a eus t a t i c  fluctuation, 
which is character is t ica l ly  more  gradual.  Syndepositional 
block-faulting is a fur ther  indication of tectonically 
controlled deposition. Uplift and erosion was most intense on 
the  September  Lake High, where kars t  processes eroded t h e  
underlying pla t form carbonates  t o  a depth  of 40 m (Fig. 9.21). 
Less intense uplift  and erosion occurred a s  far  north a s  the  
limit of exposure of Unit 16, just south of Coronation Gulf. 
Similar breccias  in t h e  Bathurst  Inlet a r e a  (Kanuyak 
Formation of Campbell ,  1979) appear  t o  be a t  the  s a m e  
s t ra t igraphic  level (Fig. 9.22), suggesting t h a t  this erosional 
event  was regional in ex ten t .  In Bathurst  Inlet, a s  in t h e  
Dismal Lakes a r e a  discussed above, erosion and karstif ication 
is res t r ic ted  t o  deposit ional highs (Hiukitak Platform), wi th  
t h e  unconformity shaling-out basinward (Campbell ,  personal 
communication, 1980). 

A final transgressive phase led to  deposition of an  onlap 
sequence of basal sandstones and conglomerates  which 
gradually became more  carbonate-rich until t he  a rea  once  
again was covered by a uniform perit idal platform. Eastward 
thinning of Unit 16 suggests a north-trending depositional 
s t r ike  for  t h e  Dismal Lakes Pla t form a t  t he  close of 
deposition. Extrusion of cont inenta l  flood basalts onto  t h e  
platform occurred when t h e  ca rbona te  sediments  were  sti l l  
wet ,  a s  indicated by pipe vesicles and minor soft-sediment 
folds a t  t h e  contact .  

Summary of  Dismal Lakes Croup  

The basal Dismal Lakes Group fining-upwards 
sil iciclastic sequence (Units 11 - 13) records gradual stabil iza- 
tion of t h e  source  t e r r ane ,  and development of a low-relief, 
north- and west-sloping platform (Fig. 9.15, 9.23). Per i t idal  

STABILIZATION 

Figure 9.23. Schemat ic  representa t ion of depositional 
history of Hornby Bay, Dismal Lakes and lower Coppermine 
River groups. 
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dolostones of Unit 14 deposited over these  coastal-plain 
si l iciclastic sediments record eas tward  transgression and 
init iat ion of carbonate  p la t form deposition (Fig. 9.18, 9.23). 

A period of rapid subsidence and/or eus t a t i c  r ise of 
s ea  level ensued, resulting in platform submergence and 
deposition o f  deeper-water laminated carbonates  
(l i thofacies 15A) and stromatoli te-rich carbonates  
(l i thofacies l5B). During deposition of l i thofacies 15B, t h e  
western  pa r t  of t he  Dismal Lakes Pla t form subsided a t  a 
g rea t e r  r a t e  than t h e  September  Lake High, where a massive 
subtidal  s t romatol i te  build-up developed. Pla t form shoaling 
led t o  renewed accumulation of shallow-water dolostones 
(l i thofacies 15C and lower Unit  16). As a resul t  of 
subsequent uplift and subaerial  exposure of t h e  p la t form,  
deposition was interrupted,  and a period of erosion and 
karstif ication ensued (Fig. 9.23). Marine incursion flooded 
t h e  karsted p la t form surface ,  depositing a final 100 m thick 
siliciclastic-to-carbonate cycle  (upper Unit 16). 

Syndepositional doming of t h e  September  Lake High 
during deposition of units  15 and 16 may have occurred in 
response t o  Mackenzie-event basa l t ic  magmatism (Muskox 
Intrusion and Coppermine River Group). 

REGIONAL CORRELATION 

New s t ra t igraphic  d a t a  presented in th is  paper justify a 
re-evaluation of past  correlations of t h e  Hornby Bay and 
Dismal Lakes groups with o the r  Helikian sequences of north- 
western  Canada. In particular,  excel lent  correlation with 
s t r a t a  in nearby Bathurst  Inlet can  now be  established 
through comparison of l i thostratigraphy, regional uncon- 
formities,  dist inctive s t roma to l i t e  units and tec tono-  
sedimentary  histories. 

Table 9.1 summarizes  previous a t t e m p t s  a t  corre la t ion  
of t h e  Helikian s t r a t a  of t h e  Bathurst  Inlet and Coppermine  
areas .  Initial work by Fraser  and co-workers (Fraser  and 
Tremblay, 1969; Fraser  et al., 1970), based on ear ly  
helicopter mapping (Fraser,  1960), allowed a gross corre la t ion  

Table  9.1. Summary of proposed corre la t ions  fo r  Helikian 
S t r a t a  of Bathurst  Inlet and Coppermine Homocline 

between a lower sandstone and an upper dolostone unit 
bracketed  below by Aphebian sediments  (Epworth Group and 
Coulburn Group) and above by cont inenta l  flood basalts  
(Coppermine River Group). Based on revised s t ra t igraphy of 
t h e  Coppermine  region by Baragar and Donaldson (1973) and 
t h e  Bathurst  Inlet region (Campbell ,  1978, 1979), Campbell  
(1978) suggested t h a t  t h e  Ellice and Pa r ry  Bay format ions  
were  corre la t ive  t o  t h e  Hornby Bay Group and considered t h e  
Kanuyak Formation t o  represent  a grea t ly  thinned equivalent 
of t h e  Dismal Lakes Group. 

BATHURST 
INLET 

Campbell(1978) 

ALGAK FM. 

EKALULIA FM. 

KANUYAK FM. 

PARRY BAY FM. 

ELLICE FM. 

Fur ther  revision of Coppermine region Helikian 
s t ra t igraphy presented herein adds  two  c r i t i ca l  e l emen t s  
per t inent  t o  t h e  problem of correlation.  F i rs t ,  a previously 
unrecognized disconformity has been identified just below t h e  
Coppermine  River Group basalts ,  within Unit  16 of t he  
Dismal Lakes Group (Fig. 9.21). This disconformity is 
essentially identical  in na tu re  and s t ra t igraphic  position t o  
t h e  Pa r ry  Bay-Kanuyak disconformity described by 
Campbell  (1978). Secondly, de ta i led  mapping along t h e  
Hornby Bay-Dismal Lakes unconformity has demonst ra ted  i t s  
relation t o  local faul t  ac t iv i ty ,  which has rendered t h e  
unconformity unreliable fo r  regional corre la t ion  because  of 
l a t e r a l  variabil i ty a s  a s t ra t igraphic  e lement .  

It is suggested here  t h a t  t h e  Unit  16 disconformity is 
equivalent t o  t h e  Pa r ry  Bay-Kanuyak disconformity,  and t h a t  
t h e  conformable  Ell ice-Parry Bay clastic-to-carbonate 
sequence  is corre la t ive  with t h e  Dismal Lakes Group c l a s t i c  
(Units I 1  t o  13) - t o  ca rbona te  (Units 14 t o  16) sequence 
(Fig. 9.22). 

COPPERMINE HOMOCLINE 

Comparison of these  two  sequences  (Fig. 9.22), 
compiled in collaboration with Campbell  f rom d a t a  presented 
in this paper and t h a t  of Campbell  (1978, 19791, i l lustrates 
t h e  c lose  l i thos t ra t igraphic  similari ty.  Fur thermore ,  north- 
ward-directed paleocurrents f rom both basal  si l iciclastic 
sequences (Fig. 9.24), and comparable  in terpre ted  s e a  level 
curves  and si l iciclastic/carbonate r a t i o s  throughout both 
sequences (Fig. 9.22) support  a close correspondence  of the i r  
respect ive  tectono-deposit ional histories. Of particular 
impor tance  in this respect  a r e  t h e  d is t inc t ive  conical-  
columnar s t roma to l i t e  units  which represent  maximum 
transgression of both p la t form areas ,  a s  well  a s  t h e  kars t ic  
disconformities between t h e  Pa r ry  Bay and Kanuyak 
Format ions  and within t h e  upper pa r t  of t h e  Dismal Lakes 
Group (Unit  16). 

No single p iece  of evidence  presented  above 
unequivocally demonst ra tes  t h a t  t h e  Dismal Lakes Croup is 
co r r e l a t i ve  with t h e  Ellice-Parry Bay-Kanuyak succession, 
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Figure 9.24. Tectonic elements of the Dismal Lakes 
Platform and Elu Basin. Northward tilting o f  both areas is 
indicated by paleoflow in basal siliciclastic strata of  both 
areas. Paleocurrent data for Bathurst Inlet area are from 
Campbell (1979). 
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but  taken together,  t he  near  identical  position of 
unconformities and s t romatol i t ic  marker units a s  well  a s  t h e  
similar in terpre ted tectono-sedimentary histories, strongly 
suggest t h a t  these  two areas  a r e  inliers of a continuous 
northward-sloping platform during Helikian t ime. 

The Tinney Cove Formation of t h e  Bathurst  Inlet a r e a  
(Campbell, 1978) and the  Hornby Bay Group both res t  uncon- 
formably on Aphebian basement and a r e  unconformably 
overlain by basal siliciclastics of t he  Ellice Formation and 
basal Dismal Lakes Group respectively. On this basis, t hese  
two units may be considered grossly time-equivalent. 
Importantly, however, t h e  Hornby Bay and Tinney Cove 
sandstones d i f fer  in ( terms of)  thei r  t ec ton ic  relationships t o  
\Vopmay Orogen. 

The Hornby Bay Group clearly postdates all faul t  
activity related to  the  terminal collision phase of Wopmay 
Orogen, whereas  t h e  Tinney Cove accumulated during this 
la te  Wopmay event  along t h e  syndepositionally ac t ive  
Bathurst Fault  (Campbell, 1978). This relationship implies 
t h a t  t h e  Tinney Cove is more  closely re la ted  to  t h e  Et  Then 
fanglomerates of East Arm, Great  Slave Lake. In addition, 
minimum pre-Hornby Bay Group erosion is es t imated t o  b e  at 
least  1 km (Hoffman and St-Onge, 1981). This relationship 
and the  relatively l a t e  post-orogenic init iation of Hornby Bay 
deposition suggest t h a t  i t  is significantly younger than e i ther  
the  Tinney Cove or Et Then formations.  

Predominantly shallow-water si l iciclastics and 
dolostones of t h e  Wernecke Supergroup of the  northern 
Cordillera (Delaney, 1978, 1981) also a r e  approximately t i m e  
equivalent t o  Hornby Bay and Dismal Lakes groups 
("Sequence A" of Young e t  al., 1979). Tectono-sedimentary 
relationships between this 14 km thick sequence and t h e  
thinner, cratonward, Hornby Bay-Dismal Lakes sequence a r e  
uncertain. In particular,  westward deepening facies  in both 
t h e  Hornby Bay Group and Dismal Lakes Group a r e  difficult  
t o  reconcile with shallow-water Wernecke Supergroup 
sediments if these  two a reas  were  par t  of a continuous 
westward-sloping shelf. 

HISTORICAL SUMMARY 

In view of the  lack of resemblance of Unit 8 t o  
sequences deposited in ac t ive  strike-slip regimes 
(e.g. Cordilleran molasse basins, Eisbacher, 1974; Hornelen 
Basin, Steel  e t  al., 1977; Ridge Basin, Crowell, 1974) w e  
conclude t h a t  Hornby Bay Group deposition began well a f t e r  
cessation of compression-related faulting and orogenic 
ac t iv i ty  in the  basement (Wopmay Orogen). Deposition began 
a s  t h e  Teshierpi-Bigtree Highlands (Fig. 9.2b) shed c las t ics  t o  
t h e  southeast ,  result ing in peneplain formation during 
deposition of t h e  Bigbear system. Prolonged crus ta l  s tabi l i ty  
is  suggested by t h e  high matur i ty  and low-energy depositional 
environments evident in large par ts  of this system. The 
appearance of fault-related intraformational paraconglom- 
e r a t e s  in t h e  Bigbear system signalled t h e  beginning of west -  
southwest cra tonic  t i l t ing and uplift. Normal fault ing in t h e  
Fault  River a r e a  a t  this t ime  led t o  t h e  format ion of a 
trough-like depocentre  (Faul t  River system), and erosion of 
western portions of t h e  Bigbear system. Incision of t h e  
Teshierpi-Bigtree Peneplain by westerly-flowing rivers 
occurred during th is  period of uplift. 

Subsequent basinwide subsidence was accompanied by 
deposition of t h e  Lady Nye system, which was derived f rom a 
source  a rea  in t h e  Coronation Gulf a r e a ,  and burial of t h e  
Bigbear sys tem,  Fault  River system, and incised Teshierpi- 
Bigtree Peneplain. Marine transgression and format ion of a 
carbonate  platform (Unit 9) resulted from continued regional 
subsidence. Carbonate  deposition on t h e  short-lived Hornby 

Bay Pla t form was terminated by progradation of del ta ic-  
marine sil iciclastics of Unit 10, which ref lec ts  uplift in t h e  
northeast  and the  beginning of a second sil iciclastic- 
carbonate  cycle. 

In response t o  regional uplift ,  reactivation of the  
Teshierpi Fault  commenced during l a t e  Unit 9 t ime. Erosion 
of lower Hornby Bay Group (Units 8 and 9) and Aphebian 
basement occurred on the  upthrown southeastern block. 
Southwest paleocurrents in Unit 10 and lower Unit 11, in 
addition to  fac ies  changes in Unit 10, suggest t h a t  deposition 
was controlled by uplift in the  nor theas t  and/or hinged dip- 
slip movement  on t h e  Teshierpi Fault .  Regional subsidence 
during deposition of Unit 11 was  accompanied by marine 
transgression and format ion of t h e  Dismal Lakes Pla t form 
coincident with a shift  in t h e  source  a rea  from the  northeast  
to southeast .  In contras t  t o  t h e  localized t ec ton ic  ac t iv i ty  
and changes in cra tonic  paleoslope during deposition of t h e  
Hornby Bay Group, s table  conditions prevailed during 
deposition of t h e  Dismal Lakes Group sediments  on a north- 
and west-sloping platform. This platform likely extended 
eastward from the  Dismal Lakes a r e a  t o  the  Bathurst  Inlet 
a r e a  (Elu Basin and Hiukitak Pla t form of Campbell, 1979), a 
distance of more than 400 km. 

The lower Dismal Lakes Group sil iciclastic t o  carbonate  
transit ion (upper Unit 11 -14) records a period of s t ab le  
epei r ic  s ea  conditions (Fig. 9.23). The succeeding deeper- 
wa te r  carbonates  of Unit  13 represent  t h e  period of 
maximum transgression of t h e  en t i r e  Dismal Lakes-Elu Basin 
shelf. Differential  subsidence during transgression isolated 
the  September Lake High a s  a positive fea ture .  Steady 
progradation of t h e  carbonate  p la t form proceeded (upper 
Unit 15, lower Unit 16) until in ter rupted by a rapid sea  level 
fall  which resulted in subaerial  weather ing and erosion of 
craton-marginal a r e a s  of t h e  platform (middle Unit  16). 
Syndepositional doming and block-faulting, again localized in 
the  September  Lake High a rea ,  accen tua ted  erosion of t h e  
platform a s  shown by t h e  kars t ic  paleotopography with up t o  
40 m relief. 

A causal  relationship between doming during deposition 
of the  upper Dismal Lakes Group and succeeding Mackenzie- 
a g e  magmatism (see below) is strongly suggested by thei r  
close spatial  and temporal  relationship. The increased 
cyclicity and marked thickening of Unit 16 west of t h e  Leith 
Line, re la t ive  t o  underlying units, indicate  g rea te r  ac t iv i ty  of 
this t ec ton ic  f ea tu re  a s  a basin hingeline during deposition of 
t h e  upper Dismal Lakes Group. 

Deposition of t h e  Dismal Lakes Group was  terminated 
by an east-west extensional even t  (Fig. 9.231, a s  suggested by 
Hoffman (1980b). This event  was accompanied by extrusion 
of Coppermine River Group basalts,  and intrusion of t h e  
Muskox Complex and Mackenzie diabase dykes. 

The September  Lakes High a r e a  is a major locus of th is  
Mackenzie-age magmat ic  ac t iv i ty ,  a s  shown by t h e  
coincident occurrence  of the  Muskox Complex, a high 
concentra t ion of Mackenzie-age dykes  and the  depocentre  of 
t h e  Copper Creek - Ekalulia format ions  continental  flood 
basalt  plateau. 
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Abstract 

Paleomagnetic evidence from the Coronation Geosyncline suggests that large relative rotations 
of small blocks about local vertical axes have commonly occurred in the middle Proterozoic, as they 
have in Phanerozoic orogenic belts. Paleomagnetic results from early Proterozoic intrusive rocks 
from the Canadian Shield as a whole, including new data from the 2.2 Ga old Easter Island Dyke, are 
used to construct separate APW paths for blocks that include the Archean Slave and Superior 
structural provinces. I f  we have drawn and calibrated these paths correctly then large scale relative 
motions in a horizontal sense have occurred between the Slave and Superior provinces during the 
middle Proterozoic. There is some paleomagnetic evidence t o  indicte that horizontal motions in the 
middle Proterozoic were more rapid than motions in the later Phanerozoic. 

Les indices pale'omagne'tiques provenant du ge'osynclinal du Couronnement sugghrent que vers le 
milieu du Prote'rozo~que, ont fre'quemment eu lieu d'importantes rotations de petits blocs par rapport 
h des axes verticaux locaux, comme dans les zones oroge'niques datant du Phane'rozoi'que. Les 
donne'es magnStiques provenant des roches intrusives du de'but du Prote'rozo~que, obtenues sur 
I1ensemble du Bouclier canadien et incluant de nouvelles donne'es relatives au dyke d'Easter Island, 
dont 1'6ge est de 2,2 Ga, ont servi h reconstruire les trajets se'parSs APW des blocs englobant les 
provinces structurales arche'ennes des Esclaves et du lac Supe'rieur. En tracant et e'talonnant 
correc tement ces trajets, on voit que des mouvements relatifs de grande envergure ont eu lieu dans le 
sens horizontal entre les provinces des Esclaves et  du lac Supe'rieur pendant le Prote'rozoi'que moyen. 
Certains indices palebmagne'tiques indiquent qu'h cette e'poque-lh, les mouvements horizontaux ont 
6te' plus rapides qu'h la fin du Phane'rozoyque. 

INTRODUCTION Because ~ a l e o d i r e c t i o n s  a re  observed f rom dif ferent  

Directions of magnetizations in rocks (paleodirections) places account 'must be  taken of t h e  spat ia l  variations of t h e  

a r e  specified relative to  the  paleohorizontal - t h e  bedding geomagnet ic  field and a model for t h e  field must b e  assumed. 

plane in sediments,  for instance.  The to t a l  vector  is resolved Except in special  c i rcumstances  where  the  locali t ies a r e  very 

in to  horizontal  and ver t ica l  components, t h e  former  being in c lose  to  one another  comparisons of inclination and 

t h e  paleohorizontal plane and t h e  l a t t e r  perpendicular to it. declination a r e  not made directly but by reference  to  t h e  

The angle which the horizontal component makes with the co"es~onding P ~ ~ ~ ~ P ~ ' ~ '  Sequences Of P ~ ~ ~ ~ P ~ ' ~ ~  may be 
connected to form a path of apparent  polar wander (APW) present geographic Or true north is the relative to the region of observation. I t  is assumed that the The declination is t he  sum of all  rotations about  local field on average was that of a geocentric dipole. For the ver t ica l  axes  t h a t  t h e  sampling location has undergone 

re la t ive  to present north s ince  the  paleodirection was geologically r ecen t  past  this model is accu ra t e  to  3 - 5 O  

acquired. Hence, comparisons of declinations f rom rocks of (Hospers, 1954; McElhinny and Merrill, 1975). Paleocl imat ic  

comparable  age  f rom dif ferent  locali t ies yield informa- evidence indicates t h a t  this model is also 
approximately co r rec t  for t he  Phanerozoic (Irving, 1956; tion about  relative rotations (RR) among localities. Drewry et al., 1974). 

Pa leoma~ne t i ca l ly  determined RR's a r e  common in 
~ h a n e r o ~ o i c  orogenic belts,  and have been repor ted ,  although 
less commonly, f rom Precambrian ter ranes ,  for example  by POSSIBLE INSTANCES O F  RELATIVE ROTATIONS 
Baragar and Robertson (1973). We shall descr ibe  fur ther  IN THE NORTHWEST SHIELD 
examples of RR's f rom t h e  northwest Canadian Shield. The APW for t h e  interval 1900 to  1650 Ma compiled 

Usually a paleodirection has a substantial  ver t ica l  com- 
ponent so the  to t a l  vector  makes an angle ( the  inclination) 
with t h e  paleohorizontal. The inclination is a measure of t h e  
paleolati tude of the  locality when t h e  paleodirection was  
acquired. Comparisons of inclinations f rom dif ferent  
locali t ies yield es t imates  of relative paleolati tudinal 
displacements (RPD) among localities. In principle, this 
provides a means of measuring the  RPD's of t h e  Slave and 
Superior s t ructura l  provinces. We shall  now descr ibe  our 
current  view of this important  problem. 

from many di f ferent  par ts  of t he  Canadian Shield is shown in 
Figure 10.1 (documentation in Irving and McGlynn, 1980). 
Notable is t he  f a c t  t h a t  paleopoles derived from overprints 
(secondary magnetizations) outnumber those f rom primary 
magnetizations.  Paleopoles f rom the  Grea t  Slave Supergroup 
and thei r  equivalents in t h e  Takijuq Basin (Hoffman, in press) 
map  out  a crude loop (SA, TA, DP, PPS, PA, ET) which can be 
extended southeas t  t o  include results f rom Flin-Flon (E) 
and the  Richmond Gulf and Belcher Islands (s, m). 
Paleopoles FFB, RGM and RG a r e  included a s  pa r t  of t h e  

' Geological Survey of Canada, Depar tment  of Energy, Mines and Resources,  O t t awa ,  KIA 0E4 
Ear th  Physics Branch, Depar tment  of Energy, Mines and Resources,  O t t awa ,  KIA 0Y3 
Ear th  Physics Branch Contribution No. 938 
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The horizontal component of the paleodirections for 
rock units in the Christie Bay and Pethei groups and their 
equivalents in the  Coronation Geosyncline a r e  shown in 
Figures 10.2 and 10.4. The corresponding paleopoles a r e  
plotted in Figure 10.3. Four paleodirections, two from the  
Athapuscow Aulacogen and two from the Takijuq Basin, a r e  
south-southeast. In the Athapuscow Aulacogen the trend 
with time is from !3J' to  PA defined by superposition, and in 
the Takijuq Basin it  is from TA t o  PPS defined by intrusive 
relationships. Two units from the  Athapuscow Aulacogen 
(SK, TOI), that  stratigraphically immediately underlie PA and 
which a r e  the probable equivalents of TA in the  Takijuq 
Basin, have southwest paleodirections. Tables showing the  
stratigraphic relationship of these rock units are  given by 
Hoffman (1981) and Campbell and Cecile (1981). 

Figure 10.1. Middle Proterozoic, the Coronation Loop. 
Modified from McGlynn and Irving (1978) and Irving and 
McGlynn (1980). The rock unit from which each paleopole 
was obtained is identified below, and the  documentation is 
given in lrving and McGlynn (1980). Paleopoles with double 
circles a re  considered to be primary, the  others being 
overprints. 

AG Arnitsoq gneiss, Greenland - 
CH Charlton Bay Formation, N.W.T. - 
CT Castignon Complex, Labrador - 
DP Douglas Peninsula Frn., N.W.T. - 
DU Dubawnt Group, N.W.T. 
ET Et-then Group, N. W.T. - 
FFA Flin-Flon greenstones (younger paleopole), Manitoba - 
FFB Flin-Flon Greenstones (older), Manitoba 

Itivdledq Dykes and gneisses, Greenland 
KC Kahochella overprint, N.W.T. 
KD1 Kangamuit Dykes, Greenland 
KD2 Kangamuit Dykes, Greenland - 
KMI Ketilidian metavolcanics, Greenland 
KM2 Ketilidian metavolcanics, Greenland - 
LG Gibraltar Formation (lower), N.W.T. - 
MA Melville-Daly Bay rnetamorphics, N.W.T. - 
ME Menihek Formation, Labrador - 
MO McLeod Bay Formation, N.W.T. - 
M R Martin Formation, N.W.T. 

The Takiyuak Formation from the Takijuq Basin lies 
stratigraphically between the  Douglas Peninsula Formation 
and the Pearson Formation of the  Athapuscow Aulacogen, but 
i ts  paleopole (E) falls t o  t h e  west of both their paleopoles. 

Coronation Loop, although it  is possible that  they represent 
different positions for that  part of the Superior Structural 
Province relative t o  the northwest Canadian Shield. 
Overprints from the Pearson Formation (E, PJ) provide 
some support for this construction but they, like the 
Richmond Gulf rocks, a r e  poorly dated. For the moment we 
use the deep loop of Figure as given in Irving and 
McGlynn (19791, but we stress the  uncertainty about i t s  
southeasterly extension; the paleopoles that  have a degree of 
geochronological control (and surely these ages must come 
under critical review shortly) from the southeast part of the 
Coronation loop including that  from the Eskimo Volcanics 
(1700 ~a near paleopole PD of Fig. 10.1) recently reported by 
Schmidt (1980) a re  from localities remote from the 
Coronation Geosyncline. Given the age uncertainties, these 
paleopoles therefore could reflect relative motion between 
these units and the Coronation Geosyncline. Results 
presented by Evans and Hoye (1981) a t  this symposium add 
further important evidence from the Kilohigok Basin. 
Certain paleopoles from the upper part of the Great Slave 
Supergroup (s, z) fall to  the  west of this path. The 
question of why this should be so is now considered. 

The Peninsular Sill, which could be co-magmatic with the  
Pearson Formation, also has a paleopole t o  the  west. It is 
therefore possible that  the localities in the  Takijuq Basin 
have been rotated 10-20' clockwise relative t o  the localities 
from which the paleopoles were obtained in the Athapuscow 
Aulacogen. Rotations could have been caused by the  
emplacement of nappes tha t  occur within t h e  Great Slave 
Basin (Hoffman e t  al., 1977), or by movement along strike- 
slip faults that  cu t  the Great Slave Supergroup. I t  seems 
more likely tha t  the  source of the  rotation is in t h e  
Athapuscow Aulacogen rather than in the  Takijuq Basin, 
because the  Takiyuak Formation and the  Peninsular Sill a r e  
from that  part of the Epworth Group that  is autochthonous 
and rests unconformably on Archean basement. 

- 
NO Nonacho Group, N. W.T. 
NSI Nagsug gneiss, Kaellingehaetten, Greenland 

gneiss, Kaellingehaetten, Greenland 
p~ pearson pormation A, N , W , ~ ,  - 
p~ pearson ~~~~~~i~~ B, N,W,T.  
p~ pearson F~~~~~~~~ C, N,W.T,  
pg pearson F~~~~~~~~ D, N. W.T. 
PPS peninsula sill, N . W . ~ .  

Richmond Gulf andesites and redbeds, Quebec 
RGM ~ i ~ h ~ ~ ~ ~  ~ ~ l f - ~ ~ ~ ~ ~ ~ ~ k  ls. basalts, Q~~~~~ 

seton Formation A magnetization, 
SE slave province post-~udsonian overprint, N.W,T,  
SFI seward ~~~~~~i~~ (B), ~ ~ b ~ ~ d ~ ~  
SF2 seaward ~~~~~~i~~ (c), ~~~~~d~~ 

Sagdlerssuag Dykes and gneisses, Greenland 
% stark ~ ~ ~ ~ ~ ~ i ~ ~ ,  N . ~ . T .  

sokoman iron ~ ~ ~ ~ ~ ~ i ~ ~ ,  L~~~~~~~ 
~y sparrow Dykes, N.W.T. 
TA ~ ~ k i ~ ~ ~ k  ~ ~ ~ ~ ~ ~ i ~ ~ ,  N.W,T. 
~ 0 1  ~ ~ ~ h ~ ~ ~ i  ~ ~ ~ ~ ~ ~ i ~ ~ ,  N. W . ~ ,  
~ 0 2  ~ ~ ~ h ~ ~ ~ i  ~~~~~~i~~ overprint, N,W.T,  

cibraltar ~ ~ ~ ~ ~ ~ i ~ ~ ,  upper, N . ~ . ~ .  - 

The Stark (SKI and Tochatwi paleopoles lie fa r  t o  
t h e  west. It has been suggested tha t  this might have been 
caused by a local 60" clockwise rotation about a vertical axis 
of t h e  sampling area, which is about a kilometre in extent 
(Bingham and Evans, 1976; Irving and McGlynn, 1979). 



HORIZONTAL MOTIONS AND ROTATIONS IN THE CANADIAN SHIELD 

Cough e t  al .  (1977) have argued against  such a rotation f rom Such rota t ions  a r e  commonly found c lose  t o  Mesozoic 
s tudies  of t h e  anisotropy of susceptibility of t h e  rocks in and Cenozoic plate-margins, for example  t h e  t ranspor ted  
question. Irving and McGlynn (1979) have crit icized their  thrust  sheets  of western  Sicily t h a t  were  observed 
argument,  f irst ly on t h e  grounds tha t  uniformity of directions (paleomagnetically) t o  b e  ro t a t ed  dextrally by large  and 
of maximum susceptibility is observed a t  locali t ies in which variable amounts re la t ive  t o  the  s t ab le  (Iblean) platform of 
t h e  remnant  magnetizations a r e  demonstrably secondary, and southeast  Sicily (Channel1 e t  al., 1980). The  presence of 
secondly, t h e  evidence f rom remanent magnetization for  ro ta ted  blocks in t h e  mid-Proterozoic orogenic bel t  of t h e  
rotation occurs in different sequences f rom those  in which northwest Shield is consistent with t h e  occurrence  of p l a t e  
t h e  uniformity in directions of anisotropy of susceptibility is tec tonics  a t  t h a t  t ime. 
observed. 

It could, of course,  b e  argued t h a t  t h e  d i f ferences  
among paleopoles SK, TOI, TA, DP, PPS and PA (Fig. 10.4) 
arises f rom shor t - term depar tures  of t h e  field f rom an  
average dipole configuration. We regard this a s  unlikely 
because  i t  is only declinations tha t  a r e  a f f ec t ed  whereas 
inclinations a r e  in excel lent  accord. It would b e  a 
coincidence beyond what  may b e  reasonably assumed if an  
aberration t h a t  had i t s  source  in t h e  ea r th ' s  c o r e  should 
systematically a f f e c t  one component of t h e  field but not t h e  
other.  

PALEOLATITUDE VARIATIONS 1900 TO 1650 Ma 

Paleolati tudes (plotted in Fig. 10.5) depend only on t h e  
inclination and do not r e f l ec t  local rotations recorded by 
differences in declination. I t  is notable  than results f rom 
ear l ier  Proterozoic locali t ies ranging f rom Greenland, t h e  
Labrador Trough, Richmond Gulf t o  t h e  centra l  and western  
Shield a r e  consistent with a single paleolati tude cycle  f rom 
high t o  low and then back t o  high paleolati tudes 
(documentation in Irving and McClynn, 1980). This indicates  
t h a t  local rotations const i tu te  a so r t  of "tectonic noise" t h a t  
otherwise tends  t o  disguise t h e  underlying simplicity of t h e  
motions of Laurent ia  re la t ive  t o  t h e  pole. Laurentia,  
although i t  appears  t o  have been generally coherent,  may not 
a s  we have seen been perfect ly  rigid. 

Interaction with neighbouring pla tes  may have caused 
deformation extending f a r  into t h e  block, perhaps in a 
manner comparable  t o  t h e  deformation of centra l  Asia north 
of i t s  boundary with t h e  Indian p l a t e  (Molnar and 
Tapponier, 1975; Hoffman, 1980). I t  is important t o  no te  t h a t  
t h e  "general coherence" of Laurentia referred t o  above 
applied only t o  t h e  interval of t i m e  a f t e r  t h e  Hudsonian 
Orogeny, t h a t  is  a f t e r  about  1850 Ma. 

There  a r e  t w o  i t ems  of fu r the r  in teres t  in Figure 10.5. 
The turning-point a t  about  1800 or  1750 Ma signifies a 
marked change in paleolati tude corresponding t o  t h e  hairpin 
of t h e  Coronation Loop. This is  a period of t i m e  when fault-  
controlled sedimentary  basins, such a s  the  "Et-Then" and 
150W Figure 10.2. Regional geological map of Coronation 120W 90W 

1 I 1 I I I I I 1 

Geosyncline and i t s  associated tectonic elements. :.::+; $F5,, - \h:+f+y,, ; ,i,;p;%. - tos 1. Archean of Slave Structural Province 
,.',$iT g<, TA, 

*,,+I , - 1 1 p  

2. Early Proterozoic rocks of the Coronation Geosyncline, - ,7+,2!~' . . . ?,~,r%-  
.!,,?+-. Cat: .'A''. +;P&? - 20s 

the Athapuscow Aulacogen (AA), and the Kilohigok ,,. P P S  
Basin ( K l ;  T B  is the Takijuk Basin within the Coronation 
Ceosyncline (Hoffman, 1980) - < SK TO1 RELATIVE - 30s 

TO EAST ARM 3. Middle and late Proterozoic cover rocks 
TB 

4. Phanerozoic rocks to the west. Precambrian Churchill TA PPS RELATIVE 
Structural Province to  the east is labelled A A  

TO EAST ARM 

Arrows give the directions of the horizontal component o f  
the mean direction of magnetization observed from the Figure 10.3. Paleopoles for the six rock units compared. 
Douglas Peninsula Formation (z, Irving and McGlynn, 1979). Labelled as in caption to  Figure 10.2. The standard error 
the Pearson Formation (PA, McGlynn and Irving, 1978), the circles ( P  = 0.631 are given. The arrows show mean relative 
Peninsular Sill (m, Irving and McGlynn, 1979), the Stark rotation o f  and XI, and o f  T A  and K S  relative t o  and 
Formation (3, Bingham and Evans, 1976), the Takiyuak PA of the East Arm of  the Great Slave Lake, the latter 
Formation (x, Irving and McGlynn, 1979), and the Tochatwi assumed fixed. TB stipple are paleopoles from Takijuq Basin 
Formation (=I, Evans and Binghamn, 1976). AA stipple from the Athapuscow Aulacogen. 
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"Tinney Cove" basins, were  formed in ter ra in  t h a t  was 
deformed, and in places metamorphosed, during t h e  
Hudsonian Orogeny. This hairpin represents a large  change in 
direction of d r i f t  of Laurentia,  and presumably ref lec ts  a 
period of major plate reorganization following the  Hudsonian 
Orogeny. Secondly, t h e  average r a t e  of change of 
paleolati tude for the  300 Ma interval is 5 t o  6 cm per year. 
If t h e  paleolatitudinal changes a r e  entirely caused by con- 
t inenta l  dr i f t  (and we do not, of course,  know the  
contribution f rom t r u e  polar wander) then this is t h e  
minimum dr i f t  r a t e  because movements in paleolongitudinal 
sense  a r e  not  recorded paleomagnetically. These minimum 
dr i f t  r a t e s  persisting for  long t ime  intervals a r e  much higher 
than the  average minimum ra t e s  of motion (about 2 crn per 
year) recorded by APW during the '  past 300 Ma 
(Cordon e t  al., 1979). 

Figure 10.4. Directions of horizontal component of mean 
directions of  magnetization for six rock units compared. 
Labelled as in caption to Figure 10.2. GN is present 
geographic north. 

We conclude t h a t  t h e  paleomagnetic results provide 
evidence of tec tonism occurring on two  scales.  Firstly, t h e  
general change in paleolati tude, ca lcula ted  f rom t h e  
variation in inclination, records cont inenta l  dr i f t  ove r  
distances in excess  of l o 4  km t h a t  appear  t o  have occurred a t  
about  tw ice  t h e  typical la ter  Phanerozoic r a t e .  Secondly, t h e  
detailed s t ruc tu re  of t he  declination variations record t h e  
re la t ive  rotation of local blocks. 

SLAVE-SUPERIOR COMPARISON 

If t h e  Churchill Structural  Province is a product of 
p la te  tec tonic  processes then t h e  Archean Slave and Superior 
s t ructura l  provinces should have moved re la t ive  t o  one  
another ,  and their  polar t racks  for t h e  in terval  prior t o  t h e  
Hudsonian Orogeny should be  separa te .  Although numerous 
results a r e  now available from t h e  Slave and Superior 
provinces they have not  provided an  unique answer t o  this 
problem; di f ferent  authors  have devised di f ferent  in terpre ta-  
tions. A review of ear l ier  discussions has  been given by Irving 
and McClynn (1980). Here  w e  explain our cu r ren t  opinion 
incorporating recent ly  obtained d a t a  and ideas of o the r  
authors.  

Figure 10.6 shows t h e  paleopoles f rom sampling locali- 
t ies  in Slave and Superior provinces noted in t h e  inset. The 
paleopoles f rom t h e  O t t o  Stock and Abitibi dykes of t h e  
Superior Province di f fer  by 35" even though thei r  ages  do not  
d i f fer  significantly (Rb-Sr isochron of 2114 * 80  Ma (Bell and 
Blenkinsop, 1976) for t h e  stock, and Rb-Sr isochron of 
2100 * 68 Ma (Gates  and Hurley, 1973) and 4 0 ~ r / 3 9 ~ r  of 
2150 + 25 Ma (Hanes and York, 1979) for  t he  dykes). Both 
paleopoles a r e  supported by c o n t a c t  t e s t s  and both a r e  f rom 
t h e  same  general a r e a  in which t h e r e  is no geological 
evidence of local rotations.  The s tock and t h e  dykes have 
ver t ica l  con tac t s  indicating t h a t  subsequent t i l t ing has been 
small  or  negligible. The con tac t  t e s t s  fo r  both s tock and 
dykes a r e  good particularly s o  for t h e  l a t t e r  because t h e  
baked mater ia l  (in par t  for t h e  s tock,  ent i re ly  for  t h e  dykes) 
is  Matachewan diabase  whose magnet iza t ion away f rom t h e  
con tac t  is itself known t o  be  primary f rom con tac t  t e s t s  
(Irving and Naldre t t ,  1977). Hence t h e r e  is  good evidence for  
believing t h a t  t h e  paleopole was c lose  t o  t h e  Superior 
Province segment  of North America  about  2150 Ma ago. 

Numerous s tudies  of t h e  apparent ly  contemporaneous 
Nipissing diabase (Rb-Sr isochrons of 2100 + 50 Ma 
Van Schmus, 1965) and have yielded a wide distribution of 

I I 
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Figure 10.5. Paleolatitude variations for the Laurention Shield. Calculated for Winnipeg (50°N,  97OW). 
From Irving and McGlynn (1980). 
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poles (u t o  w, Fig. 10.6). The fnetamorphic grade of t h e  
Nipissing diabase varies from subgreenschist t o  amphibolite. 
I t  would appear t h a t  generally low-grade rocks have been 
studied, although this is not always clear.  

The Nipissing paleopoles have been considered t o  fall  
in to  a northerly (N) and a southerly (S) group (Fig. 10.6). 
Considerable uncertainty exists about t h e  re la t ive  and abso- 
l u t e  ages  of t h e  corresponding magnetizations. 
Symons (1967) believed tha t  t he  southerly paleopoles were  
derived f rom t h e  original magnetization and described a 
con tac t  t e s t  in support. Later ,  Roy and Lapointe (1976) 
regarded 2 a s  an  overprint and N a s  t h e  original magnetiza- 
t ion, basing thei r  argument mainly on a con tac t  t e s t  for 
paleopole m. Although this con tac t  t e s t  is not conclusive, 
we believe i t  t o  be very good because t h e  Firstbrook 
Formation, which is rese t  in t h e  direction of t h e  Nipissing 
diabase near contacts ,  has, a s  Roy and Lapointe (1976) 
showed f rom detailed studies,  a very s table  magnetization 
which is almost certainly of pre-Nipissing age. Subsequently 
Morris (1979) has  described a con tac t  t e s t  applicable t o  t h e  3 
palaeopoles, which could support Symons' original argument.  
A fur ther  uncertainty is t h a t  t h e  geological relationships 
between the  rocks studied magnetically and those  studied 
radiometrically i s  not always clear.  Thus, t h e  Nipissing 
diabase palaeopoles of Figure 10.6 could have been derived 
f rom rocks of several different intrusive events.  For  
example,  is indistinguishable f rom paleopoles for  t h e  
Franklin intrusions (approximately 650 Ma) and f rom 
paleopoles f rom west-northwest trending dykes of t h e  
Crenville swarm tha t  a r e  common in this a r e a  (Murthy, 1972; 
Park,  1974). Hence, u, ostensibly derived f rom Nipissing 
diabase, could have been derived f rom a n  intrusion very much 
younger than the  Nipissing, but difficult  t o  distinguish f rom 
i t  in the  field because of thei r  petrological similarity. Such 
situations however a r e  undoubtedly r a re  - t h e  g rea t  majority 
of observations ascribed t o  t h e  Nipissing have been obtained 
f rom t rue  Nipissing diabase. 

The in terpre ta t ion of results f rom t h e  Nipissing diabase 
is fur ther  complicated by uncertainty in application of t i l t  
corrections.  The diabases a r e  concordant or  transgressive 
sills intruded in to  Huronian sedimentary rocks. According t o  
Card and Pattison (1 973) the  Nipissing intrusions "were 
emplaced a f t e r  early faulting during t h e  l a t e r  s t age  of an  
early major folding of t h e  Huronian sequence, but before  
secondary deformational events  and regional metamorphism". 
In ear l ier  studies Symons (1970) showed, in some instances,  
t ha t  t he  directions of magnetization were  somewhat be t t e r  
grouped before r a the r  than a f t e r  correct ions  were  applied for 
t i l t ing observed in country rocks. In la ter  studies paleopoles 
have been calculated on the  assumption that  t he  various 
magnetizations were  acquired when the  rocks were  in thei r  
present re la t ive  positions. This assumption would b e  justified 
if a l l  Nipissing paleopoles were  in close proximity, but  they 
a r e  not. .The e f f e c t  of omitt ing possible t i l t  correction is not  
clear,  but because of t he  general east-west s t r ike  of t h e  
Huronian rocks i t  could account for  some  of t h e  meridional 
spread of Nipissing paleopoles. 

Several paleopoles from sedimentary rocks of t h e  
Huronian Supergroup have been obtained (s t o  GG5 and 
TS). Of these  9, 3, and 5 a r e  derived from what  a r e  - 
probably original magnetization, whereas GG2 and 5 a r e  
postfolding overprints.  The magnetization may or may 
not be original. The upper broad arrow in Figure  10.6 
indicates t h e  polar trend suggested by Roy and 
Lapointe (1976). Irving and McGlynn (1980) have argued t h a t  
all  evidence, some of i t  obtained a f t e r  t h e  work of Roy and 
Lapointe (l976), is compatible with their  suggested polar 
t rack if t h e  possibility of local RR1s is admit ted .  The t r ack  
of Roy and Lapointe may then be  connected with t h e  

m e  10.6. Older Proterozoic, Slave-Superior comparison. 
The broad arrow passing over the present pole indicates the 
probable trend of the pole obtained mainly from studies o f  
Huronian sedimentary rocks (Roy and Lapoint, 1976). The 
SE-NW arrow gives the probable t ime trend o f  poles from the 
Slave Structural Province (McGlynn and Irving, 1975). The 
double arrow with question mark indicates the uncertainty in 
the trend of paleopoles from the  Nipissing diabase. The main 
sampling localities are shown in the inset. The paleopoles are 
labelled as follows, and the documentation is given in Irving 
and McGlynn (1980). 

ABI Abitibi Dykes, primary - 
AT2 Abitibi Dykes, north directions - 
AT3 Abitibi Dykes, southwest directions 

BCI to three magnetizations of Big Spruce Complex 
CS Chibougamau sills 
DC Dogrib Dykes - 
ED East Island Dike (McGlynn and Irving, in - 

preparation) 
GGl to 5 Gowganda Formation - 

GT Gunflint Formation - ID Indin Dykes 
MD Matachewan Dykes - 
MS Molson Dykes 

NDI -12  Nipissing diabese 
ND12 from Morris, 1979 

OS1 Otto Stock - 
0S2 Otto Stock overprint - 
OT Otish gabbro - 
TS Thessalon Volcanic Series 
XX "Xu Dykes - 

Paleopoles with ''C" besides them are supported by contact 
tests. Antipoles o f  CS, GG, M D  and are plotted t o  allow 
study of alternative northerly directed polar path to  be made. 
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southerly trending "Nipissing polar t rackt t  and Track 5 of 
Irving and McGlynn (1976). Alternatively, a s  in Figure 10.6, 
Huronian paleopoles may be  plotted in the  southern 
hemisphere and t h e  polar t rack brought f rom t h e  south t o  
connect  with a northerly trending Nipissing polar track. This 
northerly trending option of Huronian and Nipissing 
paleopoles does not  very adequately explain t h e  age  relation- 
ships and w e  favour t h e  southerly trending option for reasons 
now given. 

We regard t h e  con tac t  t e s t s  of g, ABI and ND7 a s  
satisfactory,  so  t h a t  these  paleopoles truly ref lec t  t h e  
direction of t h e  field a t  t h e  t ime  t h e  rocks were intruded 
about  2100 Ma ago. The inclinations, like those of t h e  
roughly contemporaneous units @ and m, a r e  steep, 
indicating high paleolati tudes and a paleopole near t o  t h e  
Superior Province. The con tac t  t e s t s  (u) for t he  
southerly group of Nipissing poles (NDI,  2, 5, 8, 10, and 12) 
a r e  less convincing. That  given by Symons fi967) is based on 
very sca t t e red  paleodirections. To make t h e  second test, 
Morris (1979) studied five sites,  two in diabase and th ree  in 
country rock. Two s i tes  in baked sedimentary roclc and 
diabase of t he  chilled con tac t  have t h e  s a m e  paleodirections 
(yielding paleopole u). The sampling s i t e  a t  t h e  c e n t r e  of 
t h e  dyke has  complex magnetizations with shallow inclina- 
tions, but "a few specimens. . . show a consistent directional 
shi f t  to s teeper  inclinations", t h a t  is towards the  direction 
corresponding to  ND12 (Fig. 10.6). The s i t e  in t h e  unbaked 
Huronian argil l i te has another  direction of magnetization 
corresponding to paleopole G, and this magnetization is 
postfolding (Morris, 1977). The d a t a  allow severa l  in terpre ta-  
tions. It is possible, a s  Morris contends,  t h a t  t h e  baked 
sediment  and chilled diabase c o n t a c t  rock have indeed 
preserved the  original magnetization acquired a t  t he  t ime  of 
intrusion and cooling. I t  seems to us probable t h a t  t he  
magnetization (yielding ND12 paleopole) postdates  t h e  
magnetization of t h e  country rock, but  this is by no means 
cer ta in .  Since, t h e  magnetization of t h e  country rock is 
itself secondary (Morris, 1979) and of uncertain age, t he  age  
of t h e  ND12 magnetization is not wel l  constrained. 

The evidence is in an unsatisfactory s t a t e ,  but we would 
argue tha t  i t  is permissible to  retain the  hypothesis of Roy 
and Lapointe (1976) t h a t  t he  southerly Nipissing paleopoles 
r e f l ec t  possible secondary overprints. The a g e  of t h e  over- 
printing is unknown. The wide longitudinal spread of the  
southerly Nipissing paleopoles could have been caused by l a t e  
s t age  RR's of small blocks related t o  t h e  longitudinal east- 
west faults t h a t  a r e  common in t h e  area .  

The paleopoles f rom the  Slave Structura l  Province a r e  
crudely aligned along a southeast  t o  northwest trend 
(Fig. 10.6). DG, f rom t h e  Dogrib Dykes, is probably the  
oldes t  b e c a u s e 3  is derived f rom t h e  oldes t  body studied and 
although con tac t  t e s t s  cannot  be  made ( the  country rock is 
magnetically unstable) t h e  uniformity and stabil i ty of their  
distinctive magnetization directions suggest t h a t  t h e  
magnetization could b e  original. Es t imates  of t h e  a g e  of t h e  
Dogrib Dykes by K-Ar and Rb-Sr methods fall in the  range 
2200 to  2600 Ma. The Easter Island Dyke (paleopole EJ) is an  
alkaline gabbro body which has yielded K-Ar ages  of about  
2200 Ma. It intrudes Archean grani t ic  basement  rocks. It is  
overlain by t h e  G r e a t  Slave Supergroup and is thought to b e  
older than the  Union Island Group (Hoffman e t  al., 1977). 
The Easter Island dyke paleopole falls  near  t h a t  for t h e  
Dogrib Dykes (McGlynn and Irving, in preparation). X D  is a 
paleopole form an undated unnamed small  group of dykes t h a t  
a r e  probably of middle Proterozoic  age.  Paleopole f rom 
t h e  Indin Dykes (2049 + 86 Ma, Rb-Sr isochron) is supported 
by a con tac t  tes t .  The Big Spruce Complex (2066 f 40 Ma, 
Rb-Sr isochron) has  yielded paleopole BCJ, BC2 and BC3 

Figure 10.7. Possible polar paths for the Slave and Superior 
structural provinces. The approximate ages given in millions 
of years. S L  in the inset is the Slave Structural Province. 

at t r ibuted t o  t h r e e  distinct magnetizations.  A four th  magne- 
t ization. E, is  probably very much younger. At f i r s t  w e  
considered BCI t o  be  the  primary magnet iza t ion and BC2 and 
BC3 t o  be overprints re la ted  t o  t h e  younger Coronation Loop 
(Irving and McClynn, 1976). BCI is  s ta t i s t ica l ly  indistinguish- 
ab le  f rom ( the  O t t o  Stock) and w e  originally considered 
this ag reemen t  t o  b e  good evidence against  t he  idea of large  
re la t ive  motions between t h e  Slave and Superior s t ructura l  
provinces s ince  about  2000 Ma. We a r e  now less ce r t a in  t h a t  
this is  a sound a rgumen t  (Irving and McGlynn, 1980). The 
magnetization corresponding t o  & . i s  d i rec ted along t h e  
present field and could have been caused by incipient 
weathering or by some  a s  ye t  unstudied process re la ted  t o  t h e  
e f f e c t s  of ice-loading o r  permafrost .  

Our preferred in terpre ta t ion of t h e  polar t racks  for  t h e  
Slave and Superior s t ructura l  provinces a r e  shown in 
Figure 10.7. t h e  Superior path extends  f rom t h e  Matachewan 
t o  Nipissing paleopoles and is similar t o  t h e  path  given by 
Roy and. Lapointe (1976). The Slave path  extends  f rom t h e  
paleopole for  Dogrib and Easter  Island dykes t o  t h a t  for t h e  
Indin Dykes paleopoles and is l ike t h a t  originally given by 
McGlynn and Irving (1975). The fo rmer  begins ear l ier  and 
apparently ends a l i t t l e  earlier.  The Coronation Loop 
(Fig. 10.1) begins a t  about  1900 Ma. There  a r e  no paleopoles 
t h a t  can b e  assigned with confidence t o  t h e  interval f rom 
about  2000 t o  1900 Ma s o  t h a t  t h e  manner  in which t h e  Slave 
and Superior polar t r acks  come  together  and became linked 
with t h e  Coronation Loop is unknown. The possibilities a r e  
too numerous a t  present  for fruitful  speculation. 

The differing paths for t h e  Slave and Superior blocks 
imply t h a t  they were  moving separa te ly  in t h e  interval 2300 
t o  2100 Ma. The absence of reliable information in t h e  
interval 2000 t o  1900 Ma means t h a t  re la t ive  motion could 
have continued up t o  about  1850 Ma a f t e r  which i t  appears  t o  
have ceased. 
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In recent  years paths of APW relative t o  Laurentia a s  
compiled by di f ferent  workers have tended t o  become in- 
creasingly complicated. These complications could b e  real,  
but i t  is  a t  leas t  equally possible tha t  t he  segments  of t h e  
APW path re la t ive  to  each crus ta l  block within Laurentia a r e  
comparatively simple, and t h a t  t h e  apparent  complexity,  
exhibited by t h e  da ta  for Laurentia when considered a s  a 
whole, ref lec ts  re la t ive  motions (rotations or  lati tudinal 
motions) of t h e  d i f ferent  crus ta l  blocks. The main purpose of 
this short  review has been t o  argue t h e  l a t t e r  case.  

REFERENCES 

Baragar,  W.R.A. and Robertson, W.A. 
1973: Faul t  rotation of paleomagnetic directions in 

Coppermine River lavas and their  revised pole; 
Canadian Journal of Earth Sciences, v. 10, 
p. 1519-1532. 

Bell, K. and Blenkinsop, J. 
1976: A Rb-Sr whole rock isochron f rom t h e  O t t o  Stock, 

Ontario;  Canadian Journal of Earth Sciences,  
v. 13, p. 998-1002. 

Bingham, D.K. and Evans, M.E. 
1976: Paleomagnetism of t h e  Grea t  lake Supergroup, 

Northwest Territories, Canada; Canadian Journal 
of Ear th  Sciences, v. 13, p. 563-578. 

Campbell ,  F.H.A. and Cecile,  M.P. 
1981 : Evolution of the  Early Proterozoic Kilohigok 

Basin, Bathurst Inlet-Victoria Island, Northwest 
Territories;  Proterozoic  Basins of Canada, 
F.H.A. Campbell, ed., Geological Survey of 
Canada, Paper 81-10, Repor t  7. 

Card, K.D. and Pattison, E.F. 
1973: Nipissing diabase of t h e  Southern Province, 

Ontario,  in Huronian Stratigraphy and 
Sedimentation, ed., Young, G.M., Geological 
Association of Canada, Special Paper 12, p. 7-30. 

Channell, J.E.T., Catalano, R., and D'Argenio, B. 
1980: Palaeomagnetism and deformation of t h e  

Mesozoic continental  margin in Sicily; 
Tectonophysics, v. 61, p. 391-407. 

Drewry, G.E., Ramsay, A.T.S., and Smith, A.G. 
1974: Climatically controlled sediments,  t h e  

geomagnetic field and t r ade  wind bel ts  in 
Phanerozoic t ime; Journal of Geology, v. 82, 
p. 531-553. 

Evans, M.E. and Hoye, G.S. 
1981: Paleomagnetic results f rom t h e  lower Proterozoic  

rocks of Great  Slave Lake and Bathurst  Inlet 
areas ,  Northwest Territories;  in Proterozoic 
Basins of Canada, ed., F ~ . A .  Campbell ,  
Geological Survey of Canada, Paper81-10, 
Repor t  I I .  

Evans, M.E. and Bingham, D.K. 
1976: Paleomagnetism of t h e  Grea t  Slave Supergroup, 

Northwest Territories,  Canada; t h e  Tochatwi 
Formation; Canadian Journal of Ear th  Sciences, 
V. 13, p. 555-562. 

Gates ,  J.M. and Hurley, P.M. 
1973: Evaluation of Rb-Sr dat ing methods applied t o  t h e  

Matachewan, Abitibi, Mackenzie, and Sudbury 
dike swarms in Canada; Canadian Journal of Ear th  
Sciences, v. 10, p. 900-919. 

Gordon, R.G., McWilliams, M.D., andcox ,  A. 
1979: Pre-Tertiary velocit ies of t h e  Continents:  a 

lower bound f rom paleomagnetic da ta ;  Journal of 
Geophysical Research,  v. 84, p. 5480-5486. 

Cough, D.I., Rahman, A., and Evans, M.E. 
1977: Magnetic anisotropy and fabr ic  of redbeds of t he  

Grea t  Slave Supergroup of Canada; Geophysical 
Journal of t h e  Royal Astronomical Society,  v. 50, 
p. 685-697. 

Hanes, J.A. and York, D. 
1979: A detailed " ~ r / ~ ~ A r  a g e  study of an  Abitibi dike 

f rom t h e  Canadian Superior Province; Canadian 
Journal of Earth Sciences,  v. 16, p. 1060-1070. 

Hoffman, P.F. 
1980: Wopmay Orogen: a Wilson cycle  of Early 

Proterozoic a g e  in t h e  northwest of t h e  Canadian 
Shield; Geological Association of Canada, Special 
Paper 20, p. 523-549. 

1981: Evolution of t h e  Early Proterozoic  Kilohigok 
Basin, Bathurst  Inlet-Victoria Island, Northwest 
Territories;  Proterozoic  Basins of Canada,  
F.H.A. Campbell ,  ed., Geological Survey of 
Canada, Paper  81-10, Repor t  6. 

Hoffman, P.F., Bell, I.R., Hildebrand, R.S., and Thorstad, L. 
1977: Geology of the  Athapuscow Aulocagen, East  Arm 

of Grea t  Slave Lake District  of Mackenzie, 
Repor t  of Activities, P a r t  A, Geological Survey of 
Canada, Paper 77-IA, p. 117-129. 

Hospers, J .  
1954: Rock magnetism and polar wandering; Nature,  

v. 173, p. 1183. 

Irving, E. 
1956: Paleomagnetic and polaeoclimatological aspects  

of polar-wandering; Geofisica Pura et Applicata, 
V. 33, p. 23-41. 

Irving, E. and McGlynn, J.C. 
1976: Proterozoic magnetostratigraphy and t h e  t ec ton ic  

evolution of laurentia;  The Philosophical 
Transactions of t he  Royal Society,  Series A, 
V. 280, p. 243-265. 

1979: Palaeomagnetism in t h e  Coronation Geosyncline 
and arrangement  of cont inents  in the  middle 
Proterozoic;  Geophysical Journal of t h e  Royal 
Astronomical Society; v. 58, p. 309-336. 

1980: On t h e  coherence, ro ta t ion and palaeolati tude of 
Laurentia in t h e  Proterozoic,  Precambrian 
P la t e  Tectonics,  ed., A. Kroner, Elsevier. 

Irving, E. and Naldre t t ,  A.J. 
1977: Paleomagnetism in Abitibi Greenstone Belt and 

Abitibi and Matachewan diabase dikes: evidence 
of t h e  Archean geomagnet ic  field; Journal of 
Geology, v. 85, p. 157-176. 

McElhinny, M.V. and Merrill, R.T. 
1975: Geomagnetic secular variation over the  past  

5 m.y.; Reviews of Geophysics and Space Physics, 
V. 13, p. 687-708. 

McGlynn, J.C. and Irving, E. 
1975: Paleomagnetism of early Aphebian Dykes f rom 

t h e  Slave Structura l  Province, Canada; 
Tectonophysics, v. 26, p. 23-28. 

1978: Paleomagnetism of the  Pearson Formation, Grea t  
Slave Supergroup, N.W.T. and t h e  Coronation 
loop; Canadian Journal of Ear th  Sciences, v. 15, 
p. 642-654. 



J.C. McGlynn and E. Irving 

Molnar, P. and Tapponnier, P. 
1975: Cenozoic tec tonics  of Asia: e f f ec t s  of a 

continental  collision; Science, v. 189, p. 4 19-426. 

Morris, W.A. 
1977: Paleomagnetism of t h e  Gowganda and 

Chibougamau Formations: evidence for 2200 m.y. 
folding and remagnetization even t  of t h e  Southern 
Province; Geology, v. 5, p. 137-140. 

1979: A positive con tac t  t e s t  between Nipissing diabase 
and Gowganda argillites; Canadian Journal of 
Earth Sciences, v. 16, p. 607-611. 

Murthy, G.S. 
197 2: The paleomagnetism of diabase .dykes f rom t h e  

Grenville Province; Canadian Journal of Ear th  
Science, v. 18, p. 802-812. 

Park, J.K. 
1974: Paleomagnetism of miscellaneous Franklin and 

Mackenzie diabases of t h e  Canadian Shield, and 
thei r  adjacent country rocks; Canadian Journal of 
Earth Sciences, v. 11, p. 1012-1017. 

Roy, J.L. and Lapointe, P.L. 
1976: The paleomagnetisrn of Huronian red beds and 

Nipissing diabase; Post-Huronion igneous even t s  
and apparent  polar path  fo r  t h e  in terval  -2300 t o  
-1500 m.y. for Laurent ia ;  Canadian Journal of 
Ear th  Sciences, v. 13, p. 749-773. 

Schmidt, P.W. 
1980: Paleomagnetism of igenous rocks f rom t h e  

Belcher Islands, Northwest Territories,  Canada,  
v. 17, p. 807-822. 

Symons, D.T.A. 
1967: Paleomagnetisrn of Precambrian rocks near  

Cobalt ,  Ontario;  Canadian Journal of Ea r th  
Sciences,  v. 4, p. 1161-1169. 

1970: Paleomagnetisrn of t h e  Nipissing diabase,  Cobal t  
a r ea ,  Ontario;  Canadian Journal of Ea r th  
Sciences,  v. 7,  p. 86-90. 

Van Schmus, W.R. 
1965: The geochronology of t h e  Blind River - Bruce 

Mines area ,  Ontario;  Journal of Geology, v. 73, 
p. 775-780. 



PALEOMAGNETIC RESULTS FROM THE LOWER PROTEROZOIC ROCKS OF 
GREAT SLAVE LAKE AND BATHURST INLET AREAS, NORTHWEST TERRITORIES 

M.E. Evans and G.S. Hoye 
Insti tute of Earth and Planetary  Physics 

University o f  Alberta, Edmonton, Alberta 

Evans, M.E. and Hoye, C.S., Paleomagnetic results from the lower Proterozoic rocks of  Great Slave 
Lake and Bathurst Inlet areas, Northwest Territories; in Proterozoic Basins of Canada, 
F.H.A. Campbell, editor; Geological Survey of Canada, Paper 81-10, P. 191-202, 1981. 

Abstract 

Paleomagnetic results are reported from some 300 redbed horizons in the Athapuscow 
aulacogen and Kilohigok Basin involving the Sosan, Kahochella, and Christie Bay groups in the former 
and the Western River, Mara, and Peacock Hills formations in the latter. Magnetizations are 
commonly rnultiphased, requiring the recognition and removal o f  recent and ancient overprints before 
original primary remanences are revealed. For the most part the poles deduced from these 
formations form a group o f f  the west coast o f  South America with a mean at 92OW, 14OS(N=8, K=23. 
A95=120); no significant polar wander is detectable within the interval represented. This pole 
(referred to here as the Lower Coronation Pole) indicates that for much of its sedimentation history 
the Coronation Geosyncline occupied tropical latitudes (about 10') which is compatible with the 
abundance of stromatolites and the occurrence of evaporites. In addition to this Lower Coronation 
Pole, there is a widespread overprint, thought to be associated with uplift and cooling in the 
Coronation Geosyncline, corresponding to a pole at 091°W, 21°N (K=14, Ag5=50). 

The pole obtained from the Western River Formation, which is the oldest unit studied, lies o f f  
the west coast o f  Africa, some 80" from the Lower Coronation Pole. One speculative interpretation 
of this discrepancy involves relative motions between subplate:: of the Canadian Shield, but it is more 
likely that it simply represents a time gap of perhaps as much as 200 Ma. 

The results from the Stark and Tochatwi formations are aberrant, possibly because of a local 
tectonic rotation. This suggestion has been tested by collecting new material from the Stark 
Formation in an area thought to be undisturbed. Unfortunately, the strata there are brecciated and 
the specimens yield highly scattered directions which do not resolve the rotation problem. 

Since the samples were collected in ordered stratigraphic sequences it has proved possible to  
delineate geomagnetic polarity zones. The magnetostratigraphy of these ancient sedimentary basins 
is thus beginning to emerge, enabling certain tentative correlations between the various elements of 
the Coronation Geosyncline to  be made. 

On prbente les re'sultats de leve's pale'omagne'tiques effectuQ sur environ 300 horizons h 
couches rouges (red beds), situe's dans llaulacog&ne dlAthapuscow et le bassin de Kilohigok, englobant 
les groupes de Sosan, Kahochella et Christie Bay dans llaulacog&ne, et les formations de Western 
River, Mara et Peacock Hills dans le bassin. Ge'ne'ralement, les magne'tisations sont multiphase'es et  
exigent !'identification et 11e7imination de surimpressions re'centes et anciennes, pour laisser 
apparaitre les re'manences primaires originales. En majorite', les pdles de'duits de ces formations 
forment un groupe au large de la cdte ouest de IIAme'rique du &d, de coordonne'es rnoyennes 92OW. 
14's ( N = 8 ,  K=23, Ag5=120), e t  ['on ne peut de'celer aucun mouvement notable des p6les correspondant 
21 l'intervalle de temps repre'sente'. Ce p61e (appele' ici p61e de la partie infe'rieure de la formation de 
Coronation), indique que pendant une grande partie de son histoire se'dimentaire, le ge'osynclinal de 
Coronation a occupe' des latitudes tropicales (a  environ lo0) ,  ce qui concorde avec l'abondance des 
stromatolites et  la pre'sence d'e'vaporites. Outre ce p61e, on observe une vaste surimpression, que l'on 
croit associte' aux phiodes de soul&vement et de refroidissement subies par le ge'osynclinal de 
Coronation, et  qui est repre'sente'e par un p61e de coordonnees 091°W, 21' (K=14, Ag5=5). 

Le pdle obtenu pour la formation de Western River, la plus ancienne unite' e'tudie'e, se situe au 
large de la cdte ouest de llAfrique, h environ 80' du p61e de la partie infe'rieure de la formation de 
Coronation. Pour tenter d'expliquer cette discordance, on a considke' les mouvements relatifs entre 
les sous-plaques du Bouclier canadien, mais il est plus vraisemblable qu'elle correspond h une lacune 
stratigraphique de peut-6tre 200 Ma. 
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Les resultats obtenus sur les formations de Stark et  de Tochatwi sont aberrants, peut-6tre en 
raison d'une rotation tectonique locale. On a rnis h l'e'preuve cette suggestion, en recueillant de 
nouveaux de'tails sur la formation de Stark, dans une zone que l'on jugeait non perturbe'e. 
Malheureusement, les strates de cet te  formation contiennent des brbches, et  les e'chantillons 
exarnin6s rnontrent une importante dispersion de leurs directions, ce qui ne permet pas de re'soudre le 
probl6me de rotation. 

&ant donne' que ['on a recueilli les e'chantillons en suivant le profil stratigraphique, on a pu 
delimiter les zones de polarite' geomagn6tique. On commence ainsi 2r reconnaitre la 
magne'tostratigraphie de ces anciens bassins sgdirnentaires, et donc h e'tablir certaines correlations 
entre les divers e'le'rnents du ge'osynclinal de Coronation. 

INTRODUCTION a r e  kept  a s  brief a s  posible, excep t  where  they depar t  f rom 

The Athapuscow aulacogen and Kilohigok Basin well-established techniques (see  textbooks by Irving (1964) 

(Fig. 11.1) both contain severa l  thousand me t re s  of sediments  and McElhinny (1973)). The d a t a  base for each formation, 
some of which have already been published, is described which are for the most part well-ex~Osed and briefly before turning to the interpretation and significance unmetamorphosed. Of particular in teres t  to t h e  present work of the results. a r e  t h e  s t r a t a  of t h e  Grea t  Slave Supernroup of t h e  

Athapuscow aulacogen and the  ~ o u l b o u r n  &oup of t h e  
Kilohigok Basin. The formations involved (Table 11.1) a r e  KILOHIGOK BASIN 
genetically related t o  the  development of t h e  Coronation 
Geosyncline, which developed along the  northwest border of 
t h e  Slave Province in l a t e  Aphebian t ime,  i.e. 2000 t o  
1750 Ma (Hoffman, 1973; 1980; 1981). Paleomagnetic inves- 
t igations of several formations have been undertaken t o  a id  
in understanding the  tec tonic  evolution of this par t  of t he  
Canadian Shield and to  provide a possible means of correla- 
tion between t h e  various e lements  of t h e  Coronation 
Geosyncline. 

In this paper geological deta i ls  a r e  kept t o  a 
minimum since several excellent accounts  already exist  
(e.g. Hoffman, 1968; Hoffman et al, 1970; Campbell and 
Cecile,  1976), and others appear in this volume. Procedural 
deta i ls  of paleomagnetic field sampling and laboratory work 

New results a r e  reported f rom th ree  sedimentary  
format ions-  t h e  Western River, Mara, and Peacock Hills 
formations.  Data  from two s i tes  in a gabbro sill intruding the  
Western River format ion a r e  a lso  described. 

Western River  Format ion 

This formation res ts  unconformably on Archean 
Yellowknife-like sediments,  locally with a regolith and thin 
conglomerate  a t  t h e  base. These a r e  succeeded by a Lower 
member,  a red sil tstone member,  a qua r t z i t e  member,  and 
finally an  Upper Argillite member  (Campbell  and 
Cecile,  1981). The Red Siltstone member ,  which ranges in 
thickness f rom 100-200 m, was  sampled a t  t h ree  sect ions  

Table 11.1. Stratigraphy of t h e  Athapuscow aulacogen and Kilohigok Basin. 

Athapuscow 

--I Preble  
Et-Then Murky 

Kilohigok 

Tinney Cove 

Unnamed (Hoffman, 1981) 

Chr is t ie  Bay 

1 i Charlton Bav* 

Pe the i  

' McLeod ~ a y ;  
Kahochella Gibraltar* 

2 Unnamed (Hoffman, 198 1) 1. 

Hearne 
Wildbread 
Pekanatui' 
Blanchet 
McLean 
Utsingi 
Taltheilei  
Douglas Peninsula 

1 

1 t-I Akaitcho River* 

Sosan 1 ! ;:"Itel 
I [ Hornby Channel 

Amagok 

Brown Sound 
Omingmaktook Mbr. 

Kuuvik 

Peacock Hills* 

Quadyuk 

Mara * 
Burnside River 
Western River* 

Note: Asterisks indicate formations for  which paleomagnetic da ta  a r e  reported in this paper 
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(Fig. 11.2); section A (140 m; I0  s i tes  = horizons; 34 drill 
cores), B (53 m; 10 sites;  31 cores), and C (23 m; 5 sites;  
15 cores). Thermal demagnetization studies revealed a s table  
remanence well removed from t h e  present field a t  t h e  
sampling locality a t  almost all  s i tes  (Fig. 11.3, Table 11.2). 
Most have magnetic vectors  pointing eastwards with shallow 
positive dip, but  5 s i tes  a re  oppositely polarized. Application 
of a bedding correction slightly increases the  precision para- 
me te r  (from 11 to  12) but this improvement is not  
statist ically significant, due t o  the  f a c t  t ha t  dips a r e  small  
and fairly constant throughout t h e  region studied. 

Mara Format ion 

This formation generally consists of red sil tstones and 
fine subarkose, and varies in thickness from 100 t o  500 m. I t  
was sampled in the  uppermost portion immediately underlying 
t h e  Quadyuk Formation. 

The bulk of t h e  samples were  collected f rom a locality 
on t h e  shores of Bathurst  Inlet (107O53'W 67'08'N, Fig. 11.1), 
bu t  a few samples were also obtained from an a rea  about 
100 km to  t h e  south (D in Fig. 11.2) tha t  was visited briefly. 
At this southern locality 5 s t ra t igraphic  horizons (15 drill 
cores) were  obtained spread over a thickness of about  500 rn. 
At the  Bathurst  Inlet locality 43 horizons (155 samples, 
mostly drill cores) were  sampled over about 300 m. 

Figure 11.1.  Sketch map showing the Slave Province 
(horizontal lines) and the Coronation Geosyncline with 
associated aulacogens (dots). Oblique lines represent 
Helikian and Hadrynian cover rocks. Sampling areas are 
indicated by large dots. 

C = Coronation Ceosyncline 
K = Kilohigok Basin 
A = Athapuscow Aulacogen 

Thermal demagnetization was carr ied  ou t  on all 
samples and most s i tes  yield s ta t i s t ica l ly  significant mean 
magnet ic  vectors well removed f rom t h e  present  field a t  t h e  
sampling locality (Fig. 11.4, Table 11.3). Two opposed 
polarity groups emerge  but  there  a re  also a number of 
transit ional directions, particularly in t h e  upper pa r t  of t h e  
Bathurst  Inlet section, In the  60 m underlying t h e  Quadyuk 
Formation. These transit ional s i tes  a r e  e l iminated before 
averaging the  remaining d a t a  to obtain a mean direction. In 
addition rocks a t  several  s i tes  a r e  pale in colour and a r e  very 
weakly magnetized - these  yielded sca t t e red  remanence 
vectors  t h a t  were  highly unstable on demagnetization. It 
s eems  t h a t  these  s i tes  e i the r  never had, or have not  retained, 
a remanence measurable with currently available equipment,  
and they a r e  therefore  excluded f rom fu r the r  discussion. 
This leaves 28 s i t e  means, of which 9 have mean remanence 
vectors  d i rec ted to  t h e  south  and 19 to t h e  north. 

The results from locality D serve  t o  conf i rm t h e  two 
polarity groups observed a t  Bathurst  Inlet but t he  s i t e  means 
a r e  more sca t t e red  and t h e  two polarit ies a r e  not  anti-  
parallel. I t  is possible t h a t  some of these  s i t e s  record 

Table  11.2. Si te  mean resul ts  for  Western River Formation, 
a f t e r  application of bedding correct ion 

Si te  N T k D I 

WAA' - - 
WAB 3 600 400 058 +21 
WAC 3 600 22 128 +17 
WAD 3 600 26 079 +15 
WAE 3 600 32 090 +40 
WAF 3 600 220 257 -16 
WAC 3 600 64 111 +27 
WAH 3 600 152 094 +18 
WAI 3 600 52 109 + 37 
WAJ 3 600 19 07 2 +18 

WBA 1 600 280 -05 
WBB 2 600 135 266 -25 
WBC 3 600 14 300 -07 
WBD 3 600 6 27 4 -28 
W BE+ 2 660 75 064 + 35 
WBF - - 
WBC 3 600 28 076 + 24 
WBH 3 600 2 9 086 +17 
WBI 3 600 168 082 +23 
WB3 3 600 8 126 +22 

WCA 3 600 113 096 + 42 
WCB 3 500 27 065 +39 
WCC 3 600 43 050 +37 
WCD 3 500 9 089 + 08 
WCE 3 500 6 1 040 + 30 

MEAN 22 s i tes  12 086 +25 as s=90  

N = no. of cores  
T = t empera tu re  ("C) 
k = Fisher's precision pa ramete r  
D = declination ( O E  of N) 
I = inclination (+ downwards) 

t T h e s e  two  s i t e s  yielded specimen results spread between 
t h e  two  polarity groups indicated by t h e  remaining sites.  
They appear  t o  contain both polarity vectors  t h a t  have 
no t  been resolved by the rma l  demagnetization. 

N.B. Si te  WBA is not  included in t h e  mean s ince  N is  only I;  
although i t s  result is in good ag reemen t  with t h e  bulk 
of  t h e  o ther  si tes.  
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Figure 11.2. Sketch map showing sections sampled in the  
Western River Formation (A ,B ,C) ,  gabbro sill (Ea,Eb), and 
baked con tac t  (Ec). 

Horizontal l ines = Western River Formation 
Dots = Burnside River Formation 
Vertical l ines = Mara Formation 

WESTERN RIVER FM. 
thermal 

Figure 11.3. Typical thermal  demagnetization resul ts  for  
t he  Western River Formation. Equal a rea  ne t ,  solid (open) 
symbols on the  lower (upper) hemisphere. Large symbols 
represent t he  overall mean (see Table 11.2). 

transit ional directions - indeed the re  is a def in i te  trend in 
the  sequence DA-DB-DC (Table 11.2). With only 5 s i t e s  
however i t  is impossible to  demonstra te  this convincingly, 
and t h e  D section d a t a  a r e  the re fo re  used only a s  supporting 
evidence, and a r e  not included in t h e  overall mean for t h e  
Mara Formation. This is not a c r i t i ca l  decision - inclusion of 
these  5 s i tes  changes the  overall  mean given in Table 11.2' by 
only 3". 

Declination logs (Fig. 11.5) indicate t h a t  t h e  lower 
horizons in both sections a r e  normally polarized (magnet ic  
poles near  South America  a r e  designated normal for t h e  
purposes of this discussion). Between 150 and 200 m below 
t h e  Quadyuk Formation in t h e  Bathurst  Inlet  a r e a  a reversa l  
takes  place, but no sustained northerly group of d i rec t ions  
occurs above t h e  transition. Instead the re  is a complex 
a l ternat ion of normal and reversed horizons. In some  cases  
(e.g. Fig. 11.6) t h e  transit ion f rom one polarity s t a t e  to the  
o ther  has  been recorded. A t  t h e  D sect ion a reversa l  a lso  
takes  p lace  and declination changes from southerly to  
northerly, bu t  5 s i tes  a r e  insufficient t o  reveal  f iner  details.  
The correlation suggested by Figure 11.5 is possible, but 
without f i rmer  marker horizons a t  both locali t ies i t  must b e  
regarded a s  promising but tenta t ive .  

Peacock Hills Formation 

Sixteen s i tes  were  samples  in a 70 m thick sect ion 
s tar t ing immediately above t h e  Quadyuk Format ion in t h e  
s a m e  locality a s  t h e  main Mara Formation section. An addi- 
t ional two s i tes  were  sampled on a small  island 2.5 km to  t h e  
south. Most of t h e  collection consists of or iented hand 
samples (48 out  of 68) due to  difficult ies encountered in field 
drilling. Twelve drill co res  were  also col lec ted f rom t h e  
Quadyuk Formation, but  th is  s t romatol i t ic  ca rbona te  
mater ia l  was  very weakly magnetized and yielded unstable, 
s ca t t e red  remanence vectors,  which a r e  not  discussed 
hereaf ter .  

MARA FORMATION 
thermal 

Figure 11.4. Typical thermal  demagnet iza t ion resul ts  f o r  
t h e  Mara Formation. Symbols a s  in Figure 11.3. 
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During thermal  demagnetiztion many Peacock Hills 
specimens move first  t o  southerly declinations and then 
abruptly switch t o  northerly declinations at temperatures  
between 500 and 700°C (Fig. 11.7); other specimens exhibit 
northerly directed NRM's which move very l i t t l e  on demag- 
netization; a few specimens possess s table  southerly 
directions. This type  of behaviour suggests t h e  presence of 
two opposed polarities a s  described by Roy and Park (1 972) 
and others.  I t  is usually interpreted in t e rms  of a primary 
remanence with an overprint acquired a f t e r  one or more field 
reversals; thus the  overprint may not great ly  postdate t h e  
primary remanence. Roy and Park (1972) have demonstrated 
t h a t  chemical leaching can be an effect ive  technique for 
resolving the  various magnetic components, and we plan to  
undertake such work with a high-pressure device  currently 
under construction. Thus t h e  Peacock Hills Formation da ta  
reported here  are  of a preliminary nature,  with only one 
sample  per s i t e  studied in most cases. 

Table 11.3. Si te  mean results for t h e  Mara 
Formation, a f t e r  bedding correction 

Si te  N T k D I 

BAA 3 500 31 332 -23 
BAC 3 600 188 352 -60 
BAD 4 500 44 018 -03 
BAE 3 600 184 23 1 + 15 
BAF 3 500 I I 199 +30 
BAG 3 500 5 163 +01 

BBA 4 500 58 184 + 38 
BBB 3 500 46 192 +36 
BBC 3 600 17 164 +39 
BBD 3 500 130 182 +24 
BBE 3 500 32 185 +33 
BBF 3 500 6 1 183 + 32 
BBL 4 500 4 3 185 +52 
BBM 5 500 46 172 +41 
BBN 4 500 31 179 +55 

BCA 4 500 289 188 +21 
BCB 4 600 153 184 + 30 
BCD 4 660 10 003 +15 

8BFC 4 500 9 209 +21 
8BFD 5 600 I 4  340 -40 
8BFE 4 500 260 166 +28 
8BFF 4 500 122 164 +21 
8BFG 4 600 807 357 -23 
8BFH 4 600 40 1 338 -09 
8BFI 4 600 12 142 -13 

8BFK 4 600 76 348 -4 1 
8BFN 4 500 324 176 + 26 
8BEA 4 600 867 007 -27 

MEAN 28 s i tes  12 179 +29 a95=8" 

DE 3 630 49 325 -05 
DD 3 630 2 9 338 +17 
DC 3 600 22 146 +38 
DB 3 600 9 182 +55 
DA 3 630 288 154 +71 

- This t ab le  excludes 'transitional' s i t e s  and s i tes  
too weakly magnetized t o  be  reliably measured. 

- See Table 11.2 for explanation of symbols. 
- Sites s tar t ing with D re fe r  t o  locality D of 

Figure 11.2. 

At this s t a g e  we regard t h e  high-temperature results a s  
t h e  bes t  indicator of t h e  "original" magnet iza t ion although 
endpoints are  commonly not well-established. The appro- 
pr ia te  da ta  a r e  i l lustrated in Figure  11.8, and summarized in 
Table 11.4. 

Declination logs indicate t h a t  t h e  lowermost par ts  of 
t h e  sections a r e  normally magnetized, with a reversal  taking 
place  within the  first  few me t re s  above t h e  Quadyuk. With 
one exception (8BGJ) th i s  polarity is maintained throughout 
t h e  res t  of t h e  section (Fig. 11.9). Fur ther  work may remove 
this exception since t h e  two specimens demagnet ized t o  d a t e  
ag ree  up to  500°C, ( the  result  given in Table 11.41, but at 
higher temperatures  one swings to  a northerly direction a s  do 
specimens f rom the  other  s i tes  indicating t h a t  this s i t e  also 
possesses an underlying reversed magnetization. 

Cabbro Sill 

Three cores  were  drilled at each  of two s i tes  in a 
gabbro sill intruding the  Western River Formation (Fig. 11.2, 
Ea, Eb) a t  a point where  these  sediments  d ip  at about 5" to  
t h e  northeast .  One s i t e  was  centra l ly  located and one was 
near  t h e  margin of t h e  mapped outcrop. Si te  Ec is s i tuated in 
the  Red Siltstone member  of t h e  Western River Formation 
about  20 m from an ou tc rop  of gabbro. 

Igneous mater ia l  was subjected t o  alternating-field 
demagnetization and sediments  to the rma l  cleaning. The 
results a r e  summarized in Table 11.5, and typical demag- 
net iza t ions  a re  i l lustrated in Figure 11.10. The remanence 
vectors  move away f rom t h e  present field towards a shallow 
northerly direction reminiscent of resul ts  f rom t h e  Mara and 
Peacock Hills format ions  (Fig. 11.4, 11.8). 

It is important  t o  no te  t h a t  t h e  d a t a  f rom s i t e  Ec  agree  
with those of t h e  intrusion bu t  diverge markedly from t h e  
o the r  Western River Formation results. This const i tu tes  a 
convincing baked con tac t  t e s t  which strongly favours t h e  
view t h a t  t h e  magnetization of the  intrusion d a t e s  f rom i ts  
t i m e  of emplacement .  Tremblay (1971) repor ted  a K-Ar 

Figure 11.5. Declination magnetograms for the Mara 
Formation. 



Figure 11.6. The geomagnetic polarity transit ion recorded 
between 17.9 m and 6.5 m below t h e  Quadyuk Formation. 
Symbols a s  in Figure 11 -3. 

whole rock gge of 1215 Ma for this intrusion which suggests a 
corre la t ion with t h e  widespread Mackenzie Igneous Episode, 
bu t  this conflicts with t h e  paleomagnetic evidence. The 
Mackenzie intrusions have been studied paleomagnetically in 
a reas  extending across much of t h e  Shield and yield a t ight  
c lus ter  of poles with a mean at 171°W, OloN (Irving et al., 
1972). The d a t a  presented here  indicate t h a t  t h e  intrusion is 
magnetized in a direction similar t o  the  Mara and Peacock 
Hills formations, which yield poles a t  107OW, 07's and 
090°W, 15's respectively (see below). It t he re fo re  seems ' 

more probable that  t he  intrusion was emplaced about  
1800 Ma, and does not, in f ac t ,  belong to  t h e  Mackenzie 
Igneous Episode. 

ATHAPUSCOW AULACOGEN 

Investigations of Athapuscow aulacogen rocks carr ied  
ou t  by t h e  University of Alberta paleomagnetic group have 
appeared in the  l i tera ture  (McMurry et al., 1973; Evans and 
Bingham, 1976; Bingham and Evans, 1976; Evans et al., 1980; 
Reid e t  al., 1981) and discussion is therefore  res t r ic ted  to  t h e  
points essential  for  this review. 

Akai tcho River  Format ion 

Evans e t  al. (1980) reported results from 3 sections 
each about  200 m thick; 40 horizons were  sampled, t h e  to ta l  
number of oriented cores  being 120. Thermal  demagnet iza-  
tion reveals 2 polarity groups, but these  a r e  not  exact ly  
antiparallel .  This is a t t r ibuted t o  a previously recognized 
widespread magnetic overprint thought to  have been acquired 
during uplift  and slow cooling in t h e  Coronation Geosyncline 
(Irving and McGlynn, 1979). A novel s ta t i s t ica l  technique was 
employed to  remove this overprint and obta in  a bes t  e s t i m a t e  
of t h e  underlying original magnetization, which has a mean 
direction of  D=160°, 1:+36O (N=35, k=13, ag5-70) .  

Table 11.4. Si te  mean resul ts  for t h e  Peacock 
Hills Formation, a f t e r  dip correct ion 

I s i t e  N T k D I I 

- -- 

Symbols a r e  explained in Table 11.2 

Kahochella Group 

Reid (1972) investigated a thick s t ra t igraphic  sequence 
located on t h e  north coas t  of Keith Island centred at 
111°57'W, 62'03'N. Forty-nine s i t e s  were  sampled with a 
typical s t ra t igraphic  spacing of 25 m. Some of this work was  
reported by McMurry et al. (1973) and a full discussion can  
be  found in Reid e t  al. (1981). After  alternating-field 
and the rma l  demagnet iza t ion a dominant magnet ic  com- 
ponent in t h e  southeas t  quadrant  with moderate  inclinations 
is observed, with a f ew s i t e s  indicating reversed 
directions,  although never with well-established end-points. 
As discussed more fully in the  next section, Reid (1972) 
recognized a postfolding overpr in t  which appears  t o  have 
to ta l ly  overprinted t h e  original remanence a t  some  sites,  but 
I 8  s i tes  retain,  a t  l ea s t  in par t ,  an  ear l ier  remanence f rom 
which Reid et al. (1981) deduced a mean di rect ion of D=129", 
1=+21° (N=18, k=12, a g s = l O O ) .  Both polarit ies occur and a r e  
stratigraphically intermingled, with at l eas t  7 reversals 
implied. 

Reid et al. (1981) also repor ted  on f ive  s i tes  in the  
biogenic, primarily ca lcareous  rocks of t h e  Pethei  Group, but  
poor results from these  s i t e s  did not  provide new information 
about  t h e  ancient  geomagnet ic  field. 

Chr is t ie  Bay Group 

Bingham and Evans (1'975, 1976) have reported in de ta i l  
on results f rom t h e  Stark  Formation. They sampled a to t a l  of 
55 s i tes ,  45 of them located in a single 600 m thick section. 
The two  most significant findings w e r e  (a) a profile through 
an  ear ly  Precambrian geomagnet ic  field reversal ,  and (b) an  
apparently reliable but  highly aberrant  paleomagnetic pole. 
This l a t t e r  point has  been t h e  subject  of some  deba te  
(Gough et al., 1977; Irving and McGlynn, 19791, t h e  question 
being whether or not t h e  small  a r e a  in which t h e  collection 
was made has undergone rota t ion about  a local ver t ica l  axis. 
There is some  s t ructura l  evidence for this s ince  t h e  bedding 
s t r ikes  in this a r e a  d iverge  50-60" f rom t h e  aulacogen a s  a 
whole (Bingham and Evans, 1976). Allowance for a rotation 
of th is  kind brings the  pole in to  excel lent  ag reemen t  with 
resul ts  f rom corre la t ive  units. Use of such rota t ions  requires 
e x t r e m e  caution if c i rcular  arguments  a r e  to  be  avoided. We 
have the re fo re  a t t e m p t e d  t o  resolve th is  problem by 
collecting Stark  Formation mater ia l  f rom another  area .  



PALEOMACNETIC RESULTS, GREAT SLAVE LAKE AND BATHURST INLET AREAS, N.W.T. 

100 - -  

....................................... 

....................................... ..:". 8BGJ  

Figure 11.7. Typical thermal demagnetization results for 
the Peacock Hills Formation. Symbols as in Figure 11.3. i Quadyuk Fm. 

Figure 11.9. Declination magnetograms for the Peacock 
Hills Formation. The dashed line connects the two sites 
collected at a separate locality (see tex t ) ,  and the lines to 
site 8BGJ are dotted as the results from this site are complex 
(see text) .  

Eighteen s i tes  were  samples on t h e  north shore  of Keith 
Island (1 11 '48'W, 62'06'N) for this purpose. Pilot  thermal  
demagnetization was carried ou t  on 16 specimens, and in 
most cases  accep tab le  endpoints were  reached. The results 
a r e  very sca t t e red ,  however, and this remains t rue  when t h e  
remaining specimens (af ter  heating to 600°C) a r e  included 
(Fig. 11.11). This s c a t t e r  is not only between sites,  but also 
between samples,  and even between specimens f rom a single 
oriented sample. I t  a lmost  certainly results f rom the  f a c t  
t h a t  t h e  Stark  Formation here is brecciated, a s  i t  is in most 
outcrops  (Hoffman et a l ,  1977). In f ac t ,  one of t h e  few 
locali t ies where i t  is not brecciated is t h e  Snowdrift a r e a  
where  t h e  original sampling was done and which yielded t h e  
abe r ran t  pole. These new da ta  provide what is essentially a 
conglomerate  t e s t  (Graham, 19491, and since t h e  brecciation 
followed very shortly a f t e r  deposition (Hoffman et al., 1977) 
provides t ight  control  on t h e  age  of t h e  magnetization of t h e  
Stark  Formation. However, they obviously do not help to  
resolve the  rotation problem. 

Figure 11.8. Summary of high temperature remanence 
(600°C and above) in Peacock Hills Formation samples. Evans and Bingham (1976) have studied t h e  Tochatwi 
Symbols as in Figure 11.3. Formation a t  a t o t a l  of 29 sites in t h e  Snowdrift a rea .  Most 

of t hese  possess some  kind of magnet ic  overprint (see below), 
but  8 s i tes  re ta in  a pre-folding magnetization in c lose  
ag reemen t  with t h e  Stark  Formation and thus yield a 
similarly abe r ran t  pole. 
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Table  11.5. Site mean results for t h e  gabbro intrusion Table  11.6. Summary of r ecen t  overpr in ts  obtained by 
and con tac t  sediments d i f ference  vectors.  

Si te  N TIM k D 1 

Ea 3 40 mT 46 338 -0 1 
Eb  3 . 30 m T  226 347 +17 
Ec  3 600°C 12 354 + 04 

Symbols a r e  explained in Table 11.2 

M = peak a l ternat ing field 

GABBRO SIU  
AND CONTACT 

Figure 11.10. Typical thermal (Ec) and magnetic (Ea, Eb) 
cleaning results from the gabbro sill and baked contact. 
Symbols as in Figure 11.3.  

DISCUSSION 

Magnetic Overprints 

Polyphase magnetization is t h e  rule r a the r  than t h e  
exception in these  ear ly  Proterozoic formations.  Detailed 
demagnetization studies a r e  sometimes e f f ec t ive  in isolating 
t h e  various magnet ic  components but i t  i s  qui te  probable t h a t  
many apparently aberrant  da t a  are  caused by unresolved 
composite magnetizations. 

One e f f ec t ive  way of investigating polyphase 
remanence is t o  consider t h e  magnet ic  vectors  removed 
during each s t e p  in incremental  demagnetization runs. This 
technique was developed in the  early 1970s by E.W. McMurry 
and A.B. Reid a t  t h e  University of Alberta and has  become a 
widely accepted procedure in the  last  decade. It commonly 
enables one t o  recognize  a recen t  (probably viscous remanent  
magnetization, VRM) magnetization acquired in t h e  present 
ambient field and preferentially carried by grains of low 
blocking temperature .  The Stark,  Tochatwi, Akaitcho River,  
and Seton formations clearly show such an overprint 

Formation N R D I k e g 5  

~ o c h a t w i '  16 0-200°C 266 +85 8 14' 
s t a r k 2  34 0-40mT 347 +87 18 6" 
Akaitcho ~ i v e r ~  33 0-500°C 075 +83 31 5O 
seton '  17 0-400°C 073 +86 34 6" 

 vans and Bingham, 1976 N = number  of  s i t e s  
* ~ i n ~ h a m  and Evans, 1976 R = t empera tu re  or AF range 
3 ~ v a n ~  et al., 1980 
4 ~ r v i n g  and McGlynn, 1979 Other  symbols a s  in Table 11.2 

Figure 11.11. Thermal end-point results from brecciated 
Stark Formation collected on Keith Island (see text). 
Symbols as in Figure 11.3 .  

(Fig. 11.12a, Table 11.6). Where geological dips allow a fold 
t e s t  (Stark and Akaitcho River formations) t h e  standard 
s ta t i s t ica l  t e s t  (Graham, 1949; McElhinny, 1964) 
demonstra tes  t h a t  t h i s  vector  was acquired a f t e r  folding, 
a s  expected.  

Ancient overpr in ts  can  also be  isolated by vector  sub- 
t rac t ion,  a s  in t h e  example  shown in Figure  11.12b. Here  t h e  
overprint can be  convincingly a t t r ibuted to  heating by a 
nearby Mackenzie-age intrusion o r  unexposed equivalent 
(Evans and Bingham, 1976). 

Even where  apparently s table  remanences  occur t w o  
(or possibly more) phases may remain. This can somet imes  b e  
recognized if reversa ls  occur. A format ion which carr ies  a 
secondary magnetization superimposed on a primary 
remanence with both normal  and reversed polarity generally 
will yield two  polarity groups t h a t  a r e  not exactly ant i -  
parallel. This is very important  to a proper understanding of 
t h e  Coronation Geosyncline paleomagnetic data .  In many of 
t h e  formations where  two polarit ies a r e  observed these  a r e  
significantly non-antiparallel. For example  t h e  means of t h e  
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Figure 11.12a. Recent magnetic overprints in Great Slave 
Supergroup formations. The asterisk represents the present 
field direction. 

normal and reversed groups of t h e  Akaitcho River Formation 
a r e  separated by 142" t 14" (Evans et al., 1980). Similar 
results a r e  obtained from t h e  Seton Formation (Irving and 
McGlynn, 1979) and formations of t he  Kahochella Group 
(Reid et al., 1981). The key t o  this discrepancy is t h e  
recognition of an ancient overprint f irst  described by Reid 
(1972; s e e  also McMurry et al., 1973) and subsequently found 
by other  workers (Evans and Bingham, 1976; Irving and 
McClynn, 1979). Difference vectors for moderate  t o  high 
temperature  intervals (mostly between 400" and 600') form a 
tight cluster d i rec ted steeply downwards in the  southeas t  
quadrant. This direction is also recorded by a few s i tes  t h a t  
seem to  have been totally overprinted and can be recognizd 
without resorting to d i f ference  vectors. The relevant d a t a  
have been compiled by Evans et al. (1980) and thei r  mean lies 
a t  D=152", I=+64" with N=75 sites,  k=30, and a g 5 = 3 " .  This 
overprint is postfolding (Reid, 1972) and is a t t r ibuted by 
Irving and McGlynn (1979) to  uplift and cooling in t h e  
Coronation Geosyncline. Thus w e  refer  t o  i t  a s  t h e  
Coronation overprint,  although i t  may, in f a c t ,  be  much more  
widspread, extending a s  f a r  a s  Greenland (e.g. Morgan, 1976). 
This overprint was  acquired about  1700 Ma, and provides a 
useful paleomagnetic pole which will be discussed below in 
t h e  context  of apparent  polar wander. 

Given t h a t  t he  Coronation overprint direction is 
precisely determined, i t  is possible t o  mathemat ica l ly  
sub t rac t  a suitable vector from those formations exhibiting 
non-antiparallel reversals t o  reveal t h e  underlying original 
magnetization. The deta i ls  of t h e  methods used a r e  
described in Reid e t  al. (1981) and Evans et al. (1980). The 
former  authors deduced t h a t  t h e  thermally cleaned 
Kahochella samples carry  an overprint whose intensity is, on 
average, 30 per  cen t  t h a t  of t h e  underlying 'primary'  
remanence: t h e  l a t t e r  deduced a corresponding value of 
45 per cen t  for t he  Akaitcho River Formation. 'The 'primary' 
poles deduced f rom these  'decontamination' procedures a r e  
discussed more fully below. 

MACKENZIE OVERPRINT 

' i IN TOCHATWI FM. 

direction (b)  

Figure 11.12b. Mackenzie Igneous overprint carried by 
Tochatwi Formation samples. The curves illustrate typical 
behaviour during thermal demagnetization. As the 
Mackenzie overprint is removed the magnetization vectors 
move gradually towards the primary Tochatwi magnetization 
(030,-11). The dots represent the magnetic vectors removed 
between 20 and 500°C during thermal demagnetization, and 
the asterisk their mean. Symbols as in Figure 11.3. 

Magnetostratigraphy 

Bingham and Evans (1975, 1976) have repor ted  a 
detailed study of a geomagnet ic  polarity reversal  in t h e  Stark  
Formation, and a fur ther  example is reported he re  from t h e  
Mara Format ion (Fig. 11.6). Such f ea tu res  a r e  of i n t e re s t  t o  
geomagnetists a s  records of field behaviour f rom very 
ancient  t imes.  They also o f fe r  t h e  possibility of  corre la t ion 
between widely separa ted,  undated, unfossiliferous s t r a t a ;  we 
have a t t empted  t o  assess this possibility by collecting from a 
number of stratigraphically ordered sequences. 

Polarity reversals found in t h e  Mara and Peacock Hills 
formations a r e  summarized in Figures 11.5 and 11.9 in t h e  
form of declination magnetograms. They indicate  t h e  
following simplified sequence - a t  t h e  base some  200 m of 
normally magnetized s t r a t a  (southerly declinations), followed 
by about  150 m of a l ternat ing polarit ies (a t  leas t  9 reversals) 
up to  t h e  Quadyuk Formation, above which t h e  f i rs t  60 m of 
t h e  Peacock Hills Formation is mostly reversely magnetized. 

The Akaitcho River Formation of t h e  Grea t  Slave Lake 
a r e a  exhibits a very similar pat tern  (Evans et al., 1980; 
Fig. 11.4). It s eems  likely, therefore ,  t h a t  t h e  reversal  which 
occurs about 200 m below the  Quadyuk Formation in the  
Bathurst  Inlet a r e a  is equivalent t o  t h e  one occurring about  
100 m above t h e  base of t he  Akaitcho River Formation in t h e  
Grea t  Slave Lake a r e a  (Fig. 11.13). This is  consistent with 
t h e  broad corre la t ion suggested by Hoffman et al. (1970), but 
is  by no means compelling. Above this reversal  in t h e  
Bathurst Inlet a r e a  a 150 m gap  contains only one sampled 
horizon. Two possibilities ar ise  from this unfor tunate  
circumstance. One  is t h a t  t h e  100 m of mixed polarit ies plus 
t h e  200 m of reversed Akaitcho River Formation s t r a t a  
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Figure 11.13. Schematic summary o f  geomagnetic reversals 
in the Bathurst Inlet ( B I )  and Great Slave Lake ( C S )  areas. 
GS sections are labelled AB, AC, and AD as in 
Evans et al. (1980) 

Black =normal polarity 
P = Peacock Hills Formation 
Q = Quadyuk Formation 
M = Mara Formation 
A = Akaitcho River Formation 

(section AB, Fig. 11.13) f i t  into this gap. The other  is t h a t  
t h e  AB sect ion co r re l a t e s  with t h e  Peacock Hills Formation. 
More detailed sampling is necessary before paleomagnetic 
d a t a  can provide a f i rm choice between these  alternatives.  

Paleomagnet ic  Poles  

Poles deduced f rom t h e  studies reported he re  a r e  
plotted in Figure 11.14 with those  f rom re la ted  format ions  
(see Irving and McClynn, 1979). Most of t h e m  form a group 
with overlapping 9 5  per cen t  uncer ta in ty  limits, which 
supports t he  general synchroneity between developments in 
the  various e lements  of t h e  Coronation Geosyncline and t h e  
tectono-stratigraphic model of Hoffman et al. (1970). Irving 
and McGlynn (1979) have summarized appa ren t  polar wander 
(APW) for North America  for t h e  interval 2200 t o  1700 Ma, 
using many of these  poles. They argue for  an  APW curve  
s tar t ing in Alaska, sweeping down the  west coas t ,  turning 
eas t  across Chile, then north to  Brazil, and finally west t o  
cross itself in Cen t ra l  America. This l a t t e r  par t  they r e fe r  
t o  a s  the  Coronation Loop. It represents t h e  bes t  summary 
current ly  available, although t h e  loop is no t  a s  pronounced a s  
they suggest due t o  minor plott ing e r ro r s  in thei r  Figure  11. 

The results f rom t h e  Grea t  Slave Supergroup, Goulbourn 
Croup, and Epworth Group provide no compelling evidence 
for coherent  polar movement and we therefore  represent  
them collectively a s  a single "lower Coronation pole" 
(Fig. 11.15; 09Z0W, 14"S, N=8, K=23, A95=1Z0), composed of 

Figure 11.14. Paleomagnetic poles. The asterisk labelled 
CO represents the Coronation overprint pole (see tex t ) .  
Squares represent the sampling localities. 

crosses = Athapuscow Aulacogen 
dots = Kilohigok Basin 

triangles = Coronation Geosyncline 

Akaitcho River Formation 
Mara Formation 
Douglas Peninsula Formation 
Et -Then Croup 
Kahochella Group 
Martin Formation 
Pearson Formation "A" 
Peacock Hills Formation 
Peninsula Sill 
Seton Formation "C" 
(wrongly labelled SA in Irving and 
McClynn, 1979, Fig. 11) 
Stark Formation 
Takiyuak Format ion 
Tochatwi Formation 
Western River Formation 

t h e  d a t a  marked with an  as ter isk  in Table 11.7. The Seton 
"C" magnetization is not  included a s  i t  consists of t w o  
polarity groups which a r e  not antiparallel .  Evans e t  al. (1980) 
argued t h a t  this ref lec ts  t he  presence of a llCoronation 
overprint" component,  which causes a sl ight northerly shi f t  in 
t h e  pole. The e f f e c t  is not  large  a s  can be  judged f rom t h e  
proximity of t he  Seton pole t o  t h a t  of t h e  Akaitcho River 
Formation, which is la tera l ly  equivalent (Fig. 11.14; s e e  also 
discussion above). The result  f rom t h e  Martin Formation of  
northern Saskatchewan is included in Figure 11.14 to 
i l lus t ra te  t h a t  this formation is probably corre la t ive  t o  t h e  
Grea t  Slave Supergroup, but i t  is not used in calculating t h e  
summary pole shown in Figure 11.15. Poles from t h e  S ta rk  
and Tochatwi format ions  a r e  also excluded because of t h e  
still-unresolved s t ruc tu ra l  complication discussed above. 
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The AP\V curve  can be  connected from this lower 
Coronation pole, through t h e  Et-Then result (Irving e t  al., 
19721, to t h e  Coronation overprint pole also shown in 
Figure 11.15. The paleo-equator corresponding to the  lower 
Coronation pole is included in Figure 11.15 t o  emphasize the  
f a c t  t h a t  t h e  Coronation Geosyncline occupied a tropical 
position when i t  formed. 

The Western River Formation yields a pole which 
diverges markedly from the  other  d a t a  (Fig. 11.14). At f ace  
value i t  implies intra-cratonic dr i f t ,  a s  has been widely 
suggested for  t he  much younger Grenville Province. It is 

Lower 
Coronation pole 

- 1800 Ma 

important  t o  rea l ize  t h a t  t h e  Western River Formation is 
older than any paleomagnetically studied unit in t h e  
Athapuscow Aulacogen, and t h a t  t h e  ear ly  part  
(pre Seton/Akaitcho River t imes)  of t h e  North American 
APW curve advocated by Irving and McGlynn (1979) includes 
no da ta  f rom Coronation Geosyncline rocks. A merging of 
sepa ra t e  APW curves,  and corresponding par ts  of t h e  Shield, 
a t  about 1800 Ma is therefore  not out  of t h e  question and 
does not  conf l ic t  with any currently available data .  Much 
fur ther  work, however, is necessary before  this can be  
regarded a s  anything but highly speculative. An a l ternat ive ,  
and perhaps more a t t rac t ive ,  in terpre ta t ion is simply tha t  a 
significant t i m e  gap exis ts  between deposition of t h e  Western 
River Formation and those formations which yield t h e  Lower 
Coronation Pole. If typical Phanerozoic r a t e s  of polar 
motion apply, t h e  77" between the  Western River Formation 
pole and t h e  Lower Coronation Pole could represent  some  
200 Ma. 
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Figure 11.15 

The lower Coronation pole and its associated paleoequator, 
and the Coronation overprint pole. 

Table 11.7. Summary of Coronation Geosyncline and re la ted  paleomagnetic results 

Directions - Poles 
Formation N a 1  k a9 5 Long,Lat K A9 s 

*Akaitcho River 35 160,+36 13 7 O 092W,04S 13 7" 
Seton "C" 19 159,+46 24 7O 093W,02N 29 6' 

"Kahochella "K" 18 129,+21 12 10" 062W,07S 15 9O 
"Douglas Peninsula 6 172,+18 14 19" 102W,17S 19 16' 
Stark  39 214,+15 13 7" 148W,15S 9 8" 
Tochatwi 8 030,-11 14 15" 143W,18S 24 12" 

"Pearson "A" 12 329,-08 21 10" 077W,19S 26 9" 
Et-Then 14 294 ,-21 17 10" 048W,OlS 26 8" 
Western River 22 086 ,+25 12 9" O19W,l4N 12 9" 

"Mara 28 179 ,+29 12 8" 107W,07S 16 7 O 

*Peacock Hills 15 342,-12 I 1  12O 090W,15S 13  11° 
"Takiyuak 17 178,+19 15 l o 0  l l lW,13S  20 8 O 

*Peninsula sill 7 345,-02 63  8O 097W,22S 73 7" 
Martin 15 333 -29 15 l o 0  073W,09S 20 9O 
Lower 8 - - - 092W,14S 23 12O 

Coronation 
Coronation 75 152,+64 30 3 O 091W,21N I4 5O 

overprint 

Note: Asterisks indicate  format ions  for which paleomagnetic da ta  a re  reported in this paper 
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Abstract 

The Amundsen Embayment comprises late Proterozoic (-1200- -700 Ma) sedimentary and 
volcanic rocks of the Shaler Group on Victoria and Banks islands, and correlatives in the Broclc lnlier 
and Coppermine area. On Victoria Island the Shaler Group is disconformably overlain by mafic 
volcanic rocks of the Natkusiak Formation. The sedimentary rocks include limestones and dolostones, 
some of which are stromatolitic, shales, mudstones, sandstones, and gypsiferous evaporites. The 
Shaler Group records an initial phase of marine transgression, followed by a succession of marine-to- 
fluvio-deltaic cycles. A thick carbonate succession was then deposited, under shallow marine 
conditions. Preservation of two major evaporitic units in the upper part of the Shaler Group indicates 
basin restriction. An easterly thinning wedge of terrigenous clastics terminates deposition of the 
Shaler Group. Evaporites, oolites, redbeds, and stromatolites suggest a warm climatic regime. 
Paleocurrents in fluvio-deltaic units indicate transport to the northwest, but most formations show a 
random paleocurrent pattern, reflecting the complexity of marine current systems. 

Close lithostratigraphic similarity with the Mackenzie Mountains supergroup in the northern 
part of the Canadian Cordillera suggests that the two regions were formerly parts of one extensive 
sea. Concentration of evaporites at two stratigraphic levels in both areas indicates deposition in low 
paleolatitudes, under conditions of restricted circulation. These evaporites suggest that the 
depositional basin was two-sided. The "other side1' of the late Proterozoic sea is not known but might 
possibly be located in the western Pacific continents. Some of the finer grained terrigenous debris in 
the Cordilleran trough and the Amundsen Embayment may have been derived from the rising 
Grenville orogen on the east side of the North American continent. 

La baie Amundsen comprend des roches se'dirnentaires du Prote'rozoyque supe'rieur 
(-1200--700 Majet des roches volcaniques du groupe de Shaler sur les iles Victoria e t  Banks, ainsi que 
des roches correspondantes dans Itenclave de Brock et  la re'gion de Coppermine. Dans Iffie Victoria le  
groupe de Shaler est recouvert en discordance par des roches volcaniques mafiques de la formation de 
Natkusiak. Les roches se'dimentaires sont constitue'es de calcaires e t  de dolostones dont certaines 
sont stromatolitiques, de schistes argileux, de mudstones, de grhs e t  dt6vaporites gypsiferes. Le 
groupe de Shaler comprend une phase initiale de transgression marine suivie d'une succession de 
cycles marins h fluvio-deltai'ques. Une succession e'paisse carbonate'e stest ensuite de'pose'e dans des 
conditions marines peu profondes. Une pre'servation de deux unite's e'vaporitiques dans la partie 
supe'rieure du groupe de Shaler indique des e'tranglements du bassin. Un biseau de roches clastiques 
terrigknes s'amincissant vers l'est termine la se'dimentation du groupe de Shaler. Les e'vaporites, les 
oolites, les lits rouges et  les stromatolites laissent supposer un climat chaud. Des pale'ocourants dans 
les unit& fluvio-deltai'ques indiquent qutil y a eu transport vers le nord-ouest, mais la plupart des 
formations pr6sentent une configuration ale'atoire des pale'ocourants, refle'tant la complexite' des 
systemes des courants marins. 

Une similarit6 lithostratigraphique e'troite avec le supergroupe des monts Mackenzie, dans la 
partie nord de la Cordill&-e canadienne, laisse supposer que ces deux re'gions faisaient partie dtune 
seule mer Qtendue. La concentration dle'vaporites h deux niveaux stratigraphiques de ces deux re'gions 
indique que la se'dimentation s'est effectue'e h des pale'olatitudes peu 6leve'es dans des conditions de 
circulation limite'e. Les e'vaporites laissent supposer que le bassin de sgdimentation avait deux cbte's. 
"L'autre cbte'" de la mer prote'rozoi'que nlest pas connu, mais il serait probablement situe' dans les 
zones continentales du Pacifique ouest. Certains des de'bris terrighnes, h grains plus fins, du 
g6osynclinal de la Cordillhre et  de la baie Amundsen, pourraient avoir eu comme origine ltorogenQse 
du Grenvillien sur le cdtd est du continent nord-amkicain. 
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INTRODUCTION 

This paper begins with a brief review of previous work 
on t h e  format ions  t ha t  comprise t he  lower pa r t  of t h e  Shaler 
Group. Since the re  is l i t t le  published work on t h e  succeeding, 
less well exposed rocks, a more  detailed account  is given of 
t h e  upper t h ree  formations.  These  d a t a  a r e  used t o  provide 
an  overview of t he  stratigraphy and sedimentary history of 
t he  region. Available paleocurrent da t a  and results  of 
radiometr ic  age  determinat ions  suggest  t h a t  deposit ion of 
t hese  rocks and corre la t ives  in t h e  northern p a r t  of t h e  
Canadian Cordil lera was  contemporaneous  with uplift  in t he  
region now occupied by the  Crenville Province. 

PREVIOUS WORK 

The foundations of t h e  s t ra t igraphy and s t ruc tu re  of t h e  
Proterozoic  rocks of t h e  Shaler Mountains were  laid by 
Thorsteinsson and Tozer (1962). Subsequent s tudies  of 
individual units  were  made by Young (1974), Young and 
Long (1977a, b), Young and Jef ferson (1975), and 
Young (1977). Mia11 (1976) repor ted  on l a t e  Proterozoic  rocks 
a t  t h e  south end of Banks Island. Mapping and s t ra t igraphic  
studies of t h e  Brock Inlier were  carr ied  ou t  by Cook and 
Aitken (1969) and Balkwill and Yorath  (1970). Baragar  and 
Donaldson( l973)  mapped t h e  Coppermine a r e a  and 
Dixon (1979) proposed some  revisions of t h e  Proterozoic  
s t ra t igraphy of t h a t  region. Baragar  (1976) gave  a 
preliminary report  on s tudies  of the  volcanic and intrusive 
rocks on Victoria Island. A generalized s t ra t igraphic  column 
for  t h e  Shaler Group on Victoria Island is shown in 
Figure 12.1. 

Regional corre la t ion  with Proterozoic  rocks of t h e  
Mackenzie Mountains region of t h e  Cordil lera (Fig. 12.2) has  
been suggested by Aitken et al. (1973), Young (1977) and 
Young et al. (1979). 

PROTEROZOIC INLIERS OF THE 
AMUNDSEN EMBAY MENT 

In c e n t r a l  Victoria Island Proterozoic  rocks occupy t h e  
northeast-trending spine known a s  t h e  Shaler Mountains. This 
highland a r e a  is known a s  t h e  Minto Arch. Elevations a r e  up 
t o  about 700 m. Structurally t h e  Minto Arch is relatively 
simple,  comprising an open syncline (Holman Island syncline) 
and a smal ler  ant ic l ine  t o  t h e  wes t  (Walker Bay anticline). 
The precise a g e  of folding is not  known but  Chr is t ie  et al. 
(1972) suggested t h a t  i t  might have taken place in l a t e s t  
Proterozoic  t ime.  Northeast-  and northwest-trending f au l t s  
a r e  common in many pa r t s  of t h e  Shaler Mountains. 

In t h e  southern pa r t  of Victoria Island Proterozoic  rocks 
a r e  a lso  present  in two smal ler  a r e a s  known a s  t he  Wellington 
and Duke of York inliers (Fig. 12.2). The la te  Proterozoic  
rocks of t h e  Richmond Inlier (Dixon, 1979) may be  t r aced  
southward and westward via t h e  Jameson Islands 
(Campbell, 1978) and Couper Islands (Baragar and 
Donaldson, 1973) t o  t h e  Coppermine area ,  where equivalent 
rocks a r e  known a s  t he  Rae Group. As discussed by 
Dixon (1979) t he re  a r e  problems concerning the  a g e  of t h e  
uppermost units  assigned by Baragar and Donaldson (1973) t o  
t h e  R a e  Group. The  western  pa r t  of t h e  Amundsen 
Embayment  a lso  includes t h e  Brock Inlier and t h e  southern  
t i p  of Banks Island. 

Figure 12.1. Generalized stratigraphic succession of the 
Shaler Group on Victoria Island. The formational names o f  
Thorsteinsson and Tozer (1962) are retained, but several 
other mappable subdivisions are also indicated, by dashed 
lines at l e f t  side of diagram. Wavy line to right of 
stratigraphic column is an interpretation of depositional 
history in terms o f  interplay between clastic influx and 
marine transgression. The depositional history has been 
divided into four phases as discussed in the text .  Arrows at 
phase 2 (deltaic cycles) indicate northwesterly transport of 
terrigenous clastic material. Small arrow at the top of 
phase 4 (restricted conditions) indicates possible westerly 
provenance o f  clastics at the  to^ o f  the Kilian Formation. 
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Figure 12.2. Slcetch map t o  show the location of the 
Arnundsen Embayment and Mackenzie Foldbelt in northwest 
Canada. Major a reas  of Shaler Group and Mackenzie 
Mountains Supergroup a re  indicated by the dot ted  ornament.  
D.Y.I. is the Duke of York Inlier; W.I. is the  Wellington 
Inlier. Note the location of Figure 12.11. 

AGE O F  THE PROTEROZOIC ROCKS O F  
THE AMUNDSEN EMBAY MENT 

At the  northeastern end of the  Minto Arch in Victoria 
Island the re  is an  unconformity between quar tz i tes ,  
apparently intruded by granites,  and the basal unit  of the  
Shaler Group. An Archean age was reported by Thorsteinsson 
and Tozer (1962) from the  granite,  thus providing a lower 
l imit  for t he  age  of the  Shaler Group of t h a t  region. More 
recent ly  an  age  of about  1.67 G a  (I<-Ar) was obtained 
(W.A. Gibbins Campbell and Cecile,  1979) f rom a grani te  in 
the  Wellington Inlier. The youngest da t e s  obtained f rom 
rocks unconformably below the  Shaler Group and equivalents 
come from lavas of the  Coppermine River Group which have 
yielded Rb-Sr isochron ages  of about  1.2 Ga (Wanless and 
Loveridge, 1972). In t h e  Brock Inlier and on Banks Island the  
basement  t o  the  Shaler Group is not seen. 

On Victoria Island and elsewhere in the  Amundsen 
Embayment  an upper limit on the  a g e  of the  Shaler Group is 
provided by the  presence of ubiquitous sills and dykes t h a t  
have provided K-Ar da te s  a s  old a s  700 Ma. Lavas  of the  
Natkusiak Formation disconformably overlie the  Shaler Group 
in t h e  cen t r a l  par t  of t he  Minto Arch. These volcanic rocks 
a re -  considered t o  be co-magmat ic  with the  sills and dykes; 
a l l  these  igneous rocks form par t  of the  Franklin mafic 
igneous episode. 

STRATIGRAPHY AND SEDIMENTATION O F  
THE SHALER GROUP 

The thickest and most representa t ive  succession of the  
Shaler Group is present on Victoria Island (see Table  12.1, 
Fig. 12.1). The maximum thickness of the  Shaler Group is 
es t imated t o  be about 4000 m but many format ions  show 
marked thinning towards  the  eas t  and northeast .  
Thorsteinsson and Tozer (1962) divided the rocks of t he  Minto 
Arch into five formations. Their scheme is retained in this 
paper but recent  work has shown t h a t  some  of these  
format ions  can b e  fur ther  subdivided (see Fig. 12.1) and t h a t  
t he  subdivisions a r e  of regional extent.  

Glenelg Formation 

The Glenelg Formation is about 1400 m thick and can 
be  divided into four units (Table 12.1). The lowest unit is  
t he  least  well known, bu t  a recently published section 
(Dixon, 1979) shows i t  t o  be  shale, si l tstone and sandstone. 
The predominant rock type  is grey and green shale;  spherical 
calcareous concretions a r e  present  in some layers. This basal 
c las t ic  unit is overlain by a thick grey dolomitic member 
which is cher ty  in i t s  upper half. 

On the  south t ip of Banks Island a shale and sil tstone 
unit is present above t h e  che r ty  dolostone (Young and 
Jefferson, 1975). Neither of t h e  two lowest members  of the  
Glenelg Formation has  been the  subject of a detailed sedi- 
mentological study but  Young and Jefferson (1975) reported 
tepee  s t ructures ,  desiccation c racks  and other  sedimentary 
f e a t u r e s  typical of a supratidal environment f rom the  upper 
pa r t  of the grey cher ty  dolostone member.  Some of the  che r t  
occurs a s  laminae and may b e  primary. In o the r  p laces  c h e r t  
fo rmed-  by an early d iagenet ic  (pre-compaction) process. 
Detailed descriptions of s t romatol i tes  f rom this unit  a r e  
given in Jefferson (1977). Excellent preservation of micro- 
fossils (Jefferson, 1977) also suggests an early origin for 
the  chert .  

On the  south tip of Banks Island a shale and sil tstone 
unit occurs above the  che r ty  dolostone (Young and 
Jefferson, 1975). These rocks may be  a deeper  water  
equivalent of the  sandstones that  occupy a similar s t ra t i -  
graphic position in the  eas tern  par t  of t h e  Minto Arch. 
Together  these  units represent  a fluvio-deltaic complex t h a t  
prograded in a northwesterly direction. A much thicker 
sandy fluvial fac ies  occurs in this member on Banks Island 
and in the  Brock Inlier (Young, 1977; Miall, 1976) than else- 
where,  and may indicate proximity to a major Proterozoic 
river distributary system. In some areas  the  shales, si l tstones 
and sandstones of this member a r e  arranged in coarsening- 
upward sequences t h a t  might represent  prograding del tas  o r  
possibly shallow marine t idal bars  (Young, 1974). These 
sequences commonly contain slump folded shales and sand- 
s tones  indicative of slope instability and/or rapid sedimenta- 
t ion followed by dewatering. Paleocurrents  from Brock 
Inlier, Banks Island, and Victoria Island suggest northwesterly 
t ranspor t  of these c las t ic  sediments  (Fig. 12.1). 

The topmost unit of t he  Glenelg Formation is a wide- 
spread buff, grey and purple s t romatol i t ic  biostrome t h a t  
character is t ica l ly  weathers  orange. A detailed description of 
these  s t romatol i tes  was  given by Young and Long (1976) and 
Jefferson (1977). Many elongate large scale  domes and 
individual s t romatol i t ic  columns have a preferred northeast-  
southwest orientation, possibly normal to  a migrating 
shoreline. I t  has been suggested (Young, 1979) t h a t  this 
s t romatol i t ic  unit extends  a s  f a r  a s  the  Mackenzie Mountains 
region (Fig. 12.2) where it may be  represented by the  
middle K6 unit (Aitken e t  al., 1978a) of t he  Mackenzie 
Mountains Supergroup. 



Summary of Depositional History of the  Glenelg Formation The overlying c l a s t i c  uni t  shows some  l a t e r a l  

The basa l  c las t ic  unit  of t h e  Glenelg Formation records  variability. 1 n  ~ a n k s  Island and  Brock Inlier i t  cons is ts  

an  in f lux  of elastic debris, at  first sandy, then later mainly of f luvial  sandstones above a thin de l t a i c  sequence.  In 

dominantly fine grained. The coa r se  t o  fine upward nor theas tern  Victoria Island i t  is mainly a ser ies  of 

transit ion suggests a transgressive depositional sett ing.  coarsening-up ward deltaic(?) cycles.  These  relationships 

Subsequent deposition of t h e  shallow water-to-emergent could indica te  t h e  presence  of  a par t icular ly  a c t i v e  fluvial  

che r ty  dolostones indica tes  a v i r tua l  cessation of de t r i t a l  regime in t h e  western  pa r t  of t h e  Amundsen Embayment  a t  

influx and carbonate  build-up in a shallow sea. t ha t  t ime.  

Table 12.1. Table of format ions  fo r  t h e  Shaler Group on Victoria Jsland with generalized description and in terpre ta t ion .  
Note t h a t  t he  Natkusiak Formation is excluded f rom the  Shaler Group. 

Palemurrent 
Formation Subdivisions Lithology Colours Special Features directions Environments 

Natkusiak mafic lavas grey, green vesicular tops and -- mostly wbaerial; 
(800 m) agglomerate a t  base bases to  flows subaqueous a t  base 

disconformable contact  ........................................................................... 

Kilian Upper - non- dolostone, mudstone, buff, purple, stromatolites random shallow marine 
(400-500 m) evaporitic limestone, siltstone, grey desiccation cracks 

basaltic lava near cross lamination 
base; to  SW may 
include sandstones 

Lower - gypsiferous mudstone, purple, red, chicken wire texture random shallow marine 
evapa i t ic  limestone, mudstone, green, grey desiccation cracks to  emergent 

gypsum 

Wymiatt limestone, shale, grey, black, grainstones, oncolites random marine, shallow to  
(450-900 m) dolostone, gypsum buff stromatolites, f l a t  moderate water depth 

chip conglomerate 
desiccation cracks 
wavy bedding 
molar-tooth 

Minto Inlet Upper-finely impure gypsum grey, white, chicken wire texture random shallow marine - 
(300-400 m) bedded gypsum dolostone purple cross lamination emergent restricted 

desiccation cracks circulation sabkhas 
chert  nodules 

Lower-coarsely dolostone, impure grey, white, f l a t  chip conglomerate random shallow marine - 
bedded gypsum, gypsum purple grainstones, chert restricted circulation 

nodules, stromatolites 

Reynolds Point Uppercarbonate limestone, sandstone buff, grey, purple stromatolites random shallow marine 
(1000 m) silicification 

Upper-clast ic  sandstone, sandy grey, buff, white cross bedding, cross- random intertidal 
limestone lamination, desiccation 

cracks 

Lower-carbonate limestone, sandstone, grey, buff, purple grainstones random shallow marine, 
shale stromatolltes tidal 

molar-tooth 

Lower-clastic sandstone, siltstone, buff, pink, purple cross bedding, ripple NW marine deltaic 
mudstone green marks, salt casts  complex 

desiccation cracks 

Glenelg Stromatolitic dolostone grey, buff, orange stromatolites, domal NE-SW shallow marine - 
(1500 m) unit structures, elongate tidal influence 

stromatolite, domes 
and columns 

Upper clastic sandstone, siltstone, pink, buff, cross bedding NW fluvial, deltaic, 
mudstone purple, grey, dewatering pipes shallow marine 

green ripple marks, current 
lineation, slumps 

Cherty dolostone dolostone, limestone grey, buff Tepee structures -- tidal, supratidal 
stromatoli tes f la t  
chip conglomerate 
chert 

Lower clast ic shale, siltstone, grey, green, black laminations, concretions, - shallow marine? 
sandstone cross lamination 

............................................................................... unconformity 

Youngest known basement rocks a r e  granites in the Wellington Inlier which have given a 
K-Ar age of 1673 +- 42 Ma (W. Gibbons, $ Campbell and Cecile, 1979) 
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At the  southern tip of Banks Island a siltstone-mudstone 
unit t h a t  underlies the  main fluvial c las t ic  unit is in terpre ted 
a s  a deeper water equivalent of the  fluvial-deltaic complex 
to the  east .  A much thicker equivalent of th is  unit may b e  
present  in t h e  Mackenzie Mountains Supergroup - t h e  
Tsezotene Formation of Gabrielse e t  al .  (1973) and 
Aitken et al. (1973). 

Deposition of the  Clenelg Formation concluded with a 
transgressive episode during which a widespread s t romatol i te  
biostrome (largely composed of the  fo rm Inzeria) 
was deposited. 

Reynolds Point Formation 

Deposition of the  Reynolds Point Formation (about 
1000 m thick) began with progradation of a del ta ic  complex 
(lower c las t ic  member,  Table 12.1) over t h e  widespread 
biostrome of Inzeria. Distal mudstones, which buried the  
s t romatol i tes ,  were succeeded by siltstone, mudstones, and 
sandstones interpreted by Young and Long (1977a) a s  a 
marine del ta ic  complex. Paleocurrents  in sandstones of this 
unit  indicate a westerly progradation. In the  Amundsen 
Embayment  this unit is known only f rom Victoria Island and 
t h e  Brock Inlier. 

The uppermost sandstones of this del ta ic  complex a r e  
succeeded by a thick succession of carbonates.  There a r e  
two  carbonate-dominated members in the  Reynolds Point 
Format ion (Table 12.1). The lower member was  divided by 
Young and Long (1977b) into th ree  units. The lowest of these 
contains,  a t  i t s  base, evidence of basinal subsidence in the  
f o r m  of slumped beds and f lu te  cas t s  (Young and 
Long, 1977b). It includes some thick (up t o  35 m) 
s t romatol i t ic  biostromes. Unit 2 consists of shaly nodular 
dolostones and limestones with a thin unit of purple mudstone 
a t  i t s  base. Unit 3 is t he  thickest and consists of oolitic, 
s t romatol i t ic  and shaly carbonates.  The s t romato l i t e  
Baicalia is present in this unit (Jefferson, 1977; Aitken e t  al., 
1978a; Young and Jefferson, 1975). Molar-tooth s t ruc tu re  
(Smith, 1968) is common in the  shaly carbonates.  

The upper c las t ic  member consists mainly of fine 
grained quar tzareni tes  with abundant crossbedding. The 
member  shows a facies change from fine sandstones in the  
northeastern part  of the  Minto Arch to  sandy limestones in 
t h e  Minto Inlet a r e a  (Young and Jefferson, 1975). Individual 
sandstone units show bimodal-bipolar paleocurrent t rends  but 
measurement  of about 900 crossbeds f rom this unit in t h e  
southwestern par t  of t he  Minto Arch (Young and 
Jefferson, 1975, p. 1740) showed extremely variable transport  
d i rec t ions  interpreted a s  t h e  result  of complex interaction of 
multiple current  sys tems in a shallow shelf sea. 

The overlying upper carbonate member includes 
dolomitic and siliceous carbonates.  A character is t ic  and 
widespread form of s t romatol i te ,  Acaciella (Jefferson, 1977) 
is present.  These rocks a r e  transit ional upward into t h e  
evapor i tes  and purple mudstones of the  Minto 
Inlet  Formation. 

Figure 12.3 

Generalized stratigraphic section of  the Minto Inlet 
Formation in the northeastern part o f  the Minto Arch. This 
section was compiled from measured sections at F ,  E ,  D, C, 
and C (Fig. 12.11). For more details of the upper part of the 
Minto Inlet Formation see Figure 12.9. 
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Summary of Depositional History of the 
Reynolds Point Formation 

Deposit ion of t h e  Reynolds  Poin t  Format ion  began with 
a regress iona l  c l a s t i c  m a r i n e  d e l t a i c  sequence .  Basin 
subs idence  and a d e c r e a s e  in supply of t e r r igenous  c l a s t i c  
m a t e r i a l  ushered in a per iod  of  c a r b o n a t e  depos i t ion  in a 
dominant ly  shallow and a g i t a t e d  m a r i n e  envi ronment .  T h e  
upper ,  f i n e  gra ined ,  c l a s t i c  m e m b e r  f o r m e d  by prograda t ion  
of a c l a s t i c  t ida l  e n v i r o n m e n t  o v e r  a c a r b o n a t e  shelf sea. 
This  w a s  fol lowed by 3. short- l ived t ransgress ion  during 
which m o r e  shallow w a t e r  do los tones  a n d  l i m e s t o n e s  
( s o m e  s t r o m a t o l i t i c )  w e r e  deposited.  Soon a f t e r  t h i s  
t ransgress ion  t h e  region w a s  subjec ted  t o  r e s t r i c t e d ,  
e v a p o r i t i c  condit ions,  giving r i s e  to depos i t ion  of  gyps i fe rous  
d e p o s i t s  of  t h e  Minto In le t  F o r m a t i o n .  

Minto Inlet Formation 

T h e  Minto In le t  F o r m a t i o n  is t h e  f i r s t  un i t  of t h e  Sha le r  
C r o u p  t o  c o n t a i n  s u b s t a n t i a l  a m o u n t s  of e v a p o r i t i c  minerals .  
This  un i t  is t r e a t e d  in m o r e  d e t a i l  than  t h e  previous o n e s  
b e c a u s e  t h e r e  a r e  no published d e t a i l e d  descr ip t ions .  T h e  
fol lowing descr ip t ion  is b a s e d  on  s e c t i o n s  m e a s u r e d  in t h e  
Wynniat t  Bay region a t  t h e  n o r t h  end  of t h e  Minto  Arch.  

T h e  measured  th ickness  of  t h e  Minto In le t  F o r m a t i o n  is 
just o v e r  300 m. The  map of Thorsteinsson and  T o z e r  (1962) 
c l e a r l y  shows a s o u t h w e s t e r l y  th ickening  of t h e  format ion .  A 
th ickness  of  a b o u t  400 m w a s  e s t i m a t e d  by Thorsteinsson and  
T o z e r  (1962) a t  t h e  s o u t h w e s t e r n  end of t h e  Minto  Arch. T h e  
b a s a l  c o n t a c t  w a s  n o t  s e e n  in t h e  s e c t i o n  shown in 
F igure  12.3 w h e r e  c rossbedded  s a n d s t o n e s  and c h e r t y  
s t r o m a t o l i t i c  do los tones  a r e  s e p a r a t e d  by a b o u t  15 m of 
c o v e r  f r o m  gyps i fe rous  r o c k s  assigned t o  t h e  Minto In le t  
Format ion .  These  e v a p o r i t e s  a r e  over la in  by a g r e y  
l i m e s t o n e  w i t h  a minimum th ickness  of a b o u t  20 m. T h e  
overlying gypsum-bearing u n i t s  (up t o  13 m thick) a r e  t h e  
t h i c k e s t  in  t h e  Minto I n l e t  F o r m a t i o n  of  th i s  a rea .  A th ick  
d o l o s t o n e  u n i t  (Fig. 12.3) is succeded  by a success ion  
composed  of in te rbedded  dolostone,  impure  s i l ty  and shaly 
g y p s u m  beds  and  c l e a n  w h i t e  gypsum layers.  T h e r e  is  m a r k e d  
c o n t r a s t  in t h e  s c a l e  of bedding in t h e  lower  and  upper ha lves  
of t h e  format ion ;  t h e  var ious  rock  t y p e s  a r e  i n t e r l a y e r e d  o n  a 
f i n e  s c a l e  in t h e  u p p e r  por t ion ,  w h e r e a s  s imi la r  l i thologies 
o c c u r  in much t h i c k e r  un i t s  in t h e  lower half. 

T h e  Minto In le t  c a r b o n a t e s  a r e  shallow w a t e r  depos i t s  
c h a r a c t e r i z e d  by f l a t  ch ip  c o n g l o m e r a t e s ,  s o m e  crossbedding,  
g r a i n s t o n e s  and  r a r e  f l a t ,  bun-shaped s t r o m a t o l i t e s .  S o m e  of 

Figure 12.4 

Thick evaporitic unit in the lower part of the 
Minto Inlet Formation, northeast Minto Arch. 

t h e  shaly beds  a r e  r e d  o r  purp le ;  s o m e  d isp lay  d e s i c c a t i o n  
c racks .  T h e  e v a p o r i t i c  u n i t s  a r e  w h i t e ,  g r e y ,  and pink 
gypsum wi th  minor a n h y d r i t e .  Many beds  h a v e  d a r k  g r e y  
g y p s u m  r o s e t t e s  in a f ine ly  c r y s t a l l i n e  m a t r i x  of  t h e  s a m e  
m a t e r i a l .  T h e  e v a p o r i t e s  display a v a r i e t y  of t e x t u r e s  and  
s t r u c t u r e s .  Those  in t h e  . l o w e r  p a r t  of t h e  f o r m a t i o n  a r e  
mainly f ine-  t o  medium-bedded gypsum w i t h  minor  th in  g r e y  

Figure 12.5. "Chicken wire" texture in evaporites o f  the 
upper Minto lnlet Formation. This texture has been 
attributed to diagenetic growth of gypsum in mud. The 
"chicken wire" appearance is due to  the presence of a thin 
film of  mudstone between gypsum nodules. 
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clay-rich laminae (Fig. 12.4). The gypsiferous units a re  thick 
and a r e  interbedded with equally thick units of dolostone and 
impure gypsum (Fig. 12.3). These evaporite beds probably 
formed by precipitation from a standing body of water.  

The  thinner evaporite beds of the  upper half of the 
format ion commonly display "chicken wire" t ex tu re  
(Fig. 12.5), perhaps suggesting an origin by in t ras t ra ta l  early 
d iagenet ic  deposition of gypsum in a supratidal environment 
(Kerr  and Thompson, 1963; Butler, 1969). Some enteroli thic 
folding is also present (Fig. 12.6). Some evaporite beds 
include dark grey rounded dolostone bodies a few cen t ime t re s  
across.  These a r e  probably intraclasts ripped up f rom 
underlying dolostone layers. Crossbedding (Fig. 12.71, 
possible oolitic gypsum, and intraclastic gypsiferous beds a r e  
a lso  present.  All these f ea tu res  point t o  a shallow water ,  
current-dominated depositional environment. Shallow-water 
t o  emergen t  conditions a r e  indicated by the  presence of red 
sil tstones with desiccation cracks.  

Dark grey to  black che r t  bodies of similar dimensions 
may have formed in the  gypsum layers by diagenetic replace- 
ment. Cher t  is commonly associated with Precambrian 

evaporites (Wood, 1973; Young and Jefferson, 1975), possibly 
reflecting g rea te r  concentra t ions  of si l ica in mar ine  waters 
due to  the  absence of silica-secreting organisms. 

In some gypsum beds, small ver t ica l  dyke-like bodies of 
both dolostone and che r t  a r e  present.  The origin of these 
s t ructures  is not understood but they may represent  fillings 
(chemical or mechanical in the  case  of dolostone or chemical 
in the  case  of t he  che r t )  of desiccation c racks  or  solution 
channels in the  gypsum beds. 

A f ac i e s  analysis of the  type  described by Can t  and 
Walker (1976) was carr ied  out  t o  examine the  upper pa r t  of 
t h e  formation for possible cyclicity.  By analysis of 
179 transit ions f rom one rock type t o  another,  a cycle 
involving upward transit ion f rom dolostone through impure 
gypsum t o  pure gypsum t o  impure gypsum and finally t o  
dolostone was detected (Fig. 12.8). This cycle  indicates 
fluctuating salinity changes  possibly re la ted  t o  fluctuating 
sea  level. Many individual beds or  groups of beds  can b e  
t raced over distances of up t o  5 km a s  shown in Figure 12.9. 

Figure 12.6 

Enterolithic folds in gypsum layers. Such folds 
may be caused by volume increases related to  
the change from anhydrite t o  gypsum. 

Crossbedding (enhanced by use of a marker 
Den on the outcrop) in eva~ori tes  of the 
upper Minto Inlet Formation, northeast 
Minto Arch. 



Summary of Depositional History of the Minto Inlet Formation 

The Minto Inlet Formation consists of beds of gypsum, impure gypsum, 
red, commonly gypsiferous sil tstones,  and grey dolostones. In t h e  lower half 
of the  formation bedding of d i f ferent  rock types is on a sca l e  of me t re s  t o  
tens of metres ,  whereas the  upper pa r t  displays a cycl ica l  repet i t ion on a 
much finer scale.  These cycles  may be  due  to variations in salinity and  
c las t ic  influx in to  the  basin, but t h e  e x a c t  mechanism is not known. 
Episodic re la t ive  s e a  level changes could have been caused by sporadic basin 
subsidence or  eus t a t i c  s e a  level changes or  possibly re la ted  t o  a feedback 
mechanism such a s  t h a t  proposed by Bosellini and Hardie (1973). 
Measurement of small  sca le  crossbeds from grainstones in t h e  upper pa r t  of 
t he  Minto Inlet Formation showed no preferred orientation. 

Wynniatt Formation 

No previous detailed descriptions of this unit  have been published. A 
composite measured sect ion about  550 m thick is given in Figure  12.10. The 
basal con tac t  was not  seen; in sect ion C, Figure 12.9, grey carbonates  of t h e  
lower Wynniatt Formation outcrop about  I m stratigraphically above t h e  
topmost evaporit ic unit of t he  Minto Inlet Formation. Most of t h e  
formation is composed of grey micr i t ic  shaly l imestone bu t  a much m o r e  
dolomitic section (section G ,  Fig. 12.11) was noted about 50 km t o  t h e  
northeast  of t ha t  i l lustrated in Figure 12.10. 

----- 
INTO INLET 

- - - - -___ 
--------- ____- - - -  
-----_____ 

4 Figure 12.9 

S 

Schematic representatim of  measured 
sections of  the upper part of the Minto Inlet 
Formation at the northeast end of  the Minto 
Arch. Lithostratigraphic correlation of  thin 
beds over distances of about 6 km is 
possible. Symbols are the same as those 
used in Figure 12.1 with the following 
addit ions: 

0 - "chicken wire" texture 
cb - contorted bedding 

e - chert 
ve - vertical bodies of  chert 
vd - vertical bodies of  dolostone 

57 49 61 12 Results of numerical analysis of bed transitions in the upper part of the 

D +  I + P + I / / D + l - c ~ e t c .  Minto Inlet Formation. Top part of the diagram shows the number of 
observed upward transitions among P (pure gypsum beds), I (impure, muddy 
gypsum beds), S (silty mudstones), and D (grey dolostones). Small figures qt 

bottom right of squares are total numbers 
of transitions from rock type in row to  those 
listed in columns. Numbers at  right side of 
diagram are row totals; those at base are 
column totals. Large numbers in centre of 
squares are the difference between ob- 
served and expected frequencies of a 
given transition. Those underlined are of 
greater magnitude and therefore considered 
the most significant. Inferred cycle is  
shown at the base of the diagram. 
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Figure 12.11. Sketch map of the geology of the northern p a r t  of the Minto Arch (see Fig. 12.2 fo r  location). 
Geology a f t e r  Thorsteinsson and Tozer (1962). Le t t e r s  and bars  show locations of sect ions  discussed in text .  

Near the  base of the  formation a thick ( 1 0 m )  
s t romatol i t ic  biostrome is overlain by about  28 m of rusty- 
weathering shale with some thin crossbedded sil tstones and 
sandstones. The coarser  c las t ics  a r e  bes t  developed a t  t he  
top and bottom of the  shaly interval. These sandstones a re  
crossbedded and wavy bedded; many beds have slumped upper 
and lower surfaces. In some cases  small sandstone dykes 
have been injected both upward and downward from 
sandstone beds. About 50 km t o  t h e  nor theas t  of section K, 
the  shale-sandstone unit is only about  6 m thick and contains 
a much higher proportion of sandstone. 

Above the shale-sandstone unit t he re  a r e  several 
s t romatol i t ic  biostromes up to  7 m thick. Some of these  a r e  
tentatively corre la ted  for  about 50 km in the  northern par t  of 
t h e  Minto Arch. They a r e  interbedded with wavy bedded t o  
nodular grey fine grained limestones tha t  contain desiccation 
c racks  and molar-tooth s t ructures  (Smith, 1968). The 
topmost stromatolit ic biostrome is locally underlain by about 
1 m of coarsely bedded grainstone. In one a r e a  of section 3 
(Fig. 12.11) recti l inear shrinkage c racks  (Fig. 12.12) a r e  
present  beneath the  grainstone. The biostrome includes a 
spectacular development of large (ca. 20 c m  across) oncolites 
t h a t  a re  oval in ver t ica l  section (Fig. 12.13). In one 
exposure, columnar s t romatol i tes  a r e  nucleated on a large 
oncoli te .  

The overlying shales and dolostones conta in  abundant 
desiccation cracks  and molar-tooth s t ructures ,  although the  
two s t ruc tu res  appear t o  b e  mutually exclusive. There is a 
cyclic repeti t ion of grey dolomicrite with wavy bedding, 
overlain by similar rocks with abundant molar-tooth s t ructure  
and capped by a unit with desiccation cracks.  These cycles  
a r e  f rom about  9 t o  12 m thick and a r e  in terpre ted a s  
shoaling-upward cycles. They a r e  particularly well  developed 
in section J (Fig. 12.1 1). 

Near the  top of the  measured section of the  Wynniatt 
Formation (Section K, Fig. 12.11) the re  is a black t o  dark 
grey carbonaceous shale  and shaly l imestone with a thickness 
of over 15 m. This unit  has ext remely f ine  wavy lamination 
and has  some wavy to  nodular calcite-rich layers. 

The remainder of t h e  format ion is wavy bedded grey 
l imestones with some  f l a t  chip conglomerates  and molar- 
tooth  structures.  Two thin (.rl m) gypsiferous layers were  
also noted in the  format ion (Fig. 12.10). 

Summary of Depositional History of the Wynniatt Formation 

The Wynniatt Format ion records a change f rom t h e  
res t r ic ted  evaporit ic environment of t he  Minto Inlet  
Formation to  s h a l k w  marine conditions of generally normal 
salinity. Most of t he  formation is composed of wavy bedded 
t o  planar-laminated grey micr i te  and dolostone. Influx of 
fine grained terrigenous mater ia l  resulted in deposition of t h e  
dark shaly unit near  t h e  base. A second shale  unit near  t h e  
top is carbon-rich, possibly reflecting preservation of organic 
m a t t e r  under locally reducing conditions. Measurement of 
crossbeds in sandstones of the  lower (rusty) shale units gave  a 
very sca t t e red  distribution with modes in the  northeast ,  
southwest and southeas t  quadrants.  Such highly varied 
paleocurrent  d i rec t ions  a r e  typical of shallow marine  
depositional settings. 

St romatol i tes  a r e  abundant in t h e  lower par t  of t he  
formation. These rocks also show evidence of vigorous 
cu r ren t  ac t iv i ty  in the  form of oolites,  f l a t  chip 
conglomerates  and large  scale  crossbeds. Shallow wa te r  
conditions a r e  indicated by abundant desiccation cracks.  
Occasional high salinity is recorded in r a r e  gypsiferous 
layers. Wavy bedding, concretions,  and molar-tooth 
s t ruc tu res  point t o  early diagenetic migration of C a C 0 3 .  

The upper half of the  formation conta ins  few 
s t romatol i tes ,  but a few small  bioherms a r e  present  near the  Kilian Format ion 
top. ~ o d u l a ;  t o  wavy bedded grey fine grained, commonly The Kilian Formation is about  400 m thick. In the  
shaly, l imestones a r e  t h e  most common lithology. Some nor theas tern  pa r t  of t he  Minto Arch i t  can be  divided into 
shales have well developed ellipsoidal ca l c i t e  concret ions  up two units. The lower un i t  Consists mainly of purple, red, 
t o  about 20 c m  across. Compaction of the  surrounding shale green and grey gypsiferous mudstones with subordinate indicates t h a t  these  concretions formed by early diagenetic amount of limestone, mudstone and pure gypsum beds. Al l  
processes' the carbonate beds in the upper part of these rocks are fine grained. A few evaporitic units display the  format ion contain f l a t  chip conglomerates  formed by wire,, texture. No cyclic development 
penecOntempOraneOus erosion Of the thin bedded muddy t o  the  upper Minto Inlet  Formation was noted. A generalized 
carbonates.  Some fine examples  of molar-tooth s t ruc tu res  stratigraphic section is shown in Figure 12.15, a r e  also Dresent in these  beds (Fin. 12.14): an  earlv d iaaenet ic  

. u  . , , u 

origin is clearly indicated by strong compactional e f f ec t s  on 
the  enclosing layers. 
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Table  12.2. Chemical analyses of samples f rom the  Natkusiak Formation (GY 77-214, 215, 218) and lavas  in the  middle 
par t  of t h e  upper Kilian Formation. See  Figures 12.1, 12.11, 12.15 for  stratigraphic position and geographic location 
of these  volcanic rocks. These samples f rom the  two units a r e  chemically very similar. Tota l  iron is reported a s  FeO. 
The contribution of to t a l  iron to  the  sume is calculated a s  FenO3. Analyses by X-Ray Assay Laboratories,  Toronto. 

Figure 12.12 

Rectilinear desiccation(?) cracks in the 
lower part of the Wynniatt Formation o f  
section 3, Figure 12.1 1. These structures 
may reflect down-slope movement of sedi- 
ment. Note presence of  smaller irregular 
cracks between the straight ones. 

Total  

101.2 

101.6 

100.0 

100.1 

99 .9  

99.0  

SampleNo.  

CY 77 214 

CY 77 215 

CY 77 218 

GY 78 400 

GY 78 401 

GY 78 402 

The upper pa r t  of t he  Kilian Formation consists mostly 
of dolostone, mudstone (in par t  red), and limestone. Some 
s t romatol i tes  a r e  present. The upper portion of t h e  
formation is well  exposed in a section measured a t  the  north 
end of the  Minto Arch (Section P, Fig. 12.11). The section 
begins with about  3 m of amygdaloidal basalt ,  overlain by 
about  2 m of green volcanic breccia  with f ragments  up t o  
about 3 c m  across. These volcanic rocks also occur a few 
kilometres t o  t h e  northeast .  

SiOn A1203 CaO MgO NanO K 2 0  FeO MnO Ti02 P2O5 L.O.I. 

49.9 13.5 9.96 7.11 2.12 0.33 12.9 0.18 1.49 0.13 2.12 

47.4 13.3 7.12 8.93 3.54 0.40 13.4 0.17 1.52 0.12 4.22 

59.5 13.4 11.0 7.96 2.09 0.40 11.2 0.16 1.25 0.1 1 1.78 

49.6 14.1 11.1 7.63 1.83 0.41 11.1 0.20 1.16 0.09 1.58 

48.5 13.5 10.4 7.12 1.83 0.39 13.3 0.16 1.16 0.09 1.93 

49.3 14.2 10.9  7.73 1.75 0.40 10.4 0.17 1.17 0.09 1.83 

The volcanic rocks a r e  overlain by about  80  m of 
sedimentary rocks. At the  base there  a r e  cher ty  dolostones, 
purple and grey shales and fine grained dolostones. Abundant 
desiccation c racks  indicate shallow-water t o  emergen t  
depositional conditions. F l a t  chip conglomerates  
(some silicified) a r e  also present. The upper p a r t  of t h e  
section is composed of dolostone and grey to purple shale and 
mudstone. One thin s t romatol i t ic  unit  was noted near  
the  top. 

Samples of t he  volcanic rocks were analyzed for  
comparison with those of t he  overlying Natkusiak Formation 
(see Table 12.2). These analyses indicate close chemical  
similarity between t h e  volcanic rocks in the  middle p a r t  of 
the  upper Kilian Formation and those of t he  overlying 

Natkusiak Formation. If these similarit ies indicate t h a t  t he  
two se t s  of volcanic rocks were  co-magmatic then t h e  
disconformity between the  Kilian and Natkusiak formations 
may not have been of long duration and deposition of t h e  
youngest rocks of the  Shaler Group may have taken place  
about 700 Ma ago. Paleomagnet ic  studies currently being 
carr ied  ou t  by H.C. Palmer  and W. Morris should help t o  
clarify these  relationships. 

Summary of Depositional History o f  the Kilian Formation 

The lower par t  of t he  formation indicates a return t o  
res t r ic ted  evapor i t ic  conditions similar t o  those under which 
t h e  Minto Inlet  Formation was deposited. There was, 
however, considerable influx of fine grained muddy mater ia l  
during lower Kilian deposition s o  t h a t  f ew beds of pure 
gypsum a r e  present. Grey l imestones formed during periods 
of more  normal salinity. Dome-shaped s t ructures  in 
l imestones of both the  lower and upper Kilian Formation a r e  
probably s t romatol i t ic  in origin. Following extrusion of 
tholeii t ic basalt ic volcanics during deposition of the  middle 
pa r t  of t h e  upper Kilian Formation (Fig. 12.15) the re  was 
considerable influx of fine grained terrigenous muds, some  of 
which a r e  preserved a s  purple and red mudstones. 



G.M. Young 

At  t h e  southwestern end of t h e  Minto Arch, 
Thorsteinsson and Tozer (1962) noted a unit of sandstones and 
granule and pebble conglomerates in the  upper Kilian 
Formation. This unit has not been studied in deta i l  but is 
about  I30 m thick in the  southwest and thins rapidly to  the  
northeast .  I t  has not been observed in the  northeastern pa r t  
of the  Minto Arch. It includes pebbles and granules of vein 
qua r t z  which indicate an  extrabasinal origin. Although t h e  
nature and origin of this unit must be  more closely defined by 
fu tu re  studies, i t  is here  suggested t h a t  i t  may represent a 
westerly derived c las t ic  wedge tha t  spread over the  
evaporit ic basin. I t  is  in many ways analogous t o  t h e  fluvial 
sandstones and conglomerates in the  upper par t  of the  
Redstone River Formation in the  Mackenzie Mountains region 
(Jefferson, 1978a) and may occupy the  s a m e  s t ra t igraphic  
position (Young, 1979). 

In the  Mackenzie Mountains a r e a  the  sandstones were  
shed from a shoreline to  the  eas t  of t he  main depositional 
basin (Jefferson, l978a)  t o  blanket and in ter tongue with 
evaporites tha t  form the  lower pa r t  of t he  formation. 
Incorporation of c las ts  f rom underlying format ions  of t he  
Mackenzie Mountains supergroup indicates penecon- 
temporaneous uplift of these units, probably by block 
faulting. These movements were  considered by Young et al. 
(1979) to  signal the beginning of the Hayhook Orogeny 
(formerly Racklan), marking t h e  change f rom dominantly 
platform deposits of the  Mackenzie Mountains supergroup to  
a more  act ive  tec tonic  regime in which t h e  glaciomarine and 
resedimented rocks of the  Rapitan Group were  deposited. I t  
is here suggested t h a t  t he  easterly-thinning unit of 
sandstones and conglomerates in the  upper pa r t  of t he  Kilian 
Formation could be a distal  facies of terrigenous c las t ics  
shed f rom a positive a rea  t o  the  west (Grea t  Bear Arch of 
Fig. 12.2). 

NATKUSIAK FORMATION 

The volcanic rocks of the  Natkusiak Formation were  
excluded by Thorsteinsson and Tozer (1962) f rom t h e  Shaler 
Group because of the  presence of a disconformable c o n t a c t  
with the  underlying Kilian Formation. The most detailed 
descriptions of these  rocks a r e  those of Chr is t ie  (1964) and 
Baragar (1976). On top of the  measured section of the  Kilian 

Figure 12.13 

Large oncolites in the lower part of the 
Wynniatt Formation. Stratigraphic 
position of these organo-sedimentary 
structures is shown in Figure 12.10. 

Figure 12.14. "Molar-tooth" structures in the upper part of 
the Wynniatt Formation of section K ,  Figure 12.11. These 
are thought to be an early diagenetic phenomenon involving 
carbonate precipitation in early-formed tension gashes in the 
sediment. 



Formation (Fig. 12.1 5) there  is about 13 m of crudely 
s t ra t i f ied  purple pebbly, cobbly, and bouldery conglomerate  
or volcanic breccia.  The breccia is composed mainly of 
volcanic f ragments  but also includes c las ts  of carbonate  
rocks and sandstone comparable t o  those of t he  underlying 
Shaler Group. The con tac t  between the  Kilian and Natkusiak 
fornlations is irregular on a scale  of metres.  The breccia is 
overlain by thick, commonly amygdaloidal, basalt  flows. The 
lavas were considered by Christie (1964) to  b e  consanguineous 
with the  ubiquitous sills tha t  intrude the  Shaler Group and 
equivalents in o ther  parts of the  Amundsen Embayment. 

SUMMARY O F  DEPOSITIONAL HISTORY 
O F  THE SHALER GROUP 

The Shaler Group is composed of shallow water  
sedimentary rocks that  accumulated in a large embayment  of 
a l a t e  Proterozoic  sea  t h a t  extended into the  Cordilleran 
region. Initial transgression resulted in deposition of a fining 
upward terrigenous c las t ic  unit followed by a thick che r ty  
s t romatol i t ic  dolostone. The upper par t  of the  Glenelg 
Formation and lower par t  of t he  Reynolds Point Formation 
make up two major fluvio-deltaic cycles, interrupted by a 
transgressive episode during which a widespread s t romatol i t ic  
biostrome was deposited. A prolonged period of shallow 
marine agi ta ted  conditions existed during deposition of the  
thick carbonates  of t he  Reynolds Point Formation. 
Deposition of these  carbonates  was  brought to  a c lose  by 
another influx of det r i ta l  c las t ic  material .  The upper pa r t  of 
t he  Shaler Croup ref lec ts  basin restriction. Evaporites a r e  
concentra ted  a t  two stratigraphic levels; in the  Minto Inlet  
Formation and in the  lower pa r t  of the  Kilian Formation. 
The gypsiferous rocks a r e  interbedded with shallow marine  
carbonates  and shales. The youngest sedimentary unit  of t he  
Shaler Group is an  easterly-thinning wedge of terrigenous 
clastics.  These distinct episodes in t h e  depositional history 
of t he  Shaler Group (Fig. 12.1) can be matched in t h e  
stratigraphic succession of the  Mackenzie Mountains 
supergroup about 500 km to  the  southwest. These similarit ies 
r e f l ec t  a common, if not identical, sedimentological and 
tec tonic  history for t he  two regions. 

Paleocurrent da t a  from terrigenous c las t ic  units t h a t  
were  not  unduly reworked in t h e  marine environment,  
indicate northwesterly transport .  Similar t ranspor t  
directions have been obtained f rom fluvial sandstones on 
Banks Island and f rom the  Brock Inlier (Young and 
Jefferson, 1975; Young, 1977). Highly variable cu r ren t  
directions obtained from most o ther  units ref lec t  deposition 
in a shallow marine environment. 

REGIONAL EXTENT O F  FORMATIONS 
AND MEMBERS 

A detailed correlation of the  la te  Proterozoic rocks of 
various p a r t s  of t h e  Amundsen basin was proposed by 
Young (1977). Some modifications were  suggested by 
Dixon (1979). The widespread na tu re  of many s t ra t igraphic  
units, particularly in the  lower par t  of t he  Shaler Croup 
suggests t h a t  a unified stratigraphic scheme is needed for  t h e  
ent i re  region. New formational names a r e  needed t o  
accommodate  t h e  many subdivisions of t h e  original 
formations proposed by Thorsteinsson and Tozer (1962). 

Following the  suggestion of Aitken e t  al. (1973), 
Young (1977) proposed a detailed l i thostratigraphic 
correlation between the  l a t e  Proterozoic rocks of t he  
Mackenzie Mountains supergroup and those of t he  Amundsen 
Embayment.  Since the  documentation of the  presence of two  
evaporit ic units in t h e  Mackenzie Mountains supergroup, t he  
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Figure 12.15. Composite generalized stratigraphic section 
of the Kilian Formation in the northern part o f  the Minto 
Arch. See Figure 12.11 for location of  measured sections. 
Symbols as for Figure 12.3 with addition of the following: 

.dashed ornament represents,gypsiferous shales 
and siltstone; 

The shale are varicoloured as follows: 
r - red and purple 
e -- green 
a -grey  

Note that the upper Kilian lacks evaporites whereas the 
lower part is characterized by their presence. Note also the 
volcanic unit in the middle o f  the upper Kilian Formation 
(also shown in Figure 12.1). For chemical analyses o f  this 
unit see Table 12.2. 



correlation has been fur ther  refined (Aitken e t  al., 1978b; 
Young, 1979). Although arguments  have  been presented  
against  t he  former  continuity of these  two  depositional basins 
(Eisbacher, 1977), t he  remarkable similari t ies in s t ra t igraphic  
succession (Young, 1979) and s t roma to l i t e s  (Aitken et al., 
1978a) leave  l i t t le  doubt t h a t  t h e  basins were  linked. 

SEDIMENTATION AND REGIONAL TECTONICS 

As pointed ou t  by Donaldson e t  al. (1973) and 
Young (19801, terrigenous debris in various upper Proterozoic  
( 3  1200 - 3 8 0 0  Ma) basins along the  length of t h e  Cordil lera 
and in t h e  northwestern p a r t  of t h e  Canadian Shield was  
transported mainly to  t he  west. I t  was  during this period t h a t  
t h e  Grenville Province was undergoing metamorphism, 
intrusion and uplift  (Stockwell, 1973; Baer, 1974). By analogy 
with present  day orogens, such a s  t h e  South American 
Cordil lera,  Young e t  al. (1979) and Young (1979) suggested 
t h a t  f ine erosional debris f rom t h e  rising Grenville orogen 
was  t ranspor ted  across t he  cont inent  by rivers t o  be  
deposited in basins on the  western and nor thwestern  margins 
of present  day North America. 

During deposition of t he  Redstone River Formation 
(=Kilian Formation of t h e  Amundsen Ernbayment) a local  
shoreline was  established in t he  Mackenzie Mountains region 
(Jefferson, 1978a). Eisbacher (1977) suggested t h a t  local  
fault ing may also have contributed t o  deposition of coa r se  
c las t ics  near  t h e  t op  of t h e  Mackenzie Mountains supergroup. 
These  findings in no way nega te  t he  str iking lithologic and 
biostratigraphic similari t ies be tween t h e  Shaler Group and 
t h e  Mackenzie Mountains supergroup nor d o  they preclude 
fo rmer  continuity of t h e  two  basins, perhaps  around t h e  
northern end of a north-northwesterly trending linear posit ive 
a r e a  (Great  Bear Arch of Fig. 12.21, t h a t  separa ted  t h e  
Amundsen and Mackenzie Embayments  of a single extens ive  
l a t e  Proterozoic  seaway (Young, 1977). 

The nature  of t he  l a t e  Proterozoic  s ea  is of e x t r e m e  
impor tance  in in terpre ta t ion  of t h e  t ec ton ic  s e t t i ng  of t h e  
Shaler Group and Mackenzie Mountains Supergroup. The 
main possibilities a r e  an in t racra tonic  s ea  with another  
cont inenta l  land mass t o  t h e  west,  or t h a t  t he  Cordil leran 
region, in l a t e  Proterozoic  t imes ,  was the  trail ing,  Atlantic- 
type, edge  of t h e  North American continent.  The presence  of 
extens ive  evapor i tes  in both regions might b e  of par t icular  
significance. Such evapor i tes  require a peculiar s e t  of 
c i rcumstances ,  apparently unknown on Earth a t  present.  
These include restrict ion of circulation in a la rge  body of s e a  
water ,  l imited a c c e s s  (by a smal l  seaway o r  by underground 
seepage) to  an ocean, and c l imat ic  conditions sui table  for 
evaporation of large quant i t ies  of water .  Such conditions 
existed in t h e  init ial  phases of r if t ing t h a t  preceded opening 
of t h e  At lant ic  Ocean (Burke. 1975: Evans. 1978). The 
analogy with t he  ~ a c k e n z i e  ' ~ o u n t a i n s - ~ m u n d s e n  
Embayment  is, however, imper fec t  in t h a t  t h e  evapor i tes  of 
t h e  l a t e  Proterozoic  successions overlie marine,  ra ther  than 
cont inenta l  deposits  like those of t h e  Permo-Triassic of t h e  
At lant ic  margins (Evans, 1978). The d i f ference  might  b e  
explained by t h e  exis tence ,  in t h e  l a t e  Proterozoic ,  of a n  
ear l ie r  seaway such a s  an abor ted  cont inenta l  r i f t  sys tem 
(Young e t  al., 1979) which became  res t r ic ted  by faulting(?) a t  
leas t  tw ice  before  f ina l  breakup in l a t e s t  Proterozoic-  
Cambrian  t imes  (Stewart ,  1972). Thus the  l a t e  Proterozoic  
sea  in which t h e  Mackenzie Mountains Supergroup and Shaler 
Group were  deposited may have been two  sided. Possible 
candidates  for t h e  "other side" include Siberia (Sears and 
Price,  1978) and Australia (Jefferson, 1978b). Resolution of 
t hese  problems must awa i t  fur ther  s tudies  of Proterozoic  
rocks on both sides of t h e  Paci f ic  Ocean. 

ACKNOWLEDGMENTS 

Field work in western  and nor thwestern  Canada has  
been made possible through t h e  generous  support  of t h e  
National Research Council  of Canada  and t h e  Depa r tmen t  of 
Indian Affairs and Northern.  Development  both through g ran t s  
t o  the  University of Western Ontar io  and in the  f o r m  of 
p rac t i ca l  ass is tance  f rom t h e  o f f i ce  in Yellowknife. Of f i ce r s  
of t h e  Canadian Polar Cont inenta l  Shelf P ro j ec t  provided 
invaluable logist ical  support  in t he  western  ' A r c t i c  
Archipelago. Among t h e  numerous col leagues  who have  
assisted in field work and discussion, specia l  thanks  a r e  given 
t o  C.W. Jef ferson,  G.M. Yeo, G.D. Delaney, D.G.F. Long, 
A.E.U. Parviainen, T. Ianelli and S. MacLennan. 
C.W. Jef ferson f i r s t  pointed ou t  t h e  significance of t h e  l a t e  
Proterozoic  evapor i tes  in a t t empt ing  analogies with p la te  
tec tonic  phenomena of more  r ecen t  t i m e s  (unpublished 
manuscript). I would l ike  a lso  t o  thank J.D. Aitken, 
G. Eisbacher,  H. Gabrielse,  J. Harrison, and J.A. Donaldson 
for lively discussion of Proterozoic  problems over t h e  l a s t  
few years.  J.D. Aitken and F.H.A. Campbel l  a r e  thanked f o r  
const ruct ive  cr i t ic ism of t h e  manuscript .  

REFERENCES 

Aitken, J.D., Long, D.G.F., and Semikhatov, M.A. 
1978a: Progress  in Helikian s t ra t igraphy,  Mackenzie 

Mountains; in Cur ren t  Research,  P a r t  A, 
Geological  Srrvey of Canada,  Paper  78-IA, 
p. 481-484. 

1978b: Corre la t ion  of Helikian s t r a t a ,  Mackenzie 
Mountains-Brock Inlier-Victoria Island; Cur ren t  
Research,  P a r t  A, Geological  Survey of Canada, 
Pape r  78-lA, p. 485-486. 

Aitken, J.D., MacQueen, R.W., and Usher, J.L. 
1973: Reconnaissance s tud ie s  of Proterozoic  and 

Cambrian  s t ra t igraphy,  lower Mackenzie River  
a r e a  (Operation Norman), Dis t r ic t  of Mackenzie;  
Geological Survey of Canada, Pape r  73-9, 178 p. 

Baer,  A.J. 
1974: Grenville geology and pla te  tec tonics ;  Geoscience 

Canada, v. I ,  p. 54-61. 

Balkwill, H.R. and Yorath,  C.J. 
1970: Brock River map-area,  Dis t r ic t  of Mackenzie;  

Geological Survey of Canada,  Pape r  70-32, 25  p. 

Baragar, W.R.A. 
1976: The Natkusiak basalts ,  Victoria Island, Dis t r ic t  of 

Franklin; in Repor t  of Activit ies,  P a r t  A, 
Geological  -Survey of Canada, Pape r  76-I A, 
p. 347-352. 

Baragar,  W.R.A. and Donaldson, J.A. 
1973: Coppermjne  and Dismal Lakes map  a r e a ;  

Geological Survey of Canada,  Pape r  71-39, 20 p. 

Bosellini, A. and Hardie, L.A. 
1973: Deposit ional t h e m e  of a marginal mar ine  

evaporite;  Sedimentology, v. 20, p. 5-27. 

Burke, K. 
1975: At lant ic  evapor i tes  formed by evaporation of 

wa te r  spilled f rom Paci f ic ,  Tethyan and Southern 
oceans;  Geology, v. 3, p. 613-616. 

Butler,  G.P. 
1969: Modern evapor i te  deposit ion and geochemis t ry  of 

coexisting brines, t h e  Sabhka, Trucial  Coas t ,  
Arabian Gulf; Journal  of Sedimentary  Petrology, 
V. 39, p. 70-89. 



THE AMUNDSEN EMBAYMENT, NORTHWEST TERRITORIES 

Campbell, F.H.A. 
1978: Geology of the  Helikian rocks of the  Bathurst  

Inlet Area, Coronation Gulf, Northwest 
Territories;  in Current  Research, P a r t  A, 
Geological sTrvey of Canada, Paper  78-LA, 
p. 97-106. 

Campbell ,  F.H.A. and Cecile, M.P. 
1979: The northeastern margin of the  Aphebian 

Killohigok Basin, Melville Sound, Victoria Island, 
N.W.T.; @ Current  Research, P a r t  A, Geological 
Survey of Canada, Paper  79-IA, p. 91-94. 

Cant,  R.G. and Walker,. R.G. 
1976: Development of a braided fluvial f ac i e s  model fo r  

t he  Devonian Bat tery  Point Sandstone, Quebec; 
Canadian Journal of Earth Sciences, v. 13, 
p. 102-1 19. 

Christie,  R.L. 
1964: Diabase-gabbro sills and related rocks of Banks 

and Victoria Islands, Arctic Archipelago; 
Geological Survey of Canada, Bulletin 105, 13  p. 

Christie,  R.L., Cook, D.G., Nassichuk, W.W., Trett in,  H.P., 
and Yorath,  C.J. 

1972: The Canadian Arct ic  Islands and the  Mackenzie 
region; 24th International Geological Congress, 
Montreal, Guide t o  Excursion A66; 146 p. 

Cook, D.G. and Aitken, J.D. 
1969: Early Lake District  of Mackenzie (97 A); 

Geological Survey of Canada, Map 5-1969. 

Dixon, J. 
1979: Comments  on the  Proterozoic  stratigraphy of 

Victoria Island and the  Coppermine area ,  
Northwest Territories;  & Current  Research, 
P a r t  B, Geological Survey of Canada, 
Paper  79-IB, p. 263-267. 

Donaldson, J.A., McGlynn, J.C., Irving, E., and Park, J.K. 
1973: Drift  of t he  Canadian Shield; fi Implications of 

Continental  Drift  t o  the  Ear th  Sciences,  
D.H. Tarling and S.K. Runcorn, ed., Academic 
Press, New York, p. 3-17. 

Eisbacher, G.H. 
1977: Tectono-stratigraphic framework of t h e  Redstone 

Copper Belt, District  of Mackenzie; fi Report  of 
Activities, Pa r t  A, Geological Survey of Canada, 
Paper  77-1 A, p. 229-234. 

Evans, R. 
1978: Origin and significance of evaporite in basins 

around Atlantic margin; American Association of 
Pet roleum Geologists Bulletin, v. 62, p. 223-234. 

Gabrielse, H., Blusson, S.L., and Roddick, J.A. 
1973: Geology of F l a t  River,  Glacier Lake and Wrigley 

Lake map-areas, District  of Mackenzie and Yukon 
Territory; Geological Survey of Canada, 
Memoir 366, P a r t  I, 153 p. 

Jefferson, C. W. 
1977: Stromatolites,  sedimentology and stratigraphy of 

pa r t s  of t he  Amundsen Basin, N.W.T.; Unpublished 
M.Sc. Thesis, University of Western Ontario, 
London, Canada, 260 p. 

1978a: Stratigraphy and sedimentology, upper 
Proterozoic Redstone Copper Belt, M a c k e n z ~ e  
Mountains, N.W.T.; & Mineral Industry Report ,  
1975; Northwest Territories,  Indian and Northern 
Affairs, E.G.S., 1978-5, p. 157-169. 

Jefferson, C.W. (cont.) 
1978b: Correlation of middle and upper Proterozoic  

s t r a t a  between northwestern Canada and south 
and centra l  Australia;  Geological Association of 
Canada, Program with Abstracts,  v. 3, p. 429. 

Kerr, D.S. J r  and Thomson, A. 
1963: Origin of nodular and bedded anhydrite in Permian 

shelf sediments,  Texas and New Mexico; 
American Association of Pet roleum Geologists 
Bulletin, v. 47, p. 1726-1732. 

Miall, A.D. 
1976: Proterozoic and Paleozoic geology of Banks 

Island, Arct ic  Canada; Geological Survey of 
Canada, Bulletin 258, 77 p. 

Sears, J.H. and Price,  R.A. 
1978: The Siberian connection: a c a s e  for Precambrian 

separation of the  North American and Siberian 
cratons; Geology, v. 6, p. 267-270. 

Smith,  A.G. 
1968: The origin and deformation of some "molar-tooth" 

s t ructures  in t h e  Precambrian Belt-Purcell 
supergroup; Journal  of Geology, v. 76, p. 426-443. 

Stewar t ,  J.H. 
1972: Initial deposits in the  Cordilleran geosyncline; 

evidence of a l a t e  Precambrian (<850 my.)  
cont inenta l  separation; Geological Society of 
America Bulletin, v. 83, p. 1345-1360. 

Stockwell, C.H. 
1973: Revised 13recambrian t ime  scale  for t he  Canadian 

Shield; Geological Survey of Canada, Pape r  72-52, 
4 P. 

Thorsteinsson, R. and Tozer,  E.T. 
1962: Banks, Victoria and Stefansson Islands, Arct ic  

Archipelago; Geological Survey of Canada, 
Memoir 330, 8 5  p. 

Wanless, R.K. and Loveridge, W.D. 
1972: Rubidium-strontium isochron a g e  studies, 

Repor t  I ;  Geological Survey of Canada, 
Paper  72-23, 77 p. 

Wood, J .  
1973: Stratigraphy and depositional environments of 

upper Huronian rocks of t he  Rawhide Lake-Flack 
Lake area ,  Ontario;  in Huronian Stratigraphy 
and Sedimentation; G.M. Young, ed., Geological 
Association of Canada, Special Paper 12, p. 73-95. 

Young, G.M. 
1974: Stratigraphy paleocurrents and s t romatol i tes  of 

Hadrynian (upper Precambrian) rocks of Victoria 
Island, Arct ic  Archipelago, Canada; Precambrian 
Research, v. 1, p. 13-41. 

1977: St ra t igraphic  corre la t ion of upper Proterozoic  
rocks of northwestern Canada; Canadian Journal 
of Ear th  Sciences, v. 14, p. 1771-1787. 

1979: Correlation of middle and upper Proterozoic  
s t r a t a  of the  northern rim of the  North Atlantic 
cra ton;  Transactions of Royal Society of 
Edinburgh, v. 70, p. 323-336. 

Young, G.M. and Jefferson, C.W. 
1975: Late  Precambrian shallow wa te r  deposits, Banks 

and Victoria Islands, Arct ic  Archipelago; 
Canadian Journal Ear th  Sciences, v. 12, 
p. 1734-1748. 



G.M. Young 

Young, G.M. and Long, D.G.F. 
1976: Stromatolites and basin analysis: an example 

from the upper Proterozoic of northwestern 
Canada; Palaeogeography, Palaeoclimatology, 
Palaeoecology, v. 19, p. 303-318. 

1977a: A marine deltaic complex in the upper 
Precambrian of Victoria Island, A r c t ~ c  
Archipelago; Canadian Journal of Earth Sciences, 
V. 14, p. 2246-2261. 

Young, G.M. and Long, D.G.F. (cont.) 
1977b: Carbonate sedimentation in a la te  Precambrian 

shelf sea, Victoria Island, Arctic Archipelago; 
Journal of Sedimentary Petrology, v. 47, 
p. 943-955. 

Young, G.M., Jefferson, C.W., Delaney, G.D., and Yeo, G.M. 
1979: Middle and Late Proterozoic evolution of the 

northern Canadian Cordillera and Shield; Geology, 
V. 7, p. 125-128. 



HUDSONIAN AND HELIKIAN BASINS OF THE ATHABASCA REGION, 
NORTHERN SASKATCHEWAN 

Paul Rarnaekers 
Saskatchewan Geological Survey, Regina 

Ramaekers, Paul, Hudsonian and Helikian basins of the Athabasca region, northern Saskatchewan; & 
Proterozoic Basins of Canada, F.H.A. Campbell, editor; Geological Survey of  Canada, Paper 81-10, 
p. 219-233, 1981. 

Abstract 

Major late Hudsonian northeast-trending faults divide the Athabasca region into a series of 
subparallel basins. Textural and sedimentological evidence suggest that the initial basins were about 
the same size as at present at least in the eastern half of the area. 

The pattern and types of faulting, the presence of intrusives, and the nature of the clastics 
suggest that the basins of the Athabasca region (including those of  the Martin Formation) have 
formed as a series of pull-apart structures in an episode of transcurrent faulting during and following 
a Hudsonian plate suture in eastern Saskatchewan. The deepness of the Martin basins and the 
coarseness of their fill indicate that these late Hudsonian or early Helikian basins formed along 
strongly active faults. The Athabasca basins, several hundred Ma younger, were the result of  a less 
active rejuvenation of the same fault systems. These basins coalesced at an early stage when infilled 
by sediments o f  the Athabasca Group, a molasse wedge shed from the region of  the Hudsonian suture 
zone. The deposits are fluvial in the east, but predominantly lacustrine or marine in the western half 
of the area. 

Chemical and petrographic work support the results from this stratigraphic and sedimentologic 
analysis and suggest that the sediments of the Athabasca Group, like those of  the Martin Formation, 
were immature at the time of deposition and are first-cycle deposits derived from a quartz-rich 
metamorphic source. Differing diagenetic history has resulted in the present petrographic 
distinctiveness of  these units. The apparent petrographic maturity and much o f  the evidence cited in 
the literature for a multicycle origin of the Athabasca Group sediments are due to a strong eolian 
influence in an environment devoid of sediment binding vegetation at the time o f  deposition, and the 
e f f ec t s  of intense diagenetic alterations that continue to the present. 

Relations to  other Helikian basins will be discussed. 

De grandes failles de direction nord-est, forme'es pendant 1'Hudsonien sup6ieur. divisent la 
re'gion de 1'Athabasca en une se'rie de bassins subparallPles. Les de'tails structuraux et 
se'dimentologiques suggPrent que les bassins initiaux avaient h peu pr&s les mBmes dimensions 
qu'actuellement, au moins dans la moitie' est du secteur. 

La configuration des terrains faill& et les types de failles, la pre'sence de roches intrusives, 
ainsi que la nature des roches clastiques, semblent indiquer que la re'gion des bassins de 1'Athabasca 
( y  compris ceux de la formation de Martin) sont initialement apparus sous forme de couches e'tirkes 
lors d'un e'pisode de faillage h de'crochement horizontal, pendant et aprPs la formation d'une suture de 
plaques (h  I'Hudsonien) dans llest de la Saskatchewan. La profondeur des bassins de Martin et les 
mate'riaux grossiers qui les ont comble's montrent que ces bassins datant de I'Hudsonien supe'rieur ou 
de I'He'likien infgrieur se sont forme's le long de failles tr&s actives. Les bassins de llAthabasca, qui 
les pre'chdent de plusieurs millions d'anne'es, re'sultent d'un rajeunissement mode're' du m6me systeme 
de failles. Ces bassins ont fusionne' t6t dans leur histoire, pendant leur remplissage par des se'diments 
du groupe de 1'Athabasca. qui consistaient en couches de molasses se terminant en coin et issues de la 
zone de suture de plaques d'cige hudsonien. Les de'p6ts sont fluviatiles d l'est, mais principalement 
lacustres ou marins dans la moitie' ouest du secteur. 

Les recherches chimiques et pe'trographiques confirment les re'sultats de cette analyse 
stratigraphique et s6dimentologique et suggerent que les sgdirnents du groupe de llAthabasca, comme 
ceux de la formation de Martin, e'taient immatures au moment de leur de'p6t et provenaient dZln 
premier cycle de se'dimentation h partir d'une source constitue'e de roche me'tamorphique riche en 
quartz. La diag@n&se particuliQre explique le caract&re pe'trographique distinctif actuel de ces 
unite's. Leur maturite' pe'trographique apparente et les nombreux de'tails cite's dans la documentation 
scientifique attribuant plusieurs cycles de se'dimentation au groupe de llAthabasca, rbultent  d'une 
importante influence e'olienne qui s'est exerce'e dans un milieu de'pourvu de ve'ge'tation capable de lier 
les se'diments au moment de leur formation, et traduisent les e f f e t s  dlintenses alte'rations 
diage'ne't iques qui se poursuivent actuellement . 

On discutera des rapports avec les autres bassins de lJHe'likien. 
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INTRODUCTION t h e  northern Alpine foredeep. Detailed sedimentological 

In Northern Saskatchewan th ree  types  of basins whose 
origin may be  related to  t h e  Hudsonian Orogeny a r e  
recognized. The ear l ies t  type  is filled by sediments  of t h e  
Thluicho Lake Group and t h e  Ellis Bay Formation. Together,  
t hese  comprise an  early t o  l a t e  Aphebian terrigenous c las t ic  
sequence metamorphosed t o  greenschist  grade. These 
deposits a r e  overlain by l a t e  Hudsonian or ear ly  Helikian 
unmetamorphosed volcanics and redbeds confined t o  deep, 
narrow fault-bounded basins of which the  Martin Formation 
Basin is t h e  bes t  example. The youngest basin-fill sequence 
consists of unmetamorphosed quartz-rich elastics, dolomites,  
and basic intrusives of t he  Paleohelikian Athabasca Group. 

Tectono-stratigraphic relations between these  various 
basins a r e  difficult  t o  decipher due t o  the  lack of mutual 
con tac t s  and insufficient radiometr ic  dates.  

The following discussion of t h e  Thluicho and Martin 
sequences is based largely on work by Tremblay (l972), 
Sco t t  (1978) and the  author. Discussion of t h e  Athabasca 
Basin is based on work by the  author unless otherwise 
indicated. 

EARLY OR LATE APHEBIAN BASINS: 
THLUICHO LAKE GROUP AND ASSOCIATED SEDIMENTS 

Thluicho Lake Group (Scott ,  1978) r e s t s  unconformably 
on t h e  Archean (?) metasediments  of t h e  Tazin Group f rom 
which i t  is  derived and is preserved in a t  leas t  two  complexly 
folded synclinal basins (Fig. 13.1). Similar sediments  a r e  
known from boreholes along t h e  northwest side of Lake 
Athabasca,  where they underlie t h e  Athabasca Group 
(Harper,  1979) and from Sla te  Island in Lake Athabasca 
('Martin or Tazin' of Donaldson. 1968). 

In t h e  type  a r e a  t h e  Thluicho Lake Group consists of a 
basal metaconglomerate  up t o  1000 m thick conformably 
overlain in turn by meta-arkose and argillite. In all  t h ree  
units chlorite,  muscovite, bioti te and a lbi te  a r e  common. In 
t h e  meta-arkose and argil l i te units graded bedding, 
crossbedding, ripple marks and load s t ructures  a r e  locally r - .  
abundant.  

The unconformably overlying Ellis Bay Formation 
contains some  reworked Thluicho Lake Group clasts,  but  
consists largely of monomictic, massive felsic breccia  
containing rounded f ragments  of aphanitic a lb i te  in a less 
resistant matrix.  It may represent  a volcanic rock subjected 
to  brecciation and re t rograde metamorphism (Scott, 1978). 

In terpre ta t ion 

No sedimentological analysis of t he  Thluicho Lake 
Group has  been made, but Scott 's  (1978) observations a r e  
consis tent  with a turbidite origin for a t  leas t  p a r t  of t he  
Thluicho Lake Group and Ellis Bay Formation. 

The depositional age  of these  units is  unknown. An 
early Aphebian age  is possible and might be  re la ted  t o  r i f t ing 
between t h e  Slave and Superior cratons,  in which c a s e  a 
correlation with the  Wilson Island Group of the  Grea t  Slave 
Lake a rea  (Hoffman, 1979) is possible. A Hudsonian origin is 
also possible. Hudsonian tectonism decreased markedly wes t  
of  t h e  Virgin River-Black Lake Shear Zone 
(Lewry e t  al., 1978) and consequently marine deposits may be  
expected in this a r e a  a s  a sedimentary  record of the  major 
uplifts  t o  t h e  east .  The Thluicho Lake Group and t h e  Ellis 
Bay Formation may be  analogous t o  t h e  Cre taceous  mar ine  
units of t h e  Plains in their  relation to  t h e  Nevadan-Laramide 
uplifts in the  Cordillera or  analogous t o  the  flysch units of 

analysis involving paleocurrent studies in t h e  Thluicho Lake 
Group sediments should help to  distinguish between these  
hypotheses. 

LATE APHEBIAN WRENCH FAULT BASINS: 
MARTIN FORMATION AND ASSOCIATED DEPOSITS 

Associated deposits in northern Saskatchewan of small, 
l a t e  Aphebian unmetamorphosed redbed units occur over a 
wide area .  They unconformably overlie the  metamorphosed 
basement,  a r e  themselves folded and faulted,  and lie in fault-  
bounded basins. To da te ,  only par t  of t he  Martin Formation 
has been studied in deta i l  in t h e  Uranium City a r e a  
(Tremblay, 1972). 

Basins similar t o  t h e  one containing t h e  Martin also 
occur around Tazin Lake and between Tazin Lake and Lake 
Athabasca (Scott, 1978). An isolated ser ies  of redbeds occur 
along the  northern Lake Athabasca shoreline (Fig. 13.1). 
Locally in northeastern Saskatchewan, boulders identical  t o  
t h e  Martin a r e  common, and suggest t h e  presence of small  
redbed outliers in this area .  

In the  Virgin River-Black Lake Shear Zone and the  Cree  
Lake Zone l a t e  Aphebian redbeds a r e  missing. As this is an  
a r e a  of exposed Hudsonian high-grade metamorphic  rocks 
thei r  absence may be  a t t r ibu ted  t o  a g rea te r  deg ree  of post- 
Hudsonian uplift. 

Beds of 'uncertain s t ra t igraphic  position' in the  Maurice 
Bay a r e a  (Harper, 1979) may b e  remnants  of another  basin 
equivalent t o  Martin Lake Basin rocks a s  i t  conta ins  t h e  usual 
unmetamorphosed polymict conglomerates.  The matr ix  of 
t hese  sediments contains largely quar tz  grains and amygdular 
or  vesicular grains with abundant  microli ths and s ~ i c u l a r  
s t ructures .  Tuhe other  f ramework grains have been iargely 
replaced by calc i te ,  making identification difficult ,  but  
included s t ruc tu res  suggest a volcanic or perhaps a pedogenic 
origin. Sil tstone c las ts  a r e  present  in these  conglomerates  a s  
a r e  c l a s t s  of Thluicho Lake Group sediments  (Harper, 1979). 

C I 

- 

1 Thluicho Lake Group 
2 Ellis Bay Formation 

Redbed occurrences : 

3 Martin Formation 8 Johnstone Island 
4 Charlot Point Formation 9 Cruchy Island 
5 Tazin Lake redbeds 10 Maurice Bay 
6 Slate Island 11 JunctionGranite 
7 Stewart Island 12 Chipman Sills 

Figure 13.1. Location of sedimentary basins, intrusives and 
of  sections through the Athabasca Basin shown in figures. 
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Figure 13.3. Subbasins in the  Athabasca Basin. 

I Xrn I 
Figure 13.2. Major f au l t s  and shear  zones (-1, Alternatively, t he  sil tstone c las ts  may have been 
dyke outcrops (o), and magnetic lineaments indicating the derived f rom t h e  underlying Thluicho Lake which contains 
presence of dykes (--;) in the  Athabasca Basin. abundant argillites, a s  t he  redbeds a l l  show evidence of very 

local  derivation (Tremblay, 1972; Scot t ,  1978). 

Mart in  Formation: 

The Martin Formation, which fills the  Martin Lake 
Basin, consists of about  5000 m of breccias,  conglomerates,  
arkoses,  si l tstones,  basic volcanics and is intruded by 
gabbroic dykes and sills. Volcanics of t h e  Martin Formation 
have been dated by K-Ar at 1 6 3 0 + 1 8 0 M a  
(Fraser et al., 1970). Evans and Bingham (19731, incor- 
porating their  paleomagnetic da ta  with the  published 
radiometr ic  ages,  suggested an age  of 1730 + 1830 Ma for  
t h e  Martin Formation. They also established tha t  t h e  
hemat i t iza t ion preceded the  folding, and thus must have 
taken place a lmost  immediately a f t e r  deposition. 

Paleocurrent measurements (Tremblay, 1972, Fig. 5) 
show t h a t  sediments in t h e  Martin Lake Basin were  derived 
f rom both sides of t he  basin and suggest t h a t  t he  basin was 
initially not significantly larger than a t  present. The locally- 
derived basal conglomerates reinforce t h a t  conclusion 
(Fraser  et al., 1970). The depositional environments of t he  
Martin Formation redbeds range from talus slopes, alluvial 
fans  and braided s t r eams  t o  lacustrine. 

Discussion: 

Sco t t  (1978) showed t h a t  deta i ls  of sedimentation, 
paleocurrent directions and diagenesis d i f fer  significantly in 
t h e  various d i f ferent  redbed successions, suggesting the  
exis tence  of s epa ra t e  basins. For example,  t h e  Char lot  Point 
Formation (Langford, 1980), formerly a subdivision of the  
Martin Formation (Scott, 1978) or t he  Athabasca Formation 
(Fahrig, 1961) is  distinguished f rom the  type  Martin 
Formation by t h e  presence of red sil tstone clasts.  The large  
s i l t s tone clasts,  re la t ive  t o  quar tz i te  cobbles in the  Charlot 
Point Formation, indicate t h e  sil tstones were  well indurated 
prior t o  deposition. These c las ts  were  interpreted by 
Langford (1980) t o  have been derived from t h e  lower Martin 
Formation and hence he suggested t h e  Char lot  Point 
Formation is younger than t h e  Martin. Char lot  Point 
Formation clasts,  however, appear  richer in chlor i te  than t h e  
type Martin Formation (compare Tremblay, 1972; 
Macey, 1973; Scot t ,  1978). 

A t  Sla te  Island, redbeds which unconformably overlie 
Thluicho Lake Group sediments  contain sil tstone clasts,  
suggesting similar derivation. These conglomerates,  assigned 
by Donaldson (1968) t o  t h e  Athabasca Formation, probably 
record another redbed basin similar t o  the  Martin Lake, a s  
thei r  lithologic composition and contained sedimentary 
s t ruc tu res  differ sharply f rom the  overlying Fair Point 
Formation (Ramaekers,  1979a), t he  lowermost unit of t h e  
Athabasca Croup in t h e  area .  

Erosion and reworking in an  oxydizing environment, 
followed by 1600 Ma of d iagenet ic  a l tera t ion easily could 
have a l tered some of the  green Thluicho Lake argil l i tes t o  
t h e  red and tan c las ts  of t h e  Charlot Point Formation. This 
process has been documented in t h e  type  Martin Formation 
where  most maf ic  minerals have been a l tered,  l iberating t h e  
red iron oxides (Macey, 1973). 

Thus, the  Charlot Point Formation is he re  considered t o  
be  approximately equivalent t o  t h e  Martin Formation. 

Identification of s epa ra t e  redbed basins means  t h a t  t h e  
n a m e  'Martin Formation'  should be  res t r ic ted  t o  t h e  
heterogeneous sediments of t he  Martin Lake Basin until this 
complex succession (Tremblay, 19721, deposited in widely 
differing depositional environments,  is be t t e r  understood. 
The designation of the  Char lot  Point a r e a  redbeds of t h e  
Charlot Point Formation (Langford, 1980) is a f i rs t  s t e p  in 
t h e  unravelling of t h e  area's L a t e  Hudsonian history. 

Interpretation: 

The dimensions of t he  known and inferred redbed 
basins, contained sediments  and igneous rocks, locations 
re la t ive  t o  orogenically uplifted areas ,  formation during 
closing phases of t h e  Hudsonian Orogeny, close association 
with major faults,  and s t ruc tu ra l  complexity all  suggest an  
origin a s  pull-apart basins associated with wrench faulting 
similar t o  tha t  described by Crowell (1974) in southern 
California,  or in t h e  Devonian of Norway by Steel  (1976). 

In a wrench f au l t  environment t h e  basinal stratigraphy 
in more  or  less contemporaneous adjacent  basins i s  commonly 
dramat ica l ly  d i f ferent  (e.g. Steel,  1976). Similarit ies and 
di f ferences  in the  basin fill r e f l ec t  deta i ls  of t ec ton ic  history 
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and of source areas ,  and cannot provide a basis for age  
relationships between the  various basins. This seems  t h e  case  
in northern Saskatchewan where  some  redbed sequences begin 
with sil tstones and arkoses ra ther  than conglomerates  
(Scott ,  1978). 

In t h e  Virgin River-Black Lake Shear Zone a number of 
un- or weakly metamorphosed intrusives of La te  Hudsonian 
a g e  occur. The Junction Granite,  a g e  1745 Ma and the  
Chipman Sills (Gilboy, 1980) may represent t h e  intrusive 
roots of wrenchfault  basins. This type of basin may 
reasonably be expected along this long-active shea r  zone - 
now exposed at a deeper  crus ta l  level than the  tectonically 
"quieter" a reas  of the  redbed basins, typified by t h e  Martin 
Lake Basin. 

Major wrench faul ts  may be  expected along a 
continental  suture  to  accommodate  the  la tera l  component of  
movement a t  t he  plate junction. This in terpre ta t ion seems  
more plausible than a short-lived phase of rif t ing which would 
require dramat ic ,  unexplained changes in mant le  circulation 
to  explain these  basins. 

Modern analogues t o  t h e  Martin Lake and associated 
basins a r e  in southwestern British Columbia (Price,  1965) 
where t h e  Oligocene Kishenehn Formation displays t h e  s a m e  
diversity in lithologic types  and sedimentary environments in 
t h e  same  s t ructura l  se t t ing a s  does the  Martin Formation. 

Summary 

The Thluicho Lake-Martin succession has  some  
similarit ies t o  successor basin sequences in t h a t  coarse  
fluviati le deposits overlie what  appears  t o  b e  a turbidite unit, 
and t h e  whole sequence conta ins  l imited volcanism 
(Ramaekers  and Hartling, 1979; Langford, 1980). The under- 
lying Tazin Group, however, is  not t he  typical  eugeosynclinal 
sequence t h a t  definit ions of 'successor basint require 
('epieugeosyncline' of Kay, 1951; King, 1966). While much 
work on the  stratigraphy and deposit ional environment of t h e  
Tazin Group remains t o  b e  done, i t s  quar tz i tes ,  calc-silicates, 
and f ew volcanic units suggest a more  s table  shelf environ- 
men t  (Sibbald and Lewry, 1980). 'The Martin Formation is not  
a typical molasse sequence; as discussed above, i t  more  
closely resembles t h e  sediments  of a wrenchfault  basin. 

The post-Hudsonian Athabasca  Group cover  of t h e  
Thluicho Lake-Martin sequence has  no analogues among 
Phanerozoic successor basins, perhaps because Phanerozoic 
uplifts  a r e  too young for such a sequence t o  have developed 
and because the re  a r e  few old in t racra tonic  me tas t ab le  zones 
on t h e  modern continents.  

Much work on the  geochronology, s t ra t igraphy and 
s t ruc tu re  of t h e  erosional remnants  of these  basins needs t o  
b e  done before they can be incorporated into a plate- 
tec tonic  model. 
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Stromatol~t~c and ool~tic dolomlte 
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Figure 13.4. Geological Map of the Athabasca Basin. 
The locations of the sections are of those shown on 
Figure 13.5. 

PALEOHELIKIAN CRATONIC BASINS: 
ATHABASCA CROUP 

A period of instability followed the phases of the 
Hudsonian Orogeny and a series of epeirogenetic uplifts and 
subsidence zones developed in northern Saskatchewan. The 
seismic study by Hobson and MacAuley (1969) subdivided the 
Athabasca Basin into three northeast-trending subbasins 
(Fig. 13.31, and this has been confirmed by stratigraphic 
analysis (Rarnaekers, 1979a, 1980a). 

Sub- Athabasca Group Regolith 

The basement underlying the Athabasca deposits was 
intensively weathered. The paleoweathering profile, up to 
50 rn of which is preserved, has characteristics typical of 
lower levels of present day laterites (Hoeve, 1977; Hoeve and 
Sibbald, 1978). A mineralogical zoning with kaolinite in  the 
upper levels and i l l i te  and some chlorite i n  the lower levels is 
common. Red hematite staining is pervasive, except at the 
base of the profile. The profile is variably affected by 
superimposed reducing alteration which removed hematite 
and emplaced chlorite in  the upper levels of the profile and 
also affected the overlying sandstones and conglomerates of 
the Athabasca Group (Ramaekers and Dunn, 1977). 

Basal Conglomerates 

A t  the lower contact of the Athabasca Group a t  least 
five types of conglomerate may occur, a l l  of which have been 
termed 'basal Athabasca conglomerates' although they have 
widely differing origins and ages. 

1. As discussed above, a number of the 'basal Athabasca 
Formation conglomerates' of various authors are Late 
Hudsonian units deposited in a dramatically different 
tectonic setting and which are perhaps up to  200 Ma 
older. Included in  these are the conglomerates on Slate 
Island, Charlot Point and on the islands bordering 
Crackingstone Peninsula. 

2. Some of the sub-Athabasca Group regolith contains 
conplomeratic lags, and these ref lect  winnowing and 
minor reworking of the upper layer of the regolith. Their 
lithology directly reflects that of the underlying rocks, 
and they are typically well developed (1-2 rn thick) over 
fine grained peli t ic rocks wi th large quartz segregations 
(e.g., a t  Newnham Lake). More commonly though, these 
lags are thin and discontinuous. By comparison wi th 
modern analogues, they may be considerably older than 
the Athabasca sediments. 

3. Locally, as i n  the Maurice Bay area, the regolith mixed 
with fresher bedrock is reworked into typically thin, 
locally-derived debris flows wi th a quartz sand matrix. 
These debris flows may be interbedded with lowermost 
Athabasca Group sediments. As debris flows also occur i n  
the older underlying Late Hudsonian basins, 
differentiation of Athabasca Group debris flows may be 
di f f icul t  unless angular unconformities are present. These 
debris flows may be related to in i t ia l  tectonics which 
formed the f i rs t  Athabasca subbasins, before deposition of 
the major deposits had obliterated bedrock itself. 

4. Less frequently regolith material is sorted, transported 
and incorporated into the overlying Athabasca Sandstone 
units. 

5.  A number of the major marine and basal f luvial units of 
the Athabasca Croup are conglomeratic or consist of 
interbedded sandstone and conglomerate. Clasts are 
generally well rounded and relatively well sorted. 

Minor Units and Formation Contacts within 
the Athabasca Group 

A t  present, the Athabasca Basin is known only a t  a 
reconnaissance level. Major lithostratigraphic units have 
been mapped and a regional paleographic reconstruction is 
possible. Detailed mapping in  conjunction with dril l ing 
programs wi l l  doubtless refine the stratigraphy and delineate 
additional minor units. 



Although the  basement-Athabasca Group con tac t  is 
generally sedimentary,  fault  contacts  a r e  common. Debris 
flows in t h e  vicinity of t h e  faults suggest t h a t  at leas t  some  
faulting was syndepositional. Postdepositional fault ing seems 
more common, and i ts  ex ten t  is likely underestimated due to  
poor exposure of faul t  zones. Formational con tac t s  within 
t h e  Athabasca Group a r e  virtually never exposed. Their 
nature  is  generally inferred f rom t h e  l i thofacies sequence and 
the  pebble content  of t h e  overlying units. 

Rarely,  a t  t he  basement  con tac t  and a t  unconformities 
within the  Athabasca Group, thin local units define 
sedimentary environments d i f ferent  from those of t h e  
surrounding formations.  They typically represent environ- 
ments  dominated by local erosional relief. One  example  is 
t h e  clay-rich unit with r a re  desiccation c racks  t h a t  overlies 
t h e  basal debris flows of t h e  Athabasca Croup in t h e  Maurice 
Bay a r e a  (Harper, 1979; Mellinger, 1980). Similarly, in fluvial 
units of t he  eas tern  par t  of t he  Athabasca Basin, paleo- 
cu r ren t  pat terns  a t  t h e  basal con tac t  may vary  d r a m a t ~ c a l l y  
f rom t h e  uniform t rends  in t h e  overlying sediments.  This also 

suggests local topographic contl a: during t h e  initial phases of 
sedimentation. A t  or  near  t h e  con tac t s  of t h e  fluviati le 
units, thin clay-rich zones occur  in some  borehole cores  
suggest t h e  presence of short-lived coas ta l  lagoons. 

Major St ra t igraphic  Units of  t h e  Athabasca  Group 

The Athabasca Group (Ramaekers ,  1979a) is composed 
of four marine transgressive sequences and one thick fluvial 
regressive wedge. Locally pronounced unconformities and 
disconformities changing basinwards t o  apparently 
conformable con tac t s  s epa ra t e  t h e  transgressive sequences. 
Location, thickness, maximum grain size,  and generalized 
paleocurrent directions in these  and o the r  format ions  
described below a r e  i l lustrated in Figures 13.3-13.6 and 13.9. 

The oldest major units a r e  t h e  Fair  Point Formation and 
t h e  lower member of t he  Manitou Fal ls  Formation 
(Manitou Falls A) deposited in t h e  Jackfish and Mirror basins 
respectively. 
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Figure 13.5. Cross-sections through the Athabasca Basin, drawn through the locat ions as indicated 
on Figure 13.4. The legend is the same as for Figure 13.4. 
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Fa i r  Point Formation 

The Fair Point Formation (Ramaekers,  1979a, 1980a) is 
a 300 m thick, cobbly t o  pebbly, clay-rich mar ine  sandstone, 
probably of local derivation. Horizontal bedding, low angle 
and hummocky crossbedding a r e  common. Planar trough and 
herringbone crossbedding a r e  also present.  Paleocurrent 
directions indicate t h a t  t he  sediment  transport  was 
predominantly t o  the  northwest, but  thei r  distribution is 
commonly multimodal and their  variances a r e  high. The 
sedimentary  s t ructures  and lithologic evidence indicate a 
marine,  high energy, lower shoreface  depositional 
environment dominated by wave, and t o  a lesser extent ,  t idal  
ef fec ts .  

Manitou Falls Formation 

Manitou Falls unit A: This unit described by 
Ramaekers  (1980a) is  a 300 m thick sequence of probably 
fluvial and marine sandstones, pebbly sandstones and minor 
conglomerates.  It underlies t h e  main fluvial wedge of t h e  
Manitou Falls Formation (Manitou Falls B, C and D). For 
lack of detailed mapping, t he  heterogeneous Manitou Falls A 
sequence is appended t o  the  base of the  Manitou Falls 
Formation a t  present.  The Manitou Falls A sediments 
probably were  derived largely f rom the  south. However, 
sedimentary s t ructures  and the  variability of paleocurrent 
directions r e f l ec t  t he  inhomogeneity of this unit. 

Manitou Falls units B, C and D: Overlying the  Fair 
Point Formation and the  Manitou Falls A sequence a r e  
Manitou Falls members B, C and D, which form an eas tward-  
thickening ( t o  1000 m) wedge of fluviatile sandstones t h a t  
comprise the  regressive phase of the  Athabasca Group 
(Ramaekers,  1979a, 1980a). 

A t  the  base is the  conglomeratic member (Manitou 
Falls B), consisting of eastward-thickening and coarsening 
interbedded sandstones and clast-supported conglomerates of 
which 300 m is preserved. Planar and trough crossbedding 
a r e  predominant in the  sandy units, whereas  gravels show 
massive or crude planar bedding and with pebbles imbricate  
normal to  the  transport  direction. Ripples and clay 
in t rac las ts  a r e  rare.  Both fining- and coarsening-upward 
sequences up to  15 m thick a r e  present.  Paleocurrent 
directions a r e  qui te  uniform a t  outcrop scale,  with variances 
typically less than 1000. The paleocurrent directions define a 
number of radiating alluvial fans  or  bajadas divisible into two  
major deposystems, one derived f rom t h e  nor theas t ,  the  o ther  
f rom the  eas tern  side of t h e  basin. Minor det r i tus  supplied 
f rom t h e  south is also indicated. In contras t  t o  the  La te  
Hudsonian basins no debris flows occur in these  fans. 

Distally t h e  conglomeratic fans  grade into sandy 
braided s t r eam deposits (Manitou Falls C) with abundant 
planar and trough crossbedding, crosslamination, some  
climbing ripple lamination, and common linguoid cu r ren t  
ripples. Clay intraclasts a r e  generally present but not 
common. Paleocurrent directions show low variances and a r e  
d i rec ted uniformly to  the  west. 

The sandy braided s t r eam deposits grade westward into 
similar but more  uniformly finer grained deposits (Manitou 
Falls D). These sands contain abundant clay intraclasts,  
occasional thin (7.5 c m )  lenses of bedded sil t  and mudstone, 
abundant current  ripples and a few oscillation ripples. 
Paleocurrent directions show increased variances, but a r e  
s t i l l  d i rec ted unimodally to  the  west. The evidence suggests 
t h a t  t h e  depositional environment was a rapidly aggrading 
alluvial plain of braided s t r eams  with short-lived in t e rmi t t en t  
lakes similar in many respects  t o  modern wadis. 

The Manitou Falls D unit thickens dramat ica l ly  eas t  of 
t h e  Virgin River-Black Lake Shear Zone, suggesting t h a t  t h e  
Dufferin High formed in this shear zone a t  th is  t ime,  c rea t ing  
the  Cree  Basin t o  t h e  East  (Fig. 13.2). 

Lazenby Lake Formation 

The Lazenby Lake Formation (Ramaekers,  l980a) 
disconformably overlies t h e  Manitou Falls D sequence in t h e  
cen t r a l  par t  of t he  Athabasca Basin and marks the  base of 
t h e  second transgressive sequence. It is a pebbly quar tz  
sandstone coarsening and thickening t o  the  south t o  a 
maximum thickness of about 130 m, suggesting a southern 
source  area.  Sedimentary s t ructures  a r e  similar t o  those of 
t he  Fair Point Formation excep t  t h a t  convolute bedding and 
sand volcanoes a r e  common. The unit  probably accumulated 
in a marine, high-energy, lower shore face  depositional 
environment. 

Wolverine Point Formation 

The poorly exposed Wolverine Point Formation 
(Ramaekers,  1979a, 1980a) conformably and gradationally 
overlies the  Lazenby Lake Formation or the  Manitou Falls 
Formation wherever i t  overlaps the  Lazenby Lake Formation. 
The lower member (Wolverine Point A) consists of 100-200 m 
of sandstones interbedded with a f ew thin siltstones. I t  
thickens to  the  north and west a t  t he  expense of t h e  
Wolverine Point B member.  Planar,  trough and possibly 
hummocky crossbedding a r e  common a s  a r e  oscillation 
rippled surfaces.  Paleocurrent  variances a r e  high a t  t h e  f e w  
good outcrops of this unit  (>4000). The evidence suggests a 
marine lower shoreface  t o  shallow inner shelf depositional 
environment.  

The Wolverine Point A grades  upwards in to  t h e  
100-300 m thick sandstones, si l tstones and mudstones of t h e  
upper Wolverine Point member  (Wolverine Point 0). 
Horizontal bedding, large  planar crossbeds, trough and 
hummocky crossbeds a r e  common. Current  lineation and 
current  c re scen t s  indicate  strong cu r ren t s  a t  high angles t o  
cu r ren t  directions in underlying bedforms. Paleocurrent 
directions a r e  polymodal. The member  was probably 
deposited in a relatively shallow marine inner to  open shelf 
environment subject t o  strong t idal  or s torm driven currents.  
Thin phosphorites a r e  widespread, which rarely contain 
preserved tuffs. The tuffs  a r e  preserved exclusively in the  
quie tes t  depositional environment of t h e  Athabasca Basin and 
only where they a r e  replaced by an ear ly  diagenetic s t ab le  
mineral. This suggests t h a t  an  indeterminate  amount  of 
Athabasca Croup c las t ics  may be  tuffaceous,  but t h a t  t he  
intense diagenetic e f f e c t s  have elsewhere a l tered t h e  tu f f s  
beyond recognition. 

Locker Lake Formation 

The third mar ine  transgressive sequence begins with the  
pebbly sandstones of t h e  75-200 m thick Locker Lake 
Formation (Ramaekers,  l979a, 1980a) - another marine 
shoreface  unit which also thickens southward. Coarse c las t ic  
input is concentra ted  in the  south, eas t ,  and northeast ,  
suggesting fluvial input from these  directions.  Sedimentary 
s t ruc tu res  show the  s a m e  range a s  those of t he  Fair  Point and 
Lazenby Lake formations.  Paleocurrent directions have high 
variances and a r e  polymodal in t h e  south and e a s t  bu t  
unimodal northwest in t h e  northern pa r t  of t he  Athabasca 
Basin. This suggests t h e  dominance -of unimodal wind-and- 
wave-driven cu r ren t s  in t h e  northwest.  To t h e  south t h e  high 
paleocurrent variances,  t h e  coarsening and thickening of the 
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HUDSONIAN AND HELIKIAN BASINS OF THE ATHABASCA REGION, NORTHERN SASKATCHEWAN 

Figure 13.7. Generalized paleocurrent directions of the sandy format ions  of the  Athabasca Group. 
Arrows reflect  average directions a t  outcrops and a r e  based on 10 023 measurements  f r o m  
1179 outcrops. The unit  designations and distributions a r e  a s  shown on Figure 13.4. 

Locker Lake Formation (as  the  Lazenbv Lake and Wolverine Doualas and Carswell  Formations 
Point formations) suggests t h a t  a large  sandy del ta  en te red  

" 

Overlying the  Tuma Lake Formation is t he  Douglas 
the Athabasca Basin from the south, of which the marine Formation (Amok, 1974) interpreted as a quiet water, shallow 
beds have been preserved (except for the units of the marine  shelf sequence of sandstones,  carbonaceous  sil tstones Manitou Falls A). and mudstones with abundant graded beds t h a t  contain 

Otherside Formation 

The 200 m thick, largely sandy Otherside Formation 
(Ramaekers,  1979a, 1980a) conformably overlies the  Locker 
Lake Formation. I t  is interpreted a s  a shallow marine, lower 
shoreface  t o  inner shelf deposit which accumulated under 
t idal  influence. Sedimentary s t ruc tu res  a r e  similar t o  those 
of t h e  Wolverine Point Formation and t h e  paleocurrent 
pa t t e rn  is again polymodal, occasionally bipolar, and shows 
high variance a t  outcrop scale.  

Tuma Lake Formation 

The fourth marine transgression is poorly documented 
because of poor exposure, lack of boreholes in t h e  area ,  and 
s t ructura l  complications. I t  is conceivable t h a t  i t s  basal unit, 
t h e  100 m pebbly sandstones of t he  Tuma Lake  orm ma ti oh 
(Ramaekers,  1979a, 1980a), represents progradation and a 
r e t r e a t  of a shoreface  unit ra ther  than a new transgressive 
sequence. However, cr i t ica l  a r eas  needed t o  t e s t  th is  
hypothesis a r e  not preserved, and at present  even the  na tu re  
of t h e  basal con tac t  is  uncertain. The Tuma Lake Formation 
is similar t o  both the  Lazenby Lake and Locker Lake 
formations in i t s  range of sedimentary  s t ructures  and in 

compacted sandfilled syneresis c 6 c k s .  The Douglas overlies 
the  uppermost unit of t h e  Athabasca Group, t h e  oolit ic and 
stro&atolit ic dolomites of t h e  ca r swe l l  Formation 
(Blake, 1956; Fahrig, 1961; Currie,  1969; Ramaekers,  1979a). 
Channels in the  Carswell  a r e  filled with in t rac las ts  of 
micrite,  micr i te  spar or algal laminates,  s t ra t i f ied  debris, 
s t romatol i tes ,  algal laminates and both quiet  water  and 
agi ta ted  water  oolites. Together,  t hese  indicate  a warm, 
shallow water  environment of deposition containing both low 
and high energy locales. These uppermost two format ions  a r e  
preserved only in the  Carswell  s t ruc tu re  (Fig. 13.3- 13.5) 
where intense tec tonic  complications make i t  difficult  at th is  
s t age  t o  de te rmine  thicknesses and c o n t a c t  relationships. 

Intrusives 

Diabase dykes were  emplaced in the  Athabasca Basin 
f rom about 1360 Ma t o  1000 Ma (Armstrong and Ramaekers,  
in press). They reoccupied Hudsonian north-south faults,  
formed or occupied extensive northwesterly f r ac tu re  zones or  
f au l t s  (Ramaekers  and Hartling, 19791, and were  most 
extensive and penetra ted  highest in t h e  Athabasca Group 
sediments of t h e  Mirror Basin (Fig. 13.2, 13.3). 

showing a complex paleocurrent pattern.  
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PALEOGEOGRAPHY OF THE ATHABASCA GROUP 

Source Areas  

The Athabasca Basin sediments were  derived from four 
main source areas.  Local source areas  dominated sediment  
supply in the  Jackfish Basin during deposition of t h e  basal 
Fair  Point Formation. The remaining th ree  source a reas  
were  northeast ,  ea s t  and south of t h e  Athabasca Basin, and 
continuously through in termit tent ly  contributed det r i tus  
throughout the  depositional history of t he  basin. The re la t ive  
amount  of det r i tus  derived f rom these  th ree  source a r e a s  
varied with t ime,  and this gives an  indication of the  sequence 
and location of the  uplifts (Table 13.1). Cr i ter ia  used t o  
del ineate  source areas  for marine units were formation 
thickness and maximum grain size. In adjacent  nonmarine 
units paleocurrent directions support  this in terpre ta t ion 
convincingly (Ramaekers,  1978). 

The maximum grain s ize  distributions of t h e  Lazenby 
Lake, Locker Lake, and Manitou Falls A (Fig. 13.6) units 
suggest t h a t  c las t ics  from the  southern source region 
probably entered the  Athabasca Basin via a major river 
sys tem debouching in the Virgin River Shear Zone a rea ,  
suggesting t h a t  large Proterozoic rivers had t h e  s a m e  
tendency t o  occupy major faul t  zones a s  do  modern s t r eams  
(Potter,1978).  The fluvial and del ta ic  units of th is  
postulated de l t a  complex a r e  e i ther  not preserved or have not 
been recognized to  da te  above t h e  Manitou Falls A sequence, 
perhaps because the  unstable sandy shore deposits were  
reworked shortly a f t e r  deposition or t h e  shoreline lay f a r the r  
t o  t h e  south. 

Paleoslope 

Paleocurrents  in fluvial units trend predominantly to  
t h e  west  (Fig. 13.7), indicating a west-dipping paleoslope 
during Manitou Falls deposition. The changes in source  a reas  
with t ime  (Table 13.1) probably record concomit tant  changes  
in t h e  regional paleoslope. 

Original Distribution of t h e  Athabasca  Group 

Initially, Athabasca Basin may have occupied an  a rea  
similar t o  t h e  present basin at i t s  southern and eas tern  
margins, where the re  is evidence of fluvial clastics.  
Thickening and coarsening of sediments in t h e  mar ine  par t  of 
t he  Athabasca Group t o  t h e  south and e a s t  suggests t h a t  t he  
margins of t h e  basin remained more or less in t h e  positions 
throughout t h e  deposition of the  Athabasca Group. 

There is l i t t l e  evidence t o  suggest c l a s t i c  input f rom 
t h e  north. One of the  r a re  exposures of t he  northern basal 
c o n t a c t  shows flat-lying fluviati le Manitou Falls sediments in 
depositional con tac t  with s teeply  inclined basement.  
Paleocurrents in the  Manitou Falls parallel  t he  con tac t ,  
suggesting t h a t  t he  format ion was  deposited against  a s t eep  
pre-existing slope. Thus, in i t s  early stages,  t he  northern 
boundary of the  Athabasca Basin locally may have been a 
faul t  scarp. The drainage pat tern  on adjacent  uplands may 
have been predominantly t o  t h e  north and away f rom t h e  
basin centre .  Fining of some  marine  units t o  the  north and 
west suggests t ha t  t h e  Athabasca Group may have extended 
f a r the r  t o  the  north than a t  present  in i ts  la ter  stages.  

The western  pa r t  of t h e  Athabasca Basin was 
apparently continuously a shallow marine environment during 
sedimentation in t h e  basin. Phosphorites of t h e  Wolverine 
Point B member  suggest a broad connection t o  t h e  open 
ocean. 

The absence of Helikian sediments west  of t he  
Athabasca Basin suggests t h e  sediments  were  stripped f rom 
the  uplifted Slave Arch (Fraser e t  al., 1970) in post-Helikian 
t o  pre-Devonian t ime. 

Paleocl imate  

To d a t e  no evapor i tes  or pseudomorphs have been 
confirmed in t h e  Athabasca Group. Oolites and dolomites of 
the  Carswell  Formation suggest t he  seas  were  warm, but 
apparently circulation was sufficiently open t o  prevent  
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Table 13.1. Formations of t h e  Athabasca Group showing depositional environments,  
geographic distributions, and source a reas  

West Jackfish Basin Mirror Basin Cree  Basin East  Source Area  

marine Carswell Fm. 
marine Douglas Fm. 
mar ine  Turna Lake Frn. NE ? 

marine Otherside Fm. Otherside Fm. 
marine Locker Lake Fm. Locker Lake Fm. S, E, NE 

marine Wolverine Point B Wolverine Point B 
marine Wolverine Point A Wolverine Point A S 

S, E 

marine Lazenby Lake Fm. S 

nonmarine Manitou Falls D Manitou Falls D E, NJ? 
nonmarine Manitou Falls C Manitou Falls C E, NE, S ? 
nonmarine E, NE, S (minor) 

Marine Fair Point Fm. Manitou Falls A local; S, E ? 
(marine in par t )  

Wolverine Point A 

Manitou Falls D 
Manitou Falls C 
Manitou Falls B 

formation of supratidal evaporites.  Similarly, t h e  lack of 
debris flows in the  alluvial fans suggest a t  leas t  a moderately 
humid climate.  The very well rounded sands and t h e  local 
well-developed ventifacts in the  conglomerates shows t h a t  
t he re  was strong eolian influence on t h e  vegetationless 
fluvial plains. 

Age and Duration of t h e  
Athabasca  Group Deposition 

The tuffaceous  unit of t he  Wolverine Point B member  
was dated a t  1428 i 30 Ma (Rb-Sr whole rock; Armstrong 
and Rarnaekers, in press) in two widely separa ted boreholes. 
A maximum age 1513 t 24 Ma (Bell and Blenkinsop, 1980; 
Rarnaekers, l980a) were  obtained on t h e  s a m e  unit, 
suggesting a depositional a g e  of approximately 1500 Ma. 

Similar Phanerozoic sequences such a s  t h e  Northern and 
Southern Basins in western Egypt (Van Houten, 1980) suggest 
t he  Athabasca Group may have been deposited in a 
100-200 Ma period. 

TECTONIC ENVIRONMENT OF THE ATHABASCA GROUP 
SEDIMENTS 

The Athabasca Group with i t s  thick, s tacked transgres- 
sive sequences and alluvial fans  indicates i t  was deposited in 
a t  least  an  in termit tent ly  ac t ive  t ec ton ic  environment. The 
transgressive sequences a r e  similar t o  t h e  Cape  Sebastian 
Sandstone (Upper Cretaceous) of the  Oregon Coast 
(Bourgeois, 1980). Such units typically occur a t  tectonically 
ac t ive  cont inenta l  margins and a r e  absent in more s table  
regions such a s  the  modern Atlantic coas ts  (Bourgeois, 1980). 

The increase in silica content  of  equivalent nearshore 
environments in successive transgressive sequences (Fair  
Point,  Lazenby Lake, Locker Lake, Tuma Lake) suggests an  
upward-increase in the  amount of reworking. This may be  a 
consequence of slower r a t e s  of deposition caused by a 
temporal  decrease  in tec tonic  activity.  

Diagenesis 

Athabasca Group sandstones, l ike a number of t h e  thick 
sandstones filling Proterozoic and la ter  basins a r e  now 

composed of or thoquar tz i tes  with a clay-rich matrix and a 
significant but variable hemat i t e  content .  Hemat i t e  is  
ubiquitous in t h e  Athabasca Group sandstones which 
commonly contain evidence of intense leaching and 
redeposition of this mineral. The su r face  rock is typically 
leached white, commonly to  a depth of about 100 m, and 
other  leached zones  follow at depth.  A limonitic leached 
zone (indicating relatively recent  ac t iv i ty)  is er ra t ica l ly  
present just above the  basement con tac t .  

Previous workers (Fahrig, 1961; Fraser  et al., 1970) 
have interpreted the  sandstones a s  superrnature,  multicycle 
sediments  and suggested a broad, s t ab le  mar ine  shelf covered 
much of northern Canada. However, sedimentological and 
s t ra t igraphic  d a t a  presented above suggest  Athabasca  Group 
sandstones accumulated rapidly in a tec tonical ly  ac t ive  area .  
Petrographic evidence also suggests a complex and long 
diagenet ic  evolution has  produced t h e  first-cycle Athabasca  
Group orthoquartzites.  

Clay pseudomorphs a f t e r  de t r i t a l  f ramework grains, t h e  
same  s ize  a s  adjacent  quar tz  grains, a r e  ubiquitous in t h e  
Athabasca Group sandstones. Pseudomorphs range f rom r a r e  
in t h e  Manitou Falls D, t o  abundant in t h e  Fair  Point 
Formation. Where bioti te has  been a l tered t o  clay the  
warping of t h e  contained diagenet ic  hemat i t e  layers indicates  
t h e  flakes were  dis tor ted  by varying amounts  of compaction, 
ranging f rom ze ro  t o  100 per cent .  Clay pseudornorphs a f t e r  
feldspars lose thei r  identity much more  rapidly. Where ear ly  
cemen t s  or de t r i t a l  c lays  impeded diagenesis (Douglas 
Formation, Wolverine Point B) f resh  feldspar is preserved. 
Thus, a t  leas t  par t  of t he  present  in ters t i t ia l  clay in 
Athabasca sandstones has been produced by in t r a s t r a t a l  
solution followed by compaction, r a the r  than infil tration. 
Hence, t he  sandstones were  more  polymict a t  t he  t ime  of 
deposition than a t  present.  

XRD studies  of t he  clavs and whole rock chemical  
analyses of t h e  Athabasca  sandstones (Fig. 13.8) support  t h e  
~ e t r o g r a p h i c  data .  In t h e  Athabasca C r o u ~ .  Na concentra-  
tions a r d  low and relatively cons tan t  (around 0.01 per cent).  
Thus t h e  N a 2 0 / K 2 0  ra t io  ref lec ts  t h e  amount  of i l l i te 
re la t ive  t o  kaolinite and is largely determined by diagenesis 
(Fig. 13.8). The A1203/Si02 r a t io  of t h e  sandstones indicates  
thei r  t o t a l  clay content .  
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The NafK ra t io  of the  intersti t ial  clays in the  fluvial 
sandstones shows no marked correlation with to t a l  c lay  
con ten t  and indicates illitefkaolinite mixtures of varying pro- 
portions with no obvious distribution patterns.  However, in 
t h e  marine sandstones (in particular the  offshore marine 
sandstones) a strong correlation between intersti t ial  c lay  
con ten t  and high K values indicates that  i l l i te is t he  
dominant clay.  

The A1203/Si02 ratios of t h e  sandstone samples of t h e  
various formations a r e  interesting in tha t  they a r e  less 
a f f ec t ed  by diagenesis than the  Na/K ratios. They show an 
increase  in si l ica content  in the  distal  fluvial deposits, 
concomitant  with a decrease  in clay content  downstream. 
The sandy facies  of t h e  neighbouring marine environments 
show an increase in clay content .  In a modern fluvial or  
multicycle marine environment one might expec t  t he  
opposite. However, the  da ta  a re  consistent with first-cycle 
deposition during t h e  Proterozoic. At t h a t  t ime,  fluvial 
abrasion and intense eolian act iv i ty  on an unvegetated fluvial 
plain would preferentially remove minerals with good 
c leavage such a s  micas, feldspars, amphiboles and pyroxenes 
by decreasing thei r  grain s ize  re la t ive  t o  quartz.  Differential  
abrasion during passage through high energy environments has 
been shown t o  effectively concen t ra t e  feldspars in low 
energy marine environments (Odom, 1975), thus accounting 
for t h e  higher A1 content  in t h e  marine facies. 

Infiltration, while a possible mechanism t o  introduce 
de t r i t a l  clays into the  coarse fluvial deposits, is much less 
likely in a marine environment not subject t o  the  constantly 
fluctuating hydraulic conditions present in fluvial systems. 

If t he  intersti t ial  clays of t he  Athabasca Group sand- 
s tones  a r e  considered a s  largely diagenetic,  a s  suggested by 
the  above da ta ,  then e s t ima tes  of t he  original compositions 
of t h e  sandstones may be made (see Petti john et al., 1972, 
p. 62). The original compositions of the  sandstone fac ies  of 
t h e  various formations varied from arkose t o  or thoquar tz i te  
(Fig. 13.8). 

Diagenesis of the  Athabasca Group continues t o  the  
present  (Ramaekers,  1979b, 1980b). Identifying the  t ime  a t  
which some of these changes took place is difficult ,  a s  t he  
chemical  reactions involved a r e  not res t r ic ted  t o  a near- 
surface  environment. For example,  hemat i te  coatings 
antedat ing qua r t z  overgrowths, intense stratabound silicifica- 
tion and zones of quar tz  dissolution containing diaspore and 
il l i te may mark original paleosols, particularly in t h e  
fluviati le units. Postcompaction silicification with hemat i t e  
precipitation in pores between qua r t z  overgrowths on de t r i t a l  
grains mark changes a f t e r  deep burial. Siderite deposition 
common near some fau l t  zones, followed by decarbonatiza- 
tion, has  resulted in a secondary porosity and the  for mation 
of st i l l  l a t e r  hematite.  Overgrowths on tourmaline a r e  
common, and their  presence on crystals f rac tured during 
compaction indicates t h a t  they formed a f t e r  deep  burial. 

Paleomagnetic da ta  on sandstone samples (Fahrig et al., 
1978; Ramaekers  l979b, 1980b), intense a l tera t ion of the  
intrusives in t h e  Athabasca Basin, and young (1000 Ma; 
Rb-Sr) ages  on clays in the  Manitou Falls Formation 
(Armstrong and Ramaekers,  in press) indicate in tense  
diagenet ic  a l tera t ions  in the  Athabasca Group sediments  for 
hundreds of millions of years a f t e r  deposition. 

ORIGIN O F  ORTHOQUARTZITE FILLED BASINS 

The Athabasca Group sandstones a re  first-cycle ortho- 
quar tz i tes .  A quartz-rich source area ,  eolian act iv i ty  in a 
vegetationless environment,  and long and intense diagenesis 
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Figure 13.9. Distribution of Paleohelikian sandstones 
relative to early Proterozoic tectonically active belts. 

have variably contributed t o  thei r  formation. The Athabasca  
Group sandstones a r e  similar in many respects t o  o ther  thick 
or thoquar tz i tes  such a s  t h e  Thelon, Sioux and Lower Hornby 
Bay sandstones, although details of s t ra t igraphic  sequence 
differ.  Fac to r s  in common a r e  t h e  clay-rich qua r t z  areni tes ,  
hemat i t e  content ,  moderately deep basins and an intra- 
cra tonic  sett ing. A s t ructura l  link not previously noted is 
thei r  spat ia l  proximity to  Hudsonian, Penokean, Wopmay 
orogenic zones (Fig. 13.9), and their  t ime  of formation, 
severa l  hundred million years a f t e r  t he  main orogenic events.  
This suggests t h a t  these  'orthoquartzite basins' developed in 
well-defined s t ructura l  and temporal  se t t ings  - a reas  of 
moderate  instability between ancient  cra tons  in a vegetation- 
less environment. Modern analogues in cha rac te r  of fill, 
general s t ra t igraphic  sequence, vegetation-poor source  a reas  
and s t ructura l  relations may be t h e  Nubian basins of North 
Africa described by Van Houten (1980) which occupy a similar 
unstable zone between two, more  stable,  pa r t s  of t h e  African 
cra ton.  
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Abstract 

The Belcher Group provides a record of the evolution of the Ungava Craton margin in eastern 
Hudson Bay during middle Precambrian (Aphebian) times. Growth of  an initial miogeoclinal stage, 
represented by a shallow, southwest-dipping marine platform containing evaporitic and stromatolitic 
dolostones (Kasegalik Formation), was terminated by extrusion of plateau-type basalts of  the Eskimo 
Formation. The Eskimo volcanics probably are correlative with tholeiitic basalts of the Persillon 
Formation (Richmond Gulf) and may represent the products o f  incipient rifting in a zone that was 
transverse to the Ungava Craton; this zone is called the Richmond-Belcher Ri f t ,  and originated in 
earliest Proterozoic times. 

A second miogeoclinal stage is composed o f :  (a) a transgressive carbonate platform-to-basin 
depositional phase (Fairweather-Laddie Formations) formed under conditions o f  gradual subsidence, 
and possessing clastic and stromatolitic dolostone including some spectacular platform-margin 
stromatolite buildups, and rhythmic, hemipelagic slope carbonates, succeeded by; (b)  a prograding 
carbonate buildup (Rowatt Formation) and associated restricted basin depositional phase (banded 
ironstone of  the Kipalu Formation). The ironstones can be correlated several hundred kilometres 
around the eastern periphery o f  Hudson Bay and represent deposition within an extensive arcuate 
basin. The latter phase indicates that deposition was no longer conformed to the Richmond-Belcher 
Rif t ,  but embraced the eastern margin o f  Hudson Bay; a result of  regional uplift prior to extensive 
submarine volcanism (Flaherty Formation). Building of the thick volcanic edifice, here interpreted as 
a volcanic arc, resulted in reversal of the paleoslope to east-dipping (possible volcanic equivalents 
extend from Ottawa Islands, south to the s t t o n  Inlier). A south- to southeast-trending 
exogeosynclinal basin formed between the volcanic arc and craton margin, and subsequently was 
filled by turbidites of the Omarolluk Formation (submarine fan facie3 and arkosic red beds o f  the 
Loaf Formation (distal-molasse facies); the final depositional phase o f  the Belcher Group. Isoclinal 
folding occurred during the Hudsonian Orogeny, an event that is considered in terms of ocean-closing 
and continental collision tectonics. 

Rgsumk 

Le groupe de Belcher repre'sente un vestige de l'e'volution de la marge du craton d1Ungava dans 
l'est de la baie d'Hudson pendant le Pre'cambrien moyen (Aphdbien). Le de'veloppement d'une phase 
mioge'osynclinale initiale, repre'sente'e par une plate-forme marine peu profonde plongeant vers le 
sud-ouest et contenant des dolomies e'vaporitiques et stromatolitiques (formation de Kasegalik), s'est 
terrnine' par l'extrusion des basaltes de plateau de la formation d'Eskimo. On peut probablement 
corrQler les roches volcaniques d'Eskimo avec les basaltes thole'iitiques de la formation de Persillon 
(golfe de Richmond); elles repre'sentent peut-gtre les produits de la formation initiale d'un r i f t  dans 
une zone transversale par rapport au craton dlUngava; cette zone est appelde r i f t  de Richmond- 
Belcher, et date des temps protCozolques les plus reculds. 

Une seconde phase mioge'osynclinale se subdivise en: (a) une phase de se'dimentation 
carbonate'e, transgressive, marquant le passage d'un milieu de plate-forme 6 un milieu de bassin 
(formations de Fairweather et de Laddie), indiquant par conse'quent une subsidence graduelle, e t  
contenant des dolomies clastiques et stromatolitiques, en particulier des e'difices stromatolitiques 
spectaculaires en bordure de la plate-forme, et des couches carbonatdes rythmiques de caractere 
he'mipe'lagique, incline'es, suivies; (b)  de sgdiments carbonate's progrades (formation de Rowatt) et 
d'une phase associe'e de sgdimentation en bassin ferme' (niveaux ferrifhres stratifiks de la formation 
de Kipalu). Les niveaux f errif Qres stratif ie's peuvent 6tre suivis sur plusieurs centaines de kilomhtres, 
dans l'est du pe'rimQtre de la baie dtHudson; ils se sont ddpose's h l'inte'rieur d'un vaste bassin en arc de 
cercle. La seconde phase montre que la se'dimentation ne se limitait plus au r i f t  de Richmond e t  
Belcher, mais englobait le rebord est de la baie dlHudson, par suite d'un soul&vement rdgional 
antdrieur h un volcanisme sous-marin important (formation de Flaherty). L'e'dification du puissant 
ensemble volcanique, conside're' dans cet article comme un arc insulaire, a inverse' la pente initiale qui 
plonge maintenant vers l'est (les e'quivalents volcaniques possibles prolongent les iles Ottawa, au sud 
de l'enclave de Sktton). Un bassin exoge'osynclinal orient6 sud h sud-est s'est form6 entre Itarc 
insulaire et le craton, et a ensuite dte' comb16 par des turbidites de la formation d'omarolluk ( f a d s  
de cGne alluvial sous-marin) et les red beds arkosiques de la formation de Loaf (facids distal de 
molasses); ceci correspond h la phase se'dimentaire finale du groupe de Belcher.. Pendant l'orogenhse 
de llHudsonien ont eu lieu des plissements isoclinaux, dvhnement qui entre dans le cadre de la 
tectonique globale (fermeture des oce'ans et collisions continentales). 
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INTRODUCTION and shales  of t h e  Flaher ty  and Omarolluk format ions  
respectively. Precambrian microfossils associated with 

The Islands was One of the last groups Of  s t romatol i tes  in t h e  Kasegalik and McLeary format ions  were  
in Hudson Bay t o  be  systematically explored, although various studied by Hofmann and Jackson (1969). A diverse 
sightings of the had been before the end assemblage of fi lamentous and coccoid cyanophytes, morpho- 
of  the  las t  century.  The first  geological expedition was logically similar to some Gunflint Formation and Bitter 
undertaken F1ahert~ (1918)9 who after was Springs Formation forms, have been reported by Hofmann 

Other 1918; Woodbridge? 1922; (detailed systematics in Hofmann, 1976, and several other Young, 1922). Moore (1918), working mostly in the  Laddie papers). S t romatol i tes  f rom the  McLeary and Mavor forma-  Harbour area, proposed the name Series for strata tions have also received a t tent ion (Donaldson, 1976). exposed in the  Belcher Islands. An important discovery a t  
this t ime  was the  presence of possil;le algal s t ructures  
(stromatolites). Moore is also credi ted  with t h e  f i rs t  repor t  
of microfossils from Precambrian rocks. 

The f i rs t  detailed mapping of t h e  Belcher Islands was 
undertaken by Jackson (1960); his map has provided a sound 
s t ra t igraphic  framework for subsequent studies. Jackson 
afforded group s t a tus  t o  t h e  sequence and subdivided i t  into 
16 units. These units subsequently were  given formation 
s t a tus  by Dimroth et al. (1970). K-Ar age  dating of volcanic 
rocks collected by Jackson confirmed the  Aphebian age  of 
the  Belcher Croup, and an age  of about 1.76 Ga (Rb-Sr) was 
subsequently obtained by Fryer (1972) f rom volcanic rocks 

Paleocurrent  determinat ions  in pre-Flaherty s t r a t a  by 
Jackson (1960) and Dimroth e t  al .  (1970) indicated t h a t  t h e  
paleoslope probably dipped west t o  southwest.  This was  
confirmed in a la ter  study by Bar re t t  (1975). A geochemical 
and petrographic study of the  Eskimo Formation volcanics 
was  undertaken by Stirbys (1975); volcanic and volcaniclastic 
rocks of t h e  Flaher ty  Formation also have been examined by 
Schenk (1959), Legget t  (1974) and Ware (1978). 

In t h e  f i rs t  genera l  synthesis of t h e  Belcher Group, 
Hofmann and Jackson (1969) recognized th ree  major episodes 
of sedimentation and volcanism t h a t  took place  before  t h e  
Hudsonian Orogeny, and a four th  episode defined by intrusion 
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of a few gabbro dykes. This last  episode was re la ted  to  a 
mild thermal  or tec tonic  event  during t h e  Grenvillian 
Orogeny. Recent  investigations (Ricketts,  1979) have 
permit ted  refinement of this subdivision and in the  present  
paper, a number of depositional phases a r e  defined 
(Fig. 14.1). 

I. THE FIRST TRANSGRESSIVE PLATFORM PHASE 

Kasegalik Format ion 

This, t h e  lowest s t ra t igraphic  unit in t h e  Belcher 
Islands, is discontinuously exposed along t h e  Kasegalik 
ant ic l ine  and Churchill Sound, where i t  a t t a ins  a thickness of 
more  than 1200 m. Previously unmapped outcrops a r e  also 
exposed in a glacially carved valley in Cen t ra l  Tukarak 
Island. In t h e  northern Churchill Sound area ,  Bell and 
Jackson (1974) subdivided this formation into five zones: 
(a) a lowermost zone consisting of grey dolostone and 
20 per c e n t  red mudstone; (b) 60 per c e n t  red mudstone; 
(c) s t romatol i t ic  dolostones; (d) cher ty  s t romatol i t ic  dolo- 
stone; (e) argil laceous and tuffaceous dolostones near the  
Eskimo Formation contact .  The above subdivision is 
extended to  Kasegalik Lake sections in cen t r a l  Flaher ty  
Island. The lower two  zones (a,b) contain hal i te  cas t s  and 
sulphate moulds, desiccation cracks  and t epee  s t ructures ,  all  
indicative of prolonged subaerial  exposure, possibly in a 
sabkha-like environment. Cryptalgal s t ructures  in zones c 
and d exhibit  a general  upwards progression f rom small  low 
mounds containing f l a t  and digi ta te  mats,  t o  large  domal 
s t ruc tu res  (2-5 m across) containing some fu rca te  and 
digi ta te  branching. Interbedded c las t ic  dolostones contain 
flat-pebble conglomerates,  including vertically s tacked 
varieties resembling s tone  roset te  s t ruc tu res  t h a t  a r e  
considered t o  have formed in a wave-washed environment 
(Ricket ts  and Donaldson, 1979). 

The overall  lithologic sequence in t h e  Kasegalik 
Formation indicates deposition on a shallow marine  platform 
with water  depths  gradually increasing f rom supratidal con- 
dit ions (sabkha) a t  t he  base of t h e  succession, t o  shallow 
subtidal conditions near the  top. Sedimentation was  
interrupted by extrusion of thick basalt  flows t h a t  make up 
the  Eskimo Formation. 

11. PLATEAU-TYPE VOLCANISM PHASE 

Regional t rends  of t he  Eskimo Formation have been 
described by Jackson (1960) and in Dimroth et al. (1970). The 
Eskimo Formation ranges in thickness from a maximum of 
900 m in t h e  Eskimo Harbour region t o  about  600 m in cen t r a l  
Tukarak Island, thinning southward and westward t o  only a 
f ew metres.  The succession consists of a s tack of columnar- 
jointed basalt  flows t h a t  a t t a in  thicknesses of 20 m. A few 
pillow lavas occur, but  unlike many in t h e  Flaher ty  volcanics, 
these  a r e  of l imited l a t e ra l  extent .  The thole i i t ic  basal ts  a r e  
fine grained, consisting predominantly of ophitic plagioclase 
and augite (Stirbys, 1975). A few prophyritic and varioli t ic 
basalt  flows occur. 

Relatively minor interflow sediments include thin red 
and green argillites, cher ts ,  and thin beds of poorly sor ted  
lapilli tuff t h a t  overlie flows, infilling shallow f r ac tu res  
formed by cooling of t h e  flow surface.  The r ims of angular 
volcanic f ragments  in these  deposits display reddish brown 
staining suggestive of subaerial  weathering. Authigenic 
sphene, a common accessory mineral in the  matrix,  provides 
additional evidence of subaerial  weathering of the  volcanics. 
In these  respects,  t h e  Eskimo volcanics a r e  d i f ferent  f rom 
those in t h e  Flaherty Formation, higher in t h e  Belcher 
succession. On Tukarak Island, t h e  top  of t h e  Eskimo 

Formation is character ized by massive agglomerates  inter- 
ca la ted  with thin tuffs  and basal t  flows. The agglomerates  
contain a mixture of angular and poorly sorted basalt  and 
argil l i te blocks, and a r e  possibly flow-front breccias.  

On the  basis of chemistry,  a preponderance of jointed 
flows, and evidence of subaerial  weathering, Stirbys (1975) 
concluded tha t  t he  Eskimo volcanics were  extruded a s  flood- 
type  basalts. The overall  thinning t rends  of t he  formation, 
together  with the  asymmetry  of some columnar joints, 
suggest t h a t  eruption fissures were  e a s t  and nor theas t  of t h e  
Belcher Islands. The absence of pyroclastics precludes the  
likelihood of phreatomagmatic-type eruptions. 

Metamorphism in the  Eskimo Formation a t ta ined a 
grade of prehnite-pumpellyite t o  subgreenschist  facies. This 
grade is slightly higher than t h a t  observed in the  Flaherty 
volcanics, probably a s  a consequence of g rea t e r  depths of 
burial. 

111. THE SECOND TRANSGRESSIVE PLATFORM PHASE 

The episode of ef fus ive  volcanism of the  Eskimo 
Formation appears  t o  have ended a lmost  a s  abruptly a s  i t  
s t a r t ed ;  tuffs  a r e  r a re  in a l l  but t he  lower f e w  me t re s  of t he  
overlying Fairweather  Formation. Nevertheless,  epiclast  ic  
volcanic f ragments  a r e  ubiquitous in sandstones of t h e  
Fai rweather ,  indicating t h a t  t he  volcanics were  exposed 
during t h e  early s tages  of th is  phase. 

The second platform phase consists of a succession of 
a lmost  2000 m of carbonates  and sil iciclastics tha t  has been 
subdivided into six formations,  e a c h  documenting the  
evolution of distinctive sedimentologic and biologic facies.  

MAVOR FM - - - 

TIJKARAK FM - 

SHALE 

CAnBOtIATE RHYTHMlTES 

-\ SLUMP s r n u c r u n ~ s  c! 
LARGE MOUNDS 

V) -I 

BRANC"H1G 0 

C O C I C l L  

DO.*L 

LAMIN4TES 

11 
) TEPEE STRUCTURES 

DESICCATION CRACKS 

100 SALT CASTS 

MOLAR TOOT" STRUCTURES 

(00( PlsoL lTEs  

IEhCHROCK 

) STONE ROSETTES 
- 

CHANNELS 
I -1 

HERRINGBONE - 

) -\m);R;;-~T"sT'N 

IlROUQH 

LOW-ANOLE PLANAR 

) CURRENT RlPPLE 

Figure 14.2. Schematic representation of formations 
composing the second platform phase of  the Belcher Group. 

- 1 1  
000@00 

A A A  
- (mi $,Cd,LkATBON 

LENTICULAR 



B.D. Ricketts and J.A. Donaldson 

Detailed analysis of these  fac ies  has  also demonstra ted  t h a t  
this succession is composed of th ree  successive transgressive 
'megacycles' (Fig. 14.2). 

Megacycle I 

Fairweather Formation 

In the  original type  section, Fairweather s t r a t a  a r e  
poorly exposed (Dimroth et al. 1970); a reference  section is 
proposed a t  t h e  southeast  corner of Tukarak Island, 10 km 
southwest of McLeary Point, where a t  least  338 m of almost 
continuous exposure of the  Fairweather Formation occur.  

The Fairweather Formation is informally subdivided 
into two  new members (Fig. 14.2): a Lower member con- 
sisting predominantly of interbedded pisolitic dolostones, 
sandstones and red mudstones; and an Upper member con- 
sisting of sandstones, si l tstones and thin g r i t  beds. The 
Eskimo-Fairweather con tac t  is a sharp  but slightly irregular 
disconformity, and is character ized by lenticular beds of 
banded ironstone that  occur in depressions of the  Eskimo 
surface  up t o  2 m deep. Jackson (1960) also reported an  
occurrence  of granule-bearing jasper a t  a similar s t ra t i -  
graphic level a t  t he  northern end of Churchill Sound. The 
ironstones a r e  interpreted t o  have formed in small  lakes or  
lagoons near the  seaward l imit  of the  exposed Eskimo 
volcanics, isolated f rom t h e  open sea  by a broad in ter t idal  
apron. Iron-rich waters  were  supplied by runoff f rom t h e  
adjacent  volcanic plateau. 

Lower member. The dominant f ea tu re  of this member 
is a ser ies  of tabular, buff pisolitic dolostone beds, each  
forming t h e  upper part  of shoaling-upwards cycles  t h a t  a r e  
1-30 m thick (Fig. 14.2). Each cycle is divided into: 

1. tabular and lensoidal areni tes  (mainly subarkoses) and 
sil tstone beds t h a t  contain a varietv of sedimentarv 
s t ruc tu res  indicative of a tidal 'flat environment 
(herringbone crossbeds, reactivation surfaces,  
in ter ference  ripples and flaser bedding). Crossbed 
azimuths  generally indicate bipolar-bimodal cu r ren t  
directions.  Interbedded red mudstones commonly display 
desiccation cracks  superimposed on s e t s  of in ter ference  
ripples. 

2. overlying pisolitic beds which, in each cycle,  display 
f ea tu res  similar t o  more recent  examples of vadose 
pisolites ( the  pisoliths display composite growth forms, 
polygonal fitting, geotropic elongation and some  inverse 
grading; see discussion in Esteban, 1976). Lower con tac t s  
of these  beds a re  diffuse, grading in to  t h e  subjacent 
mudstones, whereas the  upper con tac t s  typically show 
channeling beneath the  overlying sandstones. There  is no 
evidence of bedload transport  or  reworking of pisoliths 
into overlying sediments;  petrographic evidence demon- 
s t r a t e s  t h a t  multiple s tages  of dissolution-precipitation 
occurred in individual beds, a f ea tu re  character is t ic  of 
processes occurring in t h e  vadose zone. 

The vadose pisolites formed during periods of prolonged 
exposure in the  upper limits of a broad supratidal apron and 
bears some resemblance t o  t h e  coniatoli te be l t  (supratidal 
tuffas) forming a t  present in Persian Gulf (Purser and 
Loreau, 1973). Here, t h e  associated mudstones and sand- 
s tones  in each cycle  represent laterally-equivalent t idal f l a t  
deposits. 

Upper member. The Upper member consists of red and 
green sil tstones and sandstones cu t  by quar tz  arenite-filled 
channels up to  80 m across. Paleocurrent directions a r e  

again bimodal; some  interbedded mudstones conta in  desicca- 
tion cracks.  Upper member  rocks probably formed in lower 
intertidal,  sand and mud flats,  probably inundated by slightly 
deeper water  than sediments  of t he  Lower member.  

The top 15 t o  20 m of this member  consist  of tabular- 
bedded qua r t z  areni tes  t h a t  mark a brief re turn  to  shallower 
water  conditions. This uppermost segment  is capped by a 
distinctive beachrock-bearing unit a t  t h e  base  of t h e  over- 
lying McLeary Formation. 

Megacycle I1 

Mc Leary Formation 

S t r a t a  of t h e  McLeary Formation in general  record the  
evolution from a clastic-dominated coas ta l  apron (Lower and 
Middle members), t o  a coas t  t ha t  was character ized by 
prolific growth of a lgal  buildups (Upper member). The Upper 
member  of t he  McLeary records a gradual transit ion f rom a 
supratidal t o  shallow subtidal environment (above 
wave-base). 

The McLeary Formation is bes t  known for i t s  diverse 
s t romatol i te  flora,  f i r s t  i l lustrated by Moore (19181, and l a t e r  
by Donaldson (1976) and Golubic and Hofmann (1976). 
Hof mann (1 974, 1975, 1976) and Hofmann and Jackson (1969) 
also have identified a diverse and well-preserved microflora 
assemblage f rom crypta lgal  s t ructures  in t h e  Upper member  
of this formation. 

Lower member. This lithologically d is t inct  unit is  well 
exposed on Tukarak and Mavor islands, but has  not been 
observed along the  Kasegalik anticline. On Flaherty Island, 
basal s t r a t a  of t he  McLeary Formation a r e  similar in most 
respects  t o  Middle member  rocks, and hence the  Lower 
member may pinch ou t  west  of Tukarak Island. 

Con tac t  with the  underlying Fairweather  Formation is 
conformable.  On Tukarak Island, this boundary is marked by 
a distinctive grainstone bed t h a t  contains good exposures of 
beachrock (Donaldson and Ricketts,  1979), and will hence- 
for th  b e  referred t o  a s  t h e  Beachrock Marker Bed. This bed 
is t he  culmination of a brief period of shoreface  progradation 
t h a t  commenced during deposition of t h e  upper pa r t  of t h e  
Fai rweather  Formation. The remainder of t h e  Lower 
member  (up t o  140 m thick) consists of thinly bedded 
dololuti tes in tercala ted  with lenses of edgewise-stacked, 
in t raformat ional  conglomerates  displaying all  t h e  f ea tu res  
character is t ic  of s tone  rose t t e  s t ructures .  On bedding 
surface  exposures s tone  rose t t e  pavements  can b e  t raced for 
severa l  tens  of metres.  A f ew beds containing gypsum cas t s  
provide additional evidence for periodic exposure, evapora- 
t ion and desiccation. 

Middle member. The return t o  a clastic-dominated 
high-energy shoreline represented by t h e  Middle member is 
marked by the  appearance of a number of sandstone- t o  
dolograinstone cycles  t e rmina ted  by beds of beachrock. Each 
of these  beachrock cycles  represent  a brief period of shore- 
f a c e  progradation. However, t he  upper few me t re s  of th is  
member  exhibit  a progressive change in lithology t o  inter- 
bedded dololuti tes and dolarenites.  The transit ion is 
accompanied by the  appearance of desiccation s t ructures  
(mudcracks and t epee  structures),  pisolitic beds, edgewise 
conglomerates,  vague crypta lgal  lamlnates  and sparse  gypsum 
casts. 

Upper member. For convenience, t he  Upper member of 
t h e  McLeary Formation is divided in to  t h r e e  broad zones. 
This subdivision is not  intended t o  b e  formal.  



Table 14.1. Comparison o f  cryptalgal laminate types 
and sedimentary structures in  the Upper Member, 
McLeary Formation. 

U) 
W 

5 

ZONE 

STRATIFORM DIGITATE R 
LAMINATES 

BRANCHED STROMATOLITES R 

CONOPHYTON R 

MIDDLE 

ZONE 

ELONGATE DOMES 
R 

(NON-BRANCHING) 

ONCOLITES C C 

LOWER 
ZONE 

Lower Zone: The transition from the Middle to the Upper 
member is gradational over several metres. In addition to 
the sedimentary structures noted i n  underlying members, the 
tabular dolarenites and dololutites also contain dololutite 
pull-aparts (probably originating as penecontemporaneous 
joints in  preferentially l i thif ied crusts), stone rosettes and a 
few quartz arenite-filled channels, al l  indicative of shallow 
water conditions with extended periods of exposure. Towards 
the top of this zone a variety of cryptalgal laminates appear. 
Detailed analysis reveals a specific association of inorganic 
sedimentary structures with each type of algal mat, which in  
turn are correlated with the degree of desiccation and water 
depth (Table 14.1). 

PARALLEL LAMINATES 

WAVY LAMINATES c C c C C  

TUFTED LAMINATES C R C  C C  

Cryptalgal laminates in  the McLeary Formation 
compare remarkably well with a variety of forms described 
from some modern t idal flats, for example Shark Bay and 
Andros Island (Logan e t  al. 1974; Hardie and Ginsburg, 19771, 
wherein a similar zonation of cryptalgal morphotypes has 
been recognized. The overall succession of morphotypes 
observed i n  the McLeary, together wi th the vert ical zonation 
of associated inorganic sedimentary structures, demonstrates 
a gradual increase in  water depth within an intertidal 
environment. 

Middle Zone: The most important feature in  this zone is the 
appearance of low synoptic relief domes composed of non- 
branching stromatolites. The domes become more abundant 
towards the top of the sequence. Dome elongation (L:W) 
ratios are commonly as high as 4:l. Hoffman (1967) has 
demonstrated that stromatolite mound elongations generally 
parallel the direction o f  wave propagation and hence provide 
valuable cri teria for determining the orientation of ancient 
shorelines. In the McLeary Formation, the general trends of 
stromatolite elongation closely parallel the principal current 
directions determined from crossbeds, indicating that 
regional strike of the paleoshoreline was approximately 
northwest. 

SEDIMENTARY HISTORY OF THE BELCHER GROUP OF HUDSON BAY 

Upper Zone: The acme of morphological development and 
abundance of stromatolites i n  the McLeary Formation is 
achieved in  this zone. The diverse stromatolite assemblage 
consists of bulbous, furcate, digitate, dendroid and conical 
forms. The minor interbedded sediments display rare 
desiccation cracks, interference ripples and rip-up clasts. 

In the uppermost 12 m of this zone, a broad morpho- 
logical zonation of stromatolites is recognized wherein a l l  
four supergroups, as defined by Raaben (1969), are present 
(Fig. 14.3). A l l  the major groups recognized, except the 
conophytonids, were previously interpreted as temporally 
restricted to  the Riphean or Vendian. Within the group 
Conophyton, some Belcher forms closely resemble the form 
C-garganicus, thus extending i ts  time-range into the 
Aphebian. 

The top 2 m of the Upper Zone is a conspicuous buff 
dolostone consisting entirely of closely packed columnar 
stromatolites (cf. Inzeria) which form parts of large, 
interconnected elongate mounds wi th amplitudes up t o  1 m, 
and intermound spacings up to  10 m. This algal buildup (reef) 
can be traced throughout most of the Belcher Islands, 
extending over a known area of about 5000 km2. The reef 
exhibits few changes in  internal structure and content 
throughout i ts  extent. 

Tukarak Formation - Lower member 

The upper l imits of the second megacycle are preserved 
i n  strata of the Lower member of the Tukarak Formation. 
Typical lithologies include fine grained immature sandstones, 
dolomitic sandstones, grey shaly mudstones and minor 
stromatolitic dolostones. Stromatolite mounds occur 
sporadically near the base o f  this member, and mound 
elongation trends are consistent wi th those observed in  the 
McLeary Formation (i.e. southwest). Crossbed azimuths are 
commonly bimodal but have a dominant southwest trend. 
There is no evidence o f  subaerial exposure. 

The Lower member thus represents the maximum water 
depths attained during this transgressive cy'cle; here, shales 
near the top of the member are probably indicative of 
deposition a t  or below wave-base. 
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Megacycle 111 

W k a r a k  Formation - Upper member  

A brief return t o  shallow-water conditions is marked by 
t h e  appearance of a particularly distinctive sequence of 
thinly bedded, brick-red mudstones and dolostones containing 
lenticular and flaser bedding, and abundant stone-rosette 
pavements exposed on bedding planes. The l a t t e r  s t ructures  
suggest deposition in a shallow water,  swash-backwash zone. 
A few thin s t romatol i t ic  dolostones appear near t h e  top of 
the  member.  One particularly distinctive bed has been 
mapped over centra l  and eas tern  Belcher Islands and provides 
an  excel lent  stratigraphic marker. Small s t romatol i te  
bioherms exhibit morphology and elongation t rends  similar t o  
those in t h e  Lower member of t h e  Tukarak Formation. 

Mavor Formation 

The Mavor Formation is character ized by t h e  
appearance of thick, laterally extensive s t romatol i t ic  
dolostones and thin shaly luti tes.  Most sections on Tukarak 
Island display th ree  distinct major s t romatol i te  buildups, with 
thinner stromatolite-bearing units occurring higher in the  
sequence. 

However, an  exceptionally thick unit (146 m) west of 
Laddie Harbour is a lmost  continuously exposed over t h e  
en t i r e  length of eas tern  Tukarak Island. It is in these  
sections tha t  the  nature  of what must have been remarkably 
extensive s t romatol i te  buildups becomes apparent.  The 
individual mounds composing each buildup range in synoptic 
relief f rom 30 c m  a t  t h e  base, increasing t o  200 c m  at t h e  
top of t h e  unit. This trend is accompanied by a concomitant  
increase in la tera l  mound spacing f rom 1-2 m a t  t he  base, t o  
20 m near the  top. Thin laminated and shaly dololuti tes 
commonly drape over the  mounds and thicken in adjacent  
troughs. The mounds commonly coalesce 'up section'  in to  
single larger mounds, with inheritance of individual mounds 
continuing through 100 m. Consistent east-northeast  
elongation directions a r e  present in these sect ions  - a more 
eas ter ly  component than elongations in the  underlying 
transgressive cycle. 

Internally, t h e  Mavor mounds consist  of d igi ta te  
s t romatol i tes  associated with forms identical  t o  t h e  Riphean 
taxon Tungussia; superposed 'second order '  mound s t ructures  
have elongation directions identical t o  the  larger mounds. 

No evidence of shallow-water deposition has  been 
observed in t h e  Mavor s t romatol i te  facies, and hence growth 
of these  extensive buildups probably took place in deeper 
water .  Mound elongation is interpreted t o  have developed in 
response t o  offshore t idal currents.  

Shallow-water sediments,  laterally associated with t h e  
s t romatol i te  facies,  at t h e  northern end of Tukarak Island and 
the  southern par t  of Eskimo Harbour, a r e  informally referred 
t o  a s  the  Salty Bill Hill member and Sanikiluaq member  
respectively. The mainly crossbedded grainstones of this 
fac ies  display s tone roset tes ,  thrombolit ic s t ructures ,  and 
beachrock at one locali ty in t h e  Sanikiluaq member.  

Costello Formation 

Shaly dololuti tes a t  t he  top of the  Mavor Formation 
pass conformably in to  a grey argillaceous shale, 10-20 m 
thick, t he  base of which defines t h e  lower boundary of t h e  
Costello Formation. The remainder of th is  format ion 
consists predominantly of rhythmically bedded dololuti tes and 
calcareni tes  with shale partings. The lowermost beds, up t o  
15 cen t ime t re s  thick, a r e  laminated, and some  a r e  graded. 
Lunate and straight-crested ripples indicate  west-flowing 

currents.  Other  lithologies include thin graded calcareni tes  
commonly overlain by crossbedded calciluti tes,  intraforma- 
t ional conglomerates  and slump folds. These all occur in a 
well-defined zone t h a t  can be  mapped throughout most of 
eas tern  Belcher Islands. St ructures  in the  thin graded 
calcareni tes  resemble t h e  A, B and C divisions of Bouma 
cycles,  although comple te  Bouma cycles  a r e  rarely present  in 
t h e  Costello. The in t raformat ional  conglomerates  occur in 
small  channels, and a r e  particularly in teres t ing because they 
contain f la t ,  crudely imbricated calc i lu t i te  slabs up t o  25 c m  
in length. These may have been derived by erosion of local 
submarine carbonate  hardgrounds, similar t o  a number of 
modern, relatively deep-water hardgrounds noted recent ly  
(e.g. Schlager and James,  1978). 

The array of lithologies and sedimentary  s t ructures  in 
t h e  Costello Formation is similar t o  carbonate  rhythmite  
sequences t h a t  a r e  considered by J.L. Wilson (1969) and 
McIlreath and J a m e s  (1979) t o  be  cha rac te r i s t i c  of foreslopes 
of carbonate  platforms. Most of t h e  de t r i t a l  carbonate  and 
minor si l iciclastic s i l t  (hemipelagic deposits)  were  probably 
derived from the  adjacent  marine platform. 'Dolomitized 
ooids t h a t  a r e  a common const i tuent  of t h e  ca lcareni tes  
a lmost  cer ta in ly  were  derived f rom shallow water ,  and 
transported in to  a deeper  wa te r  environment by turbidity 
currents.  

Laddie Formation 

A change in t h e  definition of t h e  Laddie-Rowatt 
Formation boundary leads t o  a reduction in Laddie Formation 
thickness f rom 330 m t o  230 m a t  i ts  t ype  section 
(see  discussion of t h e  Rowat t  Formation below). As a result ,  
t he re  is l i t t le  need for subdivision of the  Laddie Formation 
into members,  a s  t h e  redefined format ion consists 
predominantly of red, and in tercala ted  red-green, argil l i tes 
and shales. The c o n t a c t  with t h e  underlying Costello 
Formation is gradational over severa l  metres .  

Summary of t h e  Third Phase  

The third deposit ional phase (Fig. 14.1) of t he  Belcher 
Group consists of t h r e e  megacycles:  t h e  f i rs t  is charac-  
ter ized by supratidal pisolite and in ter t idal  t o  shallow 
subtidal si l iciclastic deposits. The second consists of both 
supratidal and in ter t idal  c l a s t i c  carbonates ,  together  with 
abundant shallow-water s t romatol i t ic  dolostones. The th i rd  
megacycle is dominated by extensive  subtidal a lgal  buildups 
(reefs), and ca rbona te  rhythmites  similar t o  Phanerozoic 
slope deposits. 

Each megacycle represents deposition on a shallow- 
mar ine  pla t form under conditions of increasing wa te r  depths. 
However, t he  third megacycle  records t h e  transit ion f rom a 
marine  platform t o  foreslope and relatively deep basin 
(Costello-Laddie formations). Here the  extensive algal 
bioherms of t h e  Mavor Formation represent  platform margin 
buildups. As f ac i e s  transit ions between the  Mavor and 
Costello formations a r e  gradational,  t h e  transit ion f rom 
platform t o  adjacent  foreslope was most likely gradational. 
Thus, t h e  p la t form margin probably corresponds t o  what 
McIlreath and James  (1979) have called a depositional 
margin. Transitions f rom shoal-water p la t form t o  deeper  
slope environments have been documented in Cambro- 
Ordovician carbonate  sequences  in Nevada (Cook and 
Taylor, 19771, t h e  Cen t ra l  Appalachians (Keinhardt, l977), 
and also in the  Lower Proterozoic  Pethei  Group, Great  Slave 
Lake (Hoffman, 197Q). However, in all  these  cases  the  
successions a re  regressive. The thick transgressive sequence 
represented by Fairweather-to-Laddie s t r a t a  is therefore  
unusual in this respect.  A c loser  analog is t h e  transgressive 
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Silurian t o  Devonian Helderberg Group of New York Sta te ,  
which records t h e  transition from shallow water  intertidal t o  
deeper  outer  shelf environments (Laporte, 1969). 

IV. PROCRADINC CARBONATE BUILDUP - 
RESTRICTED BASIN PHASE 

This phase contains three  formations: the  Rowatt ,  
Mukpollo and Kipalu formations. The transit ion from t h e  
preceding transgressive platform regime marks important 
changes  in tectonism, depositional environment and paleo- 
coastl ine configuration. 

In Jackson's original definition (Jackson, 1960, res ta ted  
in Dimroth et al., 19701, t he  base of t he  Rowat t  Formation 
was placed a t  t he  con tac t  between well-bedded sandstones 
and a distinctive buff dolostone unit on Tukarak Island 
(Fig. 14.4). However, t h e  dolostones pinch ou t  t o  the  west,  
and in centra l  Flaherty Island they a r e  replaced by a 
completely conformable sequence of sandstones; t h e  above 
criterion thus  becomes untenable in western Belcher Islands. 
A new definition is proposed: t h e  base of t h e  Rowat t  
Formation is placed at the  f i rs t  sequence of tabular, cross- 
bedded sandstones tha t  overlie red and green argil l i tes 
typical of t he  Laddie Formation. This proposal requires 
changes t o  t h e  internal subdivision of t h e  Rowat t  Formation 
(summarized in Fig. 14.4). 

Rowat t  Formation 

Lower member 

The overall ver t ica l  and la tera l  f ac i e s  relationships in 
this member  a r e  i l lustrated in Figure 14.5. The Lower 
member  is character ized by terrigenous elastics, although 
c las t ic  carbonates  become increasingly important from t h e  
middle of the  sequence upward towards  the  dolostones of t h e  
Upper member.  Lower s t r a t a  consist  of numerous sandstone- 
shale  cycles, up t o  150 c m  thick, t h a t  conta in  a variety of 
sedimentary s t ructures  indicative of asymmetr ic  t idal 
currents  (herringbone crossbeds, reactivation surfaces,  large- 
scale  ripples with smaller current  ripples superimposed a t  
r ight angles, in ter ference  ripples and double cres ted  ripples). 
Superposition of ripple trains, a relationship commonly 
produced a s  a result  of late-stage runof during ebb tides,  is 
abundant. Crossbed azimuths  a r e  commonly bimodal or  
quadrimodal. Interbedded shales and sil tstones conta in  

lenticular bedding, in ter ference  ripples and desiccation 
cracks ,  and a r e  consistent with deposition on an  upper t idal 
f la t .  

A notable f ea tu re  exhibited by many large  dune 
s t ructures  (up t o  100 c m  thick) is  t he i r  predominantly 
northwest direction of transport .  This is almost a t  r ight 
angles t o  the  principal bimodal directions of t idal  bed-load 
transport  indicated by other  sedimentary  s t ructures  
(northeast  and southwest). These dune s t ruc tu res  probably 
formed in response t o  longshore cu r ren t s  t h a t  flowed approxi- 
mate ly  northwest,  parallel  t o  the  ancient  shoreline. 

The spect rum of sedimentary  s t ruc tu res  in the  Lower 
member is analogous t o  tha t  observed in many sil iciclastic 
t idal f l a t  and sand-bar environments (e.g. Klein, 1970). Based 
on Walther's Law of Correlation of Facies,  t h e  ver t ica l  
succession of s t ruc tu res  and lithologies in each  cycle is 
identical  t o  t h a t  which is predicted for  deposition under 
conditions of shoreline progradation. 

The increase in dolarenites,  thin dololutites, channel- 
fill conglomerates,  beachrock and laterally associated 
beachrock conglomerates towards t h e  top  of this member  is 
accompanied by an increase in sedimentary  s t ructures  

Jackson,l96O 
Dimroth et  al. 1970 Th~s Paper 

3 Lower 
Member Member 
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Figure 14.4. Proposed changes in the Rowatt Formation- 
Laddie Formation boundary, 

1 

DDlE HARBOUR 

ESKIMO HAR 

Figure 14.5. Facies variations in 
the Rowatt Formation in sections 
parallel and normal to  strike. 
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indicative of subaerial exposure, such a s  desiccated mud- 
stones,  runsel marks and rill structures.  Most sedimentary 
s t ructures  in this member also persist throughout the  c l a s t i c  
dolostones, and an in ter t idal  environment can be inferred. A 
number of beachrock conglomerates near the  top of the  
member  likely formed a s  beach ridges during s torm surges. 
By comparison, many channel-fill conglomerates  contain 
c las ts  whose lithologies a r e  identical t o  dolostones in the  
~ v e r l y i n g  Upper member - a  fea tu re  of pr ime importance for 
t he  overall  in terpre ta t ion of la tera l  fac ies  relationships. 

A number of isolated dolostone bodies in the  Lower 
member  (Fig. 14.51, up t o  400 m in length, display most of t h e  
f ea tu res  a t t r ibuted to  Upper member dolostones, and a r e  
included in the  discussion of t h a t  member t o  avoid repetit ion. 

Upper member 

Distinctive buff dolostones of t he  Upper member form 
prominent ridges on Tukarak Island. However, a s  shown in 
Figure 14.5, these  dolostones pinch out west of Tukarak 
Island and a r e  transit ional in to  terrigenous and carbonate  
c las t ics  similar t o  those observed in the  Lower member on 
Tukarak Island. 

The dolostones a r e  composed of what  probably were  
well-bedded sandy grainstones interbedded with banded 
dololuti tes,  bu t  which now display various degrees  of breccia- 
tion and folding. Most of the  grainstone beds a r e  less than a 
m e t r e  thick and display subhorizontal laminae and planar 
crossbeds. These beds can be t raced more  than 100 m along 
s t r ike  before pinching out ,  or before bedding is destroyed by 
brecciation. Relict  meniscus cemen t s  suggest t h a t  cementa-  
t ion of t h e  grainstones was in par t  vadose. 

Numerous intervals (each up t o  a m e t r e  thick) of thinly 
bedded dololuti tes a r e  interbedded with t h e  grainstones in a 
crude cyclical  fashion. Characterist ically,  t he  lu t i tes  have 
been plastically deformed into small  isoclinal folds 
(amplitudes up to  30 cm). The synsedimentary nature  of th is  
deformation is c lear ly  demonstrated where  folds a r e  
t runcated by the  overlying crossbedded grainstones. 

The grainstones and folded lu t i tes  exhibit  varying 
degrees  of brecciation ranging f rom relatively mild, with 
l i t t l e  relative movement of displaced blocks ( f rac tures  
parallel  and normal t o  bedding), t o  zones of chaot ic  angular 
blocks. Much of the  brecciation clearly occurred in si tu,  a t  
severa l  s tages  following deposition and lithification of t h e  
carbonate  sediments  In particular,  t h e  s ty l e  of brecciation 
in t h e  grainstones demonstra tes  t h a t  a considerable degree  of 
l i thification must have existed in these  beds a t  t h e  t i m e  of 
deformation. Fractures  t h a t  developed a s  a result of 
brecciation were  filled with carbonate  mud; ref ractur ing 
along old planes of weakness took place,  and f r ac tu re  walls 
were  lined with several generations of fibrous cements ,  now 
replaced by radiaxial fibrous dolomite. 

Zones of chaot ic  breccia  a r e  commonly overlain by, or 
g rade  laterally into, dolostones t h a t  exhibit  very  l i t t le  
deformation, o ther  than folding in the  dololutites, indicating 
t h a t  brecciation was essentially penecontemporaneous. This 
deformation was confined entirely t o  t h e  Rowat t  dolostones 
and did not a f f e c t  adjacent  rocks. 

One isolated dolostone body of t h e  Lower member on 
eas tern  Tukarak Island was in terpre ted by Bar re t t  et al. 
(1976) a s  an  allochthonous debris flow. However, detailed 
examination of t h e  Rowat t  Formation in t h e  present  s tudy 
has  revealed a number of c r i t e r i a  tha t  suggest an a l ternat ive  
interpretation: (i) c o n t a c t  between t h e  dolostones and Lower 
member c las t ics  is e i ther  sharp (but conformable) or 
gradational - where gradational a continuous sedimentary  

sequence is implied; (ii) dolostones in t h e  Upper and Lower 
members overlie mudrocks and beach deposits t ha t  form t h e  
upper l imits of a shoaling-upward, c l a s t i c  in ter t idal  apron; 
(iii) deformation is confined entirely t o  the  dolostones; 
(iv) re l ic t  cemen t s  in t h e  grainstones indicate  t h a t  t he  init ial  
s tages  of cementat ion took place above the  wa te r  table. 

It is suggested here  t h a t  t he  Upper member dolostones 
formed a s  positive physiographic e l emen t s  re la t ive  t o  mean 
sea  level, and t h a t  they represent  an  ancient  carbonate  
buildup complex t h a t  was  bordered on i t s  seaward margin by 
an  intertidal apron. In this model, sandy grainstones in t h e  
Upper member may have accumulated a s  spillover lobes, thus 
providing a mechanism for  ver t ica l  accre t ion of t h e  buildups. 
A mechanism of penecontemporaneous solution collapse, or  
possibly karstif ication, is  proposed t o  account  for  brecciation 
of the  carbonates.  

The Upper member dolostones a r e  c u t  by channels, 
some  more than 200 m wide, t h a t  a r e  filled with well-sorted, 
trough crossbedded grainstones. Paleocurrents  in these  
channels a r e  strongly unimodal, indicating westward flow 
(i.e. downslope). Channel margins a r e  locally rimmed by 
beachrock. Unlike t h e  o the r  dolostones in this member,  t h e  
channel deposits show only minor brecciation. This con t ra s t  
is ascribed t o  t h e  absence of early,  rapidly-formed cemen t s  
in the  bulk of t he  channel  sands. 

Mukpollo Formation 

Although the  Mukpollo Formation is character ized by 
quar tz  arenites,  i t  is poorly exposed. On Tukarak and 
Innetalling islands, con tac t s  with t h e  subjacent Rowat t  
Formation and overlying Kipalu Formation a r e  sharp  bu t  
conformable. On Flaher ty  Island t h e  Rowatt-Mukpollo 
con tac t  is  gradat ional  over severa l  metres.  

The lower half of t he  Mukpollo consists of well-bedded 
qua r t z  areni tes  and purple si l tstones,  with a few dolomitic 
sandstones near the  base. Tabular-planar crossbedding is 
abundant in t h e  coarser  lithologies, but  herringbone crossbeds 
and a variety of ripples also occur. Although crossbed 
measurements  indicate  predominantly northeast-trending 
currents ,  t h e  distribution is weakly bimodal. Thin inter- 
bedded sil tstones commonly display evidence of desiccation. 

Small qua r t z  arenite-fi l led channels containing basal 
lag conglomerates c u t  si l tstones in severa l  places. Two 
notable const i tuents  of t he  lags a r e  che r t  granules and 
ironstone pebb' both of which a r e  remarkably similar t o  
ironstones in the  overlying Kipalu Formation. This important  
occurrence  provides evidence for la tera l  association of these  
two  units. 

The upper 50 to  60 m of the  Mukpollo consist  of 
massive qua r t z  areni tes  with r a re  shale  partings. Festooned 
planar crossbeds and large  ripples a r e  common. 

In general,  Mukpollo s t r a t a  a r e  in terpre ted a s  deposited 
under shallow-water t o  in ter t idal  conditions, possibly on sand 
flats,  sand bars or shallow subtidal shoals. 

Kipalu Formation 

The type  a r e a  for this unit, originally named t h e  
Keepalloo Formation by Moore (19181, flanks t h e  eas t  side of 
Kipalu Inlet. I t  is  f r o m  these  rocks t h a t  Moore compiled t h e  
f i rs t  repor t  of possible microfossils in Precambrian rocks, 
although Hofmann (1972) regarded t h e m  a s  dubiofossils- 
LaBerge (1967) also has  i l lustrated a number of spheroidal 
s t ruc tu res  of possible algal origin f rom samples of Kipalu 
cher t .  
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Three major rock types  occur in t h e  Kipalu 
Formation: laminated ferruginous argillites, laminated 
micrites,  and granule-bearing jasper. Minor tuffaceous  
argil l i tes occur a t  t he  top of t h e  Kipalu Formation. This 
lithological subdivision gives rise t o  th ree  principal 
depositional subfacies: 

1. Banded Argillite Subfacies: consists mainly of highly 
fissile ferruginous argillites. The grain s ize  in individual 
beds is i n  t h e  silt-clay range, and indications of bed-load 
transport  a r e  rare. Cryptocrystall ine hemat i t e  is t h e  
dominant Fe-bearing mineral, but  magnet i te  and pyr i te  
occur locally, especially near con tac t s  with diabase sills. 

2. Micrite Subfacies: thin well-bedded micrites (siderite, 
dolomite and serpentine) a r e  commonly interbedded with 
t h e  argil l i tes and represent periods of low clas t ic  influx 
and high carbonate production. Apart  from small ,  
isolated pockets of ooids, t he re  a r e  no sedimentary 
s t ructures  indicative of high-energy deposition o r  
reworking. 

3. Jasper Subfacies: lenticular and wavy-bedded jasper units 
up t o  30 c m  thick contain che r t  granules, oncolites, 
argil l i te rip-ups and sca t t e red  qua r t z  grains t h a t  form a 
clast-supported framework. Cementat ion occurred in t w o  
s t ages  with an  init ial  c h e r t  r im cemen t ,  and l a t e r  void- 
filling chalcedony. No evidence of any precursor 
carbonate  fabric is evident in the  jasper, and the  only 
carbonate  grains in the  che r t s  (dolomite and siderite) a r e  
l a t e  diagenetic phases t h a t  replace  hemat i t e  and cher t .  

The sharp grain boundaries and t h e  cementat ion pat terns  
suggest a primary origin for t h e  che r t .  Fur thermore ,  thin 
argil l i te and micr i te  beds enclosing the  jasper units show 
no evidence of silica replacement ,  t h e  c h e r t  being 
confined ent i re ly  t o  the  granule-bearing beds. In contras t  
t o  o ther  subfacies in t h e  Kipalu Formation, a relatively 
high-energy environment comparable  t o  oolite or peloid 
banks and shoals is inferred. Argillite rip-ups also provide 
evidence of s torm activity,  although indications of sub- 
aer ia l  exposure a r e  lacking. 

Comparison wi th  o the r  Major Iron Formations 

The principal f ea tu res  of f ive  major iron format ions  
f rom northwest Australia, South Afr ica  and the  Canadian 
Shield a r e  summarized in Table 14.2. Perhaps one of t h e  
most striking aspects  of t hese  and o the r  Proterozoic  iron 
formations is thei r  g rea t  a r e a l  extent .  For example,  in the  
Brockman Iron Formation, individual beds can  be  t r aced  over 
many tens  of kilometres. Although somewhat  less 
impressive, zones of s t r a t a  a few m e t r e s  th ick  can  b e  t raced 
over most of t h e  Belcher Islands, over a palinspastically 
reconst ructed a r e a  of about  8500 km2.  Crossbedding is r a re  
in most iron formations,  with principal exceptions being t h e  
Gunflint and Sokoman formations.  The Sokoman also di f fers  
f rom other  successions in the  var ie ty  of carbonate  
lithologies, or in many cases  cher t -af ter -carbonate .  Whereas 
micrite-type lithologies compose only about  30 per c e n t  of 
t h e  Sokoman Formation (Dimroth, 1977), t h e  Brockman and 
Penge format ions  a r e  almost exclusively composed of this 

Table  14.2. Comparison of iron formations f rom five major Proterozoic  sedimentary  basins. 
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COWTlNUlTY 

STRUCTURES 

MlCROBRNDlNG 

STROHATOLITES 

- 
EVAPORITES 

CU\STICS 

R lEBECKlTE 

AGE 

BASIN S IZE 

VOLCANIC 

ASSOCIATIOIl, 

(YOUIiG.1922; UOODBRIff iE.1922 

JACKSOtl , l960; PRESENT STUDY) 

K IPALU FM. 107-125H.  

T I I ICH iESS RELATIVELY COIISTANT OVER THE 

BELCHER ISLATIDS ( 8 5 0 0 ' ~ ~ .  W . ) .  PROBABLE 

CORRELATIVES ALONG HUDSOll BAY. ABOUT 6 0 0  KH. 

RARE CURRENT AND INTERFERENCE RIPPLES. 

GRADED BEDDING I N  BAlIDED AXGILL ITES.  

CONSPICUOUS. 

POSSIBLE O?ICOLITES IN JASPERS 

IlONE OBSERVED. 

BANDED ARGILL ITES AND SILTSTONES ABUNDANT. 

RARE F I N E  GPd l l lEO SANDSTONES. O O L l T I C  AND 

GRAIiULAR CHERTS COMMON. 

NOT CORMOli 

ABOUT 1 . 8  GA. 

ARCUATE BAS1 I1 W 1 TH MAJOR AX 1 S 

ABOUT 6 0 0  KMt. 

OVERLAIN BY FLAHERTY FM. VOLCANICS. 

FEW T H l l l  TUFFS I t 1  THE UPPERMOST 

K IPALU FM. 

(TRENOALL, 1 9 6 8 )  

915M I N  THE HPMERSLEY 

GROUP. 

ABOUT 600M CONSTITUTES 

THE BROCKEULN IRON Fl4. 

CAN CORRELATE MESOBANDS 

ABOUT ONE l l lCH THICK 

OVER 20 ,000  SQ. MILES.  

CROSS-BEDS. RARE 

CONSPICUOUS 

NOT REPORTED 

EV\SSlVE AND FIBROUS. 

ABOUT 2 . 0  GA. 

OVOID BASIN WITH MAJOR 

A X I S  ABOUT 4 8 0  W. 

UIlDERLAlN BY FORTESCUE 

GROUP VOLCPNICS A l l 0  

1NTERBEDDEO U l T H  ACID 

VOLCANIC OF WOONCARRA 

FM. SHAROS I f1  THE 

BROCKMAN FM. 

(GlN3DWll l , l956; 

HOFMPNt4.1969) 

GUNFLINT FM. 140-170M 

OTHER IRON FORMATlONS 

RANGE FROM 0-600 '~ .  

D I F F I C U L T  TO DEt'DNSTRATE 

STRATIGRAPHIC 

CONTl l lU ITY 

GRADED BEDDING AND SOME 

CROSS-BEDDING. 

RARE 

VARl ETY OF STROMATOL ITES 

I N  GUNFLINT CHERT. 

IIITERBEDDEO TUFFS. 

LOCALLY W A R T 2  GRAINS. 

MASSIVE AN0 FIBROUS. 

GUNFLINT FM. ABOUT 

2 . 0  GA. 

OBVIOUS INTERSTRATIF IC-  

AT ION OF TUFFS AND FLOWS. 

IBEUKES.1973. 

BU~OII, 1 9 7 6 )  

PENGE FM. ABOUT 

46OM MAXIMUM. 

KURUMN FM. ABOUT 

7 50M. 

C d  TRACE SOME UNITS 

4 0 W  AN0 140RE. 

CROSS-BEODItIG RARE 

lNTRbFORMdTlONAL 

BRECCIAS. 

CONSPICUOUS 

NO EVIDENCE FOR 

EVAPORITES. 

O O L I T I C  JASPERS It1 

KURUMAN FM. 

LESS WELL KIIOWN. 

ABOUT 2.3 GA. 

LOWER GRIOUATOWR 

IRON FORMATlOIl OVER- 

L A l N  BY l l O O H  OF 

OliGELUK VOLCAtl I LS. 

PEllGE FM. APPAREllTLY 

NOT ASSOCIATED WIT I I  
VOLCAtIICS. 

(OIMROTH UAL. 1 9 7 0 ;  

CllAUVEL AND DIMROTH,1974).  

SOKOMAN FII .  120 -210M.  

THE SOUTHERN LABRAWR TROUGH 

EQUIVALENT, WABUSH IRON FH. 

305M. 

CROSS-BEODING. LENTICULAR 

BEDDING. SCOUR CHANNELS. 

LOAD CASTS. 

PRESENT 

P ISOLITES AND ONCOLITES. 

LENGTH-SLOW CHALCEDONY I N  

INTRACLASTS. 

TERRIGENOUS CLASTICS UNCOMMON. 

O O L I T I C  PNO PELOIDAL CHERTS C O W t I .  

1.9 GA. 

OVERLAIN BY MENIHEK SLATES N O  

VOLCANlCS SLIGHTLY HIGHER Ill 

STRATIGRAPHIC SEQUENCE. 

U I I M R L A I I I  BY SHALES AN0 SOME 

TUFFS OF THE RUTH FM. 



B.D. Ricketts and J.A. Donaldson 

rock type. The Kipalu Formation contains upwards of 
60 per c e n t  banded argillites and micrites,  and together with 
the  sedimentological f ea tu res  noted above, appears  t o  most 
closely resemble t h e  Brockman and Penge formations. 

The association of iron formations with volcanic rocks 
di f fers  considerably f rom - basin t o  basin, f rom those 
containing interstratif ied flows and volcaniclastics 
(for example  t h e  Gunflint), t o  sequences having no obvious 
volcanic affinit ies,  a s  in the  Penge Formation. In the  case  of 
t he  Kipalu ironstones, evidence of volcanism appears  only a t  
t h e  top of t h e  sequence. 

Summary of  t h e  Four th  Phase  

The Rowat t  and Mukpollo formations a r e  in terpre ted as 
an upwards-shoaling succession of terrigenous and carbonate  
c las t ics  representing a prograding intertidal-subtidal apron, 
giving way t o  a carbonate  buildup tha t  accumulated in an  
upper intertidal t o  supratidal environment. The in ter t idal  
apron was character ized by actively migrating sand bars and 
small, isolated carbonae buildups. The Mukpollo Formation 
also records a sequence of tidal sand f la ts  and bars. 
However, t h e  Kipalu ironstones a r e  indicative of more  
restricted basin conditions with local development of shoals. 
Here, t he  ironstones a r e  considered t o  represent  a barred or 
restricted basin which was  protected f rom the  open ocean by 
a system of carbonate  buildups and offshore bars 
(Ricketts,  1978b). 

V. SUBMARINE VOLCANISM PHASE 

The Flaherty Formation, t h e  "backbone" of t h e  Belcher 
Islands, underlies about  60 per c e n t  of t he  a r e a  exposed on 
the  islands and forms many of the  narrow a rcua te  peninsulas 
and prominent ridges character is t ic  of Belcher terrane. 
Flaher ty  s t r a t a  a r e  well exposed along some 2000 km2 of 
coastline. 

Moore (1918) f i rs t  assigned t h e  names Tookarak Diabase 
and Basalt, t o  what a r e  now called the  Flaherty and Eskimo 
formations,  and Haig Intrusion. The volcanics were  sub- 
sequently examined by Young (19221, Schenk (1959) and 
Jackson (1 960). Although Schenk (1 959) concluded t h a t  t he  
volcanics had spilitic affinit ies,  chemical analyses reported 
by Leggett  (1974), f rom a section on the  e a s t  s ide  of Eskimo 
Harbour, indicate typical tholeii t ic basalt  compositions. 

Because of considerable lithological variation, 
Dimroth et al. (1 970) refrained f rom defining a type section. 
Nevertheless, i t  is useful here to  define two reference  
sections: 

I. a continuously exposed 1000 m section 7 km e a s t  of 
Sanikiluaq a t  Katuk entrance  to  Eskimo Harbour; 

2. a less complete,  but  well-exposed 200 m section along the  
south shore of McLeary Point, e a s t  Tukarak Island. 

Whole rock K-Ar dating of pillow-rim and co re  samples  
has revealed two  broad age  groups (Hofmannand 
Jackson, 1969): (1) an  older 1620- 1693 Ma a g e  group t h a t  has  
been corre la ted  with metamorphic events  during t h e  
Hudsonian Orogeny, and (2 )an  830-1054 Ma a g e  group 
tenta t ively  corre la ted  with a mild thermal  or tec tonic  event  
during the  Grenville Orogeny. Whole rock,  Rb-Sr isochron 
determinations on a number of volcanic and shale samples 
f rom t h e  Flaherty and Omarolluk formations respectively,  
gave ages  of 1717 ? 69 Ma and 1752 + 89 Ma, with a 
composite isochron defining an a g e  of 1760 t 38 Ma 
(Fryer, 1972). 

General  Fea tu res  

The Flaher ty  volcanics r e s t  disconformably upon t h e  
Kipalu Formation. They consist of a sequence of flows and 
pillows, and also include a va r i e ty  of volcaniclastic 
lithologies. Pronounced ver t ica l  and l a t e ra l  variations in t h e  
volcanic and sedimentary  f ac i e s  a r e  accompanied by 
considerable changes in thickness; f rom 1950 m in western  
Belcher Islands, t o  290+ m on e a s t  Tukarak Island. 

Volcanic Components 

Massive and columnar jointed basal t  flows compose 
more  than 50 per  c e n t  of t h e  format ion throughout t h e  area .  
The thickest flows occur in western  sections,  where  
individual flow units a t t a in  thicknesses of 30 m, and 
composite flows a r e  up to  145 m thick. Two types  of flow- 
top s t ructures  a r e  noted: 

I. monomict flow-top breccias  up t o  4 m which grade in to  
the  underlying massive flows. These breccias  resemble 
the  rough, clinkery surface  of aa - type  flows. 

2. festooned ropy lavas  typical of more  fluid, more  rapidly 
extruded pahoehoe-type lava flows; these  provide 
valuable indications of flow direction. 

Flow-base s t ruc tu res  such as inclined pipe vesicles 
provide additional information for determining flow 
directions. Both flow-top and flow-base s t ructures  con- 
sistently demonstra te  t h a t  flow was predominantly t o  the  
east .  

The second major const i tuent  of t h e  volcanics consists 
of pillow lavas. Pillow-piles, ranging in thickness from 5 t o  
230 m, can b e  t raced laterally for  many t ens  of metres.  
Some thick piles a r e  composite,  with individual units draped 
by wedges of pillow talus. Lava tubes  occur  in severa l  of t h e  
piles. Whereas pillows make up about  40 per c e n t  of most 
sect ions  on west Flaher ty  Island, t he re  is a sharp  decrease  t o  
about 18 per c e n t  on Tukarak Island. 

Volcaniclastic Rocks 

The decrease  in t h e  proportion of pillow lavas towards  
t h e  eas tern  pa r t  of t h e  Belcher Islands is accompanied by a 
concomitant  increase  in volcaniclastics,  f rom less than 
10 per c e n t  on Flaher ty  Island, t o  27 per cen t  on Tukarak 
Island. Several types  of volcaniclastics a r e  recognized on t h e  
basis of t he  s ty le  of bedding, sedimentary  s t ructures ,  
sediment  composition and texture ,  and association of broad 
lithological groups with volcanic flows and pillows. These 
include: thinly-bedded pyroclastics and water-laid tuffs  and 
lapillistones, some  of which conta in  accre t ionary  lapilli, 
representing shallow-water or subaerial  phreat ic  and 
phreatomagmat ic  eruptions; turbidites consisting entirely of 
fine grained volcanic debris (ash); thick, laterally extensive,  
pyroclastic flows (one flow t h a t  a t t a ins  a maximum thickness 
of 85 m covers a palinspastically reconst ructed a r e a  of at 
leas t  3000 km2); and pillow ta lus  deposits formed by rapid 
quenching of hot lavas. 

Pyroclastic and thinly-bedded water-laid tu f f s  
predominate in sect ions  west  of Flaher ty  Island and a r e  
interbedded with massive and pillowed flows. To t h e  eas t ,  
however, particularly on Tukarak Island, volcaniclastic 
turbidites become the  important  sedimentary  component and 
these  too a r e  in tercala ted  with massive and pillowed flows. 
Crossbed azimuths  f rom both groups of sediments  
demonstra te  pronounced unimodal cu r ren t  directions,  with 
t ranspor t  of reworked pyroclastic and epic las t ic  volcanic 
debris towards the  eas t ,  in accord with t h a t  inferred for t h e  
lava flows. 
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Summary o f  t h e  Fi f th  Phase  

Volcanism during deposition of the  Flaherty was of two 
main types: effusive, producing a thick sequence of lava 
flows and pillows; and explosive ac t iv i ty  tha t  gave rise t o  
pyroclastics and water laid tuffs  (including turbidites) 
composed of pumice fragments and shards  with bubble-wall 
structures.  Tephra of this type is most commonly produced 
during phreat ic  or phreatomagmatic eruptions, and these  a r e  
usually res t r ic ted  to  subaerial  and shallow-water 
environments. Cross-stratification in several tuf fs  also 
provides evidence of subaqueous conditions, although t h e  
presence of accretionary lapilli in some beds also indicates 
t h a t  some eruption columns were  subaerial. Most of t h e  
massive and jointed lava flows a r e  also considered to  have 
formed under subaqueous conditions, especially flows t h a t  a r e  
"sandwiched" between pillow piles or  turbidite deposits. 

Flaherty volcanism followed a period of regional uplift, 
shoreline progradation, and formation of a carbonate  buildup- 
res t r ic ted  basin system (fourth phase). On t h e  basis of 
regional thinning trends,  Jackson (1960) and in 
Dimroth et al. (1970) presumed t h a t  eruption cen t r e s  and 
fissures lay t o  the  west of Belcher Islands. This has  been 
substantiated by Leggett  (19741, Ware (1978) and in t h e  
present study by establishing paleocurrent and paleoflow 
directions.  Subsequent reversal  of t he  paleoslope f rom west -  
t o  east-dipping can  b e  a t t r ibuted t o  construction of this th ick  
volcanic edifice. 

Volcaniclastic sediments a r e  composed entirely of 
locally derived volcanic debris. Craton-derived mater ia l  
apparently was not introduced into t h e  Flaherty depositional 
system, even though the  en t i r e  volcanic succession is 
superposed on an  older platform sequence. 

VI. SUBMARINE FAN - DISTAL MOLASSE PHASE 

Omarolluk Formation 

Regularly bedded argillites, shales  and graded wackes 
of t he  Omarolluk Formation a r e  exposed on Gilmour 
Peninsula and Young Point, eas tern  Flaherty Island, and on a 
number of outlying islands, including Baker's Dozen and King 
George islands. Con tac t  with t h e  underlying Flaher ty  
Formation is a sharp, non-erosional disconformity exposed 
along a narrow s t r ip  of coastl ine between Gilmour Peninsula 
and Young Point. The lowermost 15 m of the  Omarolluk 
consists of black pyritic shales, f ine grained volcanic sand- 
stones,  and r a re  interbeds of thin graded tuff.  The transit ion 
f rom the  shale- t o  graded wacke-dominated lithologies is 
mostly covered. 

Originally, t h e  con tac t  between t h e  Omarolluk with t h e  
overlying Loaf Formation was based primarily on t h e  change 
in colour from grey arkosic wackes, t o  red arkoses 
(Dimroth et al., 1970). Within this definition, t he  Ornarolluk 
contains s t r a t a  typical of both turbidite and shallow-water 
fluviatile facies. Mapping during t h e  present  study indicates  
t h a t  a more logical basis for subdivision is t he  presence or 
absence of graded beds. The Omarolluk Formation is thus 
res t r ic ted  t o  lithologies character is t ic  of turbidite facies.  
Hence, although the  contact  with the  Loaf Formation also is 
gradational on t h e  basis of this cri terion, i t  i s  more  easily 
established in the  field, and has more  significance in t e rms  of 
changes  in depositional environments. 

The Omarolluk is character ized by extremely regular 
and tabular-bedded greywackes, some arkosic wackes, intra- 
formational conglomerates,  and shales. The sequence o f  
sedimentary  s t ructures  in most beds is diagnostic of the  
classic Bouma cycle. The ubiquity and repet i t ive  nature  of 
Bouma cycles  leaves l i t t le  doubt tha t  t h e  Ornarolluk 
Formation can be regarded a s  a thick turbidite sequence. 

Four principal facies a r e  present: an  arenaceous  fac ies  
represented by individual turbidite beds (divisions A t o  D), a 
peli t ic or non-turbidite fac ies  representing a return t o  
normal, low-energy deep-water sedimentation, a conglom- 
e r a t e  facies,  and a transit ional facies.  

Arenaceous and Pelitic Facies 

Beds can  be t raced more  than 1000 m along s t r ike  with 
l i t t le  change in thickness or  lithology, although a few beds 
grade laterally into distinct composite beds. The ave rage  bed 
thickness is  40 cm,  but can be  a s  thick a s  160 cm.  The 
sandstonefshale thickness ra t io  is consistently about  10:l 
over most  of Gilmour Peninsula and Young Point. 
Approximately 1000 m of greywacke and shale  outcrop on 
Walton and Camp islands, 25 km south of Gilmour Peninsula. 
Here, bed thickness averages  20-30 c m  and t h e  
sandstonelshale ra t io  is  a s  low as 3:l. 

Flute  casts, parting l ineations and groove c a s t s  a r e  
common on exposed bedding soles and show the  direction of 
sediment t ranspor t  of individual flows. Sole s t ruc tu res  
indicate t h a t  sediment dispersal  was predominantly t o  t h e  
southeast .  Current  ripple measurements,  mostly f rom the  
peli t ic division overlying the  turbidites,  demonstra te  t h a t  t h e  
flow of bot tom currents  was e a s t  t o  southeas t  and, a s  
expected, t hese  show a wider dispersion than do  paleocurrent 
indicators fo r  t he  turbidites.  

Conglomerate Facies 

Shallow pebble-filled channels occur a t  severa l  
intervals in the  lower 600 m of t h e  section on Gilrnour 
Peninsula. Channels a r e  rarely more  than 120 c m  deep, but 
range from 80 m wide to  less than a metre ,  and in many 
instances a r e  associated with sequences of thick greywacke 
beds. Channel-fill consists of f la t  rounded pebbles of si l t-  
s tone and calc i lu t i te  and subspherical ca l c i t e  concretions 
derived f rom nearby greywacke beds. Some of t h e  f l a t  lu t i te  
pebbles contain ripple crossbeds and parallel  laminae not 
present in t h e  surrounding matrix.  In many cases  the  f l a t  
lu t i te  pebbles resemble e longate  concretions from the  C 
and D divisions of greywacke beds. It is  evident  t h a t  
concretion growth in the  turbidites was a very early post- 
depositional phenomenon. 

Although no large-scale crossbedding was  observed in 
the  channel deposits, a crude imbrication of f l a t  pebbles 
suggests t ranspor t  t o  the  e a s t  and southeast .  

Transitional Fac ies 

Omarolluk Formation rocks in the  Baker's Dozen Islands 
def ine  a transit ional zone between turbidi te  f ac i e s  and 
shallow-water f ac i e s  of t he  overlying Loaf Formation. On 
Twin Cairns Island both graded and massive arkosic wackes 
a r e  present,  in tercala ted  with minor si l tstone or shale  beds. 
Intraformational conglomerates a r e  common, but large-scale 
festoon crossbeds and red mudstones typical of t he  Loaf 
Formation a r e  absent a t  this s t ra t igraphic  level. 

Interpretation of the Omarolluk Formation 

Compared with many other ,  turbidite successions, t he  
Omarolluk exhibits a relatively l imited range of facies,  t he  
most prominent ones  being defined by parallel  and laterally 
persistent bedding, and a l ternat ing arenaceous-pelit ic facies. 
Bouma cycles  a r e  ubiquitous. 

This association corresponds to  the  'C' Facies  (outer fan  
facies) described by Mutti  and Ricci Lucchi (1978). Some 
in tervals  of thick and composite-bedded greywackes and 
channel deposits may correspond t o  middle t o  inner fan 
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facies.  Extensive deep-basin fac ies  have not yet been 
recognized, although t h e  southward thinning trend and 
decreasing sandstone/shale r a t io  a t  Walton and Camp islands 
may indicate tha t  la tera l  deep basin equivalents formed south 
of the  Belcher Islands. 

Loaf Format ion 

The Loaf Formation contains tabular and lenticular 
beds of arkose which display abundant trough crossbedding, 
and lesser amounts of red and grey sil tstone and mudstone. 
The lowermost s t r a t a  on Loaf Island also contain massive 
arkose beds with a few calc i te  concretions.  Festoon cross- 
bedding is particularly common in the  arkoses where trough 
axes  a r e  up t o  5 m. Some scour-and-fill s t ruc tu res  a r e  lined 
with basal pebble lags, mostly of intraformational 
conglomerates,  but  also containing r a re  pebbles of white 
cher t ,  jasper, quar tz i te ,  grani te  and dacite.  Exhumed scour 
troughs a r e  commonly veneered by current-rippled shales. 
Other forms of crossbedding include tabular-planar sets,  low- 
angle planar se ts ,  herringbone crossbeds and in ter ference  
ripples. Several mudstone beds display large desiccation 
cracks.  

Trough crossbeds indicate t h a t  sediment t ranspor t  was  
predominantly to  the  south and southeast .  Large planar 
crossbeds show similar trends, whereas herringbone 
s t ructures  suggest minor t ranspor t  t o  t h e  eas t  and west. 

The abundance of trough crossbedding and associated 
synsedimentary s t ruc tu res  (ball-and-pillow, detached load 
balls and recumbent folding of crossbeds) evidence of sub- 
aer ia l  exposure, and strongly unimodal paleocurrent 
directions substant ia te  interpretation of a fluvial environ- 
ment  of deposition. 

Based on lithology and sedimentary s t ructures ,  four 
major fluvial l i thofacies a r e  recognized and correspond t o  
l i thofacies identified by Mia11 (1977) a s  forming in a braided- 
s t r eam environment: 

1. a trough crossbedded sand subfacies formed during s tages  
of river flood; 

2. a planar crossbeded subfacies,  which may have developed 
in response to  la tera l  migration of point bars during 
flooding; 

3. a horizontally-bedded sandstone subfacies,  usually with 
parting lineations; 

4. and a des iccated mudstone subfacies,  representing 
periodic exposure in an overbank environment. 

Shoaling Upwards Cycles 
Crude upwards-shoaling cycles,  15-20 m thick, have 

been identified in t h e  Loaf Island sections.  The lowermost 
s t r a t a  in each cycle consist of medium grained arkoses 
containing parallel  laminated, low-angle planar and a f ew 
herringbone crossbeds. These pass upwards into laminated 
sil tstones and finally trough crossbedded arkoses and 
desiccated mudrocks. St ructures  lower in the  cyc le  such a s  
herringbone crossbeds, lenticular and flaser bedding a l l  a r e  
suggestive of a weak tidal influence, possibly in a marginal 
mar ine  environment. The Loaf cycles a r e  somewhat similar 
t o  a l ternat ing marine and nonmarine regressive cycles in the  
Devonian Catskill Formation (termed 'motifs' by 
Walker, 1971). The exis tence  of prograding, marginal mar ine  
deposits in t h e  Loaf is reasonable because t h e  transit ion f rom 
relatively deep-water turbidites to  fluvial deposits requires 
passage through a strandline in termedia te  between these  t w o  
facies.  

Pet rographic  Trends in t h e  
Omarolluk and Loaf Format ions  

Petrographic analysis of t he  Omarolluk and Loaf 
formations has  delineated t w o  dis t inct  source  terranes; a 
volcanic t e r r ane  (Flaherty Formation),  and a c ra ton ic  
terrane. Based on paleocurrent da t a ,  t he  cra tonic  source  
appears t o  have been northwest of t h e  Belcher Islands. 

Broad s t ra t igraphic  t rends  in the  composition of 
Omarolluk and Loaf rocks (Fig. 14.6) show a gradual upward 
decrease  in t h e  amount  of plagioclase and volcanic f r agmen t s  
towards  the  Loaf arkoses, a concomitant  increase in potash 
feldspar, and a tendency towards matr ix  depletion. Samples 
f rom t h e  Loaf Formation form a t igh te r  c lus ter  compared t o  
Omarolluk sands, reflecting t h e  t w o  fundamentally d i f ferent  
depositional environments,  and also the  d i f ferences  in sources  
of clasts.  Omarolluk sediments  were  derived f rom volcanic 
and cra tonic  sources,  indicating t h a t  t he  Flaher ty  volcanics 
were exposed a t  this t ime, in addition t o  uplifted c ra ton ic  
rocks t o  t h e  north of Belcher Islands. Loaf sediments on t h e  
other  hand, were  derived solely f rom a cra tonic  source. 

Summary of t h e  Sixth Phase 

A 2100 m thick Omarolluk turbidite sequence, 
consisting of both proximal and dis ta l  submarine fac ies ,  
disconformably overlies relatively deep-water Flaher ty  
volcanics along eas tern  Flaher ty  Island. However, in western  
par ts  of t he  Belcher Islands Omarolluk s t r a t a  overlie 
shallower wa te r  representa t ives  of t h e  Flaher ty  Formation. 
The possibility tha t  the  Omarolluk succession thins towards  
western  Belcher Islands, agains t  t h e  eas t e rn  flank of t h e  
Flaher ty  volcanic ridge, should the re fo re  b e  considered. 

The fluvial and marginal mar ine  Loaf Formation 
appears  comparable  t o  some  examples  of d is ta l  molasse 
described in t h e  European Alps (e.g. Van Houten, 1974). 
Fanglomerates  typically associated with Alpine molasse a r e  
not  present  in t h e  Belcher Islands. Although t h e  Omarolluk- 
Loaf Formation con tac t  is nowhere exposed on the  Belcher 
Islands, t he  transit ional na tu re  of both t h e  sedimentary  f ac i e s  
and petrographic t rends  suggests t h a t  t h e  c o n t a c t  is both 
conformable and gradational.  Thus, Omarolluk and Loaf 
format ions  a r e  considered l a t e ra l  equivalents. 

Q = quartz 
F = total feldspar 
R = lithic fragments 

Figure 14.6. Petrographic trends in the Omarolluk and Loaf 
Formations. 
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The t rend of t h e  turbidite basin axis was  approximately 
south t o  southeast ,  a s  indicated by paleocurrents,  la tera l  
d i f ferences  in bed thickness, and sandstonejshale ratios and 
hence was parallel t o  t h e  trend of t h e  (Flaherty) volcanic 
ridge. The dominant direction of sediment transport  in the  
Loaf arkoses was  parallel t o  th is  trend. 

In searching for a modern analogue for t h e  Omarolluk- 
Loaf System, the  close relationship between del tas  and base- 
of-slope deposits is noted, a relationship tha t  Stanley and 
Unrug (1972) have noted may be  easily overlooked in studies 
of anciant  turbidite sequences. A number of modern deep 
basins a r e  in f a c t  fed by delta-fronted river systems, some 
particularly prominent examples being t h e  Bengal Fan 
(Curray and Moore, 1971), and the  Nile Cone (Maldonado and 
Stanley, 1978). A similar depositional regime is envisaged for 
the  Omarolluk-Loaf sequence, where fluvial, marginal marine 
and prograding submarine fan fac ies  a r e  laterally associated. 

R ~ S U M E  OF THE BELCHER GROUP 

The Belcher Group consists of a thick (7000-9000 m) 
but remarkably regular succession of distinctive rock units. 
All major formation boundaries within the  succession a r e  
e i the r  conformable or  disconformable; no angular 
unconf,ormity has yet been recognized in this area .  
Collectively, formations of t h e  Belcher Group present a 
complex record of basin evolution whereby long-term changes  
in depositional environments have taken place  in response t o  
fundamental changes in t h e  t ec ton ic  regime. 

The succession can be  subdivided in to  a number of 
depositional phases, and thei r  corresponding t ec ton ic  
e l emen t s  can b e  reconstructed (Fig. 14.1). Although 
crystall ine basement is nowhere exposed in the  Belcher 
Islands, t he  succession is interpreted a s  ensialic. 

The f i rs t  phase of carbonate  platform development,  
about 2.0 Ga ago, was abruptly interrupted by extrusion of 
plateau-type basalts (Eskimo Formation). A second 
miogeoclinal platform s tage  immediately followed, 
suggesting t h a t  t he  regional tec tonic  pat tern  was l i t t l e  
a l t e red  by the  volcanic event.  The second miogeoclinal s t age  
actual ly  consists of two phases of platform development 
(Fig. 14.1): t h e  first  phase involved evolution of platform, 
slope and deep-basin carbonate  fac ies  tha t  formed 'under  
conditions of gradual subsidence; t h e  second phase, 
dominated by a prograding carbonate  buildup-restricted basin 
complex, accumulated a s  a result  of gradual uplift heralding 
t h e  onset of  Flaher ty  volcanism. 

Growth of a thick volcanic pile (Flaherty Formation), 
mostly under submarine conditions, resulted in reversal  of t h e  
paleoslope t o  east-dipping, accompanied by down-sagging of 
the  underlying platform rocks. Continued subsidence and 
rapid infilling of the  basin by a southward-prograding c las t ic  
wedge consisting of submarine fan  and distal  molasse facies,  
signaled t h e  final depositional phase of t he  Belcher Group. 

Paleocurrent da t a  suggest t h a t  most of t h e  Omarolluk 
Formation turbidites and Loaf Formation molasse was 
provided by uplifted cra tonic  t e r r ane  northwest of t h e  
Belcher Islands. Deposition in the  turbidite-molasse basin 
(exogeosyncline) can logically be  inferred t o  have been syn- 
orogenic, although actual  deformation of the  s t r a t a  did not 
t ake  place  until later.  

The highly sinuous outline of t he  Belcher Islands is a 
manifestation of open, predominantly isoclinal, doubly 
plunging anticlines and synclines. Fold axes  trend 
approximately north-south, but a s  Jackson (1960) has noted, 
t h e  fold axes  become curved west of Flaher ty  Island, opening 
towards the  west. Crusta l  shortening ranges f rom 

25 per c e n t  on Tukarak Island t o  more than 40 per c e n t  in the  
Kasegalik anticline. The s t ructura l  s ty le  of t h e  Belcher 
Islands can be explained by a single period of deformation: 
init ial  buckling led t o  format ion of extension and conjugate  
shear joint pat terns ,  followed by predominantly flexural slip 
folding and concomitant  development of major faults.  
Folding of the  en t i r e  Belcher succession probably took place 
during the  Hudsonian Orogeny. 

CORRELATIONS 

The pioneering e f fo r t s  of Be11 (18791, Low (1902) and 
Leith (1910) established t h e  presence of relatively 
undeformed Precambrian rocks overlying crystall ine 
basement along eas tern  Hudson Bay, and also provided 
evidence for regional corre la t ions  based on t h e  presence of 
distinctive rock units such a s  banded ironstones, 
'concretionary'  (cryptalgal)  dolostones and basal t ic  c a p  rocks. 
These correlations were  extended t o  t h e  Belcher Islands, f i rs t  
by Flaher ty  (19181, and la ter  by Moore (1918), Young (1922) 
and Woodbridge (19221, and also t o  t h e  Sutton Lake a r e a  
(Dowling, 1905; Hawley, 1926). 

More recently,  corre la t ions  have been made with 
Precambrian fold bel ts  ouside t h e  Hudson Bay region, 
including Cape  Smith-Wakham Bay, t he  Labrador Trough and 
the  Mistassini a rea  (Wahl, 1953; Bergeron et al. 1962). 
Correlation of these  fold bel ts  around the  anc ien t  Ungava 
c ra ton  was suggested by Bergeron (l957), and t h e  name  
Circum-Ungava Geosyncline was subsequently proposed t o  
include t h e  Cape Smith Fold Belt, Labrador Trough and 
Belcher Fold Belt (Dimroth e t  al .  1970). 

The s t ruc tu re  of t h e  Belcher Fold Belt f rom Ot t awa  
Islands t o  James  Bay has  been summarized by Jackson 
(in Dimroth et al. 1970). Folding in t h e  Belcher Islands 
diminishes north and south of t he  islands, and the  intensity of 
deformation also decreases  eas twards  towards  Richmond 
Gulf. The in terpre ta t ion t h a t  volcanic s t r a t a  in t h e  Ot tawa 
Islands a r e  a continuation of the  Flaherty Formation and 
similar lithologies in J a m e s  Bay, is supported by bathymetr ic  
and magnetic da ta  (Hobson, 1969; Hood e t  al., 1969). 
Baragar and Lamontagne (1980) have fur ther  demonstra ted  
corre la t ion between the  volcanics on Sleeper Islands and the  
Flaher ty  Formation, and t h a t  komat i i t ic  rocks of O t t awa  
Islands a r e  probably corre la t ive  with komat i i tes  of t h e  Cape  
Smith  Belt; in both the  Sleeper and Ot tawa islands locali t ies 
these  authors  consider t h e  volcanics t o  have been extruded 
into deeper  water  environments than the  Flaherty 
equivalents. 

Correlations in Richmond Gulf 

Lithologic units in Richmond Gulf (forming par t  of t h e  
Manitounuk Supergroup) have been corre la ted  with specific 
format ions  in the  Belcher Islands (e.g. volcanic rocks of t he  
Persillon Formation, formerly  Pachi  volcanics; t h e  
s t ra t igraphy in Richmond Gulf has recent ly  been redefined by 
Chandler and Schwarz,  1980) and Nastapoka Group in 
Richmond Gulf have been corre la ted  with t h e  Eskimo 
Formation and Flaher ty  Formation respectively,  and banded 
ironstones of t he  Nastapoka Group with t h e  Kipalu 
Formation. However, t he  remaining units show few litho- 
logical similarit ies and at best ,  Richmond Gulf s t r a t a  can 
only be  considered a s  cont inenta l  and shallow marine  
equivalents of t he  Belcher Group. An additional problem is 
t h e  presence of an  angular unconformity between t h e  
Richmond Gulf Group and Nastapoka Group which developed 
during a period of block faulting. According t o  
Chandler (19781, most of this deformation occurred before 
deposition of Nastapoka sediments  and volcanics. An 
equivalent episode of fault ing affect ing t h e  Belcher Group is 
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not known. With this in mind, the  Qingaaluk (formerly 
Richmond Gulf Formation) and Persillon formations possibly 
a r e  t ime  equivalents of the  Eskimo Formation. The 
contention t h a t  block faulting predates  the  Fai rweather  
Formation is fur ther  supported by the predominance of 
immature subarkoses and volcanic l i tharenites in the  
Fairweather,  t ha t  were  derived f rom the  uplifted t e r r ane  in 
Richmond Gulf. 

The Pachi Formation, predominantly of cont inenta l  
origin, has been corre la ted  with the  Kasegalik Formation in 
Belcher Islands (Dimroth et al, 1970). However, t he  e x a c t  
stratigraphic relationship between these  two fundamentally 
d i f ferent  rock units is difficult  t o  demonstrate.  For example,  
t he  1220+ m of marine platform carbonates making up t h e  
Kasegalik Formation a re  representa t ive  of a transgressive 
regime; the  much thinner Pachi arkoses (interpreted a s  
braided s t r eam deposits by Chandler and Schwarz, 1980) show 
no evidence of encroaching seas. Furthermore,  t he re  is no 
indication tha t  any of this terrigenous sediment was  
deposited on the  carbonate  platform, a s  might be  expected 

given the  dynamic fluvial environment  envisaged for t h e  
Pachi rocks. Therefore, t h e  Pachi  Formation may represent  
an  ear l ier  phase of deposition than  t h e  Kasegalik Formation. 

5 1.0 Ga 

North-south thinning of t h e  sedimentary  and volcanic 
units in Richmond Gulf supports t h e  hypothesis of graben- 
controlled deposition (Kranck, 1951; Woodcock, 1960; 
Chandler, 1978). Extension of this graben sys tem t o  the  
Belcher Islands was f i rs t  suggested by Kranck (1951). 

GABBRO DYKES 

SUMMARY OF TECTONIC ELEMENTS 
IN THE BELCHER FOLD BELT 

The various tec tonic  e lements  composing the  Belcher 
Fold Belt a r e  i l lustrated in Figure  14.7. 

Initial Miogeoclinal-Graben S tage  

Continental  deposits of t he  Pachi  Formation and 
platform carbonates  of t h e  Kasegalik Formation, 
accumulated in an east-trending graben within t h e  Ungava 
cra ton,  here  called the  Richmond-Belcher Rift. At present,  
the  age  of this r i f t  can only be  bracketed between pre-Pachi 

1.65 Ga ,I ------------ HUDSONIAN OROGENY 
r ------------ I 
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Figure 14.7. Correlation of tectonic elements throughout the Belcher Fold Belt. 



and post Archean. Igneous rocks with alkalic affinit ies,  
commonly associated with continental  rifting, a r e  unknown in 
t h e  immediate  Richmond Gulf area ,  although Dimroth (1967) 
has reported t tpost-tectonic ' t  carbonat i te  dykes, d ia t remes 
and pyroclastics due eas t  of Richmond Gulf (actual age  
unknown). 

R i f t  React ivat ion S tage  

Deposition in t h e  early miogeocline was  abruptly 
in ter rupted by outpouring of flood-type basalt ic lavas within 
the  Richmond-Belcher Rift: tholeii t ic basalts of t h e  Eskimo 
Formation, and high-Mg tholeii tes of t h e  Persillon Formation 
(see  Hews, 1976, Table 11). Continental  redbeds of the  
Qingaaluk Formation disconformably overlie t h e  Persillon 
volcanics and a r e  considered he re  t o  b e  similar in a g e  t o  la ter  
s tages  of Eskimo Formation volcanism. Following redbed 
deposition, renewal of an  extensional tec tonic  regime in the  
Richmond Gulf a r e a  produced a horst and graben topography 
upon which Nastapoka Group sediments were  deposited. 

Second Miogeoclinal Stage 

Following volcanism and block faulting, deposition of a 
thick sequence of carbonates  and c las t ics  re-established a 
broad, shallow marine platform in the  Belcher region 
(Fairweather and Laddie formations) with continental  
equivalents probably represented by basal s t r a t a  of t h e  
Nastapoka Group. Once again deposition was largely 
confined to  the  Richmond-Belcher Rift. Conditions of 
gradual  subsidence prevailed. 

In t h e  Belcher Islands, a major change in t h e  pa t t e rn  of 
sedimenta t ion is recognized a t  t h e  Laddie Formation-Rowatt  
Formation boundary, with development of prograding 
carbonate  buildup-restricted basin phase (Rowat t  t o  Kipalu 
Formation);  probable fac ies  equivalents occur in Hopewell 
and Nastapoka islands, Manitounuk Sound and Sutton Inlier. 
A t  these  locali t ies banded ironstones a r e  interbedded with, or  
underlain by, quartz-rich sandstones (Woodbridge, 1922; 
Lee, 1965; Eade, 1966; Sanford e t  al., 1968). The Rowatt-  
Kipalu model is thus extended t o  include these  areas.  On th is  
basis, t h e  buildup and barrier bar complex and associated 
res t r ic ted  basin a r e  thought t o  have extended around t h e  
en t i r e  per imeter  of eas tern  Hudson Bay t o  Sutton Inlier, and 
is envisaged a s  a large a rcua te  basin having an a r c  of about 
800 km. 

At this s t age  in the  development of the  Belcher Fold 
Belt  t h e  Richmond-Belcher Rift  was no longer t h e  locus of 
deposition. Furthermore,  in the  Richmond Gulf area ,  
reactivation of fault ing during and a f t e r  deposition of 
Nastapoka sediments was only of minor importance. 

Volcanic Ridge S tage  

The preceding s t age  of sedimentation was abruptly 
terminated and the  paleoslope reversed, by the  accumulation 
of  a thick pile of basalt ic and pillowed lava flows, and 
abundant volcaniclastic sediments  ( the  Flaherty Formation, 
and corre la t ive  s t r a t a  on Ot t awa  Islands and Sleeper Islands). 
Equivalent s t r a t a  f a r the r  e a s t  in t h e  Nastapoka Island chain 
and south  t o  Sutton Inlier, consist  predominantly of massive 
and jointed lava flows and sills. The volcanics a r e  considered 
t o  have originated from fissures and erupt ive  c e n t r e s  west of  
Belcher Islands, representing segments  of an  extensive  
volcanic ridge (? a rc )  t h a t  evolved along the  margin of (and 
which subsequently buried) t h e  former  miogeoclinal prism. 

SEDIMENTARY HISTORY OF THE BELCHER GROUP OF HUDSON BAY 

Exogeosynclinal S tage  

Representatives of this s t age  occur only in t h e  Belcher 
and outlying islands. Early synorogenic turbidi tes  and 
laterally associated dis ta l  molasse sediments were  deposited 
in a submarine fan-delta system t h a t  prograded southwards 
over relatively undeformed Flaher ty  volcanics and t h e  older 
miogeoclinal succession. The axis of t he  turbidi te  basin 
appears  to  have been parallel  t o  the  volcanic ridge. 
Sediments were  mostly derived f rom a cra tonic  source  a r e a  
t o  the  northwest of Belcher Islands, and also f rom exposed 
portions of t he  adjacent  volcanic ridge. 

Compression S tage  

The main period of deformation of t h e  Belcher Fold 
Belt took place during t h e  Hudsonian Orogeny, and resulted in 
a single phase of isoclinal folding in Belcher Islands, Sleeper 
Islands and possibly Ot t awa  Islands. Metamorphism only 
a t ta ined grades  of prehnite-pumpellyite and lower 
greenschist  facies. There is some indication in Belcher and 
Ot t awa  islands t h a t  t h e  metamorphic  grade increases  from 
east t o  west,  a f ea tu re  t h a t  could r e f l ec t  e i the r  proximity t o  
a ' tectonic front', or deeper  levels of erosion in the  western 
exposures. Whole-rock K- Ar ages  of 1620- 1693 Ma 
determined for Flaher ty  volcanic samples, probably represent 
re-sett ing by this low-grade me tamorph~sm (Hofmann and 
Jackson, 1969). 

DISCUSSION 

A comparison of t h e  fold belts composing the  
Circum-Ungava Geosyncline with Alpine-type tec tonic  
sutures  was made by Wilson (1968). On t h e  basis of 
preliminary gravi ty  da ta ,  Innes et al. (1967) had ear l ier  
postulated t h a t  a northward extension of the  Kapuskasing 
"high", representing a zone of rif t ing probably passes through 
t h e  Belcher Islands, terminat ing about  100 km west of 
O t t awa  Islands. Deformation in t h e  Belcher Fold Belt was 
thus explained a s  folding marginal t o  the  r i f t  zone and was 
coeval with volcanism, but  t h i s  proposal is  here  considered t o  
b e  unlikely, in view of  known geological relationships. 
Following Wilsonts(1968) ideas, Gibb and Walco t t ( l971)  
described these  fold bel ts  a s  being the  products of ocean- 
closing and cont inenta l  collision during t h e  Hudsonian 
Orogeny, a hypothesis r e i t e ra t ed  by Burke and Dewey (1973). 
The l a t t e r  authors  also noted the  possibility of a t r ip le  
junction where a northward extension of the  Kapuskasing 
magnet ic  high in tersects  t h e  Belcher suture ,  although 
Watson (1980) has  questioned the  rift-hypothesis of t h e  
Kapuskasing s t ructure ,  c i t ing evidence suggesting an origin 
re la ted  t o  deep shearing, early in the  history of t h e  Superior 
St ructura l  Province. 

In this paper t h e  Belcher Fold Belt is examined fur ther  
in t e r m s  of ocean closing hypothesis, and an  a t t e m p t  will now 
be made to  explain the  striking differences in con ten t  and 
s ty le  of deformation between this fold be l t  and o the r s  in t h e  
Circum -Ungava Geosyncline. 

Ocean Opening (Early Proterozoic)  

Identification of the  fundamental t ec ton ic  e lements  
composing t h e  Belcher Group and Richmond Gulf succession 
(Manitounuk Supergroup) is based on the  evolution of these 
p la t form and basin-fill sequences a s  in terpre ted in th is  paper, 
and thei r  striking similarity t o  Phanerozoic successions. 
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Following this, c r i t e r i a  suggesting tha t  t he  Richmond-Belcher 
Rift  originated a s  the  failed arm of a tr iple junction a r e  
listed below (Fig. 14.8a): 

a. t h e  trend of rifting is transverse to  the  margin of the  
Ungava Craton. Rifting predates  sedimentation and vol- 
canism and therefore  t h e  t e r m  aulacogen is considered t o  
b e  valid (rather than the  t e rm impactogen, t he  develop- 
ment  of which is re la ted  t o  a collision event). 

b. In Richmond Gulf, block faulting t h a t  predates  the  
Hudsonian Orogeny parallels t h e  axis of t he  r i f t  zone and 
is associated with reactivation of rifting, probably coeval 
with extrusion of basalt ic magmas of the  Persillon and 
Eskimo formations. Faulting in the  Belcher Islands is 
re la ted  t o  isoclinal folding during the  Hudsonian. 

c. The sedimentary fill is broadly similar t o  t h a t  described 
for  several modern and ancient  aulacogens (e.g. Benue 
Trough, Ethiopian Rift ,  Athapuscow Aulacogen; 
Hoffman, 1973; Hoffman, 1980; Burke, 1980). The oldest  
sediments in Richmond Gulf a r e  interpreted t o  represent  
early development of a westward-prograding delta,  
whereas the  oldest s t r a t a  in Belcher Islands represent  a 
sabkha-like environment. Burke (1980) has noted t h a t  
evaporites commonly a r e  stratigraphically higher than 
c las t ic  sediments during the  early s tages  of aulacogen 
development. However, t he  exac t  age  relationship 
between the  arkosic and evaporit ic deposits in t h e  
Richmond-Belcher Rift  have ye t  t o  be  established; 

d. The character is t ic  'arc' of  eas tern  Hudson Bay is similar 
in shape and magnitude t o  more  recent  examples  of 
rif t ing a t  t r ip le  junctions (e.g. Gulf of Guinea, Gulf of 
Aden). 

The triple junction was probably situated west of 
Belcher Islands. At present t h e  timing of this event  can only 
be  bracketed between post-Archean and pre-Pachi t ime, 
although init ial  rifting in t h e  Belcher a rea  possibly was 
coeval with an  even t  postulated by Burke and Dewey (1973) 
a t  t he  junction between Cape Smith Fold Belt and Labrador 
Trough about  2.1 Ga. A similar d a t e  for t he  init ial  r if t ing 
s t age  of the  Wopmay Orogen also has been postulated by 
Hoffman ( 1  980). 

Figure14.8a. Initial stage of rifting early in the 
Proterozoic and generation of the Richmond-Belcher Ri f t ,  
transverse to  the Ungava Craton (TR = triple junction). The 
dashed line represents the approximate depositional edge 
along the trailing edge o f  Ungava craton. 

Deposition along the  trail ing edge  of t h e  Ungava c ra ton  
was largely confined to  t h e  Richmond-Belcher Rif t  and 
occurred in two di f ferent  s tages ,  with ca rbona te  p la t forms 
established in the  distal  portions of  t he  r i f t  zone (Belcher 
Islands), and associated cont inenta l  redbeds (deltaic) within 
Richmond Gulf. These two  s tages  were  separa ted by react i -  
vation of rifting, represented by an outpouring of flood 
basal ts  (Eskimo and Persillon volcanics), and l a t e r  by a brief 
period of block faulting within Richmond Gulf. 

Whereas the  ear ly  phase of ca rbona te  platform 
sedimentation was mostly confined t o  the  Richmond-Belcher 
Rift ,  la ter  deposition of ca rbona te  buildups, bars and 
associated res t r ic ted  basin f ac i e s  (Rowatt-Kipalu format ions  
and thei r  correlatives) embraced  t h e  en t i r e  eas t e rn  coas t  of 
Hudson Bay. This suggests t h a t  t he  r i f t  zone no longer served 
a s  the  principal repository for  sediments,  a situation t h a t  
may have heralded t h e  approaching collision event .  

Ocean Closing 

Growth of an  extensive volcanic ridge (? a rc )  in the  
Belcher Fold Belt (Flaherty Formation and correlatives) is 
considered t o  have been a product of ocean closing 
(subduction) prior t o  cont inenta l  collision. Probable t ime-  
equivalents of these volcanics occur  in t h e  C a p e  Smith Fold 
Belt which is character ized by a bimodal volcanic sui te  
having island a r c  af f in i t ies  (Baragar, 1974). The scenario 
presented in Figure 14.8b shows synorogenic turbidi te  and 
molasse sediments derived f rom an uplifted cra tonic  source 
t o  t h e  north of t h e  Belcher Islands, and a lso  t h e  exposed 
volcanic ridge to  the  west,  and shed over the  older 
miogeoclinal succession during t h e  collision event.  Collision 
was  f i rs t  init iated a t  t he  "Cape Smith Salient", progressing 

CAPE SMITH BELT 

Zone of Minimum 

1 
'.-.. <.> 

' I  

Figure 14.8b. Ocean Closing: This scenario depicts a sinuous 
volcanic arc from Cape Smith t o  Belcher Islands, and 
probably continuing west to  the Nelson River, Flin Flon area. 
The subsequent exogeosynclinal stage was situated between 
the volcanic arc and Ungava craton margin, trending parallel 
to the arc. Continental-type collision and deformation 
occurred &ring the Hudsonian Orogeny with minimum defor- 
mation occurred during the Hudsonian Orogeny with minimum 
deformation occurred during the Hudsonian Orogeny with 
minimum deformation taking place in the recessed craton 
margin of eastern Hudson Bay (heavy dashed lines mark the 
approximate position of the collision stuture). 



southwards towards  the  eas tern  Hudson Bay re-entrant .  
Continued convergence of cra tonic  blocks resulted in 
isoclinal folding of the  Belcher Group during the  Hudsonian 
Orogeny (although penetra t ive  deformation is scarce),  and 
only gent le  tilting of s t r a t a  bordering eas tern  Hudson Bay. 
The transit ion from volcanic-rich lithologies t o  s t ra t i -  
graphically higher craton-derived lithologies observed in the  
turbidite-molasse succession, also ref lec ts  t h e  diachronous 
na tu re  of t he  tectonism where southwards progradation of 
the  delta-fan system (i.e. longitudinal dispersal) probably 
kep t  pace  with progressive uplift of the  cra ton during 
collision. 

The relatively mild deformation imposed on t h e  Belcher 
Fold Belt can be explained in t e rms  of the  concave geometry  
(opening westwards) of t he  trail ing edge of t h e  Ungava 
c ra ton ;  here, continental  convergence was minimal and only 
mild compression ensued, decreasing in intensity f rom west 
t o  e a s t  across the  fold belt  (Fig.14.8b). Such mild 
deformat ion is in marked contras t  t o  t h a t  observed in the  
Cape Smith Fold Belt where remnants of volcanic a rc s  were  
thrus t  over the  Archean foreland, and high-grade rneta- 
morphic equivalents occur in the  adjacent  hinterlands. 
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Abstract 

Three hundred and eighty-eight oriented drill cores were collected from Proterozoic volcanics 
and redbeds at 68 sites along the'east coast o f  Hudson Bay. Detailed AF demagnetization in fields up 
t o  60 mT and thermal demagnetization resulted in 35 accepted sites most o f  which come from 
Richmond Gulf. The Nastapoka basalt caprock (remanence carrier: magnetite] yielded five such 
sites which show no indication of the presence of more than one high coercivity and blocking 
temperature component. The pole position is gOW, 39's; 6'. 4.'. South of Richmond Gulf, the same 
layer (130 m thick) yielded 6 sites with low negative inclinations which are thought t o  be 
contaminated by a secondary component and 2 sites with a stable magnetization parallel to  a 
postfolding direction in the nearby Belcher Islands. Three sites from the underlying Qingaaluk 
Formation sediments yielded a comparable pole position at 13OW, 40"s; 11", 6' (remanence carriers: 
hematite and magnetite). The older Persillon volcanics collected on the south shore of Richmond 
Gulf yielded a pole position of 12'E, 46's; 12". 9' based on 5 sites with magnetite and hematite as 
remanence carriers. These three pole positions are not significantly di f ferent .  However, the 
Persillon sites from the northern part of Richmond Gulf show a different direction based on 11 sites 
resulting in a pole at 46'W, 49"s; 4",  2'. This group of sites shows a small improvement in grouping 
statistics af ter correction for the small difference in bedding attitudes in the different fault blocks 
suggesting that at least most of the magnetization is pre-faulting. The faulting is pre- Nastapoka so 
that the general coincidence of the Nastapoka and Persillon directions would suggest that these are 
primary or essentially so. Furthermore, the pole positions correspond to  the pole based on 
pre-folding magnetization in the Eskimo volcanics from the nearby Belcher Islands suggesting an 
approximate time-stratigraphic correlation. Preliminary results from La Grande 4 redbeds and 
Sutton Lake basalt suggest that these may be younger and that they are correlatable with the 
Flaherty volcanics-and Haig intrusives from the Belcher Islands. 

Re'surne' 

En soixante-huit sites, situe's le long de la cbte est de la baie dtHudson, on a recueilli trois-cent 
quatre-vingt-huit carottes de forage oriente'es, dans des terrains volcaniques e t  h couches rouges 
(redbeds) dt6ge prote'rozo'ique. Les e'tudes de'taille'es de de'magne'tisation AF dans des domaines 
atteignant 60 mT et de la de'magne'tisation thermique, ont permis de trouver 35 sites acceptables, 
dont la plupart se situent dans le golfe de Richmond. La couverture basaltique de Nastapoka 
(e'le'ment re'manent: magne'titel avait cinq sites de ce type ne contenant apparemment pas plus d'un 
e'le'ment, de coercivite' e t  tempe'rature de blocage e'leve'es. La position du p61e est 9' W,3g0S; 6",4". 
Au sud du golfe de Richmond, la msme couche (de 130 m d'e'paisseurl a donne' 6 sites caracte'rise's par 
de faibles inclinaisons ne'gatives, e t  sans doute contarnine's par une composante secondaire, e t  deux 
sites de magne'tisation stable et  parallele h une direction ulte'rieure h une pe'riode de plissement, dans 
les iles Belcher avoisinantes. Trois sites centre's sur les se'diments sous-jacents de la formation de 
Qingaaluk e'taient caracte'rise's par une position comparable de leur p61e, soit l3'W,4O0S; 11°,6" 
(e'le'ments re'manents: he'matite e t  magne'tite). Les roches volcaniques plus anciennes de Persillon, 
recueillies sur la rive sud du golfe de Richmond, ont donne' un p61e situe' h 1Z0E,46'S; 1Z0,9', dtapr6s 
l'e'tude de cinq sites oil La magne'tite et  lfhe'matite e'taient les e'le'ments re'manents. Les positions de 
ces trois p6les ne different pas fortement l'une de l'autre. Cependant, dans le partie nord du golfe de 
Richmond, les sites de Persillon prbentaient une direction diffe'rente, d'apres l'examen de 11 sites, 
dont le p61e se situait h 46'W,4g0S; 4' ,2 ' .  Ce groupe de sites se laisse le'g6rement mieux regrouper 
statistiquement, si l'on corrige les petites diffe'rences de Itattitude des divers blocs faillb; ceci 
suggere qu'en tres grande partie, la magne'tisation date d'avant le pe'riode de faillage. Cette derniere 
est ante'rieure h lfe'pisode de Nastapoka, de sorte que la coincidence ge'ne'rale que manifestent les 
directions deNastapoka et  Persillon indique peut-itre que ces directions sont essentiellement 
primaires. D'autre part, les positions des p6les correspondent h celle du p61e dgtermine' dlapr&s la 
magne'tisation qu'ont subie, avant la pe'riode de plissements, les roches volcaniques dtEskimo, pres des 
iles Belcher; il existerait donc une corre'lation chronologique approximative. Les re'sultats 
pre'liminaires de'rive's de l'e'tude des quatre couches rouges (redbeds) de La Grande et  des basaltes de 
Sutton Lake indiqueraient que ces terrains sont plus re'cents, e t  qu'on peut les corre'ler avec les 
terrains volcaniques de Flaherty e t  les roches intrusives de Haig, sur les iles Belcher. 

Departernent de genie min6ral Ecole Polytechnique, Montreal, ~ u & b e c ,  H3C 3H7 
Department of Geology, University o f  Hokkaido, Sapporo, Japan 
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INTRODUCTION 

The Circum-Ungava bel t  is a l a rge  sinuous s t ruc ture  of 
Proterozoic  rocks in nor theas tern  Canada ranging from t h e  
Labrador Trough t o  Wakeham Bay-Cape Smith in Northern 
Quebec  and extending t o  t h e  Belcher and Manitounuk islands 
in Hudson Bay. I t  is a sedimentary-igneous sequence over- 
lying t h e  Archean roclts of t h e  Superior Province. 

A large  variety of rock types  of d i f ferent  degrees  of 
deformat ion and metamorphism occurs  within t h e  belt. The  
f i rs t  par t  of t h e  study cent red  on C a p e  Smith Island a t  t h e  
western  edge of t h e  almost eas t -west  trending Cape  Smith 
Range (Fujiwara and Schwarz,  1973). The thick succession of 
maf ic  and ul t ramaf ic  flows and sills yielded good paleo- 
magnet ic  results  but  t h e  a g e  of magnet iza t ion  could not  b e  
ascer ta ined,  t he  bulk of t h e  evidence suggesting a Hudsonian 
direction.  This result  is of limited value in a t t empt ing  t o  
co r r e l a t e  various pa r t s  of t h e  belt. Therefore,  t h e  slightly 
deformed and weakly metamorphosed igneous and/or 
hema t i t i c  sedimentary  rocks of Richmond Gulf and t h e  
Manitounuk Islands were  investigated (see also 
Schwarz,  1976). 

Geology and Sampling 

The s t r ip  o f  Proterozoic rocks along t h e  Eas t  coas t  of 
Hudson Bay (Fig. 15.1) be tween Inoucdjouac and J a m e s  Bay 
consists mainly of basa l t ic  and c l a s t i c  sedimentary  rocks 
(Stevenson, 1968; Eade, 1966). The basa l t s  fo rm a monocline 
which dips gently towards t h e  Hudson Bay coas t  near  
Richmond Gulf and on islands t o  t h e  north and south. In t h e  
Richmond Gulf area ,  basalts  and sediments  show subgreen- 
schist  fac ies  metamorphism and a r e  a f f ec t ed  by weak 
eas t -west  folding and fault ing.  Similar Proterozoic  basalts  
form t h e  Hopewell Islands but  t h e  metamorphic  g rade  is  
greenschist .  In t h e  Richmond Gulf area ,  t h e  basa l t ic  rocks 
a r e  overlain conformably by c las t ic  sediments  which form t h e  
Nastapoka Islands. This sequence of basalts  and sediments  is 
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Figure 15.1. Map indicating the distribution of Proterozoic 
rocks ( P )  in the vicinity o f  Richmond Gulf on the east coast 
of Hudson Bay. Distribution of the sampling sites is indicated 
by their numbers. Sites collected from Harrison Island near 
Inoucdjouac and from Long Island are o f f  the main map but 
can be located on the inset. 

Tab le  15.1. St ra t igraphic  column showing approximate  levels of sampling 

Sampling 
s i t e s  

1-3 

4-38 

- - - - - -- - - 

39-44 

48-64 

65-68 

NOTE: The Richmond Gulf Group and Pachi Format ion occur  only in t h e  Richmond 
Gulf area ;  e lsewhere  t h e  Nastapoka Group r e s t s  on  Archean basemen t  
(Chandler and Schwarz,  1980). 

Group 

Nastapoka 

- - - -- - - -- -- 

Richmond Gulf 

Archean rocks 

Lithology 

Clas t ic  sediments  

Basalt ic flows 

Dolomite  

- Unconformity - - - - - 

Pink sandstone  

Basalt ic f lows 

(Red) Arkose 

For m a t  ion 

-- - - -- - - - - - -. 

Qingaaluk 

Persillon 

Pachi 

Thickness 

> 6 0  m 

130 m 

150 m 

-- - - - - - - - - 

500 m 

30  m 

150 m 
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called the  Nastapoka Group, which unconformably overlies 
t h e  Richmond Gulf Group pinkish arkosic sandstone in t h e  
Richmond Gulf area ,  and elsewhere Archean basement rocks. 
This sandstone overlies unconformably t h e  Persillon 
Formation andesit ic volcanics and Pachi Formation redbeds 
which also occur exclusively in t h e  Richmond Gulf area .  
Table 15.1 shows a stratigraphic column based on Chandler 
and Schwarz (1980). 

A to t a l  of 388 oriented drill co res  were  taken f rom 
6 8  sites. Orientation was  done by sun compass whenever 
feasible and otherwise by magnetic compass. In the  l a t t e r  
case ,  checks were  performed to  avoid substantial  er rors  due  
t o  strong local magnetization by sighting prominent topo- 
graphic fea tures .  The cores  (diameter:  2.5 c m )  each yielded 
at least  two  cylindrical specimens of nearly 2.5 c m  in length. 

RESULTS OF THE MEASUREMENTS 

The direction and intensity of t he  remanent  magnetiza- 
t ion of t h e  specimens f rom t h e  volcanics were  measured with 
an  a s t a t i c  magnetometer  and those  of t he  sediment samples  
with a spinner magnetometer  with higher sensitivity. 
Alternating field and thermal  demagnetization was  
performed in up t o  27 s teps  on at leas t  t w o  specimens pe r  
s i t e  in order t o  evaluate  in deta i l  coercivity and blocking 
temperature  ranges. If t he  direction remained constant  in all  
t e s t  specimens and showed good coherency t h e  res t  of t h e  
specimens of t h e  s a m e  s i t e  were  t r ea t ed  a t  a single tempera-  
t u r e  or field strength.  In all  o ther  cases,  t he  rest  of t h e  
specimens of t h e  s i t e  were  t r ea t ed  in a range of field 
s t rengths  (up t o  60 mT) or heated t o  a ser ies  of increasing 
temperatures  and t h e  remanence remeasured a f t e r  each step.  
The s i t e  da t a  selection was based on whether endpoints were  
reached during t r ea tmen t  and, if so, on d a t a  yielding t h e  'best 
grouping. For 35 of the  68 s i tes ,  2 specimens of at l eas t  
t h ree  cores  showed well-defined endpoints and within-core 
and between-core coherency and these  results were  
accepted.  Only t h e  directions of t h e  Natural Remanen t  
Magnetization (NRM) for the  remaining s i t e s  a r e  given in 
Table 15.2 because no s table  direction of magnetization could 
be isolated. Only a few specimens f rom a f ew of these  s i t e s  
yielded endpoints, and these  results a r e  used as evidence fo r  
rough s t ra t igraphic  correlation but  not for the  calculation of 
a paleomagnetic pole. 

NASTAPOKA GROUP 

The exper imenta l  results a r e  discussed by main 
sampling area: Richmond Gulf, Manitounuk Islands, Long 
Island and Harrison Island (see Fig. 15.1). 

Richmond Gulf Area 

The youngest rocks sampled a r e  the  c las t ic  sediments  
which form t h e  Nastapoka Islands (Fig. 15.1). The NRM 
directions for  t h e  th ree  s i tes  a r e  given in Table 15.2. 
Detailed AF  and the rma l  tes t ing yielded highly variable 
directions in most cases  without within-core coherency 
(angle between specimen directions >25") and they a r e  there-  
fo re  unfit  for  fur ther  consideration. 

Eight s i t e s  were  collected f rom t h e  stratigraphically 
lower basalts on t h e  mainland. The NRM directions a r e  
towards t h e  southeast  with e i ther  up (sites 7 t o  1 I ,  Fig. 15.1) 
or down average inclinations (Table 15.2). Representa t ive  
single specimen results obtained a f t e r  AF demagnet iza t ion 
a r e  shown in Figure 15.2. They show t h a t  s i t e s  7 t o  11 
generally conta in  one remanence component occupying 
essentially t h e  whole coercivity spect rum with, in most 
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Figure 15.2. Ef fec t  of  AF demagnetization on Nastapoka 
basalt from Richmond Gulf: top  shows intensity change 
relative t o  original NRM and bot tom part shows concomitant 
changes in direction. Samples are indicated b y  their site 
number and closed and open symbols indicate respectively 
downward and upward direction. 

cases,  a superimposed low-coercivity viscous component.  
The bes t  within-site grouping was observed a f t e r  t h e  25 m T  
t r ea tmen t  yielding t h e  resul ts  in Table 15.2. Thermal 
demagnetization yielded comparable  results with essentially 
one component occupying a lmost  t h e  full  blocking t empera -  
tu re  range above 400°C (Fig. 15.3). The average direction 
for  th is  group of s i tes  is listed in Table 15.2. 

Sites 4, 5, and 6, col lec ted f rom t h e  middle and upper 
levels of t h e  s a m e  basalt  yielded di f ferent  resul ts  (Fig. 15.4). 
Firstly, good endpoints a r e  generally not indicated. Secondly, 
poor within-site coherency of t h e  directions is due t o  some  
core  directions displaying negat ive  inclinations (upward 
directions) while o the r s  have posit ive inclinations. Both 
generally show southeas tern  declinations. Stable magnetiza- 
tion could no t  be  isolated in t h e  majority of t h e  specimens 
f rom these  sites.  One component of t h e  magnetization may 
well  be  t h e  southeast-up component carr ied  by t h e  majority 
of t he  specimens  f rom s i t e s  7 t o  11. The decay of t h e  
intensity is more  rapid than t h a t  generally observed for  
specimens f rom s i t e s  7 t o  11 (Fig. 15.2, 15.4). 

The 24 accepted c o r e  d i rec t ions  (out of t h e  t o t a l  of 49) 
show best  grouping a f t e r  t h e  25 mT t r ea tmen t  (Fig. 15.5). 
The average direction of this group is given in Table 15.2 and 
t h e  corresponding pole position is given in Table 15.4 both 
before  and a f t e r  ro ta t ion of t h e  flow planes t o  horizontal. 
These results will b e  discussed in a la ter  section together  
with results obtained f rom the  o the r  sampled areas.  
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Table 15.2. Data  for s i tes  f rom Nastapoka sediments and basalts 

NRM 
Site For mation n D I k a 95 

I Nastap. Sed. N I  5 326 t 7 1  65 9 

2 5 281 +82 3 1 7 

3 6 72 t 8 3  7 16 

4 Nastap. Bas. RG 7 146 +71 14 14 

5 6 107 t34 2 44 

6 6 153 t29  6 24 

7 6 133 -31 I I 9 

8 6 128 -32 14 18 

9 6 128 -29 53 9 

10 6 130 -41 103 6 

I I 6 123 -39 8 19 

Average s i tes  7 to 11 

12 Nastap. Bas MI 4 296 t85  169 7 

13 6 149 t 7 5  4 28 

14 3 216 +88 113 8 

15 6 139 t68 17 14 

16 6 205 t 7 0  1500 2 

17 6 189 t66  138 5 

18 6 57 + I 8  2 47 

19 6 115 t54 2 42 

2 0 6 91 t34 4 20 

2 1 6 117 +35 5 26 

2 2 6 95 -26 8 20 

23 7 104 t36  5 25 

24 6 118 t69 7 23 

25 6 184 +86 9 19 

2 6 6 120 +72 4 32 

Average s i tes  18 t o  23 

27 Nastap. Bas LI 6 277 t 3 3 33 

28 6 122 +70 9 20 

29 6 294 t 6 5  10 16 

30 6 69 t82  10 18 

31 7 256 + 8 38 9 

3 2 7 304 +25 4 28 

33 6 286 +58 12 16 

34 6 346 +76 18 13 

35 7 260 t78  17 13 

36 Nastap. Bas HI 6 98 +79 5 29 

37 6 99 t 6 3  15 18 

38 6 111 +68 8 23 

NI - Nastapoka Islands Si te  ave rage  direction based on n cores  
RG-  Richmond Gulf 

After demagnetization - 
A F T n D  I k C1 95 

25 3 135 -38 15 18 

25 5 135 -38 46 9 

25 4 127 4 331 3 

25 6 129 -41 119 6 

25 6 121 -41 9 19 

24 127 -40 32 5 

60 6 197 71 36 I I 

60 6 210 70 61 9 

20 560 5 113 -15 339 4 

25 3 118 -16 25 25 

50 560 6 92 - 8 85 7 

25 6 112 -12 90 8 

4 100 -17 114 9 

25 4 100 -16 164 7 

28 107 -13 50 4 

is given by declination (D) 

Inclination (I; positive and negat ive  represent  respectively downward and upward) and - Manitounuk Islands grouping s ta t i s t ics  a re  indicated by the  normally used parameters  k and ass LI - Long Island 
HI - Harrison Island Demagnetization t r e a t m e n t  is  indicated a s  AF (alternating field with peak intensity in mT) 

and T(therma1, in "C) ,  yielding best  grouping of endpoints. 
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Table 15.3. Data for sites from Qingaaluk sediments, Poersillon volcanics and Pachi sediments 
all from the Richmond Gulf area.* 

N R M  
Site Formation n D  I k a 9 5  

39 Qingaaluk N 6 228 t86 23 14 

40 5 93 +67 48 11 

1 Average sites 48 to 52 25 125 -54 12 9 

After demagnetization - 
A F T n D  I k a 95 

550 3 149 -36 9 24 

550 5 129 -48 34 9 

44 5 48 +87 46 11 

45 6 315 +79 47 I I 

Average sites 39 to 41 

46 Qingaaluk S 6 161 +11 2 2 0 

47 6 267 +70 5 19 

48 Persillon S 6 156 -21 2 1 13 

53 Persillon N 5 232 +50 2 66 

54 5 77 1 138 

5 5 5 199 +47 4 42 

56 6 185 -13 2 65 

57 5 176 -53 14 21 

12 135 -41 14 10 

30 560 6 148 -35 42 9 

46 161 -43 23 4 

65 Pachi 5 224 +75 35 13 

66 6 315 +48 106 4 

67 

68 6 322 +55 6 5 7 

60 6 313 46 90 6 

670 5 313 44 41 10 

30 6 301 55 65 7 

*Symbols as  in Table 15.2 
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Figure 15.3. Effec t  of heating and subsequent zero-field 
cooling on Nastapoka basalt from Richmond Gulf. Top part 
shows relative intensity change. Symbols and labelling as in 
Figure 15.2. 
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Figure 15.5. Core magnetic directions accepted for 
Nastapoka basalt from Richmond Gulf as determined by 
averaging 25 mT AF results o f  two specimens per core. 

Figure 15.6. Representative AF results for specimens o f  
Nastapoka basalt from the Manitounuk Islands. Conventions 
as in Figure 15.2. NRM of most specimens contains large 
low-coercivity component compared t o  the data given in 
Figure 15.2. 

Figure 15.4. AF demagnetization results for representative 
specimens from sites 4 ,  5 and 6 ,  Nastapoka basalt, Richmond 
Gulf. 
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Table 15.4. Average direction before and a f t e r  t i l t  correction and their  corresponding 
pole positions for Nastapoka basalt. 

Formation 

Nast. Bas RG 24 

Nast. Bas MI 35 

RG - Richmond Gulf 
MI - Manitounuk Islands 
Qi - Qingaaluk sediments 
P e  - Persillon volcanics f rom the  northern (N)  and southern (S) par ts  

of t h e  Richmond Gulf a r e a  

Nast. Bas HI 12 

Qi  Sed. 12 

Pe. Volc. N. 46 

Pe. Volc. S. 25 

Haig Int. BI 

Fla  Volc. 61 

Esk. VO~C. BI 

Number of cores  is indicated by n. Average directions and 6ole positions for  t h e  
Haig intrusives, Flaherty volcanics and Eskimo volcanics a l l  f rom t h e  Belcher Islands 
a r e  also listed f rom Schmidt (1980). 

Average before t i l t  

D I k ass 

127 -40 32 5 

108 -13 50 4 

Manitounuk Islands (MI) 

203 +70 74 4 

135 -41 14 10 

161 -43 23 4 

125 -54 12 9 

20 -45 4 26 

2 -45 4 26 

114 -64 3 49 

These islands a r e  formed by Nastapoka Group basalt ic 
rocks similar t o  those t h a t  form t h e  ridge between Richmond 
Gulf and Hudson Bay (sites 4 t o  11). 

Pole position 

Long. Lat. d m  dp  

5W 3 9 s  6 4 

2E 15s  4 2 

All s i tes  (12 t o  26, Table 15.2) excep t  22 display 
downward NRM directions which a r e  generally poorly grouped 
a s  was also observed for s i t e s  4, 5, and 6. The declination is 
highly variable. AF and thermal  demagnetization indicate 
f ew well-defined endpoints, t he  remanence direction 
changing e i ther  continuously along a circular path o r  
er ra t ica l ly  when the  intensity has  reached relatively low 
levels a s  shown in Figures 15.6 and 15.7. Specimens which 
show endpoints such a s  those f rom s i tes  18, 20, and 12 in 
Figure 15.7 indicate the  presence of t w o  basic directions: 
( I )  southwest-steeply-down, and (2) southeast  - up. The 
southwest-down direction is consistently displayed by cores  
f rom s i t e s  16 and 17 a s  well a s  by individual specimens f rom 
many other  sites. Sites 16 and 17 show high coerc ivi t ies  but  
in a l l  o ther  cases  intensity decay is relatively rapid (compare 
Fig. 15.2 and 15.6). This direction is similar t o  t h a t  of t h e  
C a p e  Smith komatii t ic basalts which is likely t o  be  secondary 
(Fujiwara and Schwarz, 1975). A similar direction repor ted  
by Schmidt (1980) f rom t h e  Belcher Islands, is demonstrably 
postfolding (Hudsonian). 

91W 19N 6 5 

12W 43s  12 7 

45W 55s  5 3 

7E 47s  12 9 

The other  basic direction in t h e  Manitounuk Islands is 
southeast-up. This direction is somewhat comparable t o  t h a t  
for s i tes  7 to  11 f rom Richmond Gulf. In f ac t ,  t h e  behaviour 
of some  specimens (e.g. one  f rom s i t e  15 on Fig. 15.6) closely 
resembles t h a t  of specimens f rom s i tes  7 to  11 (see 8 and 9 in 
Fig. 15.2). Sites 18 t o  23 ra ther  consistently show th i s  
direction (Table 15.2). The remainder of t h e  s i t e s  do  not 
show a reasonably well-defined average direction because 
( I )  many specimens do not show endpoints, (2) co re  directions 
would be  based on widely divergent specimen directions 
where  endpoints exist  and (3) less than 3 cores  def ine  a s i t e  
direction. 

Average a f t e r  t i l t  

D I k ass 

130 -37 32 5 

The accepted core  directions f rom s i t e s  18 and 23 a r e  
shown in Figure 15.8. The declinations exhibit  a large  spread 
and thei r  average is 20" less than t h a t  of s i t e s  7 t o  11. The 
inclination shows l i t t l e  spread compared t o  t h a t  of s i tes  7 t o  
11, but  i ts  average is much lower than t h a t  of t h e  l a t t e r  
group. If t h e  magnetization of s i t e s  18 t o  23 is  a single 
component magnetization t h e  di f ference  between the  MI and 
Richmond Gulf results must be  due  to: 

Pole position 

Long. Lat.  dm dp 

9W 3 9 s  6 4 

133 -37 14 9 

160 -33 35 3 

122 -55 13  8 

40 -46 23 6 

40 -44 46 7 

119 -46 36 10 

I .  A di f ference  in age. Although precise t ime-stratigraphic 
correlation between MI and RG has  no t  been established, 
i t  s eems  unlikely t h a t  t h e  deposition of about  130 m of 
basal t  without substantial  intercalations of sediment  
would have taken a long period. In both t h e  RG and MI 
data ,  however, secular variation has  probably not  been 
averaged ou t  a s  sampling was confined t o  basal and 
in termedia te  layers. It could have produced a s  much a s  
half t h e  d i f ference  of 32" between the  average RG and MI 
directions. 

13W 4 0 s  11 6 

46W 4 9 s  4 2 

12E 4 6 s  12 9 

123W I N  

126W 0 

2E 4 0 s  

2. Dif ference  in bedding a t t i t ude  is confined t o  s t r ike  which 
is essentially south in Richmond Gulf and roughly south- 
west on the  Manitounuk Islands. Rota t ion t o  horizontal 
about s t r ike  hardly a f f e c t s  t h e  d i f ference  in t h e  average 
magnet ic  directions. 

On t h e  other  hand, if t h e  MI magnetization contains a 
small  component of t h e  MI southwest-down overprint,  i t  
should l ie on a g r e a t  c i r c l e  between t h e  overprint direction 
and t h e  average RG direction. This i s  no t  t h e  case  
(Fig. 15.8). Furthermore,  t h e  MI average is not in the  plane 
which includes t h e  RG average and t h e  present  geomagnetic 
field (GMF). Thus, t h e  d i f ference  between t h e  average MI 
and RG directions i s  not  resolved by considering two 
remanence components only. 
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Figure 15.7 

Thermal demagnetization of  Nastapoka 
basalt from the Manitounuk Islands. 
Magnetization is carried by magnetite.  See 
Figure 15 .2  for symbols. 
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Figure 15.8. Stable core directions a f t er  AF (circles) or 
thermal (triangles) treatment for basalts from the 
Manitounuk Islands. RG gives the average direction for the 
basalt cap a t  Richmond Gulf. Dashed great circles show that 
the Manitounuk direction cannot be regarded as a simple 
hybrid between two  components i .e.  RG and either the 
present field direction (GMF)  or RC and the probably 
secondary direction t o  the southwest-down de tec ted  in t w o  
sites o f  Manitounuk basalt. 

Long Island (LI) and  Harrison Island (HI) 

The large  number of co res  col lec ted on Long Island near  
J a m e s  Bay yielded only a f e w  individual specimen resul ts  t h a t  
showed some  stabili ty in direction during AF or  the rma l  
t r ea tmen t .  One of these  is shown in Figure 15.9 (site 32, 
thermal).  The t h r e e  s i t e s  f rom Harrison Island near  
Inoucdjouac yielded t w o  such individual specimens 
(s i te  37, AF). Intensity decay is rapid. These resul ts  suggest 
t h a t  an  easterly-up direction is present along t h e  coas t  of 
Hudson Bay between Inoucdjouac and Long Island. 

RICHMOND GULF GROUP 

The Richmond Gulf Group (RGG) occurs  in t h e  
Richmond Gulf a r e a  between t h e  Nastapoka Formation and 
the  Archean basement.  Chandler and Schwarz (1980) showed 
t h a t  extensive  faulting a f f ec t ed  Richmond Gulf Group before  
deposition of t h e  Nastapoka Group sediments and basalt  and 
subdivided t h e  group into th ree  formations (Table 15.1). 

Qingaaluk Format ion 

Samples of reddish sediments  were  collected f rom nine 
s i tes  in t h e  Qingaaluk Formation. The NRM directions for 
these  s i t e s  vary strongly with, in many cases,  poor within-site 
grouping (Table 15.3). In a l l  excep t  three ,  t he rma l  and A F  
t r e a t m e n t  did not  result  in t h r e e  or  more  consistent co re  
directions with good individual specimen endpoints per  si te.  
However, although within-site grouping of the  directions of 
these  s i tes  (39, 40, 41) is not  good, their  mean corresponds t o  
t h a t  of t h e  Nastapoka basalts (Table 15.2, 15.3). Detailed 
the rma l  demagnetization resul ts  for some  individual 
specimens f rom these  s i t e s  a r e  shown in Figure 15.1 0. The 
following observations can be  made: 

I. The northwest-down direction displayed by some  
specimens generally conta ins  both low and high blocking 
t empera tu re  components. In most specimens, t h e  direc- 
tion is r a the r  s table  throughout t h e  blocking t empera tu re  
range but  in a few (e.g. 41 in Fig. 15.10) the  highest 



I 

+ 

-t 

+ + + + -  

t 

40 mT 
200 4W C 

GSC 

PALEOMAGNETISM OF THE CIRCUM-UNGAVA FOLD BELT 

blocking temperature  component is towards t h e  south- 
eas t  and therefore  may correspond t o  t h e  s table  
direction isolated for t h e  Nastapoka basalt. Ascribing 
the  low blocking temperature  component t o  viscosity 
in t h e  present Earth's  field, t h e  high blocking 
temperature  northwest-down component may be  a 
chemical remanence acquired recently ra ther  than an  
original component representing a field reversal  with 
respect t o  t h e  southeast-up component. 

2. Many specimens display a rotation of the  magnetiza- 
tion vector  in a subvertical  plane f rom down t o  up and 
subsequent stabil ization in a southeast-up direction. 
Clearly,  thermal  t r ea tmen t  results in elimination of a 
low blocking temperature  viscous component along the  
Earth's field direction. However, a few specimens 
display a t  least  a tendency to  yield a high blocking 
t empera tu re  component oriented (north) east-up, 
carr ied  e i ther  by magnet i te  (40 in Fig. 15.10) or by 
hemat i t e  (39). 

Persillon For mation 

The large majority of t h e  s i t e s  collected f rom t h e  
Persillon volcanics carry  a large s table  component,  the i r  
NRM directions being towards the  southeast  and upward 
(Table 15.3). The s i tes  have been divided into two groups 
because of a difference in declination which persists a f t e r  
detailed AF  and the rma l  cleaning. The Persillon South (S) 
group is formed by 5 s i tes  (48 t o  52) collected in t h e  Figure 15.9. Alternating f ie ld  (AF) d a t a  f o r  two cores  f rom 
southwestern corner of Richmond Gulf. The o the r  group Harrison Island, and thermal  d a t a  f o r  one (32) core  f r o m  Long 
of 12 s i tes  (53 to  64) was  taken in the  northern par t  of Island- 
Richmond Gulf (Fig. 15.1). 

Detailed AF and thermal  results a r e  shown in 
Figures 15.11 and 15.12 respectively. Figure 15-11 shows southeas t  (specimen 62  in Fig. 15.13). The low blocking 
t h a t  the  AF demagnetization to  60 mT does not break down t empera tu re  hemat i t e  southwest-down component  represents 
t h e  high coercivity portion of t h e  NRM. Directional stabil i ty about  one third of t h e  original NRM intensity.  A reasonably 
is high and there  a r e  no indications t h a t  the  high coercivity a c c u r a t e  isolation of  this component was  not  achieved 
portion of t h e  NRM is mul t i - com~onen t .  Typical t h ~ m a l  because  of t h e  large  s c a t t e r  in direction in i t s  blocking 
resul ts  show tha t  magnet i te  carr ies  a large Part  of t he  NRM tempera tu re  range and also in vectors  removed. However, 
in a few specimens but  t h a t  hemat i t e  is  generally a n  t h e  general direction of this component corresponds t o  t h e  
important  carrier.  There a r e  no indications t h a t  t he  com-  predominant low stabili ty direction of t h e  Nastapoka basalts 
ponents carried by t h e  t w o  minerals d i f fer  in direction. The f rom t h e  Manitounuk Islands, and also t o  t h e  direction 
directions usqa1ly Show good endpoints comparable t o  those in terpre ted by Schmidt (1980) a s  secondary on t h e  basis of a 
obtained by AF demagnetization. The main NRM component fold t e s t  fo r  t h e  Belcher Islands. 
i s  oriented t o  the  southeast-up a s  observed ear l ier  for 
Qingaaluk Formation sediments  and t h e  Nastapoka Group Figure 15.14 shows a l l  co re  directions accepted on t h e  
basal t  with the  exception of  higher declination values for  t he  basis of  coherent  specimen endpoints. The population is 
persillon volcanics collected in the northern part of s t reaked due t o  a comparatively large  variation in declina- 
Richmond Gulf. t ion,  but is roughly divisible into two  more  o r  less i sometr ic  

pa r t s  when t h e  directions a r e  plotted according t o  sampled 
As is the  case  fo r  a f e w  specimens f r o m  Qingaaluk area .  This subdivision is arbi t rary  in t h e  sense  t h a t  t he re  

Formation, a few specimens f rom t h e  Persillon also show a were  two  main sampling a reas  of t h e  Persillon volcanics - 
high blocking temperature  (66O0C or higher) component with one on t h e  southern and one on t h e  nor theas tern  shore of 
d i f f e ren t  declination (specimen 57 in Fig. 15.12). The g r e a t  Richmond Gulf. However, t h e  populations f r o m  t h e  south and 
majority of the  individual specimens, however, do not, Show a north a r e  significantly d i f f e ren t  a s  is borne ou t  by t h e  
sys temat ic  change in direction for  a weak high blocking ave rage  direction fo r  t h e  t w o  groups of data  their  
t empera tu re  component (e-g. specimens 50, 51, 60). The s ta t i s t ics  (Table 15.3). The question is c lear ly  why do they 
southeast-up component,  carr ied  by both magnet i te  and not  coincide. 
hemat i t e  represents the  s table  magnetization of these  vol- 
canics and the weak hig-, blocking temperature components 1. It is  unlikely t h a t  t he re  is a substantial  d i f ference  in age  
indicated by a few specimens probably represent CRM over- between t h e  volcanics sampled on t h e  south shore  and 
prints due t o  recrystall ization of hemat i te .  Whatever i t s  those  on t h e  nor th  shore as t h e  volcanics a r e  only about 
origins, there  is very l i t t l e  if any coherency in the  direction 30 m thick. 
of th is  component. 2. I t  is  not c lear  t h a t  one of t h e  groups is a hybrid direction 

For most of t h e  sites,  up t o  th ree  co res  o u t  of six due t o  the  concurrence  of a t  leas t  t w o  directions which 
showed a northwest-down direction carried by magnet i te ,  a a r e  inseparable by blocking t empera tu re  and coercivity. 
southwest-down direction with blocking t empera tu res  A possibility would be  t h a t  t he  north shore  d a t a  a r e  
between 600 and 670°C (see  also 57 and 58 in Fig. 15.12), and contaminated by a relatively weak'  southwest steeply- 
in a few cases  an  indication of a weak component towards  t h e  down magnetization; a component indicated by several 

specimen resul ts  a s  mentioned previously. Although a 

'The angles between t h e  mean Persillon vectors and thei r  similar ave rage  intensit ies 
indicate  t h a t  this secondary component could amount  t o  about  50% of t h e  mean vector  
of t h e  Persillon south group a f t e r  thermal  and AF t r e a t m e n t  a s  in Figure  15.14. 
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reasonably precise e s t ima te  of the  direction of this com- 
ponent has not been possible, a g rea t  c i rc le  through t h e  
cen t r e s  of t he  north and south shore d a t a  groups contains 
t h e  general direction of th is  southwest component 
(Fig. 15.13, 15.14). The north and south shore da ta  a re  
therefore  t rea ted separa te ly  for t he  calculation of paleo- 
poles. 

3 .  Differential  rotation between north and a south blocks 
around a roughly ver t ica l  axis of ,  say, 20" is not supported 
by geological d a t a  given by Chandler (1979). However, 
since detailed geological mapping has not  extended t o  t h e  
Archean rocks immediately eas t  of Richmond Gulf, this 
possibility cannot  be discarded. As discussed in a la ter  
section, correct ing for tec tonic  t i l t  results in a slight 
improvement of t he  grouping of the  d a t a  but t h e  average 
directions for both groups of samples do not  change 
appreciably. 

+ + + + + + + + b +  

GSC 

Figure 15.11. AF demagnetization o f  Persillon Formation 
andesite specimens. Most specimens reveal a large 
high-coercivity NRM component. 

Figure 15.10. Thermal demagnetization of Qingaaluk 
Formation redbeds from Richmond Gulf. Numbers in 
brackets are the site number and those without brackets 
indicate a temperature of heating. Magnetite and hematite 
carry the NRM. Figure 15.12. Thermal demagnetization of Persillon 

andesites. NRM is carried by hematite and magnetite. 
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SIGNlFANCE OF THE RESULTS 

Table  15.4 shows ave rage  di rec t ions  and pole 
positions before  and a f t e r  correct ion for  bedding plane 
t i l t  for  t h e  various groups of samples. These  a r e  based 
on s table  and coh,erent c o r e  d i rec t ions  pointing 
southeast-up, and, for s i t e s  16 and 17 (MI), 
southwest-down. The l a t t e r  direction probably is a 
secondary direction and t h e  t i l t  correct ion which 
involves a common rota t ion of 6", has  no t  been applied. 
The direction for  Nastapoka Group basal ts  f rom t h e  
Manitounuk Islands shows a much lower inclination and 
median coercivity than fo r  t h e  s a m e  group near 
Richmond Gulf. As discussed ear l ier  t h e  MI direction 
may be  a hybrid although i t  is not c lear  what  i t s  o ther  
component would b e  if t h e r e  a r e  only two. The  
Nastapoka direction for Richmond Gulf, on t h e  o the r  
hand, is  essentially similar t o  t h e  Persillon (S) direction, 
carr ied  by both magnet i te  and hemat i te .  Therefore ,  t h e  
Nastapoka direction determined for  t h e  Richmond Gulf 
s i t e s  must be  regarded a s  t h e  more  reliable. The 
Manitounuk Islands direction is t he re fo re  not fur ther  
considered. 

The Richmond Gulf Group was  block faulted; t h e  
overlying Nastapoka Group in t h e  Richmond Gulf a r e a  
forms a monocline with a 7O westerly dip. 
Consequently, only t h e  Richmond Gulf Group s i tes  can 
be expected to  show a change in grouping by rota t ing 
t h e  bedding planes t o  horizontal  assuming ze ro  primary 
dip. The bedding dip is up t o  about  20" and s t r ike  

Figure 15.13. Evidence for remanence components in dif ferent  vary by about 300. The this 
blocking temperature ranges in Persillon andesite. rotation t o  horizontal  a r e  given in Table 15.4 and t h e  

t e s t  is not significant McElhinny (1964). However, a l l  
groups of samples,  particularly t h e  Persillon (N) 
samples,  show a small  improvement in grouping. Thus, 

t h e  d a t a  suggest t h a t  t h e  magnetization of t h e  Richmond 
Gulf Group is pre-faulting. Also, t h e  essentially similarly 
d i rec ted magnetization of the  Nastapoka basalt  of Richmond 
Gulf would have been acquired soon a f t e r  fault ing and 
therefore  would b e  a primary thermoremanent  magnetiza- 
tion. The problem here  is t h a t  t h e  Persillon North direction 
is significantly d i f ferent  f rom t h e  Persillon South, Qingaaluk, 
and Nastapoka directions and t h a t  t h e  e f f e c t  of t i l t ing t h e  
beds t o  horizontal  would be  decreased if a secondary com- 
ponent has  indeed been acquired a f t e r  t h e  faulting. 

Another result ,  with a bearing on t h e  a g e  of magnetiza- 
tion in Richmond Gulf Proterozoic  rocks is t h e  posit ive fold 
test obtained by Schmidt (1980) for t h e  Belcher Island 
volcanics. This t e s t  shows t h a t  t h e  Belcher magnetization is 
pre-folding or pre-Hudsonian. Comparing t h e  pole positions 
a f t e r  t i l t  correct ion of t h e  Belcher Islands and Richmond 
Gulf Proterozoic  rocks (Fig. 15.16) shows t h a t  t he  
Nastapoka-Richmond Gulf sequence may be of similar age  a s  
t h e  Eskimo volcanics of Belcher Islands. 

Preliminary results for  t h e  lower and middle sect ions  of 
t h e  Sakami Formation sediments (Schwarz and Freda, 1980) 
and t h e  Sutton Lake diabase (see  Fig. 15.1) suggest t h a t  t hese  
may be  corre la t ive  with the  Flaher ty  and Haig format ions  of 
t h e  Belcher Islands. Thus, t h e  paleomagnetic resul ts  
available t o  d a t e  suggest a t i m e  corre la t ion between various 
pa r t s  of t h e  Circum-Ungava Belt in t h e  manner depic ted 
schemat ica l ly  in Figure 15.1 5. 

Figure 15.14. All accepted core directions for Persillon 
andesite along the south shore (circles) and the north shore 
(triangles) o f  Richmond Gulf.  The large symbols indicate the 
mean directions as  given in Table 15 .4 .  
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Figure 15.15. Schematic representation showing possible stratigraphic correlation 
on the basis of remanent magnetization of Proterozoic rocks in the various regions 
sampled. Sictton Lake and La Grande 4 data  a re  preliminary. 

Pole Position 

The pole positions derived for the Circum-Ungava Belt 
a r e  shown in Figure 15.16. EO and CS a r e  probably complete 
overprints and PN may well be based on a multicomponent 
magnetization. The Richmond Gulf area poles a r e  closely 
spaced with overlapping areas of 95 per cent confidence 
(Table 15.4). EV also falls in the  group suggesting a similar 
age of formation for the Eskimo volcanics of the Belcher 
Islands. Similarity in age  between the  Eskimo volcanics and 
the  Persillon to the Nastapoka sequence is also suggested by 
their radiometric ages. Proterozoic ages available for t h e  
Richmond Gulf area, which are  listed by Chandler and 
Schwarz (19801, shows a spread from 1600 t o  1800 Ma. A 
reasonable interval seems to be 1700 to 1750 Ma. Schmidt 
(1980) has listed ages for t h e  Belcher Island rocks and 
selected a probable age of 1750 Ma for the Eskimo volcanics 
and 1640 Ma for the  Flaherty volcanics and Haig intrusives. 

The Circum-Ungava poles with suggested age of about 
1750 Ma form a cluster about 50" southeast of the  apparent 
polar wander path (APWP) drawn by McGlynn and Irving 
(1978). The 1750 Ma segment of APWP is based on poles 
from the Coronation Geosyncline (Reid e t  al., in press) and 
elsewhere in the  Shield (McClynn and Irving, 1978). Assuming 
the  1750 Ma age is correct,  the large deviation of the 
Circum-Ungava poles from t h e  APWP (Fig. 15.16) may 
indicate either large-scale pre-Hudsonian relative movement 
between t h e  Circum-Ungava Belt and t h e  rest of t h e  
Churchill Province or that  APWP must be redrawn to include 
these poles rather in t h e  manner proposed by Irving and 
McClynn (1979). 
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EO - Eskimo overprint, all from Schmidt (1980). 
PN and PS - Persillon north and south groups respectively, 
Q - Qingaaluk sediments, 
N - Nastapoka basalt, 
CS - Cape Smith volcanics. 

Figure 15.16. Pole positions listed in Table 15.4 a f te r  tilting 
the bedding plane to  horizontal. Study area outlined by 
square a t  the top of the figure. Band ( M )  indicates 
1800-1700 Ma segment of APWP according t o  McClynn and 
Irving (1978) and line (R) according to Reid e t  al. (in press). 
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Abstract 

Mid-Proterozoic sedimentation in the Borden Basin began as 1000 m of braided fluvial t o  
marginal marine quartz arenites and plateau basalts accumulated over a local regolith developed on a 
peneplaned gneiss complex. Deposition was initially restricted t o  a narrow fault-controlled channel 
that merged northwestward into an alluvial braidplain. The overlying 1100 m of strata were 
deposited during major faulting in large sandstone-shale, marine-influenced delta fan complexes that 
grade laterally northward into subtidal shales. 

Subordinate faulting continued during deposition o f  the succeeding 1700 m of supratidal to  
shallow subtidal stromatolitic shelf carbonates that include a subtidal shale zone, and contain 
economic lead-zinc deposits and many gypsiferous coastal sabkha cycles. 

Major faulting accompanied by local erosion and karsting occurred as about 1000 rn of 
interbedded sandstones, shales, carbonates and boulder conglomerates accumulated in alluvial fan to  
subtidal environments. The uppermost 1200 m of strata were deposited during a relatively stable 
tectonic interval. Fluvial t o  intertidal sandstones grade upward into shallow subtidal shelf quartz 
arenites, and are overlain disconformably by lower Paleozoic strata. 

Borden Basin was initiated as a ~eohel ik iah  aulacogen in the North Baffin Rift Zone. The 
Borden is one of several similar, penecontemporaneous, temporarily interconnected, basins which 
developed by rifting along the northwest edge of the Canadian-Greenlandic Shield. The basins are 
probably related t o  the 1200-1250 Ma old opening of the Proto-Arctic Ocean - the Poseidon Ocean. 

Dans le bassin de Borden, la skdimentation du Prote'rozoi'que moyen a de'bute'par l'accumulation 
d'are'nites quartzeuses d'origine fluviatile (cours d'eau anastomose's) a marine (milieu marginal) et  
l'accurnulation de basaltes de plateaux, au-dessus d'un re'golite local form6 sur un complexe gneissique 
pe'ne'plane'. La se'dimentation e'tait initialement restreinte h un e'troit chenal limit6 par des failles, 
qui fusionnait au nord-ouest avec une plaine alluviale re'ticule'e. Les 1100 rn de couches sus-jacentes 
se sont de'posQ pendant la formation de grandes failles dans les vastes complexes deltaiques qui 
montrent des influences marines, sont constitue's de grBs et de schistes argileux, et  passent 
late'ralement h des schistes argileux de type subtidal vers le nord. 

Ensuite s'est manifest6e une phase moins forte de fracturation pendant le de'p6t de 1700 m de 
se'diments stromatolitiques carbonatb sur une plate-forme supratidale h subtidale peu profonde, 
contenant un niveau subtidal de schistes argileux et  des gites rnine'raux exploitables de plomb e t  zinc, 
ainsi que de nombreux cycles de sebkha littorale ?I couches gypsifgres. 

Une phase de forte fracturation, suivie de processus locaux d'e'rosion et  karstification a 
accompagne' l'accumulation d'environ 1000 m de couches interstratifie'es de grhs, schistes argileux, 
carbonates et conglorne'rats de blocs, dans des milieux de cbne alluvial ou de type subtidal. 

Les 1200 m sup6rieurs de strates se sont forme's pendant un intervalle de stabilite' tectonique 
relative. Les gr&s fluviatiles d intertidaux passent progressivernent vers le haut a des are'nites 
quartzeuses de plate-forrne subtidale peu profonde, e t  sont recouverts en discordance d'e'rosion par 
des strates datant de la f in du Pale'ozo'ique. 

Le bassin de Borden a tout d'abord e'te'au Ne'ohe'likien un aulacogBne duns la zone de r i f t  du nord 
de l'fle Baffin. Le bassin de Borden est l'un de plusieurs bassins similaires, presque contemporains, 
temporairement r e l i b  entre eux, qui re'sultent de la fracturation du rebord nord-ouest du bouclier 
canadien - Groenlandais. La formation de ces bassins re'sulte probablement de l'ouverture, il y a 1200 
d 1250 Ma, de l'oce'an Proto-arctique - ou oce'an de Pose'idon. 

'~eological  Survey of Canada, 601 Booth Street, Ottawa K I A  0E8. 
'~epar tment  of Geology, University of Western Ontario, London N6A 5B7. 
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INTRODUCTION 

As much a s  6100 m of l a t e  Proterozoic (Neohelikian) 
s t r a t a  a r e  spectacularly exposed in towering cas te l la ted  
cliffs along inlets and fiord-like sounds of rugged, 
mountainous northern Baffin and Bylot islands (Fig. 16.1). 
These stra-ta nonconformably overlie an  Archean-Aphebian 
gneiss complex, a r e  intruded by Hadrynian Franklin diabase 
dykes, and a r e  overlain unconformably by Paleozoic and 
Cretaceous-Eocene s t ra ta .  Lemon and Blackadar (1963) and 
Blackadar (1970) documented early exploratory work, 
established the  s t ra t igraphic  succession, and defined t h e  
formations. Other  recent  studies include those by 
Blackadar (1968a-d), Galley (1 978), Geldsetzer (1973a,b), 
Graf (19741, Iannelli (19791, Jackson and Davidson (19751, 
Jackson e t  al. (1975, 1978a,b, 19801, Olson (19771, and 
Sangster (198 1). 

This paper presents primarily results obtained during 
Operation Borden (1977, 1978 and 1979 field seasons) and 
results f rom some previous studies. All Rb-Sr ages  quoted 
have been calculated, or  recalculated, using X " R ~  = 
1.42 x 10-"a-'. 

The basic formational nomenclature e rec t ed  by Lemon 
and Blackadar (1963) and by Blackadar (1970) for t h e  
Neohelikian s t r a t a  has  been retained in this paper, although 
individual formations have been divided in to  members  
(e.g. s e e  Iannelli, 1979; Jackson and Davidson, 1975; 
Jackson et al., 1975, 1978a,b, 1980). Some formations need 
t o  be  be t t e r  defined and reference  sections se lec ted t o  
augment  the  type sections. It is also considered more  logical 
t o  classify the  format ions  in to  3 groups ra ther  than t h e  
2 groups of Lemon and Blackadar (1963). 

'The th ree  groups - lower c las t ic  (Eqalulik), middle 
carbonate  platform (Uluksan), and upper c las t ic  (Nunatsiaq')  
a r e  commonly separa ted by intra-basinal disconformities, and 
a r e  here  referred t o  collectively a s  t h e  Bylot Supergroup 
(Table 16.1, Fig. 16.2). 

The Neohelikian s t r a t a  of t h e  Bylot Supergroup were  
assigned t o  t h e  Borden Basin by Chris t ie  et al. (1972). 
Deposition in t h e  eas tern  par t  of t h e  basin occurred 
predominantly in th ree  grabens of t h e  North Baffin Rif t  Zone 
(Jackson et al., 1975) separa ted by basement horsts t h a t  both 
plunge and d ie  ou t  toward t h e  northwest (Fig. 16.2, 16.26). 

The Bylot Supergroup has been considered to  be  of 
Helikian and/or Hadrynian a g e  by recent  workers 
(Blackadar, 1970; Geldsetzer,  1973b; Jackson, 1969; 
Jackson et al., 1975, 1978a,b, 1980; Olson, 1977). Ages noted 
immediately below have been determined by t h e  
Geochronological Laboratories of t h e  Geological Survey of 
Canada. 

Seventeen whole rock K-Ar ages  determined for Nauyat 
volcanics range f rom 762 f 26 t o  1221 + 31 Ma and have a 
mean a g e  of 946 Ma (Fig. 16.3, 16.34). In addition, 6 of 
14 sample analyses yield a 1129 Ma, 6-point Rb-Sr age  with 
an  initial in tercept  of 0.7120 and a MSWD of 5.5. 

Fahrig et al. (1981) obtained paleomagnetic poles fo r  
t h e  Bylot Supergroup which they in terpre ted a s  Mackenzie. 
They also in terpre ted the  Nauyat-Adams Sound pole t o  be  
about  1220 Ma, and t h e  St ra thcona Sound pole t o  b e  abou t  
16.5 Ma younger. Both Fahrig et al. (1981) and Chandler and 
Stevens (1981) considered t h e  mid-late Proterozoic volcanism 
t o  be a Mackenzie igneous event ,  with which we concur. 

Sphalerite-galena deposits l ie  chiefly within Society 
Cliffs dolostone in t h e  Nanisivik region of Milne Inlet Trough 
(Fig. 16.26) and a r e  associated w s h  pyr i te  and h e m a t i c -  
goethi te  deposits. The sulphide bodies a r e  secondary cavi ty  

fillings and replacement  bodies emplaced some  t ime  a f t e r  
Victor Bay sedimentation and prior t o  Franklin dyke intrusion 
(see also: Geldsetzer,  1973a,b; Gra f ,  1974; Olson, 1977; 
Sangster,  198 1 ). 

Northwest-trending tholeii t ic Franklin (Fahrig e t  al., 
1971; Fahrig and Schwarz', 1973) d iabase  dykes up t o  200 m 
thick cu t  all  Precambrian rocks of t h e  map  a r e a  (Fig. 16.4), 
pos tdate  some  folding and faulting of t h e  Bylot Supergroup, 
and a r e  overlain nonconformably by lower Paleozoic s t r a t a .  
Franklin dykes appear less a l tered than Nauyat Formation 
volcanics, which have probably undergone subgreenschist  
fac ies  metamorphism (Jackson and Morgan, 1978). 
Chemically, t h e  Franklin diabases a r e  more highly 
di f ferent ia ted  than t h e  Nauyat volcanics. A similar 
relationship between Neohelikian volcanics and Hadrynian 
dykes has  been observed in t h e  Thule Basin (Fig. 16.34; Frisch 
and Christie,  in press). 

Many of the  Franklin dykes were  emplaced along f au l t  
zones and dominant northwest-trending dykes a r e  
concentra ted  along t h e  Tikerakdjuak Faul t  Zone (Fig. 16.4, 
16.23, 16.26). Some subordinate,  thinner,  northerly trending 
dykes c u t  northwest-trending dykes, while o the r s  seem t o  b e  
co-intrusive and t o  simply b e  splays off t h e  main northwest- 
trending dykes. The two  trends probably developed pene- 
contemporaneously in response t o  br i t t le  f rac tur ing of a 
block re la ted  t o  tension and torsion caused by movement  
along bounding f au l t  zones. Dykes of both  or ienta t ions  yield 
similar whole rock K-Ar ages  (Fig.16.3, 16.34; 
Blackadar, 1970; Jackson, 1974). To da te ,  all  paleomagnetic 
measurements  indicate  a single paleomagnetic pole f o r  
Franklin dykes and Fahrig (personal communication, 1981) 
e s t ima tes  t h a t  t h e  Franklin Igneous Event is probably 
700-750 Ma old. 

BASEMENT COMPLEX 

The Archean-Aphebian basement  i s  a variable complex 
of high-grade gneisses and igneous rocks. The gneisses a r e  
chiefly irregularly banded in termedia te  t o  acidic migmat i tes ,  
in par t  fluidal, t h a t  a r e  commonly intruded by a t  leas t  two  

Figure 16.1. Location of  strata within Borden Basin and in 
other Neohelikian basins, northwest edge of Canadian- 
Greenlandic Shield. 

' ~ u n a t s i a q  (from Nunatsiaq Point, 81°09'W Long., 73O25'N Lat.) is Inuit for  "good land". 
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Figure 16.3. Whole rock K-Ar ages  in Borden Basin. 

generations of granites. Upper amphibolite regional 
metamorphism predominates in t h e  complex excep t  on Bylot 
Island where  granulite grade predominates. On northwestern 
Baffin Island granulite facies rocks a r e  most abundant 
adjacent  t o  t h e  Borden Basin and occur in Navy Board and 
Byam Martin highs (Jackson and Morgan, 1978). 

A thin regolith is locally present a t  t he  con tac t  
between Bylot Supergroup rocks and t h e  gneissic basement.  
The gneisses a r e  commonly stained red for several me t re s  
below t h e  unconformity. Up t o  6 m of regolithic mater ia l  i s  
preserved south and eas t  of t he  head of Tremblay Sound, in 
t h e  Paquet  Bay a rea  and on Bylot Island (Fig. 16.2). In these  
a r e a s  basement  gneisses pass gradually upward in to  friable,  
varicoloured, massive t o  poorly s t ra t i f ied  rocks t h a t  consist  
essentially of recessive masses of kaolinized feldspar and 
more  resistant granular layers and lenses of quar tz ,  all  in a 
finely crystall ine chlorit ic matrix.  The con tac t  between t h e  
regolith and basal Bylot Supergroup s t r a t a  is unconformable 
and planar t o  slightly undulatory. Where t h e  regolith is  
absent,  t h e  con tac t  between t h e  gneisses and overlying 
Neohelikian s t r a t a  is also planar to  undulatory, with a 
maximum observed relief of 2 m. Local draping and 
pinching-out of sedimentary beds occurs over t h e  small  
basement  topographic highs. 

EQALULIK CROUP 

In the  revised nomenclature presented here ,  t he  
Fabricius Fiord and Arct ic  Bay formations have been 
reassigned t o  the  Eqalulik Croup along with t h e  Nauyat and 
Adams Sound formations (Fig. 16.2). 

Nauyat  Format ion 

The Nauyat, lowermost formation of the  Eqalulik Group 
(Table 16.11, outcrops primarily south of Adams Sound and 
extends  t o  south of Tremblay Sound (Fig. 16.2). Nauyat 
s t r a t a  average a lmost  240 m in thickness in t h e  western  p a r t  
of t h e  area ,  and may be  430 m thick south of Adams Sound. 

Figure 16.4. Distribution of Franklin diabase dykes on 
northern Baffin and Bylot islands. Note main concentra t ion 
along Tikerakdjuak Faul t  Zone (see Fig. 16.26). 

The Nauyat Formation is divided in to  t w o  members: 
a lower NA1 member composed chiefly of qua r t z  areni te ,  and 
an upper NA;! member consisting almost ent i re ly  of basalt  
flows. Nauyat qua r t z  a ren i t e s  a r e  similar t o  those  of t h e  
overlying Adams Sound Formation, and a r e  included in t h e  
l a t t e r  formation where  NAz basal t  flows and sills a r e  absent. 
Nauyat volcanics a r e  th ickes t  along a line trending north- 
nor theas t  through Elwin Icecap, thin southeastward, and do 
not  occur  e a s t  of Tremblay Sound (Fig. 16.2, 16.5, 16.6). 

NA, Member 

The NA1 member  consists predominantly of multi- 
coloured (chiefly buff t o  pink) qua r t z  a ren i t e  interbedded 
with minor subarkose, lesser amounts  of qua r t z  granule- 
pebble conglomerate  and sil tstone, and r a r e  shale. The 
subarkose and conglomerate  beds occur mainly in t h e  basal 
pa r t  of t h e  member; a thin conglomeratic unit  commonly 
res ts  on basement gneisses (Fig. 16.5, 16.6). 

The NA1 member is entirely qua r t z  a ren i t e  south of 
Tremblay Sound and on nor thern  Bylot Island. Elsewhere, a 
conformable volcanic subunit  containing one or two  
amygdaloidal plateau basalt  flows, similar t o  those in t h e  
NA2 member ,  occurs  sporadically in t h e  middle par t  of t he  
member.  The lower con tac t  is  sharp  and t h e  underlying 
sediments  a r e  baked, while t h e  upper con tac t  is  sharp,  but 
possibly erosional. Locally, r a r e  volcanic f ragments  occur in 
t h e  overlying s t r a t a .  

This member  varies in thickness f rom 0 t o  more  than 
160 m in t h e  western  par t  of t h e  a r e a  and increases in 
thickness t o  t h e  northwest.  The intra-member volcanics, 
f rom 27 m thick southeas t  of Elwin Inlet t o  60 m north of 
Levasseur Inlet, a r e  under- and overlain by qua r t z  arenites.  

South of Adams Sound, t h e  member  i s  character ized by 
conglomerate-based fining-upward cycles 2 - 8 m  thick 
(Fig. 16.7). These cycles  consist  of a thin basal conglomerate  
overlain by a thick, graded qua r t z  areni te ,  and capped by thin 
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NAUYAT F M  

Figure 16.5. Representative stratigraphic section of Nauyat 
Formation (NA) south o f  Adams Sound. 

sil tstone,  o r  rarely,  siltstone-shale. These  cycles  a r e  less 
well defined upward and d i e  o u t  t o  t h e  nor thwest  where  
coarser  units a r e  lacking. 

Small t o  medium trough and planar crossbeds a r e  t h e  
most common sedimentary  s t ruc tures .  Minor s t ruc tu re s  
include scour  channels, cu r r en t  ripples, and smal l  load cas ts .  
Large-scale cu r r en t  r ipples and crossbeds a r e  rare .  
Crossbeds indicate tr imodal pa leocurrent  t rends  of low t o  
modera t e  dispersion t o  t h e  southwest  and west  t o  nor thwest  
(Fig. 16.8). The dispersion of t h e  modes is  considered a 
consequence of local  pre-depositional topography. 

The NA1 member  is sharply and conformably overlain 
by NA2 volcanics and t h e  uppermost NA1 s t r a t a  have  been 
baked and highly indurated. 

NA2 Member 

The NA2 member  consists of a variable sequence  of up 
t o  7 basa l t  flows and minor interflow sediments  
(Fig. 16.5, 16.6). The NA2 may b e  200 m thick south  of 
Adams Sound, bu t  is  commonly 100-130 m th ick  both t h e r e  
and in t h e  Elwin Icecap region. The member  thins southeas t -  
ward,  and is 8 rn thick south of Tremblay Sound and 30 m 
thick on northern Bylot Island. Southeastward,  t h e  number of 
f lows decreases  t o  I or 2. NA2 rocks  on northern Bylot Island 
may  include massive rnafic t o  u l t r amaf i c  sills. Where NA1 
s t r a t a  a r e  absent ,  t h e  NA2 volcanics r e s t  d i rec t ly  on 
basement.  

LEGEND FOR STRATIGRAPHIC SECTIONS 

Limestone.undifferenliated @ Siliciclastic' dolostone 

Dolostone, undifferentiated Shale 

rn Limestone cryplalgal 
lamlnales Siltstone 

F$~(z;e cryptalgal a Ouartzarenite 

Dolaren~~e a Arkose-subarkose 

Stromatolitic carbonates Lithic areni!e- 
L'lirnestone, D:dolostone sublltharenlte 

Evaporite sequences a Conglomeratic sandstone 

Shaly-s~lty llmeslone Conglomerate 

Siliciclast~c' lbmestone Basalt 

Shaly-silty dolostone Diabase. gabbro 

A Chert Basement complex 
Halite casts CONGLOMERATES 

2 Section locallon LFC - Limestone flat clasl 
1.1 Ga Radiometric age in 

Giga years LRC -Limestone round clast - Disconformity DFC - Dolostone flat clast 
DRC - Dolostone round clast 

COLOURS DSTRC-Dolostone, siltstone 
RD - Red round clast 
GY - Grey 
GG - Grey -Green 
BG - Blue-Green 
BK - Black 

STRC -Siltstone round clast 
GDRC -Gneiss, dolostone 

round clast 
GRC - Gnelss round clast 

Figure 16.6. Legend for stratigraphic sections and cycle  
diagrams. "Siliciclastic*" re fers  t o  clastic silicate grains, 
chief ly  quartz and feldspar, disseminated in the carbonate. 

Figure 16.7. Representative conglomerate-based fining- 
upward cycles  in N A l ,  AS1, and ASu members, southern 
Borden Basin. 
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Plgure 16.8. Generalized section of Bylot Supergroup as well as depositional environments, relative 
intensity of faulting, and cumulative crossbed and stromatolite elongations for each formation. 
Formation abbreviations as in text  and for formation sections. 

The con tac t  with t h e  overlying Adams Sound Formation 
is sharp  and apparently conformable,  but local volcanic c las ts  
in t h e  suprajacent qua r t z  areni tes  suggest minor local 
erosion. 

Individual flows a r e  commonly 2 to  20 m thick but may 
be  a s  much a s  60 m. All flows a r e  f ine  grained and dark  
green t o  green-grey. Most flows a r e  increasingly 
amygdaloidal upward but t h e  uppermost flow is massive, 
res is tant  and amygdule-free. Chemical analyses indicate  
t h a t  both NA1 and NA2 flows a r e  tholeii t ic basalts which 
become more  alkalic toward t h e  top of t h e  sequence 
(Galley, 1978; Fig. 16.9, 16.10). 

Columnar joints a r e  commonly well-developed. R a r e  
pillows, chiefly 25 c m  or  less in d iameter  with indistinct 
r ims, occur south of Adams and Tremblay sounds. Flow- 
banding occurs locally and volcanic breccia  lenses occur  
north of Levasseur Inlet. Upper par ts  of some  flows contain 
partially resorbed qua r t z  grains, qua r t z  a ren i t e  c las ts  up t o  
cobble size, and quar tz  arenite-filled cracks.  This suggests 
t h a t  some  flow surfaces  were  probably semi-fluid when t h e  
c las t ics  were  deposited on them (Galley, 1978). 

Thin, baked, interflow sediments up t o  severa l  me t re s  

N.W. NEWFOUNDLAND 

SUBALKALINE 

( A F T E R  I R V I N E  A N D  B A R G A R , 1 9 7 l )  

thick occur locally in NA2. These include vuggy qua r t z  
areni te ,  thinly laminated stromatolit ic(?) l imestone, iron-rich Figure 16.9. Alkali-silica diagram for Nauyat basalts. From 

carbonate ,  minor che r t  and sil tstone, and r a re  volcanic Galley (1978). 

breccia  lenses. Small-scale quar tz  arenite-dominated fining- 
upward cycles occur within some of these  sequences. 
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Figure 16.10. Stratigraphic positions of chemically analyzed 
Nauyat basalt samples and variations in K 2 0  and NanO. 
From Galley (1978). 

The volcanic pile is  spatially related t o  t h e  present 
Centra l  Borden, Tikerakdjuak, White Bay, Har tz  Mountain 
and Cape Hay faul t  zones (Fig. 16.2, 16.26). 

Interpretation 

Unimodal paleocurrent trends (crossbeds a r e  unimodal 
locally but cumulative rose is tr imodal - Fig. 16.8) and 
conglomerate-based t o  qua r t z  arenite-dominated fining- 
upward cycles  indicate a fluvial depositional environment for  
most of t h e  Nauyat sediments. 

The composition (Fig. 16.9, 16.10) and physical 
properties of t h e  Nauyat volcanics indicate t h a t  they a r e  
predominantly subaerial  tholeii t ic plateau basalts t h a t  were  
extruded quietly along fissures o r  linearly-controlled erupt ive  
cen t r e s  (Galley, 1978). They were  covered by sediments 
before  significant erosion could occur. 

Adarns Sound Formation 

The Adams Sound Formation is t h e  middle format ion of 
t h e  Eqalulik Group, and outcrops extensively in southern 
Borden Peninsula (Fig. 16.2). The Adams Sound conformably 
overlies NAz volcanics wherever t h e  l a t t e r  a r e  present,  
although a thin (8 cm)  layer of volcanic a ren i t e  locally 
overlies t h e  volcanics (Geldsetzer,  1973b). Elsewhere t h e  
Adams Sound res ts  upon basement  gneisses. The format ion 
ranges from 610 m thick on western Borden Peninsula, t o  
45 t o  65 m e a s t  of Tremblay Sound, and at leas t  415 m on 
northwestern Bylot Island. 

'The Adams Sound Formation consists predominantly of 
thin- t o  thick-bedded, rarely massive, quar tz  areni tes ,  with 
minor interbedded subarkose, quartz-pebble conglomerate  
and r a r e  si l tstone and shale  (Fig. 16.11). Sedimentary  

A.  ADAMS SOUND 

\ 
\ 
\ 
\ 
\ 
\ 

FM. 

\ 
\ 

A - AdamsSoundarea 
B - West of Paquet Bay 

Figure 16.11. Representative stratigraphic sections of  
Adams Sound Formation (AS). 

s t ruc tu res  a r e  common and include current  ripples, trough 
and planar crossbeds (Fig. 16.8), channels,  scours, load cas ts ,  
so f t  sediment  deformat ion s t ructures ,  c las t ic  dykes and 
microfaults.  

Two broad regions of Adarns Sound s t r a t a  have been 
delineated on t h e  basis of subtle changes in lithology, t h e  
na tu re  of depositional cycles,  and contained sedimentary  
s t ructures .  These regions are:  Borden Peninsula, and t h e  
Eastern Region (southeast  of Milne Inlet, and Bylot Island, 
Fig. 16.2). 

Borden Peninsula 

The Adarns Sound in th is  region has  been divided into 
th ree  intergradational members.  

AS, Member: Most of this member  is composed of buff 
t o  red,  planar t o  crossbedded qua r t z  a r e n i t e  t h a t  conta ins  
minor interbedded and interlensed granular t o  pebbly quar tz  
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areni te ,  oligomictic t o  polymictic pebble t o  cobble ortho- 
conglomerate,  subarkose, si l tstone and shale. Conglomeratic 
rocks occur mostly in t h e  basal par t  of t h e  member; c las ts  
a r e  predominantly quartz,  but locally include quar tz  areni te ,  
c h e r t  and gneiss. Some sequences contain well-developed 
conglomerate- t o  pebbly quar tz  arenite-based, quar tz  a ren i t e  
dominated, fining-upward cycles (1 t o  3 m) rarely capped by 
thin units of si l tstone or  siltstone-shale (Fig. 16.7). AS1 
thicknesses range f rom 130 m a t  Elwin Inlet  t o  8-16 m near  
Tremblay Sound. 

Sedimentary s t ructures ,  especially planar and trough 
crossbeds a r e  ubiquitous. Paleocurrents a r e  primarily 
unimodal northwest t o  northeast ,  with subsidiary southwest 
t o  southeast  trends. 

AS2 Member: The ent i re  member is dominated by buff 
t o  light pink qua r t z  areni te .  Poorly defined 3-5 m thinning- 
and fining-upward cycles occur locally. These consist of 
lower units of medium- t o  coarse-grained, medium-bedded 
qua r t z  areni te ,  with large trough crossbeds and scours, 
grading upward into f ine  grained, thin bedded t o  laminated, 
qua r t z  arenite.  This member has a maximum thickness of 
128 m a t  Adams Sound but thins t o  33  m a t  Tremblay Sound. 

The relatively few sedimentary s t ruc tu res  present 
include crossbeds, cu r ren t  ripple marks, load casts,  and 
synaeresis or  desiccation cracks. Paleocurrent pat terns  show 
high dispersion, unirnodal northwest t o  nor theas t  t ranspor t  
with subsidiary east and southeast  trends. 

AS3 Member: This member is chiefly white, light t o  
dark grey and pink quar tz  a ren i t e  with interbeds and lenses of 
granular t o  pebbly qua r t z  areni te ,  and quartz-pebble 
conglomerate.  Thin shale and sil tstone interbeds occur in t h e  
uppermost par t  of t h e  member. R a r e  channels filled by 
qua r t z  areni te-c las t  breccia occur in t h e  Tremblay Sound 
a rea ,  where some  sections also contain 4-8 m thick fining- 
and thinning-upward cycles. Fining-upward cycles in t h e  
Adams Sound a r e a  a r e  1.5-4.5 m thick and have large  basal 
scour  channels filled with qua r t z  granule t o  quartz-pebble 
conglomerate.  AS3 s t r a t a  a r e  commonly 68-100+ m and a r e  
somewhat thicker locally a t  Tremblay Sound. 

Megaripple marks with wavelengths up t o  2 m, wave 
ripple marks and graded and overturned crossbeds also occur. 
Paleocurrent trends a r e  polymodal, northwest-southeast  
bimodal, and northwest and nor theas t  t o  southeast  unimodal. 

Eastern Region 

Adams Sound s t r a t a  on Bylot Island and southeast  of 
Milne Inlet a r e  similar t o  those on Borden Peninsula, but a r e  
he re  informally divided in to  only a lower (ASL) and upper 
(ASu)  member t h a t  a r e  approximately equivalent t o  the  
Borden Region s t r a t a .  Measured thicknesses a r e  in excess of 
374 m on Bylot Island where one partial  section was 
es t imated t o  b e  415 m (Jackson and Davidson, 1975). The  
Adams Sound Formation southeast  of Milne Inlet has a much 
higher proportion of conglomerate  than elsewhere,  but  is  
much thinner (45-65 m). 

ASL Member: Buff t o  pink, orange and purple s t r a t a  
dominate  this member.  On Bylot Island'  qua r t z  a ren i t e  
predominates and contains some  interbeds of granular t o  
pebbly qua r t z  a ren i t e  and quartz-pebble conglomerate.  The 
upper par t  of this member  contains a distinctive dark 
purplish-red hematite-stained qua r t z  a ren i t e  sequence with 
abundant s i l t s tone and shale  partings. 

Southeast of Milne Inlet most of t h e  ASL is thick- 
bedded t o  massive, oligomictic t o  polymictic,  quartz-pebble 
t o  quartz-cobble orthoconglomerate in which qua r t z  areni te ,  
feldspar,  and gneiss c las ts  a r e  locally abundant.  The gneiss 
c las ts  decrease  in abundance upward in t h e  member. 
Subarkose, pebbly subarkose and qua r t z  a ren i t e  a r e  inter- 
bedded with t h e  conglomerate.  

Fining-upward cycles  occur locally throughout the  
member.  On Bylot Island t h e  beds in t h e  cycles  also thin 
upward, and cycles  a r e  2-5 m thick. These cycles consist of 
a lower unit of medium-bedded, medium-grained t o  granular 
qua r t z  a ren i t e  with l a rge  trough crossbeds, channels and load 
cas ts .  This unit grades upward in to  medium-bedded t o  thick- 
laminated f ine  grained qua r t z  a ren i t e  with smaller trough 
crossbeds, cu r ren t  ripple marks and synaeresis cracks.  
Fining-upward cycles  southeast  of Milne Inlet a r e  
conglomerate  based and conglomerate  dominated (Fig. 16.7). 
The member is typically 110-196 m thick on Bylot Island and 
1-15 m southeast  of Milne Inlet. 

Few sedimentary  s t ruc tu res  a r e  present  southeast  of 
Milne Inlet, but  include large  sca t t e red  planar crossbeds up t o  
2.5 m thick t h a t  contain cu r ren t  aligned qua r t z  pebbles along 
foreset  and bot tomset  beds. Paleocurrent pat terns  show 
north-northwest, north,  and southeas t  unimodal transport .  
Paleocurrent pat terns  on Bylot Island vary from northwest- 
southeast  bimodal-bipolar t o  unimodal northwest t o  
southwest.  

ASu Member: White t o  buff and brown-grey quar tz  
a ren i t e  predominates in this member .  Minor interbeds of 
granular t o  pebbly qua r t z  a ren i t e  and quartz-pebble 
conglomerate  thin and dec rease  in abundance upward. 
Sil tstone partings a r e  rare.  Some 1-4 m fining-upward cycles  
a r e  present,  and a r e  similar t o  those present in ASL member 
f rom t h e  respect ive  a r e a s  (Fig. 16.7). These  cycles  also thin- 
upward on Bylot Island. The member  ranges f rom 140-200 m 
thick on Bylot Island t o  18-35 m southeas t  of Milne Inlet. 

Large-scale planar crossbeds with graded foresets  
megaripples, and scour channels a r e  common locally south- 
east of Milne Inlet. The crossbeds show unimodal northwest 
t o  north transport ,  whereas  t ranspor t  in t h e  Bylot Island 
succession was  southwest t o  northwest unimodal and bimodal. 

Interpretation: The conglomerate-dominated, conglom- 
erate-based and qua r t z  arenite-dominated fining-upward 
cycles,  predominance of strongly unimodal paleocurrents 
(Fig. 16.8), and t h e  abundance of festoon crossbeds and o the r  
s t ructures ,  indicate t h a t  AS1 member  of t h e  Borden 
Peninsula region and t h e  ASL and ASU members southeast  of 
Milne Inlet were  deposited under proximal t o  distal  braided 
fluvial  environments. 

The AS2 and AS3 members  on Borden Peninsula and 
ASL and ASU on Bylot Island were  deposited in mixed fluvial- 
mar ine  environments,  a s  suggested by thinning-upward c las t ic  
shoreline cycles,  l a rge  t idal or  fluvial bar-like s t ructures ,  and 
strong unirnodal t o  bimodal-bipolar paleocurrent trends. 

Arctic Bay Formation 

The Arct ic  Bay Formation outcrops in a broad belt  
across most  of t h e  southern basin (Fig. 16.2). Locally, 
pyrit iferous shale  is  t h e  predominant lithology, with s i l t s tone 
and qua r t z  a ren i t e  interbedded with shale  in t h e  lower pa r t  of 
t h e  formation, and sil tstone, dolostone and qua r t z  a ren i t e  
interbedded with shale  in t h e  upper par t .  
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A - Upper Tremblay Sound a rea  
B - Tay Sound-Paquet Bay a rea  

Figure 16.12. Representative s t ra t igraphic  sect ions  of 
Arct ic  Bay Formation (AB). 

The formation is 180 m thick a t  Arct ic  Bay, and ranges 
from 500 t o  770 m throughout most of t h e  res t  of t he  a rea .  
The lower con tac t  with the  Adarns Sound Formation is 
conformable and gradational.  

Sedimentary s t ruc tu res  a r e  most common in the  sil t-  
stone, qua r t z  areni te ,  and s t romatol i t ic  dolostone beds. They 
include wave and current  ripples, planar and trough 
crossbeds, synaeresis and desiccation cracks,  molar tooth and 
t epee  s t ructures ,  load casts,  rip-ups, scours, rill marks, 
convolute or  so f t  sediment-folded beds, and dewater ing 
structures.  Some dolostones contain small  vugs lined with 
ca lc i te ,  dolomite,  quar tz ,  and rarely ce les t i te ,  s ider i te ,  and 
black bituminous material .  Some shale  beds contain 
concretions and cone-in-cone structures.  White gypsum 
eff lorescence and calcareous coatings a r e  common on t h e  
shales and some  s t r a t a  e m i t  a s t rong petroliferous odour. 

Four intergradational members  a r e  distinguished in t h e  
format ion throughout t h e  a r e a  (Table 16.1, Fig. 16.12). 
However, t h e  en t i r e  formation is distinctly d i f ferent  
southeas t  of Milne Inlet. 

A SHALE 
DOMINATED 

8. QUARTZARENITE 
DOMINATED 
r----.: "1 

A - West of Milne Inlet  
B - East of Milne Inlet  

Figure 16.13. Generalized coarsening-upward cycles  of t he  
AB2 member.  

AB1 Member 

This member  comprises grey-green t o  white inter- 
bedded sil tstone and qua r t z  a ren i t e  and minor thin interlayers 
and partings of black shale  tha t  increase  upward. Buff-white 
t o  grey qua r t z  a ren i t e  with minor thin grey s i l t s tone and 
shale  in ter layers  and partings predominate  east of Milne 
Inlet. Thicknesses range f rom 12-48 m in t h e  Milne Inlet  
Trough and a r e  similar elsewhere.  

Character is t ic  sedimentary  s t ruc tu res  include herring- 
bone crossbeds, megaripples, small  c l a s t i c  dykes, and lensoid 
bedding. Paleocurrents  everywhere  a r e  bimodal-bipolar 
northwest-southeast ,  with polymodal t ranspor t  trends also 
present  in t h e  Borden-Bylot area.  

AB2 Member 

The en t i r e  AB2 member  is composed of 12 t o  I 5  
coarsening-upward shale-dominated cycles  t h a t  consist  of 
t h r e e  intergradational units (Fig. 16.13). Individual cycles 
a r e  4.5-21 m thick in t h e  Borden-Bylot region. However, 
t h e r e  a r e  only 4 t o  6 cycles  in t h e  e a s t  Milne Inlet a r ea ,  and 
these  a r e  qua r t z  arenite-dominated, and 6.5-17 m thick. The 
member is typically 48-115 m thick, but  is  150-260 m around 
Tremblay Sound. 

The lowermost unit of t h e  cycles,  is chiefly black shale 
with minor lensoid t o  thin-bedded sil ty shale  and qua r t z  
areni te .  I t  is typically 2-5 m thick e a s t  of Milne Inlet and 
3-9 m thick elsewhere.  The middle unit of t h e  cycles  
consists of lenticular- t o  planar-interbedded grey-white silt- 
stone-quartz a ren i t e  and shale. The shale  component 
decreases  upward f rom more  than 8 5  per c e n t  a t  the  base t o  
less than 50 per c e n t  a t  t h e  top. The middle unit is 1.5-4.5 m 
thick eas t  of Milne Inlet  and 1.5-6 m thick elsewhere.  

The upper unit of t h e  cycles  i s  composed of grey-brown 
t o  grey and white thin- t o  thick-bedded qua r t z  arenite.  The 
unit  contains some  in ter layers  and partings of grey-black 
s i l t s tone and shale  and decreases  upward in thickness 
throughout t h e  member .  Thickness ranges f rom 3-7.5 m e a s t  
of Milne Inlet, and 0.3-1.5 west of t h e  inlet .  
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Character is t ic  sedimentary s t ructures  include herring- 
bone-crossbeds, megaripples and channels. Crossbeds 
indicate  unimodal southwest to northwest transport  through- 
ou t  t h e  area.  Bimodal-bipolar southeast-northwest trends 
occur eas t  of Milne Inlet, and polymodal trends locally occur 
elsewhere.  

AB3 Member 

Planar-laminated micaceous black shale predominates 
in t h e  AB3 member.  In addition, i t  contains minor (less than 
10%) thin grey-black silty shale, si l tstone, dololuti te and 
dolosil t i te interlayers throughout t h e  Borden-Bylot area .  
However, these  const i tu te  up t o  25 per cen t  of t he  member 
e a s t  of Milne Inlet, where  a I m concretionary l imestone bed 
in the  middle of t h e  member is a distinct marker.  There a r e  
f ew sedimentary s t ructures  and t h e  member is recessive. 
This member is up to  400 m thick eas t  of Elwin Inlet and wes t  
of Tremblay Sound, but only 64-92 m eas t  of Milne Inlet. 

ABI, Member 

Grey-black shale  is t h e  chief lithology of this member,  
except  southeast  of Milne Inlet where  i t  is merely a 
prominent lithology and t h e  member makes up most of t h e  
Arct ic  Bay Formation. ABs sequences and lithologies a r e  
more  variable than in o ther  Arct ic  Bay members,  and a 
cyclical  lithological sequence occurs a t  most localities. All 
cycle  types contain t h e  s a m e  basic three-fold intergrada- 
tional subdivision a s  in AB2 member  cycles. Member 
thicknesses range f rom 370-615 m southeast  of Milne Inlet t o  
17-212 rn elsewhere. 

Small- t o  large-scale shallowing-upward cycles occur  in 
t h e  ABL, member throughout most of t he  Borden Basin. A t  
t h e  head of Adams Sound t h e  cycles  a r e  8-40 m thick and 
consist of a lower black shale unit, a thin middle interbedded 
shale-calcisil t i te unit with minor s i l t s tone and quar tz  areni te ,  
and an upper unit of thinly interbedded calcisil t i te-l imestone 
layers. 

East of Milne Inlet shallowing-upward shale-dolarenite 
cycles  const i tu te  most of t h e  AB4 member  and a s  many a s  
f i f ty  cycles occur in a single section (Fig. 16.14). Individual 
cycles  a r e  5-25 m thick, and contain a lower unit (1.5-8 m) of 

A. ARKOSE CYCLES 6 SHALE-OOLARENITE CYCLES 
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A - arkose cycles 
B - shale-dolarenite cycles  

(Paquet Bay area)  

Figure 16.14. Coarsening-upward cycles  in the  AB4 member  
e a s t  of Milne Inlet. 

shale with minor siltstone. Interlayered sil tstone, qua r t z  
arenite,  and dolareni te  occur with minor shale  and subarkose 
in the  middle unit (0.6-6 m). The upper unit  (3-15 m) consists 
chiefly of calcareous sil tstone, qua r t z  areni te ,  dolarenite,  
s t romatol i t ic  dolostone, and flat-pebble conglomerate.  

Coarsening-upward cycles occur in the  AB4 member 
adjacent  t o  t h e  White Bay Faul t  Zone e a s t  of Milne Inlet and 
southeast  of Elwin Inlet (Fig. 16.2). Par t ia l  sequences eas t  of 
Milne Inlet contain between f ive  and t en  1-5 m thick arkose  
cycles adjacent  t o  the  faul t  and these  pass southward 
(basinward) in to  shallowing- and coarsening-upward, clastic- 
carbonate  cycles (Fig. 16.14). Typically, t h e  arkose cycles 
consist of a thin lower sandy-shale unit  t h a t  grades  upward 
through silty f ine  grained arkose into thick coarse  grained 
conglomeratic arkose. 

Southeast  of Elwin Inlet t he  AB4 member consists of 
about 25, 2.5-22 m thick, coarsening upward, shale-siltstone 
cycles. Cycles in the  middle par t  of t h e  sequence contain 
minor pisolitic, concretionary t o  breccia ted  ca rbona te  beds. 
Those in t h e  upper par t  contain interbedded sil tstone- 
dolosil t i te t o  s t romatol i t ic  dolostone. 

Adjacent t o  Tremblay Sound and on northern Bylot 
Island the  ABI, member is mostly shale with thin interbeds of 
si l tstone, dolosiltite, s t romatol i t ic  dolostone and limestone. 
The carbonates  occur in light-grey, orange-brown weathering, 
planar-based lenses and undulatory beds up t o  3.5 m thick 
which const i tu te  20-30 per cen t  of t h e  member.  

Locally, t h e  upper 10 m of t h e  ABI, member  is entirely 
s t romatol i t ic  dolostone. The carbonates  occur both in s i tu  
and a s  local slump or  debris flow blocks in t h e  uppermost pa r t  
of t he  AB3 member.  Some s t romatol i t ic  dolostone contains 
biohermal mounds in which basal tabular  s t romatol i tes  pass 
upwards through low domal types  in to  expanding, branching 
columnar (Baicaila) types. The columns a r e  1-2 c m  high and 
upright t o  inclined or  overturned. The mounds contain local 
dolostone breccia  lenses, and a r e  e longate  approximately 
northwest-southeast  t o  northeast-southwest (Fig. 16.8). 

Interpretation 

The herringbone crossbeds, bimodal-bipolar t o  poly- 
modal paleocurrent pat terns  and t h e  gross stratigraphy 
suggest t h a t  t h e  ABl member  was deposited in an  environ- 
men t  tha t  ranged f rom intertidal e a s t  of Milne Inlet t o  mixed 
intertidal-shallow subtidal in t h e  res t  of t h e  basin (Fig. 16.8). 

The types  of coarsening-upward cycles, t h e  associated 
s t ructures  and paleocurrent d a t a  indicate  t h a t  ABz 
depositional environments ranged f rom marine-inf luenced 
de l t a i c  and c las t ic  shoreline regimes in t h e  southeas tern  par t  
of t he  basin t o  c las t ic  shoreline and muddy shelf regimes in 
t h e  north. The monotonous black shales  of t h e  AB3 member  
accumulated in shallow t o  deep subtidal t o  basinal 
environments. 

The AB4 member  west of Milne Inlet was probably 
deposited in mixed clastic-shoreline and shallow ca rbona te  
shelf environments. This is suggested by the  fining- and 
shallowing-up cycles,  biohermal mounds and thei r  associated 
s t romatol i tes  and sedimentary  structures.  Similar environ- 
ments  a r e  indicated by t h e  presence of shale-dolarenite 
cycles for most of t he  a r e a  eas t  of Milne Inlet. The faul t -  
fringing arkose  cycles  in this a r e a  probably formed within 
marine-influenced del ta  t o  alluvial fan  complexes, t h a t  inter-  
f ingered basinward with t h e  cycl ic  shale-dolarenite 
sediments. 
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FABRlClUS FIORD FM. 

Figure 16.15. Generalized s t ra t igraphic  sec t ion  of Fabricius 
Fiord Formation (FF) e a s t  of Fabricius Fiord. 

Fabricius Fiord Formation 

The Fabricius Fiord Format ion outcrops  f rom Fabricius 
Fiord eas tward  t o  south of t h e  Magda Icecap (Fig. 16.2). A 
f ew small  isolated a r e a s  of Fabricius Fiord-like s t r a t a ,  which 
will not be  discussed fur ther ,  occur  adjacent  t o  major faul t  
zones a t  several  locali t ies throughout t h e  basin (Fig. 16.2). 

In general ,  t h e  Fabricius Fiord Format ion conta ins  a 
lower sequence  composed chiefly of black shale,  g r ey  t o  
grey-white si l tstone,  and brown-grey t o  whi te  q u a r t z  a r e n i t e  
in which t h e  a l ternat ion  of recessive and res is tant  beds gives 
a dist inctive ribbed appearance  t o  t h e  outcrop. The  
remainder of t h e  format ion is predominantly subarkose and 
conglomerate ,  and severa l  minor lithologies (Fig. 16.15). 
Locally t h e  s t r a t a  outcrop in l a rge  fan-shaped s t ructures .  
Sedimentary s t ruc tu re s  a r e  mos t  abundant  in t h e  lower 
qua r t z  a r en i t e s  and s i l t s tones  and include: cu r r en t  and wave 
ripples, trough, planar and herringbone-crossbeds, channels,  
small-scale load cas ts ,  convolute beds, c las t ic  dykes, rills and 
synaeresis cracks.  The crossbeds yield well-defined unimodal 
t o  bimodal-bipolar paleocurrent pa t t e rns  t h a t  indica te  major 
distr ibuting cu r r en t s  flowed wes t  and nor thwest  (Fig. 16.8). 

The Fabricius Fiord Format ion ranges  f rom 400 t o  more  
than 2000 m thick.  Four in tergradat ional  members  have been  
defined within t h e  formation.  In addit ion,  t h r e e  interlensing 
lithologic associations have been d i f f e r en t i a t ed  in t h e  upper- 
most FFt, member .  

The  c o n t a c t  with t h e  underlying Adams Sound 
Formation is  conformable  and sha rp  t o  gradational.  Fabricius 
Fiord s t r a t a  a r e  invariably downfaulted along, and/or 
marginal t o  major f au l t  zones a s  along t h e  Centra l  Borden 
Fault  Zone. The lower FF1 and FF2 members  grade  la tera l ly  
northward (basinward) in to  facies-equivalent Arct ic  Bay 
s t r a t a .  The FF3  and FF, members  a r e  overlain discon- 
formably  by massive dolostone t h a t  closely resembles t h e  
Society Cl i f fs  Format ion in both  lithology and conta ined 
s t romatol i tes .  Lenses (possibly biohermal) and thin beds of 
similar dolostone also occur  within t h e  FFb member .  
Therefore,  al though con tac t  re la t ions  between upper 
Fabricius Fiord s t r a t a  and lower Society Cl i f fs  (SCl )  s t r a t a  
have not  been seen,  t h e  two a r e  considered tenta t ive ly  t o  b e  
f ac i e s  equivalents.  

FF1 Member 

In t h e  Fabricius Fiord a r e a  t h e  lower par t  of th is  
member  is mostly whi te  t o  rust-brown, hemat i te-s ta ined 
qua r t z  a r en i t e  which grades  upward in to  shale,  and in t e r -  
bedded s i l t s tone  and q u a r t z  areni te .  Eastward,  in south- 
cen t r a l  Borden Peninsula, t h e  F F 1  member  conta ins  a lower  
sequence  consist ing largely of grey-green q u a r t z  a r e n i t e  and  
subarkose interbedded with lesser amounts  of pebbly 
subarkose, qua r t z -  and feldspar-pebble conglomerate ,  s i l t -  
s t one  and shale.  Upper beds in th is  a r e a  a r e  massive q u a r t z  
a r en i t e  containing graded planar- and trough-crossbeds and 
load casts.  The FF1 member  is an  a v e r a g e  18 m thick in t h e  
west  and ranges  f rom 15-23 m th ick  in t h e  ea s t .  

FF2 Member 

The  th ick ,  d is t inc t ive ,  FF2 member  consists ent i re ly  of 
coarsening-upward cycles  t h a t  range  f rom 9 t o  40 +m and up 
t o  55 in number. The member  ranges  f rom 370 t o  892 m in 
thickness. 

Each coarsening-upward cyc l e  conta ins  t h r e e  d is t inc t  
in tergradat ional  uni ts  (Fig. 16.16). T h e  lower unit ,  3-15 m 
thick,  conta ins  shale,  si l ty shale,  and minor si l tstone,  and 
grades  upward in to  t h e  middle unit  (1.5-6 m thick),  which 
consists of interbedded qua r t z  a r en i t e ,  s i l t s tone  and shale.  
The qua r t z  a r en i t e s  and s i l t s tones  g rade  upward f rom lensoid 
and undulatory-bedded in to  planar-bedded a s  the i r  proportion 
increases  f rom less t han  10 t o  m o r e  than  60  per c e n t  of t h e  
unit. The  upper unit  (0.5-15 m)  is  q u a r t z  a r en i t e  wi th  th in  
s i l t s tone  o r  sha l e  partings,  and with cong lomera t e  in t h e  
upper pa r t  of t h e  member .  These  q u a r t z  a r en i t e s  conta in  
nearly a l l  t h e  herringbone-crossbeds, r ipple marks  and 
channels in t h e  formation.  Lower FF,  member  cycles  
conta in  t h e  t h r e e  units in equal proportions. Cycles  in t h e  
middle of t h e  member  a r e  dominated by sha l e  (70 per cent) ,  
and those in t h e  upper p a r t  of t h e  member  a r e  sandstone  
dominated.  

FF3 Member 

The massive, res is tant  FF3 member  is mostly medium 
bedded t o  massive light grey t o  buff subarkose and pebbly 
subarkose interbedded with thin- t o  thick-bedded qua r t z -  and 
quartz-feldspar-pebble conglomerate.  Q u a r t z  a r e n i t e  i s  
abundant locally. The  F F 3  member  is  736 m thick a t  
Fabricius Fiord and  840 m thick in south-cent ra l  Borden 
Peninsula. 
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FF,B Association. Carbonate-rich s t r a t a  predominate 
In t h e  F F ~ B  and consist  of s t r o m a t o l ~ t i c  dolostone and 
r e l a t~ve ly  massive gr i t ty  dolostone. The l a t t e r  forms one of 
t h e  two  lithologic end members,  t h e  o the r  being calcareous  
subarkose. The gr i t  in t h e  dolostone is chiefly subrounded t o  
subangular sand t o  pebble-sized c l a s t s  of qua r t z  and feldspar 

Quartzaren~te which make up 5 t o  more  than 25 per cen t  of t h e  rock. The 
s t romatol i t ic  dolostone 1s commonly interlensed with f l a t  
pebble conglomerate  and calcareous,  pebbly subarkose. 

Stromatolites of t he  F F 4 ~  association occur  In isolated 
lenses, in small  biohermal mounds in t h e  arkosic rocks, and a s  
c las ts  In t h e  f l a t  pebble and boulder conglomerate.  They 
include planar, or  low domal fo rms  5-10 c m  h ~ g h ,  and 
unbranching expanding-upward columnar forms up t o  20 c m  
high. The s t romatol i tes  commonly occur  in a g r i t t y  o r  
arkoslc matr lx  and some a r e  overturned and partially eroded. 

F F 4 c  Association. The en t l r e  association comprises 
s t ructure less  massive brecc~a-conglomerate  wedges up t o  5 m 
thick adjacent  t o  t h e  Centra l  Borden Faul t  Zone, but  nearly 
all  wedge out  within 0.5 km north of t h e  faul t  zone. Granule- 
t o  cobble-size qua r t z  and feldspar c las ts  and pebble t o  
boulder g ran i t e  and gneiss c las ts  predominate.  In addition, 
cobble- t o  boulder-sized c las ts  a r e  common adjacent  t o  t h e  
faul t  zone but  c las t  s l ze  decreases  northward until pebble- 
sized c las ts  predominate 0.5 km away. The c las ts  a r e  
supported in a dolostone matr lx  t h a t  const i tu tes  10-40 per  
cen t  of t he  rock and contains sca t t e red  blot i te  f lakes  and 
quar tz  and feldspar sand grams. 

Figure 16.16. Representative coarsening-upward cycles  in 
FF2 member  eas t  of Fabricius Fiord (same location a s  fo r  
F I ~ .  16.15). Interpretation 

The large  sca l e  coarsening-upward trend within t h e  

Poorly defined 4-30 m thick coarsening-upward cycles  
a r e  best  developed southwest of Magda Icecap. These consist 
of a lower unit  of medium- t o  thick-bedded, coa r se  grained t o  
pebbly subarkose tha t  grades upward into massive pebbly 
subarkose and conglomerate.  Sedimentary s t ructures  a r e  
rare ,  but a few large  planar crossbeds occur locally. They 
have a maximum thickness of 1.5 m and current-aligned 
qua r t z  pebbles occur  along foreset  and bot tomset  beds. 

FFI, Member 

Thick a l ternat ing beds and lenses of grey t o  yellow- 
brown and red-orange subarkose and arkose,  light t o  medium- 
grey gr i t ty  t o  s t romatol i t ic  dolostone, and pink t o  brown-grey 
breccia-conglomerate const i tu te  the  F F 4  member.  This 
member occurs  adjacent  t o  t h e  Cen t ra l  Borden Fault  Zone, 
and individual beds locally increase in thickness towards the  
f au l t  zone. The member  i s  150-245 m thick and has been 
divided into th ree  laterally and vertically intergradational 
lithological associations. The FFI, member  comprises more  
than 65 per cen t  of t he  F F ~ A  association, t he  rest  consisting 
of s ca t t e red  lenticular zones of F F s g  association and 
unstratified FFI,c wedges adjacent  t o  the  Centra l  Borden 
Faul t  Zone. F F r g  and F F 4 c  associations occur a t  various 
s t ra t igraphic  positions within FF4,q. Both the  FFI , ,~  and 
F F 4 ~  associations weather  a diagnostic chocola te  brown 
colour due t o  breakdown of contained iron-rich carbonate.  

F F Q A  Association. This association is mostly 
chocolate-brown subarkose and pebbly subarkose with minor 
interbeds of arkose and pebbly arkose. The s t r a t a  commonly 
have a calcareous  matr ix  and t h e  arkoses typically occur a s  
thin wedges which increase  in thickness toward t h e  f au l t  
zone. Sedimentary s t ruc tu res  a r e  r a r e  and consist  of a f ew 
scat tered medium- to  large-scale planar crossbeds, poorly- 
developed scours, and shallow channels. 

formation, cycl ic  deposition, a i d  ' contained sedimentary  
s t ructures ,  suggest t h e  Fabricius Fiord s t r a t a  were  deposited 
in large marine-influenced de l t a  fan  complexes. These 
complexes extend more  than 10 km basinward (north), a r e  
1-2 km thick, and dominated t h e  southern margin of t h e  
Borden Basin and Milne Inlet  Trough throughout Fabricius 
Fiord deposition. 

F F i  beds a r e  thin coas ta l  t o  shallow marine  shelf 
blanket sandstones and sil tstones t h a t  were  buried by 
prograding FF2 coarsening-upward cycles of t h e  lower and 
mid-fan complexes. These cycles  in turn  grade upward and 
toward t h e  faul t  zone into thick FF3 and F F ~ A  sheet  
sandstones and conglomerates of t h e  upper fan  platform. The 
F F Q B  rocks originated within interdistributary basins on the  
emergent  platform while F F ~ c  breccia-conglomerates were  
sporadically deposited a s  wedges along t h e  faul t  zones during 
periodic t ec ton ic  activity.  With cessation of major fault ing 
along the  basin margins, and subsequent expansion of t h e  
Society Cliffs carbonate  platform Fabricius Fiord deposition 
ended. 

ULUKSAN GROUP 

The t e r m  Uluksan Group is  res t r ic ted  here  t o  s t r a t a  of 
t h e  Society Cliffs and Victor Bay formations.  These 
distinctive s t r a t a ,  together  with t h e  Nauyat, a r e  t h e  s t r a t a  
within t h e  Bylot Supergroup t h a t  can probably bes t  be  
corre la ted  with s t r a t a  in o ther  regions. 

Society Cl i f fs  Format ion 

The Society Cliffs Formation outcrops chiefly in a 
broad lenticular bel t  t h a t  extends  f rom Arct ic  Bay eas t -  
southeast  t o  Paquet  Bay (Fig. 16.2). 
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SOCIETY CLIFFS FM 

A - Elwin Ice  C a p  a r e a  
B - west side of Tay Sound 

Figure 16.17. Representa t ive  s t ra t igraphic  sect ions  of t h e  
Society Cliffs Formation (SC). 

Most of t h e  formation consists of several types  of 
laterally and vertically interfingering grey t o  brownish grey,  
l ight buff weathering dolostones t h a t  commonly e m i t  a 
petroliferous odour and contain fine laminae and/or sparsely 
disseminated small  blebs of bituminous mater ia l  (Fig. 16.17). 

Interbedded with t h e  dolostones, mostly in t h e  lower 
pa r t  of t he  formation, a r e  lesser amounts of qua r t z  areni te ,  
arkose, varicoloured shale, and gypsum. Limestone lenses 
and beds and black t o  grey thinly bedded t o  nodular che r t  
occur  sca t t e red  through t h e  formation. Varicoloured che r t ,  
primarily replacing s t romatol i t ic  dolostone, is  locally 
abundant in the  eas t ,  closely associated with redbeds and 
sabkha sequences. 

The format ion thickens f rom 260 m a t  Arct ic  Bay t o  
856 m a t  t h e  mouth of Tremblay Sound, and thins t o  t h e  e a s t  
and south. Thicknesses range f rom 370 m t o  610+ m in t h e  
northern par t  of t h e  basin. 

The basal con tac t  with t h e  underlying Arc t i c  Bay 
Formation ranges from conformable and sharp  a s  a t  
Arct ic  Bay, t o  unconformable a s  a t  t h e  head of Adams 
Sound o r  Elwin Inlet where  a dolostone-clast or  limestone- 
c las t  conglomerate,  respectively,  occurs a t  t h e  base. A t  
Milne Inlet and Tay Sound t h e  basal beds a r e  commonly 
qua r t z  areni te ,  subarkose, or  sublitharenite with c las ts  of 

Arct ic  Bay shale. Polymictic conglomerates  in t h e  lower 
pa r t  of t h e  formation, and faul t  juxtaposition of Society 
Cliffs and basement  gneisses, suggest t h a t  t h e  Society Cl i f fs  
Formation overlapped t h e  gneisses. The  con tac t  with t h e  
overlying Victor Bay Formation is conformable  and sharp  t o  
gradational,  and t h e  shale  con ten t  in t h e  Society Cl i f fs  
locally increases upward in t h e  uppermost f e w  metres.  

Abundant s t romatol i tes  include planar laminites,  and  
individual t o  laterally-linked undulose, domal,  and 
hemispheroidal types  throughout most of t h e  formation. 
Most individuals a r e  less than 25 c m  in diameter .  Bun-shaped 
and bulbous types  a r e  common, and some  small  domes a r e  
a t tached t o  the  periphery of larger domes up t o  3 m in 
diameter.  Individual t o  laterally-linked columnar types  a r e  
2-75 c m  high. They, together  with tubular types about 5 c m  
in d iameter ,  types  resembling Baicalia, la tera l ly  linked box o r  
rectangular types,  and low domes with radially a t t ached  
small  columnar types  occur in the  vicinity and e a s t  of 
Tremblay Sound. Conical s t romatol i tes  (Conophyton) 
5-10 c m  in d i ame te r  and 10-30 c m  high were  noted only in 
t h e  western Elwin Inlet a r ea .  

Bioherms a r e  most abundant in t h e  upper par t  of t h e  
formation in t h e  Milne Inlet region. The larger ones a r e  
commonly 30-60 m in d iameter .  One  bioherm southeas t  of 
Nanisivik is 1500 m in diameter.  

Sedimentary s t ruc tu res  a r e  abundant and include t e p e e  
and o the r  dewater ing s t ructures ,  molar tooth,  synaeresis,  
desiccation cracks ,  convoluted to  disrupted bedding, 
stylolites, load cas ts ,  s a l t  cas ts ,  scours,  wave ripples, micro- 
faul ts  and local unconformities. Planar crossbeds a r e  rare .  
Vugs up t o  5 c m ,  and lined with various minerals, a r e  
abundant. 

R a r e  crossbeds around and southeas t  of Tremblay Sound 
indicate  northwest-moving currents.  Abundant s t romato l i t e  
and bioherm elongation measurements  f rom t h e  s a m e  region 
(Fig. 16.8) indicate  nor theas t  or  southwest  currents  a r e  m o r e  
common than northwest or  southeas t  currents.  A f e w  
elongation measurements  in t h e  wes t  indicate  northwest o r  
southeast  currents.  

An abrupt  ver t ica l  change in t h e  terrigenous c l a s t i c  
content  of t h e  Society Cliffs Formation permits  i t s  division 
in to  two  members: a lower, S C I  member  containing 
abundant terrigenous clastics,  a n d  an  upper, SC2 member  
with minor terrigenous det r i tus  (Fig. 16.15). Major ca rbona te  
lithologies a r e  similar in both members  and a r e  described 
below, prior t o  describing t h e  two  members.  

Major Dolostone Lithologies 

The major dolostone types  a r e  classified in to  
4 categories:  

1. Thick bedded t o  massive dolostone. 

2. Regularly laminated algal dolostone (cryptalgal laminite) 
t o  thin bedded dolostone. 

3. Nodular t o  ellipsoidal, irregularly laminated dolostone. 

4. Dolostone conglomerate  and breccia.  

The dolostones include dololuti te,  dolosil t i te,  dolareni te  and 
dolorudite. Dololuti te and dolosil tstone appear relatively 
more  abundant in SC1 member,  whereas  cryptalgal lamini tes  
(2) a r e  more  abundant in SC2. 

Categor ies  1, 2. The f i r s t  t w o  categor ies  a r e  t h e  most 
abundant and occur  in units up t o  40 m thick throughout t h e  
formation. Thick bedded t o  massive dolostones a r e  
commonly internally faintly laminated t o  very thin bedded, o r  
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mottled buff and light brown. Disseminated qua r t z  and 
feldspar grains occur in some  beds and silty and clayey 
terrigenous mater ia l  in others. Regularly laminated dolo- 
stones (cryptalgal laminites) a r e  mostly planar laminated and 
a r e  in general most abundant in the  upper par t  of t h e  
formation. Minor wavy laminated varieties occur chiefly in 
the  lower par t  of t he  formation (SC1 and lower SC2). 
Cryptalgal laminites a r e  composed of thick, light-coloured 
laminae (2-5 mm) t h a t  a l t e rna te  with thinner, darker- 
coloured t o  black laminae, mostly less than 2 mrn thick. Very 
thin- t o  thin-bedded dolostones a r e  commonly interbedded 
with t h e  cryptalgal laminites. 

Category 3. Nodular, irregularly-laminated dolostones 
make up much of the  lower par t  (SCI and lower SC2) of t h e  
formation in t h e  Arct ic  Bay area ,  but a r e  only a minor 
consti tuent elsewhere. The nodular dolostone contains 
nodules and lenticular beds of massive vuggy dolostone in, or  
separa ted by, irregularly-laminated dolostone t h a t  contains 
relatively abundant closely-spaced black carbonaceous 
laminae. Nodules a r e  commonly outlined by a gypsiferous 
coating and some nodule cores  contain gypsum crys ta l  c a s t s  
(Geldsetzer,  1973b; Olson, 1977). 

Category 4. Several types of dolostone conglomerates 
and breccias occur  in t h e  Society Cliffs Formation. In most,  
both the  c las t  and matr ix  a r e  dolomite. Fla t  pebble conglom- 
e r a t e  beds a r e  a common, although minor, lithology through- 
out  t he  formation eas t  of Milne Inlet, and in the  lower half t o  
t h e  west. 

Round c las t  conglomerates occur locally throughout the  
Borden Basin, a r e  less abundant than f l a t  pebble conglom- 
e ra t e s ,  and occur chiefly a t  t he  base  or near the  top of the  
formation. 

Dolostone breccias a r e  abundant in the  Strathcona- 
Adams Sound region and locally make  up almost t h e  e n t i r e  
formation. They decrease  in abundance eastward f rom this 
area ,  and a r e  r a r e  elsewhere. Most breccias a r e  re la ted  t o  
karstif ication and/or solution collapse. They and associated 
dolostones a r e  commonly hemat i t e  stained. Some upper 
breccia  con tac t s  a r e  marked by reworked breccia redeposited 
a s  sediments.  Chutes,  channels and lenses of breccia,  and 
carbonate  and qua r t z  veins a r e  common in adjacent  
unbrecciated dolostone. 

SC1 Member 

Most of this member  comprises various combinations of 
dolostones described above in variously interbedded units. 
Terrigenous clastics,  interbedded with t h e  dolostones, conta in  
gypsum beds in t h e  eas tern  par t  of t h e  basin. 

Throughout most of t h e  Borden Basin t h e  terrigenous 
c las t ics  a r e  chiefly white t o  light grey qua r t z  areni te ,  
sublitharenite,  arkose,  and dolomitic quartz-feldspar granule 
conglomerate,  with minor local grey t o  black shale. Locally, 
adjacent  t o  the  White Bay Faul t  Zone in the  eas tern  par t  of 
t h e  basin, t h e  terrigenous c las t ics  a r e  varicoloured, and 
polymictic conglomerate c las ts  include granitic and dolomite 
granules and cobbles. 

Evaporit ic redbed sequences in the  SC1 consist  of 
green, red, and black shale  with interbedded grey-green and 
pink dolostone and white gypsum. Salt ca s t s  occur 
sporadically. Individual gypsum beds, commonly less than 
1.5 m thick, range up t o  3 m thick on northern Bylot Island. 
Elsewhere, gypsiferous coatings,  gypsum casts,  and crys ta l  
aggregates  ("desert roses") occur  locally in t h e  dolostones. 

A. SHALE-STROMATOLITIC 
DOLOSTONE CYCLES 8. REDBED CYCLES 

Stromatollllc 
dolostone unit 

Redbed 

uni t  

c: 
A - shale-stromatolit ic dolostone cycles near  Tremblay 

Sound 
B - redbed cycles on west side of Tay Sound 

Figure 16.18. Generalized shallowing-upward cyc le s  of t he  
SC1 member  eas t  of Trernblay Sound. 

The S C l  and SC2 members  a r e  intergradational and t h e  
con tac t  is  arbitrari ly defined a s  t h e  horizon above which 
terrigenous c las t ics  abruptly cease t o  b e  abundant. Thus t h e  
SC1 member is 10-15 m thick in t h e  westernmost part  of 
Borden Basin, thickens gradually eas tward t o  about  45 m on 
eas tern  Borden Peninsula, then thickens abruptly t o  460 m 
near  Tay Sound, and comprises t h e  whole format ion (480 m) 
locally on western Bylot Island. 

Most of t h e  SC1 member  consists of shallowing-upward 
cycles (Fig. 16.18) composed of t w o  intergradational units. 
The lower, thicker,  unit is composed of variously arranged 
terrigenous and/or dolostone clastics.  The upper unit i s  
composed chiefly of s t romatol i t ic  dolostone with minor 
c las t ic  dolostone and, locally, shale. Gypsum occurs  in t h e  
upper unit of redbed evaporit ic cycles (Fig. 16.18B). 

Only a f ew simple 2-3 m cycles  occur  in t h e  western  
par t  of t he  Borden Basin. Cycles a r e  commonly up t o  30 m 
thick in t h e  eas t e rn  pa r t  of t h e  basin and locally a r e  s tacked 
in large complex shallowing-upward cycles a s  much a s  135 m 
thick. 

SC2 Member 

The SC2 member consists predominantly of t h e  four 
major buff t o  brownish grey dolostone lithologies already 
described. R a r e  terrigenous c las t ics  a r e  a lmost  entirely 
shale. Poorly defined fining-, coarsening-, shallowing-, 
thickening-, and thinning-upward cycles  up t o  15 m thick a r e  
locally common. The SC2 member ranges in thickness f rom 
30 m t o  more  than  600 m. 

In terpre ta t ion 

The widespread shale-do'lostone shallowing-upward 
cycles,  dewatering s t ructures ,  variation in s t romato l i t e  
types, and internal unconformities, suggest t h a t  t h e  SC1 
member  was  deposited in shallow subtidal t o  in ter t idal  
environments west of Milne Inlet (Fig. 16.30). Redbed cycles 
and coas t a l  gypsiferous sabkha sequences,  in addition t o  
f ea tu res  listed above, a r e  in terpre ted a s  a var ie ty  of environ- 
men t s  ranging f rom alluvial plain t o  supratidal and intertidal 
e a s t  of Milne Inlet and on Bylot Island. 
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The extensive planar cryptalgal laminites,  s t romatol i te  
varieties,  common biohermal zones, abundant local uncon- 
formit ies  and dewatering s t ructures ,  indicate  t h a t  t h e  SC2 
member  formed in shallow subtidal t o  intertidal environ- 
ments.  Redbeds in both members eas t  of Milne and Navy 
Board inlets and an abundance of bioherms in Milne Inlet  
region indicate  c las t ic  source  a reas  were  close in these  
regions and t h a t  t h e r e  may have been syndepositional north- 
south faulting or an act ive  hinge line in the  vicinity of Navy 
Board and Milne inlets. Modest uplift of t h e  Navy Board High 
is also indicated. 

Some karsting and solution of Society Cliffs s t r a t a  
occurred prior t o  deposition of basal Victor Bay s t ra ta .  Most, 
however, occurred subsequent t o  Victor .Bay deposition. 
Deformation of Society Cliffs s t r a t a  on northeast  Bylot 
Island may be  related t o  solution and removal of s a l t  f rom 
t h e  formation a s  well a s  t o  faul t  movement  along t h e  north 
Baffin and/or C a p e  Hay fau l t  zones (see Kerr,  1980). 

Victor Bay Format ion 

S t r a t a  of this formation outcrop primarily in two 
irregular bands rimming t h e  axial zone of an  open asym- 
metr ica l  syncline on centra l  Borden Peninsula (Fig. 16.2). 
The Victor Bay Formation consists primarily of variously 
interbedded dark shales, si l tstones,  dolostones and coarse  
carbonate  c las t ics  (Fig. 16.19). A petroliferous odour is  
common in t h e  formation in eas tern  and northern Borden 
Basin. The major lithologies a r e  commonly interbedded in 
sequences up t o  55 m thick t h a t  d i f fer  f rom one another  in 
thickness of beds (up t o  8 m in VBl), t h e  major lithology, t h e  
re la t ive  proportions of contained lithologies, and t h e  cycl ica l  
nature.  Victor Bay s t r a t a  range from 160 m thick a t  Arct ic  
Bay t o  730 m eas t  of Milne Inlet. 

The con tac t  between t h e  Victor Bay Formation and t h e  
overlying Stra thcona Sound or Athole Point formations is 
variable. A dolostone f la t  boulder (clasts t o  30 cm)  conglom- 
e r a t e  up t o  6 m thick occurs locally in t h e  Victor Bay 
Formation at or  near the  con tac t  with both overlying forma-  
tions. A carbonate  round boulder (clasts t o  l m) 
conglomerate  bed up t o  10 m thick is common at or  a shor t  
d is tance  above this s a m e  con tac t  in both overlying 
formations.  The Victor Bay-Athole Point con tac t  appears  
conformable and gradational t o  abrupt .  The Victor Bay- 
St ra thcona Sound con tac t  ranges f rom gradational and 
sharply conformable t o  unconformable. 

Most of t h e  Victor Bay Formation south of t h e  White 
Bay Fault  Zone (Fig. 16.19) is  divisible in to  t w o  locally 
intergradational members: a lower shale-dominated (VBl), 
and an upper carbonate  (VB2) member.  

VB1 Member 

The VB1 member occupies a broad fan-shaped a r e a  t h a t  
is  l imited a lmost  entirely t o  t h e  Milne Inlet  Trough 
(Fig. 16.26) and widens abruptly southward f rom t h e  White 
Bay Fault  Zone. This member is 30-50 m thick a t  Arct ic  Bay 
and eas t  of Milne Inlet, but is 100-210 m between Nanisivik 
and Tremblay Sound. 

Predominant lithologies (Fig.16.19) a r e  grey, brownish- 
grey or  black laminated t o  thin-bedded locally pyrit iferous 
shale, si l tstone, calcilutite-calcisiltite, and dololuti te- 
dolosiltite. Minor lithologies include calcareni te ,  dolareni te ,  
si l iciclastic carbonates,  graphitic shale,  quar tz  areni te ,  
quartzwacke, and subarkose. R a r e  l imestone and dolostone 
f l a t  c las t  conglomerate  interbeds occur  in t h e  upper part .  
Individual carbonate  beds and carbonate-dominated units 
commonly increase  in number and thickness upward in t h e  

member,  a s  does t h e  proportion of dolostone t o  l imestone. 
Some sequences show shallowing-upward f ea tu res  and consis t  
of shale  through interbedded ca rbona te  and shale,  t o  
carbonate  o r  carbonate  c las t  conglomerate.  Others  a r e  
thickening-upward, thinning-upward, and a f ew a r e  
deepening-upward cycles. The sha le  con ten t  of t h e  VBI 
member  is markedly less in t h e  eas t e rn  and western  pa r t s  of 
Milne Inlet Trough where  the  member  is almost entirely dark  
limestone- and dolostone-cryptalgal laminites.  

Ra re  sedimentary  s t ruc tu res  in t h e  VBI include scour  
channels, crossbeds, ripples, wrinkle marks,  synaeresis 
cracks,  grooves, load s t ructures ,  ball and pillow s t ructures ,  
f l ame  s t ructures ,  molar tooth,  slump s t ructures ,  and s o f t  
sediment  folds. 

A - near type section west of Arctic Bay 
B - east of Milne Inlet 

Figure 16.19. Generalized stratigraphic sections of the 
Victor Bay Formation (VB). 
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VB2 Member 

The VB2 member is present everywhere in t h e  forma- 
t ion and const i tu tes  t h e  en t i r e  formation north of t h e  Milne 
Inlet Trough. It is composed of several major carbonate  
lithologies, several  minor terrigenous c las t ics  and shaly, si l ty 
and quar tz i t ic  t o  arkosic carbonates  (Fig. 16.191, and locally 
abundant varicoloured cher t .  The VB2 member ranges f rom 
130 m thick a t  Arct ic  Bay t o  702 m eas t  of Milne Inlet. The 
con tac t  with t h e  underlying VBI member varies f rom 
gradational t o  locally disconformable. Where discon- 
formable,  carbonate,  conglomeratic calcareous shale, or  
si l iciclastic l imestone beds l ie  on the  VBl. 

Grey, brownish grey t o  black and white c las t ic  
carbonates  const i tu te  most of t he  VB2 member. All a r e  
similar t o  those  of t h e  Society Cliffs Formation, but 
commonly contain more  disseminated terrigenous clay, si l t  
and sand. Laminated t o  thin bedded carbonates a r e  t h e  
dominant lithologies, but medium- t o  thick-bedded, very 
thick-bedded, and lumpy-bedded (nodular) carbonates,  a s  well 
a s  cryptalgal laminites, a r e  also common. Carbonate  f l a t  
pebble-boulder conglomerates a r e  abundant in t h e  south,  and 
r a r e  in t h e  northwest. Round c las t  conglomerate and chaot ic  
breccia occur locally, while edgewise conglomerate  and 
angular-rectangular c las t  breccias a r e  rare. Conglomerate  
c las ts  a r e  predominantly intraformational,  but a few may 
have been derived f rom the  Society Cliffs Formation. Most 
c las ts  a r e  less than 20 c m  but  range up t o  7 0  crn; rare ,  
deformed slump blocks up t o  5 m across occur in the  west.  

Carbonates  within t h e  Milne Inlet Trough a r e  chiefly 
l imestone in the  lower par t  of t he  member and dolostone in 
t h e  upper part .  Dolostone predominates throughout t h e  
member t o  the  north. 

Grey t o  black, locally pyritiferous, shales a r e  the  
dominant terrigenous clastics,  and occur a s  lamellar partings 
or  thin interbeds,  and in interbedded units up t o  5 m thick. 
Shale is most abundant in t h e  lower par t  of t he  VB2 where 
t h e  underlying VB member is thickest.  Minor si l tstone, 
si l iciclastic dolostone, locally conglomeratic arkose,  qua r t z  
areni te ,  and quartz-pebble quar tz  areni te  occur near  t h e  
upper con tac t  or adjacent  t o  t h e  White Bay Faul t  Zone. 

Shallowing-up sequences ( to  30 m) in t h e  VB2 consist of 
a lower unit of laminated t o  medium bedded carbonates,  
shale, or  interbedded shale  and carbonate,  and an upper unit 
of massive carbonate  or  carbonate  f la t -c las t  conglomerate.  
Minor deepening-up cycles begin with carbonate  flat-clast  
conglomerate  which grades  upward into massive vuggy 
carbonate ,  or into interbedded conglomerate  and shale  which 
in turn is overlain by interbedded carbonate  and shale. 

St romatol i tes  a r e  most abundant in t h e  VB2 member  in 
t h e  eas tern  pa r t  of Milne Inlet Trough, and a r e  uncommon in 
t h e  Arctic Bay-Nanisivik area .  St romatol i tes  occur  a s  
planar, and isolated t o  laterally-linked undulose, low domal 
( to  30 c m  diameter),  hemispheroidal ( to  70 c m  diameter) ,  and 
columnar t o  d igi ta te  columnar (2-70 c m  high) types. 
Together,  t hese  types  occur  in bioherms, which a r e  
20-1500 rn long and occur mainly in t h e  upper pa r t  of t h e  
member.  

Common sedimentary s t ruc tu res  in t h e  VB2 include: 
molar tooth ,  t epee  and o the r  dewatering s t ructures ,  
synaeresis, desiccation cracks,  scour channels, load cas ts ,  
rip-ups, convolute bedding, soft-sediment folds, slump 
s t ructures ,  graded bedding, boudinaged beds, birds e y e  
s t ructure ,  planar crossbeds, ripples, and microfaults. R a r e  
s t ructures  include ball and pillow, stylolites, rain prints and 
qua r t z  a ren i t e  dykes. 

Elongated domal s t romatol i tes  in t h e  eas tern  par t  of 
t he  Milne Inlet Trough indicate  chiefly eas t -nor theas t  o r  
west-southwest currents  with subordinate secondary trends 
(Fig. 16.8). A few crossbed measurements  f rom two  locations 
show southeast  and eas t  transport .  

Interpretation 

The abundant grey and interbedded black pyrit iferous 
shale  suggests t h a t  t he  lensoid VB1 was deposited in a euxinic 
starved subtidal environment.  The distribution of t h e  VB1, 
t h e  absence of a basal unconformity,  and t h e  abrupt  
lithologic change f rom t h e  underlying Society Cliffs 
Formation, indicates t h a t  t h e  depositional a r e a  rapidly 
subsided and was t i l ted  southward, possibly by movement  
along t h e  Centra l  Borden Faul t  Zone. This down-drop was  
accompanied by regional basinal sagging initially cen t r ed  in 
eas t -centra l  Borden Peninsula and la ter  in t h e  Milne Inlet  
area .  The re la t ive  abundance of sandstone and t h e  presence 
of qua r t z  pebble-cobble conglomerate  adjacent  t o  t h e  White 
Bay Faul t  Zone e a s t  of Milne Inlet  suggests t h a t  t h e r e  may 
have been some  syndepositional movement along this zone a s  
well. Carbonate-capped shallowing-up cycles,  together  with 
an  upward-increasing ca rbona te  content ;  suggest gradual 
shoaling punctuated by sudden syndepositional, fault-related 
deepening. 

The regional abundance of carbonate  f l a t  c las t  
conglomerate,  t h e  interbedded lithologies, and extensive  
variety of sedimentary s t ruc tu res  indicate t h a t  most of t h e  
VB2 member  was deposited in intertidal t o  supratidal 
environments. Round c l a s t  conglomerates  in t h e  lower and 
uppermost VB2 member  a r e  therefore  probably beach 
deposits. Isolated large  bioherms in t h e  upper p a r t  of t h e  
member,  however, indicate  shallow subtidal environments 
were  continuously maintained in some  areas .  The sil tstone 
and arkose  a t  t he  top of t h e  VBz herald uplift  of t h e  Byam 
Martin High and Navy Board High source  areas .  

NUNATSIAQ GROUP 

S t r a t a  overlying t h e  Victor Bay Formation a r e  assigned 
t o  t h e  newly named Nunatsiaq Group, which includes t h e  
Athole Point, S t ra thcona Sound and Elwin format ions  
(Table 16.1). Except for  t h e  Athole Point Formation, t h e  
group is dominated by terrigenous clastics.  

Athole  Point  Format ion 

The Athole Point Formation outcrops southeastward 
f rom cen t ra l  Borden Peninsula in t h e  eas tern  pa r t  of t h e  
Milne Inlet  Trough (Fig. 16.2). 

The Athole Point is composed chiefly of various dark- 
coloured l imestones interbedded with subordinate si l iciclastic 
l imestones,  calcareous sil tstones,  and sandstones. As in the  
Victor Bay Formation, t hese  lithologies occur  in variously 
interbedded sequences commonly 2-40 m thick. The lime- 
s tones  typically have a petroliferous odour. The Athole Point 
ranges f rom 525-585 m in thickness. I t  consists of t h ree  
intergradational members  e a s t  of Milne Inlet (Fig. 16.20): 
t h e  lower, AP1 member is predominantly l imestone; t h e  
middle, AP2 member  is composed of l imestone cryptalgal 
laminite;  and t h e  upper, AP3 member  is composed of inter- 
bedded limestones, crypta lgal  laminites,  and sil iciclastic 
l imestones and sandstones. The AP2 member  thins abruptly 
west  of Tremblay Sound where  only the  A P I  and AP3 a r e  
presently differentiated.  



ATHOLE calcisil t i tes,  and bedding is planar t o  undulatory. The lower 
POINT FM par t  of t h e  member coarsens slightly upward and is dark  grey 

S S --- t o  brown and black. A few thin sil iciclastic l imestone and 
A P3 orange-weathering l imestone beds sepa ra t e  t h e  lower and 

upper par ts  of t h e  member.  The AP, member  i s  90-124 m 
thick. 

AP3 Member 

Most of t h e  AP3 member  consists of interbedded units 
of planar t o  undulose, thinly-laminated t o  very thick-bedded, 
grey to  brown and black l imestone, l imestone crypta lgal  

A P3 --- laminite, and calcareous  sandstone. Sporadic orange- 

AP2 
weathering l imestone beds a r e  locally excel lent  marke t  
horizons. Minor l imestone lithologies include lumpy-bedded 
s t r a t a ,  f lat-clast  breccias,  and chip t o  boulder breccia.  
Limestones a r e  dominantly ca lc i lu t i tes  and calc is i l t i tes  with 
subordinate ca l ca ren i t e  and many contain terrigenous shaly 
or  silty material .  Dolostone is rare .  The AP3 member ranges 
from 190 t o  370 m in thickness. 

A P2 --- Terrigenous c las t ics  in t h e  AP3 include fine- t o  coarse-  
Figure 16.20 A PI grained, thin- t o  medium-bedded grey calc i te-cemented 

quar tzareni te  t o  subarkose, sublitharenite,  minor locally 
Generalized stratigraphic section LRC loo reddish shale  and sil tstone, and r a r e  arkose  and li tharenite.  
of the Athole Point Formation These s t r a t a  grade vertically in to  sil iciclastic l imestones and 
( A P )  east o f  Milne Inlet. LRC lo non-calcareous sandstones. 

The AP3 member  contains numerous fining-up cycles,  
and a f ew coarsening-up cycles. A t  some  locali t ies t h e r e  is 
an  overall  coarsening upward, with a sympathet ic  increase  in 
terrigenous clastics.  Abundant turbidi te  sequences (1-1.5 m)  

LRC occur interbedded with l imestones in zones t o  100 m, o r  make  

A P1 up en t i r e  sect ions  t o  30 m thick. Basal beds a r e  generally 
DFC --- calcareous sandstone or sandstone and the  uppermost beds 
DFC VB2 a r e  l imestone or  shale.  
DFC 

Sedimentary s t ruc tu res  a r e  most  common in t h e  AP3  

Athole Point s t r a t a  a r e  gradational in to  and interfinger 
with St ra thcona Sound sandstones and shales, both vertically 
and laterally,  and a r e  overlain by SS3 s t r a t a  f rom t h e  
Tremblay Sound a r e a  eas tward (Fig. 16.2, 16.8). Athole Point 
s t r a t a  a r e  character ized by a westward-increasing amount  of 
terrigenous mater ia l ,  and grade into St ra thcona Sound s t r a t a  
in cen t r a l  Borden Peninsula. 

AP ,  Member 

The lower AP,  member consists predominantly of 
interbedded, thinly-laminated t o  medium-bedded calc i lu t i tes  
and calcisil t i tes,  in par t  stromatolit ic.  The l imestones 
commonly contain shaly or silty terrigenous mater ia l  and 
some  a r e  siliciclastic. Limestone,. c rypta lgal  laminites and 
lumpy bedded limestones a r e  common. Minor ca lcareni te ,  
l imestoney, f la t -  and round-clast conglomerate,  calcareous 
sandstone, orange-weathering siliceous l imestone uni ts  
(1-10 m), and r a r e  dolomite,  also occur.  

Fining-up sequences include (but a r e  not l imited to)  
complete  and incomplete Bouma cycles,  and a r e  particularly 
common in t h e  upper par t  of AP ,  member. Calcareous  
qua r t z  areni te-  or  si l iciclastic limestone-based, calcisil t i te- 
ca lc i lu t i te  cycles a r e  typical. Ra re  coarsening-upward 
conglomeratic cycles occur near the  base. 

The AP,  member  is 127-210 m thick in t h e  Milne Inlet- 
Tremblay Sound area .  

A P ,  Member 

The AP, member consists almost entirely of l imestone 
cryptalgal laminites interbedded with units of laminated t o  
thin-bedded limestone. The l imestones a r e  ca lc i lu t i tes  and 

member and leas t  in AP2  member.  Those common through- 
out  t he  AP1 and AP3 members  include: graded beds and 
Bouma cycles,  f l u t e s  and load cas ts ,  f l ame  s t ructures ,  
small-scale crossbeds, scour  channels,  convoluted bedding and 
sof t  sediment  folds, slumped blocks and boudinaged beds, rip- 
up clasts,  birds eye  s t ructure ,  small  asymmetr ica l  ripples, 
and microfaults.  Minor s t ruc tu res  include concretions,  
desiccation cracks ,  and c l a s t i c  sandstone dykes. 
Stromatolites,  although common, a r e  predominantly planar t o  
undulose lamellar types  with poor l a t e ra l  linkage. Low domal 
and hemispheroidal var ie t ies  t o  7 0  c m  across,  and columnar 
types  up t o  10 c m  high a r e  common. Small bioherms and r a r e  
large  ones (up t o  1.5 km long) occur  locally. Elongations of 
individual and biohermal s t romato l i t e s  is  minimal and 
apparently random. Crossbeds f rom isolated locali t ies 
indicate unimodal west-northwest t ranspor t .  

Interpretation 

The res t r ic t ion of the  Athole Formation t o  the  eas tern  
Milne Inlet Trough, and abrupt  ver t ica l  change in lithologies 
between t h e  Victor Bay and Athole Point indicate  t h e  eas t e rn  
Milne Inlet Trough probably rapidly deepened by normal  
fault ing which terminated Victor Bay deposition. 

Limestone round-clast and f la t -c las t  conglomerates  
locally associated with des iccated beds in t h e  basal Athole 
Point probably include some  debris flows. The crypta lgal  
laminites associated with these  conglomerates  suggest t h e  
basal Athole Point accumulated in an  intertidal-supratidal 
environment.  The widespread crypta lgal  lamini tes  and 
turbidites throughout t h e  remainder of t h e  formation suggest 
in ter t idal  t o  subtidal deposition. The turbidites may have 
been generated by s to rms  o r  by syndepositional f au l t  
movement.  Presence in AP3 of a few coarsening-up 
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A - eas t  of head of Baillarge Bay 
B - nor th  of head of Strathcona Sound 
C - western Bylot Island 

Figure 16.21. Generalized stratigraphic sect ions  of t h e  
St ra thcona Sound Formation (SS). 

sequences and an upward increase in both grain s ize  and 
amount  of terrigenous c l a s t i c  mater ia l  suggests a progressive 
shallowing and infilling of the  basin. 

Strathcona Sound Formation 

The Strathcona Sound Formation is most abundant in 
t h e  axial  portion of a major syncline f rom Baillarge Bay t o  
Trernblay Sound (Fig. 16.2). In this paper, t he  formation 
includes most of t h e  s t r a t a  mapped previously a s  undivided 
Victor Bay-Society Cliffs on western  Bylot Island (Jackson 
and Davidson. 1975). 

The formation comprises a wide variety of complexly 
interfingering lithologies. These a r e  mainly laminated t o  
thin-bedded shales and sil tstones,  thin- t o  very thick-bedded 
sandstones, s t romatol i t ic  dolostones, dolostone conglomer- 
a t e s ,  and polymictic conglomerates (Fig. 16.21). These 
various lithologies occur singly, o r  interbedded with o thers  in 
units t o  30 m, and rarely,  110 m. 

Faults,  and the  varied nature  of t he  formation, make 
thickness determinations difficult. Par t ia l  sec t ions  up t o  
813 m a r e  present and t h e  formation is es t imated t o  exceed 
910 m. The con tac t  between t h e  St ra thcona Sound and Victor 
Bay formations varies f rom conformable (abrupt t o  
gradational) t o  disconformable. Con tac t s  of t h e  St ra thcona 
Sound with the  laterally equivalent Athole Point and the  
overlying Elwin Formations a r e  conformable and gradational. 

The Strathcona Sound Formation has been subdivided 
in to  six intergradational members  (Table 16.1; Fig. 16.22). 
Only two, however, a r e  typically present: a lower shale- 
s i l t s tone member (SS,), and an upper arkose-greywacke 
member  (SS3). 

NBH = Navy Board High 
BMH = Byam Martin High (see Fig. 16.26) 

Figure 16.22. Schemat ic  diagram, looking north-northwest, 
showing relationships of St ra thcona Sound members  (1 = SS1, 
3 = SS3, etc.) .  Lef t  sec t ion is along Milne Inlet  Trough. 
Right section extends  f rom t h e  Trouah nor thward t o  western 
~ y ' i o t  Island. 

" 

The g e a t e s t  variety of sedimentary s t ruc tu res  occurs 
in SS1 and SS3 members,  and include: ripples (symmetrical ,  
asymmetrical ,  in ter ference ,  climbing), planar trough and 
herringbone crossbeds, f lutes,  f lames, load cas ts ,  ball and 
pillow, graded beds (normal and reverse),  rip-ups, convolute 
bedding and slumps, microfaults,  scour channels, tool marks, 
desiccation cracks  (SSl), and c las t ic  dykes. Relatively few of 
these  s t ruc tu res  a r e  common in SS5 member  and they a r e  
r a r e  in both the  SS2 and SSb. 

Crossbeds f rom t h e  551 and SS3 members  indicate 
predominantly southwest t o  west  t ranspor t  sou th  of t h e  White 
Bay Faul t  Zone (Fig. 16.8, 16.25, 16.36), and westerly and 
northerly t o  eas ter ly  t ranspor t  north of t h e  Har t z  Mountain 
Faul t  Zone. 

Lower Shale-Siltstone Member (SSI) 

Red t o  red-brown o r  locally grey t o  green interbedded 
calcareous shales and sil tstones predominate in this member  
(Fig. 16.21B). Both commonly contain disseminated qua r t z  
and feldspar sand grains. Very fine grained arkose and 
subordinate l i thareni te  a r e  locally abundant. Carbonate  and 
medium t o  coa r se  grained arkose,  l i tharenite,  greywacke and 
r a r e  qua r t z  a ren i t e  beds and lenses occur  s ~ o r a d i c a l l v  
throughout t h e  member.  The carbonate  is  in part' s t romato-  
litic, commonly contains terrigenous mater ia l ,  is  chiefly 
dolostone in cen t r a l  Borden Peninsula and limestone to  t h e  
northwest and southeast .  

Fining- and thinning-upward, cycles ( to  2 m) occur a t  
severa l  localities. Fining-upward cycles  consist  chiefly of 
arkose, l i tharenite or si l tstone grading upward in to  sil tstone, 
shale,  or  calcisil t i te.  

Carbonate-clast  orthoconglomerates commonly occur  in 
t h e  lower p a r t  of t h e  member ,  particularly a t  or  a shor t  
d is tance  above t h e  base of t h e  member. Most conglomerate  
beds a r e  less than 5 m thick and contain c las ts  of: grey t o  
reddish massive or  laminated or  s t romatol i t ic  carbonate  t o  
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30 c m  (rarely 100 cm); minor shale  or  siltstone; and rarely,  
gneisses. Clast  rounding increases westerly and eas ter ly  
away f rom the  cen t r e  of Borden Peninsula. In general,  
degree  of rounding and proportion of shale,  s i l t  and gneiss 
c las ts  increase  upward, and gneiss c las ts  commonly 
predominate in conglomerates in t h e  upper pa r t  of t h e  
member. 

The SSI member is best  developed in south- and north- 
centra l  Borden Peninsula and const i tu tes  most of t h e  
formation in the  la t ter .  I t  is laterally intergradational with 
the  SS2, SSI,, SS5, SSe members, and with t h e  Athole Point 
Formation (Fig. 16.22). SS1 red sil tstone overlies karsted 
Victor Bay dolostone south of Elwin Ice Cap. Relationships 
with the  overlying SS3 member vary f rom interfingering and 
intergradational t o  unconformable. Measured par t ia l  sec t ions  
indicate  a maximum thickness of more  than 348 rn. 

Dolostone Member (Ssp) 

This member is composed almost entirely of dolostones. 
Light grey, s t romatol i t ic  dolostone predominates. Locally, 
s t romatol i tes  a r e  r a re  and interbeds of breccia,  round-clast 
and flat-pebble conglomerate,  and shaly dolostone with local 
synaeresis cracks  a r e  present. 

The SS2 member extends from the  head of Strathcona 
Sound t o  just north of Elwin Ice Cap  (Fig. 16.2). The 
biohermal par t  of t h e  member is conformable and gradational 
with t h e  underlying Victor Bay Formation. SS2 s t r a t a  
laterally interfinger with, and a r e  locally overlain by, SSI red 
shale and sil tstone. Maximum thickness may be  at l eas t  
300 m. 

Laterally the  centra l  pa r t  of t he  member is composed 
mostly of ell iptical ,  narrow, elongate bioherms up t o  1 km 
long and 120 rn thick. Bioherms have a variety of orienta- 
tions, but eas ter ly  and northeasterly elongations predomi- 
nate.  They a r e  composed largely of vertically s tacked and 
laterally-linked hemispheroids with some undulose planar or  
branching columnar stromatolites,  and rare,  more  complex 
types. Each bioherm is developed f rom a number of 
coalescing growth centres  2-5  m high. 

The marginal areas  of t h e  SS2 member a r e  predomi- 
nantly oligomictic t o  polymictic boulder or thoconglomerates  
and breccias which occur in irregular lenses (2-140 m thick) 
interbedded with dolosiltite, dolarenite,  si l tstone and shale  
(Fig. 16.21A). Most c las ts  a r e  dolostones derived f rom t h e  
Victor Bay, Society Cliffs, and f rom upper Victor Bay-lower 
St ra thcona Sound biohermal carbonates,  but grani t ic  gneiss 
boulders occur  locally. Most c las ts  a r e  30 cm or less across,  
but south of Baillarge Bay (Fig. 16.2) they range up t o  2.5 m. 
In this s a m e  a r e a  olistoliths up t o  1 km long, and underlain by 
olistostromes, were  probably derived f rom t h e  Society Cliffs 
Formation t o  t h e  south. 

Arkose-Greywacke Member (SS3) 

This member is composed mostly of grey to  green, 
locally red-brown, sandstones interbedded with conglomer- 
a tes ,  si l tstones,  shales, and locally with minor dolostones and 
limestones. The sandstones a r e  f ine  t o  very coa r se  grained 
and a r e  commonly conglomeratic,  with sca t t e red  granules 
and pebbles of grani t ic  rocks, qua r t z  and feldspar, and locally 

B. ARKOSE-QUARTZARENITE- 
DOLOSTONE-SHALE 

Figure 16.23. Representative cycles in Strathcona Sound 
and Elwin members. A - fining- and coarsening-upward 
cycles in SS3 and SSS members in central Borden Peninsula; 
B -coarsening- and shallowing-upward cycles in SSs and EL1 
members along northern Navy Board Inlet. VFCR =very  fine 
grained, etc. 

of shale, si l tstone, and carbonate .  The sandstones a r e  
invariably ca l c i t e  cemented.  Lithic areni tes  and arkoses 
predominate,  although greywackes,  sublitharenites and 
subarkoses a r e  abundant;  qua r t z  a ren i t e  and qua r t z  wacke a r e  
minor. 

The SS3 member  conglomerates  a r e  polymictic ortho- 
conglomerates with moderate ly  t o  highly rounded and 
spherical clasts.  Most a r e  pebble-granule size,  but  a f e w  
range t o  more  than a m e t r e  across.  Grani t ic  gneiss, quar tz ,  
and feldspar a r e  t h e  predominant c las ts  but sandstone, si l t-  
stone, shale  and ca rbona te  c las ts  a r e  common. Carbonate  
c las ts  a r e  predominant locally in t h e  basal par t  of t h e  
member,  and conglomerate  o r  c h e r t  c las ts  occur  locally. 

SS3 s t r a t a  a r e  interbedded cyclic packets  of fining- 
upward units 1-90 m thick. In addition t o  t h e  individual 
fining-upward beds and cycles,  t h e  packets  also typically f ine  
upward. Basal beds commonly r e s t  on scoured surfaces  and 
local conglomerates  fill channels up t o  15 m deep. A large  
va r i e ty .  of fining-up cycles  a r e  present  (Fig. 16.23A). In 
addition, thinning-up cycles  a r e  common, and some  coarsen 
upward. Locally, a disconformity within t h e  SS3 may divide 
lower fine grained varied lithologies and upper coa r se  
calcareous feldspathic wacke. 

The SS3 member  l ies disconformably on Victor Bay 
s t r a t a  in t h e  vicinity of St ra thcona Sound, grades  la tera l ly  
in to  and interfingers with SS4, SSS and SS6 members,  and 
interfingers la tera l ly  with and conformably overlies Athole 
Point Format ion (Fig. 16.2, 16.22). The c o n t a c t  with t h e  
overlying Elwin Formation is gradational.  Par t ia l  sec t ions  
indicate  the  member  is more  than 410 m thick. Locally, i t  
may cons t i tu t e  t h e  e n t i r e  formation, a s  in t h e  vicinity of 
St ra thcona Sound (Fig. 16.22). The member  is generally much 
thinner on northern Borden Peninsula. 
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Siltstone-Greywacke Member (SSb) 

This member consists predominantly of a monotonous 
sequence of laminated grey sil tstone interbedded with minor 
very thin t o  medium-bedded grey subarkose and feldspathic 
wacke. It occurs between Strathcona Sound and Baillarge 
Bay. The s t r a t a  a r e  commonly calcareous and a few thin 
beds of limestone and dolostone a r e  present. Sedimentary 
s t ruc tu res  a r e  rare,  but increase  in abundance immediately 
below the  Elwin Formation, and include ripple marks, cross- 
lamination, small  low angle .planar crossbeds, load s t ructures ,  
f lutes,  and scoured bases. 

About 270 m of SSI, s t r a t a  were  measured in a partial  
sec t ion but t h e  member may be  nearly 600 m. I t  is 
transit ional eastward in to  t h e  SS1 and SS3 members,  and is 
gradational into t h e  overlying Elwin Formation. 

Polymictic Conglomerate Member (SS5) 

This member is most abundant along t h e  White Bay 
Faul t  Zone (Fig. 16.22, 16.30, 16.311, and lenses-out abruptly 
a short  distance away f rom it .  The SS5 member  consists 
chiefly of red t o  pink and grey-green, f ine- t o  coarse-grained 
arkoses,  polymictic pebble-boulder orthoconglomerates inter- 
bedded with subordinate l i thic arenites,  si l tstones,  shales and 
calcisil t i tes,  and minor qua r t z  arenites.  Most s t r a t a  a r e  
calcareous; calcisil t i tes and s t romatol i t ic  l imestones ( t o  
20 m) occur locally in t h e  lower par t  of t h e  member. 
Slumped faul t  blocks of massive, bedded (VBz?) and 
s t romatol i t ic  dolostones up t o  7 0  m thick and 2 km long occur 
southeas t  of Elwin Ice Cap. 

The member contains ortho-, para-, oligomictic, and 
polyrnictic conglomerates which range f rom a few cent i -  
me t re s  to  a lens more than 186 m thick containing rounded 
carbonate  c las ts  up t o  10 m. Most c las ts  a r e  less than 1 rn 
across.  

The polymictic conglomerates  contain c las ts  mostly of 
carbonate  and basement gneisses, minor si l tstone, shale,  and 
sandstone, a s  well a s  local conglomerates and qua r t z  areni te .  
The conglomerates a r e  concentra ted  in fans  which grade 
along and away f rom t h e  White Bay Faul t  Zone in to  typical 
SS1, SS3 and Athole Point s t r a t a .  

SS5 s t r a t a  units, up t o  50 m thick in t h e  fans, a r e  
commonly less than 5 m elsewhere.  Sedimentation in the  SS5 
is dominated by fining-upward cycles (Fig. 16.23) but  a few 
shoaling-upward and coarsening-upward cycles a r e  also 
present.  At least  812 m of SS5 s t r a t a  occur  along t h e  White 
Bay Fault  Zone. 

Sedimentary s t ructures  in t h e  member include: ripple 
marks, trough crossbeds, convolute beds, load casts,  rip-up 
clasts,  microfaults,  and stromatolites.  Crossbeds and 
imbricate  c las ts  indicate dominantly southerly t o  westerly 
transport .  

lnterbedded Member (SSs)  

ELWIN FM. 

Whereas only a f ew lithologies predominate in t h e  o ther  
St ra thcona Sound members  described above, several 
lithologies a r e  thinly interbedded throughout all  but  t h e  
lowermost 60 m of St ra thcona Sound s t r a t a  on western  Bylot 
Island and along t h e  west  s ide  of Navy Board Inlet 
(Fig. 16.21C, 16.24C). This thinly interbedded nature  is 
character is t ic  of t h e  lower ELI  member  of t he  Elwin 
Formation, which, however, commonly has more  qua r t z  
a r e n i t e  and less carbonate  s t r a t a  than does  t h e  St ra thcona 
Sound Formation (Fig. 16.21, 16.22). Therefore  s t r a t a  
bordering northern Navy Board Inlet (Fig. 16.2) a r e  assigned 
t o  the  Interbedded member (SSs). 

A - composite section, Elwin Inlet 
B - south side of Baillarge Bay 
C - west side of northern Navy Board Inlet 

Figure 16.24. Generalized stratigraphic sections of the 
Elwin ( E L )  and Strathcona (SS) formations. 
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This member is composed of interbedded arkoses, l i thic 
areni tes ,  quar tz  arenites,  si l tstones,  shales, dolostones, and 
sil iciclastic and s t romatol i t ic  dolostones t h a t  a r e  red, green, 
grey, buff, white, laminated t o  medium bedded, planar t o  
wavy bedded, and locally lumpy bedded. Oolites,  pisolites 
and frosted sand grains a r e  common in t h e  upper part ,  and 
some  beds contain disseminated pyrite. 

Although each lithology predominates in units 
commonly 10 m or less thick, much if not most of t he  
member consists of red-coloured lithologies in 5-130 m 
sequences separa ted by grey-green lithologies in 8-50 m 
sequences.  Fining-, shallowing-, and thinning-upward cycles 
2-40 m thick a r e  character is t ic  (Fig. 16.2381, and include 
sandstone-siltstone-dolostone or  shale  cycles. Coarsening- 
and thickening-upward cycles a r e  less common. 

The SS6 member may be  divided into a lower sequence 
character ized by relatively thick lithological units, a middle 
sequence containing abundant interbedded quar tz  areni te ,  and 
an upper sequence of arkose interbedded with e i ther  s i l t s tone 
and shale  or  s t romatol i t ic  dolostone (Fig. 16.21C, 16.24C). 
The con tac t  with t h e  underlying Victor Bay and overlying 
Elwin formations is conformable and gradational. Tenta t ive  
correlation between partial  sec t ions  of 450 m and 350 m (Fig. 
16.21C, 16.24C) indicates t h e  SS6 member  is at leas t  550 m 
thick and probably const i tu tes  t h e  en t i r e  formation in t h e  
Navy Board Inlet area.  

Sedimentary s t ruc tu res  typical of t h e  SS1 and SS3 
members  a r e  common throughout the  SSs (excluding f lu tes  
and tool marks). Synaeresis, birds eye ,  t epee  and other  
dewater ing s t ructures ,  and molar tooth  occur  in t h e  
carbonates,  which also contain planar, low domal and 
laterally-linked hemispheroidal stromatolites.  Crossbeds, 
locally t o  2 m, and s t romato l i t e  elongations indicate  west-  
northwest t ranspor t  was dominant. 

In terpre ta t ion 

Lithologies, cycles and contained s t ruc tu res  of t h e  
Strathcona Sound Formation, a s  well a s  fac ies  relations 
between members, indicate  t h a t  t h e  SSS member  is composed 
of partially coalescing alluvial fan  complexes t h a t  
accumulated rapidly along the  ac t ive  White Bay Fault  Zone 
adjacent  t o  t h e  rising Navy Board High (Fig. 16.22) t h a t  was  
stripped of a cover of previously-deposited Bylot Supergroup 
s t r a t a .  The few shoaling-up sequences suggest t h a t  local 
par ts  of t he  fan complexes may be lacustrine or shallow 
marine. 

The SSs member interfingers laterally southward with 
t h e  lower shale-siltstone (SS1) and upper arkose-greywacke 
6.53) members (Fig. 16.22). The lower SS1 member  probably 
accumulated in overbank alluvial and intertidal environments 
throughout the  Borden Basin. The carbonate  c las t  conglom- 
e r a t e s  immediately above t h e  Victor Bay Formation in t h e  
Milne Inlet  Trough a r e  in terpre ted a s  debris flows, although 
some  may be  breccias re la ted  t o  t h e  solution of interbedded 
evaporites.  Channel deposits, conglomerate-based fining- 
upward cycles, and terrigenous clastic-carbonate cycles,  
indicate t h e  SS3 was deposited in mixed alluvial and inter- 
t idal environments. 

Carbonate  beds in t h e  Milne Inlet Trough a r e  best  
developed near  t h e  White Bay Fault  Zone, which suggests 
t h a t  a s  the  Trough subsided, i t  was also t i l ted  downward 
toward t h e  north, and ca rbona te  deposition occurred in a 
tongue of t h e  sea  or in shallow ephemeral lakes. The few 
northeasterly t o  eas ter ly  d i rec ted crossbeds in SS3 li thic 
a ren i t e s  t h a t  disconformably overlie Victor Bay and SS1 
s t r a t a  southeas t .of  St ra thcona Sound (Fig. 16.2) suggest t h a t  

some  SS3 s t r a t a  may have been derived f rom a southerly or 
westerly source  re la ted  t o  renewed act iv i ty  along t h e  Cen t ra l  
Borden Faul t  Zone or a f au l t  along Admiralty Inlet. 

The SSn member  accumulated a s  a small  biohermal 
carbonate  platform in a shallow subtidal t o  in ter t idal  
environment.  Westward- and southward-prograding SSI 
c las t ics  buried t h e  locally-emergent ca rbona te  platform. 
West of this platform, t h e  monotonous grey sil tstone- 
greywacke turbidites of t he  SSs member  accumulated in a 
downfaulted wedge-shaped basin between Stra thcona Sound 
and Elwin Inlet (Fig. 16.22). 

The large  scale  l a t e ra l  variations, rapid l a t e ra l  changes  
within individual beds, t h e  oolites,  pisoli tes and f ros ted  
qua r t z  and feldspar grains, and the  abundance of fining- and 
shallowing-upward cycles,  all  indicate t h a t  t h e  SS6 member  
was  deposited in closely-spaced alluvial plain t o  supratidal 
and in ter t idal  environments.  

The distribution of S S ~ ,  SSs and SSs members  suggests 
t h a t  north- t o  nor theas t -  a s  well  a s  northwest-trending f au l t s  
continuously influenced sedimentation. The  vertically and 
laterally variable na tu re  of t h e  St ra thcona Sound and Athole 
Point formations,  t h e  presence of l a rge  olistoli ths underlain 
by olistostromes along t h e  western  s ide  of t h e  SS2 member ,  
and large  slumped carbonate  faul t  blocks in t h e  SSs member  
a t t e s t  t o  continuous t ec ton ic  instabili ty during Stra thcona 
Sound deposition. 

Elwin Format ion 

The Elwin Formation is  t h e  uppermost format ion of t h e  
Nunatsiaq Group, and outcrops only on northern Borden 
Peninsula (Fig. 16.2). I t  is  composed of varicoloured quar tz-  
rich sandstones, with minor si l tstones,  dolostones and shales 
(Fig. 16.24). The s t r a t a  a r e  very thin- t o  thick-bedded, and 
t h e  sandstones a r e  equigranular and generally contain even 
less matr ix  than those  of t h e  St ra thcona Sound. 

The Elwin Format ion is conformable  and gradational 
with the  underlying Stra thcona Sound Formation. This 
con tac t  is  difficult  t o  define,  but  i s  commonly marked by t h e  
abrupt  appearance of qua r t z  areni te ,  and a sl ight but distinct 
diminution in sandstone grain size.  The Elwin is overlain 
unconformably by lower Paleozoic s t r a t a ,  ranges f rom 870 t o  
1220 m thick, and is divided inSo t w o  intergradational 
members. 

Planar crossbeds, smal l  scour  channels,  synaeresis, 
symmetr ica l  and asymmetr ica l  ripples, and f ros ted  sand 
grains a r e  common throughout t h e  formation. Larger c las ts  
of rounded quar tz ,  feldspar,  and dolostone, and angular rip-up 
c l a s t s  of si l tstone, sandstone and shale,  a r e  locally present.  
Desiccation cracks  a r e  sparse. 

Lower Member (ELI) 

The EL1 member  is composed of interbedded red, grey- 
green, whi te  and buff subarkoses, qua r t z  areni tes ,  1 1 t h ~  
areni tes ,  si l tstones,  and dolostones (dololutite, dolosiltite, 
intraformational dolorudite). Commonly, t h e  sandstones 
contain kaolinized feldspar and a r e  very f ine  t o  medium 
grained, although coa r se  grained sandstones a r e  locally 
common (Fig. 16.24). R a r e  s t romatol i t ic  dolostone contains 
planar and wavy laminated, low domal, and laterally-linked 
hemispheroids. 

The con tac t  between t h e  lower and upper Elwin 
members  is gradational,  and is marked by an ab rup t  increase  
in t h e  amount  of qua r t z  a ren i t e  and a corresponding dec rease  
in t h e  number of o the r  lithologies. The EL1 member  ranges 
f rom more  than 265 m t o  375 m in thickness. 
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Stra ta  occur variously interbedded in units up t o  30 m 
thick but  most a r e  10 m or  less. Depositional cycles a r e  
common but a r e  not a s  apparent  a s  in t h e  underlying 
Stra thcona Sound. Cycles range f rom simple t o  complex and 
some  include two of t h e  following types  in compound cycles: 
thinning-up (bedding), thickening-up, coarsening-up (grain), 
fining-up, and shallowing-up (Fig. 16.23B). Fining- and 
shallowing-up cycles include: arkose t o  quar tz  areni te  t o  
dolostone, with red shale below and/or above the  dolostone; 
arkose  t o  shale  t o  locally breccia ted  dolostone; coarsening-up 
(and deepening?) cycles include dololuti te t o  shale  to  arkose. 

Trough crossbeds, climbing ripples, concretions,  slump 
s t ructures ,  microfaults, load cas ts ,  and sole marks a r e  
common in t h e  member in addition t o  s t ructures  already 
noted for  t he  formation a s  a whole. Tepee s t ructures  occur  
in some  dolostones and oolites and pisolites a r e  common 
locally, a s  a r e  hali te cas ts  80-100 m above t h e  base of t h e  
member.  

Paleocurrent pat terns  a r e  polymodal and have high 
dispersion (Fig. 16.8). 

Upper Member (EL?)  

The EL2 member is predominantly very f ine  t o  medium 
grained, white t o  light grey, buff t o  orange, red and light- 
green quar tz  areni tes  inferbedded with minor si l tstones 
(Fig. 16.24A). Although well t o  poorly sorted,  they a r e  f iner  
grained, be t t e r  sorted and more  ma tu re  than sandstones in 
t h e  lower member. R a r e  subarkose and sublitharenite occur  
in t h e  lower par t  of t he  member. Most si l tstones a r e  black in 
t h e  lower par t  of t h e  member  and grey in t h e  upper part .  
The EL2 member is a t  least  495 m thick a t  Elwin Inlet and 
may be  a s  much a s  850 m thick elsewhere on Borden 
Pen~nsula .  

S t r a t a  of t he  upper member  a r e  thicker bedded than 
those  in t h e  lower member  and occur  interbedded in units up 
t o  a t  least  90 m thick, although most a r e  less than 17 m. 
Typically t h e  member comprises a l ternat ing qua r t z  a ren i t e  
units (65 per cent),  and quar tz  arenite-shale units 
(35 per cent)  t h a t  a r e  70 per cen t  qua r t z  areni te .  Where 
present,  cyclic deposition is vague, ill-defined, and 
const i tu tes  a few graded beds and coarsening-up cycles. 

In addition t o  the  sedimentary s t ruc tu res  character is t ic  
of t h e  whole formation, r a r e  cu r ren t  lineations occur  in t h e  
middle of t h e  member. Paleocurrent pat terns  from crossbeds 
show high dispersion, and indicate  polymodal, east-northeast  
transport  (Fig. 16.8). Directions most commonly indicated in 
both members are:  north-northwest, northeast ,  and southeas t  
(Fig. 16.8). 

Interpretation 
The large  variety of lithologies, depositional cycles  and 

sedimentary  s t ructures ,  indicates t h e  EL1 member 
accumulated in intratidal t o  supratidal. and alluvial braidplain 
environments. The local evaporit ic s t r a t a  probably 
accumulated in ephemeral pools on t idal  f l a t s  or  in lagoonal 
areas.  

The abundant trough and planar crossbeds, 
asymmetr ica l  and symmetr ica l  and climbing ripples, smal l  
channels, desiccation cracks,  and coa r se  subarkose lenses 
suggest a braided fluvial environment for t h e  upper 100 m of 
t h e  EL1 a t  Elwin Inlet. East-northeast  t o  southeast  t rends  
predominate in t h e  paleocurrent pa t t e rn  for this unit, a s  well 
a s  for  t he  res t  of t h e  EL1 member  of western Borden 
Peninsula, and suggest t h a t  some  det r i tus  may have been 
supplied f rom sources in t h e  northern Brodeur Pininsula 
and/or Devon Island areas.  

Predominant west-southwest paleocurrent t rends  
adjacent  t o  Navy Board Inlet suggest t h e  Byam Martin High 
may have been t h e  major EL1 source  a r e a  near Navy Board. 
However, northerly paleocurrent trends on nor th-centra l  
Borden Peninsula indicate  t h a t  he re  t h e  Navy Board High may 
have been t h e  major source  area .  In these  regions, a s  in t h e  
others,  subsidiary nor theas t  and east-southeast  paleocurrents 
suggest t h a t  t idal currents  were  ac t ive .  

The kaolinized feldspar, abundant qua r t z  areni te ,  and 
be t t e r  sor ted  na tu re  of t h e  lower Elwin a s  compared with 
Strathcona Sound s t r a t a ,  sunnest an  aba temen t  of tec tonic  . -- 
act iv i ty  and EL1 s t r a t a  a r e  more  reworked, possibly during 
prolonged transport .  The thin na tu re  of t h e  EL1 member,  and 
relative paucity of contained ca rbona te  s t r a t a  on cen t r a l  
Borden Peninusla compared with a r e a s  t o  t h e  west  and eas t ,  
suggest t ha t  environments more  typical of EL2 deposition 
prevailed slightly ear l ier  in cen t r a l  Borden Peninsula, or  t h a t  
this a rea  was f a r the r  f rom source a reas  during EL1 deposition 
compared with a r e a s  t o  t h e  wes t  and eas t .  

The lithologies, s t ructures ,  and polymodal paleocurrent 
pat terns  indicate t h e  EL2 accumulated chiefly in a subtidal 
sandstone shelf environment.  The major north-northwest and 
south-southeast paleocurrent t rends  a r e  interpreted a s  a 
result of t idal ac t iv i ty  and t h e  eas t -nor theas t  trends a s  being 
re la ted  to  longshore currents  (Fig. 16.8). The predominance 
of equigranular qua r t z  areni tes  suggests t h a t  previously- 
deposited sands were  reworked and redeposited during a 
period of prolonged re la t ive  stabil i ty.  

Figure 16.25. Major fault zones and associated minor faults 
in northwestern Baffin Island east of Admiralty Inlet. 
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The cumulat ive  paleocurrent diagram indica tes  predom- 
inantly eas ter ly  t ranspor t  for t h e  Elwin Format ion compared 
with predominantly wester ly  t ranspor t  fo r  a l l  of t h e  o the r  
format ions  (Fig. 16.8). This change in d i rec t ion  may signify 
increased tec tonic  ac t iv i ty  t o  t h e  west ,  perhaps in t h e  
vicinity of t h e  Boothia Arch or f a r the r  ou t  in t h e  basin. 

FAULTING 

Faulting, predominantly along northwest-trending f au l t s  
(Fig. 16.25, 16.26) has  t aken  place  in nor thwest  Baffin Island 
f rom t h e  end of Aphebian t o  Recen t  t i m e  (Jackson et al., 
1975, 1978a; Jackson and Morgan, 1978). The gen t l e  folds 
and local ver t ica l  dips in Bylot Supergroup s t r a t a  were  caused 
by this faulting. Several  smal l  northwest-dipping, low-angle 
thrus ts  may be  mainly syndepositional but  may also be  
re la ted  t o  postdepositional compression f rom t h e  nor thwest .  

Most of t h e  faul t ing  during deposition of t h e  Bylot 
Supergroup occurred  as ver t ica l  movements  along s t e e p  
northwest-trending faults .  Movements were  episodic and 
culminated during deposition of t h e  Arc t i c  Bay-Fabricius 
Fiord format ions  and l a t e r  during St ra thcona Sound-Athole 
Point Formation deposition. 

Northerly t o  nor theas ter ly  trending f au l t s  were  much 
less widespread and of relatively local e x t e n t  during sedimen- 
tat ion.  Pa r t s  of t h e  Milne-Navy Board Inlets zone  a c t e d  a s  a 
hinge zone throughout sedimentation,  whereas  faul t ing  
occurred along o the r  parts.  Alignment of this zone  with t h e  
e a s t  margins of Devon and Ellesmere islands and Nares  S t r a i t  
(Fig. 16.1) sugges ts  (vertical)  movement  may have  occurred  
along this linear in Neohelikian t ime.  Penecontemporaneous  
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Figure 16.26 

Horsts and grabens of the North Baffin Ri f t  Zone, 
northwestern Baffin Island. 

basic volcanics in basa l  s t r a t a  of t h e  aligned Fury and Hecla,  
Borden and Thule basins, apparent ly  absen t  a t  Somerse t  
Island t o  t h e  west,  suggest  most  volcanism probably occurred  
along northerly t o  nor theas ter ly  t rending fissures. 

Although much fault ing pos tda t e s  Bylot Supergroup 
deposition, t h e  present  f au l t  distr ibution and na tu re  of t h e  
North Baffin R i f t  Zone (Fig. 16.25, 16.26) probably approxi- 
ma te s  t h e  na tu re  of horst  and graben development  a t  t h e  
c lose  of Elwin deposition. A low nega t ive  Bouguer anomaly  
over  southwest  Bylot Island sugges ts  t h a t  al though compo- 
nents  of t h e  Eclipse Trough (Fig. 16.26) were  in exis tence  in 
t h e  Neohelikian, t hey  were  modified subsequently.  Lancas ter  
Sound may have been a graben a r e a  within t h e  North Baffin 
R i f t  Zone, al though t h e  present  graben (Kerr ,  1980) may  h a v e  
a more  eas ter ly  t r end  than t h e  Neohelikian one. 

EVOLUTION OF BORDEN BASIN 

In this sec t ion  t h e  deposition of t h e  Neohelikian Bylot 
Supergroup is summarized,  brief comparisons and corre la t ions  
a r e  made with Neohelikian s t r a t a  in ad j acen t  basins, and t h e  
origin of Borden Basin is  discussed. 

Filling of t h e  Basin 

Deposition of Bylot Supergroup commenced wi th  
fault ing,  te r r igenous  c las t ic  sedimenta t ion  and basic 
volcanism (Eqalulik Group) during init ial  mar ine  transgression 
of a nor thwester ly  dipping peneplaned Archean-Aphebian 
grani-toid basemen t  complex. L a t e r  broad downwarping 
resulted in regional shallow mar ine  ca rbona te  sedimenta t ion  
(Uluksan Group). Continued downwarping resulted in renewed 
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Figure 16.27. Paleoenvironmental reconstruction f o r  
Nauyat and lower t o  middle Adams Sound deposition. 

fault ing, collapse, and mild compression, and finally, basin 
stabil i ty (Nunatsiaq Group). Presence of a marine basin t o  
t h e  northwest is indicated during most of Bylot Supergroup 
deposition. 

The dominantly braided fluvial sandstones of t h e  lower 
Nauyat and Adams Sound accumulated in a narrow channel 
southeast  of Milne Inlet t ha t  may have originated by faulting. 
This channel is  transit ional in to  an  alluvial plain delineated 
by an anastomosing network of upward-coalescing braided 
s t r eam deposits (Fig. 16.27, 16.28). Lower Nauyat s t r a t a  in 
the  northern par t  of t he  basin were  deposited in mixed fluvial 
t o  marginal-marine environments. 

Regionally, sedimentation was interrupted by quiescent 
extrusion of southeast-thinning Nauyat ter res t r ia l  tholeii t ic 
plateau basalts. These volcanics were  probably not deposited 
in t h e  southeastern pa r t  of t h e  basin. The present distribu- 
tion of the  flows is determined by major northwesterly 
trending faults. However, northwestward thickening of t h e  
volcanics suggests t h e  erupting fissures were  probably north- 
eas ter ly  trending. Renewed sedimentation rapidly buried t h e  
volcanics beneath prograding braided fluvial c las t ics  before  
appreciable erosion o r  incision. 

Throughout deposition of t h e  Adams Sound, fluvial 
environments predominated in t h e  southeas t  pa r t  of t h e  
basin, whereas mixed fluvial and marginal marine environ- 
ments  predominated in t h e  northeast .  In t h e  western  (north 
and south) par t  of t h e  basin fluvial sedimentation occurred 
throughout AS1 deposition and mixed fluvial and marginal 
mar ine  sedimentation during AS2-3 deposition. 

Periodic regional subsidence was accompanied by 
marine  transgression until mar ine  sedimentation prevailed 
during deposition of t h e  interfingering and intergradational 
Fabricius Fiord and Arct ic  Bay formations.  Lower Fabricius 
Fiord (FF1) coas ta l  and shallow shelf sediments  accumulated 
along t h e  southern margin of t h e  basin. Coeval lower Arc t i c  
Bay (AB1) intertidal sediments were  deposited in t h e  south- 
e a s t  and mixed intertidal t o  shallow subtidal c las t ics  in t h e  
res t  of t h e  basin. 

Major intrabasinal fault ing and extrabasinal uplift 
began l a t e  during lower Arct ic  Bay-Fabricius Fiord deposi- 
tion, and continued sporadically throughout deposition of both 
formations. The most pronounced e f f e c t  of this fault ing and 

uplift was in t h e  southern par t  of t h e  basin, where  large  
coalescing marine-influenced de l t a  fan  complexes (FF~.-I,) 
were  deposited along t h e  Cen t ra l  Borden Faul t  Zone 
(Fig. 16.26, 16.28, 16.29) and extend upward t o  interfinger 
with lower Society Cliffs s t r a t a .  

While these  Fabricius Fiord delta-fan complexes 
formed, t he  coeval Arct ic  Bay member  (AB2) was deposited 
in marine-influenced del tas  and on c l a s t i c  shorelines in t h e  
southeas t ,  and in a shelf environment elsewhere.  The AB3 
member  accumulated in a subtidal, locally s tarved,  basin 
environment.  ABI, s t r a t a ,  including deltaic-alluvial fan  
complexes, were  deposited in shallower mixed c l a s t i c  shore- 
l ine and shelf environments. 

The upward-increasing carbonates  in t h e  Arct ic  Bay a r e  
precursors of t h e  thick platformal ca rbona tes  of t h e  Society 
Cl i f fs  and Victor Bay formations.  However, t h e  discon- 
formity common a t  t h e  base  of t h e  Society Cliffs suggests 
t h a t  fault ing or  regional warping again may have played a 
major role in changing t h e  na tu re  of sedimentation. 

Carbonate  shelf environments were  maintained 
throughout most of t h e  basin during deposition of t h e  Society 
Cliffs, with subtidal t o  in ter t idal  sedimenta t ion predom- 
inating. Syndepositional fault ing produced local kars t  
topography and e levated t h e  proto-Navy Board and Byam 
Martin highs. Terrigenous c las t ics  shed f rom these  highs 
accumulated in alluvial plain and in ter t idal  t o  supratidal or  
sabkha environments throughout most  of t h e  eas t e rn  Society 
Cliffs (Fig. 16.28, 16.30). 

Downfaulting of t h e  Milne Inlet  Trough, accompanied 
by a sagging of t h e  south-central  p a r t  of t h e  basin a t  t h e  
beginning of Victor Bay sedimenta t ion,  resulted in deposition 
of a northward-thinning tongue of subtidal shale  (Fig. 16.28, 
16.31). Elsewhere,  intertidal t o  supratidal,  with r a r e  
subtidal, ca rbona te  deposition predominated. 

Major syndepositional fault ing during accumulation of 
t h e  St ra thcona Sound and Athole Point format ions  produced a 
large  var ie ty  of local and regional depositional environments 
and interfingering lithologies (Fig. 16.22, 16.28, 16.32). With 
uplift  of t h e  Navy Board and Byam Martin highs, previously 
deposited sandstones and carbonates  were  stripped off t h e  

I PALEOENVIRONMENT LEGEND I I Alluvial Fan ..... Intertidal ......... 

I Alluvial Plain ----- Intertidal-Subtidal 

I Braided Channel Subtidal Carbonate - - I 1 co,sta, sablha .S;Su;;dal, Subtidal 
- -- I 

Mixed Alluvial, 
Shore Zone 0 Basement I a Delta Complex 

.......................................... I Paleocurrent trend: Measured 9-1 

.................................... Hypothetical & I 
Direction of transgression ............................................ 
Eastern extent of Nauyat Basalt: 
(Arrows indicate direction of thickening) 

I Active fault zone ................................................... wv~vvvvv\ I 
Figure 16.28. Legend f o r  paleoenvironmental reconstruc- 
t ions in Figures  16.27 and  16.29-16.32. 
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Figure 16.29. Paleoenvironmental reconstruction f o r  Arctic 
Bay and laterally equivalent Fabricius Fiord deposition. 

Figure 16.31. Paleoenvironmental reconstruction f o r  lower 
Victor Bay deposition. 

F i w e  16.32. Paleoenvironmental reconstruction for  Athole 
Figure 16.30. Paleoenvironrnental reconstruction fo r  ~o" in t  and lower St ra thcona Sound deposition. 
Society Cliffs and uppermost Fabricius Fiord deposition. 

Navy Board High and a thick sequence of coarsely conglo- 
mera t i c  coalescing alluvial f an  complexes (SS5) were  
deposited south of t h e  White Bay Fault  Zone (Fig. 16.26, 
16.28, 16.32) during virtually t h e  ent i re  St ra thcona Sound 
depositional period. At t h e  s a m e  t ime,  finer grained, varied 
sediments (SSd were  deposited in t h e  north-central  pa r t  of 
t h e  basin, and a monotonous sequence of turbidi te  c las t ics  
(SSI,) accumulated in a down-dropped a rea  in t h e  centra l  
western par t  of t h e  basin. 

Faulting during lower St ra thcona Sound deposition 
involved northward down-tilting of t h e  Milne Inlet  Trough and 
scissor-type movement between the  Trough and Navy Board 
High. This resulted in deposition of lacustrine or  shallow 
marine l imestones in t h e  lower SS5 member  adjacent  t o  t h e  
Navy Board High. I t  also resulted in deposition of t h e  
predominantly intertidal-subtidal Athole Point l imestones 
with turbidites and minor interbedded debris flow conglo- 
mera te s  in the  southeas tern  par t  of t h e  basin. When t h e  

deepened portion of t h e  Milne Inlet  Trough was  eventually 
filled, t h e  Athole Point s t r a t a  w e r e  buried by prograding 
upper St ra thcona (SS3) fluvial  and shallow marine  sands. 

In t h e  northern and south-central  pa r t s  of t h e  Borden 
Basin, lower St ra thcona Sound (SSl) in ter t idal  and overbank 
alluvial s t r a t a  include sca t t e red  channel deposits and debr is  
flow breccia  and conglomerate  lenses. An isolated small  
subtidal-intertidal biohermal carbonate  platform (SS2) 
developed rapidly in t h e  west-central  pa r t  of t h e  basin, e a s t  
of t h e  SS4 member,  during deposition of lower St ra thcona 
Sound sediments.  Syndepositional fault ing shed prograding 
alluvial SSI c las t ics  westward, terminat ing carbonate  plat-  
form .development. 

SSl ,  SS2 and Athole Point s t r a t a  a r e  overlain by upper 
St ra thcona Sound (SS3) mixed channel and overbank deposits. 
The coarseness of SS3 compared with SSI s t r a t a  suggests 
rejuvenation-of t h e  source  areas.  Uplift of t h e  a r e a  south  o f  
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Figure 16.33. Correlation of Neohelikian strata in Somerset Island-Prince of Wales Island area ( I ) ,  
Borden Basin (2), Fury and Hecla Basin (3), and Thule Basin (4,5). 

t h e  Centra l  Borden Fault  Zone (Steensby High) may have shed 
f luvial and shallow marine  sands north and northeastward 
across t h e  Milne Inlet Trough. While t h e  eas tern  Milne Inlet 
Trough was  probably connected t o  a westerly s e a  during most 
of Strathcona Sound deposition, this connection may have 
been temporarily severed during deposition of upper SS3. 

Strathcona Sound s t r a t a  on southeastern Devon Island 
(Fig. 16.1) res t  unconformably on basement gneisses 
(G.M. Narbonne, personal communication, 1979). This 
suggests t h a t  this a rea  may have been a source a r e a  during 
deposition of much of t h e  Bylot Supergroup although fault-  
init iated uplift along Lancaster  Sound may also have stripped 
ear l ier  Bylot s t r a t a  and redeposited them elsewhere. 

Waning source a rea  uplift and minimal subsidence 
during lower Elwin Formation deposition in in ter t idal  t o  
supratidal environments was superseded by deposition of 
relatively clean and well-sorted deeper water  sands of t h e  
upper Elwin. 

Correlations 

Neohelikian sedimentary  sequences a r e  preserved in 
severa l  basins and a reas  along t h e  northwest edge  of 
t h e  Canadian-Greenland Shield (Fig. 16.1, 16.33-16.35). 
Sequences in t h e  Thule (Canada and Greenland) and Fury and 
Hecla basins and in t h e  vicinity of Somerset Island most 
closely resemble t h e  Bylot Supergroup (Fig. 16.33). 

These  sequences l ie nonconformably on gneissic base- 
ment ,  contain tholeii t ic basalts and/or basic sills about  
1.2 G a  in age,  yield Mackenzie paleomagnetic poles, and 
contain similar lithologies arranged in similar s t ra t igraphic  
sequences and deposited in similar environments; some  syn- 
depositional fault ing is common (Fig. 16.1, 16.33-16.35). 
Regional correlations involving these  Neohelikian s t r a t a  
along t h e  northwest edge  of t h e  Canadian-Greenlandian 
Shield have been made by Blackadar (19701, Blackadar and 
Fraser (1960), Christie et al .  (19721, Lemon and 
Blackadar (1963), Dawes (19761, Fahrig e t  al. (1981), 
Kerr (1979), and Young (1979). 
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Open c i rc les  = Franklin (Hadrynian) volcanics 
Crosses = Franklin intrusions 

Figme 16.34. K-Ar a g e s  f o r  some  basic igneous rocks  along 
northwest edge of Canadian-Greenlandian Shield. References  
in text ,  except  fo r  Minto Arch, f rom Wanless (1970) .  

Thule Basin 
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As much as  4.5 km of Thule Croup s t r a t a  a r e  preserved 
in t h e  fault-bounded Thule Basin 300 km northeast  of t h e  
Borden Basin (Davies et al., 1963; Dawes, 1976, 1979; 
Dawes et al., 1973; Frisch et al., 1978; Frisch and Christie,  
in press; Vidal and Dawes, 1980). The basal Wolstenholme 
Formation comprises two  t o  four members,  t h e  lowermost of 
which consists of varicoloured sandstone, basic tholeii t ic 
plateau basalt  and basic sills. The igneous rocks yield 
whole rock K-Ar ages  (Fig. 16.34) similar t o  those  obtained 
for  t h e  Mackenzie Nauyat volcanics, and t h e  lowermost 
Wolstenholme member  is corre la ted  with t h e  Nauyat 
Formation (Fig. 16.33). The overlying Wolstenholme 
members a r e  composed of locally conglomeratic sandstones 
and a r e  similar t o  Adams Sound members.  The Wolstenholme 
Formation thins t o  t h e  north, south, and eas t ,  where  t h e  
lowermost member  may b e  absent.  

- 

Shales and f ine  sandstones predominate in t h e  Dundas 
Formation which is gradational with t h e  underlying 
Wolstenholme Formation. Coarsening-upward cycles occur  in 
t h e  lower part .  Gypsum beds a r e  present and dolostones in 
t h e  upper Dundas thin northward (marginward?). Hadrynian 
Franklin sills and dykes intrude Dundas s t r a t a  (Fig. 16.34) and 
t h e  Dundas is corre la ted  with t h e  Arct ic  Bay-Fabricius Fiord 
formations (Fig. 16.33). 

The Narssdrssuk Format ion conta ins  t h r e e  members,  of 
which t h e  lower t w o  conta in  gypsum. The con tac t  with t h e  
underlying Dundas Formation is not  exposed. Lower and 
upper red members  a r e  composed of varicoloured carbonates ,  
shales, si l tstones and sandstones t h a t  a r e  ar ranged in cycles  
(Davies et al., 1963), similar t o  those  in t h e  Society Cl i f fs  
Formation. The middle Aorferneq dolomite member  conta ins  
oolites, minor limestone, and breccia.  The Narssdrssuk is  
considered to  be  equivalent t o  t h e  Society Cliffs and possibly 
t o  t h e  Victor Bay formations.  

10,21.7 

Thule Croup s t r a t a  were  deposited in environments,  in 
par t  semi-restricted,  similar t o  those  in which t h e  equivalent 
Eqalulik and Uluksan Croup s t r a t a  were  deposited. Crossbed 
measurements  indicate  westward t ranspor t  (Frisch and 
Christie,  in press), and thinning of s t r a t a  indicates a northern 
t o  eas tern  and southern shoreline. 

Fury and  Hecla Basin 
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About 6 km of sedimentary  s t r a t a  occur in the  vicinity 
of Fury and Hecla St ra i t  200 km south of Borden Basin. 
Blackadar (1958, 1963, 1970) d i f ferent ia ted  a thick lower 
Fury and Hecla Formation and a n  upper Autridge Formation. 
Chandler (& Chandler et al., 1980) divided t h e  Fury and 
Hecla Formation into four informal formations: lower redbed 
format ion,  upper redbed format ion,  pink qua r t z i t e  format ion,  
and transit ion formation. These Neohelikian s t r a t a  a r e  
intruded by Hadrynian Franklin dykes (Fig. 16.34; 
Blackadar, 1970; Chandler and Stevens, 19811, although 
Chandler and Stevens (1981) noted t h a t  a slightly older 
Hadrynian event  might also b e  represented. 
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'The two  redbed format ions  a r e  chiefly red sandstone, 
s i l t s tone and shale, with minor light-coloured sandstone and 
s t romatol i t ic  dolostone. An or thoconglomerate  in t h e  lower 
redbed format ion thins and fines westward. Whole rock K-Ar 
ages  of about  1100 Ma have been obtained for  two  thin 
plateau basal t  flows in t h e  upper pa r t  of t h e  s a m e  member  
(Fig. 16.34; Chandler and Stevens,  1981). Coarsening-upward 
cycles  occur  in t h e  upper redbed formation. The  t w o  redbed 
format ions  a r e  corre la ted  with t h e  Nauyat Formation, and 
la tera l ly  equivalent sandstones in Borden Basin. 

NUMBER 
2 , l  

The pink qua r t z i t e  format ion thins westward and is 
corre la ted  with t h e  Adams Sound Formation. The transit ion 
format ion,  composed of varicoloured shales, s i l t s tones  and 
sandstones,  and t h e  overlying Autridge Formation, chiefly 
black shale,  a r e  corre la ted  with t h e  Arct ic  Bay-Fabricius 
Fiord formations.  About 80 m of grey l imestone locally 
overlies Autridge shale (Blackadar, 1958, 1963, 1970; 
Heywood, personal communication, 1980) and is corre la ted  
with t h e  Society Cliffs Formation. 

X 

X 

Fury and Hecla Basin s t r a t a ,  l ike t h e  Thule Group, were  
deposited in environments similar t o  those in which corre la-  
t ive  Bylot Supergroup s t r a t a  were  deposited. Crossbed 
measurements  indicate  nor thwest  t ranspor t  for t h e  lower 
redbed formation, western  t ranspor t  for  t h e  upper redbed 
format ion,  and southerly t ranspor t  for  t h e  pink qua r t z i t e  and 
transit ion format ions  (Chandler et al., 1980). The s t r a t a  a r e  
displaced by eas t -west  and northwest-southeast  faults.  
However, i t  is not ye t  known whether  or not syndepositional 
fault ing was important  or  whether t h e  present distribution of 
s t r a t a  r e f l ec t s  t h e  s i t e  of a depositional basin (Chandler, 
personal communication, 1980). It is  inferred he re  f rom t h e  
presence of basal polymictic, possibly faul t - re la ted  breccia 
a t  t w o  locali t ies (Chandler e t  al., 19801, t h e  g r e a t  thickness 
of t h e  succession and t h e  similarity of i t s  s e t t i ng  and 
depositional history a s  compared with t h e  fault-controlled 
Bylot Supergroup, t h a t  syndepositional faul t ing was  
prominent.  
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Paleocurrents - - Ocean openin 

Figure 16.35. Schemat ic  reconstruction fo r  1200-1250 Ma old opening of the early Proto- Arct ic  (Poseidon) Ocean. 

Somerset Island Area unconformable (Dixon, 1974; Kerr ,  1977a; Kerr and 

At least  3 km of Neohelikian s t r a t a  outcrop in the  
vicinity of western  Somerset and eas t e rn  Pr ince  of Wales 
islands (Fig. 16.1, 16.33; Blackadar, 1967; Brown et al., 1969; 
Dixon e t  al., 1971; Dixon, 1974; Kerr, 1977a; Kerr and 
deVries, 1976; Miall, 1969; Reinson et al., 1976; Tuke et al., 
1966). The lower Aston Formation is composed of sandstones 
and minor si l tstones and s t romatol i t ic  dolo stones. Locally, 
an  angular gneiss-clast cobble-boulder breccia lies d i rec t ly  on 
basement  gneisses. Immature  sandstones, with minor shale 
layers, reappear locally in t h e  upper pa r t  of t h e  formation. 
The Aston Formation both thickens and dips away f rom the  
Boothia Arch (Horst) of basement gneisses, and is th ickes t  t o  
the  west in the  vicinity of eas tern  Prince of Wales Island. 

The Hunting Formation overlies t h e  Aston on Somerset 
Island and is composed chiefly of several commonly s t ro-  
matoli t ic,  dolostone lithologies. A t  some  locali t ies a basal 
conglomerate  grades upward through finer e las t ics  into sandy 
dolostone. Quar tz  sand con ten t  increases upward in t h e  
upper pa r t  of t he  formation and interbeds of red sandstone 
and s i l t s tone occur near t h e  base  and top of t h e  formation, 
while c h e r t  occurs chiefly in t h e  middle. 

The con tac t  between t h e  Hunting and Aston formations 
apparent ly  ranges from conformable and transit ional t o  

deVries, 1976; Tuke et al., 1966).  err and Kerr and 
deVries (op. cit.) concluded t h a t  t he  Aston was  eroded f rom 
westernmost  Somerset  Island prior t o  westward encroach- 
men t  of t he  Hunting across  t h e  Aston, and i t s  contained 
intrusions, onto  basement gneisses. Aston and Hunting 
format ions  were  deformed in to  north-trending folds prior t o  
intrusion of northeast-trending dykes. 

Neohelikian Mackenzie paleomagnetic poles have been 
in terpre ted for t h e  Aston Formation and for a t runcated 
basic sill in t h e  Aston (Jones  and Fahrig, 1978; Fahrig et al., 
1981). Hadrynian Franklin paleomagnetic poles have been 
in terpre ted for  severa l  northeast-trending dykes t h a t  intrude 
both formations and a possible Ter t iary  pole was  obtained fo r  
one dyke. K-Ar ages  (Fig. 16.34; Dixon, 1974; Jones and 
Fahrig, 1978) also indicate  at leas t  t w o  ages  of bas ic  
intrusions. 

Crossbeds consistently indicate  nor theas t  transport  on 
Somerset  Island (Tuke et al., 1966) and westward t ranspor t  in 
t h e  vicinity of Prince of Wales Island t o  t h e  west. Some 
Aston lithologies in t h e  l a t t e r  a r e a  may re f l ec t  changes in 
position of the  Boothia Arch (Horst) source  a rea  and a 
shoreward e a s t  and southeas t  transit ion toward t h e  Arch 
(Dixon e t  al., 1971). Emergence of t h e  Boothia Arch during 
Aston deposition probably involved some  faulting. 
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The Aston and Hunting format ions  a r e  very similar to, 
and a r e  corre la ted  with, t h e  Nauyat-Adams Sound Formation 
and with t h e  Society Cliffs Formation respectively. S t r a t a  
equivalent t o  t h e  Arctic Bay and Fabricius Fiord formations,  
and possibly t h e  upper Adams Sound Formation, were  e i ther  
not deposited o r  were  eroded prior t o  Hunting deposition. 
Descriptions of t he  Aston-Hunting contact  suggest t he  
unconformity is locally well developed, but may die  ou t  away 
f rom t h e  Boothia Horst  and so  represents a small  t ime  
interval. Therefore,  w e  presently consider t h e  Hunting t o  b e  
older than the  lithologically similar s t r a t a  of t he  Shaler 
Croup on Victoria Island t h a t  is  commonly considered t o  b e  
Hadrynian (Thorsteinsson and Tozer,  1962; Young, 1974, 
1979). Upper Hunting s t r a t a  may in par t  be  equivalent t o  
lower Victor Bay s t r a t a ,  although Dixon (1974) has identified 
an unconformity between t h e  Hunting and overlying lower 
Paleozoic s t ra ta .  Dixon (1974) considered black shales  t h a t  
Tuke et al. (1966) placed in t h e  uppermost Hunting t o  be  
lower Paleozoic. 

The Aston and Hunting format ions  were  deposited in a 
tectonically ac t ive  semi-restricted basin in which t h e  Boothia 
Arch (Horst) was probably a source  for Aston sediments. 
Depositional environments were  very similar t o  those of t h e  
corre la t ive  formations in Borden Basin. 

Origin, Regional Relations 

Borden Basin evolved within t h e  North Baffin R i f t  
Zone, in which movement along dominantly ver t ica l  north- 
west-trending faults,  probably f rom the  close of Aphebian t o  
Recent  t ime,  resulted in format ion of several horsts and 
grabens (Fig. 16.26). Post-Aphebian northwest-trending 
faul ts  extend throughout Baffin Island (Jackson and 
Morgan, 19781, and the  s t ruc tu res  shown in Figure 16.26 
probably extend much fa r the r  than shown. Alignment of 
faults,  graben s t ructures ,  Franklin dykes, mineral deposits 
and topographic f ea tu res  (Blackadar, 1967; Jackson and 
Morgan, 1978; Jones and Dixon, 1977; Kerr, 1977a, b; Kerr 
and deVries, 1977; Miall and Kerr,  1977; Reinson et al., 1976) 
indicates t h a t  t h e  Milne Inlet Trough s t ruc tu re  probably 
extends 1200 km from Somerset-Cornwallis islands southeas t  
t o  the  northwest corner of Home Bay on the  eas t  coas t  of 
Baffin Island (Fig. 16.35). Information presently available,  
however, indicates t h a t  significant Phanerozoic faulting has 
not  af fected the  Brodeur Homocline west of Admiralty Inlet 
(Blackadar, 1968c, d; Tre t t in ,  1969). 

Borden Basin probably developed along a failed a r m  o r  
aulacogen, a s  f i rs t  suggested by Olson (1977), during a 1.2 Ga 
ocean opening t o  t h e  northwest (Fig. 16.35). Doming and 
crus ta l  extension accompanied by early faulting in i t ia ted  t h e  
aulacogen and basin. Some of t h e  f ea tu res  within t h e  Borden 
Basin also found in aulacogens (e.g. Hoffman e t  al., 1974; 
Freund and Merzer,  1976), but  not necessarily res t r ic ted  t o  
them,  include: 
I )  Faults have developed a zig-zag pat tern  (Fig. 16.25); 

individual faults a r e  irregular,  s teep,  and most of t h e  
movement has been dip-slip. 

2) Faul ts  locally follow pre-existing s t ructures ,  bu t  grabens, 
such a s  t h e  Milne Inlet  Trough, do  not  s eem t o  follow a 
specific s t ructure ,  although i t  is subparallel t o  the  
regional Archean-Aphebian gneissosity. 

3) Once developed, f au l t  movement has  occurred over  a long 
period of t ime. 

4) Centra l  horsts such a s  Navy Board High, have been 
elevated but  not  a s  high a s  marginal horsts (Byam Martin) 
or  bordering areas.  

5) Rela t ive  abundance of granul i te  fac ies  rocks adjacent  t o  
Borden Basin (Jackson and Morgan, 1978) may b e  a resul t  
of early updoming. 

6) Paleocurrents  a r e  chiefly longitudinal. Northwest trans- 
por t  directions predominated excep t  during Elwin deposi- 
tion when a reversal  resulted in eas ter ly  t ranspor t  
predominating. 

7)  Metamorphism is weak t o  absent.  

Figure 16.35 shows schemat ica l ly  what t h e  relationships 
may have been between severa l  of t h e  Neohelikian basins 
along t h e  northwest edge  of t h e  Canadian-Greenland Shield 
during early sedimentation in these  basins. The positions 
of Greenland and Ellesmere Island a r e  f rom L e  Pichon e t  al. 
(1977). Similarit ies in lithology, stratigraphy, inferred ages  
and depositional environments,  and t h e  general  indications of 
a mar ine  basin to  the  northwest suggest t h a t  sedimentation in 
Fury and Hecla and Thule basins and t h e  Somerset  Island a r e a  
was penecontemporaneous with sedimenta t ion in Borden 
Basin, and t h a t  t h e  o the r  t h r e e  basins were  in terconnected 
with t h e  Borden Basin a t  leas t  temporarily (Fig. 16.35). The 
most likely period for interconnection was  relatively l a t e  in 
t h e  sedimentary  history, during deposition of t h e  platform 
carbonates  (Uluksan Group, Hunting Formation, Narsszrssuk 
Formation, etc.). At this t i m e  the  basins may have been 
modified t o  merely broad embayment s  along t h e  southeas tern  
edge of a n  ocean. 

I t s  on-strike nature  with t h e  Bylot Supergroup suggests 
t h a t  t h e  Aston-Hunting succession was  probably deposited in 
t h e  western  pa r t  of t h e  Borden Basin, while t h e  Bylot 
Supergroup was deposited in t h e  eas t e rn  p a r t  of t h e  s a m e  
basin. The southeastern edge  of a major ocean may have 
been only a shor t  d is tance  nor thwest  of Somerset  Island a r e a  
a t  this t ime,  and Borden Basin may have been at leas t  
partially divided by development of a north-south horst  or  
upwarp in the  a r e a  of Brodeur Peninsula (west of Admiralty 
Inlet, Fig. 16.2) near t h e  c lose  of Borden Basin sedimentation. 

As suggested in Figure 16.35, Fury and Hecla  Basin may 
have been connected with t h e  Borden Basin t o  t h e  west.  
During ear ly  development of these  bas ins ,  however, t h e  
Steensby High may have extended westward t o  t h e  wes t  s ide  
of Somerset  Island, at leas t  temporarily,  thus including par t  
of t h e  Boothia Arch. During these  t imes  t h e  Fury and Hecla 
Basin may have been landlocked or  connected t o  an  ocean 
across  t h e  southern p a r t  of t h e  Boothia Arch. During 
deposition of t h e  platform carbonates  t h e  western par t  of t h e  
Devon High may have been an is land ' to  t h e  e a s t  of which t h e  
Borden and Thule basins were  interconnected. 

A Rb-Sr isochron a g e  of 1257 2 45 Ma (Baragar,  1972) 
has been obtained for plateau basal ts  of t h e  Copper Creek 
Formation in the  Copper mine region (Fig. 16.1 ). Mackenzie 
paleomagnet ic  poles have been obtained for  t h e s e  volcanics 
and fo r  coeval intrusions (Fahrig and Jones,  1969; 
Robertson, 1969). In nor theas tern  Greenland a Rb-Sr 
isochron a g e  of 1230 5 25 Ma has  been obtained fo r  red 
granophyric shee t s  and dykes in mid-Proterozoic sandstones. 
The granophyres have been in terpre ted a s  being genetically 
re la ted  t o  doler i te  sills and basal t ic  t o  rhyolit ic flows (Jepsen 
and Kalsbeek, 1979). K-Ar ages  (Fig. 16.34) f rom t h e  
Coppermine region (Fahrig and Jones, 1969; Baragar and 
Robertson, I97 3; Robertson and Baragar,  I97 21, and f rom 
eas t e rn  Ellesmere Island and northwestern Greenland 
(Dawes, 1976; Dawes e t  al., 1973; Frisch and Christie,  in 
press; Frisch, personal communication, 1981; Henrikson and 
Jepsen, 1970) support  t h e  Rb-Sr and paleomagnetic data ,  and 
a mid-Proterozoic (Neohelikian) age  for some  of t h e  sedimen- 
t a ry  and volcanic rocks in these  regions. 

We conclude t h a t  severa l  basins developed about  
1200-1250 Ma ago and extended for  about 3200 km, between 
t h e  Cordilleran Geosyncline in western  North America,  and 
t h e  Carolinidian Geosyncline in eas t e rn  Greenland, along 
what  is now t h e  northwest edge  of t h e  Canadian-Greenlandic 
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Shield (Fig. 16.35). Most of t hese  basins w e r e  init iated 
and/or evolved a s  grabens. The evolution of t hese  basins is  
cons is tent  with t h e  in terpre ta t ion  t h a t  they a r e  re la ted  to  a 
1250 Ma ocean opening t o  t h e  northwest t h a t  formed t h e  
Proto-Arct ic  Ocean of Tre t t in  e t  al. (1972). 

Harland and Gayer  (1972) proposed t h e  t e r m  Pelagus 
(Greek god who ruled over  pa r t  of t h e  ancient  ocean)  for  an  
ocean t h a t  was probably present north of Greenland and 
El lesmere  Island, a t  leas t  in ear ly  Paleozoic t ime,  in order  t o  
d i f f e r en t i a t e  i t  from t h e  present  Arct ic  Ocean. Tre t t in  and 
Balkwill (1979) in terpre ted  t h e  ea s t e rn  Arct ic  Ocean a s  being 
closed between 1000 Ma old and ear l ies t  Cambrian.  If so, t h e  
1250 Ma ocean is dist inctly older. Ra the r  than ca l l  i t  t h e  
Proto-Pelagus Ocean, which would be  confused with t h e  
init ial  Pelagus opening, t h e  n a m e  Poseidon Ocean is proposed 
he re  for  t h e  Neohelikian ocean which was ances t r a l  t o  t h e  
ear ly  paleozoic Arct ic  ocean called Pelagus. Poseidon, in 
Greek mythology, was  t h e  brother  of Zeus, and was  t h e  god 
of w a t e r  and t h e  fa ther  of Pelagus. 

This Neohelikian ocean opening and t h e  re la ted  s t r a t a  
and s t ruc tu re s  may be  analogous t o  t h e  ea r ly  Mesozoic 
opening of t h e  At lant ic  Ocean and t h e  re la ted  s t r a t a  and 
s t ruc tu re s  along t h e  Northern American At lant ic  coas t  
(Austin et al., 1980; Burke, 1976; Falvey, 1974; J ansa  and 
Wade, 1975; Haworth and Keen, 1979). S t ructures  re la ted  t o  
t h e  ea r ly  Arctic,  Poseidon, ocean opening (e.g. Milne Inlet 
Trough, Boothia Arch) a r e  commonly subperpendicular t o  one 
another  and oriented a t  40-70 degrees  t o  t h e  opening axis, 
whereas  they a r e  chiefly subparallel  or subver t ica l  t o  t h e  axis 
of t h e  At lant ic  opening. This apparent  d i f ference  may b e  an  
indication t h a t  a d i f ferent  reconstruction than t h a t  of 
Le  Pichon et al. (1977) is  required for  t h e  Neohelikian, which 
is no t  surprising. The Boothia Arch (Horst) and Milne Inlet  
Trough a r e  known t o  have  been ac t ive  over a much longer 
period of t i m e  and may be  larger  than t h e  Mesozoic At lant ic  
s t ruc tu re s ,  al though t h e  l a t e  Triassic graben extending f rom 
Delaware  t o  Vermont (Sanders, 1963) is about  t h e  s a m e  s ize  
a s  t h e  Boothia Arch. 
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PALEOMAGNETISM OF THE BYLOT BASINS: EVIDENCE FOR 
MACKENZIE CONTINENTAL TENSIONAL TECTONICS 

W.F. Fahrigl, K.W. christie1, and D.L.   ones^ 

Fahrig, W.F., Christie, K.W., and Jones, D.L., Paleomagnetism of the Bylot basins: Evidence for 
Mackenzie continental tensional tectonics; Proterozoic Basins of Canada, F.H.A. Campbell, editor; 
Geological Survey of Canada, Paper 81-10, p. 303-312, 1981. 

Abstract 

A number of apparently related Helikian sedimentary and volcanic basins in northern Canada 
are here referred to collectively as the Bylot basins. These include the Borden and the Fury and 
Hecla basins of northern Baffin Island, and the Thule Basin of Greenland. The basins developed in 
response to widespread rifting activity 1220 Ma ago which resulted from tensional tectonics of 
continental dimensions. Mackenzie magmatism, which took place throughout the western Canadian 
Shield, and basaltic magmatism in southern Greenland and Fennoscandia, appear to be related t o  the 
same tensional event. The precise time correlation of early Borden Basin development with Helikian 
basaltic rnagmatism throughout the Canadian Shield and throughout a reconstructed supercontinent is 
based chiefly on paleomagnetic evidence. 

The lowest units of the Borden sequence, Nauyat volcanics and Adams Sound Formation, are 
normally magnetized and yield poles at 167.S0W, 4.S0N, 6 m =  13.0°, 6p=6.s0  and 166.0°W, 
l.SS, dm = 6.0°,. dp = 3.0'. Their combined pole for 12 sites is at 166.S0W, 
l . S O N ,  6 m  = 6.0°, 6p = 3.0'. This is indistinguishable from Mackenzie igneous poles. The Strathcona 
Sound Formation, which occurs near the top of the Borden sequence, exhibits six reversals in the 
sequence sampled and has a pole at 155.5OW, 8.0°N, 6m = 4.0°, dp = 2.0' which is distinguishable 
from the Mackenzie pole. 

The Aston Formation, which occurs on Somerset and Prince of Wales islands, has a pole position 
at 178.S0W, 2.0°S, dm = 13.4", 6p  = 6.7", which suggests that it is the time equivalent of the lower 
Borden sequence. 

The fill that makes up the Borden Basin was accumulated over a period of 18 Ma, commencing 
about 1220 million years ago. 

Dans cette e'tude, on de'signe collectivement par le terme de bassins de Bylot un certain nombre 
de bassins se'dimentaires et volcaniques datant de l'hle'likien, e t  sans doute apparente's les uns aux 
autres. n s  comprennent le bassin de Borden e t  celui de Fury et Hecla dans le nord de la terre de 
Baffin, e t  le bassin de Thule' au Groenland. Ces bassins se sont forme'es il y a 1220 Ma sous llinfluence 
dlune vaste activitd tectonique, les fractures re'sultant de tensions s 'exer~ant h une 6chelle 
continentale. Lte'pisode magmatique de Mackenzie, qui s'est exerce' sur tout ltouest du Bouclier 
canadien, e t  le magmatisme basaltique du sud du Croenland e t  de la Fennoscandie, ont probablement 
e'te' engendre's par le m6me dpisode de tensions. Pour e'tablir une corrklation temporelle pre'cise entre 
le d6veloppement initial du bassin de Borden et le magmatisme basaltique de llHe'likien, sur 
llensemble du Bouclier canadien e t  le supercontinent original, on slest principalement base' sur des 
indices pale'ornagndtiques. 

Les unit& les plus anciennes de la  succession de Borden, clest-d-dire les couches volcaniques de 
Nauyat e t  la formation dlAdams Sound, sont magne'tise'es de faqon normale et comportent des p6les 
de coordonne'es 167,S0W, 4,5"N, 6 m  = 13,0°, 6p  = 6,s" e t  166,0°W, 1,5S, 6 m  = 6,0°, 6p  = 3,0°. En 
combinant les pdles de 12 sites, on obtient les coordonne'es suivantes: 166,S0W, 1,5ON, dm =6,0°, 
6p  = 3,0°. Ces pdles se confondent parfaitement avec les pdles d'activite' volcanique de Mackenzie. 
La formation de Strathcona Sound, que l1on rencontre prhs du sommet de la succession de Borden, 
pre'sente 6 inversions de polarit6 dans la succession dchantillonne'e, et posskde un p61e de coordonne'es 
155,5OW, 8,0°N, 6 m  = 4,0°, 6p  = 2,0°, qui se confond parfaiternent avec le p61e de Mackenzie. 

La formation dlAston, que lton rencontre sur les iles de Somerset et du Prince de Galles, se 
caracte'rise par un p61e de coordonne'es 178,S0W, 2,0°S, 6 m  = 13,4O, 6p = 6,7O ce qui sugghre qu'elle 
est lf&quivalent stratigraphique de la partie infe'rieure de la succession de Borden. 

Le matkiel  se'dimentaire qui constitue le bassin de Borden slest accumule' pendant une pe'riode 
de 18 Ma qui a dgbute' il y a environ 1220 Ma. 

' ~ e o l o ~ i c a l  Survey of Canada, Ottawa, Canada 
2~n iver s i t y  o f  Zimbabwe, Salisbury, Zimbabwe 
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INTRODUCTION N A W A T  FORMATION 

The stratigraphy and development of the  Borden 
sequence is dealt  with in detail  elsewhere in this volume so 
only the  briefest  description of Borden stratigraphy is given 
here  to  provide a sett ing for t he  paleomagnetic d a t a  and for 
the  synthesis of these  data.  The Borden sequence was 
divided into two groups (Blackadar 1963, 1970; Lemon and 
Blackadar, 1963). The lower group, the  Eqalulik, comprises 
two units, t he  Nauyat, largely volcanic, which is conformably 
overlain by the Adams Sound, consisting of buff t o  purple 
quar tz i te .  The Adams Sound is thought t o  be  largely fluvial 
and grades  upward (Blackadar, 1970) into t h e  lowest unit of 
t h e  Uluksan Group. The Uluksan consists of several forma- 
t ions and is largely shallow marine. Jackson e t  al. (1980) 
have indicated unconformities a t  two levels within the  
Uluksan, but  these are  unlikely to represent major lapses 
in t ime. 

The Nauyat Formation consists largely of thick basal t ic  
flows, which in the  major a r e a  of exposure south  of Adams 
Sound, extend over an  a r e a  of a t  leas t  300 k m 2  (Fig. 17.1). 
Six flows were  sampled in t h e  sect ion Indicated. These  
consist  of four flows above and t w o  below a thin pink 
qua r t z i t e  unit. The flows a r e  a l l  a t  leas t  10 m thick and 
some  a r e  several tens  of me t re s  thick. A seventh flow 
probably occurs below the  sampled section. The weathered 
surfaces  of t he  flows vary considerably in colour,  being rust ,  
brick red, dark  red, purple o r  grey-green. Individual flows 
have a number of distinguishing f ea tu res  which were  
described by Galley (1978) from a sect ion a f ew kilometres t o  
t h e  southwest.  The flows vary considerably in composition 
even within the  s a m e  flow, but  a r e  chiefly subalkaline 
tholeii tes.  Alkalis t o t a l  5 per cent ,  and sil ica about  
52 per c e n t  (Galley, 1978). 

Most of t h e  mater ia l  collected for paleomagnetic study Sixty co res  were  drilled f rom seven Nauyat s i t e s  
was obtained from th ree  formations: t he  Nauyat and Adams (31 t o  37), with s i t e  31 representing the  highest exposed flow. 
Sound (Eqalulik Group) and the  Strathcona Sound (Uluksan The collection includes 55 co res  f rom the  6 flows mentioned 
Group). The Strathcona Sound is the  second highest unit of above and 5 cores  f rom a pink qua r t z i t e  layer  (s i te  35). 
t he  Uluksan Group. In the  lower St ra thcona sampled section Two specimens were  c u t  f rom each  c o r e  and t h e  i t  consists chiefly of medium t o  dark chocolate-red sil tstone specimens from the six volcanic sites were 
and f ine  sandstone. The poles for t h e  th ree  format ions  may A,F. demagnetized in f ive  or six steps. Wi th  the exception of be used to indicate the direction and of s i t e  33, specimen directions shifted systematically to  a fairly wandering that took place during the entire t ime f l a t  westerly direction during the s t e p  cleaning. A t  fields of involved in filling the  Borden Basin. 500 or  600 o e  t h e  di rec t ions  within t h e  5 s i t e s  a r e  highly 

Figure 17.1 

Geological map (simplified after 
Blackadar et al., 1968) showing 
location of sections sampled for 
paleomagnetic work. Only the 
basement gneisses, Paleozoic 
cover and the three formations 
sampled for ~aleomagnetic work, 
have been patterned. 
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dispersed. Specimen directions for s i t e  33  showed t h e  same  
westerly shift  during s t e p  cleaning but were  s t reaked towards 
t h e  present earth 's  field direction. For this reason, d a t a  
f rom this s i t e  were  not included in group s ta t i s t ics  for t h e  
formation (Table 17.1 I ) .  Figure 17.2 shows character is t ic  
A.F. demagnetization curves for t he  six volcanic si tes.  

The pink quar tz i te  (si te 35) samples were  thermally 
demagnetized in s teps  t o  680°C. Sample directions were  
highly dispersed above 600°C and below this temperature  
retained a steeply down direction not f a r  f rom t h a t  of t h e  
present  earth 's  field; Figure 17.3 shows the  demagnetization 
curves for one specimen of each core. These specimens were  
very  weakly magnet ic  and i t  is unlikely t h a t  a primary 
magnetization was isolated during the  thermal  cleaning. 

ADAMS SOUND FORMATION 

The Adams Sound Formation was sampled a t  two  
locali t ies (Fig. 17.1). A t  Section I, 36 co res  were  drilled a t  
7 s i t e s  through a 54 m very gently north-dipping sequence. 
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Si t e  38 is t he  highest s i t e  and s i t e  44 t h e  lowest. The 
sandstones here  vary f rom buff t o  dark purple and drilling 
was concentra ted  in purple layers because i t  seemed likely 
t h a t  these  would yield measurable cores. 

One specimen f rom each  c o r e  was  thermally s t ep  
cleaned and Figure 17.4 shows t h e  response of these 
specimens t o  cleaning. The N.R.M. direct ions  of t h e  cores  
were  well away f rom the  ear th ' s  field direction (Table 17.2) 
and thermal  demagnetization a t  645OC caused a shi f t  t o  a 
f l a t t e r  westerly direction. The angles  between the  
magnetization directions of specimens c u t  f rom t h e  three  
co res  of s i t e  44 were  a l l  g rea t e r  than 25" both before  and 
a f t e r  cleaning. Results for this s i te  a r e  not included in the  
formation mean even though thei r  mean cleaned direction is 
very close t o  t h a t  of the  remainder of t he  group. 

A second s e t  of co res  (si te 11) was collected a t  Adams 
Sound Section I1 (Fig. 17.1) about 130 km southeas t  of 
Section I. This collection consists of 17 co res  drilled 
through a I 5  m section. These cores  were  col lec ted wes t  of a 
43 m thick diabase dyke. The co re  neares t  t he  dyke was  76 m 
dis tant  and t h e  f a r thes t  co re  was  about  300 m. 

All of t h e  specimens of this s i t e  were  thermally cleaned 
in g rea t  detail .  Their N.R.M. directions were  steeply down 
and i t  was only a s  a result  of cleaning a t  high t empera tu res  
t h a t  t he  majority of co res  yielded the  f l a t  westerly directions 
character is t ic  of t he  co res  f rom Section I (Fig. 17.5, 
Table 17.2). The di f ference  in behaviour between these  cores  
and those of Section I is ascribed t o  t h e  proximity of 
Section 11 samples t o  the  diabase dyke, which has a steeply 
down magnetization. 

Figure 17.2. Alternating field demagnetization curves for Figure 17.3. Thermal demagnetization curves for Nauyat 
Nauyat volcanics. quartzites.  

'Tables for  this paper appear  a f t e r  "Discussiontt 



The combined pole position for the  Nauyat and Adams 
Sound formations (12 sites) is not statist ically d i f ferent  f rom 
t h a t  for Mackenzie igneous rocks (Fahrig and Jones, 1969). 
The Adams Sound samples a r e  all normally magnetized. 

STRATHCONA SOUND FORMATION 

Sixty-six samples were  collected from a 245 m section 
in the  St ra thcona Sound Formation (Fig. 17.1). About 60 m of 
t h e  section a r e  repeated by faulting so t h e  sampled s t ra t i -  
graphic interval is about  180 m. Site 5 was stratigraphically 
the  highest and s i t e  28 the  lowest (Fig. 17.6). Sixty of t h e  
samples a r e  from the  lower Strathcona (Blackadar 1970) and 
t h e  remaining six a r e  f rom t h e  upper Strathcona. The upper 
St ra thcona a t  this locality is grey-green silty sandstone with 
some thin dark maroon layers. Si te  5 consisted of this 
mater ia l  and the  th ree  samples f rom this s i t e  proved 
unstable. Si te  15, on the  other  hand, though similar in 
appearance, gave  s t ab le  results. The lower St ra thcona a t  this 
locality conslsts of ra ther  friable red shales with layers of 
more  massive dirty-red t o  chocolate-red silty sand- 
stone. These more  massive layers were  sampled for 
paleomagnetic study. 

Six c lear  polarity reversals were  encountered in 
descending the  sect ion (Table 17.3, Fig. 17.6). The highest 
occurs  severa l  me t re s  below the  top of the  lower Strathcona. 
This reversal  is repeated by faulting (Fig. 17.6) and is 
referred t o  a s  t h e  'Strathcona Reversal'. Samples  f rom t h e  
lower Strathcona were  subjected t o  both a l ternat ing field and 
the rma l  demagnetization. The N.R.M. directions were  well 
away f rom t h e  present field direction and during cleaning 

thei r  directions shi f ted  only slightly. This shi f t  took place  
in fields up t o  400 o e  and t empera tu res  up t o  400°C. Above 
these  fields and t empera tu res  no discernible changes in 
direction were  d e t e c t e d  (Fig. 17.7, 17.8). The s i t e  mean 
directions given in Table 17.3 a r e  those obtained a f t e r  
cleaning a t  600°C and 700 o'ersteds. 

The magnetization direction of the  St ra thcona Sound is 
shown with t h a t  of t h e  combined Adams Sound and Nauyat 
format ions  on Figure 17.10. 

ASTON FORMATION 

The Aston Format ion was  f i r s t  mapped during 
"Operation Franklin" (Blackadar &I Fort ier  et al., 1963). This 
is an unfossiliferous Proterozoic  assemblage outcropping 
south of Aston Bay, Somerset  Island. I t  consis ts  predom- 
inantly of sandstone with minor shale and is overlain by the  
Hunting Formation, a lso  Proterozoic,  which is  predominantly 
dolomite with minor shale  and conglomerate.  More detailed 
s t ra t igraphic  study of these  format ions  has  been carr ied  out  
by Tuke et al. (19661, Dixon (1974) and Kerr (1977). Kerr 
indicated tha t  t he  Hunting lies unconformably on the  Aston. 

Chr is t ie  et al. (1971) corre la ted  the  basal sedimentary 
unit on the  e a s t  c o a s t  of Pr ince  of Wales Island with t h e  
Aston (Fig. 17.10, 17.11). In this a r e a  t h e  unit  consists 
predominantly of sandstone with conglomerate,  dolomite and 
s t romatol i t ic  dolomite. I t  has been suggested t h a t  t h e  
depositional environment of the  Aston ranged f rom supratidal 
t o  shallow subtidal. Paleomagnetic and K-Ar work on diabase 
f rom Savage Point suggested t h a t  t he  Aston is a t  leas t  
1220 Ma old (Jones and Fahrig, 1978). 

ADAMS SOUND 

Figure 17.4. Thermal demagnetization curves for specimens Figure 17.5. Thermal demagnetization curves for specimens 
of  Adams Sound Formation from Section I (Fig. 17.1). of  Adams Sound Formation from Section II(Fig. 17.1). 
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DIAGRAMATIC SECTION 

STRATHCONA REVERSAL 

Figure 17.6. Below -plan view showing geology of lower 
Strathcona Sound Format~on collecting site. Lower 
Strathcona stippled, upper Strathcona cross-hatched. "R" 
followmg slte number indicates reversed polarity. Above - 
diagrammatic section indicating repetition of the Strathcona 
reversal by normal faulting. 
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Figure 17.7. Alternating field demagnetization curves for 
lower Strathcona Sound Formation samples. 

THERMAL DEMAG 
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Figure 17.8. Thermal demagnetization curves for lower 
Strathcona Sound Formation samples. 

Figure 17.9. Equal area plot of site mean directions of 
Strathcona Sound before (upper) and after (lower) cleaninq at 
700 oersteds or 600°C. 

- 30' 60' + + + 
Strathcona Sound 

(7 s~tes)  (5 s~tes)  

mean decl = 262.0' 
~ncl = 7 o0 

Figure 17.10. Stereographic (Wulff) plot of mean 
magnetization direction o f  the lower Borden sequence 
(Nauyat volcanics and Adams Sound Formation combined) and 
of the lower Strathcona Sound Formation. 



Material  for paleomagnetic work was collected f rom 
twelve s i tes  near Aston Bay (Somerset Island) and Savage and 
Whitehead points (Prince of Wales Island). Results f rom only 
the  five Savage Point s i tes  a r e  reported he re  (Table 17.4) 
because work was  not completed on the  remaining seven 
sites.  Enough has  been done, however, t o  indicate t h a t  a t  
leas t  some  of t h e  uncompleted s i tes  will not  give reliable 
paleomagnetic results. 

S i tes  3 and 5 consisted of well layered maroon silty 
sandstone, s i t e  6 of buff t o  maroon feldspathic sandstone, and 
s i t e s  12 and 13  of purple or maroon feldspathic sandstone. 

DISCUSSION 

The continent-wide nature  of l a t e  Helikian Mackenzie 
igneous even t s  was f i rs t  established by Fahrig and 
Jones  (1 979) and was  based chiefly on paleomagnetic 
evidence fo r  t he  correlation of basic igneous rocks, 
particularly of diabase dykes, which suggested a remarkable 
period of North American crus ta l  tension. The contempo- 
raneity of t he  development of the  Bylot r i f t  basins with t h e  
Mackenzie events,  a s  established in t h e  present paper,  
extends  evidence for this tension into the  Arct ic  Islands 
(Fig. 17.13). In addition, Pa tche t t  e t  al. (1978) have pointed 
ou t  t h a t  basic intrusive rocks in southern Greenland and 
Fennoscandia a r e  very similar in a g e  t o  t h e  Mackenzie 
igneous rocks and have used t h e  paleomagnetism of these  
rocks t o  reconst ruct  a North Atlantic supercontinent.  Their 
reconstructed continent,  t o  which the  Bylot basins have been 
added, is shown in Figure 17.14. 

Figure 17.11. Index map showing the location of Aston 
Formation. 

The correlation of Bylot basins with Mackenzie rocks 
has interesting implications regarding the  Mackenzie 
Magnetostratigraphic Interval,  which is a chronostratigraphic 
unit of t h e  Helikian defined by Fahrig et al. (1971). A t  t h a t  
t ime  the  upper and lower l imits of t he  Interval could not b e  
defined a s  virtually a l l  t h e  supporting paleomagnetic d a t a  
were derived f rom intrusive rocks. The upper boundary of 
the  Mackenzie Interval is now defined a s  the  f i r s t  reversa l  
within the  Borden sequence. A t  present  t he  ear l ies t  known 
reversal is t h a t  in t h e  lower St ra thcona Sound Formation, s o  
this is defined a s  t h e  upper l imit  of t h e  Mackenzie Magnetic 
Interval unless or until  a reversal  is discovered lower in t h e  
sequence. 

As our knowledge of the  importance  of t h e  Mackenzie 
tensional episode expands, support  is provided for  t h e  
suggestion by Douglas (1980) t h a t  t he  Mackenzie 
Magnetostratigraphic Interval be  used a s  a fundamental 
marker in subdividing Helikian t ime. 

/ Thrust fault - 
O Kilometres 

Figure 17.12. Local geology of  the Savage Point area (after 
Christie et al., 1971)  showing collecting sites of  Aston 
Formation. 
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I t  should be  possible from paleomagnetic d a t a  t o  
e s t ima te  t h e  t i m e  involved in filling t h e  Borden Basin. The 
Mackenzie pole is t h e  bes t  da ted  of all  North American 
Precambrian  poles and t h e  Logan dyke pole which forms a 
second anchor on t h e  Logan Loop (Robertson and 
Fahrig,  1971) is fairly well da t ed  a t  1100 Ma. The 
intervening Logan Loop is t h e  bes t  defined pa r t  of t h e  
Precambrian  North American polar wandering cu rve  
(Fig. 17.15). If i t  is assumed t h a t  t h e  polar wandering r a t e  
be tween Nauyat volcanism and lower St ra thcona sedimenta- 
t ion was  t h e  s a m e  a s  t h e  average  r a t e  be tween 1220 and 
1100 Ma, Nauyat t o  St ra thcona t ime  was  16.5 Ma. If 1.5 Ma 
a r e  ascribed t o  upper St ra thcona and Elwin sedimentation 
then the  filling of t h e  Borden Basin took 18 Ma. 

Figure 17.14. 
1978) with the 
rocks. 

Mackenzie supercontinent IPatchett et  al., 
Bylot basins added t o  the Mackenzie igneous 

BORDEN 
d 

Figure 17.13. Mackenzie igneous rocks; Copper mine 
volcanics, Muskox Complex, East Arm sills, Mackenzie dykes, 
Sudbury dykes and the Bylot basins (shown cross-hatched with 
the Nauyat volcanics in solid black; fine stippled areas are Figure 17.15. Pole positions with ellipses o f  confidence for 
Paleozoic). lower and upper Borden sequence. 
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Table 17.1. Paleomagnetic data for Nauyat Volcanics 

Table 17.2. Paleomagnetic data for Adams Sound Formation 

NRM 

SITE N n D I k FIELD 

31 10 6 247.4 42.6 31.1 2 0 0 o e  

32 10 9 263.3 55.0 14.5 500 oe 

33 * 9 9 264.6 66.1 99.4 2 0 0 o e  

34 9 9 240.3 50.6 26.1 2 0 0 o e  

36 10 10 254.7 27.6 32.4 200 oe 

37 7 7 256.8 17.7 93.8 3 5 0 o e  

SITES 6 5 252.7 39.0 23.1 

SAMPLES 55 41 252.9 39.2 14.6 

CLEANED 

D I k a 

261.0 22.4 45.3 10.1 

273.4 0.4 50.5 7.3 

264.7 42.7 40.6 8.2 

258.9 27.6 67.5 6.3 

263.4 12.3 63.9 6.1 

262.1 1.9 94.0 6.3 
POLE FROM MEAN DIRECTION 

LONG. LAT. 6 m  6 p  
263.9 13.0 37.2 12.7 167.7W 4.5N 13.0 6.6 

264.2 12.8 27.3 4 . 3  168.OW 4.5N 4.4 2 . 3  

*Site 33 omitted from means and pole positions 

N = number of samples collected a t  site 
n = number of samples per site a f t e r  rejecting unstable samples 
D = declination (degrees) 
I = inclination (degrees), negative numbers indicate north-seeking directions above the horizontal 
k = Fisher's (1953) best estimate of precision 
a = half angle (degrees) of the cone of confidence a t  P = 0.95 

6m} = semi-axes of ellipse of confidence a t  P = 0.95 
6 P 

NRM 

SITE N n D I k TEMP. 

38 6 4 250.9 11.8 25.7 645°C 

39 5 5 255.0 9 .1  51.6 645°C 

40 5 5 264.2 17.6 47.5 645°C 

4 1 5 6 262.3 8 .6  72.7 645OC 

42 6 4 261.7 15.7 222.9 645°C 

4 3 5 5 269.6 7.4 14.3 645°C 

44 3 0 - - 
I I 17 12 265.4 42.7 20.7 *6450C 6 7 5 0 ~  

SITES 8 7 261.1 16.1 35.1 

SAMPLES 53  41 262.0 20.4 15.4 

* Optimum temperatures used for this site varied with sample: 
I a t  645", 3 a t  655", 3 a t  660°, 4 a t  665", 1 a t  675". 

Symbols a s  in Table 17.1. 

CLEANED 

D I k a 

247.5 2.6 19.1 21.6 

252.9 -0.6 24.2 15.9 

262.2 6 .8  91.3 8.1 

262.3 1 . 3  50.8 9.5 

262.8 5.2 181.2 6.8 

267.7 0.5 29.7 6 . 7  
- - - - 

264.2 5.3 25.6 8.7 

SECTION I 

SECTION I1 

POLE FROM MEAN DIRECTION 
LONG. LAT. 6m bp 

260.7 2.7 105.2 5.9 165.8W 1.45 5.9 3.0 

261.7 3.1 32.7 4.0 166.7W 1 . 0 s  4 .9  2.0 
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N SITES 17 257.3 31.3 53.9 
N SAMPLES 47 258.4 31.5 32.8 

R SITES 5 66.4 -13.0 74.0 
R SAMPLES 16 67.0 -14.4 75.1 

ALL SITES 22 254.5 27.2 34.9 
ALLSAMPLES 63 255.2 27.2 26.8 

Table 173. Paleomagnetic data for Strathcona Sound Formation 

Polarity N = normal 
R = reversed 

NRM 

Other svmbols a s  in Table 17.1 

CLEANED 

POLE FROM MEAN DIRECTION 
LONG. LAT. 6 m  6 p  
156.9W 8.5N 5.0 2.7 
156.8W 8.4N 3.5 1.9 

151.6W 6.3N 4.6 2.5 
151.8W 6.9N 3.0 1.6 

155.6W 8.ON 4.0 2.2 
155.5W 8.ON 2.8 1.5 

-- - - - 

Table 17.4. Paleomagnetic data  for Aston Formation 

NRM 

SITE N n D I k TEMP. 

03 5 5 262.4 5 .5  145.2 500°C 

05 10 9 261.4 6.4 132.1 5OO0C 

06 8 8 278.3 6.4 14.0 550°C 

12 6 5 244.9 18.8 66.0 550°C 

13 8 8 268.9 15.0 20.0 550°C 

SITES 5 5 263.3 10.6 37.0 

SAMPLES 37 35 264.7 10.2 20.6 

CLEANED 

D I k a 

261.6 0.9 170.8 5.9 

259.2 1.2 122.9 4.7 

280.5 -4.5 18.6 13.2 

242.4 5.5 68.0 9.3 

264.1 1 .3  11.6 18.5 
POLE FROM MEAN DIRECTION 
LONG. LAT. 6 m  6 p  

261.6 0.9 33.8 13.4 178.3OW 2.1"s 13.4 6.7 

263.0 0.5 18.6 5.9 179.7OW 1.9"s 5.9 2.9 

Symbols a s  in  Table 17.1 
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THE APHEBIAN RAMAH GROUP, NORTHERN LABRADOR 

I. ~ n i ~ h t '  and W.C. ~ o r ~ a n '  

Knight, I. and Morgan, W.C., The Aphebian Ramah Croup, Northern Labrador; & Proterozoic Basins 
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Abstract 

The Rarnah Croup is a 1700 m thick outlier of lower Aphebian sedimentary strata resting 
unconformably on peneplained Nain Province Archean basement rocks at the Nain-Churchill 
Structural Province boundary. The group consists of two contrasting sequences reflecting a change 
from shallow siliciclastic shelf t o  deep basinal deposition. Shelf sedimentation followed transgression 
of the basement and well washed to muddy clastics were deposited in sand-dominated shallow shelf 
and shoreline environments interrupted by some muddy shelf deposition and minor subaerial 
volcanism. The shelf sands were covered by a northward advancing deltaic complex, capped by 
shallow carbonate deposits reflecting a hiatus. Rapid subsidence followed and black, pyritic muds, 
sulphide iron formation, chert, volcanogenic muds and thin silty turbidites were deposited in an 
initially fetid, deep quiet basin. A submarine fan of thinly stratified argillaceous carbonate muds, 
megabreccias and sands prograded west into the basin from a shelf located outside the area. 
Renewed black mud deposition gradually succeeded the carbonates and culminated with sandy 
turbidites rich in fresh basic volcanic detritus. Diabase sills, locally layered with ultrarnafic cores, 
intruded the strata prior to  the Hudsonian Orogeny, which deformed the group into a doubly plunging, 
north-trending synclinoriurn in which deformation and metamorphism, of greenschist to amphibolite 
rank, increase west and south. Amphibolite and granulite facies Archean basement west of  the group 
was reworked during the Hudsonian and thrust east over the Nain Archean craton. An extensive 
cataclastic zone west o f  the craton is a continuation of  the Nagssugtoqidian boundary in Greenland. 

Le groupe de Rarnah est un te'moin de 1 700 m d'gpaisseur de roches se'dirnentaires de I'Aphe'bien 
infe'rieur reposant en discordance sur le soubassernent arche'en pe'ne'plane' de la province de Nain, h la 
lirnite entre les provinces structurales de Nain et de Churchill. Le groupe est constitue' de deux 
successions contraste'es, indiquant un passage d'une sddimentation de plate-forme peu profonde, avec 
de'p6t de roches silico-clastiques, h une sgdirnentation profonde de bassin. La se'dimentation de plate- 
forrne a suivi la transgression marine sur le soubassement; des sddiments clastiques bien d6lave's h 
boueux se sont alors de'pose's sur une plate-forme peu profonde g6ne'ralement sablonneuse et sur le 
littoral; ces facibs ont 6te' interrompus par un e'pisode de se'dimentation boueuse, et un bref e'pisode 
de volcanisme subae'rien. Les sables de plate-forme ont e'te' recouverts par un cornplexe delta'ique 
progressant vers le nord, lequel a e'te'recouvert par des de'p6ts carbonate's peu profonds, qui indiquent 
une lacune stratigraphique. ll y a ensuite eu subsidence rapide, e t  des boues noires pyriteuses, des 
ddpbts de sulfure de fer, des cherts, des boues volcanogdniques et de minces turbidites silteuses se 
sont de'pose's dans un profond bassin aux eaux tranquilles, initialernent fe'tides. Un c6ne alluvial sous- 
marin compose' de minces stratifications boueuses h mate'riaux carbonate's et argileux, de 
me'gabrhches et de sables a progress6 vers l'ouest h l'inte'rieur de bassin, h partir d'une plate-forme 
exte'rieure h la zone. De nouveau, la se'dimentation de boues noires a succe'de' aux de'p6ts de 
carbonate, et a culmine' avec le de'p6t de turbidites sableuses, riches en de'bris volcaniques basiques 
frais. Des sills de diabase, contenant localernent en leur centre des stratifications ultramafiques, ont 
pe'ne'tre' h l'inte'rieur des strates avant l'orogei7hse de I'Hudsonien; celle-ci a de'forrne' le groupe, qu'elle 
a transforme' en un synclinorium h plongement double, orient6 vers le nord, dans lequel les e f fe ts  de 
la d6formation et du rne'tarnorphisme, allant du facihs roches vertes au facibs -arnphibolite, 
augrnentent vers l'ouest et le sud. A l'ouest du groupe, le soubassernent arche'en, rne'tarnorphise' dans 
le facibs arnphibolite et granulite, a dt6 rernanie' pendant I'Hudsonien, et rejete'vers l'est par-dessus 
le craton arche'en de Nain. Une vaste zone cataclastique, situe'e h l'ouest du craton, est le 
prolongement de la lirnite de Nagssugtoqid au Groenland. 

l Mineral Development Division, Depar tment  of Mines and Energy, P.O. Box 4750, St.Johnfs, Newfoundland A I C  5T7 ' Geological Survey of  Canada, Ot tawa,  Ontar io  K I A  OE4 
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INTRODUCTION 

The Ramah Group, consisting chiefly of sedimentary 
rocks, forms a linear north-trending fold bel t  in northern 
Labrador (Fig. 18.1) t h a t  s epa ra t e s  Archean basement rocks 
of Nain Structura l  Province f rom reworked Archean base- 
ment of Churchill Province to  the  west (Morgan, 1975). 
Although t h e  group extends  discontinuously about 112 km 
north f rom the  Hebron Fiord area ,  i t  has  been mapped in 
deta i l  only between Saglek and Nachvak fiords (Morgan, 1979; 
in press). In this area ,  t h e  group is preserved in a warped 
doubly-plunging synclinorium (Fig. 18.2) commonly about  
8 km wide, with a maximum width of 16 km south of L i t t l e  
Ramah Bay. The eas tern  margin of t h e  Ramah fold bel t  is a 
gently inclined unconformity on the  Archean basement.  This 
contras ts  with t h e  strongly folded western  margin, bounded 
by west dipping thrus ts  and by faults,  which is in con tac t  with 
a mobile zone of reworked intensely mylonitized, amphibolite 
and granulite f ac i e s  Archean basement  rocks. 

The group is considered Aphebian on the  basis of a 
Rb-Sr whole-rock a g e  of 1892 Ma (Morgan, 1978). This 
metamorphic age ,  derived f rom a tholeii t ic basalt  near t h e  
base of the  Ramah, is interpreted to  be  related t o  t h e  
Hudsonian Orogeny. Despite metamorphism ranging f rom 
greenschist  t o  amphibolite facies,  and local intense 
deformation, sedimentary f ea tu res  a r e  commonly well  
preserved in the  Ramah Group. 

The group consists of approximately 1700 m of chiefly 
sedimentary rocks (Morgan, 1972; Knight, 1973) which have  
been formally subdivided into six formations (Knight and 
Morgan, 1977). Volcanic rocks form only a minor component  

APHEBIAN 

PROTEROZOIC ANO/ORARCHEAN (REWORKED) 

Nain Province 

Labrador 

Sea 

Figure 18.1. Index map showing location of the Rarnah 
Group and correlative Aphebian supracrustal rocks in 
northern Labrador. 

in the  lower sequence, although numerous transgressive 
diabase sills, locally with u l t ramafic  cores ,  intrude t h e  e n t i r e  
group. 

The format ions  (Fig. 18.3 and Table of Formations) 
form t w o  contrasting sequences: a lower sequence of shelf 
sediments,  comprising the  Rowsell Harbour and Reddick 
Bight formations,  predominantly qua r t z i t e  and sandstone 
capped by an important  dolomite marker  horizon, and; an  
upper sequence comprising t h e  remaining four formations of 
basinal f ine  grained sediments,  predominantly argil laceous 
and carbonate .  Thickness and facies  of some  of t h e  shelf 
sediments change across Reddick Arch, an  intrabasinal 
tec tonic  high, located near Reddick Bight, t h a t  separa ted a 
northern and southern basin. The upper sequence is  
dominated by t h e  thick Nullataktok Formation composed of 
thinly s t ra t i f ied  shale,  mudstone and f ine  carbonate  with a 
few coarser  units of breccia  and sandstone. This passes 
upward into t h e  Warspite Formation; a mixed assemblage of 
carbonate  breccia,  minor sandstone and thinly s t ra t i f ied  
ca rbona te  and sil iciclastic mudstone. The Warspite is in turn 
overlain by black shale  of t h e  Typhoon Peak Formation. The 
sequence is capped by the  turbidi te  sandstones and shales  of 
t h e  Cameron Brook Formation. 

THE RAMAH UNCONFORMITY AND REGOLITH 

The unconformity a t  t h e  base  of t h e  Ramah Group, f i r s t  
described by Coleman (19211, is  magnificently exposed in t h e  
mountains along the  eas tern  margin of t h e  group, particularly 
where long narrow ridges, overlain by gently west  dipping 
Ramah s t r a t a  project  e a s t  for  severa l  kilometres f rom t h e  
main Ramah outcrop, a s  in t h e  a r e a  between Li t t le  Ramah 
Bay and Bear's Gut  (Fig. 18.2). The unconformity sharply 
t runca te s  t h e  underlying subvertical  Archean banded gneisses 
and granitoid rocks (Fig. 18.4). It forms an  extensive  
peneplain, t h e  exhumed su r face  of which is probably 
represented by t h e  present westward-dipping mountain slopes 
marginal t o  t h e  eas tern  c o n t a c t  of t h e  group (Fig. 18.5). 
Small outliers of basal Ramah qua r t z i t e  c a p  t h e  summits  of 
severa l  mountains eas t  of t he  main fold bel t  (Morgan, 1979). 

Correct ions  for dip f rom a number of locali t ies between 
Li t t le  Ramah Bay and Rowsell Harbour indicate t h a t  t h e  
unconformity dipped at about  4 o r  5 degrees  t o  t h e  
northwest.  Variations in s t r ike ,  however,  suggest t h e  
exis tence  of a slightly rolling topography, with only local 
deviation f rom a planar geometry  elsewhere along t h e  
contact .  

Irregularit ies in t h e  erosion su r face  a r e ,  however, 
present a t  severa l  localities, particularly south of Bear's Gut. 
There,  qua r t z i t e  filled, southwest-trending channels, up t o  
1 3  m deep  and 6 m wide, c u t  through a thick regolith and in to  
unaltered basement  gneiss; these  can be  t raced for up t o  
70 m. The erosion surface  nearby, defined by rounded t o  
blocky pillars of gneiss, has  an  undulating relief of approxi- 
mately 3 m. Vase-shaped hollows a r e  incised in to  these  
pillars, which in t h e  depressions, a r e  onlapped and draped by 
crossbedded pebbly quar tz i te .  Beneath t h e  unconformity in 
t h e  a rea  south of Bear's Gut, l inear f r ac tu res  up t o  1 6  crn 
wide parallel  and crosscut  re l ic t  gneissic banding in a thick 
regolith. Some f r ac tu res  expand downward into enlarged 
cavi t ies  up t o  40 c m  high and 218 c m  long filled by coarse-  t o  
medium-grained pink sandstone with fa in t  red mud drapes,  
suggestive of geopeta l  fill. Large  neptunean dykes filled by 
weathered and breccia ted  gneiss near  Saglek Head at t h e  
mouth of Saglek Fiord (K.D. Collerson, personal communica- 
tion, 1977) a r e  in terpre ted a s  pre-Ramah. 
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Figure 18.2 

Distribution of format ions  within the  
Ramah Group in t h e  Saglek Fiord-Nachvak 
Fiord a rea .  Locations of measured 
sections of Rowsell Harbour and  Reddick 
Bight format ions  (1 t o  10;  s e e  Fig. 18.8) 
and of Warspite Formation (11 t o  17; s e e  
Fig. 18.11) a r e  indicated. 

AL - Adarns Lake 
NC - Naksaluk Cove 
S C  - Schooner Cove 

H Section In terpre ta t ion and Depositional 
T h r u s l  

Environment of t h e  Regolith 

MM. F ~ U I I  Preservation of d i f ferent  thicknesses 
of regolith, character ized by to ta l  
decomposition of basement gneiss t o  clay 
minerals with local spheroidal weathering, 
suggests deep  weathering under humid, 
probably subtropical or  tropical c l imat ic  
conditions. Mobilization and removal of 
iron was incomplete and was locally fixed 
a s  nodules, Liesegang-like rings and 
crys ta ls  of magnet i te  in t h e  gneiss and 
diabase beneath  the  unconforrnity. This 
suggests t h e  presence of some f r e e  oxygen 
in the  a tmosphere  a t  t h a t  time. 

The deep weathering probably 
resulted in t h e  relatively easy erosion of 
the  regolith t o  enhance an extensive 
peneplain during init ial  Ramah 
transgression. Where the  regolith is almost 
completely removed by erosion, resistant 
grani t ic  plugs apparently formed local 

km 10 rounded highs above the  gently undulose 
peneplain surface.  South of Bear's Gut 
abundant channels, depressions, pillars and 
sand-filled f r ac tu res  suggest a rugged 

The preserved thickness of t h e  pre-Ramah regolith at rocky shoreline. Neptunean dykes near Saglek Head, 30 km 
the  basal con tac t  of the  group varies considerably. I t  southeast  of t he  main Ramah Group outcrop, suggest t h a t  t he  
averages  1-8 m, with a maximum of 12 m south of Bear's Gut, regolith and unconformity extended southeast  close to  the  
and is generally more poorly developed north of Reddick present-day land surface.  
Bight. As t h e  degree  of a l tera t ion decreases  downwards, i t  is 
difficult  in places to  define where the  regolith passes into SHELF SEDIMENTATION unweathered gneiss (Fig. 18.6). Bleaching, reddening and 
green coloration character ize  the  friable a l tered gneiss. The regolith is overlain by sand-dominated c las t ics  of 
Quar t z  is reddened and feldspars a r e  a l tered t o  c reamy green the  Rowsell Harbour and Reddick Bight formations.  
or grey clays. Both magnet i te  and hemat i t e  a r e  locally St ra t igraphic  sections were  measured along the  well-exposed 
concentra ted  as irregular spherical bands in the  gneiss. Red eas tern  margin of t he  synclinorium (Fig. 18.2, 18.81, but not 
jasper concretions,  associated with maf ic  gneiss, occur within in the  more  highly deformed western limb, although the  units 
e i ther  the  top 10 c m  of the  regolith or a t  the contact ,  and a r e  present. A ubiquitous dolomite caps  this shelf succession. 
a r e  particularly common in t h e  Ramah and Li t t le  Ramah Bay 
areas .  Dolomite zones produced by carbonatization of maf ic  Rowsell Harbour Formation 
and ul t ramafic  rocks a r e  common. Rowsell Harbour Formation consists of up t o  470 m of 

Pre-Ramah diabase dykes of an  eas t  trending swarm a r e  varicoloured sedimentary quar tz i te ,  phyllite and shale,  with a 
deeply weathered within the  regolith, and thei r  original single thin volcanic flow. Five  members a r e  present  in the  
crystall ine texture  is obliterated. Spheroidal weathering of format ion (Fig. 18.8 s e e  Table of Formations) and a l l  but the  
the  basement gneiss is sporadically preserved in t h e  regolith volcanic unit  can  b e  t raced throughout t h e  synclinorium. 
with t h e  bes t  examples a t  t h e  south end of Li t t le  Ramah Bay 
and on the  ridge north of Reddick Bight (Fig. 18.6, 18.7). Lower White Quar tz i te  Member 
Spheroids of less weathered gneiss 10-20 c m  in d i ame te r  a r e  This member consists chiefly of quar tz i te ,  overlying a surrounded by rusty weathered, decomposed gneiss 2-3 grani te  wash, and local conglomerate.  The member is capped the unconformity' A weathered margin the by rusty weathering, dolomitic, pebbly sandstone and 

at  gives Way to onion peeling near the conglomerate. The basal and uppermost s t ra ta  a re  subarkose 
unconformity surface. 
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Figure 18.3. Stratigraphic sections of the Rarnah Group a t  
1 - Delabarre Bay; 2 - Ramah Bay; 3 - Little Ramah Bay. 

and arkose  rich in argil laceous matrix,  f resh  microcline and 
plagloclase t h a t  is decomposed t o  c lay  minerals in some of I 
t he  grani te  wash. Argillaceous qua r t z  areni te  occurs above 
these  basal s t r a t a ,  with f rom 1-20 per c e n t  matrix,  and 
carbonate  cemen t  increasing with decreasing matrix.  

The g ran i t e  wash and conglomerate  uni t  above t h e  
regolith is rarely greater  than 6 m thick. I t  is crudely bedded 
t o  locally crossbedded and consists of poorly sorted,  
argil laceous arkose. Pebbles a r e  1-4 c m ,  dominantly quar tz ,  
with some granite,  pink feldspar, jasper and banded ironstone. 
This basal unit  is overlain by a continuous 10-20 m thick 
sequence of moderately t o  poorly sorted,  coarse ,  white 
quar tz i te  with abundant heavy mineral laminae (Fig. 18.9). 
This sequence res ts  directly on basement  north of Reddick 
Bight. The heavy mineral laminae a r e  90 per c e n t  magnet i te  
with some  amphiboles. They del ineate  smal l  sca le  (4 c m  
thick) festoon trough cross s t ra t i f ica t ion,  with the  opaques 
concentra ted  along the  basal scour and lower half of t he  
foresets.  Granular and pebbly layers  a r e  common near  the  
base, but  t h e  sequence gradually f ines  upwards and becomes 
be t t e r  sorted.  The bulk of t h e  member  is composed of 
19-96 m of yellow weathering, whi te  qua r t z i t e  which grades  
f rom coa r se  t o  fine upward. Pebbles and opaque grains a r e  
rare.  The qua r t z i t e  is dominantly trough crossbedded with 
some  parallel  lamination. Large  a r e a s  of s t ra ight  t o  sinuous, 
symmetr ica l  and asymmetr ica l  r ipple marks a r e  common, and 
a r e  locally crosscut  by runoff channels.  Locally mudcracked 
mud drapes fill t he  troughs. 

South of Nachvak Fiord, t h e  qua r t z i t e  is striped and 
dolomitic. The dolomitic c e m e n t  occurs  near  the  top of t h e  
qua r t z i t e  in 9-45 c m  layers separa ted by 8-75 c m  dolomite- 
f r e e  quar tz i te .  Gradational boundaries t o  the  dolomite layers 
and their  irregular distribution in t h e  lower par ts  of t h e  
crossbedded qua r t z i t e  suggest t h e  dolomite  is secondary. 

Capping the  member  is a rusty weathering marker bed 
of dolomitic pebbly sandstone and conglomerate.  I t  is chiefly 
less than 60 c m  thick and consists of poorly sorted,  very 
coa r se  t o  medium sandstone overlain by 4-6 c m  of con- 
g lomerate  or  pebbly sandstone. Pebbles  a r e  similar in s i ze  

Figure 18.4. View northeast from south of Litt le Rarnah Bay showing high angle angular unconformity separating 
rocks of  the Ramah Group from underlying banded Archean gneisses. GSC 203678-A 
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Figure 18.6 

Unconformity (upper arrow) at base 
of the Ramah Group on the north 
side of Reddick Bight, showing 
bedded quartzite overlying a 
cleaved regolith. The cleavage is 
replaced by a coarse fracturing as 
the regolith passes down into less 
strongly weathered granitoid gneiss. 
A spheroid o f  unweathered gneiss 
(lower arrow) is preserved in 
regolithic gneiss. 

Figure 18.5 

View north across Rarnah Bay showing 
inclined mountain tops, underlain by 
Archean rocks, that are located east of the 
Ramah Group. The inclined surface 
represents the exhumed pre-Ramah 
peneplain. CSC 203678-B 

and composition t o  those in t h e  basal  conglomerates.  The 
f ac i e s  is trough crossbedded and has opaque minerals con- 
cen t r a t ed  along scours. 

The only variation in this member  is a 2.24 m sequence  
of laminated sandstone and mudstone t h a t  is res t r ic ted  t o  t h e  
west  side of t h e  valley south of Naksaluk Cove on Nachvak 
Fiord. This unit consists of 13-23 c m  of thinly s t ra t i f ied  fine 
grained sandstone and mudcracked mudstone a l ternat ing  with 
15-88 c m  of laminated fine, grey sandstone. The top of t h e  
sequence  is c u t  ou t  by a 50 c m  deep  channel  filled by a 
s t ruc ture less  sandstone which upwards encloses l a rge  (up t o  
25 c m )  and small  c las ts  of thinly s t ra t i f ied  sandstone  and 
mudstone. 

Volcanic Member 

A 6-9 m, highly a l tered  grey  tholeii t ic basa l t  flow 
(Morgan, 1978) res ts  upon t h e  rusty weathering,  pebbly sand- 
s tones  of t h e  lower white qua r t z i t e  member,  and forms the  

only volcanic unit in t he  group (Fig. 18.8). I t  is p re sen t  f rom 
near  t h e  south shore  of Rowsell Harbour t o  wes t  of Bear's 
Gut.  Locally, north of Reddick Bight, a brown t o  black,  iron- 
r ich c r u s t  on the  pebbly sandstone  is t h e  only evidence  of t he  
flow. A t  Bear's G u t  t h e  volcanic uni t  is in termi t tent ly  
developed. 

Thin hemat i t ic ,  a l t e r ed  dykes and minor intrusions of 
similar basa l t ic  volcanic rock c u t  basement  gneisses e a s t  of 
t h e  main outcrops  of t he  Ramah Group nor thwest  of Bear's 
Gut  and north of Saglek Fiord (Morgan, in press). Two thin 
dykes also c u t  Rowsell Harbour Format ion qua r t z i t e s  south- 
west  of Bear 's  Gut,  but appear  to  be  a t  a higher horizon than 
t h e  s t ra t igraphic  position of t h e  volcanic flow. 

The a l tered  fine grained flow is composed of carbonate ,  
ser ic i t ized  plagioclase, t remol i te ,  chlorite,  muscovite, 
quar tz ,  and opaques, with few microscopic textures  
preserved. Iron staining is common in t h e  reddened flow top. 
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Figure 18 

Detail  of 
showing 
gneiss. 

Figure 18, 
spheroid 

.6 (lo 
in 

lwer arrow) 
regolithic 

In the  thickest sections the  flow is massive, with scat tered 
chlorite-filled amygdules. Tear  t o  oval shaped vesicle pipes 
(Waters, 1960) a r e  common a t  Ramah Bay and a r e  locally 
bent  or inclined towards the  west. A t  Li t t le  Ramah Bay, t he  
flow contains flattened, spherical structures,  similar t o  
pahoehoe toes,  but t he  southernmost outcrops a r e  generally 
highly f rac tured and rubbly, with carbonate  and other  
secondary minerals such a s  chalcedony and jasper filling the  
voids. Secondary weathering of the  flow has  produced 
spherical pat terns  tha t  resemble, and have been in terpre ted 
as,  pillows (Douglas, 1953). The flow, however, represents a 
subaerial extrusion, and volcanic c las ts  occur locally in t h e  
overlying ripple marked, mudcracked quartzite.  

Purple Quar tz i te  and Mudstone Member 

This 75-157 m thick member  (Fig. 18.8) has  t h e  most 
diverse assemblage of lithologies in the  formation, but  con- 
tains in tercala ted  units of typical pink t o  purple qua r t z i t e  
and grey to  purple grey mudstone in both northern and 
southern basins. North of Reddick Arch, however, t he  typical 
purple qua r t z i t e  and mudstone overlie a succession of coarse ,  
phyllitic sandstones with some units of ferruginous, laminated 
sandstone at t h e  base. These basal sediments fo rm a feather  
edge near Rowsell Harbour but thicken t o  98 m north of t h e  
a rch  (Fig. 18.8). South of the  arch pink quar tz i te  occurs 
beneath t h e  typical purple qua r t z i t e  and mudstone. 

Basal ferruginous sandstones of the  northern basin 
occur only north of Adams Lake, a r e  16-20 m thick, and 
consist of thinly stratif ied,  yellow weathering, very fine 
sandstone a l ternat ing with white t o  red phyllites. Lamination 
and minor crosslamination a r e  the  dominant s t ructures .  The 
yellow and red coloration is produced by pyr i te  and iron 
carbonates.  

The coa r se  phyllitic sandstone overlying the  ferruginous 
sediments in the  northern basin consists of white,  purplish 
white, and grey, very coarse  to  medium grained sandstone, 
with minor fine sandstone,,grit  and conglomerate.  Black t o  
grey phyllitic laminae d e l ~ n e a t e  stratif ication in the  sand- 
stones, and thin shale  drapes  sepa ra t e  30-140 c m  thick beds. 

Pebbly horizons a r e  composed of 1-1.5 c m  quar tz  pebbles and 
shale intraclasts.  Large and small  sca le  trough crossbedding 
and some planar cross s t ra t i f ica t ion a r e  t h e  dominant 
sedimentary structures.  Several large composite s t ructures  
a r e  composed of tabular cross  s e t s  t h a t  pass la tera l ly  into 
f l a t  lamination and s t ra ight ,  sinuous or locally linguoid ripple 
marks. Many ripple c re s t s  a r e  smoothed, and rippled surfaces 
a r e  covered by mudcracked mud drapes. Fining upward 
sequences several me t re s  thick a r e  common near the  base of 
this unit, but  upwards t h e  typical coarse  phyllitic sandstones 
a r e  intercalated with very fine sandstones t o  form 
coarsening-upward sequences. These very fine sandstones a r e  
interbedded with grey shales and a r e  72-168 c m  thick. The 
sandstone beds have sharp f la t  bases, and a r e  internally 
laminated with only minor crosslamination and ripple marks. 

In the  southern basin, t h e  base of t h e  member consists 
of 14-28 m of well sorted,  medium- t o  fine-grained, locally 
herringboned, trough and planar crossbedded pink quar tz i te  
t h a t  may b e  partly equivalent t o  the  coa r se  phyllitic sand- 
s tones  of t he  northern basin. 

The uppermost unit  of t he  member in both basins 
consists of purple quar tz i tes  and mudstones, in tercala ted  on a 
10-70 c m  scale,  or a s  major 12 m thick quar tz i te  units and 
20 m thick mudstone sequences. These quar tz i tes  a r e  chiefly 
medium- t o  fine-grained and, unlike the  white quar tz i tes ,  a r e  
generally well sorted qua r t z  areni tes  with well rounded 
grains, quar tz  overgrowths,  hemat i t e  coatings and minor 
carbonate  cement .  The mudstone-quartzites a r e  dominantly 
coarsening-upward sequences, but  some qua r t z i t e s  show grain 
s ize  uniformity or fining-upward sequences. 

The qua r t z i t e  units locally contain mud c las ts  and l ie 
with sharp planar, erosive t o  locally channelled bases on the  
mudstones. Trough and planar cross s t ra t i f ica t ion indicating 
current  reversals, and cross s t r a t a  climbing up the  backs of 
ear l ier  sets, a r e  common. Shale beds 1-7 c m  thick occur 
between the  qua r t z i t e  beds and load casts a r e  common a t  t h e  
contacts.  The geometry  of t he  qua r t z i t e  units appears  t o  be  
broad sheets,  many of which clearly have concave upward 
upper surfaces.  
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Figure 18.8. Stratigraphic sect ions  of Rowsell Harbour and Reddick Bight formations.  Locations of sect ions  
(1 t o  10) a r e  indicated on Figure 18.2. 

R i ~ o l e  marked thin sandstone and shales in 20 c m  and Phvlli te Member , , 
locally 200 c m  thick units cap many quar tz i tes .  B and C type This member  is of var iable  thickness (15-44 m), and is 
ripple d r i f t  (Jopling and Walker, 1968) is abundant and t h e  thinnest over Reddick Arch and near Nachvak Fiord 
s t r a t a  in many a reas  a r e  deformed by convolution and c u t  by 
sandstone dykes. (Fig. 18.8). Elsewhere i t  consists of two varicoloured phyllite 

units, 14-28 rn and 3-15 rn thick, seoara ted bv a 3-14 m thick 
The mudstone sequences a r e  character ized by 5-15 crn qua r t z i t e  unit t h a t  occurs a t  d i f f e i en t  level; in t h e  member.  

thick laminated, cleaved mudstones rich in laminae and thin A thick purple qua r t z i t e  unit caps  the  member  a t  Li t t le  
beds of sandstone. In some mudstones the re  is an  upward Ramah Bay, but is absent  t o  t h e  south and north. 
increase in grain s ize  and number of sandstone beds towards The phyllites occur  in a l ternat ing 0.5-6.9 m thick colour 
the quartzite sequence. These Sequences of yellowish pink phyllite and purplish grey occur a s  thin f l a t  sheets,  lenticular bodies, or isolated ripples phyllite. Both types consist  of 5-30 c m  graded beds t h a t  
within the  mudstone. Purple quar tz i te  lenses a r e  common commence  with sharp,  irregular t o  planar erosional bases. 
and can locally be traced into thin beds. Whereas some The scours  a r e  overlain by a f ew cen t ime t re s  of laminated, 
quartzites are by very large marks Of 20 cm silty phyllite which grades  into s t ructure less  phyllite. In the  

and cm others have smooth curved grey facies and in some  beds of  yellow-pink ~ h y l l i t e ,  
upper surfaces  and planar bases. 
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Figure 18.9 
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rusty weathering, very fine laminated and crosslaminated 
sandstones overlie the  scours. Channel bound sandstone beds 
rich in mud c las ts  also occur.  

The quar tz i te  units, comparable to  those of t h e  under- 
lying member,  a r e  white in t h e  north but  become purple t o  
the  south. They commonly show erosive bases and large scale  
crossbedding, and contain phyllite intraclasts.  

Upper White Quar tz i te  Member 

The upper white qua r t z i t e  member lies sharply and 
conformably upon t h e  phyllite member. I t  is  thinnest 
(46-68 m) over Reddick Arch but thickens southwards to  
267 m a t  Bear's Gut and northwards t o  192 m a t  Naksaluk 
Cove (Fig. 18.8). The member is generally composed of 
monotonous white quartzites,  with some green beds in the  
south. A t  the  base of the  member the  sandstones a r e  
petrographically similar t o  t h e  lower white quar tz i tes ,  but  a t  
higher levels they include up to 10 per cen t  fresh plagioclase 
and microcline-perthite. Conglomerate is s ca t t e red  through 
t h e  sequence bu t  t he  major o ther  lithology consists of thin 
beds of green phyllite or units of thinly stratif ied,  rippled 
sandstone and phyllite. 

The white quar tz i tes  a re  chiefly fine- t o  medium- 
grained with some coarser  grades. Coarsening-upward 
sequences occur, formed of sandstone capped by pebbly 
sandstone or conglomerate,  or of thinly s t ra t i f ied  sandstone 
and shale overlain by sandstone capped by pebble beds above 
which mudcracked units may occur. These cycles  vary in 
thickness f rom a few me t re s  to  30 m, with a maximum of 
60 m recorded a t  Bear's Gut. 

The upper white quar tz i te  member commences  with 
3-5 m of laminated, planar-stratified, very fine qua r t z i t e  
with shale partings. This sequence is overlain by 
predominantly trough crossbedded white quar tz i tes .  Planar 
cross s t ra t i f ica t ion,  f l a t  lamination with parting lineations, 
and large and small  ripple marks a re  also present in t h e  
quartzites.  Green phyllite drapes and partings a r e  common. 
Mud-filled ripple troughs a r e  mudcracked and rain prints, 
convoluted foresets,  and sandstone dykes a r e  also present.  
Many mudcracks, however, a r e  incomplete, and a r e  similar t o  
the  subaqueous syneresis c racks  of van S t r aa t en  (1954) and 
Burst  (1965). 

Conglomerates in the  qua r t z i t e s  a r e  10-50 c m  thick and 
consist  of I c m  pebbles of qua r t z  and r a r e  feldspar, jasper 
and phyllite. They over l ie  erosive bases, and a r e  e i ther  
crossbedded or s t ructure less .  Thinly s t ra t i f ied  sandstones 
and shale form sequences a few cen t ime t re s  t o  3 m thick. 
Both shale and sandstone-dominated sequences occur,  with 
the  l a t t e r  generally typified by flaser bedding. In the  shale 
dominated types, 1-9 c m  thick, very f ine  sandstones a r e  
e i ther  lenticular or thin f l a t  bedded sheets  which lens out ,  
and a r e  internally laminated or  structureless.  Rippled 
sandstone sheets  also occur.  

Paleocurrents  

Paleocurrents col lec ted f rom t h e  Rowsell Harbour 
Formation (Fig. 18.10) give polymodal distributions 
(Morgan, 1975). However, t he  distribution varies somewhat 
f rom member  t o  member ,  and also within fac ies  of members. 
The main points a r e  summarized below: 

1. Crossbeds with polymodal, bimodal, and unimodal distri- 
butions dominated by southwest vectors  occur in the  
quar tz i tes  of t he  lower white qua r t z i t e  member.  
However, a westerly paleoflow with only minor reversal  
dominates  the  crossbedded, heavy mineral-rich quar tz i tes  
of t h e  lower pa r t  of this member.  Crossbeds in the  rusty 
weathering, pebbly sandstone give southwesterly d i rec ted 
currents.  

2. Bimodal-bipolar distributions of crossbeds a r e  dominant in 
the  purple qua r t z i t e  and mudstone member.  The north- 
south directions a r e  dominated by t h e  northerly vector  in 
t h e  purple quar tz i tes .  This direction is closely paralleled 
by da ta  from the  coa r se  phyllitic sandstones of the  base 
of t he  member north of t h e  Reddick Arch. 

3. Polymodal and bipolar-bimodal crossbed distributions 
occur in the  upper whi te  qua r t z i t e  member ,  but  a r e  again 
dominated by a northwest and west vector.  

Reddick Bight Formation 

The Reddick Bight Formation gradationally overlies t h e  
Rowsell Harbour Format ion and is 53-143 m thick (Fig. 18.8). 
i t  consists of a lower member formed by a complex of grey 
sandstones, shales, brown laminites,  black quartzites,  a 
mudflow, and an upper dolomite member. The top of the  
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formation is placed a t  t he  top of the  ubiquitous yellow- 
weathering dolomite member. The formation thins northward 
and westward, decreasing f rom greater  than 100 m in the  
south to  less than 60 m over Reddick Arch, and t o  less than 
20 m near Nachvak Fiord and along the  western con tac t  of 
the  group northwest of Bear's Gut. 

The lithology of the  lower member changes across 
Reddick Arch. Black quar tz i tes  dominate t h e  sequence in t h e  
northern basin, but terminate  abruptly near the  south margin 
of t he  a rch  (Fig. 18.8). The quar tz i tes  a r e  associated with 
laminites and turbidite sandstones. 

In the  southern basin, the  lower member is typically 
composed of lower and upper sandstone units separa ted by a 
thick laminite unit. Whereas some sandstones show turbidite- 
like structures,  others a r e  chiefly crossbedded. The upper 
sandstone unit coarsens upwards, becoming pebbly and 
granular near  the  top. Both lower and upper sandstone 
sequences,  dominated by crossbedded sandstone with thick 

Figure 18.10. Paleocurrent data derived from crossbedding 
in the Rowsell Harbour Formation. Diameter of centre circle 
in histograms is 10 per cent. 

laminite interbeds (less than 10 m) in the  south,  a r e  transi-  
tional in to  turbidite sandstones with a sympathet ic  dec rease  
in bed thickness and grain s ize  north of L i t t l e  Ramah Bay. 
For example,  pebbly and granular sandstones south of L i t t l e  
Ramah Bay and Bear's Gu t  pass northward in to  medium t o  
coa r se  sands and eventually in to  very fine sands and coa r se  
sil tstones.  

A northward decrease  in grain s ize  also occurs in the  
laminite facies, ref lec ted by a change f rom a sandstone:shale 
r a t io  of 70:30 in the  south t o  30:70 or more in t h e  north. 
Laminae of fine sandstone in t h e  southern laminites a r e  
si l tstone in 50 per c e n t  of t h e  laminites in the  north. 

Sandstones 
The turbidite sandstones, interbedded with shales, a r e  

mostly 5-70 c m  thick and have erosive bases  with local 
channels overlain by predominantly structureless,  commonly 
intraclast-rich argil laceous sandstones. Most beds a r e  graded 
and some display lamination and r a re  crosslamination. 
Internal deformation is common and tubular wa te r  e scape  
pipes and sheet-l ike s t ructures ,  similar t o  pillar s t ructures  
(Lowe, 19751, a r e  present  in t h e  massive sandstones. Sand- 
s tone dykes, load cas ts ,  f l ame  s t ruc tu res  and local post- 
depositional thickening a lso  occur. 

Crossbedded sandstones a r e  in tercala ted  with massive 
sandstones and a r e  developed a s  thick 145 c m  t o  13 m units 
interbedded with shale  or  laminite.  Small  sca le  trough 
crossbedding occurs in t h e  lowest sandstones, and the  s e t  s ize  
increases upwards. Planar cose t s  become important  
accompanying this upward coarsening grain size. The s e t s  
overlie planar scours and a r e  continuous for severa l  me t re s  
down current.  

Clas ts  in t h e  pebbly sandstones a r e  chiefly of grey and 
opalescent quar tz ,  f resh  plagioclase, amphiboles, opaque 
minerals and mud chips. The sandstones a r e  argil laceous 
subarkose with minor arkose,  and have a matr ix  t h a t  varies 
up t o  40 per cent .  Sand grains a r e  composed of fresh 
microcline, pe r th i t e  and plagioclase de t r i t u s  mixed with 
quar tz ,  some of which is polycrystalline. Minor tourmaline,  
amphibole and zircon a lso  occur. In t h e  uppermost 
sandstones, r a re  grains of dusty cryptocrystall ine quar tz  
intergrowths,  and embayed c l e a r  . q u a r t z  with f ine  felsic 
t ex tu re  ma t r i ces  in t h e  embayments ,  suggest a minor felsic 
volcanic source for  some  detri tus.  

Laminite 
Throughout the  unit, shaly sandstone or  si l tstone 

laminae a l t e rna te  with silty shale laminae on a mill imetre 
scale. Although the  laminae a r e  generally smooth, small  
sca le  discontinuity surfaces,  lensing out,  local scour and fill, 
and small  ripple lenses a r e  common. Rusty, very f ine  t o  fine 
sandstones up t o  16 c m  thick a r e  spaced in t h e  laminites. 
They a r e  massive, laminated or crosslaminated, with 
irregular scour bases and some ripple marked tops. 

St ructures  on bedding planes resembling foam impres- 
sions (Reineck and Singh, 1975) and longitudinal r ipple marks 
(van Straaten,  1951) were  previously misinterpreted a s  
possible t r a c e  or fossil s t ruc tu res  (Knight, 1973; Knight and 
Morgan, 1977). 

Quartzites 
Black quar tz i tes  form 12-35 rn thick sequences f rom 

Reddick Bight t o  Delabarre  Bay. They a r e  very  fine t o  
medium grained and occur  in 0.5-5.0 m beds separa ted by 
10-55 c m  beds of shale  with thin sandstones. Gri ts  and 
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pebble beds and lenses also occur in the quartzites.  Large 
scale  trough crossbedding is present, but is not easily 
distinguished. There is also some  minor f l a t  lamination and 
crosslamination associated with straight,  sinuous and linguoid 
ripple marks. Ripples have maximum amplitudes of several 
cen t ime t re s  and wavelengths of up t o  40 cm. Shale drapes in 
some ripples a r e  mudcracked, and mudcracks also c u t  t he  
shale beds. 

Mudflow 

The mudflow facies, seen nowhere e lse  in the  forma- 
tion, occurs a t  t he  base of t he  upper turbidite sandstone 
sequence on the  south side of Reddick Arch a t  t he  Reddick 
Bight type section (Knight and Morgan, 1977). I t  is 2.8 m 
thick, and is composed of deformed, rolled and a t t enua ted  
laminite,  shale and sandstone lithoclasts, s e t  in a sand-mud 
matrix.  Sharp planar contacts  occur. The flow is a t  t h e  base  
of a 12 m thick turbidite sandstone sequence, and lies only 
45 c m  above quar tz i te  with mudcracked shale. 

Dolomite Member 
This 4-17 m member caps  the formation throughout the  

g rea te r  par t  of t he  synclinorium. I t  consists of a lower 
dolomitic sandstone with an irregular gradational base, and 
an upper 3-4 m thick, pure dolomite. The basal sandstone 
preserves some original bedding structures,  but these  a r e  
commonly obliterated. Grain boundary solution is visible in 
hand specimen, and pods of pure  dolomite a r e  common. The 
upper, pure, dolomite consists of a brecciated and folded, 
thinly stratif ied,  fine dolomite, cemented by white sparry 
dolomite. The l a t t e r  is prismatic and radial, and developed 
on and perpendicular t o  t h e  breccia  fragments.  The breccia- 
t ion appears  t o  have occurred during the  format ion of 
50-100 c m  high domes which have a wavelength of 0.5-2 m. 
Dolomite spar and che r t  fill pores and l a t e  f rac tures .  

Remnants of thinly stratif ied,  f ine grey t o  pale grey 
dolomitic ca lc i lu t i te  a r e  preserved close t o  t h e  base of t h e  
pure dolomite near Adams Lake. This is t he  only evidence of 
an  original bedded carbonate  precursor to  the  dolomite. 

Pal eocurrents 
Paleocurrent da t a  f rom Reddick Bight Formation a r e  

generally scarce,  except  in t h e  black quar tz i tes  north of 
Reddick Bight where crossbeds give a bimodal NNW-SSE 
distribution, with the  northwest sector  dominant. Ripple 
marks  yield a polymodal spread, again dominated by the  
north-northwest trend. In laminites f rom t h e  s a m e  area ,  a 
nor theas t  trend for linear, very thin groove casts occurs and 
this is  generally paralleled by current  ripple marks, although 
symmetr ica l  ripple cres ts  trend a t  r ight angles. A nor theas t  
direction for current  ripple marks occurs on t h e  south side of 
Rowsell Harbour. 

In the  Bear's C u t  area,  ripple marks in the  basal 
crossbedded sandstones have a polymodal distribution. 
Crossbeds, however, indicate a westerly to  northwesterly 
paleoflow, which appears  consistent throughout t h e  formation 
in this area.  The planar cross s t ra t i f ied  sandstones a t  t he  top 
of the  formation give southwest and northerly vectors.  Each 
vector is restricted within i ts  own crossbedded unit and this 
suggests t h a t  each sandstone deposit is essentially unidirec- 
t ional with an  overall northwestward progradation. A few 
crossbeds a t  Li t t le  Ramah Bay give the  same  vector .  Linear 
water  escape s t ructures  and sandstone dykes in the  Li t t le  
Ramah Bay a rea  have a southwest trend suggesting a north- 
westerly inclined paleoslope. 

Interpretation and Depositional Environment 
of t h e  Shelf Sequence 

Shallow shelf sedimentation influenced by a number of 
transgressive-regressive events  prevailed throughout the  
deposition of the  Rowsell Harbour and Reddick Bight 
formations.  Whereas the  Rowsell Harbour was deposited in 
somewhat fluctuating, shallow shelf conditions with marine 
and possibly some fluvial processes dominant,  Reddick Bight 
s t r a t a  record a prograding, shallowing upward, deltaic 
complex which ult imately produced regression and blanketed 
t h e  shallow shelf. The Reddick Arch was an  important  
intrabasinal tec tonic  influence during deposition of the  two 
formations.  Stratigraphic sect ions  hung f rom the  dolomite 
member of Reddick Bight Formation (Fig. 18.8) reveal a 
positive high influencing thickness near  Reddick Bight and 
separating two basins. Reddick Arch was act ive  during the  
deposition of par t  of the  Rowsell Harbour Formation a s  only 
a number of units a r e  res t r ic ted  t o  north of t h e  arch. Facies 
in t h e  Reddick Bight Formation also change close t o  the  arch. 
The arch probably trended just south of eas t ,  but no 
supporting evidence is available. 

Quartz-rich sands devoid of fines a r e  commonly 
considered t o  be  deposits of shallow shoreline and shelf 
environments, formed under generally high energy conditions. 
Peculiar t o  the  Rowsell Harbour quar tz i tes  is a high 
argil laceous content  which reaches  20-40 per c e n t  in some 
s t r a t a .  Nevertheless, bimodal and polymodal paleocurrents,  
herringbone cross s t ra t i f ica t ion,  large  ripple fields, runoff 
channels, lenticular and f laser  bedding, mudcracks and rain 
prints suggest intertidal,  sand dominated environments such 
a s  beach and barrier sands, t ida l  de l t a s  and intertidal sand 
f l a t s  (Boothroyd, 1978; Davis, 1978; Reinson, 1979). 

The general upward fining of t h e  lower white qua r t z i t e  
member  ref lec ts  the  response of a barrier sand complex 
migrating across the  shelf ,  a s  transgression advanced across 
the  basement. Fluvial sedimentation may have been 
important  in the  lower p a r t  of this member where arkosic 
grani te  wash and poorly sorted,  argillaceous, heavy mineral- 
rich quar tz i tes  occur. Although transgression probably 
advanced rapidly, t h e  sandy shelf remained generally shallow 
as indicated by the  runoff s t ruc tu res  and mudcracks on ripple 
fields near Delabarre Bay. Consequently, when the  
transgression ceased, a thin blanket of pebbly sandstones, 
possibly deposited by shallow braided s t reams,  blanketed the  
shelf. Current  directions for this deposit  remain southwest, 
indicating a source a r e a  t o  the  nor theas t  and eas t ,  so t h a t  
transgression must have advanced eastward, and possibly 
southeastwards,  since t h e  Rowsell Harbour Formation wedges 
ou t  north of t h e  Mugford Group (Smyth and Knight, 1978). 

The volcanic member,  character ized by subaerial  s t ruc-  
tures,  blanketed the  braided sandy alluvial plain during this 
regressive stage.  

Although shallow marine and shoreline deposition is 
envisaged for t h e  lower whi te  qua r t z i t e  member,  during 
format ion of t h e  purple qua r t z i t e  and mudstone member, 
conditions changed t o  del tas  with high sediment supply 
influenced by t idal e f f ec t s  similar t o  type  I1 del tas  
(Wright, 19781, and possibly offshore  barrier sands. The 
depositional se t t ing was  then a mud dominated shelf t h a t  
formed a f t e r  a second transgression which deposited shallow, 
t idal  sand on f la ts  and mudflats of t he  lower pa r t  of this 
member.  The de l t a s  built northwards across the  mud 
dominated shelf, producing coarsening upward sequences with 
bipolar crossbedding suggesting an act ive  t idal influence. 
Starved sand waves and ripples were  common in the  muds. 
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The shelf may have deepened somewhat  during deposi- 
tion of the  overlying phyllite member,  although this deposit  
might also represent a t idal mudflat  crossed by del ta  
channels in which associated thicker qua r t z i t e  units were  
deposited. The former interpretation is preferred, however, 
since no mudcracks were  seen and the re  is no mud chip 
conglomerate  a t  t he  base of the upper white quar tz i te  
member suggesting t h a t  transgressive reworking occurred. 
Instead, f l a t  stratif ied,  laminated, very fine quar tz i tes  a r e  
present,  and these  probably represent lower foreshore 
deposits (Harms, 1975), a s  would be expected if t he  shoreline 
migrated seaward. 

The upper white quar tz i te  member with i t s  thick, 
upward coarsening cycles, suggests progradation of barrier 
island and sandy shoreline complexes across t h e  shelf 
(Elliot, 1978). The shelf may have been fairly deep a t  this 
time. Thinly stratif ied planar and rippled sandstones and 
shales a t  t he  base of some of the  sequences lack evidence of 
t idal  f l a t  deposition, bu t  a r e  comparable t o  units described by 
Anderton (1976) and de  Raaf,  e t  al. (19771, which a r e  
interpreted a s  deeper subtidal deposits marginal t o  migrating 
sand bodies. 

The depositional environment of the  Reddick Bight 
Formation is interpreted a s  a del ta ic  complex in t h e  south 
contrasting sharply with a dominantly shallow inter t idal  sand 
and mudflat  north of Reddick Arch. The northern sand f l a t  
represented by the  black quartzites,  with polymodal ripple 
marks, bimodal crossbeds, clean sands and common 
mudcracks in mud drapes on rippled surfaces,  suggests 
intertidal deposition reflecting a depositional control  by the  
Reddick Arch. Laminites associated with t h e  qua r t z i t e s  
display foam impressions and longitudinal r ipple marks 
similar t o  modern t idal f l a t s  (Reineck and Singh, 1975). 

The other  facies of t h e  formation, however, ref lec t  a 
del ta ic  complex prograding northwestwards across a some- 
what deeper  shelf and becoming gradually dominant over  
shelf-tidal and current  processes. The predominance of 
crossbedded and turbidite sandstones suggests a fluvial 
dominated delta heavily charged with coarse  sediment.  The 
crossbedded sandstones were  probably deposited a s  an  
extensive lobate sand sheet  (Miall, 1979) t h a t  formed in 
response t o  shifting distributary channels on t h e  de l t a  f ront  
and top. Instability of t h e  de l t a  front,  or high density sand 
and mud discharge along channels, produced t h e  turbidite 
sandstones a t  t he  foot of t he  del ta  f ront ,  possibly a s  
subaqueous fans  (Walker, 1978). The abundance of 
intraformational clasts indicates t h a t  t h e  depositing cu r ren t s  
cannibalized earlier deposits. The mudflow and numerous 
sandstone dykes, water  escape s t ructures ,  and 
penecontemporaneous deformation of the  sandstones suggest 
t h a t  the  del ta  f ront  environment was unstable,  probably 
because of rapid sediment accumulation and oversteepening 
of the  del ta  front. The laminites lacking dessication f ea tu res  
were  subaqueously deposited a s  a quiet ,  deep water ,  prodelta 
facies.  The thin sand-shale alternation was interrupted by 
thicker sandy beds showing s t ructures  again reminiscent of 
turbidity deposition. The growth of the  complex appears  to  
have become less ac t ive  during deposition of t h e  middle p a r t  
of the  formation, a s  the  lower turbidite sandstones a r e  
succeeded by a laminite blanket over t h e  e n t i r e  area .  
Reactivation of the source area ,  possibly due to  increasing 
tectonism, init iated deposition of t h e  upper sandstone 
sequence which coarsens upwards reflecting a c t i v e  
progradation of t h e  fluvially-dominated del ta  in to  the  basin 
a t  this stage.  Foredelta turbidite sandstone then invaded the  
laminite basin, building a fan  over which the  distributary 
channels and del ta  top fluvial channels advanced t o  
ult imately form a wide, lenticular sand blanket cen t r ed  on 

the  southern end of L i t t l e  Ramah Bay. The unidirectional, 
planar-trough cross  s t ra t i f ica t ion of t h e  upper pa r t  of t h e  
format ion suggests s t ra ight  channels, or a braided system, 
switching direction frequently f rom southwest t o  north across  
the  de l t a  top. The braided sys tem interpre ta t ion is supported 
by the  southward increasing pebble con ten t  of t h e  sandstones 
and i t  is probable t h a t  t he  del ta  passed south in to  a pebbly 
alluvial plain. Detr i tus  fo r  this river sys tem was supplied 
f rom basement  and a minor felsic volcanic source.  However, 
no felsic volcanics a r e  known in eas tern  Labrador.  

Del ta  advance appears  t o  have ceased qu i t e  rapidly and 
was followed by format ion of secondary dolomite which 
possibly represents  a depositional hiatus. This dolomite 
clearly replaces the  uppermost beds of t h e  del ta ,  regardless 
of whether they a r e  lamini te  or sandstone. Pure  dolomite 
replacing original thinly s t ra t i f ied  dolomitic ca lc i lu t i te  was  
observed a t  one locality. This suggests t h a t  shallow ca r -  
bonate  deposition over  t h e  de l t a  plain, possibly in response t o  
gent le  flooding of the  abandoned del ta ,  preceded dolomiti- 
zation. Diagenesis of t h e  ca lc i lu t i te  t o  f ine  dolomite,  which 
was subsequently buckled and cemented by sparry dolomite,  
is in terpre ted a s  supratidal diagenesis of t h e  thin carbonate  
mud f la t .  Volume increase due to  crystall ization pressures 
and t empera tu re  fluctuations during diagenesis led t o  la tera l  
s t resses  which buckled and f rac tured the  bedding and formed 
t epee  s t ructures  similar t o  those described by Assereto and 
Kendall (1971, 1977). Semi-arid or arid conditions caused 
evaporat ive  "pumping" of carbonate  sa tura ted groundwaters 
in to  this f rac tured,  hummocky terrain.  This led t o  deposition 
of the  fringing sparry c e m e n t  on f ragments  and cavi ty  linings 
and probably caused precipitation of dolomite,  solution of 
silicic grains, and des t ruct ion of sedimentary textures  in the  
underlying siliciclastics. 

BASINAL FINE-GRAINED SEDIMENTATION 

Contrasting markedly with the  basal si l iciclastics is a 
1000 m sequence of predominantly mud and sil t  g rade  
succession. Four formations,  which a r e  chiefly argil laceous 
with some ca rbona te  s t r a t a  in t h e  middle, a r e  recognized. 

The basal black shales  sharply overlie t he  dolomite 
member  a t  t h e  top of Reddick Bight Formation, suggesting 
t h a t  basinal conditions were  established rapidly. 

Nullataktok Formation 

The Nullataktok Formation (Fig. 18.3; s e e  Table of 
Formations) is a 595 m thick sequence of shales, varicoloured 
mudstones, ca lcareous  and dolomitic mudstones, thin 
dolomitic sandstone, some intraformational breccias,  lime- 
stone, sedimentary che r t ,  pyr i te  iron f o r m a t i o n ,  siliceous 
dolomite and argillite. F ine  grain size,  s t ruc tu ra l  complexity 
and a well developed c leavage produce generally poor 
exposure, so t h a t  only a few locali t ies,  t he  bes t  of which is 
t h e  north shore of Ramah Bay, provide a good section. 

A fairly consis tent  ver t ica l  sequence, with slight local 
variations, occurs in the  formation. I t  commences  with black 
shale  and varicoloured s la ty  mudstones which occur below a 
sedimentary  pyrite and c h e r t  association t h a t  is  overlain by 
thin siliceous dolomite and argillite. The varicoloured s la ty  
mudstones, with localized channel-bound dolomitic breccias  
and sandstones, then resume and continue for  more  than half 
t h e  thickness of t he  formation. Above this point, however, 
t he  succession gradually becomes calcareous  and dolomitic 
and t h e  dark mudstones form units interlayered with light 
grey, ca lcareous  rnudstones, green shales with whi te  lime- 
stone, yellow-weathering dolomitic mudstones, and some limy 
turbidites. Intraformational breccias,  local thick slump beds 
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and thin dolomitic fine sandstones break the  monotony of the  
fine carbonate  succession. Bedding throughout is generally 
thin with stratif ication showing persistent la tera l  continuity 
excep t  for some local erosion. 

Black Pyrit iferous Shale 

Pyritiferous, graphitic, sulphurous black shales form the  
basal 12-20 m of the  formation. The jet black shales a r e  
generally structureless except  for some single or grouped, 
very fine, light coloured lamination and pyr i te  laminae which 
locally may outline f l a t  lying, recumbent  slump folds. 
Spherical or irregular 21 by 5 c m  pyrite nodules also occur. 
A 2-3 m black che r t  unit  occurs a t  t h e  base of this sequence, 
near  Saglek Fiord, directly upon t h e  dolomite of t he  Reddick 
Bight Formation. 

Varicoloured Mudstones 

This, t he  dominant f ac i e s  in the  formation, is approxi- 
mate ly  350 m thick and is divided in to  two segments  by the  
pyrite-chert  association t h a t  occurs about  60 m above the  
base of t he  formation. Green-grey and blue-black a l ternat ing 
colour banding on a 1-80 c m  scale typifies the  facies.  
Structureless,  planar green-grey mudstone beds a r e  transi- 
tionally overlain by finer grained, finely laminated darker 
mudstone. The ra t io  of one band to  the  other varies 
throughout the  sequence. Local brown weathering, 
structureless and/or finely laminated thin sil tstone beds 
occur  a t  the  base of some colour couplets and may form 
multiple beds up t o  15 c m  thick. Petrographically,  t h e  
sil tstones a r e  composed of quar tz  and plagioclase de t r i t u s  s e t  
in a carbonate-sericite-chlorite matrix. 

Sedimentary Pyrite-Chert-Dolomite-Argillite 

This 8-20 m thick sequence in ter rupts  t h e  colour banded 
mudstones and was traced, varying somewhat  in thickness and 
succession, from north of Adams Lake to  south of Bear's Gut. 
The most prominent change is t he  absence of pyrite but  
thickening of the  che r t  in the  northernmost outcrops. 

A 40-57 c m  thick pyrite bed consists of pinkish, 
granular pyrrhotite,  probably resulting f rom con tac t  meta-  
morphism by an overlying ul t ramafic  cored diabase sill in the  
south, and silvery grey pyr i te  in the  north. In t h e  south, from 
Bear's Gut  to  Li t t le  Ramah Bay, t he  pyrrhotite bed is pebbly, 
a t  f i rs t  massive and then bedded. The pebbles a r e  less than 
7 c m  in diameter,  appear t o  decrease  in s ize  northward, and 
a r e  composed of white quar tz ,  chalcedonic qua r t z  and green 
shale. They a r e  not present north of Li t t le  Ramah Bay, 
where finely laminated, though locally breccia ted  and 
recemented,  pyrite occurs. 

The rusty brown weathering Ramah che r t  is  about  4.5 m 
thick where i t  overlies the  pyrite bed, but thickens t o  17 m 
north of 'Adams Lake where the  pyrite is absent.  The basal 
con tac t  is sharp though nodular, and t h e  white, grey, and 
black vitreous to  rarely granular che r t  is well bedded on a 
6-45 c m  scale. Green pyrit ic shales and mudstones sepa ra t e  
some beds, particularly near Adams Lake. Dolomite nodules 
a r e  common in the  c h e r t  and fine lamination is preserved 
locally. 

Above the  che r t ,  a 220-236 crn thickness of thinly 
bedded, rusty weathering, siliceous dolomite and green and 
white striped argil l i tes is consistently present. Bedding is 
smooth though undulose, and both lithologies a r e  finely 
laminated. 

lntraf or mational Breccias 

Channel-bound dolomitic in t raformat ional  breccias  and 
sandstones occur in t h e  colour banded mudstones about 200 m 
above the  cher t .  The breccias  a r e  only 10 c m  thick a t  Ramah 
Bay, but occupy two deeper channels, separa ted by 290 c m  of 
grey mudstone, southeast  of Adams Lake. Whereas the  lower 
channel is 59 c m  wide and 26 c m  deep, t he  upper channel is  
a t  least  18 m wide and 290 c m  deep. The  breccias  a r e  
composed of pebble- t o  cobble-sized angular c las ts  of 
dolomitic mudstone, sandy or massive dolomite,  and quar tz  
sandstone, supported by a qua r t z  dolomite  sand and mud 
matrix.  The matrix-supported breccias  in t h e  thicker channel 
occur a t  three  horizons interbedded transitionally with 
massive gr i t s  and sandstones, and with laminated sandstone 
at t h e  top. 

Calcareous and Dolomitic Mudstones 

The upper 220-250 m of t h e  Nullataktok Formation 
comprises calcareous and dolomitic mudstones interbedded 
with less ca lcareous  mudstones. Ca rbona te  content  rarely 
exceeds  40 per c e n t  (Jefferson, 1973) and although 
weathering del ineates  sedimentary s t ructures ,  t he  fine 
uniform crystall inity associated with recrystall ized quar tz ,  
si l t  and fine clays defy petrographic description even in sandy 
beds. The limy layers  produce rusty grey to  silvery grey 
coloured lu t i tes  whereas dolomitic units weather  bright 
yellow. Con tac t s  a r e  gradational. 

Thin, f la t ,  continuous s t ra t i f ica t ion of a l ternat ing 
s t ructure less  and laminated mudstone is ubiquitous in all  
lithologies. Laminated and crosslaminated dolomitic si l t-  
s tones  o r  very fine sandstones, up t o  3 c m  thick, a r e  common 
near  t h e  top of t h e  formation. The monotony of the  sequence 
is broken only by small  t o  qui te  large  scale  sedimentary 
deformation s t ruc tu res  including convolution, slump folds, 
faults,  sedimentary dykes, boudinage and slump breccias. 
The thickest slump deposits a r e  1-2 m thick, and appear t o  
have moved substantial  distances.  Some slumps carry  slabs 
of relatively undeformed s t r a t a ,  since layers locally peel 
downwards into the  apparently liquified and breccia ted  sole  
of t h e  slump. Othe r  slumps a r e  overlain conformably by f la t -  
lying s t r a t a  which infill f r ac tu res  in thei r  upper surfaces. 

Units 50-200 c m  thick of green shales with nodular t o  
planar thin beds of white t o  grey calc i t ic  limestone, which 
a r e  invariably boudinaged or  reworked in slumps, a r e  charac-  
ter is t ic  of t he  upper 70 m of the  formation. 

Several l imestone turbidites,  20-56 c m  thick, inter-  
bedded with grey shales, l ie in t h e  lower p a r t  of t h e  succes- 
sion near Delabarre  Bay. They have erosive bases, massive 
intervals,  and convoluted lamination t h a t  contains lensoid 
crosslamination structures.  

Warspite Format ion 

Warspite Formation comprises a lower sequence of 
s t ra t i f ied  fine dolomites, dolomitic breccias,  dolomitic sand- 
stones,  and dolomitic mudstones; and, an  upper sequence of 
argil l i tes and mudstones with some dolomite and sandstone. 
Distribution and ver t ica l  sequences for  t he  formation a r e  
shown in Figures 18.2 and 18.11. The format ion is  110-165 m 
thick, and is separa ted f rom the  ca lcareous  mudstones of t h e  
underlying Nullataktok Formation by t h e  basal Warspite 
breccia  (Fig. 18.3). Between Ramah  Bay and Rowsell 
Harbour, t he  basal breccias a r e  composed exclusively of 
c las ts  of t h e  Nullataktok Formation, but  these  a r e  mixed 
with sandy dolomite and dolomitic qua r t z  sandstone c las ts  a t  
Delabarre Bay, Li t t le  Ramah Bay and along the  western l imb 
of t h e  synclinorium. 
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Figure 18.11. Stratigraphic sect ions  of Warspite Formation. Locations of 
sections (11 t o  17) a r e  shown on Figure 18.2. 

Although original grain textures  a r e  mostly obliterated Thinly St ra t i f ied  Dolomites with Sandstones 
by t h e  fine crystall inity of t h e  dolomite and recrystall ization Thick beds of thinly s t ra t i f ied ,  yellow- t o  orange- of qua r t z  in the  sandstones and dolomites, some  albit ic weathering dolomites with th in  dolomitic sandstones and plagioclase grains can be  discerned. white quar tz i t ic  sandstones a r e  . important  l i t h o l o ~ i e s  

Breccias and Associated Sandstones 

Breccias, ranging from matrix to  c las t  supported, occur 
with or without thick bedded sandstones in a number of 
1-12 m thick sequences in t h e  basal 115 m of the  formation. 
The breccias  along the  eas tern  margin of the  synclinorium 
a r e  channel bound. The smaller channels have gent ly  inclined 
t o  s teep,  ragged, margins with local breccia injection and 
abundant evidence of plucking. A possible canyon, 75 m 
deep, crosscuts Nullataktok s t r a t a  4 km southwest of L i t t l e  
Ramah Bay, but this f ea tu re  has  not  been examined in detail .  
Blocky, angular, commonly cobble-sized Nullataktok clasts,  
supported by a s t ructure less  sandy mud matrix,  typify t h e  
basal deposits a t  Reddick Bight. The deposits near  L i t t l e  
Ramah Bay include chiefly ungraded, clast-supported 
breccias,  composed of small  t o  large pebble-sized sandy 
clasts.  

associated with t h e  breccias.  They a r e  developed only with 
the  upper breccia sequences in the  eas t ,  but  occur with t h e  
lower breccias  in t h e  west. Laminated 5-15 crn dololuti te 
beds a r e  interlayered with 1-3 c m  s t ructure less  dolosil t i te 
beds. Planar, inclined, irregular scours and channel scours 
cross  the  generally planar s t ra t i f ica t ion,  which may b e  
deformed by decol lement  s t ructures ,  slump folds and 
convolution. Ripple dr i f t  and laminated, very fine, 1-3  c m  
sandstones also in ter rupt  t h e  dolomites. These  thicken t o  
15 c m  thick sequences near  t h e  breccias  a t  t h e  western  
margin of the  formation. Scouring and convolution of the  
ripple dr i f t  s t ruc tu res  a r e  common. 

Lenses and sheets  of apparently planar crossbedded, and 
locally laminated, white qua r t z  sandstones a r e  interspersed in 
t h e  dolomites a t  Reddick Bight and Delabarre  Bay. These 
10-15 c m  beds have erosive-deformed bases and a r e  locally 
U D  t o  130 c m  thick. 

Nongraded and normally graded beds up to  3 m, a s  
individual s t r a t a  and associated with thick bedded g r i t s  and Dolomitic and Calcareous Mudstones sandstones, typify the  breccias  along the  western limb of the  
synclinorium. The sandstones and gr i t s  a r e  e i ther  nongraded Mudstones similar t o  those in Nullataktok Formation 
and structureless,  or grade upwards f rom a basal massive occur  in the  nor theas t  of t h e  a r e a  within t h e  lower 40 rn of 
division into coarse  laminated sands with thin crosslaminae. Warspite Formation. 
Isolated and multiple se ts  of planar and trough crossbedding 
locally occur  in the  sandstones. 



THE APHEBIAN RAMAH GROUP, NORTHERN LABRADOR 

Argillites, Thinly Stratified Sandstones and Shales 

Argillites overlain by thinly s t ra t i f ied  sandstones and 
shales occur 40-70 m from the  top of the  formation. They 
thin both north and south away from Ramah Bay and Reddick 
Bight. A t  Reddick Bight the  argil l i tes a r e  crosscut by, and 
a lso  overlie, a channel bound breccia. The argil l i tes a r e  
green grey and black, a re  character ized by locally deformed 
thin, f l a t  lamination, and contain interspersed I - 3 c m  
laminated, f ine white sandstone beds. 

White sandstones and black shales gradually replace the  
argil l i te in t h e  upper 4-6 m of the  sequence. These 5-20 c m  
sandstones scour in to  the  interbedded shales, and a r e  
typically laminated or crosslaminated with f l a t  or rippled 
tops. Millimetre-sized sil t  laminae and thin sandstone beds 
occur  in the  shales, which a r e  locally c u t  by sand filled 
fractures.  

Grey Mudstones with Minor Carbonates  

Thinly stratif ied,  laminated, rusty weathering light and 
dark grey slaty mudstones dominate t h e  upper 35-55 m of the  
formation. They contain rusty weathering, pyr i te  speckled, 
laminated dolomitic mudstones and black, faintly laminated 
crystall ine limestones. The black l imestones a r e  e i the r  
nodular or form irregularly bedded 1-1.5 m units. 

Paleocurrents 

Paleocurrent da t a  for Warspite Formation derived f rom 
crossbeds, ripple marks, ripple dr i f t  crosslamination, channel 
orientations and la tera l  variations of lithology indicate  a 
westward transportation of sediment.  The cross s t r a t a  fan  
f rom southwest t o  north, and deformation suggests north and 
southwest paleoslopes. Channels, however, a r e  or ienta ted  a t  
about 230' a t  Reddick Bight and Rowsell Harbour, and a 
westward change f rom matrix-supported breccias t o  graded 
and ungraded breccias with massive and crossbedded sand- 
stones, suggests a regional eas t  t o  west depositional slope. 

Typhoon Peak  For  mation 

Typhoon Peak Formation (Fig. 18.2, 18.3; s ee  Table of 
Formations) is t h e  most poorly exposed formation in t h e  
group. I t  is intruded by several diabase sills and is highly 
folded and cleaved. The 85-130 m thick formation was 
measured in two sections, north and south of Ramah Bay. 
The northern section is composed almost exclusively of rusty- 
weathering grey slates. South of Ramah Bay, however, white 
laminated sandstones and siltstones, grey qua r t z i t e  concre- 
tions, and grey l imestones a r e  interbedded with the  slates.  

Alternating 1-3  c m  thick massive and laminated layers, 
can be  observed on cleavage surfaces  of the  slates. Pyr i te  
cubes speckle t h e  s la tes  and only rarely d o  1-12 c m  thick 
sandstone beds break the  monotony of the  succession. They 
a r e  internally massive, bounded by sharp bedding planes, and 
a r e  commonly boudinaged. 

The white sandstones and sil tstones occur south of 
Ramah Bay t o  Li t t le  Ramah Bay, and form 1-18 m units t h a t  
thicken southwards. They a r e  thinly bedded and laminated, 
with sharp planar bedding planes. Large  (100 by 75 c m )  
quar tz i t ic  concretions a r e  associated with one of the  units 
south of Schooner Cove, Ramah Bay. They have an ou te r  
spheroidal shell composed of crystall ine grey qua r t z  and an 
inner massive calcareous core.  

Minor s t r a t a  of black to  grey, thinly s t ra t i f ied  lime- 
s tone a r e  associated with the  sandstones and concretions. 
These beds a r e  fine grained and structureless with r a re  fa in t  
laminations. 

Cameron Brook Formation 

The uppermost unit of the  group (Fig. 18.2, 18.3; s ee  
Table of Formations), t h e  poorly exposed 200 m thick 
Cameron Brook Formation, gradationally overlies the  dark 
s la tes  of Typhoon Peak Formation. I t  is  composed of cleaved 
grey t o  black, argil laceous turbidite sandstones alternating 
with black t o  grey shales. At some points in t h e  sequence, 
e i ther  t he  shale or  sandstone thickens at the  expense of t he  
o ther  lithology, and some distinct beds of laminated shaly 
sil tstone also occur. The sandstones a r e  subarkoses t o  l i thic 
subarkoses composed of white and opalescent blue quar tz ,  
fresh plagioclase, shale, si l tstone and albit ized basic volcanic 
grains, s e t  in a f ine  matrix of recrystall ized micas,  epidote 
and carbonate  (Morgan, 1975). Grain s i ze  in t h e  sequence is 
variable, though dominated by fine and medium sizes. 
Coarser sandstones form intervals up t o  750 c m  thick in the  
Ramah Bay a rea ,  and g r i t s  and pebbly sandstones occur west 
of Li t t le  Ramah Bay. 

The sandstones contain Bouma cycles  (Bouma, 1962) 
domiriated by A + b E  and A+E sequences (Walker, 1967), with 
some A + b C + E  and a few A intervals. Beds a r e  commonly 
10-70 c m  thick, with 10 c m  shale interbeds,  but  a r e  locally 
up to  125 c m  in the  coarses t  A turbidites.  

The turbidites have sharp planar t o  locally undulose or  
irregular bases, which a r e  commonly deformed by load cas ts  
and f lame structures.  . I n  some beds a thin, inversely graded 
horizon is overlain by a normally graded massive A division. 
Mud content  is high and black shale clasts,  although 
commonly only centimetre-sized reach up t o  30 cm. Faint,  
f l a t  s t ra t i f ica t ion is present locally. 

Laminated B and crosslaminated C divisions a r e  
commonly thin, but  locally a r e  up t o  30 cm. They a r e  
overlain by laminated sil tstone and shale of division D. Dish 
and pillar s t ruc tu res  (Stauffer,  1967; Chipping, 1972; 
Lowe, 1975) and asymmetr ica l  convolutions a r e  common. 

The 70 c m  thick laminated shaly sil tstone beds a r e  
bounded by sharp planar bedding planes and a r e  ungraded. 

In terpre ta t ion and Depositional Environment 
of  t h e  Basinal Sequence 

Rapid subsidence of the  shallow shelf,  apparently 
without uplift  of adjacent  land areas ,  led t o  t h e  abrupt  
establishment of deep  water  basinal conditions in the  Ramah 
area.  

Stagnant,  quie t  bo t tom conditions prevailed during 
init ial  basin format ion and euxinic, pyr i te  and carbon-rich, 
black muds were  deposited a t  t he  base  of t h e  Nullataktok 
Formation. Such conditions could form ei ther  in a barred 
basin or  by density s t ra t i f ica t ion (Byers, 1977). The presence 
of black pyrit ic s la tes  a t  a comparable  s t ra t igraphic  level in 
several other corre la t ive  Aphebian sequences in Labrador 
(Smyth and Knight, 1978) suggests t h a t  t h e  environment was 
regional. Despite minor temporal  variations,  the  pyrite- 
chert-dolomite-argillite association w a s  probably deposited 
under similar basinal conditions. However, the pebbly 
massive pyr i te  which passes northward t o  bedded and then t o  
laminated pyrite,  a s  t he  bed dies out, suggests t h a t  the  pyrite 
may have been in p a r t  resedimented, possibly a s  a mudflow o r  
turbidite. 

Quiet conditions suitable for the  deposition of the  thick 
colour-banded mudstones were  prolonged. The planar, 
undeformed and continuous rhythmic  layers were  most 
probably deposited a s  pelagic muds. Variation of Eh and pH 
conditions in the  basin, or compositional variation of the  
det r i tus ,  may explain the  colour variation. As similar 
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mudstones a r e  interbedded with rubbly and fine grained pyro- 
c las t ic  rocks in the  Mugford Group (Smyth and Knight, 1978) 
i t  is possible t h a t  volcanic dust may b e  a prime source  of t h e  
detri tus.  

Thin beds of rusty, carbonate-rich sandstone and sil t-  
s tone in the  colour-banded mudstones a r e  similar t o  thin 
distal turbidites (Walker, 1975, 1978) and suggest t h a t  a shelf 
environment was located outside t h e  present  basin. This 
interpretation is supported by the  occurrence of channel- 
bound dolomitic breccias and massive sandstones in mud- 
s tones  well below the  first  calcareous beds of t he  formation. 
These coarse  sediments a r e  similar t o  facies developed in 
deep water fans  (Walker, 1975, 1978) and indicate t h a t  a sand 
and carbonate  shelf environment existed adjacent  t o  t h e  
basin. 

Encroachment of thin planar, stratif ied,  calcareous,  
dolomitic and noncalcareous rnudstones over the  deep basin 
deposits then occurred. These s t r a t a  resemble shelf slope 
deposits (Cook and Taylor, 1977, Fig. 24) and deep wa te r  
l imestones of Utah (Bissell and Barker, 1977), and fulfill the  
deep water  cr i ter ia  of Wilson (1969). The nodular bedding 
and local in si tu deformation a s  well a s  major slumps a r e  also 
common in deep water  slope deposits (Garrison and 
Fischer, 1969; Corbet t ,  1973; Cook and Taylor, 1977; Bissell 
and Barker, 1977; Walker, 1978) and indicate tha t  slope 
deposits prograded over the basinal deposits. The thin 
s t ra t i f ica t ion and ripple crosslamination suggest deposition of 
thin fine grained turbidites with sediment derived from a 
mixed silicic and carbonate  shelf. 

The breccias  and sandstones a t  the base of Warspite 
Formation a r e  comparable t o  the  resedimented breccias  and 
massive and pebbly sandstone fac ies  of the  deep water  fan  
model of Walker (1975, 1978, 1979). Channels a r e  envisaged 
t o  have c u t  across the  shelf slope deposits and t o  have 
funnelled sandy dolomitic det r i tus  into t h e  basin t o  produce 

Channel 

fan 

Figure 18.12. Reconstruction of  the depositional 
environment of the Warspite Formation. Arrows indicate 
paleocurrent directions. 

t h e  deep sea  fans. Steep-sided channels may have developed 
major rotational slumps t h a t  produced t h e  matrix-supported 
breccias  of Nullataktok l i thoclasts at Reddick Bight. 
Alternatively, channels may have formed by enlarging ear l ier  
slump scars. Local breccia-filled channels  a s  a t  Rowsell 
Harbour and near  Ramah Bay, suggest t h a t  a fan-shaped 
network of small channels fed the  main a r t e r i e s  (Fig. 18.12). 
The coarse  det r i tus  moved along t h e  channels a s  mass flow 
(Hendry, 1972) or debris flows (Middleton and Hampton, 1973; 
Walker, 1975) choking t h e  channels with debris before  
emerging into the  basin where  the  deep  wa te r  fan formed. 
The irregular distribution of t h e  breccias  and the  possible 
canyon inland f rom L i t t l e  Ramah Bay suggest t h a t  t he  shelf 
margin had a n  irregular, perhaps f au l t  controlled,  form. 
Westerly-directed paleocurrents and the  change f rom 
ungraded channelled breccias  in t h e  e a s t  t o  graded pebbly 
sandstones and breccias  in t h e  west,  suggest t h a t  the  main 
channels pass westward in to  braided suprafan deposits 
(Walker, 1978; and Fig. 18.12). The associa ted  finer grained 
sediments a r e  similar t o  f ine  levee and interchannel fan  
deposits (Ricci-Lucchi, 1975; Walker, 1978). 

The influence of carbonate  sedimentation, an adjacent  
shelf environment and tec tonic  instability diminished rapidly 
a s  quie t  wa te r  muds were  again deposited in t h e  upper p a r t  of 
t he  Warspite Formation and in the  Typhoon Peak Formation. 
This quie t  phase of deposit ion was, however, gradually inter- 
rupted by a sequence of turbidi tes  of t h e  Cameron Brook 
Formation. The det r i tus  in these  sediments  indicates a mixed 
basement  and basic volcanic provenance. The freshness of 
t he  det r i tus  plus t h e  predominance of A+E?+E and A-+E 
turbidites, typical of a proximal environment  (Walker, 1967), 
suggest a close source. The gr i t s  and pebbly beds near L i t t l e  
Ramah Bay suggest t h a t  t he  turbidites coarsen southeast ,  and 
indicate  t h a t  the  basic volcanic rocks of t he  Mugford Group 
may have been t h e  source  of t h e  flysch. 

SUMMARY 

The 1700 m thick Ramah Group forms a linear north- 
trending outlier of chiefly sedimentary  lower Aphebian s t r a t a  
preserved a t  t he  c o n t a c t  between Nain and Churchill 
S t ructura l  provinces in northern Labrador. The base of t h e  
group is marked by a spectacular  unconformity which 
abruptly t runcates  basement  rocks comprising s teeply  
inclined, north trending, banded Archean gneiss crosscut  by 
an  intense west  trending pre-Ramah diabase  dyke swarm. A 
1-12 m thick pre-Ramah regolith is character ized by 
decomposed basement  gneiss and diabase  dykes, spheroidal 
weathering, magnet i te ,  hemat i te ,  jasper concretions and 
dolomitic zones. 

The six format ions  of t he  group fo rm t w o  contras t ing 
sequences: a basal si l iciclastic sequence and an  upper f ine  
grained argil laceous and carbonate  sequence. Deposition of 
t h e  Ramah Group was  preceded by regolith formation due t o  
deep weathering in a humid subtropical t o  tropical paleo- 
environment. The unconformity surface  originally formed a 
gently northwest-inclined peneplain with a slightly undulose 
surface.  Prior t o  t h e  transgression of t h e  basal Ramah, 
erosion had removed t h e  regolith in t h e  north,  near Adams 
Lake, and a rocky shoreline had developed south of Bear's 
Gut. 

The basal si l iciclastic sequence represents  shallow shelf 
sedimentation with severa l  transgressive-regressive events.  
Rowsell Harbour Formation was  deposited by dominantly 
marine and fluvial processes. Sedimentation commenced 
with the  formation of a beach and barr ier  sand complex t h a t  
migrated across  t h e  shelf a s  transgression advanced rapidly 
over the  basement.  The shelf remained shallow, and when 
transgression ceased i t  was covered by a thin blanket of 
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pebbly sandstone deposited by braided streams. The source 
a r e a  lay to  the  northeast  and eas t ,  in t h e  Greenland portion 
of t h e  North Atlantic Archean craton. During this regressive 
s t age  a thin subaerial  basalt  flow was  extruded over t h e  
braided sandy alluvial plain. During a second transgression a 
mud-dominated shelf, covered by shallow tidal sand f la ts  and 
mud flats,  developed. Del tas  advanced northwards across 
this shelf, which then became deeper  and again mud- 
dominated. Sedimentation of Rowsell Harbour Formation 
terminated with progradation of barrier island and sandy 
shoreline complexes-across a fairly deep  shelf. 

The depositional environment of Reddick Bight 
Formation was  influenced considerably by Reddick Arch, a 
topographic high t h a t  separated t h e  basin in to  two parts. 
North of the arch,  shallow intertidal black sand and mud f l a t s  
evolved. South of t he  arch, however, a fluvial-dominated 
del ta ic  complex prograded northwestward across the  shelf. 
Subaqueous turbidite fans formed a t  t he  foot  of t h e  de l t a  
f ront ,  and thin, sand-shale laminites were  deposited a s  a 
deeper  wa te r  pro-delta facies. Regression and blanketing of 
the  shelf resulted. Shallow carbonate  mud f l a t  deposition 
then occurred in response to  flooding of the  deserted del ta  
plain. Supratidal semi-arid or arid conditions prevailed a t  
this t ime. 

The 1000 m thick upper sequence of mud and sil t  
argil laceous and carbonate  s t r a t a  record sedimentation under 
deep basinal conditions. As the  basal black shales of 
Nullataktok Formation directly overlie t he  dolomite a t  t h e  
top of Reddick Bight Formation, these  conditions must have 
been established rapidly, without coeval  uplift of adjacent  
land areas.  Pyrite and carbon-rich black muds, a pyrite- 
chert-dolomite-argillite association, and rhythmic layered 
pelagic muds were  deposited in a stagnant,  quiet ,  deep-water 
basinal environment. A silicic and carbonate  shelf 
environment then developed in a d is tant  a rea  and supplied 
thin distal  carbonate  turbidites t o  t h e  basin. Deep-water 
slope deposits followed and prograded over the  basin. 
Dolomite breccias and sandstones in the  lower p a r t  of 
Warspite Formation represent deep water  fan  deposits. 
Channels were  c u t  westward across t h e  shelf and slope 
deposits and these funnelled det r i tus  into the  basin a s  deep 
sea  fans  and braided suprafans. Quiet deep-water conditions 
returned t o  t h e  area ,  and muds were  deposited, forming the  
upper p a r t  of Warspite Formation and t h e  Typhoon Peak 
Formation. Deposition of Cameron Brook Formation 
proximal turbidites, apparently terminated deposition of the  
Ramah Group. 
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Abstract 

Early Proterozoic (Aphebian) sedimentary and volcanic rocks in Labrador are described from 
two tectonic belts: the Churchill Province of western Labrador, and the Makkovik Subprovince of 
eastern Labrador. 

The Aphebian in the Churchill Province is represented mainly by the Labrador Trough 
(Kaniapiskau Supergroup) but also in the Laporte Group, Lake Harbour Formation and Petscapiskau 
Group. The Labrador Trough is the most completely exposed of these sequences and displays a 
transition from shelf sedimentation in the west, to deeper water basinal conditions in the east. 
Rifting along the eastern margin of the Labrador Trough may have produced a narrow proto-oceanic 
r i f t  during this stage. 

Aphebian sequences in the Makkovik Subprovince are represented by the Moran Lake and Aillik 
groups. The Moran Lake and lower Aillik groups were deposited in environments broadly similar t o  
those of the Churchill Province and in approximately the same time. The upper Aillik Group 
(1750-1670 Ma) represents a younger assemblage dominated by felsic volcanics intricately intruded by 
granites and may indicate the onset of radically different tectonic conditions towards the end of 
Aphebian time. 

La pre'sente e'tude de'crit les roches sddimentaires et volcaniques du Prote'rozoique re'cent 
(Aphe'bien), provenant de deux zones oroge'niques au Labrador, soit la province de Churchill dans le 
Labrador occidental e t  la sousprovince de Makkovik dans le Labrador oriental. 

Dans la province de Churchill, l1Aphe'bien est surtout repre'sente' par la fosse du Labrador 
(supergroupe de Kaniapiskau) mais aussi par le groupe de Laporte, la  formation de Lake Harbour e t  le 
groupe de Petscapiskau. La fosse du Labrador est la mieux expose'e de ces se'quences; les se'diments 
repre'sentent une transition d'une plate-forme dans l'ouest & un bassin plus profond dans Vest. Durant 
cette pe'riode, la formation de fissures le long de la marge orientale de la fosse aurait produit un 
f osse' proto-ocSanique Qtroit. 

Dans la sous-province de Makkovik, les groupes de Moran Lake et dlAillik repre'sentent les 
se'quences aphe'biennes. les se'diments des groupes de Moran Lake e t  dfAillik infdrieur ont e'te' de'pose's 
& peu pr&s en me'me temps que ceux de la province de Churchill e t  dans des environnements plus ou 
moins semblables. Le groupe dfAil1ik supe'rieur (1750-1670 Ma) repre'sente un assemblage plus re'cent, 
domine' par des se'diments volcaniques felsiques pe'ne'trds par des granites; il pourrait indiquer la 
crdation, vers la fin de llAphe'bien, de conditions tectoniques trhs diffe'rentes. 

GENERAL STATEMENT A t  present,  insufficient information is  available t o  
allow development of a comprehensive t ec ton ic  model 

( A ~ h e b i a n )  sequences unifying the Churchill Province and Makkovik Subprovince. 
occur in a var ie ty  of metamorphic  s t a t e s  in a l l  t ec ton ic  
provinces of Labrador and adiacent  New Quebec. The most Models fo r  e a c h  region, therefore ,  a r e  discussed individually. 

~ o m p l e t e l y  preserved sequences occur  in t h e  Churchill  and 
Nain provinces, and in t h e  Makkovik Subprovince (Fig. 19.1). P A R T  I -  EARLY PROTEROZOIC OF THE CHURCHILL 
This paper is concerned predominantly with those sequences PROVINCE: THE LABRADOR TROUGH 
of the  Churchill Province, in particular t he  Labrador Trough, Introduction and t h e  Makkovik Subprovince. Those of t h e  Nain Province 
have been t r ea t ed  by Knight and Morgan (1981) and by Smyth The  Churchill  Province of Labrador-New Quebec is  a 
and Knight (1978). Extensive a reas  of Aphebian supracrustal  mobile bel t  of Hudsonian a g e  (1750-1800 Ma; Stockwell, 
rocks a r e  also present in t h e  Grenville Province,  but in 19721, forming a southern splay off t he  main Churchill 
general thei r  complexly deformed and metamorphosed s t a t e  Province of western  Canada and t h e  Arct ic  Islands. The bel t  
precludes deta i led  s t ra t igraphic  analysis. The Churchill i s  bounded t o  t h e  east and wes t  by t h e  s table  Archean cra tons  
Province (R. Wardle) and Makkovik Subprovince (D. Bailey) of t h e  Nain and Superior provinces. Aphebian sequences of 
a r e  discussed separa te ly  in Pa r t s  1 and 2 of this paper. In t h e  the  Churchill Province a r e  shown in Figure  19.1. The 
Churchill Province,  emphasis has  been placed on t h e  Labrador principal a r e a  of sedimentary  and volcanic rocks occurs in 
Trough, which provides the  bes t  preserved Aphebian sequence t h e  Circum-Ungava Foldbelt or  Geosyncline (Dimroth e t  al., 
in Labrador and provides t h e  most  insight i n to  Early 1970), which fo rms  t h e  western  margin of t h e  Churchill 
Proterozoic  basinal processes in th is  area .  Province and l ies  unconformably on t h e  r im of t h e  Superior 

Province. The southeas tern  pa r t  of this bel t  is  termed t h e  

l Mineral Development Division, Newfoundland Depar tment  of Mines and Energy, 95 Bonaventure Avenue, 
St.  John's, Newfoundland, Canada 
Present address - AGIP Canada Ltd., 2700 Scot ia  Centre ,  700 - 2nd St. S.W., Calgary,  Alber ta  33 1 
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s t ruc tu res  is present in t h e  Ramah 
Group on the  eas t e rn  margin of t h e  
Churchill  Province where the  

1 100krn. , APHEBIAN SUPRACRUSTAL SEQUENCES direction of thrusting and overturning 
was  eastwards,  on to  the  Nain 
Province cra ton.  The interior of t h e  
Churchill  is largely underlain by 
grani t ic  gneisses with diverse 

1 Romoh Group :tructural  t rends  defining basinal and 
2 Mugford Group domical s t ructures .  The a g e  of these  
3 Snyder Group rocks is largely unknown; in large  
4 Ail l ik  Group pa r t  t hey  probably represent  
5 Moron Loke Group remobilized Archean basement  
6 Petscopiskou Group (e.g. Dimroth,  1964; Dimroth et al., 

1970; Wardle, 1979a). Undoubtedly 
though, t hey  also include s o m e  highly 

Strongly deformed ond metamorphosed and migmatized 
PROVINCE x m o r p h o s e d  Aphebian grani tes  and supracrustals 

(e.g. Taylor, 1979). Where exposed 
7 Lake Harbour Fm. along t h e  eas t e rn  margin  of t h e  

.8  Loporte G r o u p  Labrador Trough t h e  Archean 
gneisses a r e  grouped in t h e  Wheeler 

Gronitoid Batholiths Complex (Dimroth, 1978) and Eastern 
Basement Complex (Wardle, 1979a). 

A fur ther  important  f e a t u r e  of 
UB PROVINCE t h e  Churchill Province is a belt  of 

l a t e  kinematic granitoid batholiths 
(Taylor, 1979) which form an  axial  
zone 450 km long (Fig. 19.1). 

The following discussion is 
concerned largely with t h e  s t ra-  
t igraphy and basinal development of 
t h e  Labrador Trough and Laporte 
Group. The other  sequences of t h e  
Churchill Province a r e ,  in general,  
too  highly deformed and poorly 

G R E N V l L L E  PROVINCE known t o  permit  deta i led  analysis. 

Labrador  Trough (Including Lapor t e  
Group) 

The Labrador Trough (2150 G a  - 
1800 Ga; Dimroth, 1972; Fryer ,  
1972) has  been divided in to  th ree  
geographic segments  by Dimroth 

Figure 19.1. Early Proterozoic (Aphebian) sequences of Labrador and et al. (1970): t h e  Northern Trough, 
adjacent New Quebec. nor th  of 57ON; t h e  C e n t r a l  Trough 

between 57ON and t h e  Grenville Front;  and t h e  Southern 
Labrador Trough. An extensive  Sequence of more  highly Trough, south  of t h e  Grenville Front.  
metamorphosed supracrustal  rocks occurs in t h e  Lapor te  
Group adjacent  t o  t h e  eas tern  margin of t h e  Trough. The s t ra t igraphy of t h e  Trough is  most  complete ly  

developed in t h e  cen t r a l  segment ,  and i t  is  with this region 
smal l  units of highly metamorphosed supracrustal  rocks t h a t  t h e  following discussion is concerned. The nor thern  pa r t  

(marble,  metaquar tz i te ,  talc-silicate, amphibolite and peli t ic of this a r e a ,  referred t o  a s  the North-Central Trough 
gneiss) occur sca t t e red  throughout t h e  centra l  Churchill (Fig. 19.2) has been extensively described by Dimroth 
Province, some  of  which in northeastern New Quebec have (1968, 1970, 1971a, b, 1972, 1978) and Dimroth e t  al .  (1970). 
been corre la ted  with t h e  Lake Harbour Group of Baff in  Island The regional geology of t h e  South-Central  segment  (that p a r t  
(3ackson and Taylor, 1972) and named the  Lake Harbour south of 55O15'N) has been established by Frarey (1961), 
Formation (Taylor, 1979). A small  sequence of peli t ic schist  Baragar (1967), Wynne-Edwards (1960, 1961) and Fahrig 
a t  t h e  southern end of t h e  Province is known a s  t h e  (1967) and, more  recently,  by Wardle (1979a), Evans (1978), 
Petscapiskau Group (Emslie, 1970). and Ware and Wardle (1979). 

Clas t ic  and local maf ic  volcanic rocks also comprise The Labrador Trough comprises a succession of 
t h e  Ramah Group which lies largely in t h e  Nain Province of  sedimentary  and mafic  volcanic rocks, t he  Kaniapiskau 
eas t e rn  ~ a b r a d o r   night and Morgan, 1981). The eas t e rn  Supergroup, which is intruded by a sequence of gabbro and 
margin of th is  group, however, has been a f f e c t e d  by ul t ramafic  sills, approximately 6000 m thick, of t h e  
Hudsonian deformation and therefore  lies in t h e  Churchill Montagnais Group (Frarey and Duffell ,  1964; Baragar,  1967). 
Province. The Kaniapiskau Supergroup (Fig. 19.2) is  divided in to  two  

structural trends within the churchill  province are distinct,  l i thic assemblages: a western,  predominantly 
dominantly northwest-southeast .  The western  margin i s  sedimentary  succession, t h e  Knob Lake c r o u p  (6500 + m), and 
characterized by steep, easterly-dipping thrus t  faul ts ,  and  a n  eas tern ,  ~ r e d o m i n a n t l ~  maf i c  volcanic unit, t h e  ~ o u b l e t  
folds overturned t o  t h e  west.  A mirror image of t h e s e  

332 
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Figure 19.2. General geology of the Central Labrador Trough. Dashed line divides north-central and south-central parts. 
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Group (5000 + m). The Knob Lake Group may in turn  be  
divided into a western zone containing predominantly shallow 
water  sediments,  and an eas tern  zone dominated by 
deep-water  sediments and abundant maf i c  volcanics. The 
Doublet Group locally conformably overlies t h e  Knob Lake 
Group on t h e  eas t e rn  margin of t h e  Trough but t h e  t w o  a r e  
generally in tec tonic  con tac t  along the  Walsh Lake Faul t  
(Fig. 19.2). A thick succession of peli t ic t o  semi-peli t ic 
schis t  and amphibolite, t e rmed  the  Lapor te  Group, is  in 
over thrus t  con tac t  with t h e  eas t e rn  margin of t h e  Doublet 
Group. Dimroth e t  al. (1970), did not consider the  group t o  
be par t  of the  Labrador Trough, largely because of i t s  
uncertain s t ra t igraphic  position. Dirnroth (19781, however, 
has  recent ly  demonstra ted  t h e  group t o  b e  la tera l ly  
equivalent t o  the  major pa r t  of t he  Knob Lake Group, and i t  
is  evident t ha t  i t  should be considered a s  an  integral 
component of the  Labrador Trough. 

The Labrador Trough has  o f t en  been considered a s  a 
miogeosynclinal-eugeosynclinal couple (e.g. Harrison et al., 
1972) with the  western  par t  of t he  Knob Lake Group 
representing a shallow shelf and the  eas tern  par t  of t he  Knob 
Lake Croup and t h e  Doublet Group an  offshore basinal 
equivalent. It is now clear ,  however, t h a t  this concept  has  t o  
be modified since i t  is  t h e  Lapor te  ra ther  than t h e  Doublet 
Group which forms t h e  offshore component.  The Doublet 
Group i s  a younger sequence developed across  the  Knob 
Lake - Laporte  Group transit ion. 

In the  following sections,  t h e  basinal evolution of t h e  
Trough is divided in to  several s tages ,  each  of which 
represents  a distinct l i thofacies assemblage and t ec ton ic  
environment.  Emphasis throughout is  placed on f ac i e s  
pat terns  ra ther  than formal  s t ra t igraphic  division. 
Stages 1-9 deal with t h e  evolution of t h e  shelf (Knob Lake 
Group) and i t s  transit ion in to  deeper wa te r  lithologies to  the  
e a s t  (Laporte Group). S t age  10 concerns t h e  development of 
t h e  Doublet Group. Each s t age  is summarized in fac ies  maps  
and palinspastic sections. 

The  Shelf Sequence (Knob Lake  Group) 

The s t ra t igraphy of t h e  Knob Lake Group is summarized 
in Figure 19.3. Terminology for  the  South-Central  Trough is 
t h a t  of Frarey and Duffell (1964) modified by Wardle (1979a), 
Evans (1978), and Ware and Wardle (1979); t h a t  for  t h e  
North-Central  Trough is f rom Dimroth (1978). 

As proposed by Dirnroth et al .  (1970), t he  Knob Lake 
Group is  informally divided in to  t w o  segments,  here t e rmed  
t h e  upper and lower Knob Lake group. Both begin with 
fluviati le or intertidal terrigenous clastics,  pass through a n  
interval of shallow marine  shales,  carbonates ,  or  chemical 
precipitates and culminate  with deep wa te r  turbidites.  

Deposition of t h e  lower Knob Lake Group was  followed 
by broad regional warping. While ,sedimentation was  
continuous in the  axial  region of t h e  Trough, uplift and 
erosion occurred a t  t h e  margins. As a result ,  t h e  upper Knob 
Lake Group disconformably oversteps ear l ier  units and locally 
res ts  directly on basement  at t h e  Trough margins. 

Deposition of both segments  was strongly influenced by 
uplift of t w o  major basement  s t ruc tu res  which ac t ed  a s  
in t e rmi t t en t  basin arches.  The most important  of t hese  
s t ructures  is a linear a r c h  located along t h e  eas t e rn  margin 
of the  Knob Lake Group. The basement gneisses underlying 
this s t ructure  a r e  exposed in two  culminations of t h e  a rch  
referred t o  as t h e  Wheeler Dome and Snelgrove Arch 
(Fig. 19.2). West of t hese  s t ructures ,  t h e  en t i r e  Knob Lake 
Group is dominated by shallow wa te r  clastics,  shale,  
carbonate  and chemical precipitates.  These s t ructures  def ine  
t h e  eas tward l imi t  of th is  environment and were  themselves  
t h e  s i t e  of shallow wa te r  environments.  Eas t  of t h e  

s t ructures ,  t h e  Knob Lake Group is  largely  buried benea th  
thick Doublet Group cover,  but  where  exposed e a s t  of t h e  
Snelgrove Arch, i t  consists of a th ick  shale-s i l t s tone 
succession apparently deposited in moderate ly  deep w a t e r .  
The arch,  therefore ,  marks  t h e  break between shallow w a t e r  
shelf deposition in t h e  wes t  and basinal or  basin s lope 
deposition t o  t h e  eas t .  

The other  intrabasinal arch,  t e rmed  t h e  Cen t ra l  
Geanticline (Dimroth, 1968), was  more  short-l ived and 
aer ia l ly  res t r ic ted  t o  t h e  North-Central  Trough. The 
s t ruc tu re  is  discordant t o  t h e  general  t rend of t h e  Trough and 
merges  with the  Snelgrove Arch (Fig. 19.2). The s t ruc tu re  
was  f i r s t  an  ac t ive  source a r e a  during t h e  ea r ly  s t ages  of t h e  
Knob Lake Group and was  covered during l a t e r  transgression. 

The basinal evolution of t h e  Knob Lake Group shelf  
sequence is discussed under the  following 9 s tages .  

Stage 1 - Continental Rifting (Lower Seward Subgroup) 

Development of t h e  Knob Lake Group began wi th  
deposition of a thick (1500-3000 m) cont inenta l  c l a s t i c  
sequence throughout t h e  Cen t ra l  Trough. In t h e  north,  t h e  
sequence is known as t h e  Chakonipau Format ion 
(Dimroth,  1968) and in the  south a s  t h e  "Discovery Lake and 
Snelgrove Lake formations" (new t e rms  proposed by Wardle in 
a manuscript in preparation). 

In both north and south,  t h e  rocks a r e  very  similar and 
consist  of red and grey crossbedded arkoses,  qua r t z  granule  
conglomerates,  and local pebble-boulder conglomerates.  
Most c las ts  a r e  derived f rom adjacent  basement  ter ranes .  
Locally, andesi te  c l a s t s  in t h e  North-Centra l  Trough indicate  
a contemporaneous volcanic source  (Fig. 19.4a, b). Baragar  
(1967) has also described trachyandesites and alkaline t rachy-  
basal t  f lows interbedded with t h e  Chakonipau Formation. 

Festoon and planar crossbedding a r e  abundant in sand- 
s tones  and conglomerates  in t h e  south-centra l  a r e a .  
Unimodal paleocurrents and the  lack of typical point bar 
cycles  have been used t o  infer deposition in a gravelly,  
braided fluviati le regime (Wardle, 1979a). Sca rce  in terbeds  
of mudcracked shale  and dolomite concret ions  (caliche?) 
provide evidence of local flood plain deposition, or filling of 
abandoned channels. Granule conglomerate  beds within t h e  
sequence a r e  probably longitudinal gravel  bars. A similar 
braided fluviati le depositional environment has  been inferred 
f o r  t he  Chakonipau Formation in t h e  nor th-centra l  a r e a  
(Dimroth, 1978). In this s a m e  a r e a ,  a thick fanglomerate  
sequence developed a s  a n  alluvial fan  on t h e  northern s c a r p  
of a n  inferred eas t -west  f au l t  (Dimroth et al., 1970). The  
f au l t  defines t h e  southern margin of a s t ruc tu re  known a s  t h e  
Castignon Lake graben (Fig. 19.4a), which funneled de t r i t u s  
in to  the  Trough f rom t h e  west (Dimroth et al., 1970). 

Paleocurrent  d a t a  (Wardle, 1979a) in t h e  south-centra l  
a r e a  suggest a source  a r e a  fo r  trough-filling sediments  near  
t h e  present southern end of t h e  Trough (Fig. 19.4a), a n  
in terpre ta t ion which is strengthened by t h e  presence of 
cobble conglomerates  in this a r e a  and t h e  absence of t h e  
Seward Subgroup t o  t h e  south. 

The thickness of t he  c las t ic  sequences,  and thei r  
appa ren t  restriction t o  t h e  axial region of t h e  Trough, 
suggest  deposition in a north-northwest trending r i f t  valley, 
a n  in terpre ta t ion s t rengthened by t h e  presence of 
synsedimentary alkaline volcanics. The valley was probably 
fed  f rom both northern and southern ends  by a sys tem of 
braided alluvial fans. The eas t -west  Castignon Lake graben 
at t h e  north end probably represents a subsidiary r i f t ,  s imi lar  
t o  those in modern r i f t  sys tems (e.g. Eas t  African Rift). 
However,  t he re  is  no evidence t o  suggest t he  graben was  an  
aulacogen or failed a rm,  a s  suggested by Burke and 
Dewey (1973). 
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EAST OF W H E E L E R  DOME 

Figure 19.3. Stratigraphic correlations: North-Central and South-Central Labrador Trough. 
Letters in brackets re fer  t o  section lines in Figure 19.2. 
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S T A G E  I S T A G E  2 

L O W E R  SEWARD SUBGROUP- Generolcross-section 

U P P E R  S E W A R D  SUBGROUP- South C.Trough 
A A '  

t idol f l o l  -- . , . , ,  . . lof tshore bars 1 marine shelf 
. . . , . . . . , . , . %. . . , . . . . 

L A  P O R T E  
\ \ ,  G R O U P  

I Snelarove 1 7 

x U P P E R  S E W A R D  S U B G R O U P - N o r t h  C.Trough 
I 

X' 
I 

P I S T O C E T  S U B G R O U P  
X 

Uve Fm. 
/'_I ~ l d e r  Fm. X'  

a,b) Stage 1: Lower Seward Subgroup. Deposition in braided fluvia tile system. Paleocurrent 
directions measured on crossbedding (Wardle, 1979a). 

c,d,e) Stage 2: Upper Seward Subgroup (Du Portage, Dunphy and Milamar formations, in North- 
Central Trough; and Sawyer Lake Formation in South-Central Trough). Note transition from 
intertidal t o  shallow marine deposition in south and presence of shallow marine carbonate basin 
in north. 

cJ) Pistolet Subgroup (Lace Lake, Alder and Uve formations). Deposition restricted t o  shallow 
marine carbonate-clastic basin in North-Central Trough. 

Figure 19.4. Lithofacies distribution and palinspastic cross-sections, Labrador Trough. 
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Stage  2 - Marine Transgression and Development of Shelf 
Environment (Upper Seward Subgroup and Pistolet  Subgroup) 

This s t age  marks  t h e  filling of t h e  r i f t  valley and t h e  
beginning of a shallow marine transgression across the  
Trough. 

In the  South-Central  Trough (Wardle, 1979a), this s t age  
is represented by t h e  "Sawyer Lake formation" (new t e r m  
proposed by Wardle in a manuscript  in preparation), a 
lithologically variable unit consisting of a 300 m thick red 
and purple shale-sil tstone fac ies  in t h e  west;  a 300-500 m 
thick sandstone-orthoquartzite facies around the  Snelgrove 
Arch; and a shale-phyllite-siltstone sequence over 800 m 
thick e a s t  of t he  arch.  The transit ion is interpreted a s  a 
progression f rom tidal f l a t  deposition in the  west,  through a 
sys tem of offshore sandbars or s t rand line deposits around t h e  
Snelgrove Arch, in to  a basinal environment in the  eas t  
(Fig. 19.4c, d). 

In the  North-Central  Trough, this s t age  is represented 
by a more  complex sequence comprising t h e  upper Seward 
Subgroup and the  Pistolet  Subgroup, both deposited in a minor 
basin with a depocentre  located west of t h e  Wheeler Dome 
(Fig. 19.4c, el. The upper Seward Subgroup consists of a 
western sequence of sandstones and s t romatol i t ic  dolomite 
(Dunphy Formation) which passes eas twards  into f ine  grained 
arkoses (Du Por tage  Formation),  and then into arkoses,  
conglomerates  and quar tz i tes  (Milamar Formation). These 
sequences accumulated in environments ranging from shore- 
l ine in the  west and eas t ,  t o  shallow marine  in the  basin 
centre .  Wind-borne sand in t h e  western  shoreline fac ies  
(Dimroth,  1968) indicates the  probable existence of 
ter res t r ia l  environments west of this area .  

Upper Seward Subgroup format ions  a r e  overlain by the  
Pistolet  Subgroup (700 m, Dirnroth, 1978), which is res t r ic ted  
t o  the  North-Central  Trough (Fig. l9.4e, f ) .  Deposition 
commenced with shallow wa te r  shales (Lace Lake Formation) 
followed by accumulation of s t romatol i t ic  dolomite,  
dolomitic sandstone and qua r t z i t e  (Alder Formation), then by 
dark ,  massive dolomite (Uve Formation). Sedimentation in 
t h e  basin cen t r e  was dominated by a shallow marine- 
in ter t idal  carbonate  environment,  interfingering towards  t h e  
basin margins with near shore and shoreline c las t ics  
(Fig. 19.4f). 

The Wheeler Dome and Snelgrove Arch probably a c t e d  
as locally emergen t  highs during th is  s t age  and sepa ra t ed  
shallow wa te r  - shoreline environments in the  west f rom 
deep-water  conditions in t h e  eas t .  Deep-water deposits a r e  
apparent ly  represented by the  thick metashale  - s i l t s tone 
sequence (Sawyer Lake Formation) eas t  of t h e  Snelgrove 
Arch and by peli t ic schists of t h e  equivalent Lapor te  Group 
eas t  of t he  Wheeler Dome (Fig. 19.4c, d ,  e).  

S tage  3 - First  Stage  of Subbasin Development on Shelf 
(Swampy Bay Subgroup) 

This s t age  was also res t r ic ted  t o  t h e  North-Central  
Trough. Uplift of a cen t r a l  block or  arch,  t e rmed  t h e  Cen t ra l  
Geanticline (Dimroth e t  al., 1970) was accompanied by 
subsidence in t h e  marginal Otelnuk and Romanet  subbasins 
(Fig. 19.5a). 

Deposition in both subbasins was  dominated by rhyth- 
mically bedded shale,  si l tstone and qua r t z  wacke turbidites,  
but conglomerates a r e  locally present on the  eas t e rn  s ide  of 
t h e  Romanet Subbasin. Turbidites of t h e  centra l  zones of t h e  
subbasins laterally interfinger with shallow water  sandstones,  
shales and conglomerates  towards  t h e  margins 
(Dirnroth, 1978; Fig. 19.5b). 

The Otelnuk and Romanet  subbasins were  la ter ,  a s  now, 
separa ted by uplifted Chakonipau Formation. The source  of 
t h e  Swampy Bay sediments  was  therefore  probably upper 

Seward and Pis to le t  subgroups. We specu la t e  t h a t  develop- 
ment  of these  s t ructures  was faul t -control led  and r e l a t ed  t o  
acce le ra t ed  rift ing on t h e  shelf. 

S tage  4 - Firs t  Collapse of Shelf (Attikamagen, Bacchus and 
Le Fe r  formations) 

This s t age  signifies a temporary  hal t  t o  shallow-water 
c las t ic  - carbonate  deposition and t h e  prograding incursion of 
shales  and deep-water  maf ic  volcanics, concomitant  with 
shelf collapse. 

In the  South-Central  Trough, this s t age  is represented 
by t h e  Attikamagen Formation and is divisible in to  t w o  
distinct depositional lithofacies: a western  sequence of grey, 
yellow and green shales  and sil tstones; and an  eas t e rn  
sequence of grey shale,  si l tstone and greywacke interbedded 
with maf ic  pyroclastics and thick basal t ic  lavas (Fig. 19.5a). 
Limited da ta  suggest t h a t  t he  format ion thickens f rom about 
500-1000 m in t h e  west t o  about  2000-3000 m in t h e  eas t .  

The western  sequence is character is t ica l ly  thinly 
bedded with abundant ripple cross-lamination and was  
deposited in shallow t o  moderate  wa te r  depths.  The eas t e rn  
facies contains greywacke and sil tstone turbidites deposited 
in a considerably deeper-water  environment  (Fig. 19.5d). 

Eastern f ac i e s  volcanics occur a s  a single unit of 
tholeii t ic flows about  400 m thick. The flows a r e  predomi- 
nantly massive but a r e  locally pillowed. Pillows a r e  typically 
nonvesicular and show l i t t l e  internal s t ruc tu re  in t h e  form of 
radial joints, varioli tes,  cavities,  e t c .  Comparisons with 
t ex tu res  seen in modern pillow basal t  (e.g. Wells et al., 1979) 
suggest t h a t  t hey  formed in in termedia te  wa te r  depths  below 
1000 m. The massive nature  of many of the  flows is not 
incompatible with deposition in th is  environment  and 
probably indicates rapid eruption (Dimroth e t  al., 1978). 

The flows and overlying sediments  have been intruded 
by numerous basalt ,  diabase and f ine  grained gabbro sills 
assigned t o  t h e  Montagnais Group. These a r e  petrograph- 
ically and chemically similar t o  t h e  lavas and a r e  generally 
in terpre ted a s  comagmat i c  (Baragar, 1967; Dirnroth; 1971a; 
R.A. Doherty,  personal communication). The general  f ine  
grained nature  of t he  sills and t h e  lack, or res t r ic ted  nature ,  
of con tac t  metamorphism in t h e  host sediments  suggest 
intrusion a t  very high levels. 

A unique sedimentary  f ac i e s  developed around t h e  
northern edge of the  Snelgrove Arch (Fig. 19.5a) has  
previously been t e rmed  t h e  Marion Lake Formation 
(Donaldson, 1966). The facies  is  a thick sequence 
(approximately 1 0 0 0 m )  which occurs  in t h e  middle 
Attikamagen Formation and comprises shallow wa te r  impure 
sandstones,  conglomerates  and shales. The sequence is 
in terpre ted a s  a local nearshore deposit  developed around t h e  
margin(s) of t h e  Snelgrove Arch a s  i t  subsided. East of t h e  
arch,  t h e  At t ikamagen Formation consists of a "normal" th ick  
sequence of shale,  si l tstone (turbidites?) and maf i c  volcanics 
(Fig. 19.5a, d). 

The division between the  western  shallow water  f ac i e s  
and t h e  eas t e rn  basinal fac ies  is  abrupt  and is defined by t h e  
s teep,  eas ter ly  dipping, Ferrum River Faul t  (Fig. 19.5a), a 
s t ruc tu re  which also marks t h e  westward l imit  of Montagnais 
Group gabbro sills. The abrupt  f ac i e s  change across  t h e  
faul t  suggests t h a t  i t  may have been ac t ive  a s  a syndeposi- 
t ional basin s c a r p  faul t ,  with downthrow t o  t h e  east 
(Fig. 19.5d). The f au l t  was subsequently modified t o  a 
reverse  f au l t  during deformation. 

Similar f ac i e s  relationships occur  in t h e  North-Central  
Trough (Fig. l9.5a, c), where t h e  intermittently-exposed, 
shallow-water western  fac ies ,  t e rmed  t h e  Le Fe r  Formation 
(Dimroth, 1978) is transit ional eas tward in to  t h e  th ick  
Bacchus Format ion s la tes ,  sandstones, tuf fs ,  hyaloclasti tes 
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STAGES 3 and 4 

central Wheeler X '  
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DENAULT FORMATION 
A  Supra-intertidal stromatolite A' 

LE FER - B A C C H U S  FORMATIONS 
X' ATTIKAMAGEN FORMATION 

A' 
Open shelf 

- - - - - - - - - - - - - - 

a,b) Stage 3: Swampy Bay Subgroup. Restricted to  two flysch basins in North-Central Trough: 
the Otelnuk Sbbasin (Hautes Chutes, Savigny and Otelnuk formations) in the west and the 
Romanet Subbasin (Du Chambon and Romanet formations) in the east. Subbasins separated by 
Central Geanticline source area. 

c,d) Stage 4: LeFer, Bacchus and Attikamagen formations. Ferrum River Fault interpreted as 
basin scarp fault separating shallow water shale environment in west from deep water 
shale - greywacke - mafic volcanic environment to east. 

e,f) Stage 5: Denault Formation. Shallow basin containing impure, muddy carbonates is bounded 
t o  east by intertidal, stromatolite bank; and t o  west by an inferred supra-intertidal, 
carbonate-evaporite platform. Edge of platform marked by slump breccias and debris flows. 

Figure 19.5. Lithofacies distribution and palinspastic cross-sections, Labrador Trough. 



and massive to  pillowed basaltic lavas (Dimroth, 1978). The 
Bacchus lies unconformably across the Central Geanticline 
but may be conformable with parts of the Swampy Bay 
Subgroup in t h e  Romanet and Otelnuk subbasins. Dimroth 
(1978) has shown the  Le Fer and Bacchus formations to  be 
separated by a reverse fault. In Figures 19.2 and 19.5a, c ,  
the fault is inferred t o  be the northern continuation of the 
Ferrum River Fault. 

Both the  Bacchus and Attikamagen formations appear 
t o  pass eastwards into the pelitic-amphibolitic schists of the 
Laporte Group. It is inferred, therefore, that  the Snelgrove 
Arch and Wheeler Dome were largely passive features a t  this 
t ime and only locally influenced sedimentation. 

Stage 5 - Shelf Re-established a s  Shallow Carbonate 
Environment (Denault Formation) 

The Denault Formation dolomite marks the  
re-establishment of shallow water environments across t h e  
shelf and provides an excellent picture of the basinal 
geometry of the Trough a t  this stage. The Denault is best 
developed in the South-Central Trough and pinches out 
between 55" and 56ON (Fig. 19.5f). The formation is divisible 
into western, central, and eastern depositional facies; a 
fourth facies is also inferred t o  have existed west of t h e  
present limit of the Trough (Fig. 19.5e, f). 

Western Facies. The western facies (500-600 m) is 
composed of thin-bedded, rarely graded, dolarenites with 
incomplete Bouma sequences, interbedded with lensoid units 
of coarse dolomite breccia 1 t o  10 m thick. Clasts in the  
breccias were derived from a variety of dolarenites and vary 
from angular in the west t o  subangular and subrounded in t h e  
east.  The dolomite-breccias a r e  interpreted t o  have formed 
by slumping (debris flows) on a steep, easterly dipping slope, 
adjacent t o  a supra-intertidal platform associated with 
evaporites. Evidence for the existence of this platformal 
facies is derived from the overlying Fleming Formation and is 
discussed further below. 

Central Facies. The central facies (200 m) comprises 
brown, muddy, commonly crossbedded and slump folded 
dolomites, interbedded with massive diagenetic dolomite. 
The thickness of the  central facies is highly variable, 
however, and the  formation locally pinches out between 
underlying and overlying shale. The facies is interpreted a s  
having formed in shallow basinal conditions (Fig. 19.5e). 

Eastern Facies. The eastern facies is a thick 
(1000-3000 m) accumulation of stromatolitic dolomite which 
formed a discontinuous carbonate bank along the eastern 
margin of the Trough. Tepee structures, pisolite and oolite 
horizons, and intraclastic rip-up breccias of algal larninite, 
indicate deposition in an intertidal-supertidal environment, 
subject t o  storm agitation (Donaldson, 1963, 1966; Dimroth, 
1971b; Wardle, 1979a). Interbedded units of crossbedded 
dolarenite probably represent channel sequences within this 
environment. 

The stromatolite banks extend out from the  Wheeler 
Dome and t h e  Snelgrove Arch. These areas may have been 
partially emergent a t  this time. Whether the  banks were 
connected is uncertain, since faulting has removed much of 
the intervening Denault Formation. Small scat tered 
exposures of thin-bedded, non-algal, dolomite, however, 
indicate that  the  two banks were probably separated by 
deeper water, subtidal regions. 

East of the Snelgrove Arch the stromatolitic dolomite 
is transitional into a discontinuous sequence (50-700 m thick) 
of impure dolomite interbedded with mafic tuff. The Denault 
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Formation is not recognized east  of the Wheeler Dome but 
marble and calc-silicate units in t h e  Laporte Group t o  the  
e a s t  may be i t s  lateral equivalents. Some of the  shales 
assigned t o  the  Attikamagen Formation east  of the  Snelgrove 
Arch may also in f a c t  be equivalents of the Denault 
(Fig. 19.5e) 

The thick stromatolitic facies was probably developed 
over a subsident zone which may have marked t h e  shelf -basin 
slope break a t  this time. It separated a shallow shelf-lagoon 
environment in the west from a deeper-water basinal envi- 
ronment in the east.  Stromatolite growth was apparently 
able t o  keep pace with subsidence and continuously 
maintained an intertidal environment. 

Stage 6 - Second stage of Subbasin Development on Shelf; 
Broad Warping, Uplift and Erosion (Dolly and Fleming 
formations) 

Carbonate deposition was followed by warping of the  
shelf in the South-Central Trough into a major central 
subbasin (Petitsikapau Subbasin) in which the Dolly Formation 
accumulated (Fig. 19.6a, b); and a minor western subbasin in 
which the  Fleming Formation was deposited. 

Dolly Formation. The Dolly Formation (Harrison e t  al., 
1972; Dimroth, 1978) has been recognized over a large area 
(Wardle, 1979a) and defines an area termed the  Petitsikapau 
Subbasin (Fig. 19.6a). At the  subbasin margins, predomi- 
nantly crosslaminated red, green and black shales and minor 
siltstone accumulated in a shallow-water environment. 
Toward the basin centre, their equivalents a re  rhythmically- 
bedded grey shale and siltstone of turbidite origin 
(Fig. 19.6b). In many respects, the  Dolly Formation is similar 
t o  t h e  Swampy Bay Subgroup. 

Fleming Formation. The Fleming Formation is a 
distinctive chert  breccia unit restricted t o  the western 
margin of the  South-Central Trough, and occupies a strati- 
graphic position equivalent t o  the  Dolly Formation. 
However, the  two formations do not interfinger and we 
interpret the Fleming t o  be slightly younger than the Dolly 
Formation. 

In central and western areas, the Fleming consists of 
massive t o  thick-bedded cher t  breccia of pebble- t o  boulder- 
sized clasts of colloform chert  and drusy quartz se t  in an 
impure quartzite-chert matrix. Slabs of colloform chert  up 
t o  several metres long have also been noted (Wardle, 1979b). 
In eastern exposures the formation consists of well-defined 
(1-2 m) breccia beds interbedded with quartzite and siltstone. 
All chert  clasts a r e  clearly void-fill structures derived from 
a pre-existing terrain. 

Previously, the Fleming has been interpreted both as  a 
residual karstic breccia formed by erosion of silicified 
Denault Formation (in Harrison, 1952) and a s  a submarine 
breccia produced by collapse and subsequent silicification of 
an interbedded sequence of siliciclastics and carbonates 
(Howell, 1954; Dimroth, 1971b). Dimroth (1978) recognized 
length-slow chalcedony in the  clasts and proposed a replaced 
evaporite origin for the  sequence (Pittman and Folk, 1971). 
Brecciation was proposed t o  have resulted from a combina- 
tion of solution collapse and slumping. The authors agree 
with an evaporitic origin for a t  least part of the sequence and 
propose that  the  source must have been a western facies of 
t h e  Denault Formation which was eroded during upwarp of 
t h e  western margin of the  Trough and whose representatives 
occur only as  clasts in the Fleming Formation. However, the 
chaotic nature of the sequence is believed t o  be the result of 
large scale slumping, possibly a s  an olistostrome sheet, rather 
than solution collapse. The necessary slope instability 
required by this mechanism would have been provided by t h e  
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a,b) Stage 6: Fleming and Dolly formations. Fleming 
Formation interpreted t o  be derived by erosion of silicified 
Denault carbonate-evapori t e  platf orm. Dolly Formation 
restricted t o  Petitsikapau Subbasin, locally interdigitates 
with Denault Formation. 

c,d) Stage 7: Wishart and Sokoman Formations; Nimish 
Subgroup. W ishart f orms a transgressive sandstone-siltstone 
blanket of littoral-shallow marine origin, and lies discon- 
formably upon most older units. Sokoman Formation fac ies  
show a concentric deepening towards the Nirnish volcanics. 
Volcanics a r e  largely subaerial and developed over the 
previous Petitsikapau Subbasin. Centre of volcanism moved 
westward during Sokornan deposition. 

Figure 19.6. Lithofacies distribution and palinspastic 
cross-sections, Labrador Trough. 

broad warping which apparently initiated development of the  
Fleming and Petitsikapau subbasins, and then continued t o  
deform the Trough into broad basins and arches (Fig. 19.6b). 
Deposition continued in the basinal areas but erosion 
occurred on the arches and on the  margins of the Trough. 
This period of deformation defines the  break between t h e  
lower and upper parts of the Knob Lake Group. 

The cause of this period of broad warping is not 
obvious, but may be related t o  deep-seated, fault-block 
adjustment on the shelf. Sedimentation on the  eastern 
margin of the Trough was continuous during this period and 
dominated by shale-siltstone deposition (Laporte Group and 
shale succession east  of Snelgrove Arch, Fig. 19.6b). 

Stage 7 - Transgression Across Shelf; Shallow Water Clastic 
and Chemical Precipitate Deposition (Wishart and Sokoman 
formations and subaerial volcanism (Nirnish Subgroup) 

The Wishart and Sokoman formations occur together 
over most of the Central Trough; the Nimish Subgroup, 
however, is restricted t o  the  area of the  Petitsikapau 
Subbasin in the  South-Central Trough (Fig. 19.6d). The 
Wishart Formation marks the  beginning of a new transgres- 
sive cycle which progressively overstepped older units from 
east t o  west. On the  margins of the  Trough it  disconformably 
overlies earlier units (Fig. 19.6~). 

Wishart Formation. The Wishart is composed of 
quartzite, siltstone and shale, and varies in thickness from 
50 m in the west to  300 m in the east.  The well sorted, 
mature nature of most of the formation and abundant small 
scale cross-stratification indicates deposition in a near shore, 
shallow, shelf environment. Thick, highly mature, ortho- 
quartzite units, up to  70 m thick, occur in eastern parts of 
the formation near the Snelgrove Arch and may represent 
offshore sand bar complexes. 

East of the  Snelgrove Arch, the  formation pinches out 
into shales of t h e  Attikamagen and Menihek formations. The 
Wishart Formation is not exposed near the Wheeler Dome, 
therefore, i t  is impossible to  ascertain what effect ,  if any, 
this structure had on lithofacies development. 

Sokornan Formation. The Sokoman Formation is a 
cherty iron formation, and for economic reasons is the most 
widely studied unit of the Labrador Trough. The unit is a 
typical Superior-type iron formation (Gross, 1970) and is  
comparable with similar formations found throughout the  
Circum-Ungava Belt (Dimroth et al., 1970) and Southern 
Province (Sims, 1976). The formation varies from 120 t o  
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500 m thick and is generally thickest in the  area of t h e  
Petitsikapau Subbasin, where i t  is intimately interbedded 
with the Nimish Subgroup volcanics (Fig. 19.6d, c). The 
cherty iron formation is usually underlain by Ruth Formation 
black ferruginous shale-lean chert.  Following the suggestion 
of Zajac (1974), this has been included in the Sokoman 
Formation. The cherty iron formation is generally divisible 
into three stratigraphic units: a lower silicate-carbonate 
member; a middle oxide member; and an upper silicate- 
carbonate member. However, this is frequently complicated 
by local facies changes. 

The silicate-carbonate iron formation is typically thinly 
plane-laminated and is inferred t o  have formed in quiescent, 
albeit shallow, lagoonal environments. The oxide iron 
formation, however, shows a variety of features such as  
oolitic-pisolithic texture, intraclastic breccia and 
conglomerate, ripple marks and cross-stratification, which 
indicate deposition in a variety of shallow water, turbulent 
environments. 

Based on these sedimentary textures, Chauvel and 
Dimroth (1974), Zajac (1974), and Wardle ( 1 9 7 9 ~ )  define 
paleogeographic and facies models for separate parts of the  
Trough. These correlate remarkably well and a r e  
summarized in Figure 19.6d. 

The north-central part of the Trough formed in a 
complex environment dominated by oolite shoals and 
intraclastic (sand) banks, separated by lagoons (thinly 
laminated silicate-carbonate iron formation) and tidal 
channels. This was fringed t o  the  southeast by a horseshoe- 
shaped ring of oolite shoals and coarse, intraclastic sand and 
gravel bars deposited in turbulent intertidal conditions. To 
the southeast, this complex was transitional into a basin 
around the  volcanics of the Nimish Subgroup. The periphery 
of this basin is dominated by fine grained, oxide iron 
formation formed in shallow, subtidal conditions, and thinly 
laminated silicate-carbonate iron formation. Around the  
Nirnish volcanic pile these lithologies pass into tuffaceous, 
silicate- rich iron formation, and interfinger with mafic 
flows and tuffs. 

The eastern limit of t h e  Sokoman Formation is 
delineated by the  Snelgrove Arch and by the  stromatolite 
banks of the Denault Formation. 'The formation may, 
however, have extended t o  the  eas t  through gaps between 
these barrier structures. Iron formation does not occur in the  
Laporte Group, however, and cannot have extended f a r  
beyond the barrier system. The barrier system probably 
separated a protected and restricted shallow shelf in the west 
from a deeper water, open sea in the east. 

Nirnish Subgroup. The Nimish Subgroup (Evans, 1978) is 
a sequence of mafic volcanics, varying between several 
metres and 1000 m in thickness, interbedded with various 
levels of the Wishart and Sokoman formations. The subgroup 
extends into the  Southern Trough where i t  is interbedded with 
the  Denault Formation in addition t o  other units (Noel and 
Rivers, 1980). 

The Nimish volcanic complex consists of a central pile 
of vesicular, largely subaerial mafic lavas, interbedded with 
thin basaltic conglomerates and breccias. Many of these a r e  
interpreted t o  be laharic; some, however, show evidence of a 
shallow marine or fluviatile origin. Two volcanic centres 
have been identified (Fig. 19.6d) and a r e  characterized by 
rhyolite- and comendite- bearing fanglomerates, trachytes 
and rhyodacites of alkaline affinity (Evans, J.L., 1978, 1980). 
The width of the pile varied considerably during i ts  
formation, a s  shown in Figure 19.6d. 
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The subaerial  pile passes la tera l ly  in to  aprons of pillow 
breccia,  hyaloclasti te and b.edded tuff which interfinger 
basinward with tuffaceous,  che r ty  iron formation. 

S tage  8 - Second Collapse of the  Shelf (Menihek - Mistamisk 
f ormations) 

The Menihek Formation occurs throughout the  Cen t ra l  
Trough and marks t h e  beginning of a major transgression 
within t h e  Knob Lake Group and t h e  collapse of t he  shallow 
shelf environment character is t ic  of t h e  underlying 
formations.  

Two major f ac i e s  have been recognized in t h e  
formation. In t h e  western  a r e a  of t h e  Knob Lake Group t h e  
format ion consists of grey, rhythmically bedded, turbidi te  
si l tstones and shales (Harrison et al., 1972; Wardle, 1979b). 
In t h e  eas tern  a rea  of t he  Knob Lake Group t h e  formation is 
a black shale-siltstone-greywacke turbidi te  sequence in ter -  
bedded with maf ic  tuffs,  breccias and tuffaceous  greywackes 
(Fig. 19.7a). In t h e  ex t r eme  eas t e rn  par t  of t h e  a r e a ,  
adjacent  t o  t h e  Doublet Group, t h e  sequence contains 
massive and rarely pillowed, basal t ic  flows. Minimum thick- 
ness of t h e  format ion varies f rom about  1000 m in t h e  wes t  
t o  1500 m in t h e  east. 

The upper Menihek Format ion f ac i e s  in t h e  vicinity of 
t h e  Snelgrove Arch is a typical  and consists of crossbedded, 
c lean,  . qua r t z  rich sandstones and sil tstones,  which accumu- 
lated.  In shallow wa te r  environments and r e f l ec t  t h e  local  
influence of the  Snelgrove Arch a s  a basin high in upper 
Menihek t i m e  (Fig. 19.7a, b). 

The Menihek Format ion also occurs  around t h e  Wheeler 
Dome but  i t  appears  t h a t  this s t ruc tu re  exe r t ed  l i t t l e  
influence on depositional facies.  The format ion is probably 
transit ional eas tward  in to  peli t ic schists of t h e  Lapor t e  
Group. 

The Menihek has been intruded by numerous sills of t h e  
Montagnais Group and distinctions between f ine  grained 
intrusions and flows a r e  difficult .  Thin black graphitic shale  
sandwiched between t h e  flows commonly contain lenses of 
syngenetic,  massive pyrite-pyrrhotite,  apparently formed by 
submarine, synvolcanic, exhalative ac t iv i ty .  

Immediate1 y nor th  of t h e  Snelgrove Arch, t h e  eas t e rn  
and western  f ac i e s  of t h e  Menihek Formation a r e  sepa ra t ed  
by t h e  Ferrum River Fault .  Fur ther  north,  however, t h e  t w o  
facies  a r e  separa ted by a large a r e a  of uplifted older rocks. 
Development of t h e  two  facies  in t h e  South-Central  Trough 
may have been controlled by react ivat ion of t h e  Ferrum 
River Fault  a s  a basin escarpment  (Fig. 19.2, 19.7a, b). This 
relationship may have extended in to  t h e  North-Central  
Trough. 

The Mistamisk Format ion is  a ser ies  of basalts discon- 
formably overlying ear l ier  units in t h e  North-Central  Trough 
(Fig. 19.7a). Dimroth (1978) has proposed t h e  format ion t o  be  
in par t  equivalent t o  t h e  upper Menihek Formation. I t s  
stratigraphic position would also suggest a possible correla- 
tion with t h e  lower Doublet Group which overlies t h e  
Menihek Formation t o  the  e a s t  (Fig. 19.7d). 

Stage  9 - Local Uplift and Erosion of Shelf; Red  Bed 
Deposition (Tamarack River Formation) 

This unit, recent ly  recognized f rom t h e  South C e n t r a l  
Trough, was previously mapped a s  pa r t  of t h e  Menihek 
Formation (Fahrig, 1967). The uni t  has  not  ye t  been formal ly  
incorporated in to  t h e  Knob Lake Group, bu t  fo r  t h e  purposes 
of this paper, i t  is  included a s  such. 

The format ion generally consists of red, crossbedded 
arkose, f requent ly  dolomitic; red  pisoli thic dolomite,  green-  
red argil l i tes and sil tstones (Ware and  Wardle, 1979; Ware, - 
1980). The general  depositional environment  f luc tua ted  
between f luvia t i le  and shallow mar ine  o r  possibly lacustrine.  
Paleocurrents  indicate  derivation f rom a wester ly  source  
a r e a  (Fig. 19.7c, e). 

The lower con tac t  of the  format ion is not exposed but 
is  presumed t o  be  a disconformity a s  arkoses  within t h e  unit 
contain c las ts  typical of t h e  upper Knob Lake Group. The 
lithological cha rac te r  of t h e  format ion indicates  derivation 
by uplift and erosion of at l eas t  t h e  wes te rn  pa r t  of t h e  shelf. 
This uplift  m a y  represent  a n  ea r ly  phase of t h e  Hudsonian 
Orogeny. As such, i t  resembles  t h e  Loaf Format ion of t h e  
Belcher Islands (Dimroth et al., 1970; R icke t t s  and  
Donaldson, 19811, a rnolasse f ac i e s  overlying similar rocks t o  
t h e  Knob Lake Group in t h e  western  pa r t  of t h e  
Circum-Ungava Belt. 

This format ion completes  t h e  shelf sequence in t h e  
Cen t ra l  Trough. Another sequence of post-Menihek a g e  
occurs in t h e  northern Trough where  i t  consists of shallow 
shelf dolomites,  iron format ion and shale  (Abner. and Larch 
River formations; Dimroth et al., 1970; Clark,  1978) which 
conformably over l ie  Menihek equivalents. These m a y  b e  
broadly equivalent in a g e  to t h e  Tamarack  River Formation. 

Igneous Activity on t h e  Shelf. Volcanic rocks and 
comagmat i c  intrusives (dominantly sills) of t h e  shelf 
sequence occur  in two  divisions: a western  division 
comprising subaerial-shallow wa te r  volcanics of t h e  Seward 
and Nirnish Subgroups (Stages I and 7); and an  eas t e rn  
division of deep-water  volcanics associated with shelf 
collapse and flysch incursion in t h e  At t ikamagen and Menihek 
format ions  (Stages 4 and 8). 

The Seward Subgroup lavas  a r e  largely of trachybasalt-  
t rachyandesi te  composition, show a s t rong  alkaline af f in i ty ,  
and were  apparent ly  associa ted  wi th  rift ing and graben 
format ion during t h e  init ial  s t age  of Trough development.  
Volcanics in t h e  Castignon Lake Graben were  apparent ly  
formed along ac t ive  graben f au l t s  (Dimroth et al., 1970). 

The Nimish Subgroup is a predominantly basal t ic  su i t e  
of subalkaline-alkaline af f in i ty  (Fig. 19.8), (Evans, J.L., 1978, 
1980) with local  t rachyte ,  t rachyandesi te ,  comendi te  and 
rhyolite. J.L. Evans (1980) has  noted t h e  s t rong s imi lar i ty  
between these  rocks and those  of t h e  L i t t l e  Aden Sui te  
(Cox et al., 1970) developed on t h e  margin of t h e  Red Sea  
Rift .  The volcanics a r e  locally a f f e c t e d  by s t rong potash 
metasomat ism which is largely responsible fo r  t h e  
pronounced alkaline trend in Figure 19.8. 

A su i t e  of kimberli tes,  carbonat i tes  and melil i t i te t u f f s  
(Dressler, 1973) has been recognized in t h e  North-Centra l  
Trough and m a y  be of approximately  t h e  s a m e  a g e  a s  t h e  
Nimish Subgroup, indicating a nor ther ly  extension of th i s  
alkaline environment.  Dimroth (1970), however, has  proposed 
a post Kaniapiskau a g e  f o r  t hese  rocks. 

Basalt ic volcanics in t h e  At t ikamagen,  Menihek and  
Mistamisk format ions  a r e  tholeii t ic and chemically identical  
t o  t h e  associa ted  sills of t h e  Montagnais Group, and younger 
volcanics of t h e  Doublet Group. The petrology and chemis t ry  
of these  rocks in t h e  North-Central  Trough have been 
described by Baragar (1960, 19671, Diinroth (1971b), and 
Dimroth et al. (1970) and a r e  only summarized here. R e c e n t  
analyses f rom t h e  South-Central  Trough (Fig. 19.9, f r o m  
unpublished information by R.A. Doherty and R.J. Wardle) 
show general  similarity with t h e  volcanics t o  t h e  north. The  
basalts and  associa ted  sills a r e  a l l  low-K thole i i tes  wi th  
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S T A G E  8 

a,b) Stage 8: Menihek and Mistamisk formations. The c,d,e) Stages 9 and 10: Stage 9. Tamarack River Formation 
Menihek Formation shows a transition from non-volcanic arkoses and dolomite represent uplift and erosion of western 
flysch deposition in the west to a volcanic-flysch association shelf. Stage 10. Doublet Group (Murdoch, Thompson Lake 
in the east. The facies change may be controlled by and Willbob formations). Deposition in South-Central Trough 
reactivation of the Ferrum River Fault as a basin scarp fault. is inferred to have been controlled by a basin scarp fault, the 

Walsh Lake Fault. This fault dies out to  the north where the 
Doublet Group is in conformable contact with the Menihek 
Formation. The Doublet Group is inferred to  be in part a 
lateral equivalent of the upper Menihek and the Mistamisk 
formations. I t  may possibly also be equivalent to Tamarack 
River Formation. 

Figure 19.7. Lithofacies distribution and palinspastic cross-section, Labrador Trough. 
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typical iron enr ichment  differentiation t rends  (Fig. 19a, b; 
Baragar, 19671, and fall  largely into t h e  oceanic  thole i i te  
field (Engel e t  al., 1965). This is  also borne out  by t h e  
K20-T i02-P205  diagram (Fig. 1 9 . 9 ~ )  of Pea rce  e t  al. (1975). 

The  Basinal Sequence 

The Laporte Group 

The Lapor te  Group (Harrison, 1952), also known a s  t h e  
Younger Complex (Baragar, 1967), is  a poorly defined uni t  
which includes most of t h e  recognizable metasedimentary  
and metavolcanic rocks t h a t  occur along t h e  eas t e rn  margin  
of t he  Trough (Fig. 19.2). 

The con tac t  with the  Trough is generally an  eas ter ly  
dipping overthrust .  However, in the  vicinity of t h e  Wheeler 
Dome, Dimroth (1978) has  recognized t h e  group as a l a t e ra l  
equivalent t o  t h a t  pa r t  of t h e  Knob Lake Group above t h e  
lower Seward Subgroup. The Lapor te  Group is also inter- 
preted a s  a distal ,  l a t e ra l  corre la t ive  of t h e  shale-sil tstone 
sequence which cha rac te r i zes  the  Knob Lake Group e a s t  of 
t h e  Snelgrove Arch. Much of t h e  group has  only been mapped 
on reconnaissance scale;  consequently,  n o  s t ra t igraphic  sub- 
divisions have been made and only t h e  general  na tu re  of t h e  
sequence is known. 

Over much of i t s  outcrop a rea ,  t h e  Lapor te  Group 
comprises monotonous biot i te  schists and gneisses 
(Fahrig, 1964) of a peli t ic - semi-pelit ic composition fo r  
which Baragar (1967) has  recognized a shale-greywacke 
protolith. 

From the  considerable ex ten t  and generally monotonous 
peli t ic na tu re  of t hese  rocks, i t  i s  inferred t h a t  t hey  were  
deposited in a deep water ,  basin slope-basinal environment.  
In tercala ted  within t h e  peli t ic metasediments  a r e  units of 
meta-igneous rocks including amphibolites (metavolcanics) 
and talc-tremolite-fosterite schists (meta-per idot i te  sills?). 
Also present a r e  local units of metaquar tz i te ,  meta-arkose,  
dolomite,  marble  and calc s i l ica te  (Taylor, 1979); a l l  
apparent ly  representing periods of shallowing within t h e  
Lapor te  basin. 

S t age  10 - Rapid Rifting and  Submarine Volcanism on Eastern  
Margin (The Doublet Group) 

The Doublet Group is a dominantly maf i c  volcanic 
sequence divided in to  t h e  Murdoch, Thompson Lake, and 
Willbob formations.  The group has a minimum thickness of 
5000 m of which 3000 m is  formed by t h e  pillow basal ts  of 
t h e  Willbob Formation. The Murdoch and Thompson Lake 
format ions  have been intruded by numerous gabbro and 
peridotite sills of t he  Montagnais Group, which generally 
appear  comagmat i c  with t h e  volcanics. The Doublet Group 
occurs  in a synclinorium over turned t o  t h e  west.  The eas t e rn  
margin of this s t ruc tu re  i s  over thrus t  by Lapor te  Group and  
reworked Archean basement rocks. The western  l imit ,  where  
t h e  group is  in c o n t a c t  with t h e  Knob Lake Group, i s  
generally the  Walsh Lake Fault  (Fig. 19.2). However, in t h e  
vicinity of t h e  Snelgrove Arch and Wheeler Dome this  f au l t  
d ies  ou t  and t h e  Murdoch Format ion conformably overlies t h e  
Menihek Formation. In d iagramat ica l ly  reconst ructed 
sect ions  across  t h e  Trough, Dimroth e t  al .  (1970) suggested 
t h e  lower Doublet Group interfingers with t h e  Menihek 
Formation (cf. Fig. 19.7d), suggesting t h a t  t h e  Walsh Lake 
Faul t  i s  not,  therefore ,  a particularly profound s t ructure .  
The  normal movement  on t h e  f au l t  (downthrow t o  t h e  eas t )  
m a y  indicate  t h a t  i t  was  an  a c t i v e  syndepositional basin s c a r p  
f au l t  a s  proposed for  t h e  South-Central  Trough (Fig. 1 9 . 7 ~ ) .  
A 5 km long sliver of rhyolite located along t h e  f au l t  
(Frarey, 1961) t h a t  may have been t h e  source  of similar 
rhyolite c l a s t s  in t h e  Murdoch conglomerates  supports t h i s  
in terpre ta t ion.  The rhyolite may have been intruded during 
ea r ly  development of t h e  faul t  and exposed along t h e  s c a r p  
during l a t e r  movement.  

Murdoch Format ion 

The Murdoch Format ion is t h e  mos t  varied unit  of t h e  
Doublet Group and consists of f ine  grained, schistose maf i c  
pyroclastics (chlorite phyllites), tuf faceous  sil tstones,  pillow 
lava  and minor conglomerate  (Frarey, 1967). Deformation 
has  obscured primary t ex tu res  and t h e  environment of 
deposition is  unknown. The relatively f ine  grained na tu re  of 
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most  of t h e  format ion suggests t h a t  i t  represents  t h e  distal  
products of explosive volcanism, t h e  locus of which 
presumably lay somewhere t o  t h e  eas t .  

Baragar (1967) reported a local, discontinuous, iron 
format ion approximately 200 m thick, a t  t h e  Murdoch- 
Thompson Lake Formation contact .  The unit is  thinly bedded 
and consists of cher t -oxide  and cher t -carbonate-s i l ica te  
assemblages. The depositional environment of t h e  unit  i s  
unknown. 

Thompson Lake Formation 

The Thompson Lake Formation is a relatively thin unit 
(500-700 m) composed of rhythmically bedded sil tstone, s l a t e  
and argil l i te.  Although the  primary cha rac te r  of t he  unit is  
metamorphically obscured, t h e  rhythmic  a l ternat ion of s l a t e  
and sil tstone suggests a distal  turbidite environment.  

Willbob Formation 

The Willbob Format ion is  t h e  most prominent unit  of 
t h e  Doublet Group and is composed ent i re ly  of thole i i t ic  
flows interbedded with thin units of pillow breccia and 
hyaloclasti te.  Willbob flows a r e  predominantly pillowed in  
contras t  t o  those of t he  Knob Lake Group. Pillow rnorphol- 
ogy and t ex tu re  i s  similar t o  t h a t  of t h e  At t ikamagen 
Formation. 

Volcanic rocks of t he  Willbob Format ion and associa ted  
Montagnais sills a r e  a lso  low-K oceanic  tholeii tes,  chemically 
identical  t o  those of t h e  Attikarnagen and Menihek forrna- 
t ions with which they  a r e  plotted in Figure 19.9a, b, c. 

Also shown in Figure 19.9a, b, c a r e  plots for  analyses 
f rom large  amphibolite and metagabbro dykes which occur  in 
t h e  Eastern  Basement Complex adjacent  t o  t h e  South-Central  
Trough (Fig. 19.2). These were  once in terpre ted t o  b e  
Archean (Wardle, 1979a1, bu t  on t h e  basis of thei r  chemical  
similarity t o  t h e  Montagnais Group a r e  now interpre ted a s  
f eede r s  for  t he  overlying volcanic-sill complexes  of t h e  Knob 
Lake and Doublet groups. 

The Doublet Group represents  a renewal of submarine 
rift ing act iv i ty .  This was  init iated by a period of explosive 
volcanism (Murdoch Formation),  passed through a period of 
re la t ive  quiescence (Thompson Lake Formation), and 
culminated in voluminous lava eruption in a deep wa te r  
environment (Willbob Formation). This i s  in terpre ted as t h e  
precursor of rapid crus ta l  rifting. 

Summary of Basinal Development 

The restored s t ra t igraphy of t h e  Labrador Trough, 
approximately co r rec t ed  f o r  about  100 km of Hudsonian 
shortening, is  shown in Figure 19.10. Stages  in t h e  evolution 
of this sys tem a r e  i l lus t ra ted  in Figure 19.11 and summarized 
below. 

The Cen t ra l  Trough west of t h e  Wheeler Dome- 
Snelgrove Arch developed initially in a cont inenta l  r i f t  
environment (Stage I), then evolved in to  a shallow marine  
shelf for  t h e  g rea te r  pa r t  of i t s  exis tence  (Stages 2 t o  9). 
The shelf was subjected t o  broad warping and possibly block 
faulting on t w o  occasions: t h e  f i r s t  (Stage 3) resulted in  
format ion of t h e  Cen t ra l  Geanticline and t h e  flyschoid 
deposits of t h e  Swampy Bay Subgroup; t h e  second (Stage 6 )  
saw t h e  format ion of the  Pet i t s ikapau Subbasin and 
accumulation of t h e  Fleming and Dolly formations.  Both 
periods of broad warping were  probably t h e  result  of block 
faulting in t h e  basement  in response t o  r i f t ing act iv i ty  on t h e  
eas t e rn  margin. 

The shelf was  also subjected t o  t w o  periods of par t ia l  o r  
complete  inundation during which t h e  shelf-basin slope break 
moved well t o  t h e  west.  The f i r s t  period occurred with 
collapse of t h e  shelf e a s t  of t h e  Ferrum River Faul t  (Stage 4) 
and incursion of At t ikamagen and Bacchus Format ion flysch 
and maf i c  volcanics. The second inundation occurred during 
deposition of Menihek and Mistamisk format ions  (Stage 8) 
when t h e  en t i r e  shelf was  drowned and covered by flysch. 
During both incursions t h e  shelf edge  is believed t o  have been 
defined by a basin escarpment  (listric?) fault .  The final s t a g e  
s e e n  in t h e  evolution of t h e  shelf ,  at l eas t  in t h e  Cen t ra l  
Trough, was uplift, local erosion and deposition of Tamarack 
River Format ion redbeds (Stage 9). 

Volcanic ac t iv i ty  on t h e  shelf was  predominantly 
alkaline, and occurred largely in a t e r r e s t r i a l  environment.  
The eas t e rn  margin of t h e  shelf during periods of normal 
shallow wa te r  sedimenta t ion was defined by t h e  Wheeler 
Dome - Snelgrove Arch line. This l ine m a y  have consisted of 
upwarped arches ,  upfaulted blocks o r  f au l t  scarps  a t  various 
s tages  in i t s  history. Eventually, t hey  were  deformed and 
upthrus t  in to  thei r  present position during t h e  Hudsonian 
Orogeny. 

East  of t h e  Wheeler Dome-Snelgrove Arch line, t h e  
shelf environment was transit ional in to  deeper-water  basin 
slope and basinal environments in which t h e  Lapor te  and 
eas t e rn  Knob Lake groups were  deposited. The chemis t ry  of 
t h e  volcanics in these  units and thei r  association with ac t ive  
synsedimentary faul t ing indicate  t h a t  th is  was  a n  a r e a  of 
i n t e rmi t t en t  r if t ing act iv i ty  through t h e  evolution of t h e  
Trough. Incursions of flysch and maf i c  volcanics f rom this 
environment  on to  t h e  shelf (Stages 4 and 8) were  probably t h e  
result  of periods of increased rift ing ac t iv i ty  and widespread 
subsidence e a s t  of t h e  Trough. 

The Doublet Group (Stage 10) represents  a renewed 
period of rif t ing ac t iv i ty  and i t  spread across  t h e  ear l ier  
shelf-basin slope break. The massive pillow lava eruption 
forming t h e  end of this s t age  (Willbob Formation) is  inter-  
pre ted  a s  t h e  resul t  of rapid rift ing at t h e  end of Trough 
evolution. 

The original eas t e rn  e x t e n t  of t h e  Doublet Croup is 
unknown. The western  l imi t  is believed t o  have been a major 
basin escarpment  (Walsh Lake Fault). Shelf equivalents of 
t h e  Doublet Group wes t  of this s t ruc tu re  have no t  been 
definitely identified.  Conceivably, however,  t hey  could be 
t h e  Tamarack River Format ion o r  t h e  post-Menihek 
succession in t h e  Northern Trough. 

Speculation on Tec ton ic  Set t ing 

In t h e  preceeding sections,  t h e  Labrador Trough has  
been established as a shelf-basin slope-basin sys tem whose 
evolution was controlled by crus ta l  rifting. The locus of 
r i f t ing originally lay under wha t  was  t o  become t h e  shelf and 
then  moved t o  a deep  wa te r  environment  on t h e  eas t e rn  
margin of t h e  Trough where it was  associa ted  with 
voluminous maf i c  volcanism. In p l a t e  t ec ton ic  t e rms ,  t h e  
most  obvious in terpre ta t ion of this sys tem is t h a t  t h e  Trough 
represents  a n  anc ien t  cont inenta l  shelf-slope-rise sys tem 
developed on t h e  passive margin of an  oceanic  r i f t  sys tem,  a s  
suggested by Wilson (1968), Burke and Dewey (1973), and 
Dewey and Burke (1973). 

In th is  respect ,  t h e  profiles in Figure  19.10 and 19.11 
a r e  similar t o  those  derived fo r  t h e  North At lant ic  margin 
(Drake et al., 1959; Rabinowitz,  1974) where  offshore f au l t  
horsts (cf t h e  Snelgrove Arch) form prominent subsurface  
ridges. Burke (1968) and Talwani and Eldholm (1972) have 
suggested t h a t  similar ridges form a t  t h e  line about  which t h e  
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Figure 19.9. Chemistry of Labrador Trough magmatic rocks. 
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Figure 19.10. Summary of stratigraphic development of: a)  North-Central Trough (modified a f ter  
Dimroth e t  al., 1970); and b) South-Central Trough. The Wheeler Dome-Snelgrove Arch line 
represents the eastern limit of shallow water clastic and chemical precipitate deposition on the shelf. 
East of this line deposition is dominated by shales, siltstones and mafic volcanics of deep water 
origin, which correlate with the pelitic schists of the Laporte Group. 



R.J. Wardle and D.G. Bailey 

w I Present L ~ m ~ t s  o f  Trough I E 

CONTINENTAL  
R I F T I N G  

SHELF I BASIN SLOPE 

SHELF DEVELOPMENT 

I 
TERRESTRIAL SEDIMENTS 

I 
1st SUB-BASIN(GRABEN) 

DEVELOPMENT ON SHELF  

, SHELF SEDIMENTS/ 
,- 

/ VOLCAN ICS 
/ 

/ 

1st COLLAPSE OF SHELF  

\ 
\ 

- - -  

C , , , , , , , . .-. . . . CARBONATE S H E L F  DEEP WATER VOLCANIC 
- S I L L  

/ 
COMPLEXES 

2nd SUB-BASIN DEVELOPMENT 
\ ON SHELF 

Broad Warping related 
to block fault ing 

RESTABLISHMENT OF 
SHELF( l ron  Fm) with . 

/ 
local  VOLCANISM 

- 
@ .;. . ,  ;:.:.:;;: .:. ;::: 

\ 2nd COLLAPSE OF SHELF 
\ 
\ 
\ 

\ 
'1 UPL IFT  OF WESTERN 
I - - - _  

- ?  ? S H E L F  
\ 

1.. . .. 

RAPID RIFTING ON 
EASTERN MARGIN 

Figure 19.11. Diagramatic summary of basinal evolution of Labrador Trough. Individual stages are 
described in text. 



EARLY PROTEROZOIC SEQUENCES IN LABRADOR 

p-Presentl y p r e s e r v e d  part of  Trough-? 

I I 
I S t a g e  I0 
I 
I 

CONTINENTAL C R U S T  

Figure 19.12. Schematic model fo r  embryonic ocean r i f t  development on eastern margin of Trough. 

continental slope and rise hinge downwards during early From Figure 19.11, however, i t  is apparent t h a t  rift- 
oceanic rifting. The ridges subsequently come t o  mark t h e  related volcanism was intermittently act ive on t h e  eastern 
shelf-slope break. Lorenz (1981) has also suggested a similar margin of the  Trough throughout practically the  whole 
origin for t h e  Sweetgrass Arch marking the offshore margin history of the shelf sequence. This situation would not be 
of the Williston Basin. expected if rifting had been rapid and resulted in early r late 

separation and removal of the  oceanic ridge axis well-to t h e  It is that structures as the east. Rather, i t  is speculated tha t  rifting during evolution of Snelgrove Arch originated as  horsts during continental rifting most of the shelf sequence was slow and intermittent and did and that  subsident structures such a s  the various subbasins not result in the formation of anything more than a very originated a s  grabens. narrow oceanic rift. 
However, there are  no preserved remnants of oceanic 

crust,  either in situ, or obducted, t o  confirm the  original 
presence of oceanic crust to  the east. The flysch- volcanic- 
sill swarm complexes of the  eastern Trough have been 
described a s  ophiolitic (Baragar, 1967; Dimroth, 1972) using 
the  term in its classical sense (Steinmann, 1905). However, 
whilst the  chemistry of these rocks is characteristic of 
ophiolite, they clearly do not display the sequence and 
structure required in the more modern definition of ophiolite 
as  fragmented oceanic crust (Dietz, 1963; Moores and Vine, 
1971). However, recent studies in the Gulf of 
California - (Einsele et al., 1980) a narrow embryonic oceanic 
rift  - have shown tha t  during the  initial stages of opening the  
turbidite fill  of the rift  was intruded by numerous sills 
generated over the developing spreading ridge. Sill 
formation, accompanied by sea floor eruption of pillow lava, 
in this case apparently took place a t  the expense of construc- 
tion of normally layered crust. In this situation, i t  is  
apparent t h a t  rapid flysch deposition will keep burying the  
ridge, particularly if spreading r a t e  is low, and prevent 
formation of the pillow lava-sheeted dyke system typical of 
mature ocean basins (e.g. Le Pichon, 1969; Christensen, 
1970). The rift, therefore, will develop an interstratified 
assemblage of continentally-derived flysch, sill swarms and 
pillow lava, a situation analogous t o  the eastern margin of 
the  Trough. A schematic evolution for the eastern Trough 
utilizing this concept is shown in Fig. 19.12. 

Basement to  this rift  would consist of continental crust 
on the margins and a primitive two-layer (gabbro-peridotite) 
oceanic crust  in the centre. It is evident that  the entire 
eastern margin of the Trough is underlain by Archean conti- 
nental crust  and, therefore, can represent only the  eastern 
half of such a paleo-rift zone. 

The complete drowning of the shelf during Menihek 
Formation deposition, and ensuing voluminous volcanism of 
t h e  Doublet Group, however, may indicate the  onset of rapid 
rifting and ocean basin formation. 

If the  remainder of t h e  rift  did develop a s  an ocean 
basin, the  oceanic crust must have been subsequently 
removed during plate closure - either by obduction t o  the 
west, or subduction t o  the  east  under an approaching Nain 
plate. A model for such a system, which accounts for 
deformation of the  Churchill Province by plate closure and 
subsequent collision, has recently been proposed by Thomas 
and Kearey (1980). There is a t  present lit t le evidence 
(e.g. island a r c  volcanics, obducted ophiolite) t o  confirm a 
plate closing event,  but this could be a function of deep 
erosion levels. It should be noted that  Thomas and Kearey 
interpreted the  Labrador Trough a s  a trench complex- 
presumably developed a t  t h e  leading edge of a Nain plate. 
The Labrador Trough, however, shows none of the  character- 
istics of an accretionary trench prism (e.g. mglange, ophiolite 
slices, telescoped stratigraphy) and clearly formed on t h e  
passive margin of the Superior craton. This does not, 
however, invalidate the rest of their model which remains a 
good working model for t h e  evolution of the eastern Churchill 
Province. 

In summary, i t  is speculated tha t  the Labrador Trough 
formed a s  a continental shelf-slope-rise system on the  
western edge of a proto-oceanic r i f t  system. Whether this 
system evolved into a large ocean basin or remained a s  a 
narrow r if t  is unknown and must await more detailed work in 
t h e  interior of the  Churchill Province. 
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Figure 19.13. General  Geology of the Makkovik Sub-Province. Modified a f t e r  Marten (19771, 
Smyth e t  al. (1978) and  Bailey (1979). 

PART I1 - EARLY PROTEROZOIC O F  THE MAKKOVIK 
SUBPROVINCE 

Introduction 

Following Taylor's (1971) proposal, t h e  Makkovik 
Subprovince is  defined a s  t h a t  a r e a  of t h e  southern Nain 
Province which has  been a f f e c t e d  by deformation of 
approximately Hudsonian age. The northern and southern  
l imits of t h e  subprovince (Fig. 19.13) a r e  defined as t h e  
northern l imits of significant penetra t ive  Hudsonian and  
Grenvillian deformation respectively.  The subprovince is 
separa ted f rom t h e  Churchill Province by Helikian rocks, bu t  
i s  presumed t o  have once been contiguous. It also fo rms  a 
westerly extension of t h e  Ketilidian Mobile Belt of southern  
wester ly  Greenland (Sutton et al., 1972). 

The oldest  rocks in t h e  subprovince a r e  t h e  Archean 
gneisses of t h e  Hopedale Complex (Sutton et al., 1971) and 
a r e  unconformably overlain by t w o  major Aphebian 
sequences: t h e  Moran Lake Group in t h e  west (Smyth et al., 
1978; B. Ryan, personal communication) and the  Aillik Group 
in the  e a s t  (Chandi et al., 1969; Marten, 1977; Bailey, 19.79; 
Clark,  1979). 

The Moran Lake Group is  unconformably overlain by 
Paleohelikian felsic volcanic rocks of t h e  Bruce River Croup 
which a r e  in turn overlain unconformably by t h e  Neohelikian 
Seal Lake Croup (Smyth et al., 1978; Ryan, 1981). 

Within t h e  Makkovik Subprovince, t h e  Moran Lake and 
Aillik groups have been variably deformed,  and metamor-  
phosed during an  event ,  approximately  equivalent t o  t h e  
Hudsonian Orogeny of t h e  Churchill  Province.  The Aillik 
Group was also intruded by a number of pre-,  syn- and 
post - tec tonic  plutons. Initial K-Ar dat ing of rocks of t h e  
Aillik Group gave  ages  of 1728 t o  1600 Ma (Candhi et al., 
1969). However,  r ecen t  Pb-Pb and Rb-Sr dat ing (Kontak, 
1980; Brooks, 1979) indicates  t h a t  older ages  may 
predominate in t h e  deformed granitoid plutons a n d  Aillik 
Group rocks and may more  closely correspond t o  Hudsonian 
da te s  in t h e  Churchill Province (Stockwell, 1972). Younger 
ages,  which predominate in undeformed plutons intruding t h e  
Aillik Group (Gandhi e t  al., 1969; Archibald and Fa r ra r ,  
19791, document  a Paleohelikian magmat ic  even t  which post- 
da t e s  Hudsonian orogenesis. 

Much of t h e  a r e a  of t h e  Makkovic Subprovince has  been 
metamorphosed at greenschist  fac ies  conditions and displays 
a re la t ively  simple s ty l e  of deformation consisting of 
northeast-southwest t rending folds, f au l t s  and c l eavage  in 
t h e  supracrus ta l  rocks; and refoliation and cataclas is  in t h e  
basement  gneisses. In localized zones, particularly in t h e  a r e a  
of Kaipokok Bay, t he  main phase of metamorphism occurred 
at middle and upper amphibolite fac ies  conditions and was  
accompanied by in tense  polyphase deformation. 
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T h e  Moran L a k e  Group 

This group originally comprised t h e  lower par t  of t h e  
Cro teau  Group (Fahrig, 1959; Williams, 1970; Roy and 
Fahrig,  1973). However, Smyth et al. (1975, 1978) recognized 
t h e  presence  of a major internal unconformity within t h e  
Cro teau  Group and proposed a new subdivision into t h e  Moran 
Lake Group (Aphebian) and t h e  Bruce River Croup (Helikian). 

'The group is es t imated  t o  have a minimum thickness of 
1600 m and has  been subdivided in to  a number of informally 
def ined units (Smyth e t  al., 1978). 'This s t ra t igraphy is 
summarized in Figure 19.14. 

In t h e  a r ea  of t h e  southwestern  pa r t  of t h e  group, 
basement  grani tes  a r e  unconformably overlain by modera te ly  
sor ted ,  grey-whi te  sandstones and qua r t z i t e s  which become 
interbedded with purple and g rey  lamini tes  towards  t h e  t o p  of 
t h e  unit. These  a r e  locally overlain by a thinly bedded 
cher t -oxide  iron format ion less t han  10 m thick.  

T o  t h e  nor theas t ,  t h e  basal  sandstones and qua r t z i t e s  
a r e  infer red  t o  be  overlain by a middle unit comprising a 
succession of black shale,  dolomite  and greywacke. The 
greywackes  a r e  in turn  overlain by a th ick  (800-1000 m)  
sequence  of massive and pillowed maf ic  volcanics 
(Fig. 19.14). The  greywackes and shales onlap over  t h e  older 
units  of t h e  group and indica te  northerly transgression on to  
t h e  Nain cra ton.  

The environment in which t h e  group was deposited 
appears  t o  have evolved f rom one  of shallow wa te r ,  
near-shore,  deposition a t  t h e  base  of t h e  group, through a 
shallow mar ine ,  shelf envi ronment ,  in to  deep-water  basinal 
conditions associated with greywacke turbidite deposition and 
submarine basa l t ic  volcanism. 

Nonvesicular pillows in t h e  submarine flows suggest  
t h a t  t h e  basalts  were  ext ruded in to  relatively deep  w a t e r ,  
perhaps in a similar environment t o  t h a t  of t h e  Labrador 
Trough basalts. The maximum basin dep th  is indica ted  by 
cher t -carbonate  interbeds which sugges t  extrusion at depths  
less t han  t h e  ca rbona te  compensat ion  dep th  of approximate ly  
5000 m. 

The s t ra t igraphic  sequence  of t h e  Moran Lake Group is 
strongly reminiscent  of t h e  upper Knob Lake Group. In 
particular,  t h e  sequence  of sandstone-quartzite-iron 
format ion-black shale  is  prac t ica l ly  identical  t o  t h a t  of t h e  
Wishart, Sokornan and Menihek format ions  sequence  
(Fig. 19.14). The upper pa r t  of t h e  Moran Lake Group, 
comprising greywacke and pillow lava,  could also be  
favourably compared t o  t h e  upper Menihek Format ion on t h e  
ea s t e rn  margin of t h e  Trough. The in termedia te  unit  of t h e  
Moran Lake Group, comprising shallow wa te r  shales and 
dolomite ,  may represent  a shallow wa te r  f ac i e s  equivalent t o  
t h e  lower Menihek Formation.  

'The Moran Lake Group iron format ion appears  t o  be  of 
particular significance with respect  t o  comparisons between 
t h e  two groups. From i t s  mineralogy and i t s  association with 
shallow wa te r  c las t ics  and shales ,  i t  would appear  t o  be  of 
Superior t ype  (Cross, 1970). Evidence accumulated  t o  d a t e  
suggests t h a t  most  Early Proterozoic  iron format ions  of th is  
t ype  in t h e  Canadian Shield (e.g. Biwabik and Gunflint  iron 
format ions  of t h e  Lake Superior region; t h e  Temiscamie  
Format ion of t h e  Mistassini Group; t h e  Sokoman Format ion 
and Kipula Format ion of t h e  Circum-Ungava Belt)  a r e  a l l  of 
approximate ly  t h e  s a m e  a g e  (Goldrich, 1973), 
i.e. 1900-2000 Ma. Thus, t h e  occu r rence  of a unit  of Superior 
t y p e  iron format ion,  a lbe i t  thin and poorly exposed, may  be  
highly significant in long-range comparisons be tween  t h e  
Labrador Trough and Makkovik Subprovince. I t  should be  

noted,  however,  t h a t  if t h e  Nain and Superior c r a tons  were  
once  sepa ra t ed  by an  ocean,  t hen  t h e  Knob Lake and  Moran 
Lake Group cannot  be  d i rec t ly  corre la ted .  

Regardless of whether  d i rec t  corre la t ions  a r e  possible 
i t  is evident  t h a t  both groups show similar pa t t e rns  of 
s t ra t igraphic  development and formed in s imi lar  basinal 
se t t ings .  

Aillik Group 

The Aillik Group (Stevenson, 1970) init ial ly known a s  
t h e  Aillik Ser ies  (Kranck, 1939; King, 1963; Gandhi  et al., 
1969) is  a he terogeneous  sequence  comprising a lower  unit  of 
m a f i c  volcanics and metasediments ,  and a n  upper unit  of 
fe ls ic  volcanic and volcaniclastic rocks. 

Tota l  thickness of t h e  group has  been e s t i m a t e d  a t  
be tween 7620 m (Gandhi et al., 1969) and  8500 m 
(Clark, 1974). In view of t h e  locally highly de fo rmed  s t a t e  of 
pa r t s  of t h e  Aillik Group, t hese  f igures  mus t  be  i n t e rp re t ed  
a s  speculative.  

Rb-Sr whole rock determinat ions  on t h e  fe ls ic  volcanics 
have yielded ages  of 1676 ? 8 Ma, (Watson-White, 1976) and 
1767 ? 4 Ma (Kontak,  1980). These d a t e s  a r e  younger than 
t h e  1812 Ma Rb-Sr age  proposed by Stockwell  (1972) f o r  t h e  
Aphebian-Helikian boundary. The Aillik Group, however,  has 
been deformed in an  even t  corre la ted  with t h e  Hudsonian 
Orogeny and must t he re fo re  be  regarded a s  Aphebian. The 
da t e s  on t h e  felsic volcanics,  however,  i nd i ca t e  t h a t  
volcanism e i the r  immedia te ly  preceeded, or was  synchronous 
with orogeny. 

The upper Aillik Group exhibi t s  a re la t ive ly  s imple  
s t ruc tu ra l  s ty l e  and  low g rade  of metamorphism in compar-  
ison t o  t h e  in tense  polyphase deformat ion and high grade  
metamorphism cha rac t e r i s t i c  of t h e  lower Aillik Group, 
suggesting t h e  presence  of a n  angular  unconformity.  The 
con tac t ,  however,  is  a zone  of s t rong  ca t ac l a s i s  and  t h e  
deposit ional c o n t a c t  has  nowhere been found, desp i t e  de ta i led  
mapping (Marten,  1977). Sut ton  et al. (1971) and  Marten  
(19771, have  a t t r i bu t ed  t h e  deformat ion in t h e  Aillik Group t o  
a single orogenic  even t ,  and  sugges ted  t h a t  t h e  marked  
s t ruc tu ra l  con t r a s t  be tween upper and lower p a r t s  of t h e  
group is  due  t o  inhomogeneous deformat ion and  me tamor -  
phism concen t r a t ed  within t h e  lower Aillik Group. Mar ten  
(1977), however,  has recognized t h e  local development  of a 
polymict conglomerate  unit  a t  t h e  lower- upper Aillik 
con tac t ,  which he  believes may  indica te  a disconformity.  

Lower Aillik Group 

The lower Aillik Group is res t r ic ted  in la tera l  e x t e n t  t o  
t h e  a r e a  around t h e  western  and eas t e rn  shores of Kaipokok 
Bay (Fig. 19.13). West of t h e  bay, t h e  lower Aillik consists of 
intensely deformed basal t ic  pillow lavas,  largely conve r t ed  t o  
ac t inol i te  phyllite, with minor peli t ic units  (Sutton,  1972). 
Towards t h e  southern  end of Kaipokok Bay t h e  volcanics a r e  
s t ruc tura l ly  underlain by a whi te  o r thoqua r t z i t e  (Ryan, 1979). 
Intense deformat ion has  produced t ec ton ic  in ter leaving of t h e  
lower Aillik rocks  with refol ia ted  Hopedale gneisses. 
However,  on  t h e  basis of s t ruc tu ra l  evidence,  Su t ton  (1972) 
has  infer red  t h e  c o n t a c t  t o  be  a tec tonized unconformity.  

On t h e  ea s t e rn  s ide  of Kaipokok Bay, Mar ten  (1977) 
recognized a sequence  of amphibdli te,  (consisting largely of 
metamorphosed m a f i c  volcanics) metas i l t s tones  and  
sandstones,  and  me tabasa l t i c  pillows lavas  associa ted  with 
si l icate-oxide iron format ion and tuf faceous  metasandstone  
approximate ly  2700 m th ick  (Fig. 19.14). Mar ten  (1977) has  
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recognized occasional re l ic t  pillow textures  in t h e  amphib- 
o l i te  but t h e  origin of t h e  remainder of t he  unit is uncertain.  
These units have been severe ly  deformed and interleaved 
with refol ia ted  basement gneiss in a similar manner t o  t h a t  
seen west  of Kaipokok Bay. 

A depositional environment for  the  lower Aillik Group 
can only be  generally inferred. The transit ion f rom ortho- 
qua r t z i t e  t o  thick sequences of pillow lava is similar t o  t h a t  
seen in t h e  Moran Lake Group and would likewise suggest a 
progression from shallow water ,  nearshore t o  deeper water ,  
basinal conditions. 

A correlation has been suggested by Sutton e t  al. 
(1972) and Marten (1977) between t h e  lower Aillik and Moran 
Lake groups and has  been reinforced by t h e  recent  mapping 
of Ryan (1979; personal communication). The meta-pil low 
basalts occupying the  upper par t  of the  lower Aillik Group 
may be corre la t ive  with the  pillow lavas of t he  upper Moran 
Lake Group (Fig. 19.14). The peli tes and psarnmites, which 
form t h e  middle unit of t h e  lower Aillik, have been inferred 
by Marten (1977) t o  be meta turbidi tes  and a r e  probably 
equivalent t o  the  greywacke turbidites occurring below t h e  
pillow lavas of t he  Moran Lake Group. The lower amphibolite 
unit of t h e  Aillik Group, which may represent meta-pil low 
basalt  does not have a corre la t ive  in the  Moran Lake Group. 
The white or thoquar tz i te  found on t h e  west s ide  of Kaipokok 
Bay, however, may  be corre la t ive  with t h e  basal Moran Lake 
sandstones. An overall  comparison between t h e  t w o  units 
suggests t h a t  the  lower Aillik Group represents a deep water ,  
more  basinal fac ies  equivalent t o  t h e  Moran Lake Group. 
This is  consistent with i t s  more  southeasterly location. 

Upper Aillik Croup 

The upper Aillik Group comprises  a thick sequence of 
felsic volcanics and associated volcaniclastics with minor 
intervals of maf ic  volcanics. Figure 19.14 i l lus t ra tes  a 
generalized s t ra t igraphic  scheme  for  t h e  unit which may  b e  
recognized in both t h e  nor theas tern  bel t  near Makkovik, and 
in t h e  inland bel t  between Walker and MacLean lakes 
(Bailey, 1979). This s t ra t igraphy cannot,  however,  be 
uniformly applied throughout t h e  sections,  largely because of 
t h e  la tera l ly  discontinuous na tu re  of t h e  volcanic units. 
However, a distinctive banded tuff unit is t raceable  f rom t h e  
southwestern t o  the  nor theas tern  par t  of t he  bel t  
(Bailey, in press). 

The apparent  base  of t h e  upper Aillik i s  seen on t h e  
eas tern  side of Kaipokok Bay where  maf ic  volcanics of t h e  
lower Aillik a r e  overlain by grey-white and pink arkoses  
interbedded with rh yolitic tuff and tuf faceous  sandstone. 
Marten (1977) has also described a localized polymictic 
conglomerate,  containing c las ts  of grani te ,  felsic volcanics 
and hyperabyssal felsic intrusives which possibly marks  a 
disconformity surface  with t h e  lower Aillik Group 
(Fig. 19.14). 

The arkoses and conglomerates  pass up in to  a thick 
sequence of conglomerate ,  arkose  and rhyolitic breccia,  t hen  
in to  a thin sequence of banded tu f f s  containing minor units of 
silicate-oxide iron formation and limestone. The iron forma-  
t ion is poorly described but would appear t o  be of exhala t ive  
origin and re la ted  t o  volcanic-hydrothermal processes. The  
t u f f s  pass up in to  a sequence of rhyolit ic breccias,  t u f f s  and 
minor rhyolite flows; then in to  a thick unit of massive 
rhyolite flows and associated hypabyssal intrusives. The 
uppermost unit of t h e  group is  a th ick succession of welded 
and nonwelded ash flow tu f f s  in ters t ra t i f ied  with various 
rhyolitic breccias of monolithologic and heteroli thologic 
nature.  The monolithologic breccias  a r e  composed predomi- 
nantly of rhyolite c las ts  and a r e  in terpre ted t o  have fo rmed  

by explosive volcanism. 'The heteroli thologic breccias consist 
of rhyolite c las ts  of varying t ex tu re  and origin, and a r e  
in terpre ted a s  laharic breccias  similar t o  those  described by 
Fisher (1960). Small amounts  of maf i c  tuff and lava occur  in 
t h e  sequence. 

In t h e  southwestern bel t  of t h e  upper Aillik Group, 
which occurs  between Walker and  MacLean lakes (Fig. 19.131, 
t h e  ash flow tuffs  a r e  underlain by red sandstones inter- 
bedded with ash  fall tuffs.  In t h e  nor theas t ,  however,  t he  
redbeds a r e  absent  and t h e  tu f f s  conta in  minor in tercala t ions  
of l imestone and calc-sil icate.  

The l imestone, iron format ion and crossbedded sand- 
s tone  and conglomerate  in t h e  lower, volcaniclastic pa r t  of 
t h e  upper Aillik Group indicate  deposit ion in a shallow marine  
environment.  The upper pa r t  of t h e  sequence,  containing t h e  
massive rhyolite and ash flow tuffs,  was evidently formed 
largely under subaerial  conditions. The thin l imestone and 
calc-s i l ica te  horizons in t h e  ash  flow tu f f s  of t h e  north- 
eas t e rn  pa r t  of t h e  a rea  indicate  t h a t  this a r e a  was subject t o  
shallow marine  or lacustrine incursions. 

Plutonic  Rocks  of  t h e  Makkovik Subprovince 

The Aillik Group has been intruded by numerous 
granitoid plutons of varying composition. In general,  t hey  
can  be divided in to  l a t e  Aphebian plutons, intruded during t h e  
Hudsonian Orogeny; and Paleohelikian plutons mainly 
intruded in the  period 1600-1400 Ma. The Aphebian grani tes  
vary  f rom strongly fol ia ted  t o  gneissic and a r e  generally 
small ,  with t h e  exception of t h e  Island Harbour granodiorite 
(Fig. 19.13) located north of Kaipokok Bay. Plutons of 
Helikian age  (e.g. Benedict  and O t t e r  Lake grani tes)  a r e  
unaffected by Hudsonian deformat ion and form a large  
batholith extending between t h e  coas t  and Nipishish Lake 
(Fig. 19.13). Locally, some  of these  plutons show synvolcanic 
relationships t o  the  upper Aillik volcanics, suggesting t h a t  
batholith development began in very  l a t e  Aphebian t ime,  
during or  immediate ly  following t h e  Hudsonian Orogeny, and 
continued into t h e  Paleohelikian. 

Chemist ry  of t h e  Upper Aillik Group 

In t e r m s  of overall  composition, t h e  upper Aillik Group 
is  a bimodal sui te  composed predominantly of rhyolite with 
minor basalt. The l imited information avai lable  on t h e  
chemical  composition of t h e  volcanic rocks suggests t h a t  t h e  
felsic volcanics a r e  dominantly of rhyolit ic composition 
(Watson-White, 1976; Bailey, 1979; Evans, D.F., 1980). 
Compared t o  modern rhyolites (e.g. Ewart  and Stipp, 1968; 
Lowder and Carmichael ,  1970) f rom island a r c  environments,  
rhyolite of t h e  Aillik Group is slightly more  potassic but is  
comparable  t o  rhyolite of comenditic composition 
(e.g. Nicholls and Carmichael ,  1969). However, t h e  typical  
anor thoclase  of comendi te  i s  lacking f rom the  Aillik Group 
rhyolites which also show t r a c e  e lement  con ten t s  similar t o  
those  of calc-alkaline sui tes  (Bailey, 1979). 

Plots  of t o t a l  alkalies agains t  si l ica (Fig. 19.15a) show 
t h a t  most of t he  upper Aillik volcanic rocks fa l l  in to  the  
sub-alkaline field a s  defined by Irvine and Baragar (1971). 
Similarly, on Na-K-Ca diagram (Fig. 19.15b), t h e  f e w  
analyses  available suggest a calc-alkaline t rend (Irvine and 
Baragar,  19711, a suggestion also made by Evans, D.F. (1980). 
White and Marten (1980), however, have proposed a 
marginally sub-alkaline cha rac te r  fo r  t h e  rhyolites and no te  
t h a t  t hey  have locally been subjected t o  a s t rong peralkaline 
autometasomat ism which has completely a l tered t h e  original 
cha rac te r  of t h e  rocks. They suggested t h a t  t h e  appa ren t  
calc-alkaline cha rac te r  of t h e  rhyolites may be due t o  
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Figure 19.15. a )  Alkali-silica p lo t  a n d  b) NKC plot  of upper  Aillik Group Volcanics. Dividing l ines  
a r e  those sugges ted  by Irvine a n d  Baragar  (1971). 

me ta soma t i c  a l te ra t ion .  A t  th is  s t age ,  however,  insufficient The change t o  fe ls ic  volcanism in t h e  upper Aillik 
d a t a  exis t  t o  allow f i rm conclusions a s  t o  classification of t h e  Group sugges ts  a fundamenta l  change in t h e  t ec ton ic  s e t t i ng  
volcanic rocks. Certainly,  t h e  greenschist  mineralogies of of t h e  basin for  which four  possible models may be  proposed: 
t h e  Aillik volcanics suggest  considerable chemical  exchange 
may have t aken  place during metamorphism and thus present  
chemical  composit ions may not accu ra t e ly  r e f l ec t  t hose  of 
t h e  unal tered  rocks. The work of Kontak (1980) and White 
and  Martin (1980) a lso  indica tes  t h a t  au tome tasoma t i sm m a y  
locally have  strongly modified t h e  original  chemis t ry  of t hese  
rocks. 

S t ront ium isotope analyses have given slightly d i f ferent  
initial S r s 7 / ~ r e 6  ra t ios  of 0.704 (Watson- White, 1976) and 
0.7022 (Kontak,  1980). Whereas Watson-White has proposed 
a mant le  origin fo r  t he  Aillik Group on these  grounds, Kontak 
favoured a c rus t a l  origin. Both origins a r e  possible. Low 
initial r a t i o s  may  result  f rom man t l e  par t ia l  mel t ing  and 
basa l t ic  liquid d i f ferent ia t ion ,  al though cu r r en t  models of 
s t ront ium evolution (Faure  and Powel,  1972) sugges t  t h a t  
initial r a t i o s  of rhyoli tes formed by th is  method should be  
somewhat  lower than t h e  results  obtained (0.700-.702). On 
t h e  o the r  hand, t h e  low init ial  s t ront ium ra t ios  could have  
resulted by meiting of very old (3.5 Ga)  sialic c rus t  with low 
initial Sr ra t ios  such a s  is  exposed in t h e  nor thern  Nain 
Province (Collerson and F rye r ,  19781, and which could a lso  be  
present in t h e  Hopedale Complex basement.  This l a t t e r  
possibility, however,  requi res  single-stage s t ront ium 
evolution,  a requirement  which is  unlikely a t  bes t  
(Carmichael et al., 1974; Fau re  and Powell, 1972), and which 
is a lmost  cer ta in ly  not t h e  c a s e  in a n  open sys tem such a s  a 
sialic crus ta l  environment subjected t o  severa l  periods of 
metamorphism and a t t endan t  metasomat ism.  

Speculation O n  Tectonic  Se t t i ng  

The  Moran Lake and lower Aillik groups developed in a 
similar basinal s e t t i ng  t o  t h a t  of t h e  Labrador Trough. A 
shallow-water shelf around t h e  southern  end of t h e  Nain 
cra ton was  transit ional southwards in to  a deepe r -wa te r  
environment dominated by submarine rif t ing and thole i i t ic  
volcanism. 

1.  Ensialic arc :  t h e  upper Aillik volcanics developed in 
response t o  nor thward subduction under a Nain "plate". If 
t h i s  is  t h e  case ,  however,  t h e  volcanics should be  largely 
pre-orogenic,  whereas  in f a c t  t hey  appea r  t o  be  
prac t ica l ly  synorogenic. The lack  of andes i tes  a l so  
d e t r a c t s  f rom t h e  model,  s ince  these  fo rm impor t an t  
components  of Phanerozoic  ensialic a r c s  (e.g. Andean 
chain of Peru,  Taupo Zone of New Zealand). 

2. Collisional products:  t h e  volcanics were  developed on t h e  
overriding p l a t e  in a cont inent -cont inent  collision, such a s  
has  been proposed f o r  t h e  daci te-andes i te  volcanics of t h e  
Tibetan  P la t eau  (Dewey and  Burke, 1973) and  t h e  ea r ly  
P ro t e rozo ic  Bear  Province  (Hoffman, 1980). This model is  
compa t ib l e  with t h e  synorogenic na tu re  of t h e  volcanics 
but again suffers  f rom t h e  lack  of andes i tes ,  generally 
held t o  be  volumetrically impor tant  in collisional orogeny 
(e.g. Burke and Kidd, 1980). 

3. Strike-slip fault :  a var ia t ion  on t h e  collisional model has 
been proposed by Clark  (1979) who sugges ted  t h a t  t h e  
upper Aillik volcanics w e r e  produced over  a str ike-slip 
f au l t  zone  following collision of t w o  c rus t a l  blocks. 
However,  most  of t h e  major  f au l t s  in t h e  Aillik Group 
appea r  t o  have or ig inated  a s  normal f au l t s  a c t i v e  during 
sedimenta t ion  and volcanism (Bailey, 1979), and were  
l a t e r  modified in to  reverse  faul ts  during t h e  Hudsonian 
Orogeny. 

4. R i f t  environment:  t h e  volcanics represent  a cont inuat ion  
of t h e  r i f t ing  environment  ev iden t  in t h e  preceding shelf-  
maf i c  volcanic sequence ,  but with added par t ia l  mel t ing  
of s ia l ic  crus t .  This model i s  compat ib le  with t h e  bulk 
composit ion of t h e  upper Aillik volcanics (Evans, D.F., 
1980; White and Martin,  1980), in particular t he i r  sl ight 
bimodal na ture ,  and analogies could be  drawn with t h e  
l a t e  Cenozoic  Rio  Grande R i f t  (Chapin and Seager ,  1975) 
and t h e  l a t e  Proterozoic  volcanics of ea s t e rn  
Newfoundland (Strong, 1979). The appa ren t  synorogenic 
t iming  of volcanism i s  a problem in th is  respect ,  however. 
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On the  basis of present evidence,  i t  is difficult  t o  
adequate ly  d iscr iminate  between these  models. On t h e  basis 
of bulk volcanic composition alone,  a r i f t  origin is favoured 
(e.g. White and  Martin,  1980) and a sequence  could be  invoked 
which began with development of a man t l e  plume and mel t ing  
of mant le  t o  produce lower Aillik volcanics, t hen  evolved t o  
me l t  sial ic c rus t  and produce upper Aillik fe ls ic  volcanics. 
With t ime ,  this plume may have migra ted  southwards  
producing increasingly g rea t e r  amounts  of crus ta l  me l t  which 
eventually crys ta l l ized  a s  t h e  l a t e  Aphebian-Paleohelikian 
batholi th t e r r ane .  

If radiometr ic  da t e s  on t h e  Aillik Group a r e  t aken  a t  
f a c e  value, t h e  apparent  synorogenic t iming of volcanism 
presents  a problem. A possible explanation may  be  t h a t  
r if t ing in t h e  Aillik a r e a  occurred  contemporaneously with 
deformat ion and metamorphism south of t h e  Makkovik 
Subprovince. Deformation and metamorphism may then have  
advanced north and overprinted t h e  Aillik Group immedia te ly  
following t h e  cessation of r if t ing.  The precision of radio- 
me t r i c  da t ing  techniques is probably not  suff ic ient  t o  
s epa ra t e  t h e  r i f t ing  and deformat ional  events .  
Crys ta l l iza t ion  of t h e  grani te  batholi ths presumably out las ted  
deformat ion,  hence  the i r  pos t tec tonic  nature.  

This hypothesis is c lear ly  t en t a t ive ,  however,  and open 
t o  revision pending work in progress south of t h e  Makkovik 
Subprovince. 
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Abstract 

The Helikian geological history of central Labrador includes several periods of  plutonism, 
sedimentation and volcanism and culminated with the Grenvillian Orogeny. The earliest extensive 
granitic plutonism (1600-1650 Ma) was followed by deposition of  the Bruce River Group circa 
1530 Ma. The Bruce River Group, the main focus of this paper, comprises the Heggart Lake 
Formation alluvial fan conglomerate-sandstone, the Brown Lake Formation volcaniclastic blanket 
sandstone, and the Sylvia Lake Formation potassic, mafic to  felsic volcanic rocks. Peralkaline 
rhyolite porphyries and associated sediments of the Letitia Lake Group may be an equivalent of the 
Bruce River Group. Post Bruce River plutonism is represented by the Bruce River Group. Post Bruce 
River plutonism is represented by the Otter Lake granite (circa 1496 Ma), and the Elsonian Harp Lake 
anorthosite - adamellite suite (circa 1450 Ma). 

The Seal Lake Group (circa 1323 Ma) unconformably overlies the Bruce River and Letitia Lake 
groups, the Otter Lake granite and Harp Lake Complex. It comprises seven formations of terrestrial 
sediments and associated volcanic and intrusive rocks. 

Helikian depositional basins in Labrador appear related to two distinct phases of regional 
extension. The first (Bruce River - Letitia Lake groups) may be related to events accompanying the 
emplacement of the early Helikian granitoids, whereas the second (Seal Lake Croup) may be a 
consequence of  pre-Crenvillian rifting o f  the eastern Canadian Shield. 

L'histoire ge'ologique de llHe'likien du Labrador central comprend plusieurs pe'riodes de 
plutonisme, de se'dimentation et  de volcanisme et  s'est termine'e par lloroge'n&se du Grenvillien. Le 
plutonisme granitique e'tendu le plus ancien (1 600 a 1 650 Ma) a e't6 suivi par l'accumulation du 
groupe de Bruce River, il y a environ 1 530 Ma. Le groupe de Bruce River, objet de la pre'sente e'tude, 
comprend le conglome'rat-gr&s de c6ne de de'jection de la formation de Heggart Lake, le gres 
volcanoclastique e'tendu, peu e'pais, de la formation de Brown Lake et  les roches volcaniques 
potassiques, mafiques h felsiques de la formation de Sylvia Lake. Les rhyolites porphyriques hyper- 
alcalines et  les se'diments associe's du groupe de Letitia Lake pourraient &re e'quivalents au groupe de 
Bruce River. Le plutonisme post-Bruce River est repre'sente' par le granite d'Otter Lake 
(environ 1 496 Ma) et la se'rie elsonienne d'anorthosite-adamellite de Harp Lake (environ 1 450 Ma). 

Le groupe de Seal Lake (environ 1 323 Ma) repose en discordance sur les groupes de Bruce River 
et  de Letitia Lake, sur le granite dlOtter Lake et  sur le complexe de Harp Lake. I1 comprend sept 
formations de skdiments terrestres e t  de roches volcaniques et  intrusives associe'es. 

Les bassins de sedimentation he'likiens du Labrador pourraient 6tre relie's a deux phases 
distinctes d'extension re'gionale. La premiere (groupes de Bruce River et  de Letitia Lake) se 
rapporterait aux e'v&nements accompagnant la mise en place d'anciens granitoides he'likiens, tandis 
que la deuxikme (groupe de Seal Lake) rgsulterait de la fissuration pr6-grenvillienne du Bouclier 
canadien oriental. 

INTRODUCTION deformation (Smyth e t  al., 1978) o f  which only the Helikian 

Folded and metamorphosed middle Proterozoic supra- events are described here. These events include intrusion o f  

crustal rocks in central Labrador outcrop in a cuspate area early Helikian granitic plutons, deposition o f  the Bruce River 

along the northern foreland zone o f  the Grenvillian Orogen.' and Letitia Lake groups, intrusion o f  middle Helikian 
granitoid and anorthositic rocks, deposition o f  the They comprise the Paleohelikian Bruce River Group (formerly Neohelikian Seal Lake Group, and deformation and 

the upper Croteau Group o f  Fahrig (1959) and the middle and metamorphism during the Grenvillian Orogeny. upper Croteau Group o f  Williams (l970)), the Paleohelikian 
Letitia Lake ~ r o u ~ ' a n d  the Neohelikian Seal Lake Group The Bruce River Group (Srnyth e t  al., 1975, 1978) 
( F i g .  20.1). All three are part o f  the Central Mineral Belt comprises a lower formation dominated by conglomerates, a 
(Beavan, 1958; Smyth e t  al., 1978). The Proterozoic middle formation o f  volcaniclastic sandstones, and an upper 
geological evolution o f  this belt involves several distinct formation o f  mafic to  felsic extrusive rocks. The volcanic 
periods o f  volcanism, sedimentation, plutonism and rocks yield Rb-Sr whole rock ages in the range o f  1526 i 44 



1 Seal Lake Group 

PALEOHELIKIAN 

WII Bruce River Group 

I =  Leti t ia  L a k e  Group 

A P H E B I A N  1 Undivided Moran  L a k e  .. . .  
and Ai l l ik  Groups 

Granitoid rocks of 1+.'. various ages .  mostly 
Helikian 

Harp  Lake  Complex 

I/ Archean and reworked 
Archean gneiss and 
granite - Faults 

equivalents (Smyth et al., 1978; 
Marten, 1977). The upper Aillik Group 
comprises felsic and mafic  extrusives 
and volcaniclastic sediments  
(Bailey, 1978; Bailey et al., 1979; 
Clark,  1980). The supracrustal  rocks and 
underlying basement  were  deformed 
during a period of regional tec tonism 
equated with t h e  Hudsonian Orogeny 
(Gandhi e t  al., 1969; Wardle and 
Bailey, 198 1). 

EARLY PALEOHELIKIAN 
CRANITOID INTRUSIONS 

South cen t r a l  Labrador was the  
locus of intrusion for  voluminous post- 
Hudsonian granites.  These rocks have 
been recognized f rom t h e  Makkovik - 
C a p e  Harrison a r e a  (Gower, 1980), west 
t o  Smallwood Reservoir (Fig. 20.11, and 
cons t i tu t e  a major plutonic belt  a t  leas t  
400 krn long and up t o  75 km wide. The 
rocks range f rom grani te  (s.s.), t o  
granodiorite,  monzonite,  monzodiorite, 
alkali  grani te  and syenite (Gower, 1980; 
Thomas and Hibbs, 1980) and yield Rb-Sr 
and Ar ages  in t h e  range of 
1600 - 1659 Ma (Brooks, 1979; Archibald 
and Farrar ,  1979). 

PALEOHELIKIAN SUPRACRUSTAL 
SEQUENCES 

I 1 I Paleohelikian deposition in cen t r a l  
Figure 20.1. Regional setting of Helikian rocks in the Central Mineral Belt. Labrador is recorded by t h e  sedimentary  

and volcanic rocks of the  Bruce River 

t o  1538 2 25 Ma (Wanless and Loveridge, 1972; 
Kontak, 1979)'. The Let i t ia  Lake Group (Brummer and 
Mann, 1961) consists of felsic volcanic rocks which differ 
chemically f rom similar rocks of t he  Bruce River Group 
(W.R. A. Baragar, personal communication, 1979; 
Thomas, 1980) but a r e  probably t ime  equivalent. The Bruce 
River Group was intruded by a grani t ic  sui te  c i r c a  1496 Ma 
(Kontak, 1979), and subsequently underwent erosion prior t o  
deposition of the  overlying Seal Lake Group. The Seal Lake 
Group, which consists of seven formations of sandstones, 
si l tstones and basalt ic flows, with numerous gabbroic sills 
(Brummer and Mann, 1961; Baragar, 1969, 1974), has  recent ly  
yielded a Rb-Sr whole rock age  of 1323 + 92 Ma 
(Baragar, 1978). 

Although this paper focuses mainly on the  Bruce River 
Group, t he  general  geology of the  Let i t ia  Lake Group, t h e  
middle Helikian granitoid and anorthosit ic rocks, and the  Seal 
Lake Group a r e  also described. The development of t h e  
Helikian supracrustal  basins in centra l  Labrador is outlined in 
t e rms  of thei r  t ime-space tec tonic  relationships. 

PRE-HELIKIAN ROCKS 

Pre-Helikian supracrustal  deposition in t h e  Cen t ra l  
Mineral Belt is recorded by the  Aphebian Moran Lake and 
Aillik groups (Candhi et al., 1969; Smyth et al., 1978, Wardle 
and Bailey, 1981). Both were  deposited on a basement  of 
Archean gneiss, granite and metavolcanic rocks (Smyth e t  al., 
1978; Ryan, 1977; Ermanovics and Raudsepp, 1979). The 
Moran Lake and lower Aillik groups a r e  predominantly black 
shale,  carbonate ,  pillow lava and thei r  metamorphosed 

and Let i t ia  Lake groups. Both a r e  
character ized by the  presence of felsic porphyries, but recent  
investigations indicate  t h a t  d i rec t  lithological correlation is 
untenable,  although t h e  groups may b e  t i m e  equivalents. 

Bruce  River Group 

Introduction 

The Bruce River Group occupies an open syncline and 
comprises th ree  major format ions  (Smyth et al., 1978; 
Fig. 20.2). From oldest  t o  youngest, t hese  are :  t he  Heggart  
Lake Formation, predominantly coarse  conglomerates and 
sandstones; t he  Brown Lake Formation, composed of volcani- 
c las t ic  sandstones; and t h e  Sylvia Lake Formation, chiefly 
andesi t ic  t o  rhyolitic flows and volcaniclastic rocks. The 
group unconformably overlies polydeformed Aphebian supra- 
crus ta ls  and early Helikian granitoids in the  north, and is 
intruded by middle Helikian granitoids in t h e  south. The 
major a t t r ibu te s  of the  group have been described by 
Srnyth et al .  (1978) and a r e  expanded here  a s  a result of 
subsequent work. 

Heggart Lake Formation 

Distribution. The Heggart  Lake Formation (Fig. 20.2) 
comprises a monotonous sequence of conglomerates  and sand- 
s tones  with minor maf ic  flows and sills. It res ts  uncon- 
formably on t h e  Aphebian Moran Lake Group and t h e  ear ly  
Helikian Junior Lake granite,  and is overlain by the  Brown 
Lake Formation. The lack of sufficient sedimentary c r i t e r i a  
for s t ra t igraphic  control  and t h e  probable repetit ion of pa r t s  
of t h e  sequence by folding and faulting, precludes definition 
of a type  section. Chaulk (1979) mapped t h e  formation in the  

- - - -  

I All Rb-Sr ages  reported here were  ca lcula ted  using the  8 7 R b  decay 
constant  h = 1.42 x 10-"a-' a s  recommended by the  IUGS Subcommision on 
Geochronology (Steiger and Jager ,  1977) 
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Figure 20.2. Generalized geological map of the Bruce River Croup and surrounding rocks 
(modified from Smyth et  al. ,  1978). 



Bruce Ryan 

Table  20.1. Summary of sedimentary  lithologies in Heggart  Lake Formation and 
schemat ic  interpretation of their  relationships 

FAULT 

coriglo~rierare: rnaf~ve to red, clasr ro matrix mpporred, poorly 
sorter/, pehbl~ ro bo~rlder sized clasrs of: massive and foliaterl granite, 
sandstone, rnaf~c and felsic volcanics, myloniric gneiss, sclirsr, argillire, 
rlolornire, chert. 

arkose 
well-bedded, gray to red, polymicric 
laminated 17-2 ~ n m l ,  poorly sorted, subrounded 
pink to red, to well-rounded, pebble ro 
tror~gh and planar cobble sized clasts 
crossDedcIe~I, granc~le 
ro sand cycles, flakestone conglomera re, 
pisoliric saridsrone 

felsic and rnafic 
volcanics, chert, dolomite 

argillite, vein quartz 

I ran to red, fine ro merlium grained, massive ro bedded quarrz~fe, arkose I 
UNCONFORMITY 

I 
MORAN LAKE GROUP 

vicinity of Moran Lake and suggested t h a t  i t  could be  divided 
into an  interdigitating conglomerate-sandstone sequence 
(Table 20.1) which has been folded into a fault-disrupted 
asymmetr ic  syncline whose southeastern l imb is overturned 
(Fig. 20.3, 20.4). Slight d i f ferences  in the  s t ra t igraphic  
sequence on each limb probably r e f l ec t  la tera l  f ac i e s  
variations. 

Sedimentary Rocks - Lithology and Petrography. At 
Moran Lake t h e  Heggart  Lake Formation res ts  unconformably 
on pillowed lava of t h e  Aphebian Moran Lake Group. It 
comprises a 2000 m thick basal unit of quar tz  areni te ,  arkose 
and interbedded conglomerate,  overlain by 2250 m of massive 
polymictic conglomerate.  

The lowermost areni tes  a r e  commonly structureless,  
fine- t o  medium-grained tan coloured rocks. These grade 
upwards into well bedded, laminated (1-2 mm scale) pink t o  
red arkoses which display small  sca le  trough and planar 
crossbedding, and some  cyclic repeti t ions of granule  con- 
g lomerate  grading t o  fine sand in individual beds. Some 
arkoses display bimodal grain s ize  and rounding (e.g. larger  
rounded qua r t z  grains in a finer angular feldspathic matrix). 
Ellingwood (1 958) noted ripple marked beds and carbonate-  
rich, concentrically layered, spherical, " c ~ n c r e t i o n s ~ ~  in th is  
sequence. Some of the  thin conglomerate beds in the  
sandstones contain c las ts  which exhibit  pre-depositional 
weathering rinds; o thers  a r e  dominated by flaky mudstone 
clasts.  

Two large tongues of conglomerate and two small  
lenti ls  of dark red and massive t o  thin bedded mudstone ( the  
l a t t e r  not shown in Fig. 20.3) occur within the  quar tz i te-  
sandstone unit. The conglomerate is a massive, g rey  t o  
red, c las t  supported, poorly sorted,  polymictic,  pebble- t o  
cobble-bearing type, with subrounded to  well rounded clasts.  
The most common clas ts  a r e  granite,  sandstone, quar tz i te ,  
mafic and felsic volcanics, and vein quar tz ,  with lesser 
amounts  of jasper, argil l i te,  red mudstone, quartz-feldspar 

- FAULT 

I red conglotnerare as at Moran Lake. I 
red to gray arkosic sandstone, locally conglomeratic with clasrs of quartz. 
granire, jasper. - 
conglotnerare: gray to bf~ff ,  poorly sorted, mosrly matrix sul~ported, pebble 
to boulder sized clasts of; granire, gneiss, sandstone, mylonitic granire, vein 
quartz, mafic and felsic volcanics, dolomite, chert. 

feldspar porphyry. 

UNCONFORMITY IIIM^CICIWICU 

I JUNIOR LAKE GRANITE I 

porphyry, dolomite and cher t .  The matr ix  varies f rom a red, 
mauve, pink, grey t o  green sand, with t h e  colour d i f ferences  
appearing to be  a result  of varying degrees  of oxidation. 

Overlying th is  basal quartzite-sandstone-conglomerate 
unit is a mauve t o  red, c las t -  t o  matrix-supported, poorly 
sorted,  polymictic pebble t o  boulder conglomerate  of which 
approximately 2250 m is exposed. The con tac t  with the  
underlying sandstones is generally gradational,  but locally 
appears  to  be  erosional. Clasts in this conglomerate  a r e  
generally larger  than those in t h e  underlying conglomerate  
and range up to  60 cm.  However, t he  lithologies a r e  similar,  
with massive and foliated g ran i t e  (some aplite), quar tz i tes ,  
sandstones, maf i c  and felsic volcanics, quar tz ,  mylonitic 
gneiss, and schist  c las ts  most abundant,  with lesser amounts  
of jasper, argil l i te,  red mudstone, quartz-feldspar porphyry, 
dolomite and cher t .  The conglomerate  matr ix  is commonly 
reddish coloured sand. 

On the  southeast  limb of the  syncline adjacent  t o  the  
Junior Lake g ran i t e  (Fig. 20.31, t h e  lowest unit of t h e  
Heggart  Lake Formation is a s teeply  dipping to overturned, 
discontinuous, 200 m thick medium- t o  fine-grained arkosic 
sandstone and granular "granite wash". The "granite wash" is 
composed of quar tz ,  feldspar and maf i c  minerals derived 
f rom the  Junior Lake granite,  but  s ca t t e red  throughout the  
rock a r e  granules and pebble-size c l a s t s  of quar tz ,  sandstone, 
feldspar porphyry and jasper. In places,  t h e  "wash" shows an 
interlocking t ex tu re  like t h a t  of t he  parenta l  grani te ,  and 
without the  presence of granules and pebbles of "foreign" 
compositions i t  is difficult  t o  distinguish the  grani te  from i t s  
weathered product. 

Overlying and overstepping the  g ran i t e  wash is a grey 
t o  buff, poorly sorted,  mostly matrix-supported, pebble t o  
boulder conglomerate.  Clasts in the  conglomerate  range up 
t o  80 c m  in d i ame te r  and a r e  usually subangular t o  
subrounded. Where t h e  conglorn-erate occurs adjacent  t o  a 
pink a laski te  along t h e  southern margin of t h e  Junior Lake 
grani te ,  a laski te  c l a s t s  const i tu te  60-70 per  c e n t  of t he  rock, 
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and form the  largest  boulders. Other lithologies represented contemporaneous volcanism. Some conta in  sufficient f ine 
by c las ts  in t h e  conglomerate a r e  sandstone, foliated and grained det r i tus  t o  be  termed wackes according t o  t h e  
gneissose granite,  mylonitic granite,  quar tz ,  and mudstone, classification of Pett i john et al. (1972). 
with lesser amounts of feldspar porphyry and r a re  c las ts  of . - .  
jasper, maf ic  and felsic voicanic rocks and diorite. The 
matrix is usually a coarse arkosic sand or g r i t  but a black 
mud is locally predominant. This grey conglomerate  and the  
predominantly red conglomerate north of t he  Junior Lake 
grani te  a r e  in faul t  contact ,  but Chaulk (1979) has  suggested 
tha t  t he  red conglomerate is a younger blanketing deposit 
t h a t  covered a l l  t he  ear l ier  sedimentary  units. 

A grey sandstone is interbedded with the  conglomerate  
south of Conglomerate Lake. I t  is  massive and fine- t o  
medium-grained, but locally becomes g r i t t y  or conglomeratic 
and contains a few thin black mudstone lenses. Sca t t e red  
c las ts  in the  sandstone a r e  chiefly jasper, quar tz ,  grani te ,  and 
mudstone. 

Heggart  Lake Formation sandstones a r e  predominantly 
immatu re  with the  degree of rounding and sorting varying on 
thin section scale. The majority a r e  arkose, and contain 
det r i tus  f rom older sedimentary,  volcanic, metamorphic,  and 
plutonic rocks of the  area ,  a s  well a s  glass shards from 

Volcanic Rocks - Lithology and Petrography. Dark 
green t o  grey nonporphyritic and porphyrit ic maf ic  and 
in termedia te  rocks occur  a s  th in  units s ca t t e red  throughout 
the  conglomerate  between Moran and Alvin lakes (Fig. 20.3). 
These maf ic  rocks may b e  autobreccia ted  and/or 
amygdaloidal, and locally have behaved in a less competent  
manner and exhibit  more intense deformat ion than t h e  
surrounding sediments. 

The volcanic rocks re ta in  no primary mineralogy and 
range from fine- to  medium-grained, displaying re l ic t  
intersertal ,  t rachyt ic  and microporphyrit ic textures.  
Outlines of feldspar la ths  a r e  preserved but o ther  mineral 
habits a r e  masked by abundant dusty and granular hemat i te ,  
chlorite,  and a ramifying network of carbonate  veins. 
Plagioclase, where present,  is albite.  

Dominantly red conglomerate 
r' Bedding:  tops unknown 

Dominantly gray conglomerate 

1 Red t u f f ,  gray arkose and areni te Bedding: tops known 

p' Bedding : over turned 

Junior Lake hornblende gronodiorite 
and pink leucograni te / Faul ts  

APHEBIAN Sync l ine  

Pil lowed lava of Moran Lake Group " 

A 
/ O  L ine  of cross section 

ARCHEAN 

Retrogressed banded gneiss 

Figure 20.3. Distribution of the Heggart Lake Formation of the Bruce River Group in the Moran 
Lake area. 



Interpretation. The Heggart  Lake 
Formation a s  a whole is a coarsening upward 
sequence and by analogy with similar 
sandstone-conglomerate associations 
(Nilsen, 1968; Bull, 1972; Steel,  1976; 
Miall, 1979), is interpreted a s  an alluvial 
fan-floodplain assemblage. Judging f rom 
the  frequency of felsic and mafic volcanic 
c las ts  in the  conglomerates,  volcanic rocks 
were  widespread outside the  depositional 
basin. 

A summary and possible facies inter- 
pretation for t h e  sedimentary components 
of t he  Heggart Lake Formation a r e  provided 
below and shown in Figure 20.5. 

Massive rocks in the  Moran, Lake 
area ,  may represent shoreline deposits 
developed a t  t h e  margins of a lake  or lakes 
on a floodplain, and the  f la t  s t ra t i f ied  and 
crossbedded units may be distal  fan fac ies  
deposits. Sand dunes on the  distal  portions Figure 20.4. (a) Cross-section along line A-B of Fig. 20.3, (b) assumed 
of the  fan, may have contributed wind- original f ac i e s  relationships and (cl present  fold/faults s t ructure .  Solid line 
blown or s t r eam eroded, well rounded with do t s  represents  unconformity surface ,  and  a r rows  in (a) represent  fac ing 
mater ia l  t o  t h e  less mature  alluvial directions.  
outwash. 

...... . . . .  
. . 

A 

. . 

S e c t ~ o n  on Section on 
M o r a n  L o k e  ~ p .  @ Junior  L. granite 

The thin conglomerates,  some with c las ts  showing well 
developed weathering rinds, and local intraformational 
flakestone or  mud-flake conglomerates r e f l ec t  flash flooding 
and resedimentation of earlier deposits following a period of 
non-deposition on the  distal  portions of t h e  fan. The 
sandstones with zoned carbonate  "concretionstt (pisolites?) 
appear similar t o  cornstones and may represent  t h e  res t r ic ted  
development of caliche zones in this environment 
(cf. Steel,  1974; Esteban, 1976). Local coarser  crossbedded 
units within this sandstone sequence could record channel lag 
or point bar deposits formed by braided s t r eams  on t h e  
floodplain. 

Erosional based, extensive,  coarse,  poorly sor ted  
conglomerates southeast  of Moran Lake ref lec t  a radical 
change in t h e  sedimentary processes on t h e  floodplain, and 
record a progradation of coarser fan deposits over the  distal  
plain. Sandstones overlying these  coarser  deposits indicate  
an  upward re turn  t o  the  previous distal  fan depositional 
environment. Red laminated mudstones in this upper 
sandstone sequence may be e i ther  overbank flood deposits on 
t h e  plain, or playa lake accumulations. 

Extensive, monotonous reddish conglomerates above t h e  
upper sandstone sequence a r e  interpreted a s  a fan  fringe 
prograding over the  floodplain f rom a faul t  scarp. The 
character is t ic  polymodal c las t  distribution and crude s t r a t i -  
f ication suggest t h a t  these  conglomerates were  t ranspor ted  
and deposited by viscous debris flows (Walker, 1975; Larsen 
and Steel,  1978) ra ther  than by normal bed-load s t r eam 
activity.  This environment was dominant during deposition of 
the  remainder of t h e  formation, and indicates significant 
uplift and rejuvenation of t h e  source area .  

The immature ,  "granite wash" exposed on t h e  Junior 
Lake grani te  apparently developed "in situ", and represents  a 
soil or regolith. The "washt1 is only locally developed, and is 
rapidly overstepped by a coarse  grey conglomerate.  The 
local provenance of many of t h e  c las ts  in the  conglomerate  
suggests t ha t  this grey conglomerate originated near the  base 
of faul t  scarps  through rock falls and avalanches. 
Arenaceous sediments in the  conglomerate formed in a 
fluviatile regime and probably define a channelway on 
t h e  fan. 

Heggart  Lake Formation sediments  may therefore  be  
in terpre ted a s  fanglomerate  deposits, largely of debris-flow 
origin, and fluvial deposits of an  alluvial fan, developed in a 
tectonically ac t ive ,  block faulted,  area .  The uplifted meta-  
morphic and plutonic basement rocks and older volcanic rocks 
were  exposed on basin margin f au l t  scarps. Rapid sedimenta- 
tion, probably accompan'ied by syndepositional fault ing, led t o  
the  formation of alluvial fans  radiating f rom faul t  scarps  
(Fig. 20.5). The basin was quickly filled with poorly sor ted ,  
immature  det r i tus  which was reworked by fluvial processes at 
t h e  distal  portion of the  fans  and on t h e  floodplain. Minor 
amounts  of lava were  erupted during sedimentation, possibly 
f rom localized fissures. 

Lack of paleocurrent d a t a  and postdepositional fault ing 
precludes detailed depositional analyses of basin and base- 
ment elements.  However, if t he  f ac i e s  in terpre ta t ion is 
correct ,  then t h e  main horst  s t ruc tu res  were  probably along 
the  southeast  and northern portions of the  a rea  presently 
occupied by t h e  Heggart  Lake Formation. 

Brown Luke Formation 

Distribution. The Brown Lake Formation (Srnyth et al., 
1978; Fig. 20.2) corresponds t o  t h e  lower par t  of t h e  Upper 
Croteau Group of Williams (19701, and consists of a discon- 
tinuous basal conglomerate  (30-70 m) overlain by 1000 m of 
volcaniclastic sandstones with minor intraformational con- 
glomerate.  In some areas,  t h e  basal conglomerate  member  
disconformably overlies the  Heggar t  Lake Formation, but in 
o the r s  the re  is  a gradational c o n t a c t  between t h e  t w o  
(Collins, 1958). Between Pocketknife Lake and Moran Lake, 
t h e  Brown Lake Formation overs teps  t h e  Heggart  Lake 
Formation and res ts  unconformably upon t h e  Moran 
Lake Group. 

Lithology and Petrography. The bas i l  conglomerate  of 
t h e  Brown Lake Formation is distinguished f rom Heggar t  
conglomerates  by i t s  bright red weathering and by the  
preponderance of red sandstone c l a s t s  (Smyth et al., 1975). 
At Croteau Lake (Fig. 20.2) a conglomerate  composed pre- 
dominantly of white qua r t z i t e  c l a s t s  derived f rom nearby 
Moran Lake Croup sediments forms t h e  base of t he  sequence, 
and is vertically separa ted f rom t h e  overlying red con- 
g lomerate  by a few me t re s  of arkose.  



VOLCANISM, SEDIMENTATION, PLUTONISM AND GRENVILLIAN DEFORMATION, CENTRAL LABRADOR 

I DISTAL I MID-FAN ( PROXIMAL I 

Figure 20.5. Diagram illustrating postulated depositional 
environment of t h e  Heggart  Lake Formation. Based on 
Collinson (1978). 

The red conglomerate consists predominantly of 
moderately rounded, but poorly sorted,  pebble- t o  boulder- 
sized, matrix-supported c las ts  of maroon quar tz i te ,  red 
che r t ,  vein quar tz ,  grey quar tz i te ,  grey-blue mudstone, 
phyllite, felsic porphyry, and welded ash flow tuff.  Larger 
c las ts  a r e  generally bet ter  rounded. The matrix varies f rom 
red arkose t o  buff, red, and black mud. 

Brown Lake Formation sandstones a r e  dominantly fine- 
t o  medium-grained varicoloured volcaniclastites. Thin che r ty  
dust tuffs,  and red and grey sil tstone a r e  interbedded with 
the  arenaceous  rocks. The sandstones a r e  red, mauve, pink, 
green, grey and buff. Bedding varies f rom cen t ime t re  t o  
m e t r e  scale;  beds may b e  massive or finely laminated. 
Trough crossbedding defined by purple-black muddy laminae 
or  heavy mineral concentrations is common locally. In some  
instances in the  coarser varieties,  granule units define the  
bases of crossbeds. Rare  isolated pebbles of che r t ,  grani te  
and felsic porphyry also occur in some beds. 

Field and petrographic evidence suggest t h a t  t he  Brown 
Lake sediments become 'lless volcaniclastic" t o  the  northeast .  
Those a t  Croteau Lake a r e  dominated by red, feldspathic and 
shard-rich varieties,  while those in the  northeast  a r e  chiefly 
buff and grey, more mature  var ie t ies  with less feldspar and 
l i t t le  or no glassy component. 

Sandstones of the  Brown Lake Formation a re  generally 
arkosic, with a significant feldspar component;  winnowing or  
s i ze  sorting is not  pronounced, and the  degree  of compaction 
varies. The variation in glass-crystal-rock f ragment  ra t ios  
indicates  t h a t  most a r e  lithic-vitric and crystal-vitric 
areni tes  and lithic-crystal wackes. In the  l a t t e r ,  a high 
degree  of sericit ization makes i t  difficult  t o  distinguish 
feldspar grains f rom matrix.  

Two textural/compositional var ie t ies  dominate the  
sandstones, namely (i) one in which glass shards a r e  abundant 
(usually these sandstones a r e  red), and (ii) one in which the  
granular quar tz ,  feldspar and l i thic const i tuents  a r e  
surrounded by a drusy matr ix  of cryptocrystall ine qua r t z  and 

feldspars. One main di f ference  between Brown Lake and 
underlying Heggart Lake sandstones is t h a t  t h e  vas t  majority 
of Brown Lake quar tz  grains a r e  of volcanic origin, whereas 
predominantly metamorphic and mildly undulose llcommonfl 
(plutonic?) qua r t z  grains cha rac te r i ze  the  Heggart  Lake. 

Lithic f ragments  in t h e  sandstones a r e  predominantly 
felsic in composition. The felsic components,  chiefly 
rhyolite, a r e  a diffuse, intergrown, fine, quartz-feldspar 
aggregate  and, with the exception of qua r t z  and feldspar 
phenocrysts, display f ew primary features .  Many exhibit a 
fine banding suggestive of flow-banded rhyolite or 
welded tuff.  

Type (i) sandstones a r e  composed of abundant glass 
shards intermixed with splintery t o  subangular grains of 
mildly undulose quartz,  variably sericit ized plagioclase, and 
felsic and mafic  volcanic fragments.  Relative s izes  of 
const i tuents  vary; generally crys ta ls  a r e  less than 0.5 mm, 
whereas f la t tened pumice and rhyolite c las ts  reach several 
millimetres. 

Type (ii) sandstones show no evidence of glass-shard 
forms. Otherwise their  mineralogical and l i thic const i tuents  
a r e  t h e  s a m e  a s  type  (i) sandstones. 

Some sandstones a r e  gradat ional  between types  (i) and 
(ii). These exhibit subrounded to  well rounded coa r se  grains 
of quar tz  and rock f r agmen t s  in a matr ix  of fine 
qua r t z  + feldspars + rock f ragments  + glass shards. 

The pink t o  pale green,  cher ty ,  dust tuf fs  or  porcel- 
lanites,  interbedded with the  sandstones, a r e  generally 
10-20 c m  thick, and a r e  commonly spot ted  due t o  spherulites 
developed by devitrif ication. The spherulites commonly have 
a carbonate  core ,  surrounded by a white or  grey siliceous rind 
and rarely exceed 5 mm in diameter .  In some porcellanites 
t h e  spherulites a r e  more  resistant t o  weathering than t h e  
surrounding rock and stand ou t  in refief a s  ovoid protrusions. 

Interpretation. The Brown Lake Formation blankets the  
earlier alluvial fan sediments  of t he  Heggart  Lake Formation. 
I t  overs teps  the  Heggart  Lake t o  res t  d i rec t ly  on t h e  Moran 
Lake Group (Fig. 20.21, suggesting "capping" of t he  original 
graben and possibly the  bounding highland area.  The Brown 
Lake accumulated in a tectonically quiescent basin with the  
disconformity a t  the  base of the  sequence recording the  
terminal  disturbances a t  t h e  c lose  of Heggart  Lake deposi- 
tion. Minor intraformational conglomerates  record local 
unstable conditions. 

The overwhelmingly volcaniclastic sediments of t he  
Brown Lake a r e  in terpre ted t o  be products of wind-blown ash 
clouds introduced to  the  basin f rom a distal  volcanically 
ac t ive  area .  The paucity of lapillisized ashes suggests t ha t  
the  a rea  was somewhat removed from the  tephra  source 
although, a s  Walker (1971) and Lajoie (1979) pointed out,  f ine  
grained deposits do not necessarily indicate distance from 
source vents. 

Delicate glass-shard shapes  in the  shard-rich sandstones 
suggest they a r e  primary air-fall  sand-tuffs. Postdepositional 
abrasion has been minimal. Sandstones with t h e  ultrafine 
groundmass may be  mixtures  of pyroclastic and 
epiclastic debris. 

Despite local variation, t he  whole Brown Lake succes- 
sion appears  t o  have been deposited e i ther  under totally 
aeolian conditions or in a very shallow water  lacustrine 
environment,  a s  small  sca le  planar and trough crossbedding 
a r e  common throughout the  sequence. 

Crossbedding, present  even in t h e  shard-rich tuffs  
seems t o  b e  a result  of short-lived phenomena, for t h e  shards 
a r e  not significantly abraded. This may be  a function of 



rapid burial and/or cementation. However, texturally more 
mature  units in the  northeast  portion of t h e  a rea  indicate  
t h a t  some reworking of the  volcaniclastic material  took 
place. 

The co-existence of rounded c las t ic  components and 
del ica te  v i t roclas t ic  mater ia l  in some of the  sandstones 
suggests t h a t  these rocks a re  dual-source deposits, formed 
e i ther  by pyroclastic glass-shard ash sett l ing on an a rea  in 
which sediments present were already subjected t o  prolonged 
abrasion, or by transportation of the  vitric components f rom 
their  s i te  of init ial  deposition and their  admixture with more 
ma tu re  sediments.  Alternatively, t h e  rounded grains 
represent products f rom a high energy environment 
(shoreline? dune?) swept slightly offshore by s torms or wind, 
but  deposited in water  depths  close t o  wave base. 

Sylvia Lake Formation 

Distribution. The Sylvia Lake Formation (Smyth et al., 
1978) comprises predominantly mafic and felsic flows and 
sills, coarse  pyroclastic breccias, agglomerates,  welded and 
nonwelded ash flow tuffs,  with lesser volcaniclastic sedi- 
ments. The various e lements  of the  formation a r e  
excellently exposed in the  type area,  located along the  axial  
t r a c e  of t h e  Bruce syncline (Fig. 20.2; Ryan, 1978). The bulk 
of t he  formation outcrops northwest of the  Gravelly River 
Fault, but  severa l  roof pendants occur  in the  grani te  south- 
eas t  of t he  faul t  in the  Ot t e r  Lake - Nipishish Lake a rea  
(Fig. 20.2). The formation is a t  leas t  8000 m thick where a 
continuous sequence is preserved, but numerous faul ts  in i t s  
upper portions considerably disrupt t h e  succession. 

Lithology, Petrography, and Geochemistry.  Mafic .and 
in termedia te  volcanic rocks predominate in t h e  lower pa r t s  
of t h e  formation. Felsic volcanic rocks increase in volume 
upwards in the  sequence, with the  major portion of t h e  
formation in t h e  Bruce Lake - Ot te r  Lake sector  comprising 
approximately 3000 m of predominantly welded and non- 
welded ash flow deposits. The major character is t ics  of t he  
format ion a r e  summarized below. 

The least  a l tered rocks occur northwest of t he  Gravelly 
River Fault  (Fig. 20.2) where, although greenschist  f ac i e s  
metamorphic assemblages a r e  present,  primary mineralogy 
and textures  a r e  widely preserved. South of t h e  fault ,  
however, the rocks a r e  more metamorphosed and sheared and 
although commonly retaining gross primary features ,  a r e  
considerably recrystall ized with few primary igneous t ex tu res  
(Ryan and Harris, 1978). The descriptions which follow re fe r  
t o  t h a t  portion of the  formation northwest of t h e  Gravelly 
River Fault. 

The volcanic rocks of t he  Sylvia Lake Formation a r e  
rarely quar tz  porphyritic, but characterist ically contain 
feldspar phenocrysts. In most cases  t h e  groundmass is s o  fine 
grained that  an  accura t e  determination of modal mineral 
con ten t  is  not possible. The porphyrit ic rocks a r e  andesites,  
trachyandesites (lati tes) and t rachytes  (Williams et al., 1954). 
Although the  above terminology is used, t he  rocks may not  
correspond chemically to  their  petrographic name 
(cf. Creasey and Krieger, 1978; Streckeisen, 1979). For 
example,  many rocks termed t rachytes  in the  field, a r e  
chemically rhyolites. 

The lowermost units of t h e  volcanic pile a r e  olivine 
basalt, andesite and trachyandesite (lati tel .  Interlayered 
with t h e  flows a r e  maf ic  to  in termedia te  volcanic breccias  
and agglomerates and crystal-rich volcaniclastic sediments.  
Several thin lensoid flow banded and autobreccia ted  rhyolite 
flows and oval rhyolite plugs a r e  present in t h e  lower 

sequence in the vicinity of Camel  Lake (Smyth and 
Ryan, 1979; Fig. 20.2). Nor theas t  of Bruce Lake, t h e  
intermediate-mafic flow sequence is spli t  by a 2500 m unit of 
welded felsic tuff and massive fe ls ic  porphyry. 

The volcanic rocks vary  f rom g rey  t o  green t o  mauve, 
and from massive aphanitic to feldspar and pyroxene phyric; 
pyroxene phenocrysts a r e  less common than feldspars. The 
flows locally show a crude flow lamination defined by tabular 
feldspar alignment and subt le  compositional and grain s i ze  
variations on the  scale  of severa l  cent imetres .  Locally they 
a r e  amygdaloidal, with vesicles filled by one or more of 
quar tz ,  ca lc i te ,  chlorite,  epidote and green bioti te.  Flow 
tops a r e  commonly scoriaceous,  and infilled with volcani- 
c las t ic  sediment where t h e  l a t t e r  occurs between flows. 
Several bifurcating sills of andesi t ic  feldspar porphyry 
intrude t h e  lower par t  of t he  Sylvia Lake Formation. Locally 
they reach the  surface  a s  porphyrit ic flows (Smyth and 
Ryan, 1979). 

Angular autoclas t ic  breccias,  pyroclastic breccias,  
agglomerates  and volcanic rudaceous rocks of epic las t ic  
origin a r e  common components of the  maf ic  succession. 
Individual blocks in these  f ragmentals  a r e  generally less than 
0.5 m in maximum dimension. They a r e  generally poorly 
sorted and may b e  e i ther  mono- or  polylithologic. The matr ix  
of many of these coa r se  deposits is a crystal-rich 
volcaniclastic sand. 

Sedimentary screens  which sepa ra t e  flow and frag- 
menta l  units a r e  generally less than  20 m thick. They vary 
f rom red through grey to  green, and in composition f rom 
coarse  volcaniclastic sandstones t o  siliceous mudstones. 
Bedding is well defined, and t h e  f iner  grained var ie t ies  a r e  
commonly laminated. The sediments  infill blocky flow 
surfaces,  and a r e  locally incorporated a s  c las ts  and large  
contor ted  r a f t s  a t  t h e  base of t h e  overlying flow. 

The felsic pile is dominated by a monotonous succession 
of porphyrit ic pyroclastic rocks, most of which a r e  
ignimbrites or welded ash flow tuffs.  Interbedded with these  
a r e  s t ra t i f ied  felsic a i r fa l l  (?) c rys t a l  tuf fs  and lapillistones, 
coarse  pyroclastic breccias,  massive felsic porphyries 
(laccolithic intrusions?), and thin mafic-intermediate flows 
and pyroclastics,  t he  l a t t e r  similar t o  those described above. 

The welded tu f f s  a r e  pink, grey, red, purple and black, 
and display well developed eu tax i t i c  s t ruc tu re  expressed by 
e longate  rock f ragments  and hairlike, lenticular,  collapsed 
pumice f ragments  moulded around crys ta l  and lithic con- 
s t i tuents  (cf. Ross and Smith, 1961). The crys ta l  t o  l i th ic  
f ragment  ra t io  varies,  but  in general  f ragments  const i tu te  
less than 30 pe r  c e n t  of t h e  deposits. The degree  of welding 
and flattening of pumice f ragments  also varies. A diffuse 
zonation f rom a weakly or  nonwelded f ragmental ,  upwards 
through a dense vitrophyric portion, t o  a less welded portion 
is locally present.  Hiatuses in deposition of t h e  ash  flows a r e  
indicated by in tercala ted  units of sediments and narrow 
mafic  flows. 

In the  upper pa r t  of t h e  Sylvia Lake Formation volcani- 
c las t ic  sedimentary rocks a r e  common a s  screens  between 
the  flows. They a r e  mostly lapilli tuffs,  comprising f rag-  
ments  of light-coloured pumice(?), andesite,  and rhyolite 
porphyry set in a mixture of ash  s i ze  rock and mineral 
fragments.  The tuffs  a r e  buff t o  green, and commonly 
bedded on a mi l l imetre  t o  m e t r e  scale;  syndepositional 
deformation is common. One such sedimentary  unit north- 
eas t  of Bruce Lake conta ins  high angle  aeolian (?) crossbeds 
up t o  3 m thick. 
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Massive porphyry units within the  sequence a re  
mesoscopically similar t o  the  welded crys ta l  tuffs.  However, 
t he re  is no indication of a glass shard component,  so  these  
may represent lava flows or synvolcanic laccoliths in the  
volcanic pile. 

Geochemical studies of t h e  rocks of t h e  Sylvia Lake 
Formation a r e  in progress. The suite exhibits a calc-alkaline 
t rend on an AFM diagram, and plots in t h e  subalkaline field 
on t h e  01'-Net-Q'diagram of Irvine and Baragar (1971). On 
t h e  NanO + K20 versus SiOe diagram using the  terminology 
of Middlemost (1980) the  sui te  ranges f rom subalkalic and 
alkalic basalt  and basalt ic andesite through trachyandesite 
and t r achy te  to  high alkali rhyolite. The rocks a r e  relatively 
high in 1 < 2 0  compared t o  similar classes of t h e  calc-alkaline 
and thole i i te  series,  and appear t o  be  bes t  compared with t h e  
"shoshonite association" of Joplin (1 968). 

Interpretation. The Sylvia Lake Formation represents  a 
major volcanic accumulation in an a rea  which had previously 
been dominantly a sedimentary depocentre.  This volcanism 
was the  most important contributing factor  through t h e  
remainder of Bruce River Croup deposition. 

The ear l ies t  volcanism is dominated by alkalic basalt ,  
basalt ic andesite and trachyandesite.  The minor auto- 
breccia ted  and flow banded rhyolite domes of t h e  Camel  
Lake a r e a  a r e  interpreted t o  be products of viscous felsic 
lava eruptions f rom flank vents coeval with ash flow tuffs  
and rheoignirnbrites northeast  of Bruce Lake. Porphyrit ic 
sills in the  Camel  Lake a rea  a r e  synvolcanic intrusions which 
locally breached the surface  on the  flank of the  shield 
volcano. 

The upper pile, which is dominated by ignimbrites, 
records repeated explosive eruptions. These rocks range 
f rom t rachyte  to  high-K rhyolite, and a r e  the  s t ra t i -  
graphically highest rocks of t he  volcanic pile. Hiatuses in 
a s h f l o w  eruption a re  commonly marked by coarse  
polylithologic breccias which appear t o  represent  volcanic 
"belching" or vent cleaning phenomena prior t o  onset  of t he  
next  massive ash flow or lava eruption. Some, however, 
appear to  be laharic breccias (D.G. Bailey, personal 
communication, 1978). Lapillistone and crys ta l  tuff deposits, 
some  of which a r e  character ized by syndepositonal isoclinal 
folding and large scale  crossbedding, may in pa r t  be  due t o  
base surge processes (cf .Moore ,1967;  Fisher and 
Waters, 1970; Crowe and Fisher, 1973). 

By analogy with ignimbrite plains and shield volcanoes 
described f rom other  par ts  of t he  world (Macdonald, 1972) 
massive ash  flow eruptions such a s  those present  in t h e  upper 
Sylvia Lake Formation a r e  followed by caldera  format ion 
over the  roof of an evacuated magma chamber  
(cf. Williams, 1941; Smith et al., 1961; Steven and 
Lipman, 1976; Lipman e t  al., 1978; Myers, 1975; 
Christiansen, 1979). The thicknesses of ignimbrites present  
in the  Bruce River Group a r e  far in excess of what would b e  
expected f rom one simple fissurk or c ra t e r .  Instead, t h e  
whole pile would seem t o  be  the  product of multiple vents,  a 
phenomenon found in such a reas  a s  t h e  Toba region of 
Sumatra  (van Bemmelen, 1929), t he  western United S ta t e s  
(Hamilton and Myers, 1966; Christiansen and Lipman, 1972), 
a l l  of which a r e  major volcano-tectonic depressions. In all 
these  areas  silicic volcanism in the  form of extensive 
ignimbrite eruptions accompanied normal fault ing and block 
subsidence. The Bruce River volcanics, with their  generally 
cyclic nature ,  in comparison t o  sequences represented in 
these  more recent  fields, a r e  therefore  probably the  product 
of several episodes of overlapping s t ra tavolcano construction 
and caldera  formation. 

Summary of  Depositional History of 
Bruce River Group 

The Heggart  Lake Formation conglomerates  and sand- 
stones a r e  products of rapid erosion and alluvial fan - 
floodplain deposition in a res t r ic ted  graben (Fig. 20.6a). 
Flanking syndepositional faul ts  exposed ear l ier  Helikian (?) 
volcanic rocks and granitoids,  Aphebian supracrustals,  and 
Archean gneisses reworked during t h e  Hudsonian Orogeny. 
Minor tephra eruptions and fissure flows accompanied 
sedimentation. 

During deposition of the  Brown Lake Formation the  
basin stabil ized and topographic relief was significantly 
reduced. Brown Lake Formation sands blanketed the  ear l ier  
graben and overstepped i t s  f lanks t o  res t  on older rocks on 
both sides. The sandstones were  derived through fa l l  ou t  
f rom ash clouds blown in from ac t ive  volcanoes southeast  (?) 
of the  basin, and were  deposited in a low energy aeolian or 
shallow lacustrine environment (Fig. 20.6b). 

The Sylvia Lake Formation prograding lavas and other  
volcanic products dominate  t h e  remainder of t h e  depositional 
history of the  Bruce River Group. The ear l ies t  basalt ic t o  
andesit ic lavas represent  init ial  "quiet" eruptions at t h e  base 
of a growing stratovolcano. The upper Sylvia Lake Formation 
is character ized by extensive  shee t s  of t r achy t i c  and 
rhyolit ic ignimbrites indicative of repeated explosive 
volcanism, interrupted periodically by minor in termedia te  t o  
maf i c  lavas and pyroclastic eruptions (Fig. 20.6~) .  The cyclic 
nature  of t he  volcanic pile suggets t h a t  i t  records a 
repet i t ive  history of s t ra tovolcano development and caldera  
formation. 

Letitia Lake  Group 

Introduction 

The Let i t ia  Lake Group (Fig. 20.7) outcrops a s  a narrow 
bel t  south of t h e  Seal Lake Croup (Fig. 20.2; Mann, 1959; 
Brummer and Mann, 1961; Thomas, 1979). It is dominated by 
felsic porphyries which have been tradit ionally considered t o  
b e  equivalent to those of t he  Bruce River Group 
(cf. Brummer and Mann, 1961). However, t h e  presence of 
phenocrysts of quar tz ,  and the  peralkaline cha rac te r  of the 
rocks (Thomas, 1980) rule ou t  d i r ec t  lithological correlation, 
although a t ime  equivalence is possible. The Let i t ia  Lake 
Group is intruded by a ser ies  of alkaline rocks, referred to  a s  
the  Red Wine intrusive su i t e  and Arc  Lake intrusive suite,  
which have yielded a Rb-Sr age  of 1392 + 75 Ma (Curtis and 
Currie,  1981). It is unconformably overlain by t h e  Seal Lake 
Croup, and has  been polydeformed during the  Grenvillian 
Orogeny (cf. Marten, 1975; Thomas, 1979; Calon and 
Hibbs, 1980). No formal  subdivision of the  group has  yet  been 
a t t empted .  

Lithology and Geochemistry 

The Let i t ia  Lake Group comprises subvolcanic quar tz-  
feldspar porphyry, i t s  ext rus ive  equivalents, and porphyry 
derived sediment.  

Felsic quartz-feldspar porphyry, with buff t o  white 
alkali feldspar and qua r t z  phenocrysts in a whi te  weathering, 
f ine grained siliceous groundmass occurs a t  t he  base of the  
group. Quar t z  phenocrysts increase and feldspar phenocrysts 
dec rease  in proportion upwards in the  unit. 

The lower intrusive unit grades  vertically arid 
horizontally into rhyolite flows and ign imbr i t e s  which consist  
of euhedral and broken feldspar phenocrysts (av. 4 mm) in a 
pink aphanitic groundmass in terpre ted a s  ext rus ive  
equivalents of t he  lower unit. 
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Letitia Lake Group 

MWV f a u l t  

feldspolhord - beor~ng olkalme 
gnelss ond syenile 

Arc Lake Intrusive Suite 

hornblende-. brol~le-.and 
gornel- beoring gronodiorile 

Figure 20.7. Generalized geology of the Letit ia Lake Group and surrounding rocks (from Thomas, 1980). 

Both porphyritic units described above were weathered vicinity of Nipishish Lake these  rocks a r e  intruded by f ine  
during the  l a t e  Paleohelikian or  early Neohelikian and a grained muscovite-biotite g ran i t e  and apl i te  sheets  up t o  
regolith consequently developed. The overlying porphyry 8 km in width. 
derived sediments have been considered basal Seal Lake The coarse  granodiorite and rnonzonite a r e  locally char- 

by but and Hibbs (19") ac t e r i zed  by numerous irregular xenoliths, generally a few considered them t o  be an  integral par t  of t he  Let i t ia  Lake centimetres to a metre in maximum size, of massive and Group, and place the  unconformity with the  Seal Lake Group 
a t  t h e  base of t h e  overlying quartzite-conglomerate units. porphyritic diorite.  However, d iscreet  d ior i te  bodies up t o  

severa l  kilometres in s i ze  occur  in Dart of t he  granite.  " 
Both major and minor e lement  chemistry indicate  a 

s t rong peralkaline affinity for Letit ia Lake Group volcanics The similarity between t h e  composition of the  intrusive 
rocks of t he  Ot t e r  Lake grani te  and the  extrusive rocks of 1980)' Fresh, unweathered, acid porphyries have the Sylvia Lake Formation of the Bruce River Group, coupled agpai t ic  indices g rea te r  than or  equal t o  1, and exhibit  major with their similar ages suggest that the plutonic rocks were e l emen t  oxide distributions typical of crystall ine comendites.  
t he  parent  magma of t h e  volcanic rocks. The magma In addition, a l l  rocks of t h e  group contain high con ten t s  of  probably rose into the volcanic pile in an intimate relation- t h e  e lements  Zr, Y, La, and Ce, also character is t ic  of ship with its extrusive products (cf. Myers, 1973; Hoffman comendites.  and McGlynn, 1977) because of cauldron collapse. 

MIDDLE HELIKIAN INTRUSIVE ROCKS Kontak (1979) noted t h a t  the S r o  of 0.7051 + .0013 

Middle Helikian plutonic activity in the cen t r a l  ~ i ~ ~ ~ ~ l  obtained f rom this  g ran i t e  Suggests a lower c rus t  or  upper 
Belt is recorded by the O t t e r  Lake grani te  and t h e  Harp Lake mant le  source,  but pointed ou t  t h a t  t he  association with vast  

Complex. ~h~ otter ~~k~ granite intrudes the B~~~~ ~i~~~ volumes of high potassium felsic ignimbrites is more  

Group, and has  been dated a t  1496 2 37 Ma (Kontak, 1979). compat ib le  with a c rus t a l  origin. 

The Harp Lake Complex comprises anorthosit ic,  gabbroic and Harp Lake Complex erani t ic  rocks e m ~ l a c e d  1450 2 25 Ma a e o  (Emslie. 1980) a s  " .  
;art of t h e  ~ l s o n i a n  event  (Ernslie, 1978a, b). The Harp Lake Complex (Emslie, 1980) which outcrops 

north of t h e  Seal Lake Group (Fig. 20.1), is  typical of 
Otter Lake Granite Elsonian magmatism. It comprises a t  leas t  20 maior igneous ., z " 

subunits ranging from gabbro, t roctol i te ,  leucotroctoli te,  
Medium- coarse-grained biotite ' leucogabbro, leuconorite,  anor thosi te  and dior i te  t o  grano- 

granodiorite and monzonite are the two diorite, adamellite and granite, reflecting several 'pulses of phases of t h e  Ot t e r  Lake pluton (Fig. 20.2). However, in t h e  magmatic activity. 



1 : ' '  SEAL LAKE GROUP 
Upper Red Quartzite Formation 

Bessie Lake/Majoqua Lake Formation 
qwrtzite, orkose, conglomerole. bosoll 

Figure 20.8. Generalized geological map of the  Seal Lake Croup and surrounding rocks. 

Emslie (1978b) has argued tha t  the  bimodal plutonic 
assemblage of the  Elsonian event  was the  result  of t h e  
emplacement  of olivine tholeii te magmas along the  crus t -  
mantle interface.  These magmas f rac t ionated a t  t h e  base  of 
t h e  crus t  t o  produce high-Al gabbro magmas which migrated 
upwards to  crystall ize plagioclase in intracrustal  chambers  
producing the  gabbro-anorthosite suite. Crystall ization of 
t h e  olivine tholeii te magmas a t  t h e  base of t h e  c rus t  also led 
t o  partial  fusion of the  lower crus t ,  and these  granitoid mel ts  
also coalesced and rose upward in to  t h e  c rus t  forming t h e  
adamel l i te  suite.  

NEOHELIKIAN SUPRACRUSTALS 

Deposition during the  Neohelikian subera in cen t r a l  
Labrador is  represented by the  Seal Lake Group. This is  t h e  
youngest supracrustal  sequence in the  Centra l  Mineral Belt, 
yielding a Rb-Sr age  of 1323 t 92 Ma (Barager, 1978). It is 
in unconformable con tac t  with a l l  rocks described above. 

Seal Lake Croup 

Introduction 

The Seal Lake Group (Fahrig, 1959; Brumrner and 
Mann, 1961; Roscoe and Emslie, 1973) is a sequence of 
deformed sedimentary,  volcanic and intrusive rocks exposed 
in an east-west trending, doubly-plunging, synclinorium west  
of  t h e  Bruce River Group (Fig. 20.1, 20.8). The southern limb 
of this fold is overturned and overridden by older grani tes  
which have been thrus t  northward over the  supracrustals.  
Along t h e  northern limb of the  synclinorium the  group res ts  
unconformably on Archean grani te  and gneiss, and the  

Helikian Harp Lake Complex (Emslie, 1980) of anorthosite,  
gabbro and granitoids. The major portion of the  group 
outcrops west of the  Pocketknife  Lake Faul t  zone, but  t he  
basal format ion is locally preserved e a s t  of t h e  faul t  where  i t  
is in unconformable c o n t a c t  with the  Sylvia Lake Formation 
of t h e  Bruce River Group, and t h e  O t t e r  Lake g ran i t e  
(Marten and Smyth, 1975). 

The s t ra t igraphic  terminology employed here  is chiefly 
t h a t  of Brummer and Mann (1961) but subsequent modifica- 
t ions a r e  noted. The thickness es t imated by Brummer and 
Mann (1 961) for t he  group was 12 600 m, but th is  was  reduced 
t o  5820 m by Knight (1972). The l a t t e r  e s t i m a t e  t akes  into 
account  repeti t ion of pa r t s  of t he  sequence by folding and 
thrusting (see also Gandhi and Brown, 1975, p. 147). 

Bessie Lake Forrnation/Majoqua Lake Formation 

The Bessie Lake Formation outcrops along t h e  southern 
margin of the  Seal Lake Group. In the  eas t  i t  res ts  
unconformably on t h e  Bruce River Group and O t t e r  Lake 
grani te ;  in the  west i t  res ts  unconformably on the  Let i t ia  
Lake Group. It comprises c lean,  massive, pink and white 
qua r t z  areni tes ,  arkoses, grey and black shales, and 
in tercala ted  basic volcanic rocks. Granule and pebble 
conglomerate  beds a r e  present  locally. 

Along t h e  northern l imb of t h e  Seal Lake synclinorium, 
the  basal sequence is referred to  a s  t h e  Majoqua Lake 
Formation, and comprises arkoses, conglomerate  and thick 
amygdaloidal maf ic  flows, which res t  unconformably on 
Archean g ran i t e  and gneiss and on t h e  Harp Lake Complex. 
Knight (1972) suggested t h a t  "Majoqua Lake Formation" 
should r e fe r  only t o  t h e  volcanic rocks; t h e  basal sedimentary  



VOLCANISM, SEDIMENTATION, PLUTONISM AND GRENVILLIAN DEFORMATION, CENTRAL LABRADOR 

rocks being given formal  s t a tus  a s  the  Arkose Lake 
Formation. In this account the  name Bessie Lake Formation 
is used t o  refer  t o  the  basal association of sediments  and 
volcanic rocks on both limbs of the  syncline, although it is 
recognized tha t  such subdivision is warranted. Thickness 
e s t ima tes  of t he  formation given by Brummer and 
Mann (1961) range from 1260 m in the  south to 3750 m in the  
north; Knight (1972) considered t h a t  1500 m is a maximum 
for t h e  northern succession. 

Bessie Lake Formation sediments along the  southern 
limb of the  synclinorium a r e  a t  least  90 per cen t  qua r t z  
arenites.  These a r e  commonly white, or blue-grey, but pink, 
buff, and pale green varieties a r e  also present.  They a r e  
massive, composed predominantly of equigranular quar tz  with 
minor a l tered feldspar; magnetite grains 'outl ine bedding. 
Strongly foliated overturned, bedded quar tz i te  and quar tz-  
ser ic i te  schists a r e  common along the  southern margin of t he  
Seal where i t  abuts  foliated granite overthrust  f rom the  
south. Along the  northern margin of t he  group, t he  sediments 
a r e  less mature ,  and comprise chiefly arkoses and 
conglomerates.  

Basalts become common towards  the  top  of t h e  succes- 
sion, and const i tu te  a significant portion (900 m) of t h e  
format ion in the  north. In the south the  volcanics a re  
metamorphosed and deformed t o  dark grey and green chlor i te  
schists with quar tz  stringers,  epidote and specularite.  In the  
north they a r e  fine grained, locally columnar jointed, 
subaerial ,  basalts with pyroxene (augite) and plagioclase 
phenocrysts. Quartz,  ca lc i te ,  and zeolites occur a s  vesicle 
fillings. Later i tes  a r e  locally developed on surfaces  of t h e  
flows, and r a re  pillows have been documented (Knight, 1972). 

Wuchusk Lake Formation 

This formation overlies t h e  Bessie Lake Formation and 
comprises thin bands of buff t o  red quar tz i te ,  red shale,  
c r e a m  t o  black cher t ,  and grey to pink s t romatol i t ic  and 
oolit ic limestone. The sedimentary s t r a t a  have been injected 
by numerous diabase and gabbro sills t h a t  vary from 
30-600 m in thickness, and a r e  locally very coa r se  grained 
and pegmatit ic.  Although Brummer and Mann (1 961 ) included 
the  sills in their  definition of the  formation, recent  amend- 
ments  t o  the  Stratigraphic Code (Sohl, 1977) d i c t a t e  t h a t  
they should be redefined a s  a separa te  intrusive sui te  within 
t h e  Seal  Lake Group. 

Whisky Lake Formation 

This formation consists of 900 m of red shale,  grey and 
green s la tes ,  red sil tstones and red quar tz i tes  (Brummer and 
Mann, 1961). Baragar (1969) omit ted  this format ion f rom his 
s t ra t igraphic  compilation of the  group. Kidd (1968) and 
Hale (1968) suggested t h a t  t he  Whisky Lake Formation is 
equivalent t o  the  upper par t  of the  Wuchusk Lake Formation 
and t h e  lower par t  of t h e  overlying Salmon Lake Formation; 
Gandhi and Brown (1975) included t h e  Whisky Lake with t h e  
Salmon Lake. 

Salmon Lake and Adeline Island Formations 

These formations,  with a combined thickness of 1350 m 
(Baragar,  1969) a re  similar although numerous basal t  flows 
occur  in t h e  Salmon Lake. The sedimentary rocks a r e  chiefly 
red,  maroon, green-grey, and black shales, and pink and white 
locally crossbedded qua r t z  arenites.  Bimodal areni tes  
(Kidd, 1968) a r e  more common in t h e  Adeline Island 
Formation where they display small  sca le  cu r ren t  bedding 
f ea tu res  and asymmetr ica l  ripple marks. 

Amygdaloidal basalts of t h e  Salmon Lake Formation a r e  
chiefly grey to  green, locally flow banded and columnar 
jointed flows. They a r e  t ransected by nat ive  copper-  and 
chalcocite-bearing quar tz-calc i te  veins. The majority of t h e  
more  than 250 copper mineral showings known in the  Seal 
Lake Group occur in these  basalts, but t h e  uppermost grey 
and green shales of the  Adeline Island Formation a r e  also 
cupriferous (cf. Gandhi and Brown, 1975). 

Upper Red Quartzite Formation 

This is t he  highest s t ra t igraphic  unit of t he  Seal Lake 
Croup. It comprises massive t o  well bedded red quar tz i tes ,  
e s t ima ted  by Brummer and Mann (1961) t o  b e  780 m thick, 
but by Baragar (1969) t o  be only 450 m thick. 

Geochemistry of Seal Lake Group Basalts 

The Seal Lake volcanic rocks a r e  typical p la teau basalts 
ranging f rom 3-50 m in thickness, and grading f rom massive 
bases t o  amygdaloidal, oxidized flow tops (Baragar,  1969). 
Chemically they a r e  transit ional between alkali and tholeii t ic 
magma types (Knight, 1972; Baragar,  1974, 1977). 

Environment o f  Deposition o f  the Seal Lake Group 

Deposition of t h e  Seal Lake Group was  init iated on a 
peneplaned surface  of pre-Neohelikian grani te ,  gneiss, 
anor thosi te  and volcanic rocks. The gross cha rac te r  of t h e  
red fluvial c las t ics  and oxidized columnar jointed basal ts  with 
r a re  pillow lava a r e  indicative of a cont inenta l  environment.  
Deposition probably occurred in an  e longate  east-west (?) 
basin in which conditions changed from wholly ter res t r ia l  in 
t h e  north t o  shallow marine  (?) in t h e  south. Climatic 
conditions were  probably arid t o  semi-arid (Brummer and 
Mann, 1961; Knight, 1972). Paleomagnetic d a t a  suggest t ha t  
th is  portion of Labrador was  located near  10"s  la t i tude  at 
this t i m e  (Roy and Fahrig,  1973; Irving, 1979). The following 
evolutionary history of deposition is taken largely f rom 
Mann (1959) and Brummer and Mann (1961). 

The Bessie Lake Formation along the  south  l imb of the  
Seal synclinorium appears  t o  have been deposited in a shallow 
marine  (?) environment.  Contemporaneous coarse  arkoses 
and conglomerates  in the  north ( the  Arkose Lake Formation 
of Knight, 1972) indicate  more ter res t r ia l  conditions 
dominated by alluvial fan  and braided s t r e a m  deposition f rom 
a northwest receding source  a r e a  undergoing ac t ive  block 
faulting (Knight, 1972). 

Volcanism associated with the  ear ly  deposition of t h e  
Seal appears  t o  have been almost totally subaerial .  There 
was  a sufficient in terval  of exposure between each  basalt ic 
eruption for t he  top of the  ear l ier  flow t o  undergo la ter i t ic  
weathering and erosion prior t o  burial by the  next flow 
(Knight, 1972). Pillows may be  t h e  result  of lava flowing into 
ephemeral  lal<es on older flow surfaces.  

Brummer and Mann (1961) suggested t h a t  t h e  finely 
banded shales and c h e r t s  of t he  Wuchusk Lake were  deposited 
during transit ion t o  quie ter ,  possibly lacust r ine  conditions. 
Ripple marked and crossbedded qua r t z i t e s  and oolit ic and 
a lgal  l imestones were  deposited on shallow, high energy (?) 
shoals. 

Red shales and quar tz i tes  of t he  Whisky Lake 
Formation accumulated in a shallow wa te r  (playa lake?) 
environment which persisted through Salmon Lake t ime. 
Sedimentation was accompanied by extrusion of basalt ic 
flows, and concomitant  intrusion of diabase sills in t h e  
Wuchusk Lake Formation. 
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During Adeline Island deposition the  environment of 
sedimentation changed f rom quiet ,  shallow water  t o  high 
energy(?) strandline which continued through deposition of 
t h e  Upper Red Quar tz i te  Formation. 

The stratigraphic and geochemical evidence f rom the  
Seal Lake basin suggests t he  sequence formed in an intracon- 
t inenta l  r i f t  zone (cf. Baragar, quoted by Baer, 1974; Gandhi 
and Brown, 1975; Baragar, 1977). 

CRENVILLIAN DEFORMATION 

The present disposition of the  supracrustal  rocks 
discussed in this paper suggests northward compression during 
Grenvillian deformation. The foreland zone rocks exhibit  
increasing metamorphic grade and s t ructura l  complexity 
towards the  mobile belt, and the  south margin of t he  Seal 
Lake Croup is character ized by northward di rected lobate  
thrust  and high angle reverse faults.  

A north-to-south increase in metamorphic grade from 
prehnite-pumpellyite to  chlorite-epidote is well displayed by 
the  Seal Lake Croup (Mann, 1959; Baragar, 1974). Similarly 
t h e  Bruce River Croup shows a transit ion from chlor i te  grade 
t o  b iot i te  grade and t h e  Let i t ia  Lake Group shows a 
transit ion from middle to  upper greenschist  grade 
(Thomas, 1980) from north t o  south. 

The Bruce River Croup contains one regional 
penetra t ive  slaty cleavage or mineral foliation a t t r ibuted t o  
Grenvillian deformation. However, along the  southern 
margin of t he  Seal Lake Group and within t h e  Let i t ia  Lake 
Group there  is evidence of a polyphase s t ructura l  history 
(Marten, 1975; Thomas, 1979, 1980; Calon and Hibbs, 1980). 
In these  areas,  f i rs t  generation isoclinal reclined 
non-cylindrical folds a re  refolded by open to  t ight,  second 
generation s t ructures  associated with reverse  faults. 

The Seal Lake Group was overridden along i t s  southern 
margin by older granitoid rocks thrust  northward during t h e  
la te  s tages  of deformation. This thrust  fault  has a lobate 
form, character is t ic  of t h e  whole of t h e  Grenville Front Zone 
in southern Labrador (Greene, 1974; Gower e t  al., 1980). The 
a t t i t ude  of this s t ruc tu re  changes  f rom a reverse  faul t  in t h e  
zone of maximum curvature,  to a strike-slip fault  where the  
trend is subparallel t o  the  transport  direction (Fig. 20.8). 
Although the re  is some evidence of local thrusting in t h e  
Bruce River Group (Fig. 20.2), t he  major faul ts  (Bruce Lake, 
Gravelly River, and Minisinakwa Lake) appear t o  be  for  t h e  
most part s t r ike  slip structures.  

Post-Grenvillian scissor movement along the  
Pocketknife Lake Fault  (Fig. 20.8) is postulated t o  b e  a 
rupturing of  t h e  extension of t h e  junction between the  Nain 
and Churchill s t ructura l  provinces which outcrops along the  
northern boundary of t h e  Cen t ra l  Mineral Belt  (Smyth et al., 
1975). The upthrown block, on which the  Bruce River Group 
occurs,  seems t o  have undergone ITintra block" normal  
fault ing along the  Bruce Lake, Gravelly River and 
Minisinakwa Lake faults. This i s  suggested by the  th icker  and 
more extensive sequences of lower Seal Lake Group rocks 
south of t he  Gravelly River and Minisinakwa Lake faults,  
indicative of increasing downthrow from northwest t o  
southeast .  

DISCUSSION 

The ear l ies t  Helikian rocks in centra l  Labrador a r e  the  
voluminous felsic plutonic associations along t h e  southern 
border of t h e  Centra l  Mineral Belt and the  northern margin 
of the  Grenville Province. Radiometric ages  indicate  t h a t  
this magmatism commenced shortly a f t e r  t he  close of the  

Hudsonian Orogeny. Emplacement  of such an  extensive  bel t  
of plutonic rocks into the  crus t  could have been accompanied 
by regional crus ta l  doming and extension and t h e  format ion 
of graben in which contemporaneous supracrus ta l  rocks were  
deposited (cf. Hills, 1959; Bridgwater et al., 1974; 
Bridwell, 1978; Ramberg, 1971). The Bruce River - O t t e r  
Lake volcano-plutonic complex (circa 1540-1495 Ma) may b e  
t h e  product of t h e  l a t e  s tages  of this post-Hudsonian 
magmat ic  event ,  the supracrustal  rocks being fortuitously 
preserved because they l ie  north of t h e  main be l t  of c rus t a l  
uplift  associated with the  Grenvillian Orogeny. Any supra- 
crus ta l  rocks which formed in t h e  southern a r e a  have sub- 
sequently been eroded f rom this uplifted zone. 

As noted earlier,  t h e  volcanic rocks of t h e  Bruce River 
Group a r e  calc-alkaline, high-K assemblage comparable  to 
the  shoshonite association. I t  is  now commonly accep ted  t h a t  
rocks of  t h e  "calc-alkaline seriesTT a r e  diagnostic members of 
volcanic provinces developed above subduction zones 
(cf. Garcia,  19781, and t h a t  where such rocks occur in 
abundance in the  geologic record, they r e f l ec t  s i t e s  of former  
l i thospheric p la te  convergence. 

In subduction zones  the  high-K calc-alkaline and 
shoshonite subseries a r e  erupted on c rus t  above t h e  deepest  
portions of the  subducted s lab  or in the  l a t e  s t ages  of a r c  
development (Dickenson, 1968; Jakes  and White, 1972; 
Johnson e t  al., 1978). However, high-K calc-alkaline and 
shoshonitic sui tes  a r e  a lso  found in volcanic provinces which 
a r e  re la ted  to  epeirogenic movements during crus ta l  stabliza- 
t ion in -0rogenic  zones  (Joplin, 1968; Mackenzie and 
Chappell, 1972; Carmichael  e t  al., 1974) following e i ther  
cessation of subduction (Girolamo, 1978) or  comple te  
cont inenta l  suturing (Dewey and Burke, 1973; Burke e t  al., 
1974; Kidd, 1975; Sengor and Kidd, 1979). Therefore,  without 
considering o the r  aspects  (such a s  overall  geological se t t ing)  
of high-K volcanic rocks, i t  becomes nearly impossible t o  
distinguish between collisional and arc-re la ted  magmat ic  
products by thei r  chemical  cha rac te r  a lone (Burke and 
Kidd, 1980). The Bruce River Group overlies a Hudsonian 
deformed t e r r ane  of Aphebian supracrustals and reworked 
Archean gneisses, conta ins  fanglomerates  ( the  Heggart  Lake 
Formation) which a r e  in terpre ted t o  have formed under a 
block-faulting regime, and includes a volcanic pile ( the  Sylvia 
Lake Formation) which appears  t o  be  t h e  surface  expression 
of the  l a t e  s tages  of a long lived (1650-1500 Ma) episode of 
post-Hudsonian magmatism. These f ea tu res  suggest t h a t  t h e  
Bruce River Group accumulated in a deposit ional basin 
formed by ver t ica l  crus ta l  movements  during post-Hudsonian 
cont inenta l  stablization. 

The peralkaline af f in i ty  of t he  Let i t ia  Lake Group 
volcanic rocks is also evidence for an extensional regime 
(Macdonald, 1975) in t h e  Paleohelikian, but  this volcanism is 
obviously not d i rec t ly  re la ted  t o  tha t  of t h e  Bruce River 
Group. 

If the  Hudsonian Orogeny in the Makkovik subprovince 
t o  t h e  north of t h e  Paleohelikian supracrustals is  a product of 
l i thospheric p la te  convergence (cf. Wardle and Bailey, 1981) 
then the  formation of t h e  Paleohelikian grani tes  and deposi- 
t ional basins in cen t r a l  Labrador may b e  re la ted  to  
postsubduction/postsuturing processes like those in t h e  a reas  
referred t o  above. 

The next  major even t  in the  development of middle 
Proterozoic  basins of cen t r a l  Labrador was the  emplacemen t  
of the  anorogenic Harp Lake Complex c i r ca  1450 Ma a g o  
(Emslie, 1980). This is just one member  of a number of such 
plutons emplaced during the  Elsonian plutonic even t  
(Emslie, 1978a). 
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Intrusion of the  Elsonian plutons was followed by rapid 
uplift  and a new period of crus ta l  a t tenuat ion.  Erosion 
exposed the  Harp Lake Complex in a new basin sys tem in 
which the  ter res t r ia l  t o  shallow water  sediments and 
subaerial  plateau basalts of Seal Lake Group accumulated 
c i r ca  1325 Ma ago. Baragar (1977) has suggested t h a t  t h e  
Seal Lake Group eruptions took place in a graben system 
re la ted  t o  a major Helikian r i f t  zone in t h e  Canadian Shield 
which paralleled the  trend of, and lay within, t h e  present 
Grenville Province. 

All Helikiar~ rocks have been affected by the  Grenvillian 
Orogeny. Generally there  is evidence of only one period of 
deformation, bu t  along t h e  southern periphery of the  
supracrustal  belt  a polyphase history is apparent ,  and 
basement  is  thrus t  over cover.  

In conclusion the  Helikian basins in Labrador r e f l ec t  two 
dis t inct  episodes of crus ta l  extension. The Paleohelikian 
s t r a t a  indicate linear crus ta l  attenuation probably associated 
with a long lived episode of post-Hudsonian granitic 
magmatism. The Neohelikian s t r a t a  may b e  remnants  of a 
more extensive r i f t  zone assemblage possibly developed in a 
zone of significant pre-Grenvillian crus ta l  separation. The 
only f ea tu re  they have in common with respect  t o  - t h e  
Grenvillian Orogeny is t h a t  both a r e  deformed by i t .  
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EVOLUTION OF EARLY PROTEROZOIC BASINS OF THE 
GREAT LAKES REGION 
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Sims, P.K., Card, K.D., and Lumbers, S.B., Evolution of early Proterozoic basins of the Great Lakes 
region; in Proterozoic Basins of Canada, F. H .  A. Campbell, editor; Geological Survey of Canada, 
Paper 81-70, p. 379-397, 1981. 

Abstract 

The two early Proterozoic supracrustal sequences of the Southern Province - one in the Lake 
Superior region, and the other extending east from Lake Huron into the Grenville Province -are 
composed of  clastic sedimentary and volcanic rocks with subordinate chemical sedimentary rocks, 
chiefly iron formation. Although of  somewhat different age, the two sequences have similar 
asymmetric patterns of stratigraphy and structure. Both sequences thicken southward; their thicker 
parts are intensely deformed, metamorphosed, and intruded locally by granitoid plutons. Except in 
the Grenville Province, the two sequences have a common tectonic setting and analogous ancestral 
sedimentary basins. 

The Proterozoic basins of the Southern Province are aligned along a zone of weakness that 
represents the boundary between late Archean greenstone-granite complexes (2750-2600 Ma) of the 
Superior Province on the north and an early Archean (3500-3000 Ma) gneiss terrane on the south. 
These two crustal segments were welded together at the end of the Archean. Though apparently 
tightly juxtaposed thereafter, the two Archean basement terranes differed vastly in tectonic 
stability. Their boundary was a hinge during deposition of  the supracrustal rocks, and a tectonic front 
during two main stages in the development o f  the early Proterozoic orogen. 

During the first stage, sedimentary basins evolved in an intracratonic setting, probably far from 
a continental margin, but possibly crossing eastward to such a margin in the Grenville Province. 
Initial rift-faulting, concentrated in a zone along and adjacent to the boundary between the two 
basement segments, probably migrated westward with time and provided sites for deposition of 
detritus shed from the inner part of the craton to  the north. During subsidence of the more mobile 
gneissic Archean crust (3500-3000 Ma) thick coalescing turbidite sheets spread southward into the 
resulting basins. The basin in the Lake Superior region also received tholeiitic and calc-alkalic 
volcanic rocks intimately intercalated with the turbidites. 

The terminal, compressional stage ended deposition. The supracrustal rocks and the gneiss 
basement were deformed together and metamorphosed under low to moderate temperature-pressure 
conditions, as a result of  widespread diapiric doming of the gneiss crust and lateral transport of this 
crustal segment and its deformed cover against the more rigid greenstone-granite crust. 

Thick, early Proterozoic supracrustal sequences of the northwestern Grenville Province were 
highly deformed, metamorphosed, and invaded by felsic plutonic rocks during early and late 
Proterozoic events. Here, deposition and subsequent orogenesis probably occurred in a continental 
margin environment. 

Les deux successions supracrustales de la province du a d ,  qui sont du dkbut du Prote'rozol'que - 
l'une situe'e duns la re'gion du lac Supe'rieur, lfautre allant du lac Huron h l'est jusqufh l'inte'rieur de la 
province de Grenville - consistent en roches clastiques d'origine s6dimen.taire et volcanique, et 
contiennent accessoirement des roches forme'es par se'dimentation chimique, en particulier des 
formations ferrif bres. Bien qu'elles soient df6ge le'ghrement d i f f k e n t ,  les deux successions 
pre'sentent une stratigraphie et une structure similaires, de caractbre asyme'trique. Elles montrent un 
e'paississement vers le sud; les couches e'paisses sont intense'ment d@forme'es, me'tamorphiskes, e t  
localement pe'ne'trdes par des plutons granitoi'des. Except4 dans la province de Grenville, les deux 
successions ont un cadre tectonique commun, et pour origine des bassins se'dimentaires analogues. 

Les bassins protkrozoi'ques de la province du Sud sont aligne's le long d'une zone tectoniquement 
fragile, qui repre'sente la limite entre les complexes granitiques et h roches vertes de la  fin de 
llArche'en (2750-2600 Ma) s i t u b  dans la province du lac ap6rieur au nord, et un terrain gneissique du 
de'but de lfArche'en (3500-3000 Ma1 situe' au sud. Ces deux segments crustaux se sont soudb l'un h 
l'autre d la fin de llArche'en. Bien qu'apparemrnent, ils soient ensuite reste's e'troitement juxtapose's, 
les deux soubassements arche'ens ont pre'sente' de grandes diffdrences de stabilite' tectonique. Leur 
ligne de se'paration constituait une charnikre pendant le de'p6t des roches supracrustales, et un front 
tectonique pendant les deux principales phases d'oroge'nbse du de'but du Prote'rozolque. 
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Pendant la p r e m i k e  phase, les bassins se'dimentaires ont e'volue' dans un cadre intracratonique, 
probablement loin d'une marge continentale, sauf dans la province de  Grenville, oli ils rejoignaient 
peut-gtre ce t te  marge continentale h l'est. Les effondrements initiaux, qui avaient principalement 
touche' une zone longeant e t  bordant la limite entre les deux parties du soubassement, s e  sont 
probablement de'place's vers l'ouest au cours des temps, e t  ont ainsi cr66 des  bassins de se'dimentation, 
oZ( se  de'posaient les de'bris issus d e  la portion interne du craton, au nord. Pendant la subsidence de  la 
crou^te arche'enne gneissique plus mobile (3500-3000 Ma), d'e'paisses nappes de turbidites ont fusionne' 
e t  se sont e'tale'es vers le sud duns les bassins ainsi forme's. Dans le bassin de la region du lac 
ape'rieur, se sont de'verse'es des roches volcaniques thole'iitiques e t  calco-alcalines, interstratifie'es 
avec les turbidites. 

La phase finale de compression a mis fin ?I la se'dimentation. Les roches supracrustales e t  le 
soubassement gneissique ont e'te' simultane'ment de'f orme's e t  me'tamorphise's en pre'sence de  
tempe'ratures et  pressions faibles h moyennes, sous l'effet d'un vaste bombement diapirique de  la 
crocte gneissique, e t  du transport late'ral de c e  segment crustal e t  de  sa couverture de'forme'e contre 
la crocte  granitique e t  h roches vertes, qui 6tait  plus rigide. 

Les 6paisses successions supracrustales datant du de'but du Prote'rozoi'que du nord-ouest de la 
province de Crenville ont e'te' fortement d6forme'es e t  me'tamorphise'es, puis envahies par des roches 
plutoniques felsiques au de'but e t  h la fin du Prote'rozoi'que. Dans ce t te  re'gion, il y a probablement eu 
se'dimentation, puis oroggnhse dans un milieu de marge continentale. 

INTRODUCTION For convenience, in this report la te  Archean and early 

Major sedimentary-volcanic sequences of early 
Proterozoic age in the Great Lakes region, the Marquette 
Range Supergroup and equivalent successions in the Lake 
Superior region, the Huronian Supergroup in the  Lake Huron 
region, and equivalent rocks in the Grenville Province, are  
aligned along strike but physically separated by the la te  
Proterozoic (Keweenawan) Midcontinent Rift System and the 
Grenville Front. The Southern Province sequences have many 
similar internal features, including asymmetrical patterns of 
stratigraphy and structure, and share a common tectonic 
setting. Both unconformably overlie Archean basement rocks 
and a re  interpreted as  having formed in analogous ancestral 
intracontinental basins. A unifying structure that  can 
account for many of the  shared features is the  boundary in 
the  basement between t h e  two Archean crustal segments that  
has been delineated in the Lake Superior region (Morey and 
Sims, 1976; Sims, 1980) and is proposed herein to  exist in the 
Lake Huron region. 

Early Proterozoic sequences of t h e  northwest Grenville 
Province suffered more prolonged, intense metamorphism, 
deformation, and plutonic activity than did their Southern 
Province counterparts. Archean basement rocks have not 
been reconnized in the Ontario Grenville except locally near 
the  northkest margin of the Province. ~ c c o r d i n g l ~ ,  a 
different tectonic regime, probably a continental margin 
environment, is postulated for the early Proterozoic 
sequences of the  northwest Grenville Province. 

The main purpose of this paper is t o  document the  
relationships between the early Proterozoic basins and the 
contrasting types of basement rocks. We contend that  the 
boundary zone between the two basement crustal segments 
not only localized initial rifting of the  crust during the early 
Proterozoic but played an active part in subsequent 
tectonism in the Southern Province. The discontinuity was 
established in the late Archean, when the two crustal 
segments were imperfectly welded together, and was 
repeatedly rejuvenated in the Proterozoic, being the  locus of 

Archean are  used as  informal terms to distinguish rocks tha t  
a re  respectively younger and older than 3000 Ma. Early 
Proterozoic refers t o  rocks that  a r e  2500 t o  1600 Ma old and 
late Proterozoic to rocks 1600 to 570 Ma. 

GENERAL GEOLOGY 

The early (1600-2500 Ma) Proterozoic supracrustal 
sequences in the  Lake Superior and Lake Huron regions 
constitute a discontinuous linear fold belt some 1300 km long 
extending from Minnesota into eastern Ontario along the  
southern margin of the  Archean Superior Province (Fig. 21.1). 
They compose the  major part of the Southern Province 
(Stockwell e t  al., 1970) of the Hudsonian foldbelt along the 
United States-Canada border on the Tectonic Map of North 
America (King, 1969) and also extend into the northwestern 
Grenville Province in Ontario. The sequences a r e  transected 
a t  both ends of Lake Superior by t h e  la te  Proterozoic 
(Keweenawan) Midcontinent Rift System, and in northeastern 
Ontario by the late Proterozoic Grenville Front tectonic 
zone, which largely obliterates the primary features of the  
early Proterozoic rocks in the Crenville Province. The 
sequences a r e  overlain t o  the  south by flat-lying 
Paleozoic strata. 

From west to east,  the sequences consist of the 
Animikie and Mille Lacs groups in Minnesota (Morey, 1978); 
the Marquette Range Supergroup in northern Michigan and 
Wisconsin; and the Huronian Supergroup in northeastern 
Ontario and rocks of comparable age in the Grenville 
Province. These s t rata  were deposited between 2500 and 
1900 Ma ago, and were subsequently deformed, meta- 
morphosed, and intruded by plutonic rocks. Except for those 
early Proterozoic rocks in the Grenville Province, the major 
tectonic event which affected these successions was the  
Penokean Orogeny (1 900-1 800 Ma). The last major tectonic 
event affecting t h e  early and late  Proterozoic rocks in 
the  Grenville Province was the  Grenvillian Orogeny 
(1200-1000 Ma). 

both regi6nal'extension and compression. It c o ~ t r o l l e d  basin The early Proterozoic sequences are  composed mainly evolution in the Southern Province in an intracratonic setting of clastic sedimentary and volcanic rocks with subordinate and extended eastward to a continental margin regime in the  chemical sediments, chiefly iron formation. They thicken Grenville Province. Because of i ts  geologic significance and southward from a thin erosional edge to a maximum of more extent,  this boundary zone has been named the  Great Lakes than km. Although in general they bear some similarities tectonic zone (Sims e t  al., 1980). to Phanerozoic geosynclinal sequences, they lack rocks char- 
acteristic of the ophiolite, synorogenic ~flysch, and post- 
orogenic molasse suites of Phanerozoic orthogeosynclines. 
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Figure 21.1. Generalized geologic map o f  the Great Lakes 
region. Modified from King (1969), with additions from 
Card (1978a), Sims (19761, and Sims et al. (1978). 

The successions begin wi th shallow water sediments and end 
with deep water sediments and volcanics, the opposite o f  
many younger geosynclinal sequences. The sediments were 
derived mainly from the adjacent Archean craton to  the 
north and consequently seem to lack the distinctive bipolarity 
characteristic of many younger geosynclines. 

The Archean rocks that compose the basement for the 
Southern Province supracrustal rocks are of two contrasting 
types, which differ in  age, rock assemblages, metamorphic 
grade, and structural style (Morey and Sims, 1976). 
Greenstone-granite complexes o f  late Archean age 
(2750-2600 Ma), typical of most o f  the southern part o f  the 
Superior Province (Peterman, 19791, underlie the northern 
parts of the basins. Migmatitic gneiss and amphibolite, in  
part about 3500 Ma old, underlie the southern part of the 
basin in  the Lake Superior region (Van Schmus and 
Anderson, 1977), and are inferred also to be present in  the 
Lake Huron region. Although gneisses of early Archean age 
are not exposed in the Lake Huron region, felsic gneiss and 
amphibolite beneath the Paleozoic cover o f  Manitoulin Island 
(see Fig. 21.7; Van Schmus e t  al., 1975a) are possible 
correlatives. The type area for the gneiss terrane is the 
Minnesota River valley in  southern Minnesota (Goldich et al., 
1961, 1970). The location o f  the boundary between the two 
basement terranes is shown in  Figure 21.3. 

LAKE SUPERIOR REGION 

The early Proterozoic sedimentary and volcanic rocks 
of the Animikie and Mille Lacs groups and Marquette Range 
Supergroup were deposited in a basin that formed some 2200 
to  1900 Ma ago (Goldich, 1973). The sequence was deformed, 
metamorphosed, and locally intruded by granitic plutons 
during the Penokean Orogeny, 1900-1800 Ma ago 
(Van Schmus, 1980). 
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Younger, post-Penokean rhyolite, coeval  
epizonal g ran i t e  (Smith, 1978; Van Schmus, 1978), 
and platform qua r t z i t e  were  deposited south of 
t h e  erosional edge  of t h e  ear ly  Proterozoic  
basinal sequence between 1765 Ma and 1500 Ma. 
A large  anorogenic grani t ic  intrusion and 
anorthosite,  t h e  Wolf River batholith, was  
emplaced in cen t r a l  Wisconsin about  1500 Ma a g o  
(Van Schmus e t  al., 1975b). 

The early Proterozoic  basin is spli t  by t h e  
Midcontinent R i f t  System (1100 Ma), ef fec t ively  
separa t ing i t  into two distinct segments.  The 
northwest segment  conta ins  t h e  sequences of t h e  
Gunflint, Mesabi, and Cuyuna iron ranges of 
Ontar io  and Minnesota, and t h e  southeast  segment  
contains those of t he  Gogebic, Marquette,  and 
Menominee ranges of northern Wisconsin and 
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zones: ( I )  a thin succession of predominantly 
sedimentary  rocks in t h e  north,  and (2) a much 
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volcanic rocks in t h e  south. Because of  t h e  virtual 
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Figure 21.6. In general,  t h e  sequences in t h e  north 
a r e  1500-2000 m thick, whereas  those in t h e  south 
locally a t t a i n  a thickness of about  9000 m (Iron 
River d is t r ic t ,  Michigan). 
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EVOLUTION OF EARLY PROTEROZOIC BASINS OF THE GREAT LAKES REGION 
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8 Dorn~nant d i rec t~on of transport 

Inferred direction of transport 
based on mineralog~c criteria 

h Local direction of transport 

A Locality referred to In text  

Figure 21.2. Inferred directions of sediment transport  f o r  
early Proterozoic clastic rocks of t he  Lake Superior region. 

Three grossly fining-upward depositional cycles  a r e  
present  in t h e  Marquet te  Range Supergroup, each of which 
began with deposition of quar tz  sands and/or conglomerate.  
In par ts  of Michigan, basin filling began with local deposition 
of conglomerate on t h e  beveled Archean basement su r face  in 
diversely oriented fault-controlled troughs (Larue and 
Sloss, 1980). Deposition continued with accumulation of 
platform sediments,  s t romatol i t ic  dolomite, and, locally, 
slate.  These deposits const i tu te  t h e  Chocolay Group 
(Table 21.1). Because of irregularit ies on the  basement  
surface  and subsequent erosion, thicknesses of t h e  deposits 
vary considerably over t h e  region, ranging from nil in t h e  
Western Marquette Range to  about  1400 rn in t h e  Menominee 
dis t r ic t  (Table 21.1). 

Rocks of this age  were  apparently not deposited in t h e  
Mesabi Range and vicinity in t h e  northern par t  of t h e  basin, 
where  s t r a t a  of t h e  younger Animikie Group rest d i rec t ly  on 
Archean basement.  In t h e  Cuyuna Range, submarine  
tholeii t ic basalt was  deposited in termit tent ly  during 
accumulation of qua r t z  sandstone and dolomite of t h e  Mille 
Lacs  Group (Table 21.1 ); deposition was terminated by mild 
uplift and erosion. 

The second cycle began with deposition of quar tzose  
sandstone followed by t h e  major iron formations of t h e  
region. These s t r a t a  const i tu te  t h e  Menominee Group in 
Michigan and Wisconsin, and t h e  lower pa r t  of t he  Animikie 
Group in Minnesota. In northern Minnesota and Ontario,  and 
in the  Cogebic Range, t he  iron formations record nearly 

contemporaneous transgressive sedimenta t ion over  the  
Archean c ra ton  (Morey, 1973). The iron formations in this 
par t  of t he  basin a r e  about 200 m thick and possibly were 
connected prior t o  Keweenawan r i f t ing (Sims, 1976). In t h e  
southern par t  of t he  basin, however, iron formations of t he  
Menominee Group di f fer  great ly  in thickness, s t ra t igraphic  
detail ,  and depositional facies,  suggesting tha t  they were  
deposited in isolated second-order troughs within t h e  larger 
basin (see, e.g. Gair,  1975). Deposition of the  second cycle 
ended during minor deformation and uplift, now recorded by a 
local unconfor rnity. 

A t  t h e  beginning of t h e  third cycle,  deposition of the  
Goodrich Quar t z i t e  and equivalent units a t  t he  base of t he  
Baraga Group (Table 21.1) ushered in a period of pronounced 
crus ta l  disturbance. This period was character ized by mafic  
to  felsic volcanism and by di f ferent ia l  subsidence t h a t  
culminated with deposition of 3000+ m of greywacke 
turbidites of t h e  Baraga Group in t h e  southern pa r t  of t h e  
basin ( James  et al., 1961). Virtually contemporaneous 
deposition of greywacke and shale  in t h e  northern pa r t  of t h e  
basin (Animikie Group) indicates some  foundering of the  shelf 
here  a s  well. These deposits accumulated di rec t ly  on iron 
formation in gradually deepening wa te r  (Morey, 1973). The 
volcanics of t he  Baraga Group in t h e  southern par t  of t he  
basin a r e  locally 3000t m thick, and lenticular. Gabbroic 
dykes and sills in northern Michigan were  emplaced at this 
t ime,  a s  subvolcanic equivalents of t h e  basalt ic lavas 
(Cannon, 1973). 

The deep  water  environment in i t ia ted  during deposition 
of t h e  Baraga Croup continued with additional accumulation 
of about  2000 m of greywacke and shale  and local lenses of 
iron format ion (Paint River Croup) in t h e  Iron River-Crystal  
Falls d is t r ic t  of t he  Menominee Range (Fig. 21.4). These 
units a r e  of l imited geographic ex ten t  and apparently were  
deposited mainly in an  oval-shaped depression about  50 km in 
maximum dimension. Sedimentation was terminated by t h e  
major deformat ional  pulse of t h e  Penokean Orogeny. 

The deposit ional pa t t e rns  of t h e  early Proterozoic 
sequences r e f l ec t  increasing crus ta l  instability and south- 
ward-prograding di f ferent ia l  downwarping. The l a t e ra l  and 
ver t ica l  fac ies  variations record a complete  transit ion f rom a 
s table  c ra ton  t o  an  unstable, deep wa te r  environment in early 
Proterozoic  t ime  (Bayley and James,  1973). 

Until t h e  l a t t e r  pa r t  of Baraga deposition, det r i tus  was  
supplied principally from exposed Archean rocks t o  the  north 
(Fig. 21.21, a s  indicated by facies  and paleocurrent pa t t e rns  
and sedimentological character is t ics  of units such a s  t h e  
Pokegama Quar tz i te ,  t h e  younger Virginia Formation, and 
their  s t ra t igraphic  equivalents in northern Minnesota and 
Ontar io  (Morey, 1973); A northerly Archean greenstone- 
grani te  provenance is also indicated by low 
init ial  8 7 ~ r / 8 6 ~ r  ra t ios  (0.705) of rocks of t h e  Virginia, Rove, 
and Michigamme formations (Peterman,  1966; wri t ten  
communication, 1978). 

However, equivalent format ions  in more  southerly par ts  
of t h e  basin were  derived in pa r t  f rom local sources. In t h e  
Cuyuna Range, t he re  is evidence for derivation of sediments  
f rom early Archean gneiss (Morey, 1978) and from a mixed- 
a g e  t e r r ane  of rocks 2500-3500 Ma old (Peterman,  1966). 
Near Marenisco, e a s t  of t h e  Gogebic Range, arkose  and 
conglomerate  at t h e  base of the  Marquet te  Range Supergroup 
(Baraga Group) contain c las ts  identical  t o  t h e  underlying 
2700 Ma granite.  Taken together,  these  f ea tu res  indicate  a 
shelf prograding into a deep wa te r  environment,  with 
increasing amounts  of c l a s t i c  debris derived f rom intrabasinal 
positive a reas  and possibly f rom i ts  southern margin. Some 
of these  positive a reas  coincide with t h e  present s i tes  of 
Archean gneiss domes. 
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Figure 21.3. Map of the Great Lakes region showing location of  boundary between Archean 
greenstone-granite and gneiss terranes. 

Deformation, Metamorphism, and Igneous Act iv i ty  

The ear ly  Proterozoic  supracrus ta l  rocks of t h e  Lake 
Superior region can be  divided into two  broad longitudinal 
zones on the  basis of contrasting styles of deformation and 
grades of metamorphism: a northern s table  cra tonic  zone 
and a southern foldbelt  (Fig. 21.5). The tec tonic  f ron t  
separa t ing t h e  two zones is marked approximately by t h e  
northern limit of penetra t ive  cleavage (Fig. 21.8A). 

North of t h e  . tectonic f ront ,  in the  s table  cra tonic  zone, 
t h e  Proterozoic  supracrustal  rocks unconformably overlie 
l a t e  Archean greenstone-granite basement and remained 
virtually undeformed and unmetamorphosed during t h e  
Penokean Orogeny (Morey, 1973; Floran and Papike, 1975; 
Hanson and Malhotra, 1971). 

South of t h e  tec tonic  front,  early Proterozoic  
supracrustal  rocks within the  foldbelt display two contras t ing 
tec tonic  styles. A broad subzone 60 to 70 km wide 
immediately south of and subparallel t o  t h e  tec tonic  f ron t  
(Fig. 21.5) is intensely deformed and character ized by a nodal 
distribution of metamorphic zones (James, 1955). South of 
this subzone is a bel t  of comparable intense tectonism, but 
with linear ra ther  than nodal pat terns  of deformation and 
metamorphism and containing mesozonal grani t ic  plutons of 
ear ly  Proterozoic  ( ~ 1 8 5 0  Ma) age  (Sims and Peterman,  1980; 
Van Schmus, 1980). All supracrustal  rocks within the  foldbelt  
a r e  presumed t o  lie unconformably on early Archean gneiss, 
a s  gneisses a r e  exposed in t h e  cores  of severa l  gneiss domes 
o r  upraised f au l t  blocks and c rop  ou t  t o  t h e  south of t h e  
erosional edge of t h e  supracrustal  rocks (Fig. 21.5). 

The northern par t  of t he  foldbelt  character ized by 
nodal metamorphism has  become t h e  "type areal1 for  t h e  
Penokean Orogeny (Cannon, 1973). Here,  ear ly  regional folds 
trending subparallel t o  t h e  tec tonic  f ront  were  modified by 
superposed folds re la ted  to diapiric gneiss domes and 
basement uplift. Nodal metamorphism of t h e  low-pressure 
type  was contemporaneous with recrystall ization and 
anatexis of t he  Archean gneiss in the  cover of t he  uplifts 
(Sims and Peterman,  1976) and was superimposed on a 
regional low g rade  metamorphism (James, 1965) developed 
during t h e  ear ly  folding (Fig. 21.8A). 

The southern zone of t h e  foldbelt  is beneath extensive  
Pleistocene cover  and deta i ls  of i t s  deformation and 
metamorphism a r e  not known. In general,  fold trends a r e  
linear but discontinuous and diversely oriented (Sims e t  al., 
1978). The deformation pat tern  is tenta t ively  in terpre ted as 
indicating sepa ra t e  regimes within di f ferent  crus ta l  blocks, 
suggesting s t rong control  by Archean basement  s t ructure .  

1 I , . - . - . .  - , - , I I I 

9 4 O  92' 90' 88' 8 6 O  

0 MILES 2 0 0  
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0 K I L O M E T R E S  3 0 0  

Figure 21.4. Proterozoic iron ranges of the Lake 
Superior region. 
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HIGHLY DEFORMED ?MAINLY SEDIMENTARY ROCKS) 

A A ,, THICK EARLY PROTEROZOIC SUPRACRUSTAL ROCKS, HIGHLY a DEFORMED, NODAL D I S T R I B U T I O N  OF METAMORPH I S  
(INTERBEDDED SEDIMENTARY AND VOLCANIC ROCKS'? 

Figure 21.5. Tectonic units o f  the Lake &perior region. Modified from King and Beikman (1974). 
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Figure 21.6. Selected stratigraphic sect ions  of ear ly  Proterozoic rocks of t he  Lake Siper ior  and Lake Huron regions. 

Depositional and Structura l  Zonation subsidence and accumulation of thick, deep  wa te r  greywacke - .  
turbidites and basal t ic  to felsic volcanics. A t  this h e ,  a 

Patterns deformation, southward-thickening sheet of greywacke shale derived 
and in the Lake f rom both northerly and internal sources  coalesced across the Superior region a r e  notably asymmetric.  The close spat ia l  basin axis, with detritus from both sources crossing it. mimicry of these  pat terns  indicates t h a t  they a r e  par t  of  a Extrusion of volcanics was confined, however, to areas tec tcnic  continuum t h a t  began with t h e  development o f  t h e  adjacent to, and south of, the tectonic front. The wide s t ructura l  basin and culminated with the  major regional disparity in thicknesses of t h e  volcanic rocks tec tonothermal  pulse of t h e  Penokean Orogeny. indicates substantial  s t ruc tu ra l  relief in t h e  basin and, 

The epicra tonic  basin developed initially through 
foundering of the  Archean craton, init iated by rift ing, along 
an eas ter ly  axis t h a t  coincided with t h e  boundary between 
the  two Archean crus ta l  segments. As t h e  basin evolved, 
adjustments along the  t r ace  of this inherited zone of 
weakness propagated vertically, leading t o  t h e  development 
of t he  postdepositional tec tonic  front.  

During t h e  early s tages  of infilling, shallow water  shelf 
fac ies  were  deposited across t h e  axis of  t h e  basis upon both 
Archean basement segments.  Contemporaneous faulting 
produced local troughs within t h e  platform t h a t  were  
diversely oriented and largely controlled by older s t ruc tu res  
in the  basement rocks (Fig. 21.4). Submarine basalt  flows 
were  extruded locally on t h e  gneiss basement  segment  during 
accumulation of c las t ic  and chemical sediments.  Pla t formal  
conditions continued, at least  around t h e  margins of t h e  
basin, during succeeding iron formation deposition, bu t  
increasing foundering in the  southern par t  developed in to  
major downwarping, concentra ted  along t h e  pre-existing 
fault-bounded troughs. Deposition of iron formation in t h e  
southern par t  of t h e  basin ceased, probably a t  somewhat  
d i f ferent  t imes  in d i f ferent  troughs, because of sl ight 
deformation. In contras t ,  deposition of iron formation in the  
northern pa r t  of t h e  basin was halted by prograding 
deposition of greywacke and shale (Morey, 1.9731, apparently 
a s  a result of  uplift of t h e  Archean greenstone-granite 
t e r r ane  to the  north and minor foundering of t h e  shelf. 
Foundering intensified in t h e  southern pa r t  of t h e  basin a f t e r  
deposition of the  major iron formations,  with local rapid 

apparently also, local sources for t h e  volcanics.  xis sting 
deep  depressions continued to  founder in t h e  closing s tages  of 
accumulation, especially in a par t  of t h e  Menominee Range, 
with deposition of c las t ic  sediments,  iron formation, and 
black pyritic, graphi t ic  shale. Sedimentation then ceased, 
before or during t h e  main pulse of deformation accompanying 
t h e  Penokean Orogeny. 

Deformation in t h e  foldbelt  involved compression 
accompanied by substantial  shortening of t h e  supracrus ta l  
sequence (Cannon, 1973) and s o m e  t ranspor t  toward t h e  
s table  craton. Adjacent t o  t h e  t ec ton ic  front,  t h e  main 
compressive phase was  followed by pronounced ver t ica l  
tectonism with the  development of diapiric gneiss domes 
caused by par t ia l  remobilization of t h e  basement rocks. 

LAKE HURON REGION 

Early Proterozoic  rocks of t h e  Lake Huron region, t h e  
Huronian Supergroup, consist  mainly of c las t ic  sedimentary  
rocks, with subordinate chemical  sediments  and local  basal 
accumulations of volcanic rocks. They were  deposited uncon- 
formably on Archean basement rocks 2500 - 2100 Ma ago, a s  
indicated by t h e  approximate  radiometr ic  ages  of t h e  
Archean granitoid basement rocks and the  intrusive Nipissing 
Diabase, respectively (Card et al., 1972; Van Schmus, 1965). 
S t r a t a  grossly corre la t ive  with t h e  Huronian Supergroup 
extend in to  t h e  Grenville Province, and a r e  now represented 
by severa l  types of high grade gneisses (Lumbers, 1975) t h a t  
have been subdivided at reconnaissance mapping scale.  
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The Huronian supracrustal rocks were deformed, meta
morphosed, and intruded by mafic and felsic igneous rocks 
during a protracted series of events extending from 2200 Ma 
to 1700 Ma. The Sudbury structure (Card and 
Hutchinson, 1972), including the Sudbury Nickel Irruptive 
(Souch et al., 1969), was formed during this interval. Later, 
anorogenic granitic plutons (about 1500 Ma old) and mafic 
dyke swarms (about 1250 Ma old) were emplaced in the 
Southern Province. 

Huronian Supergroup 

The early Proterozoic Huronian Super group consists of 
a southeastward-thickening wedge of sedimentary and 
volcanic rocks. Southeastward thicken ing and accompanying 
facies changes are neither uniform nor simple; instead, they 
occur abruptly across zones now marked by the Murray fault 
system (Fig. 21.7). Accordingly, it is convenient to discuss 
these rocks with respect to two areas: the Sault Ste. Marie
Elliot Lake area in the northwest, and the Sudbury-Cutler 
area in the southeast. Representative sections of the 
Huronian Supergroup for the two areas are given in 
Figure 21.6. A generalized diagram showing facies variations 
across the ·Murray fault system and the Grenville Front 
tectonic zone is shown in Figure 21.9. 

A 
A 

Stable cra lon 

The Elliot Lake Group, the basal unit of t he Huron ian 
Supergroup, is a heterogeneous assemblage of arkose, 
conglomerate, siltstone, greywacke, and mafic to felsic 
volcanic rocks. Lateral facies changes are particularly 
abrupt near volcan ic epicentres. In the northwest, the Ell iot 
Lake Group is about 600. m thick and consists mainly of 
coarse feldspathic sandstone with lenses of uraniferous 
quartz-pebble conglomerate (Roscoe, 1969; Frarey, 1977). 
Thin success ions of volcanic rocks, mainly tholeii tic basalt 
and mildly alkalic hawaiite, mugearite, and ankaramite occur 
at the base· of the group in the Sault Ste. Marie-Elliot Lake 
area (Bennett and Innes, 1979). In the southeast, near 
Sudbury, t he group consists of about 1500 m of tholeiitic 
basaltic lavas (Card et al., 1977) and intercalated sedi
mentar y rocks, 2000-3000 m of rhyolite, and 2000-3000 m of 
greywacke turbidites. Associated with the volcanic 
accumulations in the Sudbury-Cutler a rea are several 
layered, lopolithic gabbro-anorthosite intrusions. The McKim 
Formation displays a distinct facies variation from a thick, 
thick-bedded proximal facies greywacke turbidite sequence in 
the southeast to a thin, thin-bedded distal facies si ltstone
argillite sequence in the northwest. Possibly the McKim 
represents a flyschoid facies der ived from a positive element 
to the south or east. 
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ARCHEAN 

FFISIC plutonic rocks 
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Figure 21.9. Diagrammatic cross-section and map  showing 
s t ra t igraphic  fac ies  variations of early Proterozoic 
supracrustal  sequences across  the  Murray f a u l t  and Crenville 
Front  zones,  near  S d b u r y ,  Ontario.  

The overlying Hough Lake and Quirke Lake groups 
(Fig. 21.6) const i tu te  two major sedimentary cycles. Each 
consists of a lower conglomeratic unit, a middle shaly unit, 
and an upper sandstone. Typically, t he  conglomerates  a r e  
thin,  massive, or coarsely in ters t ra t i f ied  sheets  of pebbly 
mudstone and wacke. Shaly units consist of thin-bedded 
s i l t s tone and thick-bedded greywacke turbidites. Sandstones 
a r e  crossbedded, characterist ically quartz- and feldspar-rich 
and form thick wedges. Both Hough Lake and Quirke Lake, 
and thei r  contained formations,  thicken markedly southward. 
The combined thickness of t h e  two  groups is abou t  1500 m in 
the  northwest and about  6000 m in t h e  southeast .  
Southeastward thickening of individual sandstone format ions  
is accompanied by a re la t ive  increase  in shaly material .  For 
example,  t he  Mississagi Formation is approximately 600 m 
thick in t h e  northwest and consists of coarse  grained, cross- 
bedded feldspathic sandstone. In the  southeast  it is a s  much 
a s  3000 m thick and consists of regular a l ternat ions  of 
sandstone and sil tstone with minor carbonate-rich units. 

The Cobalt  Group, which comprises t h e  upper par t  of 
t h e  Huronian Supergroup, consists of a heterogeneous 
assemblage of conglomerate,  si l tstone, greywacke, and sil ty 
arkose (Gowganda Formation); a thick succession of arkose 
and or thoquar tz i te  (Lorrain Formation); a thin unit  of vari- 
coloured sil tstone and fine sandstone, locally containing 
gypsum and anhydrite (Gordon Lake Formation); and an  upper 
unit of or thoquar tz i te  and hemat i t ic  s i l t s tone (Bar River 
Formation). The preserved Cobalt  Group has a maximum 
thickness of about  3500 m in t h e  northwest and abou t  5000 m 
in the  Sudbury-Cutler area .  The con tac t  between t h e  Cobalt  
Group and underlying s t r a t a  is commonly a disconformity. 
Locally, in the  more northerly par ts  of t he  basin, i t  is an  
erosional unconformity, indicating local t ec ton ic  ac t iv i ty  
between deposition of t h e  two  par ts  of t h e  Huronian 
Supergroup. 

Abrupt changes in s t ra t igraphic  thickness and 
depositional fac ies  occur  near  t h e  Grenville Front  t ec ton ic  
zone (Fig. 21.9). Southeast  of Sudbury, t he  lower hal'f of t h e  
Huronian Supergroup thickens toward t h e  Crenville Province. 
Most of this thickening occurs  in the  McKim and Mississagi 
formations.  In contras t ,  o ther  formations,  for example  t h e  
Espanola and Serpent,  thin markedly near t h e  Grenville Front  
(Card et al., 1977). Also, a s  shown diagrammatically in 
Figure 21.9, greywacke turbidites thicken markedly across 
t h e  f ront  a t  t h e  expense  of qua r t z  sandstone. Thus, t h e  
Grenville Front t ec ton ic  zone coincides with an  abrupt  
transit ion f rom mainly shallow wa te r  t o  deep  wa te r  
depositional environments.  

Near the  Grenville Front  northeast  of Sudbury, t he  
lower pa r t  of t h e  Huronian Supergroup pinches out,  
suggesting t h a t  prior t o  deposition of the  Cobalt  Group a 
posit ive a rea  existed in this region along t h e  northwestern 
margin of t h e  Grenville Province. This positive e l emen t  may 
have formed concurrently with t h e  emplacement  of maf ic  
dyke swarms in t h e  Archean rocks of this area .  

Summary o f  Deposit ional Environments 

The rocks in the  lower pa r t  of t h e  Huronian Supergroup 
a r e  in terpre ted a s  having been deposited during a ser ies  of 
major regressive marine cycles  controlled by syndepositional 
fault ing and di f ferent ia l  movements of basement  blocks. 
Each cycle  began with normal faulting, subsidence, and a 
sudden increase  in paleoslope and water  depth t h a t  tr iggered 
submarine debris flows, result ing in the  deposition of the  
conglomerate  units (Ramsay Lake and Bruce formations). 
These events  were  followed by the  deposition of wacke and 
sil tstone under relatively deep  wa te r  conditions, in par t  by 
turbidity currents  (McKim and Pecors  formations). As basin 
infilling brought about a return to  shallow wa te r  conditions, 
crossbedded sandstones were  deposited (Mississagi and 
Serpent  formations). 

The upper par t  of t h e  Huronian Supergroup, t h e  Cobalt  
Group, can be  character ized a s  a c l a s t i c  wedge consisting of 
a lower assemblage of coa r se  c las t ic  debris grading upward 
into shallow-water sandstone. There is evidence t h a t  t h e  
rocks of t h e  Gowganda Formation were  deposited by glacial  
and glacial-related processes (Lindsey, 197 1). 

Pet rographic  and paleocurrent d a t a  for t he  Huronian 
Supergroup, mainly f rom sandstone units, indicate  t h a t  t h e  
sediments  were  derived primarily f rom Archean basement to  
t h e  north and were  deposited by generally south-flowing 
cu r ren t s  (Fig. 21.10). Most formations show a distinctly 
polymodal pat tern ,  in terpre ted a s  an  in teract ion between 
southward-flowing contributory cu r ren t s  and east-west 
redistributing cu r ren t s  (Palonen, 1973). Exceptions to  this 
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Figure 21.10. Generalized map of the Lake Huron region 
showing inferred directions of sediment  transport  fo r  early 
Proterozoic c las t ic  rocks. 

general pat tern  have been noted near the  Grenville Front,  
where crossbedding in t h e  Mississagi and Serpent format ions  
records westward-flowing paleocurrents (Long, 1976). 

Deformation, Metamorphism, and Igneous Activity 

Early Proterozoic rocks in the  Lake Huron region show 
systemat ic  differences in intensity and s ty le  of deformation, 
regional metamorphism, and igneous activity tha t  conform 
generally to  the  asymmetr ic  depositional pattern.  Changes 
a r e  most abrupt  and notable across t h e  Murray faul t  sys tem,  
and the  contrasting pat terns  a r e  bes t  discussed with respect  
t o  t h e  two  a reas  mentioned earlier:  Sault Ste. Marie-Elliot 
Lake and Sudbury-Cutler. 

The Murray faul t  system marks an abrupt  transit ion 
f rom relatively thin, l i t t le  deformed, l i t t le  metamorphosed 
supracrustal  rocks in t h e  northwest t o  relatively thick, highly 
deformed, highly metamorphosed rocks in t h e  southeast .  
Murray faults,  as shown in Figures 21.8 and 21.10, dip s teeply  
southward and form an anastomosing east-trending sys tem 
which records several episodes of movement.  Early 
movement,  indicated by abrupt thickening of format ions  of 
t h e  Huronian Supergroup across the  zone, was  dominantly 
dip-slip, with the  south side down. Later ,  a f t e r  deposition of 
t h e  Huronian Supergroup and intrusion of t h e  Nipissing 
Diabase and Sudbury Irruptive, reverse dip-slip and right- 
la tera l  strike-slip movements resulted in separations up t o  
3000-5000 m on some structures.  The repeated movements,  
g rea t  displacements, and continuity of t h e  faul t  sys tem 
indicate t h a t  a major crus ta l  s t ructure  is represented. 

Early Proterozoic  tectonism in the  Lake Huron region 
was prot racted and occurred e i ther  in pulses or 
in termit tent ly  f rom about 2200 Ma t o  1700 Ma. I t  was  
renewed sti l l  la ter  during major deformation of the  Grenville 
Province. Folding of t h e  supracrustal  rocks began prior t o  
emplacement  of t h e  Nipissing Diabase (2160Ma;  
Van Schmus, 1965; Fairbairn et al., 1969). Folding was  
accompanied or  succeeded by t h e  emplacement  of small  
grani t ic  plutons, t he  Creighton and Murray Granites (about 
2200 Ma; Gibbins and McNutt, 1975). Following emplacement  
of t he  Nipissing Diabase, fur ther  deformation, regional meta-  
morphism and igneous intrusive ac t iv i ty  occurred during t h e  
1950-1700 Ma interval. Deformation both preceded and 

followed emplacement  of t h e  Sudbury Irruptive (1840 Ma; 
Krogh and Davis, 1974). The Killarney plutons (1700 Ma and 
1500 Ma; Krogh et al., 19711, a group of composi te  grani t ic  
intrusions along t h e  Grenville Front  (Fig. 21.7), were  
emplaced a f t e r  t h e  main ear ly  Proterozoic  deformation and 
metamorphism within t h e  Southern Province but  prior t o  t h e  
l a t e  Proterozoic  deformation and metamorphism in t h e  
Grenville Province (Lumbers, 1975; Card,  1978a). The Cut ler  
pluton (1750 ma; Wetherill et al., 1960) cu t s  previously meta-  
morphosed and deformed Huronian rocks but  was  a f f ec t ed  by 
s t i l l  la ter  deformation (Cannon, 1970). 

Huronian s t r a t a  in t h e  Sault  Ste. Marie-Elliot Lake 
region a r e  flat-lying or gent ly  folded (Fig. 21.8). Folds a r e  
open, upright concentr ic  s t ruc tu res  with gent le  but variably- 
plunging hinges. Regionally, fold t rends  a r e  variable and 
minor t ec ton ic  s t ructures  a r e  weakly developed. 
Metamorphic grade is low and has  been t e rmed  
subgreenschist fac ies  (Card, 1978b). 

In t h e  Sudbury-Cutler a r e a  t o  t h e  southeast ,  
supracrustal  rocks a r e  moderate ly  to  intensely deformed in to  
open t o  subisoclinal, f la t tened "buckle folds" wi th  upright t o  
slightly overturned axial  surfaces.  Fold hinges plunge 
moderate ly  and reversals in plunge a r e  common, yielding 
e longate  basins and domes. The folds trend e a s t  t o  northeast ,  
subparallel  t o  t h e  Murray f au l t  system. Pene t r a t ive  axial  
plane c leavage is generally well  developed and is 
accompanied by a steeply plunging rodding or mineral 
lineation. O the r  planar fabrics,  including early bedding-plane 
foliation and l a t e  strain-slip cleavage, a r e  present.  

Near t h e  Grenville Province, l a t e  Proterozoic  
cataclasis,  mylonitization, and accompanying recrystal-  
lization, re la ted  t o  t h e  Grenville Front  t ec ton ic  zone, a r e  
superimposed upon t h e  major folds described above. Near t h e  
Grenville Front  boundary f au l t  t h e  supracrustal  rocks have 
been refolded about  southeast-dipping axial  planes, which 
subparallel  t h e  boundary f au l t  (Lumbers, 1978). 

Metamorphism of supracrus ta l  rocks in t h e  southeas t  is  
moderately intense and ranges from low greenschist  t o  low 
amphibolite fac ies  (Card, 1964, 1978b). Higher g rade  meta-  
morphic rocks contain s taurol i te ,  andalusite,  and kyanite- 
bearing assemblages and occur in two northeast-trending 
zones (Fig. 21.111, one immediately south of and parallel  t o  
the  Murray f au l t  sys tem and the  other  nor thwest  of t h e  
Grenville Front  tec tonic  zone. Within each zone, t h e  highest 
grade rocks have a nodal distribution pat tern .  The northern 
zone of high grade metamorphism coincides with an  ant i -  
clinorium; t h e  southern zone with a ser ies  of major 
anticlines. Intervening lower g rade  rocks coincide with major 
synclinoria in the  supracrustal  rocks. In detail ,  however, 
metamorphic  isograds t r ansec t  fold axes. Higher grade 
metamorphism ei ther  was superimposed on previously folded 
rocks o r  continued a f t e r  t h e  ear ly  major folding. 

The main regional metamorphism culminated a f t e r  
intrusion of t h e  Nipissing Diabase (2150 Ma) and prior t o  
emplacement  of t he  Sudbury Irruptive (1840 Ma). 
Radiometr ic  a g e  dating of Huronian metasedimentary  rocks 
indicates t h a t  t he  metamorphic  culmination occurred a t  
about  1900 Ma (Fairbairn et al., 19691, a t  approximately t h e  
same  t i m e  a s  the  Penokean metamorphic  culmination in the  
Lake Superior region (Van Schmus, 1976). 

Deposit ional and St ruc tu ra l  Zonation 

Asymmetr ic  pat terns  of deposition, deformation, me ta -  
morphism, and felsic plutonic ac t iv i ty  in t h e  Lake Huron 
region r e f l ec t  persistent t ec ton ic  environments throughout 
t h e  ear ly  Proterozoic.  In t h e  northwest,  a s table  cra tonic  
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environment existed throughout deposition of t h e  supra- 
crus ta l  rocks. In the  southeast ,  however, relatively unstable 
conditions persisted from the  beginning of deposition through 
subsequent tec tonic  events. The demarcation between these  
two contrasting tec tonic  zones, t he  Murray f au l t  system, was 
a hinge line during deposition and a tec tonic  f ront  
during deformation. 

During early s tages  of basin filling, t h e  Murray faul t  
sys tem was tectonically active. Several thousand me t re s  of 
maf ic  and felsic volcanic rocks were  deposited along and 
immediately south of t h e  faul t  zone. Volcanism was 
accompanied by emplacement of layered gabbro-anorthosite 
complexes, which intruded t h e  Archean grani t ic  rocks 
underlying the  northern par t  of t he  basin (Card, 1978a). 
Succeeding sheets  of c las t ic  sediments were  deposited across 
the  faul t  zone, each thickening substantially into the  
southern par t  of t h e  basin. This pat tern  of i n t e rmi t t en t  
t ec ton ic  ac t iv i ty  and wedge-shaped depositional units 
persisted through t h e  remainder of lower Huronian 
deposition. During la ter  s tages  of deposition (Cobalt Group), 
tec tonism across t h e  hinge line abated, and sediments spread 
across i t  without conspicuous changes in thickness. 

Throughout deposition, det r i tus  continued t o  be  supplied 
f rom t h e  Archean rocks to  the  north, but a t  t imes  c las t ic  
mater ia l  f rom a southerly or eas ter ly  source  was supplied t o  
t h e  basin. 

Asymmetric deformation and metamorphic pat terns  in 
t h e  Lake Huron region indicate t h a t  during t h e  early 
Proterozoic  the  basement south of t h e  Murray faul t  system 

The location of the  boundary between t h e  gneiss and the  l a t e  
Archean greenstone-granite ter rane ,  exposed north of t h e  
Huronian sequence, is somewhat uncertain.  We propose tha t  
t he  basement boundary in t h e  Cut ler  a r e a  (Fig. 21.10) 
coincides with the  Murray f au l t  because of t h e  abrupt  change 
in tec tonic  s ty le  on e i ther  side of t h e  fault .  Eas t  of 
Espanola, t h e  location is less cer ta in  but t he  boundary may 
coincide with t h e  faul ts  t h a t  t raverse  t h e  Sudbury s t ruc tu re  
or  with another fault  t r a c e  nearer  t he  north shore of Lake 
Huron (Fig. 21.7). 

GRENVILLE PROVINCE 

The thickest accumulation of ear ly  Proterozoic  rocks in 
Ontario occurs within t h e  northern par t  of t he  Grenville 
Province, e a s t  of t h e  Sudbury Nickel Irruptive (Fig. 21.12). 
At leas t  some of these  rocks were  deposited contem- 
poraneously with those  in t h e  lower par t  of t h e  Huronian 
Supergroup (Lumbers, 1978). A younger sequence of 
supracrustal  rocks, l a t e  Proterozoic in age ,  is present  in the  
southern par t  of t h e  Grenville Province of Ontario.  

Metamorphism and plutonic ac t iv i ty  were  more  
prolonged and intense in t h e  Grenville Province than in t h e  
Proterozoic basins of t h e  Southern Province, and accordingly 
i t  represents a profoundly di f ferent  orogenic regime than 
t h a t  in the  Southern Province. Tectonism culminated 
between 1300 Ma and 1000 Ma, when nearly all  t h e  
supracrustal  and plutonic rocks were  converted into highly 
recrystall ized and deformed gneiss (Grenvillian Orogeny, 
Stockwell et al., 1970). 

was more  mobile than t h e  basement to  t h e  north. By analogy In Ontar io  and for an unknown dis tance  northeastward with the  Lake Superior region, we suggest t h a t  this southern 
mobile basement is composed in par t  of early Archean gneiss. into Quebec, t h e  northwest boundary of t h e  Grenville 

Province is defined by the  Grenville Front  boundary fault ,  

8 4' 83' 82' 81' 

Figure 21.11. Metamorphic zones in the Lake Huron region. 



P.K. Sims, K.D. Card, and S.B. Lumbers 

L E G E N D  
PHANEROZOIC 

n Unsubdivided Paleozoic sedimentary rocks 

PRECAMBRIAN 
CRENVILLE PROVINCE 

L a t e  Proterozoic  

Alkalic plutonic rocks 

( Unsubdivided plutonic rocks 

Metavolcanics 

Carbonate  and o the r  metasediments  

Coarse c las t ic  sequence 

UNCONFORMITY 
Algonquin batholith (unsubdivided) 

Early Proterozoic  I 
[mm Unsubdivided plutonic rocks 

Shallow to  deep  wa te r  metasandstone and other  metasediments  

Deep water  turbidi te  deposits (mainly greywacke-sil tstone) 
- 

Gneissic metasediments derived f rom t h e  Huronian Supergroup 

Coarse c las t ic  sequence 
UNCONFORMITY 

Archean 

Gneissic Archean plutonic and supracrustal  rocks 

CRENVILLE AND SUPERIOR PROVINCES I 
Unsubdivided early Proterozoic  rocks of t h e  Southern Province 1 
Unsubdivided Archean rocks of  t h e  Superior Province 

O Miles 'f 
b Km. 8b 

Figure 21.12. , Generalized geologic map of 
the Grenville Province in Ontario. 

which sepa ra t e s  high g rade  gneisses of t h e  
Grenville Province f rom re la t ively  low grade rocks 
of t h e  Superior and Southern Provinces (Fig. 21.12). 
This faul t  is near t h e  northwest margin of t h e  
Grenville Front  t ec ton ic  zone, a s t ruc tu ra l  zone as 
much as 30 km wide t h a t  i s  superposed on older 
s t ruc tu res  of t he  adjacent  Southern,  Superior, and 
Grenville provinces. The zone is  character ized by 
a northeast-trending ca t ac l a s t i c  foliation and a 
prominent southeast-plunging rodding. I ts  
boundaries a r e  gradational,  and visible ca taclas is  
extends  as much as 6 km into  t h e  adjacent  
Southern and Superior provinces. In these  t w o  
provinces, all  rocks near t h e  faul t  a r e  intensely 
deformed,  metamorphosed, and generally slightly 
overturned toward t h e  nor thwest  by relatively 
t ight  northeast-trending folds. Although t h e  
Crenville Front  tec tonic  zone ref lec ts  a long 
history, probably beginning in t h e  l a t e  Archean, t h e  
las t  major deformat ion occurred in t h e  interval 
1200 Ma t o  900 Ma ago  (Lumbers,, 1975, 1978). 

Early Proterozoic  Supracrus ta l  Rocks  

Supracrustal  sequences in the  northern par t  
of t h e  Grenville Province in Ontario were  
deposited between 2500 Ma and 1800 Ma 
(Lumbers, 1975, 19781, and consist  mainly of 
c las t ic  siliceous rnetasedimentary rocks. Near the  
northwest margin of t h e  province these  rocks 
l ie  unconformably on Archean grani t ic  
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rocks tha t  extend into the  Grenville Province f rom t h e  
Superior Province. The base of t he  accumulation is a coarse  
c l a s t i c  succession (Fig. 21.9). Southeastward, this coa r se  
fac ies  grades in to  thinly bedded, medium grained greywacke 
and argil l i te of deep water  affinity preserved in a linear 
depression or trough along the  northwestern margin of t h e  
Grenville Province. Recent  mapping (Lumbers, 1975) has 
shown t h a t  t hese  early Proterozoic metasedimentary rocks in 
t h e  Grenville Province a re  probably corre la t ive  with a t  least  
par t  of t h e  Huronian Supergroup. South of t he  Sudbury - .  

Nickel Irruptive, sandstone of the  Mississagi Formation 
grades  laterally southeastward into a succession dominated 
by greywacke and argil l i te which appears t o  be  contiguous 
with the  greywacke succession in the  Grenville Province. 
The facies  change occurs within t h e  Grenville Front tec tonic  
zone across t h e  Grenville Front boundary fault .  

South of t h e  metasedimentary rocks in the  trough, thick 
successions of impure sandstone contain several units of 
moderately to well-sorted arkose, subarkose, or thoquar tz i te ,  
aluminous clay-rich material ,  and iron formation. These 
s t r a t a  a re  intruded by granitic rocks a s  old a s  1800 Ma, 
indicating t h a t  they also a r e  early Proterozoic  in age. The 
a g e  of  these  metasediments re la t ive  t o  those  in the  trough is  
not definitely known. If they a r e  a par t  of t he  trough 
sequence, they mark a significant change in t h e  paleo- 
geography of the  developing early Proterozoic  basin. 
Alternatively,  they could represent a somewhat younger early 
Proterozoic  sequence deposited over t h e  deep water  fac ies  in 
t h e  trough. 

Deformation, Metamorphism, and Igneous Act iv i ty  

The tectonic-metamorphic history of rocks in t h e  
Grenville Province is not known in deta i l  because t h e  l a t e  
Proterozoic high grade regional metamorphism has masked 
evidence of ear l ier  events. Nevertheless, t h e  exis tence  of 
early,  gneissic grani te  pegmat i te  dykes in metasedimentary  
rocks in t h e  trough and in the  Grenville Front t ec ton ic  zone 
suggests t h a t  t h e  early Proterozoic supracrustal  rocks near  
t h e  northwest margin of t h e  province were  metamorphosed 
contemporaneously with t h e  Huronian rocks of t h e  Southern 
Province, between 2160 Ma and 1800 Ma ago  (Lumbers, 1978). 
The pegmat i t e  dykes a r e  older than t h e  grani te  plutons t h a t  
were  emplaced between 1800 Ma and 1500 Ma in t h e  early 
Proterozoic supracrustal  rocks. Early Proterozoic me ta -  
morphism varied in intensity but  probably rarely exceeded 
the  t empera tu re  and pressure conditions of t h e  lower 
almandine-amphibolite facies. La te  Proterozoic regional 
metamorphism produced mineral assemblages in th is  pa r t  of 
t he  province indicative of middle t o  upper almandine 
amphibolite facies. During l a t e  Proterozoic  metamorphism, 
the  Algonquin batholith, which cu t s  ear ly  Proterozoic  rocks 
and was emplaced between 1460 Ma and 1400 Ma (Krogh and 
Davis, 1969a, b), was  react ivated and diapirically intruded 
into the  overlying rocks, a s  were  severa l  other granitoid 
bodies (Schwerdtner and Lumbers, in press). Diapirism 
caused most of t h e  tec tonic  deformation within t h e  
batholithic rocks and produced recumbent folds in the  
adjacent  supracrustal  rocks. 

The youngest tectonism recognized in the  Grenville 
Province was movement along t h e  Ottawa-Bonnechere graben 
(Fig. 21.31, which crosses the  northern par t  of t h e  Grenville 
Province in Ontario and possibly joins t h e  Murray faul t  
sys tem south of Sudbury. The graben probably was init iated 
in Archean t ime,  and the  par t  of i t  eas t  of Lake Nipissing has 
remained ac t ive  t o  t h e  present t ime. 

Early Proterozoic intrusive rocks include gneissic maf ic  
dykes and sills, possibly corre la t ive  with t h e  Nipissing 
Diabase in t h e  a rea  near t h e  Grenville Front  boundary f au l t  

south and east of Sudbury, and abundant 1800 t o  1600 Ma old 
grani t ic  plutons. Most of t he  remaining intrusions belong t o  
t h e  anorthosite sui te  and a r e  composed mainly of qua r t z  
monzonite and syeni te  with local anorthosit ic and tonal i t ic  
rocks. The largest  of these,  t he  Algonquin batholith,  is 
probably pa r t  of a major su i t e  of 1500 t o  1400 Ma old 
anorogenic intrusions t h a t  extends  from Labrador t o  
California (Silver et al., 1977). 

Discussion of Stra t igraphic  and Tectonic  Fea tu res  

The evolution of t h e  Grenville Front  t ec ton ic  zone 
began in l a t e  Archean or early Proterozoic  t ime,  when the  
trough now containing t h e  ear ly  Proterozoic  supracrus ta l  
rocks formed. A substantial  thickening of t h e  lower pa r t  of 
t he  early Proterozoic  sequence and a change to  deep wa te r  
fac ies  coincide with t h e  position of t h e  trough, indicating 
tha t  i t  was a significant paleogeographic f ea tu re  in t h e  
developing Proterozoic  basin. The submarine,  predominantly 
deep water  c las t ic  rocks in t h e  trough were  derived f rom t h e  
Archean t e r r ane  to the  north and were  deposited approxi- 
mate ly  synchronously with t h e  lower pa r t  of t h e  Huronian 
Supergroup to t h e  west.  

Subsequent t o  i t s  infilling, t h e  trough influenced t h e  
location and development of t h e  Grenville Front t ec ton ic  
zone and was  the  locus of Proterozoic  regional me ta -  
morphism, plutonism, and o the r  t ec ton ic  ac t iv i ty ,  which 
culminated in the  formation of the  present t ec ton ic  zone 
between 1200 and 1000 m a  ago. Ca tac l a s t i c  deformat ion 
within the  tec tonic  zone culminated during high grade 
regional metamorphism in t h e  Grenville Province and 
continued on a diminished scale  into t h e  waning s t ages  of this 
metamorphism. The boundary faul t ,  which sepa ra t e s  gneissic 
rocks of t h e  Grenville Province f rom ca tac l a s t i c  rocks of t h e  
Southern and Superior provinces, was a zone of in tense  
deformation with l i t t l e  apparent  strike-slip and only minor 
dip-slip components (Lumbers, 1975). During l a t e  
Proterozoic  tec tonism,  rocks of t he  Grenville Province were  
f la t tened against  t h e  s t ab le  c ra ton  t o  t h e  west  and nor thwest  
and were  transported upward with respect  t o  t h e  s t ab le  
craton. Although rocks in t h e  Grenville Province and t h e  
adjacent  cra tonic  zone underwent considerable s t r a in  near  
the  boundary faul t ,  ver t ica l  slip on t h e  faul t  was  relatively 
small, at most  a few kilometres.  Accordingly, t h e  boundary 
faul t  also marks  a the rma l  boundary t o  t h e  hea t  influx in to  
rocks of the  Grenville Province during l a t e  Proterozoic  
regional metamorphism. 

Except for t he  l a t e  Archean grani te  exposed along the  
Grenville Front  t ec ton ic  zone nor theas t  of Sudbury 
(Fig. 21.121, which extends  a short  d is tance  into the  Grenville 
Province, Archean basement  rocks a r e  not exposed in t h e  
Grenville Province in Ontario.  If t h e  ear ly  Proterozoic  rocks 
had been deposited on Archean basement,  a s  w e  propose for 
t h e  basins t o  t h e  west,  ear ly  Archean gneiss probably would 
have been brought to  t h e  surface ,  a t  leas t  locally, during t h e  
diapiric uplift  of t he  Algonquin batholith and o the r  granitoid 
bodies in l a t e  Proterozoic  t ime. In t h e  absence of such 
basement rocks, we suggest t h a t  t he  early Proterozoic  rocks 
possibly were  deposited on a cont inenta l  margin. 
Paleomagnetic measurements  of rocks in t h e  Grenville 
Province a r e  not useful a t  this t ime  in reconstructing t h e  
paleotectonic  environment because of t h e  l imited accuracy 
of available pole determinat ions  (Roy and Robertson, 1979). 

TECTONIC ENVIRONMENT OF THE 
GREAT LAKES REGION 

Early Proterozoic  supracrustal  sequences of t h e  Grea t  
Lakes region, although physically separa ted by major 
s t ruc tu ra l  e l emen t s  and Phanerozoic cover rocks, have many 
common features .  They a r e  of t he  s a m e  general  age  
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(2500-1800 Ma), form a linear bel t  south of t he  Archean 
Superior Province, and were  variably a f f ec t ed  by Proterozoic 
orogenic events. They also display differences,  variations in 
internal stratigraphy, s t ructura l  style,  and metamorphism, 
t h a t  a re  probably a t t r ibutable  to differences in tec tonic  
se t t ing and especially to  differences in t h e  nature  of t h e  
basement upon which they were  deposited. 

The early Proterozoic basins were  init iated by crus ta l  
extension (rifting) t h a t  occurred in a cra tonic  se t t ing in the  
Southern Province and a continental  margin se t t ing in t h e  
northwest Grenville. A cra tonic  environment for 
accumulation of ear ly  Proterozoic rocks in t h e  Southern 
Province is indicated by the occurrence of Archean basement 
surrounding and within t h e  basins in t h e  Lake Superior region 
(Fig. 21.3). In the  Lake Huron region, l a t e  Archean rocks 
form the  basement to the  north, and an early Archean gneiss 
basement to  t h e  south is inferred from similarit ies in 
tectono-stratigraphic pat terns  to  the  Lake Superior region. 
In contrast ,  Archean basement rocks, or  indeed basement of 
any kind, is essentially absent  in t h e  northwest 
Grenville Province. 

We have shown t h a t  abrupt  changes in stratigraphic and 
tec tonic  pat terns  in the  Southern Province approximately 
coincide with t h e  boundary between two  Archean basement 
ter ranes  delineated in t h e  Lake Superior region and proposed 
t o  exist in the  Lake Huron region. This basement boundary 
consti tuted a zone of weakness t h a t  was t h e  primary control 
for localizing the  early Proterozoic basins. Faulting resulting 
f rom crus ta l  extension was localized along t h e  boundary, and 
t h e  faulting, together  with subsequent subsidence of t h e  
gneissic crustal  segment,  produced the  traps required for 
accumulation of sediments derived f rom t h e  cra ton t o  the  
north. Faulting along t h e  boundary and subsidiary f r ac tu re  
zones controlled volcanism during evolution of t h e  basin by 
tapping subcrustal  magma sources. 

The basement also had a secondary control on 
deposition and deformation, a t  leas t  in t h e  Lake Superior 
region. In the  early s tages  of infilling, local, generally 
elongate,  fault-bounded troughs developed subparallel  t o  pre- 
existing basement s t ructures  (James et al., 1961; 
Cannon, 1973). These troughs received substantially thicker 
deposits of c las t ic  and chemical sedimentary  mater ia l  than 
did intervening platforms (Larue and Sloss, 1980), and 
subsequently these rocks were deformed by uplift of t h e  
bounding Archean rocks. As a consequence, folds a r e  
diversely oriented throughout most of t he  Lake Superior basin 
known or inferred t o  be  underlain by Archean gneiss. 

The boundary between the  two Archean basement 
ter ranes  played an important  role in controlling pat terns  of 
deformation, metamorphism, and igneous intrusive ac t iv i ty  
during subsequent orogenesis. The boundary approximately 
marks the  northern l imit  of penetra t ive  compressive 
deformation, of early Proterozoic felsic plutons, and of influx 
of metamorphic heat.  The asymmetr ic  pat terns  of 
deformation and metamorphism mimic t h e  previously 
established depositional patterns.  

Van Schmus (1976) interpreted t h e  evolution of the  
early Proterozoic sequences of the  Grea t  Lakes region in 
terms of deposition on a passive continental  margin and in 
foreland or back-arc basins, followed by subduction of 
oceanic crust  beneath the  continental  margin along a north- 
dipping subduction zone. Cambray (1978) in terpre ted t h e  
ear ly  Proterozoic of t h e  Lake Superior region a s  deposition 
on a rif ted continental  margin followed by continent- 
continent collision along a south-dipping subduction zone. 

Available d a t a  a r e  not adequate  to  d iscr iminate  between an 
in t racra tonic  environment,  a s  w e  favour,  or a cont inenta l  
margin environment for t h e  Southern Province sequences. 
We consider, however, t h a t  a cont inenta l  margin environment 
was most likely for the  early Proterozoic  of t he  northwest 
Grenville Province. Furthermore,  if Penokean tec togenesis  
was  the  resul t  of p la te  collision, t he  suture  must lie 
somewhere to t h e  south of t h e  region under discussion. 

We propose tha t  t he  t ec ton ic  process operative when 
the  Southern Province basins were  formed was  unique t o  t h e  
ear ly  Proterozoic  and probably was  res t r ic ted  to  t h e  t i m e  
interval during which the  oldest  sedimentary  basins were  
formed on the  Canadian Shield. There  is no evidence t h a t  
r if t ing proceeded t o  t h e  s t age  where  oceanic  crus t  developed 
between disrupted crus ta l  segments  or t h a t  t h e  compressional 
s t age  involved subduction. Instead, during evolution of t h e  
basins t h e  two crus ta l  segments  seem to have been t ightly 
juxtaposed, ye t  they exhibited vastly d i f ferent  t ec ton ic  
stabilities. The contrasting mobility of t h e  two basement 
ter ranes  resulted from a thermal  regime t h a t  produced 
diapiric reactivation, uplift and, probably, expansion of t h e  
gneiss ter rane ,  accompanied by some  l a t e ra l  transport  of this 
crus ta l  segment  against the  more rigid greenstone-granite 
crust .  For whatever  reason, t h e  gneissic c rus t  retained i t s  
hea t  flux resulting f rom the  decay of radio-elements, possibly 
augmented by abnormal subcrustal  h e a t  flow, during ear ly  
Proterozoic  t ime,  whereas  t h e  greenstone-granite crus t  was  
depleted in lithophile e lements  by t h e  end of t h e  Archean. 

In addition t o  visible diapirism and other  evidence of 
deformation, rejuvenation of t h e  Archean gneissic basement ,  
culminating 1900-1 800 Ma ago, is  indicated by widespread 
cataclas is  in t h e  gneisses, severa l  mylonite zones, s t rong 
disturbance of isotopic sys tems (Peterman e t  al., 1980; 
VanSchmus,1976),  and minor anatexis  (Sims and 
Peterman,  1976). At least  locally in the  orogen, Archean 
s t ructures  in t h e  gneisses were  nearly obl i tera ted  by 
t h e  Penokean deformation (Maass et al., 1980). Such 
transposition of Archean s t ructures  apparently was most  
prevalent in t h e  southernmost par t  of t he  basin, which 
underwent t h e  g rea te s t  d i f ferent ia l  uplift. 

The pat tern  of early Proterozoic  tec tonism indicated in 
t h e  Grea t  Lakes region has  counterpar ts  in o ther  shield areas ,  
notably in South Africa and Western Australia. In these  
regions, s t ab le  Archean nucleii a r e  surrounded by Proterozoic  
mobile belts which have been in terpre ted,  respectively by 
Kroner (1977) and G e e  (1979), a s  representing destruction and 
mobilization of Archean crus t  r a the r  than la tera l  accre t ion.  
As noted by G e e  (1979, p. 3631, "...certain segments  of 
Archean shields, particularly t h e  ancient  metamorphic  
complexes, seem t o  be  predestined t o  continued mobility in 
the  Proterozoic." 

Although t h e  ear ly  Proterozoic  supracrustal  rocks of 
t he  Grenville Province in Ontar io  probably were  deposited a t  
t h e  margin of an  Archean c ra ton  and therefore  could 
represent an  addition t o  t h e  cra ton,  o ther  early Proterozoic  
basins in eas tern  Canada, such as t h e  Labrador Trough 
(Dimroth, 1970) and t h e  C a p e  Smith foldbelt  (Thomas and 
Gibb, 19771, probably formed in the  s a m e  t ec ton ic  
environment a s  t h e  in t racra tonic  basins of t h e  Grea t  Lakes  
region. Thus, t h e  ear ly  Proterozoic  may have been a t ime  of 
both la tera l  addition to  the  c rus t  in North America,  as 
suggested by Engel (19631, and of des t ruct ion and reworking 
of Archean crus ta l  mater ia l ,  t h e  remnants  of which a r e  
preserved in and adjacent  t o  l inear ear ly  Proterozoic  
mobile belts. 
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Abstract 

Keweenawan rocks of the Lake Superior region were deposited during the formation of a 
continental r i f t  system 1.0 to 1.3 Ga ago. Although rocks of  that age are now exposed only around 
the lake, dense mafic igneous rocks associated with the r i f t  are traceable in subsurface southwest as 
far as Kansas and southeast beneath the Michigan Basin, altogether forming an arc over 2000 km 
long. 

A thin sequence of shallow marine sandstones 1.3 Ga ago unconformably covered Early and 
Middle Precambrian terrane in the western part of this region. Between 1.12 and 1.14 Ga, when 
actual rifting took place, these sediments were buried by enormous volumes of subaerially erupted 
tholeiitic basalt which accumulated rapidly in several distinct lava plateaus up t o  12 000 m thick. 
Most flows appear t o  be the products of fissure-type eruptions but, as in the Tertiary of Iceland, 
central-vent cones have been identified with the flood basalt plateaus. 

Rifting and volcanism ceased after only 60-90 km of plate separation, but isostatic subsidence 
continued under the crustal load of volcanic rock forming a major sedimentary basin roughly 
congruent with the present Lake Superior. While a succession of fluvial, lacustrine and shallow 
marine sediments were being deposited, the regional tectonic regime altered to  one of moderate 
compression which steepened the sides of the basin forming the Lake Superior Syncline, and which 
produced a series of reverse faults parallel to the synclinal axis. Sedimentation into the Lake 
Superior Basin continued from all sides until early Cambrian time. 

Dans la re'gion du lac Supe'rieur, les roches du Keweenawan se sont de'pose'es pendant la 
formation d'une zone continentale de fracture, il y a 1,O h 1,3 Ga. Bien que les roches de cet 6ge 
n'affleurent qu'autour du lac, on peut retracer au sud-ouest jusqu'au Kansas et  au sud-est au-dessous 
du bassin du Michigan une dense formation de roches mafiques associe'e au r i f t  et formant un arc de 
plus de 2000 km de long. 

I1 y a 1.3 Ga, une mince succession de gr&s marins peu profonds a recouvert en discordance des 
terrains d12ige pre'cambrien infe'rieur et moyen dans la portion ouest de cette re'gion. I1 y a 1,2 h 
1,14 Ga, alors que se formait le r i f t ,  ces se'diments on e'te' recouverts par d'e'normes volumes de 
basaltes thole'iitiques qui se sont e'coule's lors d'e'ruptions sous-marines, et rapidement accumule's en 
formant plusieurs plateaux, dont certains atteignaient 12 000 m d'e'paisseur. La plupart des coule'es 
semblent s16tre produites pendant des e'ruptions issues de fissures volcaniques be'antes, mais, comme 
dans les terrains tertiaires d'lslande, des cdnes 6 chemine'e axiale ont ete' identifiks et associe's aux 
plateaux form& par les e'panchements basaltiques. 

Les phases de fracturation et de volcanisme n'ont cesse' qu1apr8s que les plaques se soient se'pare'es 
de 60 h 90 km,  mais la subsidence isostatique slest poursuivie en raison du poids exerce' par la roche 
volcanique sur la croiite, et  il slest ainsi form6 un vaste bassin se'dimentaire qui coincide 
approximativement avec i'emplacement actuel du lac Supe'rieur. Pendant que se de'posait une 
succession de se'diments fluviatiles, lacustres et  de milieu marin peu profond, le rkgime tectonique 
s'est modifie'; et  une phase de compression mode're'e a approfondi les versants du bassin, donnant ainsi 
naissance au synclinal du lac Supe'rieur et produisant une se'rie de failles inverses parallhles h llaxe 
synclinal. La se'dimentation slest poursuivie dans le bassin du lac Supkrieur, de toutes parts, jusqu'au 
de'but du Cambrien. 
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INTRODUCTION 

The name Keweenawan is applied t o  all  t h e  rocks in t h e  
Lake Superior region considered coeval with t h e  native 
copper-producing volcanic and sedimentary rocks which form 
the  Keweenaw Peninsula of t he  Upper Peninsula of Michigan 
(Fig. 22.1). Prior t o  the  1960s, i t  was generally believed t h a t  
all  of these  rocks had been deposited over a relatively shor t  
period of t i m e  in a single constantly subsiding basin, roughly 
coincident with the  present lake. In the  las t  two decades, 
however, with the  advent of radiometric dating and 
paleomagnetic techniques, with continued deta i led  geological 
and geophysical mapping on both sides of t h e  international 
border and across the  lake i tself ,  and with the  development 
of p la te  tec tonic  concepts,  our understanding of the  
Keweenawan and the  Lake Superior Basin has radically 
altered. This paper gives a brief overview of recent  
developments in Keweenawan geology with special  emphasis 
on studies on t h e  Canadian side of Lake Superior. 

DISTRIBUTION OF KEWEENAWAN ROCKS 

As shown in Figure 22.2, Keweenawan supracrustal  
rocks outcrop only in the  vicinity of Lake Superior. However, 
detailed gravi ty  and magnet ic  mapping combined with bore 
hole d a t a  clearly indicates t h a t  t h e  Keweenawan s t r a t a  
continue under Paleozoic cover in a narrow continuous a r c  a t  
leas t  2000 km long (Smith e t  al., 1966; King and Zie tz ,  1971). 
Southwest of Lake Superior, the  Midcontinent Gravity High, 
which is generally a t t r ibuted t o  dense maf i c  Keweenawan 
flows and intrusive rocks (Craddock et a]., 1963; King and 
Zietz,  1971) extends  a s  f a r  a s  centra l  Kansas in a series of 
short  en  echelon segments (see  Fig. 22.3). Southeast  of t h e  
lake, a similar though much weaker geophysical f e a t u r e  
Iknown a s  t h e  Mid-Michigan Gravity Anomaly, extends  a t  
leas t  a s  f a r  a s  the  Grenville Front in southern Michigan 
(Hinze e t  al., 1975; Oray e t  al., 1973). Recent ly  the  
connection between Keweenawan igneous rocks and this 
gravi ty  high has been confirmed by deep  drilling in the  
Michigan Basin (Hinze et al., 1975; Ells and Champion, 1976). 
An extension of Keweenawan rocks even fur ther  to  the  

Keweenawan Rocks 
Axis of Lake Superior Syncline I I 

1 Trece of Grenvllle ~ r o n t d ;  

Figure 22.2. An outline of t he  Lake Superior Basin showing 
the  distribution of exposed Keweenawan s t r a t a .  

STRATIGRAPHIC CLASSIFICATION, 
PALEOMAGNETISM AND AGE ' 

Since early work in the  Upper Peninsula of Michigan, 
t h e  Keweenawan Series has generally been subdivided in to  
th ree  divisions (Van Hise and Leith, 191 1). Historically, all  
t h e  shallow dipping volcanic rocks of low metamorphic  rank 
found around Lake Superior were  assigned to  the  Middle 
Keweenawan. Sandstones around the  western  p a r t  of t h e  lake  
which these  volcanics conformably overlie were  referred t o  
a s  Lower Keweenawan; t h e  sandstones which conformably 
overlie the  volcanics were  included in the  Upper 
Keweenawan. 
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heavy contour line = 0 mgals 
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Figure 22.3. Bouger gravi ty  map of Centra l  North America.  The Midcontinent Gravity High is in terpre ted 
t o  be due t o  dense Keweenawan igneous rocks.  Gravity lows flanking these f e a t u r e s  a r e  due t o  th ick  wedges 
of Keweenawan c las t ic  sedimentary  rocks in sha rp  f au l t  con tac t  with the  volcanics ( a f t e r  Halls, 1978). 

wedges separa te  the  normally and reversely magnet ized 
flows. A thick nonmagnetic sequence separa tes  normally and 
reversely magnetized flows in western Michigan. Hubbard 
(1975b) has in terpre ted these  rocks a s  c l a s t i c  sediments but 
they a r e  not exposed and a re  known only from a few 
boreholes. In Minnesota, s t ra t i form intrusions such a s  pa r t s  
of t he  Duluth Complex have obliterated the  supracrustal  
stratigraphy in t h e  vicinity of the  magnet ic  reversal, and 
Green (1972) believed these  bodies may have been intruded 
along sedimentary horizons. 

The apparent  universality of this paleomagnetic 
reversal  throughout the  Keweenawan, and the  evidence tha t  
t h e  reversal  coincided with a substantial  gap in volcanic 
ac t iv i ty  have prompted many investigators (e.g. Books, 1968; 
Green, 1972) t o  propose a major revision of the  original 
s t ra t igraphic  scheme, moving the  boundary between Lower 
and Middle Keweenawan t o  the  point of the  magnet ic  
reversal. This change, however, has  y e t  t o  be  generally 
accepted,  and in this paper t h e  old usage of Lower and Middle 
Keweenawan has been retained. In discussions of 
Keweenawan volcanic rocks the  magnet ic  orientations will be 
explicit ly referred t o  where  such distinction is necessary. 
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KEWEENAWAN FLOWS INTRUSIONS 

reversely magnetized reversely magnetized 

0 normally magnetized normally magnetized Figure 22.4 

Distribution of reversely (older) and normally 
(younger) magnet ized Keweenawan igneous rocks. 
Reversely magnet ized f lows a re  marginal t o  the  
Lake Superior Basin. 

Radiometric age determinations a r e  now available for  
Keweenawan volcanic rocks f rom most par ts  of Lake Superior 
(Goldich, 1968; Faure  and Chaudhuri, 1967; Silver and 
Green, 1972). Nearly a l l  t h e  dates  determined by Rb-Sr and 
U-Pb methods fall  between 1000 and 1150 Ma, but this range 
is misleading in two ways. Firstly, t he  vast  majority of da t e s  
have been obtained from t h e  relatively young, normally 
magnetized, flows and intrusions. Sequences f rom which 
older ages  may be  expected, such a s  t h e  lower, normally 
magnetized lavas of t h e  Ironwood a rea  in Michigan and the  
reversely magnetized Osler Group and the  S la t e  Island flows, 
have not  been dated. Secondly, results obtained by individual 
investigators have shown a much narrower range of ages. 
Silver and Green (1972), using U-Pb zircon methods, have 
shown t h a t  t h e  North Shore Volcanics (both reversely and 
normally magnetized), t h e  Duluth Complex and Endion Sill in 
Minnesota, a s  well a s  t h e  Por tage  Lake lavas and t h e  Mellen 
Sill of t he  Upper Peninsula were  all emplaced between 
1120 and 1140 Ma ago. As periods between magnet ic  pole 
reversals have averaged only 0.4 Ma over t h e  las t  80 Ma 
(Strangway, 1970) this relatively narrow range of about  20 Ma 
appears  more  reasonable fo r  t he  span of Keweenawan t i m e  
than t h e  100 to  150 Ma es t ima tes  previously given. The U-Pb 
zircon results of Silver and Green also ag ree  well with t h e  
highest Rb-Sr ages obtained f rom several Keweenawan a reas  
(e.g. Faure  e t  al., 1969; Faure  and Chaudhuri, 1967). 

The age of Lower Keweenawan sedimentary  rocks is 
less well established. Franklin e t  al. (1980) have reported a 
whole rock Rb-Sr isochron d a t e  of 1339 f 33 Ma on t h e  
Sibley sandstone, roughly 200 Ma older than t h e  igneous rocks 
dated by Silver and Green (1972). The Sibley d a t e  is 
comparable  however, t o  the  oldest ages found for t h e  
enormous diabase sills in the  Lake Nipigon a r e a  which a r e  
approximately 1240 + 34 Ma old (Franklin et al., 1980). 
Hence t h e  forma-tion of the  Sibley Group which is known t o  
conta in  units of both normal and reverse  magnet ic  polarity 
(Robertson, 19731, was roughly contemporaneous with the  
ear l ies t  Keweenawan igneous activity.  

Upper Keweenawan c l a s t i c  sediments,  once  collectively 
t e rmed  t h e  Lake Superior Sandstones, range in age  f rom 
1000 Ma for the  Oronto  Group, including t h e  F reda  Formation 
which is believed t o  underlie most of Lake Superior, t o  
600 Ma for the  upper par t  of t he  Bayfield Group which is 
unconformably overlain by Cambrian sedimentary  rocks 
(Craddock, 1972a). 

REGIONAL STRATIGRAPHY 

Stra t igraphic  relationships between Lower, Middle and 
Upper Keweenawan rocks and the  underlying Middle and 
Early Precambrian a r e  summarized in Figure  22.5. 

Pre-Keweenawan 

In the  western  par t  of Lake Superior, Lower 
Keweenawan sediments  res t  unconformably upon Middle 
Precambrian metasediments  and Early Precambrian granite- 
greenstone terrane. A t  the  eas tern  end of t h e  lake, where 
Lower Keweenawan and Middle Precambrian rocks a r e  
absent ,  Keweenawan flows and in tercala ted  sedimentary 
units l ie  unconformably on Early Precambrian metavolcanic,  
meta-sedimentary and grani t ic  rocks. 

Lower Keweenawan 

The Lower Keweenawan is a thin (50 t o  240 m) 
sequence consisting predominantly of mar ine  sediments.  The 
Sibley Group and nearby Puckwunge Formation a r e  
considered corre la t ive  (Mattis,  19721, but thei r  relationship 
with t h e  Bessemer Format ion which appears  t o  occupy the  
s a m e  s t ra t igraphic  position south  of Lake Superior on t h e  
Wisconsin-Michigan border, has  not  been c lear ly  resolved. 
In a l l  t h ree  of t hese  sequences,  discontinuous basal 
conglomerate  units up t o  3 m thick, consisting of c las ts  
derived from local Middle and Early Precambrian rocks a r e  
overlain by ma tu re  quartz-rich arenites.  Crossbedding and 
ripple marks indicate  a north and nor thwest  provenance. The 
well-sorted, well-rounded qua r t z  grains in these  a ren i t e s  a r e  
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Figure 22.5 

Columnar sections through major areas 
of Keweenawan exposure, comparing 
stratigraphic thicknesses and contact 
relationships. 

Figure 22.6 

Relative proportions of lithologies present in 
major areas of Keweenawan exposure. Mafic 
flows predominate but in the western Michigan 
and Michipicoten Island intermediate volcanic 
rocks are  volumetrically significant. 

indicative of deposition in a shallow water environment. 
Studies of the Sibley Group by Franklin e t  al. (1980) 
suggested that sedimentation occurred during a series of 
northward transgressions and southward regressions of 
shallow seas in an intracratonic basin of relatively constant 
depth. From the present distribution of the  Sibley s t rata ,  
Franklin e t  al. (1980) concluded that deposition for the most 
part occurred in a north-south elongate, fault-bounded 
trough. The implications of the  orientation of this trough 
will be discussed later in the text. 

MIDDLE KEWEENAWAN I 
m mafic flows 
i intermediote flows 
f felsic f lows and 

subvolcanic intrusions 
5 sedimenlory rocks 

. . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  

Middle Keweenawan 

is some evidence that  the  Sibley sediments have been 
lithified and mildly deformed prior to  the extrusion of the 
first Osler Group flow. This contact,  for the most part, is 
obscured by diabase and felsic porphyry intrusions of Middle 
Keweenawan age, but where exposed i t  has been interpreted 
as  an unconformity or an erosional disconformity 
(Gigu&re, 1975). In Michigan and Wisconsin, however, several 
units of the  Bessemer Formation occur well above the lowest 
Middle Keweenawan flow and the contact between the 
formations is apparently gradational (Hubbard, 1975b). 

Although relative proportions of the Middle 
Keweenawan litholoaies present varv considerablv across the 

Contact relationships between Lower Keweenawan region, flood basalcflo\;s a re  predominant in every major 

sedi-ments and overlying Middle Keweenawan volcanics vary area of Middle Keweenawan exposure (see Fig. 22.6). Flows 
of intermediate and felsic composition a r e  volumetrically far  across Lake Superior. On the northern side of the lake there less important, but locally, as on Michipicoten Island 
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predominant in t h e  upper I t o  2 m. The degree  of autobrec-  
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(Fig. 22.6, 22.7), they form a significant f rac t ion of the  pile. 
The Michipicoten Island sequence is also unusual in tha t  thick 
pyroclastic units occur a t  several  s t ra t igraphic  levels. 
Elsewhere in the  region, pyroclastic rocks a r e  r a re  (as in 
most flood basalt  provinces). Interflow sedimentary  rocks 
form up t o  15 per cen t  of t he  Keweenawan s t ra t igraphic  
column in the  Mamainse Point a rea ,  but a r e  far  less abundant 
in the  west,  consti tuting less than 5 per cen t  of t h e  Osler 
Group, and only I per c e n t  in t h e  North Shore Volcanics. 

The flows a r e  character ized by thei r  remarkable a r e a l  
extent ,  with continuity of thickness, morphology, lithologic 
character is t ics  and petrochemical composition over many 
tens of kilornetres. Both White (1960) and Annells (1973) 
repor t  t rac ing individual flows over 90 km along strike.  Flow 
thicknesses range f rom a few cen t ime t re s  t o  well over 100 m, 
and average between 7 and 12 m. Flows in excess of 30 m 
thick a r e  common and severa l  over 100 m thick a r e  known 
from the  Keweenaw Peninsula (Broderick, 1935) and t h e  
North Shore Volcanics (Green, 1972). Composite flows 
consisting of a number of nearly contemporaneous flow units 
each  10 t o  30 c m  thick a r e  also common (Green, 1972). 

The general  morphology of most flood basalts 
(Fig. 22.8) includes a basal amygdaloidal layer,  a cen t r a l  
massive layer which generally const i tu tes  t w o  thirds of t h e  
to t a l  flow thickness, and a thick arnygdaloidal flow top. The 
basal layer is typically very thin, consisting of chilled basalt  
with numerous ovoid or pipe-shaped amygdules filled with 
ca lc i te ,  quartz,  epidote,  prehnite, chlor i te  or a variety of 

Major intrusions of similar age  t o  the  Middle 
Keweenawan volcanics a r e  prominent const i tuents  in most 
areas.  These range in composition f rom gabbro and 
anor thosi te  t o  granite,  and include major alkalic and 
carbonat i te  complexes. In northeast  Vinnesota,  t h e  Duluth 
Complex volumetrically far  exceeds  t h e  normally and 
reversely magnetized North Shore Volcanic flows which i t  
intrudes (Green, 1972). 

zeolites. The massive centra l  layer typically exhibits well  
Figure 22-7. Sketch map o f  the geology o f  Michipicoten developed columnar jointing. Toward the  top of each flow, 
Island, northeast Lake Superior (af ter Annells, 1974).  amygdules increase  in s ize  and abundance until they a r e  

Mafic Volcanic Rocks 

Est imates  of t h e  to t a l  thickness of Middle Keweenawan 
volcanics range a s  high a s  12 000 m in Upper Michigan 
(White et al., 1971). In t h e  North Shore Volcanics a sect ion 
of at leas t  6400 m has been measured by Green (1972), and on 
Isle Royale (Huber, 1972), in the  Osler Group (Wallace, 1972) 
and on Michipicoten Island (Annells, 1974) to t a l  thicknesses 
of volcanics a r e  each  in t h e  order of 3000 m. The number of 
flows in these  sections is not reliably known because of 
discontinuous exposure, but in relatively small  a r eas  such a s  
Isle Royale over 100 have been documented (Huber, 1972) and 
on Mamainse Point over 300 flows were  recorded by 
Annells (1973). White (1960) calculated the  to t a l  volume of  
maf ic  Keweenawan volcanic rocks to  be  in excess of 
400 000 km3 making this one of t h e  world's larges t  flood 
basalt  provinces. 

Keweenawan volcanic ac t iv i ty  was almost entirely 
subaerial. Pillows have been recognized in a f e w  basalt  f lows 
a t  t h e  base of t h e  North Shore Volcanics (Green, 1972) and 
hyaloclastic units have been reported f rom t h e  lower portion 
of t h e  Mamainse Point Formation (Annells, 1973), but  else- 
where  evidence fo r  subaqueous deposition is  virtually absent.  
Interflow sedimentary  units have invariably been in terpre ted 
a s  fluvial, having been deposited by temporal s t r eams  
crossing relatively f l a t  volcanic surfaces  (Green, 1972; 
Annells, 1973). 

ciation of flow tops varies considerably. In tact  pahoehoe 
surfaces  have been repor ted  on some flows f rom most a r e a s  
of Keweenawan exposure, but more  typically t h e  flow tops  
consist  of angular blocks of amygdaloidal basal t  in a matr ix  
of aphanitic basalt  grading upward in to  finer f ragmental  
material .  With t h e  exception of the  flows in eas tern  Lake 
Superior where Annells (1973, 1974) found t h a t  t he  major 
mineral phases were  strongly a l t e red  throughout most flows, 
t h e  e f f e c t s  of deuter ic  a l tera t ion and very low (zeol i te  
facies) t o  low-grade (lower greenschist  facies) burial 
metamorphism occur  mostly in t h e  highly permeable upper 
amygdaloidal zones. 

MORPHOLOGY OF TYPICAL KEWEENAWAN 
FLOOD BASALT FLOW 

OVERLYING COMPOSITE FLOW 

RUBBLY FLOWTOP BRECCIA 

UPPER AMYGDALOIDAL I AYf R 

MASSIVE CENTRAL LAYER 
WITH COI UMNAR JOINTING 

.OWER AMYGDALOIDAL LAYER 
I N T f  RF LOW SEDIMENTS 

UNDERLY l NG FLOW 

Figure 22.8. Schematic cross-section through one 
Keweenawan basalt flow. 
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In the  massive zone, original igneous textures  
(e.g. in terser ta l ,  intergranular,  ophitic, pilotaxitic), and 
mineralogy (plagioclase Anb5-eo,  augite,  pigeonite, Fe-Ti 
oxides, olivine and quartz) a r e  commonly well preserved. 
Mild decalcification of plagioclase and serpentinization of 
olivine a r e  the  only changes seen in t h e  massive par ts  of most 
flows. Green (1972) has reported undevitrified glass in the  
mesostasis of some of the  North Shore Volcanics and glassy 
rhyolit ic flows a r e  known t o  occur in the  Osler Group 
(Wallace, 1972). 

In the  amygdaloidal zones, igneous textures  have 
generally been destroyed, and the  original aphanitic basalt  
has been replaced by hydrous ca lc ic  minerals such a s  
laumontite,  pumpellyite, prehnite and epidote which 
commonly form extensive, essentially monominerallic 
domains (Jolly, 197 1 ). 

Studies in the  Keweenaw Peninsula (Stoiber and 
Davidson, 1959; Jolly et al., 1972) and in t h e  Osler Croup 
(Wallace, 1972) have outlined distinct metamorphic zonation 
pat terns  which roughly parallel t he  volcanic stratigraphy. 
These pat terns  have been a t t r ibuted t o  the  maximum depth  
of burial a t ta ined by t h e  flows. 

Directions of lava flows have been determined in 
statist ically significant numbers in severa l  areas  f rom such 
f ea tu res  a s  ben t  pipe amygdules and pahoehoe tops. Some 
studies have found no preferred flow direction (Green, 1972; 
Giblin, 1974), but  in o ther  a reas  distinct flow pat terns  have 
been c i ted  (White, 1960; Gigu&re, 1975; McIlwaine and 
Wallace, 1976). On the  Keweenaw Peninsula, normally 
magnetized flows moved southward f rom feeders  near t h e  
axis of Lake Superior. On t h e  Black Bay Peninsula and 
islands t o  the  eas t ,  feeders  for t he  reversely magnetized 
flows of the  Osler Group were located t o  the  north and west 
of t h e  present a reas  of Keweenawan exposure. Similarly, in 
t h e  Ironwood a r e a  of Michigan and Wisconsin flow directions 
were  northward, f rom the  margin of t he  Lake Superior Basin. 
The overall pa t tern  appears t o  be  t h a t  whereas t h e  younger 
normally magnetized flows originated f rom feeders  in t h e  
axial  portion of Lake Superior, reversely magnet ized 
sequences tend t o  show ei ther  random flow directions or were  
fed  from a r e a s  outside the  present a r e a  of Keweenawan 
exposure. This ar rangement  has significant implications for 
t he  interpretation of t h e  Lake Superior Basin. 

Intermediate and Felsic Volcanic Rocks 

Stratiform felsic bodies, rhyolite t o  quar tz  l a t i t e  in 
composition, form 5 t o  25 per c e n t  of Middle Keweenawan 
sequences, second in to t a l  volume only t o  the  flood basalt  
flows. Most of these  felsic rocks can be  identified e i the r  a s  
flows or a s  subvolcanic domes on t h e  basis of morphology and 
mesoscopic c o n t a c t  fea tures ,  but in many cases  the  mode of 
emplacement  has not been unequivocally determined. 
Compared t o  t h e  basal t  flows, t h e  felsic bodies tend t o  be 
much thicker (20 t o  30 m on average), and f a r  less extensive. 

Andesitic and daci t ic  volcanic rocks a r e  relatively r a r e  
in the  Keweenawan and a r e  all  but absent  in t h e  Keweenaw 
Peninsula, in the  Osler Group and in the  Mamainse Point 
Formation. In t h e  Michipicoten Island Formation, however, 
aphyric and glomeroporphyritic andesi te  flows a r e  inter- 
layered with andesit ic pyroclastic units. Annells (1974) 
in terpre ted t h e  volcanic ac t iv i ty  which formed most of t h e  
Michipicoten Island Formation t o  be of t h e  explosive Plinian- 
type  and identified the  southern par t  of t h e  island a s  a 
volcanic centre .  

In the  Porcupine Mountains of t h e  Upper Peninsula of 
Michigan andesit ic flows with a f e w  daci t ic  and rhyolitic 
flows form a pile up t o  3000 m thick. This sequence is known 
almost entirely f rom subsurface da ta ,  but f rom dip and 
thickness t rends  White et al. (1971) in terpre ted i t  a s  a shield- 
type  centra l  vent accumulation surrounded and buried by 
flood basalts. 

Roughly 10 per cen t  of t he  North Shore Volcanics of 
Minnesota consist of andesite,  t rachyandesi te  and daci te  
flows, and a fur ther  20 per c e n t  is made  up of rhyolitic t o  
t rachyt ic  flows and minor intrusion (Green, 1972). 

Chemistry of Keweenawan Volcanics 

The major e lement  pet rochemis t ry  of Keweenawan 
volcanics is summarized in Figure 22.9 which is based on 
analyses f rom Keweenaw Peninsula (Droderick, l935), t he  
Ironwood a r e a  of western Michigan (Hubbard, l975b), t he  
North Shore Volcanics of Minnesota (Green, 1972), t h e  Osler 
Croup of t h e  Black Bay area ,  Ontar io  (Wallace, 1972), t h e  
S la t e  Island (Pat terson Island) flows (Sage, in press), t he  
Mamainse Point Formation (Annells, 1973) and the  
Michipicoten Island Formation (Annells, 1974). From this  
d a t a  and other  r ecen t  s tudies  (Phinney, 1970; 
Brannon et al., 1979) a number of general observations and 
conclusions have been made regarding the  petrogenesis of 
Keweenawan volcanics. 

A. Flows in t h e  reversely magnet ized sequences a r e  
relatively primitive in composition (i.e. olivine tholeiites), 
and appear t o  have been derived f rom a single 
homogeneous source, presumably t h e  upper mant le  
(Annells, 1973; Green, 1972). 

Only l imited t r a c e  e lement  d a t a  have been published for 
Keweenawan rocks, but  t he  information available when 
applied to  discrimination such a s  t h e  Ti-Zr-Y and 
Ti-Zr-Sr plots of P e a r c e  and Cann (1973) suggests t h a t  
these  volcanics a r e  chemically equivalent t o  modern 
l lwithin-platett  basalts. 

B. Despite their  apparent  lithologic monotony, distinct and 
ra ther  unusual petrochemical trends have been reported in 
t h e  basalts f rom severa l  a r e a s  (Wallace, 1972; 
Phinney, 1970; Annells, 1973). These trends differ 
considerably between adjacent  areas ,  such a s  the  North 
Shore Volcanics and t h e  Osler Group. The Osler flows 
exhibit  a distinct tholeii t ic trend of iron enrichment and 
a r e  uniformly potassium-poor, whereas the  North Shore 
Volcanics a r e  neither clearly tholeii t ic nor calc-alkaline 
and a r e  5 t o  10 t imes  more  potassic (Green, 1972). 

C. Differentiation t rends  in at leas t  two  areas ,  t h e  North 
Shore Volcanics and t h e  Osler Group, have been a t t r ibuted 
t o  f rac t ional  separation of plagioclase-rich cumulates  
such a s  gabbroic anor thosi te  (Phinney, 1970; 
Wallace, 1972). Recen t  work by Green (1979) however has 
suggested t h a t  t he  Keweenawan basalts could not have 
been the  products of simple f rac t ional  crystall ization and 
has c a s t  doubt on t h e  theory t h a t  intrusions such a s  t h e  
Duluth Complex a r e  d i rec t ly  re la ted  t o  t h e  flows they 
intrude. 

D. Simple fractionation by e i ther  crys ta l  se t t l ing  or partial  
melting cannot explain (1) t r a c e  e l emen t  t rends  t h a t  have 
been repor ted  f rom t h e  North Shore Volcanics 
(Brannon e t  al., 1979) and Michipicoten Island 
(Annells, 19741, notably the  Ni, Co, C r  variation with 
s t ra t igraphic  position; (2) t he  high proportion of rhyolit ic 
rocks re la t ive  to  basalts in the  older volcanic sequences; 
(3) t he  highly potassic nature  of t he  in termedia te  and 
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Figure 22.9. Standard A F M ,  Si02 v s .  NanO + K 2 0 ,  normative plagioclase v s .  colour index and 
Mg0-Fe0-A1203 plots (Irvine and Baragar, 1971 and Jensen, 1976) summarizing petrochemical variations 
within and between six major areas of Keweenawan exposure. 

felsic flows of t h e  North Shore Volcanics; and (4) t h e  
petrochemical bimodality evident in most  of t h e  
Keweenawan sections. These problems can be  at leas t  
partially resolved by invoking t h e  simultaneous exis tence  
of two magmas, one basalt ic and one rhyolitic, and 
allowing for  magma mixing in some a reas  t o  produce 
in termedia te  rocks (Green, 1972; Annells, 1974; 
Phinney, 1970; Massey, 1980). The upward movement  of 
large  volumes of basalt ic magma into t h e  grani t ic  c rus t  
must have initially produced melting and assimilation on a 
large scale,  hence the  preponderance of rhyolit ic volcanic 
rocks in t h e  older sequences. 

Middle Keweenawan Sedimentary Rocks 

Interflow sedimentary units const i tu te  only a smal l  
f rac t ion of t h e  Osler and North Shore Volcanic groups. These  
a r e  e i ther  l i thic sandstones consisting of angular volcanic 
de t r i t u s  and quar tz ,  or polymictic conglomerates which vary  

great ly  in c las t  composition depending upon proximity t o  the  
margin of t h e  basin. Some interflow units have recently been 
re in terpre ted as fe ls ic  pyroclastic rocks such a s  ash-fall t u f f s  
(Aaquist, 1977). 

Both t h e  sandstone beds, which a r e  generally less than 
0.5 m thick, and conglomerates,  which vary up t o  100 m and 
more  thick, occur  a s  lenticular units t r aceab le  along s t r ike  
for only shor t  distances.  In some  cases  t h e  conglomerates  
a r e  graded and distinctly crossbedded, and where they occur 
in sequence they contain channel-fill t ype  fea tures .  
Typically the re  is l i t t l e  evidence of prolonged erosion of t h e  
volcanic unit beneath  the  sedimentary  bed. The volcani- 
c las t ic  sandstones in many places coarsen downward in to  t h e  
underlying breccia ted  flow top. Altogether the  evidence 
indicates t h a t  these  sediments  were  deposited by ephemeral  
s t r eams  (Green, 1972; GiguGre, 1975; McIlwaine and 
Wallace, 1976). 
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Figure 22.10. Sketch map of the geology of the Mamainse 
Point area (af ter  Giblin, 1969). 
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Figure 22.11. Major Keweenawan dyke swarms around Lake 
Superior occur parallel and normal to the axis of the Lake 
Superior Syncline. 

The Mamainse Point Formation is unusual in the  
Keweenawan in tha t  massive polymictic conglomerate  units 
comprise roughly one quar ter  of t h e  to t a l  sec t ion of 4300 m 
(Annells, 1973). This may be  a function of a relatively slow 
accumulation of the  flood basalt  in this area .  Clas ts  in the  
conglomeratic units a r e  predominantly Archean rock types 
derived f rom the  eas t  and southeast .  The conglomerates  a r e  
commonly over 30 m thick. However, t h e  unit repor ted  by 
Palmer  (1970) to  sepa ra t e  reversely and normally magnetized 
flows, is over 540 m thick (see Fig. 22.10). 

On t h e  Keweenaw Peninsula interflow conglomerate  
beds consist predominantly of rhyolite c las ts  derived from 
Keweenawan flows exposed t o  t h e  south around t h e  margin of 
t h e  basin (Hubbard, 1972). 

Keweenawan Intrusive Rocks 

Large volumes of intrusive rocks, mostly gabbroic in 
composition, were  injected into Lower and Middle 
Keweenawan s t r a t a  and underlying Middle and La te  
Precambrian rocks between roughly 1300 Ma and 1000 Ma 
ago. The oldest of these  intrusions appears  t o  be  some  of t h e  
Logan sills of t h e  Lake Nipigon and Thunder Bay area.  Many 
of these  tabular sheets  of diabase exceed 150 m in thickness 
and, a s  can be  seen in Figure  22.1, have enormous areal  
extent .  Dykes of similar age  occur in swarms which a r e  
especially prominent along t h e  northeastern and northwestern 
shores of Lake Superior (Fig. 22.11). In the  vicinity of the  
lake, t he  dykes trend roughly parallel t o  t h e  axis of t h e  lake 
i tself ,  but fur ther  from t h e  shore  most dykes of this age  
occur in swarms radiating f rom the  cen t r e  of t he  lake. The 
wide-spread distribution of these  dykes well outside a reas  
now underlain by Keweenawan supracrustal  rocks suggests 
t h a t  t h e  flood basalts may initially have had a f a r  greater  
a rea l  distribution. 

By f a r  t h e  larges t  of t h e  Keweenawan intrusions is t he  
Duluth Complex of Minnesota, a composite body consisting 
mostly of gabbroic anor thosi te  and t roctol i te  with lesser 
volumes of dunite, nor i te  and ferrogabbro (Phinney, 1972). 
The complex is roughly 6500 km2 in a r e a  and occupies a 
subconcordant position between paleomagnetically reversed 
and normal flows in t h e  North Shore Volcanic Group 
(Green, 1972) with most phases of t he  intrusion itself being 
normally magnetized. Many investigators in terpre ted t h e  
Duluth Complex a s  the  crys ta l  cumulate  pa r t s  of a magma 
chamber  where the  mater ia l  which formed t h e  overlying 
volcanic rocks underwent differentiation. A similar relation- 
ship has been postulated between the  Moss Lake Intrusion, an 
anorthosit ic gabbro lopolith (Keeler, 1971) and t h e  Osler 
Group (Fig. 22.12) (McIlwaine and Wallace, 1976). Many 
smaller intrusions such a s  t h e  Beaver Bay Complex and 
Endion Sill of Minnesota (Green, 1972), and the  Mellen 
Complex of Michigan and Wisconsin (Hubbard, 1975b) a r e  of 
similar gabbroic t o  anorthosit ic compositions, and may also 
have formed as  cumulate  concentrations in differentiating 
magma  chambers.  

The Coldwell Complex a t  t he  nor theas tern  corner of 
Lake Superior is by f a r  t h e  largest  of a ser ies  of alkalic and 
ca rbona t i t e  intrusions in t h a t  area .  Age determinations by 
Gitt ins e t  al. (1967) indicate  t h a t  these  a r e  roughly the  same  
a g e  a s  Keweenawan magmatism. The older rocks in the  
complex a r e  gabbro and larvikite, and the  younger, less 
abundant phases found in the  inner par t  of t h e  body a r e  
syenodiorite and nepheline syenite.  The relationship between 
the  Coldwell Complex and the  other  alkalic and carbonat i te  
intrusions nearby and t h e  Keweenawan basal t ic  rock just t o  
the  south  remains t o  be explained. 
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Figure 22.12. General geology of the  Black Bay Peninsula and vicinity 
(GiguDre, 1975; Mcllwaine and Wallace, 1976). 

/ Directions of s ed imen ta ry  t r a n s p o r t  
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Figure 22.13. Directions of sedimentary  transport  based on 
cross-stratif ication in Upper Keweenawan sandstones 
indicate infilling of the Lake Superior Basin with det r i tus  
f rom highlands around its  margins ( a f t e r  Hamblin, 1961). 

Upper Keweenawan 

After  volcanic ac t iv i ty  waned in t h e  region, t h e  Lake 
Superior Basin remained a depository for  c las t ic  sediments  
more  o r  less continuously into Cambrian-  t ime. A combined 
thickness of between 6500 and 10 000 m of fluvial, lacustrine 
and shallow marine deposits blanketed t h e  a r e a  during t h a t  
time. These rocks a r e  now exposed mostly along the  southern 
shore of Lake Superior and in a few locali t ies along t h e  
eas tern  side. Crossbedding and o the r  paleocurrent indicators 

show movement of det r i tus  f rom the  margins t o  the  c e n t r e  of 
t h e  basin (Fig. 22.13) (Hamblin, 1961; Hamblin and 
Horner, 1961; Huber, 1972). 

The oldest  Upper Keweenawan sedimentary  rocks a r e  
the  conglomerate  units of t he  Copper Harbor Formation, 
exposed in t h e  Keweenaw Peninsula and Isle Royale  (see 
Fig. 22.14). The conglomerate  beds, together  over 2000 m 
thick, conformably overlie and a r e  in pa r t  in tercala ted  with 
normally magnetized flows of t h e  Por tage  Lake lavas. 
Rela t ive  dips and flow directions in the  flood basal ts  and 
interlayered conglomerate  units indicate  t h a t  basin 
subsidence occurred continuously during the  transit ional 
period between predominantly volcanic accumulation and 
c l a s t i c  sedimentation, with slope changes taking place 
between each  eruption and t h e  following period of gravel  
deposition (White, 1960). These conglomerates  have been 
in terpre ted a s  fluvial fanglomerates  and flood plain deposits 
by Huber (1 972). 

On t h e  Keweenaw Peninsula, t h e  Copper Harbor 
Conglomerate  is overlain disconformably by t h e  Nonesuch 
Formation which consists of 70 t o  200 m of s i l t s tone and 
coa r se  arkosic sandstone. The Nonesuch is, in turn, conform- 
ably overlain by t h e  Freda Formation (Hubbard, l975a). 
Sandstones of t h e  Freda Format ion which is in p laces  more  
than 3600 m thick, a r e  in terpre ted t o  be  flood plain and 
lacustrine deposits (Harnblin, 1961) and a r e  considered by 
many workers t o  be  t h e  youngest Keweenawan s t r a t a .  A thin 
sequence of sandstone similar t o  t h e  Freda occurs in the  
Alona Bay a r e a  just north of Mamainse Point (Giblin, 1974) 
where  sandstone beds unconformably overlie normally 
magnetized Middle Keweenawan flood basalts. 



KEWEENAWAN GEOLOGY OF THE LAKE SUPERIOR BASIN 

. . . . . ,  . . . . . . . . , .  . . . . . . . . . . . .  . . . . . .'.'.'.'./MIDDLE KEWEENAWAN (N) I 

.'.'.'.'.'.'.'.:~.p -. . . . UNCONF ORMITY I 

UNCONFORMITY - MIDDLE KEWEENAWAN (R) 

Freda Fm. kilometres !Me; Intrusive 

Copper Horbour Fm UNCONFORMI T Y 
conglomerate 

Figure 22.14. Sketch map of the geology of the Keweenaw Peninsula, 
Upper Peninsula of Michigan (after Hubbard, 1975a,b1. 

The contact between the Freda Formation and the 
Jacobsville sandstone (also known as the Bayfield Group) is 
not exposed and its nature has never been conclusively 
established. Some evidence suggests that  Freda rocks were 
deformed and eroded prior to the deposition of the 
Jacobsville sequence (Craddock, 1972a). However, there is 
still considerable controversy regarding age of the 
Jacobsville, as  some assign it  to the Upper Keweenawan 

Figure 22.15 

Major structural features  of the Lake SUperior 
Basin. Fault correlations in western Lake 
SUperior a re  those of Klasner e t  al. (19791. 
Inferred structures under Paleozoic cover 
interpreted by Oray e t  al. (1 973). 

(Dubois, 1962; Craddock, 1972a), and others assign it to the 
Lower Cambrian (Hamblin, 1958). The Jacobsville-Bayfield 
Group, a maximum of 1400 m thick, is believed to underlie 
most of Lake Superior (Halls and West, 19711, and the size 
and shape of the present lake is determined by the  
distribution of these rocks and their susceptibility to  erosion 
relative to  older Keweenawan, Middle Precambrian and 
Archean rocks (White, 1966a,b; Halls and West, 1971). 
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Figure 22.16. Precambrian geology of east-central  Minnesota showing fault-controlled 
distribution of Keweenawan rocks, and the  western termination of the  Lake Superior Syncline 
( a f t e r  Morey and Mudrey, 1972). 

STRUCTURE O F  THE LAKE SUPERIOR BASIN Peninsula and across the  cen t r a l  par t  of t he  lake. The 
continuation of both t h e  f au l t  sys tem and t h e  Lake Superior 

The Lake Superior was first by Syncline under t h e  southeas t  corner  of Lake Superior and 
Irving but it was not named as 1923 southward under Paleozoic rocks in to  southern Michigan is (Hotchkiss, 1923). As shown schematically in Figure  22.15, more tenuous (Oray et al., 1973). Keweenawan volcanic and sedimentary s t r a t a  a r e  t i l ted  
toward t h e  cen t r e  of t h e  lake f rom all sides with considerably 
s t eepe r  dips on t h e  south side than on the  nor theas t  and 
northwest.  The second major s t ructura l  f e a t u r e  of t h e  basin 
is a s e t  of long reverse faul ts  which parallel t he  axis of t he  
major syncline. These faul ts  form a horst and graben sys tem 
which has  been documented in t h e  eas tern  par t  of Minnesota 
and adjoining Wisconsin where  t h e  main f au l t  block, some  
30 t o  80 km across, is  known a s  the  St. Croix Horst  
(Craddock e t  al., 1963). In east-central  Minnesota 
(Fig. 22.16) the  centra l  block of the  St. Croix Horst  is 
believed t o  have been e levated 2 t o  4 km re la t ive  t o  t h e  
surrounding troughs (Morey and Mudrey, 1972). For a t i m e  i t  
ac t ed  a s  a topographic high and shed volcanic det r i tus  in to  
t h e  flanking depressions. The movement along the  faul ts  
brought dense, magnetic Middle Keweenawan volcanic rocks 
in to  juxtaposition with Upper Keweenawan c las t ic  sediments,  
creat ing high gravity and aeromagnet ic  con t ra s t s  over  t h e  
s t ruc tu re  (Craddock et al., 1963). 

Geophysical maps (see Fig. 22.3) clearly show t h a t  
similar pa t t e rns  continue nor theas t  of t h e  well-exposed a reas  
(Klasner et al., 1979; King and Zietz,  1971) parallel  t o  t h e  
axis of t h e  Lake Superior Syncline, up t h e  Keweenaw 

The relationship of t h e  major syncline and coaxial  
horst-graben sys tem has  now been well  established 
(Craddock, 1972b). The broad syncline f i r s t  began t o  form 
during the  rapid accumulation of dense, normally magnetized 
Middle Keweenawan flood basal ts  in t h e  axia l  portion of t h e  
syncline. From t h e  opposing. dips of flows and in tercala ted  
sediments  f rom al l  pa r t s  of t h e  lake, i t  has been inferred t h a t  
t h e  s teady downwarping of t h e  crus t  due t o  increasing load, 
and the  infilling of the  basin were  roughly in balance. During 
deposition of Upper Keweenawan sediments  the  initially 
tensional t ec ton ic  regime a l tered.  Northwest-southeast  
compressive s t r e s s  developed which formed north-trending 
folds within t h e  Upper Keweenawan sediments  and produced 
a steepening of the  southeas t  limb of the  Lake Superior 
Syncline (Craddock, 1972a). The s a m e  compressive s t r e s s  
produced the  major reverse  faul ts  which bound t h e  axial  
horst-graben system. Movement along these  high angle faul ts  
was virtually completed during deposition of t h e  Jacobsville- 
Bayfield sandstones (Craddock, l972b) and only slight 
readjus tments  have taken place along them s ince  t h e  
beginning of t h e  Paleozoic. 
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Figure 22.17. Magnitude of Keweenawan Plate separation. 
Excellent f i t  is apparent between the  geometry  of t he  
Keweenawan Rift  System a s  predicted by the best-fit pole of 
re la t ive  ro ta t ion model, and the  superimposed Mid-continent 
Gravi ty  High (Chase and Gilmer,  1973). 

THE KEWEEPGAWAN AS A PALEO-RIFT 

The possibility tha t  t he  Keweenawan represents an 
ancient  r i f t  sys tem similar t o  those ac t ive  today in Iceland or  
East Africa,  was f i rs t  put forward by King and Zie tz  (1971) 
and White (1972), who pointed ou t  t h a t  t h e  Keweenawan bel t  
appeared t o  be a ser ies  of en echelon linear segments in a 
pa t t e rn  which strongly resembles a spreading ridge-rift 
system with offse ts  along transform faul ts  (Morgan, 1968). In 
a t e s t  of this hypothesis Chase  and Gilmer (1973) a t t empted  
t o  measure  the  correlation between the  pat tern  of p l a t e  
separation predicted by a best-fi t  pole of re la t ive  rotation, 
and t h e  widths of gravity anomalies over t h e  belt  of 
Keweenawan rocks extending f rom Lake Superior t o  Kansas. 
The agreement  between t h e  theoretical  pat tern  of spreading 
and observed gravity anomalies is remarkably good 
(Fig. 22.17); however, spreading f rom t h e  best-fi t  pole 
selected by Chase and Gilmer could not  explain the  apparent  
extension of t h e  Keweenawan igneous rocks southeast  of 
Lake Superior. 

Burke and Dewey (1973) proposed tha t  the  two 
segments  of t he  Keweenawan extending southwestward and 
southeastward f rom Lake Superior represented r i f t  a r m s  of a 
plume-generated triple junction in which a north-trending 
arm had failed t o  develop. Again this hypothesis was based 
solely on t h e  geometry  of t h e  Keweenawan igneous bel t  a s  
defined by geophysics (see  Fig. 22.18). This t r ip le  junction 
was believed to  have been centred in northeastern Lake 
Superior, and t h e  Kapuskasing s t ructure ,  a broad linear fault-  
bounded slice of amphibole-pyroxene granulite and gneiss, 
was thought to  represent t he  so-called "failed arm". 
Carbonat i te  and alkalic intrusions along t h e  Kapuskasing 
s t ruc tu re  a r e  of two ages. The older a r e  roughly 1.7 Ga, but 
t h e  younger da te  a t  1.1 G a  (Gittens et al., 19671, t h e  t ime  of 
peak Keweenawan volcanism. Hence, Burke and 
Dewey (1973) suggested tha t  t he  "failed arm" of t h e  
Keweenawan triple junction produced reactivation of a pre- 
existing zone of weakness. 

I INCIPIENT TRIPLE JUNCTION ACCRETING PLATE MARGIN I 

Keweenawan 
Volcon~cs 

I / Trace of ~renvil;e Front I 
4 

Figure 22.18. Schemat ic  evolution of a plume-generated 
triple junction ( a f t e r  Wlrke and Dewey, 1973). in comparison 
with the  geomet ry  of t h e  Keweenawan Ri f t  System. 

Franklin et al. (1980) proposed a variation of t h e  
previous model by suggesting tha t  t h e  "failed arm" might 
have been a fault-bounded trough extending f rom Lake 
Superior t o  t h e  northern pa r t  of Lake Nipigon. This graben 
they  suggested, ac t ed  a s  a channel for t he  northward trans- 
gressive sea  in which t h e  Sibley Group sediments were  
deposited. The e a r l y  Keweenawan igneous act iv i ty  which 
produced some  of t h e  Logan Sills in the  Lake Nipigon and 
Thunder Bay areas ,  is also believed t o  be  re la ted  t o  t h e  
format ion of this failed arm. 

Aside f rom similarit ies in geometry  between the  
Keweenawan igneous bel t  and present ridge-rift sys tems 
the re  a r e  several lines of evidence supporting t h e  paleo-rift 
theory. Seismic and gravity d a t a  (Smith et al., 1966; 
White, 1966a) strongly indicate t h a t  t he  axial  portion of Lake 
Superior is occupied by a relatively narrow, sharply bounded, 
ver t ica l  zone of very  dense, high velocity mater ia l  extending 
down t o  the  upper man t l e  with no intervening grani t ic  crust .  
This zone may be  a single body, or more  likely, a massive 
swarm of sheeted gabbroic dykes which expanded laterally by 
repeated injection of magma as  the  cont inenta l  crus t  was 
pulled apar t .  Such sheeted dyke swarms a r e  a well- 
documented component of oceanic  ridge-rift sys tems (Dewey 
and Bird, 1971). Seismic evidence also indicates tha t  both 
t h e  thickest,  and some of t h e  thinnest c rus t  in North America  
occurs  around Lake Superior, with depth t o  Moho varying 
f rom only 20 km just west of  t he  lake  t o  a t  leas t  50 km under 
t h e  centra l  part .  The e x t r e m e  thinness may be a t t r ibutable  
t o  a t tenuat ion of t h e  crus t  during the  incipient s t ages  of 
rif t ing and p la t e  separation. 'The thick centra l  portion is due 



.------- 
,--_---) Approxlmate boundary oE flood basalt plateau A central vent area 

flUU[jj!b Reversely magnetized flows 

> Normally magnetized flows 

Approxlmate locatron of Elssure vents ' whlch fed flood basalts 

- 

in par t  t o  t h e  nature  of t he  sheeted dyke complex and in par t  
t o  t h e  g r e a t  accumulation of dense volcanic rock along t h e  
axis of the  rift ,  which must have required substantial  
isostatic readjustment.  

Figure 22.19 

Sequential development of Keweenawan flood 
basalt  p la teaus  ( a f t e r  Green,  1977). A and B 
represent  centra l  vent-type accumulations a t  
Michipicoten Island and in the  Porcupine 
Mountains respectively.  

Keweenawan t rends  generally t r ansec t  Middle 
Precambrian and Archean s t ructura l  fea tures ,  especially 
around the  western end of Lake Superior. Sims (1976) pointed 
ou t  t h a t  a major offse t  in Archean stratigraphy occurred 
across the  Keweenawan bel t  in the  a rea  south of Duluth, 
where  t h e  contact  between supracrustal  and granite-gneiss 
t e r r anes  is displaced approximately 160 km. In the  s a m e  
a rea ,  Halls (1978) reported a similar o f f se t  in gravity 
f ea tu res  re la ted  t o  Middle Precambrian lithologies. 

The a rea l  distribution of reversely (older) and normally 
(younger) magnetized flows can also be  in terpre ted t o  support  
t h e  r i f t  theory of origin for  t h e  Keweenawan in t h a t  the  older 
flows invariably occur marginal t o  the  younger volcanics 
(Fig. 22.4). This pat tern  appears to  be a t  leas t  partly due t o  
d i f ferences  in t h e  s i tes  of t h e  volcanic ac t iv i ty  r a the r  than 
just t he  result of la ter  downwarping which produced t h e  Lake 
Superior Syncline. As c i ted  earlier,  flow direction da ta  and 
t h e  distribution of diabase dyke swarms which probably a c t e d  
a s  feeders  t o  t h e  reversely magnetized flood basalts,  indicate  
t h a t  those older flows erupted f rom many subparallel fissure- 
dykes widely spaced over a large  area ,  a t  leas t  150 km wide. 
In contrast ,  feeders  for t he  overlying normally magnetized 
flows were  all located in a narrow zone along t h e  axis of t h e  
lake. The. format ion of new crust ,  in the  form of sheeted 
dykes, along this axis moved the  pre-existing reversely 
magnetized volcanics t o  thei r  present peripheral position. 

The s ty le  of volcanism in the  Keweenawan has been 
compared by many workers to  tha t  in the  ac t ive  Mid-Atlantic 
ridge. Flow morphology, s t ra t igraphic  relationships and 
petrochemistry show remarkable similarit ies t o  t h e  Ter t iary  
rocks of Iceland (Annells, 1974; Green, 1972; Walker, 1964). 
The vast  majority of flows in t h e  two a reas  a r e  virtually 
indistinguishable in t e rms  of thickness, geometry  and in ternal  
s t ructures ;  even thei r  present mineralogies modified by 
deuter ic  a l tera t ion and low grade metamorphism a r e  broadly 
comparable.  Overlapping accumulations of basalt  sheets,  
roughly ell iptical  in outline, occur  in a random pa t t e rn  along 
t h e  Mid-Atlantic r i f t  zone, t he  result of sporadic volcanism 
which shifts and varies in intensity with t ime. 

A multiple lava basin hypothesis for  t h e  Keweenawan 
volcanics was f i rs t  proposed by White (1972) and supported by 
Green (1977). Instead of a single basal t  plateau, Green 
determined t h a t  t he re  had been a t  l ea s t  seven temporally 
and/or spatially distinct basins of flood basal t  accumulation. 
The shapes of t hese  basins (see  Fig. 22.19) were  inferred f rom 
outcrop and borehole information which allowed Green t o  
ext rapola te  thinning of lava piles toward thei r  original 
margins, and f rom aeromagnet ic  and se ismic  d a t a  which were  
used t o  define ridges in t h e  Archean basement  tha t  could 
have ac t ed  a s  lava barriers.  

Significant lithologic and pet rochemical  d i f ferences  
between relatively closely spaced a reas  of Keweenawan 
exposure such a s  t h e  North Shore volcanics, t h e  Osler Group 
and t h e  Isle Royale lavas, a r e  explained by t h e  multiple basin 
hypothesis; each of these  a reas  form par t  of a s epa ra t e  
p la teau (see Fig. 22.19) (Green, 1977). 

In Iceland, shield and cone-type volcanic cen t r e s  have 
been located, surrounded by and buried within the  flood 
basal t  plateaux (Walker, 1964). So f a r  only two  such cen t r e s  
a r e  known in the  Keweenawan (Annells, 1974; White et al., 
1971) but given the  relatively small  percentage of the  
Keweenawan presently exposed, many more  probably exist .  

The petrochemical character is t ics  of Keweenawan 
volcanics a r e  similar t o  t h e  world's major flood basal t  
provinces, including t h e  Ter t iary  of Iceland, in t h a t  they a r e  
predominantly tholeii t ic,  show pronounced bimodality in most 
areas ,  and through most of thei r  section show limited 
variability. The l imited published t r a c e  e l emen t  d a t a  for  
maf ic  rocks (McIlwaine and Wallace, 1976; Annells, 1974) for  
example  plots of Ti-Zr-Y and Ti-Zr-Sr plots, show the  
Keweenawan rocks t o  be  similar t o  modern "within-plate" 
tholeii t ic basalts (Pea rce  and Cann, 1973). Major e l emen t  
d a t a  f rom several a r e a s  (Green, 1972; Annells, 1973, 1974; 
Wallace, 1972), when plotted on AFM and o the r  variation 
diagrams, have shown strong similarit ies t o  trends derived 
f rom t h e  Thingmuli su i t e  f rom Iceland (Carmichael,  1964). 
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Figure 22.20. The development of  the Keweenawan Rif t  System and the evolution 
of the Lake Superior Basin. 

Green (1977) es t imated t h e  r a t e  of p la te  separa t ion  
along t h e  Keweenawan r i f t  sys tem a t  roughly 0.5 c m  per 
year.  This compares  with average  r a t e s  of f rom 1.5 t o  
2 .2cm per year  along t h e  Mid-Atlantic Ridge 
(Strangway, 1970) and is a t  leas t  one  t o  two orders  of 
magnitude g rea t e r  than t h a t  fo r  t h e  Eas t  African R i f t  
System. The wide discrepancies in t h e  r a t e s  of distension for 
t hese  t h r e e  r i f t  sy s t ems  have been c i t ed  t o  account  f o r  t he i r  
major d i f ferences  (White, 1972; Green, 1977). The Eas t  
Afr ica  R i f t  is essentially a graben s t ruc tu re ,  whereas t h e  
Lake  Superior Basin was formed by a downwarping of t h e  
crust .  Volcanic ac t iv i ty  in t h e  Eas t  Afr ica  R i f t  is very much 
subordinate t o  sedimentation,  and most of t he  smal l  
s t ra tovolcanoes  consist  of ext remely  alkalic rocks, in sha rp  
con t r a s t  t o  t h e  tholeii t ic flood basalts  of t he  Keweenawan. 
White (1972) suggested t h a t  relatively f a s t r a t e s  of r if t ing,  

such a s  in t he  Keweenawan and Mid-Atlantic 
sys tems,  would produce  deep  c rus t a l  fissuring and allow fo r  
rapid movement  of magma  t o  t h e  surface .  Slower spreading 
r a t e s  would allow s t r a in  t o  b e  taken up by normal fault ing 
with consequently less dyke format ion and volcanic ac t iv i ty .  
Green (1977), in compar ing t h e  Keweenawan pla teaux with 
those  of Iceland, a t t r i bu t ed  t h e  much g r e a t e r  thickness of t h e  
fo rmer  t o  "abrupt periods of in tense  erupt ive  activity,  
followed by quiescence  ... with re la t ive ly  l i t t l e  spreading". In 
Iceland, t h e  spreading continues at a relatively constant  r a t e  
which gives r i se  t o  thinner p la teaus  produced f rom closely 
adjacent  f eede r  systems. Green (1977) also explained t h e  
much thinner c rus t  under t h e  Icelandic r i f t  zone  in t e r m s  of 
m o r e  rapid spreading. 
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The development of t h e  Keweenawan can also be  
compared t o  and contras ted  with t h e  Newark tec tonic-  
volcanic even t  (de Boer and Snider, 1979) of ea s t e rn  North 
America.  During t h e  Triassic, c rus ta l  r if t ing with l imited 
spreading (*I00 km) (Rodgers,  1970) took place  along t h e  axis 
of what is now t h e  Appalachian Mountains. This abo r t ed  
rif t ing preceded t h e  ac tua l  opening of t h e  At lant ic  by 
approximately 50 Ma. The r a t e  of p la te  separa t ion  during t h e  
Newark event  is believed t o  have been re la t ive ly  slow s ince  i t  
resulted in t h e  format ion of deep  r i f t  valleys bounded by e n  
echelon s e t s  of normal faults .  As in t h e  Eas t  Africa Rift ,  
redbed fluvial and piedmont fan  sedimenta t ion  was  dominant.  
Most volcanic ac t iv i ty  was  alkalic, but  major tholeii t ic 
intrusions and relatively minor flood basa l t  accumulations 
formed in t he  northern part  of t he  r i f t  zone f rom 
Pennsylvania t o  Nova Scot ia  (de Boer and Snider, 1979). As 
in t h e  Keweenawan, major dyke swarms parallel  t h e  graben 
systems, and extend f a r  beyond t h e  Triassic basins. A major 
geophysical f e a t u r e  known a s  t h e  Appalachian Gravi ty  High is 
roughly congruent with t hese  l inear basins. As in 
Green's (1977) in terpre ta t ion  of Keweenawan volcanism, t h e  
Newarkian igneous and tec tonic  ac t iv i ty  shifted in t i m e  and 
space  along an  a c t i v e  r i f t  a r m  of a t r ip le  junction located in 
northern Florida (de Boer and Snider, 1977) and formed a 
number of d iscre te  en  echelon ell iptical  basins. 

SUMMARY 

The Lake  Superior Basin and t h e  Keweenawan rocks 
within i t  formed a s  a result  of crus ta l  r i f t ing  and p l a t e  
separa t ion  which took place between 1.3 and 0.6 Ga. The 
rif t ing cycle  began (Fig. 22.20A) during a prolonged period of 
s t ab l e  platform, shallow mar ine  sedimenta t ion  (Lower 
Keweenawan) with t h e  format ion of extens ive  dyke swarms 
parallel  t o  t h e  axis of t he  incipient r if t .  With continued 
crus ta l  distention a ser ies  of deep  subparallel f issures brought 
magma  rapidly t o  t h e  su r f ace  producing a small  number of 
overlapping plateaus each  consisting of hundreds of reversely 
magnet ized  subaerially extruded flood basalts. Af t e r  a sho r t  
hiatus in volcanic ac t iv i ty ,  during which deposition of some  
t e r r e s t r i a l  sediments  took place in local basins, volcanism 
recommenced with t he  eruption of voluminous normally 
magnet ized  flood basa l t s  f rom feede r s  located  along t h e  axis 
of t h e  r i f t  where  crus ta l  spreading of up t o  90 km took place  
(Fig. 22.200). As t h e  mass of maf ic  f lows rapidly increased 
along t h e  axial  zone, regional subsidence took place  which 
more  o r  less kep t  pace  with t h e  volcanic accumulation.  This 
downwarping continued a f t e r  volcanism waned, producing t h e  
Lake  Superior Syncline in to  which c l a s t i c  sediments  (Upper 
Keweenawan) were  introduced f rom al l  sides. At  roughly t h e  
s a m e  t ime,  t h e  t ec ton ic  regime in t h e  region changed t o  one  
of compression which led t o  a steepening of t h e  limbs of t h e  
syncline, and t h e  development of a sys t em of high angle 
reverse  faul ts  along t h e  axis of t h e  depression. Vertical  
movement on these  f au l t s  in t h e  order of 2 t o  4 km formed a n  
extens ive  horst-and-graben sys tem with a prominent cen t r a l  
horst  which for  some  t ime  ac t ed  a s  a topographic high 
providing det r i tus  fo r  t h e  flanking troughs (Fig. 22.20C). 
Sedimentation in to  t h e  basin which roughly coincided with 
t h e  present  outl ine of Lake Superior continued in to  Cambrian  
t i m e  with only minor react iva t ions  of t h e  older faults .  
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Abstract 

At the time o f  publication of the last inventory o f  reported Precambrian remains in Canada 
(Hofmann, 1972), 72 occurrences were known, including 31 o f  stromatolites, 3 of microfossils, 3 o f  
megafossils, and 19 of dubiofo~ssils, the remainder being demonstrably inorganic (pseudofossils), or 
younger than Precambrian. Among the important published finds of Precambrian remains made in 
Canada since 1970 are the following: stromatolites in the Archean Yellowknife Supergroup; 
stromatolitic microbiotas in the Aphebian Belcher Supergroup of Hudson Bay; carbonaceous 
megafossils, microfossils, and dubiofossils in the Neohelikian Little Dal Group of the Mackenzie 
Mountains; microfossils in the Helikian Dismal Lakes Group northeast o f  Great Bear Lake; Hadrynian 
trace fossils and microfossils in the Rocky Mountains, and microfossils in 11 Hadrynian formations on 
the Avalon Peninsula. Stromatolites, as yet inadequately dated but Proterozoic, were reported from 
15 new areas and units. In addition, earlier known occurrences received more detailed study and 
taxonomic treatment, particularly microfossils and stromatolites in Aphebian formations in the 
Animikie, Great Slave, Epworth, and Belcher basins. Furthermore, some o f  the 19 remains earlier 
considered as dubiofossils were reinterpreted as biogenic. 

These developments were paralleled by similar ones elsewhere on the globe. A striking increase 
in interest in Precambrian paleontology has resulted in many publications on all types o f  remains; 
several syntheses have appeared, and working hypotheses have been updated to accommodate the new 
data. The oldest acceptable fossils now known are stromatolites and microfossils from the 3.5 Ga old 
Warrawoona Group o f  Western Australia; 'lmicrofossils" reported from the 3.8 Ga old Isua Group o f  
southwestern Greenland, are probably nonbiogenic. 

Lors de la publication du dernier inventaire des restes pre'cambriens signalb au Canada 
(Hofmann, 1972), on connaissait 72 manifestations, dont 31 de stromatolites, 3 de microfossiles, 3 de 
me'gafossiles et  19 de fossiles douteux, les autres e'tant des fossiles inorganiques [pseudofossiles) ou 
des fossiles plus re'cents que le Pre'cambrien. Parmi les donne'es importantes publie'es sur les restes 
pre'cambriens faites au Canada depuis 1970, on compte des stromatolites dans le supergroupe arche'en 
de Yellowknife; des microbiotes stromatolitiques dans le supergroupe aphe'bien de Belcher de la baie 
dlHudson; des me'gafossiles, des microfossiles, et des fossiles douteux charbonneux dans le groupe 
ne'ohe'likien de Little Dal des monts Mackenzie; des microfossiles du groupe he'likien de Dismal Lakes 
au nord-est du Grand lac de llOurs; des traces de fossiles et de microfossiles dans 11 formations de 
llHadrynien sur la presqu'ae dlAvalon. Des stromatolites non encore datSs de fagon pre'cise mais qui 
doivent probablement gtre du Prote'rozo'ique, ont e'te' signalb dans 15 nouvelles rggions et  nouvelles 
unite's. En outre, des manifestations ddjd connues ont fait l'objet d'e'tudes et d'un traitement 
taxonomique plus de'taille's, particulihrement les microfossiles et les stromatolites des formations de 
llAphe'bien dans les bassins dlAnimikie, de Great Slave, dlEpworth et de Belcher. De plus, un certain 
nombre des 19 restes du Prote'rozo'ique conside're's ant6ieurement comme des fossiles douteux ont e'te' 
rdinterprdte's comme e'tant d'origine biologique. 

Parallhlement ?I ces de'veloppements on en a e'tudie' d'autres similaires ailleurs dans le monde. 
L1intk6t accru port6 d la pale'ontologie du Pre'cambrien a donne' lieu ?I de nombreuses publications sur 
tous les types de restes; plusieurs syntheses sont apparues et  des hypotheses de travail ont e'tS mises Ir 
jour pour s'adapter aux nouvelles donne'es. Les fossiles acceptables les plus anciens maintenant 
connus sont des stromatolites et  des macrofossiles du vieux groupe de Warrawoona (3,  5 Ga) de l'ouest 
de llAustralie; les "microfossiles" signale's dans le vieux groupe d'lsua (3 ,  8 Gal du sud-ouest du 
Groenland ne sont probablement pas d'origine biologique. 



H.J. Hofmann 

INTRODUCTION 

During the past decade Precambrian paleontology has  
continued t o  grow a s  a subdiscipline, with many geologists in 
d i f ferent  parts of the world contributing to this ac t ive  field, 
and making discoveries almost anywhere Precambrian sedi- 
mevtary rocks are  accessible. Results of this blossoming 
act iv i ty  a r e  reflected in an  expanding l i tera ture  dealing with 
new finds, a s  well a s  with the  practical  application of the  
data  to  Precambrian biostratigraphy and paleogeography. 
(For general  reviews, s e e  Schopf, 1975a, 1977). I t  has  become 
difficult  for most geologists t o  keep up with these  develop- 
ments;  this overview presents progress in this field in Canada 
during the  past decade, and brings previous inventories 
(Hofmann 1971a, 1972) up to  date.  Altogether 50 new occur- 
rences  a r e  registered in the  present compilation, and new 
information is provided for 22 previously known occurrences.  

TYPES O F  REMAINS CONSIDERED 

Precambrian remains can be  conveniently classified 
under 9 headings (Fig. 23.1). Megafossils (body fossils) a r e  
t h e  remains of macroscopic organisms, of which t h e  
Ediacaran metazoans a r e  the  bes t  known examples;  included 
in this ca tegory a r e  also macroscopic carbonaceous 
compressions with uniform s ize  and geometry.  Microfossils 
comprise structurally preserved organisms, chiefly a lgae  and 
bacteria,  visible with the  aid of the  optical  and e lec t ron 
microscopes. Chemofossils a r e  those biogenic remains  of 
ultramicroscopic s ize  identifiable only by their  molecular 
configuration, stable isotope ratios, or composition, t h a t  is, 
by chemical methods (Fig. 23.2); they include t h e  various 
geochemical alteration products of biogenic substances such 
a s  carbon, kerogen, and the  porphyrins and isoprenoid 
alkanes formed by the degradation of chlorophyll (Fig. 23.3), 
a s  well a s  isotopically l ight 6 1 3 C  and 6 3 4 S  values indicative 
of metabolic processes. a r e  the  tracks,  trails ,  
and burrows lef t  by mobile animals. St romatol i tes  a r e  fixed, 
laminated s t ructures  t h a t  represent t he  t r aces  of life- 
ac t iv i t ies  of micro-organisms in integrated communities,  
mainly of a lgae  and bacteria.  Oncolites a r e  detached,  
concentrically laminated s t romatol i tes  which can  b e  moved 
repeatedly on the  subst ra te  by currents  and waves. 

PRECAMBRIAN REMAINS 

Code Type Size Form Significance 
biologic g,","2$,c chronologic . 0.. 

0 ONCOLITES mm @ a  .. 7 

K CATAGRAPHS mm @ ? . 7 

P PSEUDOFOSSILS - mom - 
Fi-gure 23.1. Classification and attributes o f  Precambrian 
remains. The frequency of dots in the 3 columns on the right 
indicates the relative quality o f  information provided by the 
remains regarding biology, geological conditions and 
processes, and geochronology. 

Catagraphs  represent internally unlaminated de t r i t a l  grains 
believed t o  have formed under the  influence of micro- 
organisms; many of them a r e  microscopic dubiofossils, some 
a r e  pseudofossil intraclasts.  Dubiofossils a r e  s t ruc tu res  of 
undetermined or uncertain origin; they may or  may not b e  
biogenic; available evidence is inconclusive for their  
classification a s  ' t r u e  fossils or a s  pseudofossils. 
Pseudofossils a re  not evidence of life; they a r e  those remains 
t h a t  have a decept ive  resemblance t o  fossil organisms, but 
can  b e  shown t o  be entirely due  t o  nonbiologic processes. 

Of the  50 new occurrences  (some, in reali ty,  multiple 
localities), 2 a r e  megafossils, 14 a r e  microfossils, I is an  
ichnofossil, 15 a re  s t romatol i tes  and oncolites,  5 a r e  
chemofossils, and 13 a r e  dubiofossils (including catagraphs) 
and pseudofossils. Each of these  is fur ther  discussed 
separately.  Summaries of developments in Canada for t h e  
period 1970-1980 a re  given in Figure 23.4 and in the  
Appendix, where specific references  a r e  c i t ed  for each  
occurrence;  these  a r e  also keyed into the  bibliography. 

MEGAFOSSILS 

The only body fossils known in 1970 were  t h e  Hadrynian 
metazoans  in the Mistaken Point Formation of southeastern 
Newfoundland (Occurrence  49), discovered by P. Thompson 
and S.B. Misra in 1967. While this fauna has  s ince  been found 
a t  many di f ferent  locali t ies on the  Avalon Peninsula 
(Anderson 1978, Fig. I) ,  no  detailed sys temat ic  or  taxonomic 
study has so f a r  been published, an unfor tunate  situation, 
considering the  g r e a t  importance  of th is  assemblage in 
Precambrian paleontology. This fauna is dominated by 
problematic coe len te ra t e  genera ,  including various medusoids 
a s  well a s  leaf-like colonies reminiscent of s t ruc tu res  found 
in the  Charnian of England; gene ra  thus far  identified a r e  
Charnia, Charniodiscus, and Cyclomedusa. 

New occurrences of large medusoids similar t o  those in 
the  Mistaken Point Formation have also been found in t h e  
corre la t ive  Hibbs Hole Formation, and the  older Briscal and 
Drook Formations (Occurrence  119) (Hofmann et al., 1979, 
p. 83, 85). These, too, require sys temat ic  study. 

CHEMOFOSSILS 

KEROGEN, CARBON 
Significance 

ALKANES 
normal 
branched 
cyclic 7 

FATTY ACIDS 
V 

normal AMNwVc8_oO~ 7 
branched Mc-OH 

N .N Q o  
PORPHYRINS 

\ .' 
. .M\ 

N N 

CARBOHYDRATES 
monosaccharides 
polysaccharides 7 

AMINO ACIDS 
0 

H - C - C ~  R=Substituent ? 

13FC 3 4 ~ Z s  

ioflcr McKfrdy, 1974) 

Figure 23.2. Some chemical evidence of life-activity found 
in Precambrian sediments. The biological significance of the 
remains is given in the column on the right. 
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A new biota was discovered by 3.D. Aitken in 1976, in abundance in association with Tawuia suggests these  two  t axa  
t h e  Helikian Li t t le  Dal Group of t h e  Mackenzie Mountains may possibly represent  an  a l ternat ion of generations of t h e  
(Occurrence 85). This comprises 4 types  of carbonaceous s a m e  organism. Studies a r e  under way t o  determine thei r  
compressions: t h e  discoidal Chuar ia  circularis,  t h e  ova te  affinit ies and possible relations more  closely. 
~ o r & i a ?  antiqua, the  ribbon-like Tawuia dalensis, and The Li t t le  Dal fossils, a s  well a s  new occurrences  of irregular,  angula te  f ragments  assigned t o  Beltina danai. This Chuaria circularis in the Uinta Mountains, have made i t  
biota is preserved in a finely laminated, basinal dolostone possible to transfer the Hadrynian dubiofossils of 
fac ie% of f  t h e  foreslope of  s t romatol i te  reefs.  It is o f  Occurrence 24 (Hofmann, 1971a, p. 24, 1972, 24) to the exceptional interest  and evolutionary significance because body fossils; they support the interpretation of 
Tawuia, interpreted as an eucaryotic alga, is  t h e  largest  I G a  
old organism known, the  ribbons attaining a s  much as  6 mrn in Gussow (1973). 

w i d t h a n d  150 mm i n  length. The ~ h u a r i a  found in g rea t  

Figure 23.3 

Diagram showing the production o f  some chemofossils. 
The chlorophyll molecule chosen as an example has 
bipartite organization; during geochemical alteration the 
molecule may split along the dotted line, the "head" 
yielding porphyrin complexes, and the "tailH yielding 
isoprenoid alkanes or fa t ty  acids. These breakdown 
products, which may be preserved in the fossil record, 
are o f  molecular dimensions and identifiable only by 
chemical methods. 

H,C = CH 
I H 

CHLOROPHYLL 
a C66H7206N4Mg 

H,C- 

H H 

HaC, PORPHYRINS 
H 

H ~ +  HO-CIO ,,,c~\\Oo FATTY ACI DS 
Hz? y=O o\\cJ O 

@Ocbe 
O=C I 0-CH, -cd ISOPRENOID ALKANES 

...... (I ...... prlstane 
I H Y H 3  (3 7H3 FH3 CigH40 

H2C - C = C, /CI-\1, /Cv /Cq2 /Cv /Cv2 /Cv phytane 
CH, CH2 CH2 CH2 CH2 CH2 CH3 CZ0H42 

~ h y t ~ l  C2,Hs9 
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Microfossils 

Knowledge of Canadian Precambrian microfossils 
improved considerably in t h e  1970s. In addition t o  new da ta  
and interpretations of known assemblages (Occurrences 25, 
31, 711, 14 new occurrences were  reported (73, 74, 84, 87, 88, 
90, 105, 112-118), ranging in a g e  f rom Aphebian t o  Late  
Hadrynian, and including both benthic s t romatol i t ic  cher t -  
fac ies  and planktonic shale-facies microfossils. 

The chert-facies microfossils have proved t o  b e  t h e  
most diverse taxonomically and the  most important with 
regard t o  providing paleobiologic and paleoecologic 
information. Their early diagenetic in si tu permineralization 
by silica has resulted in exceptional fidelity of preservation, 
permitt ing the  study of life-cycles of individual taxa ,  and of 
relationship of e lements  in ancient  microbial communities in 
thei r  ecologic context .  Many microfossils a r e  morpho- 
logically similar t o  modern ones in similar perit idal sett ings,  
and t h e  pronounced evolutionary conservatism exhibited by 
this group of organisms has made i t  possible to  study the  
biology, ecology, and taphonomy of the  modern analogues t o  
be  in a be t t e r  position for evaluating the  ancient  ones. The 
most thoroughly studied Canadian occurrences  in this respect  
now a r e  the  Aphebian Gunflint Formation (Occurrence 31) 
and the  Belcher microfossils (Occurrences 71, 105), and the  
Helikian Dismal Lakes Group (Occurrence 88) (for references  
s e e  Appendix). All these  assemblages a r e  dominated by 
coccoid and fi lamentous cyanobacteria (cyanophytes). 
Altogether 21 t axa  a r e  recognized in the  Gunflint Formation, 
excluding synonymous ones, another  16 in the  !<asegalik 
Formation, 19 in the  McLeary Formation, and 13 in the  
Dismal Lakes Group (see Appendix). 

The Gunflint microbiota includes in addition t o  t h e  
prevalent coccoids and fi laments,  a number of b izarre  forms 
t h a t  a re  likely planktonic and difficult  t o  in terpre t  for lack 
of convincing modern analogues. These include the  genera  
Eosphaera, considered a s  a green alga (Kazmierczak, 1976, 
1979), or a red alga (Tappan, 1976); Eoastrion, a bacterium, or  
a nonbiologic s t ructure  (Barghoorn, 1963, 1971, 1974, 19771, 
and Kakabekia (see  references  under B.Z. Siegel, 
S.M. Siegel,); presumed reproductive s t ages  of Huroniospora 
were  discussed in several papers (Darby, 1972, 1974), t he  role 
of Huroniospora and Cunflintia in t h e  formation of some 
Gunflint strornatoli tes was t r ea t ed  in o thers  
(Awramik, 1973a, b, 1976a, b, 1977). 

Studies of post-mortem degradation of modern 
procaryotes were applied in the interpretation of similar 
rnicrofossils with internal "dark spots" (see references  under 
Awramik, Barghoorn, Golubic, Hofmann), and exper imenta l  
silicification of modern procaryotes have fac i l i ta ted  the  
interpretation of Precambrian microfossils generally 
(Oehler, 1976a, b). 

Shale-facies microfossils comprise spheroids and 
fi laments which a r e  associated with t h e  Helikian Li t t le  Dal 
rnegafossils (Occurrence  841, and which a r e  also found in 
various Hadrynian units on the  Avalon Peninsula in 
Newfoundland (Occurrences 112-118). Their s i ze  is generally 
larger than tha t  of t he  chert-facies microfossils by an  order  
of magnitude, and they a r e  probably algae.  BavlineUa-like 
colonial aggregates and isolated spheroids in the  l a t e  
Hadrynian Windermere Supergroup (Occurrences 25, 73) have 
been interpreted, not without question, a s  d i f ferent  
ontogenetic s tages  in the  life-cycle of planktonic a lgae  
(Cloud e t  al., 1975; Moorman, 1972, 1974; Javor  and 
Mountjoy, 1976). 

Relatively f ew references  were  published on mater ia l  
considered t o  be chemical  evidence of Archean and Aphebian 
life-activity. These deal  with molecular fossils in t h e  
Gunflint Formation (Occurrence  30, 31) and with f rac t ionated 
s table  carbon and sulfur isotopes, the  negative 613C  
and 6 'S values being ascribed to  the  e f f e c t s  of microbial 
metabolism (Occurrences  30, 31, 97, 98, 99, 103) 
Barghoorn et al., 1977; Goodwin e t  al., 1976; T.A. Jackson, 
1971a, b; Schidlowski, 1979). Carbonaceous ma t t e r  in a 5 c m  
seam was reported f rom t h e  Aphebian Ramah Group 
(Occurrence  1 10). 

Ichnofossils 

Only one new repor t  of definite t r a c e  fossils was made, 
the  Didymaulichnus miet tens is  f rom the  Hadrynian Miet te  
Group (Young, 1972, Occurrence  72). These  simple, smooth, 
gently curving bilobate t ra i l s  parallel  t o  bedding a r e  about 
15-20 mm wide and possibly a r e  molluscan crawling trails. 

Trace  fossils previously repor ted  f rom the  Random 
Formation of Newfoundland (Occurrence  45) may in par t  b e  
Lower Cambrian (Greene and Williams, 1974). 

STROMATOLITES (INCLUDING ONCOLITES) 

By far t he  most numerous en t r i e s  in t h e  bibliography 
r e fe r  t o  stromatolites.  Newly reported occurrences  include 2 
f rom the  Archean, 4 f rom the  Aphebian, 3 from the  Helikian 
t o  Early Hadrynian, and 6 f rom units considered t o  b e  La te  
Hadrynian. The 2 Archean finds (Henderson, 1975b; Thurston 
and Jackson, 1978: Occurrences  91 and 93) a re  the most 
important  from a paleontologic point of view, considering 
t h a t  t he  only other  locality known prior t o  1970 was a t  
Steeprock Lake (Occurrence  29). Together,  these  3 comprise 
the  oldest fossils known in Canada (Fig. 23.5), dating f rom 
the  Late  Archean. No microfossils have y e t  been found in 
these  structures.  

During the  past  decade geologists engaged in regional 
mapping and Proterozoic  basin analysis made extensive use of 
s t romatol i tes  (see publications by Aitken, Campbell ,  Cecile,  
Donaldson, Hoffman, Jefferson, Long, G.M. Young). Results 
of concurrent  work on modern analogues in Shark Bay, t h e  
Bahamas, Bermuda, and the  Persian Gulf area ,  aided this 
analysis t o  no small  e x t e n t  (see  publications by Gebelein, 
Golubic, Hoffman). The work on modern analogues, however, 
has, hardly touched the  problem of t h e  less accessible 
environment of subtidal s t romatol i tes ,  t h e  type most likely 
represented by the  vas t  majority of Precambrian columnar 
s t romatol i tes  which a r e  used biochronologically. 

Figure 23.5 

Canada's oldest fossils: Archean stromatolites from 
3 localities. 

A - Yellowknife Supergroup, Snofield Lake, District of 
Mackenzie (Occurrence 91). Pseudogymnosolen and 
Stratifera. GSC hypotype 6 5 6 5 0 .  

B - Steeprock Group, Atikokan, Ontario (Occurrence 29). 
Metre stick for scale. 

C - Unnamed carbonate unit at Woman Lake, northwestern 
Ontario (Occurrence 93; specimen collected by  
P.C. Thurston). GSC hypotype 65651. Orientation o f  
specimen not known. 
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Figure 23.6. Archean remains in Canada. 
Symbols same as for Figure 23.4. Remains 
now considered pseudofossils are not plotted 
(Occurrences 28, 34, ?70). 

424 

Figure 23.7. Aphebian remains in 
Symbols same as for Figure 23.4. Remains 
now considered pseudofossils are not plotted 
(Occurr·ences 12, 15, 37, 41, 62, 63, 64, 65, 
66, 67, 68, 69, ?70). 

e 29 STEEPROCK GP. 
e 91 SNOFIELD DOL. 
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Figure 23.8. Helikian and Early Hadrynian 
remains in Canada. Symbols same as for 
Figure 2.'3.4. Remains now considered 
pseudofossils are not plotted MAINS 
(Occurrences SS, 56, 57, 58, 59). 

Figure 2.'3.9. Late Hadrynian remains in 
Canada. Symbols same as for Figure 23.4. 
Remains now considered pseudofossils are 
not plotted (Occurrence 46). 
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PRECAMBRIAIV FOSSIL RECORD - 

UNGLE 8UNGLE 

AL. HURONIAN 

DORP. FORTESCUL 

WOMAN LAKE 

Figure 23.10. Graphic summary of present s ta tus  of Precambrian fossil record. Selected important 
fossiliferous stratigraphic units are placed in their geochronologic context; Canadian stratigraphic 
units are emphasized in boldface type. The attenuating sinuous curve schematically delineates major 
chapters in earth history and biological evolution. The stratigraphic range of different types. of 
remains is shown in columns a-p: 

a - free carbon, kerogen 
b - fractionated isotopes of C and S 
c - molecular fossils 
d - coccoid microfossils < 30 p m 
e - filamentous microfossils 
f - tubular microfossils, sheaths 
g - coccoid microfossils > 3 0 ~  m 
h - vase-shaped microfossils 
i - megascopic carbonaceous discs 

References giving systematic and taxonomic treatment 
of stromatolites a re  few (Awramik, Hofmann, Jefferson, 
Sernikhatov, Walter): 8 new stromatolite groups (one a junior 
synonym) and 16 new forms were erected using Canadian 
materials, all from Aphebian units (Occurrences 9, 14, 
30, 40). Stromatolites were used for interbasinal correlation, 
particularly for Helikian and Early Hadrynian sequences in 
northwestern Canada (see references under Aitken, 
Jefferson, Semikhatov, G.M. Young). 

Certain cher t~hemat i te  stromatolites from the Gunflint 
Formation a t  Mink Mountain, Ontario (Occurrence 30) formed 
the basis for studies of rhythmicity of the contained 
unusually fine and even lamination, to  determine possible 
astronomic cycles in the Precambrian record (Pannella). An 
obtained minimum value of 448 days per year a t  the t ime of 
Gunflint deposition needs corroboration. The Mink Mountain 
stromatolites were also compared with laminated geyserite 
deposits in Yellowstone Park in the context of a nonbiologic 
origin previously suspected on the basis of the unusually fine 
and even lamination (Walter, 1972). 

megascopic carbonaceous ribbons 
metazoan body fossils 
shelly fossils 
ichnofossils 
stratiform stromatolites 
branching columnar stromatolites 
conophytonid strornatolites 
oncolites 
catagraphs 

A new, quantitative method of studying strornatolites 
was introduced by H.J. Hofmann, using an image-analysis 
computer system tha t  allows for more precise specification 
of at t r ibutes  of these structures. Finally, many earlier 
known stromatolite occurrences were restudied, and new 
paleontologic, paleoenvironmental, and stratigraphic infor- 
mation became available. 

DUBIOFOSSILS (INCLUDING CATACRAPHS) 
AND PSEUDOFOSSILS 

Prior to 1970 structures of problematic origin had 
occasionally been reported from Precambrian rocks. Many of 
these a re  now known to be entirely of inorganic origin and 
a re  assigned to the pseudofossil category. The concept of 
dubiofossils was introduced to accommodate the remaining 
structures probably or possibly having biological significance 
(Hofmann, 1972b, p. 27-29). New dubiofossils were reported 
from 13 places (see Fig. 23.4). About half of these a r e  
"possible t race  fossils" (Occurrences 76, 78, 83, 86, 102, I l l ) ,  
and 5 a r e  microscopic dubiofossils (Occurrences 94, 95, 96, 
106, 108); all  require more detailed study. 
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PRECAMBRIAN F O S I L S  IN CANADA - 
PRESENT STATUS ,. 

Our present knowledge of Precambrian remains  is 
summarized in the  Appendix, and in a series of maps showing 
thei r  geographic distribution by type and age, in conjunc- 
tion with the  outcrop bel ts  of rocks of t h e  same  age  
(Fig. 23.6-23.9). Except  for t he  Archean, most of the  outcrop 
be l t s  of unmetamorphosed Proterozoic sequences have 
yielded remains. The potential  for finding additional 
occurrences  in the  Archean is good, and excel lent  for t he  
Proterozoic.  If the  pas t  is any guide, many new discoveries 
will b e  made fortuitously by geologists working in the  field on 
general  mapping or stratigraphic problems in Precambrian 
terranes.  I t  will be  useful t o  have some specialist  input in 
t h e  interpretation of such possible organic remains. What 
also sti l l  remains is a g rea t  amount of fur ther  work on 
occurrences  already known. 

GLOBAL CONTEXT - SUMMARY 

The present s t a tus  of the  global Precambrian fossil 
record, which includes important contributions f rom 
Canadian localities, is graphically summarized in 
Figure  23.10. The oldest  remains of f r e e  carbon on our 
planet (excluding meteorites) a re  in high grade metasedi- 
mentary  rocks of t he  Isua Group in southwestern Greenland. 
Isotopic da ta  and molecular remains f rom this unit  yield no 
unequivocal inf or mation proving biogenic processes, and 
repor ted  "microfossils" a r e  irregular inclusions a t  grain 
boundaries. The oldest compelling evidence of l ife is found 
a s  s t romatol i tes  and microfossils in t h e  Warrawoona Group of 
Western Australia and in the  approximately coeval 
Onverwacht  Group of South Africa. 

Aside from t h e  3 Canadian occurrences,  Archean 
s t romatol i tes  also a r e  known from t h e  Pongola, Belingwe, 
Bulawayo, and Ventersdorp units of southern Africa,  and the  
For tescue Group of Western Australia. The approximately 
2.6-2.7 Ga old Canadian s t romatol i tes  a r e  thus the  only 
known Archean s t romatol i tes  f rom the  Northern Hemisphere; 
they also include some of t h e  oldest  branching columnar 
forms anywhere. 

On the  Aphebian leg of e a r t h  history, many 
s t romatol i t ic  carbonates  make thei r  appearance, although 
only a few a r e  shown in Figure 23.10, t he  oldest  being in the  
Huronian and Transvaal supergroups. However, well 
documented and diverse microfossil assemblages d o  not  occur 
until  about 1.9 Ga ago, with the  Gunflint and Belcher micro- 
b iotas  consti tuting outstanding markers. Possible con- 
temporaneous microfossiliferous units a r e  the  F re re  and Duck 
Creek format ions  in Western Australia. 

The ear l ies t  megascopic f i laments  and compressed 
spheroids a r e  found in t h e  Changcheng System of North 
China; assemblages of slightly larger dimensions a r e  found in 
progressively younger deposits, such a s  t h e  examples  given in 
Figure 23.10. The Belt  and Li t t le  Dal units also contain large 
ribbon-like carbonaceous  compressions, ver i table  g iants  
among Precambrian organisms. 

Remains of t he  Hadrynian in terval  comprise  various 
outstanding occurrences,  including the  well studied Bi t ter  
Springs microbiota, t h e  Chuar Group of the  Grand Canyon 
with the  o ldes t  known chitinozoan-like microfossils, and t h e  
Lates t  Precambrian Ediacaran fauna with i t s  various 
equivalents, including t h e  Conception Group metazoans  of 
Newfoundland. 

I t  is evident t h a t  Precambrian remains  f rom Canada 
have figured prominently in the  Precambrian fossil record, 
and will continue t o  do  s o  in t h e  future. 
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BIBLIOGRAPHY OF PRECAMBRIAN REMAINS IN CANADA - 2 

This bibliography comprises 237 references  specifically Age: H - Holocene analogues of Canadian Precambrian 
concerned with the  paleobiology, biostratigraphy, paleo- remains 
ecology, or paleobiogeochemistry of Precambrian remains in Z - Late  Hadrynian 
Canada. I t  complements the  last comprehensive bibliography Y - Helikian and Early Hadrynian 
on t h e  same  subjects (Hofmann, 1971a), and brings i t  up t o  X - Aphebian 
d a t e  bv including some 22 ore-1970 ar t ic les  t h a t  were  missed W - Archean 
during'the earlier compilaiion, and 7 references  published in Type of remains: ear ly  1980. Together these  2 bibliographies const i tu te  t h e  B - Body fossils (megafossils) most complete  collection of references  on Canadian 
Precambrian paleontology y e t  published. C - Chemofossils 

D - Dubiofossils 
The references  a r e  coded by numbers and l e t t e r s  t o  I - Ichnofossils ( t r a c e  fossils) 

f ac i l i t a t e  thei r  utilization. The number code r e fe r s  t o  t h e  K - Catagraphs  
occurrence  a s  listed in the  Appendix and a s  shown on M - Microfossils 
Figures23.1, 23.4, 23.6-23.9, continuing t h e  numbering 0 - Oncolites 
sys tem employed in the  previous compilations P - Pseudofossils 
(Hofmann, 1971a, 1972). The l e t t e r  codes  refer  t o  the  S - Stromatol i tes  
s t ra t igraphic  position, type of remains, and emphasis of t h e  Orientation of paper: paper with respect  t o  the  remains. The l e t t e r  key is a s  a - applied to  correlation, chronostratigraphy follows: e - paleoenvironmental,  paleogeographic, lithogenesis 

g - general  t r ea tmen t ,  synthesis 
r - incidental  r epor t  of occurrence  
t - taxonomic t r ea tmen t ,  systematics,  paleobiological 
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Table 23.1. Composition of Bibliography 2 

The composition of t h e  bibliography is analyzed in stromatolites, in various parts of Canada, or are 
Table 23.1. As can be seen, the publication rate reached paleoenvironmentally oriented; relatively few provide 
a maximum during the mid-1970s. Of the  total of detailed systematic and taxonomic treatment of Precambrian 
215 references listed for the years 1970 to early 1980, biotas; f e w e r  still deal with chronostratigraphy and 
98 ( 4 5 . 6 % )  appeared in Canadian ~ublications, while correlation based on the  fossils. 

Year of publication Number of references 

early 1980 7 
1979 17 
1978 23 
1977 25 
1976 29 
1975 3 1 
1974 21 
1973 23 
1972 17 
197 1 14 
1970 8 

Total 1970-1980 215 
pre- 1970 22 

Grand total 237 

11 1-(51.0%) in' foreign publications, chiefly ~rner ican .  By The largest number of references ( 5 1 )  on a single number of references, t h e  leading Canadian publisher is t h e  occurrence relate to the Gunflint  microfossils 
Geological Survey of Canada with 58 (27.0%); 43 (20%) are in 

( O c c u r r e n c e  31), indicating the sustained interest of Canadian periodicals or are unpublished theses. Most of the Precambrian paleontologists in those remains, and their 
references are rep0rts remains, Of relative importance in t h e  global context of Precambrian 

Number of post- 
Publisher 1969 references Percentage 

Geological Survey 58 27.0 % 
of Canada 

Other Canadian 40 18.6 
publications 

Foreign publications 111 51.6 
'Theses a t  Canadian 3 1 .4  

universities 
Theses at American 3 1.4 

universities 

Total 215 100.0 

Most frequently cited: Occurrence 3 1 
(Gunflint  Fm. m i c r o f o s s i l s )  

paleontology. 
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APPENDIX 

New da ta  on occurrences of Precambrian remains in Canada 

Table provides new paleontologic or stratigraphic information for cer ta in  
remains among occurrences 1-72, previously cited in Hofrnann (1971a, reverse 
of Fig. I; 1972; Fig. 4), and lists occurrences 73-121, reported in the  
li terature during the  past decade (see Fig. 23.4). Symbols for age and type 
same a s  in bibliography. 
- -- - - - - 

Occurrence Stratigraphic unit Age Type Taxon References 

1 Thule Cp. Y ?  S Stromatolites Christie e t  al., 1978, p. 380 
Frisch et al., 1978, p. 137 

2 Uluksan Gp. Y 
Elwin Fm. S Stromatolites 
Strathcona Sound Fm. S Stromatolites 
Athole Point F. S Strornatolites 

Victor Bay Fm. S Stromatolites 

Society Cliffs Frn. S Stromatolites 

Arctic Bay Fm. S Strornatolites 

Fabricius Fiord Fm. S Stromatolites 

Jackson e t  al., 1980, p. 327 
Jackson e t  al., 1978, p. 10, 11 
Jackson e t  al., 1975, p. 9, 24 
Jackson e t  al., 1980, p. 325 
Geldsetzer 1973b, p. 119-121 
Jackson e t  al., 1975, p. 4, 9 
Jackson et al., 1978, p. 9,  10 
Jackson e t  al., 1980, p. 325 
Geldsetzer 1973b, p. 111-117 
Jackson et al., 1975, p. 4, 9, 16, 

17, 23, 25 
Jackson et al., 1978, p. 7, 8 
Iannelli, 1979 p. 45, 55 
Jackson e t  al., 1980, p. 324 
Jackson e t  al., 1975, p. 4 
Jackson e t  al., 1978, p. 5 
Iannelli 1979, p. 46, 53, 54 
Jackson e t  a]., 1980, p. 321, 324 
Jackson e t  al., 1978, p. 7 
Iannelli 1979, p. 46, 51, 52 

5 Shaler Gp. 
Kilian Frn. 
Wynniatt Fm. 

Reynolds Point Fm. 

Clenelg Fm. 

Stromatolites 
Baicalia 
Boxonia 
c f. Gy mnosolen 
c f .  Acaciella 
Baicalia 
Boxonia 
cf .  Gy mnosolen 
Baicalia burra 
Basisphaera irregularis ? 

Conophy ton 

Inzeria 

Aitken e t  al., 1978b, p. 486 
Aitken e t  al., 1978b, p. 486 

Jefferson 1977, p. 79-84;98-219 
Jefferson and Young 1977, p. 26 
Young and Long 197713, p. 2259 
Aitken e t  al., 1978b, p. 486 
Young and Jefferson 1975, p. 1137 
Jefferson and Young, 1976, p. 6 3  
Jefferson 1977, p. 79-84; 98-219 
Jefferson and Young 1977, p. 26 
Young and Long 1976, p. 2257 
Aitken e t  al., 1978b, p. 486 

7 Brock Inlier 
Unit PI, 

Unit P2 

Rae Gp. 

Y 
S Baicalia 

S Baicalia 
S Colonnella 

Y S Conophyton 

Aitken e t  al., 1973, p. 23 
Young 1977b, p. 1781 
Aitken e t  al., 1978b, p. 486 
Aitken e t  al., 1973, p. 23 
Aitken et al., 1978b, p. 486 
Baragar and Donaldson 1973, p. 11 
Donaldson 1976b, p. 532-534 

8 Dismal Lakes Gp. 

Hornby Bay Cp. 

Y S Conophyton 
S cf.  Stra t i fera  

Y S Strornatolites 

Baragar and Donaldson 1573, p. 8 
Donaldson 1976b, p. 526-531 
Schopf 1977, p. 150 
Kerans and Donaldson 1979, p. 456 
Baragar and Donaldson 1974, p. 7 

9 Epworth Gp. X Hoffman 1976, p. 605 



Occurrence Stratigraphic unit Age Type Taxon References 

Rocknest Fm. Asperia aspera Sernikhatov 1978, p. 120-122, 
(= Pseudogymnosolen) 128-129, 133-138, 140-143 

ColonneUa 
Conophy ton minusculum 
Confunda confuta 
Discorsia discorsia 
Kussoidella f. indet. 
Olenia 

(= Pseudogy mnosolen) 
Omachtenia 
PiIbaria perplexa 
Stra t i fera  l axa  

- - - - - 

10 Kanuyak Fm. Y S Stromatolites Campbell 1979, p. 4 
Parry Bay Frn. Y S cf. Collenia Campbell 1978, p. 100 

S cf.  Conophyton Campbell 1979, p. 4, 10-17 
S cf.Tungussia 

Ellice Fm. Y S Strornatolites Campbell 1979, p. 5,  9 

10 Great  Slave Supgp. X 
Et-then Gp. S Externia externa Semikhatov 1978, p. 118-120, 

122-125 
Murky Fm. S Stra t i fera  laxa 

S Stra t i fera  tenica 
Pethei Gp. S Omachtenia Hoffman 1976, p. 607 

Hearne Frn. S Stra t i ferahearnica  Semikhatov 1968, p. 115-117 
Utsingi Frn. S Conophyton infernurn Sernikhatov 1978, p. 127-133, 

143-145 
S Jacutophy ton infernum 
S Vertexa termina 

Taltheilei Fm. S Conophy ton biformatum Semikhatov 1978, p. 126-127, 
139-140 

S Kussoidella l imata  
Kahochella Gp. S Stra t i fera  kahochella Semikhatov 1978, p. 117-118 

Gibralter Frn. 

18 Martin Frn. S? Possible stromatolite Trernblay 1972, p. 121, 155 
(= caliche?) 

20 Pinguicula Gp. Y S Stromatolites Eisbacher 1978a, p. 54 
Young e t  al., 1979, Fig. I 

Wernecke Supgp. Y S Strornatolites Bell and Delaney 1977, p. 34 
Gillespie Lake Gp. Goodfellow 1979, p. 333, 336, 

337, 347 
Young et al., 1979, Fig. 1 

2 1 Mackenzie Mountains Supgp. Y 
Coppercap Frn. S Stromatolites Eisbacher 1978, p. 18 
Redstone River Fm. S Strornatolites Eisbacher 1977, p. 230, 232 

Little Dal Gp. S Baicalia Gabrielse e t  al., 1973, p. 13, 17 
S Boxonia Aitken e t  al., 1973, p. 6, 15, 

16, 17, 57, 58, 66, 67, 87, 89, 
93 ,95 ,110 ,  111, 112 

S Gymnosolen 
S Jurusania Aitken and Cook 1974, p. 8 
S cf.Minjaria Young 1977, p. 1781 
S Parmites  Aitken e t  al., 1978a, p. 383, 384 
S Stra t i fera  Aitken e t  al., 1978b, p. 485 
0 Oncolites Aitken and Cook 1974, p. 8 
S Baicalia Aitken e t  al., 1973, p. 13, 69, 107 
S Inzeria ? Aitken and Cook 1974, p. 7 

Aitken e t  al., 1978a, p. 481 
S Strornatolites Gabrielse et al., 1973, p. 14 

Aitken et al., 1973, p. 12 
Aitken and Cook 1974, p. 7 

Katherine Gp. 

Tsezotene Fm. 
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Occurrence Stratigraphic unit Age Type Taxon References 

Aitken e t  al., 1978a, p. 481 
Unit I S Baicalia Aitken e t  al., 1973, p. 10 

S Conophyton Aitken and Cook 1974, p. 3 
S Jacutophy ton Aitken e t  al., 1978a, p. 481 
S Stra t i fera  Young 1977 b, p. 178 1 
S Svetliella 

24 Winder mere Supgp. Z B Chuariasp.cf .  
C. circularis 

Hector Frn. 

Hofrnann, 197 la ,  p. 24 

GUSSOW 1973, p. 1108-1112 
Cloud e t  al., 1975, p. 150 

- - 

25 Winderrnere Supgp. Z M 

30 Anirnikie Gp. X S 

31 Anirnikie Cp. 

Gunflint Frn. 

Sphaerocongregus variabilis 
(= Bavlinella faveolata) 

- -  - - - - 

Frutexi tes  microstroma 
(7 microstrornatolites) 

Gruneria biwabikia 
schreiberi (nom. nud.) 

Kussiella superiora 
(norn. nud.) 

Stra t i fera  biwabikensis 

Anabaenidium barghoornii 
(= poorly preserved 
Gunflintia sp.) 

Animikiea sep ta ta  

Archaeorestis rnagna 

Archaeorestis 
schreiberensis 

Chlamydornonopsis 
primordialis 
(= poorly preserved 
Huroniospora sp.) 

Corymbococcus hodgkissii 

Cumulosphaera lamellosa 
(= inorganic) 

Entosphaeroides arnplus 

Eoastrion bifurcatum 
Eoastrion simplex 
Eomicrhystridium 

barghoorni 
Eosphaera tyleri  

Exochobrachium triangulum 

Frutexi tes  microstroma 
(= rnicrostrornatolite; see 
Occurrence 30) 

Galaxiopsis melanocentra 

Moorrnan 1974, p. 524-539 
Cloud e t  al., 1975, p. 131-150 

Walter and Awrarnik 1979, p. 23-33 
Awrarnik and Sernikhatov 1979, 

p. 489-492 
Awrarnik 1976, p. 314-419 
Awrarnik and Sernikhatov 1979, 

p. 486, 487 
Awrarnik 1976, p. 314, 319 
Awrarnik and Sernikhatov 1979, 

p. 487 
Awrarnik 1976, p. 314, 319 
Awrarnik and Sernikhatov 1979, 

p. 486 

Edhorn 1973, p. 39-40 

Hof rnann 197 1 a, p. 45 
Awrarnik and Barghoorn 1977, 

p. 139-140 
Awrarnik and Barghoorn 1977, 

p. 137-139 
Hofrnann 1971a, p. 47 

Edhorn 1973, p. 46, 48 
Awramik and Barghoorn 1977, 

p. 129 

Awrarnik and Barghoorn 1977, 
p. 132-134 

Edhorn 1973, p. 52 

Hofrnann 197 l a ,  p. 46 
Awrarnik 1976, p. 315 
Hofrnann 197 l a ,  p. 48 
Hofrnann 197 1 a, p. 48 
Hofrnann 1971a, p. 50 

Kairnierczak 1976, p. 40-41 
Tappan 1976, p. 636-637 
Awrarnik and Barghoorn 1977, 

p. 130 
Kazamierczak 1979, p. 1-22 
Awramik and Barghoorn 1977, 

p. 136 
Walter and Awrarnik 1979, 

p. 22-33 

Awrarnik and Barghoorn 1977, 
p. 136-137 



Occurrence Stratigraphic unit Age Type Taxon 

D Glenobotrydion aenigrnatis 
(= inorganic?) 

M Gunflintia grandis 
M Gunflintia minuta 

M Huroniospora 
rnacroreticulata 

M Huroniospora 
microreticulata 

Huroniospora psilata 

Kakabekia umbellata 
Leptoteichos golubicii 
Megaly trurn diacenurn 
Menneria levis 

(= ? Trachysphaeridium sp.) 
Palaeoanacystis irregular is 

(= ?poorly preserved 
Corymbococcus hodgkissii) 

Palaeorivularia ontar ica  
(= displacement of organic 
mat te r  by growth of 
fibrous chalcedony) 

Palaeoscy tonema 
moorehousei 
(= poorly preserved 
Gunflintia sp.) 

Palaeospiralis canadensis 
(= poorly preserved 
Gunflintia or Anirnikiea) 

Palaeospirulina arcuata  
(= poorly preserved 
Gunflintia sp.) 

Palaeospirulina minuta 
(= poorly preserved 
Gunflintia sp.) 

P r  imor ivular ia 
thunderbayensis 
(= poorly preserved 
Gunflintia sp.) 

"Schizothrix" a tavia  
(= poorly preserved 
Gunflintia sp.) 

Sphaerophycus gigas 
(= ? inorganic; ? poorly 
preserved Coryrnbococcus 
hodgkissii) 

Thy rnos halis 

Veryhachium sp. 
Xenothrix inconcreta 
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Hofrnann 197 l a ,  p. 47 
Darby 1974, p. 1595-1596 
Awrarnik 1976, p. 313-315 
Tappan 1976, p. 635 
Awrarnik and Barghoorn 1977, 

p. 140 
Awrarnik and Sernikhatov 1979, 

p. 488-494 
Hofrnann 197 1 a,  p. 48 
Awrarnik and Barghoorn 1977, 

p. 140 
Hof mann 197 1 a, p. 49 
Knoll e t  al., 1978, p. 978-990 
Knoll e t  al., 1978, p. 987-989 
Lopukhin 1975, p. 169-173 
Lopukhin 1976, p. 302-303 
Edhorn 1973, p. 40 

Hof mann 197 1 a,  p. 49-50 
Oehler 1976, p. 123-128 

Edhorn 1973, p. 46 

Edhorn 1973, p. 54 

Edhorn 1973, p. 42 

Edhorn 1973, p. 42 

Edhorn 1973, p. 44 

Edhorn 1973, p. 42 

Edhorn 1973, p. 42 

Awramik and Barghoorn 1977, 
p. 134 

Hofrnann 1971 b, p. 522-524 
Awramik and Barghoorn 1977, 

p. 135-136 
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Occurrence Stratigraphic unit Age Type Taxon References  

M Eucaryotic cells Edhorn 1973, p. 54 
(= Huroniospora spp.) 

M Radiolaria-like organism Edhorn 1973, PI. 9, fig. I 
(= cf .  Eoastrion) 

M Desmid-like organism Edhorn 1973, PI. 2, fig. 5,  
(= ?Kakabekia; cf.  PI. 9, fig. 5 
Barghoorn and Tyler, 1965, 
Fig. 7, part  10) 

Tukarak Fm. 
McLeary Fm. 

Kasegalik Fm. 

35 Sutton Lake Gp. X Bostock 1971, p. 8-1 1 
Nowashe Fm. S Nucleella 

S Paniscollenia 
S Stra t i fera  

36 Belcher Supgp. X Hofmann 1975, p. 1123 
Mavor Frn. S Colleniella Donaldson 1976a, p. 37 1-380 

S Gymnosolen Hofrnann 1977, p. 175-205 
S Kussiella Semikhatov 1978a, p. 118-122 
S Stra t i fera  
S Tungussia 
S Gymnosolen 
S Jacutophy ton garganicum 
S Lenia 

(= Asperia aspera 
= Pseudogy rnnosolen) 

S Stra t i fera  
S Tungussia 
0 Osagia 
K Vesicularites 
S Lenia 

(= Asperia aspera 
= Pseudogy rnnosolen) 

S Minjaria 
S Stra t i fera  laxa 
0 Osagia 
K Vesicularites 

40 Mistassini Gp. X 
Upper Albanel Fm. S Colomella  Hofrnann 1977, p. 179-180 

S Kussiella 
S Minjaria 

Lower Albanel Fm. S Mistassinia wabassinon Hofrnann 1978, p. 573-579 
S Straticonophyton icon Hofmann 1978, p. 579-584 
S Stra t i fera  icon Hofrnann 1978, p. 580 

42 Knob Lake Gp. X 
Denault Frn. S Asperia aspera Sernikhatov 1978, p. 121-122 

(= Pseudogymnosolen) 
- - - 

4 9 Conception Gp. 
Mistaken Point Fm. Z B Charnia masoni Hofmann 1971a, p. 43, 64 

Charniodiscus concentricus Anderson 1978, p. 147 
cf. Cyclornedusa davidi Williams and King 1979, p. 12-14 
other  metazoans 

Hibbs Hole Fm. Z B Medusoids Hofmann e t  al., 1979, p. 83, 85 

54 Green Head Gp. 
Ashburn Frn. Y S Archaeozoon acadiense Hofrnann 1974, p. 1098-1115 

61 Grenville Supgp. Y ?  S Stromatolites Crosby 1978, p. 37-59 
Mayo Gp. Hofrnann, this paper 

7 1 Belcher Supgp. 
Kasegalik Frn. 

X Hofrnann, 1974, p. 87-88 
M Archaeotrichion sp. Hofrnann 1975, p. 1121-1232 
M Biocatenoides sphaerula Hofmann 1976, p. 1040-1073 
M Eoentophysalis belcherensis Golubic and Hof mann 1976, 

p. 1074-1082 



Occurrence Stratigraphic unit Age Type Taxon References  

M Eomycetopsis filiformis Golubic and Campbell 1979, 
p. 201-215 

M Eosynechococcus medius 
M Eosynechococcus moorei 
M Globophycus sp. 
M Halythrix sp. 
M Melasmatosphaera magna 
M Melasmatosphaera media 
M Melasmatosphaera parva 
M Myxococcoides minor 
M Palaeoanacystis vulgar is 
M Pleurocapsa? sp. 
M Rhicnonema antiquum 
M Sphaerophycusparvum 
M Acritarcha 

- 

7 2 Miette Gp. 

- 

Z I Didyrnaulichnus miettensis Young 1972, p. 10-1 3 
Hantzschel 1975, p. W60-W61 

73 Miette Gp. Z M Spheroids and framboids Javor 1975, p. 1 133 
Javor and Mountjoy 1976, 

p. 115-119 

7 4 Purcell Supgp. Y M Silicified tubes McGugan 1973, p. 558-566 
Altyn Fm. (uniseriate algae?) Oehler 1976, p. 778-782 
Waterton Fm. 

75 Windermere Supgp. 
Monk Fm. 
Irene Volcanics 

Z S Stromatolites Glover and Price 1976, p. 21-22 

- - 

76 Horsethief Creek Gp. Z D Probable burrows Poulton 1973, p. 296, 299 

77 Horsethief Creek Gp. Z S Stromatolites Poulton 1973, p. 296, 299 

78 Ingenika Gp. 
Stelkuz Fm. 

- - - - - - - 

Z 
D Bifurcating burrows Mansy and Gabrielse 1978, p. 12 

79 Ingenika Gp. Z 
Stelkuz Fm. S Stromatolites Mansy and Gabrielse 1978, 

p. 12, 13 
Espee Fm. 0 Oncolites Mansy 1978, p. 5 

S Stromatolites Mansy and Gabrielse 1978, 
p. 7, 10, 14 

8 0 Helikian Gp. Aitken et al., 1973, p. 244 
Map-unit 2 Y S Stromatolites 
Map-unit I Y S Stromatolites Aitken e t  a]., 1973, p. 160 

8 1 Lone Land Fm. Y D Ovoid carbonaceous films Aitken e t  al., 1973, p. 150-151 

82 Rapitan Gp. 
Keele Fm. Z S Strornatolites 

Gabrielse et al., 1973, p. 29 
Aitken e t  al., 1973, p. 20 
Eisbacher 1978, P. 15, 16 

8 3 Mackenzie Mountains Supgp. Y 
Tsezotene Fm. D ?"burrows" Aitken e t  al., 1973, p. 22, 62 
Tigonankweine Fm. D Fucoidal markings Gabrielse 1973, p. 15 

Katherine Gp. D Arthrophycus-like Aitken e t  al., 1973, p. 22, 97 
markings 

Unit H-5 D Arthrophycus-like Aitken e t  al., 1973, p. 22-89 
markings 
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Occurrence Stratigraphic unit Age Type 
- - 

8 4 Litt le Dal Cp. Y 
Basinal sequence M 

M 
M 
M 
M 
M 

Taxon References 

Archaeotrichion sp. Hofmann and Aitken 1979, p. 155 
Kildinella sp. Hofmann and Aitken 1979, p. 157 
Nucellosphaeridiurn spp. Hofrnann and Aitken 1979, p. 156 
Siphonophycus spp. Hofmann and Aitken 1979, p. 156 
Taeniaturn spp. Hofmann and Aitken 1979, p. 156 
Trachysphaeridium spp. Hofrnann and Aitken 1979, p. 156 

- 

8 5 Little Dal Cp. 
Basinal sequence Y B Beltina danai 

B Chuaria circularis 

B Morania? antiqua 
B Tawuia dalensis 

Hofmann and Aitken 1979, p. 162 
Aitken e t  al., 1978, p. 483 
Hofrnann and Aitken 1979, p. 157 
Hofmann and Aitken 1979, p. 160 
Aitken e t  al., 1978, p. 483 
Hofrnann and Aitken 1978, p. 158 

86 Little Dal Gp. 
Basinal sequence Y D Bergaueria? sp. Hofrnann and Aitken 1979, p. 163 

8 7 Shaler Gp. 
Glenelg Frn. Y M cf. Caryosphaeroides or Jefferson 1977, p. 220-228 

Glenobotrydion 
M Eomycetopsis 
M cf. Gloeodiniopsis larnellosa 
M cf.  Siphonophycus kestron 

88 Dismal Lakes Gp. Y M Archaeoellipsoides grandis 

Biocatenoides? sp. 
Eoentophy saIis 

disrnallakensis 
Eomicrocoleus crassus 
Filiconstrictosus sp. 
Myxococcoides grandis 
Myxococcoides? sp. 
Oscillatoriopsis c u r t a  
Oscillatoriopsis robusta 
Oscillatoriopsis sp. 
Sphaerophycus medium 
Sphaerophycus parvum 
Sphaerophycus? sp. 

Donaldson and Delaney 1975, 
p. 371-377 

Schopf 1975, p. 223, 228 
Horodyski and Donaldson 1980, 

p. 125-159 

89 Labine Gp. X S Strornatolites Hoffman e t  al., 1975, p. 356 
(Unit 6; "Elizabeth Hoffman and McGlynn 1977, 
Lake rhyolite") p. 182 

90 Epworth Cp. 
Rocknest Fm. X M Algal fi laments Gebelein 1974, p. 591 

(cf. Palaeoleptophycus) 

9 1 Yellowknife Supgp. 
Snofield dol. W S Colleniella Henderson 1975 a ,  p. 325, 327 

S Pseudogy mnosolen Henderson 1975b, p. 1619-1630 
S Stra t i fera  Henderson 1977, p. 51 -53 
0 Osagia Hofrnann, this paper 

92 Fury and Helca Fm. Y S Strornatolites Chandler e t  al., 1980, p. 128 
- - - - - - 

93  Woman Lake marble W S Strornatolites 

Unit 5d 

Thurston and Jackson 1978, 
marginal notes 

Thurston 1980. p. 84 

94 Karninist ikwia a rea  W P Spheroidal microstructures LaBerge 1973, p. 1099, 1100 
(= nonbiologic crystallites) 



Occurrence Stratigraphic unit Age Type Taxon References 

95 Timagami a rea  W P Spheroidal microstructures LaBerge 1973, p. 1099, 1100 
(= nonbiologic crystalli tes) 

96 Woman River a rea  W P Spheroidal microstructures LaBerge 1973, p. 1099, 1100 
(= nonbiologic crystalli tes) 

97 Woman River area  W C Sulfur isotope ratios Goodwin e t  al., 1976, p. 881 
Schidlowski 1979, p. 306 

98 Michipicoten Gp. W C Carbon isotope ratios Goodwin et al., 1976, p. 870, 
878-880 

Sulfur isotope ratios Schidlowski 1979, p. 303, 306, 307 

99 Elliot Lake Gp. X C Carbon isotope ratios Eichrnann and Schidlowski 1974, 
n. 449 

100 Gowganda Frn. X D Lensesofcarbonaceous Jackson 1971, p. 313-315 
mat ter  

D Metal sulfides 
D Lens-shaped cavities 

101 Espanola Frn. X S Strornatolites Pearson 1974, p. I5 

102 Chelmsford Fm. X D Possible biogenic s t ructures  Rouse11 1972, p. 86, 89 

103 Onwatin Fm. X C Carbon isotope ratios Goodwin et al., 1976, p. 888 
Sulfur isotope ratios Schidlowski 1979, p. 303, 307 

104 Grenville Supgp. Y ?  S Stromatolites Crosby 1978, p. 18-36 

105 Belcher Supgp. 
McLeary Fm. 

Hofmann 1974, p. 87-88 
Biocatenoides sphaerula Hofmann 1975, p. 1121-1132 
Caryosphaeroides sp. Hofmann 1976, p. 1040-1073 
Eoentophysalis belcherensis 
Eomycetopsis filiformis Golubic and Hofmann 1976, 

p. 1074-1082 
Eosynechococcus medius 
Eosynechococcus grandis 
Eozygion minutum 
Glenobotrydion majorinum 
Globophycus sp. 
Kakabekia? SD. 
~ e l a s r n a t o s ~ h a e r a  rnagna 
Melasmatosphaera media 
~elasrnatos-phaera  parva 
Myxococcoides inornata 
Myxococcoides minor 
Myxococcoides sp. 
Palaeoanacystis vulgaris 
Sphaerophycus parvurn 
Zosterosphaera sp. 
Acritarcha 

106 Nastapoka Gp. X K Asterosphaeroides Hofmann 1977, p. 202-203 
(Nelcanella) 
Radiosus 

107 Otish Gp. 
Peribonca Frn. X S Strornatolites Chown and Caty 1973, p. 58, 70 

108 Sokornan Frn. X P Spheroidal microstructures LaBerge 1973, p. 1099, 1100 
(= nonbiologic crystalli tes) Klein and Fink 1976, p. 471-474 

Reeves 1979, p. 73 

109 Rarnah Gp. X S Strornatolites Morgan 1972, p. 126 
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Occurrence Stratigraphic unit Age Type Taxon References 
- -  -- 

110 Rarnah Gp. 
Reddick Bight Frn. 

- 

X C Carbonaceous mat ter  in Morgan 1975, p. 24 
5 crn thick bed 

111 Rarnah Gp. 
Reddick Bight Frn. X D Bioturbation s t ructures  Knight 1973, p. 157 

Morgan 1975, p. 24 
Knight and Morgan 1977, p. 6 ,  16 

Rowsell Harbour Frn. X D Possible biogenic s t ructures  Morgan 1975, p. 22 

112 Random Frn. Nautiyal 1976, p. 609-61 1 
Cunflintia sp. Hofrnann e t  al., 1979, p. 83-98 

(= ?Taeniatum sp.) 
Heliconema sp. 

(= ?Taeniaturn sp.) 
Huroniospora sp. 

(= ?Trachysphaeridiurn sp.) 
Leiosphaeridia sp. 

(= ?Trachysphaeridium sp.) 
Leiovalia sp. 

(= ?Trachysphaeridiurn sp.) 
Nucellosphaeridium sp. 

(= ?Trachysphaeridium sp.) 
Siphonophycus kestron 

(= ?Taeniaturn sp.) 
Siphonophycus sp. 

(= ?Taeniaturn sp.) 
Taeniatum sp. 

113 Musgravetown Gp. Z M Taeniatum sp. Hofrnann et al., 1979, p. 83-98 
M Trachyspaeridium sp. 

114 Connecting Point Gp. Z M Eomicrhystridiurn? sp. Hofrnann e t  al., 1979, p. 83-98 
M Taeniaturn sp. 
M Trachysphaeridium sp. 
M Trernatosphaeridium 

holtedahlii 

115 Hodgewater Gp. Z Hofrnann e t  al., 1979, p. 83-98 
Snows Pond Frn. M Taeniaturn sp. 

M Trachysphaeridium sp. 
Halls Town Frn. M Eomicrhystridium? sp. 

M Taeniatum sp. 
M Trachysphaeridiurn sp. 

116 Signal Hill Gp. 
Gibbett Hill Frn. 
Cappahayden Frn. 

Z Hofrnann e t  al., 1979, p. 83-98 
M Trachysphaeridium sp. 
M Taeniatum sp. 
M Trachysphaeridiurn sp. 

117 St. John's Gp. Z Hofrnann e t  al., 1979, p. 83-98 
Renews Head Fm. M Trachysphaeridium sp. 
Ferrneuse Frn. M Taeniatum sp. 

M Trachysphaeridiurn sp. 

118 Conception Gp. 
Drook Frn. 
Gaskiers Frn. 

Mall Bay Frn. 

Z 
M Taeniatum sp. 
M Bavlinella sp. 

M Taeniaturn sp. 

Hofrnann e t  al., 1979, p. 83-98 

Knoll, & Hofrnann et al., 1979, 
p. 86 

119 Conception Gp. Z 
Briscal Fm. B Medusoids Hofrnann et al., 1979, p. 85 
Drook Frn. B Medusoids 

Rock Harbour Gp. Z ? S Stromatolites Strong e t  al., 1978, p. 11 7, 
122, 128 

121 Burin Gp. 
Port au Bras Frn. Z?  S Strornatolites Strong e t  al., 1978, p. 117, 123 
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