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Regional geology of the Winter Lake-Lac de Gras 
area, central Slave Province, District of Mackenzie, 
Northwest Territories 

P.H. Thompson, D. ROSS', and A. Davidson 
Continental Geoscience Division 

Thompson, P.H., Ross, D., and Davidson, A., 1994: Regional geology of the Winter Lake-Lac de 
Gras area, central Slave Province, District of Mackenzie, Northwest Territories; & Current 
Research 1994-C; Geological Survey of Canada, p. 1-12. 

Abstract: In the Winter Lake-Lac de Gras area, narrow belts of metavolcanic rocks occur between a 
northeastern metasedimentary domain and a southwestern migmatitic, gneissic granitoid domain containing 
subordinate supracrustal rocks. Homogeneous late plutons intrude both domains. Supracrustal rocks are 
assigned to the Yellowknife Supergroup. 

Complex fold interference patterns in the metasedimentary domain contrast with subrhombic geometry 
outlined by thin supracrustal belts surrounding large blocks of metagranitoid and gneiss. Lowest grade of 
low pressure regional metamorphism in supracrustal rocks is associated with migmatitic, foliated granitoid 
and gneiss. The lithological transition and differences in structure and metamorphic grade are attributed to 
a higher proportion of pre-Yellowknife sialic crust to the southwest. 

Base metal and gold deposits occur within the metasedimentary domain and volcanic rocks. Supracrustal 
rocks are less mineralized where they are subordinate to pre-Yellowknife rocks. Diamondiferous 
kimberlites occur just east of the area in the metasedimentary domain. 

RCsumC : Dans la rCgion des lacs Winter et de Gras, des ceintures Ctroites de roches mCtavolcaniques 
se trouvent entre un domaine mCtastdimentaire, au nord-est, et un domaine de mttagranitoYdes foliCs, 
gneissiques et migmatitiques, au sud-ouest, oii les roches supracrustales occupent un volume t r b  rCduit. 
Des plutons homogknes tardifs sont intrusifs dans les deux domaines. Les roches supracrustales sont 
attributes au Supergroupe de Yellowknife. 

Les figures dTinterfCrence complexes formCes dans le domaine mCtasCdimentaire par la superposition 
de plis regionaux contrastent avec les foimes subrhomboldales definies par des ceintures de roches 
supracrustales Ctroites entourant de vastes blocs de mCtagranitoYdes et de gneiss dans I'autre domaine. Le 
plus bas degrC du m6tamorphisme rkgional de basse pression dans les roches supracrustales est associt aux 
granitoydes foliCs et gneiss migmatitiques. La transition lithologique et les diffkrences de style structural et 
d'intensitb du mCtamorphisme B travers la carte sont attribuCs B une plus grande proportion de croQtesialique 
plus ancieme que le Supergroupe de Yellowknife vers le sud-ouest. 

Des gisements de mCtaux de  base et d'or sont prksents dans le domaine mktastdimentaire ou dans 1es 
roches mCtavolcaniques contigues. Les roches supracrustales sont moins mintralistes lorsque leur volume 
est moindre que celui des lithologies antkrieures au Supergroupe de Yellowknife. Des kimberlites 
diamantif6res se trouvent juste B I'est de la region cartographike, dans le domaine mktaskdimentaire. 

College of Geographical Science, Lawrencetown, Nova Scotia 



Current ResearchIRecherches en cours 1994-C 

INTRODUCTION 

Bedrock mapping at 1:250 000 scale during the second of 
three field seasons advanced knowledge of the origin, evolu- 
tion, and economic potential of the central Slave Province. 
The area, located 200 km north of Yellowknife (Fig. I) ,  
includes parts of three supracrustal domains with high gold 
and base metal potential (Yellowknife-Beaulieu River, 
Courageous Lake-Lac de Gras,.and Winter Lake-Contwoyto 
Lake) and the western third of the BHP-Diamet diamond 
property. Mapping focused on interrelationships of Archean 
supracrustal and granitoid domains. The area is large enough 
(1 1 000 km2) that associations between deposition, magma- 
tism, deformation, regional metamorphism, and metallogeny 
can be studied and the results extrapolated to other parts of 
the Slave Province. 

Scientific and logistical collaboration with exploration 
companies, DIAND, Government of Northwest Territories, 
and colleagues in CGD and other GSC divisions (Terrain 
Sciences, Mineral Resources, Pacific Geoscience Centre) is 
an important facet of the project. Thompson et al. (1993 b) and 
Dredge et al. (1994) present new data on metallogeny and 
Quaternary geology, respectively. Rencz et al. (1993) inte- 
grated reconnaissance geological maps, aeromagnetic data, 
and LANDSAT TM imagery. Hrabi et al. (1993, 1994) elu- 
cidated the stratigraphy and structure of the Winter Lake 
supracrustal belt. Villeneuve (1993) published the first UIPb 
zircon ages. Three undergraduate theses (Ross, 1993; 
Duquette, 1993; Paulen, 1993) have been completed. Ongo- 
ing studies of mafic dyke swarms (W.R. Baragar, K. Buchan, 
A. LeCheminant) utilized samples collected during regional 
mapping. 

Current mapping (Thompson et al., 1993b) extends and 
refines the regional geological framework outlined by Fraser 
(1969) and Folinsbee (1949). Previous detailed mapping was 
limited to the Courageous Lake volcanic belt (Moore et al., 
1951; Dillon-Leitch, 1981, 1984). The current map area 
includes the transition between extensive supracrustal rocks 
intruded mainly by late granitoids to the north (Bostock, 
1980; King et al., 1991) and the region to the south (Moore 
et al., 1951; Henderson, 1944) where supracrustal rocks are 
subordinate to migmatitic and gneissic granitoid rocks and 
homogeneous plutons. Continuity across the map area of key 
lithotectonic elements combined with major changes in lithol- 
ogy, structure, and metamorphic grade make the area a prime 
target for further advancement of understanding of Slave 
Province geology. 

ROCK UNITS 

This report describes five new rock units as well as modifi- 
cations to those already defined (Thompson et al.. 1993a). 
The previous two-fold division of plutonic rocks into older, 
variably deformed and metamorphosed granitoid units, and 
younger, homogeneous, mainly massive plutons is main- 
tained. Older granitoids bounded to the west by the Winter 

Lake supracrustal belt and to the north and east by the 
Desteffany Lake and Courageous Lake volcanic be1 ts (Fig. 2) 
are here called the Jolly Lake complex. 

West of the Winter Lake belt, massive to weakly-foliated 
biotite granite intrudes foliated metagranitoid, gneiss, and 
granitoid migmatite, and metasedimentary migmatite, and 
amphibolite gneiss. Complex granitoids to the south and 
north may be extensions of the Jolly Lake complex. 

115' l lO"  

Winter Lake-Lacde Gras Reaional 
m 

younger graniloids Proterozoic cover 0 
f-J rnetasedimentary rnetased~mentary t__J 

rocks Yellowknife rocks 
metavolcanic Supergroup metavolcan~c rn 

rocks rocks 
older granitoids U in part>2.BGa 

rnigrnalite, granitoid & 
gneiss in part >2.8 ga 

@ gold mine 

0 diamond occurrence 

undifferentiated 
granitoids ?I 

undifferentiated 
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gneisses & granitoids 
(22.8Ga) 

Figure I .  Location of the Winter Lake-Lac de Gras area and 
major supracrustal domains, southwestern Slave Structural 
Province. 
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Older granitoids (Jolly complex; units 1-4, Fig. 2)  

In this report, we redefine the granitoid migmatitelgneiss unit, 
Courageous Lake metaplutonic suite and foliated meta- 
granite-tonalite units of Thompson et al. (1993a). Gneissic 
(layered) and migmatitic components of the two composite 
units are grouped together in a new quartzofeldspathic 
gneissic unit (I)  and a new granitoid migmatite unit (2). The 
homogeneous, foliated granitoid components of the compos- 
ite units have been reassigned to unit 3, an expanded foliated 
metagranite-tonalite. Hornblende metagranite (4) is 
unchanged from Thompson et al. (1 993a). "Older granitoids" 
is a convenient term referring to the variably-recrystallized 
and deformed rocks in the Jolly complex and west of the 
Winter Lake belt. "Younger granitoids" are massive, homo- 
geneous plutons that postdate metamorphism and deforma- 
tion in adjacent rocks. 

Quartzofeldspathic gneisses (layered) (unit 1) 

Fine- to medium-grained, variably-folded and straight 
gneisses (Fig. 3a) form two broad swaths across the Jolly 
Lake complex. Similar rocks occur west of the Winter Lake 
supracrustal belt and smaller bodies are present in the cores 
of folds within the northern supracrustal domain. Millimetre- 
to decimetre-scale layering (gneissosity) is attributed to vari- 
ous combinations of ductile deformation and migmatization 
involving both injection of melt and in situ partial melting. 
Boudins or inclusions of amphibolite are prominent locally. 
Considering the wide distribution of simple mineralogy 
(quartz, one or two feldspars, biotite, izhornblende), absence 
of aluminosilicates, close association with granitoid rocks, 
and the lack of remnants of unequivocal supracrustal rocks, 
the protolith is assumed to have been plutonic. Hornblende in 
anatectic leucosomes in central Jolly Lake complex indicates 
that maximum metamorphic conditions reached at least upper 
amphibolite facies. The gneisses are intruded by two ages of 
granitoid (units 3 and 12-14) and are structurally both discor- 
dant and concordant with respect to adjacent supracrustal 
rocks (see below), in which metamorphic grade is generally 
markedly lower. Whether relatively high strain at this contact 
reflects a major structural discontinuity, or is merely a result 
of contrasts in lithology and metamorphic grade, remains to 
be demonstrated. 

Granitoid migmatite (unit 2) 

The characteristically irregular variations of modal composi- 
tion and grain size of these rocks (Fig. 3b) are attributed to 
magmatic injection and partial melting in granitic to tonalitic 
rocks. Outcrops with a nebulitic aspect containing streaky, 
lenticular leucosome and melanosome or wispy concentra- 
tions of biotite are typical of this unit north and west of Jolly 
Lake and west of the Winter Lake belt. East of Jolly Lake, 
most of the heterogeneity is caused by multiple phases of 
intrusion. Contacts between granitoid migmatite and either 
foliated metagranitoid or gneissic rocks are ambiguous. It is 
not clear if in situ partial melting formed leucosome and 
melanosome in a homogeneous granitoid or if a heterogeneous 

rock was homogenized as the degree of melting increased. In 
either case, tight folding and shearing generally accompanied 
the process. 

Foliated metagranite-tonalite (unit 3) 

In this report, we extend this unit to include homogeneous 
foliated granitoid components of "granitoidlmigmatitel 
gneiss" and "Courageous Lake metaplutonic suite" described 
by Thompson et al. (1993a). Parts of the unit may be signifi- 
cantly older than the Yellowknife Supergroup if the deformed 
amphibolite dykes that cut it are synvolcanic. On the other 
hand, zircons from similar rocks just north of the map area 
yielded a synvolcanic age (Bostock, 1980). 

Yellowknife Supergroup (units 5-8) 

All supracrustal rocks in the Winter Lake-Lac de Gras area 
are assigned to the Yellowknife Supergroup (Henderson, 
1970). 

Volcanic and  related rocks (units 5-6) 

This heterogeneous sequence comprises metamorphosed 
massive, pillowed, and clastic metavolcanic rocks, gabbro, 
interflow sedimentary rocks, undivided thin-layered gneis- 
ses, carbonate schist, calcsilicate gneiss, ultramafic rocks, and 
quartz arenite. Moore (1 956) and Dillon-Leitch (1 98 1) asso- 
ciated dykes and sills of metagabbro and quartz porphyry with 
volcanism. Except for thick units of felsic volcanic rock, unit 
5 is not subdivided on Figure 2. Both felsic volcanic rocks 
and rare quartz arenite occur below, interlayered with and on 
top of mafic volcanic rocks. Red-brown-weathering 
ultramafic rocks (Ross, 1993) are interlayered with mafic 
volcanic rocks in the Winter Lake and Courageous Lake belts 
and underlie the mafic succession at Desteffany Lake 
(Thompson et al., 1993a). Chemical analyses show that peri- 
dotitic komatiites are present in all three belts. This year, two 
more ultramafic occurrences were found south of Newbig- 
ging Lake. A new occurrence of quartz arenite interlayered 
with felsic volcanic rocks west of the lake extends the occur- 
rences described by Thompson (1992) and Hrabi et al. (1993) 
3 km farther northeast. 

Southwest of Jolly Lake (Fig. 2), the northern tip of the 
Beaulieu River volcanic belt contains most of the rock types 
characteristic of this unit elsewhere in the area. For example, 
the association of quartz arenite, felsic and mafic volcanic 
rocks, metagabbro, and calcsilicate gneiss along the eastern 
contact of hornblende metagranite at Lake Providence is 
essentially the same as the succession 80 km to the south, 
although it displays higher metamorphic grade. 

Polymictic metaconglomerate (unit 7) 

The narrow belt of metaconglomerate discovered in the 
southwest corner of the area is correlated with those mapped 
to the north by Fraser (1969) and Hrabi et al. (1993). This 
distinctive unit extends discontinuously for more than 
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Figure 2. Preliminary geological map of the Winter Lake-Lac de Gras map area (NTS76D-W1/2,86A-E112). 
Majic dykes have been omitted for clarity. 
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100 km. In the southwestern segment (Fig. 3c), it is generally 
conformable with underlying mafic metavolcanics and over- 
lying cordierite-sillimanite schist and psammite. Strongly- 
deformed felsic and mafic volcanic clasts are prominent. 
Garnet occurs in the matrix and in moderately-deformed 
tonalitic cobbles and boulders. Garnet is also present in the 
first few centimetres of adjacent metatonalite at one locality 
(Fig. 3d) where metatonalite appears to intrude the conglom- 
erate before main phase deformation and metamorphism 
affected both rock units. Thirty kilometres farther north, the 
cobbles are less deformed, and andalusite in associated pelitic 

YELLOWKNIFE SUPERGROUP 

Metamo~phosed greywacke - mudstone 

n low grade phyllite, slate, 
psammite, geywacke (chorite, biotite) 

knotted schist isog-ad 

migmatite imgtad ( > N O  percent leucasome) 

n high grade layeld, scl~lieric migmatite; 
hetelogeneous, homogeneous diatexite 
(sil lilmute, cordierite, gcunet 
in leucosom) 

Felsic volcanic rocks 

Metarnorphased volcanic and related 
rocl<s including: green schist/phylli te, 
arnphibolite, gabbro, lnafic to felsic 
massif vol-cs, volcani - elastics, 
carbonate schist, calcsilicate and 
quartzofeldspathic gneisses; rare 
quartz arenite, komatiitic ultrarnafic 
rocks, pyritic chert, sulphide iron 
formation, massive sulphides 

interbeds (Fig. 3e) indicates lower metamorphic grade. West 
of Newbigging Lake, the conglomerate is in the greenschist 
facies. Interlayered with the metagreywacke-mudstone and 
mafic volcanic rocks of the Yellowknife Supergroup and 
subjected to the same range of metamorphic grade and inten- 
sity of deformation, the polymictic conglomerate is probably 
not a Temiskaming-like sequence as was suggested by 
Hrabi et al. (1993). Deposition during or soon after volcan- 
ism, as proposed for the Keskarrah Formation (Bostock, 
1980), 15 km north of the area, and Raquette Lake Formation 
(Henderson, 1985) 150 km to the south, is likely. 

YOUNGER GRANTTOIDS 

U Muscovite - biotite monzogmite 
to grancdiorite 

Pink megacystic biotite 
monzogranite 

White subporhyritic biotite 
monzogranite 

Q~m.wtz glob biotite 
~nonzogi-anite 

Granodiorite - granite undivided 

Magnetite - biotite granodiorite 

Hornblende dio~itdtonalite to 
granite 

OLDER GFQJVTOIDS 

n Foliated metagmite - tonalite 

Granitoid Migmatite 

QLI~ITZO - feldspathic gneiss 
(layered) 
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Phyllite/knotted schist/metasedimentary migmatite 
(unit 8) 

Mapping of metasedimentary rocks south of Yamba Lake and 
between Lac de Gras and Courageous Lake revealed rocks 
similar to those described by Thompson et al. (1993a). 
Changes in mineral assemblage and microstructure transform 
phyllite and slate (unit 8a) to cordierite-andalusite schist and 
sillimanite schist (unit 8b) to metatexite and diatexite 
(unit 8c). The prevalence of garnet over cordierite in 
metasedimentary migmatite west of the Winter Lake belt is 
anomalous and may indicate a more iron-rich protolith. 

Younger granitoids (units 9-15) 

Hornblende dioritdtonalite to granite (unit 9) 

The type example of this suite is the Courageous Lake pluton 
(Duquette, 1993) which has a core of monzogranite and an 
outer zone of quartz dioritettonalite. All plutons are strongly 
magnetic. The teardrop-shaped pluton to the north is also 
zoned but only tonalitic to dioritic marginal phases are 
exposed in the eastern and southern plutons. Near Mackay 
Lake hornblende-rich phases are rare. The main schistosity 
and map-scale isoclinal folds outlined by bedding wrap 
around each igneous body. Mafic and ultramafic inclusions 
are common but pelitic xenoliths are absent. Strongly 
deformed granitic lenses or boudins in the metasedimentary 
rocks near the eastern pluton may be remnants of dykes 
related to intrusion of the body. 

Figure 3. 

a) quartzofeldspathicgneiss (unit 1) from Jolly complex. Cliff 
is 2 m high. (GSC 1993-2506) 

b) granitoid migmatite (unit 2), western Jolly complex. Knife 
= 8 cm. (GSC 1993-250E) 

c) tonalitic and metavolcanic cobbles in polymictic meta- 
conglomerate, southwestern segment of Winter Lake 
supracrustal belt (knife = 8 cm). (GSC 1993-250C) 

d) contact (intrusive?) between foliated metatonalite and 
polymictic metaconglomerate. Garnet occurs in matrix and 
pebbles of metaconglomerate and in metatonalite near the 
contact. Well-developed foliation in both rocks intersects 
contact near knife (8  cm). (GSC 1993-2500) 

e) less-deformed granitoid clasrs in metaconglomerate; note 
andalusite porphyroblasts in pelitic interbeds in$ner grained 
part of unit. Knife = 8 cm. (GSC 1993-250B) 

fl foliated amphibolite dyke cuts foliated metagranite (unit 3). 
Knife = 8 cm. (GSC 1993-2501) 

g)deformed amphibolite dyke cuts gneissosity in unit I .  (GSC 
1993-25OA) 

Magnetite-biotite granodiorite (unit 10) 

Large, massive, homogeneous plutons of biotite granodiorite 
plutons intrude metasedimentary migmatite. They have 
irregular shapes at Eda and Yamba lakes and, taken together, 
form an incomplete collar around younger megacrystic gran- 
ite. In this unit, within a few decimetres of contacts with 
migmatite, grain size and modal composition may vary 
greatly and several phases of aplitic to pegmatitic dykes form 
open folds. Lenticular, fine grained, mafic inclusions define 
a fairly consistent orientation in the granodiorite. 

Granite to  granodiorite undivided (unit 11) 

The granitic pluton south of Jolly Lake is similar in compo- 
sition to other younger biotite granite and granodiorite. It is 
weakly foliated along the western margin and conformable 
with the gneissosity in the surrounding gneisses. Heterogene- 
ous zones of migmatitic granitoid (inclusions?) occur within 
the pluton and near the northern contact. Ten kilometres to 
the west, a small mass of similar foliated granodiorite is 
continuous with the Prang Lake granite (Stubley, 1991). 

Quartz glob granite (unit 12) 

The "globular granite" of Thompson et al. (1993a) was traced 
farther south and west. This massive rock intrudes units 1-3. 

White biotite monzogranite (13) 

White-weathering, mainly massive biotite monzogranite, 
characterized by relatively even grain size, subporphyritic 
texture and abundant inclusions, is limited mainly to the area 
east of Desteffany Lake. Dykes of white granite intrude the 
Yellowknife Supergroup in the northern part of the Winter 
Lake belt and, locally, northeast of Lake Providence. The 
granite and associated pegmatite cut across folds and planar 
structures in medium- to high-grade supracrustal rocks, older 
granitoid, and gneiss; dykes and sills of the granite, however, 
are boudined. Map-scale bodies of massive granite are con- 
formable with the regional foliation trend where it defines D3 
folds. 

Pink megacrystic biotite granite (unit 14) 

Extensive plutons of syenogranite to monzogranite occur in 
the southwest corner of the area, north of Courageous Lake 
and west of Yamba Lake. The unit intrudes supracrustal 
rocks, older granitoid and gneiss as well as magnetic grano- 
diorite (unit 10). Rafts of country rock are common in the 
southwestern body but rare in the central and northern bodies. 
Locally, megacrysts of K-feldspar have a preferred orienta- 
tion that is conformable with planar fabrics in the adjacent 
country rocks, yet the granite is clearly younger than most of 
the strain recorded in these rocks. Foliation in the granite is 
attributed to regional deformation during intrusion of a partly 
crystallized magma. Although magnetite occurs locally in the 
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northern body, in general the granite corresponds to aeromag- 
netic lows. The contrast is particularly well-defined between 
the granite and the "collar" of magnetic granodiorite near Eda 
and Yamba lakes. 

Muscovite-biotite granite-granodiorite (unit 15) 

Two-mica granites form major intrusions to the east 
(Folinsbee, 1949; Kjarsgaard and Wylie, 1994), but in the 
project area are limited to a small body at the western edge of 
the Winter Lake belt and a larger pluton southeast of Yamba 
Lake. These characteristically massive to weakly-foliated, 
locally-porphyritic, leucocratic rocks intrude metasedimen- 
tary rocks and the Yamba magnetic granodiorite (unit 10). 

Ma@ Dykes 

There are two kinds of discordant mafic dyke in the area. 
Relatively unaltered Proterozoic diabase dykes cut all rock 
units; among these, dykes of the Mackenzie swarm are the 
most common, and are the cause of prominent north-north- 
west oriented linear magnetic anomalies. Metamorphosed 
and variably-deformed Archean dykes cut across foliation 
(Fig. 3f) and gneissosity (Fig. 3g) in the Jolly Lake complex 
and in similar rocks west of the Winter Lake belt (Fig. 4). 
There is a striking spatial relation between occurrences of 
discordant amphibolite dykes and overlying volcanic belts 
(Fig. 2,4). Moore (1956) and Dillon-Leitch (1981) related 
metamorphosed dykes in foliated metagranitoid (unit 3) west 
of Courageous Lake to mafic dykes and sills within the 
adjacent metavolcanic belt, which predate metamorphism and 
deformation of the belt. Thev assumed the mafic dvkes to be 
of synvolcanic age. If the dykes are synvolcanic, the observa- 
tion that metamorphosed dykes cut gneissosity in the older 
granitoid rocks supports the contention that the gneisses are 
of pre-Yellowknife Supergroup age. 

LITHOTECTONIC DOMAINS 

The Winter Lake-Lac de Gras area provides an opportunity 
to study parts of three major supracrustal domains 
(Yellowknife Supergroup) as well as extensive areas of gra- 
nitoid and gneissic rocks (Fig. 1). Polymictic metaconglom- 
erate and quartz arenite, rare elsewhere in the province, occur 
in significant volumes in the Winter Lake supracrustal belt. 
Our mapping shows that an isolated occurrence of undivided 
supracrustal rocks in the southwest corner (Fraser, 1969) is 
part of a narrow belt of mafic volcanic rocks, polymictic 
conglomerate, and pelitic schist and psammite that links the 
Winter Lake supracrustal belt with Yellowknife Supergroup 
volcanic rocks in the Squalus Lake area (Stubley and Irwin, 
1992; M. Stubley, pers, comm., 1993). Discovery of felsic 
volcanic rocks associated with massive sulphide-bearing 
mafic gneisses between Lac de Gras and Courageous Lake 
suggests Courageous Lake and Desteffany Lake volcanic 
belts may have been continuous before intrusion of interven- 
ing younger granitoid bodies. New occurrences of supracrus- 
tal rocks at high metamorphic grade west of the Winter Lake 
belt (Fig. 2), combined with Fraser's observations, indicate 

Yellowknife Supergroup rocks in the central part of the belt 
may have been continuous with similar rocks to the north, 
west (IndinLake), and southwest (Russell Lake) (Fig. 1). The 
unusually high proportion of garnet in this metasedimentary 
migmatite is consistent with it being iron-formation-bearing 
Itchen Formation rather than the less iron-rich Contwoyto 
Formation present farther east in the map area. The Winter 
Lake-Contwoyto Lake and Courageous Lake-Lac de Gras 
domains (Fig. 1) are parts of a much larger entity divided by 
abundant younger plutons in the vicinity of Yamba Lake (Fig. 
1, 2). This "superdomain" is now known to be linked to the 
Yellowknife-Beaulieu River supracrustal domain by the Win- 
ter Lake belt. The Courageous Lake volcanic belt is another 
link if it can be extrapolated southwestward to join the 
Beaulieu River volcanic belt south of the map area (Fig. 1). 
These narrow zones of metamorphosed sedimentary and vol- 
canic rocks traverse a large area of the Slave Province pre- 
viously assumed to contain mainly homogeneous granitoid 
rocks. 

The central part of the map area comprises foliated and 
migmatitic granitoid and gneissic rocks that may be basement 
to the Yellowknife Supergroup. There is a striking similarity 
in the way volcanic belts outline the Jolly Lake complex, the 
volcanic rocks associated with basement at Point Lake 20 km 
to the northwest, and those rimming the basement-cored 
Sleepy Dragon Complex 125 km to the south (Fig. 1). As the 
proportion of supracrustal rocks decreases southward, struc- 
tural geometry of volcanic rocks changes from complex cur- 
vilinear fold patterns north of the Jolly complex to a blocky, 
almost rhombic pattern (see below). Thompson et al. (1 993a) 
suggested that the transition from a major supracrustal do- 
main to an extensive granitoid domain represents an exhumed 
ensialic basin margin. 

STRUCTURAL GEOLOGY 

Figure 4 shows the trends of principal planar structures in both 
the northeastern supracrustal domain and the Jolly complex. 
Whereas both domains are characterized by complex folding 
of foliations and gneissosity, the geometry of structures 
involving volcanic rocks and older granitoids changes south- 
ward across the area. These rocks are involved in large-scale 
fold interference patterns where they are interlayered with 
extensive metasedimentary rocks. In the south half of the area, 
where supracrustal rocks are subordinate, volcanic rocks 
make angular bends (approximately 120") around broad areas 
of older granitoids, for example, at the north end of 
Courageous Lake belt and on both sides of the central part of 
the Winter Lake belt. Twenty kilometres south of the map 
area, the Courageous Lake belt makes another such bend. The 
belt can be extrapolated southwestward to a 60" intersection 
with the Beaulieu River volcanic belt (Fig. 1). There appears 
to be a change from a domain where fold geometry is imposed 
on the older plutonic suite and volcanic rocks, to one where 
fold geometry is strongly influenced, if not controlled, by the 
shape of the contact with older granitoid units. Henderson 
(1985) related a similar rhombic geometry around the 
Yellowknife supracrustal domain to ensialic basin formation. 
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limit of current mapping 

Figure 4. Trends of principal foliation and gneissosi@. Note local discordance between structure in 
older granitoid rocks and that in overlying Yellowkni$e Supergroup volcanic rocks. Discordant 
metamorphosed mafic dykes occur in older granitoid units near overlying volcanic belts. 
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Figure 5. Distribution of grade of low-pressure regional metamorphism. Isograds are discordant 
to both older and younger granitoid suites; "?" indicate possible extrapolations of isograds. 
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Four lines of evidence support the hypothesis that struc- 
tures in the Jolly Lake complex are older than those in the 
supracrustal rocks. 1) Structural trends in the Yellowknife 
Supergroup are locally discordant to the boundary and inter- 
nal structural trends of the Jolly Lake complex (Fig. 4). 
2) Metamorphosed and deformed mafic dykes cut gneiss and 
foliated metagranitoid near the volcanic belts, both in the 
complex and in possibly correlative rocks west of the Winter 
Lake belt (Fig. 4); similar mafic intrusions predate formation 
of the planar fabrics in adjacent volcanic belts. 3) The change 
in structural style noted previously is consistent with the 
gneisses in the Jolly complex being part of an older, stiffer 
sialic crust. 4) The distribution of metamorphic grade in 
supracrustal rocks (see below) indicates that the Jolly Lake 
complex, whose migmatitic and gneissic rocks record uni- 
formly high metamorphic grade, had cooled before the onset 
of regional metamorphism of the Yellowknife Supergroup. 

At present, it seems unlikely that formation of gneissosity 
and foliation in the Jolly Lake complex occurred at the same 
time as metamorphism and deformation in the Yellowknife 
Supergroup. Formation of these structures during thinning of 
lower crust beneath the supracrustal basins as they filled with 
the Yellowknife Supergroup is a hypothesis that needs to be 
tested. More detailed analysis of present data, together with 
petrography, geochronology, and more mapping are needed 
to confirm or deny the currently preferred hypothesis, that 
structures in the Jolly complex, and therefore, the gneissic 
rocks themselves are older than the Yellowknife Supergroup. 

REGIONAL METAMORPHISM 

Isograds indicating the first appearance of cordierite "knots" 
(with or without andalusite) and of migmatite (>5-10% leu- 
cosome) in metamorphosed greywacke-mudstone outline 
variations in metamorphic grade across the map area (Fig. 5). 
The isograd pattern is discordant to older granitoids and is cut 
by the younger granitoid suite. Relations between structural 
elements and porphyroblasts indicate deformation and meta- 
morphism overlapped in time and space. 

Typical of low-pressure metamorphism, the range of min- 
eral assemblages and degree of partial melting in the migma- 
tite indicate high temperatures (400-700°C) at moderate 
depths (pressure = 3-5 kbar) in the crust. These high geother- 
mal gradients were maintained during a period of crustal 
shortening and moderate overthickening. The magnitude of 
this overthickening is evident from the fact that, despite the 
significant crustal shortening implied by the major folds, only 
10-15 km of postmetamorphism uplift and erosion has 
occurred . 

Discordance between the isograd pattern and both 
younger and older granitoid suites implies the granitoids are 
either too old or too young to be the source of metamorphic 
heat. Younger plutons intrude the area of lowest metamorphic 
grade without producing mappable contact aureoles and plu- 
tons are absent from an extensive area of highest grade 
(Fig. 5). The areas of lowest grade overlap, or are adjacent to, 

older granitoid rocks (Jolly Lake complex). Where homoge- 
neous plutonic rocks intrude medium and high grade rocks 
they are clearly younger than the main phase of deformation 
and metamorphism at  the present level of erosion. 
Thompson's (1 989) model deriving heat from high geother- 
mal gradients established before the onset of crustal thicken- 
ing and from radiogenic heat produced by overthickened 
sialic crust is more likely. 

Low grade metamorphosed supracrustal rocks in or near 
the Jolly Lake complex (Fig. 5) suggest that the complex was 
a relatively cool block of pre-Yellowknife crust when the 
Yellowknife Supergroup was metamorphosed. The south- 
ward change in structural style described previously is con- 
sistent with decreasing metamorphic gradients and a higher 
proportion of stiff crystalline basement rocks. The pre- 
Yellowknife age inferred for older granitoids from discordant 
metamorphosed mafic dykes can explain the discordance in 
metamorphic grade between gneisses and granitoid migma- 
tite of the Jolly Lake complex and adjacent supracrustal rocks. 

ECONOMIC GEOLOGY 

Upgrading the regional geology of the map area has enhanced 
its mineral potential in a number of ways. Current mapping 
has established lithological continuity between volcano-sedi- 
mentary sequences containing gold and base metal deposits 
(e.g., Courageous Lake and Beaulieu River volcanic belts) 
and less well-explored sequences (Winter Lake supracrustal 
belt, Desteffany Lake volcanic belt). Extension of the known 
distribution of the Yellowknife Supergroup into areas pre- 
viously mapped as granitoid and gneissic rocks provides new 
targets for mineral exploration. Felsic volcanic rocks identi- 
fied north-northeast of the Courageous Lake belt and to the 
north and west of Desteffany Lake (Fig. 2; see also Fig. 2 of 
Thompson et al., 1993a) merit further attention. Felsic vol- 
canic rocks west of Newbigging Lake (Hrabi et al., 1993, 
1994) are of particular interest. Thin belts of volcanic and 
related rocks north of Lake Providence comprise the same 
volcano-sedimentary sequence associated with the INC vol- 
canic massive sulphide occurrence 15 km north of the area 
(Fall, 1979). Sulphide-bearing iron-formation, first recog- 
nized at the contact between volcanic rocks and metagrey- 
wacke in a gossan near Desteffany Lake (Thompson et al., 
1993a. b), has been identified at other localities in the same 
stratigraphic position from west of Desteffany Lake to 
Mackay Lake, a distance of over 100 km (J.A. Kerswill, pers. 
comm., 1993). A single sample from the Desteffany Lake 
gossan assayed 220 ppb gold. Finally, systematic mapping of 
the extensive granitoid and gneissic rocks permits a more 
realistic evaluation of their apparent low mineral potential. 

Diamondiferous kimberlite pipes are reported just east 
and north of the map area in the domain characterized by 
extensive metasedimentary rocks and late plutons. When the 
distribution of pipes becomes better known, it will be impor- 
tant to establish if their occurrence bears any relation to 
lithological domain boundaries such as the possible ancient 
basin margin described in this paper. 
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northern half of the Winter Lake supracrustal belt, Slave Province, Northwest Territories; 
Current Research 1994-C; Geological Survey of Canada, p. 13-22. 

Abstract: Mapping of the northern half of the Winter Lake supracrustal belt has confirmed the basic 
tectonostratigraphy developed in the southern half of the belt. Older felsic volcanic rocks occur at the base 
of supracrustal sequence. Units of komatiitic basalt continue from the southern Winter Lake belt within 
the mafic volcanic sequence and are interpreted to form part of a komatiitic basalt-tholeiitic basalt volcanic 
assemblage. Two outcrops of well-preserved sheeted dykes with asymmetric cooling margins are present 
within the mafic volcanic sequence. A younger package of felsic volcanic rocks, not present in the southern 
half of the belt, occurs between the mafic volcanic rocks and the turbiditic sedimentary rocks. Two major 
phases of folding and cleavage development are inferred to be primarily responsible for the present structural 
geometry of the supracrustal rocks, with later near belt-parallel sinistral faults modifying this geometry. 

RCsumC : La cartographie de la partie nord de la ceinture supracrustale de Winter Lake a confirm6 la 
tectonostratigraphie de base ttablie dans la partie sud de cette ceinture. Des roches volcaniques felsiques 
anciemes se trouvent A la base de la sCquence supracrustale. Des unitts de basalte komatiitique, reconnues 
dans la partie sud de la ceinture de Winter Lake, ont CtC trades au sein de la sCquence volcanique mafique. 
Elles sont interprtttes comme faisant partie d'un assemblage volcanique de basalte komatiitique et de 
basalte tholkiitique. Deux affleurements montrant des dykes lamints A bordures figCes asymktriques, bien 
prkservCs, sont prCsents au sein de la sCquence volcanique mafique. Un assemblage plus jeune de roches 
volcaniques felsiques, non reprksentt dans la partie sud de la ceinture, est prtsent entre les roches 
volcaniques mafiques et les roches ~Cdimentaires (turbidites). Deux Cpisodes de plissement majeurs, 
accompagnts de la formation de clivages, sont considtrks comme Ctant principalement responsables de la 
gtomttrie structurale actuelle des roches supracrustales. Des failles senestres pratiquemment paralleles A 
la ceinture ont par la suite modifiCes cette gkomttrie. 

' Contribution to Canada-Northwest Territories Mineral Initiative (1991-1996), an initiative under the 
Canada-Northwest Territories Economic Development Cooperation Agreement. 
Department of Geological Sciences, Queen's University, Kingston, Ontario K7L 3N6 
DCpartement de GCologie, UniversitC Laval, Ste-Foy, Qutbec GIK 7P4 
Department of Geology, University of Ottawa, Ottawa, Ontario K I N  6N5 
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INTRODUCTION 

The purpose of the Winter Lake Mineral Initiatives Project is 
to conduct 1:50 000 scale mapping of the Winter Lake supra- 
crustal belt to better define the supracrustal rock assemblages, 
deformation history, and geological context of mineral show- 
ings. The belt is located in the east half of the Winter Lake 
sheet (NTS 86A), central Slave Province (Fig. 1). Project 
funding is provided by the Canada-Northwest Territories 
Mineral Initiatives (Project C4. 120). 

Previous work in the Winter Lake area includes 1:250000 
scale regional mapping by Fraser (1 969), detailed mapping of 
the sedimentary rocks southwest of Newbigging Lake (Rice 
et al., 1990), and concurrent 1:250 000 scale mapping by 
Thompson (1 992) and Thompson et al. (1 993, 1994) in a 
complementary NATMAP project. Work this summer was 
mainly a northward continuation of 1992 mapping in the 
south half of the belt, and completes the mapping of the 
supracrustal belt between 64' and 65' of latitude. A simpli- 
fied map of the results of this field season is presented in 
Figure 2. 

. . . . . . . . . s l a b  L . . I  . [  . 
117" 

rnetavdcenlc rocks 
~ll* I=I;/ gneisxs (inparlr3Ga) 

Figure I .  Location of the Winter Lake supracrustal belt (out- 
lined) in the Slave Province. Mod@ed after HofSman (1989). 

This report concentrates on: 1) additional descriptive details 
of the supracrustal rock packages defied during the 1992 season 
(Hrabi et al., 1993); 2) description of an additional folding and 
cleavage forming event, not recognized in the southern half 
of the belt; and 3) initial results of U-Pb geochronology of the 
supracrustal units. All rock types have been metamorphosed 
under greenschist or amphibolite facies conditions, but for 
clarity the prefix "meta" has been omitted in this paper. 

SUPRACRUSTAL ROCK UNITS 

On the basis of mapping during the summer of 1992, the 
supracrustal units in the Winter Lake belt were tentatively 
subdivided into three groups (Hrabi et al., 1993). Units of 
felsic volcanic rock, associated quartz-rich sedimentary rock, 
and a unit of komatiitic basalt were grouped into a pre- 
Yellowknife Supergroup package. Mafic volcanic rocks and 
the turbiditic sedimentary rocks that generally overlie them 
in the map area, typical of much of the Yellowknife Super- 
group (Henderson, 1970) elsewhere in the Slave Province, 
were grouped together. Polymictic conglomerates and asso- 
ciated sedimentary rocks were assigned to a post-Yellowknife 
Supergroup unit, believed to be analogous to the Jackson 
Lake Formation in the Yellowknife greenstone belt. Mapp- 
ing in the northern half of the Winter Lake belt suggests that, 
with one important revision, the tectonostratigraphy proposed 
for the belt based on mapping in the south half of the belt is 
valid. 

Felsic to intermediate volcanic rocks 

The felsic volcanic unit mapped on the east side at the base 
of the Winter Lake supracrustal belt continues to the north 
along the east side of the belt as a small lens and is also found 
along the west margin reaching a maximum width of approxi- 
mately 1.5 km. On the west side of the belt, north of approxi- 
mately 64'30', a unit that had been mapped as greywacke, 
biotite-quartz schist, nodular schist, and minor hornblende 
schist (Fraser, 1969) is here considered to be part of this lower 
felsic volcanic package (Fig. 2), because it lies stratigraphi- 
cally beneath the main mafic volcanic sequence and gabbro 
dykes constitute a large volume of the unit, as in the lower 
felsic rocks on the east side. Outcrops of felsic volcanic rock 
are also found along strike to the north as enclaves within 
foliated biotite tonalite. 

Most of the unit is composed of fine grained, light-grey- 
to cream-weathering, quartz-plagioclase-hornblende-biotite 
schist. Thin layers of lappilli-ash tuff or ash tuff breccia make 
up a smaller volume of the unit (Fig. 3). These contain up to 
60% light grey-weathering, monomictic, quartz-phyric vol- 
canic clasts within a matrix compositionally similar to the fine 
grained layers. 

Based on the structural position of the felsic volcanic 
rocks at the base of the supracrustal rocks and observations 
of contacts and bedding orientations indicating it has a con- 
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Figure 2. Simpl$ed geological map of the northern half of rhe Winter Lake supracrustal belt. 
PL - Point Lake, LP - Lake Providence, HL - Hopeless lake, BBL - Big Bear lake, 
BL - Beauparlant Lake. 
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Figure 3. Monomictic, felsic lapilli ash tuffwithin the felsic 
volcanic unit at the base of the supracrustal sequence on the 
west side of the belt. Outcrop is located west ofBig B&r lake. 

formable or disconformable upper contact with the overlying 
mafic volcanic rocks, the felsic volcanic unit was interpreted 
to be the oldest of the preserved supracrustal units (Hrabi et 
al., 1993). U-Pb dating of a sample of red-weathering, mas- 
sive felsic volcanic rock from the south shore of Newbigging 
Lake resulted in a date of 3118 +Ill-8 Ma (M. Villeneuve, 
unpub, data, 1993). Unless all the zircons in the sample are 
xenocrysts, this would represent the age of formation of the 
lower felsic volcanic package. This date, together with one 
of 3 141.7 +1 .Z-1 .I Ma from a quartz-eye dacite porphyry in 
the Napaktulik Lake area (Villeneuve et a].. 1993) are the 
oldest identified yet from supracrustal rocks in the Slave 
Province. 

Quartz-rich sedimentary rocks 

Quartz-rich sedimentary rocks are associated with the felsic 
volcanic rocks in the southeastern part of the belt, forming 
thin, discontinuous units. A few outcrops containing quartz- 
rich sedimentary rocks were also found further north, but they 
are not continuous enough to be traced as a separate unit and 
are included with the lower felsic volcanic rocks in Figure 2. 

U-Pb dates of detrital zircons from a sample of this unit 
at the north shore of Sherpa lake (Hrabi et al., 1993), all fall 
within the range of 3140-3160 Ma (M. Villeneuve, unpub. 
data, 1993). Given the tight range of dates from these zircons 
and their similarity to the date from the felsic volcanic rocks, 
it is suggested that the orthoquartzite is derived from the 
underlying older felsic volcanic rocks. 

Mafic and komatiitic basalt volcanic rocks 

Komatiitic basalt 

pre-Yellowknife Supergroup felsic volcanic-orthoquartzite 
package (Hrabi et al., 1993), as komatiitic volcanic rocks had 
not been identified previously in the Yellowknife Supergroup. 

Additional field data suggests that this interpretation 
should be revised. Units with a komatiitic basalt composition 
(but enriched Ti02) were found within a turbidite sequence 
of the Yellowknife Supergroup in the Lake of the Enemy area 
(Johnstone, 1992), suggesting that komatiites may be present 
elsewhere in the Yellowknife Supergroup. In addition, more 
units of pillowed komatiitic basalt (Fig. 4) were mapped in 
1993 on the west side of the Winter Lake belt, both in the 
middle of the mafic volcanic succession and near its upper 
contact (Fig. 2). In areas of relatively low strain, contacts and 
facing directions within the komatiitic basalts and surround- 
inn mafic units indicate that the units are conformable and 
interlayered. This in turn suggests that the komatiitic basalts 
are more likely to be associated with the mafic volcanic rocks, 
similar to the common komatiite-tholeiite association in other 
Archean supracrustal belts (Jackson and Fyon, 1991). 

Chemistry 

Three samples of pillowed komatiitic basalt were analyzed 
for major elements (XRF), trace elements (XRF, INAA, 
ICP-MS), and rare-earth elements (ICP-MS) at XRAL 
Laboratories, Toronto. Analytical results are shown in 
Table 1. All three samples plot in the komatiitic basalt field 
on a Jensen Cation plot (Fig. 5) and are LREE-enriched 
(Fig. 6A). Similar high-Mg volcanic rocks from the 
Beaulieau River Belt have been analyzed (Lambert et al., 
1992). For various reasons, the results were interpreted by 
Lambert et al. (1992) as unrepresentative of original melt 
compositions. As all the samples from the Winter Lake belt 
were taken from pillowed flows, they are definitely extrusive 
and are not likely to have been affected by excessive crystal 
accumulation. Although Zr is slightly enriched, it falls along 
the same compositional trends as komatiitic basalts from 
other Archean terranes (Ludden and GClinas, 1982). 

The komatiitic basalt unit mapped in the southern part of the 
belt occurs between the felsic volcanic rocks and rnafic vol- Figure 4. Pillowed komariitic basalt, identijied in outcrop by 
canic rocks and has apparently conformable upper and lower its light green colour, so8 weathered surface, and the corn- 
contacts. Itwastentativelygroupedwiththelesscommon monPresenceof~remolitecr~s~als~locatedneartheroPof~he 

mafic volcanic sequence. 
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Mafic volcanic rocks 

On the west side of the belt, the mafic volcanic rocks form an 
east-facing homocline that is continuous to a point northwest 
of Hopeless lake where it is folded about an F3 fold and 
terminates against a late fault, and intermittently from there 
to the north boundary of the map area (Fig. 2). On the east 
side of the belt, a south-plunging, north-trending anticline, 
cored by mafic volcanic rocks, is refolded into the Desteffany 
Lake belt which strikes away from the Winter Lake supra- 
crustal belt (Fig. 2). Massive and pillowed facies dominate 
in these units, although differentiated mafic sills and serpenti- 
nized peridotites were mapped within the western homocline 
to the west of Big Bear lake. A thin unit of amphibolite is 
conformable with the margins of a large foliated, hom- 
blende+biotite syenogranite intrusion in the northeast part of 
the map area (Thompson et al., 1993). This unit is continuous 
and occurs structurally below turbiditic sedimentary rocks 
and a younger felsic volcanic unit, similar to less recrystal- 
lized mafic volcanic rocks elsewhere. At the northern margin 
of the map area a thin, folded unit of mafic rocks continues 
off the north edge of the map (Fig. 2). 

Two separate outcrops of sheeted dykes occur approxi- 
mately 7 km apart at about the same stratigraphic level, near 
the top of the main mafic section southwest of Big Bear lake 
(Fig. 2). The southern dyke occurrence has mafic volcanic 
rocks above and below it, although the contacts were not 
observed. The exposed section is 15 m wide (Fig. 7a) and 
consists of parallel-sided dykes trending at 090". Over the 
15 m, twenty dykes are present, ranging in thickness from 
25 cm to 100 cm. The northern outcrop of sheeted dykes is 
approximately 15 m by 35 m and also consists of parallel- 
sided dykes that strike between 070" and 040" (Fig. 7b). Over 
a 7 m measured section, twenty-one individual dykes are 
present, ranging in thickness from 10 cm to75 cm. Each dyke 

FeO* + Ti02 

1 ~ " " " ' " " " ' 1  
La Ce Pr Nd SmEu Gd Tb Dy Ho Er TmYb Lu 
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Figure 6. Rare-earth element spidergrams of A )  pillowed 
komatiitic basalts, B )  pillowed majic rocks, and C)  fine 
grained massive ma$cjlows or intrusions. All plots normal- 

Figure 5. Jensen Cation Plot of analyzedpillowed komatiitic ized using ~ e e d ~  chondrite values divided by 1 .if0 (Taylor and 
basalts (a), pillowed basalts (A), and fine grained massive Gorton. 1977). 
ma$cf7ows or intrusions (0). 
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is asymmetric with a single chilled margin on the southern Chemistry 
contact of the dykes. The mafic dyke section sits directly 
above a series of serpentinized peridotite intrusions, approxi- 
mately 500 m thick, and stratigraphically below' a thin 
sequence of pillowed komatiitic basalts and tholeiitic basalts. 
Together, the dykes and pillowed mafic rock types resemble 
components of typical ophiolite sequences, although their 
thicknesses are significantly less than Proterozoic or Paleo- 
zoic ophiolites (Helmstaedt and Scott, 1992). No feeder 
dykes to the sheeted complex were recognized in the ultra- 
mafic intrusions and mafic volcanic rocks below. The 
absence of such dykes may mean that a currently unrecog- 
nized fault has displaced the sheeted dykes from their magma 
source. 

Small, serpentinized peridotite intrusions are found 
throughout the map area within most of the supracrustal rock 
types (Fig. 2). Although they were not shown on the simplified 
map of the southern half of the belt, similar peridotite bodies 
were also mapped south of Newbigging Lake within the older 
felsic volcanic rocks and near Izabeau lake within mafic 
volcanic rocks (Hrabi et al., 1993). 

Preliminary results of geochemical analysis of mafic volcanic 
rocks sampled in the south half of the map area in 1992 are 
presented in Table 1 .  The samples were taken from both 
pillowed and massive flows that, in outcrop, had very similar 
characteristics. Most samples plot as high-Mg to high-Fe 
tholeiites on a Jensen Cation Plot (Fig. S ) ,  although one 
sample plots in the calc-alkalic basalt field. The rare-earth 
element (REE) profiles of the tholeiitic basalts are flat to 
slightly light rare-earth element (LREE) enriched with no 
strong Eu anomaly (Fig. 6B and 6C). Additional analyses are in 
progress to understand the geochemical variations in these rocks. 

Other felsic volcanic rocks 

The distribution of a group of felsic volcanic rocks, identified 
by Thompson et al. (1993) in numerous locations within the 
map area, was defined in greater detail during the present 
mapping (Fig. 2). Although no facing directions are avail- 
able, this group of felsic rocks generally occurs at or within 
several hundred metres of the contact between the mafic 
volcanic rocks and the turbiditic sedimentary rocks. The 
felsic rocks are light weathering, fine- to medium-gained ash 
tuffs, or lappilli ash tuffs with a high proportion (up to 40%) 
of 1-2 cm disk-shaped fragments containing or rimmed by 
fine grained sillimanite (Fig. 8a). At higher metamorphic 
grades, in the northern part of the map area, this unit is 
represented by a garnet-bearing quartzo-feldspathic gneiss 
which in places contains sillimanite (Fig. 8b). Since these 
rocks are found higher in the supracrustal stratigraphy and are 
not intruded by the great volume of gabbro found in the older 
felsic volcanic rocks at the base of the supracrustal assem- 
blage, they are inferred to represent a separate and younger 
felsic unit. 

Polymictic conglomerate and associated sandstone 

Polymictic conglomerate associated with arkosic, sometimes 
crossbedded, sandstones have been described in the southern 
part of the map area (Hrabi et al., 1993). On the basis of 
map-scale unconformable relationships and the absence of 
the earliest folding event recognized in the turbiditic sedimen- 
tary rocks, the polymictic conglomerates and associated sand- 
stones were interpreted to be a younger group of rocks, 
unconformably overlying the rest of the supracrustal rocks. 
Additional occurrences of polymictic conglomerate and asso- 
ciated sandstone, most identified by previous authors (Fraser, 
1969; Rice et al., 1990; Thompson et al., 1993) are outlined 
in the north part of the map area (Fig. 2). In the northern part 
of the map area, the conglomerates and their contacts are 
relatively highly strained and there are no clear-cut map-scale 
unconformities to provide additional evidence for the unconfor- 
mable relationship inferred in the south (Hrabi et al., 1993). 

Figure 7. Outcrops of sheeted dykes, striking approximately Dating clasts and matrix the and 
east-west, perpendicular to the overall strike of the mafie cutting intrusions are needed to bracket the depositional age 

volcanic sequence on the west side of the Winter Lake belt. these rocks. 

a) Southern occurrence close to 64'30' latitude. b) Northern 
occurrence southwest of Big Bear lake. Rock hammer for 
scale in both photographs. 
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INTRUSIVE UNITS 

As in the f i s t  field season, mapping included the granitoid- 
gneiss rocks and plutonic rocks adjacent to and within the map 
area. Most of these units have been described previously 
(Thompson, 1992; Hrabi et al., 1993; Thompson et al., 1993). 
Two additional plutonic rock types were mapped this summer. 
The first, a foliated and recrystallized homblendekbiotite 
syenogranite, was described by Thompson et al. (1993) but 
was not found in the southern half of the supracrustal belt. 
The second is a poorly exposed, weakly deformed, coarse 
grained biotite syenogranite with awide marginal zone of fine 
grained to aphanitic quartz-porphyry found in the middle of 
the belt, centred south of Hopeless lake (Fig. 2). 

The tonalite gneiss complex and granite gneiss bounding 
the belt in the southern half of the map area have been described 
previously (Hrabi et al., 1993; Thompson et al., 1993). Foliated 
biotite tonalite or gneissic tonalite also bounds much of the 
west margin of the belt in the northem half of the map area. The 
granitoid gneiss, present along the eastern boundary of the belt 
to the south, continues to the north but is separated from the belt, 
near Beauparlant Lake, by a large intrusion of foliated and 

Figure 8. a) Outcrop of disc-shaped fragments within part 
of the upper felsic volcanic sequence. Outcrop located north- 
west of Hopeless lake. b) Example of quartzo-feldspathic 
gneiss, representing the higher grade equivalent of the upperfelsic 
volcanic sequence. Outcrop located west of Lake Providence. 

recrystallized biotitefiomblende tonalite (Thompson et al., 
1993). The contact of the granite gneiss and the fabric in the 
gneiss are deflected to an approximately easterly strike ap- 
proaching the Desteffany Lake belt just north of Beauparlant 
Lake. 

Hornblende+biotite syenogranite 

Two large intrusions of recrystallized and foliated hornblende* 
biotite syenogranite are located near the northern end of Lake 
Providence and were mapped by Thompson et al. (1993). 
Both intrusions are variably foliated, with the foliation inten- 
sity increasing strongly at the east and west margins of the 
intrusions. Supracrustal units, particularly thin units of 
amphibolite inferred to be recrystallized mafic volcanic 
rocks, are completely conformable with the margins of these 
intrusions, and are strongly deformed at the contact, although 
the fabric within the foliated syenogranite is not conformable 
with the supracrustal rocks at its northern contact. 

STRUCTURES AND DEFORMATION 
HISTORY 

Three sets of Archean structures were recognized in the first 
summer of mapping in the southern Winter Lake belt.(Hrabi 
et al., 1993). Additional features of these deformation events, 
and evidence for a fourth important deformation event infer- 
red from structures mapped during 1993, are described below. 

The earliest structures, recognized only in the southern 
half of the belt, are early folds (F,) in the turbiditic sedimen- 
tary rocks with no recognized axial-planar cleavage (Hrabi et 
al., 1993). The dominant cleavage, subparallel to the belt 
margins cut both limbs of these folds. 

Structures that are inferred to belong to the second defor- 
mation event are the dominant foliation (S2), which is subparallel 
to the margin of the belt along much of its length, and folds 
(F2) that deform the supracrustal rocks into variably plunging 
folds with axial planes parallel to the length of the belt in the 
central part of the belt (south part of Fig. 2). These F2 folds 
have metre- to kilometre-scale wavelengths. Southwest of 
Beauparlant Lake, pillows in mafic volcanic rocks and bed- 
ding in overlying turbidites wrap around a south-plunging F2 
anticline. South-facing pillows can be recognized in the 
hinge zone of this fold, despite a strong north-striking axial 
planar cleavage (S2). TO the north, these mafic volcanic rocks 
close, and then open again north at Big Bear lake, suggesting 
a dome and basin fold interference pattern. No crosscutting 
fabrics are associated with this apparent crossfolding and S2 
foliation is not refolded, indicating that the F2 domes resulted 
from either periclinal F2 fold forms or F2 refolding of earlier 
F ,  folds. 

Within the Desteffany Lake belt close to its junction with 
the Winter Lake belt, the dominant foliation is approximately 
northeast-striking, parallel to the Desteffany Lake belt and 
axial-planar to a set of southeast-plunging folds, also cored 
by mafic volcanic rocks with turbiditic sedimentary rocks on the 
limbs. Close to the junction of the two belts a well-developed, 
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north-striking crenulation cleavage deforms the dominant 
northeast-striking foliation in the Desteffany Lake supra- 
crustal belt. A north-striking fault follows the crenulation 
cleavage and juxtaposes Desteffany Lake mafic volcanic 
rocks against turbiditic sedimentary rocks (Fig. 2). A very 
important feature of the folds in both the Winter Lake and 
Desteffany Lake belts at this juncture is that both pillow-facing 
directions and graded bedding in the overlying turbidites 
indicate that the supracrustal rocks locally face outward into 
the belt-bounding biotite tonalite intrusion, in contrast to most 
of the belt where supracrustal rocks are broadly conformable 
with, and face away from, the belt margin. 

If the dominant foliations and associated folds in both the 
Winter Lake and Desteffany Lake belts are continuations of 
the same set of structural features, these structures must have 
been folded about a post-D2 fold (F3), as mapped by 
Thompson et al. (1993). A second possibility is that the 
dominant foliation in the Desteffany Lake belt predates the 
dominant foliation in the Winter Lake belt. A later east-west 
compression responsible for the dominant foliation in the 
Winter Lake belt would then locally crenulate the pre-existing 
dominant foliation in the Desteffany Lake belt where it joins 
the Winter Lake belt. 

The dominant S2 foliationmaintains its steep, belt-parallel 
orientation to north of Hopeless lake; north of this its orien- 
tation becomes more complicated. Foliations in the turbiditic 
sedimentary rocks often dip shallowly to the north, and at the 
north map boundary in the centre of the belt (Fig. 2), they 
parallel a folded package of mafic volcanic, younger felsic 
volcanic, and turbiditic sedimentary rocks. These foliations 
are mineralogically similar to S2 foliations to the south and 
are interpreted to belong to the same generation of structures 
(D2), suggesting that bedding and foliations are folded about 
a post-D2 fold (F3) in the north half of the map area. 

In addition to the F3 folds, north-trending S3 planar fabric 
variably overprint the shallowly-dipping S2 foliation at sev- 
eral locations west of Lake Providence. Where the S3 fabric 
is a spaced cleavage, mica in the microlithon preserves the S2 
orientation. In conglomerate, flattened competent granitic 
clasts and quartz veins strike approximately east-west, yet 
less competent mafic and fine grained clasts are flattened 
along a north-south axis, reflecting a preserved S2 and 
weaker, overprinting S3, respectively. 

Strike-slip faults, postdating all other structures and meta- 
morphism, with strike lengths of hundreds of kilometres, 
partially characterize a north-south corridor that includes the 
Winter Lake supracrustal belt (Stubley, 1990a, b; Hrabi et al., 
1993). One ofthese faults, striking 350'-000' with a sinistral 
offset of approximately 15 km, was mapped in the area last 
year and continues to the south (Stubley, 1990a, b). An 
additional fault with similar orientation and sense of displace- 
ment was mapped this summer, cutting obliquely across the 
belt at a small angle. The extension of this fault in the south 
half of the belt displaces a unit of polymictic conglomerate 
ca. 2.5 km in a left-lateral sense. In the northern part of the 

map area, it follows close to the upper contact of the mafic 
volcanic section west of Big Bear lake before cutting into the 
bounding granitoids to the west (Fig. 2). A strong foliation or 
mylonitic foliation, extensive hydrothermal alteration, and 
brecciation characterize the fault where exposed in the supra- 
crustal belt and in the adjacent granitoids. 

DISCUSSION 

Mapping in the northern half of the Winter Lake belt suggests 
that, with one important revision, the tectonostratigraphy 
proposed for the belt based on mapping in the south half of 
the belt is valid. A felsic volcanic sequence occupies the 
lowest stratigraphic position in the belt and has been dated at 
31 18 +I 11-8 Ma. This unit represents a supracrustal sequence 
significantly older than previously dated units (van Breemen 
et al., 1992) of the Yellowknife Supergroup. Komatiitic 
basalts are present at the base, in the middle and at the top of 
the mafic volcanic sequence that overlies the old felsic vol- 
canic sequence. As such, the komatiitic basalts are consid- 
ered part of a komatiitic-tholeiitic basalt association, rather 
than the bimodal felsic volcanic-komatiite association that 
mapping in the southern half of the belt had suggested (Hrabi 
et al., 1993). The mafic volcanic sequence west of Big Bear 
lake also includes serpentinized peridotite (Thompson et al., 
1993), layered mafic sills, and sheeted dykes. An additional 
package of younger felsic volcanic rocks, identified by 
Thompson et al. (1993), occurs above the mafic volcanic 
sequence near its contact with the overlying turbiditic sedi- 
mentary rocks. Two major phases of folding and cleavage 
development are inferred to be primarily responsible for the 
present distribution of supracrustal rock units in the map area. 

The recognition of outcrops of sheeted dykes within the 
mafic volcanic sequence, together with the layered mafic sills 
and serpentinized peridotite are intriguing, considering that 
these rocks types are components of typical ophiolite 
sequences (Anonymous, 1972). Multiple mafic dyke intru- 
sions within the Kam Group of the Yellowknife Supergroup 
(Helmstaedt et al., 1986) have been used to suggest that 
sea-floor spreading operated during the Archean. Given the 
significance of sheeted dykes in recognizing possible 
Archean ophiolites, detailed mapping of the mafic volcanic 
sequence in the area of the sheeted dykes, and the relationship 
of this sequence with the underlying older felsic supracrustal 
sequence is a prime objective of fieldwork to be conducted 
next summer. 
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Lac du Sauvage region of the central Slave Province, 
District of Mackenzie, Northwest Territories' 
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Kjarsgaard, B.A. and Wyllie, R.J.S., 1994: Geology of Paul Lake area, Lac de Gras-Lac du 
Sauvage region of the central Slave Province, District of Keewatin, Northwest Territories; & 
Current Research 1'994-C; Geological Survey of Canada, p. 23-32. 

Abstract: The Lac de Gras area of the Northwest Territories is currently the focus of intense exploration 
activity for diamondiferous kimberlite intrusions. The geology is dominated by Archean metagreywacke 
and granitoids. Ductile deformation has produced at least two sets of folds and related fabrics. Granitoid 
emplacement occurs syn- and post-tectonically. Faulting occurred during the Late ArcheanIEarly Protero- 
zoic. Four Proterozoic dyke swarms cut the Archean rocks in the map area. Detailed structural data were 
obtained for the area, along with subdivisions of the granitoid suites represented and new information on 
contact relationships. Possible controls on the spatial emplacement of kimberlites are considered in relation 
to regional structures and Proterozoic dyke swarms. 

RCsumC : La rtgion du lac de Gras, dans les Territoires du Nord-Ouest, est en ce moment le centre d'une 
intense activite d'exploration ayant pour but de decouvrir des intrusions de kimberlite diamantif&re. La 
gCologie de cette rbgion est dominbe par des metagrauwackes et granitoydes archeens. Une deformation 
ductile a produit au moins deux ensembles de plis et les fabriques assocites. Lemplacement des granitoi'des 
est syn- et post-tectonique. Des failles datent de la fin de I'Archten et du debut du Prot6rozoYque. Quatre 
essaims de dykes protCrozoYques recoupent les roches archeennes dans la rCgion cartographibe. Des 
donnkes structurales detaillees ont kt6 recueillies, les diffkrentes suites de granitoides ont kt6 subdivisCes 
et de I'information nouvelle sur les relations de recoupement est presentbe. Les contrdles possibles de 
l'emplacement des kimberlites sont 6tudiCs en fonction des structures rCgionales et des essaims de dykes 
prot6rozoYques. 

' Contribution to Canada-Northwest Territories Mineral Initiatives (1991-1996), an initiative under the 
Canada-Northwest Territories Economic Development Cooperation Agreement. 
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INTRODUCTION 

The Lac de Gras-Lac du Sauvage area, northeast NTS 76D 
(Fig. 1) is comprised dominantly of Archean meta- 
sedimentary and granitoid rocks, and transected by numerous 
Proterozoic diabase dykes. Recently, more than twenty kim- 
berlite diatremes have been found in the area (Northern 
Miner, 1993a). Mapping is supported by the 1991-1996 
Canada-NWT Mineral Initiatives Agreement and the Slave 
NATMAP project. Mapping was completed over the 1992 
and 1993 field seasons. Objectives of the project include 
detailed kimberlite petrological studies, and regional geologi- 
cal mapping. The mapping results should assist in under- 
standing the tectono-magmatic evolution of the Slave 
Province, and provide insights into geological controls on the 
spatial distribution of kimberlite. Mapping was completed in 
NTS map sheet 76Dl9 and parts of 76Dl10.8 and 16. 

PREVIOUS GEOLOGICAL MAPPING 

The mapping of Folinsbee (1949) resulted in the publication 
of GSC map #977A (1:250 000). Thompson et al. (1993) is 
currently remapping the western half of the Lac de Gras sheet. 
King et  al. (1991) recently completed mapping the 
Contwoyto-Nose Lakes area to the north. The Aylmer Lake 
sheet to the east was most recently mapped by Lord (1952). 

Figure I .  Location of map area in the central Slave Province. 

Prior to this study, there has been no systematic regional 
mapping in the eastern part of the Lac de Gras sheet since the 
work of Folinsbee (1949). 

REGIONAL GEOLOGICAL SETTING 

The Lac de Gras area is located in the central Slave Snuctural 
Province (Fig. 1). The Slave Province is an Archean craton 
thought to consist of accreted tectonostratigraphic terranes (the 
exact nature of terrane boundaries is obscure), derived from 
subduction-accretion of single (Kusky, 1989) or multiple (King 
et al., 1989) volcano-sedimentary arc complexes. 

DESCRIPTION OF MAP UNITS 

All map units recognized are either Archean metasedimentary 
and granitoid rocks or younger intrusives (diabase, kimberlite). 
There is no evidence of basement to the above-mentioned units 
in the map area. A simplified compilation of mapping is 
presented in Figure 2. Lithological units in the legend of Figure 2 
are described below in inferred stratigraphic order. 

Metasedimentary rocks 

Greywacke 

Green-brown to rusty brown weathering metagreywacke out- 
crops throughout the map area. Rocks of this unit are domi- 
nantly thin-bedded (1 - 10 cm beds; Fig. 3), although thicker 
beds (to 1 metre; e.g., Fig. 4) occur. The metagreywackes 
consist of massive psammitic beds and graded psarnmite- pelite 
sequences (e.g. Fig. 3). Bedding is preserved in porphyroblastic 
schists, although less so in migmatitic greywackes. Porphy- 
roblasts of biotite, cordierite, and andalusite (var. chiastolite) are 
ubiquitous in pelitic layers. Garnet occurrence is variable, but its 
restriction to narrow, bedding-parallel zones, suggests its occur- 
rence is a function of bulk composition, rather than metamorphic 
grade. Sillimanite (var. fibrolite) typically overgrows the 
porphyroblasts, and is ubiquitous. ~ i g m a t i t e  (Fig.-5) occurs 
only in smaller rafts and panels (N.B. panel is a non-genetic term 
to descrFo'cre narrow outcrops of g1.e~ wacke wiiici~ exiellci aiu~ig- 
strike) of greywacke within hornblende+ biotite tonalites 
north of Eagle lake. No iron-formation was observed in the map 
area. 

Granitoid intrusive rocks 

Hornblende+biotite quartz diorite 

A large, homogeneous pluton of equigranular, medium 
grained quartz diorite (Straddle quartz diorite) occurs at the 
western margin of the map sheet. Preliminary petrographic 
studies illustrate that mineral assemblages consist principally 
of plagioclase+biotite+hornblende+quartz~epidote. The 
biotite and epidote are thought to be of magmatic origin. 
Inclusions of microdioritic cognate xenoliths are rare or ab- 
sent in this body. This pluton is weakly deformed, with apoor 
to nonexistent foliation. 
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Hornblende+biotite tonalite greywacke septae of variable length (tens to hundreds of 
metres) commonly occur in this body; good examples are 

East of the quartz diOrite, an extensive found along the noI-th shore of Eagle lake and also in associa- 
deformed outcrops north lake tion with the northwest-trending greywacke panel at the 
tonalite). The hornblende+biotite tonalites are distinguished northwest margin of the map area. This suggests that the 
in the field from the quartz diorites on the basis of lower tonalite intruded the greywackes to form bedding concordant, 

higher quartz+bi0tite and the si]]-]ike bodies, The small, isolated outcrops of hornblende 
presence of minor K-feldspar. Thin (10 cm - 10 m scale) 
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X X X X X X X C X X X X  

X  X  X  X  X  X  X 

X X X X X X X  
SmpbnQranRs 
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X  X  X X  
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SIMPLIFIED GEOLOGY SCALE 5---0 
10 km 

r q  Hornblende-biotite quartz diorite Two-mica granite 

/' . '4 Hornblende-biotite tonalite Biotite tonalite 

> .,,o Porphyritic biotite granite m Greywacke 

Figure 2. Simplijed geological map for the Paul Lakearea. 76019. Diabase dykes shown 
as heavy black lines. 
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tonalite northeast of Paul Lake are also strongly foliated. In 
contrast to the Saddle quartz diorite, the Eagle tonalite is 
observed in places to contain abundant, hornblende-rich 
microdiorite enclaves (Fig. 6). The enclaves are typically 
boudinaged; the long axes lying parallel to S I .  

Biotite tonalite 

Biotite tonalite is exposed between Eagle lake and Paul Lake 
(in the west-central portion of the map sheet). Discontinuous 
biotite tonalite outcrops of variable size are also found 
following the trend of a lineament along the northwest arm of 
Lac du Sauvage. The biotite tonalite outcrops are inferred to 
have formed a continuous unit before intrusion of two mica 
granite. This map unit is termed the Boomerang tonalite. 
These rocks are light brown- to white-weathering, medium 
grained, and have weak to strong foliations (and are locally 
heated).  The Boomerang tonalite is distinguished in the field 

from the Eagle tonalite on the basis of hornblende-absent 
assemblages and a lower colour index. Rocks of this unit are 
observed to intrude the greywackes. 

Two mica granite 

A distinctive white- to light grey-weathered surface and abun- 
dant primary muscovite characterizes these granites. Rocks 
typically consist of equal proportions of quartz, plagioclase, 
and K-feldspar, with 510% of both muscovite and biotite. 
Aquamarine apatite and tourmaline are common accessories; 
in places apatite comprises up to 5% of the rock. Garnet, 
cordierite, and sillimanite are also observed, but the latter is 
invariably found only in association with greywacke inclu- 
sions. These granites are fine- to coarse-grained and general1 y 
equigranular, but occasionally are weakly porphyritic. A 
very coarse grained, K-feldspar-rich, tourmaline-bearing 
pegmatitic phase forms dykes and small stocks up to 250 m 

Figure 3. Graded beds in greywacke (thin. beds). Tops Figure 5. Migmatitic greywacke. Note schlieren formation in 
towards photo north. GSC 1993 251 Y pelitic component. GSC 1993 251Q 

Figure 4. Thickly bedded turbidite intruded by two mica Figure 6. Microdiorite enclaves in biotite tonalite. Enclaves 
granite dyke. GSC 1993 251 U are elongated parallel to the regional strain ellipsoid. 

GSC 1993 251 M 
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in diameter. These pegmatites are widespread in the map area 
and occur both internal and external to the two mica granite 
plutons. 

The majority of the central and southern portion of the 
map sheet consists of two-mica granite (Scorpion granite). 
These granites are observed to intrude greywacke, biotite 
tonalite, and hornblende tonalite. All intrusive contacts are 
sharp. Larger outcrops of two mica granite consist of multiple 
intrusions. Where there is good three-dimensional exposure, 
the two mica granites are observed to form shallowly dipping 
sheets of variable thickness (less than ten metres to greater 
than 100 metres). At outcrop-scale, the upper parts of a sheet 
are usually free of greywacke. Towards the base, greywacke 
rafts, septae, and inclusions are more abundant. 

Subhorizontal contacts between the base of the two mica 
granite sheets and steeply bedded greywackes are observed 
(Fig. 7). Granite sills (concordant to bedding) seen in the 
greywackes are interpreted as feeder conduits to the overlying 
sheets (Fig. 7); magma emplacement in a passive environ- 
ment (postdeformation) is consistent with a lack of 
penetrative fabrics in these rocks. 

West of Lac du Sauvage, and north of Point de MisCre, 
two narrow zones of greywacke form panels separating the 
two-mica granite into distinctive, lozenge-shaped bodies. 
The long axis of these lozenges lies parallel to the regional 
strain ellipse. Felsenmeer and surficial deposits limit expo- 
sure and have hindered attempts to further determine the 
continuity of these greywacke panels along strike. 

Porphyritic biotite granite 

Light red- to pinkish-white-weathering, medium- to coarse- 
grained, K-feldspar porphyritic granite forms a distinctive 
pluton in the northeast part of the map sheet. K-feldspar 
phenocrysts range from 1-3 cm in length and display a pre- 
ferred orientation. Rocks consist of 5-10% biotite, with pri- 
mary muscovite usually absent, or present only in trace 
amounts (<I%). One large body (Duchess granite) of this unit 
is found in the region of the Coppermine River and east of 
Duchess Lake. Due to limited exposures of this unit, it is not 
possible to map out recognizable subunits of the body (as seen 
in grain size and modal mineralogy variations). Lack of 
penetrative deformation is consistent with these rocks being 
emplaced after the main regional metamorphism and defor- 
mational event(s). Although a small body of two mica granite 
occurs within the Duchess granite, thick surficial deposits 
obscure the contact relationship. 

Dkbase dykes 

Diabase dykes, ranging in width from 15 to 100 m are com- 
mon in the area, and postdate granite intrusion. The dvkes are 

MacKay (080" trend) 

A single dyke, 50  metres wide and trending approximately 
080°, is exposed intermittently across the central part of the 
map sheet. An estimated age of 2.4 Ga (KIAr whole-rock; 
Fahrig and West, 1986) for this swarm suggests it is theoldest 
dyke in the map area. At two localities (both two mica 
granitelgreywacke contacts) the dyke is observed to refract 
from 080" to approximately 125". One possible explanation 
for this phenomena is that the dyke intrudes a pre-existing 
structure, and records stress refraction at the rheological 
boundary. Evidence for faulting at 080" is found in a parallel 
fracture 3 km to the southwest, in which slickensides are 
recorded. The slickensides indicate dextral movement, raking 
20" on a fracture plane which lies at 075185. 

Contwoyto (045" trend) 

Three dykes, 20-40 m wide and trending approximately 045" 
were noted in the map area. These dykes were not observed 
to crosscut any other Proterozoic dykes. Preliminary U-Pb 
baddeleyite studies yield an age of 2.23 Ga (A. LeCheminant 
and 0,  van Breemen, pers. comm., 1993) A single dyke north 
of Eagle lake is found within, and concordant to, a grey- 
wackeltonalite zone of moderate strain (trending 220"). In 
contrast, however, there is no evidence for a similar relation- 
ship between Contwoyto dyke orientation and regional 
structure in the Point de  Midre  area. 

Lac de Gras  (190" trend) 

Three dykes, 35-60 m wide, trending approximately 190°, out- 
crop intermittently in the map area. These dykes are easily 
distinguished by their well-developed ophitic texture. The Lac 
de Gras dykes are observed in the field to cut Contwoyto dykes. 
Preliminary U-Pb baddeleyite studies give an age of 2.02 Ga, 

. A 

distinguished on the basis oflorientation, and are cdrrelated 
with known dyke swarms in the Slave Province (Fahrig and Figure 7- Cliffface (vertical surface) showing granite-grey- 
West, 1986). Four (and possibly five) dyke swarms are rep- wacke contact. Granite sheet is overlying steeply dipping 
resented; all interpreted to be of Proterozoic age. Field gre~wacke  beds. Note feeder conduit on right side, 
relationships are consistent with available age data. concordant to So in the greywackes. GSC 1993 251P 
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suggesting these dykes are potentially correlative with rocks 
of the Booth River Igneous Complex 200 km to the north 
(A. LeCheminant and 0. van Breemen, pers. comm., 1993). 

Mackenzie (335" trend) 

Six dykes of the Mackenzie swarm, with trends of 330"-340" 
and up to 100 m wide, occur in the map area. Crosscutting 
relationships observed in the field suggest the Mackenzie 
dykes are younger than the Lac de Gras, Contwoyto, and 
MacKay dykes; consistent with their U-Pb baddeleyite age of 
1.27 Ga (LeCheminant and Heaman, 1989). 

"305" dyke 

A single dyke, 15-20 m wide, trending 300" to 310" can be traced 
intermittently over a distance of 25 km in the northeast part of the 
map sheet. The age of this dyke is unknown and its relationship to 
the other swarms (specifically the Mackenzie) is equivocal. 

Kim berlite 

More than twenty kimberlite pipes, many diamondiferous 
(Northern Miner, 1993a) occur in the area. At this time the 
exact locations remain proprietary information. A RbISr three 
point isochron yielded an Eocene age of 52  f 1.2 Ma 
(Northern Miner, 1993b), however the exact location of the 
specific kimberlite dated (other than being in the Dia 
MetlBHP claim block) is unknown. Kimberlite-derived mud- 
stones with Cretaceous to Paleocene dinoflagellate, pollen, 
and spores (Northern Miner. 1993b) potentially suggest two 
periods of kimberlite emplacement. 

STRUCTURAL GEOLOGY 

Fabric elements 

Fabric elements measured in the field are summarized as 
follows and described more completely below: 

So is primary compositional layering in metagreywacke. 
It is defined by textural and mineralogical variation at the 
outcrop scale. 

Si (internal cleavage) occurs as inclusion trails in 
andalusite and cordierite poikiloblasts. The relationship 
between Si and S1 is unknown. Si could be a relict of an 
earlier cleavage, or alternatively, it may record the earliest 
stages of Si development. 

S i  is the main or dominant "regional" cleavage, generally 
oriented parallel or subparallel to So in the metagreywackes. 

S2 is a locally observed, symmetric crenulation cleavage. 

F i  folds are isoclinal. Frequent changes in younging 
direction'of So are observed at the mesoscale and S I  
verges both clockwise and counter-clockwise. Fold 
closures are not observed due to pervasive lichen cover 

F2 is an open fold with limbs that extend beyond the limits 
of the map area, and a wavelength of >20 km. The crenulation 
cleavage (S2) is believed to be genetically related to F2 
folding, as it lies parallel to the axial trace (see Fig. 9 below). 

Structural development 

The deformation history of the Paul Lake sheet is polyphase. 
Tectonic fabrics exhibit varying degrees of development and 
heterogeneity. So is dominantly steeply dipping, becoming 
moderate in the F2 hinge zone. The main cleavage (SI) is 
associated with cryptic isoclinal folds (FI) in metagreywacke. 
S I  folms a discrete, spaced cleavage in metagreywackes and 
is oriented subparallel to So (Fig. 8). 

Large, idioblastic porphyroblasts, wrapped by S I sug- 
gests that DI deformation is preceded by static porphy- 
roblastesis of cordierite, andalusite, staurolite, and biotite. 
These porphyroblasts contain straight inclusion trails, sug- 
gesting a relict cleavage related to either a previous, but 
unrecognized folding event, or the early stages of S I  fabric 
development. A more locally developed crenulation cleavage 
(S2) appears to be genetically related to the large, open fold (F2) 
in the map area. 

Moderately-dipping stretching lineations trending 
approximately 020, C and S fabric in granitoids, local transpo- 
sition of S1 and the presence of sheath folds suggest the develop- 
ment of localized high strain zones in the limbs of the F2 fold. 
Further evidence can be found in folded pegmatite veinlets, 
bedding-parallel shearing and localized ramping of grey- 
wackes. Strain partitioning is only observed within the grey- 
wackes, close to rheological interfaces with synkinematic 
granitoids. High strain fabrics parallel regional lineaments 
observed on Landsat 5 Thematic Mapper (TM) imagery. 

Geometry 

One area of nearly continuous metagreywacke outcrops and 
a number of smaller, discontinuous metagreywacke panels 
occur in the map area (Fig. 2). The main outcrops lie in a 

and shoreline exposures that parallel the regional strike lqgure 8. ~ ~ l ~ ~ i ~ ~ ~ h i ~  bemeen so and S, scale card lies 
of So. parallel to So while pen outlines trace of Sl. GSC 1993 251T 
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folded belt that parallels the northwest arm of Lac de Sauvage, 
passes through the closure, and follows the long axis of Paul 
Lake (Fig. 9). In the Lac du Sauvage limb, the dominant 
bedding orientation is about 135170. In the Paul Lake limb, it 
is 255175. Bedding orientations between Lac du Sauvage and 
Paul Lake are consistent with ductile folding. The statistical 
mean fold axis for So trends 008' and plunges 70'. 

Two panels of greywacke within the Scorpion granite 
have structural trends parallel to the Lac du Sauvage limb of 
the main belt (Fig. 2). A third greywacke panel (islands in the 
north arm of Lac de Gras), is of similar orientation. Limited 
exposure and intrusion of two mica granite obscures relation- 
ships between the latter panel and greywackes in the Paul 
Lake limb of the F2 fold. 

The two dominant orientations of So (135" and 255" 
trends), are not observed in all greywackes in the map area. 
A panel of greywackes on the islands in the southwest corner 
of the map sheet is part of a larger belt that crosses Lac de 
Gras to the northwest and swings around to northlsouth as it 
enters sheet 76D110. This change in orientation may be 
related to the Paul Lake F2 fold. 

Granitoid rocks (Eagle and Boomerang tonalites) are 
observed to be foliated andfor lineated in the study area. 
Dominantly planar fabrics are found in the Eagle tonalite at 
the northern margin of the map sheet, but a lineation (defined 
by hornblende+plagioclase+quartz) is evident along the north 
shore of Eagle lake. In the Boomerang tonalite, the exposure 
between Eagle lake and Paul Lake has a weak planar fabric. 
Strong linear fabrics (defined by quartz+plagioclase) are 
found in this unit along the northwest arm of Lac du Sauvage 
and the region of the F2 fold culmination. These consistent 
lineation trends suggest stretching lineations associated with 
areas of high strain. 

Fabrics recorded in the Scorpion and Duchess granites are 
discontinuous and poorly defined. They are not penetrative 
and usually only observed near the margins. While these 
fabrics could be interpreted to be magmatic in origin, it is 
possible that these granites were emplaced during the waning 
stages of deformation. 

Zones of high strain 

Three areas of high strain (Paul Lake; north shore Eagle lake; 
northwest arm Lac du Sauvage) are evident from field and 
structural studies. All occur within or adjacent to areas of 
metagreywacke outcrop and regional lineaments, but are also 
observed in the adjacent granitoids (Fig. 10). 

One, and possibly two generations of high strain structures 
are observed in the limbs of the regional F2 fold. The two high 
strain zones (HSZ) in the northwest part of the map sheet at Eagle 
lake and Paul Lake, appear to have an ovelprinting relationship 
to one another. The Paul Lake high strain zone is associated with 
transposition of S I  and development of sheath folds (Fig. I I), 
oriented subparallel to the long axis of Paul Lake. 

The Eagle Lake high strain zone is oriented parallel to an 
asymmetric crenulation cleavage that cuts the sheath folds in 
the Paul Lake area. The zone itself has a consistent stretching 
lineation (defined by hornblende+plagioclase+quartz) ori- 
ented at about 020/60. The regional significance of the 
overprinting fabric is currently equivocal in the absence of 
solid kinematic evidence to link the crenulation cleavage with 
the Eagle lake high strain zone. 

A third high strain zone lies in the northwest arm of Lac du 
Sauvage. It is indicated by progressive strain of p o r p h y r o b  and 
development of C and S and shear bands in rocks adjacent to the 
lineament (Fig. 10). Ramping of So and folding of pegmatite 
veinlets in greywackes are consistent with dextral kinematics. 

Figure 10. 

Scale drawings of three samples across the 
Lac du Sauvage high strain zone (see Fig. 9 
for outcrop locations). A) Greywacke with 
weakly strained cordierite porphyroblasts 
(aspect ratio 2:l). B) Greywacke with highly A 
strained cordierite porphyroblasts (aspect GREYWACKE 

. . .  
ratio 10:l). C) Boomerang tonalite with-C-s 
fabric and shear bands (C' fabric). 

B 
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C 
BIOTITE TONALITE 
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0 Cordlerite porphyroblasts 

C C-plane (c6salllement) 

S S-plane (schlstosltB) 
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DISCUSSION 

Geology 

Figure 12. Sheath folds in greywacke, on washed island 
outcrop in Paul Lake (see Fig. 9 for outcrop location). Note 
the typical eye-type interference pattern, and the presence of 
granitic leucosomes (white). GSC 1993 25-12 

The high strain zones are thought to have occurred as a 
result of strain partitioning in the metagreywackes, due to 
their strong planar anisotropy (So and S1). The presence of 
phyllosilicates would also contribute to development of pla- 
nar fabrics. In contrast, granitoids adjacent to the greywackes 
display stronger linear fabric elements. The high strain zones 
are associated with regional lineaments on aerial photographs 
and satellite imagery. 

Faulting 

Mapping in 76Dl10 has revealed evidence for shearing and 
faulting along a major lineament which extends into 76D19 
and trends 080". The evidence is indirect, but consists of an 
en echelon dextral shear zone in greywackes, and a parallel 
fracture surface in Scorpion granite with slickenside linea- 
tions (see MacKay dykes previous). The timing of movement 
on this fault zone is unconstrained at present, but lies between 
emplacement of two mica granite and the oldest mafic dykes 
(Late Archean to Early Proterozoic). 

METAMORPHISM 

In pelitic rocks, there is a subtle variation in mineral assem- 
blages suggesting that metamorphic grade increases slightly 
northward. All pelites contain andalusitekcordierite porphy- 
roblasts. Fibrolite is common throughout the region. Occa- 
sional blades of accicular sillimanite are also observed. 
Greywackes are generally sillimanite-bearing in the main 
contact zones with granitic rocks, whereas those found in 
narrow panels within tonalite tend to be sillimanite-absent 
and migmatitic in character. The metamorphic assemblages 
observed in the greywackes are similar to those observed in 
other areas of the Slave Province (Thompson, 1978) and are 
consistent with low-P, high-T metamorphism. 

Re-mapping of the Lac de Gras-Lac du Sauvage area has 
allowed for improved discrimination of geological units. The 
original two granitic map units have been subdivided into five 
distinct lithologies. Kimberlite outcrops were found in the 
course of mapping the regional geology. Additional expo- 
sures of greywacke define four discrete panels in the grani- 
toids. Passive emplacement (post-deformation) of two mica 
granite through feeder conduits to overlying sheets is consis- 
tent with the discontinuous, poorly defined fabrics in these 
rocks. This style of emplacement precludes models in which 
'ballooning plutons' affect greywacke geometry. Considera- 
tion of style of granite intrusion along with structural data are 
consistent with the interpretation that the bend in the grey- 
wackes at Paul Lake is a large, open F2 fold. Three zones of 
high strain are associated with the limbs of this fold. 

Subdivision of the granites into five lithological units 
allows comparisons with granitoid rocks studied in other 
areas of the Slave Province. The most recent (and comprehen- 
sive) studies are those of Davis (1991) and King et al. (1991, 
1992) in the Contwoyto-Nose Lakes area to the north. Utiliz- 
ing the relative plutonic age classification scheme for this 
area, potential correlatives with plutonic units in the Lac de 
Gras-Lac du Sauvage area (from oldest to youngest) are: the 
Straddle quartz diorite and Eagle lake hornblende tonalite 
with the ca. 2604 Ma C4 suite; the Boomerang tonalite with 
the ca. 2616 Ma C5 suite; the Scorpion granite with the 
ca. 2592 Ma C6a suite; and the Duchess granite with the 
ca. 2582 Ma C6b suite. Therefore, the granitic rocks in the 
map area likely correspond to the 'younger granites' of the 
Slave Province (van Breemen et al., 1992). 

The greywackes in the map area are dominantly thin-bedded 
and lack iron formation. They may be correlative to the Itchen 
Formation (Bostock, 1980; King et al., 1991), part of the 
Yellowknife Supergroup (Henderson, 1970). However, it is 
important to note the complete lack of volcanic rocks in an approx- 
imate 75 km radius around the map area (see Fig. 1). This suggests 
that the region may represent a discrete sedimentary basin. 

Kimberlite 

Numerous kimberlites have recently been discovered in the 
central Slave Province. The Lac de Gras area is part of a larger 
(ca. 200 km wide) region dominated by greywackes and 
intrusive rocks of the younger Slave granitoid suite (intruded 
at 2625-2580 Ma; van Breemen et al., 1992). Based on 
presently available mapping, volcanic rocks as well as their 
inferred plutonic equivalents (the older Slave granitoid suite, 
intruded at 2695-2650 Ma; van Bremen et al, 1992) appear to 
be absent from this region. Approximate boundaries of this 
region are: to the east, the Clinton-Colden Lakemackett River 
volcanic belts, and to the west, the Courageous-Desteffany- 
Winter lakes volcanic belts. 
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Interestingly, kimberlites with diamond grades that have 
warranted continued drilling and/or bulk sampling all lie in 
the region in which the older Slave volcanic rocks (and their 
inferred plutonic equivalents) are absent and there is also a 
significant Bougeur gravity low (Goodacre et al., 1987). The 
region of the ~ o u g e u r  gravity low approximately lies to the 
southwest of a line from north Yamba Lake (in NTS 76E) to 
Pellat Lake (in NTS 76F) to Tarpon Lake and the Outram 
Lakes (in NTS 76C), encompassing the Lac de Gras area. 
Combining the Bougeur gravity datawith the known geology 
strongly suggests that the Lac de Gras area may represent a 
unique region within the Slave Province. 

Controls on the spatial distribution of kimberlite 
emplacement in ~rcheancratons are poor1 y understood, how- 
ever a variety of models have been presented. Two recent 
models relate kimberlite spatial distribution to: 1) structural 
trends (e.g., Coopersmith, 1993); and 2) mafic dyke swarms 
(e.g., Schiller, 1993). The Lac de Gras region has the potential 
to provide important insights into this problem as the area is 
cut by dykes from four different swarms, and detailed map- 
ping has defined the regional structural trends, including 
zones of high strain. 

Geological mapping has indicated that one dyke of the 
MacKay swarm and one of the Contwoyto swarm dykes may 
be intruding pre-existing, regional structures. The absence of 
diabase dykes adjacent to the Point Lake kimberlite pipe, 
coupled with a preliminary analysis (based on a limited 
number of kimberlite localities) suggests a stronger relation- 
ship to structural control rather than the diabase dyke swarms. 
Release of proprietary information in the future will greatly 
assist in developing this model. 
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Glacial geology and implications for drift 
prospecting in the Lac de Gras, Winter Lake, and 
Aylmer Lake map areas, central Slave Province, 
Northwest Territories 

L.A. Dredge, B.C. Ward, and D.E. Kerr 
Terrain Sciences Division 

Dredge, L.A., Ward, B.C., and Kerr, D.E., 1994: Glacial geology and implications for drift 
prospecting in the Lac de Gras, Winter Lake, and Aylmer Lake map areas, central Slave Province, 
Northwest Territories; - in Current Research 1994-C; Geological Survey of Canada, p. 33-38. 

Abstract: As a contribution to the Slave Province NATMAP, Terrain Sciences mapped three 1 :250 000 
map areas (NTS 86A, 76D, and 76C) in the Lac de Gras area with the objective of providing a regional 
framework for geological interpretation and drift prospecting. This report documents the preliminary results 
from the first field season. Till is the most common surficial sediment and only one till sheet was identified. 
This till sheet represents several different directions of transport, including southwest, west, and northwest. 
Three broad zones of dominant flow were defined throughout the area, each requiring a different approach 
for drift prospecting. As well, glacial transport distances were evaluated, based on the lithology of pebbles 
in the till which indicated both local and distant transport. 

R6sum6 : Comme contribution au projet CARTNAT de la Province des Esclaves, la Division de la 
science des terrains a cartographit trois regions au 11250 000 (SNRC 86A, 76D et 76C) dans la region du 
lac de Gras, avec l'objectif de fomnir un cadre rCgional pour l'interprktation gkologique et pour faciliter la 
prospection minerale. Cet article porte sur l'interprktation prCliminaire de la premiere saison sur le terrain. 
Le till est le d6p6t meuble le plus commun et une seule unit6 de till a CtC identifiCe. Cette unit6 est associCe 
ii plusieurs directions de transport glaciaire, telles que sud-ouest, ouest et nord-ouest. Trois zones principales 
d'Ccoulement glaciaire ont CtC identifikes dans la rCgion, chacune exigeant une mCthode d'kchantillonage 
diffkrente pour la prospection minCrale. Les distances de transport glaciaire, dkterminees d'aprbs des 
analyses lithologiques de cailloux dans le till, indiquent un transport variant de  local A rkgional. 
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INTRODUCTION - METHODS 

The Slave Structural Province is in the northwest Canadian 
Shield (Fig. 1). The Slave Province National Mapping 
(NATMAP) Program is a multi-disciplinary project whose 
aim is to enhance geological mapping and knowledge of this 
part of the craton. The discovery of diamonds by drift pros- 
pecting in the Lac de Gras region has resulted in frenzied 
diamond exploration and increased interest in the glacial 
geology of the area. Stimulated by this interest and the fact 
that detailed knowledge of the glacial geology of the area was 
lacking, Terrain Science Division carried out intensive field- 
work in three 1 :250 000 map areas: Winter Lake (86A), Lac 
de Gras (76D), and Aylmer Lake (76C) (Fig. 1,2). This work 
involves interpretation of 1:60 000 scale airphotos, ground 
mapping, striation sequencing, pebble lithology analysis, and 
mineralogical and geochemical analysis of till samples, with 
the aim of providing a regional framework for geological 
interpretation and drift prospecting. The objective of this 
report is to give a preliminary overview of the results of this 
first field season as an aid to current drift prospecting. 

Fieldwork was carried out in collaboration with Peter 
Thompson and Bruce Kjarsgaard of the GSC who were 
mapping the bedrock geology in Winter Lake and Lac de Gras 
map areas, as well as W.A. Padgham (INAC) while working 
in the Winter Lake area. 

Helicopter supported traverses were undertaken to verify 
ailphoto interpretation and to collect samples for grain size, 
provenance studies and geochemical and mineralogical 
analysis. Preliminary airphoto interpretation was extensively 
verified by ground checks, short ground traverses and low 
level helicopter surveys. Because Quaternary materials are 
exposed at the surface, these controls allow us to extrapolate 
surface conditions using airphotos to produce accurate maps 

Figure I .  Location of Slave Province and study area. 

4 Youngest < Trunk Esker 

ICE FLOW 

DIRECTIONS 2 

1 Oldest km 

Figure 2. Summary ice flow diagram for the study area. The flow directions are numbered in order of 
decreasing age. The thickness of the line gives the relative affect of theflow on transport of debris and on 
modifying the landscape; the thickestarrows represent the dominantflow, most responsible for the transport 
of glacial debris. 
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at a scale down to 1:60 000. Approximately 500 till samples 
of 3 kg were taken for grain size and trace element 
geochemical analysis. At each site, 5 0  to 100 pebbles were 
collected for provenance investigations, and the nature of the 
bedrock was noted. As well, 160 samples of 10 kg were taken 
for analysis for kimberlite indicator minerals to document the 
range and background concentrations. Striations were 
measured and where possible, relative ages were determined 
to elucidate the history of ice movement. 

BEDROCK 

Regional investigations of the bedrock geology of the area have 
been carried out by Fraser (1969) for Winter Lake (86A), 
Folinsbee (1949) for Lac de Gras (76D), and Lord and Barnes 
(1954) for Aylmer Lake (76C). Thompson et al. (1993) are 
currently remapping the eastern half of Winter Lake and the 
western half of Lac de Gras map areas. Although very complex, 
for the purposes of this report the bedrock can be subdivided into 
two broad categories: granitoid rocks of various affinities; and 
metasedimentary and metavolcanic rocks of the Yellowknife 
Supergroup. The metamorphic grade of the Yellowknife 
Supergroup ranges from very low grade schists and phyllites to 
migmatites. Some very low grade sediments were found in till 
and suggest the possibility of a younger unit being present. 

NATURE AND DISTRIBUTION OF 
SURFICIAL DEPOSITS 

Till is the most extensive deposit in the area. Only one strati- 
graphic unit of till has been recognized and is attributed to Late 
Wisconsinan Laurentide Ice. The till consists of a matrix- 
supported diarnicton, with the matrix ranging from silty sand to 
sand. Grain size appeared to vary according to bedrock source 
and amount of meltwater associated with deposition. Till derived 
from granitoid rocks was sandier than that derived from the 
Yellowknife Supergroup. Meltwater associated with till deposi- 
tion also results in till with a very sandy matrix. In extreme cases, 
syn- and postdepositional reworking resulted in an openwork 
pebble-cobble lag. The clast content varied from 5 to 40% but 
was generally 25%. The upper 0.5 to 1 m of the till has been 
extensively modified by cryoturbation and solifluction. Suficial 
organics have been incorporated to depths of 70-80 cm, and 
primary deposition features such as layers or lenses have 
common1 y been destroyed. 

The till sheet has been divided into 3 units based on 
thickness and surface morphology: veneer, blanket, and hum- 
mocky. Till veneers are generally < 2 m thick, contain expo- 
sures of bedrock and conform to the underlying bedrock 
morphology. They are generally loose and their surfaces are 
characterized by high concentrations of cobbles and boulders 
(Fig. 3A); bedrock structures are usually visible on the air- 
photos. Till blankets are generally >2 m thick and either drape 
the underlying bedrock, often as gently undulating till plains 
(Fig. 3B), or form low relief drumlinoid features. They tend 
to be relatively compact and contain fewer boulders than 
veneers. Hummocky till deposits are >5 m thick and form 

hummocky topography with relief up to 30 m which totally 
obscures bedrock (Fig. 3C). They range from firm to loose 
and bouldery. Till veneers and blankets are pervasive 
throughout the area; hummocky till is widespread in the Lac 
de Gras and Aylmer Lake map areas but occurs in only a few 
isolated localities in the Winter Lake map area. 

Meltwater has variably affected all three map units and is 
especially evident in some zones of the hummocky topography. 
Ice stagnation features such as gravelly rim and ridge areas, often 
associated with till plateaus, and ablation boulder pits in the low 
areas characterize some hummocky moraine. Other areas are 
extensive boulder fields, regardless of the till type (Fig. 3D). 

Glaciofluvial deposits are geographically widespread but 
limited in extent and are dominantly in the form of eskers and 
related kames; proglacial outwash is very limited. Eskers 
form a large network which feeds into a large trunk esker that 
runs across the area (Fig. 2). Associated with the eskers are 
washed zones occumng on either side of large eskers or 
connecting esker segments that contain little, if any, surface 
sediment. The eskers range from small, sinuous ridges to 
large, more linear features up to 45 m high, forming the major 
topographic relief in the area (Fig. 3E). Abundant nodes are 
present along their length and the ridges vary from sandy and 
flat topped to bouldery and sharp crested. Sediments exposed 
in rare sections are dominantly immature sand, containing 
subangular grains and large mica flakes, with a thin capping 
of gravel. Much of the sand is very fine- to fine-grained. 
Sedimentary structures consist dominantly of ripple and rip- 
ple drift bedding, commonly draped, and planar bedding 
(Fig. 3F); large scale crossbedding was rarely observed. Foot 
traversing revealed abrupt changes in surface sediment from 
fine sand to boulder gravel. These eskers can provide large 
volumes of aggregate. 

The relative timing of esker development and till deposi- 
tion is variable. Eskers are observed to have cut down into the 
till, to drape the till, and to be completely obscured by 
overlying till. As well, some eskers appear to be streamlined 
and molded by the passage of ice. 

Associated with the esker systems, either adjacent to or 
on the washed zones, are small kame features. They range 
from streamlined forms parallel to meltwater flow, to slightly 
elongate forms perpendicular to flow, to irregular shapes. 
Their surfaces are strewn with abundant boulders associated 
with a very sandy till, but consist dominantly of sand. Other 
isolated bodies of sand which drape the till were observed and 
appear to have no relationship to the esker systems. 

Despite the fine grain size suggesting esker deposition in 
low energy environments, little evidence for widespread 
glacial lakes exists. Evidence for short lived, isolated 
deglacial lakes or ponds occurs throughout the three map 
areas in the form of raised beaches, especially well developed 
on the flanks of eskers. However in the Lac de Gras and 
Aylmer Lake map areas, lake sediments were only identified 
in a few localities and these were thin and very sandy. In the 
Winter Lake map area, along the Snare Lake-Winter Lake- 
Snare River valley, isolated deposits of rhythmically bedded 
silt and clay attest to a relatively long lived ice-dammed 
glacial lake up to 35 m higher than the present Winter Lake. 
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STRIATION DATA 

Some aspects of the glacial history and the dominant direction 
of glacial transport can be determined by the relative age and 
strength of striations. Figure 2 is a summary diagram of flow 
direction and strength based on over 500 observation points. 
Throughout the central and eastern regions of the study area, 

the earliest flow was to the southwest, followed by flow to 
the west and then by flow to the northwest. In the northeast 
corner of Aylmer Lake there is also evidence of a strong, 
younger southwest flow. In the Winter Lake map area, flow 
was generally towards the west-northwest in the northern and 
central regions and towards the west in the southern region. 
In the northeast part of the map area, west of Lake Providence, 

Figure 3. A) Very bouldery till veneer from the northwest corner of the Lac de Gras map area; B)  Typical 
till blanket found throughout the study area, from north of Snare Lake (GSC 1993-278B); C )  Typical 
hummocky till from west ofAylmer Lake (GSC 1993-2780); D) Ablation area where meltwater has washed 
the glacial debris leaving zones or boulders near Aylmer Lake (GSC 1993-278A); E )  Large esker with 
bouldery sharp crested ridge and sandy aprons, from the central portion of the Aylmer Lake map area 
(GSC 1993-278C); F )  Typical sedimentary structures from an esker section on Courageous Lake. 
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a younger, westward set of striations crosscuts an older, 
northwestward set. Striations indicating local flow towards 
the trunk esker were also observed. All these striations are 
thought to represent the same glaciation. 

This striation arrangement is thought to represent the 
following sequence of events (Fig 2): 1) in the central and 
eastern region of the study area, southwestward flow as ice 
built up over the area; 2) a shift to a predominantly westward 
flow; 3) northwestward flow over much of the area with 
westward flow in the southern portion of Winter Lake map 
area; 4a) westward flow near Lake Providence, likely during 
deglaciation; and 4b) a southwestward flow in the northeast 
corner of Aylmer Lake, attributed to the last stages of active 
deglaciation. 

The 'dominant' flow is the flow direction that is most 
responsible for transport of till and usually corresponds to the 
most prominent and frequent striae and the orientation of 
drumlins and crag and tails. The direction of dominant flow 
varies throughout the area with three broad zones being 
recognized (Fig. 2): 1) westward flow to the south of a line 
running through Winter, Courageous, and Aylmer lakes; 
2) northwestward flow north of zone 1 and south of the main 

trunk esker; and 3)  northwestward and southwestwxd flow 
to the northeast of the trunk esker. Although the dispersal 
trains from exploration targets will be slightly modified by 
other flows, knowledge of the dominant flow is vital for 
planning a drift prospecting program. The most difficult area 
for drift prospecting is in the northwest corner of the study 
area where the latest southwestward flow has overprinted the 
northwestward flow, likely resulting in a more complicated 
dispersal pattern. 

TRANSPORT DISTANCES 

Figures 4A andB show the distribution of Yellowknife Group 
metasedimentary and volcanic rocks, and granitoid rocks, 
chiefly granite and gneiss, in the vicinity of Jolly Lake. 
Because the main rock contact runs perpendicular to the 
principal east-west ice flow direction, the area affords an 
opportunity to determine patterns of drift transport. Litho- 
logical pebble counts from till samples, and field observations 
on boulder lithologies, were used to explore glacial transport 
distances. Figure 4A shows the distribution of Yellowknife 

I. Metavolcanic rocks 0 Granite and granitic gneisses 
Metasedimentary rocks 

Figure 4. Lithological clast concentration from till near Jolly and Courageous lakes. Dominant ice flow 
is from east to west. A) Concentration of Yellowknife Supergroup clasts; B) Concentration of granitoid 
clasts. Bedrock geology modi$ed from Thompson et al. (1993). 
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Group pebbles (2-8 cm) in till over these bedrock types. 
Yellowknife Group pebbles are found at all sites, including 
those underlain by granitoid rocks. Although the highest 
concentrations are found in areas underlain by Yellowknife 
Group bedrock, sites more than 20 km west of the contact 
commonly retain more than 40% Yellowknife clasts, indicat- 
ing a considerable distance of glacial transport. 

The expected pattern of Yellowknife clasts was one of 
consistently and rapidly decreasing Yellowknife Group peb- 
bles down-ice (i.e., west) of the rock contact. The distribution 
map shows that the pattern of clast-content attenuation is 
more complicated. Several factors may contribute to the poor 
definition of a dispersal train here. 

1. The lowest Yellowknife Group pebble count in the area is 
21 %. The lack of a rapid decrease of Yellowknife Group 
pebbles west of the rock contact may reflect differences 
in the break-down habits of metasedimentary and granitoid 
rocks. The metasediments fracture readil y into thin segments 
that are prone to break quickly into pebble-sized 
components, whereas granitoid rocks are coarsely jointed 
and break initially into blocks and boulders before 
comminution to pebble sizes. 

2. Different till thicknesses may have an effect on the 
concentration of travelled pebbles. We expected that till 
veneer areas would have relatively high concentrations of 
locally derived pebbles, and relatively low concentrations 
of travelled clasts. In till veneer areas, local rock types 
predominate in the boulder fraction of the till, and the 
veneers are texturally immature, and have coarser and 
more angular clasts than similar blanket tills. Although 
differences in till thickness were considered as a factor, 
we found that this did not account consistently for the 
observed pebble distribution; although, at a given distance 
west of the rock contact, till veneers generally carried less 
Yellowknife Group pebbles than till blankets. 

3. Some sites lying between Jolly Lake and Courageous 
Lake show no attenuation of Yellowknife Group pebble 
concentration. These sites lie along a valley, and may be 
a locus of stronger ice flow. 

4. The striation record suggests that there was an old 
southwestward ice flow across the region. The effects of 
this ice flow may have obscured the pebble dispersal 
pattern generated by the later and predominant east-west 
flow. 

The distribution of granitoid rocks (Fig. 4B) shows the 
inverse situation, with a definite increase in granitic and 
gneissic pebbles westward of the Yellowknife Group 
bedrock. The very low granitoid pebble content in tills over- 
lying the volcanics and metasediments strongly suggests that 
there was never an eastward ice flow in this area during the 
last glacial episode. 

CONCLUSION 

We have presented a preliminary description of materials, 
striation patterns, and transport distances resulting from field 
work in 1993. Maps, comprehensive databases, more intensive 
assessment of glacial transport patterns, and geochemical 
analyses for trace element geochemistry and kimberlite 
indicator minerals are in progress. Although regional ice 
flows have been reported, more detailed orientation surveys 
would be needed to accurately determine surficial sediment 
types and local ice flow patterns for effective drift 
prospecting. 
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The sedimentology and provenance of the 
Et-Then Group as a record of deformation on the 
McDonald fault zone, East Arm, Great Slave Lake, 
Northwest Territories 

Bradley D. ~ i t t s '  
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Ritts, B.D., 1994: The sedimentology and provenance of the Et-Then Group as a record of 
deformation on the McDonald fault zone, East Arm, Great Slave Lake, Northwest Territories; 
Current Research 1994-C; Geological Survey of Canada, p. 39-48. 

Abstract: The Proterozoic Et-Then Group of the East Arm of Great Slave Lake, is a sequence of 
non-marine clastic rocks and minor basaltic volcanics with a maximum thickness of at least 4000 m. The 
alluvial fan conglomerates of the older Murky Formation fine gradationally into the braided fluvial 
sandstones of the younger Preble Formation. Physical relationships between Et-Then Group strata and 
structures related to the McDonald fault system indicate that Et-Then Group sedimentation was concurrent 
with deformation on that system. Stratigraphic relationships, sediment provenance and facies proximality 
show that Et-Then Group sedimentary rocks are a direct result, and record the history of deformation 
associated with the McDonald fault. Description and interpretation of the sedimentology, depositional 
systems, and three-dimensional lithostratigraphy of the Et-Then Group are used to suggest possible models 
for tectonic, climatic and/or source rock controls on Et-Then sedimentation. 

RCsumC : Le groupe prottrozdique d'Et-Then du Bras Est du Grand lac des Esclaves est une sequence 
de roches clastiques non marines, renfermant des quantitks mineures de roches volcaniques basaltiques, 
dont l'tpaisseur maximale est d'au moins 4 000 m. Selon l'ordre stratigraphique, les conglom6rats de  c6ne 
alluvial de la Formation de Murky deviennent plus fins et passent progressivement aux grks de cours d'eau 
anastomosks de la Formation de Preble. Les relations physiques entre les strates du Groupe d'Et-Then et 
les structures lites au systkme de failles de  McDonald indiquent que la stdimentation du Groupe d'Et-Then 
a eu lieu en mCme temps que la dtfonnation le long de ce systkme. Les liens stratigraphiques, la provenance 
des skdiments et le carctere proximal des faci2s montrent que les roches skdimentaires du Groupe d'Et-Then 
sont le produit direct de la dtformation associte 5 la faille de McDonald et qu'elles tkmoignent de I'tvolution 
de cette dtformation. On utilise une description et une interprktation de la skdimentologie, des systkmes de 
d t p h  et de la lithostratigraphie tridimensionnelle du Groupe d'Et-Then pour proposer des moddes possibles 
du contrdle exerct par la tectonique, le climat et les roches msres sur la stdimentation du Groupe d'Et-Then. 

' Department of Earth, Atmospheric, and Planetary Science, Massachusetts Institute of Technology, Cambridge, 
Massachusetts, U.S.A. 02 139 
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INTRODUCTION METHODS 

The Paleoproterozoic Et-Then Group is a thick sequence of 
coarse, non-marine siliciclastic rocks, with minor basaltic 
volcanics. It is subdivided into the older, conglomeratic 
Murky Formation, which grades into the younger, sandstone- 
dominant Preble Formation. The age of the Et-Then Group 
is constrained by 1865 Ma Compton laccoliths (Bowring et 
al., 1984), that lie unconformably below the Et-Then Group, 
and the 1270 Ma Mackenzie dyke swarm (LeCheminant and 
Heaman, 1989) that intrudes the Et-Then Group. 

Outcrops of the Et-Then Group were examined throughout 
the East Arm for sedimentological, stratigraphic, petrological 
and structural data. Detailed stratigraphic sections were 
measured in the following areas (Fig. 1): 1) south shore of 
Et-Then Island (Fig. 2, 4); 2) north shore of Redcliff Island 
(Fig. 2,3); southeast side of Preble Island and adjacent small 
islands; 4) south shore of the large island south of Basile Bay; 
5) north side of Murky Channel and Murky Lake; 6) south 
side of Murky Channel and Murky Lake; and 7)  on the 
mainland north of Murky Channel. Sedimentological, strati- 

Previous (Hoffman* 19699 Hoffman et graphic and structural data were collected, but sections were 
1977) have correctly interpreted the Et-Then Group as an not measured (due to lack of exposure) on traverses in the 
alluvial depositional system associated with motion on the following areas: west side of Et-Then Island; 2) northeast 

faul t  system. The is peninsula of Preb]e Island; 3) the mainland south of Murky 
believed to have been active during continental transform Channel; 4) three small islands of Snowdrift (about 
deformation associated with post-collisional indentation on km, next to an island informally to as ,,Tomato 
the me lon  Tectonic Zone, perhaps driven by collision in 5 )  peninsula south of Basile Bay; 6) south shore of 
W o ~ m a ~  Or0gen (Henderson et 1990; Hoffman* Preble Island; 7) south shore of Redcliff Island. 
This suggests an age between 1735 and 1840 Ma (Henderson 
et al., 1990). 

Figure I .  Geological and location map of the East Arm. This map shows the distribution of the Et-Then 
Group and major splays of the McDonald Fault System in the East Arm. Geographic names referred to 
in this report are labeled as follows: ETI = Et-Then Island; RCI = Redclifflsland; MC = Murky Channel; 
PI = Preble Island; SD = Snowdrif; BB = Basile Bay; UI = Union Island; ML = McDonald Lake. For 
more detailed geological mapping or geographic information see HofSman, 1988 or Hofian,  1968 (map 
adaptedfrom Bowring et al., 1984; Hoffinan, 1978). 
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SEDIMENTOLOGY AND 
DEPOSITIONAL SYSTEMS 

Murky Formation 

Description 

The Murky Formation, with a maximum thickness of over 
1000 m, consists of one dominant and four subordinate 
lithofacies assemblages (Fig. 2,3,4). 

The dominant Gmm lithofacies assemblage (see Table 1 
for facies codes) is a massive, matrix-supported (with varying 
degrees of clast-support), very poorly sorted, sub-angular to 
well rounded, cobble to boulder conglomerate. Clasts within 
typical beds average 25 to 50 cm in maximum diameter, with 
some clast diameters extending to over 1 m. Bed thicknesses 
range from 50 cm to more than 5 m. Beds have sharp, or 

Paleocurrent  

Soft-Sediment 
Deformation 

Figure 2. Key to measured sections. Symbols used in 
Figures 3 and 4 are shown. Facies codes are listed in Table I .  

poorly defined bases, and often have reworked tops (better 
sorting, small, anabranch channels). Individual beds can be 
strongly lenticular to tabular on outcrop scale. No primary 
sedimentary structures are found, and only uncommon 
coarsening- or fining-upward trends. There are very few 
clast-supported, pebble to cobble, imbricated conglomerates 
associated with the Gmm lithofacies assemblage. These beds 
are strongly lenticular, have erosional bases and show atbi 
imbrication (long axis transverse to flow). Few silty mud 
layers, some with calcrete and/or desiccation cracks, are 
present. 

Subordinate lithofacies assemblages, in terms of abun- 
dance, are the St/Sh, SdShISl ,  Gcrn, and carbonate lithofa- 
cies assemblages. The StfSh lithofacies assemblage consists 
of 50 cm to 2 m thick beds of coarse to very coarse, poor to 
medium sorted sandstone. Primary sedimentary structures 
include trough crossbeds, upper regime plane beds and low- 
angle crossbedding. Beds have sharp or erosional bases and 
are lenticular on outcrop scale. coarsening- and fining- 
upward sequences are both present. Mud chips are present in 
most beds, and few beds are capped by green, silty mudstone 
layers, sometimes with desiccation cracks. 

The SmlShlS1 lithofacies assemblage consists of decimetre- 
scale plane-bedded and low-angle crossbedded, medium- to 
very coarse-grained, medium sorted sandstone; and metre- 
scale beds of massive, very coarse, very poorly sorted sand- 
stone with floating pebbles. Beds are tabularon outcrop scale 
and have sharp, non-erosional bases. Primary sedimentary 
structures are absent from the massive sandstone, but primary 
current lineation and current ripples are found in the plane- 
bedded and low-angle crossbedded sandstones. 

The Gcrn lithofacies assemblage consists of angular, very 
poorly sorted, pebble to boulder, monolithological, clast sup- 
ported conglomerate. There are no observable primary sedi- 
mentary structures or grain-size trends, and bedding is very 
poorly developed. 

The carbonate lithofacies assemblage consists of metre- 
scale beds of limestone or dolomite. Beds are fine grained 
and show no physical structures, but many are stromatolitic 
(Hoffman, 1976) or otherwise show wavy laminations. 

Interpretation 

The Gmm lithofacies assemblage is interpreted as sub-aerial 
debris flow deposits, commonly with tops reworked by late- 
stage run-off. Many of the debris flows were channelized, 
whereas others were not. Some of the debris flows may have 
ultimately been deposited in lakes associated with the few 
carbonate horizons. Calcrete is taken to indicate pedogenesis 
which, with the desiccation cracks, strongly suggests 
subaerial exposure. The imbricated conglomerates are 
believed to be channelized traction deposits. These deposits 
would be typical of an inner-alluvial fan, with both 
entrenched and dispersed phases. 

The StISh lithofacies assemblage is interpreted to be chan- 
nelized, sub-aqueous traction deposits with unsteady paleo- 
flow between 0 and 140 c d s ,  with typical velocities around 
100 crnls, based on grain size and primary sedimentary 
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structures (Harms et al., 1982). Both channel and macroform 
elements are present, indicating that this lithofacies assem- 
blage is deposited by sandy, braided channels on an alluvial 
fan surface, or at the toe of a fan lobe. 

The SmtShISl lithofacies assemblage is interpreted to 
represent two depositional processes. The plane-bedded and 
low-angle crossbedded deposits result from episodic, unchan- 
nelized, shallow, sub-aqueous sheetfloods. The shallow na- 
ture of the flows accounts for the very high apparent flow 
velocities. The massive sandstone was deposited by mud 
flows. These depositional processes are interpreted to have 
been active on mid- to outer-alluvial fans. 

The Gcrn lithofacies assemblage is interpreted as talus, 
deposited directly adjacent to a fault scarp. Grain flow is 
probably the dominant depositional process. 

The carbonate lithofacies assemblage is interpreted as 
lacustrine. These deposits are found at the base of the section, 
near the sub-Et-Then unconformity or at the most distal part 
of the outer-alluvial fan. 

Preble Formation 

Description 

The Preble Formation has a maximum thickness of over 
3000 m and has one dominant and one subordinate lithofacies 
assemblage. 

The dominant St/Sh/Sl lithofacies assemblage consists of 
fine to very coarse, moderately to very well sorted sandstone. 
Primary sedimentary structures include trough crossbedding, 
upper-regime plane-beds with primary current lineations, 
low-angle crossbedding, and, to a lesser degree, asymmetric 
and symmetric, small-scale, two-dimensional ripples and 
interference ripples. Beds are 30 cm to over 2 m thick with 
sharp, erosional bases and lenticular geometry. Mudchips 
occur in many of the sandstones, and pebble to cobble lags, 
not thicker than the diameter of the largest clast, occur at the 
bases of many of the beds. Both coarsening- and fining- 
upward sequences are present, the former more common at 
the bottom of the formation, the latter more common towards 
the top. There are minor millimetre- to centimetre-scale red 

Table 1. Facies codes, descriptions and general interpretations. Facies codes used in Figures 2 , 3  and 4, 
and the text are shown with desciptions and general interpretations. 

Code Descr ip t ion Interpretation 
Grnm massive, matrix-supported conglomerate debris flow 

G c ~  massive, clast-supported conglomerate talus or hyperconcentrated flow 

Gci  clast-supported conglomerate; imbricated clasts gravel bars or channelized, sub-aqueous traction 
flow 

Gch horizontally bedded, clast-supported channelized, sub-aqueous traction flow 
conglomerate 

G c ~  very sandy, faintly trough cross-bedded pebble channelized, sub-aqueous traction flow 
conglomerate 

S t  trough cross-bedded sandstone channelized, sub-aqueous migration of 3D dunes 

Sh  plane-bedded sandstone, some PCL channelized, sub-aqueous upper regime flow or 
sheetflood 

s 1 low angle cross-bedded sandstone sheetflood or fluvial macroform 

Sm massive sandstone, structureless sub-aqueous or mud flow 

S ~ ( P )  massive sandstone with floating pebbles mud flow 

S r rippled sandstone (asymmetric. symmetric. overbank, bar top or sheerflood migration of small 
interference) ripples 

Fm massive mudstone (Fsm = massive siltstone) overbank, paleosol 

F1 laminated mudstone (Fsl = laminated siltstone) overbank flood, slack water settling 
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and green mud interlayers, some with desiccation cracks. The 
mean grain-size of the formation decreases upward from 
medium to very coarse at the base to very fine to medium 
higher in the formation. 

The Gmm/ShlSUSm lithofacies assemblage consists of two 
sub-lithofacies assemblages. The f i s t  sub-lithofacies assem- 
blage contains two lithologies. The f i s t  is a pebble to cobble, 
very poorly sorted, rounded, matrix-supported conglomerate. 
Beds are 50 to 150 cm thick and have sharp, non-erosional bases 
and a tabular geometry on the outcrop scale. The beds lack 
primary sedimentary structures and grain size trends, although 
many show organized upper surfaces. The second lithology is 
similar to the first, only finer grained. It consists of massive, 
coarse to very coarse, poorly sorted sandstone with floating 
pebbles and cobbles. The beds, in the order of 1 m thick, have 
sharp, non-erosional bases and tabular geometry on outcrop 
scale. There are no discernible grain size trends or primary 
sedimentary structures. 

The second sub-lithofacies assemblage consists of plane- 
bedded to low-angle crossbedded, well sorted, fine to medium 
sandstone with primary current lineations, and asymmetric 
and symmetric, two-dimensional, straight to sinuous, small- 
scale ripples. Bedding is on the centimetre to decimetre scale 
and is tabular on outcrop scale with sharp, non-erosional 
bases, commonly with preserved bedforms on bed tops. 

Interpretation 

The St/Sh/Sl lithofacies assemblage is interpreted as channal- 
ized, sub-aqueous, traction deposits. Flow velocities ranged 
from 0 to 140 cmls, but were typically between 80 and 
110 crnls based on grain size and sedimentary structures 
(Harms et al., 1982). Deposition occurred in sandy, braided 
rivers, with both downstream-accreting and laterally accret- 
ing macroforms present, the latter increasing in abundance 
high in the formation. The upper regime plane beds and 
trough crossbedding are interpreted as channel elements. The 
mudstones, rippled fine sandstones and desiccation-cracked 
mudstones are interpreted as waning stage bar top or overbank 
deposits. The symmetric ripples, produced by oscillatory 
currents, are taken to indicate ponding in the system. 

The Gmm/Sh/SVSm lithofacies assemblage represents 
two depositional processes occurring in proximity to each 
other. The massive conglomerate and sandstones are inter- 
preted as sub-aerial debris flows and mudflows, respectively. 
Deposition occurred on a mid-alluvial fan. The horizontally 
and low-angle crossbedded sandstones are believed to be very 
shallow sheetflood deposits on a mid- to outer-alluvial fan. 
The shallow nature of the flow accounts for the very high 
apparent flow velocities. The symmetric ripples are produced 
by oscillatory currents and are taken to indicate ephemeral 
ponding. 

Summary 

The Et-Then Group is interpreted as an alluvial system con- 
sisting of talus fan, inner-, mid-, and outer-alluvial fan or 
bajada, and sandy braided fluvial deposits. Broadly, the 

alluvial fanlfluvial transition occurs at the transition from the 
Murky Formation to the Preble Fo~mation, although distal 
alluvial fan deposits are found in the Preble Formation and 
fluvial deposits are found in the Murky Formation. 

STRATIGRAPHY AND 
BEDROCK PROVENANCE 

The Et-Then Group has a two-part stratigraphy, defined by 
the formation designations, based on grain size. This section 
will address the internal stratigraphy and lateral variability in 
the Murky Formation. The data presented for the Preble 
Formation sandstones are based on cursory examination in 
the field with a 10X hand lens. 

The clearest internal stratigraphy for the Murky Formation 
is seen in the Murky Channel area. The Murky Formation 
can be divided into an older, shale clast conglomerate and a 
younger, quartzite clast conglomerate. The shale clasts are 
mostly derived from the Kahochella and Wilson Island 
groups. In the Murky Channel area this division is apparently 
several hundred metres thick (only the lowest 450 metres are 
well exposed, presenting the danger of unrecognized faults 
higher in the section). Beds of differing composition occur 
within the shale clast conglomerate, but the package as a 
whole is dominantly shale clast conglomerate. The quartzite 
clast conglomerate has a sharp contact with the shale clast 
conglomerate although all physical characteristics besides 
dominant clast composition remain constant over the contact. 
The quartzite clasts are derived primarily from the Sosan 
Group, particularly the Kluziai Formation, but also the 
Wilson Island Group and the Hornby Channel Formation. 
The quartzite clast conglomerate persists vertically for sev- 
eral hundred metres, with some local composition variation, 
to the contact with the Preble Formation. This contact coin- 
cides with a change from the sedimentary bedrock prove- 
nance of the Murky Formation to a granitoid bedrock 
provenance for the Preble Formation sandstones. Pebbles 
and cobbles in channel lags within the Preble Formation 
consist of granitoid mylonites as well as undeformed grani- 
toids, further supporting the change in provenance inferred 
from sandstone composition. This Murky Formation intemal 
stratigraphy is valid for all Murky Formation exposures east 
of 1 12" longitude. 

West of 112" longitude, in the Preble Island area, the 
Murky Formation has a mixed sedimenta~y (Great Slave 
Supergroup) and granitoid (Great Slave Lake shear zone) 
bedrock provenance. Unlike the sedimentary clasts in the 
Murky Formation east of 112" longitude, the sedimentary 
clasts in the Murky Formation in the Preble Island area are 
dominantly dolomite and limestone. The dominant clast type 
in the Murky Formation around Preble Island is of granitoid 
composition. Mylonitic rocks are about equal in proportion 
to non-foliated granitoids. No intemal, clast-lithology-based, 
stratigraphy could be worked out and tested in the Preble 
Island area. The Preble Formation in the Preble Island area 
is also of granitoid provenance (including mylonitic and 
non-foliated varieties), as seen in the sandstones and in pebble 
and cobble channel lags. 
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The eastern Murky Formation stratigraphy can also be 
traced away from the McDonald fault system to the northwest, 
into the basin. Along this transect, the Murky Formation as a 
whole, and the shale clast conglomerate, in particular, thins 
and fines dramatically. On Redcliff Island the shale clast 
conglomerate is just over I00 m thick and has a higher 
proportion of fluvial and sheetflood deposits than the shale 
clast conglomerate at Murky Channel. The very thick, mas- 
sive, poorly bedded debris flow conglomerates, typical of the 
Murky Formation in the proximal areas do not become exten- 
sive until deposition of the quartz clast conglomerate. Even 
more distally, on Et-Then Island, the shale clast conglomerate 
is not present, the quartz clast conglomerate lies directly on 
the Stark Formation of the Great Slave Supergroup. The 
Murky Formation on Et-Then Island is only about 200 m 
thick, including a 45 m thick fluvial sequence. 

The three-dimensional Iithostratigraphy is marked by sev- 
eral features. Across structural strike, thinning and fining of 
the Murky Formation and pinching out of the shale clast 
conglomerate into the basin is notable. Along the trend of the 
McDonald Fault, at about 112" longitude, the change in 
Murky Formation bedrock provenance, but not depositional 
system, is another interesting feature. Lastly, the coincidental 
change from a sedimentary to crystalline bedrock provenance 
at the Murky-Preble boundary demands attention. 

PALEOCCTRRENTS 

Paleocurrent data were collected primarily by measuring 
trough limb sets (DeCelles et al., 1983) and trough axes. 
Primary current lineations were the next most common paleo- 
current indicator measured, followed by small-scale asym- 
metric and symmetric ripple crests and clast imbrication in 
conglomerates. In all settings paleocurrents measured from 
trough axes, trough limb sets, clast imbrication and primary 
current lineation were consistent. 

Paleocurrent indicators are sparse in the Murky Forma- 
tion. Paleocurrents are only available from trough crossbed- 
ded units, plane-bedded sandstones with primary current 
lineations, and rare imbricated conglomerates. Paleocurrent 
data for the Murky Formation, where available show paleo- 
flow to the northwest, away from a line trending 052" 
(Fig. 5A). Most of the paleocurrent indicators show flow 
between 282" and 001 ". 

This drainage configuration is consistent with the inter- 
pretation for the Murky Formation as being an alluvial fan or 
bajada system filling the basin from a paleohigh on the 
McDonald fault system. The agreement between the paleo- 
current divide (052") and the McDonald Fault trend 
(approximately 060") is further evidence for this. 

Paleocurrent indicators in the Preble Formation are more 
common. Dominant paleoflow directions are to the west- 
southwest, but some indicators show paleoflow to the north, 
or even east of north by as much as 20 or 30" (Fig. 5B). Upon 
further inspection, most of the northward paleocurrents are 
derived from the proximal Gmm/Sh/Sl/Sm lithofacies assem- 
blage (Fig. 5C), which was interpreted as a distal fan lobe, 

and thus would be expected to give northward paleocurrent 
directions. The trough axis paleocurrents from the fluvial 
sandstones in the Preble Formation have a very dominant 
paleocurrent direction between 230' and 284" (Fig. 5D). 
This indicates that during Preble Formation deposition the 
regional drainage had reorganized into a longitudinally drain- 
ing system subparallel to the trend of the McDonald Fault 
(approximately 240"). 

FACIES TRENDS 

Along the length of the East Arm, Et-Then Group facies 
become more proximal toward the southeast, closer to the 
McDonald fault system. However, the proximity of facies 
and facies relationship are best seen between 11 1" and 
1 1 1'30' longitude on a transect extending from the McDonald 
fault trace in the southeast (proximal) through Murky Chan- 
nel and the last splays of the McDonald fault system (proxi- 
mal) out to Redcliff Island and Et-Then Island (distal). 

The most proximal deposits, talus breccias, are found only 
directly adjacent to fault strands. Occu~rences are docu- 
mented near McDonald Lake (Hoffman 1969), on Basile Bay 
Peninsula and at Murky Channel. Sheetflood deposits, inter- 
preted as mid- to outer-fans, with debris flow and mud flow 
deposits, interpreted as mid-fan, are the most proximal facies 
within the Preble Formation. These features are seen only 

Figure 5. Paleocurrent data from the Et-Then Group. 
A) Murb  Formation paleocurrent data (trough axes). B) 
Preble Formation paleocurrent data (trough axes and pri- 
mary current lineation). C)  Preble Formation paleocurrent 
data ffom the GmmlShlSlISm lithofacies assemblage near 
Murky Channel. D) Preble Formation paleocurrent data, 
excluding data from the proximal GmmlSlIShlSm lithofacies 
assemblage recorded near Murky Channel. Circle equals 
20% for (A), (B), (D), and 50% for (C). 
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near splays of the McDonald fault system, most notably along 
the south shore of Murky Channel. The Murky Formation in 
proximal areas such as Murky Channel and near McDonald 
Lake are virtually all debris flow conglomerate with virtually 
no sandstone. However the Murky Formation in more distal 
areas, such as Redcliff Island and Et-Then Island, have sub- 
stantial thicknesses of fluvial sandstone and sheetflood sand- 
stones. In particular, the lower shale clast conglomerate of 
the Murky Formation at Redcliff Island is finer than at Murky 
Channel, and composed mostly of sheetflood and fluvial 
sandstone, with only thin debris flow conglomerates devel- 
oped toward the top of the division. Thick, poorly bedded, 
massive debris flow deposits are not dominant until the upper 
quartzite clast conglomerate of the Murky Formation. This 
llkely occurred in response to progradation of the alluvial fan 
into the basin. Furthermore, the thinning and pinching out of 
units to the northwest, as discussed earlier, indicates a 
proximal to distal transition from southeast to northwest. 

SEDIMENTISTRUCTURE RELATIONSHIPS 

Physical relationships between strata of the Et-Then Group 
and structures associated with the McDonald fault system 
demonstrate synchroneity between Et-Then Group sedimen- 
tation and McDonald fault system deformation. On map 
scale, strands of the McDonald fault system can be seen to 
crosscut strata of the Murky Formation, Preble Formation, 
and the Et-Then volcanics (Hoffman et al., 1977; Hoffman, 
1978, 1981). Furthermore, mesoscopic faults with offsets in 
the order of millimetres to at least 2 m examined in the Murky 
Formation and up to several hundred metres in the Preble 
Formation show right- and left-lateral strike-slip faults (rake 
of slickensides on fault plane are in the order of 7"), as well 
as oblique-slip faults (rake of slickensides on fault plane 
between 27" and 45'). This indicates that during Et-Then 
Group deposition strike-slip faulting occurred along the 
McDonald fault system, as well as faults with primarily 
oblique motion. These motions could account for abrupt 
thickness changes described in the Et-Then Group (Hoffman 
et al., 1977). 

The presence of faults within the Et-Then Group indicates 
that these Et-Then Group strata were deposited and lithified prior 
to faulting. On map scale, however, sandstones of the Preble 
Formation overstep strands of the McDonald fault system 
(Hoffman et al., 1977; Hoffman, 1988), indicating that motion 
had ceased on these faults prior to final Et-Then Group deposi- 
tion. These data prove the synchroneity between McDonald 
fault system defotmation and Et-Then Group sedimentation. 

DISCUSSION 

Sedimentlstructure relationships in the Et-Then Group indicate 
synchroneity between sedimentation and deformation. 
Therefore, the Et-Then group is a syntectonic deposit and should 
record the history of deformation along the McDonald fault zone, 
as suggested by (Hoffman,l969, 1981; Hoffman et al., 1977). 
Several lines of evidence support this interpretation. 

First, alluvial fan and braided fluvial systems require 
substantial relief, abundant sediment supply, and high gradi- 
ent, all of which are provided in tectonically active areas. The 
second line of evidence is the change of facies from proximal 
to distal to the northwest, away from the McDonald fault 
system. In addition, paleocurrents in the Murky Formation 
show transport away from the McDonald fault system to the 
northwest, and Preble Formation paleocurrents also appear to 
be tectonically organized into a longitudinal drainage system 
(paleocurrents for both the Preble and Murky formations 
show direct relationships with the trend of the McDonald 
Fault). The stratigraphic trends discussed in the earlier sec- 
tion support the evidence listed above in terms of facies, 
paleocurrents, and thickness (both formational thickness and 
intra-formational thicknesses). 

Significance of the Murky Formation- 
Preble Formation contact 

At the Murky Formation-Preble Formation contact the lithology 
fines dramatically over only tens of metres from cobble to 
boulder conglomerate to coarse sandstone; depositional sys- 
tem changes from a side-filling alluvial fan system to a 
longitudinally draining braided fluvial system; bedrock 
provenance changes from sedimentary or mixed sedimentary- 
granitoid provenance to a granitoid provenance. With the 
coincidental change in so many parameters at the same stra- 
tigraphic level, it is hard to demonstrate a single cause for the 
changes. Possibilities include various combinations of 
extrinsic controls, such as climate and tectonics, and intrinsic 
controls. 

The best interpretation of the changes at the Preble 
Formation-Murky Formation boundary is that the source 
terrane changed from the local East Arm/Great Slave Lake 
shear zone to the Thelon Tectonic Zone. This would explain 
the change to a granitoid bedrock provenance, the change to 
west-southwest directed paleocurrents, and the change to a 
more distal facies. Furthermore, Henderson et al. (1990) 
suggests that considerable relief must have existed in the 
Thelon Tectonic Zone, at the apex of the McDonald and 
Bathurst faults during this time. 

SUMMARY 

The Et-Then Group is a thick, non-marine clastic sequence, 
deposited contemporaneous1 y with faulting on the McDonald 
fault system. The nature of the sediments and internal organi- 
zation of the Et-Then group suggest strong tectonic controls 
on sedimentation were exerted by the McDonald fault system 
in terms of sediment supply, drainage organization, 
stratigraphic architecture and facies distribution. 

Future research on the sedimentary rocks of the Et-Then 
Group (especially the provenance of the Preble Formation) 
should attempt to constrain tectonic or climatic influences on 
the stratigraphic changes within the Et-Then Group. In addi- 
tion, a through treatment of the structural geology of both the 
Et-Then Group and the McDonald fault system in general is 
needed. Geochemical work on the volcanics may prove 
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illuminating. Finally,  any successful, geochronology attempt 
would serve t o  constrain the history recorded in the  Et-Then 
Group. 
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Contact relationships between the Anialik River 
volcanic belt and the Kangguyak gneiss belt, 
northwestern Slave Province, Northwest ~erritories' 

C.   elf 2, A. chouinard3, H. sandeman4, and M.E. Villeneuve 
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Re& C., Chouinard, A., Sandeman, H., and Villeneuve, M.E., 1994: Contact relationships between 
the Anialik River volcanic belt and the Kangguyak gneiss belt, northwestern Slave Province, 
Northwest Territories; & Current Research 1994-C; Geological Survey of Canada, p. 49-59. 

Abstract: Mapping in the northwest part of the Hepburn Island map area examined a major fault 
separating the ca. 2.69 Ga Anialik River volcanic belt from ca. 3.1 Ga gneissic tectonites of the Kangguyak 
gneiss belt. Evidence for at least two periods of displacement along the fault were observed; early movement 
is marked by a 200 m wide zone of straight gneisses recrystallized under amphibolite facies conditions, and 
later movement is marked by a narrower zone (less than 10 m) of chlorite schist containing quartz veins, 
local C-S fabrics, and breccia zones. Kinematic indicators associated with the later displacement record 
oblique (dextral) west-over-east movement. Early movement is more ambiguous, but a steep lineation 
associated with the straight gneisses implies predominantly dip-slip movement. Contrasting ages, bulk 
compositions, deformation histories, and metamorphic grades across the fault suggest that the Kangguyak 
gneisses and the Anialik River volcanic belt represent two distinct terranes. 

ResumC : Une cartographie de la partie nord-ouest de la rkgion de l'ile Hepburn a rkvelC une faille 
majeure stparant la ceinture volcanique de la rivibe Anialik des tectonites de la ceinture gneissique de 
kangguyak. Le long de la faille des Cvidence pour au moins deux Cpisodes de dkformation ont Ctk observkes. 
Le dtplacement prCcoce est caractkrist par une zone de 200 m de large de  "gneiss droits" recristallisCs au 
faciks amphibolite. Le dkplacement tardif se retrouve dans une zone ttroite (moins de 10 m) de schiste A 
chlorite comportant des veines de quartz, localement des fabriques CIS et des zones de brkches. Les 
indicateurs cinCmatiques associts avec le dkplacement tardif enregistrent un dkplacement oblique dextre 
chevauchant vers I'est. La superposition des fabriques tardives rend I'interprCtation du dkplacement PrCcoce 
ambigii, par contre une linkation fortement plongeante associke avec les "gneiss droits" impliquerait un 
dkplacement essentiellement vertical. Le  contraste de  lithologie, de style de dkformation, de  conditions 
mktamorphique et d'8ge de part et d'autre de la faille suggkre que les gneiss de Kangguyak et les volcanites 
de la rivihre Anialik reprksente deux terranes distincts. 

' NATMAP Slave Province Project 
Canada-Northwest Territories Mineral Initiatives Office, Department of Energy, Mines and Petroleum Resources, 
Government of the N.W.T., Box 1320, Yellowknife, Northwest Territories XI A 2L9 
Department of Earth Sciences, Carleton University, Ottawa, Ontario KIS 5B6 
Geological Sciences, Queen's University, Kingston, Ontario K7L 3N6 
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INTRODUCTION 

An Archean fault separating the Anialik River volcanic belt 
from a unit of mixed gneisses was recognized recently in the 
northwestern Slave Province by Jackson (1989) and Relf 
et al. (1992). Based on contrasts in metamorphic grade and 
rock type across it, the potential of the fault to represent a 
tectonic boundary separating two distinct terranes was recog- 
nized and pursued by the Slave Province NATMAP Project 
(McEachern, 1993). The rocks west of the fault, informally 
named the Kangguyak gneiss belt (McEachern, 1993), consist 
of intensely deformed and recrystallized gneisses containing 
a component of older (>ca. 3.0 Ga) continental crust. To the 
east lies theca. 2.69 Ga Anialik River volcanic belt and related 
intrusive rocks. Variably deformed granitoid plutons intrude 
rocks on both sides of the fault. During the 1993 field season, 
structural, metamorphic, and geochronological studies were 
undertaken to examine the possible origin of the gneisses, to 
document the movement history of the fault, and to compare 
the deformation histories of rocks on either side of the fault. 

This paper summarizes the results of mapping and pre- 
sents some preliminary U-Pb geochronological data from a 
quartzite unit within the gneisses. Fieldwork was carried out 
under the auspices of the Canada-NWT Mineral Initiatives 
Office (Yellowknife), and financial support by the NATMAP 
Slave Province Project allowed mapping to be extended into 
the Kangguyak gneisses. Geochronological studies are also 
funded through NATMAP. 

PREVIOUS WORK 

Previous mapping in the area includes the regional 
(1:500 000) mapping of Fraser (1964), and a summary map 
of 1 5 0  000 field mapping by Tim1 and Bell (1980). Easton 
et al. (1982), Yeo et al. (1983). Jackson et al. (1985), and 
Abraham (1 987,1989) mapped parts of the area at I :30 000 
to 1 :50 000, and Jackson (I 989) produced a compilation of 
previous mapping at 1:125 000 scale. More recent work, 
focused on the Kangguyak gneisses, includes that of Relf 
et al. (1 992), Barrie (1 993), and McEachern (1 993). 

Geology 

The Anialik River volcanic belt is dominated by mafic to 
felsic volcanic and related volcaniclastic sedimentary rocks 
of the Yellowknife Supergroup (Hrabi et  al., 1993; Padgham, 
1993). These include pillowed and massive mafic flows, 
abundant felsic to intermediate volcaniclastic rocks, and 
minor quartz-feldspar porphyritic rhyolite (Tirrul and Bell, 
1980; Jackson, 1989; Relf, 1992). Semi-pelitic sedimentary 
rocks, iron-formation, and exhalative carbonate rocks com- 
prise a small portion of the belt. A large, composite tonalitic 
body - the Anialik River igneous complex - underlies the 
north end of the volcanic belt and is exposed in the core of a 
kilometre-scale antiform (Fig. 1). Current radiogenic age data 

indicate that emplacement of the igneous complex (between 
ca. 2703 and 2682 Ma; Abraham et a]., 1991) predated and 
overlapped with volcanism (ca. 2686 to 2678 Ma; Bowring 
and van Schmuss in Easton, 1982; Abraham et al., 1991; and 
M. Villeneuve, unpub. data, 1993). 

Numerous lenses of polymictic conglomerate occur 
within the volcanic belt. Detrital zircons from two of the 
lenses indicate that the conglomerates are younger than 
ca. 2600 Ma (M. Villeneuve, unpub. data, 1992), implying an 
unconformable contact between the volcanic belt and the 
conglomerates, as proposed by Tirrul and Bell (1 980). 

Metamorphic assemblages in the volcanic rocks range 
from lower greenschist to mid-amphibolite facies. Green- 
schist facies assemblages dominate the central part of the 
volcanic belt, and amphibolite facies assemblages occur in 
close proximity to the granitoid plutons that bound the belt. 
This metamorphic pattern is consistent with regional contact 
metamorphism related to late plutonism. 

Structure sets 

The deformation history of the Anialik River volcanic belt is 
discussed in detail elsewhere (Relf, 1992), and is therefore 
only summarized briefly here. The main structure sets are 
shown on Figure 1 ,  and are listed in Table I. In the following 
discussion, the subscript "v" denotes structures found in the 
volcanic belt and related rocks. 

The earliest tectonic fabric recognized in the volcanic belt 
(Slv) is a penetrative chlorite foliation that is only preserved 
locally in microlithons between S2.,, the second foliation in 
the area. The tectonic significance of Slv  is not understood. 
S2v, which is generally the dominant tectonic fabric in out- 
crop, is defined by chloritekbiotite below the hornblende 
isograd, and aligned amphiboles above the isograd. In most 
outcrops, S2v is bedding-parallel, but locally it parallels the 
axial surface of isoclinal folds of bedding; these folds are 
interpreted as Fzv folds. Although S2v dominates most out- 
crops, the regional map pattern is controlled largely by a 
kilometre-scale antiform which deforms S2v and all earlier 
fabrics. The antiform exposes the underlying Anialik River 
igneous complex in its core. This fold, designated F3v, is 
associated with a subvel-tical, north-northeast-striking axial 
planar foliation defined by chlorite in greenschist facies rocks 
and by hornblende within the amphibolite facies. Numerous 
outcrop-scale folds of bedding and S2v, particularly abundant 
'near the north and south ends of the Anialik River igneous 
complex, are interpreted as parasitic Fsv folds. They plunge 
south-southwest near the south end of the complex, and 
north-northeast in the north, implying the structure is a 
doubly-plunging antiform. Foliated tonalite veins that both 
crosscut and are folded about Ssv occur near the northeast part 
of the volcanic belt, and are interpreted to overlap in age with 
D3". A sample from one of these veins yielded a preliminary 
U-Pb zircon age of ca. 2.61 Ga (M. Villeneuve, unpub. data, 
1993). 

Subsequent deformation in the volcanic belt produced at 
least two sets of brittle-ductile faults associated with lower 
greenschist facies mineral assemblages and quartz-carbonate 
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Figure 1. Simplified geology map of the northern Anialik River volcanic belt and the Kangguyak gneiss 
belt. Location in Slave Province shown on inset. Abbreviations: ML - Mistake lake; RL - Rhino lake; TL - 
Turtle lake (informal lake names). 
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Table 1. Summary of structure sets in the Anialik River volcanic belt (east) and 
Kangguyak gneiss belt (west). 

Kangguyak gneisses Anialik River volcanic belt 

I D5 NE, N W  transcurrent t D5 NE, N W  transcurrent 
#.. faults 

I 
faults #.. 

shared 
D4 oblique W-over-E D4 oblique E-over-W e 

tectonic P. 

I reactivation of history faults I 

Tokhokatak fault 1 DJ NNE upright folds, 
I 
? D3 NNE upright folds, 

9 gneissosity, shearing cleavage 
I 
9 

1 along Tokhokatak fault 
D2 SW-dipping gneissosity, D2 dominant cleavage, 

$ 
k 

folds isoclinal folds I Dl early gneiasosity DI rare cleavage I 

veins (Relf, 1992). These faults have similar orientations and 
displacement histories to Proterozoic faults further west, to 
which they have been correlated (Relf, 1992). Nevertheless, 
several of these faults appear to have had an earlier Archean 
displacement history, based on the local occurrence of cross- 
cutting granitoid dykes and amphibolite facies shear fabrics. 

KANGG W A K  GNEISSES 

Geology 

A belt of mixed gneisses and migmatites, informally named 
the Kangguyak gneisses (McEachern, 1993), occur in fault 
contact with the west side of the Anialik River volcanic belt. 
The gneisses are here subdivided into four units: paragneiss, 
tonalitic gneiss, granitic gneiss, and mafic gneiss (Fig. 2). A11 
four units are crosscut by numerous massive gabbro dykes 
and a variety of granitoid rocks that range from strongly 
foliated biotite monzonite to massive leucogranite. 

The paragneiss, which corresponds to unit 2 (quartz- 
plagioclase-biotite gneiss) of McEachern (1993), is charac- 
terized by biotitekgamet-rich schistose layers, commonly 
intruded by veins and irregularly shaped pods of muscovite 
syenogranite and associated pegmatite. In addition, conglom- 
erate (W.A. Padgham, pers. comm., 1993) and thinly bedded 
quartzite have been recognized in coastal exposures. The 
conglomerate (see locality A on Fig. 2) contains pebble to 
cobble-sized clasts of granite, quartz, quartzite and both fine- 
and coarse-grained amphibolite in a biotite+hornblende-rich 
matrix (Fig. 3). The unit is up to 30 m wide, and has been 
traced inland along strike for at least 150 m, where it is 
obscured by heavy lichen cover. Quartzite was observed in 
two localities along the coast. At one locality (see B on Fig. 2) 
the quartzite is about 5 m wide and consists of 80-90% quartz 
with accessory biotite and feldspar. This unit was sampled for 
detrital zircons. The second quartzite (locality C on Fig. 2) is 
less than a metre wide and contains about 70-75% quartz and 
25-30% feldspar, biotite, and other minerals. 

DdIII Proterozoic  cover  ' 

A n i a l i k  R i v e r  

mixed gneisses 
1. grani te  gneiss 

Figure 2. Simpli.$ed geology map of the Kangguyak gneisses 
in the Tokhokatak Bay area. Abbreviations: RL - Rhino lake; 
TB - Tokhokarak Bay (informal names). Location of Figure 2 
outlined in Figure I .  
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Figure 4. Relicr bedding (folded) preserved in pelitic 
paragneiss. Scale (centre left of photo) is 9 cm. 

do not show a clearly discordant relationship but are trans- 
posed into the gneissosity. As a result, tonalitic orthogneiss yq may be more extensive than shown in Figure 2. Contact 

' relationships between the tonalitic gneiss and other units are 
not well defined, but the local presence of biotitekgarnet-rich 

f 
, ,4 , 1 schleiren suggests that the tonalite may be intrusive into the 

I 

P>- , , ,I+, C~ , . -I. - :- paragneiss unlt. 
C - 1 . * '  

1 . . 
f ? *  - I \ 8 Granitic gneiss, in part coirelative to McEachern's (1 993) 
z. ' J ~  .%. " , 

.. -!a#, ,-. - 
! unit 3 (granodiorite orthogneiss) and in part to unit 2 (quartz- 

i' &;# - ... :,. & plagioclase-biotite gneiss) is widespread throughout the 
gneiss belt. The change in nomenclature is based on compo- 

Figure3. a) Pol~lithic conglomerate unit in the KangguYak sitional and textural variations in McEachern's unit 2; where 
gneisses. Scale is 9 cm. For location see "A" on Figure 2. the quartz-plagioclase-biotite gneiss contains less than 20% 
b) Thinly-bedded quartzite unit in the KangguYak gneifses. biotite or lacks accessory m~nerals, such as garnet, which 
Lens cap is 5 cm across. For location see "B" on Figure 2. suggest a sedimentary origin, it was mapped as a granitic 

gneiss. As a result, the large area mapped by McEachern 
(1993) as quartz-plagioclase-biotite gneiss has been subdi- 

Metamorphic assemblages in the paragneisses include 
biotite-garnet, biotite-garnet-hornblende, hornblende-garnet- 
orthopyroxene, and biotite-cordierite-garnet (plagioclase and 
quartz present in all assemblages), compatible with upper 
amphibolite to lower granulite facies conditions. Lenses of 
pegmatitic granite in the paragneiss are interpreted as anatec- 
tic melt, since mineral assemblages indicate temperatures 
compatible with a granite melt phase. Despite the degree of 
metamorphism and recrystallization, a compositional layer- 
ing defined by varying abundance of biotite, the presence or 
absence of garneeorthopyroxenefiornblende, or abundance 
of clasts (in conglomerate) is commonly present. This layer- 
ing ranges in scale from a few millimetres to tens of centime- 
tres, and is interpreted as relict bedding (Fig. 4). 

The tonalitic gneiss corresponds to unit 1 (tonalite 
orthogneiss) of McEachern (1993), and appears to be con- 
fined mainly to the east part of the gneiss belt. However, as 
much of the area has been pervasively intruded by syntectonic 
monzogranite to syenogranite, it is commonly difficult to 
distinguish between a true granite gneiss and a tonalitic gneiss 
that has been "soaked through" with granitic melt. This prob- 
lem is particularly pronounced where K-feldspar-rich layers 

vided into areas interpreted as paragneiss, and areas classified 
as granitic gneiss. The origin of the granitic gneiss (igneous 
vs. sedimentary) is not known; it could be a mixed unit of 
ortho- and paragneiss. Leucocratic monzogranite and pegma- 
tite veins are locally abundant in the granitic gneiss; veins 
both transect and parallel the gneissosity. 

The fourth gneiss unit, the mafic gneiss, is characterized 
by hornblende amphibolites, locally containing garnet. This 
unit is interlayered with both paragneiss and granitic gneiss, 
and occurs as thin (up to 50 m thick), discontinuous layers 
that generally cannot be traced for more than a few hundred 
metres along strike. The origin of the mafic gneiss is uncer- 
tain, as no primary features such as pillows, bedding, or 
intrusive relationships are preserved. Nevertheless, the spatial 
association of mafic gneiss and paragneiss, and the horn- 
blende-rich matrix of the conglomerate suggest that some of 
the mafic rocks may have been exposed during sedimentation. 
A supracrustal origin is therefore possible for at least some of 
the mafic gneisses. 

Based on the mineral assemblages and textures observed 
in the gneisses, it appears that the Kangguyak gneisses have, 
in large part, a supracrustal origin. 



Current ResearchlRecherches en cours 1994-C 

Geochronology 

The quartzite at locality B (Fig. 2) was sampled for detrital 
zircon geochronology. The sample contained 0.1 -1 cm thick 
biotite-rich beds interlayered with 1-1.5 cm thick quartz-rich 
(quartz 285%) beds. Nine single zircons with three distinct 
morphologies - squat (L: We2: 1); elongate (L:W>3: I); and 
flat (L:W=I:l; W:H>lO:I) -were analyzed using U-Pb meth- 
ods outlined in Villeneuve (1 993) (Table 2). Polished grain 

mounts revealed 1-5 pm zircon overgrowths truncate pre- 
existing growth structures in the core material. The truncation 
of the internal structure is interpreted to result from sedimen- 
tary processes having operated on the cores. Later zircon 
growth occurred during metamorphism, forming the over- 
growths. All the crystals analyzed were larger than 75 pm in 
diameter and were heavily abraded to remove 10-20 pm of 
surface material, thereby eliminating as much late overgrowth 
as possible. 

Table 2. U-Pb analytical data. 

Radiogenic ratios (*lo, in %>B Age (Ma, *2alh 

~ h d  206pbc Fraction8 Wt.b U Pbc Pbf '06pb '"7pb 207pb 
pg ppm ppm U '04Pb pg 238U 2 3 5 ~  206pb 

COAST QUARTZITE (UTM Zone: 12 Easting: 473675 Northing: 7512688) 
Titanite-Y 136 45 27 0.796 67 22.4 0.4892*0.39 12.161h1.8 0.1802851.5 
Tilanite-Z 145 35 21 0.973 60 19.7 0.4908*0.47 12.237*2.2 0.18083*1.8 
A-squat 3 274 214 0.497 1521 2.3 0.6537+0.17 23.381*0.18 0.25941h0.07 
Bsquat 3 322 233 0.506 2660 0.8 0.6048*0.14 21.045*0.15 0.25237h0.03 
C-squat 1 674 488 0.515 1623 3.5 0.6043*0.17 21.098*0.17 0.25320*0.04 
D-squat 2 308 226 0.748 1482 1.3 0.5846*0.21 20.748*0.22 0.25739*0.05 
E-squat 2 75 55 0.620 407 1.2 0.5981*0.76 21.7952C0.76 0.26427*0.11 
F-elong 1 221 166 0.425 410 6.9 0.6315k0.47 23.443*0.47 0.26925*0.09 
H-elong 3 407 299 0.501 3704 0.7 0.6149*0.13 21.645i0.14 0.25532*0.03 
I-flat 2 1333 981 0.750 227 186.5 0.5920*0.12 19.726*0.34 0.24168*0.28 
J-flat 1 857 549 0.384 607 23.6 0.5520*0.23 18.630i0.24 0.24479*0.08 

207pb Discord.' 
'"Pb 

"All fractions are abraded except those marked with '; b ~ r r o r  on weight =*l pg; 'hdiogenic Pb; 'T~AJ from 
208 pb*1206pb* and 2 0 7 ~ b f  O6pb age; 'Measured ratio corrected for spike and Pb fractionation of 0.09*0.03/AMU; '~otal  
common Pb on analysis corrected for fractionation and spike; gCorrected for blank Pb and U and common Pb 
(Stacey-hamers model Pb composition at 207~b /206~b  age), 1 sigma error, in percent; h~orrected for blank and common 
Pb; 'Discordance along a discordia to origin 

Coastal Quartzite 

Figure 5. 

Concordia plot of detrital zircons and 
metamorphic titanite from quartzite in the 
Kangguyak gneiss belt. 
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All three zircon morphologies yielded 2 0 7 ~ b / 2 0 6 ~ b  ages 
between 3.13 and 3.27 Ga (Table 2, Fig. 5). The grains range 
from concordant to 10% discordant (Table 1, Fig. 5). The 
large discordance shown by fraction J may result from rem- 
nant overgrowths on this crystal, as the flat crystals were the 
most difficult to abrade. Alternatively, some crystals had high 
U contents, possibly indicating late Pb loss as an additional 
factor. Although the data do not reveal the age of the over- 
growths, they do indicate that the quartzite had its source in 
rocks greater than 3.1 Ga. 

In addition to detrital zircons, metamorphic titanite was 
dated in order to determine the timing of metamorphism. 
Large dark red to brown titanite crystal fragments from within 
the biotite-rich layers of the quartzite were analyzed using 
methods summarized by Palrish et al. (1992). Two multigrain 
fractions gave 207Pb/206Pb ages of ca 2.66 Ga (Fig. 5). These 
ages are about 4% discordant, and have large errors due to a 
high common Pb component in the crystals. Although no 
definitive titanite age can be assigned without better control 
on the composition of the common Pb, an estimate derived 
from the two 207Pbl206Pb ages of 2660 f 40 Ma can be used. 
This age is in anreement with titanite ages from elsewhere in 
the northern -Slave Province  braha ham et al., 1991; 
M. Villeneuve, unpub. data). 

Structure sets 

Tectonic fabrics in the Kangguyak gneisses, summarized in 
Table 1, have been modified from McEachern (1993). The 
earliest foliation (Slg; "g" indicates a fabric within the 
Kangguyak gneisses) is a centimetre-scale gneissic layering 
defined by alternating quartzofeldspathic and mafic layers. 
S l g  is isoclinally folded about S2g (Fig 6), an overprinting 
gneissosity with a mean orientation of 154174. Locally S2g 
defines 5 to 10 m wide zones of straight gneiss in which S l g  
is transposed into S2g and compositional layering is very 
straight and sharply defined. These zones of straight gneiss, 
which have gradational contacts with gently to tightly folded 

gneisses of the same composition, are associated with a strong 
down-dip mineral lineation, and were interpreted as recrys- 
tallized mylonites by McEachern (1993). 

The third set of structures in the gneisses consists of folds 
of gneissosity about a subvertical, north-northeast-striking 
axial surface (F3g). The majority of these folds plunge steeply 
to moderately southwest, with a few subhorizontal northeast 
and southwest plunges, implying that they deform a pre- 
viously folded surface, Slg. Throughout most of the gneiss 
belt, S3g occurs in anastomosing domains with Slg (folded) 
and S2g (southeast-striking) preserved in low-strain windows 
between S3g (McEachern, 1993). Within a few hundred 
metres of the east margin of the gneiss belt the intensity of 
S3g increases, and F3g fold limbs are commonly truncated by 
S3g, implying shearing along fold limbs (McEachern, 1993) 
(Fig. 7). A zone of steeply west-dipping, strongly developed 
gneissosity associated with a down-dip mineral lineation 
transposes all earlier fabrics adjacent to the contact with the 
volcanic belt. This straight gneiss zone is up to about 200 m 
wide, and is interpreted as a recrystallized shear zone 

Figure 6. Refolded gneissosity in granitic gneiss. Hammer Figure 7. F3g fold truncated by S3g, interpreted to indicate 
handle is 30 em. (GSC 1993-283) that shearing along S3g accompanied folding. Pen is 20 cm. 
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(McEachern, 1993). Based on the greater intensity of S3g near 
the fault, the parallelism of S3g and the straight gneisses, and 
the presence of sheared Fjg fold limbs, folding is interpreted 
to have overlapped with shearing. 

Metamorphic conditions during deformation of the Kang- 
guyak gneisses were consistently high; S g, S2g, and S3g are 
all defined by amphibolite facies assemblages. Ortho- 
pyroxene-bearing paragneisses suggest that metamorphism 
peaked within the granulite facies, although from textural 
relationships exposed in outcrop it is not clear whether the 
growth of peak assemblages accompanied Dig, D2g, or Dgg. 
Ongoing thermobarometric studies will address the question 
of the metamorphic history of the gneisses. 

THE TOKHOKATAK FAULT 

The contact between the Anialik River volcanic belt and the 
Kangguyak gneisses is marked by the Tokhokatak fault, after 
the local name for the bay through which the fault runs 
("Tokhokatak" is Inuinaktun for "narrow channel"). The 
Tokhokatak fault preserves evidence of a protracted displace- 
ment history. Evidence for early fault movement is preserved 
in a 200 m wide zone of Sgg straight gneisses, interpreted as 
a recrystallized shear zone. Reactivation of the shear zone is 
marked by a narrow (10-20 m) zone of low-grade brittle- 
ductile fault fabrics along the volcanic belt-gneiss belt con- 
tact. Two intrusive phases showing cross cutting relationships 
with these fabric sets have been recognized, and their isotopic 
ages will help to bracket the timing of fault movement. 

Early Fault Movement 

As described above, approximately 100-200 m west of the 
Anialik River volcanic belt Sgg defines a zone of steeply 
west-dipping straight gneisses interpreted as a recrystallized 
shear zone (Fig. 2). A steep mineral stretching lineation in 
these gneisses implies a predominantly dip-slip component 
of displacement during shearing. McEachern (1 993) reported 
shallow-plunging lineations locally within S3g; it is not clear 
whether these lineations are related to shallowly plunging Fgg 
folds, or are related to later strike-slip movement along the 
fault (see below). 

Although the straight gneisses are interpreted as a recrys- 
tallized shear zone, kinematic indicators are rare. A single 
rotated K-feldspar porphyroclast in granitic gneiss was 
observed near the north end of the straight gneiss zone 
(Fig. 8). The gneiss has a 70°N pitching lineation, and the 
asymmetry of the porphyroclast suggests a component of 
east-side-up displacement. In addition to this rotated porphy- 
roclast, local folds of gneissosity with an asymmetry compat- 
ible with east-side-up movement were observed in the area, 
although the timing of these folds relative to porphyroclast 

fault (Fig. 2). The unit, which ranges from massive to strongly 
foliated, truncates gneissosity and therefore is interpreted to 
postdate early shearing. Isolated rafts of mafic and tonalite 
gneiss occur locally within this unit, but they may be rotated, 
and thus cannot be used to determine shear sense. 

Due to the paucity of clear kinematic indicators, the early 
fault history is not well documented. Nevertheless, the width 
of the high strain zone, the high metamorphic grade, and the 
steep lineation suggest dominantly dip-slip displacement 
across a ductile shear zone. 

Figure 8. Sketch of rotated K-feldspar porphyroclast from 
straight gneisses near north end of Tokhokatak fault. View is 
looking north at vertical outcrop face; stretching lineation is 
steeply down-dip. 

rotation is not known. Figure 9. West-over-east C-S fabric in chlorite schist, 

A complex unit consisting of gabbro to quartz diorite, hanging wall of Tokhokatak fault. View is looking north at 

crosscut by granitoid dykes, transects the gneisses and vertical outcrop face; stretching lineation is plunges steeply 

obscures Sjg along most of the remainder of the Tokhokatak south. Scale is 9 cm. 
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Late Fault Movement 

Chlorite-grade fault fabrics overprint the east margin of the 
straight gneisses adjacent to the Anialik River volcanic belt, 
overprinting the earlier structures on the Tokhokatak fault. 
These fabrics include C-S fabrics defined by chlorite, mineral 
stretching lineations, and slickensides on fracture surfaces 
coated by quartz veins. In addition, brecciated wall rock 
occurs commonly along the fault. These greenschist facies 
fabrics are confined to a zone generally less than 20 m wide 
along the volcanic-gneiss contact. Most stretching lineations 
within this zone plunge 50-70"s. C-S fabrics and minor 
offsets of quartz veins along the fault suggest west-side-up 
displacement with a dextral component (Fig. 9). 

Slickensides, observed only in the south part of the area 
near Rhino lake, plunge both steeply south and subhorizon- 
tally. Overprinting relations between these two orientations 
have not been observed, and the sense of displacement asso- 
ciated with the subhorizontal slickensides is not known; how- 
ever, the horizontal slickensides suggest that late, brittle 
faulting may have involved more than one episode of 
displacement. 

Timing of Fault Disphcement 

Early ductile shearing and late, brittle-ductile faulting are 
most easily distinguished in the northern part of the map area. 
Here, early faulting is marked by a zone of straight gneisses 
up to 200 m wide, crosscut by a biotite quartz monzonite. The 
quartz monzonite has a weakly to moderately developed 
foliation of uncertain age that parallels, and may be correla- 
tive to, S3g. AS the body transects the straight gneisses, it is 
interpreted to postdate shearing, however, the foliation in the 
quartz monzonite may have formed during late D3g shorten- 
ing. The age of this pluton will allow a minimum age to be 
assigned to the high grade, ductile displacement on the fault. 

Along the east margin of the straight gneisses adjacent to 
the volcanic rocks, a narrow (up to 20 m) zone of brecciated, 
brick- red-weathering, mixed gneisses and quartz monzonite 
occurs. Here a small, massive hornblende syenite is dextrally 
offset about 300 m across the Tokhokatak fault. A 65" 

south-plunging mineral stretching lineation in the syenite 
implies oblique west-over-east dextral displacement. The age 
of this syenite will provide a maximum age for late faulting. 

About 4 km north of Rhino lake, the Tokhokatak fault is 
sinistrally offset by 2 km across a late, northwest-striking 
transcurrent fault (Fig. 1,2).  This late fault, characterized by 
a 2 to 5 m wide zone of quartz and hematite veining and 
brecciated host rock, has an orientation and sense of displace- 
ment similar to 1.84-1.66 Ga transcurrent faults in the 
Wopmay Orogen 10 km to the west (Hoffman, 1987). 

Correlation of structures across the 
Tokhokatak fault 

Correlation of structure sets in the Anialik River volcanic belt 
with those in the Kangguyak gneisses is difficult, as the only 
deformation so  far to be assigned an absolute age is late 
upright folding in the volcanic belt (D3,; ca. 2.61 Ga). As a 
result, tentative correlation is based on strain state, metamor- 
phic grade, and orientation of folds and fabrics on both sides 
of the Tokhokatak fault. 

The youngest regional fabric-forming events on either 
side of the fault are D3" and D3g in the volcanic belt and the 
gneisses, respectively. Both of these structure sets involved 
upright folding of pre-existing fabrics, and the formation of a 
subvertical, north-northeast-striking foliation. Although the 
plunges of F3 folds differ in the two terranes - they range from 
about 50" northeast to 30" southwest in the volcanic belt, 
whereas in the gneisses most are 20' to 80" southwest 
(Fig. 10) - this does not preclude their correlation; it merely 
reflects variable orientations of pre-D3 fabrics. The absolute 
age of structures associated with D3g is not presently known. 
However, as the maximum temperatures associated with Pro- 
terozoic overprinting in the area correspond to biotite growth 
in pelites (about 400°C; Hoffman et al., 1984), and Sgg is 
defined by amphibolite facies assemblages, D3g must be 
Archean. Crosscutting relationships along the north end of the 
Tokhokatak fault will allow a minimum age to be assigned to 
S3g (see above). Based on the orientations of F3 axial surfaces, 
structures associated with D3, and D3g are tentatively inter- 
preted to be correlative. 

Figure 10. 

a) Equal area projection showing orientations 
of F3g fold hinges in the Kangguyak gneisses. 
n=16. b) Equal area projection showing 
orientations of F3v fold hinges in the Anialik 
River volcanic belt. n=46. 
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Possible relationships between fabrics that predate 
D3g/D3v are more difficult to assess, as the original orienta- 
tions of these fabrics are not well preserved. In the Anialik 
River volcanic belt, F3v folds plunge shallowly, suggesting 
that S2v was originally subhorizontal. The doubly plunging 
nature of the regional F3v antiform may be a result of strain 
partitioning around the igneous complex, possibly combined 
with a component of diapiric uplift. In contrast, F3g folds of 
S2g in the Kangguyak gneisses have a consistent southwest 
plunge, implying a moderate to steep southwest dip for S2g 
before D3g. Although it is not conclusive evidence, the appar- 
ent difference in orientation of S2 on either side of the 
Tokhokatak fault - subhorizontal to the east; steeply 
southwest-dipping to the west - suggests that pre-D3 fabrics 
in the two terranes formed separately. 

Based on the above arguments, we suggest that the Kang- 
guyak gneisses and the Anialik River volcanic belt share only 
part of their deformation histories; pre-D3 structures may 
represent different, unrelated deformation events in the two 
terranes. 

DISCUSSION 

Rocks of the Kangguyak gneiss belt are distinct from those 
of the Anialik River volcanic belt in two important ways. 
First, the proportion of mafic to felsic rocks and the abun- 
dance of paragneiss with a pelitic to semipelitic bulk compo- 
sition suggest that the gneisses are not simply high grade 
equivalents of the Anialik River volcanic rocks, but represent 
a separate supracrustal terrane. Second, U-Pb zircon and 
titanite ages presented above show that the quartzite within 
the Kangguyak gneisses was deposited between ca. 3.15 and 
2.66 Ga. Detrital zircons of synvolcanic age (ca. 2.69 Ga) are 
conspicuous by their absence in the quartzite. In fact the 
paragneiss component of the Kangguyak gneisses may have 
close affinities with ca. 3.15 Ga volcanic rocks in the 
Napaktulik Lake area about 60 km to the south (Jackson, 
1991 ; Villeneuve et al., 1993). Further geochronological 
work will determine whether the paragneisses are part of a 
pre-Yellowknife Supergroup sequence. 

The Tokhokatak fault, which separates the two terranes, 
preserves evidence of early, ductile dip-slip movement (pos- 
sibly east-side-up displacement) under amphibolite facies 
metamorphic conditions, and subsequent, brittle-ductile reac- 
tivation marked by dextral west-over-east movement. 
Although the magnitude of early displacement is unknown, 
the width of the shear zone and the juxtaposition of two 
terranes suggest that this could be a major tectonic boundary. 

The shared portion of the geological histories of the two 
terranes appears to consist of late Archean (ca. 2.61 Ga) 
upright folding, and subsequent (Proterozoic) brittle-ductile 
faulting (Table I), indicating that the terranes were amalga- 
mated prior to 2.61 Ga. Earlier fabrics on either side of the 
Tokhokatak fault may represent two unrelated tectonic histo- 
ries that predate juxtaposition of the terranes. Future map- 
ping, geochronological studies, and geothermobarometry 
will provide quantitative constraints on the relationships 
between these two terranes. 
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Rainbird, R.H., Jefferson, C.W., Hildebrand, R.S., and Worth, J.K., 1994: The Shaler Supergroup 
and revision of Neoproterozoic stratigraphy in Amundsen Basin, Northwest Territories; & 
Current Research 1994-C; Geological Survey of Canada, p. 61-70. 

Abstract: Elevation of the Shaler Group to supergroup status and the following internal revisions are 
proposed in order to more properly reflect rock units of the Amundsen Basin. The names Escape Rapids, 
Mikkelsen Islands, Nelson Head and Aok are proposed to replace the lower clastic, cherty carbonate, upper 
clastic, and orange-weathering stromatolite members of the Glenelg Formation in Minto and Cape Lambton 
inliers, informal map units 19 to 21,22,23, and 24 in the Coppermine area and informal map units PI ,  P2, 
P3, and P4a in Brock Inlier, respectively. Collectively these are to be known as the Rae Group; the name 
Glenelg Formation is abandoned. The former Reynolds Point Formation is raised to group status and 
comprises the Grassy Bay, Boot Inlet, Fort Collinson and Jago Bay formations, which replace the lower 
clastic, lower carbonate, upper clastic and upper carbonate members in Minto Inlier and informal map units 
P4b, P4c, lower P4d and upper P4d in Brock Inlier, respectively. 

RCsumC : On propose d'tlever le Groupe de Shaler au rang de Supergroupe, et d'apporter les 
modifications internes suivantes pour offrir une meilleure image des unites lithologiques du bassin 
d'Amundsen. Les appellations de formations d'Escape Rapids, de Mikkelsen Islands, de Nelson Head et 
d'Aok sont propostes afin de remplacer : le membre clastique inftrieur, le membre de carbonate cherteux, 
le membre clastique superieur et le membre stromatolitique A alttration orange, respectivement, de la 
Formation de Glenelg dans les boutonnikres de Minto et de Cape Lambton; les unitts cartographiques 19-21, 
22 ,23 et 24, respectivement, dans le secteur de Coppennine; et les unites cartographiques PI, P2, P3 et 
P4a, respectivement,dans la boutonnibre de Brock. Ensemble, ces formations constituent le Groupe de Rae; 
I'appellation de Formation de Glenelg est abandonnte. L'ancienne Formation de Reynolds Point est Clevte 
au rang de groupe et comprend les formations de Grassy Bay, de Boot Inlet, de Fort Collinson et de Jago 
Bay qui remplacent : le membre clastique inftrieur, le membre carbonate inftrieur, le membre clastique 
superieur et le membre carbonatt superieur, respectivement, dans la boutonniere de Minto; et les unitts 
cartographiques P4b, P4c, la partie inftrieure de P4d et la partie suptrieure de P4d, respectivement, dans 
la boutonnitke de Brock. 

I Contribution to Canada-Northwest Territories Mineral Initiatives (1991-1996), an initiative under the Canada- 
Northwest Territories Economic Development Cooperation Agreement. 
Mineral Resources Division 
Department of Earth Sciences, Carleton University (deceased) 
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INTRODUCTION 

The first complete geological reconnaissance of Victoria and 
Banks Islands was that of Washburn (1947), who recognized 
the similarity of Proterozoic strata of the Coppermine area and 
the Duke of York Inlier on the south shore of Victoria Island. 
Later, Thorsteinsson and Tozer (1962), proposed the name 
"Shaler Group" and its original formational subdivisions for 
the thick sequence of Proterozoic sedimentary strata that are 
exposed in Minto and Cape Lambton inliers (Fig. 1). Shaler 
Group strata were later recognized on the adjacent northern 
mainland coast in Brock Inlier (Cook and Aitken, 1969) and 
the Coppermine area where they are called Rae Group 
(Baragar and Donaldson, 1973). Stratigraphic correlation and 
sedimentological studies indicate that the inliers were part of 
the formerly contiguous intracratonic Amundsen Basin 
(Fig. I ). 

Jefferson (1 985) realized the need for further subdivision 
of the upper Shaler Group in southwest Minto Inlier and 
proposed the name Kuujjua Formation for a prominent 
quartzarenite unit, originally defied as an upper member of the 
Kilian Formation (Thorsteinsson and Tozer, 1962). Rainbird 
(1993) included the Natkusiak Formation, a basaltic succes- 
sion which conformably overlies the Kuujjua Formation, with 
the Shaler Group. In this paper and henceforth we prefer to 
exclude the Natkusiak Formation from the proposed Shaler 
Supergroup, because of its contrasting lithological character 
and its partly unconformable relationship with underlying 
sedimentary strata (Table 1). Furthermore, the 723 Ma age of 
the Natkusiak Formation (Heaman et al., 1992) places it in 
Sequence C of Young et al. (1979), equivalent to the 
Windermere Supergroup in the Cordillera. It is generally 
accepted that sedimentary strata of the Shaler Supergroup, 
described herein, are equivalent to Sequence B of the 
Mackenzie Mountains Supergroup in the Cordillera (see 
Young et al., 1979). 

. . ~ ~ . . . a a a a a t m s , , . .  ,,,.,,,,,,,. Arctic Circle 

Figure 1. Location of Neoproterozoic inliers comprising Amundsen Basin of northwestern Canada. 
B=Brock Inlier, C=Coppermine area, M=Minto Inlier. GBL=Great Bear Lake. 
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Numerous sills and dykes, equivalents of the Natkusiak 
Formation basalts, intrude the Shaler Supergroup throughout 
Amundsen Basin. These were dated by U-Pb method on 
baddeleyite providing a minimum age for the Shaler 
Supergroup of 723 Ma (Heaman et al., 1992). A maximum 
age of 1077 Ma was determined from U-Pb analysis of detrital 
zircon from the Nelson Head Formation in Minto Inlier 
(Rainbird and McNicoll, unpub. data, 1993). 

Field studies by ourselves and other workers over the past 
25 years have established that formations and members of the 
Shaler Group are similar throughout the Amundsen Gulf 
region. Presently, the nomenclature used to describe packages 
of rocks within the region does not properly reflect these 
similarities, largely because the original mapping was done 
by different geologists who concentrated their studies in 
single areas and therefore did not recognize the regional 
consistancy of rock units. The intent of this paper is to revise 
stratigraphic nomenclature in Amundsen Basin. 

throughout Amundsen Basin (Thorsteinsson and Tozer, 
1962; Rainbird et al.. 1992; Morin and Rainbird, 1993; see 
Table 1). Therefore, we propose elevating the Glenelg 
Formation and Reynolds Point Formation to group status and 
Shaler Group to supergroup status. 

Field studies in 1993 confirmed that the Rae Group in the 
Coppermine area contains the same rock units as does the 
Glenelg Formation in Minto Inlier and map units PI,  P2, P3, 
and P4a in Brock Inlier (Table 1). Therefore, we propose 
retention of the name Rae Group for these strata throughout 
Amundsen Basin and abandonment of the name Glenelg. 
Retention of more than one name for the same rocks would 
be confusing, particularly since we propose the same forma- 
tion names in all areas. Although we acknowledge that use of 
the word Glenelg is well established in previous publications, 
so is the Rae Group, and rather than abandon Rae Group and 
raise the Glenelg to group status, we prefer to discard the term 
Glenelg. 

THE SHALER SUPERGROUP: PROPOSED Rae Group 

GROUP AND FORMATIONAL SUBDIVISIONS The Rae Group (Baragar and Donaldson, 1973) as herein 
defined, includes strata of Proterozoic age above rocks of the 

Formational status is proposed for informal members of the Coppermine River Group in the Coppermine area (Fig. 2) and 
former Glenelg and Reynolds Point formations on the basis rocks of Goulburn Supergroup in Mint0 Inlier (Fig. 3). Else- 
that they are mappable at 150 000 scale and was traced where the base is not exposed. The group is conformably 

Table 1. Proposed revisions to stratigraphic nomenclature in Amundsen Basin. These revisions apply 
also to Cape Lambton and Duke of York inliers (Fig. 1). 

1 .  Thorsteinsson and Tozer 1962, Young and Long 1977b, Rainbird et al. 1992 
2. Cook and Aitken 1969, Jones et al. 1992 
3. Baragar and Donaldson 1973 
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overlain by rocks of the Reynolds Point Group in Minto and 
Brock inliers (Fig. 4); unconformably overlain by rocks of 
Tertiary age in Cape Lambton Inlier (Fig. 5);  and uncon- 
formably overlain by strata of Cambrian age in the 
Coppermine area. There has been some controversy as to the 
stratigraphic position of the basal Paleozoic unconformity 
within the Coppermine area (Baragar and Donaldson, 1973; 
Dixon, 1979; Campbell, 1983; 1985). However, fieldwork in 
1991 and 1993 indicates that strata above a conspicuous 
brown-weathering stromatolitic unit within map unit 24 
(Baragar and Donaldson, 1973) contain vermiform trace 

fossils, arthropod tracks, and scratch marks: they are 
Cambrian rather than Proterozoic. The confusion arose 
because there are more than ten metres of paleotopography 
on the Proterozoic-Phanerozoic unconformity (Baragar and 
Donaldson, 1973; Dixon, 1979; Campbell, 1983; Jefferson 
and Young, 1989). As a result, it is easy to get the impression 
that Cambrian sedimentary rocks, deposited in paleovalleys, 
are stratigraphically below paleohills of the brown- 
weathering stromatolitic unit. Our 1993 field studies indicate 
that the same relationships exist in the western part of the 
Duke of York Inlier (Fig. I), where paleohills of Proterozoic 

Figure 2. Generalized geology and geographic features in 
the Coppermine area (Fig. I ) .  C=Coppermine, BF=Bloody 
Fall, ER=Escape Rapids, H=Hihotok Lake. CK=Cape 
Kendall. 

formar~ons (unsubdivided) 
M~kkelsen Islands Fm. 
0 Escape Rapids Fm. 

Shaler 6D Mlnto Inlet Fm. Nelson Head Fm. 
Super- O Reynolds Polnt Gp. Mlkkelson Islands Fm. 
arour, 0 Aok Formation O Escape Raplds Fm. 

Figure 3. Geology, location of stratotypes and geographic Figure 4. Geology and geographic features in Brock Inlier 
features in northeast Minto Inlier, Victoria Island (Fig. I ) .  (Fig. I ). 
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Figure 5. Geology and geographic features in Cape 
Lambton Inlier, southern Banks Island (ajier Miall 1976; 
Fig. I ) .  

quartzarenite and one prominent paleohill of brown- 
weathering stromatolite protrude above recessive sandstones 
and carbonates of the Cambrian Old Fort Island Formation 
(Campbell, 1985). Identical stratigraphic problems were 
resolved by Jones et al. (1992) in Brock Inlier. 

We propose to replace informal map units throughout 
Amundsen Basin with formations. The names Escape Rapids, 
Mikkelsen Islands, Nelson Head, and Aok are suggested for 
the lower clastic, cherty carbonate, upper clastic, and orange- 
weathering stromatolite members of the Glenelg Formation 
in Minto and Cape Lambton inliers (Rainbird et al., 1992), 
map units 19 to 21, 22,23, and 24 in the Coppermine area 
(Baragar and Donaldson, 1973), and map units P l ,  P2, P3, 
P4a in Brock Inlier (Jones et al., 1992), respectively (Table 1). 
Wherever possible, names were chosen from geographic fea- 
tures in areas where rock units are well-exposed; however, 
due to lack of geographic names this could not always be 
adhered to. 

Escape Rapids Formation 

The Escape Rapids Formation forms the base of the Rae Group 
and the Shaler Supergroup and is named for Escape Rapids in 
the Coppermine River (67"37'N, 115'44W; Fig. 2). The lower 
boundary stratotype of the Escape Rapids Formation is about 3 
km upstream from Escape Rapids, where drab-coloured sand- 

that units 19 and 21 are lithologically comparable and accord- 
ing to Campbell (1983), unit 20 pinches out east of the 
Coppermine River. For this reason we think a tripartite 
formational subdivision is unwarranted; however, member 
status for these rock units in the Coppermine area is suggested 
as in'Table 1. The Hihotok Member is applied to map unit 19 
and is named for a lake that drains into the Asiak River 
(67'40'N, 11 4'40'W; Fig. 2). It is exposed in a belt approxi- 
mately 225 km long extending from about 50 km east of the 
Asiak River to the headwaters of the Richardson River 
(Baragar and Donaldson, 1973; Table 2 for description and 
interpretation). 

The Nipartoktuak Member (map unit 20) conformably 
and gradationally overlies the Hihotok Member, and is named 
after outcrops along the Nipartoktuak River (67"42'N, 
1 15'06'W; Fig. 2), southeast of Coppermine, and overlies the 
Hihotok Member along the Asiak River, along the 
Coppermine River immediately below Escape Rapids, and 
along the south branch of the Richardson River (Baragar and 
Donaldson, 1973; Table 2 for description and interpretation). 

The Bloody Fall Member (map unit 21) sharply, but con- 
formably, overlies the Nipartoktuak Member and is exposed 
from the mouth of the Asiak River (67'45'N, 11 4"25W, Fig. 2) 
westward about 175 km to the headwaters of the Rae River. The 
name derives from Bloody Fall on the Coppermine River 
(67'44'N, 1 14'22W; Fig. 2; lithological description in Table 2). 

In Minto Inlier, the name Escape Rapids Formation is 
applied to the lower clastic member of the former Glenelg 
Formation (Dixon, 1979; Rainbird et al., 1992; Table 1). It 
outcrops only in northeast Minto Inlier, in isolated outcrops 
along the west coast of Hadley Bay and in creeks that drain 
into it from uplands to the east (Fig. 3). 

In Brock Inlier, the name Escape Rapids Formation is 
applied to map unit P1 of Cook and Aitken (1 969) (Table 1; 
description and interpretation in Table 2). It is exposed 
sporadically along the north shore of the Amundsen Gulf; 
thicker and more continuous sections occur in the upper 
reaches of the Brock River (Fig. 4). Cursory descriptions are 
given by Cook and Aitken (1969), Balkwill and Yorath 
(1971), and Jones et al. (1992), but the formation is quite 
similar to other occurrences in Amundsen Basin. 

Mikkelsen Islands Formation 
stone and siltstone of the Hihotok Member overlies red sand- The Mikkelsen Islands Formation is named for a group of 
stone and volcaniclastic conglomerate of the Husky Creek 
Formation (Coppermine River Group) with low angular islands in Hadley Bay in northeast Minto Inlier (72"35'N, 

erosional unconfomity. me seatotype section was not 108'25'W; Fig. 3). It is applied to the cherty carbonate 

in detail, but is exposed along the cutbank of the Coppermine member of the former Glenelg Formation in Minto and Cape 

River between Escape Rapids and Bloody Fall (Fig. 2). Lambton inliers, map unit P2 in Brock Inlier and map unit 22 
in the Coppermine area (Table 1). The composite stratotype 

AS defined here, the Escape Rapids Folmation includes proposed here comprises sections 91 -8 and 91 -1 of Rainbird 
map units 19,20, and 21 of Baragar and Donaldson (1973) in et al. (1992), located on the east limb of the Holman Island 
the Coppermine area; these subdivisions were not recognized Syncline (Fig. 3). The lower boundary stratotype is within 
elsewhere in Amundsen Basin. Descriptions of the Rae Group section 91 -8; the boundary is also exposed along the upper 
in the Coppermine area (e.g., Baragar and Donaldson, 1973; reaches of the Brock River (Fig. 4), and just west of the town 
Dixon, 1979; Campbell, 1983) and our field studies reveal of Coppermine (Fig. 2). 
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In Minto Inlier, the Mikkelsen Islands Formation is 
exposed along a 15-20 km wide belt extending southward 
from Mikkelsen Islands approximately 100 km (Fig. 3). In 
Brock Inlier it is well exposed along the northern coastal 
mainland at Pearce Point, in the Brock River Canyon and near 
the junction of the Hornaday and Little Hornaday rivers 
(Cook and Aitken, 1969; Balkwill and Yorath, 1971; Jones et 
al., 1992; Fig. 4). In the Coppermine area it is exposed in an 
outcrop belt extending from the the eastern part of the Duke 
of York Inlier (Fig. I),  across islands in the coronation Gulf 
southwestward through uplands between the Richardson and 
Rae rivers for about 300 km (Fig. 2). The Mikkelsen Islands 
Formation has been correlated with map unit H1 of the 
Mackenzie Mountains Supergroup in the Mackenzie 
Mountains (Young et al., 1979). 

Nelson Head Forntation 

The Nelson Head Formation derives its name from an impres- 
sive promontory in Cape Lambton Inlier on the southern tip 
of Banks Island (Fig. 5). It is applied to the upper clastic 
member of the former Glenelg Formation in Cape Lambton 
and Minto inliers (Thorsteinsson and Tozer, 1962; Young and 
Long, 1977b), map unit P3 in Brock Inlier (Cook and Aitken, 
1969) and map unit 23 in the Coppermine area (Baragar and 
Donaldson, 1973). We propose that the unit stratotype be 
located at Nelson Head, where the thickest known continuous 
exposure is preserved. This corresponds to section 74-MLA- 
36 of Miall (1976), located at 71°05'N, 122'53'W (Fig. 5). 
The lower boundary is not exposed at Nelson Head so the 
lower boundary stratotype is placed in the Brock River 
Canyon of Brock Inlier (69'19'N, 122'52'W; Fig. 4) where it 
is well exposed. The Mikkelsen Islands Formation is abruptly 
and conformably overlain by interbedded red siltstone and 
fine grained quartzarenite. In Minto Inlier and the Coppermine 
area, a paleokarst unconformity separates the Mikkelsen 
Islands Formation from shales and quartzarenite of the 
Nelson Head Formation (Rainbird et al., 1-992). 

The Nelson Head Formation is exposed on both limbs of the 
Holman Island Syncline in northeast Minto Inlier; the thickest and 
best exposures are in the Glenelg Bay area (Fig. 3). In the 
Coppernine area it occurs to the west and northeast of Johansen 
Bay on southern Victoria Island (Duke of York Inlier; Fig. 1) and 
along a several kilometre-wide belt on the north side of the Rae 
River that stretches from Cape Kendall approximately 80 km 
westward (Fig. 2). It outcrops extensively in central Brock Inlier 
and throughout Cape Larnbton Inlier. The Nelson Head Formation 
has been described in detail by Young and Jefferson (1 9751, Miall 
(1976), Rainbird et al. (1992), and Conly (1993) (summary in 
Table 2). Correlative strata to the Nelson Head Formation are the 
Tzesotene Formation and Katherine Group (units K1-K5) from 
the Mackenzie Mountains Supergroup (Young et al., 1979). 

Aok Formation 

The Aok Formation is a new name proposed for an informal 
unit referred to throughout Amundsen Basin as the orange 
weathering stromatolite biostrome (Jefferson and Young, 1989). 
The name was chosen from the Inuit word for the colour red 

or blood, as there are no geographic names in the type area 
and because an Inuit word for the colour orange does not exist. 
The Aok Formation is applied to the uppermost member of 
the former Glenelg Formation in Minto Inlier (Rainbird et al., 
1992), map unit P4a in Brock Inlier (Jones et al., 1992) and 
the lower part of map unit 24 in the Coppermine area (Baragar 
and Donaldson, 1973; Table 1). The Aok Formation and 
succeeding strata of the Shaler Supergroup are not preserved 
in Cape Lambton Inlier. 

The proposed unit stratotype is on a butte; the highest 
point on a large peninsula in the centre of Glenelg Bay, in 
northeast Minto Inlier (72"23'N, 11 1°24'W; Fig. 3 and 6). 
The lower boundary stratotype is in the same location (see 
Table 2 for description and interpretation). The Aok Formation 
is exposed on both limbs of the Holman Island Syncline in 
northeast Minto Inlier (Fig. 3), where it typically forms broad 
bench-like outcrops that can be traced for up to 100 km. In 
the Coppermine area, it occurs in one small outcrop at the 
west end of Johansen Bay on southern Victoria Island (Duke 
of York Inlier; Fig. 1) and along several isolated benches 
about 1 km north of the Rae River, near its mouth (Fig. 2). It 
occurs throughout Brock Inlier. According to Jefferson and 
Young (1 989) the Aok Formation covers a depositional area 
of greater than 90,000 km2 in Amundsen Basin. 

The Aok Formation biostrome has been used as a marker 
for stratigraphic studies and regional mapping throughout 
Amundsen Basin and also in the Mackenzie Mountains area 
where it has been correlated to unit K-6 of the Katherine 
Group (Jefferson and Young, 1989). The biostrome may have 
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Figure 6. Stratotype for the Aok Formation, northeast Minto 
Inlier (see Fig. 3 for location). 
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been continuous between the two regions, and if so, would 
have been one of the most extensive stromatolitic buildups 
known. 

Reynolds Point Group 

The former Reynolds Point Formation of Thorsteinsson and 
Tozer (1962) is herein elevated to group (see Table 1). We 
propose the names Grassy Bay, Boot Inlet, Fort Collinson, 
and Jago Bay to replace the lower clastic, lower carbonate, 
upper clastic, and upper carbonate members of the former 
Reynolds Point Formation, as originally described by Young 
and Long (1 977a, b) in Minto Inlier, and informal map units 
P4b, P k ,  and P4d in Brock Inlier (Jones et al., 1992; Table 1). 
The Reynolds Point Group is not known to be exposed 
elsewhere within Amundsen Basin, but does appear to 
correlate with the Little Dal Group of the Mackenzie 
Mountains Supergroup (cf. Aitken, 1981). All geographic 
features for which these formations are named are located at 
the western end of Minto Inlier between Minto Inlet and 
Walker Bay (1 :250 000 NTS 87Gl7; Fig. 1). 

Grassy Bay Formation 

The Grassy Bay Formation is applied to the lower clastic 
member of the Reynolds Point Formation in Minto Inlier and 
map unit P4b in Brock Inlier (Table I), and is named after an 
inlet of Fish Bay on the northwest side of Minto Inlet, in 
southwest Minto Inlier (71" 1 YN, 1 17O42'W). 

The proposed composite stratotype is in a narrow canyon 
at the head of one of the main tributaries draining into 
Wynniatt Bay, in northeast Minto Inlier (72'1 3'N, 109'50'W; 
Fig. 3). The lower half of the section is at the south end of the 
canyon and the upper half is near the north end. The section 
has been described and illustrated by Morin and Rainbird 
(1 993, section 92-M2) and is chosen as the stratotype because 
it is probably the only locality where the basal contact is 
exposed and thus it also represents the lower boundary 
stratotype. The contact is characterized by stromatolitic 
dolostone overlain by thin parallel-laminated red mudstone, 
separated by 30 cm of interbedded wavy dolosiltite and red 
mudstone. A reference stratotype is located in the same sec- 
tion as the Aok Formation stratotype (Fig. 6), although the 
upper contact with the overlying Boot Inlet Formation is not 
exposed there (see Table 2 for description and interpretation). 
The Grassy Bay Formation appears to correlate with unit K-7 
of the Katherine Group and the Mudcracked formation of the 
overlying Little Dal Group in the Mackenzie Mountains 
(cf. Aitken, 1981). 

Boot Inlet Formation 

The Boot Inlet Formation is applied to the lower carbonate 
member of the Reynolds Point Formation in Minto Inlier 
(Young and Long, 1977b) and map unit P4c in Brock Inlier 
(Jones et al., 1992; Table I), and is named after a large inlet 
on the north side of Minto Inlet, in southwest Minto Inlier 
(71 "25'N, 1 17'25'W). 

The proposed stratotype is a continuation of the Grassy Bay 
Formation composite stratotype (Morin and Rainbird, 1993; 
section 92-M2). It begins at the junction of two main branches 
of the unnamed tributary, described above, that drains into 
Wynniatt Bay, in northeast Minto Inlier (72'1 6'N, 108'55W; 
Fig. 3), and continues through a deep dry gorge that is about 
1.5 km to the northwest. The lower boundary stratotype is 
located at the top of the Grassy Bay Fo~mation stratotype and is 
a gradational contact between a -2 m thick unit of parallel 
laminated carbonaceous mudstone and siltstone and an 
overlying coarsening upward succession of parallel laminated 
dolosiltite and wavy bedded dolarenite. A reference lower 
boundary stratotype is located in the canyon of the Homaday 
River in Brock Inlier (69"00'N, 122'39W), where the contact is 
much more gradational and the mudstone and siltstone unit at 
the top of the Grassy Bay Formation is more than 10 m thick 
(Table 2 for description and interpretation). 

The Boot Inlet Formation correlates with the Platformal 
IBasinal assemblage and overlying Grainstone formation of 
the Little Dal Group in the Mackenzie Mountains (Aitken, 
1981), although the rhythmite magnafacies generally is thinner 
and less well developed than it is in the Basinal assemblage. 

Fort Collinson Formation 

The Fort Collinson Formation derives its name from an 
abandoned Hudson's Bay Company trading post in Walker 
Bay (71°37'N, 1 17"501W; Fig. I), and is applied to the upper 
clastic member of the Reynolds Point Formation (Young and 
Long, 1977b) and the lower quartzose part of map unit P4d 
in Brock Inlier (Jones et al., 1992; Table 1). 

The proposed stratotype is a continuation of the Boot Inlet 
Formation stratotype (Morin and Rainbird 1993, section M2). 
It begins near the bottom of a valley above a deep dry gorge 
(72'1 6'N, 1 1 OOOO'W, Fig. 3). The lower boundary stratotype 
is at the same location and is at the top of the uppermost ooid 
grainstone bed, where there is a gradational change over 
-50 m between sandy ooid grainstone of the Boot Inlet 
Formation upward into medium grained quartzarenite and 
sandstone rhythmite of the Fort Collinson Formation (Morin 
and Rainbird, 1993; Table 2 for description and interpreta- 
tion). The Fort Collinson Formation may correlate with the 
upper part of the Grainstone formation of the Little Dal Group 
in the Mackenzie Mountains (cf. Aitken, 1981). 

Jago Bay Formation 

The Jago Bay Formation is applied to the upper carbonate 
member of the former Reynolds Point Formation (Young and 
Long, 1977b) and the upper carbonate-rich part of map unit 
P4d in the Brock Inlier (Jones et al., 1992; Table 1). It is 
named after an inlet on the north side of Walker Bay, in 
southwest Minto Inlier (Fig. 1). 

The stratotype of the Jago Bay Formation in near the south 
end of Glenelg Bay in northeast Minto Inlier (section 92-MI 
of Morin and Rainbird, 1993; 72"17'N, 1 1 1 "25'W; Fig. 3). 
The lower boundary stratotype occurs at the same location 
and is gradational over about 10 m between parallel-laminated 
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to thinly bedded, fine- to medium-grained, dolomitic 
quartzarenite of the Fort Collinson Formation and interbed- 
ded yellow-weathering, crossbedded dolomitic quartzarenite, 
microbial laminite and dololutite of the Jago Bay Formation. 
The Jago Bay Formation may correlate with the uppermost 
Grainstone formation of the Little Dal Group in the Mackenzie 
Mountains, although it has no lithological counterpart there. 

Ungrouped formations 

Formations above the Jago Bay Formation remain ungrouped 
and unrevised, except that the MintoInlet Formation from Minto 
Inlier (Thorsteinsson and Tozer, 1962; Young, 198 1 ; Phaneuf, 
1993) is applied to map unit P5 of Brock Inlier (cf. Cook and 
Aitken, 1969; Jones et al., 1992; Table 1). Within Amundsen 
Basin, the overlying Wynniatt, Kilian, and Kuujjua formations 
have no counterparts beyond Minto Inlier (Table 1). 

SUMMARY 

Because we recognize that Neoproterozoic rock units are the same 
throughout Arnundsen Basin, we propose the formation names 
Escape Rapids, Mikkelsen Islands, Nelson Head, and Aok to 
replace the lower clastic, cherty carbonate, upper clastic, and 
orange-weathering stromatolite members of the Glenelg 
Formation in Minto and Cape Lambton inliers, informal map units 
19 to 21,22,23, and 24 in the Coppermine area and informal map 
units P1, P2, P3, and P4a in Brock Inlier. Collectively these are to 
be known as the Rae Group; the name Glenelg Formation is 
abandoned. The former Reynolds Point Formation is raised to 
group status and comprises the Grassy Bay, Boot Inlet, Fort 
Collinson, and Jago Bay formations, which replace the lower 
clastic, lower carbonate, upper clastic, and upper carbonate 
members in Minto Mier and informal map units P4b, P4c, lower 
P4d, and upper P4d in Brock Inlier. These revisions require 
elevation of the Shaler Group to Shaler Supergroup. 
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Geology of the Wijinnedi Lake area - 
a Paleoproterozoic(?) asymmetric uplift of 
Archean rocks in the southwestern Slave Province, 
District of Mackenzie, Northwest Territories 
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Henderson, J.B., 1994: Geology of the Wijinnedi Lake area - a Paleoproterozoic(?) asymmetric 
uplift of Archean rocks in the southwestern Slave Province, District of Mackenzie, Northwest 
Territories; & Current Research 1994-C; Geological Survey of Canada, p. 71 -79. 

Abstract: Theareaoccurs at the north end of an 80 km long uplift bounded by anorth-trending low-grade 
cataclastic shear zone exposing Archean low, high grade and ultimately granulite grade rocks in a series of 
mylonite separated domains. A large, deformed, dacitic volcanic breccia dome mantled by a relatively 
minor unit of mafic volcanic rocks occurs in the lowest grade Wijinnedi domain. It is intruded by a gabbro 
to anorthositic gabbro intrusion of a type known elsewhere in the Slave Province to be synvolcanic, and at 
one locality by a greenschist-grade, deformed diatreme containing abundant, very coarse garnet pseudo- 
morphs. The rocks of the highest grade Ghost domain occur in an asymmetric antiform in which the rocks 
of the lower grade limb are more deformed than those of the higher grade limb where some granulite grade 
granitoid plutons are unfoliated. The antiformal axis is cored by large, coarsely megacrystic, granite 
plutons. 

RCsumC : Le secteur se trouve a l'extrkmitk nord d'un soulBvement de 80 km de longueur, limite par 
une zone de cisaillement cataclastique faiblement mttamorphiske, oG affleurent des roches archiennes 
montrant un mttamorphisme faible, un mktamorphisme Clevt etunmttamorphisme du faciBs des granulites, 
dans une sCrie de domaines skparts par des mylonites. Un grand d6me dCformk de brBches volcaniques 
dacitiques enveloppk par une unit6 relativement mineure de roches volcaniques mafiques apparait dans le 
domaine de Wijinnedi, qui a subi le metamorphisme le moins intense. I1 est traversC par une intrusion de 
composition variant du gabbro au gabbro anorthositique, d'un type reconnu ailleurs dans la Province des 
Esclaves comme synvolcanique, et dont un reprksentant en un endroit est traverst par un diatreme dtformk, 
mCtamorphis6 au facihs des schistes verts, renfermant en abondance des pseudomorphes de grenats tr2s 
grossiers. Les roches du domaine de Ghost, le plus fortement mCtamorphis6, se trouvent dans un antiforme 
asymttrique oii les roches du flanc presentant le degrC de mktamorphisme le plus faible ont subi une 
dtformation plus intense que celles du flanc plus metamorphisk, dans lequel certains plutons de granitoi'de 
du faciBs des granulites ne sont pas foliks. La zone axiale de l'antiforme est constituke de grands plutons 
granitiques a tr&s gros cristaux. 
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INTRODUCTION 

The Wijinnedi Lake area is situated near the southwestern 
margin of the Slave Province at the southern end of the Indin 
Lake supracrustal terrane (Frith, 1993) and at the northern end 
of an asymmetric block uplift (Fig. 1). Geological mapping 
of the area, for eventual publication at 1 5 0  000 scale, was 
started in 1992 (Henderson and Schaan, 1993) and completed 
during the 1993 field season. Parts of the area and surrounding 
region were previously mapped by Lord (I  942) and Wright 
(1954) at 1" = 4 mi. and 1" = 1 mi. scale respectively. The 
rationale for the remapping of the area i s  discussed in 
Henderson and Schaan (1 993). 

The uplift has brought an extensive area of Archean 
granulite grade mid-crustal rocks to the present erosion level 
along a sharply defined cataclastic fault zone at its east side. 
As most of the uplift remains unmapped, its extent south of 
the map area and its asymmetric character is based largely on 
its aeromagnetic expression. The cataclastic shear zone that 
defines its eastern margin and along which most of the uplift 
took place, coincides with a pronounced aeromagnetic low 
that separates the higher magnetic relief terrane of the uplift 
from the magnetically more flat terrane to the east. The high 
magnetic relief of the eastern part of the uplift gradually 
grades into the typical flat aeromagnetic topography of the 
surrounding southwesternmost Slave Province (Geological 
Survey of Canada, 1969) suggesting that no sharp break 
defines the western side of the uplift. 

The age of the uplift event is unknown. However diabase 
dykes of the Indin set are deformed and broken in the cata- 
clastic shear zone and associated brittle faults at the eastern 
margin of the uplift. The precise age of the Indin dykes is not 

Yellowknite Supergroup metavolcanic rocks 

Figure I .  Southwestern Slave Province showing the loca- 
tion of the Wijinnedi Lake map area at the north end of a 
Paleoproterozoic(?) asymmetric block uplift. Within the 
map area the uplifr consists of abundant rocks at granulite 
metamorphic grade and has a distinctive high relief aero- 
magnetic expression which is the basis for outlining it south 
of the area mapped. Modified after McGlynn (1977) and 
Geological Survey of Canada (1969). 

known but K-Ar whole rock data have been interpreted as 
possibly suggesting a 1.8 -2.0 Ga intrusive event (Leech, 
1965) but as Alice Payne Leech pointed out in reference to 
K-Ar whole rock dating of dykes: "Updating and uplifting 
have the same effect; old dykes and old ladies give young 
ages". More easily interpretable U-Pb (baddeleyite) analyses 
are currently being attempted (0 .  van Breemen, pers. comm., 
1993) which may more accurately constrain a maximum age 
for the uplift event. The minimum age is unconstrained. 
Previously it was speculated that the uplift may have been 
related to the indentation of the eastern Slave Province into 
the western Churchill Province at about 1.80 Ga (Henderson 
and Schaan, 1993). On the other hand, if the more-or-less 

Figure 2. General geology of the Wijinnedi Lake area. The 
area has been divided into four shear zone bounded lithotec- 
tonic domains. The lowest grade, least deformed rocks, con- 
sisting mainly of the Archean Yellowknife Supergroup, occur 
in the Wijinnedi domain in the northwest. It is str~~cturally 
underlain by complex granitoid and granitoid gneiss of the 
Hinscliffe domain, part of which may be pre-Yellowknife 
Supergroup in age. To the southeast, structurally underlying 
the previous two domains, is the Ghost domain, consisting 
mainly of higher grade, more deformed equivalents of u.nits 
of those domains, as well as deformed and metamorphosed 
intrusive rocks. The metamorphic grade rises to granulite 
towards the southeast. In fhe east, the Dauphinke domain, 
consisting of massive granite, as well as metamorphosed and 
foliated granitoid and high grade Yellowknife units, is sepa- 
ratedffom the Ghost domain by a major greenschist cataclas- 
tic shear zone. Only the largest structural elements are 
illustrated to show the basic structuralfiamework. 

Outline of Proterozoic asymmetric uplift with~n 
and south of the Wijinnedi Lake area defined 
on basis of aeromagnetic expression 

Paleoproterozoic alkaline granitoid intrusions of 
the Blatchforci Intrusive Suite (€3) and Big Spruce 
Complex (BS) 

Migmatite and high grade rnetamorph~c rocks 
derived In part from Archean supracrustal rocks 

Yellowknife Supergroup metasedlmenlary rocks 
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symmetrical disposition of the Big Spruce akalic intrusion 
west of the uplift (Fig. 1) is more than coincidental, it may be 
related to the uplift event. The Big Spruce intrusion was 
emplaced at about 2.19 Ga (Cavell and Baadsgaard, 1986). 

As a result of the 1992 mapping, the area was divided 
into four distinct lithotectonic domains (Fig. 2). The 
domains within the uplift are separated by major wide 
mylonite zones. In the northwest, the least deformed and 
lowest grade metavolcanic and metasedimentary rocks of the 
Archean Yellowknife Supergroup together with a major 
mafic intrusive complex occur in the Wijinnedi domain. To 
the south and structurally below the Wijinnedi are granitoid 
gneisses and granitoid rocks of the Hinscliffe domain. The 
gneisses commonly contain blocks of amphibolite that may 
represent dismembered mafic dykes. The rocks of this 
domain are considered to be in part potentially older than the 
Yellowknife Supergroup (Henderson and Schaan, 1993) but 
at least one foliated granitoid phase has a synvolcanic age 
(M.E. Villeneuve, unpub. data, 1993). Of the four domains, 
the Hinscliffe is the only one that does not contain any 
Yellowknife Supergroup rocks. To the southeast and struc- 
turally below both the Wijinnedi and Hinscliffe domains is 
the Ghost domain. It consists of highly deformed and meta- 
morphosed Yellowknife Supergroup rocks as well as vari- 
ably deformed and metamorphosed granitoid intrusive 
phases, granitoid gneisses in part possibly derived from the 
Hinscliffe domain and a major suite of megacrystic granite. 
The southeastern two thirds of the domain are at granulite 
metamorphic grade. The DauphinCe domain occurs along 
the eastern margin of the map area and is outside the uplifted 
terrane. It is separated from the uplifted Ghost domain to the 
west by the low grade cataclastic shear zone which contrasts 
with the ductile shear zones that separate the other domains. 
The rocks of the DauphinCe domain consist mainly of mas- 
sive granite but also include a metamorphosed mafic grani- 
toid phase and high grade Yellowknife Supergroup rocks. 
Fieldwork during the 1993 field season was concentrated in 
the Wijinnedi domain and in the eastern Ghost and western 
DauphinCe domains along their mutual contact. 

WWINNEDI DOMAIN 

Yellowknife Supergroup metavolcanic rocks 

The Wijinnedi domain consists largely of a dominantly 
dacitic volcanic complex situated in an east-trending elon- 
gate dome-like structure that extends about 4 km to the west 
beyond the map area (Fig. 2). This volcanic complex con- 
trasts strongly with the generally 1 inear, norther1 y trending 
and largely mafic volcanic units typical of the rest of the 
Indin supracrustal basin to the north (Frith, 1993; Fig. 1). 
Planar structures within the volcanic complex are steeply 
dipping to the north or south and lineations plunge steeply. 
This structural pattern contrasts with that of the Hinscliffe 
and northweitern Ghost domains where structural features 
consistently dip or plunge moderately to steeply to the north- 
west. Primary features are best preserved in the northern and 

western parts of the volcanic complex but become more 
obscure with increasing metamorphic grade and deformation 
to the east and southeast. 

The main part of the complex is dominated by grey dacitic 
volcanic breccia with no apparent primary stratification 
(Fig. 3). The clasts at any locality, ranging in composition 
within the dacite class, are commonly sparsely feldspar phyric 
and less commonly contain quartz phenocrysts. Locally the 
dacite is amygdaloidal. Also present, but much less abun- 
dant, are units of finer grained dacite that in some cases 
contain volcaniclastic textures. Elsewhere, where such tex- 
tures are not present, similar fine dacite units might also 
represent synvolcanic sills. In the southern part of the com- 
plex, light pink, metre scale or less sills of rhyolite occur 
locally. Minor mafic volcanic units occur within the dacite 
unit, particularly in the southern part. 

The felsic core of the volcanic complex is mantled by 
more mafic volcanic rocks that dominate its eastern end. 
These are grey-green to dark green rocks of presumed andesi- 
tic to basaltic composition. Both volcaniclastic units and 
flows are present, some containing pillows that are best 
preserved immediately south and southeast of Wijinnedi 
Lake. The southern margin of the complex along the tectonic 
contact between the Wijinnedi and Hinscliffe domains is 
dominated by amphibolitic mylonite. However, due to the 
increasingly higher metamorphic grade and degree of defor- 
mation towards the south, it is commonly difficult to differ- 
entiate between mafic volcanic units and mafic sills related to 
the major metagabbroic intrusion emplaced into the volcanic 
complex that is described below. 

In the mafic volcanic unit on the north side of the complex 
just west of the sharp bend in the Snare River (Fig. 2) is a 
diatreme-like structure approximately 35 m long and 20 m 
across. It consists of a dark grey-green altered matrix of 
feldspar, chlorite, epidote, carbonate, and quartz containing 
up to 50% altered crystals, which were originally gamet. The 
matrix is weakly foliated and its metamorphic mineral assem- 
blage is compatible with the regional medium greenschist 
grade. The garnet pseudomorphs are up to 8 cm in size and 
vary from rounded equidimensional to euhedral dodecahedra1 
forms (Fig. 4). The smaller gamet pseudomorphs are white, 
while the coarser forms, that appear to be monomineralic in 
hand specimen, have a white marginal zone and dull mauve- 
pink, finely crystalline core. No primary garnet has been 
recognized and the pseudomorphs now consist mainly of 
strongly altered plagioclase with lesser amounts of a fine 
white mica and carbonate. The original garnet was clearly 
out of context with metamorphic grade of the matrix in which 
it presently occurs suggesting it was generated at greater 
depths under more extreme conditions. 

Two diatreme-like bodies also occur in the granitoid 
gneisses of Hinscliffe domain to the south (Fig. 2; Henderson 
and Schaan, 1993). These bodies have a dyke-like form and 
contain clasts of granite. Other diatremes occur in the Kam 
Group volcanic rocks at Yellowknife, one containing 3 Ga 
tonalitic clasts (Nikic et al., 1980). As no rocks of this age are 
known at the surface, a deep source is also implied. 
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Yellowknife Supergroup metasedimentary rocks 

The metasedimentary rocks of the Wijinnedi domain conform- 
ably overlie the volcanic complex. As elsewhere in the Slave 
Province, the metasediments are turbidites but dtffer in that the 
pelite proportion strongly dominates and true greywacke is very 
rare. Bedding in general conforms to the trend of the volcanic 
rocks and is east-west with beds facing both north and south in 
the lower grade rocks west of Wijinnedi Lake but becomes 
northeasterly to northerly trending at higher metamorphic grades 
to the east. The dominant cleavage is most commonly subparallel 
to bedding. Steeply-plungingfold closures with axial planarcleav- 
ageoccur only locally. This suggests a fold pattern consisting of 
older, shallow-plunging isoclinal folds locally refolded by 
steeply plunging folds. This is similar in general to the fold 
pattern of Yellowknife metasedimentary rocks elsewhere in the 
province (Fyson, 1993). 

The pelite commonly occurs as up to metre-scale units 
without primary structures. Thinner, coarser grained units are 
typically siltstone but rare fine grained, quartz poor grey- 
wacke occurs locally in centimetre-scale units. Rare silt- 
stone beds are as much as four metres thick and lack evidence 
to suggest that they are amalgamated. Iron-formation was not 
recognized in the low grade metasedimentary rocks in con- 
trast to the abundant silicate iron-formation that occurs in the 
higher grade equivalents to the east of Wijimedi Lake (Fig. 2; 
Henderson and Schaan, 1993). However on an island in the lake 
west of Wijinnedi Lake samples of arsenopyrite-bearing silicate 
iron-fo~mation that assayed over 2500 ppb Au (John Brophy, 
DIAND, pers. comm., 1993) were found at an old camp. This 
material may have been originally collected in the region. 

The lack of quartz-bearing greywacke in these meta- 
sedimentary rocks has implications for the nature of the 
source terrane. Typical Yellowknife greywacke contains 
more-or-less equal parts of quartz, feldspar, and fine grained 
lithic clasts, at least some of which are considered to be of 
volcanic, mainly felsic, origin. Because coarse quartz and 
feldspar are abundant, it has been suggested that a granitoid 
and or granitoid gneiss terrane was a major component of the 
source (Schau and Henderson, 1983). This would not appear 
to hold in the Wijinnedi domain metasedimentary rocks 
which lack coarse quartz and feldspar. The volcanic complex 
to the south, on the other hand, may have been a major source, 
given its dominantly felsic composition but relatively minor 
content of feldspar and particularly quartz, contributing 
mainly felsic volcanic rock fragments to the nonpelitic 
component of the sediment. 

The dominance of the pelitic component in these rocks and 
the rarity of quartzofeldspathic psammitic layers provide a 
strong linkage between these low metamorphic grade sediments 
and the migmatitic to diatexitic metasedimentary rocks of the 
Ghost domain to the south and southeast. There, the meta- 
sedimentary migmatites also contain few or no psammitic restite 
layers, in contrast to their common occurrence in Yellowknife 
metasedimentary migmatites elsewhere in the Slave Province. 

Mafic igneous complex 

A large mafic igneous complex with associated sills and 
dykes, occurs at the core of the metavolcanic complex dome 
(Fig. 2). The intrusion is everywhere metamorphosed to the 

Figure 3. Representative example of the deformed dacitic 
volcanic breccias that dominate the volcanic complex in the 
Wijinnedi domain. The light coloured, less deformed clast in 
the centre of the photograph is a granitoid and is extremely 
unusual in the complex as a whole. Knife for scale is 10 cm 
long. GSC 1993-2370 

Figure 4. Part of a metamorphosed and deformed diatreme- 
like body within greenschist grade intermediate to mafic 
metavolcanic rocks containing coarse, euhedral to subhe- 
dral, altered garnets. Knife for scale is 10 cm long. 
GSC 1993-237N 
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regional grade. Deformation is expressed by shearing along 
its contacts and in the main complex by spaced ductile shear 
zones up to 10 m wide that separate unfoliated metagabbro. 

The complex appears to consist of a series of plutonic 
lobes separated by screens of felsic volcanic inclusions. The 
dominant lithology in the western part of the complex is dark 
green to black, medium- to fine-grained, massive, recrystal- 
lized metagabbro, composed of hornblende and plagioclase 
and typically with metamorphic textures. The eastern parts 
of the complex are more heterogeneous with compositions 
ranging from metamelagabbro to leucocratic anorthositic 
metagabbro. These variations are gradational over a few 
centimetres to abrupt through several intrusive phases. 
Primary textures are locally well preserved in the northeastern 
part of the complex where coarse plagioclase megacrysts and 
orbicular structures occur locally (Fig. 5). 

Sills up to several metres wide and, less commonly, dykes, 
occur throughout much of the metavolcanic complex. They are 
particularly abundant south and east of the main intrusive com- 
plex but also occur to the north in both the metavolcanic and 
metasedimentary rocks. Most sills are medium- to fine-grained 
metagabbro but in a few cases consist of centimetre scale textu- 
rally and compositionally graded layers (Fig. 6). This suggests 
that the sills were originally horizontal when emplaced and 
would be a constraint on the time of their emplacement. How- 
ever, a subvertical Paleoproterozoic Indin diabase dyke in the 
area contains similar features (Fig. 7) suggesting that this 
interpretation may not be unequivocal. 

Parts of the intrusion have strong, positive aeromagnetic 
expression that are particularly prominent in the otherwise 
generally flat magnetic field over the Wijinnedi domain. The 
most prominent anomaly is acurvilinear feature in the western 

part of the complex that extends several kilometres to the west 
beyond the mapped extent of the complex. Although not 
identified in the field, it is thought to represent a dyke, 
unusually rich in magnetite associated with the complex. 

Similar mafic intrusions occur elsewhere in the Slave 
Province. These include the anorthositic gabbro body in the 
Chan mafic volcanic sequence north of Yellowknife 
(Padgham, 1987), the gabbro-anorthositic gabbro at Camsell 
Lake south of MacKay Lake in the south central Slave 
Province (Johnstone, 1992), and the anorthositic gabbro 
bodies east and southeast of Clinton-Colden Lake in the 
eastern Slave Province (Macfie, 1987). All are intimately 
associated with Yellowknife volcanic rocks. The complex at 
Clinton-Colden Lake has a U-Pb (zircon) age of 2686 f 3 Ma 
(Macfie et al., 1990), about midway within the range of 
Yellowknife volcanic ages (van Breemen et al., 1992) 
throughout the Slave Province. If this correlation is correct, 
it would suggest that the mafic intrusive complex in the 
Wijimedi Lake area is synvolcanic. 

GHOST DOMAIN 

Most of the Ghost domain was mapped in 1992 and pre- 
viously described by Henderson and Schaan (1 993). In brief, 
the Ghost domain is the most heterogeneous domain and 
contains the highest grade rocks. The rocks occur in an 
asymmetric, northeasterly trending, antiformal structure with 
moderate to steep dips on the northwest limb and more gentle 
dips to the southeast (Fig. 2). The domain is dominated by 
metamorphosed and foliated granitoid rocks and granitoid 
gneisses. Migmatitic to diatexitic metasedimentary and, less 
common1 y, metavolcanic rocks that are considered to be high 

Figure 5. Coarse orbicular structures over 20 cm in diameter 
in a more leucocratic phase from an unusually well preserved 
part of the metarnafic igneous complex in the northeastern part of 
the intrusion. Photograph by Susan E. Schaan. GSC 1993-237P 

Figure 6. Deformed and metamorphosed m f i c  sill consisting 
of texturally and compositionally graded layers, within 
Yellowknife dacitic metavolcanic rocks. These structures might 
imply the sill was emplaced when the volcanic sequence was in a 
subhorizontal position, however see Figure 7. GSC 1993-237E 
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Figure 7. Subvertical and nondeformed Paleoproterozoic 
Indin diabase dyke containing texturally and cornpositionally 
graded layers adjacent to chilled contact with country rocks. 
Compare with similar structures in Figure 6. GSC 1993-237R 

grade equivalents of the Yellowknife Supergroup rocks of the 
Wijinnedi domain, occur throughout the Ghost domain but 
are most abundant on the northwest limb. The rocks of the 
central part and southeast limb of the structure are at granulite 
grade and, aside from a single locality about 100 km to the 
north (Thompson, 1978), is the only significant area at 
granulite grade known within the Slave Province. At the core 
of the antiform is a coarsely megacrystic granite that is not at 
granulite grade and appears to have retrograded its originally 
granulite grade host rocks. Mapping in 1993 was concen- 
trated in the eastern parts of the domain, near the northern and 
southern margins of the map area. 

The east side is bounded by the cataclastic shear zone 
along which uplift of the high grade rocks has taken place. It 
is largely covered by lakes or Quaternary deposits along much 
of its length. However, it is particulary well exposed locally 
in the southern part of the area where granulite grade granitoid 
rocks of the Ghost domain become increasingly redder on 
their weathered surface and increasingly fractured but not 
foliated as the shear zone is approached. Pyroxene (mantled 
by hornblende) is recognizable within 50 m of the fault zone. 
The exposed fault zone is about 5 m wide and consists of 
broken granitic clasts that become finer and darker toward the 
centre of the wne, where the rocks are black and aphanitic 
with no foliation. The DauphinCe d h a i n  rocks to the east 
appear to be altered to grey to greenish grey over a greater 
distance from the fault zone. In the central part of its extent 
within the map area, the fault has a bend with a wider fracture 
zone including dilatant features. To  the north the main strand 
of the structure splays and shifts to the east. Beyond the map 
area it appears to swing into a more north-northeasterly 
direction, passing through Daran Lake and into Ranji Lake 

Figure 8. Small scale brittle faults in Archean rnigmatitic 
granitoid gneiss related to deformation associated with main 
cataclastic shear zone that separates the Ghost and 
Dauphinbe domains. Location is within a few tens of metres 
of the main structure. GSC 1993-237C 

(Tremblay et al., 1953). Small scale, epidote-bearing, brittle 
fractures are common, largely subparallel to the main fault 
(Fig. 8). Several northerly trending faults occur to the west 
(Fig. 2), some of which have evidence of a major vertical 
component of movement (Henderson and Schaan, 1993) and 
are believed to be related to the main domain boundary zone. 

The widest zone of metasedimentary rock in the domain 
occurs near the southeastern corner of the maD area and is 
possibly correlative with compositionally similar meta- 
sedimentary rocks across the antifotmal structure along the 
northwest margin of the domain. This is the region where 
Folinsbee (1940) originally reported the occurrence of gem 
quality cordierite. The zone has a prominent and anomal- 
ously low aeromagnetic expression (Geological Survey of 
Canada, 1963a, b) and consists mainly of Yellowknife meta- 
sedimentary migmatite with distinct paleosome and leu- 
cosome. Compared to the rocks of metasedimentary origin 
in the northwestern part of the domain, metasedimentary 
diatexite is less common. As elsewhere in most of the 
domain, psammitic restite layers in the migmatite are rare. 
Garnet, typically very coarse, is ubiquitous and cordierite, in 
places also very coarse, is less common. Coarse blocky 
crystals of sillimanite, presumably pseudomorphic after 
andalusite, are rare. The biotite-rich metasedimentary mig- 
matites are commonly bounded by narrow zones up to a few 
tens of metres in width of typically fine grained, quartzofeld- 
spathic to mafic, thinly layered and finely laminated gneisses. 
James Farquhar is currently doing a detailed study of the 
metamorphism of these metasedimentary rocks and the 
bounding gneisses and granitic rocks in this zone and has 
reported preliminary temperature and pressure estimates of 
780-870°C and 3.8-5.2 kbar (Farquhar et al., 1993). 
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In the northern part of the domain, supracrustal gneisses, 
originally interpreted as metavolcanic rocks by Lord (1942) 
and Wright (1 954), were traced to the northern margin of the 
map area. They are olive green to rusty brown, medium- to 
fine-grained, finely laminated, mafic, quartzofeldspathic to 
amphibolitic paragneisses that are commonly finely lami- 
nated. They typically contain centimetre scale, pyroxene- 
bearing leucosome layers, anastomosing veinlets and wispy 
lenses. Locally they grade into rnetasedimentary migmatites 
through gneisses with layers that are texturally graded from 
medium grained quartzofeldspathic psammite to finer grained 
more biotite-rich semipelitic compositions. The mineralogy 
of these transitional rocks varies from pyroxene-bearing 
assemblages characteristic of the metavolcanic gneisses to 
garnet-bearing assemblages more characteristic of the pelite 
dominated metasedimentary migmatites. The thin units of 
gneiss marginal to the major rnetasedimentary gneiss zone 
near the south east corner of the area (Fig. 2) are similar in 
many respects to these more mafic gneisses of probable 
volcanogenic origin. 

Intruding the granulite grade supracrustal gneisses is an 
extensive granitoid complex, also at granulite grade, that is 
up to 4 km wide and occurs in most places along the western 
margin of the domain. The leucocratic granitoid rocks are 
massive to weakly foliated, weather yellow to white to pink- 
ish red near the domain bounding cataclastic shear zone, but 
always have the greenish to brownish fresh surface colour and 
presence of pyroxene characteristic of granulite grade rocks. 
In most areas these rocks are recrystallized from original 
coarser textures and only rarely are primary igneous textures 
preserved. The granitoid rocks are generally homogeneous 
except in local marginal phases where they contain inclusions 
of the supracrustal gneisses. The adjacent gneisses contain 
dykes and sills of the granitoid rocks, displaying unequivocal 
intrusive relationships. The generally massive, homogene- 
ous nature of these granitoid bodies on the east margin of the 
domain contrasts strongly with the typically smaller, compo- 
sitionally more heterogeneous and generally strongly foli- 
ated intrusions abundant in the northwest limb of the domain. 

A pink, biotite-rich megacrystic granite consisting mainly 
of very coarse, densely packed, K-feldspar megacrysts 
intrudes the granulite grade granitoid plutons at the east side 
of the domain at the northern margin of the map area (Fig. 2). 
The megacrystic granite is not at granulite grade although it 
does have a somewhat recrystallized metamorphic texture. 
To the east it is cut off by the domain bounding cataclastic 
shear zone. The intrusion is, for the most part, massive with 
local marginal foliation. It is identical to the much larger 
megacrystic granite south of Ghost Lake and may well occupy 
a similar structural position in the antiformal axis of the 
domain. A somewhat similar but much smaller pluton of 
megacrystic granite occurs in centre of the wide zone of 
metasedimentary rocks near the southeastern corner of the 
area. It contains ubiquitous aggregates of fine grained garnet 
and as such is similar to the marginal phases of the main 
megacrystic granite at Ghost Lake where it is hosted by 
rnetasedimentary rocks. 

The Dauphinte domain, on the western edge of the map area, 
is separated from the Ghost domain by the throughgoing 
cataclastic shear zone and contrasts with the eastern Ghost 
domain in that its rocks are at subgranulite metamorphic 
grade. 

The most abundant unit is a pale pink to light grey, 
massive to weakly foliated, biotite poor granite to grano- 
diorite, in most areas with small, sparse K-feldspar 
megacrysts. In the northwestern part of the domain, presum- 
ably intruded by the granite, is a tonalite to quartz diorite 
body. It is a dark grey, medium grained, even grained biotite 
hornblende rock that most commonly has a metamorphic 
texture and is weakly to moderately foliated. Somewhat more 
mafic, smoothly elliptical inclusions of the same plutonic 
suite are common and are oriented in the foliation. The body 
is cut by pervasive sets of narrow dykes of white granite to 
pegmatite that are variably deformed, even within the same 
outcrop. Intrusions very similar in composition and texture 
to this suite occur northwest of the southwest part of Ghost 
Lake, within the Ghost domain. 

Two units of metasedimentary migmatite that are assumed 
to have been derived from the Yellowknife Supergroup occur 
within the domain. One occurs within the tonalite-quartz 
diorite unit (Fig. 2). The second occurs in the southern part 
of the domain within the leucocratic granites. The second 
metasedimentary unit along strike from the major belt of 
metasedirnentary migmatite in the adjacent southeastern Ghost 
domain (Fig. 2) and as such may represent a lithological linkage 
across the cataclastic shear zone. 
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Geology and mineral occurrences of the central part of 
High Lake greenstone belt, Archean Slave Province, 
Northwest Territories: a preliminary account of an 
unconforrnity between two volcanic sequences1 

J.R. Henderson, M.N. ~ e n d e r s o n ~ ,  and J. A. ~ e r s w i l l ~  
Continental Geoscience Division 

Henderson, J.R., Henderson, M.N., and Kerswill, J.A., 1994: Geology and mineral occurrences 
of the central part of High Lake greenstone belt, Archean Slave Province, Northwest Territories: 
a preliminary account of an unconformity between two volcanic sequences; Current Research 
1994-C; Geological Survey of Canada. p. 81 -90. 

Abstract: Supracrustal rocks in the central part of the High Lake belt are interpreted to comprise an 
intermediate to felsic sequence of volcanic and volcaniclastic rocks that is unconformably overlain by a 
mafic to felsic sequence of volcanic, volcaniclastic, and sedimentary rocks. 

The area contains many gossans, and numerous base and precious metal occurrences, including the 
synvolcanic polymetallic mineralization at High Lake which is tentatively assigned to the older sequence. 
Metamorphism is chlorite grade, and locally abundant cordierite in felsic volcanic rocks of the older 
sequence possibly resulted from synvolcanic hydrothermal alteration. 

The older sequence predates the earliest deformation (Dl). In the younger sequence, earliest structures 
(D2) are upright subhorizontal folds that apparently strike at a large angle to the dominant northerly trend 
of the belt; these are overprinted by a north-northeasterly trending vertical foliation and steeply-plunging 
folds (D3). Granitoid batholiths surround the belt, and are late syn- to post-D3. 

RCsumC : Les roches supracrustales de la partie centrale de la ceinture de roches vertes de High Lake 
sont interprtttes comme comprenant une suite de roches volcaniques et volcanoclastiques intermtdiaires 
a felsiques recouvertes de mani5re discordante par une suite de roches volcaniques et volcanoclastiques 
mafiques felsiques et de roches stdimentaires. 

La rkgion comprend de nombreuses zones d'altkration fermgineuse et plusieurs gisements de mktaux 
debase et de mktaux prtcieux, y compris la mintralisation synvolcanique polymttallique de High Lake qui 
est temporairement attribute A la suite ancienne. Le mttamorphisme est de la zone a chlorite et la cordierite 
abondante localement dans les roches volcaniques felsiques de la suite plus 2gCe rtsulte probablement 
d'altkration hydrothermale synvolcanique. 

La suite plus dgte prCctde la premibre dkformation (Dl). Dans la suite plus jeune, la premibre 
dtformation (D2) consiste en plis droits subhorizontaux apparemment d'orientation trts divergente de 
I'orientation principalement nord de la ceinture; sur ces plis sont superposts une foliation verticale 
d'orientation nord-nord-est et des plis A plongte forte (D3). Des batholites granito'ides entourent la ceinture 
et sont syn- ou post-D3. 

' Contribution to Canada-Northwest Territories Mineral Initiatives (1991-1996), an initiative under the 
Canada-Northwest Territories Economic Development Cooperation Agreement. 
Mineral Resources Division 
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INTRODUCTION 

Mapping of High Lake greenstone belt continued in 1993 as a 
Federal Government component of the 1991 -1 996 Canada- 
NWT Mineral Initiatives Agreement. Mapping w& concen- 
trated in the central part of the belt (Fig. 1) in parts of NTS map 
sheets 76M/6 and 7 (Hepburn Island). Padgham et al. (1973) 
mapped 76Mn at 1 :SO 000. The southern part of the belt (Fig. 1) 
in 76L/14,15,16, and 76M/1,2,3 was most recently mapped in 
1992, and published at 1: 100 000 (Henderson et al., 1992). Relf 
(1992) mapped the Anialik River volcanic belt northwest of the 
area discussed in this report, Jackson et al. (1986) mapped to the 
east of the area of our mapping (76M/1, 2, 8, 9, and 15), and 
Easton et al. (1 982) mapped to the north in 76M.110 and 11. A 
compilation of the geology and mineral occurrences in the 
Hepbum Island sheet by Jackson (1 989) is an excellent summary 
of earlier work in the region. 

In this paper we present a preliminary interpretation of 
field and geochronological data, and suggest that an uncon- 
formity separates two volcanic-dominated rock sequences in 
the High Lake greenstone belt. 

REGIONAL STRATIGRAPHIC 
RELATIONSHIPS 

In the northwestern Slave structural province (Fig. l), the oldest 
rocks identified by U-Pb zircon dating are 2702 f 2 Ma rocks of 
the Anialik River Igneous Complex (Abraham et al., 1991) 
which are interpreted to be subvolcanic. This age is nearly 
coeval with felsic volcanism identified in the High Lake 

greenstone belt at 2696 + 4 and 2695 + 3 Ma (Mortensen et a]., 
1988), and is about 25 Ma older than 2671 f 3 Ma (M. Villeneuve, 
pers. comm., 1993) volcanism along the Hood River in the High 
Lake belt. These U-Pb zircon dates indicate a time of "early" 
volcanism and sedimentation in the northwestem Slave Province 
ranging from ca. 2702 to 2671 Ma- similar to 2.71 -2.65 Ga age 
range of Yellowknife Supergroup turbidite sedimentation and 
volcanism evident in other parts of the Slave Province 
(van Breemen et al., 1992). 

In the Anialik River greenstone belt, an angular uncon- 
formity was mapped by Tirrul and Bell (1980) between older 
(ca. 2702 Ga, see above) volcanic rocks and a polymict 
conglomerate with flattened granitic boulders at String Lake. 
Zircons from a boulder collected from this conglomerate gave 
a 2590 + 15 Ma U-Pb zircon age (M. Villeneuve, pers. 
comm., 1992), indicating a maximum age for the conglomer- 
ate. In the Hood River and Torp Lake belts (Fig. I), 
Henderson et al. (1991) mapped an angular unconformity 
between turbidites with a minimum age of 2668 5 5 Ma 
(0 .  van Breemen, pers. comm., 1992), and an overlying suc- 
cession of conglomerates, arenites, flows, and tuffs. Zircons 
from a rhyolite boulder in the supracrustal sequence above the 
unconformity date volcanism at 2604 f 2 Ma (C.W. Jefferson 
and 0 .  van Breemen, pers. comm., 1993), and indicate the 
maximum age of sedimentation. Within the High Lake belt 
south of the James River, zircons from rhyolite have been 
dated at 2616 f 3 Ma (M. Villeneuve, pers. comm., 1993). 

Although the data cited above are preliminary and sparse, 
the 7 5  Ma minimum range in volcanic zircon ages, and the 
limited documentation by mapping of unconformities 

Figure I .  

Geological sketch map of northwestern Slave 
structural province with the area mapped in 
1993 outlined. U-Pb zircon dates (Ma) from 
Abraham, 1991; Mortensen et al., 1988; 
van Breemen et al., 1992; M. Villeneuve and 
0. van Breemen, pers. comm., 1992, 1993). 
Key to supracrustal belt abbreviations: ARB 
is Anialik River belt, HLB is High Lake belt, 
HRB is Hood River belt, TLB is Torp Lake 
belt. ARIC is ca. 2.7 Ga (Abraham et al., 
1991) Anialik River intrusive complex, See 
text for discussion. 
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indicate the presence of at least two sequences of supracrustal 
rocks separated by an angular unconformity within the 
Yellowknife Supergroup in the northwestern Slave Province. 

LITHOLOGICAL SEQUENCES 
IN THE CENTRAL PART OF THE 
HIGH LAKE BELT 
-- 

Interpretation of map patterns from geological mapping com- 
pleted in 1993 (Fig. 2) suggests the presence of two compo- 
sitionally distinct supracrustal sequences that are separated 
by an angular discordance in the vicinity of Rush Lake 
(Fig. 3). The discordance has not been observed in outcrop, 
and its presence is detected on the basis of a marked change 
in structural trend between two compositionally different 

volcanic successions. In the Rush Lake area, as well as the 
Canoe Lake area mapped in 1992 (Henderson et al., 1992, 
1993), the contact between felsic-intermediate and mafic 
volcanic rocks is abrupt and coincides with a change in strike 
which is not easily explained by folding or faulting. South- 
east of Rush Lake (Fig. 3) the angular discordance is inter- 
preted to be an unconformity based on the occurrence of 
eastward-younging pillowed basalt flows which are assigned 
to the base of a younger volcanic sequence. In this inter- 
pretation, an older felsic volcanic sequence in the Rush Lake- 
High Lake area is overlain unconformably by a mafic to felsic 
volcanic and sedimentary sequence that occurs mainly to the 
east of Rush Lake in the area of Low Lake and Snofield Lake 
(Fig. 4). Regionally, the younger sequence of rocks youngs 
eastward. In this paper, the supracrustal rocks are tentatively 
assigned to two informal sequences: an older Rush Lake 
sequence, and a younger Snofield Lake sequence. Additional 

Figure 2. Generalized lithological map of the central part of High Lake greensfone belt (76Mf6 east & 
76M17). Regional metamorphism within the area shown is chlorite grade (after Henderson et al., 1994). 
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Figure 3. 

Lithological sketch map of the Rush Lakearea 
showing the trace of the apparent uncon- 
formi9 separating the Rush Lake and Snojield 
Lake sequences of supracrustal rocks. See 
text for discussion. 

Figure 4. Geological sketch map of the Snofield Lake area. Note the regional eastward-younging of the 
Snofield Lake sequence of volcanic, volcaniclastic and sedimentary rocks, and the dome-and-basin fold 
interference pattern in the greywacke turbidites east of Snofleld Lake. See text for discussion. 
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mapping and U-Pb zircon geochronology is required to verify 
the stratigraphy and confirm the presence of a regional 
unconformity. 

Late Archean plutonic rocks of diorite, granodiorite, and 
granite composition intruded the volcanic and sedimentary 
sequences ca. 2.6 Ga, late in the tectonic history. The 
Archean rocks are intruded by numerous undeformed 
Proterozoic diabase, some of which appear to be feeders to 
extensive subhorizontal sheets (Fig. 1, 2). Diabase has not 
been dated, and probably includes both Franklin and 
Mackenzie components. 

Rush Lake sequence 

Mainly felsic flows and volcaniclastic rocks comprise the 
Rush Lake sequence Fig .  3). The volcaniclastic rocks are not 
bedded, and lapilli to breccia sized clasts are variably flat- 
tened parallel to the vertical north-northeast-trending regional 
foliation (Fig. 5). No bedded sedimentary rocks have been 
recognized in the Rush Lake sequence, and contacts between 
flows and volcaniclastic rocks are sharp. The map units 
generally are discontinuous. 

units in the Rush Lake area strike northwest, at a large angle 
to the foliation, and are cut by vertical northerly striking mafic 
dykes. The mafic dykes are weakly to strongly foliated, and 
have finer grained margins. They may be feeder dykes to 
pillowed basalts interpreted to unconformably overlie the 
Rush Lake felsites (Fig. 3), and they are tentatively assigned 
to the younger Snofield Lake sequence. 

Snofield Lake sequence 

Pillowed basalt and andesite form the base of the Snofield 
Lake sequence (Fig. 4). Less-deformed pillows indicate that 
the sequence youngs to the east, and the proportion of felsic 
volcanic and volcaniclastic rocks increases eastward in the 
succession. South of Snofield Lake, intermediate composi- 
tion volcanic rocks grade into poorly-bedded and unsorted 
volcanic sandstones and conglomerates in the James River 
area (Henderson et al., 1992, 1993). Two horizons of iron- 
rich chemical sedimentary rocks occur within the Snofield 
Lake sequence. A lower horizon of mainly carbonate and 
minor magnetite-chert iron-formation trends discontinuously 
from the east side of High Lake (Fig. 2) to south of the James 
River (Canoe Lake area; Henderson et al., 1992, 1993). An 

In the vicinity of Rush Lake and High Lake, felsic vol- upper carbonate horizon with several occurrences of stroma- 
canic and volcaniclastic rocks contain centimetre-size cor- tolites (Henderson, 1979 ,  occurs in two discontinuous bands 
dierite porphyroblasts ("dalmatianite") believed to result at the top of the intermediate to felsic volcanic rocks in the 
from hydrothermal alteration (L. Covello, pers. comm., Snofield Lake sequence east of Snofield Lake. Black, gra- 
1993). Regionally, thecontacts mapped between formational phitic slate and psammitic to pelitic, graded turbidite beds 

overlie the upper carbonate horizon as well as the black slate. 
Graphitic slate and siltstone lenses commonly are found 

Figure 5. Photograph offelsic volcanic breccia on a subhori- 
zontal surface exposed at the southwest shore of High Lake. 
Clasts are moderately flattened parallel to the north-striking 
regional cleavage (hammer scale is 35 cm). In nearby cleavage- 
parallel exposures, clasts are vertically elongated ca. 2: l .  
GSC 1993-2490 

within felsic volcanic and volcaniclastic rocks comprising the 
upper part of the Snofield Lake sequence. These rocks extend 
as a continuous band in the Kennarctic River valley east of 
High Lake for about six kilometres to the south, and they 
occur as numerous smaller lenses in the intermediate to felsic 
volcanic rocks west of Snofield Lake (Fig. 2). 

East of Snofield Lake, psammitic to pelitic greywacke 
turbidites overlie black slate and carbonate beds and include 
the youngest rocks of the Snofield Lake sequence (Fig. 2,4). 
The greywacke turbidites are truncated by granitic rocks that 
define the eastern margin of the High Lake greenstone belt. 

DEFORMATION, PLUTONISM, 
AND METAMORPHISM 

The structural history of central High Lake greenstone belt is 
polyphase, and structural fabrics are heterogeneously devel- 
oped. In places the rocks exhibit an early deformation defined 
by folds with limbs that are transected by the main regional 
cleavage (Fig. 6). This cleavage is axial-planar to steeply- 
plunging tight to isoclinal folds. Batholith margins are com- 
monly parallel with and overprinted by the regional cleavage, 
and they are therefore believed to be mainly syntectonic. 
Solid-state fabrics are uncommon in most batholith interiors, 
suggesting that crystallization outlasted deformation. Meta- 
morphic grade in the greenstones is low (chlorite) throughout 
the central part of the belt, and higher-grade contact meta- 
morphic aureoles were not observed. Anomalous local 
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occurrences of cordierite porphyroblasts in felsic volcanic 
and volcaniclastic rocks (Fig. 2, 3) may result from hydro- 
thermal alteration, and are a subject of current study. 

Structural fabric elements and deformation sequence 

Structural fabric elements, and the deformation sequence are 
defined as follows. 

Bedding in sedimentary rocks and primary flow layering 
in volcanic rocks is So. It is defined by differences in mineral 
composition and texture observed on the mesoscale. 

The first deformation, Dl,  is responsible for the vertical 
angular unconformity between the Rush Lake sequence and 
the Snofield Lake sequence. Aphanitic felsites in the Rush 
Lake sequence d o  not preserve a mesoscopic foliation asso- 
ciated with this event, but a premetamorphic foliation is 
preserved in cordierite porphyroblasts which are flattened in 
the regional foliation (S3, see below). 

Within the younger Snofield Lake sequence, noncylindri- 
cal folds in bedding that are transected by the regional cleav- 
age are defined as F2 (Fig. 5). The F2 folds are distinguished 
also by noting changes in structural facing on regional cleav- 
age surfaces (i.e., the direction that graded beds young when 
observed on the cleavage; cf. Borradaile, 1976). These early 
folds do not appear to have an associated axial-planar cleav- 
age, nor does there appear to be a bedding-parallel foliation 
in the rocks. However, Henderson et al. (1 993) described a 
locally developed bedding-parallel S 1 tectonic fabric south of 
the James River in the Ulu Lake area that is folded in the core 
of the F2 Ulu anticline. The early folds in the Snofield Lake 
sequence formed during the second regional deformation, D2, 
and, where they are best developed east of Snofield Lake 
(Fig. 4), apparently are upright, subhorizontal folds at a 
moderate angle to the main regional folds and cleavage. 

The regional cleavage is designated S3, and is related to 
the third deformation in the belt, D3. The S3 foliation is a slaty 
and spaced cleavage, defined by aligned muscovite and chlo- 
rite in pelitic and psammitic rocks. Most commonly, the 
SoxS3 intersection lineation is steeply-plunging. Finite or 
bulk strain is defined by ellipsoidal fragments in tuffaceous 
rocks that also are aligned parallel to the S3 cleavage. Rarely, 
elongated fragments define a down-dip lineation in the cleav- 
age. Locally developed cordierite porphyroblasts are aligned 
in S3,and the cleavage is deflected around the porphyroblasts. 
By comparison, in the southern part of the belt, Henderson et 
al. (1993) observed that regional cordierite porphyroblastesis 
predates the S3 cleavage. 

The major folds in the region generally are north- 
trending, steeply-plunging and tight to isoclinal. They are 
defined as Fg. The S3 cleavage is axial-planar to these folds 
where they are best developed around the south end of 
Snofield Lake (Fig. 4). 

Structural geometry and kinematics 

The absence of bedded rocks in the felsic Rush Lake sequence 
(as well as in the lower volcanic part of the Snofield Lake 
sequence) makes it difficult to define the geometry of the 
rocks. However, careful mapping indicates that contacts 
between volcanic and volcaniclastic rocks in the Rush Lake 
sequence (Fig. 3) are steeply inclined, and the formational 
(i.e. mappable) units strike northwesterly, in contrast to the 
north-northeasterly regional trend of the belt (Fig. 2). Mafic 
dykes in the area of Rush Lake, which are correlated with the 
pillowed flows at the base of the Snofield Lake sequence, 
appear to be coincidentally subparallel to the S3 cleavage. 

All formational contacts appear to bend progressively into 
parallelism with the S3 cleavage as the Kennarctic River is 
approached, and this defines a zone of relatively strong, 

Figure 6. 

Photograph and sketch of an open (?)F2 
fold in greywacke beds transected by the 
north-striking regional S3 cleavage (10 cm 
scale). Horizontal outcrop located ca. 2 km 
northeast of Snofield Lake. GSC 1993-249B 
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apparently coaxial flattening, and moderate vertical exten- 
sion. Subhorizontal lenticular calcite veins are abundant 
along the Kennarctic River east of High Lake (Fig. 2) in the 
zone of high D3 strain, and a shallowly-dipping crenulation 
of S3 is weakly developed in this zone. The increment of 
vertical extension recorded by the flat veins is less than five 
per cent, but the bulk vertical extension could be much 
greater. The subhorizontal crenulation is developed best in 
slates with strong S3 fabrics, and is an expression of a very 
weak vertical shortening strain increment. 

In the area southwest and south of Snofield Lake, 
macroscale steeply plunging isoclinal F3 folds (Fig. 4) with 
S3 cleavage parallel to their axial surfaces were mapped in 
graded siltstone and sandstone beds. East of the upper car- 
bonate horizon, outcropping to the east of Snofield Lake, 
several kilometre-scale domes and basins are defined by 
progressive changes in structural facing in low-grade 
greywacke turbidite and slate beds. This dome-and-basin 
interference pattern appears to be a combination of easterly 

striking upright horizontal F2 folds, and north-striking F3 
folds. The suggestion that F2 folding was about easterly, 
subhorizontal axes needs additional documentation by rnap- 
ping of systematic F3 plunge reversals. The F3 folds bend to 
the east, parallel to the north margin of the area of greywacke 
turbidites. This may be due in part to the competent interme- 
diate and felsic volcanic rocks, and to the discordant granite 
at the north margin of the turbidite basin (Fig. 4). The effect 
of late granite intrusions on their wall rock structure is a 
subject of ongoing research. 

The main D3 deformation in the central part of High Lake 
belt is due to heterogeneously developed coaxial east-west 
shortening. In the zone of high bulk strain along the 
Kennarctic River east of High Lake, some vertical extension 
is also indicated. The granites surrounding the greenstone 
belt seem to be less strained than the supracrustal rocks, and 
whether they played an active role in the deformation of the 
belt, or whether they were emplaced passively relatively late 
in D3 is a subject of continuing research. However, areas 

Table 1. Table of mineral occurrences. Status: (1) current producer, (2) past producer, (3) extensively 
drilled, (4) drilled occurrence, (5) trenched occurrence, (6) showing. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

76Mn 

76Mn 

76Mn 

76Mn 

76Mn 

76Mn 

76Mn 

76Mff 

76M17 

76Mn 

76Mn 

76Mn 

Cu-Zn 

Cu-Zn-Au-Ag.Pb 

Cu-Zn-Pb 

Zn-Cu-Pb-Ag-Au 

Cu-Zn-Pb 

minor Cu 

mlnor Cu 

Cu 

Cu 

Cu-Zn 

Zn-Ag 

Au-Zn-Pb-Ag-Cu 

unnamed lake 

High Lake A0 Zone 

High Lake C Zone 

High Lake D Zone 

High Lake E Zone 

DC 

FM 

King (Chili) Grld A 

King (Chill) Grid B 

HI (980 Lake) 

Pan 

Cairo 

mixed volcanlc rocks 

intermediate to felslc volcanic rocks 

lntermedlate to lelslc volcanlc rocks 

Intermediate to felsk volcank rocks 

intermediate l o  feislc volcanlc rocks 

intermediate volcanic rocks 

felslc volcanlc rocks 

intermedlate volcanic rocks 

lelslc volcanlc rocks 

intermediate volcanic rocks 

intermediate volcanlc rocks 

Intermediate to felsic volcank rocks 

6 

3 

3 

3 

3 

6 

6 

5 

6 

4 

4 

6 (77) 

DIAND AR 080187 

GSC Open File 239; GSC Paper 70-17, p. &1 

GSC Open File 239 

GSC Open File 239 

GSC Open File 239 

DiANDAR 080626; MIR 1975, p.73 

DIAND AR 080626; MIR 1975, p. 75 

DIAND AR 080399,017140; MIR 1976, p. 91 

DIAND AR 080399,017140; MIR 1976, p. 91 

DIAND AR 080558; MIR 1976, p. 91 

DIANDAR 080551; MIR 1976, p. 92 

DIAND AR 082986 



Current ResearchlRecherches en cours 1994-C 

where the supracrustal belt narrows appear also to show the at High Lake (Johnson, 1974), and the epigenetic vein-con- 
highest strain, and the regional cleavage appears to bend into trolled gold mineralization of the Flood Zone on the Ulu 
parallelism with the batholith margins. property (Flood, 1991; Henderson et al., 1992, 1993). 

Northwesterly-striking faults are common in the area. 
Several sets of northerly- or northwesterly-striking mafic 
dykes were emplaced during the Late Proterozoic. Remnants 
of flat-lying diabase sheets are probably related to fissure 
eruptions or sills emplaced during the 723-718 Ma (Heaman 
et al., 1992) Franklin igneous event. 

ECONOMIC GEOLOGY 

The High Lake greenstone belt contains many gossans as well 
as numerous occurrences, prospects, and deposits, including the 
synvolcanic massive sulphide and stringer zone mineralization 

Information in the public domain has yielded data on 70 
occurrences and 39 gossanous areas (Kerswill et a]., 1993) in 
that portion of the High Lake greenstone belt which extends 
from south of the Hood River (76L11.5 and 16) to the Arctic 
coast (76Ml10). Twenty-eight occurrences in 76M/6 and 7 
have been classified on the basis of their metal inventory into 
base metal, gold, or mixed types (Table 1). All of the occur- 
rences are hosted by intermediate to felsic volcanic and 
volcaniclastic rocks, and the sulphide mineralization exarn- 
ined in the Rush Lake and High Lake areas appears to be 
synvolcanic, and can be assigned to either a conformable, 
massive to disseminated style or to a discordant, fracture 
controlled style. The mineral occurrences are located on 
Figure 7, which also shows a preliminary boundary between 

Figure 7. Map of the central part of High Lake greenstone belt showing the apparent distribution of the 
Rush Lake and Snojield Lake sequences with locations of principal mineral occurrences listed in Table I .  
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the Rush Lake and Snofield Lake sequences. Twenty-five of 
the occurrences are of the base metal type. The High Lake 
AB and D deposits, and the nearby Cairo occurrence are of 
mixed character. The High Lake deposit is tentatively 
assigned to the Rush Lake sequence. 

Detailed petrographic and lithogeochemical studies on 
samples from the High Lake belt, including those from six 
occurrences and several gossans in 76Ml6 and 7, are currently 
underway to better define the distributions of sulphide min- 
erals, gold, and associated alteration products. This informa- 
tion, combined with data on the geological settings of 
mineralization, may help define metallogenic zoning and 
identify new exploration targets. 

Several cordierite-rich zones ("dalmatianite") of apparent 
hydrothermal alteration similar to those which occur at High 
Lake (Johnson, 1974) were identified during bedrock map- 
ping and mineral occurrence sampling in 1993 (Fig. 2, 3, 
and 7). An extensive area near Canoe Lake (NTS 76M/3), 
which was mapped as metagreywacke because of the pres- 
ence of cordierite porphyroblasts (Henderson et al., 1992, 
1993), probably should be reconsidered as hydrothermally- 
altered intermediate and felsic volcaniclastic rocks because 
they are not bedded and regionally the metamorphic grade is 
low. The Canoe Lake "alteration" zone occurs adjacent to an 
area of known mineralization, but the "alteration" extends 
considerably beyond the known sulphide occurrences. 

SUMMARY AND CONCLUSION 

Preliminary interpretation of geological map patterns sug- 
gests that two sequences of volcanic rocks separated by an 
angular unconformity attributed to an enigmatic D l  can be 
defined in the central part High Lake greenstone belt. Vol- 
caniclastic rocks are not bedded in the older Rush Lake 
sequence, but lithological contacts trend northwesterly rela- 
tive to north-northeasterly striking S3 cleavage. The Rush 
Lake sequence consists of felsic-inte~mediate flows and tuffs 
that apparently are hydrothermally altered in places as indi- 
cated by cordierite porphyroblasts. The Rush Lake sequence 
northeast of Rush Lake is cut by cleavage-parallel mafic 
dykes, and is overlain by pillowed basalt flows forming the 
base of the Snofield Lake sequence. The Snofield Lake 
sequence youngs to the east, and the volcanic rocks become 
more felsic towards the top of the succession. Chemical 
sedimentary rocks occur at two horizons within the sequence; 
the lower is mainly iron-rich carbonate with minor magnetite 
and chert beds, and the upper is carbonate with some stroma- 
tolite occurrences. Graphitic slate occurs in proximity to the 
carbonate horizons and also in proximity to felsic-intermedi- 
ate volcanic and volcaniclastic rocks. Psammitic turbidites 
tend to occur above the black slates, and comprise the young- 
est part of the Snofield Lake sequence. 

The structural sequence comprises three events. DI  
brought the Rush Lake sequence to the vertical before the 
emplacement of mafic dykes and pillowed flows, and appar- 
ently imposed an early cleavage on the volcanic rocks that is 
preserved within cordierite porphyroblasts. F2 folds appear 
to be upright subhorizontal structures transected by S3 

cleavage that is axial-planar to vertical north-trending F3 
folds. Regional metamorphism is chlorite grade, and predates 
S3. Granite emplacement is coeval with D3, and S3 is a 
flattening foliation in the central part of the High Lake belt. 
The tectonic relationship between S3 and granite intrusion is 
subject to continuing study. Local development of cordierite 
porphyroblasts in the greenschist regional metamorphic ter- 
rane due to early hydrothermal alteration of felsic volcanic 
and volcaniclastic rocks is being investigated. 

The Rush Lake sequence is lithologically very similar to 
rocks in the Canoe Lake area dated at 2696 k 4 Ma and at 
2695 + 3 to the north of the James River. The Snofield Lake 
sequence may be correlative with volcanic and sedimentary 
rocks in the vicinity of the rhyolite midway between the James 
and Hood rivers dated at 2616 + 3 Ma (Fig. 1). 

In the High Lake greenstone belt it may be possible to 
determine which of several volcanic/sedimentary sequences 
of significantly different ages has the greatest potential to host 
synvolcanic mineralization. 
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Abstract: Preliminary study of the Indin Lake area has identified two spatially restricted turbidite units; 
one coarser bedded containing felsic volcanogenic debris flows and a finer unit with iron-formation. They 
are intercalated with spatially separated volcanic belts characterized by mafic pillowed volcanic rocks or 
intermediate to felsic volcaniclastic rocks. 

Four main structural sets have been recognized. The first set includes isoclinal folds without associated 
cleavage and foliations parallel to the volcanic belt contacts. The second set which controls the geometry 
of the belt includes a cleavage axial planar to meso- to macro-scale folds, and interference folds. The 
remaining sets are more locally developed. Repetition of the intercalated units is in part a function of third 
phase or later regional refolding. 

The supracrustal belt is in contact with a heterogeneously deformed granodiorite-tonalite igneous 
complex to the east. Deformation of the complex is pre-intrusion of hornblende-biotite-granodiorite plutons. 

RCsumC : L'Ctude prtliminaire de la rtgion du lac Indin a permis de reconnaitre deux unitts turbiditiques 
spatialement restreintes : une unit6 stratifike plus grossiere contenant des coulkes de dtbris felsiques 
d'origine volcanique et une unit6 plus fine B formation de fer. Elles sont intercaltes avec des ceintures 
volcaniques spatialement stparCes, caractCrisCes par des volcanites mafiques en coussins ou par des 
volcanoclastites intermtdiaires ?i felsiques. 

Quatre ensembles structuraux principaux ont CtC ttablis. Le premier ensemble comprend des plis 
isoclinaux sans schistosite associte et des foliations paralleles aux contacts de la ceinture volcanique. Le 
deuxibme ensemble, qui contr6le la gComCtrie de la ceinture, comprend des plis ?i schistositk de plan axial 
d'tchelle intermkdiaire 2 grande et  des plis dlinterfCrence. Les autres ensembles sont plus localement 
dtveloppts. La repetition des unitts intercaltes est en partie fonction d'une troisibme phase de dtformation 
ou d'un replissement rCgional tardif. 

La ceinture deroches supracrustales est en contact A I'est avec un complexe igne de granodiorite-tonalite 
dCformt de fagon hitbrogbne. La diformation du complexe est anttrieure ?i la mise en place de plutons de 
granodiorite 2 hornblende-biotite. 

' Contribution to Canada-Northwest Territories Mineral Initiative (1991-1996), an initiative 
under the Canada-Northwest Territories Economic Development Cooperation Agreement. 
NATMAP Slave Province Project 
University of New Brunswick, Fredericton, New Brunswick E3B 5A3 
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INTRODUCTION 

The Indin Lake project was undertaken to update the present 
understanding of the geology of the Indin Lake supracrustal 
belt and to provide a geological context for mineral showings 
in the area through 1:50 000 scale mapping and associated 
stratigraphic, structural, and metamorphic studies. Project 
funding is provided by the Canada-Northwest Territories 
Mineral Initiative with additional support from NATMAP. 

The Indin Lake supracrustal belt is located near the west- 
ern margin of the Slave Province (NTS 86B; Fig. 1). It is 
bounded to the west by Archean granitoid plutons and 
migmatites thought to be derived from the Yellowknife 
Supergroup. To  the east it is in contact with gneissic rocks 
which were proposed as structural basement to the belt by 
Frith (1992). Previous work in the area includes 1:250 000 
and 1: 125 000 scale regional mapping by Lord (1942),Fortier 
(1949), and Frith et al. (1974). More detailed mapping at 
1 5 0  000 scale focused on the greenstone belt (Tremblay et 
al., 1953; Stanton et al., 1954). Mapping in 1993 concen- 
trated on an west-east transect through the supracrustal belt 
and proposed basement rocks to the east in order to establish 
a structural framework for the belt (Fig. 2). 

This preliminary report presents: (1) an overview of the 
lithological units of the supracrustal belt and adjacent igneous 
complex, including syn-turbidite deposition, felsic volcanic 
debris flows, and an unusual, siliceous gneiss unrecognized 
elsewhere in the Slave Province; (2) a preliminary descrip- 
tion of structural elements; and (3) a discussion of the nature 
of the supracrustal belt stratigraphy. All rock units under 
consideration are metamorphosed to lower greenschist to 
amphibolite facies conditions. For clarity the prefix "meta" 
has been omitted from the lithological names. 

SUPRACRUSTAL ROCKS 

Supracrustal rocks of the area include a variety of volcanic 
and volcaniclastic units, greywacke-mudstone turbidites, and 
iron-formation. Previous workers have correlated the supra- 
crustal rocks at Indin Lake with the Yellowknife Supergroup 
(Frith, 1992). Volcanic and volcaniclastic rocks comprise a 
number of large north-northeast-trending belts, 12 to 30 km 
long and 2 to 5 km wide, which are intercalated with sedimen- 
tary rocks. The major belts are informally named the Hewitt 
Lake, Leta Arm, Bum Inlet, Snare River, Baton Lake, Chalco 
Lake, and Gamey Lake belts (Fig. 2). Their contacts with 
adjacent turbidite domains coincide with zones of very strong 
foliation development and attenuation of primary volcanic 
features. Variation in younging directions from pillowed 
flows and graded bedding across and along strike in the 
supracrustal belt indicates that the intercalated sequence is not 
in conformable contact. Consequently the volcanic belt-turbi- 
dite contacts are interpreted as being tectonically modified. 

Mafc volcanic rocks (unit I )  

Mafic volcanic rocks occur within major north-northeast- 
trending volcanic belts and smaller lenses surrounded by 
greywacke-mudstone turbidites. Typically they comprise 
amygdaloidal, green-weathering pillowed flows with local 
interflow breccias. Associated coarse grained, massive units 
are interpreted as subvolcanic gabbro intrusions. Mafic rocks 
comprise the bulk of the Hewitt Lake, Bum Inlet, Chalco 
Lake, and Gamey Lake belts (Fig. 2) within which the unit 
ranges from 250-500 m wide bands to a maximum thickness 
of 3800 m. Mafic volcanic rocks, are also interstratified with 
felsic and intermediate volcanic rocks in the Leta Arm and 
Baton Lake belts, where the proportion of mafic breccias is 
greater. The volcanic packages marginal to the supracrustal 
belt are dominated by the pillowed mafic flows and are termed 
Hewitt Lake type belts. Those in the central part of the belt 
are more heterogeneous and volcaniclastic dominated and are 
termed Leta type. The presence of reversed pillow facing 
directions in the Gamey Lake belt and ductile high strain 
zones in the Hewitt Lake belt suggest that the mafic pile has 
been thickened by folding and/or faulting. 

Figure I. Location map of the study area within the 
Slave Province. 
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Intermediate volcanic rocks (unit 2) 

Intermediate volcanic rocks are light green- to grey-weather- 
ing and typically occur as breccias, fine grained volcaniclastic 
units, or as plagioclase-phyric pillowed flows. Quartz diorite 
sills are found within the pillowed, intermediate composition 
flows of the Baton Lake belt. Their spatial association and 
similar composition suggest that they may be genetically 
related to the volcanic rocks. Volcaniclastic rocks comprise 
greater than 60% of the intermediate volcanic rocks within 
theLeta Arm belt and less 30% of the BatonLake belt (Fig. 2). 
The unit is typically 1000 m thick or less. Other intermediate 
composition volcaniclastic rocks are found as thin horizons 
near the margins of the mafic-dominated belts. 

Felsic volcanic rocks (unit 3a, b, c) 

Felsic volcanic rocks can be divided into 3 main subunits. 
Unit 3a comprises pale pink- to white-weathering felsic 
breccias, fine grained volcaniclastic rocks, and associated 
quartz porph yritic intrusive bodies which occur in discontinu- 
ous, lenticular segments up to 1000 m thick (Fig. 3a). Where 
adjacent to mafic pillowed flows, the unit contains mafic 
fragments, a relationship which strongly indicates conform- 
able or disconformable contacts. The unit is typically mod- 
erately foliated. This assemblage occurs within the Leta Ann 
and Baton Lake belts. 

Unit 3b comprises distinctive,, matrix-supported felsic 
debris flows found within unit 4a turbidites in the western part 
of the map area (Fig. 2). Clasts within the flows are sub- 
rounded to angular, predominantly buff- to white-weathering, 
aphanitic felsic volcanic rock. The matrix is siliceous and 
aphanitic. Some fragments have an internal banding, possibly 
flow banding, and may be derived from rhyolite flows. Tex- 
ture is seriate and clast size ranges from lapilli to bomb size. 
These flows are preserved as tabular to irregular pod-like 
bodies, 0.5-5 m thick and up to 25 m long. At its contact with 
the turbidites, the debris flow matrix is sandy to shaley, while 
within the flow it is composed of very fine grained to aphani- 
tic felsic material, possibly ash (Fig. 3b). Local blocks of 
turbidite occur within the flows. Contacts with the turbidites 
are interpreted as conformable or disconformable. 

Unit 3c comprises buff- to pale yellow-weathering, felsic 
clast-supported breccias, finer volcaniclastic rocks, and 
quartz phenocrystic massive aphanitic units (possibly flows). 
The main occurrence of unit 3c is as a dome-shaped body on 
the south shore of Indin Lake (Fig. 2). It margins are charac- 
terized by volcaniclastic rocks which include angular tuf- 
faceous and carbonate fragments, several centimetres in 
diameter, in a fine grained felsic matrix. Towards the interior 
of the body the clast size increases and the unit becomes a 
clast-supported breccia with equant to tabular blocks up to 
0.5 m long. Clast alignment in the breccias may be primary. 
The complex could represent a felsic volcanic centre. White- 
weathering porphyritic felsic dykes, spatially associated with 
this subunit, and possibly feeders to it, intrude the adjacent 
Gamey Lake belt. 

Greywacke-mudstone turbidites (unit 4a, b) 

Two facies of greywacke-mudstone turbidites were distin- 
guished. One, here designated unit 4a, outcrops in the central 
and western part of the map area and is characterized by 
relatively thick bedded (1 5-1 00 cm thick) greywacke-mudstones 
(Fig. 3c). The proportion of greywacke to mudstone is gen- 
erally 3:2. Coarse sand horizons, up to several metres thick, 
are common and may represent amalgamated beds. Primary 
structures such as flames, graded bedding, ball and pillow 
structures, mud rip-ups, and calcareous concretions typify 
this sequence. West of Leta Arm at least five felsic, volcano- 
genic debris flows are interstratified with unit 4a turbidites 
(Fig. 3b). Greywacke-mudstone turbidites within 1-2 m of 
the debris flow contacts contain synsedirnentary slumps, isoclines, 
and faults, possible evidence for a tectonically active environ- 
ment during deposition (Fig. 3d). 

In contrast, greywacke-mudstones in the eastern part of 
the map area, designated unit 4b, are predominantly finely 
bedded rhythmites, often laminated with graded beds 1 cm or 
less thick (Fig. 3e). The proportion of greywacke to mud- 
stone is generally less (1 : 1) and primary sedimentary features 
other than graded bedding are rare. Minor fine grained felsic 
horizons, possibly of volcaniclastic origin, are locally present. 
The mudstones are locally pyritic and weather rusty, and 
silicate or oxide facies iron-formation occurs as mappable 
horizons and lenses within the fine bedded turbidities 
(Fig. 30.  Iron-formation is presently found only within the 
unit 4b turbidites. Occurrences are restricted to the eastern 
and northern margins of the supracrustal belt (Fig. 2). The 
iron-formation is banded (BIF) with alternating chert and 
grunerite-garnet-pyroxene rich beds or chert nodules in the 
silicate facies banded iron-formation, and chert and magnetite 
beds in the oxide facies banded iron-formation. Sulphides 
occur locally with the silicate facies banded iron-formation. 
The iron-formation is typically found as thin, less than 1 m 
thick, continuous bands or irregular pods. Occurrences gen- 
erally have three or more such bands separated by rusty 
turbidites. Locally the iron-formation is thicker, up to 6 m or 
more wide. Where examined in detail to date the thicker 
exposures are tightly refolded. 

Occurrences of unit 4a and 4b turbidites appear to be 
spatially restricted, unit 4a to the western and central parts,of 
the map area and unit 4b to the eastern and northern parts 
(Fig. 2). The two units are separated by the major volcanic 
segments, whose contacts with the turbidites are tectonically 
modified. Contact and temporal relationships between 
units 4a and 4b are not yet known. 

Siliceous gneiss (unit 5) 

A siliceous gneiss of uncertain origin occurs as a 20-70 m, 
continuous unit along the west shore of the Snare River 
(Fig. 2). It is quartz-rich, white- to buff-weathering grano- 
blastic rock characterized by a 1 cm wide anastomosing 
compositional layering, outlined by alternating quartz-rich 
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Figure 3. a) Felsic volcaniclasric rock with fiamme (dark grey). Hammer is 40 cm long. b) Felsic 
volcanogenic debrisflow (unit 3b) in contact wirh unit 4a turbidites. Felsic clasts (white to light grey) 
are surrounded by a matrh of mudstone (dark grey). Graded bedding in turbidite below the contact 
indicates younging up into the debris flow. Pen is 15 cm long. c) Unit 4a: coarsely bedded 
greywacke-mudstone turbidites wirh massive sandy horizons. Notebook Cforeground) is 25 cm long. 
d) Unit 4b: jnely bedded to laminated greywacke-mudstone turbidites. Pencil is 15 cm long. e )  
Metamorphosed silicate-sulphide iron-formation within cordierite-andalusite grade turbidites. Light 
bar& are recrystallized chert and central band is comprised of grunerite and garnet (medium-grey 
porphyroblasts). Outcrop exposed on the north shore of lndin Lake, northeast arm. Pen is 15 cm long. 
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Figure 4. a)  Compositional banding in siliceous gneiss 
(unit 5 )  defined by quartz rich and biotite (dark grey) rich 
zones. Small medium grey ovoids in biotite bands are gar- 
nets. Lens cap is 5 cm wide. b) Deformed mafic boudin (dark 
grey) in siliceous gneiss. Lighter, slightly recessively wearh- 
ered zones in the mafic inclusion are quartz-carbonate filled 
fractures. Hammer is 40 cm long. 

and narrower biotite-rich laminae (Fig. 4a). The biotite lami- 
nae contain abundant garnets and hornblende or diopside. 
Sphene occurs as small honey-brown crystals locally entirely 
replacing the biotite-rich laminae. Possible felsic volcanic 
and carbonate fragments in the gneiss were identified at one 
locality. Medium grained felsic horizons up to 1 m wide 
occur with margins~subparallel to the gneissic foliation and 
may be transposed felsic dykes or sills. Horizons comprising 
10-40% mafic blocks within gneiss matrix occur near the 
western contact with the Bum Inlet mafic volcanic belt. The 
mafic blocks are boudined andlor folded as well as uerva- 
sively fractured and cut by quartz-carbonate veining 
(Fig. 4b). The long axes of the blocks are parallel to the 
gneissic foliation. They range from 10 cm to several metres 
long. Fractured and folded tabular mafic units which 
obliquely cut across compositional banding may represent 
mafic dykes. The siliceous gneiss also contains isolated 
inclusions of dark grey-weathering mudstone. The nature of 
the contact with turbidites on the southeast side of the unit is 
not yet known, however, there is a general concordance 
between bedding in the turbidites and compositional layering 

in the gneiss. The presence of strongly deformed mafic 
material within the gneiss, increasing in proportion to the 
west, and flattened mafic pillowed flows at is western margin 
suggest that its contact with the volcanic segment is sheared. 
The origin of this unit is uncertain at the present time. 

INTRUSIVE ROCKS 

Intrusive rocks occur locally in the supracrustal belt, but form 
the largest component of an igneous complex at Cotterill Lake 
proposed by Frith (1 992) as basement to the supracrustal belt. 

Cotterrill Lake igneous complex (unit 6) 

The oldest intrusive unit is the Cotterrill Lake complex, a 
heterogeneously deformed igneous complex comprised of 
coarse, well-foliated hornblende-biotite granodiorite to tona- 
lite intruded by fine grained, hornblende monzogranite and 
later syenogranite dykes and veins. The granodiorite contains 
xenoliths of foliated amphibolite whose internal fabric is 
locally discordant with the granodiorite fabric (Fig. 5a). An 
increase in the proportion of hornblende-monzogranite to 
granodiorite is noted westward. On the north and east side of 
Cotterrill Lake the complex is intruded by massive to very 
weakly foliated K-feldspar megacrystic monzogranite to gra- 
nodiorite which may be correlative with monzogranite found 
west of Indin Lake (unit 9). 

Hornblende-biotite granodiorite (unit 7)  

Several plutons of a grey-weathering, coarse grained, hom- 
blende-biotite granodiorite intrude the supracrustal belt along 
its eastern margin (Fig. 2). The plutons are internally homo- 
geneous and have a weak foliation. The largest body intrudes 
the Cotterrill Lake igneous complex. In plan view it is a 
tabular, sheet-like intrusion, internally very weakly foliated 
to massive. The two smaller plutons east of Indin Lake are 
more equant to elliptical bodies. They have sharp contacts 
with their host rocks and their margins are more strongly 
foliated. 

Granite porphyry and dykes (unit 8) 

Small, fine- to medium-grained felsic intrusions occur within 
the greywacke-mudstone turbidites on the shore and islands 
of south-central Indin Lake (Fig. 2). They are typically 
cream- to buff-weathering, quartz and feldspar porphyritic 
granite that contain 1-3% muscovite. Similar, locally por- 
phyritic, felsic dykes which intrude the adjacent turbidites and 
mafic volcanic rocks may be genetically related to the intrusions. 

Muscovite monzogranite and pegmatite (unit 9) 

This unit comprises muscovite-bearing, pale pink-weather- 
ing, medium grained monzogranite-syenogranite stocks and 
pegmatite dykes. Typically the monzogranite is massive and 
equigranular. The unfoliated pegmatite dykes contain radiating 
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muscovite rosettes and tourmaline. Dykes of this unit intrude 
the previously described units. The granite occurs as dykes 
and 500-1000 m wide, tabular intrusions in turbidites on the 
southwest shore of Indin Lake. Outcrop in this region in- 
cludes up to 50% crosscutting dykes of pegmatite and mon- 
zogranite. Only those areas of >50% plutonic material are 
designated unit 9 on the map. 

STRUCTURE 

The deformation history of the Indin Lake area is polyphase 
and the distribution of structures, particularly in the turbidites, 
is heterogeneous. The dominantly observed structures in 
outcrop vary with lithology and locality. Five sets of struc- 
tures have been recognized in the supracrustal belt. The sets 
are termed Dl through D4 based on their relative timing, 
determined by observations of fabric overprinting, relation- 
ship to metamorphism, and refolding. Set D4 is subdivided 
into shallow and steep structures which have not been 
observed together and whose relative timing cannot yet be 
determined. Regional orientations of the main structures are 
depicted on stereonets in Figures 5a-c. Structures within the 
Cotterrill Lake igneous complex will be described separately. 

Structural sets 

Dl 

S, is the first planar fabric recognized in outcrop. In the 
volcanic belts it is a foliation defined by flattening or attenu- 
ation of primary textures (e.g., pillows). In the sedimentary 
rocks, S1 parallels bedding and is only very locally developed. 
It is defined by amphiboles and biotite in the higher and lower 
metamorphic grade volcanic rocks, amphiboles in iron-formation, 
and muscovite or biotite in metagreywacke. Muscovite-inclusion 
trails which are oblique to a second fabric wrapping cordierite 
porphyroblasts may be relict S1 cleavage. Thermal peak 
mineral assemblages in the central part of the belt overprint 
these fabrics but are synchronous with fabric development in 
the higher grade margins. A down-dip mineral or stretching 

L1 lineation is best developed in the volcanic rocks. Meso- 
to macroscale isoclinal folds of bedding lacking an axial 
planar cleavage are the first observed folds (Fig. 6c). Ubiqui- 
tous bedding reversals in the turbidites, which occur without 
cleavage vergence, change within limbs of F2 folds are inferred 
to be F1 isoclines. S ,  is interpreted as the main regional fabric 
within the volcanic rocks as it is crenulated by a second fabric 
which is axial planar to northeast-striking infolds of the 
turbidites. 

S2 is a finely spaced to weakly differentiated steep north to 
northeast cleavage which is the most obvious fabric recog- 
nized regionally in outcrop. It deforms metamorphic peak 
mineral assemblages throughout the area (Fig. 6b). L2 is a 
moderately to steeply plunging intersection lineation formed 
by S2 on bedding or S,. S2 is axial planar to meso- to 
regional-scale open to moderately tight folds (F2) (Fig. 6c). 
F2 fold axes are northeast-striking and steeply plunging. 
Large-scale F2/FI interference folds are transitional between 
type 3 and type 1 (Fig. 6d, e). D2 structures are the predomi- 
nant set observed in the turbidites and particularly control 
geometry through the central part of Indin Lake. 

S3 is a generally northwest-trending, steep, spaced cleavage 
which transects F, and F2 folds south and west of Leta Arm 
without an associated fold phase. In the central Indin Lake 
area it is commonly preferentially developed in mudstone 
beds, forming a herringbone cleavage pattern. In the Damoti 
Lake area it is a differentiated northwest-trending cleavage. 
Rare meso-scale, moderate to open F3 folds are associated 
with the S3 cleavage. Based on the observation that S2 
cleavage follows around the map-scale fold hinge at Spider 
Lake with no change in vergence, this structure is interpreted 
to be Fg or later (Fig. 2). Metamorphic isograds are also 
folded around this structure suggesting that D3 occurred after 
peak regional metamorphism. 

Figure 5. Contoured equal area stereonet projections of fabric elements in study area. a) poles 
to bedding, So, b) poles to foliation, S I ,  c)  poles to foliation, S2. 
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This set includes flat lying, shallowly plunging S4 kink bands S4 in this set includes a moderately plunging northwest- and 
and megakinks of variable orientation and a subhorizontal northeast-striking crenulation cleavage and northwest- or 
crenulation lineation only observed on vertical mudstone northeast-striking vertical kink bands (Fig. 7b). S4 is axial 
beds (Fig. 7a). These structures are observed to cut all other planar to minor-scale moderately to steeply plunging box to 
structure sets, except for DCteep. Their orientation is indica- chevron folds and open to moderate meso- to minor-scale 
tive of late vertical compression within the belt. angular folds designated F4 Grouped with this set are 

Figure 6. a )  F ,  isoclinal fold closure in$ne bedded unit 
4b turbidites, Damoti Lake. Regional S2 northwest-strik- 
ing cleavage cuts both limbs. Lens cap is 5 cm wide. 
b) Anticlockwise to bedding S2 cleavage within metagrey- 
wacke wraps cordierite porphyroblasts (medium-grey 
knots). Lens cap is 5 cm wide. c) Moderate to open steeply 
plunging F2 fold of unit 4a turbidites. Weak axial planar 
F2 cleavage visible in the hinge. Notebook is 25 cm long. 
d )  Subhorizontal crenulation lineation (D4shallow) on ver- 
tically dipping mudstone bed. Pen is 15 cm long. e)  iwrth- 
west-striking kink bands (Dndaee ) cutting S, (defined by 
flattened felsic chstsj, west Leta d m .  Coin is 2 on wide. 
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predominantly northwest-trending brittle-ductile faults 
which commonly carry moderately oblique stretching linea- 
tions, and sinistrally offset units (Fig. 2). Rare east-trending 
steep reverse faults of generally more minor offset were also 
noted. The S4vertical kink bands and box folds are predomi- 
nant in the western part of the map area while the crenulation 
cleavage and chevron folds are more common in the eastern 
part. In both regions these structures were observed to cut all 
other fabrics, except for D4shallow structures. Overall this set 
is consistent with a component of horizontal compression 
across the supracrustal belt. 

Figure 7. Oblique aerial photographs of F,IF2 interference 
folds within unit 4a turbidites, looking north-northwest, west 
of Leta Arm, Indin Lake. a )  Heart-shaped type 1-3 interfer- 
ence between east-striking F I  fold and more northerly strik- 
i'ng F2. Upper limb contains a smaller scale-doubly plunging 
F1/F2 basin. All sectioits of the foldpattern are transected by 
the main 300' striking S3 cleavage which postdates the fold- 
ing. b) 'S' asymmetric F2 fold with a weak axial planar 
cleavage visible in the hinge. Both limbs are transected by 
the main west-northwest-striking S3. Younging reversal in 
graded and scoured beds infers the presence of an FI isocline 
and indicates this is type 3 coaxial refolding. White unit in 
upper right is folded felsic debrisflow. 

Distribution of shctures  

Throughout the belt, bedding in the turbidites is steeply 
dipping except for the north east arm of Indin Lake and in the 
west adjacent to the monzogranite intrusions (Fig. 2). West 
of the Leta Arm, S3 is the predominant fabric seen in the 
turbidites, while east of Leta Arm and south through the Snare 
River area, S2 is the main fabric with locally strong development 
of S3. We note that this transition is spatially associated with 
the north-trending dip-slip Leta fault. In the east arm area of 
Indin Lake and Damoti Lake, S2 is the main fabric but 
moderately plunging F4 folds and S4 fabrics locally control 
the outcrop-scale geometry. The volcanic belts are internally 
folded or faulted and increasing Dl strain gradients are noted 
along their contacts with the sedimentary rocks. Regionally, 
D2 shuctures and interference with D l  control the overall 
geometry of the belt. 

Figure 8. a)  Strongly foliated and sheared granodiorite 
(dark grey) with augen trails of K-feldspar and foliated 
amphibolite xenolith (black) cut by late syenogranite dyke 
(whitellight grey), Cotterill Lake igneous complex. b) Mylo- 
nitic granodiorite of Cotterill Lake igneous complex cut by 
syenogranite vein (centre). Pen for scale is 15 cm long. 
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Structures itz Plutonic Rocks 

The Cotterrill Lake igneous complex is heterogeneously de- 
formed. An overall increasing strain gradient is noted toward 
the west, defined by a decrease in grain size of the foliated 
granodiorite-tonalite, and development of strongly foliated 
gneissic to mylonitic fabrics designated Smain (Fig. 8a, b). 
Zones of higher strain are typically several metres wide and 
anastomose, with the development of K-feldspar porphyro- 
clasts and augen gneiss texture due to the disaggregation of 
the hornblende-monzogranite which intrudes the grano- 
diorite. The discordant foliation of the amphibolite xenoliths 
in the granodiorite becomes transposed parallel to Smai, in 
these zones. The high strain zones are characterized by a 
strong down-dip stretching lineation designated Lmain. The 
late syenogranite dykes and veins crosscut the Smai, fabric but 
are themselves locally boudined andlor folded. The orientation 
of the Smai, fabric in the igneous complex is subparallel to 
that of a very strongly foliated, down-dip lineated mafic 
volcanic band found along it contact with the supracrustal 
belt. 

The hornblende-biotite granodiorite plutons on the east 
side of the supracrustal belt are weakly internally foliated. 
This fabric is subparallel to S2 of the supracrustal rocks. Their 
margins are moderately to strongly foliated subparallel to 
their contacts with host rocks. Bedding or fabric in the host 
rocks deflects around the margin of the intrusions. The 
gneissic foliation of the Cotterrill Lake igneous complex is 
reoriented parallel to the margins of the granodiorite pluton 
intruding it (Fig. 2). Late syenogranite which is massive in the 
igneous complex is mylonitized adjacent to the pluton contact, 
possibly defining a contact strain aureole to the pluton. 

ECONOMIC POTENTIAL 

Occurrences of gossan, commonly in association with quartz 
veining, were noted along the contacts of the volcanic seg- 
ments, in particular along the east sides of Chalco Lake, Leta 
Arm, and Snare River belts. In addition, a number of gold 
occurrences are found along the Leta Arm belt. Of greatest 
potential economic interest is the recognition of iron-formation 
in the Indin Lake area (Fig. 2). Iron-formation at Damoti 
Lake, noted by H. Helmsteadt during a 1973 GSC mapping 
project, and first assayed by J. Brophy (1991) has yielded up 
to 16 glt gold .(The Northern Miner, v. 79, no. 32, October 
1993, p. 1). Mapping this summer has extended known iron- 
formation south to the shore of Ranji Lake, north along the 
east shore of Damoti Lake and at the north shore of Indin Lake 
(Fig. 2). Banded iron-formation has also been found as >0.5 
m long xenoliths in the granodiorite pluton on the east shore 
of Indin Lake and as an isolated 3 m lens south of Truce lake. 
Oxide-facies iron-formation has been mapped west of Spider 
Lake. To date occurrences of iron-formation have been 
restricted to the unit 4b finer bedded turbidites found marginal 
to the supracrustal belt. A reconnaissance search of the north 

shore of Daran Lake did not yield iron-formation to link the 
along strike occurrences at Ranji Lake and east of Wijinnedi 
Lake (Henderson, 1993). Mapping this summer suggests that 
localized significant thickening of the iron-formation can be 
accounted for by refolding of early isoclines (F,) by steeply 
plunging F2 folds. 

DISCUSSION 

Mapping to date in the Indin Lake supracrustal belt has 
identified two distinct sequences of greywacke-mudstone 
turbidites separated by a number of volcanic belts. As the 
contacts between the sedimentary units and volcanic belts are 
strongly sheared there are no present constraints on the rela- 
tionship of volcanism to sedimentation. Radiometric dating 
of the felsic volcanogenic debris flows within unit 4a turbi- 
dites will provide a direct test of the link between turbidite 
deposition and volcanism within the belt. 

The distribution of the turbidites and compositionally 
distinct volcanic belts is spatially restricted. The coarser 
unit 4a turbidites with debris flows are restricted to the central 
part of the map area, while the finer turbidites with iron-forma- 
tion are found at the eastern and northern margins of the 
supracrustal belt. The mafic pillow-dominated Hewitt Lake 
type volcanic belts occur around the margins of the belt while 
the more volcaniclastic, intermediate to felsic composition 
Beta type belts occur in the centre of the supracrustal belt. 
The present repeated distribution of intercalated sediment- 
volcanic packages is thought to be in part a function of late 
D3 or later regional-scale refolding. Removal of this fold 
pattern leaves an intercalated sequence of predominantly 
mafic, submarine volcanic rocks and intermediate to felsic 
dominated, submarine to subaerial volcanic rocks separated 
by coarser and finer turbidites. More work is required to 
investigate the significance of the D, strain gradients in the 
volcanic belts and their tectonically modified contacts to the 
intercalated stratigraphy of the belt. 

The Cotterill Lake igneous complex has been proposed as 
basement to the supracrustal belt on the basis of its multiple 
intrusive phases and heterogeneous strain state (Frith, 1992). 
Mapping this summer has determined that the deformation 
within the complex is likely prior to intrusion of the horn- 
blende-biotite granodiorite plutons. The link between this 
deformation and similar fabrics at the supracrustal belt con- 
tact cannot yet be evaluated. Radiometric dating of the tona- 
lite phase of the complex will establish if it contains older 
crustal material. 

Work in future will focus on further refining distribution 
of units and stratigraphy, evaluating the nature of the contact 
between the igneous complex and the supracrustal belt and 
the strained contacts between the sedimentary and volcanic 
segments, and better delineating the regional geometry of 
structures and their link to mineralization. 
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Abstract: Disseminated gold mineralization in the Stewart River area occurs in sillimanite-bearing, 
quartzofeldspathic gneisses, derived from conglomerate, arenite, and minor tuff, and cut by monzodiorite 
dykes and younger pegmatite bodies. Zones of disseminated native gold occur mainly within more 
extensive lenses of quartz-feldspar-muscovite schist that contain less than 5% disseminated pyrrhotite and 
pyrite and traces of chalcopyrite, molybdenite, sphalerite, and galena. The lenses are approximately parallel 
to the regional strike of their host rocks, but, in detail, are discordant to primary lithological contacts. The 
para-concordant nature of the predeformational and premetamorphic sulphide bodies is the result of their 
transposition parallel to a strong northwest dipping S1 foliation, axial planar to a reclined intrafolial F, 
anticline. The host rocks were further folded to occupy the overturned northwest limb of a 
southward-closing, reclined regional F2 fold. 

RCsumC : La rCgion de la riviere Stewart contient de la minCralisation d'or dissCmin6 dans des gneiss 
quartzo-feldspathiques B sillimanite, dtrivCs de conglomCrat, d'arknite et d'un peu de tuf, recoupCs par des 
dykes de monzodiorite et des corps plus jeunes de pegmatite. Des zones d'or natif dissCmint occupent 
principalement des grandes lentilles de schiste B quartz, 21 feldspath et ii muscovite contenant moins de 5% 
de pyrrhotine et de pyrite dissCminCes et des traces de chalcopyrite, de molybdtnite, de sphalCrite et de 
galhe.  Ces lentilles sont ii peu pr&s parallBles 8 l'orientation regionale des roches encaissantes mais, en 
dttail, elles sont discordantes aux contacts lithologiques primaires. La nature paraconcordante des lentilles 
de sulfures anttrieures mCtamorphisme et 8 la deformation rtsulte de leur transposition parallelement 2I une 
intense foliation S1 et  au plan axial pent6 vers le nord-ouest d'un anticlinal inclink P, de nature intrafoliale. 
Les roches encaissantes ont CtC replisstes pour occuper le flanc dCversC vers le nord-ouest d'un pli rCgional 
inclink P2 fermant vers le sud. 
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INTRODUCTION 

The gold deposits and occurrences of the Stewart River area 
are located approximately 90 km northeast of La Ronge, 
Saskatchewan. They occur in the southern part of the 
La Ronge-Lynn Lake Domain of the juvenile Reindeer Zone 
of the Early Proterozoic Trans-Hudson Orogen. Gold in the 
La Ronge-Lynn Lake Domain occurs in five belts that have 
been interpreted to be the surface expressions of westerly 
dipping, easterly directed thrust sheets (Lewry et al., 1990). 
The most productive gold deposits occur within the Central 
Magmatic Belt, a granite-greenstone terrane. They are main1 y 
quartz vein deposits hosted by shear zones that transect gra- 
nitoid rocks. By contrast, gold occurrences in the Wapassini 
Belt are hosted by intravolcanic sedimentary rocks and lean 
iron-formation, and are disseminated and stratabound, if not 
stratiform (Coombe et al., 1986). The Kyaska (McLean Lake) 
Belt was not noted for its gold deposits until recent discover- 
ies were made in the North Lake (Thomas, 1990) and Stewart 
River areas. This belt includes meta-arkosic rocks of the 
McLennan Group, the McLean Lake quartzofeldspathic 
gneisses, amphibolitic calc-silicate units, and locally abundant 
pegmatitic granite (Lewry and Slimmon, 1985; Thomas, 1986). 

Figure 1. SimpliJied compilation map of the general 
geology of the Stewart River area, showing the locations 
of signiJicant gold occurrences. (Adapted mainly from 
Padgham, 1963,1966). 

The gold occurrences in the Stewart River area occur in 
gneissic mctasedimentary rocks (Fig. 1) and are of a dissemi- 
nated style that is unlike any of the others in the La Ronge- 
Lynn Lake Domain. They were discovered by Cameco 
Corporation between 1987 to 1988 during follow-up of 
anomalous gold concentrations in lake sediments. In 1989, a 
large area covering the Greywacke Lake and Lyons occur- 
rences was stripped of overburden and, in 1989-91, diamond 
drill programs tested these and other zones and outlined a small, 
as yet not fully defined, geological reserve at Greywacke Lake. 
In 1992 and 1993 we mapped the area including the North, 
Centre, and South zones (Fig. 2) and logged available drill 
core with emphasis on establishing the nature and setting of 
the mineralization. 

REGIONAL GEOLOGY 

The Stewart River area (Fig. 1) has been previously mapped 
by the Saskatchewan Geological Survey at a scale of one inch 
to the mile: NTS 73P 9 (Padgham, 1966). 73P 10 (Padgham, 
1963), 73P 15 (Pearson and Froese, 1959) and Morris (1 961). 
Recent re-mapping (Thomas, 1986) extended into the north- 
western part of this area. Lucid accounts of the geology of the 
Stewart River area are found in reports, maps, and sections 
by Padgham (1963,1966) and these are the primary sources 
for the compilation map shown in Figure 1. Some modifica- 
tions have been made to reconcile older and current regional 
terminology (Lewry and Slimmon, 1985). 

The McLennan Lake Fault (Lewry and Slimmon, 1985; 
Thomas. 1986) marks the tectonic boundary between the 
Central Magmatic Belt on the west and the Kyaska (McLean 
Lake) Belt on the east and defines the western limit of 
meta-arkosic rocks of the McLennan Group in this area. The 
Missinipe Fault (Lewry and Slimmon, 1985) coincides with 
the southeastern limb of a major southward-closing reclined 
fold in McLean Lake gneisses between the Stewart River and 
Bartko Lake. Both the dip of the fold axial surface and the 
plunge of the fold axis are to the northwest. Narrow horn- 
blende-bearing calc-silicate units help to define this structure 
(Fig. 1) as many of the units correspond to aeromagnetic 
anomalies (Padgham, 1963). Padgham (Map 56A, 1963; 
Map 78A, 1966) also attempted a more detailed subdivision 
of the quartzofeldspathic gneisses between Greywacke Lake 
and Bartko Lake. There is, however, considerable uncer- 
tainty in the correlation of these rocks (McLean Lake gneiss) 
with the more distinctive rocks of the McLennan Group to the 
west and north of Greywacke Lake (Lewry and Slimmon, 
1985; Thomas, 1986). 

STRATIGRAPHY 

Although most rocks are thoroughly rec~ystallized to gneiss and 
schist, locally well preserved primay structures prompted us to 
subdivide them on the basis of inferred protolith (Fig. 2). 
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Figure2. Geological map of the Greywacke Lake area showing the positions of the main 
gold-bearing sulphide zones. 
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Stratigraphic way-up was determined from the shapes of 
trough crossbeds in one arenite unit. Although lithologic 
nomenclature and interpretation of protoliths are tentative at 
this stage, most of the mapped supracrustal units are meta- 
sedimentary. Intrusions, including numerous irregular peg- 
matite masses, are also present. The lithological contacts that 
were established in outcrop were extrapolated through inter- 
vening areas with the aid of drill sections (Fig. 3) leading to 
recognition of a first generation isoclinal anticline (Fig. 2.4). 
Primary features in the supracrustal rocks are best preserved 
in the core of this fold. The supracustal rock units are 
described below in order, from the interior of the fold out- 
ward, which with some notable exceptions, is also the inferred 
stratigraphic order. 

Metaconglomerate and conglomeratic 
metasandstone (Ccs) 

This unit is exposed at the Greywacke South zone (Fig. 2). It 
comprises mainly strongly banded, flaggy rock containing 
pink and dark grey-green bands 3 to 5 cm thick. Part of the 
light-coloured banding is caused by the presence of matrix- 
supported quartzofeldspathic clasts. These are predomi- 
nantly of a single composition, although a few exotic mafic 
and highly altered siliceous clasts were observed. Locally the 
conglomerate contains 20 to 100 cm thick feldspathic arenite 
beds and has a transitional contact with overlying sandstone. 
It is highly strained in comparison with other units, as is 
indicated by the common occurrence of rotated "pseudo- 
clasts" that clearly have formed by boudinage of narrow 
pegmatite dykes. 

Figure3. Geological cross-section through the Greywcke North Zone. Note that the details 
portrayed on the section are constrained both by diamond drill information and by down-plunge 
projection of surface features, See Figure 2 for the location of the line of section. Patterns for rock 
units as in Figures 2 and 4. 
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Figure 4. Enlarged plan view of the outcrop geology of the Greywacke North Zone. Note that the 
mineralized zone is both discordant to bedding in the host rocks and, like the host rocks, is locally 
folded. Patterns for rock units as in Figure 2 with added subdivision of the arenite subunits. 
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Feldspathic meta-arenite (AJ) Lithic arenite (Al) 

This unit is made up of massive, light-coloured sandstone 
beds, 10 to 50 cm thick, with local intercalated conglomerate. 
Major constituent minerals are plagioclase, microcline, mus- 
covite, and quartz, with minor biotite. Faserkeisel (egg- 
shaped muscovite-sillimanite knots) and relict pressure 
solution seams composed of coarse muscovite are moderately 
common in more deformed portions of this unit but are 
generally confined to selected beds. Some weakly strained 
beds contain amoeboid lithic clasts of a single composition 
distributed homogeneously throughout a pink quartzofeld- 
spathic matrix (Fig. 5). The clasts, which are darker than the 
matrix, exhibit re-entrant angles suggesting a greater pre- 
strain angularity suggestive of lapilli and, overall, the rock 
has the appearance of a welded lapilli tuff. Thick, massive 
bedded units are commonly separated by 2 to 10 cm thick 
bands of fine grained, laminated (tuffaceous?) rock, the lami- 
nations being accentuated by milimetre-thick quartz segrega- 
tions parallel to bedding. 

Polymictic metaconglomerate (Cp) 

This unit comprises clast-supported conglomerate that grades 
locally into conglomeratic arenite. Both the lower and upper 
contacts of the conglomerate with adjacent units are sharp. 
The conglomerate contains a variety of distinctive clast types 
(Fig. 6)  including coarse quartzofeldspathic (plutonic?), fine 
quartzofeldspathic (felsic volcanic), and most commonly 
mafic (volcanic?) types. The abundance of mafic clasts 
(>20%) is probably visually underestimated owing to their 
extreme flattening compared to the more felsic varieties but 
their presence distinguishes this unit from the lower conglom- 
erate. Aluminosilicates and garnet were observed to over- 
print certain clasts of appropriate composition. 

Lithic arenite is a relatively featureless biotitic quartzofeld- 
spathic rock containing 10-20% quartz, 3 0 4 %  feldspar 
(mainly plagioclase), and abundant biotite. Garnet and mag- 
netite are particularly abundant in the outcrops north of the 
Greywacke North deposit where the unit is also overprinted 
by hornblende po~phyroblasts. The lower contact between the 
lithic arenite and underlying conglomerate is sharp. Locally the 
arenite is difficult to distinguish from the feldspathic meta- 
arenite but can generally be identified by its greater biotite 
content, rare microcline, and fewer faserkeisel. 

The lower part of the lithic arenite unit was subdivided in 
the area of exceptional exposure around the Greywacke North 
zone. These subunits and the underlying conglomerate out- 
line the hinge of the isoclinal fold (Fig. 4). 

Massive lithic arenite, (Alm) containing only rare cross- 
beds and local pebbly intervals, forms the base of the lithic 
arenite unit. It is overlain by crossbedded lithic arenite (Alx) 
composed of poorly defined beds ranging from 0.2 to 1 m 
thick. Trough crossbeds ranging from 10 to 50 cm in ampli- 
tude show the asymmetric merging of foresets at the base 
(Fig. 7) and are commonly truncated at the top contact with 
overlying troughs. The trough crossbeds are accentuated by 
the presence of 0.5 to 1 cm pebbles on the foresets. The 
crossbedded arenite also locally contains lenses of pebbly 
arenite and massive arenite that assist in defining the macro- 
scopic orientations of beds. Pebbly lithic arenite (Alp) over- 
lying the crossbedded unit is distinguished by the presence of 
variable proportions of white-weathering clasts that are from 
1 to 10 cm long (average 5 cm) and 0.5 to 1 cm wide. It also 
contains rare mafic clasts similar in size and shape to the felsic 
ones. The presence of local poorly developed crossbeds and 
beds of massive pebble-free arenite suggest gradational facies 
transitions into the other arenite varieties. 

Figure 5. Photograph of darker amoeboid clasts in an Figure 6. Photograph of polymictic meta-conglomerate. 
outcrop ofqhe feldspathic meta-arenite unit. The rock Note the presence of mafic clasts (centre),fined grained felsic 
is possibly a welded lapilli tufl Pencil is 12 cm long. clasts (centre right), and granitoid clasts (centre left). Long 
GSC 1993-2201 axes of clasts are parallel to S,. Compass face is 7 x 7 cm. 

GSC 1993-220N 
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The upper part of the arenite unit is not as well exposed 
as the lower part. Local exposures and good sections of drill 
core suggest, however, that conglomeratic lithic arenite and 
local calc-silicate (diopside-tremolite-grossular garnet) inter- 
vals distinguish it from the lower part. 

Meta-arkose (Aa) 

Lithic meta-arenite is in contact with meta-arkose on oppos- 
ing limbs of the anticline (Fig. 2). This distinctive pink to 
brick-red rock contains little biotite but abundant rounded 
quartz grains that are unevenly distributed. 'The rock is fur- 
ther typified by abundant flaggy surfaces coated by coarse 
muscovite. Similar rocks characterize the "McLennan 
Group" elsewhere in the La Ronge Domain (Lewry, 1983) but 
the nature of its contacts with adjacent arenites is suspect. 

Metasandstone and calc-silicate rocks 

A diffuse sheared contact was observed in outcrop on the 
eastern limb of the fold and several sections of drill core show 
the western contact to be a highly foliated metasandstone and 
calc-silicate zone from 10 to 20 m thick in which lithic arenite, 
arkose, and calc-silcate units are irregularly intercalated. We 
provisionally view these contacts as early ductile fault zones. 

Metagreywacke (Sg) 

A unit of pelitic schist and gneiss extends along the shore of 
Greywacke Lake in the southeastern part of the map area. It 
contains much more biotite than any of the meta-arenites and 
is locally intercalated with leucocratic orthogneiss. We have not 
been able to establish a direct stratigraphic relationship between 
this metagreywacke and any of the arenitdconglomerate units. 

Figure 7. Photograph of trough crossbeds in the hinge of a 
mesoscopic F, anticline, viewed down its punge. The ampli- 
tude of the trough is exagerated in part by transverse shorten- 
ing (S, ). Compass face is 7 x 7 cm. GSC 1993-220K 

INTRUSIONS 

Three distinctive varieties of intrusive rocks are present. 
Pegmatites, which appear to be of several different genera- 
tions, are most common, metatonalite forms a single large 
body, and monzodiorite occurs as rare dykes only in the 
meta-arenite and metaconglomerate units (Fig. 2). 

Pegmatite (Zpeg) 

Simple pegmatite bodies, composed of quartz-plagioclase- 
microcline and biotite occur as irregular masses and dykes 
that cut all supracrustal lithologies. Some of the irregular 
masses comprise interconnected steep (dyke) and flat (sill) 
segments. Where the latter cap outcrops, pegmatite appears 
to be more extensive than it actually is. Several generations 
of pegmatite are present. All are locally folded and com- 
monly boudinaged, and the younger ones contain screens of 
foliated supracrustal rocks. 

Metatonalite (It) 

A thick unit of quartz-plagioclase-hornblende-biotite gneiss 
outcrops between the lithic arenite and metagreywacke in the 
southeastern part of the map area. Similar in composition to 
smaller bodies within the metagreywacke, this coarse grained 
leucocratic rock contains centimetre-long prismatic horn- 
blende grains commonly replaced by biotite. In places, the 
rock is banded and hornblende commonly is parallel to the 
gneissosity but, in local patches, is randomly oriented. It is 
suggested to be a tonalitic orthogneiss. 

Monzodiorite (Imd) 

Massive, homogeneous, medium grained, semi-concordant 
intrusive units 1 to 10 m wide occur locallv within the arenite 
and conglomerate sequence. One such transposed dyke, of 
relict granitoid texture, is composed of altered plagioclase, 
hornblende, and interstitial potassium feldspar and hence is 
likely a monzodiorite. Other examples appear to be hy- 
drothermally altered and contain abundant epidote, quartz, 
and sphene. Locally, football-shaped lenses, up to 50cm long 
and 20-30 cm wide, composed of coarse grained, epidote-rich 
quartzofeldspathic rock occur at a single horizon within the 
feldspathic arenite unit. They are thought torepresent boudins 
of a transposed, hydrothermally altered monzodiorite dyke. 

-. 

STRUCTURE 

The nature and orientations of mesoscopic deformational 
fabric elements were recorded systematically across the 
mapped area. Coupled with the map distribution of litho- 
logical units and observed overprinting relationships, three 
deformational events D,, DZ, and D3 were identified; these 
are in agreement with the regional structural nomenclature of 
Lewry et al. (1990) and Coombe et  al. (1986). 
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First deformation (Dl) 

Dl deformation dominates the map-scale structure at Greywacke 
Lake (Fig. 2, 3, 4). The prominent anticline, defined in 
outcrop, is a reclined, intrafolial F1 fold that plunges approxi- 
mately 55 degrees to the north-northwest (L1:340-55). The 
plunge was deduced mainly from correlating the prominent 
closure of the distinctive polymictic metaconglomerate in 
plan (Fig. 4) with its position in successive drill sections. 
Note that the effects of folding are not as pronounced in the 
cross-section (Fig. 3) which is more nearly parallel to the fold 
hinge. 

The strongest penetrative planar fabric in most outcrops 
is S, which is axial planar to FI  folds and is displayed mainly 
as a micaceous pressure solution cleavage (now recrystal- 
lized) and extreme flattening of clasts. careful examination 
of arenite units in mesoscopicF1 antiformal hinges confirmed 
that S ,  does not overprint earlier planar elements other than 
bedding (Fig. 8). The shapes of trough crossbeds in the lithic 
arenite unit (Fig. 7) confirm that small F, folds are anticlinal 
and synclinal in a stratigraphic sense and that they face 
upwards (i.e., younger units are encountered upwards and 
northeastward along S,). 

Second deformation (02) 

D2 deformation is less intense than D l  in most outcrops. S2 
cleavage (S2:240-65) is commonly marked by elongate 
faserkeisel, clearly crenulates S,,  and transects FI  folds 
(Fig. 9). S-shaped F2 folds are common minor structures. 
Locally, mineral and stretching lineations were recorded; 
most plunge down-dip in S,, parallel to the intersection of S 
and S2  and also parallel to F2 fold hinges. Similar lineations are 
closer in orientation to the F, hinge and may be related to Dl .  

Figure 9. Sfripey S, foliation in feldspathic arenite accentu- 
ated by muscovite seams (dark) overprinted by faserkiesel 
parallel to Sz. Pencil is 12 cm long. GSC 1993-220P 

Third deformation (03) 

F3 upright, open folds, up to 10 m in wavelength and trending 
3m0, deflect and overprint both S, and S2 but have limited 
effect on the map-scale distribution of units. Local, small 
sinistral strike-slip faults, also with 340' strikes may be 
another manifestation of D3 deformation. 

In addition to the mesoscopic folds described above, others 
of similar size were observed in the outcrops at Greywacke Lake. 
These folds lack systematic axial plane orientations and 
invariably are associated with margins of pegmatitic intru- 
sions. They appear to be of D2 and/or D? generation in that 
they refold S1 but their formation and the irregularity of their 
orientations is attributable to their common occurrence as 
indentations into necks of boudins in the pegmatite bodies. 

METAMORPHISM 

All of the rock types, with the possible exception of some of 
the later generations of pegmatite, have a granoblastic texture. 
Nonetheless, ubiquitous shape fabrics of clasts and mineral 
aggregates, as well as relict pressure solution foliation, attest 
to an earlier dynamothermal recrystallization synchronous 
with deformation. Quartz, plagioclase, microcline, musco- 
vite, biotite, garnet, and hornblende are stable and are present 
in abundances that reflect host rock compositions. Horn- 
blende and garnet are poikioblastic and sillimanite occurs 
both as a matrix mineral and in abundance within muscovitic 
faserkeisel that are parallel to SZ. Cordierite was tentatively 
identified in drill core from Greywacke South. Preliminary 
observations constrain metamorphic temperatures between Figure 8. Photograph of transposed contact (solid line) 
550°C (coexisting biotite-garnet-sillimanite) and 650°C (co- between feldspathic meta-arenite and polymictic metacon- 
existing quartz-muscovite-plagioclase). Pressureconstraints are giomerate' the of clasrs paraNel lo ' I  poor ('2-7 kbX) although results of recent geobarometric s.dies 

(dashed line)' face is GSC *993-220Q elsewhere in the McLean Lake belt (Abbas-Hasanie et al., 
1992) would favour the higher end of this range. 
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MINERALIZATION AND ALTEFUTION 

The disseminated sulphide zones at Greywacke Lake are 
expressed in outcrop by weak gossans. Three subparallel 
sulphide-bearing lenses are exposed: Greywacke South, 
Centre, and North (Fig. 2). They all locally contain anoma- 
lous gold concentrations but the most continuous gold grades 
are in the Greywacke North zone where ore-grade material 
(approximately 12 glt) is concentrated mainly in the arenite 
units and also clearly transgresses primary lithological con- 
tacts (Fig. 4). Outcrop-scale evidence also suggests that the 
sulphide zones have been folded with their enclosing rocks. 
The auriferous zone now has an irregular shape (Fig. 4) which 
reflects both the original form and the D l  folding of the zone. 
With reference to bedding, it originally comprised both dis- 
cordant and concordant segments so that the concordant 
northern end of the auriferous zone was folded in sympathy 
with the crossbedded arenite. 

The mineralized rocks are composed mainly of quartz- 
plagioclase-muscovitefbiotite schist containing dissemi- 
nated sulphide minerals (on average 1 to 5% by weight), 
magnetite, and locally, fine grained native gold. Sulphides 
and oxides occur as discontinuous, irregularly shaped trains 
of elongate grains and grain aggregates interstitial to grano- 
blastic silicate minerals but, on average, parallel to S1. The 
sulphide-oxide segregations take on the negative grain shapes 
of their silicate hosts but are in textural equilibrium with them. 
Pyrrhotite and pyrite are the most common sulphide phases. 
Triple-junctions among adjacent grains in pyrrhotite aggre- 
gates suggest metamorphic recrystallization of the sulphides. 
Chalcopyrite and magnetite occur as smaller grains on the 
edges of pyrrhotite grains and aggegates and are also in 
textural equilibrium with both sulphides and silicates. Rare 
idiomorphic pyrite grains overgrow pyrrhotite, and molybde- 
nite, sphalerite, and galena are rare accessories. Sulphides 
also commonly occur as tiny inclusions in silicate minerals. 
Discrete grains of nativegold are common in well mineralized 
areas; at the microscopic scale they are not directly associated 
with sulphide grains and, at the macrosopic scale, many 
portions of the sulphide zones contain no gold (Fig. 3,4). 

The problem of recognizing the effects, if any, of hy- 
drothermal alteration at Greywacke Lake is particularly dif- 
ficult because of the complete recrystallization during 
amphibolite facies metamorphism. A limited number of 
mineral phases (quartz, biotite, muscovite, microcline, and 
plagioclase) are common to all rocks and textural evidence of 
overprinting of one phase by another will likely have been 
destroyed. There are nonetheless indications, at a variety of 
scales, that metasomatism has affected the rocks at Greywacke 
Lake although, at this stage, it is uncertain how it relates to 
gold mineralization. At the microscopic scale, the sulphides 
at the Greywacke North zone are associated with leucocratic 
silicate segregations in the host arenite. Aggregates of quartz 
and microcline grains commonly envelope sulphides and it is 
possible that these represent fossil microfractures into which 
sulphides (and gold?) were originally emplaced. 

At the mesoscopic scale, siliceous rocks containing abun- 
dant quartz, green mica, and albite correlate well with the 
presence of sulphides at the Greywacke South zone and likely 
reflect precursor hydrothermal alteration. Mineralized zones 
within the normally biotitic lithic arenite at Greywacke North 
are also characterized by a bleached appearance and anoma- 
lous quantities of muscovite, including a bright green variety 
(roscoelite or fuchsite?). Where monzodiorite dykes occur in 
mineralized zones they are rich in quartz, epidote, and sphene 
along with sulphides, likely as a result of precursor hydrother- 
mal alteration. Dykes of this type containing abundant pyr- 
rhotite are also prominent at the Lyons zone to the south of 
Greywacke Lake (Fig. 1). At the larger scale, magnetite and, 
locally, hornblende porphyroblasts are common in several of 
the rock units at Greywacke Lake but these minerals do not 
appear to be directly related to the presence of sulphides or gold. 

DISCUSSION 
- - - 

The host rocks to the gold mineralization at Greywacke Lake 
and the Lyons zone to the south are inferred to represent a 
coarse clastic sequence of shallow water origin. These rocks 
appear to comprise three distinct sedimentary facies. The 
lowermost sequence of conglomerate, conglomeratic sand- 
stone, and feldspathic arenite is thought to be of possible 
epiclastic origin. It includes probable lapilli tuff and con- 
glomerate of volcanic and hypabyssal provenance, and re- 
sembles shallow water, if not subaerial, rocks of volcanic 
derivation. It is in sharp contact with overlying polymictic 
conglomerate containing both volcanic and plutonic clasts. 
The conglomerate, although deformed, appears to be clast- 
supported and resembles subaerial alluvial-fluvial conglom- 
erate. Even accounting for folding and inhomogeneous 
strain, the conglomerate at Greywacke Lake varies substan- 
tially in thickness from place to place suggesting that it was 
originally a lenticular depositional unit. The uppermost host 
rockunit, lithic arenite, is locally pebbly and crossbedded and 
likely is of fluvial origin. It is distinguishable from arkose of 
the McLennan Group to the west mainly by its low content 
of potassium feldspar. 

The mean orientation of S2 and the S-shaped asymmetry 
of F2 folds at Greywacke Lake suggest a sypathetic relation- 
ship to a major (F2) fold that closes approximately one kilo- 
metre to the east (Fig. 1). During this event, the mineralized 
sequence which was first transposed into S I  and folded by 
local F ,  intrafolial folds, was refolded into a steeper orienta- 
tion by D2 folds. AS a point of regional interest, this implies 
that, prior to D2, the F1 folds likely had shallow dipping axial 
surfaces and were westward facing. The mineralization at 
Greywacke Lake falls into the broad category of disseminated 
sulphidic gold deposits. Although stratabound at the property- 
scale, it occurs in concordant and discordant lenses at the local 
scale. We have noted that the sulphide mineralization post- 
dates the emplacement of monzodiorite dykes into the supra- 
crustal sequence but predates regional deformation and 
metamorphism, as well as the intrusion of pegmatitic dykes 
and sills. The alignment of sulphide mineral aggregates with 
S ,  foliation and the macroscopic alignment of the sulphide- 
bearing lenses with F,  fold axial surfaces strongly suggests 
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that mineralization was at least synchronous with, if not 
earlier than, Dl. We prefer the latter interpretation, not only 
because we have observed folded sulphide lenses, but also 
because we could find no evidence of anomalous Dl  defor- 
mation (higher strain zones for example) that correlates directly 
with mineralization. The fact that the mineralized zones are 
now parallel to the axial surface of F1 folds is likely the result 
of their transposition, along with their host rocks, into the S 1  
orientation. The mineralized zones were certainly originally 
much more discordant to their host units than they are now. 

Greywacke Lake shares a number of geological attributes 
with deposits elsewhere in Canada such as Hemlo, Bousquet, 
Madsen Red Lake, Montauban, and Chetwynd where similar 
problems of interpretation exist. Common features include 
disseminated sulphide mineralization, occurrence at vol- 
canic-sedimentary interfaces, aluminous and potassium-rich 
alteration, polyphase deformation involving strong transpo- 
sition, and elevated metamorphic grade. Current views on the 
primary origin of these deposits run the gamut from shear 
zone replacement to deformed magmatic hydrothermal sys- 
tems. At Greywacke Lake, we see no evidence of a shear zone 
relationship and can also rule out a paleoplacer origin on the 
basis of the discordance of mineralization, the immaturity of 
the host rocks, and the clear evidence of mineralization and 
alteration overprinting monzodiorite dykes. The nature of the 
host rocks and their subaerial statigraphic setting are atypical 
of volcanogenic massive sulphide systems. A closer compari- 
son exists with disseminated sedimentary-hosted epithermal 
deposits (e.g., Cannon Mine, Washington) that are common1 y 
located in subaerial volcano-sedimentary sequences but the 
mineralization at Greywacke Lake lacks a typical epithermal 
metal suite. The best analogues are deeper, intrusion-related, 
noncarbonate replacement deposits or "mantos" (Sillitoe, 
1991); such deposits are typically composed of gold associ- 
ated with disseminated sulphides, are stratabound to discor- 
dant to sedimentary/volcanic host rocks, and are commonly 
associated with igneous dykes. The key question surrounding 
a manto origin for mineralization at Greywacke Lake is whether 
there is a related intrusion in the rocks underlying the metacon- 
glomerate that forms the lowermost stratigraphic unit. Our 
structural interpretation implies either that the mineralized 
units may be detached from their original infrastructure or that 
the underlying rocks will be found in the core of the F1 fold 
farther to the south. The only concrete links between mag- 
matism and mineralization preserved at Greywacke Lake are 
the monzodiorite dykes. 

CONCLUSIONS 

Gold mineralization in the Stewart River area is a unique type 
in the La Ronge-Lynn Lake Domain. It is disseminated with 
sulphides in rather ordinary, isoclinally folded, sillimanite- 
bearing quartzo-feldspathic gneisses that are mainly of meta- 
sedimentary origin. Given that most rocks of the McLean 
Lake Belt are of similar type and that manifestations of the 
presence of gold is extremely subtle, further exploration for 
this unique style of mineralization is warranted. 
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Structural relationships across the 
Tabbernor Fault, Nielson Lake area, 
Trans-Hudson Orogen, Saskatchewan 
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Elliott, C.G., 1994: Structural relationships across the Tabbernor Fault, Nielson Lake area, 
Trans-Hudson Orogen, Saskatchewan; - in Current Research 1994-C; Geological Survey of 
Canada, p. 113-120. 

Abstract: Detailed mapping across the Tabbemor Fault in the Nielson Lake area reveals brittle, 
strike-slio movement on the fault that crosscuts the Nielson ductile strain zone. Shear on the Nielson strain 
zone east of the Tabbernor Fault was sinistral-oblique with moderate to steep, S-plunging extension 
lineations. Sinistral kinematic indicators postdate dextral shear structures with S-plunging lineations. Shear 
west of the Tabbernor Fault was sinistral with moderate north-plunging extension lineations. The north- 
striking Nielson strain zone splays to the west into north-dipping reverse faults across which stratigraphy 
is repeated and has a frontal- and lateral-ramp geometry. Movement on the Nielson strain zone postdates 
an angular unconformity between metasedimentary rocks, mafic metavolcanic rocks and tonalites, and 
overlying intermediate volcanogenic rocks. correlation with dated units in the Glennie Domain suggests 
that pre-unconformity deformation, uplift, erosion, and deposition above the unconformity occurred 
between 1850 and 1840 Ma. 

R6sumC : La cartographie dCtaillCe du secteur traversC par la faille de Tabbernor dans la r6gion du lac 
Nielson rkvkle un mouvement de  coulissage de type fragile associ6 h la faille qui recoupe la zone de 
deformation ductile de Nielson. Le cisaillement dans la zone de dkformation de Nielson, B l'est de la faille 
de Tabbernor, Ctait senestre-oblique et a produit des linkations d'Ctirement plongeant vers le sud selon un 
angle modCrt A abrupt. Les indicateurs cinkmatiques du mouvement senestre sont postCrieurs aux structures 
de cisaillement dextre accompagn6es de lintations plongeant vers le sud. Le cisaillement, B l'ouest de la 
faille de Tabbernor, Ctait senestre et  a produit des lineations d'etirement plongeant vers le nord selon un 
angle modert. La zone de dkformation de Nielson, de direction nord, s'amortit vers I'ouest sous forme de 
failles inverses ii pendage nord, qui produisent une rkpktition de la stratigraphie, et la zone prksente dans 
I'ensemble une gtomttrie de rampes frontale et laterale. Le mouvement dans la zone de dbformation de 
Nielson est posttrieur B une discordance angulaire au contact de roches mttasCdimentaires, de roches 
m6tavolcaniques mafiques et de  tonalites avec une succession sus-jacente de  roches volcaniques 
intermediaires. La corrtlation avec les unites dattes dans le domaine de Glennie indique que la dkformation 
anterieure B la discordance, le soul&vement, I'hosion et la sedimentation des unitCs sus-jacentes ii la 
discordance ont eu lieu entre 1 850 et 1 840 Ma. 

' Geology Department, Concordia University, 7141 Sherbrooke St. W, Montreal, Quebec H4B 1R6 
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INTRODUCTION AND BACKGROUND 

The Tabbernor Fault is a prominent, north-striking feature at 
the boundary between the Glennie Domain and Hanson Lake 
Block of the Proterozoic Trans-Hudson Orogen (Lewry, 1981) 
(Fig. 1). The fault can be traced on surface from small, brittle 
splays in the Northwest Territories to topographic lineaments 
in Ordovician dolomite south of the Shield margin. On the 
basis of geophysical data, Green et al. (1985) traced the fault 
as far south as 46"N (Fig. 1). 

The part of the Tabbernor Fault under investigation during 
the summer of 1993 (Fig. 2) lies immediately west of the 
Sahli-Hanson Lake dome (Lewry et al., 1990) and coincides 
with a wide zone of ductile deformation and a region in which 
metamorphic grade increases abruptly towards the east 
(Sibbald, 1978). The shorelines of the north, south, and west 
lobes of Nielson Lake (N Nielson, S Nielson, and W Nielson 
Lake) and adjacent Shaw Bay of Pelican Lake expose a 
complete section across and beyond the walls of the Tabbemor 
Fault. The 1:20 000 form surface map of Nielson Lake 
resulting from the summer's fieldwork is published in the 
1993 Summary of Investigations of the Saskatchewan 
Geological Survey (Elliott, in press). 

Earlier descriptions of the southern end of the exposed, 
Proterozoic part of the Tabbernor Fault are reviewed in 
Wilcox (1 990a. b, 1991). The previous studies most relevant 

Figure I .  The location of the study area on the Tabbernor 
Fault. The fault trace shown is derivedfrom surface mapping 
and topographic and geophysical lineaments (modified afrer 
Green et al., 1985. Lewry et al., 1990). F-S = Flin Flon-Snow 
Lake Domain; G = Glennie Domain; L-LL = La Ronge-Lynn 
Lake Domain; P = Peter Lake Domain; R-SI = Rottenstone- 
South Indian Lake Domain; T-FR = Thompson and Fox River 
belts. 

VOICPDIC PlOlOlllb 
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UNIT D.3: IIIYICOVII~ granite 

Figure 2. Distribution of rock types in the Nielson Lake area. 
The known and inferred relative ages of rock units are as 
shown with unit A oldest and unit F (mylonites) youngest. 
Locations A to H are discussed in the text. 

to the present study are Sibbald (1978) which reports 1:63 360 
mapping of western Pelican Lake and surrounding regions, 
and Wilcox (1990a, 1991) which describes the Tabbernor 
Fault from Wood Lake to Nielson Lake. The current study is 
a continuation of work initiated by K. Wilcox on the kine- 
matic history and significance of the Tabbemor Fault. 

A sinistral sense of displacement on the Tabbernor Fault 
and adjacent ductile strain zone has long been recognized 
(Budding and Kirkland, 1956), but the kinematic history, 
timing of motion, and tectonic significance of the fault are 
still debated (Lewry, 1981; Green et al., 1985; Lewry et a]., 
1990; Wilcox, 1990a, 1991). The field work reported here 
indicates that motion of the Tabbemor Fault sensu strict0 was 
purely strike-slip, at least over the area examined, and that 
deformation was primarily brittle. Ductile shearing adjacent 
to the Tabbernor Fault was also sinistral but was oblique and 
need not have been related to movement on the Tabbernor 
Fault. The brittle Tabbemor Fault, therefore, is here distin- 
guished from the ductile Nielson strain zone on the basis of 
overprinting relationships. Movement vectors in ductiley 
sheared rocks of the Nielson strain zone change orientation 
across the Tabbemor Fault and are overprinted by brittle 
strike-slip faulting. 
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ROCK UNITS AND STRATIGRAPHY 

The distribution of rock types and interpreted tectono- 
stratigraphic sequence for the Nielson Lake area are shown in 
Figure 2. 

Unit A: biotite schists and gneisses 

Fine- to medium-grained metasedimentary schists and 
gneisses exposed on both sides of the Tabbernor Fault have 
been described by Sibbald (1978) and Wilcox (1 990a). They 
are dark to light grey with both coarse and fine compositional 
layering defined by grain size and composition. Coarse lay- 
ering (centimetres to 10's of centimetres) is easily recognized 
as bedding west of the Tabbernor Fault but is less obvious to 
the east. The millimetre- to centimetre-scale layering of alter- 
nating quartz-rich and mica-rich layers is metamorphic. 

West of the Tabbernor Fault these rocks contain: quartz+ 
feldspar+biotite+amphibole(hornblende)+garnet+staurolite 
+ andalusitelsillimanitehnagnetite. They are retrogressed to 
white mica and chlorite rocks adjacent to theTabbemor Fault. 

East of the Tabbernor fault the rocks vary from schists in 
the west to granoblastic and migmatitic gneisses in Shaw Bay. 
They become increasingly rich in cordierite towards the east 
and there is clear separation of leucosomatic and melanoso- 
matic layers. 

Pegmatites are abundant and have locally been attenuated 
through ductile deformation into strings of feldspar porphy- 
roclasts within the gneissic foliation. Towards the east margin 
of the map area the biotite gneiss is inter-mixed with as much 
80% pegmatite and leucocratic granite. 

Both Sibbald (1978) and Wilcox (1 990a, b) mapped steep, 
north-striking isograds based on assemblages within the bio- 
tite schists and gneisses. Garnet, andalusite, sillimanite, and 
cordierite, however, are more widespread than previously 
noted, bringing into question the validity of the isograds. The 
distribution of metamorphic minerals appears to be more 
closely related to lithology than to recognizable pressurel- 
temperature transitions. There is an increase in metamorphic 
grade from west to east, but it is not clear whether isograds 
trend parallel to the Tabbemor Fault or whether they are as 
close together as previously mapped. 

Unit B: mafic metavolcanic rocks 

Fine- to medium-grained hornblende schists and gneisses are 
exposed in belts west of the Tabbemor Fault. They vary from 
black to dark green, weather to rusty browns, and commonly 
contain: hornblende+plagioclase+biotite+chlorite+pyrite+ 
actinolite. Primary structures were not observed in these 
rocks, but based on observations north of the map area Wilcox 
(1990a) concluded that they range from subvolcanic intrusive 
rocks to basaltic flows and pillow lavas. In the Nielson Lake 
area, mafic metavolcanic rocks are highly deformed and 
locally mylonitic to ultramylonitic. 

Mafic rocks are common inclusions within the Nielson 
Lake granodioriteltonalite that clearly intrudes unit B. 

Unit C: mixed mafic to felsic metavolcanic rocks 

This unit contains intermixed volcanic rocks ranging from 
pillow basalts to amygdaloidal andesitic flows to rhyolites 
and cherts (based on field examination). The best exposures 
of this unit are near the west shore of S Nielson Lake. 
Elsewhere the unit is generally highly sheared and primary 
structures were not observed. It was not possible to distin- 
guish between units B and C near the Tabbernor Fault where 
ductile deformation is most intense. 

The age of unit C relative to other rock types is not clear. 
Contacts with other units are either not exposed or are faulted. 
To the northwest of S Nielson Lake a number of narrow lenses 
of granodiorite/tonalite in the mixed volcanic unit parallel a 
strong tectonic foliation and may be either fault slices or 
intrusions. Dykes of the muscovite granite (unit D-3, 
location B, Fig. 2) at the south end of the map area intrude 
units A and B right up to the southern edge of unit C but were 
not observed in the mixed volcanic unit. The interpretation 
favoured here is that unit C is younger than the structurally 
lower units A and B. 

Unit D: intrusive rocks 

The main felsic intrusion in the map area is unit D-I, the Nielson 
Lake tonalite (unit 8 of Sibbald, 1978; unit 5 of Wilcox, 1990b). 
The tonalite is medium-grained, pinkish- to white-weathering to 
pale orange. The common mineral assemblage is: quartz+ 
plagioclase+K-feldspar+hornblende+chloritef epidote. The unit 
is generally well foliated, the foliation increasing in intensity 
towards the Tabbemor Fault. In places two foliations can be seen 
and field relationships suggest that theunit contains at least three. 
The first foliation (S ,) predates unit E (below), and is defined by 
a preferred orientation of quartz aggregates and hornblende 
aggregates with annealed, recrystallized internal textures. A 
strong mylonitic foliation in the tonalite unit within the Nielson 
strain zone is a second andlor third generation foliation. 

Mafic inclusions are common and locally quite abundant. 
They are elliptical to strongly elongate and are generally a few 
centimetres to a few ten's of centimetres long. They are com- 
posed predominantly of homblende, feldspar, and epidote. 

Unit D-2 is a medium- to coarse-grained diorite and quartz 
diorite associated with unit D-1. It varies in composition from 
almost pure hornblende to: homblende+plagioclasequartz+ 
chlorite. It is locally complexly intermixed with unit D-1 and is 
interpreted to be a mafic phase of that body. Wilcox (1990a) 
suggested that it represents mafic contamination of the tonalite 
where it intruded mafic metavolcanic rocks. However, no spatial 
association between mafic metavolcanic rocks and the dio- 
ritelquartz diorite was noted during the present study. 

Unit D-3 (unit 10 of Sibbald, 1978) is a pink, medium- to 
coarse-grained, muscovite-bearing granite south of S Nielson 
Lake (location B, Fig. 2). Dykes of the granite and granitic 
pegmatites intrude the mafic metavolcanic (unit B) and 
metasedirnentary rocks (unit A) south of S Nielson Lake, but not 
other units. The granite is weakly foliated and this foliation is 
folded about the northeast-closing fold at the southemmost 
extent of the map sheet (Fig. 3,4). 
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Figure 3. Structural interpretation map of the Nielson Lake 
area showing structural form lines, the Tabbernor Fault, the 
Nielson strain zone, the angular unconformity beneath unit 
E, and the "Pegmatite Thrust" of Wilcox (1990a). 

The muscovite granite is unique to the west side of the 
Tabbernor Fault in the map area. However, muscovite-bearing 
pegmatites and leucogranites are abundant in the biotite schists 
(unit A) east of the Tabbernor Fault. There are many generations 
of these pegmatites, and they vary from mylonitic to very weakly 
deformed. The muscovite granite does not differ significantly 
from leucogranites and pegmatites east of the Tabbemor Fault. 

Unit E: intermediate metavolcanogenic rocks 

The youngest supracrustal rocks are fragmental metavolcanic 
rocks of dacitic composition and interlayered volcanogenic 
meta-arenites. They are salmon pink or white to dark gray and 
tend to be so fine grained that mineralogy is difficult to assess in 
hand specimen. The representative mineral assemblage of the 
unit is: quartz+plagioclase+micas+magnetite (locally altered to 
hematite)+hornblende+chlorite+epidote~garnet. The distinc- 
tive features of the unit include a high abundance of magnetite 
and the presence of monocrystalline quartz 'eyes' which have 
the iridescent blue tinge characteristic of volcanic quartz. 

The rock is locally arenaceous (e.g., locations C, D, E, and 
F, Fig. 2) and contains crossbedding accentuated by thin 
laminae of black sand. At location F it contains, along with 
dacitic fragments, irregular clasts of foliated tonalite varying 

in length from 10 cm to 50 cm. A belt of unit E extending west 
from location D (Fig. 2) varies from coarse sandstone to 
conglomerate, contains clasts of quartz, chlorite, quartz sand- 
stone, and intermediate volcanic rocks, and contains garnets 
that appear to be abraded and may be detrital as well. 

Elsewhere (e.g., between locations E and F, Fig. 2) the 
unit is composed of fine grained clasts or lenses elongate 
parallel to the main foliation. The clasts vary from light to 
dark grey, are variably quartz-rich, and may be amphibole- 
and/or feldspar-phyric. Blue quartz 'eyes' are abundant. 
Light green acicular amphibole crystals may be actinolite. 
This part of the unit appears to be homogeneous over tens of 
metres and is well foliated. It is interpreted to be of extrusive 
origin. 

Unit E is the youngest unit in the map area and overlies 
the Nielson Lake tonalite with angular unconformity west of 
N Nielson Lake and west of the island in S Nielson Lake 
(locations D and F, Fig. 2; see also Fig. 3, 4). Just above a 
ductiley sheared contact between unit E and tonalite at loca- 
tion F, a large outcrop contains rounded clasts of foliated 
tonalite (described above) in a magnetite-rich matrix. The 
foliation orientation in the tonalite varies from clast to clast 
and is locally perpendicular to the penetrative fabric of unit 
E. Some fragments in that and adjacent outcrops contain a 
foliation that is crenulated by the penetrative fabric of unit E. 

At location D (Fig. 2) Wilcox (1990a, b) mapped a grit 
horizon unconformably overlying the Nielson Lake tonalite. 
Here, coarse magnetite-rich quartz arenite is strongly foliated 
parallel to its contact with tonalite to the south. The contact 
is neither well exposed or clearly erosive, but the tonalite 
below the contact has a strong north-striking foliation that is 
abruptly terminated against the base of the grit. During 1993 
the grit unit and unconformity were traced more than 1 km to 
the west where the grit becomes conglomeratic. The east-west 
foliation of the basal arenitelconglomerate locally overprints 
a north-striking foliation in the tonalite. 

Unit F: mylonites with uncertain protolith 

At the isthmus between N Nielson Lake and S Nielson Lake 
and in the zone west of the Tabbernor Fault- is a belt of very 
fine grained, highly strained and foliated silicic to mafic rocks 
of uncertain protolith. Local occurrences of iridescent blue 
quartz grains suggest derivation from unit E, but elsewhere 
the absence of quartz and occurrence of rusty weathering 
suggests derivation from units B or C. It is inferred that the 
mylonites represent a tectonic mixture of units B, C, E, and 
possibly others. 

STRUCTURE 

The structure of the Nielson Lake area is dominated by three 
features: 1) The Tabbernor Fault, 2) the Nielson strain zone, 
and 3) the angular unconformity at the base of unit E 
(described above) (Fig. 3). Also notable is an isolated north- 
east-closing fold at the south end of the map area (location B, 
Fig. 2). 
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The Tabbernor Fault is here defined as the narrow zone of The Nielson strain zone is a new name that refers to the 
brittle-ductile to brittle deformation that forms the distinct zone of intense ductile strain that extends for approximately 
topographic lineament striking south-southeast through N 800 m either side of the main trace of the Tabbernor Fault. 
Nielson Lake. Associated brittle splays, also marked by Wilcox (1 990a, 1991) used the term "Tabbernor Strain Zone" 
topographic lineaments, pass through S Nielson Lake for "the area adjacent to the Tabbernor Fault where early 
(Fig. 3). fabrics are deformed and overprinted and newly formed features 

,k Mylonitic foliation 

Mineral lineation 

f Stretching lineation 

Figure 4. Form surface map of the Nielson Lake area. Due to dificulties in correlating 
foliations between units, the cleavage generations indicated (SI, S2, and S3) are specij?c to 
each unit. Thus Si in unit A need not be the same age as SI in unit B. 
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are confined"; However, overprinting fabrics are not confined 
to a zone parallel to the Tabbernor Fault, there is no evidence 
that the ductile strain zone and the Tabbemor Fault are more 
than just locally coincident, and the two have separate kine- 
matic histories. 

The Tabbernor Fault 

A scarp up to 50  m high marks the trace of the Tabbernor Fault 
in the Nielson Lake area and separates granodioritic rocks on 
the east from metasedimentary and metavolcanic rocks on the 
west. The fault rocks are foliated cataclasite to variably 
brecciated tonalite. Fault lineations are subhorizontal slicken- 
sides and quartz-chlorite fibres, the latter indicating sinistral 
strike-slip movement. Unfilled sigmoidal extension gashes 
also indicate sinistral motion. Horizontal slickensides over- 
print older, plunging, feldspar and quartz aggregate lineations 
of the Nielson strain zone. 

At the south end of S Nielson Lake a 50 m scarp marks a 
brittle splay of the Tabbemor Fault that cuts through the 
eastern limb and hinge of the northeast-closing fold at loca- 
tion B (Fig. 2,3,  and 4). The hinge zone of the fold appears 
to be sinistrally displaced by at least 2 km up the east shore 
of S Nielson Lake. 

The magnitude of displacement on the Tabbemor Fault at 
the latitude of the study area is not known. Steep isograds 
mapped by Sibbald (I  978) and Wilcox (1 990a, b) have sepa- 
rations of 6-8 km; however, there is uncertainly about the 
locations of isograds, as discussed above. The 2 km minimum 
displacement on the Tabbernor splay suggests that displace- 
ment across the main trace of the Tabbemor Fault was greater 
than 2 km. 

Conjugate crenulations trending approximately 125" and 
040" have a vertical intersection and are roughly symmetric 
about the trend of the Tabbemor Fault. The crenulations 
overprint S-C and mylonitic foliations, are most abundant 
within the 200 m either side of the fault, and are tentatively 
inferred to have formed during strike-slip movement on the 
Tabbernor Fault. 

The Nielson strain zone 

In the Nielson Lake area a zone of ductile strain with 
well-developed mylonitic foliations straddles the Tabbernor 
Fault. The mylonitic foliation of the Nielson strain zone 
generally has the same trend and steep dip on either side of 
the Tabbernor Fault: However, the fault scarp marks an abrupt 
transition from moderate to steep south-plunging extension 
lineations on the east to moderate north-plunging extension 
lineations on the west (Fig. 4). (In this paper extension linea- 
tions are those in which extension is indicated by small-scale 
boudinage of the lineated material, larger scale boudinage 
perpendicular to the lineation, and/or smearing of mineral 
aggregates parallel to the lineation.) 

The Nielson strain zone is described in two parts corre- 
sponding to lineation plunge domains separated by the 
Tabbernor Fault. 

East Nielson strain zone 

The East Nielson strain zone includes all of the tonalite east 
of the Tabbernor Fault and extends into the adjacent biotite 
schists and gneisses (Fig. 2,3). In the tonalite the penetrative 
mylonitic/ultramylonitic foliation is steeply-dipping to verti- 
cal and trends north to north-northwest, which is generally 
slightly clockwise from the trend of the Tabbernor Fault. 

The tonalite is everywhere sheared, with S-C fabrics, 
shear bands, and extension lineation defined by elongate 
aggregates of quartz, feldspar, and chlorite (after horn- 
blende?). Towards the eastern margin of the tonalite there is 
an increase in abundance of centimeter thick to tens of centi- 
metres thick bands of strongly lineated and foliated tonalite 
in which grain size is below resolution with the naked eye. 
Lineations have the same moderately south-plunging orien- 
tations within and outside these ultramylonite bands. 
Kinematic indicators are uniformly sinistral oblique, with the 
east side moved up and northwards relative to the west. 

Wilcox (1990a) described a 15 m wide high strain zone in 
which metasedimentary rocks to the east were transported up 
and to the north over tonalite to the west. He named this the 
"Pegmatite Thrust" (Fig. 3), and suggested that higher grade 
rocks had been emplaced over lower grade rocks. Though the 
fault would better be called a reverse fault, this kinematic 
interpretation fits well with observations reported here. It is 
further suggested that this is the locus of maximum strain in 
the East Nielson strain zone. Movement on this zone post- 
dates peak metamorphism. 

To the east of the "Pegmatite Thrust" indicators of sinis- 
tral-oblique ductile shear are confined to narrow zones that 
decrease in abundance towards Pelican Lake. On Shaw Bay, 
zones of sinistral-oblique ductile shear overprint an earlier 
gneissosity that is pervasively Z-folded and contains rotated 
porphyroclasts and boudins, all of which indicate dextral 
shear along steep S-plunging extension lineations. On the east 
shore of Shaw Bay indicators of sinistral shear are all but 
absent, and the migmatitic gneisses with dextral kinematic 
indicators have a granoblastic texture. 

At locations G and H (Fig. 2) the gneissosity and sheared, 
transposed pegmatites are intruded at right angles by younger 
pegmatite dykes in which the only signs of deformation are 
small, oblique, sinistral, ductile offsets. These offsets are 
believed to represent deformation at the easternmost limit of 
influence of the East Nielson strain zone. 

West Nielson strain zone 

The West Nielson strain zone is defined by strongly sheared 
to mylonitic rocks with foliations that are steep to vertical 
where they trend subparallel to the Tabbernor Fault, and 
moderately to steeply north-dipping where they bend towards 
the west along the west shore of S Nielson Lake (Fig. 3, 4). 
Extension lineations defined by quartz, feldspar, and horn- 
blende aggregates plunge moderately north. Kinematic indi- 
cators such as shear bands, rotated boudins, s porphyroclasts, 
and rotated tension gashes all indicate sinistral oblique 
motion on steep north-trending foliations. On east-trending 
foliations, the kinematic indicators and repetition of the 
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unconformity and units C, D, and E west of S Nielson Lake 
indicate south-directed reverse faulting. This deformation 
overprints a dominantly north-south foliation in the Nielson 
Lake tonalite (S,). 

It is inferred that the sinistral oblique and reverse com- 
ponents of movement were synchronous and represent 
thrust faults and an adjacent lateral ramp or tear fault. This 
is because a) extension lineations have the same style and 
orientation regardless of the orientation of the foliation, 
and kinematic indicators all show south-directed transport, 
and b) the high-strain foliation varies continuously from 
north-south to east-west with no overprinting. North-south 
crenulations do exist but they are neither strong nor abun- 
dant, nor are they spatially related to the areas in which the 
foliation changes orientation. The  crenulations are 
believed to be late and related to strike-slip movement on 
the Tabbernor Fault. 

Northeast-southwest folding 

The northeast-closing fold at the south end of the map area 
(location B, Fig. 2) has muscovite granite in its core and over- 
prints an earlier cleavage in the granite and in the 
metasedirnentary and metavolcanic rocks on the flanks (Fig. 3, 
4). Granitic and pegmatitic dykes radiating from the muscovite 
granite also appear to have been folded. The fold has no axial 
plane cleavage. Symmetric folds in the nose of the fold are 
upright and plunge moderately towards the northeast. 

There are no other folds with this style or orientation in 
the map area, nor are there other structures with related 
orientations. The absence of geometrically related struc- 
tures in units C, E, and F, suggests that falding may have 
occurred prior to the deposition/formation of those units. 
This possibility is supported by the fact that the granitic 
dykes emanating from unit D-3 occur right up to, but not 
across, the contact between units B and D at southwestern 
S Nielson Lake. Folds of a similar orientation in similar 
rocks were mapped by Sibbald (1978) east of the Tabbernor 
Fault and about 10 km to the north of the present map area. 
If these fold axes correlate with that mapped south of 
Nielson Lake, this suggests at least 10 km of sinistral 
displacement along the Tabbernor Fault. 

GEOCHRONOLOGY AND TIMLNG 
OF DEFORMATION 

Because there are no published geochronological data for the 
rocks of the Nielson Lake area, no absolute time frame has 
been established for depositional and deformational events in 
the study area. Correlations can be made with adjacent areas 
for which age data have been published. 

Units A and C 

Most dated volcanic rocks in the Hanson Lake Block and 
Glemie Domain lie within a 1890-1 875 Ma or 1845-1 838 Ma 
range (Slimmon, 1992), although the dated rocks are 

primarily rhyolites. It is tentatively assumed that the volcanic 
rocks in the Nielson Lake area that predate the Nielson Lake 
tonalite (units A and C) lie in the older age range. 

Unit D-1 and 0 - 2  

Tonalites and granodiorites from the Glennie Domain yield 
ages in two ranges: 1859-1832 Ma, and 2343-2487 Ma 
(Slimmon, 1992; McNicoll et al., 1992). Van Schmus et al. 
(1987), Delaney et al. (1988) and McNicoll et al. (1992) refer 
to a major tonalitic magmatic event between 1846-1 859 Ma, 
which included intrusion of the adjacent Wood Lake 
Batholith and Deschambault Narrows tonalite. The Nielson 
Lake tonalite is probably best correlated with the postvolcanic 
tonalite from Deschambault Narrows (20 km southwest of the 
study area) which has a U-Pb zircon age of 1850 5 4 Ma (Van 
Schmus et al., 1987). The mafic volcanic rocks of unit B 
would then be older than 1850 Ma, and perhaps older than 
1875 Ma as discussed above. 

Unit E 

The magnetite-rich arenites of unit E may correlate with 
similar arkosic arenites of the Ourom Lake and Wapawekka 
Lake formations of the Glennie Domain which through U-Pb 
analysis of detrital zircons and felsic intrusive bodies have 
been dated as between 1848-1838 Ma old (McNicoll et al., 
1992). Though these units differ in provenance from the 
molassic metasedirnentary rocks of the Missi Formation east 
of the.Tabbernor Fault, they are similar in age and may 
indicate a widespread episodeof molasse sedimentation in the 
Trans-Hudson Orogen (Delaney et al., 1988). 

Angular unconformity 

Deformation, uplift, and erosion occurred between the 
intrusion of the Nielson Lake tonalite and deposition of unit 
E. The  ages for these units suggested by the above 
correlations narrowly constrain the timing of these events to 
between approximately 1850 and 1840 Ma. 

Nielson strain zone 

The East Nielson strain zone overprints and thus postdates 
high-grade dextral strain fabrics in biotite schists to migma- 
titic gneisses of the Sahli-Hanson Lake dome. The West 
Nielson strain zone postdates angular unconformity and 
deposition of intermediate volcanic and arenaceous 
supracrustal rocks. Both sides of the strain zone have sinistral 
ductile shear fabrics that are oblique in opposite directions. 
To the east of the Tabbernor Fault, transport was east-side up 
and to the north. To the west, transport was west side up and 
to the south. In their present positions, the kinematics of the 
East and West strain zones are therefore not compatible. 

Timing of movement on the West Nielson strain zone is 
constrained only by the age of unit E (1 848-1838 Ma?), with 
no crosscutting lithology to provide a minimum age. Move- 
ment on the East Nielson strain zone is constrained by the age 
of unit B (unknown) and the age of late pegmatites which 
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crosscut the gneissosity in Shaw Bay and show evidence of 
minor deformation in the East Nielson strain zone. The late 
pegmatites, which are believed to have been deformed during 
latest shear in the East Nielson strain zone or at the eastem- 
most reaches of the strain zone, are tentatively correlated with 
the Hanson Lake and Jan Lake pegmatite suites and pegma- 
titic granites in the Hanson Lake Domain. These rocks have 
an age range of 1780-1750 Ma (Slimmon, 1992). Pegmatites 
of a similar age are common in the Glennie domain (Slimmon, 
1992). 

U-Pb geochronology is presently underway to test the 
tentative correlations made here and to place absolute time 
constraints on depositional and deformational events. 
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Abstract: The Kramanituar complex comprises granulite-grade gabbro, gabbroic anorthosite, and 
paragneiss and is hosted by amphibolite-grade plutonic and supracrustal wall rock. Its northern boundary 
coincides with a granulite-grade shear zone, 60 km long and up to 6 km wide, across which sinistral, 
south-side-up displacement is recorded. Its southern boundary appears to coincide with an amphibolite- 
grade shear zone, 30 km long and up to 2 km wide, across which dextral, north-side-up movement has 
occurred. Preliminary observations suggest that the complex represents a high-grade, crustal-scale tectonic 
lens, or boudin, which was rapidly exhumed during noncoaxial, southwest-directed shortening. 

R ~ S U M ~  : Le complexe de Kramanituar est composC de  gabbro, d'anorthosite gabbroique et  de parag- 
neiss du faciks des granulites, encaissts dans des roches supracrustales et plutoniques du faciks des 
amphibolites. La limite nord du complexe coyncide avec une zone de cisaillement du facibs des granulites 
mesurant 60 km de longueur et jusqu'h 6 km de largeur, qui a CtB le sibge d'un dkplacement senestre avec 
soulbvement du compartiment sud. Sa limite sud semble coincider avec une zone de cisaillement du f ac ib  
des amphibolites, mesurant 30 km de longueur et jusqu'a 2 km de largeur, dans laquelle s'est produit un 
dtplacement dextre avec soulbvement du compartiment nord. Les premibres observations indiquent que le 
complexe reprCsente une lentille tectonique (ou boudin) d'Cchelle crustale fortement mCtamorphiste qui a 
CtC mise h nu rapidement durant un Cpisode de  raccourcissement non coaxial h vergence sud-ouest. 

' Ottawa-Carleton Geoscience Centre, Department of Earth Sciences, Carleton University, Ottawa, Ontario K7S 5B6 



Current ResearchlRecherches en cours 1994-C 

INTRODUCTION 

The Kramanituar complex comprises granulite-grade gab- 
broic anorthosite and gabbroic rocks (Schau and Hulbert, 
1977; Schau and Ashton, 1980; Schau et al., 1982; 
Sanborn-Barrie, 1993) and is hosted by amphibolite-grade 
plutonic and supracrustal wall rock. The complex coincides 
with a regional geophysical anomaly, designated the 
Snowbird tectonic zone (Hoffman, 1988), along which dis- 
continuously exposed rocks of similar composition, structural 
style, and metamorphic grade also occur (Gordon, 1988; 
Hanmer et al., 1992; Hanmer and Kopf, 1993; Tella and 
Annesley, 1988; Tella et al., 1993). This study is part of a 
collaborative effort to unravel the tectono-metamorphic his- 
tory of these complexes and, in turn, that part of the Churchill 
Province transected by the Snowbird tectonic zone (Fig. 1). 
Well-constrained structural, petrological, and geochronologi- 
cal studies of the individual complexes will reveal whether 
each possesses a distinct history; or alternately, whether their 
histories are similar and reflect regional-scale crustal 
processes. 

The Kramanituar complex is an ideal setting in which to 
undertake magmatic, structural, and metamorphic studies. It 
preserves several generations of fabric elements. It displays 
strain of variable intensity which, where low, preserves 
lithological relationships and, where high, results in regional- 
scale shear zones up to 60 km long and 6 km wide. It is 
characterized by high-grade, generally unannealed metamor- 
phic mineral assemblages. Two significant structural inter- 
pretations that evolved from 1992 mapping were: 

1. that the northern boundary of the granulite-grade complex 
coincides with a steep, curvilinear, regional-scale shear 
zone across which sinistral, south-side-up displacement 
has occurred. This shear zone may have had a major role 
in juxtaposition of granulite-grade rocks with amphibo- 
lite-grade rocks to the north. 

2. that the southern boundary of the complex coincides with 
an east-striking, moderately dipping shear zone across 
which dextral, north-side-up displacement may, similarly, 
have been responsible for juxtaposition of the granulites 
with amphibolite-grade rocks to the south. 

A primary goal of 1993 fieldwork was to further delineate 
the geometry, kinematics, and metamorphic character of these 
two bounding shear zones. Their character and the temporal 
relationship between them are critical to understanding uplift 
mechanisms involved in exhuming this granulite-grade com- 
plex, and may pertain to others along the Snowbird tectonic 
zone, and elsewhere. Emphasis was also placed upon docu- 
menting metamorphic mineral assemblages across the 
granulite complex and into its amphibolite-grade wall rocks 
to establish the relationship between metamorphism and both 
magmatism and structure. 

This  report emphasizes structural aspects of the 
Kramanituar complex based on 1992 and 1993 field observa- 
tions. A preliminary description of its metamorphic character 
is also provided. Ongoing studies will integrate the structural 
and metamorphic aspects of these rocks to gain a better 

understanding of their evolution, their relationship with simi- 
lar complexes, and their role in the evolution of the central 
Churchill Province. 

LITHOLOGICAL UNITS WITHIN 
THE COMPLEX 

Comprehensive descriptions of the principal lithological 
units of the map area are provided in Sanborn-Barrie (1 993). 
In general, the Kramanituar complex comprises a gabbroic- 
anorthosite suite with minor interlayered paragneiss, 
orthogneiss, and granite-charnockite (Fig. 2). Where less 
deformed, gabbroic anorthosite is composed of phenocrysts 
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Figure 1. Geology of the western Canadian Shield after 
HofSman (1988). Segments of the proposed Snowbird tectonic 
zone, at the interface between the Rae and Hearne provinces, 
include the East Athabasca mylonite zone (EAmz), the 
Tulemalu fault zone, the Kramanituar complex (Kc), the 
Uvauk complex (Uc) and the Duly Bay complex (DBc). 



M. Sanborn-Barrie 

0 porphyritic syenogranlle 

melovolconic rocks 

KRAMANITUAR COMPLEX 
Anorthositic suite a gabbrolc onorthosite 

@ gabbro, leucogobbro +/- quartz diorite 
with <40% graniloid 

Granulite suite 
paragneiss 

a intermediate leclonite 

a >50% gronile/charnockife wilh 

Figure 2. General geology of the Kramanituar complex and adjacent units. Modij?ed from 
Schau and Ashton (1980). 

of plagioclasezkorthopyroxene in a groundmass of plagio- 
clase, orthopyroxene, and clinopyroxenehagnetite. Metre- 
scale layers of gabbro and leucogabbro commonly occur with 
gabbroic anorthosite. These generally appear to represent 
intrusive dykes or sills owing to their uniform composition 
and abrupt contacts with gabbroic anorthosite. Magmatic 
layering, defined by systematic decrease in the percentage of 
mafic minerals across adjacent metre-scale layers is observed 
locally (Sanborn-Barrie, 1993). Anorthosite comprises <lo% 
of the suite, occurring as continuous, tabular, 10 m wide 
horizons (sills?) in gabbro and paragneiss immediately north 
of gabbroic anorthosite. Gabbro and leucogabbro (+quartz 
diorite) are regionally extensive, occurring north and south of 
gabbroic anorthosite (Fig. 2). These consist of 25 to 60% 
mafic minerals, generally with clinopyroxene > garnet > 
orthopyroxene, with plagioclase and minor magnetite. These 
rocks typically display subtle metre-scale layering owing 
mainly to variations in colour index and are cut by parallel, 
centimetre-scale veinlets or sheets of granitic-charnockitic 
rock (described below). 

Rocks interpreted as paragneiss occur immediately north 
of gabbroic anorthosite and along the north channel of 
Chesterfield Inlet (Fig. 2). These well-layered rocks contain 
5-25% quartz, with biotite, plagioclase, and gameesilliman- 
itefgraphite. Two narrow panels of kyanite-bearing parag- 
neiss occur in the northeast part of the complex, and rare 
sapphirine-bearing panels occur in the southeast (see Fig. 10). 

A texturally distinctive unit designated intermediate tec- 
tonite occurs northwest and south of gabbroic anorthosite 
(Fig. 2). This pale buff- to rust-weathering unit, previously 
described as diatexite (Sanborn-Barrie, 1993), is composi- 
tionally similar to paragneiss in that these rocks contain 
10-20% quartz, plagioclase, 2-1 0% garnet, and biotitezkortho- 
pyroxene. In contrast to paragneiss, these rocks do not contain 
sillimanite, kyanite, graphite, or sapphirine. A texture distinc- 
tive to this unit is created by garnet porphyroblasts (1 mm to 
2 cm) which are draped by sigmoidal ribbons of quartz and 
feldspar. Layering within intermediate tectonite is much more 
nebulus than in paragneiss, and observed contacts with parag- 
neiss and gabbroic rocks are subtle and diffuse. The descrip- 
tive term intermediate tectonite was assigned to these rocks 
since it remains unclear from field relationships whether they 
represent homogeneous diatexite derived through advanced 
anatexis of paragneiss. Alternate origins may include anatexis 
of an intermediate plutonic protolith, or single-stage crystal- 
lization at granulite-grade conditions of a peraluminous plu- 
tonic body of quartz dioritic composition. 

Granitic rocks are a minor but widespread component of 
the complex and occur as centimetre- to metre-scale veins and 
panels that cut gabbro, paragneiss, and inte~mediate tectonite. 
These pink- to white-weathering rocks are of leucograno- 
dioritic composition with I 0  to3596 quartz, 10to 15% K-feld- 
spar, plagioclase, up to 5% garnet, 2-1 0% mafic minerals, and 
minor magnetitekpyrite. Mafic minerals are generally 
orthopyroxene in the southern part of the complex arid 
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clinopyroxene in the north, a distribution which reflects 
increasing pressure conditions toward the north (see 
Metamorphism). 

UNITS EXTERNAL TO THE COMPLEX 

North and east of the complex, foliated to gneissic horn- 
blende- and/or biotite-bearing plutonic rocks are widespread 
(Fig. 2). These vary in composition from gabbro-diorite and 
quartz diorite with a colour index of 25 to 45, to granodiorite 
with 25% quartz and a colour index of 5 to 20. Gabbroic to 
dioritic host rocks are commonly cut by centimetre-scale 
veins and metre-scale panels of biotitekhornblende grano- 
diorite. Northwest of the complex, foliated K-feldspar por- 
phyritic syenogranite is exposed (Fig. 2). 

South of the complex, metasedimentary rocks dominated 
by lithic wacke with lesser feldspathic wacke, pelites, and rare 
magnetite-ironstone occur. Amphibolite-facies metamor- 
phism is reflected by the widespread occurrence of bi- 
otite+gamet. Sillimanite occurs locally as coarse grained 
porphyroblasts or fine grained fibrolite (see Fig. 10). In 
general, metasedimentary rocks display a strong foliation, 
transposition, and show incipient partial melt textures. In 
spite of this, primary lithological variations are recognized 
locally (Sanborn-Barrie, 1993); however, stratigraphic 
younging or structural facing could not be established. 

Metavolcanic rocks are exposed in a restricted zone along 
the south channel of Chesterfield Inlet (Fig. 2) where they are 
tightly folded with metasedimentary rocks. Isolated occur- 
rences of volcanics are compositionally and texturally 
diverse. Garnet-bearing amphibolites display remnant 2 cm 
wide selvages and are interpreted as pillowed mafic flows. 
Possible flow top breccia (Fig. 3a) occurs at the interface 
between pillowed and massive flows. Intermediate pyroclas- 
tic breccias with up to 40% buff-weathering rhyodacite frag- 
ments in a grey-weathering dacitic groundmass (plagioclase+ 
biotite+garnet) also occur (Figure 3b). Fine grained, layered, 
tuffaceous rocks of andesitic to dacitic composition appear to 
be gradational with the metasedimentary rocks. 

Early Proterozoic sedimentary and volcanic rocks of the 
Dubawnt  Supergroup  unconformably over l ie  the  
Kramanituar complex (Fig. 2). The lowermost part of this 
succession is the Baker Lake Group which includes the basal 
South Channel conglomerate and red-weathering Kazan 
sandstone. 

STRUCTURE 

Planar and linear elements within the complex 

Most localities within the Kramanituar complex display a 
single, strong to intensely developed planar fabric with an 
associated strong linear fabric. A number of localities, how- 
ever, display two generations of planar fabrics, and at these 
localities, relative timing relationships (i.e., S I ,  S2) can be 
discerned on the basis of overprinting relationships. In expo- 
sures where only one fabric is observed, it is then generally 

feasible to identify it as S1 or S2 on the basis of its character 
and attitude (described below). Resultant patterns of S' and 
s2 are shown in the foliation trajectory map of Figure 4a. 

The character of S I is deoendent to some extent uuon rock 
type. In relatively unstraihed gabbroic anorthoske in the 
central part of the complex, S I occurs as a weak to moderately 
developed foliation. More typically, and well exemplified in 
the southern part of the complex, S I  is defined by parallel, 
centimetre-wide sheets of graniticlcharnockitic material cut- 
ting gabbro and leucogabbro. This imparts a compositional 
layering (Fig. 5) to much of the southern part of the complex, 
although this layering is essentially intrusive in nature. A 
shape fabric defined by the elongation of individual mineral 
constituents is only locally observed to be parallel to S I  
layering (Fig. 5c). The general absence of a shape fabric 
parallel to S I  layering (Fig. 5d) is attributed to penetrative 
realignment of mineral constituents during later deformation. 
Throughout the complex, a characteristic feature of S I  is its 
moderately to shallowly dipping attitude (Fig. 4a). Locally Si 
is subhorizontal. S I  strikes southeast or southwest, defining 
folds and monoclinal panels throughout the southern half of 
the complex (Fig. 4a). 

Figure 3. Metavolcanic rocks. a) Possible flow-top breccia 
at interface between pillowed and massive flows. (GSC 
1993-2601) 6) Intermediate pyroclastic breccia, bedding (not 
shown) is subparallel to fragment elongation direction due to 
transposed nature of these tightly folded rocks. (GSC 
1993-26OH) 



'VI~J UO~W~U!~ pau!ur (q .dour XAOJD~[D.IJ uo!jy~oJ(;d 'sJuaurala D~OJ~~J lvaujy puv .~mrvld 'p a.tn&d 



Current Research/Recherches en cours 1994-C 

Figure 5. S1/S2 fabric elements. a) panel of folded SI layering enveloped by straight gneisses thoroughly 
transposed parallel to S2. (GSC 1993-2605) b) folded S1 layering with an axial planar foliation (S2) which 
is parallel to theshear fabric throughout the right halfof the photo. (GSC 1993-26011) c) SI layering which 
preserves an S1 shape fabric and carries an S2 shape fabric oblique to layering (parallel to pencil tip). 
(GSC 1993-260L) d) S I  layering with a penetrative S2 shape fabric oblique to layering (parallel to pencil). 
(GSC 1993-260M) 

Metasedimentary rocks south of the complex generally 
possess a single foliation defined by both layering and a shape 
fabric. The attitude of this fabric, which strikes southwesterly 
and dips moderately northwest (Fig. 4a), is consistent with 
that of SI within the complex. As such, it is tentatively 
interpreted as S 1 also. The presence of a preferred shape fabric 
parallel to layering in these amphibolite-grade rocks is inter- 
preted to be a function of their higher structural level, the 
absence of later penetrative strain, or both. In metasedimen- 
tary rocks south of the complex, attitudes of S I  define a 
shallow north-dipping homocline (Fig. 4a). 

The dominant penetrative planar fabric within the com- 
plex is a strong to intensely-developed, east- to east-south- 
east-striking foliation (Fig. 4a). On the basis of overprinting 
relationships this foliation is designated S2. These relation- 
ships include the widespread occurrence of mesoscopic folds 
defined by SI  layering to which S2 is axial planar, and of 
panels of folded SI layering with intervening straight, trans- 
posed gneisses whereby the transposition foliation parallels 
the axial planar S2 (Fig. 5a, b). Since an S I  shape fabric is 

rarely observed within the complex, a less common relation- 
ship is the partial realignment of the SI  shape fabric by S2 
(Fig. 5c). In contrast to S1, S2 is subvertical to steeply 
south-dipping, with only local moderately (38-52ON) dip- 
ping zones (Fig. 4a). The axial planar relationship of S2 to 
folded SI  layering is well displayed in the field and is 
reflected in the trajectory map (Fig. 4a) in which S2 trajec- 
tories symmetrically bisect folds defined by the trace of S I .  

Mineral lineations throughout most of the Kramanituar 
complex show a remarkably consistent pattern which reflects 
shallow to moderate (5-35O) westward extension (Fig. 4b). 
This extension direction is observed on all S2 planar fabrics 
and as such is interpreted as L2. Discrete domains of east- 
plunging lineations are recognized in the northwest, north- 
central, and southeast parts of the complex (Fig. 4b). The 
northwest domain is characterized by shallow to moderate 
(10-55") east-plunging lineations; the north-central domain 
by subhorizontal to shallow (5-20") east-plunging lineations; 
and the extreme southeast part of the complex by a moderate 
east plunge. A domain of variably plunging mineral lineations 
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coincides with the eastern boundary of the complex (Fig. 4b). 
Lineations within this domain show a preferred moderate 
plunge (25-58') to the north. This domain is interpreted to be 
associated with a bend in the northern shear zone (Sanborn- 
Barrie, 1993) and this is discussed below. 

Ductile shear zones 

Mappable zones of intensely deformed rock or ultramylonite 
transect both the northern and southern parts of the complex 
(Fig. 6a). These deformation zones were initially described 
by Sanborn-Barrie (1993) and a summary of their structural 
elements with additional observations from 1993 field work 
are provided below. 

Northern shear zone 

Granulite-grade mylonites of gabbroic and gabbroic anortho- 
site composition delineate the northern shear zone throughout 
an exposed strike length of approximately 60 km, from James 
Point in the northwest to the Quoich River in the southeast 
(Fig. 6a). This anastomosing, 3 to 6 km wide shear zone is 
complex. It has a curvilinear geometry: from James Point in 
the northwest, the zone strikes northeast to east across the 
northern part of the complex, and then bends southeast to 
south around its eastern margin. Its southeast segment which 
is east-striking, is separated from the rest of the zone by a 
right-handed step, or jog (locality j in Fig. 6a). All parts of the 
northern shear zone, except the gap at the dextral jog, com- 
prise mylonites with granulite-grade assemblages, planar and 
linear fabric elements of similar intensity, and generally con- 
sistent shear-sense indicators (discussed below). The north- 
ern shear zone separates the Kramanituar complex from its 
amphibolite-grade wall rocks. 

Throughout the zone, shear fabrics dip steeply. Steep 
southeast-dipping fabrics areobserved in the James Point area 
in the northwest, whereas steep north- and northwest-dipping 
fabrics prevail across its central and northeast regions, respec- 
tively (Fig. 6a). The southeast segment of the shear zone 
possesses moderate to steep (40-88") north-dipping shear 
fabrics. Mineral lineations on shear planes show patterns that 
parallel those of L2 on the S2 foliation. Shallow to moderate 
west-plunging mineral lineations are dominant; however, 
discrete domains of moderate, east-plunging lineations char- 
acterize the northwest (and locally north-central) part of the 
zone. The similar attitude and metamorphic grade of SdL2 
fabric elements and those of the northern shear zone suggest 
that shearing throughout the northern part of the Kramanituar 
complex is an integral part of D2 deformation and metamor- 
phism, rather than an unrelated, superimposed event. 

Regardless of lithology, rocks within the northern shear 
zone are characterized by continuous, evenly-spaced, milli- 
metre- to centimetre-scale layering (Fig. 7a) and a marked 
absence of porphyroclasts, folds, and boudins. The uniform 
nature of ribbon mylonites of gabbroic, gabbroic anorthosite, 
and anorthositic protolith (Fig. 7b), as well as of paragneiss 
and leucogranodiorite attests to the absence of rheological 
contrasts between these rock types and the remarkably homo- 
geneous strain along the northern margin of the complex 

during D2. Preliminary thin section observations suggest that 
unannealed textures and equilibrium mineral assemblages 
(clinopyroxene+garne~orthopyroxene+plagioclase gabbro 
and quartz+plagioclase+kyanite+garnet paragneiss) are pre- 
served throughout much of the northern shear zone. 

In spite of the remarkably symmetrical ribbon structure of 
the ultramylonites, shear-sense indicators although rare are 
widespread and reveal south-side-up, sinistral movementpar- 
allel to west-plunging lineations (Sanborn-Bmie, 1993). If 
the present attitude of shear planes approximate their position 
during displacement, then shearing appears to have taken 
place in an extensional regime across the north-central part of 
the zone where shear fabrics dip steeply north; and in a 
contractional regime across the restraining bend in the north- 
east (locality b in Fig. 6a) where shear fabrics dip steeply 
west. 

Portions of the northern shear zone examined during 1993 
include the northwest sector near James Point, and the south- 
east sector near the Quoich River (Fig. 6a). In the James Point 
area, spectacular granulite-grade ultramylonites, well- 
exposed along the shores of Baker Lake, are compositionally 
and texturally similar to rocks elsewhere in the northern shear 
zone; however, two aspects of their fabrics are noteworthy. 
Firstly, these mylonites are characterized by moderately 
(20-50") east-plunging mineral lineations. Secondly, they 
display an S>L fabric, such that the degree of fabric intensity 
parallel to XZ is virtually identical to that parallel to YZ 
(Fig. 7c). Generally rocks in the northern shear zone display 
L=S and less commonly, L>S fabrics. Kinematic indicators 
are generally ambiguous in terms of shear sense in these 
highly flattened rocks, but rarely garnet porphyroblasts show 
anticlockwise rotation which suggests at least local zones of 
sinistral displacement. Sinistral transcurrent movement cou- 
pled with moderate east-plunging mineral lineations may 
reflect local sinistral, south-side-down movement in the 
James Point area. 

The southeast sector of the shear zone comprises subver- 
tical, east-striking mylonites which display similar "anoma- 
lous" attributes: east-plunging mineral lineations and S>L 
fabrics. Asymmetrical structures reflecting shear sense are 
rare. Megascopic structural heterogeneities are, however, 
prevalent in this restricted domain and include tight folds, 
branching mafic layers and symmetrical boudinage consistent 
with significant flattening. 

Southern shear zone 

The southern shear zone is an east-striking ductile deforma- 
tion zone that transects the southern part of the Kramanituar 
complex (Fig. 6a). This zone extends roughly 30 km along 
strike, maintains a width of 0.5 to 2 km, and has been referred 
to previously as a segment of the Chesterfield fault zone 
(Schau and Ashton, 1979). Within this zone, granitoid and 
amphibolite-grade metasedimentary rocks possess strong to 
intense, north-dipping (55-65") shear fabrics. Strongly- 
developed mineral lineations generally plunge 25-50" to the 
northwest and, locally, are down-dip. In contrast to the north- 
em shear zone, shear-sense indicators are well displayed 
(Sanborn-Barrie, 1993) and include asymmetric Z-folds, 
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Northern shear zone 
, with trand, plvngs of lineation 

Brittle-ductile fault zona 
with trend, plunge of linaotion 

28. A Boll on downlhrown side 

Figure 6. Deformation zones. a) regional-scale shear zones that transecr the complex. Restraining 
bend at b,  antidilational jog at j. b) distribution and schematic representation of late-stage conjugate 
structures (S3). 
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dextral shear bands, back-rotated boudins, and asymmetrical 
winged porphyroclasts which consistently reveal north-side- 
up, dextral displacement. 

Two additional aspects of the southern shear zone were 
recognized during 1993. Toward the eastern end of the ex- 
posed zone, apparent curvature of the shear zone is recorded 
by a progressive change in the strike of mylonitic foliation 
from 270" to 230" over approximately 7 km of strike length 
(Fig. 6a). Shear-sense indicators consistent with dextral dis- 
placement are commonly recognized in 250"- to230°-striking 
segments. Zones of sinistral displacement and flattening are 

also recognized by asymmetrical winged porphyroclasts and 
symmetrical, conjugate extensional shear bands, respec- 
tively. The southeast part of the complex thus records flatten- 
ing strains across both the northern and southern shear zones. 

Toward its western extremity the southern shear zone 
appears to narrow and at several localities could not be 
mapped as a throughgoing structure (Fig. 6a). These observa- 
tions suggest either that this part of the shear zone is discon- 
tinuous; that the structure steps successively to the right as en 
echelon segments; or that the scale of mapping in this area 
was not adequate to delineate the structure. 

Figure 7. Ultramylonite of the northern shear zone. a) millimetre-scale 
tectonic layering in mylonitized gabbro anorthosite. (GSC 3993-2600 
6) layer of anorrhosite mylonite (white) and adjacent gabbro mylonite. Note 
ribbon texture of both units and the absence of boudins or folds, reflecting 
similar rheological behaviour. (GSC 1993-260Q) c) S>L gabbro ultra- 
mylonite near James Point. (GSC 1993-260B) 
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Semi-brittle shear zones and kink folds 

Spaced, metre-scale structures cut ultramylonitic layering of 
the northern shear zone. Such structures include ductile shear 
zones (Fig. Sa), semi-brittle shear zones (Fig. 8b), and kink 
folds (Fig. 8c. d). These structures, which generally occur at 
a high angle to mylonitic layering (Fig. 6b), overprint and 
offset this fabric and are therefore designated S3. Granulite- 
grade mineral assemblages within S3 structures reveal that 
P-T conditions during movement on the northern shear zone 
were maintained during formation of these later structures. 
An apparent sense of displacement across these structures is 
consistently provided by sigmoidal curvature of Sz into these 
zones as schematically illustrated in Fig. 6b. Curvature con- 
sistent with both sinistral and dextral offset is observed 
(Fig. 8), although typically only one structure of a conjugate 
set is observed at an outcrop scale. At different localities 

either extensional or contractional conjugate structures occur. 
Extensional structures may be infilled with granitic material 
(Fig. Sa, b) which commonly carries a weakly to moderately 
developed foliation. The obliquity of this foliation with the 
walls of S3 structures is consistent with injection of granitic 
material synchronous with, but late, in their development. 

Regional-scale brittle-ductile fault 

A discrete, northeast-striking brittle-ductile fault zone cuts 
the southeast part of the complex (Fig. 6a). In general, planar 
fabrics within this zone strike northeast (010-03S0), dip 
steeply east, and possess moderately south-plunging mineral 
lineations. Deformation style varies along the 10 km exposed 
strike length of this fault zone. South of the north channel, the 
zone is characterized by brittle-ductile deformation with 
associated greenschist-grade alteration. Composite fabrics 

Figure 8. S3 structures. a) dextral extensional shear zones. (GSC 1993-260FF) b) sinistral, extensional, 
semi-brittle shear zones in$lled with granitoid rock. (GSC 1993-260R) c) kink fold of S-asymmetry in 
tectonized gabbro anorthosite. (GSC 1993-2600) d) kink fold of 2-asymmetry, gabbro dyke cutting gabbro 
anorthosite. (GSC 1993-260F) 
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reflect sinistral displacement (Fig. 9) which, in conjunction shear zone (Fig. 6a) across this structure. Continuity of gab- 
with moderately south-plunging lineations, suggests sinistral, broic anorthosite along the northeast margin of the Kramani- 
east-side-up movement. Rocks exposed along the north chan- tuar complex (Fig. 2) is consistent with attenuation of this 
nel and further northeast reveal an increasin~ly brittle com- fault toward the northeast. 
ponent to the deformation and attenuation of the fault zone 
(Fig. 6a). Centimetre-scale sinistral shear zones are, however, Timing of this fault zone relative to other deformation 

still locally observed. A sinistral transcurrent component of zones is clearly established on the basis of overprinting struc- 

displacement on this fault zone is consistent with left-lateral tural and metamorphic relationships. In the south, east-strik- 

offset of metasedimentary rocks (Fig. 2) and the southern ing fabrics associated with the southern shear zone wrap into 
the fault zone in a sense consistent with sinistral movement 
on the latter. In the north, brittle fracturing and cataclasis of 

Figure 9. Composite fabrics in greenschist-grade brittle- 
ductile fault zone, consistent with sinistral movement. 

mylonitic rocks of the northern shear zoneis restricted to this 
fault zone. Throughout its length, greenschist assemblages 
reflect retrograde alteration not associated with the other 
shear zones. 

Across the Kramanituar complex, variations in metamorphic 
assemblages with strain intensity appear to reflect a close 
relationship between deformation and metamorphism. In the 
southern part of the complex, gabbroic units that bestpreserve 
Sr are characterized by the assemblage plagioclase+orthopy- 
roxene > clinopyroxene. Toward the north, increasing strain 
is clearly demonstrated by the increasingly penetrative nature 
of S2 which culminates in ultramylonitic rocks of the northern 
shear zone. A metamorphic reaction reflecting increasing 
pressure appears to track the increase in strain intensity. The 
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isograd, marks on mineral- 
bearing side 

Figure 10. Preliminary metamorphic isograds and isolated metamorphic mineral occurrences based on 
jield observation only. 
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reaction: orthopyroxene + plagioclase -+ garnet + clinopy- 
roxene + quartz is reflected by an orthopyroxene-out isograd 
located north of Chesterfield Inlet, and the garnet-in isograd 
parallel to, and roughly 3.5 km south of the northern shear 
zone (Fig. 10). The relationship between strain intensity and 
metamorphic grade is also mirrored in paragneiss, whereby 
sillimanite-bearing rocks are prevalent throughout the central 
part of the complex, while kyanite is restricted to the northern 
shear zone (Fig. 10). 

Field observations pertaining to the transition from 
granulites to amphibolite-grade wall rocks are as follows. 
Across the north margin of the complex, the transition appears 
to occur across a 1 km wide zone. Lower metamorphic grade 
appears to be indicated initially by the occurrence of sapphir- 
ine in clinopyroxene+garnet+p1agioclase gabbro and gab- 
broic dykes. Sapphirine-bearing mafic rocks delineate an 
isograd which extends from James Point to the northeastern 
part of the complex (Fig. lo), parallel to, and immediately 
north of, the northern shear zone. North of this, hornblende 
porphyroblasts occur in clinopyroxene+garnet gabbro and 
intermediate tectonite. Hornblende content increases progres- 
sively northward with systematic decrease of clinopyroxene 
and garnet. Plutonic rocks with hornblendefbiotitekepidote 
are widespread north of the complex. 

In the south, the granulite-amphibolite transition appears 
to occur at, or immediately north of, the southern shear zone. 
Hornblende-bearing mafic rocks occur immediately north of 
the southern shear zone (Fig. 10). Within the shear zone, 
semipelitic rocks contain biotite, lavender garnet and fibrolite 
sillimanite (Fig. 10). Further south, biotite and garnet persist 
throughout much of the exposed metasedimentary succes- 
sion. Coarse-grained sillimanite porphyroblasts are locally 
observed. Retrograde chlorite after garnet is present along the 
south channel of Chesterfield Inlet and in gabbroic anortho- 
site mylonite in the extreme southeast part of the complex 
(Fig. 10). 

The field relationships described above are consistent with 
the Kramanituar complex as a crustal-scale, granulite-grade 
tectonic lens, or boudin, bound by asymmetrical shear zones 
generated upon uplift during southwest-directed shortening. 
The following structural chronology is preliminary, and 
based on the observed field relationships. Rare S1  shape 
fabrics in gabbroic anorthosite are consistent with southwest- 
directed shortening during Dl .  Granitic sheets that define S1 
compositional layering may have been injected during Dl ,  or 
may have utilitized Dl  anisotropies during magmatic injec- 
tion prior to D2. A second deformation event, D2, resulted in 
folding of S1 layering; the development of discrete zones of 
transposition in the southern part of the complex; and the 
increasingly penetrative development of S2 toward the north- 
ern part of the complex. Highest D 2  strains are recorded by 
anastomosing ultramylonites of the northern shear zone 
which delineate the northern margin of the Kramanituar com- 
plex. South-side-up and sinistral shear along much of the 

northern shear zone is consistent with uplift of granulite- 
grade rocks relative to their amphibolite-grade wall rocks 
during southwest-directed shortening. Extensional shear 
across steeply dipping shear planes in the north-central part 
of the zone is contemporaneous with contractional shear 
across a restraining bend in the northeast part of the zone. 

Anomalous east-plunging mineral lineations and marked 
flattening strains in the northwest and southeast sectors of the 
northern shear zone may reflect local strains in these quad- 
rants during uplift and sinistral shear. A local dextral regime, 
reflected by attitudes of conjugate extensional S 3  structures 
(Fig. 6b) in the northwest sector, may have been imposed on 
the high-temperature, low yield-strength mylonites by the 
stiffer, colder wall rocks which envelop them. In the southeast 
sector of the northern shear zone, contractional S 3  structures 
generated by layer-parallel shortening similarly may reflect 
the localized effect of wall rocks near the southeast tip of this 
crustal-scale boudin. 

Along the south boundary of the complex, highest strains 
are observed in the east-striking southern shear zone. The 
relative timing of the northern and southern shear zones could 
not be resolved during field mapping. Granulite-grade assem- 
blages of the northern shear zone, relative to amphibolite- 
grade assemblages of the southern shear zone demonstrate 
that these deformation zones were operative at different crus- 
tal levels, but does not preclude contemporaneous movement. 
This problem, which is critical to understanding the uplift 
history of the Kramanituar complex may be resolved 
petrologically, if P-T conditions in the northern shear zone 
approach those of the southern shear zone in this area. Pro- 
gressive curvature of the southern shear zone to a trend of 
230" is consistent with wrapping of the southern shear zone 
around the attenuated southeast tip of a crustal-scale boudin. 
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Geology of the Early Proterozoic gold metallotect, 
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Miller, A.R., Balog, M.J., Barham, B.A., and Reading, K.L., 1994: Geology of the Early 
Proterozoic gold metallotect, Hurwitz Group in the Cullaton-GrifJin lakes area, central Churchill 
Structural Province, Northwest Territories; - in Current Research 1994-C; Geological Survey of 
Canada, p. 135-1 46. 

Abstract: Remnants of northeast-trending sediment-dominated fold and thrust belts are distributed 
across the Churchill Structural Province, north of 60". These belts record early Proterozoic transpression 
across the entire Churchill Province. The early Proterozoic Hurwitz Group in the southern half of the 
Churchill Province is host to one past-producing gold mine and numerous gold prospects. Vein-type lode 
gold is confined to thrusts, imbricate thrust stacks, and coeval extensional faults associated with surge zones 
in para-autochthonous lower Hunvitz Group strata. Zoned hydrothermal alteration assemblages are 
temporally and spatially related to the earliest phase of basement-cover infolding. Hydrothermal fluids are 
interpreted to have been generated in the Archean basement and focused along Proterozoic thrusts and 
related faults. Regional variation of alteration assemblages in metasomatised Proterozoic rocks reflect 
hydrothermal fluid reaction with lithologically distinct Archean basement domains. 

RCsumC : Des vestiges de zones de plissement et de chevauchement de direction nord-est, composCs 
principalement de roches stdimentaires, sont prCsents un peu partout dans la Province structurale de 
Churchill, au nord de 60°N. Ces zones rCv6lent une transpression ayant affecte I'ensemble de la Province 
de Churchill au ProtCrozoYque prtcoce. Le Groupe de Hurwitz du ProtCrozoi'que precoce, dans la partie sud 
de la Province de Churchill, renferme une ancienne mine d'or et de nombreux prospects aurifkres. Les 
gisements d'or filoniens sont confines a des chevauchements, des zones d'ecaillage et des failles de 
distension contemporaines du chevauchement associCes B des zones d'introduction de fluides dans des 
couches parautochtones de la partie inferieure du Groupe de Hurwitz. La zonation des assemblages 
d'altkration hydrothermale est chronologiquement et spatialement like 5 la phase la plus prtcoce 
d'involution du socle et de la couverture. Les fluides hydrothermaux sont interpretes comme ayant CtC 
formCs dans le socle archken et se sont concentrks le long des chevauchements pro3rozoYques et des failles 
associkes. La  variation rkgionale des assemblages d'altkration dans les roches protCrozoi'ques 
mttasomatisCes refl&te la reaction des fluides hydrothermaux avec des domaines de socle archten B 
lithologic distincte. 

' Contribution to Canada-Northwest Territories Mineral Initiative (1 99 1-1996), an initiative 
under the Canada-Northwest Territories Economic Development Cooperation Agreement. 

2 Cornaplex Minerals Corp., 901, 1015 - 4th St., Calgary, Alberta T2R 154 
M.M. Dillon Ltd., 6 Donald St. South, Winnipeg, Manitoba R3L OK6 
l l Colbourne St., Thornhill, Ontario L3T 124 
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INTRODUCTION 

This report outlines the critical lithological, structural, and 
alteration features that characterize a newly identified early 
Proterozoic gold metallotect in the Cullaton-Hawk Hill-Griffin 
lakes area, NTS 65GIwest half and 65Hleast half (Fig. 1). 
Data were assembled during field mapping and drill core 
logging in 1988 and 1992, complimented by petrographic 
studies, whole rock geochemistry, and detailed microprobe 
analyses. It focuses on the Shear Lake gold deposit and gold 
prospects in the Griffin Lake area, both contained in the early 
Proterozoic Hurwitz Group. The report is organized into four 
parts: 1) update on the geology of the Shear Lake deposit, 
2) gold prospects in the Griffin Lake area, 3) comparison 
between the Shear Lake deposit and prospects in the Griffin 
Lake area, and 4) model for the Proterozoic gold metallotect. 
The reader is referred to the following publications in order 
to follow developments in regional geology, tectonics, strati- 
graphy, and sedimentology of the Hui-witz Group in the 
Cullaton-Hawk Hill-Griffin lakes area: Eade (1 974), Eade 
and Chandler (1975), Miller (1989), Aspler and Bursey 
(1990), Patterson and Heaman (1 991), Aspler et al. (1 992), 
Aspler et al. (1993), Miller and Reading (1993), and Aspler 
eta]. (1994). This report is a product of the "Metallogeny of 

the Churchill Structural Province" project and was funded 
under the Canada-Northwest Territories Mineral Develop- 
ment Agreements, 1987-1 991 and 1991-1996. 

EXPLORATION HISTORY 

The earliest recorded indication of gold within strata now 
recognized as part of the early Proterozoic Hurwitz Group, 
dates to the late 1940s. Exploration during the 1960s and 
1980s focused on Archean iron-formation and culminated in 
the development of the Cullaton B-Zone gold deposit, which 
is hosted in Archean iron-formation. During mining of the 
B-Zone, the Shear Lake gold deposit, located approximately 
5 km north of the B-Zone deposit, was developed and mined. 
Raman et al. (1986) suggested a link between Archean and 
Proterozoic gold deposits and speculated on the origin of gold 
within stratigraphically higher units in the Hurwitz Group. 
The discovery of gold in the Griffin Lake area and in Hurwitz 
strata other than the basal orthoquartzite (Aspler and Bursey, 
1990) stimulated gold exploration and led to the discovery of 
additional occurrences between 1990 and 1992 (Reading, 
1990, 1991). 

UPDATE ON THE GEOLOGY OF 
THE SHEAR LAKE DEPOSIT 

Re-examination of early exploration drill core and identifica- 
tion of significant structural and alteration features indicated 
that the Shear Lake deposit was contained in a thrusted 
Hurwitz section and that mineral zoning was comparable to 
epithermal-like precious metal deposits (Miller, 1989). Addi- 
tional research has focused on the chemical compositions of 
hydrothermal minerals and evaluation of the structural setting. 

Structural setting 

The Shear Lake gold deposit (Fig. 2) is hosted within Hurwitz 
Group Kinga orthoquartzite, -3 km southwest of Cullaton 
Lake. This distinctive basal rock unit of the Hurwitz Group 
forms an arcuate to linear pattern from north of Cullaton Lake 
southeast to Otter Lake and marks the western edge of a 
regional north- northwest-trending D l  synclinorium (Eade 
1974, Map 1364A). The geology of the Hurwitz Group in the 
Shear Lake area has been reinterpreted (Fig. 2) based on 
surface mapping in 1988 and 1992, diamond-drill hole data 
and discussions with W. Hamilton, formerly of Corona Corp., 
in 1988 and 1993. 

The structural reinterpretation of the Shear Lake area is 
based entirely on the distribution of asymmetrical ripple 
marks, having crest-to-crest distances of 3-4 cm, in the resis- 
tant Kinga Formation and shallowly dipping schistosity and 
joints commonly developed in orthoquartzite near the tecton- 
ized Archean-Proterozoic contact. Very poorly exposed, 
stratigraphically higher lithological units include a vari-coloured 
black to gray to orange slate, possibly Ameto Formation, 

Figure I .  Regional setting of the Proterozoic gold metal- overlain by silty dolostone, stromatoolitic dolostone, and 
lorecr (after Eade, 1974; Hornan, 1987) magnetite-bearing dolostone of the Watterson Formation. 
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Northwest of the airstrip, schistose Henik Group meta- 
greywacke is interleaved with east-dipping, ripple-marked 
Kinga quartzite (Fig. 2, section A-A'). Deformation intensity 
increases from east to west across these orthoquartzite out- 
crops and is best observed on steep-sided, west-facing slopes. 
The strain gradient in white orthoquartzite is manifested by 
the transition from east-dipping, ripple-marked bedding 
planes into east-dipping, well jointed orthoquartzite. With 
increasing strain, an east-dipping, schistose orthoquartzite 
grades into mylonitic orthoquartzite. The mylonite is distinc- 
tive and recognized by grey to blue-grey hues, and a dense, 
foliated appearance with a ribbon quartz fabric (Fig. 3). 
Recognition of these fabrics in orthoquartzite, at and near the 
basement-cover interface in the Shear Lake area, confirms the 
presence of a high-strain detachment zone along the Archean- 
Proterozoic contact and identifies die western miugin of the 
Hurwitz strata in the Shear Lake area to be para-autochthonous. 
These detachment surfaces are interpreted to be associated with 
D, flexural slip folding of the Hurwitz Group. 

The shallow east-dip to the para-autochthonous sheet of 
Hurwitz strata in the Shear Lake area is based on ripple- 
marked bedding planes in orthoquartzite along the western 
edge of the Hurwitz Group (Fig. 2) and structural sections 
through the Shear Lake gold deposit (Miller, 1989). Dip 
reversal is restricted to the orthoquartzite ridge that contains 
the Shear Lake discovery outcrop and mine portal. Bedding 
plane reversals are interpreted to resul t from a north-plunging 
anticline in the hanging wall above the ductile detachment 
zone. This fold in orthoquartzite is structurally similiar to the 
doubly plunging anticline on the west side of Ducker Lake 
area, 15 km southeast of the mine (Eade, 1974, Map 1364A). 
The absence of orthoquartzite west of the airstrip may be due 
to the north plunge. Alternatively the orthoquartzite may be 
truncated by a west-trending, north-side down subvertical 
fault near section B-B'. 

Proterozoic: Hurwitz Group I ,// Bedding tops, 
Watterson Frn. known, unknown 

Ameto Fm. / Schistocity 
A Fracture 

Kinga Fm. ,?' Axial plane . . .. 
Archean: Henik Group :' . . . .. Outcrop 

Mine portal 
Metaturbidite 0 Mine dump 

/ Ductile fault - *  teeth on hanging wall \ Ductile fault on cross - - Brittle fault section - 
, * - Contact assumed 

Figure 2. Geology of the Shear Lake gold deposit. 
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Figure 3. Outcrop of mylonitic orthoquartzite northwest of 
the airstrip. The mylonite, located at the snow edge and 
having an exposed width of 50-60 cm (hammer for scale), is 
dense, very fine grained and grades upward into foliated to 
well-jointed orthoquartzite. GSC 1993-2535 

A cluster of subvertical to south-dipping, 255' to 285' 
trending faults transect the Hurwitz Group. These faults are 
perpendicular to the trace of the outer margin of Hurwitz 
Group rocks (Fig. 2; Miller, 1989, Fig. 2). The absence of 
slate-carbonate in the mine area and the displacement of the 
basement-orthoquartzite contact northwest of the airstrip con- 
firms a consistent north-side down sense of motion across 
these faults. Within the Shear Lake mine, smaller-scale block 
rotations indicate both north- and south-side down motion 
(Miller. 1989, Fig. 2). Faults and related zones of closely 
spaced fracture represent extension around the outer margin 
of the para-autochthonous sheet. These faults-fractures dis- 
play a geometry similiar to local fracture patterns developed 
around fold hinges in the Griffin-Hawk Hill area (Aspler and 
Bursey, 1990). 

The interpreted genetic and temporal relationship between 
trusts and subvertical faults are critical components of the 
Shear Lake gold deposit. Partial to total metasomatism in and 
about the east-dipping ductile high strain zone represents a 
zone of semi-concordant alteration whereas the subvertical 
veins, fractures, and faults represent a discordant zone. Sub- 
vertical gold-bearing fracture zones penetrate the metaso- 
matic albitite zone and extend upward through the overlying 
orthoquartzite (Miller, 1989). A gold-bearing zone is com- 
prised of closely spaced parallel to subparallel vein-fracture 
systems with subordinate brecciated orthoquartzite separated 
by weakly veined or unfractured orthoquartzite. 

The metasomatic semiconcordant zone characterized by 
ochre to pale pink to red hues contrasts with white unaltered 
orthoquartzite. Contacts with unaltered orthoquartzite are 
gradational. White remnants of partially replaced, weakly 
recrystallized to mylonitic orthoquartzite are present within 
zones of intense replacement. Textural variations displayed 
by albite, the most abundant replacement mineral in this zone, 
indicate a protracted metasomatic deformational history. 
Crushed and polygonalized grains, through to weakly and 
unstrained albite and discordant albite veinlets indicate alkali 
metasomatism was at least synchronous with D, ductile 
strain. 

A 345"-trending, east-dipping subvertical fault with east- 
side down motion is contained in orthoquartzite immediately 
east of the mine outcrop ridge (W. Hamilton, pers, comm., 
1988, 1993). The sense of motion on this fault implies that i t  
is unrelated to, and later than the anticline in the hanging wall 
of the detachment plane. The absence of sulphide-bearing 
veins in this structure (W. Hamilton, pers. comm., 1988, 
1993) supports the interpretation that this fault is later than 
the Shear Lake gold lodes. Displacement of the detachment 
plane at depth (Fig. 2) is based entirely on interpreted fault 
motion. The stratigraphic section east of the outcrop ridge is 
upright and similiar to the stratigraphic sequence in section 
B-B'. This is based on exploration drill holes east of the mine 
portal, which collared in slate, as well as the presence of 
Watterson magnetite-bearing dolostone on the eastern edge 
of the map area (Fig. 2). 

Alteration and metasomatism 

Continuing studies on alteration assemblages and mineral 
compositions in conjunction with limited whole rock chemi- 
cal analyses have refined the deposit zonation and better 
defined the relationship between the discordant veins and the 

Figure 4. Photomicrograph (crossed nicols) of preserved 
clastic texture from a weakly recrystallized orthoquartzite, 
drill core from the Shear Lake deposit. 
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semiconcordant replacement zone. Mineralogical similiarities 
between the metasomatized high strain zone and subvertical 
fractures strongly support a temporal and genetic link 
between detachment, metasomatism along the decollment 
plane, and the subvertical gold-bearing fracture zones. 

The semiconcordant metasomatic zone near the Archean- 
Proterozoic contact is comprised essentially of albite and is 
similiar to metasomatic albitite associated with Proterozoic 
uranium deposits (Turpin et al., 1988) and some Archean gold 
deposits (Witt, 1992). The mineral assemblage in the semi- 
concordant albitite zone and peripheral weakly replaced 

orthoquartzite is presented in Table I .  Fine grained pyrite with 
trace chalcopyrite is disseminated throughout the phlogopite- 
bearing albitite. 

The vertical mineralogical zonation in the discordant vein 
systems (Miller, 1989) has been refined and is presented in 
Table 1. It is noteworthy that quartz and iron-bearing dolo- 
mite are essential phases within each zone. Sulphides, almost 
exclusively pyrite with trace chalcopyrite and sphalerite, are 
contained in veins. Sulphides are rarely present in the wall rock 
to veins. However, in zones of high fracture or vein density, 
disseminated sulphide occurs in wall rock orthoquartzite. 

Table 1. Comparison between the Shear Lake deposit and-Griffin Lake prospects. 

Area 
D e p o s i V P r o s ~ t  

Host rock 

Basement 

Humltz/basement 
metamorphism 

Nature of Archean- 
Proterozoic 
boundary 

Alteration along 
Archean- 

Proterozoic 
boundary 

Geometry of 
deposit /prospect 

Structural 
assoclatlon 

Orientation of 
sulphlde zones 

GRIFFIN LAKE AREA 
island Zone 

Watterson Fm: 
calcareous arkose. 
siltstone and hematitic 
iron formation 
no data 

Lower greenschist fades 

not applicable 

SHPAR UKE AREA 
Shear lake deposit 

Kingaquarnite 
& minor Henik Group 

Henik Group metaturbidlte 

regional greenschist grade. biotite 
zone in basement 

mylonite having irregular width 
developed in quartzite and minor 
basement 

GRIFFIN LAKE AREA 1 GRIFFIN LAKE AREA 

albilization: albite, subrdinate K- 
feldspar. k-Mg tri-octahedral 
mica, write, anomalous gold 

Gangue/alteration 
assemblages 

GRIFFIN LAKE AREA 
Wundary Zone 

Kinga quaruite and very minor Henik Group 
nietabasall 

Hen* Group high-iron tholeiiric melabasalt 
& nietakomatlite 

Archean basement upper greenschist to 
lowest amphlbolite: retrograded to lower 
greenschist at and near Archean-Proterozoic 
tectonic boundary: no diagnostic minetais In 
Hurwitz quartzite 
nlylonlte zone developed in Henik 
mewbasalt and adjacent King orthoquartzlte; 
narrow high strain zones within 
orthoquartzlte; orthoquarlzite thlckened due 

Siderite 
Lower sulphide zone 

Kinga orthoqwrtzlte 

talc schists and quark- 
muscovite schlsts of Henik 
Group: komatrite and feisic 
volcanic rocks 
no diagnosttc minerals in 
Hunvltz quartzite 

interpreted high stlain 
zone near the base of  the 
Kinga Fm. 

subvcrtical win-breccia-fracture 
filling 

paraautochthonous thrust 
associated wit11 Dl; Positioned In 
the outer arc of thnrsl: outer arc 
extension accompanied by 
faultsperpendlcular to the outer 
arc 
multiple parallel to subparallel 
subvertical east-west trending 

Sulphldes 

Depodt zonlng 

Metasomatism 

Cold COmpositiOn 

I I adlacent to auaroccarbonate I systems are absent.  iss solution cavities I altered hostrock. I ratlo in maflc I haio? I 

Zone 
Upper suiphlde zone 

Watterson For-nmation 
aluniinous siliceous 
dolostone 

Henlk Group high-iron 
lholelitic metabasalt & 
komatiire 

lower greenschist facia  In 
\Vatlerson Fm. 

not applicable 

to imbricate thrust stacking 
albitization not as profound and thick as at 
Shear lake deposit; phlogopite. rare bloule. 
chlorite. tourmaline, pyrite, trace 

fracture & fault zones 
quartz + kaolinlte +/- anhydrite: 
chlorite t Fe-dolomite t kaolinire 
+ muscovite +/- barite +/- 
scheellte: phlogopite c k -  
carbonate + barite +/- chlorite +/- 

Au:AK 
Wall rock reaction 

chalcopyrite 
predominantly as disseminated and vein 
sulphides in aitcred quartzite near detach- 
men1 surface. Veins and alteration are sub- 
parallel to foliation. Minor sub-vertical 
fractures. 

In tight h routhrvest-plunging box fold, 
imbricate thrust stacking interpreted as Dl 
and refolded during D2; positloned near an 
inflection p i n t  in D2 fold 

irregularly shaped zone of dlsseminated 
sulphides near the base of the quarlzlte 

muscovite 
pyrite, trace chalcopyrite, very 
rare sphalerlte 

three mlneralogicai zones: 1) 
kaolinite 2 )  chlorite 3)  phlogopite 

ALBiTlTE ZONE- Major: Na, K. Al, 
S. C02; Minor: S, Fe, Mg. Ca; Trace: 
Au VEINS- Major: Si, CO2, Na, Al, 
S, re, Au; Minor: Mg, Ca, K; Trace: 
Zn, B 
average Au/Ag - 93.7/6.3 

A 
no exposure nor was the 
Archean-Proterozoic 
boundary cut in drlll hole. 

phlogopite, rare biotite, cllnochlorr to talc- 
chiorlte, muscovite, tourmaline, albite, K- 
feldspar, low k-dolomite, clay 
(illite/hydromuscovite), anatase-rutUe, rare 
apatite 

massive albite replacement in the 
ductile high strain zone. No 
wallrock alteration zones 

veins in orthoquartzite: narrow 
selvages in llenlk rnekaturbiditr 

vein-fllling and 
disseminated sulphides in 
altered orthoquartzite. 

interpreted paraauto- 
chthonous section: near 
the Archean-Proterozoic 
detachment plane thrust; 
imbricate thrust stack: 
outer arc of DI thrust? 
dinemlnatcd sulphides 
near the base of the 

pyrite; minor to trace cobaltite, ullmannite, 
sphalerite, chalcopyrite 

two zones: 1) phlogopite +- chlorite +/- 
muscovite in lower quartzite, 2 )  wim talc t 
chlorite +/. clay +/-muscovite in upper 
quartzite 
Major: Na, Mg. K, B. Al. Ti 
Minor: S.  Au, Ca, C02 
Minor to trace: Au, Co, Sb, Ni, As. Zn 

data unavailable at this time 

deposition 

not applicable 

orthoquarklte 
phlogoplte, chlorite, 
muscovite, dolomite & 
dolomite, tourmaline, 
minoralbite, orthoclase 

interaction of hydrothermal fluid with 
onhoquanzlte produces phyllosilicate+ albite 
altered orthoquartzite. Quartz-bearing vein 

Mechan~sm for Au 1111 thrust and fracture I d\narnic metamornhlsrn and fluld mlnratlon I same mechanism as at ~oxldlzinr: C02-rich 1 fluid migration along 

imply silica undersaturated hydrothemal 
fluid and dlsequllibrium. 

not applicable 

velns in a zone of 
intensely foliated 
Watterson Fm: 
deformation related to 
high strain zone near 
Klnga- Watterron contact. 
hlgh strain zone near the 
base of the Watterson Ftn: 
possibly related to Dl 
imbricate thrust stacklng 

Wins 

metamorphic minerals 

propagation related to outer arc 
extension. Hydrothermal fluid 
that 'greases' the thrust is bled 
off via subvertical fractures. 
Decreasing T-P and posslbiy 
second boiling Initiates gold 

veins In a subvertlcal 
fracture zones 

related to a NNE- 
trending fault transecrr 
stratigraphy 

veins 

talc, talc-chlorite, 
magnesitic siderite. 
slderitic magneslte, 
magnetite, rare biotite 

. .- 
pyrlte, possibly cobaltite 
group minerals 
(interpretation based on 
geochemistry of Aspler & 
Bursey. 1990) 
no data 

Major: C02, S, Au, K? 
Trace: Ni. As 

Gold in pyrite, no data on 

. - 
pyrite; minor to trace 
chalcopyrite, cobalrite, 
pyrrhotite, rare sphalerite 

no zoning observed 

Major: Mg. K, Fe. S, Al 
Minor: B, Na, Ca, COz 
Trace: Co, As, Zn. Au? 

no data 

interaction of fluid with 
orthoquartzite produces 
phyllosilicatetcarbonate 

carbonate (sideritic to 
magnesitic based on 
rusty weathering), albite, 
sericite. 

pyrite; trace pyrrhotlte, 
chalcopyrite, rare cobaltite 
group minerals 

no zoning observed 

Major: big. C02, Fe. S, Hz0 
Trace: Au 

no data 

aiong the zones ol'high strain; fluid reaction 
extensive with orthoquanite and minor with 
high Fe-tholeiite of basement 
Fe-sulphides precipitated In and adjacent to 
mylonite. 

cryptic alteration halo in 
Watterson metadolstone; 
resetting of Fe/Fe+Mg 

composition. 
sericite in rvallrocks to 
carbonate + quartz veins 
may deline alteration 

Boundary hydrothermal system may 
have contained very little 
AU in solution 

faults that truncate - 
stratigraphy near margin 
of structural basin 
(possibly a F1 faultl7?) 
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Textural (Fig. 4) and chemical (greater than 99.5 wt.% 
Si02, Fig. 5)  maturity are two unique regional features of the 
snow white unaltered Kinga orthoquartzite. Subtle indica- 
tions of Shear Lake-type mineralization in the Shear Lake 
area are clay+pyrite-bearing fractures and limonitic-hematitic 
hues in orthoquartzite due to oxidized sulphides. Colour 
variations from snow white to tan, ochre, and pink hues in the 
orthoquartzite indicate proximity of semi-concordant zones 
of alkali metasomatism near the base of the orthoquartzite. 
Alkali metasomatism is a regional, but unevenly dishibuted, 
alteration process localized along the detachment plane in the 
Cullaton-Griffin-Hawk Hill Mountain lakes area. With 

progressive alkali metasomatism, the homogeneous composi- 
tion of the orthoquartzite moves away from the Si02 apex 
along a line that trends towards the composition of albite 
(Fig. 5). 

Sulphur, represented primarily by pyrite in the albitite, 
correlates with anomalously gold contents, to 2400 ppb compared 
with 1-2 ppb in unaltered Kinga orthoquartzite. Anomalous 
enrichments of Zr to 248 ppm, Sr to 1 17 ppm, Ba to 1 140 ppm, 
and Ti to 2800 ppm in alkali metasomatized orthoquartzite 
contrast with < I0  ppm Zr, <10 ppm Sr, e l 2 6  ppm Ba, and 
<I30 ppm Ti in unaltered orthoquartzite. The contents of 

t 
Na20+K20 

o Hawk Hill-Mountain 
-Griffin lakes area 

Figure 5. 

Compositional variation of altered 
Hurwitz Group rocks. Na20+K20 

B 
0 ; "  0 op 
n 

0" 

HWd,s Hurwitz Watterson Fm 
d = dolostone, s = siitstone 

HKw Hurwaz Kinga Fm 
Whiterock ollhoquarizite 

-, Lineation Gold Prospect 

Figure 6. 

Geology of the gold prospects, 
eastern Grzfln Lake. 
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these trace elements are similiar to albitite associated with 
gold and uranium deposits (Witt, 1992; Gatzweiler et al., 
1989). U-Pb geochronology on zircon from the albitite will 
be used in an attempt to date metasomatism and deformation 
in the Hurwitz Group. 

Alteration envelopes adjacent to subvertical discordant 
veins in orthoquartzite are either not present or insignificant. 
The lack of reaction envelopes adjacent to veins coupled with 
the stability of vein quartz throughout the vertical extent of 
the Shear Lake system indicates that the hydrothermal fluid 
was saturated in silica and therefore in equilibrium with 
quartz in the wall rock orthoquartzite. The presence of phyl- 
losilicates in the uppermost zone coupled with barite in sul- 
phide-bearing veins and Ca-sulphate, possibly anhydrite, as 
inclusions in pyrite, indicate that the Shear Lake hydrothermal 
system became oxidized and acidified, during ascent through the 
Kinga Formation. In contrast, thin, bleached sericitic alteration 
envelopes mantling veins hosted in the basement Henik Group 
metaturbiditic sedimentary rocks indicate disequilibrium 
between host rocks and hydrothermal fluid. 

GOLD PROSPECTS, GRIFFIN LAKE AREA 

Gold prospects in the Griffin Lake area are hosted in the 
Kinga and Watterson formations. The Archean basement 
consists of an upper greenschist facies basal t-komatiite sequence 
in the Griffin Lake area and a middle greenschist facies 
sedimentary rocks in the Cullaton Lake area (Eade, 1974). 
Aspler and Bursey (1990) refined the geology in this area by 
focusing on stratigraphic and facies relationships and by 
deciphering the D, and D2 fold geometry, interference patterns, 
and fault systems associated with each folding event. Fold 
patterns in the Griffin Lake area are dominated by upright D2 
folds, a doubly plunging open syncline traversing the axis of 
Griffin Lake, and a tight southwest-plunging syncline. Associated 

Tholeiitic F 

Calc-alkalin 
Field - 

Unaltered 

Altered 

A1203 MGO 

Figure 7. Jensen cation plot of metavolcanic rocks, 
Boundary prospect. 

with folding are discordant and concordant faults. An inferred 
slip plane along the basement-cover contact and oblique-slip 
cross faults are important structural features in the southwest- 
trending syncline. 

Boundary prospect 

The tight southwest-plunging syncline on the northeastern 
side of Griffin Lake contains two gold prospects, Boundary 
and Third (Fig. 6). The Boundary prospect is hosted in ortho- 
quartzite which forms the eastern limb of the syncline. The 
Archean basement immediately beneath the orthoquartzite is 
dominated by middle greenschist pillowed and massive basalt, 
derived schists, and very minor gabbro, iron-formation, and 
greywacke. The metabasalt assemblage, outside the zone of 
Proterozoic strain, consists of quartz+plagioclase+chlorite+ 
biotite+epidote+carbonate with accessory magnetite and 
anatase. Mafic metavolcanic rocks straddle the compositional 
field of high-iron tholeiite to Mg-basalt (Fig. 7). Spinifex- 
textured flows interfinger with mafic volcanic flows approxi- 
mately 12 km to the west and north of the western end of 
Griffin Lake (Eade, 1974; Miller, unpub. data 1990). The 
plotting of samples in compositional fields other than the 
high-iron tholeiite field results from metasomatic processes 
associated with gold mineralization (Fig. 7; see Alteration and 
metasomatism). 

Mylonne along basement cover mntacl, 
(teeth on hang~ng wall) 

Figure 8. Geology of the Boundary prospect, eastern 
GrifJin Lake. 
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Structural setting 

Three structural features are identified at the Boundary pros- 
pect: 1) 070" and 120" faults, 2) a 020" mineralized fracture 
zone, and 3) ductile slip zones along the basement-cover 
contact and within the Hurwitz orthoquartzite (Fig. 8, 9). 
Oblique faults trending -070" and 120°, belong to the fault 
array that fans around the tight D2 syncline (Aspler and 
Bursey, 1990). These faults displace the basement-cover con- 
tact and truncate or possibly displace the 020' phyllosilicate- 
gold-sulphide-bearing fracture zone. 

Mylonites along the basement-cover interface and within 
the Hmwitz orthoquartzite, the latter bounding an allothonous 
sliver of Archean basement, are the most important structural 

Figure 9. 

Interpreted composite drill section 
through the Boundary prospect, 
Grifin Lake. 

features in the Boundary prospect (Fig. 9). The slice of 
Archean basement bounded by mylonitic orthoquartzite dic- 
tates that the Kinga Formation has been tectonically thickened 
by imbricate thrust stacking and that thrusts, at this local scale, 
root to the west in Archean basement. Using the Boundary 
prospect as an example, tectonic thickening of the orthoquartzite 
in the Kognak River area may account for anomalously thick 
orthoquartzite sections in an area with regionally uniform 
shallow to moderate dips (Eade, 1974). The thick Kinga 
sections, southwest of Montgomery Lake, southeast of Oft- 
edal Lake, and northeast of Ameto Lake, suggest imbricate 
stacking along the margin of the regional synclinorium. In 
some of these areas, thickened sections contain kyanite-bear- 
ing orthoquartzite. 

W sectlon looklng 020O E 
Boundary 

-----___ - 
,- 

4 
4 

F' 
4 - 

4 

,& Amv 

HWs,d Humltz Wanerson 
siltslone, dolostone 

I 50rn J 
HKw Hurwllz Klnga 

orthoquartzlte 

Archean rnetabasalt a n d  
I subvsrtlcal fracture zone derived schists 

O\I Drlll hole 

Figure 11. Photomicrograph of moderately recrystallized 
orthoquartzite. Host rock consists of a$ne grained interlock- 

Figure 10. Solution cavities in orthoquartzite, Boundary ing mosaic ofquartz (Q) with weakly metasomatic 
prospect. GSC 1993-274 albite (Ab). 
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The mylonites display a marked sinusoidal form which 
contrasts with the planar geometry of the mylonite in the 
Shear Lake area (Fig. 2; Miller, 1989). Folding of the imbri- 
cate thrust stack during D2 accounts for the observed sinusoi- 
dal form of the mylonites and basement (Fig. 9). Depth to 
basement drill data in the Boundary area indicate that the 
anticline plunges shallowly north- northeast. Since Dl  and D2 
are regionally orthogonal (Eade, 1974; Aspler and Bursey, 
1990), subparallelism between the axial trace of this anticline 
and the regional southwest-plunging D2 syncline suggests 
these folds are coaxial D2 structures. A 020°-trending fracture 
zone is located along the hinge of this anticline. Decreasing 
fracture intensity away from the hinge suggests the fracture 
zone may represent a D2 axial plane cleavage. 

Alteration and metasomatism 

The Boundary occurrence and outcrops trending southwest- 
ward for approximately 250 m display weak hydrothermal 
alteration. Orthoquartzite exhibits an irregular mottled or 
dappled brown through tan to limonitic yellow discolouration 
resulting from oxidation of sulphides. White to green phyl- 
losilicates coat fracture planes and partially fill ragged solu- 
tion cavities, as large as 2 cm, in the orthoquartzite (Fig. 10). 

Alteration minerals occur most frequently as replacement 
and subordinately as veins and films on fracture walls. Partial 
to complete replacement of the Boundary orthoquartzite is 
principally confined to high strain zones within the ortho- 
quartzite and along the Archean-Proterozoic interface 
(Fig. 11, 12). Vein-filling and fracture coatings are confined 
to brittle deformation zones peripheral to mylonites. Albite 
textural variations, particularly within mylonite zones, indicate 
a protracted metasomatic history. Fractured, polygonalized, and 
boudinaged albite grains indicate metasomatism is synkine- 
matic, probably Dl  (Fig, 13). These textures are comparable 
to textures within the basal replacement zone at Shear Lake. 

Figure 13. Photomicrograph of$ne grained ribbon textured 
mylonite, Figure 12. Boudinaged band of granulated albite 
(Ab) in foliation. 

0 HOST ROCK CARBONATE, WATTERSON FM. 
CaC03 
A 

CARBONATE IN SULPHIDE VEINS, WATTERSON FM. 
(UPPER SULPHIDE ZONE) 

A CARBONATE IN ALTERED KlNGA FM. 
(LOWER SULPHIDE ZONE) t MgC03 F&O3 

CaC03 

o Carbonate in Boundary 
orthoquartzite 

CaC03 

Figwr 12,  ill core specimen ofmy~onitic or~hoguartzite Figure 14. Composition of carbonate alteration minerals in 
with synkinematic boudinaged albite (Ab) aggregates, the Siderite and Bounhry prospects,  riffi in ~ a k e  area. 
Boundary prospect. 
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Boundary and Shear Lake alteration zones are linked by 
the textural and compositional similarity of albite, carbonate 
(Fig. 14), and phlogopite (Table 1). However, increased abun- 
dances of phyllosilicates, decreased albite, orthoclase, and 
dolomite and the lack of quartz indicate that Boundary 
metasomatism, characterized by Mg-K-C02 with subordinate 
Na, is significantly different than metasomatism at Shear 
Lake. The dissolution of host rock by the hydrothermal fluid 
is recorded by solution cavities in the Boundary orthoquartz- 
ite record, the instability between this host rock and the 
Boundary hydrothermal system (Fig. 10). In Figure 7, the 
altered metavolcanic rocks are depleted in FeO+Ti02 compo- 
nent and trend toward extremely Mg-rich altered equivalents. 

Disseminated sulphides, more common than sulphide- 
bearing veinlets and sulphide+phyllosilicate coatings on frac- 
ture walls, are preferentially distributed in and peripheral to 
highly strained orthoquartzite. Trace sulphides are present in 
mylonitized and altered metavolcanic rocks. Euhedral pyrite 
is the ubiquitous sulphide and can be accompanied by trace 
sphalerite with exsolved chalcopyrite and rare fine grained 
cobaltite and ullmannite. The latter phases, which are diag- 
nostic indicator minerals common to prospects in the Griffin- 
Mountain lakes area, have implications regarding source 
rocks (see Model for the Proterozoic gold metallotect). 

Alteration and metasomatism 

The upper sulphide zone is composed of sulphide-bearing 
veins, locally anastomosing and forming a breccia-like tex- 
ture. Sulphide-bearing veins are enveloped by strongly foliated 
and chloritized aluminous siliceous dolostone. Silicate-carbonte 
veins are characterized by magnesium-rich minerals (Table 1) 

. 

particularly the siderite-magnesite (Fig. 14). Pyrite is the 
most abundant sulphide and occurs as coarse grained aggre- 
gates of subhedral to euhedral grains. Rare cobaltite and 
sphalerite associated with pyrite is similiar to the Boundary 
sulphide assemblage (Table 1); however, pyrite is stable with 
coarse grained magnetite, which has not been observed at 
other prospects. This suggests the Mg- and COrdominated 
hydrothermal system was more oxidized than at Boundary 
and the lower sulphide zone at Siderite (Table 1). The appar- 
ent difference of the upper sulphide zone at Siderite suggests 
that it may overlap in space but not in time with the Boundary 
and lower sulphide zone at Siderite. 

COMPARISON BETWEEN SHEAR 
LAKE DEPOSIT AND GRIFFIN LAKE 
PROSPECTS 

Siderite prospect 

Two shucturally-controlled gold prospects, Siderite and Island, 
are hosted in the Watterson Formation, stratigraphically 
above the better explored Kinga orthoquartzite (Fig. 6). 
Similiarities in fault geometry and alteration link these to 
prospects in the Boundary area and regionally to the Proterozoic 
gold metallotect. 

Table 1 summarizes structural, mineralogical, and metaso- 
matic features that characterize the past-producing Shear 
Lake deposit and prospects in the Griffin Lake area. These 
occurrences represent a single lode gold deposit-type within 
this new Proterozoic gold metallotect. The Island Zone is 
included for comparison and the description is based on 
limited petrography and interpretation of geochemical data 
presented by Aspler and Bursey (1990). 

Structural setting 

From a regional perspective, the Siderite prospect is located 
near the intersection of the north-trending D, syncline and an 
east- and west-plunging Dz syncline (Aspler and Bursey, 
1990). Faults associated with each folding event and probable 
reactivation have complicated the geometry of basement-cover 
rocks. 

In the Siderite prospect area, two sections of east-dipping 
Kinga-Watterson strata are separated by a sliver of east-dipping 
Archean basement composed of talc and quartz+muscovite 
schists. The north-northwest-trending fault that juxtaposes 
basement against Watterson is interpreted as a possible D, 
thrust. This repetition is identical to the imbricated Henik- 
Hurwitz section north of the Cullaton airstrip (Fig. 2) and 
suggests that the Hurwitz Group in the Siderite area is also 
para-autochthonous. 

Two structurally-controlled sulphide zones constitute the 
Siderite Prospect. The upper sulphide zone is hosted in east- 
dipping, sheared to strongly foliated Watterson aluminous 
siliceous dolostone near the gradational contact with Kinga 
orthoquartzite. The lower sulphide zone is localized in highly 
strained orthoquartzite and is inferred to be near the Hurwitz- 
basement contact. 

MODEL FOR THE PROTEROZOIC 
GOLD METALLOTECT 

Accompanying D l  shortening, the Kinga Formation acted 
like a rigid slab compared to overlying Hurwitz formations 
and underlying Archean basement. Differential slip associ- 
ated with basement-cover flexural slip folding was focused 
along the rheologically weak boundaries of the slab, the 
basement-Kinga and Kinga-Watterson contacts. Intense 
strain along the Archean-Proterozoic interface created a 
regionally extensive mylonite. The Hurwitz Group is para- 
autochthonous with respect to basement. Imbricate thrust 
stacking is developed in both the Shear and Griffin lakes areas 
and may be even more common regionally. The presence of 
basement in imbricate thrust stacks dictates that thrust faults 
must root into basement. 

Metasomatism in and adjacent to high strain zones indi- 
cates that thrust faults served as conduits for hydrothermal 
fluid. A pronounced curvature on a thrust sheet and the series 
of associated extensional and contractional faults are termed 
a surge zone (Coward, 1983; Fischer and Coward, 1982). 
Shortening of the surge zone, indicated by the formation of 
imbricate thrust stacks, folds within the thrust sheet and 
crosscutting faults, represented areally extensive domains of 
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enhanced hydrothermal fluid influx. Areas of enhanced 
hydrothermal fluid fluxing are potentially more prospective 
for gold exploration. In the Cullaton Lake area, a 11 km wide, 
convex westward para-autochthonous sheet, interpreted as a 
surge zone, may demonstrate that significant out-of-syncline 
thrusting with hydrothermal fluid influx are responsible for 
formation of the Shear Lake deposit. 

This relationship between hydrothermal influxing and 
structural anomalies can account for the temporal and genetic 
relationships common to the Proterozoic gold deposit and 
prospects. The migration and reaction of hydrothermal fluid 
along shallowly dipping mylonite, the Archean-Proterozoic 
detachment plane, accounts for the association of highly 
strained rocks with semiconcordant metasomatic zones and 
related alteration minerals. Protracted episodic fault move- 
ment with introduction of the hydrothermal fluid, may explain 
multiple generations of alteration minerals and their syn- to 
postkinematic timing. The mineralogical continuity between 
auriferous concordant alteration and discordant sulphide- 
gold lodes is accounted for by brittle failure in the hanging 
wall of the thrust. Extension along the outer margin of the 
arcuate para-autochthonous thrust sheet generates a family of 
faults that radiate around the arc. These faults breach the 
hydrostatically overpressured semiconcordant alteration 
zone and bleed-off the hydrothermal fluid along subvertical 
fractures and faults. 

Hydrothermal fluids were generated in Archean green- 
stone basement and migrated into the overlying supracrustal 
sequence via Proterozoic thrusts that rooted in the Archean 
basement. Although the gold mineralization is structurally 
and mineralogically similiar, distinct mineralogical differ- 
ences exist between eastern (Shear Lake deposit) and western 
(Griffin Lake prospects) portions of the metallotect. Variations 
are attributed to regional differences in the Archean basement 
lithologies. In the east, the synclinorium that extends from 
Cullaton Lake eastward to Montgomery Lake is dominated 
by middle greenschist facies metasedimentary rocks. In the 
west, middle to upper greenschist mafic-ultramafic rocks 
floor the greater portion of the synclinorium in the Griffin-Hawk 
Hill-Mountain lakes area. 

Similiar metasomatic-hydrothermal minerals, notably 
albite, phlogopite, talc, carbonates, and pyrite, link the 
deposit/prospects in these two areas and suggest a common 
source of the hydrothermal fluid. However, fluid migration 
through and reaction with domains possessing marked litho- 
logical differences accounts for the subtle, but distinctive 
fingerprints that identify different mineralogical members in 
this Proterozoic lode gold deposit-type. The ubiquitous pres- 
ence of carbonate as an alteration mineral suggests a COTrich 
hydrothermal fluid. In both the Shear and Griffin lake areas, 
this hydrothermal fluid intersected the same supermature 
Kinga orthoquartzite but produced strikingly different altera- 
tion assemblages. If a common origin for the hydrothermal 
fluid is accepted, the evolution towards different end mem- 
bers is attributed to fluid reaction with locally different rocks. 

At Shear Lake, the hydrothermal fluid would have reacted 
with metaturbidite having the assemblage biotite+muscovite+ 
chlorite+quartz. Assuming metamorphic conditions of 
-380°C and 2kbar in the lower to middle greenschist Hurwitz 
Group (Miller and Reading, 1993), this fluid would be satu- 
rated with respect to quartz and be neutral to slightly alkaline. 
The principal reason for the deposit-scale zoning may be 
conductive cooling of the fluid in the subvertical fracture 
systems. 

In the Griffin Lake area, the magnesium-rich but quartz- 
poor alteration assemblage, similiar to the assemblage in 
middle greenschist ultramafic volcanic rock, strongly sug- 
gests this fluid mixed with a metamorphic fluid derived from 
mafic-ultramafic rocks. Elements such as Ni, Co, Sb, and As 
are consistent with this source rock. Ragged solution cavities 
in orthoquartzite and the lining of these cavities with Mg-rich 
phyllosilicates records reaction between this modified highly 
alkaline fluid and orthoquartzite. 
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Geology of the Sandhill Zn-Cu showing in the 
Gibson Lake area, District of Keewatin, 
Northwest Territories1 

A.E. ~ r m i t a g e ~ ,  A.R. Miller, and N.D. ~ a c ~ a e ~  
Mineral Resources Division 

Armitage, A.E., Miller, A.R., and MacRae, N.D., 1994: Geology of the Sandhill Zn-Cu showing 
in the Gibson Lake area, District of Keewatin, Northwest Territories; Current Research 
1994-C; Geological Survey of Canada, p. 147-155. 

Abstract: The Gibson Lake area is underlain by a polydeformed amphibolite grade Archean sequence 
of mafic and felsic volcanic rocks, wacke with lesser arenite and minor oxide facies iron-formation, and 
orthogneiss. Proterozoic pyroxenite, gabbro, lamprophyre, and diabase dykes are common. Stratabound 
Zn-Cu mineralization at the Sandhill showing occurs within a concordant envelope of hydrothermally 
altered felsic tuff. Disseminated to massive, fine- to medium-grained sphalerite occurs as multiple bands 
(4 mm to 8 cm wide) associated with muscovite+pyrite+gahnite+staurolite+garnet-bearing assemblages,. 
and within quartz veins as coarse grained, discontinuous blebs, associated with fine grained, disseminated 
chalcopyrite. The Sandhill showing is approximately 1400 m long and as much as 70 m wide, however the 
associated alteration assemblage persists eastward along strike for 12 km. A possible second, but discordant, 
alteration zone is inferred from brecciated and altered mafic and felsic volcanic rocks and a staurolite schist 
that lies structurally below the Sandhill zone. 

RCsumC : La rtgion du lac Gibson renferme une stquence archtenne polydCformte, mttamorphiske au 
faciks des amphibolites et composte de roches volcaniques mafiques et felsiques, de wackes avec des 
artnites en quantitt moindre et un peu deformation de fer a faciks oxydC, ainsi que d'orthogneiss. Des dykes 
de pyroxtnite, de gabbro, de lamprophyre et de diabase du Prottrozdique sont nombreux. A I'indice de 
Sandhill, une mintralisation strato'ide de Zn-Cu est encaissCe dans des tufs felsiques prtsentant une 
alttration h ydrothermale formant une enveloppe concordante. De la sphalCrite disstminte 5 massive, 2 grain 
fin a moyen, forme des bandes multiples (de 4 mm a 8 cm de largeur) en association avec musco- 
vite+pyrite+gahnite+staurotide+grenat et est prCsente dans des filons de quartz, sous forme d'inclusions 
discontinues B grain grossier associ6es A de la chalcopyrite disstminte a grain fin. L'indice de Sandhill 
mesure 1 400 m de longueur environ et jusqu'870 m de largeur; cependant, l'assemblage d'alttration associt 
persiste vers I'est parallklement aux couches sur 12 km. Une deuxieme zone d'altbation possible mais 
discordante est dtduite de la prtsence de roches volcaniques mafiques et felsiques brtchifites et altCrCes et 
d'un schiste a staurotide qui s'ttendent au-dessous (base structurale) de la zone de Sandhill. 

.- 

' Contribution to Canada-Northwest Territories Mineral Initiatives (1991-1996), an initiative under the 
Canada-Northwest Territories Economic Development Cooperation Agreement. 
Department of Earth Sciences, University of Western Ontario, London, Ontario N6A 5B7 
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Hudson Bay 
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Diabase dykes (MacKenzie Swarm) 9n ( not shwn on map) Gabbro: massive, weakly to strongly foliated 

Orthogneiss: diorite to granite, massive to well banded, 
8 1 Larnprophyre dykes (not shown on map) 4 < .,., . . - well foliated, migmatitic margins with rafts of mafic 

volcanic and sedimentary rocks 

Sedimentary rocks: wacke with lesser arenite, biotite- 

7 Gabbro dykes muscovite-garnet +-andalusite +-staurolite, minor 
3m. ~nterlayered oxide facies iron formation and 

oligomictic conglomerate 

6 Pyroxenite Felsic volcanic rocks: grey to pink, fine-grained 
well laminated ftuff, dacite to rhyolite 

mm mm Pyrite-garnet-staurolite-gahnite alteration Mafic volcanic rocks: hornblende-garnet schist, 
'I minor interlayered wacke and felsic tuff, l a  agglomerate 

Arsenopyrite-pyrite-galena 45 - Regional foliation (inclined) 

Sandhill - Zn-CU \ Geological boundary (approximate) 

Figure I .  Map showing the location of the major supracrustal belts in the central part of the 
Churchill Structural Province. 
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INTRODUCTION 

Bedrock mapping (1:30 000 scale) in the Gibson Lake area, 
approximately 120 km northwest of Rankin Inlet (Fig. 1) 
covered part of the Gibson Lake (55Nf12) map sheet. The 
study area straddles an inadequately mapped and poorly 
understood belt of Archean(?) metamorphosed interlayered 
volcanic and sedimentary rocks in the central part of the 
Churchill Structural Province of the Canadian Shield. Despite 
the limited database in this area, preliminary investigations 
indicate a good potential for future mineral exploitation. The 
objectives of this project are to map and document the geo- 
logical, mineralogical, and structural features in and around 
the Sandhill massive sulphide prospect, in the Gibson Lake 
area. This project will enhance the limited database available 
on this area and provide useful guidelines for further explo- 
ration for base and precious metals in this greenstone belt. 

Field data was processed using field-based portable PC 
and pocket computers with FIELDLOG (Brodaric and Fyon, 
1989) v2.83 and AutoCAD software applications compatible wilh 
FIELDLOG'S AutoCAD interface. 

REGIONAL GEOLOGY 

Subsequent to the regional mapping by Wright (1 967), results 
of more recent mapping in and around the Gibson Lake area 
were summarized in reports by Reinhardt and Chandler 
(1973), Reinhardt et al. (1980), LeCheminant et al. (1976, 
1977), Tella and Annesley (1987), and Tella et al. (1986, 
1989,1990,1992,1993). This area is underlain by a predomi- 
nantly west-trending Archean/Proterozoic granite-green- 
stone-gneiss terrane, which extends to the west into the 
MacQuoid Lake map area (55M). An extensive greenstone 
Belt, herein referred to as the Gibson-MacQuoid Lake belt, 
comprises a polydeformed sequence of interbedded mafic 
volcanic rocks and clastic and chemical sediments, with lesser 
proportions of intermediate to felsic volcanic rocks, all meta- 
morphosed to the amphibolite facies. Smaller gabbro and 
syenite bodies of uncertain age intrude the volcanic and 
sedimentary rocks. The supracrustal sequence is bounded to 
the north and south by granite gneiss, migmatite and younger 
granitoids. The lithological and structural pattern in the Gib- 
son-MacQuoid Lake belt is similar to the better understood 
Archean Rankin-Ennadai Greenstone Belt south of the study 
area (Fig. I). 

The Gibson-MacQuoid Lake belt was first investigated 
for its economic potential in 1986 by Comaplex Minerals 
Corporation in association with Asamera Minerals Inc. In the 
spring of 1988, an extensive reconnaissance and detailed 
exploration program (Staargaard, 1988), identified a major 
base metal massive sulphide prospect, termed Sandhill. Zinc- 
copper minerals are enclosed in a highly altered sequence of 
intermediate to felsic tuffs. The Sandhill showing is approx- 
imately 1400 m long and 70  m wide; representative samples 
contain up to 2% each of Zn and Cu, Pb to 0.25%, gold to 
0.15 g/t and silver to 15 g/t (Staargaard, 1988). 

The study area (Fig. 2) is underlain by a predominantly 
west-trending interlayered sequence of mafic (unit 1) and 
felsic (unit 2) volcanic rocks, and sedimentary rocks (unit 3), 
all of the Gibson-MacQuoid Lake belt. The sedimentary rock 
unit includes wacke with lesser arenite and minor oxide facies 
iron-formation and oligomictic conglomerate. Syntectonic 
gabbro sills (unit 5) occur within the mafic volcanic rocks. 
Granitic gneiss (unit 4) is interlayered with the volcanic and 
sedimentary rocks, and forms the northern and southern 
boundaries of the greenstone belt. Pyroxenite (unit 6), an 
east-trending swarm of gabbro intrusions (unit 7), lampro- 
phyre (unit 8), and diabase dykes (unit 9) are common 
throughout the map area. Outcrop is good to excellent with 
60-70% exposure in most areas. 

Volcanic rocks (units 1 , 2 )  

Mafic volcanic rocks (unit I), with minor interlayered sedi- 
mentary and felsic volcanic socks, form linear, continuous to 
discontinuous bands to 500 m thick throughout the central 
part of the map area (Fig. 2). They are strongly foliated to 
banded and consist of fine- to medium-grained hornblende- 
plagioclase-garnet (Fig. 3); banding is defined by variable 
hornblende and plagioclase content. Garnet is 0.1-4 mm in 
diameter, in places partially to completely replaced by plagio- 
clase, and occurs in the more massive rocks and in the 
plagioclase-rich bands; it may form up to 30% of the rock. 
Remnant pillow structures were identified at one locality west 
of 'Thirsty Lake'; flow top breccias, recognized at several 
localities in the western part of the map area, are characterized 
by light to dark brown-weathering bands that border more 
massive dark green-weathering flows (Tella et al., 1986). 
Minor agglomerate (unit la; Fig. 2) in the northwest corner 
of the map area contains felsic to intermediate clasts as large 
as 30-50 cm long in a fine- to medium-grained matrix of 
hornblende and plagioclase. The clasts are aligned parallel to 
foliation. 

Felsic volcanic rocks (unit 2) consist of crystal tuff, dacitic 
to rhyolitic in composition, and form a linear, continuous 
zone in the northern part of the map area (Fig. 2). The felsic 
tuff is fine grained, light grey to pink on fresh and weathered 
surface, well laminated to layered on a millimetre to centime- 
tre scale (Fig. 4). The tuff consists predominantly of quartz, 
feldspar, biotite, and chlorite with minor 1-2 cm thick horn- 
blende-rich bands. Throughout this unit, discontinuous 
lenses, 5-1 0 cm thick, contain angular 2-5 mm feldspar grains 
in a fine grained felsic matrix. Garnet, 1-5 mm in diameter, 
may form as much as 5% in some layers. 

Sedimentary rocks (unit 3)  

Sedimentary rocks (unit 3) are the most abundant rocks in the 
map area (Fig. 2). Wackes, psammitic to sernipelitic in com- 
position, dominate this unit in the southern and central part of 
the map area. They are grey to red-brown, gritty, fine- to 
medium-grained (Fig. 5A) and consist of quartz-biotite- 
plagioclase-garnetkandalusite. Compositional layering in the 
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wackes is indicated by biotite-rich (15-20%) and garnet-rich 
(to 20%) bands 5-20 cm wide. Bands, 20-30 cm wide, 
containing 0.5-1 cm plagioclase porphyroclasts (Fig. 5B) 
with coarse grained biotitekgarnet, are common in the north- 
ern parts (Fig. 2). They are rare in the southern parts of the 
map area. Staurolite+andalusite porphyroblasts with coarse 
biotite characterize the wacke in the northwestern part of the 
map area. 

In the northern part of the map area, wackes grade into 
light grey, fine- to medium-grained arenite which consists 
predominantly of quartz, plagioclase, and muscovite. At two 
localities, in the southern and western parts of the map area, 
white-weathering quartz arenite forms thin discontinuous 
bands up to 8 m thick structurally below mafic volcanic rocks. 
Primary sedimentary structures are poorly preserved because 
of the strong to intense foliation present in supracrustal rocks. 
However, crossbedding was identified in quartz arenite at one 
locality in the western part of the map area. Within the arenite 

unit north of 'Thirsty Lake', a 1 m- wide discontinuous band 
of oligomictic conglomerate contains pebbles and cobbles of 
massive, medium grained granite. 

Iron-formation located predominantly in the southern and 
central parts of the map area forms 1-8 m wide bands consist- 
ing of 25-40% garnet, 0.2-3.0 cm in diameter, in a biotite- 
quartz-magnetite ihatrix. The most extensive band of 
iron-formation, havjng pronounced aeromagnetic signature 
(Geological Survey of Canada, 1971), forms a Z-shaped 
structure in the centsal part of the map area. 

Orthogneiss (unit.4) 

Unit 4 comprises several ages of polydeformed and metamor- 
phosed intrusive rocks that range in composition from diorite 
through granodiorite to granite. The orthogneiss contacts are 
migmatitic, highly strained, and contain abundant rafts of 
mafic volcanic and sedimentary rocks. Granite togranodiorite 

Figure 3. Mafic volcanic (hornblende-~lagioclase-garnet Figure4. Fine grained light grey topink well laminated felsic 
schist; unit 1 )  southwest of 'Thirsty Lake'. Garners are tuff(unit2). 
partially replaced by plagioclase. GSC 1993-253B 

Figure 5. A) Wacke (unit 3)from the central part of the map area. GSC 1993-253A. B) Wacke (unit 3) 
containing coarse feldspar clasts from the northern part of the map area. GSC 1993-2530 
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with a minor diorite component is the more dominant com- 
position of the orthogneiss in the northern and southern parts 
of the map area. These rocks are grey to pink, massive to well 
banded, well foliated and consist of plagioclase-quartz-bi- 
otitekgarnetkamphibole. Garnet (510%)  forms in more 
biotite-rich (20-25%) bands. Medium grained, massive to 
weakly banded and foliated white- to grey-weathering granite 
gneiss in the central part of the map area consists of plagio- 
clase, quartz, and K-feldspar with 2-10% biotite and musco- 
vite. Medium- to coarse-grained, well foliated granodiorite is 
in sharp contact with the felsic volcanics (unit 2) and well 
banded granite gneiss along the northern boundary of the 
study area. 

Foliated and boudinaged white pegmatite dykes are com- 
mon in the diorite to granodiorite gneiss (unit 4), sedimentary 
rocks (unit 3), and mafic volcanic rocks (unit 1) in the 
southern and central part of the map area. However, dykes are 
absent in the felsic volcanic rocks and gneiss in the northern 
part of the map area. The pegmatite dykes predominantly 
consist of plagioclase and quartz. In the sedimentary rocks 
immediately south of the felsic volcanic rocks, the pegmatite 
dykes typically contain millimetre- to centimetre-long 
tourmaline crystals. 

Lamprophyres are related to the 1.85 Ga alkaline igneous 
province that is defined by the distribution of Christopher 
Island Formation, Lower Dubawnt Group. The compositional 
range of volcanic rocks is lamproitic through to mafic and 
felsic minettes (Peterson and Rainbird, 1990; LeCheminant 
et al., 1987). 

In the eastern part of the map area, three northwest- 
trending diabase dykes (unit 9), up to I m wide, cut the 
volcanic and sedimentary rocks. They are fine grained, mas- 
sive, fresh, and contain hornblende and plagioclase; they are 
probably related to the 1267 k 2 Ma Mackenzie dyke swarm 
(LeCheminant and Heaman, 1989). 

White to pink pegmatite dykes are common in the north- 
western part of the map area. These dykes contain muscovite 
books to 6 cm thick, tourmaline crystals to 10 cm long, and 
beryl to 6 cm in diameter. These pegmatites may correlate 
with mica+topaz-bearing pegmatites in the western half of the 
MacQuoid Lake map area (LeCheminant et al., 1976). 

STRUCTURE AND REGIONAL 
METAMORPHISM 

Gabbro (unit 5) 

Gabbro sills (unit 5), most of which are not shown on the map 
(Fig. 2), are common within the northern volcanic rocks. The 
gabbro is dark green, massive, weakly to strongly foliated and 
contain medium- to coarse-grained hornblende, plagioclase, 
and chlorite. 

Mafc and felsic intrusions (units 6-9) 

Relatively undeformed mafic and felsic intrusions of prob- 
able Proterozoic age are common throughout the map area. In 
the southeast part of the map area, a 750 m long elliptical 
plug of pyroxenite (unit 6) intrudes the sedimentary rocks 
(unit 3). It consists of randomly oriented pyroxene phenocrysts, 
partially altered to amphibole, in a pyroxene-plagioclase matrix. 

Numerous east-trending gabbro dykes (unit 7) form 
prominent topographic ridges, to 300 m wide, throughout the 
map area. These rocks are dark green, massive, and contain 
medium- to coarse-grained pyroxene-plagioclase-bearing 
assemblages. Several of the gabbro intrusions contain 1-2% 
disseminated, fine grained pyrrhotite. 

Light to dark brown-weathering, northwest-trending lam- 
prophyre dykes (unit 8), up to2 m wide, are scattered through- 
out the map area. Two mineralogically distinct types of 
alkaline dykes are present. The most abundant type is a 
porphyritic dyke with phlogopitefpyroxene phenocrysts set 
in a fine grained matrix consisting of amphibole-feldspar- 
apatite-bearing assemblages. Two lamprophyre dykes from 
the west end of the map area consist of K-feldspar oikocrysts 
containing biotite (30-40%) and apatite (10-15%), and car- 
bonate inclusions and trace titanite, rutile, zircon, pyrite, and 
chalcopyrite. Several dykes contain inclusions of country 
rock including granite, orthogneiss, and metasediments. 

Bedding (So) is indicated by compositional layering in the 
sedimentary and felsic volcanic rocks. Facing directions are 
poorly preserved; however, west of 'Thirsty Lake', rare pil- 
low structures with lava shelves in the mafic volcanic rocks 
and crossbedding in a quartz arenite indicate a younging to 
the north. Regional foliation (SI)  is parallel to bedding 
( S o S  I )  and is defined by the micas in the sedimentary, felsic 
volcanic rocks and orthogneiss, and by amphibole in the 
mafic volcanic rocks. In the eastern and central parts of the 
map area (Fig. 2), S i  foliation strikes consistently west and 
dips moderately to the north. This structure defines moderate 
to steep east- and west-plunging isoclinal folds (FI) in the 
mafic and felsic volcanic rocks. 

Shallow to moderate northwest- to northeast-plunging F2 
folds show both S and Z asymmetry. In the western part of the 
map area, S I  foliations are folded by a regional northwest 
plunging F;! fold. Broad, open, north-plunging mesoscopic folds 
(F3) resulted in the reversals in both Fi and F2 plunge directions. 

Moderate north- to northeast-plunging hornblende min- 
eral lineations, quartz rodding, and crenulation lineation are 
related to post-F2 deformation. These lineations are best 
developed in the northern part of the map area, along the mafic 
volcanic-sedimentary contact directly south of 'Thirsty Lake' 
(Fig. 2) and along the felsic volcanic-orthogneiss contact. 
Late north- to northwest-trending brittle faults, interpreted to 
be part of the Baker Lake cataclastic zone (Schau et al., 1982), 
display limited offset of both sinistral or dextral movement. 
Deformation associated with these faults has affected all 
rocks including the east-trending gabbro intrusions and 
northwest-trending lamprophyre dykes; local epidote and 
K-feldspar alteration is associated with these late faults. 

Lower amphibolite facies metamorphism is indicated by 
biotite+garnetkandalusite*staurolite in sedimentary rocks, 
homblende+garnet in mafic volcanic rocks, and biotite+garnet 
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in orthogneiss. An estimate of the P-T conditions for regional 
metamorphism are in the order of 2-3 kbar and 520-580°C 
based on the stability of Fe-staurolite and the aluminosilicate 
triple point (Yardley, 1989). 

MINERALIZATION AND ALTERATION 

Stratabound Zn-Cu minerals of the Sandhill zone (Fig. 2) 
occur within an envelope of hydrothermally-altered felsic 
tuffs (unit 2). The strike length of the concordant mineraliza- 
tion and alteration envelope is 1400 m and the maximum 
width is approximately 120 m. However, altered felsic vol- 
canic rocks, similiar to those that enclose the Sandhill show- 
ing, persist for up to 12 km eastward along strike. The 
Sandhill zone comprises medium- to coarse-grained 
sphalerite which occurs as discontinuous 2-8 cm wide 
bands within coarse grained, white weathering pyritic 

muscovite-quartzkgahnite?garnetkstaurolite schist (Fig. 6A, 
B). Tourmaline is a common accessory mineral with this 
assemblage. To the south, structurally and stratigraphicaly 
below the muscovite-quartz schist, fine grained disseminated 
sphalerite occurs within well laminated, fine- to medium- 
grained quartz-pyrite-garnet-muscovite-gahnite-staurolite 
schist (Fig. 7). In the mineralized zone, subconcordant quartz- 
pyrite veins contain discontinuous blebs of coarse grained 
sphaleritef galena associated with 2-5% disseminated fine- to 
medium-grained chalcopyrite. A cherty pyrite-rich (10-15%) 
unit containing as much as 10-15% sulphides, is present at the 
upper contact between the muscovite-quartz schist and 
altered tuffs. This unit may represent a siliceous exhalite. 

Eastward along strike, pyritic muscovite-quartz schist 
contains intermittent, fine- to medium-grained garnet- 
staurolite-gahnite-kyanite assemblages. Although sphalerite 
and/or chalcopyrite were rarely observed within the 

Figure 6. A) Massive, coarse grained, white-weathering pyritic muscovite-quartz schist which hosts 
Sandhill Zn-Cu mineralization. B) Sphalerite in pyritic muscovite-quartz-gahnite-garnet-staurolite schist 
from the west end of the Sandhill zone. 

Figure 7. Well laminated to bandedfine- tomedium-grained Figure 8. Grey to red-brown, laminated to banded, 
quartz-pyrite-garnet-muscovite-gahnite-staurolite schist hydrothermally altered felsic tufSstructurally above the sul- 
with disseminated fine grained sphalerite. phide zone. It is characterized by a highly aluminous assem- 

blage containing biotite, muscovite, garnet, staurolite, and 
gahnite along with pyrite and magnetite. 
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hydrothemally-altered equivalents of the Sandhill prospect, 
the presence of gahnite as well as staurolite is a good indicator 
of massive sulphide mineralization (Spry, 1986; Spry and 
Scott, 1986). 

Hydrothermally altered felsic tuff enclosing the Sandhill 
zone (Fig. 8), is grey to red-brown, laminated and contrasts 
with grey to pink unaltered equivalents. Altered tuff contains 
the highly aluminous assemblage biotite, muscovite, garnet, 
staurolite, and gahnite along with pyrite and magnetite. In the 
western part of the map area, below the mineralized zone, 
felsic and mafic volcanic rocks are typically brecciated and 
replaced by epidote and chlorite. Staurolite+andalusite por- 
phyroblasts with coarse biotite in the wacke to the south and 
southwest of the Sandhill zone may indicate the presence of 
another, but possibly discordant, alteration zone. 

Numerous pyritic gossans within the mafic volcanic and 
sedimentary rock units are sporadically distributed through- 
out the map area. These gossans are related to the late north- 
west-trending brittle faults. In the western part of the map 
area, a 10 m wide sulphide horizon is located within a band 
of wacke, which is interlayered with mafic volcanic rocks. 
Massive arsenopyrite (30%), with pyrite (10-15%) and pyr- 
rhotite (2-4%) and trace chalcopyrite, galena, and graphite 
occur within vuggy quartz veins. The sulphide-bearing quartz 
veins and graphite alteration can be traced for more than 1 km 
eastward along strike. This sulphide mineralization appears 
to be structurally controlled and formed later than zinc-copper 
sulphides in the Sandhill zone. 

SUMMARY AND DISCUSSION 

In the Gibson Lake area, the west-trending, polydeformed 
Archean metavolcanic belt that hosts the Sandhill zinc-copper 
showing has been metamorphosed under lower amphibolite 
facies conditions, estimated to be in the order of 520-580°C 
and 2-3 kbar. 

From south to north, the lithological succession in the area 
of the Sandhill showing is interpreted to face and dip north at 
moderate to steep attitudes. It comprises interlayered semipe- 
litic to arenaceous metasedimentary units overlain by a mafic 
volcanic unit and, in turn, by a felsic volcanic unit. The finely 
laminated felsic unit and the absence of coarse fragmental 
rock, even though brecciated rocks are recognized strati- 
graphically below the showing, suggest this felsic unit may 
represent a distal subaqueous tuff to ash deposit. 

The Zn-Cu Sandhill showing, hosted in felsic tuff, is 
stratabound and enveloped by hydrothermally-altered felsic 
tuff. This concordant alteration envelope is highly aluminous 
and bears the mineral assemblage muscovite+quartz+ 
gahnite+garnet+staurolite. In addition, similiarly altered 
felsic rocks persist eastward along strike for 12 km. The areal 
extent of aluminous altered felsic tuff represents regional 
metasomatism and is interpreted to be the metamorphosed 
product of advanced argillic hydrothelmal alteration. The 
felsic volcanic host rock and aluminous alteration assemblage 
with disseminated and massive base metal sulphides are 

features that draw the comparison to metamorphosed altera- 
tion assemblages associated with volcanogenic massive 
sulphide deposits. 

The Snow Lake area, part of the early Proterozoic Flin 
Flon volcano-sedimentary belt Trans-Hudson orogen, is host 
to numerous Cu-Zn and Zn-Cu volcanogenic massive sul- 
phide deposits. Some of these deposits are hosted in thick 
sequences of felsic volcanic rocks and are accompanied by 
extensive alteration zones (Walford and Franklin, 1982; 
Studer, 1982; Zaleski, 1989). On a district scale. large vol- 
umes of supracrustal rocks in the stratigraphic footwall to the 
deposits have been subjected to hydrothermal alteration 
(Bailes, 1987). Synvolcanic alteration zones, discordant pipes 
below exhalative massive sulphide lenses, and semi-con- 
formable zones contain diagnostic metamorphic mineral 
assemblages that result from lower to upper almandine- 
amphibolite facies regional metamorphism. Metamorphism 
of synvolcanic alteration minerals produced an aluminous 
assemblage that includes quartz, muscovite, pyrite, zincian 
staurolite, kyanite, biotite, chlorite, and sphalerite with 
gahnite (Zaleski, 1991). 

The Sturgeon Lake massive sulphide camp lies within the 
Archean Wabigoon volcano-sedimentary greenstone belt of 
the Superior Province. Volcanogenic massive sulphide 
deposits and numerous base metal prospects are associated 
with a submarine caldera complex and in particular to felsic 
pyroclastic sequences (Morton et al., 1990; Osterberg et al., 
1987). Local discordant alteration zones proximal to massive 
sulphide lenses and broader semi-concordant zones record 
corridors of hydrothermal fluid-rock interaction. Regional 
metamorphic grades range from greenschist to lower amphi- 
bolite. Aluminosilicate-bearing mineral assemblages con- 
taining pyrophyllite, andalusite, or kyanite in metamorphosed 
discordant pipes identify corridors of high fluid flow and 
reaction between modified sea water and volcanic rocks. 

A direct relationship exists between base metal concentra- 
tions and exceptionally aluminous lithological compositions in 
the Sandhill showing -and eastern extension. These-features in 
other well studied volcanogenic massive sulphide districts are 
attributed to submarine sea-floor alteration related to synvol- 
canic hydrothermal systems. Microprobe studies are in progress 
to determine the chemistry of metamorphic minerals in order to 
evaluate the hydrothermal alteration, relative importance of 
concordant and discordant alteration zones, and the role of 
exhalative verses replacement processes associated with 
synvolcanic hydrothermal alteration. 
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Archean and Lower Proterozoic geology of western 
Dubawnt Lake, Northwest Territories 
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Peterson, T.D. and Born, P., 1994: Archean and Lower Proterozoic geology of western Dubawnt 
Lake, Northwest Territories; Current Research 1994-C; Geological Survey of Canada, 
p. 157-164. 

Abstract: The bedrock of western Dubawnt Lake consists of: (1) Archean, migmatized metasedimentary 
rocks comprised mainly of biotite-quartz-feldspar-garnet schist, including sulphide iron-formation; (2) a 
mafic-to-felsic intrusive suite (the Snow Island suite), dominated by granites (2605 Ma), which 
accompanied the migmatization; and (3) orthoquartzite plus minor schists assigned to the Lower Proterozoic 
Amer Group. A pervasive, shallowly south-southwest-plunging extension lineation (L2) developed at upper 
greenschist facies during thrusting (D2) which involved the Amer Group and older basement rocks. L2 was 
folded (D3) by east-west-trending folds. D2 and D3 must predate brittle deformation at 1.84 Ga leading to 
Dubawnt Supergroup deposition, during the Trans-Hudson orogeny. Deformation of the Amer Group 
probably accompanied the east-west collision between the Slave and Churchill cratons at 2.0-1.9 Ga. 

RCsum6 : Le substratum rocheux de la partie ouest de la region du lac Dubawnt se compose : (1) de 
roches mttastdimentaires archtennes, migmatistes, principalement composkes de schiste ii 
biotite-quartz-feldspath-grenat, avec notamment une formation de fer a faci2s sulfurt; (2) d'une suite 
intrusive mafique felsique (suite de Snow Island) qui contient en majoritt des granites (2 605 Ma), et dont 
la mise en place a accompagne la migmatisation; et (3) d'un orthoquartzite et de quantitts secondaires de 
schiste attributs au Groupe d'Amer (ProttrozoYque infkrieur). Une linkation d'ktirement (L2) rtpandue, qui 
plonge ItgBrement vers le sud-sud-ouest, s'est formte dans des conditions du faci2s des schistes verts 
suptrieur pendant l'tpisode de chevauchement (D2) qui a affect6 les roches du Grouped' Amer et les roches 
plus anciennes du socle. L2 a t t t  dtformte (D3) par des plis d'orientation est-ouest. D2 et D3 doivent Ctre 
plus anciens que la deformation fragile survenue a 1,84 Ga, qui a abouti la sedimentation du Supergroupe 
de Dubawnt, pendant l'orogenhse transhudsonieme. La dtformation du Groupe d'Amer a probablement 
accompagnk la collision est-ouest survenue entre le craton des Esclaves et le craton de Churchill B 2-1,9 Ga. 

' Department of Earth Sciences, Carleton University, Ottawa, Ontario KIS 5B6 
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INTRODUCTION 

Previous reports summarizing the results of mapping at 
Dubawnt Lake (Fig. 1) have emphasized the 1.85-1.72 Ga 
volcanism and sedimentation of the Dubawnt Supergroup, 
and Archean (2.6 Ga) granitic plutonism (Peterson et al., 
1989; Peterson and Rainbird, 1990; Rainbird and Peterson, 
1990). Outcrops of these rocks are well exposed in the area. 
Less well exposed are older Archean rocks that are intruded 
by the granites, as well as deformed metasedimentary rocks 
assigned to the Lower Proterozoic Amer Group (quartzite and 
minor schists). Peterson (1992a) noted that quartzites of the 
Amer Group in the Dubawnt Lake area commonly display a 
strong south-southwest-plunging stretching lineation, 
developed at greenschist to lower amphibolite facies, which 
is also prominent in the underlying Archean gneisses. This 
lineation reflects a deformation event older than the very 
low-grade, brittle faulting which produced the basins of the 
lower Dubawnt Supergroup, formed during the Trans-Hudson 
orogeny (Hoffman and Peterson, 1991). Mapping at 1 :50 000 
scale of a large bay on the west side of Dubawnt Lake (NTS 
65M/1,65N/4) (Fig. 2) in July-August 1993 has clarified: (I) 
the style and intensity of Proterozoic, pre-Dubawnt Supergroup 
deformation, (2) the intrusive mechanisms and sequences of 

the voluminous 2.6 Ga granitoid suite (the Snow Island 
intrusive suite), and (3) the nature of the pre-2.6 Ga 
metasedimentary rocks. 

DESCRIPTION OF THE AREA 

The geology of western Dubawnt Lake was first described by 
Tyrre11(1897), who recognized "Athabasca-type" sandstones 
(the Thelon Formation) overlying Archean gneisses. Recon- 
naissance mapping during Operation Thelon (Wright, 1967) 
identified the Archean metasedimentary unit in the present 
field area (Fig. 2), subdivided the Archean intrusive suite, and 
defined the Dubawnt Group (redefined as the Dubawnt 
Supergroup by Gall et al., 1992). Donaldson (1965, 1969) 
obtained sedimentological data on the Thelon Formation and 
the underlying paleosol. The Thelon Basin, which covers the 
intersection of the Mackenzie and Bathurst fault systems west 
of Dubawnt Lake, outcrops near the western shore of Dubawnt 
Lake and at the north end of the map area. 

Excellent shoreline access is available in the field area 
during the short ice-free interval, although caution is needed 
in many of the shallow inlets. Outcrop varies from excellent 
in the north, to poor or nonexistent in the south. Poor outcrop 

Barrensland Group 
(1.72 Ga sandstones) 

Wharton Group (mainly 
1.75 Ga rhyolite flows) 

Baker Lake Group (mainly 
1.84 Ga potassic volcanics) 

- 

Amer Group 

Archean 
(Churchill Province) 

Figure I .  Location of Dubawnt Lake (grey) and the map area. Ti'Z=Thelon tectonic zone; BFZ, MFZ, 
CFZ=Bathurst, Mackenzie, and Chantry fault zones; S7Z=Snowbird tectonic zone. 
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here and elsewhere in the Dubawnt Lake area commonly formerly interpreted as a result of mafic-felsic magma mingling 
coincides with Archean leucogranite or Nueltin suite granite (Peterson et al., 1989); however, the present work has shown 
(ca. 1.75 Ga), both of which are medium grained rocks which that some of these may be melted, mafic gneisses. Much of 
break up into boulder fields. the variation in the colour index of the megacrystic granite in 

the present field area is due to contamination by Fe-rich 
paragneisses or metavolcanic rocks. 

DESCRIPTION OF THE ROCK UNITS - 
Pre-2.6 Ga metasedimentary rocks 

The 1:500 000geology compilation by Eade (1981) shows that 
the Archean metasedimentary belt is surrounded on all sides by 
the Snow Island intrusive suite. This study divides the metasedi- 
mentary rocks into two mappable units (Fig. 2). The biotite 
schists, consisting of biotite + quartz + feldspar k muscovite f 
garnet, are usually intensely deformed and migmatized. No 
aluminosilicate minerals were noted in the field. Many outcrops 
contain dismembered 10-cm bands of sulphide-facies iron- 
formation (now consisting of garnet + biotite + pyrite f quartz). 
The biotite schist can be subdivided locally into a muscovite- 
bearing variant, and thin bands of muscovite-rich, biotite-absent 
schist were noted. However, these proved impossible to trace out 
over any significant distance. The schists display a strong folia- 
tion, but no mineral lineation. 

The second metasedimentary unit is a grey, psammitic to 
quartzofeldspathic gneiss which is never migmatized, and in 
which a foliation is usually difficult to discern due to the absence 
of phyllosilicates. Iron-formation is scarce in this unit, and is 
restricted to enclosed schistose bands. Within the metasomatic 
aureole of the leucogranite (below), this unit strongly resembles 
nonfoliated, fine grained granite. In the south half of the map 
area, this unit is host to a small body of chlorite-amphibolite 
schist which is probably of volcanic origin. 

Snow Island intrusive suite 

The Snow Island suite is named after Snow Island (named by 
Tyrrell, 1897), in western Dubawnt Lake. Descriptions of 
individual lithologies in this suite are given by Peterson et al. 
(1989). The most voluminous rock types are a Kspar- 
megacrystic granite, dated by U-Pb (zircon) at 2605 Ma 
(LeCheminant and Roddick, 1991), and a biotite leucogranite, 
dated at 2606 + 2 Ma (C. Roddick, unpublished data). Field 
relations demonstrate that the leucogranite, which forms dykes 
crosscutting the megacrystic granite, must be the youngest 
member of the suite. The megacrystic granite intrudes biotite- 
hornblende diorite, which in turn intrudes rare bodies of 
cumulate peridotite (olivine + orthopyroxene + clinopyroxene + 
chromite). Thus, there was a mafic-to-felsic intrusive 
sequence within the Snow Island suite, which strongly resem- 
bles groups 2 and 3 of the 2.6 Ga granitoids of the Slave 
Province (Davis et al., in press). 

Rocks of the Snow Island suite are commonly weakly 
deformed. The exceptions are: (1) a strong relict foliation is 
present in megacrystic granite and leucogranite adjacent to 
migmatized paragneiss, and (2) a strong mineral stretching 
lineation, and a weak to strong schistosity, are localized 
within thrust faults and shear zones which also affect the 
Amer Group. Mafic schlieren in megacrystic granite were 

Metasomatized gneisses 

A striking contact phenomenon of the leucogranite is 
reminiscent of alkali metasomatism around silica- 
undersaturated alkaline complexes (see for example Peterson 
and Currie, 1994). Some Archean metasedimentary rocks 
(particularly the psammitic gneisses) near leucogranite 
bodies were observed to grade continuously, with no 
intervening migmatite zone, into fine grained granitic rocks 
bearing a relict foliation. These rocks were very difficult to 
distinguish from igneous leucogranite deformed in D2 shear 
zones, but were occasionally cut by sharp, nonfoliated 
leucogranite dykes which made their origin clear. The 
metasomatism did not involve partial melting or melt 
injection, and must have been mediated by subsolidus fluids. 
This phenomenon was not observed near the megacrystic 
granite, which is invariably surrounded by a migmatite aureole. 
Similar metasomatism, described as resembling fenitization 
around carbonatite intrusions, is associated with alkaline 
granites in Niger and Nigeria (Bowden et al., 1987). 

Amer Group 

The term Amer Group was first used by Heywood (1977) in 
reference to a belt of Aphebian metasedimentary and minor 
metavolcanic rocks near Amer Lake, in the northeastern 
Churchill Province. Patterson (1 986) described the group as 
consisting mainly of orthoquartzite, quartz-muscovite schist, 
carbonate, and greenstone exposed in mostly southwest- 
trending syncliniria. The age constraints on the -~mer  Group 
are poor; it unconformably overlies Archean rocks through- 
out the Churchill Province, and is older (>1.84 Ga) than 
nondeformed rocks of the Dubawnt Supergroup. However, 
its lithostratigraphy and metamorphic grade are very similar 
to the Hurwitz Group (Aspler, 1989), which is older than 
21 11 Ma, the age of gabbro sills that intrude it (Heaman and 
LeCheminant, in press). 

Orthoquartzites north of Dubawnt Lake were mapped as 
Amer Group by Operation Thelon (Wright, 1967). Identical 
quartzites occur on a 3-km long island at the east edge of the 
map area. The contact with Archean migmatite at the south 
end of the island is not well exposed and may be faulted. 
Bedding in the quartzites was usually obtained from pelitic 
and heavy mineral bands, and infrequently from truncated 
crossbeds. Minor exposures of quartz-muscovite schist occur 
on the northeast corner of this island, stratigraphically above 
the quartzite. This schist was also observed in stratigraphic 
contact with quartzite at the north end of the map area. 

A dark green-brown weathering, slaty, chlorite-rich schist 
is in fault contact with quartzite in the north (Fig. 3,4). It is 
assumed to be part of the Amer Group due to its low (greenschist) 
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grade of metamorphism, and the presence of D2 structures 
(below). However, there is no stratigraphic control for the 
chlorite schist and it could even be older than the Amer Group. 

DESCRIPTION OF THE STRUCTURES 

Archean (Dl)  structures 

Three Archean phases of deformation were recognized: (1) a 
pre-2.6 Gafoliation (Sl) and isoclinal folding in biotite schist, 
(2) regional deflection of S 1 near granite plutons, and extreme 
small-scale deformation associated with migmatization, and 
(3) late to post-igneous extension. Because these may have 
been very closely spaced in time, all Archean deformation is 
considered as Dl. 

Bedding could rarely be determined in the Archean 
metasedimentary rocks. Kilometre-scale bands of psammitic 
gneiss generally parallel the regional schistosity, suggesting 
bedding has been rotated close to the foliation, but locally this 
was directly observed to be untrue. The bands probably have 
a more complex geometry than depicted in Figure 2, but are 
inadequately exposed for more detailed mapping. 

The contacts between the Snow Island granites and the 
biotite schists typically consist of injection zones, with sills 
in migmatite grading into regions of contaminated granite 
bearing a relict foliation picked out by unmelted biotite. 
Partial melts of the schists are readily distinguished from the 
granites by the presence of muscovite (+Kspar+quartz). 
Locally, S1 is deflected parallel to the contacts of plutons 
(Dl'), and strongly flattened septa of schist can occur 
between adjacent plutons. 

DUBAWNT 

Figure 3. North end of map area, showing the fault zones affecting Amer Group rocks. 
See Figure 2 for legend. 
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Evidence for late or post-igneous extension occurs as 
boudinaged and rotated dykes of leucogranite (Fig. 5 )  and 
shear bands in the schists (Dl "). No apparent retrograde 
metamorphism accompanied formation of these minor struc- 
tures, and they are considered to have formed very shortly 
after peak metamorphism. 

Proterozoic (D2,D3) structures 

A strong, shallowly south-southwest-plunging mineral linea- 
tion (L2) is present in Amer Group and older rocks along 
much of the west shore of Dubawnt Lake north of the map 
area (Peterson et al.. 1989). The metamorphic grade of this 
deformation is upper greenschist/lower amphibolite facies, as 
indicated by staurolite + biotite in Fe-rich semipelitic bands 
of Amer quartzite, and retrograde chlorite + biotite after 
biotite in leucogranite. 

The L2 lineation was observed on a shallowly west- 
dipping schistosity (S2) at the north end of the map area 
(Fig. 4). The schistosity, present as muscovite-rich planes, is 

developed in leucogranite and Amer quartzite, which are 
either imbricated or intensely infolded at the quartzitelgranite 
contact. S2  is also present in a chlorite-rich schist (Fig. 4). 
exposed in a river gorge which follows a fault trace. Both L2 
and S2 are measurable in the Archean rocks within a kilometre 
of the fault zone. The deformation zone is interpreted as a 
series of thrust faults (minimum of 3). The easternmost fault 
plane is folded at its north end (where it forms a tight syncline 
with its fold axis roughly parallel to L2) and cut off by the 
next fault to the west. Assuming the thrusts have not been 
overturned, the easternmost fault places younger (Amer 
Group) over older (leucogranite) rocks. This fault may repre- 
sent a dCcollement beneath the Amer Group, with piggy- 
backing thrusts to the west transporting older Archean 
metasedimentary rocks over the Proterozoic cover rocks. 

A strong L2 lineation in Archean schist is folded by 
east-west folds (amplitude about 20 cm) in the central part of 
the bay. These folds are themselves weakly transversely 
folded and plunge shallowly both east and west. This folding 
is assigned to D3. 

.*f, -..;...:~#~:~.>~A:.--v:, ,:;,.- , I  
~ ~ g . ~ ~ ~ ; ~ , ; ~ ~ j - ~ ~ @ j  as the footwall of a thrust fault within the river. 

< ,. ,.i ;L< 2.,-.,: GSC 1993-224 
., ';;.1.~7. ~.$>.<.,7_] 

Figure 5. 

Dyke of 2.6 Ga leucogranite in migmatitic biotite 
schist, showing extension and rotation lfollowed 
by minor shortening); compass pointing north. 
GSC 1993-225 
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DISCUSSION 

The defoimational history and metamorphic grade of Amer 
Group rocks near Amer Lake suggested by Patterson (1 986) is 
similar to that deduced in this study. Early thrusts and folds (her 
Dl event; D2 of this paper) were refolded by 0 2  @3 in this 
paper), followed by extensional normal faulting (03) (possibly 
corresponding to formation of lower Dubawnt Supergroup 
basins). The mean trend of Patterson's Dl fold axes of 250°, 
plunging 12' at Amer Lake, is close to the pervasive southwest- 
plunging L2 (230" at 20') of the Dubawnt Lake area. However, 
the direction of thrusting deduced by Patterson was northwest- 
erly. Kinematic data from southwest-trending D2 shear zones in 
northwesternDubawnt Lake indicatemainly dextral shear; some 
sinistral slip in conjugate northwest faults is indicated by offsets 
in magnetic anomalies (Peterson, 1992a, b). A plausible expla- 
nation for the structures at Dubawnt Lake is that oblique north- 
east-vergent thrusting accompanied east-west shortening and 
formation of the southwest-plunging extension lineation. 

Previous workers (see Patterson, 1986, and references 
therein) generally associated deformation of the Amer Group 
with ca. 1900-1 800 Ma convergent tectonics in the Trans- 
Hudson orogen. However, near 1850 Ma, deformation in the 
Dubawnt Lake area involved extension, subsidence, and brittle 
faulting at low metamorphic grade (Peterson, 1992b), inconsis- 
tent with the grade and structural style of D2 metamorphism. A 
more likely scenario would associate D2 with the Thelon 
orogeny, the Slave-Churchill collision which occurred from ca. 
2.0-1.9 Ga (Theriault, 1992). Ductile deformation of this age 
range has been noted well into the central Churchill Province, 
notably in the Snowbird tectonic zone (Fig. 1). For example, 
southwest dextral shear at granulite facies affected syntectonic 
granites at ca. 1.9 Ga in the Wholdaia Lake area, 200 km 
south-southwest of Dubawnt Lake (S. Hanmer and R. Parrish, 
pers. comm.). The pre-1.84 Ga structures at Dubawnt Lake are 
consistent with a regional scenario involving east-west shorten- 
ing, and dextral shear on northeast-southwest-trending faults. 
This scenario coincides well with thecollision between the Slave 
and Churchill Provinces along the Great Slave Lake shear zone 
(Hanmer et al., 1992). 
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Abstract: The local stratigraphy of the Archean Henik Group, part of the Ennadai-Rankin greenstone 
belt, consists of a siliciclastic turbidite sequence and a sequence of interlayered mafic and felsic volcanic 
rocks with magnetite iron-formation-bearing turbidites. Both sequences are intruded by Archean granitic 
plutons. Early Proterozoic Hurwitz Group granulestone, subarkose and quartz arenite (Kinga Formation) 
were deposited in fluvial, eolian and lacustrine environments in a radially expanding intracontinental basin 
developed on Archean basement. The abrupt appearance of mudstone and arkose (Ameto Formation) is 
attributed to sudden basin deepening and marine flooding. Upper Hurwitz Group strata define an offlap 
sequence including a carbonate ramp (Watterson Formation), local lagoons (Ducker Formation 
semi-pelites) and a coastal facies (Tavani Formation subarkose with evaporite-bearing dolostone). Map 
patterns are controlled by the interference between basement-involved northwest- and east-trending Dl 
folds and antithetic thrusts and northeast- and north-trending D2  folds. 

RCsumC : La stratigraphie locale du Groupe de Henik de 1' Archken, qui fait partie de la ceinture de roches 
vertes d'Ennadai-Rankin, est definie par une stquence de turbidites silicoclastiques et une sequence de 
roches volcaniques mafiques et felsiques interstratifiees contenant des turbidites renfermant des formations 
de fer B magnetite. Les deux sequences sont recouptes par des plutons granitiques de 1'ArchCen. Un 
granulestone, un gres arkosique et une quartzartnite (Formation de Kinga) du Groupe de Hurwitz du 
ProterozoYque inftrieur se sont dtposes dans des milieux fluviaux, Coliens et lacustres dans un bassin 
intracontinental B expansion radiale form6 sur un socle archeen. L'apparition rapide de mudstone et d'arkose 
(Formation d'Ameto) est attribuke a un approfondissement soudain du bassin et 21 une crue marine. Les 
couches de la partie suptrieure du Groupe de Hurwitz dkfinissent une sequence de progradation incluant 
une rampe carbonatte (Formation de Watterson), des lagunes locales (semi-pelites de la Formation de 
Ducker) et un facies littoral (subarkose avec dolomie B mintraux tvaporitiques de la Formation de Tavani). 
La configuration des unitks sur la carte est le produit d'une interfkrence entre les plis D l  de direction 
nord-ouest et est et des chevauchements antithetiques affectant le socle et les plis D2 de direction nord-est 
et nord . 
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This paper summarizes the initial results of 1:50 000-scale 
mapping in the Otter and Ducker lakes area (Fig. 1,  Table 1). 
It extends work south from Bray and Montgomery lakes 
(Aspler et al., 1992) and represents the continuation of a 
project designed to better understand Archean and Proterozoic 
supracrustal rocks in thesouth-central District ofKeewatin, with 
a focus on the stratigraphy of the Henik Group (Archean, part 
of the Ennadai-Rankin greenstone belt), the stratigraphy, 
depositional setting, original geometry and tectonic signifi- 
cance of the Hunvitz Group (Early Proterozoic), the structure 

of the Hurwitz Group and the extent to which Archean rocks 
were affected by Proterozoic deformation (Aspler et al., 1989; 
1993a; Aspler and Bursey, 1990). Results of mapping in the 
Watterson Lake area 75 km to the west, also completed in 
1993, are reported elsewhere (Aspler et al., 1993~). 

HENIK GROUP 

The Henik Group is inferred to be Archean on the basis of 
U-Pb zircon ages reported from other parts of the Ennadai- 
Rankin greenstone belt: Tavani area (2660-2680 Ma, Park 

Table 1. Description and preliminary interpretation of map units, Otter-Ducker lakes area. 

COMMENTIINTERPRETATION 

1267+1- 2 Ma baddeleyite: LeChemlnanl and 
Heaman. 1989 

Evidence of inPCtion Pre- HUMritz Group lithification or 
of multiple injection episodes is lacking; pre folding of 
Hurwitz Group. Baddeleyite 2094 +26/-17 Ma 

and Heaman, '991); 21 1 I+'- 0.6 Ma 
(Heaman and LeCheminant ~n press). 

Marine flooding ol coastal plain; development of 
carbonate flats; extreme desiccation. Enterolithic folds 
likely from gypsum to anh drite transformation: 
brecc~as from solution colkpse. 

Shallow marine lo subaerial coaslal plain 

Local lagoons between Tavani coastal plain and 
Watterson carbonate ramp. Below wave-base mass 
flows alternating wllh arkose sheetfloods and algal 
mounds 

Intertidal to supratidal carbonate ramp 

Below wave base mass flows alternating with sublidal 
carbonate flats. 

Intertidal to supratidal carbonale ramp: tidal 
breccias. Punctuated and facies 

mixing of arkose (see Mount, 1984); below wave base 
flows allernaling with shallow subtidal 10 

interttdal carbonate flats. 

wave-base by 
$ p b ~ ~ ~ l " , " ~ ~ , " ~ :  shoaling'upward lo WattersOn 

Prev~ously cons~dered silcretes; re-interpreted as 
slnters formed by surlace discharge ol hot springs 
(Aspler el al.. 1992) 

vast , hydrographlcallyopen, tide-free, fresh-water 
lake Or series Of lakes' 

High energy unchanneled sheet floods draining low- 
rel~ef paleotopography. Conformable pinchout beneath 
Whiterock Member southeast of Otter Lake. 

2512i1- 112 ma: RblSr whole rock; 
Wanless and Eade. 1975. 

Deep-level equivalent to A d, but possibiity of 
being basement to Henik &up cannot be precluded 

Mafic and felsic volcanism, pyroclaslic/epiclastic 
sedtmentatlon. Intervening siliciclastic mass flows w~th 
chemical sedimentation between mass flow pulses. 

DESCRIPTION 

Northwest-trending diabase dykes, non-fol~ated, unmetamorphosed 

Discontinuous gabbro sills; coarse-grained. poikilitic. Local crude layering concordant 
with bedding in adjacent units. Chloritlc shear zones common. Typically wlthin Ameto 
Formation; locally within Watterson Formation or at Watterson-Ducker contact. In 
Watterson Lake area, contain Ameto Formallon xenoliths that display sharp. angular 
borders (Aspler el al. 1993 c). 

Microbial laminated dolostone with metre-scale interbeds consisting of arkose to 
mudrock fining-upward sequences 

In structural depression norlh of Ducker Lake, interbedded microbial laminated and 
stromatolitic dolostone: subarkose and mudrock. Abundant gypsum pseudomorphs to 
3 cm; local salt hoppers (see Fig. 3 In M~ller and Reading. 1993). Common 
intraformational brecc~a, with m-scale dolostone clasts; enteroiith~c folds (Fig. 6) 

Tan and grey weather~ng subarkose, local parallel and cross-stratified heavy mineral 
bands; rare Interbeds of green shale and mudchlp breccia. 

Discontinuous unit w~th cm to dm-scale f~n~ng-upward cycles of grey and tan arkose to 
blue argillite (Fig. 5), discrete beds of arkose w~th parallel-stratification. Dm.m-scale 
interbeds of orange m~crob~al lam~nate at base. Forms wedges with abrupt thickness 
changes; where absent, Watterson passes directly and conformably to Tavan~. 

Orange weathering m~crob~ai lammated dolostone; local m-scale siltstone to 
mudstone lining upward sequences. 

Mixed siliciclastic/carbonale unit in which siltstone to mudstone lining-upward sequences 
are predominant (typically 80%). Brown massive and microbial laminated dolostone 
forms cm- dcm-scale inlerbeds. In northern and eastern part of map area, pelite-rich 
W2 is absent and the Watterson Formation forms a single unit. 

Rose, flesh and orange stromatolitic and microbial laminated doloslone: local intraclastic 
breccia. Stromatolites close, laterally-linked, bulbous to nodular hemispheroids (Fig. 4). 
Mixed carbonate and siliciclaslic intervals of grey arkose with an ular carbonate 
intraclasts grading to orange microbial laminate; arkose lo slate f?nlng-upward sequences 
interbedded with orange microbial laminate. 

At base: red blue green slate wlth mm-cm-scale parallel-stratified arkose. U sectlon: 
cm-dm-scald arko'se to slate I~n~ng-upward cycles. At top: 0.1-2m microbial kmlnates 

Disconlinuous unit of bedded white chert, maroon chert and chert breccia conformably 
between the Whiterock Member and Ameto Formallon. Discordant hematitic brecc~as at 
top ol Whilerock Member. 

Supermature quartz arenlte Lower part of sectlon commonly massive, upper 200 m with 
ubiqutous wave ripples. Paleodepth calculat~ons based on symmetric, vortex orbital 
ripples indicates depths of 2 cm to 2 m for the entlre Sequence (Aspler et al., In press). 

Maroon, pink, grey subarkose to quartz arenile: interbeds of white quartz arenite at top. 
Local black parallel and cross stratifled heavy mlneral bands. At base, pebbly sandstone 
and grit with clasts of well rounded spherical white quartz, jasper, blue and grey che?. 

Well-foliated granodiorile intrusive into Henik Group. Border zone ol Henik Group 
xenoliths in granodiorite and granodiorite sills withln the Henik Group. 

Dior~te-granodiorite-feldspadbiotile gness. With garnet-bearing pegmatites that engulf 
gneissic xenoliths. 

Avsm: malic flows (in part pillowed) malic tuffs and gabbro sills. Avsf: feldspar-quartz 
tuffs: porphyries (in part sills') Avsl: Dm-scale graded sandstone to mudstone and mm 
to cm-scale sandstone to magnetite iron format~on rhythmiles: abundanl soft sediment 
deformation structures (Fig. 2). S~lllmanite and garnet-bearing near Kognak River 

Massive sandstone and dm-m-scale sandstone to mudstone fining-upward sequences 
(Fig. 3) 
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and Ralser, 1991 ); Kaminak Lake (2697 + 14; 2692 + 1 Ma, 
Mortensen and Thorpe, 1987; 2681 + 3 Ma, Patterson and 
Heaman, 1990); and northeastern Saskatchewan (2682 + 6 
Ma, Chiarenzelli and Macdonald, 1986, 2708 +3/-2 Ma, 
Delaney et al., 1990). 

In the vicinity of Montgomery Lake, a ca. 11 km thick 
section of Henik Group supracrustal rocks is exposed in a 
northeast-dipping homocline. The lowest sub-unit, a sequence 
of interlayered mafic and felsic volcanic, volcaniclastic and 
siliciclastic rocks (unit Al ,  Aspler et al., 1992) was traced 
south into the present map area (unit Avs, Table 1; Fig. 1). 
Near the base of the unit, mafic volcanic rocks, in part 
pillowed, are predominant. Up section are lenses of magnetite 
iron-formation-bearing turbidites (Fig. 2) and, toward the top, 
magnetite-jasper iron-formation. The number and thickness 
of iron-formation-bearing lenses diminishes southward such 
that at the Kognak River, iron-formation-bearing turbidites 
form a single 50-metre-thick bed within felsic and mafic tuffs. 
Overlying unit Avs in the Montgomery Lake area is a unit of 
jasper-white chert-magnetite iron-formation and quartz-eye 
tuff that lacks the siliciclastic and mafic rocks characteristic 
of unit Avs (unit A2 of Aspler et al., 1992). This unit appears 
to pinch out southward into the present map area. South of the 
Kognak River, a unit of massive sandstone and decimetre- to 
metre-scale sandstone to mudstone fining-upward sequences 
underlies unit Avs (unit As, Table 1; Fig. 3). Previously we 
speculated that lenses of rhyolite and rhyolite breccia exposed 
on the northwest side of the Padlei belt were part of unit A1 
(unit As, this paper; Aspler et al., 1992,1993a). Similar rocks 
(Fig. 2A) were found within unit A1 during a reconnaissance 
traverse across the centre of the large east-trending basement- 
cored anticline between Montgomery and North Henik lakes 
(Eade, 1974) lending support to this suggestion. 

South of the Kognak River the Henik Group is intruded 
by a well-foliated granodiorite pluton (unit Agd, Fig. 1). The 
pluton is assumed to be co-magmatic with similar bodies 
exposed northeast of the Henik lakes that have a Rb-Sr whole 
rock age of 251 2 + 1 12 Ma (Wanless and Eade, 1975). Large 
granodiorite sills intrude the Henik Group close to the contact 
with the pluton; at the margins of the pluton are abundant 
Henik Group xenoliths up to several metres across. Northeast of 
the Kognak River is a dioritic-granodioritic-feldspar/biotite 
gneiss body with garnet-bearing pegmatites that engulf 
gneissic xenoliths (map unit Agn). Large areas of overburden 
obscure contact relationships with the Henik Group. We 
tentatively suggest that this unit is a deep-level equivalent to 
unit Agd although we cannot rule out that it may represent 
basement to the Henik Group emplaced along faults. 

HURWITZ GROUP 

The Early Proterozoic Hurwitz Group is preserved in a north- 
east-trending belt of outliers that represent the remnants of a 
large intracratonic basin thought to have formed due to com- 
pressive intraplate stress arising from the ca. pre-2.1 Ga 
convergence of the Buffalo Head terrane (Ross et al., 1991) 
with the western margin of the Churchill Province (Fig. 1; 
Aspler et a1.,1993a). It unconformably overlies the Archean 

supracrustal and plutonic rocks. Close coincidence between 
rocks of the Ennadai-Rankin greenstone belt and the Hurwitz 
Group may indicate that initiation of basin subsidence was 
due to structural reactivation of Archean basins during the 
Proterozoic, with stress-induced viscosity decreases in the 
lower crust allowing the relatively high-density Archean 
rocks to sink (uncompensated excess mass in the upper crust; 
see de Rito et a]., 1983; Howell and van der Pluijm, 1990; 
Shaw et al., 1991). 

Lower Hurwitz Group strata are arranged in a conform- 
able onlap sequence of radial basin expansion. The Maguse 
Member is the lowest unit exposed in the present map area 
(Table 1). The unconformity between the Henik Group and 
the Maguse Member is exposed southwest of Ducker Lake 
(65 G/l;UTM: 386867; Fig. 1). Like other examples of the 
sub-Hurwitz unconformity, the contact is sharp and lacks 
features indicative of a paleosol (Aspler et al., 1992,1993a). 
Bell (1 970a, b; 1971) originally defined the Maguse Member 
as a distinctive sequence of varicoloured subarkose, quartz 
arenite, granulestone and conglomerate at the base of the 
Kinga Formation in the Henik Lakes (east half) map sheet. 
The present study has shown the Maguse Member to be a 
useful regional marker as far west as Watterson Lake (Aspler 
et al., 1993~) .  North of the map area, in The Grey Hills, the 
Maguse Member is about 320 m thick. It thins southward and 
pinches out conformably beneath quartz arenite of the Whiterock 
Member southeast of Otter Lake (Fig. 1); farther to the west 
the Maguse Member is represented by rare lenses less than 
5 m thick. 

Quantitative analysis of wave-ripples within the Whiterock 
Member indicate average water depths of 2 cm to 2 m over 
an area of about 100 000 km2. The Whiterock Member was 
deposited in a large, hydrographically open, tide-free lake or 
series of lakes that onlapped fluvial and eolian deposits of the 
Maguse Member within a low relief continental depression 
(Aspler et al.. in press). Several new exposures of Hawk 
Hill Member chert and chert breccia, likely sinter deposits 
(Aspler et al., 1992) were mapped as thin (< lo  m) discontinu- 
ous lenses above the Whiterock Member east and south of 
Otter Lake (Fig. 1). 

The upper Hurwitz Group stratigraphy defines a marine 
to terrestrial offlap sequence. The abrupt change from shallow 
lacustrine sedimentation of Whiterock Member quartz 
arenites to deep water mudrock and arkose of the Ameto 
Formation is attributed to sudden basin deepening induced by 
intraplate stress (see Cloetingh, 1991) and marine waters 
flooding through gaps in basement arches. This may be 
analogous to Lake Chad Basin (Burke, 1976) in which a 
modest rise in sea level would cause marine waters to breach 
the discontinuous ring of uplifts that surround the basin, and 
cause a change from lacustrine to marine sedimentation even 
though the basin is ca. 500 km away from the Atlantic Ocean. 
With the source of quartz sand effectively cut off by drown- 
ing, the compositional maturity of arenites overlying the 
Whiterock Member decreased and carbonate rocks of the 
Watterson Formation accumulated on ramps that prograded 
away from low-relief arches. Accordingly, mudrocks of the 
Ameto Formation are considered a distal ramp facies, carbon- 
ate rocks of the Watterson Formation an inner ramp facies, 
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Figure 1. Simplified geological map Otter-Ducker lakes area (see Aspler et al., 1993b for details). 
Map units as in Table 1 .  See Figure 7 for structure sections. Stereonets are equal area, lower hemisphere 

168 projections. See Table 2 for analyses of numbered gossans. Index map afrer HofSman (1990). 



Figure I .  (conr.) 
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Figure 3. Map unit As: sharp-based, graded sandstone to 
mudstone fining-upward sequences. 

Figure 4. Watterson Formation bulbous stromatolities 
(bedding-plane view; stromatolities elongate along cleavage). 

Figure 2. Map unit Avs: A) rhyolitic agglomerate; B)  sand- 
stone to mudstonejning-upward sequences; arrows point to 1 
magnetite-riih zones (unit Avsi); C )  sofi sediment folds1 , 
faults, magnetite and white chert iron-formation-bearing - I 

.. .,*&.. 
turbidires (unit Avsi). I 

Figure 5. Ducker Formation; sharp-based, graded sand- 
stone to mudstone fining-upward sequences. 
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isolated lenses of semi-pelite (fcarbonate) of the Ducker 
Formation local lagoons, and arkose and subarkose of the 
Tavani Formation a coastal sand complex. 

In the northern and eastern part of the map area, the 
Watterson Formation (Fig. 4) forms a single unit of stromatolitic 
and microbial laminated dolostone, with mixed carbonate-silici- 
clastic interbeds and local intraformational breccia. In the 
southern part, a ca. 700 m thick semipelite (kcarbonate) unit 
(HW2) separates the formation into lower (HW,) and upper 
(HW3) carbonate-rich members, similar to the type area at 
Watterson Lake (Eade and Chandler, 1975; Aspler et a]., 
1993c) and the Hawk Hill Lake area (Aspler and Bursey, 
1990). One of the regional characteristics of the Ducker 
Formation is its lateral impersistence (Eade, 1974). Hence 
carbonate rocks of the Watterson Formation can pass directly 
upsection to subarkoses of the Tavani Formation (such as in 
the eastern part of the map area) or wedges of Ducker Formation 
semi-pelite (Fig. 5) may intervene (such as in the southern and 
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Figure 6. Tavani Formation, map unit H E .  A) Massive and 
microbial laminated dolostone with randomly oriented pris- 
matic gypsumpseudomorphs (light-toned, weather in positive 
relief). B) Enterolithic-like folds in microbial laminated dolo- 
stone with siliciclastic sand-rich layers and scattered gypsum 
pseudomorphs. 

western parts of the map area). Although lenses of microbial 
laminate and intraformational conglomerate are found in the 
basal portions of the Tavani Formation, the remainder of the 
unit, as exposed elsewhere in the basin, lacks carbonate rocks. 
In the present map area, a structural depression preserves 
rocks at higher stratigraphic levels. These include microbial 
laminated and stromatolitic dolostones and mudrocks similar 
to those of the Watterson Formation, within which are eva- 
porite pseudomorphs, enterolithic-like folds and intraforma- 
tional breccias (solution collapse?) and conglomerates (map 
unit HT2; Fig. 6) and an overlying subunit of microbial lami- 
nated dolostone and mudrock (map unit HT3). 

A set of discontinuous gabbro sills in the Hurwitz Group 
extend for a strike length of about 350 km, from the Tavani 
area southwest to the Watterson Lake area. The gabbros are 
typically within weak pelitic rocks of the Ameto Formation, 
but form local pods within the Watterson Formation. The 
stratigraphically highest sills are at the contact between the 
Watterson and Ducker formations in the Griffin Lake area 
(Aspler and Bursey, 1990) and at the contact between the 
Whiterock Member and Tavani Formation in the Tavani area 
(Park and Ralser, 1991). In the present map area, the gabbros 
form multiple sheets, up to 100 m thick, within the Ameto 
Formation; on the west shore of Ducker Lake one small body 
is within the Watterson Formation (Fig. 1). The gabbros are 
folded with sedimentary rocks of the Hurwitz Group and thus 
were intruded before Hunvitz Group deformation. Bell (1 968) 
suggested that the gabbros were coeval with the Happotiyik 
Member, a mafic volcanic unit exposed in the Kaminak Lake 
area, on the basis of possible sill-flow feeder relations. Yet 
the gabbros locally contain angular Ameto Formation xeno- 
liths that display sharp, well-defined boundaries. Further- 
more, thinly interbedded sandstones, siltstones and mudrocks 
adjacent to the gabbros lack soft sediment deformation structures; 
when wet, such rocks are highly susceptible to load or shock- 
induced strain. Hence we infer that the Hurwitz Group was 
well lithified before gabbro emplacement. It is uncertain if 
there was more than one episode of gabbro injection; bad- 
deleyite ages of 2094 +26/-17 Ma from the Kaminak Lake 
area (Patterson and Heaman, 199 1) and of 2 1 1 1 f 0.6 Ma from 
the Montgomery Lake area, 180 km to the southwest 
(Heaman and LeCheminant, in press) are consistent with a 
single episode. 

STRUCTURAL GEOLOGY 

Similar to other HurwitzGroup outliers, the distribution rocks 
in the Otter-Ducker lakes area is controlled largely by Early 
Proterozoic dome and basin basement-cover infolds. In the 
western and southern part of the area, northwest- and east- 
trending D, structures are predominant. Basement and cover 
are deformed together in a series of open, in part box-like, 
concentric folds and high angle thrusts (Fig. 7). The folds (in 
part overturned) and thrusts display an opposing vergence and 
define a geometry similar to the "pop-up" and "triangle" 
zones of Butler (1982; section B-B', Fig. 7). In the northern 
part of the map area, northeast- and north-trending D2 structures 
are predominant; northwest-trending D, folds are refolded by 
open, concentric D2 folds with moderately to steeply dipping 
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axial surfaces; the variation in SdS2 lineations (Fig. I) reflects 
the pre-existing D, fold geometry. The structural depression 
cored by uppermost Tavani Formation rocks in the western 
part of the map area defines a Type I (Ramsay and Huber, 
1987) interference pattern. Both sets of structures are cut by 
variably oriented minor oblique-slip faults, particularly 
around the periphery of the outlier where such faults likely 
reflect outer arc extension due to flexural slip folding. The 
Hurwitz Group was deformed before ca. 1.75 Ga, the age of 

the Nueltin granite (UIPb, Loveridge et al., 1988; cf. RbISr, 
Wanless and Eade, 1975). How long before is uncertain; a 
preliminary metamorphic zircon determination of ca. 1.83 Ga 
(L. Heaman, pers, comm., 1992) suggests that deformation of 
the Hurwitz Group may be related to collisional events in 
Trans-Hudson Orogen, signifying a large time gap between 
sedimentation (pre- 21 1 1 Ma; Heaman and LeCheminant, in 
press) and deformation. 

Figure 7. Structure sections; see Figure I for locations; Table 1 for unit descriptions. 
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Table 2. Geochemistry of grab samples. Gossan numbers are plotted in Figure 1. All analyses 
by X-Ray Assay Laboratories, Don Mills, Ontario. 

On the east side of the map area, a major north- and 
northwest-trending, Proterozoic, east-side up, sinistral- 
oblique fault was traced for about 40 km, south from Bray 
Lake and across the Kognak River (Fig. 1). Archean rocks 
east of the fault are part of a moderately to steeply dipping 
package that extends south from Montgomery Lake (Aspler 
et al., 1992). The strike of this package follows the outline of 
the west-plunging, west-facing synclinorium defined by Hurwitz 
Group rocks centred at The Grey Hills, yet the Archean rocks 
are east-plunging and east-facing, indicating pre-Hurwitz 
Group tilting. Close to the Kognak River, the northeast trends 
of the Archean rocks deflect into coincidence with the fault. 
West of the fault, Archean rocks are tightly infolded with the 
Hurwitz Group (Fig. 7, section C-C'). 

Elsewhere around the margins of the outlier, cleavage 
trends in the Henik Group are broadly coincident with those 
of the Hurwitz Group, presumably due to both deflection of 
Archean cleavage during basement-cover infolding and to the 
generation of Proterozoic cleavage in the Archean rocks. 

Mineral occurrences are plotted in Figure 1 ; UTM co-ordinates 
and available analyses are given in Table 2. The highest gold 
value in this study is from subarkoses of the Maguse Member 
that contain pyrite-quartz veinlets (380 ppb Au, Gossan 6).  
Quartz veins in Hurwitz gabbros display elevated gold (to 
190 ppb Au; Gossan 1) and silver (14.9 ppm Ag; Gossan 1). 
One sample of Maguse Member (Gossan 7) yielded elevated 
Mo (106 ppm) and W (66 ppm). 
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Abstract: Surficial mapping in the Cormorant Lake-Wekusko Lake area indicates that numerous and 
complex ice flow events occurred near the Shield margin area. On the Shield and west of The Pas moraine, 
which represents a major glacial landform on the Paleozoic cover, the dominant ice flow trend is 
south-southwestward, and till composition reflects a northern provenance (Keewatin ice), closely related 
to the local bedrock. East of the moraine, major ice flow events trend westerly, and till composition indicates 
an eastern and distal provenance (Hudson ice). A major late readvance in glacial Lake Agassiz was recorded 
west of the moraine. Along the Shield margin east of the moraine, this readvance caused a confluent and 
parallel ice flow between the two lobes. These events were followed by minor readvances of Hudson ice 
in glacial Lake Agassiz and against Keewatin ice within a large ice-contact zone at the Shield edge. 

RCsumC : La cartographie des mattriaux de surface dans la rtgion des lacs Cormorant et Wekusko 
indique qu'il y a eu de nombreux tcoulements glaciaires complexes pres de la bordure du Bouclier. Sur le 
Bouclier et A I'ouest de la moraine de The Pas, qui est un important model6 glaciaire reposant sur les roches 
de couverture du Paltozoique, la direction d'tcoulement glaciaire prkdominante est sud-sud-ouest; d'apres 
sa composition, le till provient du nord (glaces du Keewatin) et est ttroitement associt au substratum rocheux 
local. A l'est de la moraine, les tcoulements glaciaires majeurs ont une direction ouest, et le till provient 
d'une source distale a l'est (glaces d'Hudson). I1 y a des indications d'une r6avancte majeure tardive dans 
le Lac glaciaire Agassiz A I'ouest de la moraine. En bordure du Bouclier 2 I'est de la moraine, cette rCavanc6e 
a provoquC un 6coulement glaciaire confluent et parallele entre les deux lobes. Ces Cv6nements ont Cte suivis 
par des rCavancCes mineures des glaces d'Hudson dans le Lac glaciaire Agassiz et conbe les glaces du 
Keewatin dans une vaste zone de contact glaciaire en bordure du Bouclier. 

' Contribution to NATMAP Shield Margin Project 
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INTRODUCTION 

Quatemary geology investigations in the Cormorant Lake- 
Wekusko Lake area were initiated in 1991 under the 
NATMAP Shield Margin Project with the following objec- 
tives: (1) to map surficial deposits and compile maps at 
1:100 000 scale in digital form, (2) to study the Quatemary 
stratigraphy and to interpret the paleoenvironmental history 
of the area, and (3) to systematically sample the drift. The 
project was designed to provide basic knowledge related to 
mineral exploration (mainly base metals, gold, and diamonds), 
environmental protection, and land use planning. This report 
outlines the glacial history of the central and eastern parts of 
the project area (Fig. 1). 

The study area encompasses the Paleozoic/Precambrian 
contact near the Manitoba-Saskatchewan border (Fig. 1). The 
Shield portion is underlain by the Flin Flon-Snow Lake 
greenstone belt in the south and by the Kisseynew metasedi- 
mentary gneiss belt in the northeast (Bailes, 1971). Several 
sites of gold and base metal mineralization have been reported 
(Manitoba Mineral Resources Division, 1980), particularly in 
the Flin Flon and Snow Lake areas, where a few base metal 
mines are still in operation (mostly for Cu and Zn). The 
Proterozoic rocks are overlain by a Phanerozoic platform 
composed of subhorizontal Paleozoic carbonate rocks 
(Fig. 1). 

y Mesozoic Sedimentary NATMAP SHIELD 
rock MARGIN AREA 

RZl ~ a ~ e o z o i c  carbonate rock 0 STUDY AREA 

PRECAMBRIAN / Ice flow direction 

0 Greenstone-granite belt - Major moraine 

Figure I .  Location map of study area within the NATMAP 
Shield Margin Project area showing regional iceflow trends 
and major moraines (taken, in part,from Klassen, 1983). 

On the Shield, relief is low to moderate, and drift cover is 
generally thin ( ~ 2  m) and discontinuous, with thickest till 
accumulations occurring on the lee-side of bedrock highs. 
South of the Shield margin, the drift cover is thick in places, 
up to 80 m on The Pas moraine (Pedersen, 1973). and com- 
monly forms fluted landforms 15 m high east of the moraine. 
In general though, the drift is relatively thin ( 4  m), or absent 
in large areas, namely south of Talbot Lake and around 
Cormorant Lake, Rocky Lake, and Namew Lake. A large 
paleobasin filled with laminated sediments forms a north- 
south trending belt east of Hargrave Lake, masking both 
Shield and Paleozoic terrane. 

PREVIOUS WORK 

The early observations of Pleistocene features by Tyrrell 
(1902) and McInnes (1 91 3) roughly outlined the limits of two 
glaciations in the area, named Keewarin and Patrician glacia- 
tions, and described the limits of glacial Lake Agassiz. Antevs 
(1931) examined laminated sediments from the last stages of 
Lake Agassiz in the Grass River Basin, which led to regional 
correlations of late glacial recession events. Preliminary 
reconnaissance work was done by Craig (1965) to the south 
in The Pas area and by Klassen (1967) to the southeast in the 
Grand Rapids area. Bell (1978) proposed a sequence of 
glacial and deglacial events in the Wekusko Lake area, based 
on observations of surficial sediments and striae collected 
while mapping the bedrock. In the eastern part of the study 
area, Klassen (1983, 1986) described the surficial sediments 
and outlined the history of deglaciation, as part of a regional 
study of north-central Manitoba. Nielsen and Groom (1987, 
1989) provide the most comprehensive study of the 
Quaternary geology history of The Pas-Flin Flon area, by 
documenting ice flow events and till provenance. Current 
studies conducted within the NATMAP Project area have 
concentrated on drift prospecting and understanding till 
provenance (Gobert and Nielsen, 1991; Henderson and 
Campbell, 1992; McMartin, in press; McMartin et al., 1993a; 
Nielsen, 1992, in press). Other studies were aimed at provid- 
ing information for use in aggregate resources and land use 
planning activities (Groom, 1989; Pedersen, 1973; Singhroy 
and Werstler, 1980). 

Surficial geology mapping was completed in the 
Cormorant Lake area (63K) at the scale of 1 :250 000 as part 
of the 1983-1 989 Canada-Manitoba Development Agreement 
(Clarke, 1989). The Saskatchewan part of this area was also 
mapped on a reconnaissance scale (1:250 000) by Schreiner 
(1984). The surficial geology of the Wekusko Lake area 
(Klassen, 1980a) and the Nelson House area (Klassen, 1980b) 
was compiled at a regional scale (1:250 000). Preliminary 
surficial geology and aggregate resources maps have been 
completed for different parts of NTS 63K and 63J, primarily 
at a scale of 1:50 000 (Groom, 1989; Mihychuk, 1988; 
Singhroy, 1977; Singhroy and Werstler, 1980). As part of the 
NATMAP Shield Margin Project, The Talbot Lake area 
(NTS 63Jl3 to J/6) was compiled at a scale of 1:100 000 
(McMartin, 1993; NATMAP Shield Margin Group, 1993). 
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DRIFT COMPOSITION AND REGIONAL lateral, or interlobate moraines deposited by the retreating ice 

ICE FLOW TRENDS lobes in glacial Lake Agassiz, which formed as both ice 
masses were pushing up the regional gradient (Fig. 1). The 
northern tip i f  The Pas  moraiie, which represen& a major 

The area is located in the 'One of confluence of two landform in Manitoba, lies within the smdy 
major Late Wisconsinan ice lobes (Prest, 1983), where ice area (Pig. 2). This moraine was formed during a halt in the 
flowing from the Keewatin Sector of the Laurentide Ice Sheet general recession of the Hudson ice lobe, approximately 
(northern provenance) competed with ice flowing out of 1 1 000 years BP (Christiansen, 1979; Klassen, 1983). 
Hudson Bay from the Labrador Sector (northeastern 
provenance).- Major ice-contact landforms consist of end, 

Figure 3. Striation trends and relative ages ( I  = oldest) in front of The Pas moraine in the Wanless 
area. Flutings are shown on top of the moraine and beach ridges are indicated with a dashed line. 
Note the difference in orientation between theflutings and the oldest icejlow trend on the west side 
of the moraine. Letters refer to sites mentioned in the text. NAPL A24477-52 
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Keewatin Sector provenance 

Southeastward flow 

The oldest ice low event from the Keewatin Sector was towards 
the southeast, as recorded by isolated deep striae trending 135" to 
144" found sporadically in the study area (Fig. 2). This 
southeasterly flow was documented throughout north-central 
Manitoba by Nielsen and Groom (1 987) and attributed to the Late 
Wisconsinan by Klassen (1983). No till unit associated to this 
movement outcrops in the study area. A reddish cream- brown till 
found at depth under The Pas moraine below a clayey grey till 
(Pedersen, 1973) and a highly calcareous pink-brown till unit 
found extensively west of The Pas morainc and in southeasterly 
trending drumlins in the Pasquia basin southwest of The Pas were 
both associated with the early southeastward advance (Singhroy 
and Werstler, 1980). Nielsen and Groom (1987) also associated 
the lowest red till found under The Pas moraine with this early 
advance. However, their interpretation of the red till found in the 
drumlins of the Pasquia basin contrasts greatly from that of the 
previous authors. On the basis of till composition and 
crosscutting striae relationships in front of The Pas moraine, 
Nielsen and Groom (1987) interpreted the drumlins as having 
been formed by a minor late readvance of Keewatin ice over a 
previously deposited red till by Hudson ice (Arran till named by 
Klassen, 1979). From 1993 fieldwork, two reddish till units have 
been recognized, but as discussed below, none of them can be 
absolutely correlated with the early flow towards the southeast. 

Main south-southwestward flow 

Keewatin ice was deflected towards the southwest either as a 
result of shifts in centres of outflow (Clayton and Moran, 1982) 
or from a widespread change in glacier bed conditions at the 
Shield edge (Dyke and Rest, 1987). On the Shield portion of the 
study area, dominant striae and roche moutonnte trend 190" to 
214", indicating ice flow toward the south-southwest (Fig. 2). A 
noncalcareous sandy till is found and is correlated with this main 
event. In this area, major dispersal trains parallel the dominant 
flow (McMartin et al., 1993a; Nielsen, 1992). 

striae, this reddish till unit can not be associated to the 
southeasterly flow. Furthermore, it cannot be differentiated 
from the till found in the southeasterly trending drumlins of 
the Pasquia basin, which may in fact represent the continu- 
ation of this curving ice flow from the northeast. In that 
respect, the possibility of a minor readvance of Keewatin ice 
moulding a previously deposited red till into drumlins 
(Nielsen and Groom, 1987) remains a valuable hypothesis, 
only it is regarded now as a major advance that followed a 
west-southwestward flow of Hudson ice. 

Southwestward readvance 

During deglaciation, as the Keewatin ice margin receded 
no]-th-northeastward, the influence of Hudson ice over Keewatin 
ice increased in intensity, and the ice shifted to a more 
southwesterly trend. West of the moraine, the Keewatin lobe 
readvanced from the northeast to a position no further south than 
Rocky Lake and Narnew Lake (Fig. 2). In that area, a till unit 
commonly overlies glaciolacustrine laminated sediments, 
indicating a readvance in glacial Lake Agassiz (Fig. 4, Unit A). 
The composition and texture of this till vary from a calcareous, 
clayey, clast poor diamicton when found overlying laminated 
sediments to a weakly calcareous, sandy Precambrian derived 
till (13% to 95% Shield clasts) overlying sb-iated bedrock (228" 
to 235"). At several sites on the Shield and east of Simonhouse 
Lake, this southwesterly advance was also recorded, with striae 
trending 218" to 224". South of Wekusko Lake, a zone of 
extensive parallel and confluent ice flow has been associated 
with this deglacial event (McMartin et al., 1993b). 

Minor deglacial event 

A late minor event towards the south-southeast was recorded 
on the Shield at one site in the Elbow Lake area with striae 
trending 156" (Nielsen, 1992) and sporadically in the 
Wekusko Lake area (160" to 178"). No till unit can be related 
to this minor deglacial event. 

East of The Pas moraine, evidence for this southwestward 
flow is rare, except in a fringe area directly south of the Shield 
boundary. It is unknown whether this is related to the increas- 
ing influence of Hudson ice over Keewatin ice or to the poor 
preservation of the striae. Within a large 25 km belt south of 
the Shield margin, a Precambrian derived sandy-silty calcar- 
eous till unit related to this event is found, commonly overly- 
ing striated bedrock toward 206" to 214". This till is variably 
enriched in Shield clasts (22% to 95%), relative to the distance 
of transport down-ice from the Paleozoic-Precambrian contact. 

West of The Pas moraine, this dominant flow curves 
progressively from 210" immediately south of the Shield 
margin to 179" at the southern edge of the study area (Fig. 2). 
A thin pink-brown (IOYR to 7.5YR, 813) till sheet outcrop- 
ping as far north as Atik Lake is correlated with this event. 
This unit is found on bedrock in most sites, constantly over- 
lying southwesterly to southerly trending striae (Fig. 3). The 
till is highly compact, pebbly and highly calcareous (87 to Figure 4. Hand dug section exposed immediately east of the 
99% carbonate~ebbles), reflecting alocal Provenance. On the railway, 5 km north of Wanless (Fig. 2). Striae measurements 
basis of its position on top of south-southwesterly trending on .derlying bedrock due west, 

Lamlnoled  clay^ &slits (2-5 cm IMck. 
25 cwels). bovn aongy dmklOn layers 

&ow aong l  marsre sills 
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Labrador Sector provenance 

Main westerly flow 

West of The Pas moraine, the oldest ice flow recorded was 
towards the west and west-southwest (254" to 275O), indicating 
ice flowing out of Hudson Bay (Fig. 2). This early event is 
commonly preserved on protected outcrop surfaces, truncated 
by the dominant south-southwesterly ice flow direction for that 
area (Fig. 5a). Future fieldwork west of Namew Lake will 
probably help define the western extension of Hudson lobe ice. 

East of the moraine, westerly trending striae (254" to 
270") roughly parallels the mean orientation of numerous 
drumlins and flutings (Fig. 5b), which are associated to a lobe 
originating in Hudson Bay on the Glacial map of Canada 
(Prest et al., 1968). Within the moraine (Singhroy and 
Werstler, 1980), east of Simonhouse Lake and generally east 
of the moraine, the till unit consists of a grey to white (IOYR, 
712 to 812) calcareous relatively clast-poor till. This till is silty 

readvance, interpreted as glacial overriding of The Pas 
moraine, was first noted by Craig (1965) and Klassen (1967), 
and documented by Nielsen and Groom (1987). In the study 
area, the flutings terminate at the moraine and do not trend 
parallel to the oldest striae recorded in front of the moraine 
(Fig. 3). Since the flutings have commonly been associated 
to the Arran readvance on both sides of the moraine (Nielsen 
and Groom, 1987), this observation is significant. At the distal 
end of a fluted landform in the slope of the moraine (Fig. 3, 
Site B), a grey calcareous till was found overlying massive 
glaciolacustrine fine sediments. From these observations, it 
is suggested that the ice lobe that moulded the previously 
deposited till into flutings, became a floating ice shelf and 
flowed into a lake and over lake deposits to a position in front 
of the moraine. The general lack of striae parallel to the 
flutings and the absence of an associated till unit in front of 
the moraine support this hypothesis. 

to silty-sandy and is variably enriched in carbonate debris (59 
to 97% in 4 8  mm). The presence of Omarolluck greywacke 
in the till and the relatively high carbonate content (up to 15%) 
of tills sampled on the Shield immediately east of the study 
area confirm the Hudson Bay provenance of this unit. 

Southeast of Cormorant Lake and in the North Moose 
Lake area, an earlier southwesterly flow (240" to 248") 
appears to predate the dominant, more westerly flow (Fig. 2). 
East of Talbot Lake, this southwesterly flow shifted toward 
the south, presumably related to the last glacier advance 

, . i$;z 
observed by Klassen (1967) in the Grand Rapids area to the 
south. 

A red-brown (IOYR to 7.5YR, 6/3) calcareous silty and 
pebbly till outcrops at several sites northwest and southeast 
of Cormorant Lake. At one site in that area it overlies south- 
westerly striae and underlies the grey silty calcareous till. It 
also outcrops in the slope of The Pas moraine east of Wanless 
(Fig. 3, Site A). West of the moraine, this unit is difficult to . .  ,, 

differentiate on the basis of colour and composition from the 
southwestward deposited pink till described above. At the , 

f:. . : " -, .. . - a : ,  . . base of the Wanless section (Fig. 4, Unit D), it is very thin 
and rests on bedrock striated by the westward flow.. This unit 
appears to have been intensely redistributed and redeposited 
on either side of the moraine, either by the dominant south- 
westerly flow on the west side or by the westerly flow east of 
the moraine. Probably because of p m r  exposure, this red till 
unit was first interpreted as having been deposited by the 
southeasterly flow (Singhroy and Werstler, 1980). This study 
suggests that it was deposited during an Hudson ice advance 
preceding the main westerly flow, possibly in a west-south- 
westward direction. 

Figure 5. a) Cross-cutting striae infront of The Pas moraine 
(Fig. 3, Site C). Main iceflow trends parallel to the moraine 

Main readvance (southward) and postdates the westward flow preserved on 

.. . .  
: I . .  . .  .. . 
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Directly on top of The Pas moraine and along the Shield 
margin south of Reed Lake, a glacial readvance occurred 
toward the west-northwest, with flutings and fine striae 
trending 270" to 285". The till found in the flutings can not 
be distinguished from the till unit that forms the numerous 
drumlins located further east of the moraine. This late 

the lee-sideqf theaoutcrop. Note the pink-b;own'till deposited 
by southward flowing ice. GSC 1993-264B. 6)  Truncated 
striated surfaces south of Simonhouse Lake indicating 
southerly striae postdated by dominant westerly trending 
striae. A grey calcareous till of eastern provenance covers the 
outcrop. GSC 1993-264A 



Figure 6. Hummocky terrain south ofReed Lake. Small hills 
(up to I0 rn high) are composed of ice contact material, highly 
enriched in carbonate debris. Depressions are filled with peat 
and clay underlain by till, commonly more derived from 
Shield lithologies. GSC 1993-264C 

Ice contact zone 

Near the Shield margin, the ice flow record is particularly 
abundant and complex, associated with the presence of a large 
east-west trending ice-contact zone between Keewatin ice and 
Hudson Bay ice (Fig. 2). In that zone, main ice flow directions 
trend 210°, 230°, 250°, and 280°, with variable age relation- 
ships. The area is characterized by a hummocky topography 
(Fig. 6). with knobs of material composed of boulders, pebbly 
gravels, and a very cobbly, highly calcareous beige till (88 to 
99% carbonates). The depressions are filled with peat and 
clay overlying a till commonly enriched in Shield lithologies. 
This hummocky morainic material appears to have been 
deposited during the last glacier advance by a stagnant portion 
of the Hudsonian ice lobe at a time when Hudson ice 
encroached upon Keewatin ice. Part of the Reed Lake 
interlobate moraine, first described by Antevs (1931), lies 
within this hummocky terrain. The southwestern extension of 
this moraine, inferred by Nielsen and Groom (1 987) from 
photointerpretation, was not recognized from fieldwork in the 
area. 

Surficial mapping in the Cormorant Lake-WekuskoLake area 
since the last two summers has documented a complex ice 
flow history. The presence of confluent Late Wisconsinan ice 
lobes in the study area resulted in ice flow directions and till 
composition differing on either side of The Pas moraine. In 
addition, at the Shield edge, contrasting glacier bed condi- 
tions from nondeforming to deforming beds (Fisher et al., 
1985) were possibly reflected by abrupt ice flow direction 
changes. These variations in flowline trends along the Shield 
boundary, as well as contrasting bedrock lithologies, signifi- 
cantly influence till composition. 

The KeewatinSector events and associated till units domi- 
nate the Shield portion and the area west of The Pas moraine. 
The dominant curving southwestward flow around the 
moraine and the associated till unit indicate that this glacier 
advance occurred at a time when Hudson ice had probably 
retreated back to The Pas moraine, hence delimiting a major 
ice contact zone between the two lobes during deglaciation. 
The extension of The Pas moraine towards Reed Lake and 
further north to the Leaf Rapids interlobate moraine (Kaszycki 
and DiLabio, 1986) as suggested by Nielsen and Groom 
(1987) was not confirmed. The presence of westerly striae in 
the Namew Lake area also suggests that the limit of Hudson 
lobe ice extended further west than previously interpreted. 

As the Keewatin lobe margin retreated further north, 
glacial Lake Agassiz inundated the low areas west of the 
moraine where a thin glaciolacustrine sequence was depos- 
ited. Keewatin ice, deflected by the dominant Hudson ice 
flow, shifted to a more southwesterly direction and 
readvanced into the lake, forming in places a Shield derived 
clayey till. East of the moraine, this readvance caused a 
confluent and parallel ice flow directly south of the Shield, as 
recorded by rapidly curving striae to which no till unit can be 
differentiated. Hudson ice apparently lost contact with 
Keewatin ice before readvancing to a position near Simon- 
house Lake, which marks the western extension of white-grey 
calcareous till of eastern provenance. This position also indi- 
cates the limit of westerly trending striae postdating the 
southwestward flow. In the Reed Lake area, Hudson ice 
abutted against Keewatin ice, forming a large east-west trending 
ice-contact zone where Hudson ice stagnated and deposited 
hummocky material. 

The till composition of flutings and drumlins located on 
top and east of The Pas moraine can not be differentiated from 
the generally thin till sheet found throughout this area, indi- 
cating a similar provenance for these westerly events. The 
latest minor readvance which formed the flutings on top of 
The Pas moraine was that of a relatively thin glacier flowing 
into glacial Lake Agassiz near Wanless and against Keewatin 
ice south of Reed Lake. 

It is hoped that this study will aid mineral exploration by 
establishing the glacial history for interpreting regional till 
geochemical data. 
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Transition between the Flin Flon and Kisseynew 
domains of the Trans-Hudson Orogen, File Lake- 
Limestone Point Lake area, northern Manitoba1 
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Continental Geoscience Division 

Connors, K.A. andAnsdel1, K.M., 1994: Transition between the Flin Flon and Kisseynew domains 
of the Trans-Hudson Orogen, File Lake-Limestone Point Lake area, northern Manitoba; @ 
Current Research 1994-C; Geological Survey of Canada, p. 183-1 92. 

Abstract: The tectonothermal evolution of the File Lake-Limestone Point Lake area, which includes 
part of both the Flin Flon and Kisseynew domains of the Trans-Hudson Orogen, involved early bedding 
parallel faulting, two generations of isoclinal folds (Fl ,  F2), and two generations of upright folds (F3, F4). 
Prograde metamorphism occurred syn- or post-Fl and peaked post-F1ISl , pre-S2. Metamorphic conditions 
remained sufficient for biotite recrystallization during F4. Map units and early isoclinal folds can be traced 
from greenschist grade rocks to uppermost amphibolite grade gneisses. S 1 and S 2  vary progressively from 
near vertical in greenschist to amphibolite grade rocks to gently dipping in upper amphibolite gneisses. 
This transition from steep to shallow structures with increasing metamorphic grade may reflect: i) changing 
rheology; ii) increasing shear strain; and/or iii) a buttress effect at the northern margin of the Flin Flon 
Domain. 

RCsumC : L'tvolution tectonothermique du secteur des lacs File et Limestone Point, qui comprend des 
portions du domaine de Flin Flon et du domaine de Kisseynew dans l'orogkne transhudsonien, comprend 
la formation de failles initiales parallbles ?t la stratification, et celle de deux gtnkrations de plis isoclinaux 
(PI, P2) et de deux gentrations de plis droits (P3, P4). Le metamorphisme prograde a eu lieu lors de phases 
contemporaines de PI ou posterieures 3 PI et a culmint posttrieurement 5 Pl/SI et anttrieurement B S2. 
Les conditions du metamorphisme sont demeurkes adequates pour la recristallisation de la biotite pendant 
P4. On peut tracer les unites cartographiques et les plis isoclinaux initiaux depuis les roches du facits des 
schistes verts jusqu'aux gneiss du f ac ib  des arnphibolites sommital. S1 et S 2  passent progressivement d'une 
position presque verticale dans les roches allant du facits des schistes verts au facits des amphibolites, B 
une position legbrement inclinee dans les gneiss du facibs des amphibolites superieur. Cette transition de 
structures fortement inclintes B des structures peu inclinkes, en fonction de l'accroissement du degrt de 
metamorphisme, peut indiquer: i) une variation de  la rhCologie; ii) un accroissement de la deformation par 
cisaillement; et/ou iii) un effet de butke de la part de la marge nord du domaine de Flin Flon. 

' Contribution the NATMAP Shield Margin Project. 
Department of Geological Sciences, University of Saskatchewan, Saskatoon, Saskatchewan S7N OW0 
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INTRODUCTION 

The Flin Flon and Kisseynew domains lie within the Paleo- 
proterozoic Trans-Hudson Orogen, west of the Archean 
Superior Province (Fig. 1). The low grade Flin Flon Domain 
consists largely of arc-related mafic to felsic volcanic rocks 
of the Amisk Group which are intruded by calc-alkaline 
granitoids (Bailes, 1980). These arc-related rocks are uncon- 
formably overlain by fluvial molasse deposits of the Missi 
Group at Flin Flon (Stauffer, 1990) and just west of the study 
area (Zwanzig, 1990). In the study area, the arc-related rocks 
are structurally overlain by File Lake formation turbidites of 
the Bumtwood River Group (Fig. 2). The high grade gneisses 
of the southem Kisseynew Domain (Fig. 1)  are considered 
metamorphosed equivalents of these three units (Froese and 
Moore, 1980; Bailes, 1980; Zwanzig, 1990). 

The traditional boundary between the Flin Flon and 
Kisseynew domains was defined as the Kisseynew lineament 
(Harrison, 195 1; Fig. 3). More recently, however, Bailes 
(1980) and Froese and Moore (1980) have suggested that the 
lineament does not exist and that the boundary is gradational 
and is marked by a rapid increase in metamorphic grade 
(Fig. 3) and/or a facies change from volcanism to sedimenta- 
tion. The boundary is commonly defined as the sillimanite- 
biotite-garnet isograd (Froese and Moore, 1980; Fig. 3). 

The File Lake-Limestone Point Lake area straddles the 
"boundary" between the Flin Flon and Kisseynew domains 
and thus presents an excellent opportunity to evaluate the 
structural and metamorphic transition. Recent studies have 
documented the northward increase in metamorphic grade, 
correlated the principal map units (Amisk, Burntwood River 
and Missi groups) between low and high grade rocks, and 
examined the structural history (Bailes, 1980; Zwanzig and 
Schledewitz, 1992). However, the detailed maps of Bailes 
(1980) and Zwanzig and Schledewitz (1 992) are separated by 
a 3-4 km wide strip north of Loonhead Lake (Fig. 2) Recon- 
naissance mapping was carried out in this strip, in order to 

join the existing maps. The principal aims of this project are 
to: i) document the structural history in the File Lake area; 
ii) determine the nature of contacts between Missi, Burntwood 
River and Amisk groups; and iii) evaluate the significance of 
the structural and metamorphic transition between the Flin 
Flon and Kisseynew domains (Fig. 3). Note that although all 
rocks in this area have been metamorphosed, the prefix meta 
has been omitted. 

ROCK UNITS 

The File Lake-Limestone Point Lake area is dominated by three 
lithostratigraphic units: i) Missi Group quartzo-feldspathic 
sedimentary rocks, ii) Burntwood River Group turbidites, and 
iii) Amisk Group volcanic and intrusive rocks, all of which 
are cut by both felsic and mafic intrusions (Fig. 2). 

Amisk Group 

The Amisk Group comprises subalkaline basalt to rhyolite 
( ~ 2 0 % )  flows and fragmental rocks (Bailes, 1980). Zircon 
U-Pb geochronology from other parts of the Flin Flon Domain 
indicates ages in the range of 1904-1885 Ma (David and 
Machado, 1993; Stem et  al., 1993). Amisk Group rocks grade 
north into amphibolitic gneisses with primary structures 
largely obliterated (Zwanzig and Schledewitz, 1992). 

Josland Lake Gabbro 

The Josland Lake Gabbro occurs as concordant, differentiated 
and zoned bodies (Bailes, 1980) throughout the Amisk Group 
and along the contact with the Burntwood River Group 
(Fig. 2). It is uncertain whether the large bodies of Josland 
Lake Gabbro intrude the Burntwood River Group because the 
contacts are typically faulted (Fig. 2), but smaller bodies 
interpreted as Josland Lake Gabbro by Bailes (1 980) intrude 
the turbidites. 

Figure I .  

Simplified map of the Manitoba part 
of the Trans-Hudson Orogen depict- 
ing the Flin Flon and Kisseynew 
domains. 
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File Lake formation I Burntwood River Group 

Amisk Group rocks are structurally overlain (Fig. 2) by the 
Burntwood River Group which is dominated by the File Lake 
formation turbidites in this area. The File Lake formation 
turbidites consist largely of felsic to intermediate volcanic 
detritus (Bailes, 1980). This unit can be traced from Morton 
Lake where primary structures are preserved (Bailes, 1980), to 
north ofFile and Loonhead lakes where it is recrystallized and 
partially melted (Fig. 4). Although the File Lake formation 
has been interpreted as part of the Amisk Group (Bailes, 
1980), U-Pb geochronology of detrital zircons from File, 
Morton, and Wekusko lakes (Fig. 1,2) indicates the turbidites 
are younger than -1 850 Ma (David and Machado, 1993). 

Amphibolitic gneiss 

An unnamed unit of mafic to intermediate gneiss occurs 
within the File Lake formation (Fig. 2). South of the Batty 
Lake Complex, Zwanzig and Schledewitz (1992) have sug- 
gested this unit includes metamorphosed gabbro, basalt, and 
locally, ultramafic rocks and silicate iron-formation. In the 
File Lake synform (Fig. 2), this unit consists largely of fine 
grained banded gneisses which contain thin discontinuous 
felsic bands within a mafic host (Fig. 5a). This unit also 
includes mafic flows with deformed pillow selvages (Fig. 5b) 
suggesting a volcanic origin. Whether these gneisses repre- 
sent part of the stratigraphy or a fault-bounded package is 
uncertain as their contacts are not exposed. 

Figure 2. Simplijied geology of the File Lake-Limestone Point 
Lake area (based on Zwanzig and Schledewitz (1 992), Bailes (1 980) 
and this study). 
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Missi Group 

Missi Group quartzo-feldspathic paragneisses overlie the File 
Lake formation. The nature of this contact in the study area 
is uncertain due to poor exposure. Zwanzig and Schledewitz 
(1992) reported a deformed conglomerate -12 km west of 
Dow Lake and interpreted the contact as an unconformity. In 
contrast, the only contact between these two units on 
Wekusko Lake (Fig. 1) is an early fault (Ansdell and Connors, 
1994). The Missi Group rocks are typically magnetite-rich 
and parallel laminated (Fig. 6) .  Low-angle truncations are 
locally preserved indicating younging direction. Age of the 
Missi Group at Flin Flon (Fig. 1) is bracketed by an 1842 f 3 
Ma cross cutting intrusion and the youngest detrital zircon 

Figure 3. Schematic map highlighting the distribution of Figure 5. a3 Discontinuous felsic lenses within the unnamed 

isograds and Harrison's (1951) Kisseynew lineament. The ma@ gneisses. b) Possible deformed pillow selvages in the 

patterned areas indicate zones where S1 or S2 are the dominant mafic gneisses. (GSC 1993-280F) 

fabric. 7'he dominant fabric in the intervening area may be 
either Sl or S2. 

Figure 6. Typical Missi Group gneisses with, locally mag- 
netite-rich, parallel laminations. (GSC 1993-280A) 

Figure 4. Garnet-bearing leutosome in the File Lake formation. 
(GSC 1993-2800) 
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analyzed to date which is 1847 + 2 Ma (Ansdell, 1993). East 
of Wekusko Lake (Fig. I), however, felsic volcanic rocks 
interpreted as Missi Group are dated at 1832 It 2 Ma (Gordon 
et al., 1990). 

The interpreted continuity of Missi Group gneisses from 
File Lake to Dow Lake (Fig. 2) is based on magnetic data and 
limited mapping, due to poor exposure. Magnetite-bearing 
Missi Group rocks stand out against File Lake formation 
rocks on magnetic maps, and a fairly consistent magnetic high 
joins known Missi outcrops north ofFile Lake to those at Dow 
Lake. 

Felsic intrusive rocks 

The calc-alkaline Ham Lake, Norris Lake and Barron Lake 
plutons postdate the File Lake formation and the Missi Group 
(Bailes, 1980). Deformation state of these intlusions is vari- 
able. Overprinting relationships and geochronological data 
are generally insufficient to accurately determine their timing 
with respect to deformation. The Ham Lake Pluton (Fig. 2) 
yielded a zircon U-Pb age of 1830+27/-19 Ma (Gordon et al., 
1990). 

The Nelson Bay gneiss dome (Fig. 2) forms a doubly 
plunging, north-northeast-trending antiform of oligoclase- 
quartz-biotitehicrocline orthogneiss. The local presence of 
2-4 mm feldspar phenocrysts confirms an igneous origin. 
Sills of these felsic gneisses can be traced into the Missi 
Group paragneisses. This may reflect intrusion, felsic vol- 
canism during Missi Group deposition, or juxtaposition by 
low-angle faulting. East of Wekusko Lake (Fig. I ) ,  Missi 
Group rocks unconformably overlie felsic volcanic rocks and 
are faulted against a felsic to mafic volcanic package, but 
interbedded volcanics within the Missi Group have not been 
documented (Ansdell and Connors, 1994). 

The Batty Lake Complex (Fig. 2) forms adoubly plunging 
dome of well-foliated and lineated quartz-rich tonalitic orthogneiss 
(Zwanzig and Schledewitz, 1992). Tonalitic sills similar to 
the Batty Lake Complex intrude the File Lake formation near 
the contact, suggesting that although the contact may be 
sheared, it is primarily intrusive. 

FOLDICLEAVAGE GENERATIONS 
AND THEIR TIMING WITH RESPECT 
TO METAMORPHISM 

The increasing metamorphic grade from greenschist at File 
Lake to uppermost amphibolite with extensive anatexis to the 
north is well documented (Bailes and McRitchie, 1978). P-T 
conditions are estimated at 550°C and 3.5-5 kbar in the 
sillimanite field and 750 + 50°C at 5.5 + 1 kbar in gneisses just 
north of the map area (Gordon, 1989). Briggs and Foster (1 992) 
estimated a peak temperature of 560-625°C at 3.3-4.6 kbar 
between File and Corley lakes. The age of metamorphism is 
estimated as -1 815 Ma (the age of anatectic gneisses in the 
Kisseynew; Gordon et al., 1990) and -1807 Ma (the age of 
metamorphic zircon overgrowths in the Herblet Lake gneiss 
dome (north of Snow Lake; Fig. 1); David and Machado, 1993). 

Early structures (FI-F2 folds) 

The oldest recognized generation of structures are F1 isoclinal 
folds and the S1 axial planar cleavage which is largely parallel 
to layering. FI hinges are rarely exposed and the folds are 
identified by changes in younging. In theFile Lake formation 
staurolite, garnet and faserkiesel (sillimanite-quartz nodules) 
overgrow S 1, and porphyroblast inclusion trails are continu- 
ous with the matrix fabric, suggesting that the metamorphic 
peak postdates Fl/S 1. 

A steep, south-southwest-plunging extension lineation, 
defined by aligned micas and faserkiesels, and stretched 
clasts, is developed on S1. This lineation locally forms the 
dominant fabric on the limbs of F1 folds within the File Lake 
formation. The lineation and SI/SO intersection lineation are 
sub-parallel where both are exposed on the western half of 
File Lake. F1 fold traces can be followed for more than 10 km 
(Fig. 2), suggesting that either the axes are steep and the folds 
are very high amplitude, or the fold hinges are subhorizontal 
on a regional scale and have not rotated toward the extension 
direction. It is also possible that the extension lineation 
postdates F1 (see below). 

Regional metamorphism resulted in extensive anatexis 
north of File Lake. Bailes (1980) mapped a roughly east- 
striking "melt" isograd near the south of Corley Lake (Fig. 2), 
but possible indications of melting occur-2 km south (i.e. down 
grade; A Fig. 2) where leucocratic segregations occur around 
garnet porphyroblasts (Fig. 7a), similar to those reported by 
Bailes and McRitchie (1978). In addition, larger melt segre- 
gations occur -1.5 km south of Bailes' (1980) isograd 
(B Fig. 2). The segregations at this location contain blue 
cordierite up to 3 cm diameter (Fig. 7b), which is a common 
leucosome phase (Bailes and McRitchie, 1978; Bailes, 1980). 

F1, S1 and peak metamorphic assemblages are over- 
printed by S2 which is developed at a small angle to bedding 
and S1 throughout the File Lake area. S2 shows a consistent 
angular relationship with bedding that indicates antiform to 
the north or east (i.e. toward the core of an overprinting F3). 
Staurolite and garnet contain straight inclusion trails, despite 
S2 crenulations in the matrix, suggesting that S2 postdates 
peak metamorphism. S2 forms a biotite cleavage, which is 
similar to and thus difficult to distinguish from S 1. Although 
no F2 folds have been identified in the File Lake area, folds 
of this generation are interpreted to occur in the Kisseynew 
gneisses (see below). 

The SUSl and S2lSO intersection lineations both plunge 
steeply south-southwest parallel to the L1 extension lineation. 
This suggests several possible interpretations: i) FIISl and 
F2/S2 structural generations developed during progressive 
deformation and the extension lineation is related to both 
generations of structures; ii) the older extension lineation and 
S IISO intersection lineation may have influenced orientation 
of the S2/S1 intersection lineation; or iii) the extension 
lineation developed during F2/S2 and overprints F 11s I struc- 
tures. Although studies in the Kisseynew favour the first 
hypothesis (e.g. Norman and Williams, 1993), FIISI may 
substantially predate F2lS2 at File Lake (see below). 
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It is difficult to trace cleavages from low grade rocks into 
the gneisses due to lack of well-exposed outcrop, problems 
distinguishing S2 from S1 north of File Lake (Fig. 3), and 
paucity of overprinting relationships. S 1 forms the dominant 
fabric in the File Lake area, but the dominant foliation north 
of Loonhead Lake is a crenulation cleavage suggesting that it 
is at least the second cleavage (Fig. 3). In addition, this 
cleavage contains flattened faserkiesel and is axial planar to 
folded leucosome suggesting that it postdates peak metamor- 
phism and anatexis. This fabric is therefore correlated with 
S2 in the lower grade rocks. 

peak metamorphism. Nevertheless biotite, and locally silli- 
manite, are recrystallized in S3 crenulation hinges, indicating 
conditions close to the sillimanite stability field during S3. 

Tight to open F4 folds plunge moderately east to east- 
northeast and are best developed north of File Lake (Fig. 2). 
The steep S4 cleavage is only developed within hinge zones 
of F4 folds and is defined by crenulations in micaceous units 
and aligned micas in quartzo-feldspathic gneisses. Biotite 
laths in the S4 crenulations are recrystallized. A generation 
of centimetre to metre thick pegmatites is associated with 
F4lS4. Some pegmatites cross-cut F4 folds, some are folded 
by F4, and sohe  are associated with offset along F4 axial 

Late folds (F3-F4) planes (Fig. 9), indicating emplacement during F4 folding. 
F4 folds appear to overprint the limbs of the F3 File Lake 

FlIS1 and S2 are overprinted by the north-northeast-trending synfom (Fig. 2), however, F4 and F3 show similar micro- 
F3 File Lake synfom (Fig- 2). Mesosco~ic structures are structures and locally have the same orientation (i.e. west of 
dominated by asymmetric folds (Fig. 8) and by crenulations the nose of the File Lake synfom), suggesting that they may 
in mica-rich rocks. The Steep* axial planar S3  ren nu la ti on represent the same generation, or closely associated generations. 
cleavage is only developed within F3 hinge zones and is 
locally defined by aligned biotite. The trend of F3lS3 struc- 
tures varies from north-northeast to east-northeast. In thin sec- 
tion, S3 crenulations deform faserkiesel and therefore postdate 

Figure 8. Asymmetric, steeply plunging F3 folds near core 
of File Lake synform. (GSC 1993-280C) 

Figure 7. a) Felsic segregations around garnet porphy- Figure 9. Pegmatite associated with offset parallel to F4 
roblasts in File Lake formation. b) Cordierite porphyroblast axial plane. (GSC 1993-28OE) 
(arrow) in leucosome in File Lake formation. (GSC 1993-280H) 
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EARLY LOW-ANGLE FAULTING 
. - 

Loonhead Lake Fault 

The -35 Ma age difference between Amisk Group and File 
Lake formation has prompted re-evaluation of the contact 
between these units. The contact is poorly exposed and 
overprinting relationships with the foldlcleavage generations 
were not observed. There is intense cleavage development, 
boudinage, disruption of units and alteration in units adjacent 
to this contact (Fig. lo), suggesting that it is faulted. Further- 
more, this contact can be traced northwards (Harrison. 1949) 
to Dow Lake where Zwanzig (1992) interpreted it as a fault. 
The File Lake formation-Amisk Group contact in the File 
Lake area is therefore interpreted as a fault, and is here 
referred to as the Loonhead Lake Fault which is partly equiva- 
lent to the File Lake fault of Harrison (1949). West of DOW 

Lake this fault is truncated at the base of the Missi Group 
(Fig. 2; Zwanzig and Schledewitz, 1992) by either an uncon- 
formity or a low-angle fault. 

East of the Ham Lake Pluton, the apparently same File 
Lake formation - Amisk Group contact is interpreted as the 
Snow Lake Fault (Fig. 1; Harrison, 1949). If the Loonhead 
Lake and Snow Lake faults represent the same structure, this 
implies a strike length of >80 km and possibly substantial 
displacement. Kinematic analyses in the Kisseynew Domain 
suggest south or southwest transport of high grade rocks 
toward the Flin Flon domain (Zwanzig, 1990; Norman and 
Williams, 1993). 

This faulted contact between the Amisk Group and File 
Lake Formation appears to be truncated on both sides of the 
Ham Lake Pluton (Fig. I )  based on Harrison's (1949) map 
and recent magnetic data. Although, it is possible that the 
fault postdates the pluton and is localized along its margin, 
the angle between the Loonhead Lake Fault and pluton mar- 
gin (Fig. 2) suggests truncation. This possible truncation of 
the Loonhead Lake (*Snow Lake) Fault (Fig. 2) warrants 
further investigation. 

Figure 11. a) Bedding-parallel fault truncating FI fold. Note 
boudinage of quartz-feldspar veins along fault surface. b) Flat 
and ramp structure of early fault. Arrows highlight fault trace. 
c )  Enlargement of l l b  showing SI alignment of coarse micas 
(arrows) on margins of quartz-feldspar veins which deJine the 
fault. SI is overgrown by staurolite and garnet porphyroblasts 
to right of pencil. (GSC 1993-2801) 

Figure 10. Boudinaged quartz and carbonate veins in intensely 
deformed and altered mafic volcanic rocks along the faulted 
contact with File Lake formation. (GSC 1993-280B) 
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Figure 12. Correlation of structural generations and metamorphism. 
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The Amisk Group and File Lake formation are also in 
contact west of Morton Lake (locations C and D) and west of 
the Barron Lake Pluton (Fig. 2). At location C, File Lake 
formation turbidites and Amisk Group basalts are exposed 
within -2 metres, but the contact is covered. Both units are 
extensively silicified (k feldspathic alteration) 10-25 m from 
the contact. This alteration, which is overprinted by a north- 
to northeast-striking cleavage (S1 or S2), is similar to that 
along parts of the Loonhead Lake Fault. The File Lake 
formation - Amisk Group contact on Morton Lake is inter- 
preted as a fault and may be the same age as the Loonhead 
Lake Fault. The faulted File Lake formation - Amisk Group 
contact west of the Barron Lake Pluton was interpreted as a 
post-F4 structure by Bailes (1980). Harrison (1949) sug- 
gested this fault merged with the Loonhead Lake Fault. This 
fault was not examined during this study. 

Small scale faults 

Zwanzig and Schledewitz 
(1992; pers. comm. 1993) 

early faulting 

Dl fold nappes, faults 

M 
I 

D2 out-of-sequence fold I 
nappes I 

D3 NNW-trending upright to 
recumbent folds 

D4 ENE to NNE-trending, 
upright folds 

Numerous mesoscopic faults at a low-angle to bedding were 
identified along the northwest shore of File Lake. Some of 
these structures truncate F1 folds (Fig. 1 la), whereas other 
faults are folded and overprinted by the S1 cleavage espe- 
cially where ramps are developed (Fig. 1 lb, c). Many of 
these small faults are filled by quartz-feldspar veins which are 
symmetrically boudinaged both in horizontal and vertical 
planes, suggesting flattening perpendicular to the faults and 
S1. The mutually overprinting relationships suggest that 
these low-angle faults formed during FlISl. 

This study 

low-angle faulting 
(pre- to syn-F1) 

F1 isoclinal folds 

M 

S2 cleavage 1 
I 
I 

F3 NNE upright folds 4 

F4 E- to NE-trending, 
upright folds 

Other possible lo w-angle faults 

The mafic gneisses within the File Lake formation are of 
probable volcanic origin and form a relatively continuous unit 
within the File Lake formation north of the Missi Group 
syncline, but are absent in the southern band of File Lake 
formation (Fig. 2). This suggests either low-angle faulting in 
the northern band of File Lake formation or mafic volcanism 
during deposition of the File Lake formation turbidites. It is 

also uncertain whether the contact between Missi Group and 
File Lake formation is stratigraphic or faulted as discussed 
above. 

DISCUSSION AND CONCLUSIONS 

Timing of low-angle faulting 

If the Loonhead Lake Fault is truncated by the -1 830 MaHam 
Lake Pluton (Fig. 2), it may substantially predate peak meta- 
morphism (1815-1 807 Ma; Gordon et al., 1990; David and 
Machado, 1993), and therefore also predate S2, F3lS3, and 
F4IS4. However, this relationship requires further investiga- 
tion. If the other possible faults discussed above actually 
exist (i.e. between File Lake formation and the mafic gneisses 
or between File Lake formation and Missi Group), then they 
must predate the S2 cleavage. S2 has a consistent orientation 
and vergence across all of these possible faults suggesting that 
it postdates them. These early faults may represent the initial 
stages of collision and shortening within the volcanic arcs and 
intervening sedimentary basins. 

Timing of metamorphism 

Several stages of deformation in the File Lake area occurred 
during regional metamorphism which postdates Fl/Sl and 
outcrop scale low-angle faults. Metamorphic conditions 
peaked pre-S2 within the sillimanite-garnet-biotite field, and 
remained near the sillimanite stability field through to F3lS3. 
S4 microstructures indicate that conditions were sufficient for 
biotite recrystallization during F4. 

Bailes (1980) suggested peak metamorphism postdated 
F3 folding because his isograds (Fig. 2) appear largely unaf- 
fected by the F3 File Lake synform. We argue that the 
staurolite-biotite isograd is folded by the synform (Fig. 3) and 
suggest that the detailed trace of the three higher grade 
isograds may not be well constrained due to limited exposure 
of suitable rock types. Evidence presented above suggests 
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that the "melt" isograd may curve to the south toward loca- 
tions A and B and therefore be folded by the File Lake 
synform. 

Correlation of structural generations 

The syncline of Missi Group at Dow Lake has been tentatively 
traced through to the F1 syncline of Missi Group at File Lake 
(Fig. 2), therefore providing a basis for structural correlations 
between low grade rocks at File Lake and high grade gneisses 
(Fig. 12). Although we did not identify map scale folds in the 
File Lake area which correlate with D2 folds in the high grade 
rocks (i.e. Batty Lake complex antiform; Fig. 2), we did 
identify a cleavage (S2) which postdates Fl isoclinal folds 
and is folded by north-northeast-trending, upright folds, and 
is tentatively interpreted as equivalent age (Fig. 12). The S2 
cleavage in the File Lake area shows a consistent angular 
relationship to beddingts 1 indicating antiform approximately 
to the north (after removing the effects of F3 folding). This 
suggests that the File Lake area occurs on the southern limb 
of a F2 antiform which may correlate with the antiform of the 
Batty Lake Complex. 

Further support for the interpreted correlation of structural 
generations between the low and high grade rocks is provided 
by the timing of metamorphism. Zwanzig and Schledewitz 
(1992) suggested that metamorphism peaked after their first 
generation of fold nappes (Fig. 12), similar to the post-F1IS1, 
pre-S2 timing for peak metamorphism determined for the File 
Lake area. 

Structural 1 metamorphic transition 

The structural correlations outlined in Figure 12 highlight 
variations in structural style from the low grade Flin Flon 
Domain into the high grade gneisses north of Loonhead Lake. 
The S1 and S2 cleavages and extension lineation of the File 
Lake area are consistently steep, whereas equivalent age 
structures to the north diptplunge gently northeast (-30" or 
less; Zwanzig and Schledewitz. 1992). This change occurs 
in pre- to syn-metamorphic structures, therefore suggesting 
that the transition to gently dipping structures occurred with 
paleodepth at the time the structures formed. No overprinting 
structures which could account for the systematic change in 
diptplunge have been identified. There are several factors 
which may have been partly responsible for this structural 
transition. These include: i) differences in rheology at higher 
temperature; ii) increasing shear strain with depth (cf. Sanderson 
1982); and iii) the influence of the more rigid domain of 
arc-related volcanic and intrusive rocks to the south. It is 
likely that all three factors influenced the structural transition 
between the Flin Flon and Kisseynew.domains. 

The boundary between the Kisseynew and 
Flin Flon domains 

Defining the boundary between the Flin Flon and Kisseynew 
domains has been along-standing problem (e.g. Harrison, 195 1). 
Harrison (1951) defined the boundary as the Kisseynew line- 
ament which largely followed faults, including the Snow Lake 

and Loonhead Lake faults, (Fig. 1,3) and allowed for low and 
high grade rocks in both domains. In contrast, Bailes (1980) 
and Froese and Moore (1980) suggested that the "boundary" 
is gradational and is defined by a rapid increase in metamor- 
phic grade andlor a facies change. The only boundary pro- 
vided by this interpretation is a metamorphic isograd which 
is not always obvious in outcrop and cannot be defined in 
areas where suitable rock types are absent. If the Loonhead 
Lake and Snow Lake faults define the main boundary between 
the arc-related rocks and marine turbidites, as proposed here 
and by Harrison (1951), then perhaps this structure provides 
a more tangible definition of the boundary between the Flin 
Flon and Kisseynew domains, at least in this area. 
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Lithological and structural relationships in 
Paleoproterozoic rocks in the east Wekusko Lake 
area, Trans-Hudson Orogen, Manitoba1 

Kevin M. ~ n s d e l l ~  and Karen A. Connors 
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Ansdell, K.M. and Connors, K.A., 1994: Lithological and structural relationships in 
Paleoproterozoic rocks in the east Wekusko Lake area, ~ r a n s - ~ u d s o n  Orogen, Manitoba; & 
Current Research 1994-C; Geological Survey of Canada, p. 193-203. 

Abstract: Distinct lithological packages, largely fault-bounded, have been defined east of Wekusko 
Lake in the Flin Flon Domain, Trans-Hudson Orogen. Packages of sedimentary rocks include the File Lake 
formation turbidites and two packages of Missi Group sandstones and conglomerates. The packages of 
volcanic rocks include the North Roberts Lake mafic volcanics, the Herb Lake fold rhyolites, andesites and 
basalts, a heterogeneous package of felsic volcanic rocks, and the McCafferty Liftover mafic to intermediate 
lavas and tuffs. The main stage of deformation involved isoclinal F2 folding, and associated faulting which 
resulted in juxtaposition of lithological packages. Metamorphism occurred during this stage of deformation. 
Local preservation of an older cleavage indicates an earlier phase of deformation (Dl) which may have 
been responsible for initial thickening and tectonic burial. F2 folds and associated faults are overprinted by 
F3 folds which postdate peak metamorphism and may represent the terminal stages of this event. 

R6sum6 : On a dtfini des ensembles lithologiques distincts, limitts dans une grande part par des failles, 
B I'est du lac Wekusko dans le domaine de Flin Flon, dans I'oroghne transhudsonien. Les ensembles de 
roches stdimentaires comprennent les turbidites de la formation de File Lake et deux ensembles de gr&s et 
conglomtrats du Groupe de Missi. Les ensembles de roches volcaniques comprennent les roches 
volcaniques mafiques de North Roberts Lake, les rhyolites, andtsites et basaltes de Herb Lake fold, un 
ensemble htttroghne de roches volcaniques felsiques, et les laves et tufs intermtdiaires A mafiques de 
McCafferty Liftover. Le principal stade de dtformation a t t t  marque par la formation de plis isoclinaux P2 
et le jeu de failles assocites qui ont permis la juxtaposition des ensembles lithologiques. Le mttamorphisme 
s'est produit pendant ce stade de deformation. La conservation locale d'une schistositt ancienne rtvhle une 
phase initiale de dtformation (Dl), qui a peut-etre cause l'tpaississement initial et l'enfouissement 
tectonique. Aux plis P2 et aux failles assocites se surimposent des plis P3 plus rtcents que la culmination 
du mCtamorphisme et pouvant reprtsenter les stades terminaux de cet episode. 

Contribution to the NATMAP Shield Margin Project 
Department of Geological Sciences, University of Saskatchewan, Saskatoon, Saskatchewan S7N OW0 
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INTRODUCTION Missi Group packages 

Wekusko Lake occurs in the eastern Flin Flon Domain of the 
Paleoproterozoic Trans-Hudson Orogen (Fig. 1). The region- 
ally recognized units within this domain include Amisk 
Group island-arc and ocean-floor rocks (Syme, 1990) which 
are unconformably overlain by Missi Group fluvial sedimen- 
tary rocks (Stauffer, 1990) and st~vcturally overlain (Connors 
and Ansdell, 1994) by File Lake formation marine turbidites 
(Bailes, 1980). The supracrustal rocks are intruded by 1875- 
1835 Ma gabbroic to granitic plutons (Gordon et al., 1990; 
Ansdell and Kyser, 1991). This domain is bounded by the 
southern flank of the Kisseynew Domain (Fig. 1) which 
contains metamorphosed equivalents of Flin Flon Domain 
rocks (Bailes, 1980; Froese and Moore, 1980). The boundary 
between the two domains is generally defined as the garnet- 
biotite-sillimanite isograd (e.g. Zwanzig, 1990). 

Previous mapping east of Wekusko Lake examined the 
distribution of volcanic and sedimentary rocks (Armstrong, 
1941; Frarey, 1950), and focused on the gold occurrences 
(Stockwell, 1937; Galley et a]., 1986). The contact rela- 
tionships between the lithological packages were unclear, 
based on previous mapping, and lead to complex structural 
and stratigraphic interpretations. This integrated strati- 
graphic, structural and geochronological study was there- 
fore initiated. Preliminary lithological and structural 
observations and interpretations are summarized in this 
report. This study focused on the stratigraphy, the contact 
relationships between different rock types, and the relative 
timing of folding and faulting. The most significant result 
to date is the identification of several lithologically dis- 
tinct, fault-bounded packages which were juxtaposed by 
bedding-parallel faults during isoclinal folding and meta- 
morphism. All rocks are deformed and metamorphosed, 
but the prefix "meta" is omitted for clarity. 

ROCK UNITSIPACKAGES 

This study focused in part on the rock types to define the 
stratigraphy and the distinct lithological packages. The strati- 
graphic and lithological data formed the basis for geochrono- 
logical sampling which will help define age relationships 
between the fault-bounded packages. 

File Lake formation package 

Sedimentary rocks west of the Crowduck Bay Fault 
(Fig. 1) consist of fine grained sandstones, siltstones and 
mudstones (Fig. 3a). These sedimentary rocks mainly 
consist of AE Bouma graded beds and were likely 
deposited by turbidity currents. Changes in younging 
direction indicate isoclinal folding. Similar rocks on 
Wekusko Lake have been described by Bailes and Galley 
(1992), and together are considered to be equivalent to the 
File Lake formation (e.g. Bailes, 1980). 

Missi Group rocks (Frarey, 1950) outcrop in two main 
packages (Fig. 1,2). Although rock types are similar there are 
no unambiguous marker horizons, and no direct correlation 
can be made between these packages. 

Eastern package 

The eastern Missi Group package includes lower, middle and 
upper conglomerates (Fig. 1, 4), which are typically massive, 
clast-supported, polymictic pebble to boulder conglomerates 
with similar clast types (Fig. 4). The base of the lower 
conglomerate is not exposed, but is interpreted as a fault 
(Fig. 2). The proportion of grits, and crossbedded sandstones 
increases up sequence, and these lithologies occur as lensoid 
layers within conglomerates, or more laterally extensive lay- 
ers with channel scours and pebble lags (Fig. 3b). 

Overlying the lower conglomerate are medium- to coarse- 
grained, tabular and trough crossbedded sandstones. Mud 
drapes are common on the foresets, and locally define centi- 
metre-scale ripples. The consistent dip direction of crossbed- 
ding suggests a unidirectional paleocurrent and supports the 
interpretation of a fluvial environment. Correlation between 
these sandstones and parallel-laminated sandstones and silt- 
stones, conglomerates, pebbly sandstones and grits along 
strike on the southeastern shore of Stuart Lake is unclear, but 
may indicate facies variations within these fluvial rocks 
(Fig. 4). 

The sandstones above the middle conglomerate are shal- 
low crossbedded to parallel-laminated, and were likely depos- 
ited in a quieter environment than underlying sandstones. The 
crossbed foresets are commonly magnetite-rich (Fig. 3c). 
Above the upper conglomerate are pebbly sandstones, grits 
and sandstones in which scour surfaces, graded bedding and 
rip-up clasts are sometimes observed. 

Western package 

At the southernmost outcrops of the western Missi Group 
package (A, Fig. 1) bedding strikes 090-106", perpendicular 
to the regional orientation. At this outcrop conglomerates 
unconformably overlie a package of rhyolite and felsic tuff 
(Fig. 5). Approximately 6 m of felsic volcanic rocks have 

Figure 1 (opposite). Simpl8ed geological map of the east 
Wekusko Lake area (based on Armstrong. 1941; Frarey, 
1950; Gordon and Gall, 1982, and this study). Locations A 
to E are referred to in the text. Intrusions sampled for 
geochronology are labeled ( I ,  2,3).  The cross-section A-A' 
is shown in Figure 8. Abbreviations: CBF - Crowduck Bay 
Fault, HLF - Herb Lake Fault, SBF - Stuart Bay Fault, SLF 
- Stuart Lake Fault, RLF - Roberts Lake Fault, LC - Lower 
conglomerate, MC - Middle conglomerate, UC - Upper 
conglomerate. Inset shows the location of the study area 
within the Manitoba part of the Trans-Hudson Orogen. 
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LEGEND 
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Figure 2. Simplijied map of the east Wekurko Lake area showing limited structural data, lithological 
packages, and major faults. Inset shows stereographic projection of the extension lineation measurements. 
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Figure 3. Outcrop photographs of sedimentary rocks. a )  Graded turbidites, File Lake formation 
(GSC 1993-218E). 6) Interbedded conglomerates and grits, eastern Missi Group. Pebbles are 
aligned in S4 (GSC 1993-21 8M). c)  Shallow crossbedded to parallel laminated, magnetite-rich 
sandstones, eastern Missi Group (GSC 1993-2182). d)  Tabular crossbedded sandstones and 
interbedded mudstones, western Missi Group (GSC 1993-21 8T). 

Conglomerate clast types 
3 quartz veins, flne-grolned 

felslc volcanlc rocks. 
rnaflc volcanlcs (some epidote). 
fsp porphyry, rare granltolds and 
laminated Mt-bearing cherts 

I 

quartz velns. white to buff 
felslc volconlc rocks. rnafic 
volcanics, fspporphvw. 
rare chert and lamlnated 

MC siltstone 

%",?ELe basalt to rhyolilc volcanlcs. 
fspqx porphyries, quartz veins. 

LC rare granltoids 

metres ci3%+ 

Graded 
lapilll and 

6 ash tuffs 

10 wtth sphenrlites 

12 

Figure 4. Simplified stratigraphic section through the Figure 5. Stratigraphic section at location A (Fig. I ) ,  
sandstones and conglomerates of the eastern Missi Group emphasizing the unconformable relationship between Missi 
(based on Shanks andBailes (1977) and this study). Shown is sedimentary rocks and underlying volcanic rocks. Black 
the inferred correlation between the rocks on the southeast squares indicate geochronology samples. Abbreviations: 
shore of Stuart Lake, and the east shore of Puella Bay, fs -$ne sand; cs - coarse sand; sp -small pebbles; lp - large 
Abbreviations: LC, MC, UC - lower, middle and upper pebbles. 
conglomerates, respectively. 
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been eroded over a lateral distance of -20 m. The basal 
sedimentary rocks consist of polymictic clast-supported con- 
glomerates, gravel and coarse sandstone lenses, sometimes 
crossbedded. Pebble lags occur within the sandier units. 
Scour surfaces indicate the sediments stratigraphically over- 
lie the volcanic rocks. Sub-angular to rounded clasts in the 
conglomerates include quartz veins, felsic volcanic rocks, and 
chert with magnetite-bands. Magnetite is also present in the 
matrix. In one portion of the outcrop the conglomerates and 
sandstones grade laterally into a breccia, consisting of angular 
clasts of porphyritic to vesicular volcanic rocks, which might 
suggest a local volcanic source. 

The sedimentary rocks farther north along the shoreline 
have a faulted base, although they may stratigraphically over- 
lie the rocks at location A. The crossbedded sandstones 
consist of trough and tabular sets of gently dipping foresets 
with intermittent millimetre to centimetre thick mud seams 
(Fig. 3d). These rocks grade upwards into coarse sandstones, 
grits and conglomerates. 

This western package widens northward (up plunge) 
where it includes a conglomerate band within a thick 
sequence of sandstones (Fig. 1). Magnetite- or mica-rich 
laminations occur throughout the sandstones, but only locally 
define crossbeds or low angle truncations. These rocks are 
similar to the Missi Group sandstones east of the interpreted 
Roberts Lake Fault (Fig. 1). 

North Roberts Lake package 

Volcanic rocks north of the Roberts Lake Fault (Fig. 1,2) consist 
of pillowed and massive mafic lavas, tuffs and associated dykes 
and sills, which have been metamorphosed to amphibolites 
(Gordon and Gall, 1982). Frarey (1950) recorded younging 
directions, however, relict primary features have been strongly 
deformed and no unambiguous younging directions were 
obtained from limited observations during this study. These 
rocks are considered to belong to the Amisk Group because they 
are in stratigraphic contact with west-younging Missi 
sedimentary rocks to the west (Fig. 1). Although this contact 
between the mafic volcanic rocks and Missi sedimentary rocks 
has been interpreted as a fault (Gordon and Gall, 1982), it is 
exposed over -40 m and is interpreted here as a stratigraphic 
contact. Parallel laminated sandstones overlie well-layered 
mafic volcanics. Relief on this sharp contact averages 1-2 cm, 
but locally reaches -20 cm. 

Herb Lake fold package 

The Herb Lake fold package of volcanic rocks consists of a 
complex sequence of massive basaltic flows, andesites, dacites, 
rhyolites, thinly laminated chert and high-level intrusions 
(Fig. 1,2). The Chickadee Rhyolite (Fig. I), a welded rhyolitic 
tuff, has been dated at 1832 + 2 Ma using discordant zircons 
(Gordon et al., 1990). Younging directions from structurally 
underlying Missi sedimentary rocks, coupled with the 1832 Ma 
age, have been used to suggest that the volcanic rocks are Missi 
in age. However, our results suggest that the volcanic and 
sedimentary rocks are in fault contact (Fig. 1). High Z, Y, and 

Ti02 (Gordon andLemkow, 1987) distinguish the basaltic rocks 
from typical Amisk Group mafic rocks (Stem et a]., in press), 
although Ta-Nb troughs on element variation diagrams still 
imply a subduction zone component in their generation. The lack 
of pillowed mafic volcanic rocks, the presence of welded felsic 
rocks, and their apparent association with fluvial sedimentary 
rocks has been used to suggest that these volcanic rocks are 
dominantly subaerial (Shanks and Bailes, 1977; Gordon and 
Gall, 1982). 

Felsic volcanic package 

On the western edge of the Herb Lake fold package is a hetero- 
geneous package of feldspar-phyric rhyolitic lavas, quartz-feld- 
spar porphyritic intrusions, felsic tuffs and heterolithic debris 
flows (Fig. 1,2,6a). These rocks were identified as "greywacke, 
arkose, and conglomerate" by Frarey (1950). Stockwell (1937) 
distinguished these rocks from the more obvious sedimentary 
rocks along the shore, but identified many of the rocks as arkoses. 
Our identification of many of the finer grained rocks as felsic 
volcanic is based on the presence of pink-weathering feldspar 
crystals (to 5 mm) and local quar-tz eyes in the fine groundmass. 
This bimodal grain size distribution is not consistent with even 
a poorly sorted arkosic rock. 

The felsic volcanic rocks exposed at A (Fig. 1) consist of 
spherulitic rhyolite, overlain by ash and lapilli tuffs exhibiting 
graded bedding (Fig. 5). These rocks are unconformably 
overlain by the western Missi package. Geochronology sam- 
ples have been taken to determine the age of these felsic 
volcanic rocks, and their correlation with the Chickadee 
Rhyolite and other felsic volcanic rocks described above. 

McCafferty Lifover package 

The McCafferty Liftover package of mafic and intermediate 
volcanic and volcaniclastic rocks is well-exposed along the 
east shore of Wekusko Lake (Fig. 1, 2). This succession is 
distinct from the Herb Lake fold package, but the contact 
relationships are unknown due to lack of outcrop. Aphyric, 
plagioclase-phyric, and amygdaloidal basaltic rocks, which 
are commonly pillowed and have recrystallized hyaloclastite 
matrices (Fig. 6b), are typically deformed and provide no 
unambiguous evidence of younging directions. At B (Fig. 1) 
a sequence of intermediate agglomerates and turbiditic crystal 
tuffs is exposed. Agglomerates intimately associated with the 
turbiditic tuffs are usually monomict, comprising angular to 
sub-rounded blocks, up to 20 cm in length, which contain up 
to 3 mm plagioclase crystals in a fine grained dark matrix 
(Fig. 6c).-The turbiditic tuffs consist of  graded beds, up to 
10 cm in thickness, consisting of plagioclase crystal-rich 
bases and finer grained laminated, and rare cherty, tops 
(Fig. 6c). Erosive bases and graded bedding indicate eastward 
younging. These rocks are cut by plagioclase-phyric dykes 
which are compositionally similar to the volcanic rocks. The 
agglomerates may represent pyroclastic flows related to the 
climactic stage of a submarine volcanic eruption, with later 
reworking by turbidity currents as volcanic activity waned 
(e.g. Fiske and Matsuda, 1964). Overlying these volcani- 
clastics is a heterogeneous package of dacitic volcanic rocks 
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(Armstrong, 1941). They consist of massive lavas or intru- 2. The Stuart Lake biotite-granodiorite, which is rimmed by 
sions, heterolithic debris flows (Fig. 6d), and volcanic a coarse grained gabbro, intrudes the older portions of the 
breccias, and outcrop on Puella Bay (Fig. 1). eastern package of Missi sedimentary rocks; and 

Shoreline outcrops of the McCafferty Liftover package sug- 
gest it is a compositionally evolving package of submarine mafic 
to intermediate volcanic and volcaniclastic rocks. This conh-asts 
with the subaerial depositional environment inferred for vol- 
canic rocks in the Herb Lake fold package (Fig. I), indicating a 
complex volcanic paleogeography, faulting, and/or significant 
age variations which have not been identified. 

Znhsive rocks 

In the Wekusko Lake area, there are several types of felsic 
intrusions, some of which are associated with the volcanic 
rocks (Fig. I), and numerous small (up to a few metres wide) 
coarse grained gabbro and diorite bodies, aphyric and some- 
times plagioclase-phyric, banded mafic dykes, and feldspar- 
porphyritic felsic dykes. Three distinct intrusive bodies 
(numbered in Fig. 1) have been sampled for geochronology 
with the aim of providing minimum age constraints on depo- 
sition of sedimentary and volcanic rocks: 

1. The Lostfrog Lake quartz-porphyritic granite cuts the 
volcanic rocks in the Herb Lake fold package, and is cut 
by the Stuart Bay Fault; 

3.  The Puella Bay quartz-feldspar porphyry intrudes the lower 
Missi conglomerate and is cut by the Stuart Bay Fault. 

METAMORPHISM 

Metamorphic grade east of the Crowduck Bay Fault ranges from 
biotite to sillimanite grade and increases northward and eastward 
(Fig. 2). Gordon and Gall (1982) mapped several isograds, but 
the paucity of suitable rock types hampered their work. Briggs 
and Foster (1992) estimated P-T conditions of 525-625°C and 
2.5-5 kbar in andalusite- and sillimanite- bearing rocks in the 
Niblock Lake area, northeast of Roberts Lake. 

FOLD AND CLEAVAGE GENERATIONS 

Sy n-depositional foMing 

Syn-sedimentary folds occur within the sandstones of the 
Missi Group at the north end of Stuart Lake (Fig. 1). These 
disharmonic, non-cylindrical folds occur between planar 
horizons of thinly bedded sandstones (Fig. 7a). The slump- 
folded layers range from 10 to -50 cm thick. Although some 

Figure 6. Outcrop photographs of volcanic rocks. a)  Felsic heterolithic debris flow Cfelsic volcanic 
package; GSC 1993-218s). b) Pillowed rnafic lavas (GSC 1993-218U). c) Graded crystal turbiditic 
tuffs underlying a compositionally similar agglomerate (GSC 1993-21 8R). d )  Intermediate heterolithic 
debris flow (GSC 1993-21 8L). (b, c and dare from McCafferty LLiftover package). 
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slump folds are recumbent and have axial planes sub-parallel Correlation of S2 from the File Lake formation to the Missi 
to the bedding-parallel (S2) cleavage, most of these folds are Group suggests that several map scale folds in the Missi 
overprinted by the cleavage. Group are F2  (Fig. 1). 

Early deformation 

The oldest cleavage (Sl) has been identified at a few localities, 
however no F1 folds have been recognized. In the core of the F2 
syncline at location A (Fig. 1) some pebbles in the Missi 
conglomerate preserve an east-west, bedding parallel fabric 
which is overprinted by S2. In the File Lake formation, S1 has 
been locally observed sub-parallel to bedding. S2 and F2 also 
overprint boudinaged gabbro sills and quartz veins (Fig. 7b). 
These boudins are generally symmetrical in both the horizontal 
and vertical planes indicating a flattening strain. The S1 cleavage 
may have developed during this phase of flattening, or during a 
separate, pre-S2 deformation phase. 

Pervasive F2lS21L2 development 

Outcrop-scale matrix-porphyroblast relationships suggest 
that metamorphism occurred during FUS2. In biotite-grade 
rocks, S2 is defined by phyllosilicates which havecrystallized 
or recrystallized syn- to post-S2. In the staurolite-garnet zone, 
S2 is deflected around staurolite porphyroblasts (Fig. 7d), but 
garnet overgrows the cleavage. 

The Herb Lake fold (Fig. 1) is interpreted as F2 based on 
similarities in the style of mesoscopic folds and the timing of 
cleavage development with respect to metamorphism, 
between it and other F2 folds. It is uncertain, however, 
whether this structure is synformal or antiformal because the 
limbs are sub-parallel and the hinge is poorly exposed. This 
fold has been interpreted as synclinal based on younging 
directions in structurally underlying Missi Group rocks 
(Frarey 1950), however our observations suggest that the 
volcanic package is fault-bounded (see below). 

The dominant northeast-striking S2 foliation is largely paral- The L2 extension lineation is developed in all units and is 
lel to layering and is axial planar to tight to isoclinal folds. defined by elongate minerals and by stretched clasts in con- 
Isoclinal folds with thickened hinges and thinned limbs occur glomerates, agglomerates and breccias. The L2 lineation is 
throughout the File Lake.formation. F2 fold hinges are com- the dominant fabric in some conglomerates, breccias and fine 
monly truncated by cleavage-parallel faults (Fig. 7c). grained felsic intrusions. In the south, the lineation plunges 

steeply (70-80") north-northeast, but shallows to -20" in the 

Figure 7. a) Synsedimentary folds in the Missi Group sandstones on the north shore of Stewart 
Lake (GSC 1993-230N). b) F2 fold (arrow) and S2 overprinting boudinaged quartz vein in File 
Lake formation (GSC 1993-229H). c)  S2-parallel faults on the limb of an F2 fold in the File Lake 
formation (GSC 1993-229s). d )  Defection of S2 cleavage (depned by biotite) around staurolite 
porphyroblasts (GSC 1993-229K). 
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north (Fig. 2). F2 fold axes parallel the extension lineation in 
the File Lake formation, but are doubly plunging in Missi 
Group rocks (Fig. 1) .  

F3 folds and S3 cleavage 

F3 folds and a weak S3 cleavage are developed within the eastern 
package of Missi rocks (Fig. 1). The anticline-syncline pair 
overprint a strong bedding-parallel fabric and appear to plunge 
steeply northeast. The variation in orientation of the extension 
lineation around Puella Bay may be related to folding by the F3 
syncline (Fig. 2). S3 is poorly developed in the core of the 
syncline. 

S4 cleavage 

A well-developed, northerly-striking cleavage (S4) overprints 
F3 folds at Puella Bay. Although this fabric is not recognized 
elsewhere, it is locally quite intense at Puella Bay (Fig. 3b). The 
origin of this fabric is unknown; it could be related to 
unrecognized cross-folds or faulting in Wekusko Lake. 

FAULTING 

Although previous workers interpreted most contacts between 
lithological packages as stratigraphic, our observations suggest 
that these packages are fault-bounded. These faults are described 
from west to east. 

HLF 

CBF 

Crowduck Bay Fault 

The contact between the File Lake formation and the western 
Missi package was interpreted as sedimentary by Frarey (1950), 
and as a fault (Crowduck Bay Fault) by Gordon and Gall (1 982). 
There is 1 - 1 Om of no outcrop along most of the contact. Faulting 
is suggested by truncation of Missi conglomerates east of 
Crowduck Bay (Fig. 1). At location D (Fig. l), both units are 
exposed within about 1 m and an intense, S2-parallel fabric is 
developed. The possible S2 strain gradient and consistent 
orientation of S2 and L2 across the fault, suggest syn-SUF2 
faulting. This timing relationship, along with the syn-S2 timing 
of metamorphism, argues against substantial post-metamorphic 
movement. This suggests that the apparent deflection of the 
isograds (Gordon and Gall, 1982; Fig. 2) results from insufficient 
exposure of suitable rocks types or offset on a separate, younger 
fault. 

Herb Lake Fault 

The eastern contact of the western Missi Group package with 
the felsic volcanic rocks has been interpreted as stratigraphic 
(Armstrong 1941; Frarey 1950). However, at location A 
(Fig. 1) where Missi conglomerates unconformably overlie 
felsic volcanic rocks, these rocks are folded by a F2 syncline 
and the hinge is truncated against the felsic volcanic package. 
This truncation is attributed to a syn- to post-F2 fault (Herb 
LakeFault). This fault is extrapolated to the northeast (Fig. I), 
although it is not exposed. 

Figure 8. 

Preliminary cross-section ( A - A ' ,  Fig. 1 )  
indicating the possible fold and thrust geometry. 
Note that the Herb Lake fold may be either a 
synform or an antiform, although it is depicted 
as an antiform here. 
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Stuart Bay Fault 

The contact between the Herb Lake fold volcanic package and 
the eastern Missi package has similarly been interpreted as 
stratigraphic (Frarey, 1950). The contact is exposed along the 
shore of Lostfrog Lake (Fig. 1) where mafic to intermediate 
tuff is juxtaposed with sandstones. Both units are intensely 
silicified and there is evidence of millimetre-scale brecciation. 
The alteration is overprinted by S2, suggesting alteration and 
brecciation, possibly related to faulting, occurred pre- to 
syn-S2lF2. At location E (Fig. 1) an aphanitic felsic igneous 
rock within the volcanic package, is brecciated near the 
contact with Missi sandstones. The breccia fragments in a 
quartz matrix are stretched parallel to L2, supporting pre- to 
syn-S2lL2 faulting. Furthermore, absence of the lower Missi 
conglomerate suggests the contact is faulted (Stuart Bay 
Fault; Fig. 1). This fault is interpreted to extend from Roberts 
Lake, where it is apparently truncated by the Roberts Lake 
Fault (Fig. I), south to Puella Bay where it is folded by F3 
structures (Fig. 1,2). 

Stuart Lake Fault 

Stuart Lake Fault occurs within the eastern Missi Group rocks 
and disrupts the hinge of the F2 anticline between Stuart and 
Lostfrog lakes (Fig. 1). This fault was first interpreted by 
Shanks and Bailes (1 977). The continuation of this fault south 
of Stuart Lake or north of Lostfrog Lake is uncertain due to 
poor outcrop. 

Roberts Lake Fault 

Roberts Lake Fault (Frarey, 1950; Bailes, 1985) juxtaposes 
the North Roberts Lake mafic volcanic package with the 
eastern Missi Group package (Fig. 1, 2). Frarey (1950) 
interpreted this fault to die out west of the Stuart Bay Fault, 
but absence of the lower Missi Group and truncation of the 
Stuart Bay Fault suggest substantial movement. Based on 
existing mapping, it appears most likely that the fault changes 
orientation and continues north (Fig. 1) rather than dying out. 
Although the most likely location for the fault is along the 
north-striking section of the contact between mafic volcanic 
rocks and Missi Group, this contact is stratigraphic, not 
faulted (as discussed above). The Roberts Lake Fault is 
therefore interpreted to cut up section into the Missi 
sedimentary rocks and juxtapose this sequence of mafic 
volcanic and Missi sedimentary rocks with the western Missi 
package along a fault mapped by Frarey (1950) (Fig. 1). The 
change in orientation of this fault (Fig. 1) may result from 
intersection of a curving fault (due to ramping or folding) with 
the erosion surface. 

PRELIMINARY TECTONIC 
INTERPRETATION 

Overprinting relationships indicate that the Crowduck Bay and 
Stuart Bay faults formed pre- to syn-S2, but syn-SUF2 devel- 
opment is favoured because both are subparallel to S2. 

Furthermore, the association of faulting with this fold/cleavage 
forming event is supported by the commonly sheared/faulted 
limbs on mesoscopic folds (Fig. 7c). Although the Herb Lake 
and Stuart Lake faults cut F2 hinges, they are subparallel to 
S2, and may have formed during the same period of folding 
and faulting. 

This temporal association between F2 folding and faulting 
suggests development in either a fold and thrust belt or a 
terrain dominated by steep strike-slip or reverse faults with 
signiFicant shortening perpendicular to these faults (i.e. transpres- 
sion). The fold and thrust belt hypothesis is favoured due to the 
progressive northward shallowing of F2 and L2 plunges (Fig. 2) 
which appears to be primary, suggesting that F2 folds (and 
associated faults) originated as steep structures in the south and 
as shallow structures in the north (cf. Murphy, 1987). This 
geometry is consistent with thrusting of deeper structural levels 
southwest over low grade rocks. However, the axial trace of the 
F2 folds and fault traces trend north-northeast parallel to the 
stretching lineation, and theF2 anticline along Stuart Lake closes 
to the northwest (after removing F3 effects) favouring north- 
west-directed movement on the faults. The relationship between 
folds and the extension lineation requires further evaluation. It 
is possible that F2 folds formed parallel, or were rotated parallel, 
to the extension direction. 

Pre- to syn-S2 porphyroblast growth indicates that meta- 
morphism occurred during this stage of shorteninglthicken- 
ing. This also suggests that, in order to account for syn-F2lS2 
metamorphism, substantial thickening must have occurred 
prior to this phase of deformation. It is likely that pervasive 
deformation during folding (F21S2) and related faulting may 
have obliterated most pre-existing structures. 

This study presents some of the first evidence of fold- 
thrust belt tectonics in the Trans-Hudson Orogen. This is 
significant in a collisional orogen where relatively few low- 
angle faults have been recognized, and provokes questions 
regarding the structural geometry throughout the region. The 
association between increasing metamorphic grade and shal- 
lowing of structures (as in the File Lake area; Connors and 
Ansdell, 1994) has implications for the transition between the 
Flin Plon and Kisseynew domains elsewhere. Although fur- 
ther work remains to be done, this model may have significant 
implications for tectonic interpretations throughout the 
Trans-Hudson Orogen. 

CONCLUSIONS 

1. The east Wekusko Lake map area is dominated by a series 
of lithologically distinct, fault-bounded packages. 

2. These rock packages were juxtaposed by bedding-parallel 
(and S2-parallel) faults which formed in association with 
the F2 folds, and may represent a fold-thrust belt. 

3. Metamorphism was contemporaneous with F2 folding 
and associated faulting. 
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Glacial dispersal and drift composition, Rice Lake 
Greenstone Belt, southeastern Manitoba1 

P.J. Henderson 
Terrain Sciences Division 

Henderson, P.J., 1994: Glacial dispersal and drift composition, Rice Lake Greenstone Belt, 
southeastern Manitoba; & Current Research 1994-C; Geological Survey of Canada, p. 205-214. 

Abstract: Quaternary geology mapping and till sampling in the Rice Lake Greenstone Belt is oriented 
toward understanding the major factors influencing mineral exploration using drift prospecting. These 
factors include: the nature of glacial dispersal, bedrock composition, and the extent of postglacial 
weathering. Ice flow indicators and patterns of glacial dispersal of clasts from known sources indicate the 
area was glaciated predominantly by ice flowing southwest during the last glaciation. Near Lake Winnipeg, 
the striation record is more complex. Older striae indicate ice flow toward the south-southwest, southeast, 
and south, although relative ages are unclear. Trace element concentrations in the <0.063 mm fraction of 
till reflect bedrock composition, and anomalous gold values are directly related to known occurrences or 
zones of gold mineralization. In vertical profiles, variations in trace element values show patterns related 
to postglacial weathering. These effects are minimized at depths over 0.6 m, which suggests the zone below 
may provide the most consistent sample medium. 

R6sum6 : La cartographie des dCp6ts meubles et I'Cchantillonnage des tills dans la ceinture de roches 
vertes de Rice Lake ont pour but de nous renseigner sur les facteurs principaux qui influencent l'application 
des mCthodes de la gCologie du Quaternaire A l'exploration minCrale. Ces facteurs comprennent : la nature 
de la dispersion glaciaire, la composition de la roche en place et le degrC d'altkration postglaciaire. Les 
indicateurs d'Ccoulement glaciaire et le mode de dispersion glaciaire de cailloux a partir d'une source connue 
indiquent que la rCgion a CtC englade par des glaciers s'Ccoulant vers le sud-ouest durant la dernikre 
glaciation. Pres du lac Winnipeg, les stries indiquent un patron plus complexe. Des stries antkrieures 
indiquent un Ccoulement glaciaire vers le sud-sud-ouest, le sud-est et le sud. Cependant, leurs ages relatifs 
demeurent incertains. La concentration d'C1Cments traces dans la fraction inferieure 21 0,063 mm du till 
reflete la composition de la roche en place et les valeurs anomales d'or sont relites directement a la prbence 
d'or dans la roche en place. Dans les profils verticaux, les variations des valeurs des ClCments traces 
indiquent des patrons associCs a I'altCration postglaciaire. Ces effets sont rkduits a des profondeurs 
sup6rieures A 0,6 m, ce qui suggkre que cette zone pourrait reprksenter la matitre d'kchantillonnage la plus 
consistante. 

' Contribution to Canada-Manitoba Partnership Agreement on Mineral Development (1990- l995), 
a subsidiary agreement under the Canada-Manitoba Economic and Regional Development Agreement. 
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During 1993, surficial geology mapping and drift sampling 
continued in the westernmost part of the Rice Lake Greenstone 
Belt, southeastern Manitoba (Henderson, 1993). This study is 
oriented toward developing drift prospecting methods specific 
to the area as part of the joint Canada-Manitoba Partnership 
Agreement on Mineral Development. The main objectives are 
to establish a regional geochemical database and provide a 
geological framework for interpreting the glacial dispersal of 
components of till derived from mineralized bedrock. The 
greenstone belt has a high potential for gold and base metal 
mineralization, with many reported occurrences dating back 
from the first gold discovery in 191 1 (Theyer, in press). 

Prior to this study, the Quaternary geology was mapped 
at 1:100 000 scale based on air photo interpretation with 
limited ground observations (Nielsen, 1980). Local studies 
relating to aggregate resources (Berssenbrugge, 1986) and 
placer gold deposits of the Manigotagan area (NTS 62Pl1) 
have been published (Nielsen, 1986; Nielsen and Dilabio, 
1987). Relevant Quaternary geology studies in the interlake 
district west and south of the study area concentrated on 
assessing aggregate reserves and defining ice flow history 
(Groom, 1985), and till geochemistry and glacial stratigraphy 
(Nielsen, 1989). 

This paper is based on the results of field investigations 
during the summers of 1992 and 1993. It summarizes glacial 
dispersal as indicated by ice flow measurements and glacial 
transport of specific lithologies from known outcrop areas. 
Till geochemistry will also be examined to determine lateral 
and vertical variation in drift composition. All these aspects 
of the project are fundamental to drift prospecting. They 
provide a means of determining the extent of glacial erosion 
and transport, provenance control on till geochemistry, and 
the effectiveness of the sampling methodology. 

REGIONAL SETTING 

The study area is located in southeastern Manitoba, within the 
Superior structural province of the Canadian Shield and near 
the margin of Phanerozoic cover (Fig. 1). It is underlain 
primarily by Archean supracrustal and intrusive rocks of the 
southeasterly trending Rice Lake Greenstone Belt, which is 
in fault contact to the north and south with plutonic and 
gneissic rock types (McRitchie and Weber, 1971). Paleozoic 
quartz sandstone and dolomite outcrop along the western 
margin of the study area, on the shore and some islands of 
Lake Winnipeg. 

The area was glaciated by ice flowing primarily from the 
northeast (Manitoba Mineral Resources Division, 1981). 
During ice retreat, the entire area was inundated by glacial 
Lake Agassiz resulting in extensive deposition of glacio- 
lacustrine sediments within topographic lows (Nielsen, 
1980). These deposits are up to 10 m thick and consist of 
glaciolacustrine rhythmically bedded sand, silt, and clay and 
glaciofluvial ice-contact deposits modified by lacustrine 
processes. At higher elevations, drift deposits are generally 

thin and discontinuous, with thicker accumulations of till 
occurring in depressions or on the down-ice side of bedrock 
knobs. In most of the area, only one till is recognized. 

On Black Island and the mainland adjacent to Lake Winnipeg, 
overlying lithologically distinct tills have been observed that 
may represent a multiple ice flow history. In these sections, 
till composed predominantly of clasts derived from Paleozoic 
sources overlies Precambrian derived till. Striation patterns 
are also more complex near the lake, with older striae indicat- 
ing ice flow towards the south, south-southwest, and south- 
east. This complexity may be related to the interaction 
between southwesterly ice flow and southeasterly flowing ice 
(the Red River Lobe) recognized west and south of the lake 
(Groom, 1985; Nielsen, 1989) (Fig. 1). In both these areas, 

Mesosoic sedimentary rocks STUDY AREA 

Paleozoic carbonate rocks 

PRECAMBRIAN 
Metavolcanic-metasedimentary \ Major 
greenstone belts & associated 

Figure I .  Location map for the study area showing major 
moraines and regional icejbw trends (after Presr et a/., 1968). 
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ice flow toward the southwest was found to predate ice flow 
toward the southeast. Till associated with the younger flow 
has been interpreted as a late glacial deposit formed by the 
readvance of an ice lobe into glacial Lake Agassiz (Groome, 
1985). 

BEDROCK GEOLOGY AND GOLD 
MINERALIZATION 

The Archean Rice Lake Greenstone Belt trends east-southeast 
across the study area (Stockwell, 1938; Russell, 1949; Davies, 
1950; Ermanovics, 1970; McRitchie and Weber, 1971). It 
consists of a sequence of folded and faulted metavolcanic and 
metasedimentary rocks of the Rice Lake Group which is 
intruded by quartz diorite plutons, mafic sills and dykes, and 
ultramafic plugs, and is unconformably overlain by meta- 
sedimentary rocks of the San Antonio Formation, primarily 
feldspathic quartzite. Margins of the greenstone belt are in 
fault contact with plutonic and gneissic rocks of the 
Wanipigow River plutonic complex and the Manigotagan 
gneissic belt to the north and south, respectively. Ultramafic 
intrusions occur as discontinuous sepentinized lenses within 
the Wanipigow River plutonic complex (Scoates, 1971). 

Known mineralization is largely limited to gold, although 
mafic and ultramafic bodies in the area have been examined 
as potential environments for massive sulphide and/or plati- 
num group mineralization (Theyer, 1987; Weber, 1991). In 
other areas of Manitoba, a relationship has been recognized 
between nickel sulphide deposits and discrete ultramafic 
intrusions (e.g., Lynn Lake Gabbro); however the relevant 

minerals are rare in the Rice Lake area (Scoates, 1971). 
Hydrothermal alteration in the mafic metavolcanic rocks near 
English Brook does indicate a potential for volcanogenic 
massive sulphide deposits (Weber, 1991). 

Gold mineralization in the area is structurally controlled. 
It is confined predominantly to auriferous quartz veins in 
shear zones hosted by mafic intrusions. Gold occurs as 
particles in micro-crystalline quartz or disseminated in sul- 
phide minerals, particularly pyrite, arsenopyrite, and chalco- 
pyrite, occurring as small inclusions or brecciated veinlets. 
Gold content of the veins varies widely depending on the 
chemical and mineralogical composition of the enclosing 
wall rock (Amukum and Turnock, 1971). Occurrences are 
erratically distributed and, in several places, have exhibited 
high grade with small tonnage. Over 1.5 million oz. gold have 
been produced from the region with 80% coming from the 
San Antonio mine in Bissett, which is no longer in production 
(Stephenson, 197 1 ). 

ICE FLOW INDICATORS 

Throughout the area, exposed bedrock surfaces are com- 
monly striated, polished, and glacially moulded. There is a 
continuum in the dominant striation direction which ranges 
from 227" to 260°, indicating regional ice flow toward the 
southwest. The more westerly measurements (2.50"-260") are 
concentrated within the Wanipigow River valley and near 
Lake Winnipeg (Fig. 2a). On faceted outcrops, where relative 
ages are preserved, these trends predate the more widespread 
238"-244" striation orientations, although this relationship is 

Figure 2 a  Map of the study area showing striation trends and relative ages (1 = oldest), where possible. 
Dashed striae indicate poor definition; double-sided striae signify iceflow direction unknown. 
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not consistent throughout the area. Toward Lake Winnipeg, 
more south-southwesterly (227"-233') oriented striae are pre- 
sent and, where relationships are preserved, these appear 
older than both southwesterly trends (Fig. 2b). 

In the English Brook area (NTS 62P/1), near Lake Winnipeg, 
the striation record is more complex. Along the shore and at 
the mouth of the Manigotagan River, older striae indicating 
ice flow toward the south-southwest (210"-218"), and south- 
east (140"-100") have been recognized. Southerly trending 
striae (180"-195") have also been measured near the mouth 
of the Manigotagan River, at English Lake, and the southeast- 
em margin of the study area. These orientations are all older 
than the regional southwesterly trend; where preserved, ice 
flow to the south appears to postdate flow to the south-south- 
west. The relative age of southeasterly and southerly trending 
striae is unknown. 

The significance of these relative ages is not fully under- 
stood. The wide range in striae orientations and inconsisten- 
cies in relative ages in the Rice Lake area may result, in part, 

from local variation in striae directions related to outcrop 
shape. More likely, however, this striae pattern was developed 
through the repetition of several similar ice flow events 
through time such as, several glaciations, andor the interac- 
tion of ice lobes, andlor a fluctuating ice margin during 
deglaciation. Although southerly and southeasterly striation 
orientations are similar to those in the interlake area (Groom, 
1985; Nielsen, 1989), the relative ages are opposite to those 
observed in this study. 

GLACIAL DISPERSAL AND 
DRIFT COMPOSITION 

The following discussion is based on data from samples 
collected in 1992 from the western half of the study area 
(NTS 52M14). Glacial dispersal in that area is influenced 
solely by ice flow to the southwest. 

NTS 52 VM 

Youngest 

- 180' - 195' Oldest 

Age relative to striae sets immediately above and below unknown 

Figure 2b. Generalized interpretation of the ice flow history in the region. Symbols lacking 
arrowheads indicate trends. 
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The till is characteristically a grey to grey-brown sandy down-ice side of bedrock knobs. It is commonly capped by 
diamicton (40-80% sand), noncalcareous, commonly stoney, a bouldery mantle of unsorted debris, or a veneer of fine 
massive to poorly stratified with sandy lenses andlor string- grained to sandy glaciolacustrine sediment. In the major river 
ers, and generally loose. In highland areas dominated by valleys, till occurs on the down-ice side of bedrock-controlled 
bedrock, it forms a single discontinuous veneer with thicker topographic highs, where overlying glaciolacustrine sedi- 
accumulations occurring in depressions or as tails on the ments thin. These lee-side deposits are commonly complex, 

IIUTRUSIVE ROCKS 

Metagabbro 

E l  Quartz feldspar porphyry 

MANIGOTAGAIV I WANIPIGOW RIVER 
COMPLEXES 

1 1 Granitoid and gneissic rocks 

RICE LAKE GREENSTONE BELT 

Meta quartz diorite and/or gneiss 

Metavolcanic and metasedimentary 
rocks 

.............. .............. .............. San Antonio Formation: metasedimentary 
rocks 

Figure 3. Distribution of granitoid clasts (4-8 mm fraction) in till. Geology is simplified from Theyer 
(in press). As expected, concentrations generally decrease ffom north to south across the greenstone 
belt. Iceflow is toward the southwest. 
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comprising interbedded diamicton, sand, and gravel, how- 
ever, there is no evidence to suggest that they represent 
stratigraphic sequences deposited by multiple flow events. 

Procedure 

Approximately 110 sediment samples have been collected 
from the area (NTS 52Ml4) at approximately 1-5 km spacing 
depending on access. Samples were obtained primarily from 
pits hand dug to bedrock or 1.0 m depth and, in nearly all 
cases, were collected below the A and B soil horizons. Occa- 
sionally, where sections were exposed, samples were col- 
lected in vertical profile in order to assess weathering effects 
and local variability. Till is the preferred sample medium, 
although this material may be extensively reworked so that 
texturally it approaches a poorly sorted sandy gravel, lacking 
the fine grain sizes characteristic of till. 

The <0.002 mm (clay) and <0.063 mm (silt and clay) 
fraction of tills has been analyzed for trace metal content. In 
addition, the carbonate content, texture, and pebble composi- 
tion (4-8 mm fraction) have been determined. Clay was 
separated by centrifuge and decantation; silt and clay by dry 
sieving. Both fractions were analyzed using standard ICP- 
AES multi-element packages by Chemex, Inc. after nitric- 
aqua regia digestion. Gold platinum, and palladium were 
analyzed using the <0.063 mm fraction by ICP-AES fire assay 
techniques. Pebble counts were done by Consorminex Inc. 

Pebble composition 

Because the greenstone belt is oriented approximately per- 
pendicular to ice flow direction, analysis of the pebble frac- 
tion (4-8 mm) of till provides a direct method of assessing the 
extent of glacial transport in the area. Pebble lithologies were 
broadly divided into two groups: those specific to the green- 
stone belt (e.g., felsic and mafic metavolcanic and meta- 
sedimentary rocks) and those derived from plutonic and 

gneissic sources. The relative proportion of each group was 
determined by weight based on 250 pebbles. The distribution 
of plutonic and gneissic pebbles in till is shown in Figure 3. 

As expected, the pebble fraction of tills overlying grani- 
toid terrane north of the greenstone belt is composed almost 
entirely of these rock types. Within the greenstone belt, the 
proportion of granitoid pebbles drops to about 50% about 
2 km down-ice from the contact due to the incorporation of 
metavolcanic and metasedimentary rocks. Where small 
intrusions are present within the greenstone belt, concentra- 
tions of granitoid clasts are commonly elevated slightly. In 
other areas, specifically southeast of Saxton Lake, granitoid 
percentages exceed 90% up to 1 km down-ice from the 
granitoidgreenstone contact. This implies that in this area, 
at least, rocks of the greenstone belt were not subjected to 
glacial erosion when the till was deposited, or greenstone 
lithologies broke down to clast sizes finer than pebbles. 

The northern contact between the granitoid terrane and 
greenstone belt is coincident with the Wanipigow River val- 
ley. Discontinuous deposits of interbedded glaciofluvial 
sand and gravel interpreted as subaqueous outwash are pre- 
sent along the valley margin. Therefore, one possible expla- 
nation for observed undiluted granitoid transport across the 
contact may be the presence of subglacial meltwater streams 
along the valley floor. This would cause the glacier to essen- 
tially ride over the contact area and deposit its load further 
down-ice, without eroding local bedrock or previously depos- 
ited glaciofluvial debris. 

Regional till geochemistry 

On a regional scale, trace element concentrations in till tend 
to reflect bedrock composition. Anomalous values, commonly 
defined at the 95th percentile, have been used to delineate 
potential areas of mineralization. When the geochemical 
database is treated as a single population, however, anoma- 
lous values defined internally may, in some instances, be 

Table 1. Summary statistics of trace element concentrations with bedrock lithology (~0.063 mrn fraction). 

Greenstone 
Lithologies 
(combined) 

Total Volcanics 
(MalicIFelsic) 

San Antonio Fm. 
(Melasedimentary 
Rocks) 

A.M. = Arithmetic Mean S.D. = Arithmetic Standard Deviation 95* = 95* percentile 

42 

28 

8 

4.8 

3.7 

12.0 

4.3 

2.2 

15.1 

26 

14 

64 

34.3 

34.5 

30.7 

9.5 

8.6 

6.4 

121 

64 

- 

26.9 

28.6 

21.4 

9.8 

11.0 

7.6 

63 

66 

- 

21.6 

21.8 

16.9 

7.6 

6.0 

3.6 

51 

40 

- 

8.7 

7.7 

8.6 

4.4 

3.6 

4.1 

22 

20 

- 

34.9 

37.6 

31.3 

12.0 

10.8 

11.5 

66 

60 

- 
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more representative of high background levels pertaining to For some elements, differences in mean values are related 
specific bedrock types or geological settings than part of a to differences in gross lithology (Table 1). Results suggest 
dispersal train from a mineralized zone. that background concentrations of base metals in the green- 

In order to evaluate the variation in background levels 
related to regional variation in bedrock lithology in the Rice 
Lake area, statistics were calculated for Au, Cr, Cu, Ni, Pb, 
and Zn using the total population and several subpopulations 
related to the bedrock lithology associated with the till sample 
(Table 1). Chosen elements reflect the main types of mineral- 
ization in the area. Subpopulations represent broad litho- 
logical groups: one representing gneissic and plutonic 

stone belt, particularly Cu, Ni, and Zn (shown in bold-type), 
are elevated compared to those of the granitoid terrane and 
the total population. The geochemical signature is undoubt- 
edly diluted to some extent by glacial transport of debris 
derived from granitoid sources north and within the green- 
stone belt, as indicated from examination of the pebble frac- 
tion, however, differences are not so great as to affect the 
recognition of anomalous values. 

(granitoild) sources, the other sources related to the greenstone Although the background levels for base metals are de- 
belt itself. Concentrations greater than the 95th percentile or pressed in granitoid lithologies, the standard deviations are 
less than the 5th percentile were eliminated from calculations high and indicate that the range in values for this subpopulation 
since these extreme values distort background concentrations. exceeds that of any other lithological group. In fact, the 95th 

I Gold Distribution (ppb) ( / 

Gold deposit / occurrence 

Figure 4. Gold distribution in till (<0.063 mm fraction). Highest concentrations are generally 
associated with areas or zones of known gold occurrences. High concentrations are also present 
down-ice from the San Antonio mine on the north shore of Rice Lake. Bedrock geology legend 
is shown in Figure 3. 
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percentile is much greater for granitoid rocks (i.e., Cu - 1 10 ppm 
in granitoids, 66 ppm in total population, 63 ppm in green- 
stone lithologies). Because of the low background in grani- 
toid terrane, the anomalies in this area are very significant and 
indicate areas for more detailed follow-up studies. 

There is very little difference in Cr and Au background 
levels between groups, with the significant exception of gold 
values associated with the San Antonio Formation (although 
the sample number is small; Table 1). The regional distribu- 
tion of gold in till is shown in Figure 4. Abundances exceed- 
ing 10 ppb in soil are considered significant (Dilabio, 1982). 
Highest values are west and southwest of Rice Lake. Those 
to the southwest are directly down-ice from the San Antonio 
mine, the former major gold producer in the area, as well as 
several other known occurrences. Other samples with high 
concentrations east of Rice Lake and west of Saxton Lake are 
located along a zone of known gold mineralization but cannot 
be directly related to particular occurrences. In general, gold 
appears to be erratically distributed and mirrors the localized 
nature of gold mineralization in the Rice Lake Greenstone 
Belt (Stephenson, 1971). 

Till geochemical profiles 

In order to determine postglacial weathering effects and local 
variation in trace element composition, samples were col- 
lected from vertical profiles in till. In most cases, the till 
appeared massive with no, or little, variation in texture 
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or sedimentary structures indicative of facies changes. The 
B horizon is generally thin, averaging 30 cm. At several sites, 
particularly in lee-side situations, diamictons may overlie or 
interfinger with stratified sediments. An example is shown 
in Figure 5 which represents a section exposed along a log- 
ging road at a well drained site on the northern margin of the 
Wanipigow River valley (east of Saxton Lake) at the northern 
contact between the greenstone belt and the granitoid terrane. 

The section consists of a sandy diamicton with clasts up 
to 30 cm diameter. The humus is thin (approximately 2 cm). 
It is underlain by 10-15 cm of light grey brown, fine sandy 
diarnicton containing rounded to subangular cobbles, repre- 
senting the upper B horizon. It is underlain by 55 cm of the 
more Fe-stained material characteristic of the lower B hori- 
zon, a red-brown, loose, homogeneous sandy diamicton; 
clasts appear slightly more angular. The contact with the 
underlying grey-brown, sandy diamicton is gradational. This 
unit is approximately 140 cm thick and is characteristic of the 
C horizon. It is fairly compact with sand stringers or lamina- 
tions and a strong subhorizontal fissility near the base of the 
unit. A basal contact with sand is sharp and has ared coloura- 
tion indicative of Fe-oxide accumulation. Till fabrics are 
moderately well developed with preferred orientations in the 
lower part of the unit parallel to the regional ice flow (245") 
(Fig. 5). In the upper part of the unit, the fabric is oriented 
north-south (179') which is more likely a response to the local 
topography than the southerly ice flow recognized near Lake 
Winnipeg. Based on the fabrics and sedimentology, the 
diamicton probably represents a subglacial till. 

TILL G E O C H E M I S T R Y  ( < 0 . 0 0 2 m m )  

Figure 5. Till sedimentology and vertical variation in trace element concentration. Section located 
on the northern margin of the Wanipigow River valley near the contact between the greenstone belt 
and granitoid terrane to the north. 
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Till geochemistry (<0.002 mm) throughout the section 
shows definite patterns which can primarily be related to the 
postglacial soil forming processes. Cr, Cu, Ni and Pb concen- 
trations are depressed near the top and increase down-section, 
while Fe and Zn are elevated in the upper part of the section 
and decease downward. At approximately 0.7 m from the 
surface, trace element concentrations appear to stabilize, and 
the diamicton becomes more grey. This zone represents the 
B/C soil horizon transition and material collected below this 
zone, although oxidized, would provide a consistent sampling 
medium for hand dug samples. 

Throughout the section, As, Pb, and Hg concentrations 
show more variability than other elements. It is also note- 
worthy that near the base of the diamicton unit Cr, Cu, Fe, Ni, 
and Zn concentrations in the clay fraction are all elevated to 
varying degrees. This may be a result of textural differences 
in the lower part of the unit (i.e., increased sand content which 
would result in increased porosity and increased mobility of 
ions) or part of a glacial dispersal train and indicative of 
mineralization. 

DISCUSSION 

During glaciation, bed material (either bedrock or previously 
deposited sediment) is eroded and deposited down-ice from 
source. Therefore, an understanding of glacial dispersal and 
other factors affecting till composition is fundamental to drift 
prospecting for mineralization. Drift composition results 
from the interplay of many variables including: 

1. The ice flow history of the area, particularly the direction 
or directions of ice flow and the number of events. 

2. The response of the glacier to local variables such as 
topography, and bed composition during glaciation and 
deglaciation. This affects ice flow and the way debris is 
eroded, transported, and deposited by the glacier. 

3. The type, size, and erodibility of the bedrock and the 
effects of regional variation in bedrock lithology on till 
composition. The type of mineralization will also 
influence dispersal patterns of relevant trace elements or 
minerals. 

4. Postglacial weathering effects on till composition. 

Within the study area, striations indicate a consistent 
direction of glacial transport toward the southwest which 
appears to be related to events associated with the last glacia- 
tion (Late Wisconsin). Minor variations in trends may be a 
response of the glacier to local topographic irregularities. 
Interbedded diamicton and sand deposits occurring on the 
lee-side of bedrock knobs are interpreted as subglacial depos- 
its, and are not indicative of multiple flow events. Toward 
Lake Winnipeg, the ice flow patterns are more complex with 
striations recorded that indicate ice flow toward the south, 
southeast, and south-southwest, although the relative ages are 
unclear. Stratigraphy and ice flow indicators observed within 
this region suggest the interaction of several glacial events or, 
more likely, ice lobes. 

The general direction of sediment transport, as indicated 
by the distribution of granitoid lithologies in till, is from north 
to south across the greenstone belt. This is consistent with the 
observed ice flow in the area, but is not detailed enough to 
define specific dispersal trains. The pattern of glacial disper- 
sal suggests that topography may have influenced the ability 
of the glacier to erode bedrock at a local scale. 

On a regional scale, trace element concentrations in till 
reflect bedrock composition. For some elements, particular1 y 
base metals, background values are elevated compared to 
those of the granitoid terrane and the total population. These 
differences do not affect the recognition of anomalous values 
defined at the 95th percentile, however. The regional distri- 
bution of gold in till appears to be related to known gold 
occurrences or zones of known mineralization. 

Postglacial weathering effects and local variation in till 
geochemistry was assessed from vertical profiles in till. The 
observed geochemical variation with depth indicates that, on 
a detailed scale, postglacial processes and textural variation 
in till could be important in mineral exploration. On a 
regional scale, however, trace element values stabilize after 
approximately 0.6 m depth, at most, indicating that material 
collected below this level would provide a consistent sam- 
pling medium for till sampling programs. 
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Phanerozoic Precambrian basement south of 
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Leclair, A.D., Lucas, S.B., Scott, R.G., Viljoen, D., and Broome, J. ,  1994: Regional geology and 
geophysics of the sub-Phanerozoic Precambrian basement south of the Flin Flon-Snow 
Lake-Hanson Lake Belt, Manitoba-Saskatchewan; Current Research 1994-C; Geological 
Survey of Canada, p. 215-224. 

Abstract: Regional geological mapping of the sub-Phanerozoic segment of the Flin Flon-Snow 
Lake-Hanson Lake Belt (Trans-Hudson Orogen) involved the interpretation of potential field data combined 
with relogging of industry drill core. This approach has permitted the subdivision of the buried Precambrian 
basement into eight principal domains which are defined by their distinct lithostructural characteristics and 
aeromagnetic-gravity anomaly patterns. The Amisk Lake, Athapapuskow, and Clearwater domains are 
characterized by northerly trending positive gravity anomalies and correlate with volcanic assemblages 
(Amisk Group) on the exposed shield. The Namew Gneiss Complex and Cumberland Domain are marked 
by complexly distributed orthogneiss and paragneiss packages. Late-tectonic granite of the Cormorant 
Batholith and Windy Lake Pluton are centred over low-intensity aeromagnetic and gravity anomalies. The 
sub-Phanerozoic portion of the Hanson Lake Block, bounded by the Sturgeon-weir Shear Zone and 
Tabbemor Fault Zone, is subdivided into two volcano-plutonic subdomains by the Suggi Lake Fault. 

RCsumC : La cartographie rtgionale du segment subphankrozoi'que de la ceinture de Flin Flon-Snow 
Lake-Hanson Lake (orogkne trans-hudsonien) a impliquk I'interprktation de donntes de champs de  potentiel 
jumelte au rkexamen de carottes de forage recueillies par l'industrie. Cette approche a permis la subdivision 
de la partie enfouie du socle prtcambrien en huit domaines principaux, dtfinis par leurs caracteristiques 
lithostructurales et leurs patrons d'anomalies atromagnttiques et gravimktriques. Les domaines d'Amisk 
Lake, d'Athapapuskow et de Clearwater se caractkrisent par des anomalies gravimttriques positives de 
direction gCnCrale nord et peuvent &tre corrtlts avec les assemblages volcaniques (Groupe d'Amisk) de la 
partie affleurante du bouclier. Le complexe gneissique de Namew et le domaine de Cumberland se 
distinguent par des unit& d'orthogneiss et paragneiss prksentant une rkpartition complexe. Les granites 
tarditectoniques du batholite de Cormorant et du pluton de Windy Lake sont centrb sur des anomalies 
atromagnttiques et gravimktriques de basses intensitks. La portion subphankrozoi'que du bloc d'Hanson 
Lake, limit6 par la zone de cisaillement de Sturgeon-weir et la zone de faille de Tabbemor, est subdiviske en 
deux sous-domaines volcano-plutoniques par la faille de Suggi Lake. 

' Contribution to Canada-Manitoba Partnership Agreement on Mineral Developrne'nt (1990- l995), 
a subsidiary agreement under the Canada-Manitoba Economic and Regional Development Agreement. 
Contribution to Canada-Saskatchewan Partnership Agreement on Mineral Development (1990-l995), 
a subsidiary agreement under the Canada-Saskatchewan Economic and Regional Development Agreement. 
NATMAP Shield Margin Project 

4 Ottawa-Carleton Geoscience Centre, Department of Geology, University of Ottawa, Ottawa, Ontario KIN 6N.5 
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INTRODUCTION 

Regional geological mapping of the sub-Phanerozoic Pre- 
cambrian basement south of the Flin Flon-Snow Lake-Hanson 
Lake Belt represents one of the fundamental geoscientific 
components of the NATMAP Shield Margin Project (Lucas, 
1992). Sub-Phanerozoic interpretation studies span across 
parts of three 1:250 000 scale map areas (99°-103030'W in 
635, 63K, and 63L; Fig. 1). They involve the integration of 
results from interpretation of aeromagnetic and gravity data 
with systematic regional mapping of industry drill core (see 
Leclair et al., 1993a), and have been supported by a diamond 
drilling program (Leclair and Weber, in press). The principal 
goal of these studies is to develop a series of interpretive geologi- 
cal maps at 1 : 1 00 000 scale for the sub-Phanerozoic Precambrian 
basement. The results of the initial work carried out in the 
Cormorant Lake area, 63K (Leclair et al., 1993a) have been 
incorporated in a 1:250 000 scale bedrock compilation map of 

both exposed and sub-Phanerozoic Precambrian geology (Lu- 
cas and NATMAP Shield Margin Project Group, 1993). The 
following paper complements this work and presents the 
outcome of regional mapping in the Amisk Lake area, 63L, 
to the west. 

South of the shield margin, the coverage of high resolution 
vertical gradient and residual total field aeromagnetic data 
encompasses most of the project area (Geological Survey of 
Canada, 1993). A Bouguer gravity image derived from -1 000 
gravity stations also covers the same area (Broome et al., 
1993). The interpretation of these data combined with drill 
core data from more than 700 diamond drillholes has led to 
the recognition of several geological-geophysical elements in 
the sub-Phanerozoic Precambrian basement (Leclair et al., 
1993a, b, c). In this report, we briefly describe the geophysi- 
cal and interpreted geological characteristics of each of these 
distinct elements. 

Phanerozoic Trans-Hudson Orogen 
0 Sedimentary Marginal Basin/Collisional 0 Arc Volcanic and 

Rocks Sedimentary and Plutonic Rocks Plutonic Rocks 

0 Arc Plutonsl 
Faults Mixed Gneisses 

Continental Margin 
@ Deposits/Reworked 

Basement 

Figure I .  General geological map showing the principal elements of the Flin Flon-Snow 
Lake-Hanson Lake Belt and the location of the Cormorant Lake (63K) and Amisk Lake (63L) areas. 
ALSZ - Athapapuskow Lake Shear Zone; CKD - Central Kisseynew Domain; FFB - Flin Flon Belt; 
G D  - Glennie Domain; HLB - Hanson Lake Block; NGC - Namew Gneiss Complex; SC - Superior 
Craton; SFKD - South Flank of Kisseynew Domain; SWF - Sturgeon-weir Fault; TB - Thompson 
Belt; TF - Tabbernor Fault. 
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GENERAL GEOLOGICAL AND 
GEOPHYSICAL FRAMEWORK 

The Flin Flon-Snow Lake-Hanson Lake Belt of the Trans- 
Hudson Orogen, well known for its volcanogenic massive 
Cu-Zn sulphide deposits, comprises juvenile arc, oceanic, 
basinal sedimentary, and plutonic rocks. Arc magmatism and 
accretion occurred in the interval between 1.91 and 1.83 Ga 
and were accompanied by multiphase deformation and sub- 
greenschist- to amphibolite-facies regional metamorphism 
(Gordon et al., 1990; Lewry et al., 1990). These rocks are 
structurally overlain to the north by gneisses of theKisseynew 
Domain, and are covered unconformably by Phanerozoic 
sedimentary rocks to the south (Fig. 1). To the west, they are 
separated from the Glennie Domain, a similar 1.91-1.83 Ga 
juvenile volcano-plutonic belt, by the Tabbernor Fault Zone. 
The regional along-strike continuity of prominent aero- 
magnetic and gravity anomaly patterns indicates that the Flin 
Flon-Snow Lake-Hanson Lake Belt extends beneath the 
south-dipping Phanerozoic cover (Blair et al., 1988; Leclair 
et al., 1993a, b), possibly to 46ONlatitude (Green et al., 1985). 
The diminishing amplitude of the aeromagnetic anomalies 
towards the south correlates with increasing Phanerozoic 
cover thickness, and suggests that the causative bodies for the 
anomalies lie in the Precambrian basement. 

MAJOR GEOLOGICAL-GEOPHYSICAL 
ELEMENTS OF THE BURIED 
PRECAMBRIAN BASEMENT 

The regional structural grain of the buried Precambrian base- 
ment rocks trends north-northeast, as indicated by the aero- 
magnetic anomaly patterns (Fig. 2). This mimics structural 
trends on the exposed shield and implies that lithological and 
structural correlations exist between certain exposed geologi- 
cal elements and their inferred sub-~hanerozoic counterpak. 
The structure of the buried basement can be depicted from the 
trend of striated magnetic anomaly patterns combined with 
drill core data (see Fig. 4). The strike and dip direction of 
basement structures were derived from the azimuth and incli- 
nation of over 1000 industry drillholes which have diametric 
orientations with respect to the down-dip direction of the 
structures. 

Connorant Lake area (63K) 

The sub-Phanerozoic Precambrian basement in 63K has been 
subdivided into the Athapapuskow Domain, Clearwater Domain, 
Namew Gneiss Complex, and Cormorant Batholith (Leclair et a]., 
1993a, c) (Fig. 2). Six main rock units and three subunits have been 
delineated within these geological-geophysical entities (Fig. 3). 

Clearwater Domain 

The Clearwater Domain is a broad, south-southwest-trending 
volcano-plutonic domain with a corrugated aeromagnetic 
pattern, which is abruptly truncated against the Cormorant 

Batholith (Fig. 2). This domain is represented by layered 
sequences of intercalated, amphibolite-facies, mafic meta- 
volcanic and metasedimentary rocks (unit Aa) which are 
intruded by felsic and mafic plutons (units T, Ta, G ,  Ga, 
and Urn) (Fig. 3). Mafic to ultramafic plutons are typically 
centred on coincident high-intensity positive aeromagnetic 
and gravity anomalies. The overall structure has a predomi- 
nant east-southeast dip and appears to be essentially homo- 
clinal (Leclair et al., 1993b) (Fig. 4). The Clearwater Domain 
is interpreted to represent the subsurface extension of the Flin 
Flon Assemblage as exposed in the Snow Lake area. This 
interpretation is supported by the continuity of gravity and 
linear aeromagnetic anomalies across the shield margin. 

Cormorant Batholith 

The 60 x 25 km Cormorant Batholith is characterized by a 
smooth aeromagnetic signature and a regional gravity low 
(Fig. 2; units G,  Gm on Fig. 3; Leclair et al., 1993a). Limited 
drill core data indicate a predominance of monzogranite. A 
gentle gradient in the gravity field (-20 mGal over 25 km) 
over the southwestern half of the batholith might be related 
to a gently northeast-dipping contact with metavolcanic rocks 
of the Clearwater Domain. In contrast, the steep gradient 
along the northeastern margin implies a near-vertical contact. 
The obvious truncation of magnetic anomaly patterns at the 
margins of the Cormorant Batholith indicate that its emplace- 
ment was late tectonic (Leclair et al., 1993a). A biotite mon- 
zogranite core sample from the batholith has an age of 1831 
+5/-4Ma (Blair et al., 1988; Stern et a]., 1993), corresponding 
with the youngest phase of plutonism in the belt. 

Namew Gneiss Complex 

The Namew Gneiss Complex is a heterogeneous domain of 
variably-deformed granitoid rocks (unit Ta) with enclaves of 
mafic, psammitic and pelitic gneisses (unit Aag; Fig. 3). The 
complex has intermediate to low gravity values (-40 to -60 mGal) 
and displays curvilinear aeromagnetic highs which outline a 
,north- to northwest-dipping structural pattern (Fig. 2). In the 
southeastern part of the complex, interlayered orthogneiss 
and paragneiss delineate tight northeast-trending folds that 
are overturned to the east (Leclair et al., 1993b; Fig. 4). 

Initial epsilon Nd values and U-Pb ages for the Namew 
Gneiss Complex (minimum age of 1880 f 2 Ma, Stern et al., 
1993) are similar to those obtained north of the Shield margin. 
This implies that initial magmatism in the complex may have 
occurred soon after the development of the volcanic arc 
assemblages. The highly deformed nature and upper 
amphibolite grade of the complex further suggests that it may 
have been built up from multiple intrusion of tonalite-diorite 
sheets at mid-crustal levels, and possibly represents a deeper 
portion of the magmatic arc than the rest of the belt (Leclair 
et al., 1993~).  

The nature of the boundary between the Namew Gneiss 
Complex and Clearwater Domain is uncertain. On the 
LITHOPROBE seismic reflection profile (line 3, Fig. l), this 
boundary coincides with a moderately east-dipping reflective 
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zone which has been interpreted as a major dCcollement that 
floors upper-crustal arc rocks (Lucas et al., 1993), separating 
them from the footwall orthogneisses. 

Athapapuskow Domain 

The Athapapuskow Domain is a fault-bounded belt of 
strongly foliated metavolcanic/volcaniclastic rocks (unit Av; 
Fig. 3) with a striated magnetic anomaly pattern (Fig. 2). The 
rocks are metamorphosed predominantly to greenschist 
facies. They are separated from amphibolite-facies gneisses 
of the Namew Gneiss Complex by the South Athapapuskow 
Lake Fault which accommodates a component of north-side- 
down displacement as implied by the difference in the metamor- 
phic grade between the two domains. On the west, the 
Arhapapuskow Domain is bounded by theNamew Lake Structure. 
The continuity across the shield margin of the striated magnetic 
anomaly patterns with the exposed ocean floor assemblage 
suggests that some rocks of the Athapapuskow Domain cor- 
relate with this assemblage (Leclair et al., 1993~).  

Southwestern extension of the Athapapuskow Domain 

The Athapapuskow Domain, as described above, continues 
into the Amisk Lake area. Drill core data indicate a steeply- 
dipping sequence of mainly low-grade metabasalts and asso- 
ciated diorite-gabbro. These rocks are bounded to the west by 
the Namew Lake Structure, which stretches north of an ellip- 
tically-shaped, low-amplitude aeromagnetic anomaly consid- 
ered to be the northern margin of a granitoid intrusion 
(Cumberland Lake Pluton; Fig. 2 and 3). A large negative 
gravity anomaly with a minimum value at -79 mGal coincides 
with this pluton. 

The Athapapuskow Domain forms the eastern flank of a 
positive gravity anomaly which is centred over the Amisk 
Lake Domain (Fig. 2). The steep gradient (amplitude of -1 5 
to -25 mGal) displayed on gravity profiles (Thomas et al., 
1993) is typical of a change in rock density across a planar 
boundary with moderate dip. This is compatible with a fault 
contact, defined by the South Athapapuskow Lake Fault, 
between orthogneisses to the east and dense metavolcanic 
rocks to the west. 

Arnisk Lake area (63L) 
Amisk Lake Domain 

The sub-Phanerozoic Precambrian basement in the eastern 
part of 63L is dissected into five principal domains by major The Amisk Lake llomain is characterized by a prominent 
fault zones, each with distinct lithostructural character and north-south gravity high (-45 to -25 mGal), and coincides with 
aeromagnetic-gravity anomaly pattern (Fig. 2 and 3). a north-striking, corrugated aeromagnetic anomaly pattern 

(Fig. 2). This composite gravity-magnetic pattern appears to be 
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Figure 3. Simplijed geological compilation map of sub-Phanerozoic Precambrian basement 
rocks in the Cormorant Lake area (63K) and eastern part of the Amisk Lake area (63L). 
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sinistrally offset across the Spruce Rapids Shear 
Zone. Similar anomaly patterns have been attributed 
to Amisk Group rock sequences consisting of mafic 
to intermediate metavolcanic-volcaniclastic rocks 
(Leclair et al., 1993a). The correlation is supported 
by widely distributed drillholes which intersected 
basalt, andesite, dacite, and associated mafic to felsic 
tufftwacke (unit Av; Fig. 3). In addition, diorite-gabbro, 
felsic porphyry, and graphitic argillite were identified 
locally in drill core. North of the Windy Lake Pluton, 
a high-amplitude positive aeromagnetic anomaly is 
composed of magnetite-bearing quartz diorite to dio- 
rite which is variably sheared and cut by brittlefaults. 
These structures may be related to the boundary with 
the Cumberland Domain to the west. 

The Amisk Lake Domain is interpreted as the 
subsurface continuation of the volcanic-volcani- 
clastic rock package exposed in the vicinity of Amisk 
Lake (see Byers and Dahlstrom, 1954; Ashton, 1992; 
Slimmon, 1991; Syme et al., 1993; Reilly, 1992). 
This interpretation is based on similarity in rock type 
between drill core samples and units in the exposed 
shield, and on the continuity of aeromagnetic and 
gravity anomaly patterns across the shield margin 
(Fig. 2). The gravity high of the Amisk Lake Domain 
extends over the adjacent Athapapuskow Domain, 
both eastward and southward of the intervening 
Namew Lake Structure. Although the Amisk Lake 
and Athapapuskow Domains are similar litho- 
logically (Fig. 3), they may not belong to the same 
tectonostratigraphic assemblage. 

Spruce Rapids Shear Zone 

The exposed segment of the southeast-striking 
Spruce Rapids Shear Zone parallels the shield edge 
over a distance of about 25 km, and abuts with the 
Sturgeon-weir Shear Zone to the northwest (Fig. 2). 
It juxtaposes predominantly supracrustal rocks to the 
north with plutonic rocks to the south. Well-developed 
kinematic indicators related to this moderately north- 
east-dipping shear zone suggest a sinistral movement 
sense (Ashton, 1992). 

The Spruce Rapids Shear Zone continues south- 
eastward beneath the Phanerozoic sedimentary 
cover, as indicated by truncations and perturbations 
of aeromagnetic anomaly patterns associated with the 
Amisk Lake Domain (Fig. 2). It terminates sharply 
against the Namew Lake Structure, and thus has a 
total strike length of >60 km (Leclair et al., 1993b). 
The north-trending anomalies are clearly rotated 
counterclockwise into the trace of the shear zone, 
indicating a sinistral map-view separation. 

Cumberland Domain 

The Cumberland Domain is defined by linear, north- 
east-trending, moderate-intensity positive aero- 
magnetic highs which are truncated against the 
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Windy Lake Pluton (Fig. 2 and 4). North of the Suggi Lake 
Fault, a similar aeromagnetic anomaly pattern is deflected 
northwestward into the Spruce Rapids Shear Zone, presum- 
ably due to transposition by intense shear deformation. The 
Bouguer gravity field over the Cumberland Domain varies in 
intensity from -45 and -60 mGal. 

Limited drill core data from the Cumberland Domain 
indicate the presence of amphibolite-facies metasedimentary 
gneisses (unit Aag; Fig. 3). These rocks have calcic, mafic, 
psammitic or pelitic compositions and contain a wide variety 
of mineral assemblages. The heterogeneity of the gneisses 
suggests that they were derived from a compositionally-diverse 
sequence, possibly including "turbiditic" wackes and volcani- 
clastic sediments. A subordinate volcanic component may 
also exist; however, the combined effects of high-grade meta- 
morphism and deformation preclude definite characterization 
of precursor lithologies. The gneisses of the Cumberland 
Domain have some lithological affinities with Amisk Group 
metasedimentary rocks mapped north of the Spruce Rapids 
Shear Zone (cf. Ashton, 1992; Reilly, 1992), and with some 
gneisses of the Namew Gneiss Complex (cf. Leclair et al., 
1993a). 

Another important lithological component of the Cumberland 
Domain is inferred to be felsic and mafic plutonic rocks (Fig. 3), 
based on potential field data. North of the Suggi Lake Fault, 
granitoid rocks are responsible for a low-amplitude northwest- 
trending ridge in the gravity contours from -55 to -60 mGal 
(Fig. 2). These rocks may represent the subsurface continu- 
ation of variably-deformed granitoid rocks mapped along the 
Shield margin (see Ashton, 1992). 

The Cumberland Domain is bounded on the west by the 
sub-Phanerozoic extension of the Sturgeon-weir Shear Zone 
(Fig. 2). However, the nature of the boundary between the 
Cumberland and Amisk Lake Domains is uncertain. Local 
brittle-ductile deformation fabrics and an abrupt westward 
increase in the metamorphic grade, may indicate a fault zone. 

Windy Lake Pluton 

The Windy Lake Pluton occupies more than 400 km2 in the 
centre of the Cumberland Domain. It is the source of a 
prominent gravity low (<-55 to -60 mGal) and a neutral 
aeromagnetic anomaly (Fig. 2). This combination of gravity 
and magnetic lows suggests that this pluton consists of rela- 
tively low density and low magnetic susceptibility granitoid 
rocks (unit G;  Fig. 3). The pluton clearly crosscuts the struc- 
tural trend of the Cumberland Domain and is faulted by the 
Suggi Lake Fault. Its eastern contact with the Amisk Domain 
is tentatively interpreted to be tectonic. The geophysical 
characteristics of this intrusive body are comparable to those 
for the Cormorant Batholith. This may suggest a similar late 
emplacement age in the magmatic history of the area. 

Sturgeon-weir Shear Zone 

The Sturgeon-weir Shear Zone is generally thought to sepa- 
rate the Flin Flon Belt to the east from theHanson Lake Block 
to the west (Macdonald, 1981; Ashton, 1992; Slimmon, 

1992). Structural studies demonstrate oblique dextral-reverse 
displacement on this moderately east-dipping structure, 
implying southwestward overthrusting of the Flin Flon Belt 
(Ashton, 1992). The sub-Phanerozoic extension of this shear 
sone is marked by a weak aeromagnetic lineament which is 
generally concordant with or obliquely crosscutting with 
respect to the trend of anomaly patterns (Fig. 2). Some seg- 
ments of the shear zone are largely inferred, because of their 
lack of definitive expression. 

Suggi Lake Fault 

The Suggi Lake Fault is a northeast-trending structure that 
has been mapped on the basis of both a marked change in the 
character of aeromagnetic anomaly patterns and the deflec- 
tion and truncation of their trends (Fig. 2). Although this fault 
is buried beneath the Phanerozoic cover over its entire strike 
length (>45 km), it is considered to be a fundamental structure 
that subdivides the sub-Phanerozoic portion of the Hanson 
Lake Block into two subdomains. The Suggi Lake Fault 
roughly coincides with a regional gravity low and appears to 
be truncated by the Spruce Rapids Shear Zone to the northeast 
and the Tabbernor Fault Zone to the southwest. The clockwise 
deflection of anomaly patterns into the Suggi Lake Fault 
implies dextral separation in map-view. 

Hanson Lake Block 

The Hanson Lake Block is bounded by the Sturgeon-weir 
Shear Zone on the east and the Tabbernor Fault Zone on the 
west (Lewry et al., 1990). It consists of a wide variety of 
supracrustal and plutonic rocks which have a north-south 
structural trend (cf. Byers, 1957; Macdonald and Posehn, 
1976; Macdonald, 1981; Slimmon, 1992; Maxeiner et a]., 
1992). The aeromagnetic anomaly patterns produced by these 
rocks can be traced below the Phanerozoic cover to the Suggi 
Lake Fault (Fig. 2). The drill core data indicate that the 
sub-Phanerozoic basement includes amphibolite-facies vol- 
canic and volcaniclastic rocks of basaltic to rhyolitic compo- 
sition (unit Ah; Fig. 3). These rocks appear to correlate with 
the Hanson Lake metavolcanics as they are dominated by 
dacitic compositions (see Maxeiner et al., 1992). They are 
intercalated with calcic and psammitic metasedimentary 
rocks. The supracrustal rocks are intruded by diorite, gabbro, 
quartz-feldspar porphyry, and peridotite bodies. This part of 
the Hanson Lake Block is typically associated with a positive 
gravity anomaly (-35 to -55 mGal). The slightly less positive 
gravity expression compared to the Amisk Lake Domain (-45 
to -25 mGal) can be attributed to its relatively large proportion 
of less dense felsic to intermediate volcanic rocks. 

Further south, a gentle gravity gradient of -50 to -60 mGal 
suggests the presence of plutonic rocks such as tonalite. 
diorite, quartz diorite, granodiorite, and granite (units T 
and G;  Fig. 3). A high-amplitude positive aeromagnetic 
anomaly is interpreted as gabbro. The rest of the basement 
displays aeromagnetic patterns that resemble those expressed 
by the metavolcanic package to the north. The single drillhole 
for this area penetrated intercalated metabasalt and mafic 
metatuff, coinciding with a striated aeromagnetic anomaly 
pattern that extends from the shield margin. 
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A gravity high with a peak value of -28 mGal and a 3. Further south, gravity and magnetic highs (Fig. 2) 
matching high-intensity positive aeromagnetic anomaly occur coincide with a subcircular gabbro-diorite pluton (unit Ga; 
along the western edge of the Hanson Lake Block (Fig. 2). Fig. 3). This gabbro-diorite is coarse grained and massive, and 
Correlation with similar types of geophysical expression sug- contains 60-85% combined hypersthene, clinopyroxene, biotite, 
gests a mafic pluton of gabbro-pyroxenite (see Leclair et al., olivine, and magnetite. 
1993a). 

4. Within the southernmost element, a few drillholes 
The aeromagnetic signature of the Hanson Lake Block intersected amphibolite, heterogeneous mafic, calcic and 

changes markedly south of the Suggi Lake Fault, where it can psammitic gneisses and gabbro. The amphibolite and some 
be divided into four main geological-geophysical elements of the gneisses are thought to be derived from volcanic and 
(Fig. 2): volcaniclastic rocks of mafic to intermediate composition. 

Gneisses composed of alternating garnet-, magnetite-, and quartz- 
1. The northernmost element is characterized by an aero- rich layers may be derived from oxidefacies iron-formation and 

magnetically low-relief neutral pattern without internal fabric chert. nese gneisses are considered to produce the narrow 
and a gravity low (c-55 mGal). geophysical traits high-amplitude positive aeromagnetic anomalies which are 
correlate with thosefor felsic intmsive bodies (unit G; Fig. 3), sharply against the gabbro-diorite pluton. 
such as the Cormorant Batholith and Windy Lake Pluton. 

2. A dome-shaped magnetic boundary to the south may 
represent the margin of a granitoid intrusion, possibly belonging Tabbernor Fault Zone 

to-unit T (Fig. 3). This element is associated with a negative The nofi-trending Tabbernor Fault Zone separates the Hanson 
aeromagnetic anomaly featuring a weak ~emi-concentric internal Lake Block to the east from the Glennie Domain to the west 
fabric, and gravity values between -45 and -55 mGal (Fig. 2 (Lewry et al., 1990). The exposed north-striking Tulabi Brook 
and 4). and Sarginson Lake faults, which are part of the fault array 

Table 1. Summary of density measurements. 
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comprising the Tabbernor Fault Zone (Macdonald and 
Posehn, 1976; Lewry et al., 1991), have been traced south as 
two prominent aeromagnetic lineaments (Leclair et a]., 
1993b) (Fig. 2). The eastern lineament obliquely truncates the 
aeromagnetic anomaly patterns in the Hanson Lake Block 
lying to the east. Patterns west of the fault zone appears to 
extend across the western lineament. This supports the sug- 
gestion that the Tabbemor Fault Zone is a late feature across 
which there is general continuity of lithotectonic elements 
(Lewry eta]., 1991). 

On the basis of the character of potential field anomalies 
and limited drill core data, it is suggested that the sub- 
Phanerozoic segment of the Tabbemor Fault Zone is domi- 
nated by granitoid rocks in the north and supracrustal rocks 
in the south (Fig. 3). The continuity of anomalies with 
exposed rocks indicates that the zone includes amphibolite- 
facies mafic volcanic and mixed volcaniclastic rocks of the 
Northern Lights Volcanics (see Macdonald and Posehn, 
1976; Lewry et al., 1991). One drillhole in the northern part 
intersected massive granite coinciding with a region of low 
aeromagnetic reliefwith little internal fabric (Fig. 2). Near the 
southern edge of 63L, closely-spaced drillholes revealed a 
remarkable section of volcanic and volcaniclastic rocks with 
transitional greenschist-amphibolite facies metamorphic 
assemblages. This section comprises basalt and andesite 
flows, heterolithic mafic to intermediate debris flows, and felsic 
to intermediate tuffs associated with minor iron-formation and 
cherty interbeds. Locally, these rocks are interbedded with 
siltstone and argillite and intruded by massive gabbro-diorite, 
diabase, and quartz-plagioclase porphyry. 

West of the Tabbernor Fault Zone 

Exposed rocks west of the Tabbernor Fault Zone have been 
assigned to the Glennie Domain and comprise mainly mafic 
and metasedimentary gneisses intruded by granitoid plutons. 
The mafic gneisses have been interpreted as highly strained 
metagabbro and metavolcanic rocks belonging to the North- 
ern Lights and Hanson Lake volcanics (Macdonald and 
Posehn, 1976; Lewry et al., 1991). The sub-Phanerozoic 
continuity of these rocks is indicated by a well-striated aero- 
magnetic anomaly pattern striking north (Fig. 2). 

DENSITY MEASUREMENTS 

Density measurements were done on 1503 drill core samples 
using a high-precision digital balance. The samples have been 
grouped into seventeen rock types (Table 1) on the basis of 
mafic content and general composition. Variations within a 
particular rock type reflect degrees of.alteration, mineraliza- 
tion, and the percentage of mafic minerals present. The results 
have been incorporated into the digital geoscience database 
of the NATMAP Shield Margin Project, where they are being 
used in ongoing sub-Phanerozoic interpretation and GIs 
analysis studies. 

SUMMARY - 

The integrated interpretation studies of potential field and 
drill core data represent an important component of the coor- 
dinated efforts by the federal and provincial geological sur- 
veys to map and understand the geology of the 
sub-Phanerozoic continuation of the Flin Flon-Snow Lake- 
Hanson Lake Belt. To date the results of these studies have 
opened a window (>I4 000 km2) on the sub-Phanerozoic 
Precambrian basement in parts of the Cormorant (63K) and 
Amisk Lake (63L) areas. Numerous geological-geophysical 
elements of the buried basement have been mapped and 
characterized, including major fault zones that separate dis- 
tinct lithotectonic domains. The result is a new regional 
framework for the geology and structure of a large portion of 
the sub-Phanerozoic basement in the project area. 
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Geological, geochemical, and age constraints 011 
base metal mineralization in the Manitouwadge 
greenstone belt, northwestern Ontario1 

E. Zaleski, V.L. Peterson, and 0. van Breemen 
Continental Geosciences Division 

Zaleski, E., Peterson, V.L., and van Breemen, O., 1994: Geological, geochemical, and age 
constraints on base metal mineralization in the Manitouwadge greenstone belt, northwestern 
Ontario; Current Research 1994-C; Geological Survey of Canada, p. 225-235. 

Abstract: The Cu-Zn deposits of the Manitouwadge greenstone belt lie within an upper 
amphibolite-facies, highly deformed remnant of 'suprac~stal rocks adjacent to the ~ a w a - ~ u e 6 c o  
subprovince boundary. In the primary depositional setting, two independent and geochemically distinct, 
coeval volcanic centres (circa 2720 Ma) erupted calc-alkaline felsic rocks onto a substratum of tholeiitic 
shield basalt. Metasedimentarv rocks were de~osited in a basin between the volcanic centres. The northern 
felsic domain, associated with extensive synvolcanic alteration, subvolcanic intrusion and iron-formations, 
hosts massive sulphide mineralization including the Geco mine. Original relationships were modified 
during Dl and D2 thrust imbrication and folding. The regional structure of the belt is dominated by the D3 
Manitouwadge synform, interpreted to be a refolded fold. Metamorphic grade increases continuously across the 
Wawa-Quetico boundary, but peak conditions developed later in the Quetico subprovince (2670 to 2650 Ma) 
than in the Manitouwadge belt (2675 Ma). 

R6sum6 : Les gisements de Cu-Zn de la ceinture de roches vertes de Manitouwadge se situent dans un 
vestige intenstment dtformt de roches supracrustales dd facibs des amphibolites suptrieurjouxtant la limite 
des sous-provinces de Wawa et de Quetico. Le milieu de mise en place des volcanites est caracttrist par 
deux centres de volcanisme contemporains I'un de I'autre, indtpendants et g6ochimiquement distincts (Lgts 
d'environ 2 720 Ma), ayant tpancht des laves felsiques calco-alcalines sur un substratum de basalte 
tholCiitique issu de volcan en bouclier. Des roches mCtastdimentaires se sont dtpostes dans un bassin entre 
les centres volcaniques. Le domaine felsique du nord, auquel sont associts une alttration synvolcanique de 
grande etendue, des intrusions hypovolcaniques et des formations de fer, contient des mintralisations de 
sulfures massifs, dont le gisement de la mine Geco. Les relations originelles se sont modifites pendant les 
phases Dl et D2 d'imbrication par chevauchement et de plissement. La structure rtgionale de la ceinture 
est dominte par le synforme de Manitouwadge associt 5 D3, qui serait un pli ayant subi un replissement. 
Le degrt de m6tamorphisme augmente continuellement d'un c8tt A I'autre de la limite des sous-provinces 
de Wawa et de Quetico, mais le mCtamorphisme a culmint plus tardivement dans la sous-province de 
Quetico (2 670 B 2 650 Ma) que dans la ceinture de Manitouwadge (2 675 Ma). 

Contribution to Canada-Ontario Subsidiary Agreement on Northern Ontario Development (1991- 1995), 
under the Canada-Ontario Economic and Regional Development Agreement. 
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INTRODUCTION 

The Manitouwadge greenstone belt and its Cu-Zn deposits, 
including the Geco mine, have seen a complex magmatic, 
metamorphic and structural history. Our objective in this 
field-based project is to gain an understanding of the origin, 
setting and subsequent modification of the mineralization and 
alteration, and their host rocks. Observations during the 1993 
field season, presented here and in a companion paper 
(Peterson and Zaleski, 1994), have resulted in reinterpretation 
of the volcanic and structural setting of the belt and its 
attenuated and dismembered extensions. Detailed mapping 
(1:5000) in 1992 encompassed the past and present Cu-Zn 
producers, the Geco, Willroy, Nama Creek and Willecho 
mines (Fig. 1 ) (Zaleski and Peterson, 1993a). In 1993, map- 
ping was directed toward more extensive coverage of the belt, 
its extensions and enclosing plutonic rocks (Zaleski and 
Peterson, 1993b). Detailed mapping (1 : 10 000) was pursued 
in key areas, in particular, in the hinge regions of map-scale 
folds that determine the geometry of the Manitouwadge belt. 

REGIONAL SETTING 

The Manitouwadge belt lies in the volcano-plutonic Wawa 
subprovince of the Superior Province, near its boundary with 
the metasedimentary-migmatitic Quetico subprovince 
(Fig. 1). The belt is a remnant of metavolcanic and meta- 
sedimentary rocks, highly deformed and metamorphosed to 
upper amphibolite facies. The supracrustal rocks are bounded 
to the west and south by foliated multiphase plutonic rocks, 
mostly tonalitic, of the Black Pic batholith. Within the batho- 
lith to the northwest of the Manitouwadge belt, screens of 
supracrustal rocks and aeromagnetic lineaments trend south- 
west toward the Schreiber-Hemlo greenstone belt (Fig. 1 ,  
inset), suggesting dismemberment of an originally continu- 
ous greenstone terrane (Williams et al., 1991). Both belts 
host massive sulphide mineralization interpreted to be of 
synvolcanic origin (Suffel et al., 1971; Friesen et al., 1982; 
Severin et al., 1990). To the east and possibly continuous 
with the Manitouwadge belt, the Moshkinabi belt comprises 
supracrustal rocks intruded by a layered complex including 
gabbro, leucogabbro, anorthosite and peridotite (Williams 
and Breaks, 1989; 1990). 

Five phases of ductile deformation, some of which involve 
the Wawa-Quetico subprovince boundary, are recognized in 
the Manitouwadge belt (Peterson and Zaleski, 1994). Dl and 
D2 are based on the interpretation of pre- to syn-metamorphic 
ductile thrust faults and, in the case of D2, associated folds. 
D2 was the main fabric-forming event, producing the domi- 
nant foliations and lineations (Fig. 1). The regional geometry 
of the belt is largely shaped by the D3 Manitouwadge syn- 
form, with the greatest thickness of supracrustal rocks in the 
hinge region of the fold. The synform folds D2 foliations and 
lineations, and is refolded and deformed by D4 and D5 
structures (ibid.). 

In the Schreiber-Hemlo belt, felsic volcanism ranges in 
age from 2772 f 2 Ma near the Hernlo gold camp to 2695 + 2 Ma 
for the Heron Bay volcanic complex (Corfu and Muir, 1989a). 

Felsic metavolcanic rocks associated with the Winston Lake 
Zn-Cu mine near Schreiber, and muscovite schist (altered 
rhyolite) at the Geco Cu-Zn mine, Manitouwadge, contain 
zircons of the same age, 2723+/-2 Ma (Schandl et al., 1991) 
and 2720 k 2 Ma (Davis et al.. in press), respectively. Mona- 
zites, interpreted as synrnetamorphic, gave ages of 2675 + 1 Ma 
at Geco and 2677 + 1 Ma at Winston Lake (ibid.). Tonalitic 
rocks of the Black Pic batholith apparently were intruded 
during or somewhat before D2 deformation in the Manitou- 
wadge belt (Peterson and Zaleski, 1994), and probably con- 
tributed to metamorphic heating. South of the 
Schreiber-Hemlo belt, marginal rocks of the Pukaskwa batho- 
lith were intruded at 2719+6/-4 Ma (Corfu and Muir, 1989a), 
broadly coeval with felsic volcanism at Winston Lake and 
Manitouwadge. Near Hemlo, several granodiorite plutons 
cluster closely around 2687-2688 Ma, but amphibolite-facies 
metamorphism dated by titanite, peaked around 2676-2678 
Ma, coeval with the late tectonic Gowan Lake pluton at 
2678 f 2 Ma (Corfu and Muir, 1989b). These ages suggest 
synchronous metamorphism throughout most of this part of 
the Wawa subprovince. Younger monazite (2661 f 1 Ma) in 
biotite schist at Geco was interpreted to date late K-metaso- 
matism (Davis et al., in press). 

The metagreywackes of the Quetico subprovince have 
been interpreted as an accretionary complex, contiguous with 
the Wawa subprovince at least since 2689-2684 Ma, and 
possibly since 2696-2689 Ma (Percival, 1989). Provenance 
studies show a dominance of felsic volcanogenic sources with 
ages ~ 2 7 5 0  Ma (ibid.) and, in western Ontario, detrital zircons 
defining an age of 2698 + 3 Ma constrain the maximum age 
of sedimentation (Davis et al., 1990). Along most of its 
length, the Quetico is metamorphically zoned from low grade 
margins adjacent to the Wawa and Wabigoon subprovinces, 
to high grade central migmatites (see Percival, 1989). 
Percival (1 989) suggested that metamorphism was approxi- 
mately coeval with granitic intrusion from 2670-2650 Ma, 
and that this generally post-dated plutonism in the Wawa and 
Wabigoon subprovinces. The Wawa-Quetico boundary in 
the vicinity of the Manitouwadge greenstone belt is unusual 
in that there is a continuous metamorphic gradient, from 
amphibolite facies in the region of the Schreiber-Hemlo 
greenstone belt (Corfu and Muir, 1989b), through upper 
amphibolite at Manitouwadge, to upper amphibolite and 
granulite facies in the southern Quetico subprovince (Williams 
and Breaks, 1989). 

LOCAL GEOLOGY 

The Manitouwadge greenstone belt comprises felsic to mafic 
metavolcanic rocks, metamorphosed iron-formation, meta- 
sedimentary rocks and foliated intrusive rocks (Fig. l) .  The 
main lithological units were described in Zaleski and Peterson 
(1993a), and are summarized in Table 1 (see also GSC Open 
File 2753). Several Cu-Zn mines, including the Willroy and 
Geco mines, lie along the north side of the southern limb and 
toward the hinge region of the Manitouwadge synform. A 
laterally persistent unit of orthoamphibole-cordierite-garnet 
gneiss, interpreted as metamorphosed synvolcanic altered 
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rocks, lies to the north of most of the deposits. Zones of 
straight gneiss (annealed mylonite), associated with trunca- 
tion of units and repetition of sequences, have been inter- 
preted as the loci of Dl and D2 ductile thrust faults (Zaleski 
and Peterson, 1993a; Peterson and Zaleski, 1994). Thrust 
imbrication, folding, and the likely presence of additional 
cryptic early faults, complicates recognition of a stratigraphic 
sequence and relationships between massive sulphide deposits. 
Nevertheless, interpretation of the general sequence: mafic 
metavolcanic rocks, felsic metavolcanic rocks, and metagrey- 
wackes, as a stratigraphic succession has been supported, 
based on comparison to typical successions in other green- 
stone belts (Suffel et al., 1971; Friesen et al., 1982). 

Away from the hinge region of the D3 Manitouwadge 
synform, supracrustal units are attenuated and invaded by 
foliated plutonic rocks. Along the northern limb, orthoam- 
phibole-garnet gneisses outcrop along the inner margin of the 
synform as far as Rabbitskin Lake (Fig. 1). Mafic rocks and 
iron-formation extend east of Rabbitskin Lake, mainly as 
screens engulfed by plutonic rocks. North of Thompson 
Lake, the zone of supracrustal screens is folded by the Blackman 
Lake antiform (D4), and the Jim Lake synform (D4) south of 
the Quetico boundary (Peterson and Zaleski, 1994). The 
general paucity of identifiable screens of felsic to intermediate 
composition is probably due to their susceptibility to diges- 
tion by intrusive rocks, and to their compositional similarity 
to the dominantly tonalitic plutonic suite. 

Along the southern limb of the Manitouwadge synform, 
two belts of metavolcanic rocks diverge eastward (Fig. 1). 
The southern belt of mafic metavolcanic rocks can be traced 
as screens within foliated plutonic rocks. South of Thompson 
Lake, the Banana Lake antiform (D5) is poorly exposed and 
no supracrustal rocks outcrop in the hinge region. Foliations 
in plutonic rocks are folded, and supracrustal rocks are exposed 
in the southern part of the short limb (as screens) and in the 
Moshkinabi belt (Fig. 1, inset) where they are intruded by 
layered gabbroic, anorthositic and ultramafic rocks (Williams 
and Breaks, 1990). 

Orthoamphibole-cordierite-garnet gneisses and iron-formation 
(locally referred to as the Geco horizon), and associated straight 
gneisses are exposed as far east as the Hucamp zone of 
subeconomic mineralization near Wowun Lake (Fig. 1). To 
the north, orthoamphibole-cordierite-garnet gneisses are in 
contact with foliated auartz-rich tonalite (Table 1). identified 
to the north of the wiljroy and Geco deposits as a &nvolcanic 
intrusion (Zaleski and Peterson, 1993a; also Geochemistry 
and Geochronology). The straight gneisses (annealed mylonites), 
lying between orthoamphibole-cordierite-garnet gneisses to 
the north and iron-formation to the south, are interpreted as 
the lateral extension of an early ductile thrust fault that caused 
imbrication of quartz-phyric felsic rocks in the Willroy area 
(ibid. and Fig. 3). East of the Hucamp zone (Fig. I), the Geco 
horizon forms a prominent aeromagnetic anomaly and has 
been intersected by drilling as far as the Falconbridge zone of 
subeconomic mineralization (H. Lockwood, pen. comm., 1993). 
In the East One Otter and Banana grid areas, semicontinuous 
screens of orthoamphibole-garnet gneisses, mafic rocks and, in one 
area, iron-formation, defme complex folding @4) with anortherly 
striking enveloping surface (fig. 6 in Peterson and Zaleski, 1994). 

Orthoamphibole-garnet gneisses are associated with a dis- 
tinctive rock composed of abundant medium grained quartz 
in a matrix of fine grained garnet and magnetite; an origin as 
digested iron-formation has been suggested (H. Lockwood, 
pers. comm., 1993). Much of the enclosing rock is foliated 
quartz-rich tonalite similar in texture and mineral proportions 
to the synvolcanic intrusion to the west. The supracrustal/al- 
tered suite is tentatively correlated with the Geco horizon 
(Falconbridge zone), separated by an interpreted sinistral 
shear zone (Peterson and Zaleski, 1994). 

Within the core of the Manitouwadge synform, there is a 
transition from foliated quartz-rich tonalite (synvolcanic) to 
more potassic foliated granitoids in the centre. Both quartz- 
rich tonalite and granitoids are consistently medium- to 
coarse-grained, quartz-rich and typically contain dissemi- 
nated magnetite porphyroblasts (Table 1). Supracrustal 
screens, including mafic rocks, iron-formation and quartz- 
rich rocks with a fine grained garnet-magnetite matrix, occur 
well within the central plutonic area (to the central foliation 
trend in fig. 1 which corresponds to an aeromagnetic trend in 
Fig. 3 of Peterson and Zaleski, 1994). The extent of the 
synvolcanic intrusion is not known; but given these observa- 
tions, it is possible that between the main sequence of supra- 
crustal rocks and the innermost screens, most of the foliated 
plutonic rocks are synvolcanic. An alternative interpretation 
for the supracrustal rocks in the East One Otter and Banana 
areas would correlate them with the inner zone of screens. 

Rocks of the Black Pic batholith, outside the supracrustal 
belt, differ from those of the plutonic core. The Black Pic 
batholith comprises a multiphase suite of foliated tonalites, 
with subordinate foliated diorites, granodiorites, granites and 
cross-cutting aplitic to pegmatitic dykes. In general, intrusive 
relationships indicate that the more mafic phases are older, 
although all phases are foliated. Near the Blackman Lake 
antiform, weakly foliated to massive leucocratic tonalite is 
commonly present on the short limbs of minor and map-scale 
folds and outcrop-scale shear zones. Contacts with the foli- 
ated host rocks are diffuse. The relationships suggest that 
these are anatectic mobilizates that migrated into dilational 
zones. Evidence of migmatization increases northward. toward 
the Quetico boundary (also Peterson and Zaleski, 1994). In 
the Quetico subprovince, metasedimentary rocks south of the 
granulite-facies isograd locally contain cordierite-bearing 
leucosome. 

Swill Lake hinge region of the 
Manitouwadge synform 

In the Swill Lake area, the southern domain of mafic and felsic 
metavolcanic rocks is folded in the hinge region of the D3 
Manitouwadge synform (Peterson and Zaleski, 1994) 
(Fig. 2). The southernmost unit is a thick sequence of mafic 
metavolcanic rocks, varying from homogeneous schists, to 
laminated and layered schists (tuffaceous?), to pillowed 
flows. Foliated gabbroic rocks, interlayered with the fine 
grained mafic schists, may be massive flows, massive bases 
of flows, or sills. Fine grained, high strain zones in the gabbro 
resemble homogeneous mafic schists. Strain is generally 
high, but in one location, pillow shapes suggest southerly 
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Figure 1. Generalized geology of the Manitouwadge greenstone belt, based on mapping 
and compilation of existing maps and aeromagnetic data (see Peterson and Zaleski, 1994, 
Fig. 3 for a corresponding aeromagnetic map). G-Geco mine, W-Willroy mine, N-Nama 
Creek mine. E-Willecho mine, H-Hucamp zone, F-Falconbridge zone, B-Banana grid 
area, 0-East One Otter grid area, M-Manitouwadge Lake. The inset shows the location 
of the Manitouwadge belt, and the Schreiber-Hemlo greenstone belt to the southwest, in 
the Wawa subprovince. G-Geco mine, 2-Winston Lake Zn-Cu mine, A-Hemlo gold camp, 
Mb-Moshkinabi belt, PC-Port Coldwell alkalic complex. Adaptedfrom Williams et al. (1 991). 
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Figure I .  (cont.) 
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Table 1. Summary of Units. 

Unit. Descript.ion 

1NTR.USIVE R.OC!II; UNITS 

Diabase Dikes of probable Prot.erozoic age 

Pegmati t,es, ap1it.e~ Massive t.o folia.ted, loca.lly porp1~yroclast.i~ or with 1inea.t.ed Sil on shear surfaces and 
t,ransit,iona.l t.o st.ra.igllt gneiss 

Undi8erent.i ted folia.ted Di0rit.e; t.ona.lite, gra.nodiorite, gra.i~it.e, nlost,ly mult,iphase intrusiolls (e.g. Black 
intrusive rocis Pic ba.t,I~olit,ll) enclosillg supracrust.a.l rocks, a.lso semiconcordant. bodies within 

supra.crust,al rocks 

Folia.t.ed I<-feldspar por- In t.wo lllaill bodies: 1) west bet,ween Bla.ck Pic ba.t.l~olit.1~ a.nd supra.crust.al rocks - 
phyritic granitoid Hbl-Bt.:ricl (t.0 25%) rna.t#ris, sparse (1-26%)) 1 cm phenocryst.~, involved in Nama 

Creek shear zone, 2) east between limbs of Ma.nit.ouwa.dge synform - I<fs ~negacrystic 
( to  15 cm) augen 

Folia.ted quart.z-rich Synvolca.nic int.rusion loca.lly wit.11 Grt.-0a.m alt.era.t.ion seams (Fig. 7 in Zaleski and 
tonalite Peterson, 1993a.), tra.nsit.io11a.l t,o more pot.assic va.ria.nt-s t.oward synform core, leuco- 

cra.t,ic, medil~m t.o coa.rse gra.ined, Qt.z-rich (30- 45%1), t.ypically Ma.g porphyroblasts 

TEC!TONIC: ROCX UNITS 

Straigllt, gneiss La.mina.ted a.nnealed mylonit.e, mappa.ble units of felsic composit,ion 

SUPRACRUSTAL R.OC!II; UNITS 

Metasedinle~lt.ary rocks Mainly monotonous meta.greywa.ckes and Bt sc11ist.s f GrtAil, locally with t,uffaceous 
component (Qt.z and PI crystal clast.~),  loca.lly bedded and showing soft-sediment 
deforrna.t.ion (Fig. 4 in ibid.) 

Metamorphosed iron 3 main t,ypes: 1) ($t.z-Ma.g - a.lt,erna.t.ing Qt,z-rich a.nd Ma.g-C;rufGrt. layers commonly 
formatmion folded or brecciat.ed (Fig. 3 ill ibid.), 2 )  Si1icat.e fa.cies - homogeneous illt,ergrowt,l~ of 

Ma.g-C+ru&C;rt.-Hcl, 3)  Sulphidic - Qt.z-rich wit.11 dissemina.t.ed Py-Po, 1oca.lly t.ransi- 
tional t.o massive sulpllide bodies 

Qua.rt.2-pkyric felsic 3 nla.ppa.ble bodies in nort.liern volcallic belt., wries from homogeneous t,o fra.ginent,al 
met.a.volca.nic rocks with both monolit.l~ologic a.nd heterolit.hic breccia.~, t~ypica.11~ some Ms or cdc-silicate 

minerals, pa.t.chy di~tr ibut~ion of Mc 

Aphy ric felsic ineta.- Monolit.l~ologic (prosimal) and het.erolit.hic breccias in sout.hern volcanic belt., t.ypi- 
volcanic rocks cally with a.bunclant. Grt.-Hbl alatris 

Felsic t int,ermediat,e Subt,ly 11et.erogeneous a.nd t.ra.nsifiona.1 breccias,  schist.^, stra.ight. gneisses, incipient. 
meta.vofcan;c rocks calc-si1ica.t.e and Sil-Ms a.lt.era.t.ion a.ncl folia.t,ed t.ona.1it.e~ wit,hout. useful ma.rker unit.s 
Internlrdia,t:e t,o nlafic Het,erogeneous and t,mnsit,ionsl Hbl-Bt s c l~ i s t ,~ ,  gneisses, layered rocks and foliat,ed 
metavo canlc rocks diorit,es, comlnollly with Grt.-Hbl-rich pa.t.ches 

Mixed nafic and felsic 111t~erla.yered lna.fic, felsic and leucofelsic  schist,^, t,ra.nsit.iona.l t,o C;rt,-Oam gneisses 
rnetavo\ca.nic rocks 
Mafic met.a.volcaaic rocks Da,rk 1aminat.ed to schistose Hbl-rich, locally pillowed (Fig. 6 in ibid.), intercalat.ed 

wit.11 medium to coarse grainecl foliated ga.bbros and Hbl-augen schists, locally Grt.- 
rich zones f 0a.m 

METAS0MATIC:ALLY ALTERED R.OC!I< UNITS 

O r t . l ~ ~ a i ~ ~ ~ l ~ i b o l e - ~ a . r n e t ~  C!oa,rse gra.iiled, t,ypically layered wit,ll Qbz-rich layers or lellticules overgrown by Ged- 
c~rdier i t~e gneiss Grt porp11yroblast.s (Fig. G in ibid.), int,erca.la.t,ed (on a. scale of 0.5 t.o several met.res) 

wit.11 Sil-Grt,-Bt, schistJ, also coilt,a.ins Mag, Bt. and St, mant,led by C!rcl, local Bt. pseu- 
donlorphs of 0a.m 

Silliinal ite musc,ovit.e- Includes int.erla.yered siillila,r or transit.iona1 rock t.ypes chara.ct.erized by abunda.nt Ms P -  quartz gllelss/scllist and/or Sil-Qt.z f PI-Bt.-Iifs-GrtICrd-Mag; associa.t.ed with Willroy and Geco - Qtz- 
Ms-Sil schist varies from finely interlayered Qt.z and Ms to abunda.nt Sil knots; hinge 
region nort.11 of Willecho - nlaillly large (1 -8 cm)  zoned Sil k~lots dispersed in schistose 
Qtz-PI-Mc-Bt.fGrt+ matrix, local Qtz-Grt-Ep pat.ches 
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younging (Fig. 2). In view of the folding in the area, the 
younging determination probably does not have regional 
significance. 

Within the mafic units, two semicontinuous felsic units 
are usehl as markers defining map-scale symmetrical and 
asymmetrical folds (Fig. 2). The southern unit, up to 50 m 
wide, locally is recognizable as highly deformed monoli- 
thological felsic breccia, with fine grained to aphanitic felsic 
clasts in a matrix of biotite or garnet-hornblende schist. The 
breccia resembles a lapilli tuff. The southern felsic unit is 
associated with minor exposures of iron-formation, and locally 
hosts disseminated pyrite and pyrrhotite. Garnetiferous 
zones, less than 15 m thick, are common in mafic rocks along 
the northern contacts of felsic units. In some areas, garnet is 
concentrated in pillow selvedges. The garnetiferous zones 
are interpreted to be the result of metamorphism superim- 
posed on minor seafloor alteration. 

North of the mafic metavolcanic rocks, felsic to intermediate 
rocks are strongly deformed, fine grained and commonly 
laminated. The dominance of hornblende over biotite sug- 
gests that they had a metavolcanic protolith. Toward the core 
of the Manitouwadge synform, a transition to biotite schists 

suggests metasedimentary rocks. Felsic to intermediate meta- 
volcanic and metasedimentary rocks are extensively invaded by 
foliated tonalite, that becomes dominant to the northeast. 

The supracrustal rocks are enclosed by foliated intrusive 
rocks of the Black Pic batholith. The western contact is 
sheared and both plutonic and supracrustal rocks are charac- 
terized by strong linear fabrics (D4 Nama Creek shear zone, 
Peterson and Zaleski, 1994). In the Manitouwadge area, 
foliations in the Black Pic batholith mimic the orientations of those 
in the supracrustal rocks, wrapping around the Manitouwadge 
synform (Fig. 1). Screens of mafic rock and minor iron-formation 
that are present on the north side of the Blackman Lake 
antiform may represent an extension of mafic units in the 
southern Manitouwadge belt (ibid.). 

Central area of the southern limb 

The Geco, Willroy and Nama Creek massive sulphide depos- 
its lie along the north side of the southern limb of the 
Manitouwadge synform (Fig. 3). Most of the deposits are 
associated with quartz-magnetite iron-formation that grades 
laterally to sulphidic iron-formation and to massive sulphide 

X X X X X  
Fohated granite to  diorite/Foliated tonalite 

X X X X X 

Felsic to  lntermedlate metavolcanic rocks 
X X X X  0 Felslc metavolcanic rocks 

Mafic metavolcanic rocks/ 
Foliated gabbro 

F o l ~ a t ~ o n  

f 2 '  Mineral l i n e a t ~ o n  
R Fold axla1 plane 

,a1? Fold axls 

Figure 2. Geology of the hinge region of the Manirouwadge synform near Swill Lake. 
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mineralization (Timms and Marshall, 1959). The Nama 
Creek, Geco and Willroy 1 and 6 deposits lie immediately 
south of altered rocks characterized by orthoamphibole, cor- 
dierite, garnet, staurolite and magnetite. The Willroy 2, 3, 4 
and 5 deposits lie on iron-formation horizons farther to the 
south, intercalated with quartz-phyric felsic metavolcanic 
rocks and breccias, and sillimanite-muscovite schists. A low 
angle ductile thrust fault truncates some iron-formations and 
repeats the sequence: quartz-phyric felsic rock, iron-forma- 
tion (and sulphide mineralization), sillimanite-muscovite 
schists. Additional cryptic faults may be present in the area, 
complicating the primary relationships. 

A general symmetry of lithological units across the south- 
em limb of the synform is defined by the sequence (from 
margin to centre): mafic metavolcanic rocks, orthoamphi- 
bole-bearing rocks, felsic metavolcanic rocks interlayered 
with iron-formation, and metasedimentary rocks. However, 
there are important differences between the northern and 
southern belts. Alteration (orthoamphibole-cordierite-garnet 
gneiss and sillimanite-muscovite schist) is much more exten- 
sive and intense in the north, and the main protolith, still 
recognizable in less altered areas, is a unit of thinly inter- 
layered mafic and felsic metavolcanic rocks. In the south, 
thin semicontinuous zones of orthoamphibole-garnet occur in 
mafic metavolcanic rocks near the contact with meta- 
sedimentary rocks. 

Felsic rocks in both belts includevolcaniclastic and epiclastic 
(heterolithic) breccias. Some of the southern breccias resemble 
proximal deposits having coarse (50 cm scale) angular mono- 
lithologic clasts. The matrix commonly contains abundant 
garnet and hornblende porphyroblasts, interpreted to have 
crystallized during metamorphism of synvolcanic calc-silicate 
alteration. Breccias with an epiclastic component contain 

Northern belt - 
FFolioted quartz lonolile 

Quartz-phyric felslc rnefovolcanlc rocks 

Southern belt 

Aphyric felslc rnetavolcanlc rocks 
t 

O U L U  A u L z $ : s e & - 2 h 2 e 3  

Figure 5. Ranges of chondrite-normalized REE abundances 
in felsic rocks from northern and southern volcanic belts. 
Gd abundance is interpolated. 

garnet-hornblende-bearing clasts that resemble the matrix of 
the monolithological breccias, thus supporting syngenetic 
calc-silicate alteration. Breccia facies in the north are harder 
to identify, both because alteration (muscovite-sillimanite 
and calc-silicate) is more advanced and because the rocks are 
more deformed. Southern felsic rocks are aphyric, whereas 
the northern rocks, especially near the Geco and Willroy 
deposits, are quartz-phyric. There is a much larger volume of 
felsic metavolcanic rocks and intercalated iron-formation in 
the north, and quartz-rich tonalite (synvolcanic) has been 
found only in the north. 

0 Foliated quartz tonalite 
A Quartz-phyric felsic 

metavolcanic rocks 
0 # Felsic metavolcanic rocks 

calc-alkoline 

v v v V v V v V V  
Na20+K20 MgO 

Figure 4. AFM diagram (afrer Irvine arid Baragar, 1971 )for 
majc  and felsic rnetavolcanic rocks from the northern (open 
symbols) and southern Cfilled symbols) volcanic belts. 

GEOCHEMISTRY AND 
GEOCHRONOLOGY 

A suite of 30 samples, representing unaltered or 'least' altered 
metavolcanic, intrusive and metasedimentary rocks, was col- 
lected in 1992, mainly in the area of Figure 3. Preliminary 
results show that mafic metavolcanic rocks and foliated gabbro 
from the northem and southern belts are chemically indistin- 
guishable, in the field of tholeiitic basalt and basaltic andesite 
(Fig. 4). Felsic metavolcanic rocks and quartz-rich tonalite 
generally follow a calc-alkaline trend, the presence of minor 
garnet and hornblende (a result of incipient alteration) causing 
one incursion into tlie tholeiitic AFM field. 

In contrast to mafic rocks, felsic metavolcanic units from 
north and south are markedly different, especially in trace 
element composition (Fig. 5). The northern quartz-phyric 
rocks and quartz-rich tonalite have moderately sloping rare 
earth element (REE) patterns, with LalYb from 4-8, pronounced 
negative Eu anomalies (Eu/Eu*=0.43-0.55), and low ZrIY from 
4-1 0. Southern felsic rocks (2 samples) have a lower abundance 
of REE, a steeper slope from light to heavy REE with La/Yb of 
13, small negative Eu anomalies (Eu/Eu*=0.69-0.94), and high 
ZrIY from 32-44. In comparsion to geochemical analyses 
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compiled by Lesher et al. (1 986) for felsic metavolcanic rocks 
in the Superior Province, the southern felsic rocks in the 
Manitouwadge belt are typical of barren rocks not associated 
with mineralization. The northern felsic rocks and quartz- 
rich tonalite, are geochemically similar to felsic rocks known 
to host massive sulphide deposits, in particular, to those in the 
Sturgeon Lake area of the Wabigoon subprovince (Type FII, 
ibid.). The quartz-rich tonalite is indistinguishable from 
northern quartz-phyric felsic rocks and could have been a 
reservoir for extrusive volcanic activity. 

Preliminary U-Pb dates on zircon from a sample of the 
southern felsic suite give a volcanic age of 2722 f 2 Ma, 
within error of zircon from muscovite schist at Geco (2720 + 2 
Ma, Davis et al., in press). The age of zircon (circa 2720 + 3 
Ma) from foliated quartz-rich tonalite north of Willroy and 
Geco confirms our field interpretation of synvolcanic intru- 
sion. Volcanism was coeval in the northern and southern 
parts of the belt, but produced felsic rocks with different 
geochemical signatures. 

A sample of foliated tonalite dyke, interpreted to be a 
syn-D2 intrusion on the basis of field relationships, did not 
contain zircon. However, monazite of igneous morphology 
gave an age of 2671 f. 3 Ma. 

DISCUSSION 

The general sequence - tholeiitic metabasalt, felsic meta- 
volcanic rocks and iron-formation, and metasedimentary 
rocks - suggests a stratigraphic succession in which the 
youngest rocks lie in the centre of the southern limb of the 
Manitouwadge synform. This raises the possibility of an 
early fold (see discussion in Zaleski and Peterson, 1993a); 
however, we have not found conclusive supporting evidence 
(such as a fold closure) for this. The divergence of northern 
and southern metavolcanic rocks to the east (near the Banana 
Lake antiform) and, possibly, to the west (near the Blackman 
Lake antiform) argues against repetition by an early fold. The 
simplest explanation for the observed sequence, taking into 
account the significant differences between northern and 
southern felsic rocks and their associations, is that they 
developed as two independent coeval volcanic centres on a 
substratum of tholeiitic shield basalt. In this scenario, the 
central metasedimentary rocks were deposited in a basin 
between the felsic centres. The original configuration has 
been imbricated and shortened during early deformation 
related to accretion of the Wawa subprovince or the Wawa 
and Quetico belts (Peterson and Zaleski, 1994). 

Despite the complications imposed by deformation and 
metamorphism, massive sulphide deposits in the Manitouwadge 
belt still preserve primary relationships that support a synvol- 
canic origin. The rock types are generally consistent with a 
subaqueous setting (pillowed mafic flows, iron-formation, 
volcanic brefcias, metasediments). The geochemistry of the 
northern felsic rocks is typical of felsic rocks associated with 

mineralization. Lesher et al. (1 986) postulated that geochemi- 
cal signatures of this type indicate plagioclase fractionation in a 
high level magma chamber, and that the same magma cham- 
ber might have been instrumental in driving hydrothermal 
activity. Franklin et al. (1981) have also stressed the role of 
subvolcanic intrusions as heat sources for hydrothermal sys- 
tems. In the Manitouwadge belt, the close association of 
massive sulphide deposits with altered rocks (orthoamphibole- 
cordierite-garnet gneiss and sillimanite-muscovite schist), 
felsic volcanic rocks of appropriate composition, synvolcanic 
quartz-rich tonalite and chemical precipitates (iron-formation), 
supports a syngenetic model. 

In the syngenetic model, orthoamphibole-cordierite-garnet 
rocks originated as alkali-depleted alteration, and sillimanite- 
muscovite rocks as aluminous-potassic alteration. In most 
volcanogeriic deposits, these alteration types would be localized 
in a discordant subvolcanic pipe and in a broad near-surface halo 
enveloping the upper pipe, respectively. The Manitouwadge 
altered rocks do not fit comfortably into this scheme; the 
orthoamphibole-cordierite-garnet rocks are crudely strat- 
abound, as noted by James et al. (1978), and form a laterally 
continuous unit that cannot be simply attributed to intense 
deformation. Sillimanite-muscovite schists envelop or 'cap' 
the Geco and Willroy 1 and 6 deposits, but elsewhere they are 
separated from the alkali-depleted alteration by felsic rocks 
and iron-formation. However, these rocks are locally associ- 
ated with straight gneisses (annealed mylonites) and were 
zones of focussed deformation during Dl lD2  thrusting. 
Undoubted1 y , primary relationships were significantly modified. 
In addition, the synvolcanic quartz-rich tonalite intrudes or- 
thoamphibole-cordierite-garnet rocks and, hence, it is likely 
that part of the deeper level of the original hydrothermal 
system was obliterated. 

Regional metamorphism was broadly synchronous with 
D2 deformation (Zaleski and Peterson, 1993a). Based on field 
observations, the intrusion of the Black Pic batholith was pre- 
to syn-D2 and may have been directly involved in heat 
transfer. Metamorphism in the Wawa subprovince was essen- 
tially coeval from the amphibolite-facies Schreiber-Hemlo 
belt, to the upper amphibolite Manitouwadge belt, at 2678- 
2675 Ma. Our preliminary age of 2671 + 3 Ma for a syn-D2 
tonalite dike is slightly younger; however, at this stage, the 
significance of the minor discrepancy is unknown. It is still 
possible that metamorphism was diachronous from south to 
north. Within the Manitouwadge belt, metamorphic grade 
increases toward the north; muscovite-sillimanite-quartz 
schists near Geco and Willroy give way to sillimanite-micro- 
cline-quartz schists north of Willecho. Folded and cross-cut- 
ting leucosomes in Quetico metasedimentary rocks suggest 
that migmatization occurred during D4  (Peterson and Zaleski, 
1994). These observations are consistent with diachronous 
development of peak metamorphism between the Quetico and 
Wawa subprovinces, and with peak metamorphism in the 
Quetico coeval with granitic magmatism at 2670-2650 Ma 
(Percival, 1989). By this time, the Wawa subprovince near 
Manitouwadge may have been undergoing slow cooling, 
during which ductile deformation (D3 to D5) continued. 
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Structure and tectonics of the Manitouwadge 
greenstone belt and Wawa-Quetico subprovince 
boundary, Superior Province, northwestern Ontario1 

V.L. Peterson and E. Zaleski 
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Peterson, V.L. and Zaleski, E., 1994: Structure and tectonics of the '~anitouwadge greenstone 
belt and Wawa-Quetico subprovince boundary, Superior Province, northwestern Ontario; & 
Current Research 1994-C; Geological Survey of Canada, p. 237-247. 

Abstract: We propose a revised structural geometry and deformation history for the Manitouwadge 
greenstone belt of the northern Wawa subprovince adjacent to the Quetico subprovince. Early folding and 
thrusting with a possible sinistral component produced Dl and D2 structures. The dominant D2 foliation 
and lineation were produced during peak metamorphism. The Manitouwadge synform resulted from D3 
deformation, possibly progressive from D2, following peak metamorphism. Dextral oblique shear during 
D4, possibly synchronous with migmatization in the Quetico subprovince, produced broad to focussed shear 
strain and refolded the Manitouwadge synform. Evidence for refolding, based on detailed mapping and 
aeromagnetic interpretation, is suggested by northeastward extension of the 'Geco horizon' through a series 
of folds. D5 structures reflect continued dextral oblique shear, focussed along the Wawa-Quetico boundary. 
The Manitouwadge belt and its mineral deposits appear to have shared a common structural history with 
the adjacent Quetico subprovince since DdD3. 

RCsumC : Nous proposons une rtvision de la gCom6trie structurale et de I'tvolution de la dtformation 
dans la ceinture de roches vertes de Manitouwadge, qui se trouve dans le nord de la sous-province de Wawa, 
B proximitC de la sous-province de Quetico. Les plis et chevauchements initiaux, qui posscdent peut-etre 
une composante senestre, ont produit des structures Dl et D2. La foliation et la lintation dominantes 
associees A D2 sont apparues pendant la culmination du mttamorphisme. Le synforme de Manitouwadge 
a Ctt produit par une dtformation D3, qui a peut-Stre progressivement dkrivte de I'tpisode de dtformation 
D2, apr2s la culmination du metamorphisme. Un cisaillement dextre oblique associC A une dtformation D4, 
peut-&re synchrone de la migmatisation survenue dans la sous-province de Quetico, a produit des zones de 
cisaillement ttendues A concentrkes et replissk le synforme de Manitouwadge. La cartographie dCtaill6e et 
l'interprktation des donnCes atromagnttiques permet d'identifier un replissement dont l'existence est 
confirmke par la reconnaissance du prolongement vers le nord-est de I'ahorizon de Geco), A travers une 
sCrie de plis. Les structures D5 traduisent un cisaillement continu B composante oblique et $ dkplacement 
dextre, concentrC le long de la limite entre les sous-provinces de Wawa et de Quetico. La ceinture de 
Manitouwadge et ses gites minCraux ont sans doute connu une Cvolution structurale commune avec la 
sous-province adjacente deQuetico depuis D2JD3. 

' Contribution to Canada-Ontario Subsidiary Agreement on Northern Ontario Development (199 I -  1995), under the 
Canada-Ontario Economic and Regional Development Agreement. 
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INTRODUCTION 

The Manitouwadge greenstone belt is an upper amphibolite- 
facies remnant of supracrustal rocks with a complex deforma- 
tion history. It lies within the Wawa subprovince of the 
Archean Superior Province, adjacent to the Quetico sub- 
province boundary (Fig. 1). Previous detailed mapping (Pye, 
1957; Milne, 1974) revealed the deformed geometry of the 
Manitouwadge belt and regional studies (Williams and 
Breaks, 1989, 1990b) delineated a protracted structural his- 
tory. We are building on these previous studies by applying 
detailed mapping, structural and petrogenetic analysis toward 
an understanding of 1) the evolution of the belt; 2) the 
influence of primary setting, deformation and metamorphism 
on the present geometry of its mineral deposits; and 3) the 
relationship of the belt to the adjacent Wawa-Quetico bound- 
ary. In addition, the structural history of the Manitouwadge 
greenstone belt and the Wawa-Quetico boundary records part 
of the evolution of this major lithotectonic contact and of the 
construction of the Superior Province. 

This study is based primarily on observations made dur- 
ing detailed mapping (1:5000 and 1:10 000) of the 
Manitouwadge greenstone belt during 1992 and 1993. A 
high-resolution aeromagnetic survey flown by Dighem for 
Noranda, Inc. and released to the Geological Survey of 
Canada was useful for directing our mapping and extrapo- 
lating lithological units in areas of poor exposure. The 
overall geological setting of the belt is discussed more fully 
in Zaleski and Peterson (1 993) and in a companion paper in 
this volume by Zaleski et al. (1 994). 

STRUCTURAL AND TECTONIC SETTING 

Subdivision of the Superior Province into east-west-trending 
linear volcano-plutonic (granite-greenstone), meta- 
sedimentary, and high grade gneiss subprovinces was based 
on lithological, structural, metamorphic, geochronological, 
and geophysical criteria (Card and Ciesielski, 1986). The 
supracrustal belts within the volcano-plutonic subprovinces 
resemble arc-type deposits in modem orogenic belts (Card, 
1990). In the southwestern Superior Province, the Wawa and 
Wabigoon volcano-plutonic subprovinces are separated by 
the metasedimentary Quetico subprovince (Fig. 1). Among 
recent tectonic models for these southern subprovinces, an 
arc-accretionary model has been favoured by Percival(1989), 
Percival and Williams (1989), and Williams (1990). In this 
scenario, the Quetico subprovince represents an accretionary 
complex built southward from the margin of the Wabigoon 
arc above a northerly dipping subduction zone. Collision of 
the Wawa arc from the south amalgamated the three sub- 
provinces. Relatively high temperature/low pressure meta-, 
morphism preserved within the Quetico and northern Wawa 
subprovinces may be explained by subduction of a ridge or 
by post-subduction thermal relaxation (see Percival, 1989). 

Comparison of structural studies within the Quetico sub- 
province and along the subprovince boundaries reveals not 
only many differences in structural history and style of defor- 
mation, but also important similarities. The differences may 
reflect variations in metamorphic grade, rock type (i.e. com- 
petency contrasts) or the dominant trend of the major struc- 
tures (cf. Bauer et a]., 1992). One recurrent feature in these 

Figure 1. Tectonic map showing the Wawa, Quetico, and southern Wabigoon subprovinces of the 
southwestern Superior Province. Rectangular outline (in vicinity of M )  shows area of Figures 2 and 3. 
I = Vermilion district, Minnesota; 2 = Shebandowan greenstone belt; 3 = Geraldton-Beardmore belt; 
4 = Hemlo-Schreiber greenstone belt; 5 = Michipicoten greenstone belt; 6 = Kabinukagami greenstone 
belt; 7 = Kapuskasing structural zone; Q = Quetico fault; TB = Thunder Bay; M = Manitouwadge; 
W = Wawa. Adapted from Williams et al. ( 1  991) and Percival ( I  989). 
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studies is the presence of structures produced by dextral 
transcurrent motion. These include both ductile and brittle 
structures, typically found in shear zones or deformation 
zones near subprovince boundaries, for example, the Quetico 
fault (Borradaile et al., 1988), Vermilion district (Hudleston 
et al., 1988), Beardmore-Geraldton belt (Devaney and 
Williams, 1989), Shebandowan belt (Corfu and Stott, 1986), 
Shebandowan-Quetico boundary (Borradaile and Spark, 
1991), and Hemlo-Schreiber belt (Williams, 1989). Zones of 
distributed dextral motion in the western Quetico subprovince 
(Bauer et al., 1992) and dextral shear zones far from sub- 
province boundaries, as in the Kabinakagami belt (Leclair, 
1990) have also been noted (Fig. 1). Corfu and Stott (1986) 
constrained timing of dextral transcurrent motion in the 
Shebandowan Belt (local D2) between 2689+3/-2 and 
2684+6/-3 Ma, however temporal correlation with dextral 
motion elsewhere in the Wawa-Quetico-Wabigoon region is 
uncertain. Although timing and style of dextral motion 
appears to vary widely across this region, in several places it 
is associated with the later phases of deformation (e.g. Bauer 
et al., 1992; Devaney and Williams, 1989; Hudleston et al., 
1988). In the western Quetico subprovince, dextral motion 
has been attributed to dextral transpression produced by 
oblique arc collision (e.g. Hudleston et al., 1988; Borradaile 
and Spark, 1991; Bauer et al., 1992). 

Several studies within the region of Figure 1 have noted 
features indicative of thrusting prior to dextral transcurrent 
motion. In the Beardmore-Geraldton belt (Fig. I), Devaney 
and Williams (1989) identified stratigraphic packages sepa- 
rated by dip-slip faults, which they attributed to thrust stack- 
ing in an accretionary wedge. Jirsa et al. (1992) presented 
evidence for early (Dl) thrusting and nappe formation in the 
western Wawa subprovince (Vermilion district), possibly 
associated with accretion. Along the Wawa-Quetico bound- 
ary near Schreiber (Fig. I), Williams (1989) identified struc- 
tures possibly related to early dip-slip thrusting. In the 
Michipicoten greenstone belt, early thrust structures (D2 and 
earlier) have been described by Arias and Helmstaedt (1990) 
and McGill(1992). There is also evidence of early thrusting 
along ductile shear zones in the Manitouwadge greenstone 
belt (Zaleski and Peterson, 1993). 

LOCAL GEOLOGICAL SETTING 

The supracrustal sequence within the Manitouwadge belt was 
previously mapped by Pye (1 957) and Milne (1 974). Various 
theses (e.g. Robinson, 1979; Watson, 1970), and maps pro- 
duced by mining companies and prospectors have focussed 
on areas of economic interest. The regional setting of the 
Manitouwadge greenstone belt was studied by Williams and 
Breaks (1989,1990a, b). Rock types are described by Zaleski 
and Peterson (1993) and Zaleski et al. (1994). Within the 
supracrustal package, these include: mafic metavolcanic 
rocks, felsic metavolcanic rocks, metasedimentary rocks, and 
metamorphosed quartz-magnetite-garnet-grunerite iron- 
formation. Orthoamphibole-garnet-cordierite gneiss and 
quartz-muscovite-sillimanite schist are interpreted as meta- 
morphosed synvolcanic alteration zones (ibid.). The Geco 
Cu-Zn mine and several formerly producing deposits lie south 

of the main belt of synvolcanic alteration and in most areas 
are associated with iron-formation. Intrusive rocks include 
foliated dioiites to granites, gabbro, K-feldspar-megacrystic 
granodiorite and strongly foliated to massive pegmatites 
(ibid.). Intrusive rocks outside the belt of supracrustal rocks, 
collectively referred to as the Black Pic Batholith (Williams 
and Breaks, 1990a), are distinctly different from those inside 
the belt (Zaleski et al., 1994). Mineral assemblages and 
geothermobarometry suggest that the metamorphic grade 
reached upper amphibolite facies (600-700°C and 3-6 kbar) 
in the Manitouwadge belt (Petersen, 1984; Pan and Fleet, 
1992) and granulite facies (>700°C and 5.4 kbar) in the 
Quetico metasediments to the north (Percival, 1989). 

A number of previous studies have contributed to our 
understanding of the structure and petrogenesis of the 
Manitouwadge belt. Pye (1957) first recognized the synfor- 
ma1 shape of the belt, which folds the dominant foliation, and 
observed that lineations are parallel to local fold axes. Timms 
and Marshall (1959) noted that orebodies have a shallow 
easterly plunge, parallel to the dominant mineral lineations. 
Pye (1957) and Milne (1974) identified the major map-scale 
folds and late faults within the belt, and Milne interpreted 
belts of quartz-muscovite schist as shear zones. Touborg 
(1973) and Robinson (1979), among others, suggested that 
the crude symmetry of units, most evident across the southern 
limb of the synform, may be the result of an early synclinal 
structure cored by metasediment. Williams and Breaks 
(1989,1990b) described a 5-phase sequence of deformation 
in which D2 was the dominant fabric-forming event. D2 
planar and linear fabrics were deformed by nearly coaxial D3 
structures, including the Manitouwadge synform (ibid.). D4 
structures include Z-shaped folds and extensional crenulation 
cleavage. A compatible three-phase structural sequence is 
described by Nichol (1991) based on detailed studies in 
supracrustal  and gabbroic  rocks  southeast  of the 
Manitouwadge belt. 

STRUCTURAL FEATURES 

We identify five phases of ductile deformation in the 
Manitouwadge belt, generally comparable to the regional 
deformation sequence of Williams and Breaks (1 989,1990b). 
Significant differences are based on detailed mapping and 
interpretation of aeromagnetic data (Fig. 2,3). Heterogeneity 
of deformation across the belt complicated construction of a 
cross section for the whole belt, however, down-plunge pro- 
jection for a limited area in the inner hinge region of the 
synform helped to elucidate the complex relationships in that 
area (Fig. 4). 

Map-scale triple points of lithological units, truncation of 
units and repetition of sequences, particularly in the inner 
hinge and southern limb regions of the synform are inter- 
preted as resulting from DI  faults or shear zones (Fig. 4, A-E). 
Dynamic structural fabrics are not preserved; however, local 
occurrences of finely laminated straight gneisses were inter- 
preted to be annealed mylonites (Zaleski and Peterson, 1993). 
Fault B is a probable Dl structure folded by D2 folds (Fig. 4 
and ibid.). Fault C (Fig. 4) could be interpreted as a 
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short-limb thrust related to the formation of the isoclinal fold 
to the north. Foliations in the hinge region of the fold, north 
of fault C, do  not appear to be folded and are locally oblique 
to folded contacts. Both the fold and fault are possible early 
structures truncated by fault D. The kinematics of possible 
Dl structures is unknown. DI fabrics, including annealed 
mylonitic or gneissic layering, can be distinguished only in 
the hinge regions of some D2 folds (ibid.). 

The dominant planar fabrics, mineral lineations and outcrop- 
scale folds, as well as some map-scale folds within the supra- 
crustal belt were interpreted as D2 structures (Zaleski and 
Peterson, 1993). D2 foliations and east-northeast-plunging 
minerallstretching lineations are parallel to axial surfaces and 
axes of local D2 folds, respectively, and are folded by the D3 
Manitouwadge synform. The map-scale S-shaped folds in 
iron-formation (Fig. 2, 4) are well documented as D2 folds 
(ibid.). New mapping in 1993 suggests that fault D (Fig. 4), 
previously interpreted as a Dl structure (ibid.), extends into 
the hinge region of the synform and is not folded by major D2 
folds. Hence, fault D is re-interpreted as a relatively late D2 
ductile shear zone that juxtaposed the continuous sequence of 
altered rocks to the northeast with the more complex region 
to the southwest. Fault A truncates the southern limb of a 
possible D2 fold and could be similar in age to fault D. Both 
faults A and D are identified on the basis of map-scale 
geometry and do not preserve dynamic fabrics, although 
map-view offsets along fault D indicate a component of 
westward vergence'(ibid.). Fault E forms a pronounced line- 
ament and truncates belts of iron-formation and fault D 
(Fig. 2,4) with apparent map-view sinistral offset. The fault 
zone is characterized locally by grain-size reduction and 
slivers of various rock units. The zone is deflected around the 
Manitouwadge synform, suggesting that it is a late D2 

structure. D2 structures were produced by folding and ductile 
thrusting at upper amphibolite facies (near peak metamorphic 
conditions, ibid.). An oblique sinistral component of motion 
is suggested by the S-asymmetry of the map-scale D2 folds, 
by possible westward motion on fault D, and by sinistral 
offset along fault E. 

The D3 Manitouwadge synform dominates the regional 
structure of the belt, folding D2 foliations and lineations. The 
synform has a moderate to gentle northeast plunge, nearly 
coaxial with D2 folds. An axial planar fabric is not apparent 
in the hinge region of the synform and few other outcrop- or 
map-scale features can be unambiguously assigned to D3. 
Smaller map-scale Z-folds on the south limb of the synform 
with Z-asymmetry may be parasitic D3 folds, or they may be 
D4 folds. Outcrop-scale folds (= 0.1 - 1 m amplitude) with 
curving hinge lines, which deform the dominant (D2) linea- 
tion and are cut by a later crenulation cleavage, are tentatively 
interpreted as D3 structures. The absence of a pervasive D3 
fabric may indicate that the Manitouwadge synform formed 
after the local peak metamorphism. 

Map-scale D4 structures include the Nama Creek shear 
zone, Blackman Lake antiform, Jim Lake synform, and sev- 
eral minor folds shown inFigures 2 and 5. Both the Blackman 
Lake antiform and Jim Lake synform fold the D3 Manitou- 
wadge synform (Fig. 2). Outcrop-scale D4 structures, typi- 
cally associated with northeast-plunging linear fabrics, 
deform the dominant D:! fabrics and, where kinematics can 
be inferred, they suggest a dextral oblique sense of motion. 
The style of deformation and characteristic D4 structures are 
somewhat variable across the region, reflecting differences in 
rock type and, possibly, metamorphic grade. 

Figure 4. Down-plunge projection of the inner hinge region of the Manitouwadge synform. The line of 
projection is the plunge of synform at 065°1250. Z - Z' (Fig. 2 )  is the line of intersection between the 
projection plane and the horizontal at 350 rn elevation. Topographic relief (= 140 m)  is not shown. 
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The Nama Creek shear zone along the northwest margin 
of the Manitouwadge synform (Fig. 2) is identified from a 
dramatic westward increase in strain toward the hinge region 
in the Swill Lake area (Fig. 2 in Zaleski et al., 1994), and 
from the northward curvature and truncation of aeromag- 
netic trends (Fig. 3). The zone of truncation is inferred to 
follow the Nama Creek valley and is not exposed. In the 
hinge region of the synform, spectacular L>S tectonites and 
folds with a moderate northeasterly plunge, parallel to linea- 
tions (Fig. 5) ,  dominate exposures nearest to the shear zone. 
The pronounced stretching lineation is defined by horn- 
blende, quartz rods (especially in folded quartz veins), and 
by streaky mafic lenses within intermediate volcanic rocks. 
All scales of folds typically have an M- or Z-asymmetry with 
locally developed axial planar fabric and fold D2 planar 
fabrics (Fig. 5; ibid., fig. 3). The D4 foliation has completely 
transposed all other fabrics; however, with decreasing 

Figure 5. Outcrop photos of northeast-plunging D4 folds 
from the hinge region of Manitouwadge synform near Nama 
Creek shear zone in a) felsic to intermediate layers 
(GSC 1993-263A). b) streaky layers in intermediate host 
with pronounced stretching lineation parallel to fold axes 
(scale bar in centimetres). (GSC 1993-263C) 

D4 strain to the east, a D2 planar fabric, locally axial planar 
to D2 folds, is more evident. Both D2 folds and foliation are 
deformed by the dominant 2-shaped D4 folds. 

North of the Nama Creek shear zone, the D2 foliation is 
folded by the D4 Blackman Lake antiform. On the north- 
trending part of the short limb of this fold, D2 foliation in 
migmatitic rocks is reoriented in outcrop-scale shear zones 
(= 1-3 m long) and convolute minor folds. The shear zones 
have northerly strikes and steep dips, and show either sinistral 
or dextral offset in plan view. The folds vary in style and 
orientation, but most have S-asymmetry and moderate north- 
easterly plunges. Locally they deform an earlier (D2?) 
mineral lineation. Along the east-trending long limb of the 
Blackman Lake antiform, south of Blackman Lake (Fig. 2), 
strongly foliated tonalites host pegmatites and granitic veins 
which may represent incipient migmatization. 2-shaped 
folds are common and plunge moderately east-northeast, 
parallel to a distinct stretching lineation. Locally, pegmatites 
and granitic veins are concentrated in the short limbs of folds; 
a geometry analogous to the apparent map-scale concentra- 
tion of migmatitic rocks along the north-trending short limb 
of the Blackman Lake antiform. North of Blackman Lake, 
the concentration of migmatitic rocks and veins increases 
toward the Quetico boundary. Abundant screens of mafic 
volcanic rocks and, locally, iron-formation (see also Williams 
and Breaks, 1990a) could be an extension of the thick belt of 
mafic metavolcanic rocks on the southern margin of the 
Manitouwadge synform (Fig. 2).  

The D4 Blackman Lake antiform and the Jim Lake syn- 
form deform the Dg Manitouwadge synform (Fig. 2,3). The 
Blackman Lake antiform appears to extend southeastward to 
fold the northern limb, axial region and southern limb of the 
Manitouwadge synform (Fig. 2). Field mapping, aeromag- 
netic trends (Fig. 2,3), and compilation of mining company 
maps and drilling data indicate the presence of the Jim Lake 
synform and suggest that it deforms the northern limb and 
axial region of the Manitouwadge synform. 

The proposed extension and folding of the southern limb 
of the synform represents the most radical departure from 
previous interpretations. Field mapping of the eastern exten- 
sion of this limb is frustrated by poor exposure. Noranda has 
traced the metamorphosed altered rocks associated with min- 
eralization at the Geco mine (the 'Geco horizon') eastward as 
shown in Figure 2, through mapping and extensive drilling. 
The easternmost known extension of the 'Geco horizon' is 
referred to as the Falconbridge zone (Fig. 6). A second zone 
of metamorphosed alteration to the north, the East One Otter 
zone (Fig. 6), is characterized by garnet-orthoamphibole 
gneiss, iron-formation, and mafic metavolcanic rocks. Our 
mapping in 1993 (Fig. 6), combined with interpretation of the 
aeromagnetic data (Fig. 3), suggests that the East One Otter 
zone continues southward through a series of folds that also 
deform the dominant foliation. This map geometry suggests 
that the East One Otter and Falconbridge zones may be 
correlative and that the southern limb of the Manitouwadge 
synform continues northward from the Falconbridge zone 
toward the Quetico boundary through a series of minor folds. 
Extrapolating to the whole region (Fig. 2, 3), this inter- 
pretation is consistent with refolding of the D3 Manitouwadge 
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synform by theD4Blackman Lake antiform and related folds. 
A definitive correlation between the Falconbridge zone and 
the East One Otter zone cannot be made yet, due to the 
limitations of poor exposure and north-south noise (flight 
lines?) in the aeromagnetic data. The two zones are tenta- 
tively shown separated by a fault with apparent sinistral offset 
(Fig. 6). 

Structures observed in migmatitic rocks within, and adja- 
cent to, the Quetico subprovince also reflect oblique dextral 
shear and are interpreted to be a product of D4 deformation. 
These include ubiquitous Z-shaped folds with northeast- 
plunging axes that fold the dominant planar fabric (D2?), 
shear bands, foliation fish, and rotated boudinage. All of 
these deform migmatitic layering but are transected by dis- 
cordant migmatitic veins. North- to northwest-striking outcrop- 
scale (= 1-2 m long) shear zones with dextral and sinistral 
offsets are also observed in the Quetico rocks. 

Along the southern limb of the Manitouwadge synform, 
particularly north of the belt of metasediments, transposition 
of structures is more intense than in the hinge region, possibly 
reflecting a D4 high-strain zone. Focussed D4 shearing may 
have transposed earlier D2/D3? fabrics so that D2/D3/D4 are 
indistinguishable. Shear sense indicators in this area 
primarily reflect a dextral component of motion (fig. 6 in 
Zaleski and Peterson, 1993), although sinistral indicators are 
also present (ibid.). 

In general, D4 structures reflect oblique dextral shear 
across the Manitouwadge region. In the northern part of the 
region, this deformation is expressed as broadly distributed 

shear strain, generally synchronous with migmatization. The 
concentration of migmatites along the short limbs of some D4 
folds and the presence of north-trending shear zones may 
indicate a component of layer-parallel extension during 
shearing. In the southern unmigmatized part of the belt 
steeper strain gradients may reflect slightly lower metamorphic 
grades. 

The gentle deflection of the Blackman Lake antiform, Jim 
Lake synform, and Quetico boundary in the northeastern part 
of the map area (Fig. 2.3) is ascribed to Ds deformation. The 
Banana Lake antiform, which folds the southern belt of mafic 
metavolcanic rocks, may be a similar structure. East of the 
area shown in Figure 3, arcuate magnetic anomalies in the 
northern Wawa belt are concave southward and appear to be 
truncated along a surface approximately corresponding to the 
Quetico boundary. This geometry is consistent with a dextral 
component of focussed shear along this boundary, reflecting 
either D4 or D5 deformation. Kink folds and crenulation 
cleavage are locally developed, particularly in micaceous 
rocks associated with mineralization on the south limb of the 
synform. The intersection of the crenulation cleavage with 
foliation produces an intersection lineation with a moderate 
east plunge. The cleavage has a variable, generally north- 
easterly, strike and both kinks and cleavage typically have a 
Z-asymmetry. At a few localities, D4(?) dextral asymmetric 
quartz lenses in quartz-muscovite schist are folded by these 
kinks. Crenulations are also present in biotite-rich zones of 
retrograde potassic metasomatism in the orthoamphibole- 
garnet-cordierite gneisses (Zaleski and Peterson, 1993). In 
some outcrops, a second crenulation produces an indistinct, 

Figure 6. Geological map of the eastern extension of the supracrustal belt (see dashed 
rectangular outline, eastern Fig. 2).  
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Figure 7. Structural/tectonic synthesis of ductile deformation in the Manitouwadge region. a )  - f )  are 
map-view sketches showing a possible deformation sequence. See text for discussion. Stippled areas 
represent volcanic centres. Q = Quetico subprovince. W = Wawa subprovince. Dotted lines in e )  and f )  
represent concave south aeromagnetic anomalies. a) D I ,  b) D2, c) D3, d) D4, e) early D5, fl late D5, 
g) Time-temperature plot showing possible relationship between the proposed deformation sequence and the 
metamorphic evolution in the Manitouwadge belt (solid line) and adjacent Quetico belt (dashed line). For 
discussion of absolute dates see Zaleski et al. (1 994) and Percival(1989). 
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generally west-plunging intersection lineation on the foliation 
surface and a less distinct cleavage. The kinks and cleavages 
described above are tentatively assigned to D5. 

Several late faults have been identified in the area, some 
of which are shown in Figure 2. The Agam Lake fault (Pye, 
1957; Watson, 1970) forms a distinct strike-parallel line- 
ament in the metasediments on the southern limb of the 
synform. It appears to be primarily a brittle fault, however 
localized L-tectonites suggest an earlier ductile history. 
Cross-cutting brittle faults include the Cadawaja fault, Mose 
Lake fault, and Fox Creek fault (Pye, 1957; Milne, 1974). 
These also form prominent lineaments and are associated 
with brittle structures at the surface and in some cases in 
underground localities. 

STRUCTURAL AND TECTONIC SYNTHESIS 

The complex structural relationships observed in the 
Manitouwadge greenstone belt and adjacent Wawa-Quetico 
boundary can be interpreted in the context of an accretionary 
arc setting (Percival, 1989). During primary volcanism, fel- 
sic rocks were erupted from two volcanic centres onto older 
tholeiitic shield basalts (Zaleski et al., 1994). The northern 
centre was associated with a hydrothermal system and now 
hosts orebodies within the Manitouwadge belt. Volcano- 
genic sediments and greywackes accumulated in a basin 
between the felsic centres. 

The earliest recognizable deformation, Dl,  may have 
resulted from thrust imbrication during the early stages of 
shortening between the Wawa and Quetico subprovinces 
(Fig. 7a). During D2 deformation, folding and thrusting or 
shearing continued, possibly with an oblique sinistral compo- 
nent of motion, at conditions near the metamorphic peak in 
the supracrustal belt (Fig. 7b). D2 structures deformed earlier 
Dl thrusts and produced the dominant regional foliations and 
lineations. The Black Pic Batholith, in which most phases 
have D2 fabrics, was intruded pre- to syn-D2. The Manitou- 
wadge synform was produced by D3 deformation, which was 
nearly coaxial with earlier D2 folds. In the structural 
synthesis presented here, the regional structural geometry 
requires that the synform originally closed eastward, suggesting 
D3 folding in response to regional sinistral oblique shortening 
and shearing (Fig. 7c). More extreme folding of the supra- 
crustal belt, compared to the enclosing tonalites, may reflect 
competency differences. D 2  and D 3  deformation may repre- 
sent a continuous progression during and after the peak of 
metamorphism, so that the structures are essentially coaxial, 
but with little development of new fabrics during D3. D4 may 
reflect a regional change from sinistral oblique deformation 
to broadly distributed dextral oblique shear (Fig. 7d). Refold- 
ing of the Manitouwadge synform as shown in Figure 6d 
could be accomplished within a broad dextral shear zone with 
increasing strain toward the Wawa-Quetico boundary. The 
strain gradient may partly reflect a thermal gradient during 
metamorphism, with hotter conditions leading to partial melt- 
ing in the north near the Quetico boundary. This scenario is 
consistent with morc broadly distributed D4 strain near the 

Quetico boundary and more focussed high-strain zones to the 
south.  Extension a long the  southern l imb of the 
Manitouwadge synform and shearing along the northwest 
limb (Nama Creek shear zone) may have been a by-product 
of D4 refolding of the synform. During D5, continued oblique 
dextral motion during cooling may have focussed shear strain 
along the Wawa-Quetico boundary (Fig. 7e). D 5  may also be 
responsible for development of the open extensional bend in 
the boundary (Fig. 7e), and warping of nearby D4 axial 
surfaces. Perhaps the proximity of the Manitouwadge supra- 
crustal rocks helped to localize this bend. During later Ds, 
shear strain may have been transferred northward to a more 
linear zone, cutting off the southerly bend in the Quetico 
boundary (Fig. 7f). 

The Quetico subprovince north of Manitouwadge is 
unusual in that the hottest, granulite-facies rocks are near its 
southern boundary. From the Quetico, there appears to be a 
continuous metamorphic gradient across the boundary to 
upper amphibolite facies in the Wawa subprovince. Field 
relations and geochronology (Zaleski et al., 1994) suggest the 
possibility of slightly younger metamorphism in the Quetico 
subprovince than in the Manitouwadge belt (Fig. 7g). This is 
consistent with our structural interpretation that supracrustal 
rocks in the Manitouwadge belt remained relatively hot and 
ductile during post-peak metamorphic deformation. 
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greenstone belt, Ontario; & Current Research 1994-C; Geological Survey of Canada, p. 249-257. 

Abstract: In 1991 and 1992,286 till samples were collected for mineral exploration purposes in the 
vicinity of the Manitouwadge greenstone belt. Samples were analyzed for their content of clasts of 
distinctive Precambrian and Paleozoic lithologies and for trace elements in the c.002 mm fraction. Variation 
in till composition can be related to glacial transport and local bedrock geology. In many areas, the till 
contains abundant Paleozoic carbonate clasts glacially transported southwestward from the Hudson Bay 
and James Bay lowlands. Where present in large quantities, Paleozoic carbonate tends to suppress the 
geochemical signature of till partially derived from local Precambrian bedrock, which contains higher trace 
element levels. Despite the effects of dilution, anomalously high concentrations of Cu, Pb, and Zn are found 
in till overlying and immediately down ice from the Geco and associated VMS deposits at Manitouwadge 
and, elsewhere, at a few sites overlying and away from the greenstone belt. 

RCsumC : En 1991 et 1992,286 Cchantillons de till ont t t t  prtlevts A des fins de prospection mintrale 
dans les environs de la ceinture de roches vertes de Manitouwadge. 11s ont Ctk analysks pour dtterminer 
leur teneur en clastes de  lithologies distinctives du Prtcambrien et du PalCozoTque, ainsi que leur teneur en 
ClBments traces dans la fraction < 0,002 mm. La variation de la composition du till peut Etre lite au transport 
glaciaire et ?I la gtologie du substratum rocheux local. Dans de nombreux secteurs, le till contient 
d'abondants clastes de roches carbonatkes du Paltozofque transportks par les glaces vers le sud-ouest A 
partir des basses terres.de la baie d'Hudson et de la baie James. LA oh ils sont prtsents en grandes quantitts, 
les clastes de roches carbonattes du PalkozoYque ont tendance 2 supprimer la signature gtochimique du till 
partiellement dtrivt  du socle prkcambrien local qui contient de fortes concentrations d'tlkments traces. 
Malgr6 les effets de la dilution, des concentrations de Cu, de Pb et de Zn anormalement tlevtes ont t t t  
relevtes dans le till sus-jacent au gisement de sulfures massifs volcanog&nes de Geco et autres gisements 
associCs de Manitouwadge et B I'aval glaciaire de ceux-ci, de mCme qu'ailleurs B quelques endroits situts 
dans la ceinture de roches vertes et A I'extCrieur de celle-ci. 

' Contribution to Canada-Ontario Subsidiary Agreement on Northern Ontario Development (1991- l995), under the 
Canada-Ontario Economic and Regional Development Agreement. 
Department of Earth Sciences and Ottawa-Carleton Geoscience Centre, Carleton University, Ottawa, Ontario 
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INTRODUCTION 

As part of the Northern Ontario Development Agreement 
(NODA), the Geological Survey of Canada carried out till 
sampling in 1991 and 1992 in the Manitouwadge- 
Homepayne area (Kettles, 1993a, b). The purpose was to 
provide information about Quaternary geology (e.g. ice flow 
directions and lithological and geochemical composition of 
glacial sediments) that would be  valuable for drift 
prospecting. This survey included more detailed sampling in 
the vicinity of the Manitouwadge greenstone belt, especially 
near the Geco and several abandoned Cu-Zn mines (Fig. 1). 
In 1992 additional till sampling, also relating to mineral 
exploration, was undertaken in the Manitouwadge area by 
Carleton University. The two surveys collected 286 till 
samples. In this paper preliminary results of their analysis are 
presented. The paper has three objectives: (1) to describe 
physical and chemical properties of Manitouwadge tills; 
(2) to interpret local ice flow directions; and (3) to identify 
areas where subsequent, detailed drift prospecting may locate 
new base metal deposits. 

Bedrock and glacial geology 

The study area is underlain by Archean greenstone belts and 
granitoid plutons of the Wawa subprovince of the Canadian 
Shield (Williams and Breaks, 1990; Zaleski and Peterson, 1993; 
Ontario Geological Survey, 1991; Fig. 2; Table 2). The 
Manitouwadge greenstone belt, comprising highly deformed 
metavolcanic and metasedimentary rocks, hosts four known 
volcanogenic massive sulphide (VMS) deposits, the largest of 
which is the Geco Cu-Zn-Ag deposit (Fig. 1; Friesen et al., 
1982). 

All glacial sediments in the Manitouwadge area are 
thought to have been deposited during the Late Wisconsinan 
(Kristjansson and Geddes, 1986; Geddes and Bajc, 1985; 

----- railway line ' 7 mineralized occurrence CU. Zn mine 
-- major mads glacial striae; relative age 0 Cu. Zn mine. Past Producer 
- Indicated where known. a area of Archean detailed ' , = oldes; 

sarnplina area metavolcanlc bedrock 

Figure I .  Study area, Manitouwadge area, Ontario. See 
Table 1 for mineral occurrences. 

Table 1. Mineral occurrences shown in Figure 1 
(after D.B. McKay, in prep.) 

Barnett et a]., 1991). Striae measurements indicate that the 
predominant flow direction was 210-220' (Kristjansson and 
Geddes, 1985; Geddes and Bajc, 1985; Kettles, 1993a, b; 
Fig. 1). From striae on stoss and lee facets of glacially 
moulded bedrock and in grooves eroded during earlier flow 
events, earlier (southerly) and later (more westerly) flow 
events were determined. 

Table 1. Description of mineral occurrences; 
accompanies Figure 1. 

The most widespread glacial deposits in the Manitouwadge 
area are diamictons likely deposited either directly from, or in 
close association with, glacial ice. They have the physical and 
chemical characteristics that closely approximate those of the 
debris load carried by the last glacier to cross the project area, 
and are, therefore, collectively referred to as till. A single strati- 
graphic unit has been recognized (Kristjansson and Geddes, 
1985; Geddes and Bajc, 1985). Till commonly forms a thin, 
discontinuous veneer (up to 1.5 m thick), but in places exceeds 
10 m in thickness. On account of poor exposure it was difficult 
to distinguish between till facies. However, where till was better 
exposed three facies were observed and sampled: 

1 Cu 
2 S~~lphides, Cu 
3 Sulphides 
4 Sulphides 
5 Cu 
6 Sulphides 
7 Cu 
8 Sulphides 
9 Sulphides, Mo 
10 Au 

1. Compact diamicton with 30-65% Paleozoic carbonate 
clasts. It is locally fissile, pale grey where unweathered 
and buff where weathered. Compact diamicton was 
observed on the down-ice (lee) slopes of certain hills and 
in some lowland sites. Thicknesses locally exceed at least 
a few metres. 

1 1  Cu, Zn, Au 
1 2 Sulphides, Au 
1 3 Sulphides 
1 4 Base metals 
15 Sulphides 
1 6 Au, base metals 
17 Zn 
1 8 Sulphides 
1 9 Sulphides 
20  Sulphides 

2. Loose, sandy diamicton with low to high concentrations 
of Paleozoic carbonate clasts (8-40%); this material is 
light to dark grey where unweathered and tan to olive 
coloured where weathered. It is the most widespread till, 
commonly forming discontinuous sheets of variable 
thickness (0.5-3.0 m). 

3. Loose, very sandy to clast-rich diamicton with few Paleozoic 
carbonate clasts (0-8%) and high concentrations of angular, 
generally large (up to boulder size) clasts derived from the 
local Precambrian bedrock. This unit is dark grey when 
unweathered and olive to tan coloured when weathered. It is 
common in areas of exposed bedrock. 
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Glaciofluvial ice-contact and outwash sand and gravel are 
also present in the study area. Outwash deposits are common 
in the region east of Manitouwadge, in low-lying areas above 
the maximum levels of glacial lake incursion (post-Lake 
Minong; Kristjansson and Geddes, 1986). Elsewhere, in low- 
lying areas, glaciolacustrine deposits consisting of sand, silt, 
and clay are widespread. In the Manitouwadge area, lacus- 
trine sediments have been observed as high as 325 m a.s.1. 
(R. Geddes, 1987, unpublished report). Eolian dunes are found 
in some areas where outwash or glaciolacustrine sediments 
predominate and alluvial sands and silts are well developed 
along major rivers and streams. Deposits of peat and organic 
muck are widespread, particularly in areas underlain by 
glaciolacustrine sediments. 

FIELD AND LABORATORY METHODS 

Two hundred and eighty-six till samples were collected from 
hand-dug holes at off-road or shoreline sites or in roadside 
exposures. Care was taken to sample the least weathered till, 
most samples being collected below the B-horizon of the soil. 

Table 2. Bedrock geology units accompanying 
Figures 2 to 6. 

G E O L O G I C A L  
L E G E N D  

ARCHEAN 
INTRUSIVE ROCKS I] Masslve granodiorite to granite 

1 Diorite - rnonronite - granodiorlte suite 

Bnelssic tonailte suite 

1 Mafic and ultramafie rocks 

SUPRACRUSTAL ROCKS 

41 Mlgrnatized ssppracrustal rocks 

3 Metasedlmentary rocks 

Felslc to intermediate rnetavolcanlc rocks 
*"  

Mafic to intermediate rnetavolcanlc rocks 

rn Iron formation 

/ - . ' Geological contact 
4 

X Mine slte (current and past producer) 
1. Wlllecho 
2. BIg Nama 
3. wlllmy 
4. Gen, 

Pebbles (5.0-1 6.0 mm) were separated from most samples 
for lithological analysis. On average, 185 clasts were exam- 
ined from each sample. The clasts were grouped into the 
following 6 classes and relative percentages (by number) 
calculated: 1) Paleozoic limestones and dolomites; 2) Paleo- 
zoic sandstones and siltstones; 3) Proterozoic greywackes and 
argillites (these clasts are characteristic of the Omarolluk 
Formation which outcrops in the Belcher Island Fold Belt and 
Sutton Inlier (e.g. Ricketts and Donaldson, 1981); 4) Precam- 
brian metasediments of uncertain provenance; 5) Precam- 
brian intrusive and high-grade metamorphic rocks; and 6) 
undifferentiated Archean metavolcanic rocks. 

The <0.063 mm and <0.002 mm fractions of the samples 
were analyzed for 28 trace and minor elements (Ag, AI, As, 
Ba, Bi, Ca, Cd, Co, Cr, Cu , Fe, K,  La, Mg, Mn, Mo, Na, Ni, 
Pb, Sb, Sc, Sr, Sn, Te, V, W, Y, and Zn) by Inductively 
Coupled Plasma and Atomic Emission Spectroscopy (ICP- 
AES) following a nitric acid-aqua regia partial extraction. 
The <0.063 mm fraction was further analyzed for Au , Pt , 
and Pd by fire assay and Direct Current Plasma (DCP) 
spectroscopy. 

Results of analyses, with sample locations and descrip- 
tions, are stored on computer files. Geochemical and pebble 
lithology data for a representative sample from each of the 
286 sites in the Manitouwadge region were statistically 
analyzed using the computer software program Statview and 

was plotted using a computer program developed by Wyatt 
Geoscience, Ottawa. Data for 80 samples collected in the 
vicinity of the Manitouwadge VMS deposits were later 
extracted from the above database, reanalyzed statistically, 
and plotted. 

RESULTS 

Pebble composition 

The frequency distribution and dispersal patterns of pebbles 
in till samples from the Manitouwadge area were studied to 
examine relationships between glacial transport and pebble 
lithology. Clasts in the Manitouwadge tills were derived from 
two major bedrock terranes: 1) local Precambrian units and 
2) Paleozoic and Proterozoic terranes of the Hudson Bay and 
James Bay Lowlands. Clasts derived from the latter must have 
been glacially transported at least 100 km. 

The pebble fraction in more than 80% of the till samples 
contained at least 8% Paleozoic carbonate and 50% had 
greater than 25% Paleozoic carbonate. In addition, over 60% 
of the samples contained more than 7% clasts of Proterozoic 
metasedimentary rock. In the Manitouwadge tills, the distri- 
bution of these distinctive lithologies are similar, the highest 
concentrations of each generally occurring in the eastern part 
of the study area. This local pattern of till distribution is 
consistent with the regional pattern (Sado and Carswell, 
1987). Manitouwadge lies on the western edge of a plume of 
thick till extending south from the James and Hudson Bay 
lowlands. This is one of several plumes in northern Ontario 
likely formed by late glacial ice streams in the Laurentide Ice 
Sheet (Hicock et a]., 1989). In contrast to exotic Paleozoic and 
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Proterozoic lithologies, the highest concentrations of local 
Precambrian lithologies (e.g. metavolcanics) were found in 
till overlying or within 1-2 km of their outcrops (Kettles, 
1993a,b). The distribution pattern of local lithologies reflects 
the effects of glacial erosion and transport at a local scale. . . 

Trace element composition 

High concentrations of Paleozoic carbonate in till tends to suppress 
the geochemical signature of the fine fraction (see Kettles, 1993a, 
correlation matrix; Kaszycki, 1989), because unmetamorphosed 
carbonate bedrock contains low trace element concentrations with 
some exceptions (Mason, 1966, Table 6.5). 

Despite the effects of dilution resulting from long-distance 
transport of Paleozoic carbonate, the distribution of trace and 
minor elements in the fine fractions of till may, in many areas, 

be related to local bedrock composition. Anomalously high 
concentrations of Cu, Zn, and Pb were measured in till over- 
lying and within 1-2 km of the Manitouwadge VMS deposits 
(Fig. 2a, b, 3, 4a, b). These samples also contain numerous 
clasts of local Precambrian metavolcanic and metasediment 
lithologies. Away from the main VMS deposits, Cu, Zn, and 
Pb anomalies were noted at the following sites: (1) 1345 pprn 
Cu overlying the greenstone belt in the northeastern part of 
the study area; (2) 603 pprn Cu, 9 km northwest of 
Manitouwadge; (3) 279 pprn and 352 pprn Cu, 16 km south- 
east of Manitouwadge; (4) 549 pprn Pb and 570 pprn Zn, 9 km 
west northwest of Manitouwadge; and (5) 444 pprn Zn, 16 km 
southwest of Manitouwadge. The first site is known to overlie 
the greenstone belt and the third and fourth sites may also 
overlie metavolcanic bedrock, as yet unmapped, since in these 
samples this lithology is abundant. Subsequent mineral 
exploration in these areas may be profitable. 

85' 54' W 85' 4S W 

Symbol Legend Copper in the <0.002mm Fraction Frequency 
MIN. MAX. WSAMP %TILE ( P P ~ )  
7 79 42 52.5 Summary Statistics 

Number of Samplacl: 80 Medlan: 79 
79 122 18 75 

i Mlnlmum: 7 Slandsrd Devlallon: 166 

122 229 12 90 Maximum: 1305 Coel(lden1 ol Varlallon: 1.4 
Mean: 121.5 

229 504 B 97.5 
5 0 

504 1305 2 100 I I-I 
0 1 w m m T X I ( o O M o m  

Kilometres Cu (ppm) 

Figure 2b. Distribution of Cu in clay-sized (<2 pm)fraction of Manitouwadge tills in the vicinity of the 
Geco and abandoned mines. Bedrock geology legend shown in Table 2. 
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Another major factor which influences the geochemical 
signature of surficial till is weathering. In this study, the 
effects of weathering on composition have been minimized 
by sampling till below the A and B horizons of the postglacial 
solum. As a result, regional patterns of Cu, Pb, and Zn shown 
in Figures 2 to 4 are believed to primarily reflect the original 
composition of the till. 

CONCLUSIONS 

Variations in till composition are related to the effects of 
glacial transport and the composition of local bedrock. 
Manitouwadge tills commonly contain large percentages of 

Paleozoic carbonate debris, glacially transported more than 
100 km from the Hudson and James Bay lowlands. They also 
contain local Precambrian lithologies, the highest concentra- 
tions of which were observed near their respective outcrops. 

Although the geochemical signature of mineralized bed- 
rock may be masked in some areas by dilution from 
PaIeozoic carbonates, the signature generally does stand out 
in the fine fractions of till. Anomalously high concentrations 
of Cu, Pb, and Zn occur near the main Manitouwadge VMS 
deposits. Elsewhere, at several sites not associated with 
known VMS deposits, concentrations of base metals in till are 
also anomalously high. Further exploration near these sites 
may prove worthwhile. 

- .  . 

Symbol Legend Lead in the <0.002mm Fraction Frequency Histogram 
MIN. MAX. (ISAMP %TILE 

(ppm) 
2 26 43 53.8 Summary Statistics 

Medlan: 26 Number of Samples: 80 26 34 20 78.8 
Mlnlmum: 2 Slandard Devlallon: 90.4 
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Mean: 43.5 
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Figure 4b. Distribution of Pb in clay-sized (<2 pm) fraction of Manitouwadge tills in the vicinity of the 
Geco and abandoned mines. Bedrock geology legend shown in Table 2. 
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An interim report on geological, structural, and 
geochronological investigations of granitoid rocks 
in the vicinity of the Swayze greenstone belt, 
southern Superior Province, Ontariol 

Kevin B. Heather and Otto van Breemen 
Continental Geoscience Division 

Heather, K.B. and van Breemen, O., 1994: An interim report on geological, structural, and 
geochronological investigations ofgranitoid rocks in the vicinity of the Swayze greenstone belt, southern 
Superior Province, Ontario; Current Research 1994-C; Geological Survey of Canada, p. 259-268. 

Abstract: Lithological and structural mapping of granitoid rocks both within and surrounding the Swayze 
greenstone belt is described and preliminary U-Pb zircon geochronology presented (Swayze NODA project). There 
is a temporal progression, based on crosscutting relationships and supported by geochronology, from early, more 
mafic, hornblende-rich diorites through hornblende and biotite tonalites and granodiorites to more felsic, hornblende- 
and biotite-bearing granodiorites and granites. This progression can be documented within the Kenogamissi 
Batholith and the Ramsey-Algoma granitoid complex. The Kenogamissi Batholith consists of early, 2713 +2/-3 
Ma, foliated hornblendekbiotite tonalites which are cut by 2697 f 3 Ma, foliated biotite tonalites. The northern and 
southern margins of the batholith consist of massive to foliated, potassium feldspar megacrystic, hornblende 
granodiorite to granite which crosscuts the earlier tonalite phases. The southern phase yielded an age of 2682 + 3 
Ma while the northern phase is younger than 2695 Ma Late, c a  2665 Ma, massive, nonfoliated biotite granites with 
associated aplite and pegmatite dykes crosscut all of the tonalite and granodiorite phases. The 2740 f 2 Ma Chester 
biotite trondhjemite and the presence of a 2730-2740 Ma inherited zircon population within a ca  2700 Ma felsic 
metavolcanic rock may indicate the presence of a more aerial extensive, older volcano-plutonic package of rocks. 

Rdsumd : La cartographie lithologique et structurale des roches granito'ides sises B I'inttrieur et autour de la 
ceinture de roches vertes de Swayze est dtcrite, et leur datation prtliminaire par la methode U-Pb sur zircon est 
prtsentte (projet Swayze de I'EDNO). I1 existe une progression chronologique, bask sur les relations de 
recoupement et appuyk sur la g~hronologie, allant, des plus anciennes aux plus rkentes, de phases plus 
mafiques (diorite B homblende) des phases plus felsiques (granodiorites et granites B homblende et B biotite) 
en passant par des tonalites et granodiorites 5 hornblende eta biotite. Cette progression peut ttre document& au 
sein du batholite de Kenogamissi et du complexe granitoi'de de Ramsey-Algoma. Le batholite de Kenogamissi 
est compost d'une phase initiale de tonalites B hornblendebiotite foliks, &g&s de 2 713 +2/-3 Ma, qui sont 
recoup& par des tonalites A biotite foliks, datees B 2 697 + 3 Ma. Les bordures nord et sud du batholite sont 
compostes de granodiorite-granite B hornblende B mtgacristaux de feldspath potassique, massif folit, qui 
recoupe les phases tonalitiques initiales. La phase mtridionale a donnd un &ge de 2 682 k 3 Ma tandis que la 
phase septentrionale est plus rkcente que 2 695 Ma. Les granites B biotite, massifs et non folits, mis en place 
tardivement autour de 2 665 Ma environ, et auxquels sont associks des dykes d'aplite et de pegmatite, recoupent 
toutes les phases de tonalite et de granodiorite. La trondhjtmite B biotite de Chester de 2 740 + 2 Ma et la prtsence 
d'une population de zircons hkritb de 2 730-2 740 Ma au sein d'une roche mCtavolcanique felsique cl'environ 
2 700 Ma peuvent indiquer la presence d'un ensemble de roches volcano-plutoniques plus ancien et plus ttendu. 

. .. . . 

kontribution to Canada-Ontario Subsidiary Agreement on Northern Ontario Development ( I  99 1 - 1995), under the 
Canada-Ontario Economic and Regional Development Agreement. 
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INTRODUCTION 

The Swayze project is a bedrock mapping program being 
conducted by the Geological Survey of Canada under the 
auspices of the Northern Ontario Development Agreement 
(NODA) for minerals. The project area encompasses approxi- 
mately 12 000 km2 southwest of Timmins, Ontario centred 
on the Swayze greenstone belt (SGB) and surrounding grani- 
toid terranes (Fig. 1). The objectives and methodologies of 
the project are outlined in Heather (1 993). The purpose of this 
report is to highlight the results of the 1993 field mapping. 
An overview of the regional geology and structure is provided 
by Heather (1 993). 

The Swayze greenstone belt (SGB) is located within the 
western Abitibi Subprovince of the Superior Province and is 
bounded to the: a) west by the Kapuskasing Structural Zone; 
b) east by the Kenogamissi Batholith; c) north by the Nat 
River granitoid complex; and d) south by the Ramsey- 
Algoma granitoid complex (Fig. 2). The Swayze greenstone 
belt is connected to the Abitibi greenstone belt by narrow 
septa of metavolcanic-metasedimentary rocks that wrap 
around the north and south margins of the Kenogamissi 
Batholith (Fig. 1, 2). Results reported here are from the 
Kenogamissi Batholith, the Ramsey-Algoma granitoid com- 
plex southeast of the Swayze greenstone belt, and from two 
granitoids internal to the Swayze greenstone belt. Rocks of 
the Nat River granitoid complex are not discussed, however 
Heather (1993) provides a basic description. 

The granitoid rock names used in this report are consistent 
with Streckeisen (1976) and are based on field estimates of 
the proportions of quartz, plagioclase, potassium feldspar, 
and mafic minerals. 

Kenogamissi Batholith 

The Kenogamissi Batholith is a large granitoid complex that 
separates the Swayze greenstone belt from the Abitibi green- 
stone belt to the east (Fig. 1, 2). A complex, yet systematic 
sequence of crosscutting intrusive rock phases has been docu- 
mented within the batholith. From oldest to youngest these 
phases are: a) remnant xenoliths of foliated mafic amphibo- 
lite; b) foliated hornblende diorite to monzodiorite and hom- 
blende monzonite to quartz monmnite; c) foliated hornblende 
*biotite tonalite to granodiorite and associated pegmatite and 
aplite dykes; d) foliated biotite tonalite to granodiorite and 
associated pegmatite and aplite dykes; e) foliated mafic gab- 
broic dykes; f) massive to foliated, potassium feldspar 
megacrystic, hornblende granodiorite to granite and associ- 
ated dykes; and g) massive, nonfoliated, biotite granite to 
granodiorite and associated pegmatite and aplite dykes. The 
main intrusive phases (i.e., c, d, f, and g above) within the 
western half of the Kenogamissi Batholith are described 
below and their general distribution depicted in Figure 3. 

Figure I .  Regional setting of the Swayze greenstone belt study area. 
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Granitoide 9-15 90 k m  

Felsic to Intermediate Metavolcanic + + + +  

Metasedimentary Rock P a c k ~ e s  

Figure 2. Simplified geology of the Swayze project area. Only the major rock packages and intrusions are 
depicted. Late diabase dykes have been omitted for clarity. This figure is to be used in conjunction with 
Figure 3. 

Hornblendekbiotite tonalite to granodiorite 

The foliated, hornblende-lbiotite tonalites, locally with an 
igneous layeringlfoliation, appear to be the oldest, mappable 
phase within the Kenogamissi Batholith (Fig. 3). The horn- 
blendekbiotite tonalites are spatially related to, but have a 
more restricted distribution than, the foliated biotite tonalites 
which crosscut them. The hornblende tonalites locally contain 
xenoliths of foliated mafic amphibolite and foliated horn- 
blende diorite to monzodiorite (Fig. 4) and hornblende mon- 
zonite to quartz monzonite intrusive rocks. There appears to 
be a mappable correlation, both at the outcrop scale and the 
regional scale, between zones of mafic xenoliths and the 
hornblende tonalites versus the biotite tonalites. A variably 
developed tectonic foliation is oblique to the locally devel- 
oped igneous layering/foliation within the hornblende 
tonalite (Fig. 5). 

Biotite tonalite to granodiorite 

The foliated biotite tonalites to granodiorites are more region- 
ally extensive then the early, hornblendekbiotite tonalites 
(Fig. 3). Xenoliths of fo1iatedJlayered hornblendet-biotite 

tonalite are common within the foliated biotite tonalite. The 
biotite tonalites contain 10 to 25% disseminated biotite and 
locally are intimately interlayered with the hornblende? 
biotite tonalites. A tectonic foliation cuts the biotite tonalites 
and becomes more pronounced near the contacts with 
supracrustal rocks. Aplite and pegmatite dykes related to the 
biotite tonalite are foliated and buckle folded about the folia- 
tion. The foliation within the tonalites is of similar orientation 
to a strong tectonic foliation (local S2) within the supracrustal 
rocks which is axial planar to isoclinal folds (locally intrafo- 
lial and rootless) of an earlier tectonic foliation (local S ,). 

A narrow zone of strongly foliated biotite (khornblende?) 
granodiorite to tonalite occurs along the western margin of 
the Kenogamissi Batholith in McOwen Township (Fig. 3). 
An early, strong foliation (local S, = 140175) within the 
tonalite is overprinted and crenulated by small Z-shaped folds 
accompanied by a second foliation (local S2 = 1 16/81). The 
mafic metavolcanic rocks adjacent to the batholith are amphi- 
bolitized, variolitic and amygdaloidal pillowed basalts with 
minor intermediate lapilli tuffs and feldspar crystal tuffs. The 
pillows are highly strained with their long axes parallel to a 
strong foliation (local S ,  = 138182) which is parallel to the 
batholith margin. Within the metavolcanic rocks the local S ,  
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Chester blotlte trondhlemite K-feldspar megacrystic hornblende 
granodiorlte a Chester hornblende dlorlte Algoman blotite granite 

Hornblende, f biotite tonallte Supracrustal rocks 

Biotite tonalite 0 To be mapped 

Figure 3. General distribution of granitoid rocks within the Swayze project area based on 1992 and 1993 
mapping. Thisfigure is to be used in conjunction with Figure 2.  
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is overprinted and deformed into Z-shaped folds accompa- 
nied by a second foliation (local S2 = 110177). The western 
margin of the Kenogamissi Batholith records a similar struc- 
tural history as the adjacent supracrustal rocks. 

Potassium feldspar megacrystic hornblende 
granodiorite 

The northern Kenogamissi Batholith consists of massive to 
variably foliated, potassium feldspar megacrystic (Fig. 6) ,  
hornblende granodiorite to granite (Fig. 3). This intrusive 
phase contains characteristic mafic to hornblendic inclu- 
sionslautoliths (Fig. 7) which help to distinguish it from the 
later, nonfoliated, Algoman suite biotite granites. 

A massivc, biotite-hornblende, locally potassium feldspar 
megacrystic, granite to quartz monzonite characterized by 
abundant mafic inclusions, strong brittle fracturing, and 
hematite alteration occurs in northeast Hardiman Township 
(Fig. 3). This intrusive phase is similar to the potassium 
feldspar megacrystic, hornblende granodiorite to granite 
occupying the northern Kenogamissi Batholith (Fig. 3). The 
mafic inclusions vary from fine- to coarse-grained, are sub- 
rounded to rounded, and range in size from 2 cm to over 2 m. 
All of the inclusions contain potassium feldspar and acicular 
hornblende crystals. This phase is similar to the Kukatush 
Pluton, a hornblende quartz monzonite to granodiorite 
(Milne, 1972) which intrudes the supracrustal rocks (Fig. 3). 
Xenoliths of biotite-hornblende granite to quartz monzonite 

Figure 4. Early, majc hornblende diorite xenoliths within a 
matrix o f  hornblende tonalite. From the northern 
Kenogamissi Batholith, southeast Kenogaming Township. 
Scale card indicates north. (GSC 1993-279E) 

Figure 6. Megacrystic potassium feldspar texture typical of 
the hornblende granodiorite occupying the northern margin 
of the Kenogamissi Batholith, Hillary Township. Scale card 
indicates north. 

Figure 5. Hornblendefbiotite tonalite exhibiting an igneous 
layering which is overprinted by a weak foliation (parallel to 
the pen magnet). From the northern Kenogamissi Batholith, 
southeast Kenogaming Township. Rock hammer handle 
indicates north. 

Figure 7. Hornblendic inclusionslautoliths that are 
characteristic of the potassium feldspar megacrystic, 
hornblende granodiorite phases, Neville Township. Note the 
undeformed state of the inclusions and compare them to those 
in Figure 8. Scale card indicates north. 
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are found within dykes and bodies of massive, nonfoliated, 
locally potassium feldspar megacrystic, Algoman biotite 
granite. 

The southern margin of the Kenogamissi Batholith 
(Fig. 3) consists of massive to foliated, potassium feldspar 
megacrystic, hornblende granodiorite to granite. Hornblendic 
inclusions/autoliths are common within the hornblende gra- 
nodiorite to granite and serve as strain markers (Fig. 7, 8). 
There is a marked increase in the deformation intensity (i.e., 
strain) within this phase as the contact with the supracrustal 

Figure 8. Strongly foliated, potassium feldspar megacrystic, 
hornblende granodiorite from the southern margin of the 
Kenogamissi Batholith, Neville Township. Note the deformed 
hornblendic inclusionslautoliths parallel to the strong 
foliation and compare them to those in Figure 7. Scale card 
indicates north. (GSC 1993-279A) 

Figure 9. Early, foliated (parallel to the pen magnet) 
hornblende tonalite (dark grey) cut by a foliated biotite 
tonalite (light grey). Note the small biotite tonalite dyke 
cutting the hornblende tonalite. Both tonalite phases are cut 
bymassive, nonfoliated Algoman biotite granite (white) and 
a late pegmatite dyke. From the Ramsey-Algoma granitoid 
complex, Abney Township. Scale card indicates north. (GSC 
1993-2 790) 

rocks is approached. The strong foliation within the hom- 
blende granodiorite to granite (Fig. 8) is parallel to the 
supracrustal contact and parallel to a strong foliation (local 
S2) that folds an earlier foliation (local S, )  within the adjacent 
mafic metavolcanic rocks, and is axial planar to tight folds of 
bedding within the Timiskaming-type metasedimentary 
rocks. This phase is very similar to the hornblende grano- 
diorite occurring along the northern margin of the batholith 
(Fig. 3). 

Algoman biotite granite 

A large body of late, massive, nonfoliated biotite granite and 
associated aplite and pegmatite dykes occurs north of 
Gogama in Northrup, Middleboro, Whalen, Carter, Somme, 
and Jack townships (Fig. 3). Xenoliths ofhornblende tonalite, 
biotite tonalite are locally preserved, however they are too 
small to be depicted on Figure 3. The massive to foliated, 
potassium feldspar megacrystic, hornblende granodiorite to 
granite phase occurring along the southern margin of the 
batholith is intruded to the north by the late, biotite granite to 
produce a 3 km wide zone of transition. Numerous small 
dykes of Algoman biotite granite are found throughout the 
batholith (Fig. 9, 10) and although they are too small to be 
shown on Figure 3, they are volumetrically important. 

Figure IO. A foliated biotite tonalite and associated 
pegmatite and aplite dykes (foreground) crosscut at a high 
angle by a large dyke of nonfoliated, Algoman biotite granite 
(background). From the Kenogamissi Batholith, Kenogaming 
Township. Rock hammer handle indicates north. (GSC 
1993-279C) 
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Ramsey-Algoma granitoid complex 

A complex chronology of crosscutting intrusive rock phases 
has been documented in the Ramsey-Algoma granitoid com- 
plex (Heather, 1993) which is similar to that documented 
within the Kenogamissi Batholith. Rocks mapped within the 
Ramsey-Algoma granitoid complex will be described by 
geographic areas using the township names shown on 
Figure 3. 

Yeo, Alcona, Smuts, and Invergarry townships 

The earliest phase recognized is a strongly foliated biotite? 
hornblende tonalite which is cut by biotite granodiorite and 
aplite dykes which are parallel to the strong foliation. The 
superposition of these dykes and the strong foliation parallel 
to a crude igneous layering within the tonalites produces a 
psuedo-gneissic appearance (Fig. 11). Larger bodies of foli- 
ated biotite granodiorite are more homogenous than the ear- 
lier tonalites and have few crosscutting dykes. The biotite 
granodiorites locally have a vague igneous layering defined 
by colour and compositional differences (i.e., mafic mineral 
content) and by grain size variations (i.e., fine to medium). 
Both the tonalite and granodiorite phases are cut by massive, 
nonfoliated biotite granites which are similar to the late, 
Algoman suite of intrusions documented elsewhere in the 
study area (Heather, 1993; this report). In southern Yeo and 
northern Invergarry townships the biotite granodiorite and 
late, biotite granite intrude the hornblende diorites and quartz 
diorites along the southern margin of the Chester granitoid 
complex (Fig. 2). There is locally an intrusion breccia devel- 
oped along this contact with fragments of diorite and quartz 
diorite within a more granitic matrix. 

Esther, Edith, Fingal, Arbutus, and  Carew townships 

The dominant phase in this portion of the Ramsey-Algoma 
granitoid complex (Fig. 3) is foliated biotite tonalite to gra- 
nodiorite which contains xenoliths of foliated hornblende+ 
biotite tonalite. The xenoliths are elongated parallel to a 
strong southeast-striking foliation. The biotite in the horn- 
blendekbiotite tonalite appears to be secondary after the 
hornblende, which is suggested by its abundance in the more 
strained domains (i.e., strongly foliated) whereas the horn- 
blende is dominant in less strained domains (i.e., weakly 
foliated). Both phases of tonalite have associated aplite and 
pegmatite dykes that are folded about the tectonic foliation. 
The foliated tonalites are cut by massive, nonfoliated, equi- 
granular biotite granite. The hornblendekbiotite tonalites 
adjacent to the supracrustal rocks contain xenoliths of foli- 
ated, fine- to coarse-grained amphibolite and foliated hom- 
blende tonalite to diorite. The hornblende tonalite to diorite 
xenoliths contain elongated xenoliths of mafic metavolcanic 
material. The mafic metavolcanic xenoliths contain feldspar 
porphyroblasts and numerous foliated and folded felsic intru- 
sive dykes parallel to the foliation. Near the greenstone belt 
contact the foliated hornblende diorite is cut by dykes of 
foliated hornblendekbiotite tonalite which is in turn cut by 
dykes of aplitic biotite tonalite to granodiorite. The horn- 
blende diorite phase generally occurs near the greenstone belt 
contact and may represent a hybrid phase of the hornblen- 
dekbiotite tonalite due to contamination by the supracrustal 
rocks. The deformation intensity (i.e., strain) recorded within 
the tonalites increases northward toward the greenstone belt 
contact. Within approximately 3 km of the greenstone belt 
contact the tonalites exhibit anearly foliation (local S I )  which 
is locally folded by a strong, roughly eastward-striking folia- 
tion (local S2). These tonalites also have a strong, near vertical 
minerallstretching lineation which is parallel to the lineation 
developed within the adjacent supracrustal rocks. 

Carew, Joffre, and Margaret townships 

The Ramsey-Biscotasing belt of highly strained and meta- 
morphosed supracrustal rocks and complex intrusive rocks 
extends southeastward, from the main Swayze greenstone 
belt, through Cavell, Carew, Joffre, and Margaret townships 
(Fig. 2). Previous mapping by Rogers (1962) delineated a 
mixed package of metavolcanic hornblendekquartzHeld- 
spadepidote gneisses and metasedimentary biotite* quartz* 
feldspar gneisses which are intruded by two distinctive suites 
of granitoids, the grey and pink granitic rocks. The recent 
Geology of Ontario map for the area (Ontario Geological 
Survey, 1991) divides the appendage of supracrustal rocks 
into a northern sequence of mafic to intermediate metavol- 
canic rocks and a southern sequence of migmatized supra- 

Figure 11. Biotite tonalite exhibiting a pseudo-gneissic crustal rocks. 

texture as a result of the superposirion of abundant aplite Preliminary results presented here are from reconnais- 
dykes and a strong tectonic foliation subparallel to an sance mapping during 1993 along the Ramsey-Biscotasing 
igneous layering. Note the later aplite and pegmatite dykes road. Highly strained, amphibolitized mafic pillowed meta- 
that cut obliquely across the layering. From the Ramsey- volcanic rocks occur in central Carew Township, 300 m 
Algoma granitoid complex. Rock hammer handle indicates southeast of the Ramsey-Biscotasing road junction. The pil- 
north. (GSC 1993-279B) lows exhibit approximately a 10:l to 15: 1 east-southeast 
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elongation in plan view, however the lack of vertical relief 
precluded the determination of the vertical elongation. The 
pillow rocks are cut by numerous feldspar-hornblende vein- 
lets which have distinctive epidote alteration haloes associ- 
ated with them. The altered pillowed rocks grade intostrongly 
banded, hornblende-feldspar-epidote amphibolites in which 
the pillow selvages and epidote-rich pillow cores are strongly 
deformed and the alteration veinlets are pygmatically folded 
and transposed. Nonetheless, within the banded amphibolites 
the pillow terminations are still locally discemable in rocks 
exhibiting greater than 100:l elongation in plan view, as are 
highly elongated and boudinaged epidote-rich cores. 

The mafic metavolcanic amphibolites are intruded by a 
hornblende (*biotite) tonalite to diorite complex which con- 
tains abundant inclusions/xenoliths of melanocratic hom- 
blende diorite and lesser amphibolitized mafic metavolcanic 
rock. The melanocratic diorite inclusions are texturally and 
mineralogically similar to the leucocratic tonalite to diorite 
host. The tonalite-diorite complex rocks are shown as mafic 
migmatite rocks on the Geology of Ontario map (Ontario 
Geological Survey, 1991). There is a moderate to strong 
foliation (local SI),  defined by the alignment of hornblende, 
within most of the tonalite-diorite rocks which varies from 
190170 to 165174. The inclusions are typically aligned parallel 
to this foliation. A second, weaker foliation (local S2), defined 
by biotite and quartz ribbons and ranges from 336180 to 
125176 and locally overprints the earlier foliation. The angu- 
lar difference in strike between the two foliations remains a 
consistent 30" to 40' despite variations in foliation orienta- 
tion. Both the leucocratic and melanocratic phases of the 
tonalite-diorite complex are cut by nonfoliated granitic aplite 
and pegmatite dykes. 

Locally, there are fine grained, grey-coloured, finely lami- 
nated paragneisses made up of quartz, feldspar, biotite, and 
hornblende. These metasedimentary rocks are also cut by the 
hornblende tonalite-diorite complex described above. Both 
the metasedimentary rocks and the tonalite-diorite complex 
are cut by foliated biotite tonalite dykes. 

Cavell, Hall, and Abney townships 

Reconnaissance mapping has indicated that massive, nonfo- 
liated, equigranular biotite granites of the Algoman suite 
predominate south of Ramsey (Fig. 2). The early, foliated 
hornblende tonalites are crosscut by foliated biotite tonalites 
and both are cut by the late, Algoman biotite granites (Fig. 9). 
Xenoliths of mafic amphibolite, homblende tonalite, and 
biotite tonalite are locally present. The early tonalite phases 
are variably foliated and locally contain xenoliths of mafic 
amphibolite. The late, biotite granites locally exhibit a crude 
layering defined by grain size differences and biotite 
schlieren. These textures are similar to those documented 
within the Algoman biotite granites within the Kenogamissi 
Batholith. The percentage of hornblende and biotite tonalite 
increases, at the expense of the biotite granites, as the southern 
boundary of the Ramsey-Biscotasing supracrustal belt is 
approached. 

Granitoids internal to the Swayze greenstone belt 

Fawn Pluton 

The Fawn Pluton occupies Fawn and western Esther town- 
ships (Fig. 2) and consists of foliated, equigranular, medium 
grained, hornblendefbiotite granodiorite to granite with 
mafic and hornblendic inclusions/autoliths. 

Isaiah Creek Stock 

The Isaiah Creek Stock is located in Cunningham Township 
(Fig. 2) and consists of massive, nonfoliated, locally potas- 
sium feldspar megacrystic biotite granite. The stock contains 
up to 35% quartz phenocrysts which are locally large and 
exhibit square to rectangular cross-sections which may be 
inverted Beta quartz, consistent with a subvolcanic origin for 
this intrusion. 

GEOCHRONOLOGY 

An integral component of the Swayze bedrock mapping pro- 
ject is a comprehensive program of geochronology within 
both the greenstone belt supracrustal rocks and the granitoid 
complexes surrounding the greenstone belt. The objectives of 
this work are to provide absolute ages for the various volcanic 
packages, principally the felsic to intermediate ones, as well 
as the various phases of granitoid rocks both within the 
greenstone belt and those in the extensive granitoid com- 
plexes outside the greenstone belt. Lithological and structural 
mapping augmented with lithogeochemical and geochro- 
nological data will be critical in constructing a more accurate 
tectonic history of the area. 

1992 results 

Preliminary U-Pb zircon geochronological results are pre- 
sented for seven samples collected during the 1992 field 
season (Fig. 3). Uranium concentrations in the zircons are 
low, and some problems were encountered in resolving inher- 
ited components. Five samples representing four regionally 
extensive granitoid phases within the Kenogamissi Batholith 
(Fig. 3) have yielded preliminary U-Pb zircon age results. One 
of the older hornblende tonalites (Fig. 3) yielded an age of 
2713 +2/-3 Ma. A foliated biotite tonalite to granodiorite was 
dated at 2697 + 3 Ma. This age is identical to the 2697 + 2 Ma 
(Cattell et al., 1984) felsic volcanoclastic rock from the 
Swayze-Dore rock package, in southeastern Coppell Town- 
ship (Fig. 2). Both the hornblende- and the biotite-tonalite 
suites are crosscut, along the southern margin of the 
Kenogamissi Batholith (Fig. 3), by a massive to foliated, 
potassium feldspar megacrystic, hornblende granodiorite to 
granite dated at 2682k 3 Ma. A similar phase occurring along 
the northern margin of the Kenogamissi Batholith (Fig. 3) has 
a less constrained age but is younger than 2695 Ma. All of the 
above intrusive phases are crosscut by the extensive, 
ca. 2665 Ma, Algoman suite of massive, nonfoliated, biotite 
granites to granodiorites (Fig. 3). 
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Within the southern Swayze greenstone belt the Chester 
granitoid complex, a composite trondhjemite (leucotona1ite)- 
diorite intrusion (Fig. 2 and 3), can be subdivided into a 
northern leucocratic, trondhjemite-dominated zone and a 
southern melanocratic, diorite-dominated zone (Heather, 
1993). Complex and enigmatic crosscutting relationship's and 
textures suggestive of magma mixing have been observed 
between the trondhjemite and diorite phases. A sample of 
leucocratic, quartz-rich, biotite trondhjemite yielded an age 
of 2740 + 2 Ma. A massive, rhyolitic feldspar-quartz por- 
phyry, spatially associated with volcanic breccias and lapilli 
tuffs, within the Heenan-Dore felsic rock package (Fig. 2), 
produced an age of circa 2700 Ma. However, there is also 
evidence of an inherited, 2730 to 2740 Ma, zircon population. 
The preliminary results from this sample, as well as the 
Chester trondhjemite suggest the presence of a ca. 2740 Ma 
metavolcanic rocks which have not been identified to date. 

1993 sampling 

A total of eight samples were collected for U-Pb zircon 
geochronology during the 1993 field season. The emphasis 
of the 1993 sampling program shifted from the external 
granitoids to the supracrustal rock packages within the 
Swayze greenstone belt. A sample of foliated, feldspar-phyric 
felsic metavolcanic rock immediately south of the Nat River 
iron-formation (Milne, 1972; Fig. 2) was collected, in 
Kenogaming Township, in order to date the Hanrahan 
Volcanic Complex (Milne, 1972; Hanrahan Assemblage of 
Jackson and Fyon, 1991). Due to the continued economic 
interest in base metal mineralization (e.g., Shunsby Zn-Pb-Cu 
occurrence; Brereton and Sobie, 1991) in the Cunningham 
Township area, four samples were collected to provide data 
on the age of felsic volcanism and possible associated pluton- 
ism (i.e., Isaiah Creek Stock), as well as provide some con- 
straints on the timing of folding in the area. 

A sample of "Ridout Seriesl'Timiskaming-type (summa- 
rized in Heather (1993)), coarse grained sandstone, from 
northwest Osway Township (Fig. 3) was collected for detrital 
zircon dating to establish the maximum age of sedimentation. 
Nearby, a feldspar-quartz porphyry intrusion that cuts 
Timiskaming-type polymictic conglomerates was sampled to 
provide a minimum age for sedimentation and a maximum 
age for the deformation recorded in the metasedimentary 
rocks. The final sample taken during the 1993 sampling 
program is a strongly foliated and vertically lineated biotite 
tonalite, part of a larger tonalite body within the Ramsey- 
Algoma granitoid complex immediately south of the Swayze 
greenstone belt (Fig. 3). 

DISCUSSION - 

Systematic lithological and structural mapping, in concert 
with lithogeochemical and geochronological studies, within 
both the granitoid and supracrustal rocks is essential to the 
better understanding the regional tectonics of the Swayze 

greenstone belt, and hence, the mineral deposits contained 
within. This report has highlighted important field and age 
relationships that are critical to achieving this goal (Fig. 3). 

The 2740 + 2 Ma biotite trondhjemite (leucotonalite) of 
the Chester granitoid complex (Fig. 2), is one of the oldest 
intrusions identified in the southern Abitibi Subprovince. The 
2730-2740 Ma inherited zircon population within a 
ca. 2700 Ma felsic metavolcanic rock of the Heenan-Dore 
package, along with the Chester trondhjemite result, may 
indicate the presence of an older volcano-plutonic package of 
rocks which may have formed local basement to some of the 
younger metavolcanic packages in the southern Swayze 
greenstone belt. 

The Kenogamissi Batholith has been shown to be a com- 
posite intrusion made up of four regionally extensive phases 
of widely varying composition, strain state, and age. These 
phases share a spatial association but not necessarily a genetic 
one. Therefore the term batholith as applied to the 
Kenogamissi Batholith is strictly a description of its geome- 
try. The 2713 +2/-3 Ma homblendekbiotite tonalite is similar 
in age to felsic metavolcanic rocks dated elsewhere in the 
southern Superior (Ontario Geological Survey, 1992; Jackson 
and Fyon, 1991), although metavolcanic rocks of this age 
have not yet been identified within the Swayze greenstone 
belt. The 2697 -t 3 Ma biotite tonalite is coeval with the 2697 k 
2 Ma (Cattell et al., 1984) felsic metavolcanic rocks of the 
Swayze-Dore package (Fig. 2). All of the above intrusive 
phases are thought to be synvolcanic. 

The 2682 + 3 Ma potassium feldspar megacrystic, hom- 
blende granodiorite is coeval with the 2684 k 3 Ma (Frarey 
and Krogh, 1986) potassium feldspar megacrystic, biotite 
quartz monzonite Hoodoo Lake Pluton and the 2680 + 3 Ma 
(Percival and Krogh, 1983) massive to weakly foliated 
dioritic phase of the Ivanhoe Lake pluton (Fig. 2). All of these 
intrusions are synchronous with Timiskaming-type sedimen- 
tation in the southern Abitibi greenstone belt (Corfu et al., 
1991; Ontario Geological Survey, 1992). Both the 2682 Ma 
hornblende granodiorite and the Timiskaming-type, "Ridout 
Series" metasedimentary rocks in the Swayze greenstone belt 
have a strong tectonic foliation and are clearly not post 
tectonic. Percival and Krogh (1983) interpreted the dioritic 
phase of the 2680 Ma Ivanhoe Lake pluton to be post tectonic, 
however this now seems not to be the case. Contact relation- 
ships with the adjacent supracrustal rocks and structural 
information suggest that at least some of the strain experi- 
enced by many of the granitoid rocks post dates their emplace- 
ment. Further work is planned to better constrain the timing 
of fabric development within both the granitoid and 
supracrustal rocks. The ca. 2665 Ma, Algoman biotite gran- 
ites are part of a regionally extensive suite of nonfoliated 
rocks that appears to be posttectonic. 

Within the Kenogamissi Batholith there is a temporal 
progression, based on crosscutting relationships and sup- 
ported by geochronology, from early, more mafic, horn- 
blende-rich diorites through hornblende and biotite tonalites 
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and granodiorites to more felsic, hornblende- and biotite- 
bearing granodiorites and granites (i.e., Algoman). Granitoid 
rocks within the Nat River and Ramsey-Algoma granitoid 
complexes (Heather, 1993; this report) are of similar type, 
composition, strain state, and relative timing to one another 
as the phases documented within the Kenogamissi Batholith. 
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Abstract: Rocks of the Archean Levack gneiss complex that underlie the northern part of the Sudbury 
Structure comprise supracrustal and intrusive units that were deformed and metamorphosed under granulite 
facies conditions in the lower crust during the Archean. They were intruded by late Archean granite of the 
Cartier batholith and uplifted, either during the late Archean or early Proterozoic, by tectonic or impact 
processes. They were strongly affected by the shock and thermal metamorphism associated with the 
Sudbury impact event and probably contributed significantly to the formation of the Sudbury igneous 
complex and its ores. Structures imaged by seismic reflection profiles in the area are attributed to thrusts 
or deformation zones that are part of a regional system of south-dipping structures that cut and displace the 
Sudbury structure. 

Rdsum6 : Les roches du complexe gneissique archten de Levack, que I'on rencontre dans la partie nord 
de la structure de Sudbury, comprennent des unitts supracrustales et des unitts intrusives, qui ont t t t  
dtformtes et mttamorphistes 1' Archten dans des conditions du facits des granulites au niveau de la crofite 
inftrieure. Elles ont t t t  traverstes par des granites de 1'Archten tardif appartenant au batholite de Cartier, 
et ont Ctt soulevtes a I'Arch6en tardif ou au Protkrozoi'que prtcoce par des mkanismes tectoniques ou 
d'impact mtttoritique. Elles ont t t t  profondtment modifites par le dynamomttamorphisme et le ther- 
mom6tamorphisme associQ a l'tpisode d'impact mtttoritique de Sudbury et ont probablement contribut 
dans une mesure significative ii la formation du complexe ignt de Sudbury et de ses minerais. Les structures 
illustrtes par les profils de sismique-rtflexion de la rtgion sont attributes h des zones de chevauchement 
ou de dtformation faisant partie d'un syst2me regional de structures de pendage sud qui recoupent et  
dtplacent la structure de Sudbury. 
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INTRODUCTION 

The Levack gneiss complex (LGC), consisting of high-grade 
gneisses and related intrusive rocks, forms a collar about the 
northern part of the 1850 Ma (Krogh et a]., 1984) Sudbury 
structure (SS). In the south, the complex is intruded by the 
Sudbury igneous complex (SIC) and probably underlies the 
northern half of the Sudbury structure (Milkereit et al., 1992; 
McGrath and Broome, in press). To the north, the Levack 
gneiss complex is intruded by massive granite of the Cartier 
batholith. The Levack gneiss complex rocks are also cut by 
early Proterozoic mafic dykes, many of which probably be- 
long to the 2450 Ma (Heaman, 1989) Matachewan swarm. 
Levack gneiss complex tonalitic gneiss has a U-Pb zircon age 
of 271 1 Ma and a leucosome layer, presumably dating the age 
of high-grade metamorphism, is 2647 Ma old (Krogh et al., 
1984). 

The Levack gneiss complex includes migmatitic tonalite 
orthogneiss, biotite paragneiss, diatexitic granitoid rocks, 
mafic and intermediate gneiss, gabbroic, dioritic, and 
pyroxenitic intrusions and inclusions, and foliated grano- 
diorite bodies. These rocks were deformed and metamor- 
phosed under upper amphibolite to granulite facies conditions 
(James et al., 1991) during the Archean and were sub- 
sequently affected by amphibolite and greenschist facies 
events during the late Archean and early Proterozoic. They 
were also strongly affected by the Sudbury event, notably by 
shatter cones and Sudbury breccia dykes that occur through- 
out the complex, and by pyroxene and hornblende hornfels 
contact metamorphism near the Sudbury igneous complex 
contact (Dressler, 1984a). 

Recent isotopic and geochemical studies by Faggart et al. 
(1985), Naldrett et al. (1986), Walker et al. (1991), and others 
have shown that the rocks and ores of the Sudbury igneous 
complex were contaminated by, and probably largely derived 
from, the older Archean and Proterozoic crustal rocks that 
surround and underlie the Sudbury structure. The rocks of the 
Levack gneiss complex could be a major source of this crustal 
contamination. Certainly many of the north range ore bodies 
are hosted by sublayer units consisting mainly of brecciated, 
remobilized Levack gneisses and there are several sulphide 
occurrences within the Levack gneiss complex well away 
from the Sudbury igneous complex contact. 

The Levack gneiss complex represents rocks deformed 
and metamorphosed in the middle to lower crust that were 
uplifted either by late Archean or early Proterozoic tectonic 
processes prior to the Sudbury event (Card et al., 1984) or as 
a result of the meteorite impact event that formed the Sudbury 
structure (Grieve et al., 1991). Percival et al. (1992) have 
suggested that the complex represents the basal part of a 
crustal cross-section exposed as a result of impact. A better 
understanding of the Levack gneiss complex, the genesis of 
its rocks and structures, and the timing of its uplift relative to 
the Sudbury event, are essential to understanding the origin 
of the Sudbury structure and its rich ore deposits. 

PREVIOUS INVESTIGATIONS AND SCOPE 
OF THE PRESENT WORK 

Rocks of the Levack gneiss complex were first mapped in the 
Levack area north of Sudbury as "ArcheanLevack granite and 
granite-gneiss" by W.H. Collins and his assistants 
(Geological Survey of Canada, 1947). Langford (1 960) 
mapped the complex in Levack Township where he subdi- 
vided the gneisses into tonalitic, mafic, and biotitic varieties 
and described their contact relationships with the intrusive 
Cartier granite. Card and Meyn (1969) mapped part of the 
complex in Harty, Foy and Bowell townships and recognized 
the high-grade (granulite facies) metamorphic mineral assem- 
blages in the gneisses. Other parts of the complex have been 
mapped by Dressler (1982) in the Lake Wanapitei area, by 
Muir (1 98 1, 1983) in the Capreol-Morgan township area in 
the northeast, and by Lafleur and Dressler (1985) in the 
Levack-Trill township area in the southwest. Dressler 
(1984b) synthesized much of the foregoing work in a 
1:50 000 scale geological compilation map of the Sudbury 
structure and environs. 

Recent seismic reflection studies of the Sudbury structure 
by Milkereit et al. (1992), part of the Abitibi-Grenville Litho- 
probe project, have revealed the presence of numerous, gen- 
erally south-dipping reflectors. Some are attributed to 
lithological layers and others to thrust faults or shear zones 
that transect and telescope the structure. Several prominent 
reflectors project into the Levack gneiss complex and Cartier 
batholith. Other investigations include gravity modelling of 
the Sudbury structure utilizing new structural models based 
on the seismic results (McGrath and Broome, in press), ther- 
mobarometric studies of the Levack gneisses (James et al., 
1991), and a structural transect across parts of the Levack 
gneiss complex and Cartier batholith (Feuten et al., 1992). 

During the 1993 field season, geological observations 
were made along some twenty 1.5 to 7 km transects across 
the complex in the area between Lake Wanapitei in the east 
and Trill Township in the west. Over 400 samples were 
collected for petrographic, geochemical, geochronological, 
and physical properties studies and "in situ" magnetic suscep- 
tibility measurements were made at a number of sites. The 
data gathered will be integrated with existing geological and 
geophysical information in order to outline the major rock 
assemblages and structural elements of the Levack gneiss 
complex and to better define the tectonic evolution of these 
rocks and their relationships to the Archean evolution of the 
Superior Province and the early Proterozoic Sudbury event. 

GENERAL GEOLOGY 

Gneisses and related intrusive rocks of the Levack gneiss 
complex are exposed in an arcuate belt 0.5 to 5 km wide about 
the northern and eastern limbs of the Sudbury structure 
(Fig. 1). At surface, they are bounded on the south by the 
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Sudbury igneous complex and on the north by the Cartier 
batholith. Recent geophysical studies (Milkereit et al., 1992; 
McGrath and Broome, in press) indicate that the gneisses 
probably extend beneath both the Sudbury igneous complex 
and the Cartier batholith. On the basis of deep drilling and 
mining, and geophysical modelling, the basal Sudbury igne- 
ous complex contact dips moderately (average 45") south- 
ward. Modelling of the gravity data suggests that the Cartier 
batholith-Levack gneiss complex contact dips northward 
(McGrath and Broome, in press). Near the Sudbury igneous 
complex contact, the gneisses have a bleached appearance 
and a spotted hornfelsic texture, the results of contact meta- 
morphism by the Sudbury igneous complex. The gneisses are 
also variably brecciated and remobilized and pods and dis- 
seminations of sulphide minerals are present. At many locali- 
ties, the moderately south-dipping Sudbury igneous complex 
contact is at a high angle to the commonly subvertical gneis- 
sosity in the Levack gneiss complex (Fig. 2). 

The northern contact with the Cartier batholith is also 
clearly intrusive, though contact thermal effects, if present, 
are not obvious. Massive intrusive rocks of the Cartier batho- 
lith transect gneissosity in the Levack gneiss complex at the 
contact. Within the complex, massive granite dykes similar 
to the batholith rocks cut across the foliation in the gneiss. 
The Levack gneiss complex-Cartier batholith contacts are 
hybrid zones several tens of metres wide consisting of Cartier 
granite littered with gneissic inclusions and Levack gneiss 
complex gneisses "soaked" with potassic granitic material. 

There are also kilometre-scale rafts of paragneiss, ortho- 
gneiss, and foliated granodiorite isolated within the Cartier 
batholith. 

The Levack gneiss complex consists of several lithogic 
assemblages including tonalitic orthogneiss with abundant 
layers and inclusions of mafic gneiss and diorite, gabbro, and 
pyroxenite. These rocks form a prominent, relatively continu- 
ous unit adjacent to the Sudbury igneous complex. Biotite 
paragneiss and related migmatitic and diatexitic rocks form 
less continuous, though sizeable, units farther away from the 
Sudbury igneous complex. Several large gabbroic bodies 
occur within tonalitic orthogneiss near the Sudbury igneous 
complex. The bodies, though mainly massive, do have foli- 
ated margins, are cut by granite dykes, and are similar to 
inclusions within the gneisses; they are considered to be part 
of the Levack gneiss complex. S o  too are numerous small and 
several large bodies of foliated to gneissic granodiorite that 
occur throughout the complex. 

Tonalite gneiss and related diatexite 

Well-layered gneiss and more massive inhomogeneous and 
homogeneous diatexite of tonalitic, and less commonly 
quartz dioritic and granitic composition, form approximately 
40% of the exposed Levack gneiss complex. The tonalite 
gneiss, consisting of alternating leucocratic and more mafic 
layers ranging from a few centimetres to several metres in 

PROTEROZOIC 
El Sudbury Igneous Complex 

ARCHEAN 
Ell Cartier batholith 

LEVACK GNEISS COMPLEX 
M Foliated granodiorite 

Metagabbro, metadiorite, pyroxenite, 
amphibolite 

M Tonalite gneiss (xenolithic diatexite) 
Mafic, intermediate gneiss 

El Homogeneous diatexite 
El Paragneiss, inhomogeneous diatexite 
- Fault, deformation zone 

Figure I .  Major rock units of the Levack gneiss complex. 
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thickness (Fig. 3a) is a medium- to coarse-grained granoblas- 
tic to foliated rock consisting of plagioclase, quartz, pyro- 
xenes, amphiboles, biotite, and rare garnet. The pyroxenes, 
both orthopyroxene and clinopyroxene, are commonly 
altered to amphibole. The gneisses are generally migmatitic 
with tonalitic mobilizate forming several generations of con- 
cordant and discordant bodies. 

The associated diatexites, both homogeneous and inho- 
mogeneous, are generally poorly layered and have granoblas- 
tic, variably fine- to coarse-grained textures (Fig. 3b). They 
are mineralogically similar to the gneisses. Leucotonalite and 
coarse anorthositic patches poor in quartz and mafic minerals 
are common. 

Inclusions in the form of layers, diffuse schlieren, and 
sharp-bordered inclusions are abundant in the tonalite gneiss 
and diatexite commonly forming 10% and locally more than 
30% of these units (Fig. 3c). Massive and foliated dioritic, 
amphibolitic, gabbroic, and pyroxenitic inclusions may rep- 
resent remnants of older supracrustal rocks in part, but are 
probably mainly disrupted mafic intrusions. 

Intermediate and mafic gneiss 

Dioritic, gabbroic, and amphibolitic gneisses form units up to 
several hundred metres wide, as well as numerous thinner 
enclaves within the tonalitic gneiss (Fig. 3d). Such rocks form 
approximately 15% of the complex. They are brown to black 
weathering, medium grained, massive to weakly foliated, 
layered rocks composed of plagioclase, hornblende, 

pyroxenes, biotite, and quartz. Both orthopyroxene and cli- 
nopyroxene are present, though generally altered, and garnet 
is rare. The intermediate and mafic gneisses are migmatitic 
with several generations of tonalitic leucosome. 

Paragneiss and related diatexite 

Dark grey, well-layered, migmatitic biotite gneiss, interpreted 
as paragneiss or metatexite of metasedimentary origin, forms 
several units in the northern part of the complex (Fig. 3e). The 
paragneiss is associated with diatexite, granitic rocks with 
blocky white feldspars in a biotite-rich matrix which are 
commonly littered with remnants of biotite gneiss in various 
stages of assimilation. 

The paragneiss is composed mainly of biotite, plagioclase 
and quartz, with local garnet- and pyroxene-bearing assem- 
blages. Several generations of migmatitic mobilizate of 
tonalitic to granitic composition are present. 

Remnants of banded iron-formation occur at several 
localities within the Levack gneiss complex. Northeast of 
Levack, highly deformed remnants of finely laminated 
quartz-magnetite iron-formation occur within tonalitic and 
mafic gneisses (Sweeny and Farrow, 1990). A thin unit of 
similar quartz-magnetite iron-formation is present near the 
Onaping River northwest of Levack (Fig. 30.  West of Windy 
Lake there are occurrences of fine grained, siliceous gneiss 
with abundant pyrite that probably represent sulphide-facies 
iron-formation. 

Figure 2. Structural elements and early Proterozoic mafic dykes in the Levack gneiss 
complex and Carrier batholith. 
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Diatexite associated with paragneiss is mainly inhomo- 
geneous at outcrop scale, containing 25% to 30% paleosome 
as inclusions and schlieren. The diatexite is typically highly 
variable in composition from tonalitic to granitic, and in 
grain-size from aplitic to pegmatitic. Coarse, blocky, white 
feldspars floating in a dark, biotite-rich matrix are charac- 
teristic (Fig. 3g). 

Gabbro 

In addition to metre-scale gabbroic inclusions present in 
tonalitic gneisses and diatexites, there are several larger gab- 
broic bodies within the complex. These include several elon- 
gate bodies near Lake Wanapitei in the east, a 1 x 7 km body 
north of Joe Lake, a small, 0.6 km diameter, body northeast 
of Levack, here named the Blue Diamond gabbro, and several 
bodies in the southwest (Fig. 1). All consist of variably 
metamorphosed, medium- to coarse-grained gabbro and leu- 
cogabbro and have foliated margins and generally massive 
interiors. The Joe Lake body has zones of igneous breccia 
consisting of fine grained, foliated gabbro enclosed in coarse 
grained, massive leucogabbro (Fig. 3h). The Joe Lake body 
is cut by granite. The Blue Diamond body is also cut by 
granite dykes and there are boudins of gabbro in the gneisses 
surrounding this body. It is possible that all of the gabbro 
bodies, like many of the smaller inclusions, represent boudins 
in the mobile gneisses. All are probably of Archean age 
although it is possible that some are Proterozoic, equivalent to 
either 2480-2490 Ma gabbro-anorthosite intrusions that occur in 
the region (JSrogh et al., 1984) or to the Nipissing Diabase. 

Foliated granodiorite 

Foliated granodiorite, in the form of several large bodies and 
numerous smaller intrusions, forms approximately 10% of 
the complex. The granodiorite is typically altered, common1 y 
by epidote replacing feldspars, and is generally foliated to 
weakly gneissic. Amphibolitic and gneiss inclusions are com- 
mon. The granodiorite intrusions were probably emplaced at 
a late stage in the tectonic-metamorphic evolution of the 
Levack gneiss complex prior to emplacement of the Cartier 
batholith. 

Cartier batholith 

The Cartier batholith is a member of a suite of late Archean 
granitic intrusions, the Algoma plutons, that form several 
large batholiths in the southern Superior Province (Card, 
1979). The Cartier batholith consists mainly of massive, 
medium- to coarse-grained, subporphyritic granite. The rock 
is fresh except for minor shear zones and alteration along late 
faults, has few inclusions except near contacts, and typically 
contains large titanite and allanite grains. It is unconformably 
overlain by Huronian rocks and is cut by mafic dykes and 
Sudbury breccia bodies. Judging from its textural and struc- 
tural characteristics, and the foregoing field relationships, the 
Cartier batholith was probably emplaced at relatively high 
crustal levels (epizonal-mesozonal) in the late Archean. 

Mafic Dykes 

Numerous mafic dykes ranging from approximately 1 to 10 
m wide cut the rocks of the Levack gneiss complex and the 
Cartier batholith but not the Sudbury structure. Regionally, 
the dykes are weakly metamorphosed, possibly the result of 
late deuteric alteration or of low-grade regional metamor- 
phism that also affected the Huronian rocks north of the 
present map-area (Card and Innes, 1981). They are cut by 
Sudbury breccia bodies. Two dominant dyke sets are evident, 
one trending northwest, the other northeast (Fig. 2). Dykes of 
both sets transect the gneissic foliations of the Levack gneiss 
complex and display chilled contacts (Fig. 3i). Many dykes 
of the northwest set have coarse white plagioclase pheno- 
crysts or glomerocrysts typical of the 2450 Ma Matachewan 
swarm. 

Sudbury breccia 

Sudbury breccia bodies occur throughout the area where they 
affect the Levack gneiss complex, the Cartier batholith, and 
the mafic dykes but not the Sudbury igneous complex. The 
breccia consists of blocks of country rock up to several metres 
in diameter in a very fine grained, dark, psuedotachylite 
matrix (Fig. 3j). Gneiss blocks within the breccias are rotated 
and, locally, flow-layering is present in the breccia matrix. 

STRUCTURAL GEOLOGY 

Regional relationships 

The Sudbury structure is located along the main contact 
between Archean rocks of the Superior province to the north 
and Proterozoic, Huronian Supergroup rocks of the Southern 
Province to the south. The contact is, in part, a major zone of 
faulting here referred to as the South Range deformation zone 
(Fig. 2). This zone corresponds to a major zone of reverse 
ductile shear, the South Range shear zone, described by 
Shanks and Schwerdtner (1 990) as affecting part of the south- 
em limb of the Sudbury igneous complex and adjacent rocks 
of the Whitewater Group and Huronian Supergroup. Rocks 
within the zone contain both a strong L-S fabric, south- 
dipping schistosity and accompanying~stretching lineation, 
and a shear-plane (C-S) fabric. The South Range deformation 
zone is part of the Murray system, major south-dipping thrusts 
along which rocks of the Southern Province and the Sudbury 
structure were thrust northward onto the Superior Province 
Archean craton in the early Proterozoic. 

Similar deformation zones probably exist north of the 
Sudbury structure. North of the Levack gneiss complex, the 
southern margin of the Bemy greenstone belt, the adjacent 
Cartier batholith, and outliers of Huronian rocks are deformed 
along an east-northeast trending zone of faulting and ductile 
shearing here named the Benny deformation zone (Fig. 2). 
Coarse fragmental volcanic rocks in the southern Benny belt 
display prominent shallow south-dipping foliation and 
stretching lineation similar in style and orientation to the 
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Figure 3. a. Interlayered tonalitic, intermediate, and majic gneiss with tonaliric mobilizate veins. (GSC 
1993-242B). b. Vari-textured homogeneous tonalite diatexite with large clinopyroxenes partly altered to 
amphiboles. (GSC 1993-242C). c. Mafic inclusions, possibly fragments of a disrupted majc dyke, in 
inhomogeneous tonalite diatexite. (GSC 1993-242F). d. Mafic gneiss with coarse grained 
orthopyroxene-bearing tonalitic mobilizate. (GSC 1993-2428). e. Biotite-plagioclase-quartz paragneiss. Lens 
cap in this and subsequent photographs is 5 cm in diameter. (GSC 1993-242E).$ Banded quartz-magnetite 
iron-formation bounded by mafic (mafic metavolcanic?) and granitic gneiss. (GSC 1993-2425). 
g. Inhomogeneous biotite-plagioclase-quartzkclinopyroxen~arnet diatexite. Note the coarse white 
feldspars in the leucosome. (GSC 1993-242A). h. Igneous breccia in the Joe Lake gabbro body. (GSC 
1993-2420). i. Chilled contact of mafic dyke cutting foliation in Levack gneiss complex tonalite gneiss. (GSC 
1993-2421). j. Sudbury breccia with blocks ofgneiss, metagabbro, andporphyritic, Matachewan-type diabase. 
(GSC 1993-2426). k. Moderately plunging minor fold in inhomogeneous diatexite. (GSC 1993-242K). 1. Late 
northeast-trending foliation that is axial planar to minor folds in gneissosity and is cut by a Sudbury breccia 
dyke. (GSC 1993-239B). 
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structures of the South Range deformation zone (Card and 
Innes, 1981). Shearing is expressed in the batholith by align- 
ment of feldspar phenocrysts and quartz ribbons (Feuten 
et al., 1992). 

A possible third zone, herein termed the Pumphouse 
Creek deformation zone, may be expressed by a topographic 
lineament along Pumphouse and Windy creeks west of 
Levack (Fig. 2). The Pumphouse Creek deformation zone 
may correlate with one of the seismic reflectors that project 
into this area (B. Milkereit, pers. comm., 1993). The structure 
is expressed by brecciation, shearing and quartz veining near 
the contact between the Levack gneiss complex and Cartier 
batholith (Feuten et al., 1992) and by offset of lithological 
units and abrupt changes in foliation trends within the Levack 
gneiss complex. The Pumphouse Creek deformation zone 
may have been displaced northward by sinistral movements 
on-the north-northwest-trending ~ e c u n i s  and Sandcherry 
Creek faults. 

Structure of the Levack gneiss complex 

Although the Levack complex forms a continuous collar 
about the northern part of the Sudbury structure, trends of 
gneissic layering within the complex are highly variable at all 
scales, and, commonly, discordant to both the Sudbury struc- 
ture and the Cartier batholith. The variable trends of the 
gneissosity are probably attributable in part to faulting and 
rotation of blocks within Sudbury breccia bodies. However, 
the gneissic layering has been folded and faulted. Minor and 
mesoscopic folds are prevalent (Fig. 3k) and many have 
detached, sheared-off limbs typical of ductile deformation at 
high metamorphic grade. At outcrop scale, inclusions with 
rotated internal fabrics and folds are common, as are deflec- 
tions of the foliation around inclusions. Such deflections 
probably occur at larger scales as well. 

In Figure 2, it can be seen that even though the gneissosity 
is subparallel to the Sudbury igneous complex contact in 
many areas, it is notably discordant in many others. Even 
where the gneissosity strikes subparallel to the Sudbury igne- 
ous complex, the dip is generally subvertical in contrast to the 
moderate southerly dip of the Sudbury igneous complex 
contact. The contact between the Levack gneiss complex and 
the Cartier batholith is probably more concordant, although 
strong discordances were observed at several localities. 

The gneissic foliation is overprinted and locally offset by 
a later northeast-trending foliation. This foliation is generally 
weakly developed, is expressed either by a spaced cleavage 
or by oriented mafic minerals, and is axial planar to minor 
folds in the gneissic layering. It is cut by Sudbury breccia 
dykes (Fig. 31) and is similar in style and orientation to the 
cleavage that affects the rocks of the Whitewater Group 
within the Sudbury structure. Lineations of several types and 
orientations were recorded, including slickensides plunging 
steeply north and south, minor folds with moderately north- 
east-plunging axes, and a few moderately northeast-plunging 
mineral lineations. No kinematic indicators were noted. 

METAMORPHISM 

The Levack gneisses are polymetamorphic. Early high-grade 
(granulite facies) metamorphism at lower crustal depths 
(James et a]., 1991) was followed by amphibolite facies 
metamorphism, probably accompanying uplift of these rocks, 
and by later, greenschist alteration, notably along Proterozoic 
faults and shear zones, and by contact metamorphism near the 
Sudbury igneous complex. 

The high-grade regional metamorphism produced assem- 
blages with quartz, plagioclase, perthitic feldspar, biotite, 
orthopyroxene, clinopyroxene, and hornblende in tonalitic 
and mafic gneisses and biotite, plagioclase, quartz, garnet. 
orthopyroxene, and clinopyroxene in paragneiss. Pyroxenes 
are commonly replaced by amphiboles, talc, and chlorite, 
plagioclase is saussuritized, and garnet is replaced by cor- 
dierite-orthopyroxene symplectites and chlorite. 

Thermobarometric studies by James et al. (1991) on 
gt-opx-bi, gt-bi, and gt-cd-opx symplectites indicated that 
high-grade metamorphism occurred at pressures of 6 to 8 kb 
(depths of 21 to 28 km) and temperatures of 750"-800°C. 
Judging from the radiometric age data of Krogh et al. (1 984), 
this high-grade metamorphism occurred about 2650 Ma ago. 

The amphibolite facies metamorphism that overprints the 
earlier high-grade assemblages probably accompanied uplift 
of these rocks. This uplift may have been associated with 
emplacement of the late Archean Cartier batholith or with the 
early Proterozoic Sudbury event (James et al., 1991). Simi- 
larly, the greenschist alteration may have been associated 
with low-grade metamorphism that affected the Huronian 
outliers to the north, or to late, post-Sudbury igneous complex 
faulting, or both. 

The contact metamorphism associated with the 1850 Ma 
Sudbury igneous complex has been described by Dressler 
(1984) as consisting of a narrow (100 m) inner zone of 
pyroxene hornfels (opx-plg-qz f hb f bi), a middle zone 
(200 m) of hornblende hornfels (hb-plg-qz f bi), and an outer 
zone (1 km) in which only plagioclase was recrystallized. 
This metamorphism probably occurred at relatively shallow 
(5-10 km) crustal levels (James et al, 1991). 

SUMMARY AND CONCLUSIONS 

The Levack gneiss complex is an Archean high-grade com- 
plex consisting of both intrusive and supracrustal rocks that 
were deformed and metamorphosed at lower crustal depths 
during the late Archean. In terms of rock types, structures, 
metamorphism, age, and tectonic relationships, the Levack 
gneiss complex resembles the Kapuskasing structural zone 
(Percival and Card, 1983). The Levack gneiss complex was 
uplifted, either during the late Archean or early Proterozoic, 
to upper crustal levels where it was strongly affected by the 
1850 Ma Sud bury impact event. The complex underlies much 
of the northern part of the Sudbury structure and probably 
contributed significantly to the contamination or formation of 
the Sudbury igneous complex and the Sudbury ores 
(Faggart et al., 1985; Naldrett et al., 1986). 
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A major unresolved problem is the timing of uplift of the 
Levack gneiss complex relative to the Sudbury event. A 
possible key is the presence of Matachewan-type dykes cut- 
ting both the high-grade Levack gneiss complex and the 
relatively high-level Cartier batholith. Dyke widths, compo- 
sitions, degree of alteration, and contact relationships are 
similar in both areas. If the dykes are members of the 2450 Ma 
Matachewan swarm, this would suggest that uplift occurred 
prior to 2450 Ma. This problem could be resolved by further 
geochronological, mineralogical, paleomagnetic and thermo- 
barometric studies. 

Preliminary measurements indicate that the rock units 
immediately beneath the Sudbury igneous complex, the 
tonalite-mafic gneiss assemblage and the gabbro bodies, have 
a relatively high (ca. 2.8-2.9 g/cm3) average density. This 
confirms the assumptions of gravity models by McGrath and 
Broome (in press). It does not, however, resolve the problem 
of whether or not a dense magnetic body exists at depth 
beneath the Sudbury structure (Gupta et al., 1984). 

Seismic reflectors (Milkereit et al., 1992) in this area are 
probably not attributable to compositional layering within the 
Levack gneiss complex. The layering is generally steep, 
discontinuous, and commonly discordant to the Sudbury 
igneous complex, and therefore is not a good candidate to 
explain the prominent south-dipping reflectors. These are 
more likely attributable to thrusts or deformation zones that 
are part of a south-dipping regional system of post-Sudbury 
thrusts. 
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Acoustic velocity logging at the McConnell 
nickel deposit, Sudbury area, Ontario: 
preliminary in situ measurenients' 

K.A. Pflug, P.G. Killeen, and C.J. Mwenifumbo 
Mineral Resources Division 

Pflug, K.A., Killeen, P.G., and Mwen~$mbo, C.J., 1994: Acoustic velocity logging at the McConnell 
nickel deposit, Sudbury area, Ontario: preliminary in situ measurements; & Current Research 
1994-C; Geological Survey of Canada, p. 279-286. 

Abstract: An acoustic velocity logging probe has been used to acquire data on the seismic characteristics 
of the M c C o ~ e l l  nickel deposit in the Sudbury area. Preliminary results indicate good velocity contrasts 
in the stratigraphic sequence associated with the massive sulphides. These velocity contrasts are related to 
the density and elastic properties of the rocks; density was measured in the same borehole with a density 
logging probe. One interesting observation is that the high density massive sulphides have low P-wave 
velocities relative to the host rocks. This is not a universally applicable condition because some massive 
sulphides in other areas being investigated have higher velocities. Full sonic waveforms were recorded and 
these will be further studied to extract S-wave velocities. The P- and S-wave velocity and amplitude logs 
will then be used to derive valuable geotechnical information. 

RCsumC : On a utilist une sonde diagraphique de vitesse acoustique pour obtenir des domCes sur les 
caracteristiques sismiques du gisement nickelifere de McConnell dans la region de Sudbury. Les rksultats 
prtliminaires indiquent que la sCquence stratigraphique associBe aux sulfures massifs prtsente des vitesses 
d'ondes nettement diffkrentes. Ces diffkrences sont liees B la densit6 et aux propriCtCs Blastiques des roches; 
la densit6 a kt6 mesurte dans le mCme trou ?I l'aide d'une sonde diagraphique de densitt. On a relev6 une 
observation interessante, soit que la vitesse des ondes P est faible dans les sulfures massifs ?i densite tlevte, 
comparativement B la vitesse dans les roches encaissantes. Cette caractCristique n'est pas universelle, car 
certains sulfures massifs ?I I'etude ailleurs pr6sentent des vitesses plus Clevtes. Des trains d'ondes 
acoustiques complets ont ttB enregistrCs et feront I'objet d'ttudes plus dCtaillBes visant B dtterminer la 
vitesse des ondes S. Les diagraphies de la vitesse et de  l'amplitude des ondes P et S serviront ii dCriver des 
renseignements gkotechniques utiles. 

- - -  - -  - ' Contribution to Canada-Ontario Subsidiary Agreement on Northern Ontario Development (1991-l995), under the 
Canada-Ontario Economic and Regional Development Agreement. 
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An accurate knowledge of the acoustic velocity of P waves in 
the various lithologies encountered will aid the application of 
seismic methods (such as surface seismic reflection and hole 
to hole tomography) to base metal exploration. 

Although acoustic velocities can be determined in the 
laboratory on rock samples or drill core, greater accuracy is 
possible with in-situ borehole measurements using an acous- 
tic velocity logging tool. The Borehole Geophysics Section 
of the GSC has begun acoustic velocity logging using a tool 
with a piezoelectric transducer for an energy source, and two 
piezoelectric transducer receivers separated by 30 cm. The 
difference in arrival times of the transmitted pulses (P waves) 
at the two fixed receivers is converted to a velocity measure- 
ment. In addition, the amplitude of the first arrival is recorded 
as an amplitude log, which can be used to give a qualitative 
measurement of the attenuation factor (Q). The equipment, 
manufactured by Mount Sopris Instrument Co. of Colorado, 
records the full sonic waveform, making it possible to reprocess 
the field data to improve the precision of the first arrival picks, 
or in some cases, to pick the arrival time of the slower S waves 
which will provide additional information on the mechanical 
properties of the rocks. 

By pulsing the energy source every half second and 
recording alternately with the 2 receivers,-an average velocity 
is obtained every second, which, at a logging speed of 
3 dmin ,  represents a sample every 5 cm in the borehole. 

The physical characteristics of the acoustic velocity probe 
are shown in Figure 1. The 45 mm diameter probe consists of 
2 sections: the transmitter section, and the receiver section, 
separated by a flexible acoustic isolator 0.5 m long. The 
manufacturer recommends a logging speed of less than 
40 ftlmin (12 dmin) .  

Tests were run at the GSC's Bells Comers Borehole 
Geophysics Test Site near Ottawa (Killeen, 1986; Schock et 
a]., 1991) to gain experience with recording at different 
logging speeds from 0.5 to 10 mlmin. Two of the four preset 
gains in the probe were also tested. The probe should be 
centralized in the hole with suitable flexible rubber spacers 
(centralizers). This is a relatively simple matter in the NQ test 
holes (75 mm diameter) with the 45 mm diameter probe. 
However in inclined holes typical of Canadian shield mineral 
exploration, centralizing the probe is more difficult. In a BQ 
(60 mm diameter) borehole, there is little space for a central- 
izer around the probe. The logging data from the McComell 
deposit discussed below were acquired without a centralizer. 

DATA PROCESSING METHODS 

During data acquisition, the arrival time of the transmitted 
pulse at each receiver is determined when the signal crosses 
a threshold level selected by the operator. The thresholds of 
the two receivers can be set independently. As different rock 
types are traversed, the received signal amplitude may vary 
and sometimes not cross the threshold until the second (or 
later) cycle in the waveform. When this occurs at the far 

acoustic isolator 
0.5 m 

transmitter 

1 ifv 45 mm diameter 

Figure 1. Acoustic velocity probe; not to scale (model 
CLP-4681, Mount Sopris Instrument Co.). 

receiver but not the near receiver the travel time between 
receivers appears anomalously long. This "cycle skipping1' 
results in apparent low velocity spikes in the velocity logs. 
Spikes may also be generated in the logs if the system triggers 
early on noise at the front of the waveform; this can be a 
problem in inclined holes where the probe is subjected to 
vibrations as it moves along the borehole wall. 

Reprocessing the data to remove these spikes generally 
requires locating the spikes in the log, examining individual 
waveform pairs and adjusting the thresholds such that the first 
arrivals are correctly picked. This can be tedious if the data 
are particularly noisy. Preliminary tests suggest that reproc- 
essing the data by cross-correlating the near and far wave- 
forms against each other (Scott and Sena, 1974) to determine 
the travel time of the first arrival removes most of the spikes 
in the velocity log. The method is simple to automate and may 
be useful in determining the velocities of later arrivals. 

THE McCONNELL NICKEL DEPOSIT 

As part of a project within the Northern Ontario Development 
Agreement (NODA), the GSC is working to establish bore- 
hole geophysics test sites at major deposit-types in Ontario. 
The McConnell deposit (Garson Offset) represents the nickel 
(pentlandite, pyrrhotite, chalcopyrite) deposits of thesudbury 
area. First described in a 1992-93 NODA summary report 
(Mwenifumbo et al, 1993), a fence of five holes intersecting 
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Figure 2. Density, acoustic velociry and amplitude (P  wave) logs for the top half of hole 78930, 
McConnell deposit (Carson Offset), Sudbury, Ontario. 



Current ResearchIRecherches en cours 1994-C 

Geology Density Velocity Amplitude 
(g/cm3) (km/s) (bits) 

LEGEND 

Casing 

Conglomerate 

Schist 

I : : : : Amphlbolite 
+ + + + 

Metasediment 

Figure 3. Density, acoustic velocity and amplitude (P wave) logs for the bottom half of hole 78930, 
McConnell Deposit (Carson Offset), Sudbury, Ontario. 
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Figure 4. Typical waveforms recorded at the near (N) and far (F)  receivers in the amphibolite 
(50-63 m) and metasediment (68-83 m)  for the top half of hole 78930. 
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Figure 5. Typical waveforms recorded at the near ( N )  and far (F)  receivers in the massive sulphides 
(136-148 m)  and conglomerate (157-167 m) for the bottom half of hole 78930. 
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the ore body has now been logged with numerous geophysical 
parameters. The stratigraphic sequence which contains the 
massive sulphides consists of schists, amphibolites, conglom- 
erates, metasediments, Sudbury breccia and quartz diorite 
dykes. The massive sulphides form a steeply dipping ore body 
which extends from the surface to a depth of about 350 m. 
The body is intersected at depths of 50 m in the shallowest 
hole, and about 300 m in the deepest hole. 

The acoustic velocity probe was run in the middle hole in 
the fence, which intersected the massive sulphides at about 
150 m. Figures 2 and 3 show the acoustic velocity and 
amplitude logs recorded in the borehole at 3 mlmin, plotted 
with the density log. The density and acoustic velocity are 
related as follows: 

where Vp is the P-wave velocity, p is the density, A. is LamC's 
constant and p. is the shear modulus. The velocity log has been 
edited to remove spikes due primarily to triggering on noise 
at the front of the waveform. The amplitude log has not been 
filtered in this way so it appears noisier. 

A few selected recorded waveforms are shown with the 
acoustic velocity log in Figures 4 and 5. The amplitude 
variations in these waveforms (and in the P-wave amplitude 
logs) are suppressed because the acoustic signal is passed 
through a logarithmic amplifier in the probe. In the waveform 
displays, the signal that first crosses the preset threshold is the 
down-going motion evident at the front of the packet of 
seismic energy. This down-going pulse has a small amplitude 
relative to later arrivals in the wave train. The velocity logs 
and the amplitude logs refer to this signal as the first arrival 
(P wave). 

The density log in Figure 2 shows that the density of the 
amphibolite from 50 to 63 m depth is relatively homogeneous 
and higher than the adjacent schist and conglomerate. The 
acoustic velocity is also higher (-6.7 k d s )  than the schist 
(-6.0 krnls) or conglomerate (-6.1 k d s ) .  Typical waveforms 
for the amphibolite zone for both the near and far receivers 
are shown in Figure 4. The velocity measured in the metasedi- 
ment from 68 to 83 m is relatively constant at about 6.0 k d s .  
The first arrival amplitudes (Fig. 2) as exemplified by wave- 
forms for near and far receivers (Fig. 4) are slightly higher on 
average (and less noisy) for the metasediment than for the 
amphibolite, suggesting the P waves are attenuated more by 
the amphibolite than the metasediment. 

Figures 3 and 5 show the lower half of the hole from 90 to 
180 m and include the massive sulphides between 136 and 148 m 
depth. Note the very high (and relatively constant) density within 
the sulphides. The acoustic velocity log indicates a velocity of 
less than 5.0 km/s in the ore and a sharp contrast between the 
velocity in the ore and in the host rocks. The ore is a low velocity 
zone. The amplitude log also shows a relatively low average 
value but this is mostly due to triggering on noise in front of the 
transmitted pulse. The correct value for the average amplitude 
lies between the values in the amphibolite and metasediment. 
Typical waveforms in the massive sulphides are shown in 
Figure 5. These were selected from a zone in which the ampli- 
tude of the first arrival was quite high. Below the ore zone, from 

157 to 167 m, is a relatively homogeneous conglomerate zone 
with density about equal to the metasediments (Fig. 2), but a 
slightly lower velocity (5.9 kmls). The amplitude log in the 
conglomerate is about the same level as in the metasediment 
but more variable, implying the P-wave attenuation in the 
conglomerate is similar to but more variable than that in the 
metasediment. (See also the recorded waveforms for the near 
and far receivers, Fig. 5.) 

CONCLUSIONS 

Acoustic logging can provide detailed measurements of com- 
pressional wave velocity as well as measurements of the attenu- 
ation of seismic energy in the immediate vicinity of a borehole. 
As well as being lithological indicators, these measurements 
provide valuable information for seismic reflection or 
tomographic surveys or modelling. Additionally, they can be 
used to determine physical properties of the rocks encountered. 
This will be the subject of more detailed investigation in the 
future. It is also possible to pick the arrival time of the slower S 
waves, which are hidden in the recorded waveform. The P wave 
is the first anival in the wave train, and hence is reasonably easy 
to pick. Poisson's ratio which relates to the mechanical proper- 
ties of therocks, can be determined from the ratioof the velocities 
of the P and S waves. S-wave analysis will be investigated as 
further experience is obtained with acoustic logging in different 
ore environments. Methods of enhancing the data and improving 
the speed and ease of extracting information from the raw data 
are presently being tested. 

We see this as a significant development leading to reli- 
able determination of velocities in a wide diversity of rocks 
associated with base metal (and gold) deposits. These data 
will be extremely useful for practitioners of surface reflection 
seismic surveys, and for surface to borehole, or hole to hole 
seismic tomography. In addition, geotechnical engineering 
parameters of importance in mining operations may be deter- 
mined more accurately (in situ) over larger and more repre- 
sentative volumes of rock (than laboratory samples), using 
acoustic logging techniques. 
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Timing relationships between Cu-Au 
mineralization, dykes, and shear zones 
in the Chibougamau camp, northeastern 
Abitibi subprovince, Quebec' 
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Robert, F., 1994: Timing relationships between Cu-Au mineralization, dykes, and shear zones in 
the Chibougamau camp, northeastern Abitibi subprovince, Quebec; Current Research 1994-C; 
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Abstract: The Chibougamau camp is characterized by the presence of porphyry copper-style 
mineralization and by that of shear zone-hosted Cu-Au mineralization, commonly associated with dykes 
apparently related to the neighboring Chibougamau pluton. The temporal relationships between the two 
styles of mineralization, dyke emplacement and shear zone development, are important in understanding 
the genesis and distribution of these styles of mineralization. Two outcrops exposing sulphide 
mineralization, shear zones, and dykes were mapped in detail. The mapping shows that fracture-controlled 
Fe-Cu sulphides predated the development of the shear zones and indicates that sericite alteration associated 
with these early mineralized fractures played an important role in localizing subsequent deformation. It also 
shows that dykes were emplaced before and after development of fracture-controlled Fe-Cu sulphides, but 
before shear zone development. 

Rbsumb : Le camp minier de Chibougamau se distingue par la prksence de mineralisation de style 
porphyre cuprifkre et celle de mintralisation A Cu-Au dans des zones de cisaillement, communtment 
associCe des dykes apparemment reliCs au pluton de Chibougamau. L'ttablissement des relations 
temporelles entre les deux styles de  mineralisation, I'emplacement des dykes et le dkveloppement des zones 
de cisaillement est un Cltment clC de la comprdhension de la gtnkse et de la distribution de ces gisements. 
Deux affleurements exposant la minCralisation, des dykes et des zones de cisaillement ont kt6 cartographits 
en dttail. La cartographie dtmontre qu'une minkralisation sulfurCe de Fe-Cu associte A des fractures est 
anttrieure au dCveloppement des zones de cisaillement et que la sericitisation enveloppant ces fractures a 
jout un r6le important dans la localisation d'incrtments ulttrieurs de dCformation. Elle dtmontre, de plus, 
la prtsence de dykes plus anciens et plus jeunes que la mineralisation en Fe-Cu associCe des fractures, et 
qui sont tous affect& par les zones de cisaillement. 

' Contribution to Special Assistance Program for the Mining Sector of the Chapais-Chibougarnau Region (1 992- 1995), 
under the Canada-Quebec Subsidiary Agreement on the Economic Development of the Regions of Quebec. 
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INTRODUCTION 

The Chibougamau area, located in the northeast corner of the 
Abitibi greenstone belt, possesses a wide diversity of ore 
deposit types (Guha et al., 1990). In particular, it is charac- 
terized by the presence of shear zone-hosted Cu-Au minerali- 
zation (Fig. I), unique in Superior Province (Allard, 1976), 
and by that of low grade porphyry copper-type mineralization 
(Kirkham, 1972;,Cimon, 1973). A joint project, involving the 
Ministkre de 1'Energie et des Ressources du QuCbec, the 
Geological Survey of Canada, the Universitt du Qutbec a 
Chicoutimi, and industry, was initiated in the spring of 1993 
to characterize better these two styles of mineralization and 
to explore their spatial, temporal, and genetic relationships 
(see Pilote et al., in press; Sinclair et al., 1994). 

As part of this project, two key outcrops were mapped in 
detail to define the timing relationships between Cu-Au 
mineralization, dykes, and the shear zones in which they 
commonly occur. This document presents the results and 
interpretations of this mapping. 

GEOLOGICAL SETTING 

Copper-gold deposits of the Chibougamau camp occur within 
the gabbroic DorC Lake Complex in an area approximately 
15 by 5 km on the northwestern limb of the Chibougamau 
anticline (Fig. 1A). The geology of this area has been 
described in detail by Graham (1956), Allard (1976), and 
Daigneault and Allard (1990). In this area, the Dort Lake 
Complex intrudes mafic volcanic rocks of the Gilman 
Formation and is itself intruded by tonalite of the Chibougamau 

+++++++ 

Mafic volcanic rocks 

Figure I .  A: Simplijied geological map of the Chibougamau camp showing the distribution of Cu-Au 
deposits and of major shear zones and faults; adapted from Allard (1976). B: Enlargement of the area 
encompassing the two outcrops mapped in detail; adaptedfrom Graham (1  956). 



pluton (Fig. I). Abundant dykes of intermediate to felsic 
composition are present within the DorC Lake Complex and 
are generally considered to be related to the Chibougamau 
pluton (see for example Allard, 1976). Most Cu-Au deposits 
in the camp occur in southeast-trending shear zones although 
three deposits occur in a shear zone that trends northeast. The 
mineralized shear zones have steep dips, generally to the 
southwest, and have been interpreted as reverse-oblique 
structures (Guha et al., 1983; Archambault et al., 1984; 
Daigneault and Allard, 1990). These shear zones are truncated 
by the right-lateral Dort Lake fault, which strikes east- 
northeast (Fig. 1). 

Most mineralized shear zones occur within metaanortho- 
site of the DorC Lake Com~lex. Mineralization consists of 
lenses and veins of semi-massive to massive sulphides with 
variable proportions of quartz and carbonates (Allard, 1976; 
Guha et al., 1990). The sulphides consist mainly of chalco- 
pyrite, pyrite, and pyrrhotitewith minor amounts of sphalerite 
and galena; gold occurs as small grains associated with pyrite 
and chalcopyrite. The shear zone rocks consist of sericite- 
carbonate and chlorite (kchloritoid) schists derived from the 
Dort Lake meta-anorthosite. The mineralized shear zones 
also contain numerous dvkes of intermediate to felsic com- 
positions with which th;orebodies are commonly spatially 
associated (Allard, 1976; Daigneault and Allard, 1990). 

Several interpretations have been proposed for the origin 
and the timing of emplacement of the Cu-Au orebodies in the 
shear zones. Some authors have proposed sulphide emplace- 
ment during active development of the shear zones (e.g., 
Guha et al., 1983, 1988, 1990), whereas others consider the 
sulphide ores to be related to the Chibougamau pluton and to 
have subsequently been deformed (e.g., Duquette, 1970; 
Allard, 1976). Guha and Koo (1975) further presented 
textural evidence for metamorphism and deformation over- 
printing sulphide mineralization. A Proterozoic age has also 
been considered for Cu-Au mineralization on the basis of Pb 
isotopes (Thorpe et a]., 1984). 

The first outcrop examined in detail exposes mineraliza- 
tion of the Chib-Kayrand deposit, representative of the Cu-Au 
mineralization in southeast-trending shear zones, as well as a 
Fe-Cu sulphide stockwork. The other outcrop, locally 
referred to as the "Miniature DorC Lake Camp" (Allard, 
1984), exposes mineralized fractures, shear zones, and faults 
of orientations typical of the larger structures in the camp. 
Each outcrop is described in detail below. 

CHIB-KAYRAND OUTCROP 

The Chib-Kayrand deposit is located 800 m southwest of the 
important Campbell Main mine (Fig. 1B). Cu-Au mineraliza- 
tion follows and overprints a feldspar porphyry dyke which 
is coincident with asoutheast-trending shear zonedipping70° 
to the northeast (Graham, 1956). Orebodies were composed 
of chalcopyrite, pyrrhotite, and pyrite, with trace quantities of 
sphalerite and gold. The dyke, shear zone, and mineralization 
have been traced along strike for a distance of approximately 
500 m. A left-lateral fault, striking east-northeast, offsets the 
deposit by about 50 m (Fig. 1B). 

The outcrop mapped in detail represents the crown pillar 
of one of the orebodies; it exposes sulphide mineralization, a 
narrow continuous shear zone, and various intrusive rocks. 
Their distribution and age relationships are depicted in Figure 2 
and described below. 

Lithologies 

Three generations of intrusive rocks cut the host meta- 
anorthosite. The earliest consists of a medium- to coarse-grained 
gabbro which corresponds to an irregular body described by 
Graham (1956) and which occurs mostly in the hanging wall of 
the shear zone (Fig. 1B). The gabbro has an irregular shape in 
outcrop and occurs on both sides of the shear zone (Fig. 2). On 
the northeast side, intrusive contacts between the gabbro and the 
anorthosite are clearly truncated by the shear zone at several 
localities (Fig. 2). The second generation of intrusions is repre- 
sented by a grey feldspar porphyry dyke, up to 5 m wide, that 
can be traced discontinuously across the outcrop. It contains 
5-15% plagioclase phenocrysts, 2-8 mm in diameter, with rare 
quartz eyes of similar dimensions in a fine grained feldspathic 
matrix. This dyke likely corresponds to the feldspar porphyry 
dyke described by Graham (1956). The intrusive contact 
between this feldspar porphyry dyke and the gabbro is only 
locally preserved because it is obscured by a younger intrusion 
of diorite. At one locality (location A, Fig. 2), the dyke clearly 
cuts the gabbro. 

The diorite is typically fine grained and forms an irregular 
dyke-like body thathas intruded both the feldspar porphyry dyke 
and the gabbro (Fig. 2). The diorite is characterized by the 
presence of abundant subrounded gabbro xenoliths, 5-20 cm in 
diameter; it has well developed chilled margins around the 
xenoliths. Diorite contacts with the feldspar porphyry dyke are 
sharp, but those with the gabbro are commonly gradational due 
to aprogressive increase in proportion of gabbro xenoliths. Such 
gradational contacts account in part for the irregular shape of this 
intrusion. Importantly, the fine grained diorite also contains large 
mineralized blocks of anorthosite (location B, Fig. 2) and of the 
feldspar porphyry dyke (Location C, Fig. 2; Fig. 3), up to 2 m in 
their longest dimension. 

Shear zones and faults 

Several shear zones are present in outcrop and overprint all 
lithologies. The main shear zone exposed in the outcrop strikes 
southeast and dips steeply to the northeast. It reaches a few 
metres in thickness and approximately follows the northeast wall 
of the feldspar porphyry dyke (Fig. 2). The presence of a 
back-filled open stope in the northwest segment of this shear 
zone indicates that it contained Cu-Au mineralization. It is 
defined by an intense penetrative foliation developed in all rock 
types except the very competent feldspar porphyry dyke where 
it is weak to absent. Foliation dips 70-85" to the northeast and 
shikes more easterly than the boundaries of the shear zone; it 
contains a mineral lineation pitching at 60' to the northwest. 
These structural elements indicate reverse-dextral movement 
along the shear zone, consistent with interpreted movements 
along other southeast-trending shear zones in the area 
(Daigneault and Allard, 1990). 
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Figure 2. Detailed geological map of the Chib-Kayrand outcrop. 

Figure 3. Large block of mineralized feldspar porphyry dyke Figure 4. Flattened gabbro xenoliths in fine grained diorite 
in barren, fine grained diorite. Lens cap is 5 cm in diameter. overprinted by the main shear zone. Location D in Figure 2. 
Location C in Figure 2. GSC 1993-22013 GSC 1993-2206 



F. Robert 

Other shear zones of smaller dimensions are parallel to the 
main one and display the same internal foliation geometries 
indicating similar movements. All of these shear zones clearly 
overprint and postdate all intrusive rock types. In the fine 
grained diorite, gabbro xenoliths are clearly flattened where 
overprinted by the main shear zone, as illustrated in Figure 4. 

These shear zones also locally contain central quartz- 
sulphide veins which are described below. The shear zones 
and veins are further cut by a set of late vertical faults which 
strike northeast and have left-lateral offsets up to 10 m 
(Fig. 2). They may be part of the same set as the larger 
left-lateral fault that offsets the deposit (Fig. 1B). 

Mineralization 

Three styles of sulphide mineralization are observed on the 
Chib-Kayrand outcrop: sulphide stockwork, semi-massive 
sulphide lenses, and sulphide-bearing veins. These styles of 
mineralization and their age relationships are presented 
below. 

A Fe-Cu sulphide stockwork is heterogeneously devel- 
oped in outcrop. It is centered approximately on the main 
shear zone and forms a halo extending up to 20  m away from 
it (Fig. 2). This style of mineralization consists of fine grained 
Fe-Cu sulphides distributed along, and adjacent to, fractures 
which may contain narrow quartz veinlets. Fractures compris- . 
ing the stockwork are randomly oriented and range from 
planar to irregular in shape (Fig. 5). The sulphide stockwork 
is best developed in the anorthosite and, where the fracturing 
is most intense, the rocks may contain up to 10% sulphides 
by volume. Sulphides consist of chalcopyrite, pyrite, and 
pyrrhotite; in places, up to 10% disseminated sphalerite 
accompanies stockwork mineralization in the anorthosite. 

The second style of mineralization consists of discontinu- 
ous semi-massive sulphide lenses (up to 70% sulphides by 
volume), corresponding to the orebodies and spatially asso- 
ciated with the main shear zone (Graham, 1956). This style 
of mineralization is only preserved as scattered boulders 
excavated from a back-filled open stope in the northwestern 
part of the outcrop (Fig. 2). It consists of varying proportions 
of chalcopyrite and pyrrhotite with irregular and contorted 
layers of quartz and carbonate. Gold grains are reported to be 
associated with the semi-massive sulphides (Graham, 1956). 
In some samples, wall rock slivers and fragments, now trans- 
formed into sericite schist, are also interspersed with the 
sulphides. The relative timing between the semi-massive 
sulphide lenses and the shear zones cannot be established in 
outcrop, but the contorted nature of quartz and carbonate 
layers indicates that the semi-massive sulphide lenses have 
been overprinted by at least some shear zone deformation. 
The age relationships between the sulphide stockwork and the 
semi-massive sulphide lenses cannot be established at Chib- 
Kayrand; however, their similar mineral assemblages suggest 
that they may be genetically related. 

The third style of mineralization is represented by two 
types of sulphide-bearing veins: calcite-sphalerite and quartz- 
sulphide veins. The only calcite-sphalerite vein present in 
outcrop is 15 cm thick and a few metres long, and strikes 
east-northeast (Location E, Fig. 2). This vein is cut by a 
quartz-sulphide vein, central to a southeast-trending shear 
zone, and is dextrally dragged by that shear zone. The age 
relationships of calcite-sphalerite veins with the Fe-Cu 
sulphide stockwork and with the diorite intrusion cannot be 
established from the available exposure, however, the pres- 
ence of sphalerite in both the stockwork and the calcite- 
sphalerite vein suggests that they may be related. 

Veins of the quartz-sulphide type, which consists of 
quartz, pyrite, and traces of chalcopyrite, are the most com- 
mon and the best developed in outcrop. It is not known at 
present if they are auriferous. These veins reach several tens 
of centimetres in thickness and a few tens of metres in length. 
They occur in all rock types, including the diorite (Fig. 2), and 
they crosscut the sulphide stockwork fractures and the calcite- 
sphalerite vein. 

The sulphide stockwork overprints the anorthosite, the 
gabbro, and the feldspar porphyry dyke, but is not present in 
the fine grained diorite dyke. The presence of stockwork 
mineralization in large blocks of anorthosite and feldspar 
porphyry dyke within barren diorite (Locations B and C, 
Fig. 2; Fig. 3) indicates unequivocally that the fine grained 
diorite postdates stockwork development. 

Two sets of quartz-sulphide veins are observed. The first 
set consists of veins central to shear zones, such as the one 
exposed at location F in Figure 2. The second set of quartz- 
sulphide veins strikes at 320-330' and dips between 45 and 
60" to the northeast (Fig. 2); these veins lack wall rock 
foliation and are slightly buckled. The age relations between 
shear zones and the quartz-sulphide veins are not clear. However, 
the quartz in veins central to shear zones is milky to vitreous, 
rather than having the cherty appearance of recrystallized 
quartz; this suggests that the veins were emplaced during or 
after shear zone development, rather than being overprinted 
by the shear zone. The nature and orientation of veins of the 
second set are compatible with, but do not necessarily imply, 
formation as extensional veins during development of the 
reverse-oblique shear zones. 

Figures. Typical outcrop exposure of the stockwork 
sulphides in anorthosite. GSC 1993-220A 
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The second mapped outcrop is located on the shore of 
Dord Lake across from the Chib-Kayrand and Campbell 
deposits, on the opposite side of the the DorC Lake fault 
(Fig. 1B). It consists of anorthosite and gabbroic anorthosite, 
with small southeast-trending semi-massive sulphide zones, 
originally exposed in trenches that are now overgrown 
(Allard, 1984). In the mapped portion of the outcrop (Fig. 6), 
the anorthosite is cut by a metre-wide siliceous, porphyritic 
grey dyke striking north. The dyke consists of 1-5% feldspar 
phenocrysts in an aphanitic matrix, and as much as 5% pyrite, 
distributed along quartz-filled hairline fractures. 

Abundant barren and mineralized fractures, shear zones, 
and faults overprint the anorthosite and the dyke. They are 
described in detail below. 

Mineralized and barren fractures 

Three main sets of subvertical fractures and faults are 
observed in outcrop (Fig. 6). They are subdivided on the basis 
of their strikes into southeast, northeast, and east-northeast 
sets. 

The southeast- and northeast-striking sets have similar 
characteristics and are described together, although the south- 
east-striking set is the best developed. The two sets comprise 
both barren and mineralized fractures and do not display any 
systematic crosscutting relationships. They are typically 
planar, 0.5-2 m long, and vary greatly in abundance. For 
example, the northeastern part of the outcrop is characterized 
by very closely spaced southeast-trending fractures (Fig. 6). 
The mineralized fractures are typically lined with fine grained 
Fe-Cu sulphides and locally contain a central quartz veinlet 
up to a few millimetres thick. They are similar to fractures 
defining the sulphide stockwork at Chib-Kayrand, except that 
they are here more planar and have more consistent orienta- 
tions than at Chib-Kayrand. The mineralized fractures are 
also fringed by centimetre-wide sericite alteration haloes. The 
majority of the mineralized fractures and their sericitic haloes 
do not display any foliation; a certain number of these frac- 
tures, however, have well developed foliation in the adjacent 
sericitized wall rocks (see below). 

The east-northeast-striking set consists of brittle faults 
and fractures concentrated in two main zones transecting the 
mapped outcrop (Fig. 6). These faults and fractures clearly 
cut and offset mineralized southeast-striking fractures 

Figure 6. 

Derailed geological map of a selected portion of 
the Miniature Dore' Lake Camp outcrop. 
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(Fig. 7). A clear example of left-lateral offset of southeast- 
striking fractures is exposed at location B in Figure 6. For the 
most part, east-northeast-trending fractures are barren. 

Shear zones 

Several narrow shear zones occur parallel to, and spatially 
coincident with, mineralized southeast-trending fractures 
(Fig. 6). The shear zones have a well developed internal 
foliation and range in width from <1 cm to 40 cm. The 
orientation of the internal foliation and the offset of the grey 
dyke (Fig. 6) indicate a dextral horizontal component of 
movement along these shear zones, similar to that observed 
on the Chib-Kayrand outcrop. 

In the shear zones that are coincident with mineralized 
southeast-trending fractures (Fig. 6), the foliated zone is 
localized in the sericitic alteration halo around the fractures. 
In some cases, the shear zone is developed only along a 
segment of a given fracture. In addition, the widest shear zone 
on outcrop has sharp boundaries coincident with southeast 
fractures (Location C, Fig. 6), in contrast to the expected 
gradational nature of shear zone boundaries. All these rela- 
tionships indicate that the southeast-trending shear zones 
overprint a pre-existing set of southeast fractures. 

At several locations on the outcrop, the east-northeast 
fractures and faults are in turn clearly offset by the southeast 
shear zones (location C, Fig. 6; Fig. 8). The fact that the 
east-northeast faults cut the nonsheared mineralized southeast 
fractures elsewhere gives further support to the interpretation 
that the southeast shear zones overprint the early mineralized 
fractures and result from their reactivation during later defor- 
mation. The sericitic alteration haloes around these fractures 
likely played a major role in localizing foliation development 
given their incompetent nature. There is no evidence in out- 
crop for additional mineralization being introduced during 
development of the southeast shear zones. 

Figure 8. East-northeast fault dextrally offset by a southeast 
shear zone. Location D in Figure 6. GSC 1993-220C 

DISCUSSION AND CONCLUSIONS 

The Chib-Kayrand and Miniature DorC Lake Camp outcrops 
have in common the presence of dykes, of southeast-trending 
shear zones and of fracture-controlled Fe-Cu sulphides (see 
below). Both also contain semi-massive sulphide lenses typical 
of Cu-Au ores in Chibougamau but the poor exposure of these 
lenses did not permit documentation of their relationships 
with the other geological elements. The Chib-Kayrand out- 
crop further contains quartz-sulphide veins, not present in the 
Miniature Dor6 Lake Camp outcrop. In both cases, crosscut- 
ting and overprinting relationships indicate a rather complex 
structural and hydrothermal evolution of the mineralized 
structures, believed to be representative of those in the larger 
Cu-Au deposits. 

In both outcrops, the earliest stage of mineralization is 
represented by fracture-controlled Fe-Cu sulphides, which 
takes the form of a stockwork at Chib-Kayrand and that of 
planar fracture arrays at Miniature Dor6 Lake Camp. Such 
fracture-controlled Fe-Cu sulphides overprint porphyritic 
dykes and they are, in turn, overprinted by the-southeast- 
trending shear zones. Prior to development of southeast- 
trending shear zones, this style of mineralization was intruded 
by a diorite body at Chib-Kayrand and was offset by east- 
northeast-trending faults at Miniature DorB Lake Camp. 

These fracture-controled Fe-Cu sulphides represent an 
early stage of hydrothermal activity. At Chib-Kayrand, a later 
stage is indicated by the quartz-sulphide veins. These two 
stages are separated in time by at least the intrusion of diorite, 
which contains blocks of anorthosite and feldspar porphyry 
dyke with Fe-Cu stockwork, but which is cut by the quartz- 
sulphide veins. As indicated above, limited evidence also 
suggests that the quartz-suphide veins may have formed 
during or after shear zone development, which would increase 
the time gap between the two hydrothermal stages. The rela- - A - 

Figure 7. Closely spaced mineralized southeast-striking tionships between the semi-massive sulphide lenses, which 

fractures cut by a barren east-northeast-striking fault. Compass constitute the Cu-Au ores in the camp, and these two 

is 7 cm wide. Location A in Figure 6. GSC 1993-220B hydrothermal stages cannot be firmly established at present 
and will be the focus of further field studies. 
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This mapping also illustrates the role of sericite alteration 
haloes associated with Fe-Cu sulphide fractures in localizing 
shear zones, as indicated by the confinement of the shear zone 
foliation to such haloes on the Miniature DorC Lake Camp 
outcrop. The common spatial coincidence of shear zones, 
broad sericite alteration zones, and Cu-Au mineralization in 
the Chibougamau camp may reflect the role of "early" sericite 
alteration in localizing subsequent deformation and shear 
zone development. This role may not be readily apparent in 
the large Cu-Au deposits of the camp because of the greater 
magnitude of the effects of shearing. 

Several workers in the area have noted that the Cu-Au 
deposits in the Chibougamau camp are closely associated 
with dykes and have proposed genetic links between minerali- 
zation and plutonism (see Allard, 1976). The presence of 
dykes both pre- and postdating fracture-controlled Fe-Cu 
sulphides at Chib-Kayrand suggests a close temporal rela- 
tionship between hydrothermal activity and dyke emplace- 
ment and certainly supports such a hypothesis. 

The presence in the camp of numerous dykes, fractures, 
and sulphide lenses in a southeast orientation strongly sug- 
gests the existence of an early fracture or fault set with that 
orientation which acted as a conduit for magma and 
hydrothermal fluids and which localized later shear zone 
development. As illustrated by the Miniature DorC Lake 
Camp outcrop, not all these early structures have been reac- 
tivated as shear zones. It could thus be expected that some 
structures, or segments of structures, have been spared from 
the superimposed shear zone deformation. Such preserved 
structures or segments would offer the best opportunity to 
document the primary characteristics of the sulphide minerali- 
zation. In this context, one could also expect that significant 
variations in structural character exist between areas of pre- 
served mineralization and those dominated by the overprinting 
shear zones. 

Finally, this mapping clearly indicates that the mineral- 
ized shear zones have undergone a complex structural and 
hydrothermal history which, apart from the two hydrothermal 
stages documented here, may well extend into Proterozoic 
time, as argued by Thorpe et al. (1 984) and Guha et al. (1990). 
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Vein fields in gold districts: the example of 
Val d'Or, southeastern Abitibi subprovince, 
Quebec 
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Robert, F., 1994: Vein fields in gold districts: the example of Val &Or, southeastern Abitibi 
subprovince, Quebec; Current Research 1994-C; Geological Survey of Canada, p. 295-302. 

Abstract: Among abundant vein-type gold deposits in the Val d'Or district, quartz-tourmal ine-carbonate 
veins are singled out as having a remarkable uniformity of hydrothermal and structural characteristics over 
an area 40 x 15 km. These veins are undeformed and are younger than other types of veins in the district. 
Quartz-tourmaline-carbonate veins are interpreted to be the product of a single, large hydrothermal system 
and to define a vein field. The recognition of at least two ages of veins and of the existence of a large vein 
field at Val d'Or has important implications for the understanding of the origin of these deposits and for 
their exploration. 

RCsumC : Parmi les nombreux gisements d'or filoniens du district de Val d'Or, les filons de quartz-tour- 
maline-carbonate se distinguent par la remarquable uniformit6 de leurs caractkristiques hydrothermales et 
structurales sur une superficie de 40 x 15 km. Ces filons ne sont pas dCformCs et sont plus jeunes que les 
autres types de filons du district. Les filons de quartz-tourmaline-carbonate sont interprCtCs comme Ctant 
le produit d'un seul systkme hydrothermal de grande dimension, et ils dCfinissent un champ filonien. 
L'identification d'au rnoins deux dges de filons et I'existence d'un vaste champ filonien 21 Val d'Or ont des 
implications importantes pour la comprkhension de la gCnkse de ces filons de mCme que pour leur 
exploration. 
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It has long been recognized that greenstone gold deposits in 
Superior Province and other Archean cratons occur in clusters 
that define gold camps, or districts, which are spatially asso- 
ciated with major, crustal-scale structures that commonly 
correspond to subprovince boundaries (Card et a]., 1989; 
Eisenlohr et al., 1989). It is now recognized that different 
styles of gold deposits may be present within these districts, 
including, for example, quartz vein and sulphidic types of 
deposits (Card et al., 1989; Robert 1990a). However, quartz 
vein deposits represent the dominant style of gold minerali- 
zation in a large number of camps such as those of Bridge 
River, B.C., Yellowknife, N.W.T., Rice Lake, Manitoba, 
Timmins and Red Lake, Ontario, and Val d'Or, Quebec, 
among many others. 

In addition, recent studies in the Rice Lake camp, 
Manitoba, demonstrate the existence of multiple ages of 
gold-quartz veins in the same district (Brommecker et al., 
1989). This is also the case in the Val d'Or district, southeast- 
em Abitibi Subprovince, where several seasons of field stud- 
ies of gold-quartz veins have led to the recognition of different 
groups (and ages) of veins. One group with nearly identical 
hydrothermal (vein mineral assemblages and hydrothermal 
alteration) and structural characteristics form what is here 
referred to as a veinfield. Recognition of vein fields, which 
may represent single, large hydrothermal systems within gold 
districts, has implications both for exploration and for the 
understanding of auriferous systems. In this report, gold- 
quartz veins of different types and ages and the existence of 
a vein field at Val d'Or are documented, along with a 
discussion of their implications. 

GEOLOGICAL SETTING 

The Val d'Or district is located along the southeastern margin 
of the Abitibi greenstone belt (Fig. 1). The northern part of 
the area is underlain by ultramafic to felsic metavolcanic 
rocks of the Abitibi Subprovince; these rocks are separated 
from the clastic metasedimentary rocks of the Pontiac 
Subprovince to the south by the Larder Lake-Cadillac fault 
zone, locally designated as the Cadillac tectonic zone. 
Volcanic rocks of the Abitibi Subprovince are cut by a series 
of plutons, sills, and dykes including synvolcanic gabbro, 
diorite, and tonalite, and syn- to late-tectonic diorite, tonalite, 
and monzonite. All these rocks, including syntectonic 
intrusions, have been metamorphosed to greenschist grade. 

The area has undergone a complex structural evolution 
involving at least three increments of penetrative deformation 
(Robert, 1990b; Desrochers et al., 1993). A dominant steep 
east-west foliation, overprinting both volcanic and sedimen- 
tary rocks, corresponds to a second increment of deformation. 
It is largely responsible for the overall east-west arrangement 
of most lithological units in southern Abitibi, and records 
important north-south shortening across the belt. An earlier 
increment of folding has been recognized in the western part 
of the area, west of the town of Val d'Or, which accounts, at 
least in part, for the northwest trend of lithological units in 

this domain (Babineau, 1985; Sansfa~on and Hubert, 1990; 
Desrochers et al., 1993). A third increment of deformation, 
recording dextral strike-slip along the subprovince boundary, 
has been documented along the Cadillac tectonic zone 
(Robert, 1990b). 

Abundant shear zones, parallel to the structural trend, are 
present in the district (Fig. I )  and have been grouped into three 
orders (Robert, 1990b). First-order shear zones are repre- 
sented by the Larder Lake-Cadillac fault zone, a complex high 
strain zone reaching 1 km in thickness and at least 200 km 
long, which strikes overall east-west and dips steeply to the 
north (Green et al., 1990; Robert, 1990b). Second-order shear 
zones are typically 1-10 km long and 10-100 m wide; they 
have steep to subvertical dips and vary in strike from south- 
east in the western part of the district to east-west in the 
eastern part (Fig. 1). Third-order shear zones, which are the 
most abundant, are a few metres thick and reach 1 km in 
length. They strike between northwest and northeast and dip 
between 35 and 75" to the north or to the south. Based on field 
relationships and on the presence of similar alteration and 
auriferous quartz veins in shear zones of all orders, Robert 
(1990b) proposed that they formed a large-scale intercon- 
nected plumbing system at some stage in the structural 
evolution of the district. 

Numerous gold deposits and occurrences are present in 
the Val d'Or district (Fig. 1) and account for in excess of 
900 tonnes of gold (production plus reserves). Excellent sum- 
mary descriptions of the significant gold deposits of the area 
are presented in Trudel and SauvC (1992) and SauvC et al. 
(1993), and an extensive study of the structural setting of 
gold-quartz veins is presented in Robert (l990b). 

Two main descriptive classes of gold deposits have been 
distinguished in the area: "disseminated" and "vein-type" 
deposits (Fig. 1). Disseminated deposits comprise zones of 
disseminated sulphides in massive, fractured, or brecciated 
wall rocks, commonly with small quartz veinlets but without 
significant quartz veins; examples include the Camflo, 
Barnat, Sladen, Canadian Malartic, and Kiena deposits. In 
vein-type deposits, orebodies consist of gold-quartz veins and 
their adjacent altered wall rocks. As shown in Figure 1, vein-type 
deposits are the most abundant in the Val d'Or district and 
account for approximately 60% of the total gold production. 
Vein-type deposit are considered in more detail below. 

CHARACTERISTICS OF 
GOLD-QUARTZ VEINS 

More than forty vein-type deposits and showings in the 
Val d'Or area have been studied or examined in detail by the 
author, with particular emphasis on their structural and kine- 
matic aspects. Field observations indicate that, among all the 
veins present at Val d'Or, quartz-tourmaline-carbonate veins 
can be singled out as a group on the basis of their hydro- 
thermal and structural attributes. The characteristics of 
qum-tz-tourmaline-carbonate veins are presented below and 
are contrasted with those of other veins at Val d'Or, as 
summarized in Table 1. The following synthesis is based on 
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the author's observations and previous studies (in particular 
Robert and Brown, 1986a, b; Robert, 1990b), complemented 
by the deposit descriptions and summaries presented in 
Trudel and Sauvt (1992) and in Sauvt et al. (1993). 

The majority of mined deposits in the district consist of 
one vein type or the other. Both types of veins were present 
and mined in only a small number of deposits, such as at 
Siscoe and Shawkey (SauvC et al., 1993). 

Hydrothermal characteristics 

Quartz-tourmaline-carbonate veins consist essentially of 
quartz, tourmaline (5-20 vol. %)and carbonate, with common 
scheelite and rare chlorite. In contrast, most other veins 
consist of quartz and carbonate, with variable but subordinate 
amounts of chlorite and, in a few cases, epidote. Pyrite is the 
dominant sulphide mineral in all vein types and it is accom- 
panied in some deposits by chalcopyrite or pyrrhotite. The 
available data indicate that Au:Ag ratios have the same range 
of values for all types of veins, i.e. from 4: 1 to about 10: 1. 

Hydrothermal alteration associated with the vast majority 
of veins involved carbonatization of the wall rocks over 
variable distances away from the veins, accompanied by 
progressive destruction of epidote and amphiboles (if pre- 
sent). Small quantities of sulphide minerals, generally pyrite, 
are present immediately adjacent to the veins. Hydrothermal 
alteration associated with quartz-tourmaline-carbonate veins 
systematically involved a generally abrupt and complete 
destruction of chlorite, giving the rock a typical bleached 
appearance (Fig. 2; Robert and Brown, 1986b). This is in 
contrast with alteration around other veins, where chlorite 
tends to be stable except close to the vein where it becomes 
progressively less abundant and in some cases completely 
destroyed. Altered wall rocks around quartz-tourmaline- 
carbonate veins may also contain variable amounts of tour- 
maline. Sauvk et al. (1993) have noted that sericite is an 
important alteration product in deposits ascribed to quartz- 
tourmaline-carbonate vein category, in contrast with other 
vein-type deposits, where albite is important. 

Structural characteristics 

The majority of vein-type deposits at Val d'Or occur within, 
or are spatially associated with, shear zones. The veins form 
discontinuous lenses, reaching 100 m in length within the 
shear zones, and are typically subparallel to the local foliation. 
Quartz-tourmaline-carbonate veins are generally more con- 
tinuous in shear zones than the other veins. In addition to 
those hosted in the shear zones, quartz-tourmaline-carbonate 
veins also commonly form a set of subhorizontal veins that 

Figure 2. Undeformed quartz (white)-tourmaline (black)- 
carbonate veins with typical bleached alteration haloes, 
illustrating the typical association of subhorizontal exten- 
sional veins with steeply-dipping fault veins. Cross-section; 
$eld of view is 2 m wide; Goldex deposit. GSC 1993-275C 

Table 1. Summary of characteristics of quartz-tourmaline-carbonate and other veins. 

QUARTZ-TOURMALINE-CARBONATE OTHER VEINS 

MINERAL Quartz, tourmaline, carbonate, scheelite Quartz, carbonate, chlorite, 

ASSEMBLAGES Pyrite k chalcopyrite, pyrrhotite Pyrite f chalcopyrite, pyrrhotite 

HYDROTHERMAL Carbonate, sericite + albite, tourmaline Carbonate, albite f sericite 

ALTERATION Chlorite-destructive Chlorite generally stable 

DISTRIBUTION Mostly east of Lac Demontigny Many deposits centered on Lake Demontigny 

STRUCTURAL SITES Associated with third-order shear zones Associated with second-order shear zones 

GEOMETRY AND Moderate to steep veins in shear zones Steep veins parallel to foliation 

STRUCTURE and subhorizontal veins outside shear zones 

Undeformed Commonly deformed (boudinaged, folded) 

TIMING CONSTRAINTS Only cut by Proterozoic diabase dykes Commonly cut by dykes of variable composition 
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extend outside the shear zones (Fig. 2; see below); as third-order shear zones (Robert, 1990b). whereas a large 
indicated by SauvC et al. (1993), these subhorizontal veins are number of the other vein-type deposits are spatially 
not present west of Lake Demontigny (Fig. I ) ,  where quartz- associated with shear zones of the second order. 
tourmaline-carbonate veins are absent. ~uartz-tourmaline- 
carbonate veins are typically associated with small, 

Figure 3. Quartz-carbonate vein overprinted by foliation. 
Cross-section looking east; Ferderber deposit. GSC 1993-2758 

Quartz-tourmaline-carbonate veins are very well pre- 
served (Fig. 2) and display no evidence of significant over- 
printing deformation (Robert and Brown, 1986a; Robert, 
1990b). In contrast, veins in several other deposits display 
evidence of deformation within the shear zones: they are 
commonly boudinaged, foliated (Fig. 3), and, in some cases, 
such as those of the Ferderber deposit (Vu et al., 1987), they 
are folded. 

Distribution 

The geographical distribution of vein-type deposits and 
occurrences is represented in Figure 1. The distribution of all 
known quartz-tourmaline-carbonate veins, compiled from 
field observations and available documentation, is also 
shown. It is very clear that quartz-tourmaline-carbonate veins 
have a restricted distribution and represent a subset of the 
entire vein population at Val d'Or. All the known occurrences 
of quartz-tourmaline-carbonate veins occur within a well 
defined area, approximately 40 km by 15 km (Fig. 1). 

Age relationships 

Several geological elements suggest that quartz-tourmaline- 
carbonate veins represent one specific hydrothermal event, 
distinct from those indicated by other types of veins, and of 
different age. These include their unique hydrothermal fin- 
gerprint (presence or absence of tourmaline and scheelite), 
their different spatial distribution, and the fact that quartz- 
carbonate veins- are commonly deformed whereas quartz- 
tourmaline-carbonate veins are not, as described above. 

As pointed out by SauvC et al. (1993), a large number of 
vein deposits at Val d'Or, irrespective of type, are spatially 
associated with dykes of different compositions. However, 
not all veins show the same timing relationships with dykes. 
In all observed cases, quartz-tourmaline-carbonate veins sys- 
tematically cut across all the dykes present, including mafic 
ones, except for Proterozoic diabase dykes (see also Robert 
and Brown, 1986a; Tessier, 1990). In contrast, mafic dykes 
clearly crosscutting quartz-carbonate veins, previously only 
reported at the Siscoe, mine (Hawley, 1932; Backman, 1936). 
have been observed by the author at the Kierens, Siscoe and 
Norlartic mines, as illustrated in Figures 4 and 5. Some of the 
dykes cutting these veins are also foliated (Fig. 4), indicating 
that deformation has overprinted both the veins and the dykes. 

In a few mines, two types of veins are present and allow 
further clarification of their relative ages. This is the case at 
the Siscoe mine (Fig. 6), where a set of quartz-carbonate veins 
are cut by an albitite dyke and a mafic dyke (Fig. 5), which 
are in turn cut by a set of quartz-tourmaline-carbonate veins, 
indicating that they are of different ages. The mafic dyke 

Figure4. Quartz-carbonate vein cut by a narrow majic dyke; cutting the quartz-carbonate vein in Figure 5 is carbonatized, 

note that the dyke itself is overprinted by the foliation. Steel which is consistent with superimposed hydrothermal activity 

plate in center of photo is 10 x I0 cm; Kierens deposit. related to the emplacement of the younger quartz-tourmaline- 

GSC 1993-275B carbonate veins. The absolute time gap between the formation 
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of the different types of veins is unknown at present. How- 
ever, given the differences in their structural sites and their 
distribution, it is unlikely that all veins represent different 
stages within a single hydrothermal event. It is well estab- 
lished that the veins of the quartz-tourmaline-carbonate type 
are younger than 2685 Ma, the age of the diorite-tonalite stock 
hosting quartz-tourmaline-carbonate veins at the Lamaque 
mine (Jemielita et al., 1989). 

QUARTZ-TOURMALINE- 
CARBONATE VEIN FIELD 

The above observations indicate that at least two distinct 
major episodes of gold-quartz vein formation took place in 
theval d'Or district, each resulting in a different distribution 
of veins. All the known quartz-tourmaline-carbonate veins 
are confined to an area 40 km by 15 km, located west of Lake 
Demontigny, on the north side of the Cadillac tectonic zone 
(Fig. I).  Across this entire area, they have identical mineral 
assemblages, associated hydrothermal alteration, and consis- 
tent geometric and structural characteristics, which are briefly 
reviewed below. 

Two main groups of quartz-tourmaline-carbonate veins are 
observed: moderately to steeply dipping fault veins, central to 
shear zones or narrow faults (Fig. 7), and associated sub- 
horizontal extensional veins that extend outside the shear zones. 
As documented in detail by Robert and Brown (1986a) and 
Robert (1 990b), the quartz-tourmaline-carbonate fault veins oc- 

terminations of fault veins, as illustrated in Figure 7, are also 
consistent with this interpretation. The orientations of the 
fault veins and extensional veins are relatively uniform across 
the vein field, as is the slip direction along the fault veins. 
Local deviations in vein orientation or slip direction can be 
accounted for by local refraction of stress trajectories related 
to the presence of .strength anisotropies such as lithological 
contacts and dykes (see Belkabir et al., in press). 

The nature and orientation of the two quartz-tourmaline- 
carbonate vein sets indicate that they developed in response 
to a horizontal, northerly-directed shortening (Robert, 
1990b), consistent with that responsible for the D2 regional 
increment of deformation. The quartz-tourmaline-carbonate 

cupy reverse to reverse-oblique shear zones and faults, and they 
formed during, and as a result of, active reverse slip. The Figure 5. Quartz-carbonate vein cut at high angle by afine 
distribution and orientation of extensional gash veins at the grained mafic dyke. Siscoe deposit. GSC 1993-275A 

Figure 6. 

East-west cross-section through the Siscoe 
deposit illustrating crosscutting relationships 
behveen quartz-carbonate veins, albitite and 
andesite dykes, andyounger quartz-tourmaline- 
carbonate veins. Adapted from Backman 
(1936). 

W E 

QUARTZ-TOURMALINE- 
CARBONATE VEIN 

\ 
\ , 

\ 

/ 
8 



F. Robert 

some cases, quartz-tourmaline-carbonate veins could develop 
within, or along, pre-existing quartz-carbonate veins 
(Hawley, 1932), is another important point. 

Figure 7. Down-dip termination of a reverse fault vein with 
sigmoidal extensional veins also consistent with the reverse 
sense of motion. Cross-section looking east; $eld of view is 
3 m wide; Lucien Beliveau deposit. GSC 1993-275F 

veins and host structures overprint the S2 foliation and trun- 
cate F2 folds, but predate the D3 dextral strike-slip increment 
of deformation, which overprints and folds quartz-tourmaline- 
carbonate veins within the Cadillac tectonic zone (Robert, 
1990b). The quartz-tourmaline-carbonate veins thus most 
likely formed during a late stage of the D:! deformation. The 
asymmetric folding of quartz-carbonate veins at the Ferderber 
deposit records reverse slip (Vu et al., 1987), and suggests 
that reactivation of existing quartz-carbonate veins and their 
host shear zones accompanied formation of the quartz-tour- 
maline-carbonate veins. 

The remarkable hydrothermal and structural uniformity of 
the quartz-tourmaline-carbonate veins strongly suggests a 
single age for these veins. This, in turn, implies that they are 
related to the same hydrothermal event and that they are the 
manifestations of a single, large hydrothermal system. Given 
their outstanding uniformity of attributes over such an area, 
this group of quartz-tourmaline-carbonate veins should be 
referred to as a veinfield. By analogy with pegmatite fields 
(Cemy, 1991), vein fields would be comprised of veins pre- 
senting nearly identical mineral assemblages, hydrothermal 
alteration, and structural setting, and that have formed 
approximately at the same time, over areas covering several 
tens to hundreds of square kilometres. 

DISCUSSIONS AND CONCLUSIONS 

The recognition of at least two types of veins and the defini- 
tion of a quartz-tourmaline-carbonate .vein field have impor- 
tant implications for studies of vein-type gold deposits at Val 
d'Or. Because the veins are of at least two distinct ages and 
do not share a common origin, any geochemical, stable iso- 
tope, fluid inclusion, or geochronologic study of the Val d '0r  
deposits must be based on knowledge of which type (and age) 
of vein is being studied. The fact that some deposits can be 
comprised of two, unrelated generations of veins, and that in 

Considering the quartz-tourmaline-carbonate vein field, it 
appears that the individual deposits within the field are small 
components of a larger hydrothermal system, rather than 
representing isolated hydrothermal entities. This implies that 
any close spatial or temporal association between the veins 
and a particular geological element in one deposit (for exam- 
ple a particular type of intrusion; see Burrows and Spooner, 
1989) loses its significance if it is not repeated in a number 
of other deposits within the same field. In addition, the 
dimensions of the vein field approximate the dimensions of 
the sink area of the hydrothermal system. In the case of the 
quartz-tourmaline-carbonate vein field at Val d'Or, the 
dimensions of the field require a crustal-scale hydrothermal 
system, as generally inferred from the close spatial associa- 
tion of gold deposits with crustal-scale fault zones (Eisenlohr 
et a]., 1989; Kerrich and Wyman, 1990). 

Another interesting implication of the presence of vein 
fields is that the distribution of veins within a field tracks the 
district-scale fluid flow at the time of mineralization. At 
Val d'Or, for example, the abundance of quartz-tourmaline- 
carbonate veins around the Bourlamaque pluton would sug- 
gest that the pluton margins were zones of enhanced fluid 
flow. This may also provide additional insight into the possi- 
ble analogy between formation of quartz-tourmaline-carbon- 
ate veins and earthquake processes as proposed by Sibson et 
al. (1 988) and more recently by Robert and Boullier (in press). 
The apparent centering of the quartz-tourmaline-carbonate 
vein field on the Bourlamaque pluton (Fig. 1) is either a 
coincidence or a reflection of the fluid flow pattern; there are 
no possible genetic links between the two, because the 
Bourlamaque pluton, dated at 2700 Ma (Wong et al., 1991), 
is at least 15 Ma older than the quartz-tourmaline-carbonate 
veins. 

Kerrich et al. (1987) and Kerrich and Wyman (1990) 
pointed out the provinciality of 0, C, Sr, and Pb isotopic 
composition of gold deposits between districts; they ascribed 
this provinciality to lithological differences in the source 
areas for these elements. It is possible that some of this 
provinciality also reflects the existence of different vein fields 
within and among gold districts. 

Finally, it is not clear at present if all the other veins at Val 
d'Or define one or several coalescing vein fields of single or 
multiple ages; however, one can suggest that the dense cluster 
of vein within, and immediately west of, Lake Demontigny, 
where numerous dykes and intrusive bodies are also known 
to occur (SauvC et al., 1993), represents one vein field or 
hydrothermal system. This illustrates that vein fields in gold 
districts can only be identified by a systematic documentation 
in the field of the types of veins present, including their 
distribution, their hydrothermal and structural relationships, 
as well as their timing relationships to other geological or 
structural events. Proper understanding of the genesis of 
vein-type gold deposits clearly requires consideration of 
entire hydrothermal systems; recognition of vein field 
represents an important step towards that goal. 
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A preliminary report of porphyry Cu-Mo-Au 
and shear zone-hosted Cu-Au deposits in the 
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Sinclair, W.D., Pilote, P., Kirkham, R.V., Robert, F., and Daigneault, R., 1994: A preliminary 
report ofporphyry Cu-Mo-Au and shear zone-hosted Cu-Au deposits in the Chibougamau area, 
Quebec; Current Research 1994-C; Geological Survey of Canada, p. 303-309. 

Abstract: The Chibougamau area, Quebec, has been important primarily for the production of copper 
and gold from sulphide-rich, shear zone-hosted deposits. Subeconomic porphyry deposits with minor 
amounts of molybdenum and gold also occur in the area. Preliminary observations suggest that both deposit 
types may be associated with intermineral felsic intrusions, and that intrusive and copper mineralizing 
events predated shear zone development; gold mineralization is more complex and, in part, postdates 
shearing. Future research will focus on the chronology of the intrusive, mineralization, and deformation 
events, and on the possible genetic links between the two types of deposits. The potential for economic 
porphyry-type deposits of copper, molybdenum, and gold will also be evaluated. 

Rksumk : La rtgion de Chibougamau, au Qutbec, a surtout ttC importante pour la production de cuivre 
et d'or a partir de gisements logts dans des zones de cisaillement riches en sulfures. Des gisements 
porphyriques sous-Cconomiques contenant de faibles quantitts de molybdbne et d'or sont tgalement 
prtsents dans la rtgion. Les observations prtliminaires indiquent que ces deux types de gisements peuvent 
&tre associCs ii des intrusions felsiques mises en place pendant un tpisode de mintralisation, ou entre deux 
tpisodes mintralisateurs, et que les episodes d'intrusion et de mintralisation en cuivre ont prkctdt la 
formation des zones de cisaillement; la mintralisation aurifsre est plus complexe et est, en partie, posttrieure 
au cisaillement. Les travaux futurs seront axts  sur la chronologie des tvtnements d'intrusion, de 
minkralisation et de dtformation ainsi que sur les possibles liens gtnttiques entre les deux types de 
gisements. Le potentiel en gisements porphyriques de cuivre, de molybdkne et d'or economiques sera 
tgalement Bvalut. 

' Contribution to Special Assistance Program for the Mining Sector of the Chapais-Chibougarnau Region (1 992- 1995), 
under the Canada-Quebec Subsidiary Agreement on the Economic Development of the Regions of Quebec. 
Ministkre de 17Energie et des Ressources, 400 boul. Lamaque, Val d'Or, Quebec J9P 3L4 
Universitt du QuCbec B Chicoutirni, Chicoutimi, Qukbec G7H 2B1 
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INTRODUCTION 

The Chibougamau area, Quebec, is one of the important but 
somewhat unique mining camps of the Abitibi greenstone 
belt. It contains typical volcanogenic massive sulphide deposits 
and mesothennal shear zone-hosted gold deposits, but has been 
important primarily for the production of copper and gold from 
sulphide-rich shear zones (Gobeil and Racicot, 1984). Sub- 
economic porphyry copper deposits with minor amounts of 
molybdenum and gold are also present (Kirkham, 1972; Cimon, 
1973); some occur in close proximity to the metalliferous shear 
zones. In the Frotet Lake area, about 125 km to the north, a bulk 
tonnage deposit containing greater than 40 Mt averaging 1.4 g 
Au/t and 0.12% Cu, which might be mineable by open pit 
methods (The Northern Miner, November 16,1992, p. 15), is a 
possible porphyry deposit (Falconbridge Ltd. geologists, pers. 
comm., 1992). 

Initiated in the spring of 1993, this multidisciplinary research 
project is a collaborative effort by ,the Geological Survey of 
Canada, the Quebec Minist2re de 1'Energie et des Ressources, 
the Universit6 du QuCbec A Chicoutimi, and companies work- 
ing in the area. It is directed at learning more about the 
porphyry and shear zone-hosted deposits and establishing any 
possible relationships between the two deposit types. This 
project is part of a larger concerted effort in the Chibougamau 
camp, which includes a Ph.D. research project on the Copper 
Rand deposit by M. Magnan at the UniversitC du QuCbec 
Chicoutimi, and a Ph.D. research project on the Portage 
deposit by A.C. Tessier at Queen's University. Copper Rand 
and Portage are the only operating mines in the area and 
provide excellent exposures of shear zone-hosted ore. 

Our work is centred on the shear zone-hosted copper-gold 
deposits on Merrill Island and on the nearby Clark Lake 
porphyry copper-molybdenum deposit. The main objectives 
of this project are to document and correlate the geology of 
the Clark Lake porphyry deposit and the Merrill Island 
copper- and gold-bearing shear zones, and to establish a 
detailed chronology of intrusive, deformation, alteration, and 
metal deposition events. Within the framework of this research 
study, we also hope to evaluate the exploration potential for 
porphyry copper-molybdenum-gold deposits in the Chibougamau 
area, particularly the Clark Lake porphyry deposit. This 
paper presents results from the initial stage of fieldwork 
carried out in the summer of 1993. 

REGIONAL GEOLOGY 

Archean rocks of the Chibougamau area consist of two mafic 
to felsic volcanic cycles (Roy Group) which are overlain by 
a volcanic-sedimentary sequence (Opemiska Group) 
(Daigneault and Allard, 1990; Daigneault et al., 1990; Chown 
et al., 1992). Roy Group volcanic rocks include, in ascending 
stratigraphic order, the Obatogamau Formation (mafic vol- 
canic rocks), the Waconichi Formation (felsic volcanic 
rocks), the Gilman Formation (mafic volcanic rocks) and the 
Blondeau Formation (felsic volcanic, mafic volcanic, and 

sedimentary rocks) (Daigneault and Allard, 1990). The 
Waconichi and Gilman formations have been intruded by the 
DorC Lake Complex, a major layered complex of gabbro and 
anorthosite (Allard, 1976; Daigneault and Allard, 1990; 
Fig. 1). The lowest exposed part of the DorC Lake Complex 
is composed of gabbroic and anorthositic rocks that form a 
massive unit as much as 2500 to 3600 m thick. These rocks 
are characterized by coarse grained, cumulus plagioclase 
crystals which are commonly replaced by albite and zoisite. 
They also contain most of the important copper-gold deposits 
of the Chibougamau camp. The central part of the DorC Lake 
Complex consists of layered rocks containing vanadium-rich 
magnetite layers. The upper part of the complex is repre- 
sented by a thin border zone of anorthositic to gabbroic rocks 
or, in places, granophyric rocks. All rock units have been 
regionally deformed into broad north-south warps and isocli- 
nally refolded about east-west axes (Daigneault and Allard, 
1990); metamorphism produced greenschist facies assem- 
blages (Allard, 1976). A few isolated remnants of relatively 
undeformed sedimentary rocks of Proterozoic age unconfor- 
mably overlie the folded Archean rocks (outside the area 
shown in Fig. 1). 

Felsic plutons, such as the Chibougamau pluton, occur in 
axial zones of major anticlines (Duquette, 1970; Daigneault 
and Allard, 1990). The Chibougamau pluton is a large body 
that lies to the south of the principal copper-gold deposits of 
the Chibougamau camp, mainly beneath DorC Lake and Lake 
Chibougamau (Fig. 1). It consists of four principal assem- 
blages consisting of hornblende meladiorite, hornblende 
quartz diorite, biotite tonalite, and leucotonalite; however, 
compositional divisions are not distinct and intermediate 
compositions are also present (Racicot et at., 1984). Wide- 
spread foliation, particularly well developed in border phases, 
suggests that the pluton was emplaced prior to the main 
regional deformation. The age of the Chibougamau pluton, 
based on a single U-Pb analysis of zircon, is 2718 + 2 Ma 
(Krogh, 1982). Dykes of intermediate to felsic composition, 
at least some of which are likely related to the Chibougamau 
pluton, are associated with many of the copper-gold depos- 
its (Jeffrey, 1959; Blecha, 1966; Maillet, 1978). A quartz- 
feldspar porphyry dyke northeast of Chibougamau, which 
has been dated at 271 1.7 +9.4/-7.0 Ma by U-Pb analysis of 
zircon, is probably comagmatic with the Chibougamau pluton 
(Mortensen, 1993). 

Prominent structural features of the Chibougamau area 
include east- to northeast-trending faults or shear zones such 
as the Lac Sauvage Fault and the DorC Lake Fault, and 
southeast-trending shear zones (Fig. 1). The Lac Sauvage 
Fault is one of the most important fault systems in the area. 
It includes several east- to east-northeast-trending, anasto- 
mosing shear zones that form a belt of strongly foliated and 
deformed rocks about 20 km long and as much as 400 m wide. 
Iron carbonate alteration (ankerite and siderite) is a prominent 
feature along the fault system. Down-dip stretching linea- 
tions indicate a predominantly vertical component of move- 
ment; kinematic indicators suggest that the south side was 
down-dropped relative to the north (Daigneault and Allard, 
1990). 
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The southeast-trending shear zones represent zones of 
ductile deformation as much as 300 m wide but limited in 
strike length, ranging from 2 to 5 km long. Most of these 
shear zones occur within the DorC Lake Complex, between 
the Chibougamau pluton and the Lac Sauvage Fault 
(Daigneault and Allard, 1990). Within these shear zones, 
anorthositic rocks of the Dork Lake Complex are strongly 
foliated and consist of sericite (paragonite)-chlorite schist, 
iron carbonate and, locally, chloritoid (Allard, 1956). Folia- 
tion generally dips steepiy to the southwest. Although the 
relationships are not well understood, Daigneault and Allard 
(1990) suggested that the southeast-trending shear zones 
could be subsidiary deformation zones associated with the 
Lac Sauvage fault system. They are particularly important in 
the Chibougamau mining camp as they host most of the 
economically-important copper-gold deposits; exceptions are 
the Portage and Henderson deposits which are in northeast- 
trending shear zones (Allard, 1976; Guha, 1984; Daigneault 
and Allard, 1990; Fig. 1). 

The DorC Lake Fault is a major east-northeast-trending 
fault more than 10 km long that lies mainly beneath DorC 
Lake. Where observed in underground worl<ings and in sur- 
face outcrops, it varies from strongly foliated and mylonitized 
rocks to fault breccia in a zone 60 to 120 m wide (Malouf and 
Hinse, 1957; Jeffrey, 1959). It truncates, and thus postdates, 
the southeast-trending shear zones, including some of the 

mineralized zones. Right-lateral displacement on the DorC 
Lake Fault is at least 1 km, based on lithological offset of the 
upper part of the DorC Lake Complex (Daigneault and Allard, 
1990; Fig. 1). 

SHEAR ZONE-HOSTED COPPER-GOLD 
DEPOSITS, MERRILL ISLAND 

The main copper-gold deposits on Merrill Island occur within 
the Campbell Chibougamau-Merrill Island shear zone, which 
consists of an anastomosed mesh of smaller shear zones that 
form two subparallel branches (Fig. 2). The principal ore 
bodies in the Main mine on Merrill Island were confined to 
the southwestern branch of the Campbell Chibougarnau-Menill 
Island shear zone; ore bodies in the Merrill Pit occur in the 
northeastern branch. The Chib-Kayrand ore bodies are in a 
smaller, separate shear zone to the southwest (Fig. 2). 

Overall, the Campbell Chibougamau-Merrill Island shear 
zone has a width of about 300 m and, on average, dips steeply 
to the southwest. Within the shear zone, the anorthositic host 
rocks range from massive, relatively undeformed to strongly 
foliated. Strongly foliated anorthosite typically consists of 
sericite-chlorite schist; massive anorthosite is generally 
altered to quartz, sericite, carbonate, and chlorite. Strongly 

Figure I.  Simplified geological map of the Chibougamau area, showing the relationships between 
the Lac Sauvage Fault, the Dore' Lake Fault, southeast-trending shear zones, and copper-gold 
deposits (modij?ed from Daigneault and Allard, 1990). 
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a Tonalite: Chibougamau pluton Border zone 

Gilman Formation: mafic 
volcanic rocks 

Granophyric zone 1 Dore Lake 

Deformation zone Layered zone 
Complex 

- Cu-Au zone Anorthositic zone 

Figure 2. Geology of the Clark Lake area and the northwestern part of Merrill 
Island; the distribution limits of chalcopyrite (Cp), molybdenite (Mo), and 
pyrite-pyrrhotite (Py-Po) at Clark Lake are indicated by the heavy dashed lines 
(geology mod$ed from Ford, 1974; Daigneault and Allard, 1990). 



W.D. Sinclair et al. 

foliated zones range from less than one metre to tens of metres 
wide. Contacts between the foliated and nonfoliated rocks 
vary from sharp to gradational. 

Ore zones within the Main mine range from massive 
bodies consisting of more than 80% sulphides to diffuse 
bodies containing finely disseminated sulphide grains 
(Jeffrey, 1959). The massive bodies are confined mainly to 
zones of strong foliation; disseminated sulphides occur in 
both the foliated rocks and surrounding nonfoliated rocks. 
The main sulphide minerals are pyrrhotite, chalcopyrite, and 
pyrite; minor sulphide minerals include sphalerite, galena, 
cubanite, and valleriite (Jeffrey, 1959). Gold occurs mainly 
as discrete grains associated with chalcopyrite and pyrite. 

Preliminary mapping in the Merrill Pit indicates that low- 
grade but more extensive mineralized zones, tens to hundreds 
of metres wide, surround the shear zone-hosted copper-gold 
deposits. These zones consist mainly of pyrite andlor pyrrho- 
tite with minor amounts of chalcopyrite, as disseminated 
grains and in fractures cutting massive anorthosite. Minor but 
widespread molybdenite is also present, mainly in fractures 
and in late-stage quartz veinlets that crosscut pyrite- and 
chalcopyrite-bearing fractures. The gold content of these 
zones is not known at present. Overall sulphide content in the 
low-grade zones varies from <I % to 10%; the widespread 
and, to a large degree, fracture-controlled nature of the sul- 
phides is similar to that in porphyry deposits. 

Mapping in the Merrill Pit has confirmed the presence of 
several types of dykes, many of which have been described 
previously (e.g., Jeffrey, 1959; Blecha, 1966). One of the 
main types is a leucotonalite dyke that is medium grained 
equigranular to porphyritic and consists mainly of quartz and 
feldspar, with 2% chlorite (altered biotite?) and about 1% 
disseminated pyrite. Plagioclase is typically altered to 
sericite, giving the rock a pale, slightly yellowish-green col- 
our. This dyke is well exposed in the southeast part of the pit 
where it forms a southeast-trending body as much as 50 m 
wide. It is similar in appearance and composition to the 
Chibougamau pluton to the southeast (Fig. 2) and is probably 
connected to it. 

Also exposed in the Merrill Pit are 0.2 to 10 m wide dykes 
of feldspar porphyry. These dykes contain 30 to 40% pheno- 
crysts, mainly white to yellowish, fine- to medium-grained 
feldspar; quartz phenocrysts are present in places. The matrix 
is a medium-grey, fine grained mixture of quartz, feldspar, 
and chlorite. At the southeastern end of the pit, feldspar 
porphyry dykes contain 1 to 2% pyrite and traces of chalco- 
pyrite, mainly along fractures. Elsewhere in the southeastern 
part of the pit, similar feldspar porphyry dykes appear to be 
intermineral, i.e., they were emplaced during or between 
periods of mineralization: in places they truncate early pyrite- 
and chalcopyrite-bearing fractures and in turn are cut by later 
sulphide-bearing veinlets. One feldspar porphyry dyke, ex- 
posed on the northeastern side of the pit, contains traces of 
disseminated molybdenite. 

Other dykes observed in the Merrill Pit include narrow 
(1 to 2 m wide) mafic dykes consisting mainly of fine grained 
quartz and chlorite. Some of these dykes are strongly foli- 
ated. Age relationships between the various dykes are not 

clear. Near the southeast end of the pit, some mafic dykes cut 
the leucotonalite dyke; however, crosscutting relationships 
between the feldspar porphyry dykes and the leucotonalite 
dyke were not observed. 

The leucotonalite dyke and the feldspar porphyry dykes 
are epizonal intrusions that appear to predate shear zone 
development. Although the larger dykes are in many places 
nonfoliated, smaller dykes and the margins of the larger dykes 
are commonly foliated. In other places, narrow shear zones 
crosscut the larger dykes. The relationship of the mafic dykes 
to shear zone development is less certain; they either predated 
or were synchronous with shear zone development. 

The association of the copper-gold deposits and the dykes 
in the Chibougamau camp is significant. Our preliminary 
observations on Merrill Island (see also Robert, 1994) suggest 
that copper-rich sulphide bodies within the foliated zones 
have been deformed, thus indicating that the main stages of 
sulphide deposition, as well as emplacement of the leuco- 
tonalite and feldspar porphyry dykes, predated the main pene- 
trative defomation. These observations, plus the fact that 
some of the dykes are intermineral, support Duquette's (1 970) 
conclusion that the copper deposits in the DorC Lake Complex 
may be genetically related to the Chibougamau pluton. 
Although gold is associated with copper in many places, the 
relationship between copper and gold is not necessarily simple. 
Some or all of the gold may have, been emplaced originally at 
the same time as copper, but at least some was either intro- 
duced or remobilized later (e.g., Guha and Kanwar, 1987). 
As part of this project, we intend to examine closely the 
association of the dykes and the copper-gold deposits and to 
evaluate possible genetic relationships. 

PORPHYRY COPPER-MOLYBDENUM- 
GOLD DEPOSITS, CLARK LAKE 

In the area surrounding Clark Lake, less than 2 km northwest 
of the copper-gold deposits on Merrill Island and about 1 km 
west of the Kokko Creek deposit (Fig. 2), massive anorthosi- 
tic and gabbroic rocks of the Dore Lake Complex are highly 
fractured, sulphide-bearing, and pervasively altered over an 
area greater than 2 km2. The rocks are altered mainly to 
quartz, albite, and chlorite; pyrite, pyrrhotite, and locally, 
magnetite make up one to 10% of the rock. Pyrite is the main 
sulphide and is widespread in fractures and veinlets and as 
disseminated grains. Pyrrhotite is abundant in the eastern part 
of the area, and magnetite is abundant locally in the western 
part. Minor amounts of chalcopyrite and molybdenite are 
also present, especially in the area immediately surrounding 
Clark Lake. 

Although the amounts of copper and molybdenum encoun- 
tered in the Clark Lake area to date are minor, the nature of 
the occurrence and distribution of the sulphides and the 
presence of intermineral dykes are typical of porphyry-type 
deposits (Kirkham, 1971). For example, several stages of 
sulphide deposition are evident. An early stage, represented 
by magnetite veinlets, is cut by pyrite- and chalcopyrite-bearing 
fractures that form an extensive stockwork; late epidote-bearing 
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Figure 3. 

Pyritic stockworks cut by light-coloured 
intermineral feldspar porphyry dyke, 
Clark Lake area. 

veins cut the sulphide-bearing fractures locally. Molybdenite 
occurs with pyrite in sulphide-bearing fractures and in late- 
stage quartz veins that crosscut the pyritic fractures. 

Distribution of pyrite-pyrrhotite, chalcopyrite, and molybde- 
nite, based on unpublished company maps (Ford, 1974) and our 
own preliminary observations, are outlined in Figure 2. Chal- 
copyrite distribution may extend farther to the southeast, 
based on the presence of sparse chalcopyrite in outcrops along 
the northwestern side of Dork Lake; its extension to the 
northwest is uncertain due to lack of outcrop. The southwest- 
ern limit of pyrite and pyrrhotite is also poorly constrained 
due to lack of outcrop. Preliminary lithogeochemical data 
indicate that some areas are anomalous in zinc. 

In the western part of the chalcopyrite zone, fragments of 
mineralized anorthosite occur in an intrusive breccia that is 
itself cut by mineralized veins. Farther to the north in the 
same zone, intermineral porphyry dykes crosscut the pyritic 
stockwork (Fig. 3). These and other related dykes in the Clark 
Lake area are similar to some of the porphyry dykes associ- 
ated with the copper-gold deposits on Merrill Island, suggest- 
ing a possible temporal and genetic relationship between the 
shear zone-hosted copper-gold deposits and a porphyry deposit 
such as Clark Lake. 

DISCUSSION 

porphyry deposits are being mined at Malanjkhand in India, 
where estimated reserves are 789 Mt averaging 0.83% Cu, 
0.004%Mo, 0.2 g Ault, and 6 g Agtt (Sikka et al., 1991), and 
at Tongkuangyu in China, where reserves are about 380 Mt 
grading 0.67% Cu (Kirkham and van Staal, 1990). At the 
Boddington Gold Mine in Western Australia, gold is recov- 
ered from a lateritic deposit derived from primary, porphyry- 
type copper-gold-molybdenum-bismuth-tungsten zones in 
Archean rocks (Roth et al., 1991). In view of these deposits, 
and the discovery of a possible economic gold-copper por- 
phyry deposit in the Frotet Lake area to the north of 
Chibougamau, porphyry deposits in the Canadian Shield 
warrant more in-depth examination. 

The Chibougamau area was selected for study because it 
contains several, albeit low-grade, porphyry-type deposits 
such as Clark Lake. Furthermore, these deposits may be 
genetically related to the shear zone-hosted copper-gold deposits 
in the area. Chronological relationships are not yet entirely 
clear, but our initial observations suggest that sulphide-rich 
copper mineralization predated shear zone development and 
was associated closely in time with the emplacement of felsic 
dykes. However, some stages of mineral deposition, particu- 
larly those involving gold, postdate deformation; others may 
have been synchronous with deformation. Future work will 
focus on documenting the geology and establishing the detailed 
chronology of intrusive, metal deposition, alteration, and 
deformation events in the study area. 

Shear zone-hosted deposits of the Chibougamau camp have 
been an important source of copper and gold. From 1955 to ACKNOWLEDGMENTS 
1992 they accounted for production of more than 40 Mt 
grading 1:5 to 2% Cu and i to 2 g Ault (Gobeil and Racicot, 
1984; Canadian Mines Handbooks, 1984-1992). Porphyry 
deposits generally have not been considered as desirable 
exploration targets in the Canadian Shield, primarily because 
they have been thought to occur only in young orogenic belts. 
Furthermore, exploration of porphyry deposits in the 
Chibougamau area to date has outlined deposits that are too 
low grade or too small to be economic. However, Precambrian 
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support. Howard Poulsen reviewed the manuscript and offered 
helpful comments. 
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Oceanic allochthons in an Archean continental 
margin sequence, Vizien greenstone belt, 
northern Quebec 
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Skulski, T., Percival, J.A., and Stern, R.A., 1994: Oceanic allochthons in an Archean continental 
margin sequence, Vizien greenstone belt, northern Quebec; & Current Research 1994-C; 
Geological Survey of Canada, p. 31 1-320. 

Abstract: The Vizien belt comprises tectonic panels of mature arc rocks, a continental rift sequence, and 
an oceanic allochthon. The 2.724 Ga arc sequence contains mafic to felsic calc-alkaline lavas and 
metasediments. The <2.718 Ga rift package comprises metasediments which rest unconformably on 2.9 Ga 
tonalite, overlain by mafic to felsic tholeiitic lavas. The allochthonous oceanic panel is floored by mklange 
or serpentinite, and comprises peridotitelgabbro sills intruded into submarine basalts and sediments. The 
arc lavas are LREE-enriched with  EN^ of +0.50; rift lavas have higher LREE abundances and lower  EN^ 
(0.33 to -0.47); whereas oceanic peridotite sills (to Fos7) have REE contents and  EN^ values (1.34 to 2.94) 
reflecting depleted mantle derivation. Early marine sediments in the Vizien arc sequence indicate an island 
arc setting. Later marginal basin formation may have produced juvenile oceanic crust. Subsequent orogeny 
involved oceanic crustal obduction, basement-cored nappe emplacement, isoclinal folding, high-T 
metamorphism, late folding and faulting. 

RCsumC : La ceinture de roches vertes de Vizien englobe des panneaux tectoniques composCs de roches 
d'arc mature, une skquence de rift continental et un allochtone octanique. La sCquence d'arc, datte B 
2,724 Ga, contient des laves calco-alcalines, mafiques B felsiques, et des mttastdiments. L'ensemble de 
roches du rift, dont 1'2ge est de <2,718 Ga, englobe des mttastdiments reposant en discordance sur une 
tonalite de 2,9 Ga, et est surmont6 par des laves tholkiitiques, mafiques 2 felsiques. Le plancher du panneau 
de roches ockaniques allochtones est constitut d'un mtlange ou de serpentinite, et renferme des 
filons-couches de ptridotitelgabbro mis en place dans des basaltes et skdiments sous-marins. Les laves d'arc 
sont enrichies en terres rares leghres avec un  EN^ de +0,50; les laves de rift prksentent des niveaux 
d'abondance des terres rares Itg&res plus tlevks et ont des valeurs de  EN^ moindres (0,33 2 -0,47); les 
filons-couches de pkridotite ockanique (composition jusqu'h F087) ont des teneurs en terres rares et des 
valeurs de  EN^ (1,34 B 2,94) indiquant qu'elles sont dtrivtes d'un manteau appauvri. Les stdiments marins 
initiaux de la sCquence d'arc de Vizien indiquent un milieu d'arc insulaire. I1 est possible que la formation 
ulterieure d'un bassin marginal ait abouti a la formation d'une crofite ockanique juvknile. L'orogenhse 
ultkrieure s'est traduite par I'obduction de croQte octanique, la mise en place d'une nappe de charriage B 
noyau composC de roches du socle, la formation de plis isoclinaux, un mttamorphisme de temptrature 
ClevCe, et la formation de plis et failles tardifs. 
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INTRODUCTION 

It has become increasingly evident that many Archean green- 
stone belts do not represent simple, thick cyclic accumula- 
tions of volcano-sedimentary rocks in synclinal basins. 
Various field-based studies have cited evidence of structural 
repetition involving recumbent folds and thrust faults 
(Coward et al., 1976; de Wit, 1982; Martyn, 1987; Kusky, 
1990). Thrust repetition has also been documented through 
combined field and U-Pb geochronological studies (Ayres 
and Corfu, 1991) and is consistent with seismic reflection data 
(Green et al. 1990). Evidence of large-scale horizontal 

displacement provides an attractive mechanism to explain the 
juxtaposition of oceanic terranes with continentally derived 
Archean sequences (Hoffman, 1991). 

Current tectonic models of Archean granite-greenstone 
terranes in the Superior and Slave Provinces of the Canadian 
Shield emphasize the role of accretionary tectonics involving 
assembly of arc terranes (Card, 1990; Kusky, 1989) or frag- 
ments of oceanic plateaus (Desrochers et al., 1993). Recently 
described greenstone belts in the northeastern Superior 
Province (Moorhead, 1989; Percival and Card, 1992b) place 
new constraints on the assembly of the Archean craton 
(Percival et al., 1993a). 
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Figure I .  a) Geological map of the Vizien greenstone belt. Inset maps show location with respect to northern 
Ungava peninsula. Line of section (A-B) in (b) is shown. Numbers adjacent to faults refer to deformation 
sequence. b) Down plunge ( 0 3 )  schematic cross section. An average plunge of 58ON was calculated on the basis 
of D3 stretching lineations and minor folds over an area -3 km northwest and southeast of the line of section. 
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The Vizien greenstone belt of the Minto block (Fig. 1) was 
revisited during the 1993 field season to investigate the struc- 
tural context of a group of rocks recognized geochemically as 
oceanic in origin. This report builds on previous descriptions 
of the belt as a collage of fault-bounded terranes (Percival and 
Card, 1992a; Percival et al., 1993a), in assessing the tectonic 
setting of each lithotectonic panel, and establishing a struc- 
tural chronology. The field observations are supported by 
whole-rock geochemical and Sm-Nd isotopic data. 

REGIONAL GEOLOGICAL SETTING 

The Minto block, characterized by northwesterly structural and 
aeromagnetic trends, is composed mainly of plutonic rocks, 
divided into four lithotectonic domains (Fig. 1, inset A; Percival 
et al., 1991). The Vizien belt forms part of the Goudalie domain 
of tonalitic and metavolcanic rocks, the central spine of the 
Minto block. It is bordered to the west by the Lake Minto domain 
of orthopyroxene-bearing granitoid rocks containing enclaves of 
high-grade supracrustal rock. Both the Tikkerutuk domain to the 
west, and the Utsalik domain to the east consist of grano- 
diorite and granite without supracrustal relicts. 

The Goudalie domain can be traced as an aeromagnetic 
low for 700 km, from the western Cape Smith belt to the 
northern Ashuanipi complex (Fig. 1 ;  Percival et al., 1992). It 
consists of tonalitic rocks, with sparse relicts of metavolcanic 
and metasedimentary rock, including the well preserved 
Vizien greenstone belt (Fig. 1; Percival and Card, 1992a). 
Metamorphic grade is generally amphibolite facies, except 
for local greenschist facies in the Vizien belt and granulite 
facies along the eastern edge of Goudalie domain adjacent to 
pyroxene-bearing plutons of Utsalik domain. Tonalitic rocks 
have yielded U-Pb zircon ages between 3.1 Ga and 2.9 Ga, 
and late granodiorite plutons, 2702 Ma (Percival et al., 1992). 

VIZIEN GREENSTONE BELT 

The 40 by 10 km Vizien belt consists of five discrete lithotec- 
tonic panels (Fig. 1; Percival et al., 1993b) separated by faults 
of different ages. On the west, panel A is a homoclinal, 
east-facing, moderately east-dipping assemblage of mafic to 
felsic volcanic rocks, intruded at its base by tonalite. The roof 
of the quartz-porphyritic tonalite has dacitic and andesitic 
chill margins and dykes, suggesting that it is a syn-volcanic 
intrusion. The base of the volcanic sequence contains plagio- 
clase-phyric andesite, overlain by basalt with lenses of sul- 
phidic iron-formation and intruded by ultramafic sills, with 
an overlying sequence of andesite, dacite, 2724 + 1 Ma 
rhyolite, pelitic schist, siltstone and minor conglomerate. 
Xenoliths of andesite in the dacite unit indicate that the 
stratigraphic sequence is normally facing to the northeast. 
Upward shoaling of the sequence is indicated by a change 

Panel B consists of acentral core of tonalite, overlain uncon- 
formably (Percival et al., 1993b) by a thin autochthonous 
metasedimentary unit, including basal conglomerate. A granite 
cobble from the unit contains 2718 Ma zircon, providing a 
maximum age for deposition (Fig. 1). Mineral assemblages in 
the overlying schist indicate metamorphism to mid-arnphibolite 
facies. In one location, a thin unit of mafic volcanic rocks and 
sills lies conformably on schist (Percival et al., 1993b). 

A sheet of submarine ultramafic and mafic rocks, pre- 
viously considered to be part of panel B (Percival and Card, 
1992a; Percival et al., 1993a), was recognized as a discrete 
fault-bounded lithotectonic entity and called panel X (Fig. 1). 
The sheet wraps around and underlies panel B in synformal 
geometry (Fig. I b). Its basal contact is tectonic, marked by a 
serpentinite layer up to 30 m thick, and local mClange. The 
<lo-m-thick melange pods consist of a serpentinitic matrix 
with angular and rounded fragments on the 1-50 cm scale of 
variably deformed gabbro, serpentinite and rare chert (Fig. 2). 
Blocks with massive to contorted or mylonitic internal struc- 
ture have random orientation, giving a chaotic appearance to 
the mClange that contrasts with the simple layering of struc- 
turally lower and higher stratified units. Ultramafic rocks 

banded irOn-formatiOn and hydrothermally Figure2. upper panel B mklange sfrucrurally underlying 
basalt (cordierite-anthophyllite-cummingtonoite) of probable a~~ochrhonous X. shown are gabbroic blocks (a) in a 
submarine origin, to units of arkose and conglomerate of serpentinire that shows local discordance bemeen 
likely shallow marine origin near the top. Panel A is in fault folded domains (bl vs b2), in less 
contact with structurally overlying units of panel B/X (Fig. 1). deformed diorite (c). GSC 1993-246A 
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within panel X comprise peridotite sills and minor flows. 
Pillowed mafic units and layered sills indicate symmetrical 
outward facing with respect to the panel B unconformity. 
Closure of the unit in the south, together with north-plunging 
lineations which indicate regional plunge, suggest downward 
facing of the B/X assemblage, making the structure a synfor- 
ma1 anticline (Fig. lb). 

Panel C to the east consists mainly of a mafic-felsic 
volcanic sequence exposed in a north-plunging antiform 
(Fig. 1). The volcanic rocks shvcturally overlie a unit of 
polymict conglomerate. Although not exposed, the contact 
between conglomerate, with large clasts of tonalite, and struc- 
turally underlying, weathered (saprolithic) tonalite is prob- 
ably unconformable, based on its similarity to the basement- 
cover relationship well exposed in adjacent panel B (Percival 
et al., 1993a). The volcanic assemblage consists of a basal 
unit of massive basalt, overlain by a thin lens of south-facing, 
interbedded arkose and conglomerate, overlain by andesite 
with granitoid xenoliths, and a thick upper unit of rhyodacite 

and massive rhyolite. The structurally highest unit, a fine 
grained felsic schist, is bordered to the south by tonalitic 
gneiss. A strong, steeply dipping axial planar foliation with 
parallel quartz veins and pegmatite dykes characterize panel C. 
In light of the northerly fold plunge and southward strati- 
graphic facing, the structure is interpreted as an antiformal 
syncline (Fig. 1 b). 

Panels B and C have common stratigraphic features, 
including tonalitic basement with muscovitic alteration near 
an exposed or inferred unconformity, and basal conglomerate 
overlain by sedimentary schist, suggesting a correlation at this 
stratigraphic level. The tonalite-conglomerate contact is off- 
set sinistrally less than 1 km along the BIX-C fault contact 
(Fig. la). 

A cataclastic fault zone separates panels C and D, which 
is an east-dipping package of mafic and felsic schists with 
peridotite pods (Percival and Card, 1992a). Although it contains 
rock types common to panels B and C, an intense tectonic 
shear fabric renders stratigraphic correlation impossible. 

Table 1. Representative chemical analyses. 

MLB91002A PBA91185 MLB91001 PBA2008G PBA91188 PBA9166 PBA91107 PBA92011 
MLB91004A MLB91003B PBA91100 PBA91187 PBA9169 PBA91170 PBA91104 

P a n e l  A  A  A  A  A  B  B  C  C  C  C  D  D  D  X 
Rock PER BAS AND DAC RHY BAS BAS BAD AND DAC RHY PER BAD AND PER 
S i 0 2  43 .20  51 .60  5 5 . 9 5  65.00 7 3 . 3 0  50 .90  52 .40  5 3 . 2 5  56 .20  69 .80  73 .40  42.36 5 3 . 1 0  60 .90  24 .80  
T i 0 2  0 . 1 9  0 . 9 9  0 .57  0 . 3 7  0 . 2 0  1 . 6 7  0 . 5 2  1 . 6 1  1 . 2 9  0 . 5 2  0 .38  0 . 2 1  0 .10  0 .76 0 . 3 1  
A1203 3 . 4 0  1 2 . 6 0  1 8 . 6 8  1 4 . 7 0  1 5 . 0 0  1 2 . 9 0  1 1 . 9 0  14 .76  1 3 . 9 0  1 3 . 1 0  12 .30  1 . 8 8  1 5 . 7 0  1 6 . 0 0  6.50 
MgO 32.90 8 . 4 3  2 .98 2 . 3 3  0 . 6 5  8 .67 1 2 . 1 0  3 .27 3 . 2 8  0 .57 0 .38  39.14 4 . 4 8  2 .65  27.20 
FeO 10 .17  1 1 . 4 0  7 .62 0 . 0 0  1 . 6 5  1 6 . 6 1  9 .12  13 .56  1 1 . 8 8  4 .04 3 .26  11 .87  11 .23  6 .96 11 .78  
MnO 0 .17  0 .19  0 . 1 1  0 . 0 6  0 .03  0 .02  0 .18  0 . 1 8  0 . 1 5  0 . 0 8  0 . 0 5  0 . 2 0  0 . 1 8  0 . 1 1  0.22 
CaO 2 .45  9 . 6 0  8 . 4 2  3 . 9 0  1 . 9 8  5 . 5 5  8 . 8 8  6 .66  6 . 0 4  1 . 5 4  0 . 5 8  2 . 8 8  8 . 0 7  6 . 2 5  1 . 1 4  
Na20 0 . 0 3  1 . 9 0  3 . 4 3  3 . 7 0  4 . 1 9  1 . 0 0  2 . 7 0  3 . 6 7  3 . 4 0  3 . 5 0  4 . 5 0  0 . 1 1  3 . 1 0  2 .90  0 .03  
K20 0 . 0 5  0 . 9 3  1 . 2 3  2 . 1 9  1 . 9 4  0 . 0 5  0 .06  1 . 1 7  2 . 2 9  4 . 8 7  2 .93 0 . 0 0  1 . 3 5  1 .22  0 .05 
P205 0.03 0 .09  0 .14  0 . 1 1  0 .07  0 . 1 1  0 .04 0 . 3 6  0 . 2 5  0 . 1 0  0 .06 0 .02  0 .19 0 .14 0 .03  

Rb 1 8  37 44 8 8  98  1 0  1 0  28  210 120  94 3 9  43  1 0  
S r  2 5  1 9 0  350 560 520 34 1 2 0  500 390 1 6 0  95 180  190  20 
Ba 50 250 360 560 550 70 40 500 670 400 620 170  280 40 
Sc 11 28 8  3  42 30 6  5  2 5  1 5  1 9  
Y 5 1 8  20 1 0  11 28 11 22 27 26 23  4  24 1 6  5  
Z r  1 9  76  100  1 1 0  200 1 0 0  30 1 4 0  1 4 0  290 300 1 3  1 5 0  1 4 0  1 3  
V 54 210 96 45 5  290 1 8 0  300 260 5  5  46 1 7 0  1 1 0  110  
Nb 11 1 2  1 0  11 1 6  11 1 2  1 5  1 6  1 3  1 0  
C r  1500 160 32 25 1 0  47 390 11 1 3  1010 1 0  1700 47 1 3  1400 
Ni 3600 320 62 66 1 0  66 460 25 25 2010 1 0  2000 26 1 0  2400 

La 4 .4  7 . 3  1 6  26 26 6 . 7  1 . 9  32 29 48  37 0 . 8 0  1 5  1 6  0 .80 
Ce 8 . 5  1 7  34 48  49 1 6  5 .4  58  59 86  79 2 . 3  34 34 2 . 0  
N d  3 . 7  1 0  17  1 9  1 8  11 4 . 1  3 1  3 1  4 1  3 1  1 . 8  1 7  1 5  1 . 6  
Sm 0 . 8 0  2 . 8  3 . 3  3 . 1  3 . 0  3 . 3  1 . 4  6 . 1  6 . 1  7 . 0  5 .2  0 . 6 0  4 . 1  3 . 3  0 . 4 0  
Eu 0 . 2 0  0 . 9 0  0 . 9 0  0 .7  0 . 4 0  1 . 6  0 . 5 0  1 . 7  1 . 6  1 . 4  0 .80 0 . 2 0  1 . 2 0  1 . 0  0 . 1 0  
G d  0 . 8 6  3 . 9  3 . 2  2 . 4  2 . 2  4 . 5  1 . 9  5 . 4  5 . 5  5 . 7  4 .6  0 .72 5 . 0  3 . 7  0 .65 
Tb 0 . 3 5  0.12 
DY 0 . 9 1  3 . 5  3 . 5  1 . 8  1 . 9  5 . 6  2 . 2  4 . 6  5 . 5  5 . 2  4 . 6  0 . 7 6  4 . 7  3 . 3  0 .79  
Ho 0 .19  0 . 7 5  0 .38  0 . 4 0  1 . 2  0 . 4 8  1 . 0  1.1 0 . 9 0  0 . 7 2  0 . 1 8  
E r  0 .54  2 . 0  2 . 2  1 . 0  1 . 2  3 . 3  1 . 4  2 . 3  2 . 9  2 . 7  2 . 8  0 . 4 9  2 . 8  1 . 9  0 .54  
Tm 0 . 0 9  0 . 3 3  0 . 1 7  0 . 2 3  0 . 6 1  0 . 2 4  0 . 5  0 .55  0 . 5 0  0 .37  0 .09  
Y b  0 . 5 0  1 . 9  2 . 2  1 . 0  1 . 4  3 . 5  1 . 4  2 . 0  2 . 8  2 . 9  3 . 0  0 .46  2 . 8  1 . 8  0 .58  

notes: Major elements and Rb, Sr, Zr and Nb determined by WDS XRF on fused disks at the Analytical Chemistry 
Laboratories, (GSC). Chromium, Ni, Sc, and V determined by ICP-ES, and the REE and Y were determined by ICP- 
MS at the GSC. ~stimated precisions based on replicate determinations are +1% for major elements, +2% for 
P205, k 3 - 6 %  for Cr, V ,  Rb, Sr, Sc,  Zr, and Ba, +20-50% for Ni and Nb, and +5% for the REE and Y. Rock types 
are PER peridotite, BAS basalt, BAD basaltic andesite, AND andesite, DAC dacite, and RHY rhyolite. 
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GEOCHEMISTRY OF VIZIEN LAVAS 
AND PERIDOTITES 

Panel A volcanic rocks include basalt, andesite, dacite and 
rhyolite (Table 1). The lavas have the low Ti and Fe contents 
characteristic of calc-alkaline lavas from the Abitibi belt (e.g. 
Blake River Group; Lafleche et al., 1992; Fig. 3a). As a whole, 
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the suite has lower ZrISi values than lavas in panel C (Fig. 4). 
Low ZrISi values, such as those found in panel A lavas, are 
characteristic of Phanerozoic arc magmas. Panel A volcanism 
at 2724 Ma is contemporaneous with emplacement of the 
widespread Leaf River granodiorite intrusions (Percival et al., 
1992) and the two suites are geochemically similar. Both 
panel A lavas and Leaf River plutons have enriched light rare 
earth element (LREE) profiles (Fig. 5a), and andesite with an 
eNd of 0.50 (Table 2; Fig. 3c) overlaps ENd values of the Leaf 
River plutonic suite (Stern et al., in press). However, panel A 
lavas appear to have formed in a submarine setting and may 
represent the vestiges of an island arc, whereas the Leaf River 
suite comprises a continental plutonic arc. 

Panel B basalts are tholeiitic and have Ti contents similar 
to those of tholeiitic basalts in the Blake River Group of the 
Abitibi belt (Lafleche et al., 1992; Fig. 3a). The basalts show 
flat (10-20x chondrites) to slightly LREE-enriched profiles. 
A high magnesian basalt within panel B (PBA-92-2008G, 
Table 1) is characterized by relatively high Si02 (52.4%), 
MgO (1  2.10%), Ni (390 ppm) and Cr (460 ppm), and has a 
slightly depleted LREE profile (LaISm), = 0.8; Fig. 5b). 

Figure 4. Si versus Zr diagram. 

Figure 3 (opposite). A) Ti versus Mg diagram (cation % 
units). The fields ofpanel Cand panel A lavas are emphasized. 
Blake River tholeiitic (B.R.T) and calc-alkaline (B.R.C-A,) 
lavas (Abitibi belt) are data @om Laji'eche et al. (1992). 
B )  Fe-Mg diagram in cation % units. A mixing line (bold 
unadorned line) is shown between olivine of Fog7 composition 
and peridotites in the Vizien belt. Tie lines are drawn 
connecting individual peridorires to Fog;, olivine determined 
by microprobe analysis. C ) Mg versus  EN^ diagram. Thefield 
of depleted mantle  EN^ values is taken from studies of 2.7 Ga 
lavas in the Abitibi belt (Dupre' et al., 1984; Machado er al., 
1986; Walker et al., 1988; Barrie and Shirey, 1991). Line 
representing 2 0  uncertainty (f0.5 epsilon units) is shown in 
upper left. 
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Table 2. Sm and Nd isotopic compositions. 

Sample# Panel Rock Nd (ppm) Sm (ppm) '47Sm/144~d 1 4 3 ~ d / 1 4 4 ~ d  ENd (272 5 Ma) 

PBA91-185 * A AND 15.409 3.098 0.12150 0.511313 0.50 
PBA91-188 * C AND 25.073 5.147 0.12408 0.511310 -0.47 
PBA91-187 * C BAD 30.795 5.957 0.11691 0.511222 0.33 
PBA91-170 * D PER 1.499 0.507 0.20448 0.512848 1.34 
PBA91-125 * D PER 1.251 0.390 0.18872 0.512586 1.76 
PBA92-2010 X PER 3.63 1.55 0.19237 0.512701 2.73 

I, X PER 3.567 1.35 0.19234 0.512701 2.74 
PBA92-2011 X PER 1.424 1.424 0.18906 0.512652 2.94 

notes: Samples marked ( * )  are taken from Stern et al. (1994). Isotopic 
measurements were carried out on a Finnigan MAT 261 multicollector mass 
spectrometer at the GSC using the static mode. Over the course of the study, 
29 analyses of the La Jolla standard gave 143~d/144~d=0.511878 (26=+0.000315; 
2s .E. =O. 000003) when normalized to 146~d/144~d=0. 7219. All 1 4 3 ~ d / 1 4 4 ~ d  ratios have 
been bias corrected by -0.000018, to give La Jolla 143~d/144Nd= 0.511860. 
Replicate reproducibility for the samples was within *0.005% for 1 4 3 ~ d / 1 4 4 ~ d  
ratios and 20.05% for 147Sm/144~d ratios. In general, there is an uncertainty 
of k0.5 epsilon units for individual rocks at their crystalli'zation ages. 
Rock types are BAD basaltic andesite, AND andesite, and PER peridotite. 

Modelling calculations (modified after Nielson, 1988) show 
that the liquidus phase of a melt of sample 2008G composi- 
tion is Fogg olivine at -1355OC where me3+  is buffered near 
Fe-FeO (Fogo at QFM and 1350°C). A primitive melt of this 
composition is unlikely to produce basalts typical of panel B, 
since they have lower Si02 contents and flat to slightly 
enriched LREE patterns. 

Siliceous high magnesian basalts are found in many 
Archean greenstone belts (Barnes, 1989; Sun et al., 1989), 
and samples with greater than 52% Si02 are predominantly 
LREE-enriched. These LREE-enriched lavas have been inter- 
preted as the products of crustal contamination of komatiitic 
magmas (Skulski et al., 1988; Barnes, 1989; Sun et al., 1989). 
However, the LREE-depleted character of sample 2008G is 
inconsistent with extensive crustal contamination. 

Panel C volcanic rocks include basaltic andesite, andesite, 
dacite and rhyolite. The lavas have higher Ti and Fe contents 
than panel A rocks, with similar Mg abundances (Fig. 3a, b). 
Panel C mafic lavas have similar Ti contents to panel B tholeiitic 
basalts, but show a greater extent of LREE enrichment (Fig. 5c) 
and resemble Phanerozoic LREE-enriched, rift-related conti- 
nental tholeiites (Basaltic volcanism study project, 1981). Panel 
Crocks have ENd values of 0.33 to -0.47 (Table 2, Fig. 3c), which 
along with the observations that they are LREE-enriched, con- 
tain granitic xenoliths, overlie continentally derived sediments, 
and consist largely of rhyolite, imply continental crustal assirni- 
lation in the production of panel C magmas. 

Panel D consists of mafic to intermediate metavolcanic 
rocks and tonalite, with pods of peridotite. The volcanic rocks 
are geochemically similar to panel C tholeiites in terms of 
their Ti, Zr and LREEcontents (Fig. 3a, 4,5d). The peridotites 
range from slightly LREE-depleted to LREE-enriched 
(Fig. 5d) and have ENd values that overlap the field of depleted 
mantle compositions at 2.7 Ga (Fig. 3c). The most Mg-rich 
peridotite (A91 170; Table 1) contains 80% cation normative 

olivine (Fogs where XF~~+=O). Collectively panel D perido- 
tites define an olivine accumulation trend, which in Fe-Mg 
compositional space projects to -Fog7 (,Fig. 3b); olivine 
relicts with this composition occur within the peridotites 
(B. Williamson, pers. comm., 1993). Primitive magmas that 
fractionate olivine have relatively constant ~ e ~ +  abundances, 
and therefore, using Fe/Mg exchange equilibria (Roeder and 
Emslie, 1970) we calculate that a magma in equilibrium with 
Fog7 olivine, that has an ~ e ~ +  content of 8.46% (olivine 
accumulation trend of panel D peridotites; Fig 3b), contains 
17% Mg (-1 2% MgO). 

Two samples of panel Xperidotite were analyzed and both 
have compositions that lie close to an Fog7 accumulation 
trend characteristic of panel D peridotites (Fig. 3b). The rocks 
have generally flat REE chondrite-normalized profiles, with 
both positive and negative Eu anomalies (Fig. 5e). The latter 
may reflect mixing between olivine-rich cumulate and a range 
of basaltic intercumulus liquids which have either frac- 
tionated plagioclase (negative Eu anomaly) or accumulated 
plagioclase (positive anomaly). Panel X peridotites have high 
EN! values (2.73 and 2.94; Table 2 and Fig. 3c) similar to 
estimated depleted mantle at 2.7 Ga. 

The flat REE element profiles and high ENd values of panel 
X peridotite suggest that these rocks may have formed by the 
ponding and crystallization of primitive, mid-ocean ridge-like 
basaltic magmas. An oceanic origin for panel X is supported by 
the presence of submarine basalts and lenses of sulphidic banded 
iron-formation, and conspicuous lack of continentally derived 
sediment. Peridotite cumulate sills with Fog7 olivine and flat 
REE profiles are common to panels B, D and X. The different 
peridotites may share acommon origin, and magmas with -12 % 
MgO (in equilibrium with Fog7) may have been widespread. 
Variations in LREE contents and cNd values amongst the 
peridotites may reflect the extent of crustal assimilation during 
emplacement into variably LREE-enriched host rocks. 
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Figure 5. Chondrite normalized REE diagram of Vizien 
lavas. 
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STRUCTURAL GEOLOGY AND 
INTERPRETATION 

At least five sets of structures are recognized in the Vizien 
belt and are described below. The oldest thrust fault recog- 
nized (Dl) juxtaposed panels X and B. Panels BIX and C were 
subsequently inverted onto panel A by a D2 nappe. Neither 
early event produced penetrative fabrics. The pervasive folia- 
tion-of the belt is a ~ j f a b r i c  associated with map-scale folds. 
West-northwest-plunging crenulation folds of D3 foliation 
and macroscopic warps are attributed to a D4 event. The latest 
structures in the area (D5) occur as brittle faults. All of the 
structural events post-daie conglomerate deposition and are 
therefore younger than 2718 Ma. 

The earliest (Dl) structures recognized are related to thrust 
emplacement of panel X. They include a fault marked by 
map-scale truncation of panel B stratigraphy (Percival et al., 
1993b), a strong schistosity in basal panel X serpentinite, and 
deformation fabrics preserved within blocks in mClange 
(Fig. 2). The latter structures, including tight folds in serpen- 
tinite and gabbroic blocks, as well as mylonitic foliation in 
gabbro, are unique to the mtlange unit and inferred to have 
formed during thrust emplacement of panel X. 

Structures of D2 generation are inferred from the geometry 
of panels B/X and C (Fig. 1 b). Both panels have basement-cover 
relationships that establish stratigraphic facing as downward 
(Fig. la), requiring large-scale overturning. The basement- 
over-cover relationship resembles the geometry of the lower 
limb of a basement-cored nappe. Pervasive grain-scale fabrics 
associated with the stratigraphic inversion have not been recog- 
nized, however a zone of mylonite between panels A and BIX 
may represent a fault of D2 age. Units of panel A are truncated 
along this 30-m-wide zone of thinly laminated (<1 mm) felsic 
mylonite against a narrow (4-m-wide) serpentinite schist zone 
developed at the western margin of panel X. With the exception 
of the mylonite, structures of Dl and D2 age are not recognized 
in panel A, which is normal facing, suggesting that the mylonite 
zone may have carried the BIX-C nappe. 

A northwest-striking, moderately northeast-dipping D3 
foliation and schistosity forms the pervasive fabric element of 
the belt (Percival and Card, 1992b). The foliation is generally 
parallel to lithological contacts and is axial planar to map-scale 
folds in panels B/X and C. A doubly plunging isoclinal synform 
with northeast-dipping axial surface characterizes panel BIX. 
Based on the orientation of minor fold axes, mineral and stretch- 
ing lineations, the fold plunges -60° northwest in the south and 
-75" southeast in thenorth (op. cit.). A north-plunging isoclinal 
antiform with northeast-dipping axial surface dominates the 
structure of panel C. Its average plunge is 58" northwest based 
on a compilation of minor fold axes, mineral and stretching 
lineations. Throughout most of panel A, D3 is the only evident 
fabric element in this homoclinal, northeast-facing volcanic 
assemblage; macroscopic folds have not been recognized. Iron- 
formation of the basal mafic unit is highly contorted, perhaps 
indicating some pre-D3 deformation, or a response to extreme 
competency contrasts. Intense shear fabrics that characterize 
panel D (Percival and Card, 1992a) are parallel to D? foliations 
throughout the belt. 
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The relationship between structural elements and amphibo- 
lite-facies metamorphism is best illustrated in pelitic schists 
of panel B. Metamorphic minerals including garnet, staurolite 
and andalusite enclose biotite aligned in the D3 plane, and 
fibrolitic sillimanite is oriented randomly with respect to the 
biotite-defined foliation. These observations indicate that the 
peak of the -2.5 kb, 580°C metamorphism occurred after D3. 

Structures of a fourth phase of ductile deformation (DJ 
are variably developed in the Vizien belt. These include open, 
map-scale (Fig. la )  folds and crenulation folds and lineations 
of D3 foliation, with west-northwest axial planes and steep 
westerly plunges. The plunge reversal of the panel BIX Dg 
synform may be attributable to D4 deformation. 

A set of dykes of white peraluminous pegmatite (garnet- 
muscovite-tourmaline granite) cuts cleanly across the ductile 
deformation fabrics. Zircon from one dyke gave highly dis- 
cordant, uninterpretable results. 

Fault rocks separating panels C and D are cataclastic in 
nature and therefore appear to be later than the ductile defor- 
mation fabrics. The black, aphanitic, structureless cataclasites 
are rarely exposed as sharp-walled, centimetre-scale veins in 
hematite-epidote altered rocks adjacent to a major topogra- 
phic valley. These structures are tentatively assigned aD5 age. 

TECTONIC EVOLUTION 

The diverse tectonic panels that make up the Vizien belt are 
characterized by distinct sets of structural, stratigraphic and 
geochemical attributes. Questions arise as to whether the 
panels developed independently, and how they fit into the 
tectonic framework of the Minto block. A number of obser- 
vations are pertinent in this regard. 

Sometime after 271 8 Ma, tonalite basement was eroded 
and clastic sediments of lower panel B were deposited, fol- 
lowed by the eruption of mafic lavas including siliceous 
magnesian basalts. The drowning sequence may have been 
related to an extensional event in which the tonalitic basement 
and cover were down-dropped on rift-bounding normal 
faults. Ongoing geochronology will determine if panels B and 
C are coeval, as is inferred from the close proximity of their 
basal unconformities. Panel C volcanism, involving the erup- 
tion of basaltic andesites with continental tholeiitic affinities 
and contaminated andesites and rhyolites, probably occurred 
in response to rifting of arc crust and its continental founda- 
tion, driven by the upward migration of hot asthenosphere- 
derived magmas. The age of panel X is not known; if current 
geochronological investigations indicate an age <2718 Ma, it 
may represent the oceanic stage of Goudalie continental arc 
rifting; alternatively if panel X is older than 2725 Ma, it may 
represent a sliver of pre-arc oceanic crust. 

Leaf River continental arc magmatism is broadly contem- 
poraneous across most of the Minto block at -2725 f 5 Ma 
(Percival et al. 1992) and is characterized by water-undersatu- 
rated compositions and high crystallization temperatures 
(Stern et al., 1994). Within this wide continental arc terrane 
is the Goudalie domain, containing older tonalite (3.1, 

2.9 Ga), a 2724 Ma upward-shoaling mature arc sequence 
(panel A), continental-derived sediments ( ~ 2 7 1 8  Ma), tholei- 
itic basalts and ultramafic rocks (collectively within panels B 
and C), and a submarine sequence of basalts intruded by 
depleted mantle-derived peridotites (panel X). Evidence of 
pre 2.72 Ga continental crust is not restricted to the Goudalie 
domain, but includes >3.1 Ga tonalitic gneiss inclusions in 
eastern Lake Minto domain diatexite (Percival et al., 1992) 
and >2.8 Ga tonalite in the Douglas Harbour domain (Parrish 
1989) and possible eastern equivalents in the hinterland of the 
New Quebec orogen (Machado et al., 1989). Unless panels 
B, C and X are exotic and are far travelled, the simplest model 
is that they formed either within a single broad 2725 Ma 
continental arc, or alternatively, were trapped between two 
colliding continental landmasses represented by Lake Minto 
domain in the west, and composite Goudalie-Utsalik domain 
in the east. Models in which the Minto block constitutes an 
assembly of arc terranes must still explain coeval, short-lived 
(2725 f 5 Ma) magmatism over a large area on continental 
crust in the Lake Minto, Goudalie - Utsalik, and Douglas 
Harbour domains. 

The main objections to a single continental arc model are 
its anomalous width (-500 km), and the fact that coeval panel 
A rocks appear to have formed in an island arc setting. Since 
the Goudalie and Utsalik domains appear to have been 
stitched by 2725 Ma (Percival et al., 1992), the panel A arc 
must have lain between the Lake Minto and Goudalie 
domains (Fig. 6a). The presence of an island arc within the 
Minto block can be explained by three subduction zones, 
which can account for the broad distribution of the Leaf River 
plutons, shown schematically in Figure 6b. Subduction 
beneath the island arc, and beneath the Goudalie composite 

a) ~ 2 7 2 5  Ma 
Lake Vlzlen 
Mlnto Goudalle-Utsalik- 

Domaln - ~ o u g l a g  Harbour 

w - - - o Domain E 

b) c 2718 Ma 
Vlzien Goudalle-Utsalik- Lake 

Mlnto Panel Douglas Harbour 
Domaln 

Figure 6. Possible tectonic model for the formation of the 
Minto block. a) Multiple arc segments involve subduction 
beneath the Lake Minto domain (M), a panelA island arc (A), 
and the Goudalie-Utsalik-Douglas Harbour domains. 
b) Ocean closure in the east ends arc activity beneath 
Goudalie-Utsalik-Douglas Harbour domains, while a 
marginal basin develops in the eastern Lake Minto domain 
(panels B,C andX). Subsequent collision in the western Lake 
Minto domain leads to marginal basin closure, obduction and 
widespread orogeny. 
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terrane ended around 2720 Ma. Slab drop-off beneath the 
panel A arc may have triggered asthenospheric rise and 
42718 Ma back-arc rifting beneath the eastern Lake Minto 
continental margin (Fig. 6b). Arc detritus in the rift basin 
could reflect uplift of the island arc. Terminal collision prior 
to 2690 Ma, the age of posttectonic plutons, would have 
triggered back-arc basin collapse, Dl overthrust tectonics and 
D2 nappe formation. 

The model presented above should satisfy a number of 
tests. If panel A represents a mature island arc, then both felsic 
lavas and synvolcanic plutons should have juvenile Nd iso- 
topic compositions relative to coeval Leaf River granitoid 
plutons that intrude older continental crust. The provenance 
of upper panel A sediments as reflected in Nd model ages and 
U-Pb ages of detrital zircons, should be restricted to 
-2725 Ma if they were deposited on the flanks of an island 
arc, and include older components if formed in a continental 
arc setting. Finally, the model predicts that a suture zone 
should lie between panel A (and possible northern correla- 
tives), and the Goudalie domain. The suture, if present, may 
be delineated by oceanic crustal rocks. 

REGIONAL TECTONIC IMPLICATIONS 

The northwesterly trends of the Minto block, the dominant 
history of arc magmatism, and evidence of thrust-nappe 
tectonics indicate prolonged orthogonal convergence along 
the northeastern Superior margin. Conversely, west-trending 
greenstone belts in the southern Superior with prominent 
dextral shear zones reflect an obliquely convergent margin at 
2.7 Ga (Percival et al., 1993a). Formation of the Minto block 
by the amalgamation of multiple arc segments is similar to 
models advocated for the southern Superior Province (e.g. 
Card, 1990), but is distinct in the abundance of continental 
arc terranes. Accretion of multiple, short-lived, continental 
arcs of similar age (2725 Ma) requires that prior to 2725 Ma, 
a number of small, young ocean basins were present in the 
northeast. The vestiges of island arc terranes flanking these 
ocean basins, such as panel A in the Vizien greenstone belt, 
probably hold the greatest economic potential in the Mint? 
block. 

We thank Ken Card, Janet King and Bill Davis for thoughtful 
reviews of this paper and Olga Ijewliw for helping to draft 
some of the figures. 

REFERENCES 

Ayres, L.D. and Corfu, F. 
1991: Stacking of disparate volcanic and sedimentary units by thrusting in 

The Archean Favourable lake greenstone belt, central Canada; 
Precambrian Research, v. 50, p. 221 -238. 

Barnes, SJ. 
1989: Are Bushveld U-type parent magmas boninites or.contaminated 

komatiites ?; Contributions to Mineralogy and Pewology, v. 101, 
p. 447-457. 

Barrie, C.T. and Shirey, S.B. 
1991: Nd- and Sr-isotope systematics for the Kamiskotia-Montcalm area: 

implications for the formation of Late Archean crust in the western 
Abitibi Subprovince, Canada; Canadian Journal of Earth Sciences, 
V. 28, p. 58-76. 

Basaltic volcanism study project 
198 1 : Basaltic volcanism on the terrestrial planets; Pergamon Press, New 

York, 1268 p. 
Card, K.D. 
1990: A review of the Superior Province of the Canadian Shield, a product 

of Archean accretion; Precambrian Research, v. 48, p. 99-156. 
Coward, M.P., James, P.R., and Wright, L. 
1976: Northern margin of the Limpopo mobile belt, southern Africa; 

Geological Society of America Bulletin, v. 87, p.601-61 1.  
Desrochers, J-P., Hubert, C., Ludden, J.N., and Pilote, P. 
1993: Accretion of Archean oceanic plateau fragments in the Abitibi 

greenstone belt, Canada; Geology, v. 21, p. 451-454. 
de Wit, M.J. 
1982: Gliding and overthrust nappe tectonics in the Barberton greenstone 

belt; Journal of Structural Geology, v. 4, p. 117-136. 
Dupr6, B., Chauvel, C., and Amdt, N. 
1984: Pb and Nd isotopic study of two Archean komatiitic flows from Alexo, 

Ontario; Geochimica et Cosmochimica Acta, v. 48, p. 1965- 1972. 
Green, A.G., Mikereit, B., Mayrand, L.J., Ludden, J.N., 
Hubert, C.Jackson, S.L., Sutcliffe, R.H., West, G.F., Verpaelst, P., 
and Simard, A. 
1990: Deep shvcture of an Archean greenstone terrane; Nature, v. 344, 

p. 327-330. 
Hoffman, P.F. 
1991: On accretion of granite - greenstone terranes; Greenstone gold 

and crustal evolution, (ed.) F. Robert, P.A. Shearan, and S.B. Green; 
Geological Association of Canada NUNA Conference volume 
p. 32-45. 

Kusky, T.M. 
1989: Accretion of the Archean Slave Province; Geology, v. 17, p. 63-67. 
1990: Evidence for Archean ocean opening and closing in the southern 

Slave province; Tectonics, v. 9, p. 1533- 1563. 
Laflkhe, MR., Dupuy, C., and Dostal, J. 
1992: Tholeiitic volcanic rocks of the late Archean Blake River Group, 

southern Abitibi greenstone belt: origin and geodynamic 
implications; Canadian Journal of Earth Sciences, v. 29, 
p. 1448-1458. 

Machado, N., Brooks, C., and Hart, S.R. 
1986: Determination of initial 87Sd86Sr and '43Nd/14Nd in primary 

minerals from mafic and ultramafic rocks: experimental procedure 
and implications for the isotope characteristics of the Archean 
mantle under the Abitibi greenstone belt, Canada; Geochimica et 
Cosmochirnica Acta, v. 50, p. 2334-2348. 

Machado, N., Goulet, N., and GariCpy, C. 
1989: U-Pb geochronology of reactivated Archean basement and of 

Hudsonian metamorphism in the northern Labrador Trough; 
Canadaian Journal of Earth Sciences, v. 26, p. 1-15. 

Martyn, J.E. 
1987: Evidence for structural repetition in the greenstones of the 

Kalgoorlie district, Western Australia; Precambrian Research, v. 37, 
p. 1-18. 

Moorhead, J. 
1989: Gdologie de la region du lac Chukotat (fosse de I'Ungava); 

MinistCre de Energie et du Ressources ET87- 10. 
Nielson, R.L. 
1988: TRACE.FOR: a program for the calculation of combined major and 

trace-element liquid lines of descent for natural magmatic systems; 
Computers and Geosciences, v. 14, p. 15-36. 

Parrish, R.R. 
1989: U-Pb geochronology of the Cape Smith belt and Sugluk block, 

northern Quebec; Geoscience Canada, v. 16, p. 126- 130. 
Percival, J.A., Card, K.D., Stern, R.A., and &?gin, NJ. 
1991: A geologic transect of the Leaf River area, northeastern Superior 

Province, Ungava Peninsula, Quebec; &Current Research, Part C; 
Geological Survey of Canada, Paper 91 -1C, p. 55-63. 

Percival, J.A. and Card, K.D. 
1992a: Vizien greenstone belt and adjacent high grade domains of the Minto 

block, Ungava Peninsula, Quebec; & Current Research, Part C; 
Geological Survey of Canada, Paper 92-IC, p. 69-80. 



Current ResearchlRecherches en cours 1994-C 

Percival, J.A. and Card, K.D. 
1992b: Geology of the Vizien greenstone belt; Geological Survey of 

Canada, Open File 2495, scale 1:50 000, 
Percival, J.A., Mortensen, J.K., Stern, R.A., and Card, K.D. 
1992: Giant granulite terranes of northeastern Superior Province: the 

Ashuanipi complex and Minto block; Canadian Journal of Earth 
Sciences, v. 29, p. 2287-2308. 

Percival, J.A., Stern, R.A., Card, K.D., and Mortensen, J.K. 
1993a: Northeastern Superior province: missing link in describing tectonic 

assembly of the craton at 2.7 Ga; Geological Society of America, 
Abstracts with Programs, Annual Meeting, v. 25, p. A-236. 

Percival, J.A., Card, K.D., and Mortensen, J.K. 
1993b: Archean unconformity in the Vizien greenstone belt, Ungava 

Peninsula, Quebec; Current Research, Part C; Geological Survey 
of Canada, Paper 93- IC, p. 3 19-328. 

Roeder, P.L. and Emslie, R.F. 
1970: Olivine-liquid equilibrium; Contributions to Mineralogy and 

Petrology, v. 29, p. 275-289. 

Skulski, T., Hynes, A., and Francis, D. 
1988: Basic Lavas of the Archean La Grande Greenstone belt: products of 

polybaric fractionation and crustal contamination; Confributions to 
Mineralogy and Pekology, v. 100, p. 236-245. 

Stern, R.A., Percival, J.A., and Mortensen, J.K. 
in press: Geochemical evolution of the Minto block: a 2.7 Ga continental 

magmatic arc built on the Superior proto-craton; Precambrian 
Research. 

Sun, S., Nesbitt, R.W., and McCulloch, M.T. 
1989: Geochemish-y and peaogenesis of Archean and early Proterozoic 

siliceous high-magnesian basalts; Boninites, A.J. Crawford (ed.); 
Unwin Hyman, London. 

Walker, RJ., Shirey, S.B., and Stecher, 0. 
1988: Comparative Re-0s. Sm-Nd, and Rb-Sr isotope and trace element 

systematics for Archean komatiite flows from Munro Township, 
Abitibi belt, Ontario; Earth and Planetary Sciences, v. 87, p. 1-12. 

Geological Survey of Canada Project 890009 



New results and summary of the Archean and 
Paleoproterozoic geology of the Burwell domain, 
northern Torngat Orogen, Labrador, Quebec, and 
Northwest Territories' 

M.J. Van Kranendonk, R.J. wardle2, F.C.   en gel^, 
L.M. campbel14, and L. ~ e i d ~  
Continental Geoscience Division 

Van Kranendonk, M.J., Wardle, R.J., Mengel, F.C., Campbell, L.M., and Reid, L., 1994: New 
results and summary of the Archean and Paleoproterozoic geology of the Bunvell domain, 
northern Torngat Orogen, Labrador, Quebec, and Northwest Territories; @ Current Research 
1994-C; Geological Survey of Canada, p. 321-332. 

Abstract: The final summer of fieldwork on Project Torngat identified: 1) tectonic slivers of suspected 
Archean orthogneiss in the Tasiuyak gneiss, that were either melted in situ to form, or were extensively 
invaded by, homogeneous rocks of the Killinek charnockitic suite; 2) an extensive belt of Paleoproterozoic 
mafic supracrustal rocks within the southern part of the Komaktorvik shear zone; and 3) a complex history 
of deformation within the Komaktorvik shear zone, including higher-grade and lower-grade Paleoprotero- 
zoic events. Tectonic evolution is related to, in sequence: late Archean-Paleoproterozoic rifting of the Nain 
margin; deposition of platformal and extensive turbiditic metasediments on the Rae margin, coeval with, 
or postdated by, accretion; arc magmatism on both the Nain and Rae margins, with the possible development 
of a back-arc basin in the former; and Nain-Rae collision at ca. 1860 Ma. Subsequent deformation and 
cooling continued through several pulses, from ca.1843-1710 Ma. 

RCsurnC : Les travaux d'Ctt sur le terrain dans le cadre de la dernitre annCe du projet Torngat ont permis 
d'identifier : 1) des copeaux tectoniques d'orthogneiss, que I'on croit d'dge archten, dans le gneiss de 
Taisuyak, qui ont subi une fusion in situ pour former les roches homogenes de la suite charnockitique de 
Killinek ou ont CtC considCrablement envahis par ces roches; 2) une vaste ceinture de roches supracrustales 
mafiques du PaltoprotCrozoYque au sein de la partie miridionale de la zone de cisaillement de Komaktorvik; 
et 3) une histoire complexe de dCfo~mation au sein de la zone de cisaillement de Komaktorvik, incluant des 
episodes de mttamorphisme ClevC et faible au PalCoprotCrozoYque. L'Cvolution tectonique est dCfinie, selon 
un ordre chronologique normal, par un rifting de  la marge de Nain A 1'ArchCen tardif-PalCoprotCrozoi'que; 
par le dCp6t de mttasCdiments de plate-forme et d'une vaste Ctendue de mCtasCdiments turbiditiques sur la 
marge de Rae, concurremment A I'accrCtion ou suivi par celle-ci; par un magmatisme d'arc sur les marges 
de Nain et de Rae, accompagnC de la formation possible d'un bassin d'arrikre-arc dans le cas de  la premiere 
marge; et par une collision Nain-Rae vers 1 860 Ma. La deformation et le refroidissement subsCquents se 
sont poursuivis sous forme de nombreuses impulsions, de 1 843 ii 1 710 Ma environ. 

' Contribution to Canada-Newfoundland Cooperation Agreement on Mineral Development (1990- l994), a subsidiary 
agreement under the Canada-Newfoundland Economic and Regional Development Agreement. 
Geological Survey Branch, Newfoundland Department of Mines and Energy, 95 Bonaventure Ave., St. John's, 
Newfoundland A l B 456 
Geological Museum, University of Copenhagen, 0stervoldgade 5-7, 1350 Copenhagen K, Denmark 
ClRES and the Department of Geological Sciences, Box 250, University of Colorado, Boulder, CO 
80309-0250 U.S.A. 
Department of Geology, University of Ottawa, Ottawa, Ontario KIN 6N5 
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INTRODUCTION 

The Torngat project - aimed at mapping the Labrador penin- 
sula north of 59'15'N at 1: 100 000 scale - is funded through 
a Canada-Newfoundland Agreement on Mineral Development 
for mapping in Labrador, and A-base for mapping in north- 
eastern Quebec and the Northwest Territories (Killinek and 
Button islands: see Fig. 1). Mapping was successfully com- 
pleted this summer in the southern part of the map area (Rae 
Province, interior Burwell domain, and Four Peaks domain) 
and on Killinek Island, through helicopter-supported 
traverses. 

The Paleoproterozoic Torngat Orogen separates unre- 
worked Archean rocks of the Nain and Rae provinces in the 
east and west, respectively, and affects rocks of both prov- 
inces as well as a variety of Paleoproterozoic rocks (inset, 
Fig. 1). In the map area, strong shear deformation splays into 
two distinct belts: the east-west trending portion of the 
Abloviak shear zone in the south, and the north-south trending 
Komaktorvik shear zone in the east (Fig. 2). These zones 
bound an elliptical region of relatively lower strain, known as 
the Burwell domain, which is composed of a heterogeneous 
and complex assemblage of granulite- to amphibolite-facies 
reworked Archean orthogneisses and deformed Paleoprotero- 
zoic metaplutonic and metamorphosed supracrustal rocks 
(Fig. I). 

In this report we present new discoveries from this sum- 
mer and summarize the geology of the map area as gleaned 
from the past three field seasons. Readers are referred to 
Wardle et al. (in press) for a description of the Archean Nain 
Province and to previous reports by Van Kranendonk and 
Scott (1 992), Van Kranendonk et al. (1 993a, b) and Wardle 
et al. (1992, 1993) for more complete descriptions of 
lithology and structures in the map area. All radiometric ages 
in this report are from Scott et al. (1993) or D. Scott (pers. 
comm., 1993). 

PRINCIPAL SUBDIVISIONS 
OF THE MAP AREA 

. . 

The geology of the map area is shown in Figure 1. This area 
is divided into a number of lithotectonic and structural ele- 
ments, as shown in Figure 2 (Van Kranendonk et a]., 1993b). 
Lithotectonic assemblages are defined on the basis of 
restricted associations between some rock units, a restricted 
geographic distribution, and their continuity along strike. 
Assemblages include: 1) reworked Archean gneisses of the 
Rae Province and deformed Paleoproterozoic supracrustal 
rocks of the Lake Harbour Group; 2) unreworked Archean 
gneisses of the Nain Province in the Four Peaks domain; 3) 
the Noodleook complex; and 4) the Tasiuyak gneiss complex. 
Rocks of the Killinek charnockitic suite form the dominant 
lithology in the northwestern part of the map area, but also 
occur throughout the Tasiuyak gneiss complex and in the Rae 
Province. Structural divisions of the map area include the 
Four Peaks domain, the Burwell domain, and the Abloviak, 
Komaktorvik and Katherine River shear zones (Fig. 2). 

LITHOTECTONIC ASSEMBLAGES 

Four Peaks domain of the Nain Province 

The Four Peaks domain is located along the eastern part of 
the map area and is underlain by Archean gneisses of the Nain 
Province (Bridgwater and Wardle, 1992) that escaped pene- 
trative Paleoproterozoic deformation (see Van Kranendonk 
et  al., 1993a and Wardle et  al., in press, for detailed 
descriptions). 

The Archean history of the domain includes an early phase 
of tonalite intrusion into anorthositic-ultramafic metaplutonic 
rocks and supracrustal rocks, followed by deformation and 
high-grade metamorphism. Mafic dykes, locally preserved as 
disrupted amphibolite layers with round plagioclase 
megacrysts, intruded the migmatitic gneisses and are them- 
selves cut by homogeneous, foliated to gneissic tonalites, 
dated in one locality as 2834 + 4 Ma (Fig. 1). All rocks were 
then deformed under granulite-facies metamorphic condi- 
tions, which is interpreted to have occurred at 2769 f 5 Ma, 
the age of metamorphic zircon overgrowths from the previous 
sample. 

Archean gneisses and structures are cut by Paleoprotero- 
zoic Avayalik mafic dykes, and these rocks are themselves 
affected by Paleoproterozoic metamorphism which varies in 
grade across the map area. In the southeast, orthopyroxene- 
bearing Archean gneisses host east-west trending, subvertical 
Avayalik dykes that are undeformed and unrnetamorphosed 
with chilled margins and black feldspar megacrysts, or cut by 
garnet-clinopyroxene-quartz veins (Fig. 3A). Locally the 
dykes have irregular, branching, or en echelon intrusion 
forms and shallow dips. Farther west, both Archean 
gneisses and Avayalik dykes are recrystallized to garnet- 
clinopyroxene assemblages (Fig. 3B and C) in the absence of 
associated deformation features, thus suggesting static Paleo- 
proterozoic recrystallization. Dykes in this area trend north- 
east-southwest and dip moderately to the southeast, and may 
be deformed, but the change in orientation is interpreted to be 
primary. The metamorphic history is complicated by the fact 
that retrograde shear zones within Archean granulite-facies 
gneisses are locally cut by Avayalik dykes (D. Bridgwater, 
pers. comm., 1993), and that in metamorphosed dykes, 

Figure I .  Geological compilation map of the northern part 
of the Torngat Orogen: data in part from Taylor (1  979), and 
mapping by L. Godin, N.  Goulet, and V .  Bodycornb around 
Abloviak Fiord. Location of Figure 7 outlined by box. Ky = 
kyanite localities. Bold lines in Four Peaks domain = meta- 
morphic isograds: right of dash-dot line = Archean orthopy- 
roxene-bearing (opx) gneisses and Avayalik dykes that are 
unrnetarnorphosed or cut by garnet-clinopyroxene (gt+cpx) 
ffactures; dash-dot to dash-double dot lines = relict Archean 
opx granulite-facies in Proterozoic gt+cpx granulite-facies; 
left of dash-double dot line = Proterozoic gt-cpx assem- 
blages: north of Eclipse Channel = Archean opx gneisses 
with gt+cpx Avayalik dykes. 
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fik shear 

Figure 2. Structural (upper case: domains and shear zones) and lithotectonic (lower case: complexes) 
subdivisions of the map area (afrer Van Kranendonk et al., I993b). 
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metamorphic garnet-clinopyroxene-quartz assemblages 
(T=660°C: Mengel and Rivers, 1992) replace earlier 
hornblende-plagioclase assemblages (Fig. 3C). 

Avayalik dykes do not occur inPaleoproterozoic metaplu- 
tonic or metasedimentary rocks and are thus interpreted to be 
>I910 Ma, the oldest dated Paleoproterozoic metaplutonic 
rock. However, euhedral zircon from an Avayalik dyke in the 
Four Peaks domain (see Fig. 1 for location) has yielded an 
upper intercept age of 1835 k 2 Ma, which can be interpreted 
as either the age of dyke emplacement and magmatic zircon 
crystallization, or zircon growth during metamorphism. The 
former interpretation would suggest the possibility of several 

generations of Avayalik-type dykes (D. Scott, pers, comm.), 
whereas the latter interpretation - which we prefer - may 
indicate the time of formation of the garnet-clinopyroxene 
assemblages within the Four Peaks domain. 

Noodleook complex 

Archean andlor Paleoproterozoic gneisses 

In the Noodleook complex (Fig. 2), Archean Nain gneisses 
with deformed and metamorphosed Avayalik dyke remnants 
are partly to completely recrystallized under Paleoproterozoic 
amphibolite facies, contain a number of distinct units, and are 

Figure 3. A) Garnet-clinopyroxene- 
quartz vein cutting Avayalik dyke: 
Seven Islands Bay; B) Archean ortho- 
pyroxene (large, single grain = 1 cm) 
with static, fine grained rim of Paleo- 
proterozoic garnet-clinopyroxene: 
Inner Kangalaksiorvik Fiord; 
C) Plane-polarized photomicrograph 
of garnet (g )  - clinopyroxene (c) - 
quartz ( q )  replacing hornblende- 
plagioclaseforthopyroxene matrix: 
length of view is 12 mm; D) Dyke of 
Duck Island graniroid gneiss cutting 
folded. Archean granulite-facies 
orthogneiss: Home Island; E) Paleo- 
proterozoic s h e ~ r  bands (parallel to 
hammer handle) cutting late Archean, 
amphibolite-facies straight gneiss: 
southwest Avayalik Island. 
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interlayered and tectonically interleaved with a variety of Within the Komaktorvik shear zone, deformed, subverti- 
Paleoproterozoic metamorphosed supracrustal and metaplu- cal Avayalik dykes trend north-northwest, parallel to shear 
tonic rocks (Fig. 1: Van Kranendonk et al., 1993a; Wardle et foliations. The dykes are thoroughly recrystallized to 
al., 1992, 1993). hornblende-garnetkepidote assemblages and commonly con- 

In the eastern part of the complex, the amphibolite-facies 
Duck Island granitoid suite (>2650 Ma: Fig. 1) cuts older 
granulite-facies Archean gneisses (Fig. 3D). Within the suite, 
amphibolite-facies structures are cut by Avayalik dykes, 
indicating a period of late Archean or Paleoproterozoic defor- 
mation (Fig. 3E): the former is supported by the sole occurrence 
of late Archean U-Pb monazite dates from this area (see Fig. 1). 

The Hutton anorthositic suite (Fig. 1) - of late Archean or 
Paleoproterozoic age - lies entirely within Archean gneisses 
and, in contrast with the area previously mapped to the north, 
was found to contain abundant relict igneous textures and to 
lack migmatitic textures throughout much of the southern part 
of the map area. The only rocks seen to clearly intrude 
anorthositic rocks are those of the diorite-tonalite-granite 
suite and (?)younger megacrystic granites (see below). These 
features, together with the remarkable continuity of the suite 
(>I75 km long, from the northern tip of the map area to south 
of Nachvak fiord: Taylor, 1979; Wardle, 1983), suggest that 
an early Proterozoic age can not be ruled out. Direct attempts 
at dating the Hutton anorthositic suite have so far yielded on1 y 
metamorphic zircons (1781 f 2 Ma), but there is good field 
evidence for an older age because it is crosscut by: 1) a 
granitic pegmatite, dated as 1804 +3/-2 Ma, which cuts mig- 
matitic gneissosity in the suite; 2) Avayalik dykes, the age of 
which is discussed below; and 3) Paleoproterozoic metaplu- 
tonic rocks (diorite-tonalite-granite suite), the equivalents of 
which have been dated as 191 0- 1890 Ma. 

tain recrystallized white feldspar megacrysts. West bf the 
Komaktorvik shear zone, mafic dyke remnants interpreted to 
be derived from Avayalik protoliths are a common feature in 
Archean gneisses. Dykes in the Noodleook complex are 
recrystallized to hornblende-plagioclase-epidote assem- 
blages and locally contain white feldspar megacrysts. In 
Archean gneiss slivers in the Tasiuyak gneiss complex, 
granulite-facies dykes contain granoblastic gamet-pyroxene- 
hornblende assemblages. 

Paleoproterozoic supracrustal rocks 

Numerous narrow units of garnet f sillimanite paragneiss 
occur dominantly in the northern part of the Noodleook 
complex, particularly along the boundaries of the Killinek 
charnockitic suite and Archean Nain gneisses, but also as 
layers and rafts within Paleoproterozoic rnetaplutonic rocks 
(Fig. 1: Wardle et al., 1993). 

South of 60°N, supracrustal rocks are dominated by nar- 
row units of layered mafic gneiss, the largest of which 
includes a 11.5 km wide body located just west of, and 
parallel to the Hutton anorthositic suite (Fig. 1). The layered 
mafic gneisses are typified by centimetre-scale compositional 
layering (fig. 3a in Van Kranendonk et a]., 1993a), but include 
feldspar porphyritic layers and homogeneous, unlayered units 
120 m thick. Possible evidence for pillows was identified in 
one locality (Fig. 4A). Rare interlayers of paragneiss, 

Figure 4. A) Possible relict pillow texture in thick unit of layered mafic gneiss; B) Elliptical felsic 
inclusions in hornblende diorite unit of layered mafic gneiss = possible fragmental andesire(?); 
C) Inclusions of mafic gneiss in tonalite. All from southwest of Eclipse Channel. 
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calc-silicate and possible fragmental andesites (Fig. 4B) sug- 
gest a dominantly supracrustal origin for these rocks, and the 
typical centimetre-scale layering of the mafic gneisses is 
interpreted to be original compositional layering in flows, 
and/or tuffs. Homogeneous mafic layers may represent mas- 
sive volcanic flows or sills, whereas the occurrence of layers 
and discordant sheets of hornblende diorite and rare units of 
quartz-feldspar porphyry suggest that subvolcanic intrusions 
are also present. 

In the east, mafic gneisses contain amphibolite-facies 
assemblages of hornblende-plagioclase-titanite-quartz- 
ilmenite and show no evidence of having been metamor- 
phosed to granulite facies, other than they are locally cut by 
garnet- and clinopyroxene-bearing veins. Adjacent to the 
Killinek charnockitic suite, however, inclusions and rafts of 
mafic gneiss within Paleoproterozoic metaplutonic rocks are 
at granulite facies. 

The supracrustal rocks of this complex are considered to 
be Paleoproterozoic in age because of their location along 
major lithological contacts, their continuity along strike, and 
the fact that they are not cut by Avayalik dykes. That the 
supracrustal gneisses are intruded by Paleoproterozoic 
tonalites (Fig. 4C) indicates a minimum age of L 1910 Ma 
(see below). 

Diorite-tonalite-granite (DTG) suite 

Archean gneisses and Paleoproterozoic supracrustal rocks of 
the Noodleook complex were intruded by a suite of Paleopro- 
terozoic metaplutonic rocks (Fig. 1: Van Kranendonk et al., 
1993a). Dominated by tonalitic compositions, this suite dis- 
plays a broad calc-alkaline trend (Fig. 5),  in accord with the 
tentative interpretation that it represents a magmatic arc suite. 
Zircon dates from the suite lie in the range 1910-1 890 Ma 
(Fig. 1). Sm-Nd results by L. Campbell on two samples of the 
suite show a n e ~ d  (@ 1.91 Ga) of 0.2 and -2, which fall below 
that of a depleted mantle source at the time of crystallization 

Figure 5. A-F-M plot of diorite-tonalite-granite suite rocks 
(gabbro and diorite through tonalite to granite), showing 
distribution along a broad calc-alkaline trend. 

and suggest the involvement of some Archean crustal 
material (Archean crust or Proterozoic sediments with an 
Archean detrital component). 

Within the Komaktowik shear zone, straight sheets of 
mildly foliated tonalite-granodiorite cut across folded mig- 
matitic layering in older diorite-tonalite-granite suite rocks 
and Nain gneisses, suggesting a syn-tectonic emplacement 
for at least some of the diorite-tonalite-granite suite and a 
complex history for the zone (see below). 

It is important to emphasize here that none of the Paleo- 
proterozoic rocks in the Noodleook complex arecut by Avayalik 
dykes, whereas in occurrences of Archean gneisses, relict 
mafic dykes of presumed Avayalik parentage are commonly 
preserved. 

Tasiuyak gneiss complex 

Granulite-facies rocks of the Tasiuyak gneiss complex 
(cf. Van Kranendonk and Ermanovics, 1990) outcrop in the 
southwestern part of the map area and are characterized by 
large volumes of white game~sillimanitekgaphite paragneiss 
and associated diatexite collectively known as the Tasiuyak 
gneiss (Wardle, 1983). In low-strain areas, the Tasiuyak gneiss 
has a subhorizontal compositional layering which varies from 
garnet quartzites and quartz arenites, through garnet-biotite- 
graphite quartzo-feldspathic gneiss (semi-pelite and diatexitic 
granite), to garnet-sillimanite-biotite-graphite metapelite, and 
that clearly represents transposed bedding. 

Other rocks within the complex include Paleoproterozoic 
charnockitic rocks and quartz diorites of the Killinek char- 
nockitic suite, garnet quartm-feldspathic paragneisses with thin 
calc-silicate and marble units (described in Van Kranendonk 
et al., 1993a), and newly discovered tectonic slices of 
Archean gneiss (Fig. 1). 

Killinek charnockitic suite 

The Killinek chamockitic suite is the dominant lithology in 
the northwestern part of the map area (Fig. I ) ,  where it 
consists primarily of homogeneous, medium- to coarse- 
grained, orthopyroxene-bearing granitoid rocks with a range 
in composition from tonalite-granodiorite-granite. These 
rocks contain rare xenoliths of ultramafic, anorthositic and 
mafic rocks, large rafts of Tasiuyak-like metasedimentary 
gneisses, and locally, orthogneiss inclusions with complex 
structures suggestive of an Archean protolith. A sample of 
this suite from Killinek Island is 1895 t- 3 Ma. 

The Killinek charnockitic suite is in tectonic contact with 
Archean Nain gneisses and associated Paleoproterozoic rocks 
of the diorite-tonalite-granite suite across thin belts of meta- 
sediment in the northeastern part of the map area. In the 
central-westem part of the area, however, the relationship 
between the charnockitic and diorite-tonalite-granite suites is 
less clear and occurs across a complex zone of heterogeneous 
metaplutonic gneisses with abundant mafic supracrustal 
enclaves. The transition, in part, coincides with the change 
from granulite facies in the west to retrogressed granulite 
facies in the east. 
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Orthopyroxene-bearing metaplutonic rocks, interpreted 
as the southerly continuation of the Killinek charnockitic 
suite, occur throughout the Tasiuyak gneiss complex and into 
the Rae Province. In the former, charnockitic rocks locally 
contain xenoliths of layered orthogneiss (Fig. 6A) and com- 
monly of mafic granulite (Fig. 6B), and were extensively 
mapped as diatexite. These rocks grade into large areas of 
lithologically and structurally more complex orthogneiss of 
suspected Archean age (see below). A Sm-Nd result from a 
sample of homogeneous, orthopyroxene tonalite shows an 
 EN^ (@ 1.89 Ga) of -9.59, consistent with a large amount of 
contamination by an Archean crustal component, and signifi- 
cantly more negative than for samples of the diorite-tonalite- 
granite suite. 

Mesocratic quartz diorite intrusions (CI = 20-30%) within 
the Tasiuyak gneiss complex are interpreted as part of the 
Killinek charnockitic suite (Fig. 1 : see Van Kranendonk et al., 
1993a). In contrast with the charnockitic rocks of the suite, 
however, the quartz diorites are interpreted to be juvenile 
intrusions since they commonly show intrusive relationships 
with surrounding paragneisses and contain cognate xenoliths 
of finer grained diorite but none of tonalite gneiss or mafic 
granulite. A sample of the quartz diorite is 1896 f 2 Ma. 

Suspected Archean orthogneiss 

Migmatitic tonalite-granodiorite orthogneisses occur as tec- 
tonic slices within theTasiuyak gneiss complex (Fig. 1). They 
preserve evidence of a complex structural and metamorphic 

Figure 6. Orthogneisses in the Tasiclyak gneiss complex: A) Inclusion of mafic granulite (relict dyke?) 
in homogeneous orthopyroxene tonalite of the Killinek charnockitic suite; B) Inclusion of tonalite gneiss 
(Archean?) in homogeneous orthopyroxene tonalite; C) Heterogeneous orthogneiss of suspected 
Archean age; D) Folded and disrupted mafic dykes in suspected Archean gneiss; E) Suspected Archean 
gneiss and vein of homogeneous Paleoproterozoic tonalite (bottom right). 
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history and contain layers and rafts of mafic gneiss, 
anorthositic gneiss, and rare paragneiss (Fig. 6c). The ortho- 
gneisses display greater lithological and structural complex- 
ity than surrounding paragneisses and contain folded and 
disrupted remnants of granoblastic, equigranular mafic dykes 
which locally preserve discordant relationships with gneissic 
layering in the host rocks (Fig. 6D). The absence of such 
dykes in the adjacent paragneisses and the more complex 
fabrics in the orthogneisses suggest an Archean age for the 
latter. 

The contact zone between Archean gneiss slivers and 
surrounding Paleoproterozoic paragneisses ranges from 
0-500 m and is characterized by discontinuous units of 
ultramafic rocks, lusty, graphitic-rich paragneisses, blue-grey 
graphitic and/or red Fe-rich quartzites, rare layers of calc-sili- 
cate and/or impure marble, and migmatitic paragneiss 
(Fig. 7). The contacts are considered to be of tectonic origin 
and to represent early thrust faults as they truncate individual 
paragneiss and/or ultramafic units, but are themselves folded 
and deformed by regionally developed sets of structures. 

/ ULtramaf~c rocks 

0 2 

Kilometres 

Figure 7. Detailed map of tectonically bounded slices of suspected Archean gneiss in the 
Tasiuyak gneiss complex (see Fig. 1 for location). Units other than Archean gneiss are 
Paleoproterozoic in age. Note the thick units offolded and boudinaged ultramafic rocks and of 
paragneiss along the margins of Archean gneisses. In paragneiss: small x = occurrences of 
marble, calc-silicate and graphitic quartzite; small inverted triangles = rusty graphitic 
paragneiss. 
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Within Archean crustal slices, migmatitic orthogneisses 
are locally to extensively homogenized to an equigranular, 
wispy-textured orthopyroxene-bearing tonalite-granodiorite 
containing mafic layers and lenses derived from remnant 
mafic dykes and mafic granulite gneiss (Fig. 6E). The homo- 
geneous rocks have an identical appearance to those of the 
Killinek charnockitic suite farther north, except that the for- 
mer contain a greater proportion of mafic inclusions. Homog- 
enization may have occurred either through assimilation of 
the older rocks by widespread intrusion of younger magmas, 
or through in situ partial melting of the Archean gneisses. 

Rae Province and Lake Harbour Group 

Rae Province orthogneisses of suspected Archean age vary 
from white-weathering, homogeneous, tonalitic gneiss to 
agmatitic and schlieric textured migmatites in which 40-50% 
of inclusions of grey gneiss and mafic - or less commonly 
anorthositic - rocks float in a granitic neosome of possible 
Proterozoic age. Rare mafic dykes have also been observed. 
Rae orthogneisses differ from their Nain counterparts and 
those in the Tasiuyak gneiss complex by having abundant 
granite and a general shortage of ultramafic inclusions. 

The Paleoproterozoic Lake Harbour Group (Taylor, 1979) 
contains white marble, quartzite, garnet-sillimanite metape- 
lite, rusty garnet-graphite-biotiteksillimanite paragneiss, 
hornblende-biotite-plagioclase-quartz dioritic gneiss, and 
rare sheets of hornblende-plagioclase+garnetkorthopyroxene 
mafic gneiss. The structurally lowermost unit in many of the 
folds is marble. Contact relationships between the group and 
Rae Province orthogneisses are sharp and strongly sheared 
near the Abloviak shear zone, but unsheared away from the 
zone, where they may represent stratigraphic contacts or the 
trace of pre-metamorphic thrusts. 

Orthopyroxene-bearing tonalitic rocks with a single set of 
planar and linear fabric elements are interlayered with Rae 
orthogneisses and Lake Harbour Group metasedimentary 
rocks. These charnockitic rocks are similar in appearance and 
mineralogy to those of the Killinek charnockite suite, but are 
distinct from the migmatitic, heterogeneous gneisses of sus- 
pected Archean age in the Rae Province by virtue of their 
monocyclic character, the presence of coarse hypersthene 
crystals, and a buff weathering surface. 

YOUNGER PALEOPROTEROZOIC ROCKS 

Metaplutonic rocks 

Plagioclase-porphyritic mafic metatonalites (1 869 +3/-2 Ma: 
C.I. = 30-40%) and megacrystic metagranites (minimum age 
of 1864 5 2 Ma) within the northern part of the Komaktorvik 
shear zone represent a younger suite of Paleoproterozoic 
metaplutonic,rocks than either the diorite-tonalite-granite or 
Killinek charnockitic suites (Fig. 1). The mafic metatonalites 
cut Nain gneisses and diorite-tonalite-granite suite rocks, but 
are in sharp (?)tectonic contact with the Killinek charnockitic 

crosscut rocks of both the Killinek charnockitic suite and the 
Nain Province/diorite-tonalite-granite suite association, thus 
indicating a minimum age for the amalgamation of these 
units. Similar granites, though undated, occur as linear bodies 
south of Eclipse Channel (Fig. 1). 

SYN-TECTONIC MAFIC DYKES 

Nain gneisses, Avayalik dykes, and rocks of the diorite- 
tonalite-granite suite are cut by a set of fine- to medium- 
grained, pale-green weathering, hornblende-plagioclasef 
garnet dykes. In general, these are not feldspar phyric, but 
some contain black feldspar megacrysts (15 cm), and/or 
round feldsparlquartz and K-feldspar (?)xenocrysts (<1 cm). 
Pale green dykes trend north-south within the Komaktorvik 
shear zone, commonly have highly irregular intrusion forms, 
and are weakly deformed relative to strongly sheared country 
rocks; features which strongly suggest a syn-tectonic 
emplacement during Komaktorvik shear deformation. 

Compositionally and texturally heterogeneous amphibo- 
lite dykes cut all previous sets of dykes. They vary from 
undeformed, equigranular, medium grained amphibolites and 
round plagioclase-phyric portions that cut across strongly 
sheared Archean gneisses, to thin ( e l 0  cm), foliated horn- 
blendites which strike parallel to the shear foliation. These 
dykes are considered to be late tectonic with respect to the 
Komaktorvik shear zone. 

POST-TECTONIC MAFIC DYKES 

Cambrian diabasic to gabbroic dykes (K-Ar age = 524 + 78 Ma: 
Taylor, 1979) vary from a 50 m wide, subvertical body that 
can be traced for more than 40 km east-west across the central 
part of the map area, to flat-lying sheets, 0.2-10 m thick, 
which locally cover several 1000 m2 farther south. These 
dykes were not recognized north of 60°N and are concentrated 
in the eastern half of the map area. 

Rare, narrow ( e l  m), ultramafic lamprophyres of 
unknown age have been found along the Labrador Sea coast 
in areas of very good exposure (see Wardle et  al., in press); 
the true extent of these bodies is not known. The dykes 
commonly contain numerous small xenoliths and/or 
xenocrysts of ultramafic and mafic material and phlogopite 
in a fine grained, soft, micaceous matrix. Some dykes display 
good compositional flow banding and lack xenoliths. 

Two rusty-weathering gossans with massive pyrite and local 
chalcopyrite form linear belts, up to 50 m wide, that extend 
across the north-south width of Killinek Island along the 
contact between mafic metatonalite and rocks of the Killinek 
charnockitic suite (Fig. 1). Samples have been submitted for 

suite. ~ e g a c r ~ s t i c  metagranites, however, were seen to assay. 
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TECTONIC AND STRUCTURAL EVOLUTION 

The complex Archean histories of the Nain and Rae provinces 
in the map area are as yet incompletely understood and will 
not be further discussed. For simplicity, all Archean struc- 
tures are referred to as Dn. The Paleoproterozoic structural 
evolution of the map area is described in Van Kranendonk et 
al. (1993a) and does not require significant modifications as 
the result of the 1993 fieldwork. However, the new field 
results and recent U-Pb age data have provided additional 
insight into the Paleoproterozoic evolution, which is briefly 
summarized below. 

The age and origin of the Hutton anorthositic suite - 
whether late Archean or earliest Proterozoic (pre-1910 Ma) - 
are still unresolved. In the former scenario, the rocks are 
believed to form an integral part of the Nain gneiss complex, 
whereas in the latter, the anorthositic suite is envisaged to 
have been emplaced during rifting of the Nain Province 
margin after the end of late Archean tectonism. 

The presence of tectonic slices of Archean gneiss and 
ultramafic rocks within the Tasiuyak gneiss complex is used 
to suggest that it represents an accretionary complex. The age 
of possible accretionary tectonics in the Torngat Orogen is 
unknown, but if the presence of monocyclic, orthopyroxene- 
bearing tonalites within the Rae Province represents the 
southern continuation of the Killinek charnockitic suite, then 
the Tasiuyak gneiss was clearly pinned to the Rae Province 
prior to ca. 1895 Ma. 

The period from 1910-1890 Ma was one of extensive 
magmatism in both the Rae ProvinceITasiuyak gneiss com- 
plex and Nain Province margin. The diorite-tonalite-granite 
suite is interpreted to represent a magmatic arc that resulted 
from easterly subduction beneath the Nain Province. The 
layered mafic supracrustal rocks may represent the remnants 
of a marginal (back arc?) basin which developed along the 
thinned western margin of the Nain Province during the early 
stages of subduction. 

The Killinek charnockitic suite is also tentatively inter- 
preted to represent a magmatic arc suite that resulted from 
westerly directed subduction beneath the Rae Province and 
Tasiuyak gneiss complex at ca. 1895 Ma. The relationship 
between the Killinek and diorite-tonalite-granite suites, and 
the implications that the presence of these broadly co-eval 
suites on either side of the orogen have for the tectonic 
evolution of the area, is yet to be fully established pending 
further geochemical and isotopic analysis. 

Dn+l structures include a migmatitic gneissosity in rocks 
of the Tasiuyak gneiss complex and a foliation or migmatitic 
textures in some rocks of the diorite-tonalite-granite suite. 
These structures, and tectonic intercalation of Archean rocks, 
diorite-tonalite-granite suite rocks, and layered mafic 
gneisses in the Noodleook complex, and of Lake Harbour 
Group metasediments with Rae basement gneisses, are 
believed to have resulted from Nain-Rae collision at ca. 
1860 Ma, the age of the oldest metamorphic zircons in the 
map area (Fig. 1). 

Granulite-facies Dn+2 deformation resulted in the forma- 
tion of the sinistral Abloviak shear zone and large-scale, 
northwest-southeast trending folds and shear zones through- 
out the Tasiuyak gneiss complex and Killinek charnockitic 
suite. An 1824 + 2 Ma pegmatite which crosscuts Dn+2 
mylonitic fabric elements and is affected by Dn+3 dextral 
shear, provides a minimum age f~rDn+:! deformation (Fig. 1). 

Amphibolite-facies Dn+3 structures include the sinistral, 
east-side-up Komaktorvik shear zone, the Katherine River 
dextral mylonite zone, and large-scale, north-south trending 
folds in the Abloviak shear zone and Burwell domain 
(Van Kranendonk et al., 1993a). Dating of syn-tectonic peg- 
mati te~ and of metamorphic zircons from rocks within Dn+3 
amphibolite-facies shear zones has shown that deformation 
occurred at between ca. 1798-1 780 Ma, whereas titanite dates 
from 1774-1710 Ma indicate prolonged cooling and local 
deformation. 

The Komaktorvik shear zone shows evidence of a com- 
plex and possibly long-lived deformational history. On 
Killinek Island, sheared metasedimentary rocks between the 
northeastern margin of the Killinek charnockitic suite and 
Archean gneisses contain kyanite-garnet-K-feldspar-biotite- 
quartz (in contrast to the regional development of sillimanite) 
and steeply north-plunging mineral lineations. These rocks 
are at a higher-grade and have a different orientation of linear 
fabric elements than the lower-grade Komaktorvik shear zone 
farther south and east (Fig. 2). Kyanite is also found north of 
Saglarsuk Bay (Fig. 1: B. Patey, Memorial University of 
Newfoundland, pers. comm., 1993), suggesting that this 
period of higher-grade deformation (Dn+2?) occurred 
throughout the Komaktorvik shear zone. 

If the kyanite-bearing mineral assemblages within the 
Komaktorvik shear zone are related to an earlier period of 
shear deformation (pre- 1798-1 780 Ma), we speculate that this 
may have occurred during Dn+2 and correspond with a period 
of west-side-up uplift required to expose the high-grade 
Killinek charnockitic suite (P 5 9.2 kbars, T=800°C: Mengel 
and Rivers, 1992). Uplift and concomitant depression of the 
Nain lithosphere may have resulted in the development of 
static garnet-clinopyroxene assemblages in Nain gneisses and 
Avayalik dykes, at ca. 1835 Ma, the age of zircon growth in 
an Avayalik dyke. Subsequent east-side-up, sinistral shear 
within the Komaktorvik shear zone at ca. 1798-1780 Ma, was 
then responsible for uplift of the high-grade Four Peaks 
domain. 
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Abstract: The Mugford Group, comprising basal siliciclastic sediments, deep-water euxinic shales, 
cherts, mudstones and dolostones overlain by pillowed and massive basalt, tuff and agglomerate, represent 
a Lower Proterozoic supracrustal succession deposited unconformably on listric normal faulted Archean 
gneisses of the Nain craton. Mugford Group volcanics share many physical and chemical properties of 
continental rift or plateau basalts. Initial volcanism (Calm Cove formation) is represented by pillowed and 
massive flows of relatively evolved, weakly alkaline to transitional basalts and then by more primitive 
tholeiitic basalts. Eruptive compositions in agglomerates and massive flows of the overlying Finger Hill 
formation show a comparable chemical evolution and bipartite division in alkalinity to those in the Calm 
Cove formation. Lavas in both sequences show strong enrichments in incompatible trace elements and the 
rare earths, similar to continental alkaline basalts as well as plume-influenced mid-ocean-ridge basalts. 

RCsumC : Le Groupe de Mugford, composC de sCdiments silicoclastiques basaux, de shales euxiniques 
de mer profonde, de cherts, de mudstones et de dolomies, surmontts de basaltes en coussins et de basaltes 
massifs, de tufs et d'agglomkrats, reprksente une succession supracrustale du ProtCrozoi'que inftrieur, qui 
s'est dtposte en discordance sur des gneiss archtens du craton de  Nain dtcoupts par des failles listriques 
normales. Les roches volcaniques du Groupe de Mugford partagent un grand nombre des proprittts 
physiques et chimiques des basaltes de  rift ou de plateau continentaux. Le volcanisme initial (formation de 
Calm Cove) est reprCsentC par des coulCes de laves massives ou de laves en coussins constituCes de basaltes 
relativement tvoluts, ltg6rement alcalins h transitionnels, qui font ensuite place A des basaltes tholtiitiques 
plus primitifs. La composition des roches Cruptives dans les agglomkrats et dans les coulCes massives de la 
formation de Finger Hill sus-jacente montrent une tvolution chimique et une division bipartite de 
I'alcalinitC, comparables B celles observCes dans la formation de Calm Cove. Les laves des deux stquences 
montrent de forts enrichissements en tltments traces incompatibles et en terres rares, comme dans les 
basaltes alcalins continentaux et les basaltes de dorsale mtdio-ockanique associCs ii des panaches. 

' Contribution to Canada-Newfoundland Cooperation Agreement on Mineral Development (1990- l994), a subsidiary 
agreement under the Canada-Newfoundland Economic and Regional Development Agreement. 
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INTRODUCTION 

Contrasting models of Proterozoic crustal growth and con- 
temporaneous mantle evolution continue to be the subject of 
considerable debate (Condie, 1992). Particularly important 
towards resolving these issues is a more complete knowledge 
of the nature and degree of the depletion of mantle source 
regions, which can be very heterogeneous. Sparse data 
currently exist for depleted mantle compositions during the 
earliest Proterozoic (e.g. 2.5 - 2.0 Ga). In this paper, prelimi- 
nary geochemical data are presented for a suite of mafic 
volcanic rocks from the extremely well-preserved lower 
Proterozoic Mugford Group, and form part of a study aimed 
at characterizing aspects of crust-mantle evolution in the 
western North Atlantic (Nain) craton. 

Geological mapping and sampling in the Kaumajet 
Mountains area (Fig. I) continued in July and August 1993, 
and complements work initiated in 1992 initiated as part of 
Canada-Newfoundland Cooperation Agreement on Mineral 
Development. 

GEOLOGICAL SETTING 

The stratigraphy and structure of the Mugford Group has been 
described in detail most recently by Smyth (1976), Smyth 
and Knight (1978), and Hamilton (1993). A collateral study 
was made by Barton (1975) on the geochemistry of part of 
the group. 

The project area lies within the Nain Province of northern 
coastal Labrador. Much of this region is underlain by amphi- 
bolite- to granulite-facies quartzofeldspathic orthogneiss (and 
lesser supracrustal gneisses), typical of the northern Labrador 
segment of the North Atlantic craton which has elsewhere 
yielded U-Pb ages in excess of 3.8 Ga (Schiertte et a]., 1989). 

The Mugford Group is preserved as a nearly flat-lying 
sequence in a graben-like structure bounded on its western 
side by a series of northwest-striking, brittle and ductile 
faults. Most Mugford Group rocks are preserved at low 
greenschist grade, reached in response to early Proterozoic 
Torngat orogenesis, whose front lay some 60 km to the west 
(Van Kranendonk, 1990). Visible best on Cod and 
Grimmington Islands, multiple high-angle, listric normal 
faults with up to a few tens of metres of dip-slip displacement, 
and spaced at a few hundred metre intervals, are responsible 
for a locally irregular basement topography. As outlined in 
detail by Hamilton (1993), the age of Mugford Group volcan- 
ism is poorly constrained between 2.4 and 2.0 Ga. However, 
preliminary Sm-Nd isotopic results suggest a crystallization 
age close to 2.0 Ga (Hamilton, in prep.). 

Stratigraphic relationships 

Smyth (1976) divided the group into a lower sedimentary 
unit, a lower volcanic unit, a 'middle' sedimentary unit and 
an upper volcanic unit, and suggested a maximum thickness 
of 1225m for the entire group. Following a slight revision of the 
stratigraphy, Smyth and Knight (1978) suggested individual 

formation names - the Sunday Run, Cod Island, Calm Cove, 
Shark Gut and Finger Hill formations, and these informal 
names are used in this report (Fig. 1). As this paper deals 
primarily with the chemistry of basaltic flows in the lower 
volcanic unit (Calm Cove formation) and the upper volcanic 
unit (Finger Hill formation), a brief lithological description is 
provided below. 

Calm Cove formation 

Calm Cove formation consists essentially of 400 m of inter- 
layered pillowed and massive basaltic flows, and pillow 
breccias. Flows may be predominantly either pillowed or 
massive or be compound in structure, with a massive base 
transitional into an overlying pillowed section with or without 
an amoeboid pillow breccia top. Most flows average between 
5 and 15 m in thickness. The relative proportions of pillowed, 
massive, and breccia zones within individual flows vary 
unsystematically. Subaqueous volcanic extrusive activity 
persisted continuously throughout the deposition of the entire 
Calm Cove formation. 

Fine- to medium-grained, dark- to light-grey and light- 
green, buff-weathering, massive basalts are generally blocky, 
or less commonly, columnar jointed. These units may be 
locally plagioclase-phyric, as are some pillowed counterparts 
in the lower sections of the formation. Many of the massive 
sections within pillowed flows were sampled for chemical 
analysis throughout the entire stratigraphy. 

Finger Hill formation 

Smyth (1976) estimated that the Finger Hill formation con- 
sists of at least 600 m of mafic agglomerates and breccias, 
minor tuffs and basaltic sills. The breccias are composed of 
thick individual flow units, are poorly sorted, and contain 
buff-weathering (at times vesicular) angular to rounded 
basaltic fragments that are less than 1 cm to over 2 m in size. 
Subordinate clasts and blocks of older breccia and agglomer- 
ate and white-weathering tuffaceous material are common. 
Minor pillowed flows are also present in lower sections of the 
formation. Sampling emphasis was placed on the interiors of 
volumetrically minor, but ubiquitous massive flows. 

Diabase dykes 

A number of fine- to medium-grained, grey, weakly deformed 
diabase dykes, probably components of the early Proterozoic 
Napaktok dyke swarm of Ermanovics et al. (1989), clearly 
intrude Archean orthogneiss in the study area (Fig. 1). These 
define a conjugate set oriented roughly west-northwest and 
north-northeast. These dykes typically carry grey to very pale 
green subequant plagioclase phenocrysts. The dykes are 5 to 
15 m thick and can generally be traced along strike for several 
hundred metres. Although the Mugford Group and underly- 
ing basement are clearly separated by an unconformity, it is 
unclear whether all elements of the Napaktok swarm predate 
deposition of the group. The Mugford Group itself is cut in 
many places by similar, grey, two-pyroxene diabase dykes of 
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comparable size to the Napaktok dykes (Hamilton, 1993). Calm Cove formation, and can be traced to feldspar-phyric 
These subvertical dykes are dominantly oriented north-south, dykes mapped by Ermanovics (1992) as components of the 
with a minor conjugate set oriented approximately east-west. Napaktok dyke swarm. Several samples have been analyzed 
Their exact relationship to the main Napaktok dyke swarm in an attempt to compare dyke chemistries and to evaluate 
and to Mugford Group magmatism is unknown. Locally, their relation to extrusive volcanism of the Calm Cove and 
however, the east-west dykes can be seen feeding flows of the Finger Hill formations. 

2 a Shark Gut fm. . greygreen tulfs 

0 a Calm Cove fm. - pillowed and massive basahs, minor tuffaceous 
& sediment, breccia and agglomerate. 

Cod Island Im. - mudstone breccia, dolostone, chelt, argillite. 
U minor limestone and tuflaceous sediment. 

Sunday Run fm. - sandstone and conglometate. 

Fine- to medium-grained diabase dykes, commonly plagioclase porphyrilic. 

Archeatt 
Gneissic, layered, leucocratic quarlzofoldspathic metaplulonic a rocks and migmatite. Lesser paragneiss and amphibolite. 

Cove 

Figure 1. Geological sketch map of the Kaumajet Mountains area, Nain Province, Labrador. Geology of the 
Mugford Group mod$ied a$er Smyth (1976). Principal 1992 and 1993 sampling areas shown in open circles. 
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PETROGRAPHY GEOCHEMISTRY 

Massive and pillowed flows are dominantly either aphyric or 
sparsely plagioclase-phyric (up to 5%) ,  and consist of a 
matrix of fine grained actinolite, chlorite, plagioclase 
microlites (variably replaced by albite or epidote), and locally 
pseudomorphs after olivine or clinopyroxene. Plagioclase 
phenocrysts may reach up to 2 cm in length as individual 
grains or as glomeroporphyritic clusters. Accessory minerals 
include ilmenite, magnetite, apatite, titanite (after oxide), and 
minor quartz. In all cases, samples with reported chemical 
analyses were taken from massive flow interiors. 

Early Proterozoic (Napaktok) diabase dykes and the late- 
stage, two-pyroxene, diabase dykes which locally cut the 
entire Mugford Group volcanic series have comparable min- 
eralogies and textures. These commonly have fine grained 
chilled margins and medium grained subophitic interiors 
consisting of (2-8%) porphyritic plagioclase laths (to 2 cm) 
set in an intersertal intergrowth of orthopyroxene, clino- 
pyroxene, magnetite, pyrrhotite and apatite. 

Table 1. Representative chemical analyses of Mugford Group lavas. 

Barton (1975) provided geochemical data for only the lower 
volcanics (Calm Cove fo~mation) of the Mugford Group. 
These included all major element, but only few trace element 
data, most of which are either compatible in some ferromag- 
nesian liquidus phases (e.g. Cr, Ni) or are now known to be 
variably mobile during low-grade metamorphism or low- 
temperature alteration (e.g. Rb, Ba, Sr). On this basis, he 
recognized two principal compositional types in the Mugford 
Group volcanics - tholeiites and 'greenstones' - and inter- 
preted the latter as being the result of low-temperature alter- 
ation processes. Although the presence of relict grains of 
titanaugite was noted in occasional 'greenstone' samples, the 
overall enrichments in sodium, iron, titanium and phospho- 
rous were ascribed to largely secondary alteration of the 
tholeiitic basalts. 

Preliminary geochemical data for representative examples 
of the tholeiitic and weakly alkaline volcanic rocks of this 
study are presented in Table 1. Data are also presented for a 

I Calm Cove formallon Finger Hill Ponnatlon Diabase dykes I 

Smple 
'b 
Si% 
3% 
A1203 
k z 0 3  
Fco 
MnO 
MgO 
Cao 
NazO 
K 2 0  
p205 
H 2 0  
co2 
S 
TOTAL 

Mgtl (molar) 
ppm 
Rb 
Sr 
Ba 
ZI 
Nb 
U 
nl 
Pb 
v 
Sc 
cn 
Ni 
Cr 
Cu 
Zn 
Y 

La 
Ce 
Nd 
Sm 
Eu 
Gd 
Tb 
DY 
Er 
Yb 
Lu 

Subalkaline 
HMB92 

SZ 

48.70 
1.01 

15.40 
230 
8.00 
0.17 
7.02 

10.50 
260 
0.4 1 
0.11 
280 
0.00 
0.10 

99.12 

61.0 

13 
477 
304 
76 

8.7 
0.20 
1.3 
6.3 

220 
29 
63 

140 
190 
100 
78 
18 

15.0 
31.0 
17.0 
3.4 
1.20 
3.60 
0.56 
3.40 
1.90 
1.70 
0.28 

series 
HMB92 
e411 

48.30 
1.31 

14.60 
2.40 

10.00 
0.19 
6.68 

10.10 
220 
0.30 
0.14 
2.80 
0.10 
0.13 - 

99.25 

54.4 

7 
356 
233 
70 
10 
0.18 
1.0 
9.8 

280 
35 
66 

100 
140 
100 
79 
17 

12.0 
27.0 
14.0 
2 9  
1.10 
3.10 
0.55 
290 
1.70 
1.60 
0.26 

Alk'aline series 
TA-69 HMB92 
2% QUA 

series 
HMB92 
n 
47.10 

1.58 
13.70 
3.40 

10.50 
0.22 
5.75 

11.09 
2.00 
0.28 

Alkaline series 
HMB92 
a868 

49.40 
2.19 

12.50 
5.90 

10.60 
0.15 
4.60 
6.22 
4.30 
1.15 

Major and trace elements Sr, Ba, Zr were determined by wavelength dispersive XRF techniques and wet chemical methods. Data for other trace elements were 
obtained by ICP-ES and ICP-MS techniques. All analyses performed in the analytical chemistry laboratories of the GSC. 
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late east-west diabase dyke cutting the Calm Cove volcanics 
(005B) and an east-west diabase dyke interpreted to be a 
component of the Napaktok dyke swarm (050A). 

Major elements 

The analyzed flows are predominantly basaltic in composi- 
tion, with SiOz between 47 and 51%; most rocks are either 
weakly quartz- or olivine-normative. The major element 
composition of these rocks is quite comparable to that of 
many continental tholeiites (Macdougall, 1988). Compared 
with mid-ocean ridge basalts, most of the volcanics have 
lower A1203 (12.3-15.7 wt%), CaO (4.0-1 I .8 wt%) and Mg# 
(64.7- 8.5), and higher FeO* (9.8-15.8 wt%), Ti02 (0.93- 
2.88 wt%) and P205 (0 .09-0.44 wt%) (Mg# = 

I O O M ~ / ( M ~ + F ~ ~ + ) ;  FeO*= total Fe). MgO ranges from 3.80 
to 7.52 wt%. The subalkalic samples fall predominantly into 
the tholeiitic field on an AFM diagram, showing a weak 
iron-enrichment trend (Fig. 2). All samples plot in the tholei- 
itic field on a diagram of SiO2 vs. FeO*/MgO (Miyashiro, 
1974); no samples define a calc-alkaline trend. On the basis 
of silica and total atkali contents, it is possible to classify 
Mugford Group lavas as subalkaline (tholeiitic) basalts, 
(weakly) alkaline basalts, or intermediate (transitional) 
basalts. Many of the earliest erupted lavas, in the lowest levels 
of the Calm Cove formation, described by Barton (1975) as 
'greenstones', are either alkaline or transitional basalts by this 
classification. Despite the known mobility of the major ele- 
ments, especially the alkali elements, this telminology will be 
continued below as it will be shown that consistent and 
identical classifications can be drawn from thc distributions 
of immobile minor and trace elements. 

Among Calm Cove and Finger Hill formation tholeiitic 
and weakly alkalic lavas, there is some overlap in SiOz, 
Al2O3, and FeO. However, relative to the tholeiitic lavas, the 
alkalic flows have higher abundances of alkali metals, Ti02 and 
P2O5, and higher A1203 at a given Mg#, but have lower CaO. 

Most alkalic lavas are clearly more evolved than tholeiitic 
counterparts; Calm Cove weakly alkalic flows have Mg# 
between 38.5 and 41.3, whereas later tholeiites range from 
54.4 to 64.7. Rocks classified as transitional fall between 
these groups in terms of most elements. Similarly, the one 
analyzed Finger Hill weakly alkaline flow (Mg# = 43.6) is 
more evolved than subalkaline members (Mg# = 45.2-50.7); 
this sample has slightly lower CaOIA1203 than the latter (0.50 
vs. 0.67-0.81), and may be related to them by clinopyroxene 
fractionation. 

With decreasing Mg# (increasing differentiation) the 
oxides FeO*, Ti02 and P205 increase steadily. Na2O and 
K20 also increase, but in a less regular fashion; undoubtedly, 
much of the scatter is due to mobility during submarine 
weathering. A1203 and CaO both decrease in well-defined 
trends with falling Mg#. 

The diabase dykes are compositionally quite uniform, 
with somewhat higher SiO2 (-52 wt%), and lower CaO 
(-7-7.5 wt%), and have relatively low Mg# (43-48). 

Figure 3 illustrates the systematic increase in Ti02 with 
P205 in all of the samples, with the earliest lavas of the Calm 
Cove formation showing the greatest concentrations 
(2.27-2.88 wt% Ti02, 0.38-0.44 wt% P205). The one alka- 
line basalt analyzed from the Finger Hill foimation contains 

F 
+ dlabarc 

Finger Hill rubalkaline 

Finger Hill alkaline 

Calm Cove smbdkaline 

0 C ~ l m  Cove lrnnrilional 

0 Calm Core alkaline 

Figure 2. AFM diagram for Mugford Group basalts. Field 
outlined 'g' = 'greenstones', and 'r' = tholeiires of Barton 
(1975). Dividing line oflrvine and Baragar (1971). 

Figure 3. Plot of Ti02 vs. P205 for Mugford Group basalts. 
Additional dashedBelds from Barton (19751, including 'green- 
stones' interpreted as transitional and alkaline members. 
Hay-filled circles = 'rransirional' basalr. 
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lower P205 (0.26 wt%), but is not unlike several Calm Cove 
samples of Barton (1975), which are interpreted here to be 
weakly alkaline or transitional in composition. 

Transition metals (Sc, V, Cr, Co, Ni, Cu, and Zn) 

Abundance of Cr decreases from 220 to 37 pprn in Calm Cove 
and Finger Hill tholeiites and from 160 to 24 pprn in the 
alkalic rocks, with decreasing Mg#. Together with a parallel 
decrease in Ni from 150 to 57 pprn (tholeiites) and 120 to 
28 pprn (alkali basalts), the influence of Cr-spinel andlor 
clinopyroxene and olivine fractionation is suggested. 

The concentration of Cu ranges with little systematic 
behaviour from 85 to 31 0 pprn in tholeiitic lavas and from 67 
to 250 pprn in alkalic flows. Likewise, Zn varies from 59 to 
130 ppm and 90 to 140 ppm in tholeiitic and alkali basalts, 
respectively. Sc (28-41 ppm) and V (190-320 ppm) both 
increase with decreasing Mg# in tholeiites of the Calm Cove 
formation and Sc also increases slightly (37 to 4lppm) in 
Finger Hill lavas. Abundances of Sc in Calm Cove alkalic 
lavas are distinctly lower and decrease slightly from 32 to 25 
pprn with falling Mg#, indicating the likely effect of clinopy- 
roxene fractionation at some stage during their magmatic 
history. 

In addition to their low Mg#, the diabase dykes show signs 
of extensive fractionation in having very low concentrations 
of Ni (15-23) and Cr (61-68). 

The TiIV ratio is nearly constant for Calm Cove (28-29) 
and Finger Hill (28-32) tholeiites, but is distinctly higher in 
transitional (34-47) and weakly alkalic basalts (38-54; Fig. 4). 
This is in good agreement with the findings of Shervais 
(1 982) that modern-day mid-ocean ridge basalts (MORB) and 

500 

400 MORB + CFB 

300 
v 

(ppm) 

Calm Cove lholeitt~c 
0 Calm Cove alkalic 

Finger Hill lholeiilic 
0 Finger Hill alkalic 
+ Diibases I 1 

Ti (ppm) 11000 

Figure 4. Ti-V diagram for Muaford Group basalts. Fields after 
Shervais (1982). HaIf-filled circles = 'transitional' basalt. 

Miocene continental flood basalts typically have TiIV ratios 
between 20-50, whereas alkali basalts are characterized by 
higher ratios (>50). The diabase dykes studied here have 
fairly uniform TiIV ratios between 41-56, somewhat like the 
alkalic basalts, but with lower concentrations of both 
elements. 

Incompatible trace elements (Ba, Rb, Sr, Th, Nb, Zr, 
Y, and REE) 

The abundances of the incompatible trace elements for the 
most part show consistent behaviour with rock type and 
degree of differentiation. In almost all cases, concentrations 
are higher in alkalic and evolved lava flows, compared to the 
tholeiites and rocks with higher Mg#. Less systematic behav- 
iour is seen in Sr, which may be due to the influence of 
variable plagioclase fractionation (or accumulation) or to late 
alkali mobility. 

Representative chondrite-normalized multielement dia- 
grams for Calm Cove and Finger Hill lavas are presented in 
Figure 5. All of the samples are enriched relative to normal 
(N-type) or enriched (E-type) MORB for the large-ion- 
lithophile (LIL) and the light rare earth elements (LREE) but, 
with the exception of the alkalic rocks, have similar abun- 
dances of the high field strength (HFS) and heavy rare earth 
elements (HREE). For the subalkalic basalts of the Calm 
Cove and Finger Hill formations (Fig. 5a, b), the incompatible 
trace element patterns are comparable and show small nega- 
tive P anomalies, and small positive or negligible Sr anoma- 
lies. The range of trace element concentrations for a 
Keweenawan olivine tholeiite (KEW-4; Basaltic Volcanism 
Study Project, 1981), which has a similar major element 
composition to these lavas, is shown for comparison. Large 
negative Nb anomalies, common in rocks with strong crustal 
signatures, are not present. 

Weakly alkalic basalts are strongly enriched in LIL and 
LREE elements relative to the HFS and HREE (Fig. 5c, d). 
These rocks also display relatively strong negative anomalies 
for Sr, and less well-defined negative anomalies for P, prob- 
ably as a consequence of low-pressure plagioclase and apatite 
fractionation. These flows have trace element abundances and 
distributions similar to those described in plume-affected 
basalts from the Southwest Indian Ridge (P-MORB; Le Roux 
et al., 1983), as well as in some continental alkali basalts 
reported from the southern Gregory Rift of Kenya (Baker et 
al., 1977; Fig. 5c, d). 

The subalkaline tholeiites have low Zr/Nb ratios (6.7-8.8), 
and high ratios of NblY (0.39-0.59) and ZrIY (3.5-4.2), 
similar to incompatible trace element ratios in enriched 
(E-type) MORB (Zr/Nb=8.8, NblY4.38,Zr/Y=3.3 ). Com- 
pared to the tholeiites, alkaline lavas of the Mugford Group 
all show consistently higher ratios of NbIY (0.58 - 1 .I 3), ZrlY 
(4.5 - 7.6) and ZrITi02 (69 - 106), analogous to plume-influ- 
enced (P-type) MORB (Nb/Y-0.95,Zr/Y=7.6,Zr/Ti02-74). 
They are not distinguished from tholeiitic rocks on the basis 
of Zr/Nb (6.2-9.2 for all rocks, excluding transitional basalts 
which have Zr/Nb = 5.2, 12.7). 
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The diabase dyke suite has enriched trace element signa- 
tures, with notable positive Ba anomalies, strong negative 
anomalies for Nb, and lesser negative Sr, P and Ti anomalies. 
These are very similar to those described by Tarney (1 992) 
for many other Proterozoic dyke swarms, but the rocks 
described here have generally higher abundances. 

Figure 6 illustrates the overall REE enrichment and strong 
degree of REE fractionation observed in all Mugford Group 
basalts. Basalts of the Calm Cove formation can be divided 
into three groups based on REE abundance and chondrite- 
normalized pattern (Fig. 6a). Early, weakly alkaline flows 
have the highest LREE enrichment in the entire sequence, 
with La 125-206 x chondrites, and (La lYb)~  = 9.0-12.6. 
These lavas are not characterized by any significant Eu anom- 
aly (EuIEu* = 0.96-1.1 I ) ,  in contrast to the strong negative 
Sr anomalies noted earlier. It is possible that any reduction in 
E U ~ +  from these liquids was offset by coprecipitation of 
another phase (pyroxene?). Tholeiitic Calm Cove formation 
basalts have distinctly lower abundances of LREE (La = 

3 1 -48x chondrites), flatter LREEIHREE slopes ( ( L d y b ) ~  - 
3.1 -6.0), and much less fractionated middle-to heavy-REE 

CALM COVE FORMATION 
THOLELITES 

0.1 
BaRbTh K NbTa LaCeSrNd PSrnZr Hf Ti Tb Y TmYb 

CALM COVE FORMATION 
ALKALI BASALTS 

patterns. These samples also have insignificant Eu anomalies 
(EuIEu* = 0.97-1 . I  2). Rarer transitional basalts have patterns 
and abundances intermediate between these groups (La*80x 
chondrites; (La/Yb)~=7). 

Slightly less compositional spread is shown in overlying 
Finger Hill alkaline and tholeiitic lavas (Fig. 6b). Relative to 
Calm Cove equivalents, the single weakly alkalic flow is not 
as enriched in the LREE (La=] OOx chondrites), but has higher 
HREE (Yb=20x chondrites), lower ( L a l Y b ) ~  = 5.2, and a 
distinctly negative Eu anomaly (EuIEu* = 0.80). This is in 
general similar to patterns seen in subalkalic basalts of the 
same formation. Chondrite-normalized La abundances for 
Finger Hill tholeiites range from 35-58, (La/Yb)N - 3.2-4.2, 
and there is a tendency towards flatter MREE - HREE 
profiles. Eu anomalies are variable (EuIEu* = 0.84-1.05). 

The diabase dykes have a remarkably uniform REE dis- 
tribution (not shown), with (La lYb)~  = 6.3-7.8, and HREE 
concentrations similar to Calm Cove formation alkalic and 
Finger Hill basalts. There is only a very faint suggestion of a 
negative Eu anomaly (EulEu* = 0.87-0.96). 

FINGER HILL FORMATION 
THOLELITES 

100 

- - 
- 
- 
- 

0.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 1 1 1 1 1  

BaRbTh K NbTa LaCe Sr Nd P Sm Zr Hf Ti Tb Y TmYb 

FINGER HILL FORMATION 
ALKALI BASALT 

BASALT 
0 
a: 

0.1 0.1 
BaRbTh K NbTa Lace Sr Nd P Srn Zr Hf Ti Tb Y TmYb i., BaRbTh K NbTaLaCeSrNd P S m Z r H f  Ti Tb YTmYb 

Figure 5. Chondrite-normalized incompatible rrace element diagrams for Mugford Group rholeiites (a, b) and 
weakly alkalic basalts (c, d). Normalizing factors after Thompson (1982). KEW = Keweenawan olivine tholeiite. 
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Figure 6. Chondrite-normalized REE patterns for mildly alkaline (open circles), transitional (half-jilled 
circles), and subalkaline (filled circles) lavas of the a) Calm Cove, and 6) Finger Hill formations. 
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Figure 7. Tectonic setting ofMugford Group basalts, classi- 
fied according to the Ti-Zr-Y discrimination diagram of 
Pearce and Cann ( 1  973). Fields A+B = volcanic arc basalt 
(low-K tholeiites); B+C = calc-alkali basalt; B = ocean-floor 
basalt; D = within-plate basalt. 

+ dlabrlc 

Fingel Hill rubalkaline 

F n p r  Hill nlArl8nc 

Figure 8. Tectonic setting of the Mugford Group basalts, 
using the trace element diagram of Meschede (1 986). Field 
AI + AII = within-plate alkalic basalt; AII + C = within-plate 
tholeiite; B = P-type MORB; D = N-type MORB; C + D = 
volcanic arc basalt. 
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Magmatic and tectonic affinity diagrams 

Several incompatible trace elements, which are considered to 
be relatively immobile during greenschist facies metamor- 
phism, are used here to distinguish primary magmatic and 
tectonic affinities. Numerous studies have shown that relative 
abundances of Ti, Y and Zr and many of the REE are changed 
little during metamorphism (Ludden et al., 1982). Because of 
the consistent and regular variations between these elements 
as well as with Nb and V, the latter are also interpreted as 
being unaltered in the Mugford Group lavas. 

In terms of Zr-Y variations, the tholeiitic samples plot in 
the overlapping field of MORB and within-plate basalts of 
Pearce and Nony (1 979), whereas all transitional and alkaline 
rocks have compositions which fall strictly in the field of 
within-plate basalts. On the Ti-Zr-Y tectonic characterization 
diagram (Fig. 7) of Pearce and Cann (1973), subalkalic tholei- 
ites of the Calm Cove and Finger Hill formations plot pre- 
dominantly in the field of MORB and volcanic arc 
compositions (calc-alkaline basalt and island arc tholeiite). A 
few samples (including the transitional basalts) straddle the 
boundary to the within-plate basalt field, and by comparison 
all of the early-erupted Calm Cove alkalic lavas have within- 
plate basalt characteristics, as is consistent with their high 
ZrIY ratios. The diabases plot in Pearce and Cann's (1973) 
calc-alkaline basalt field, close to within-plate compositions, 
but distinct from most Mugford Group lavas. 

Figure 8 shows the Mugford Group basalts in terms of 
Meschede's (1986) Zr-Nb-Y diagram. The early, weakly 
alkalic lavas of the Calm Cove formation plot entirely within 
the field of within-plate alkali basalts, whereas the subalka- 
line lavas of the Calm Cove and Finger Hill formations fall 
strictly in the field defined by P-type MORB. Diabase dykes 
cluster in a tight group in the field of within-plate tholeiites 
(and volcanic arc basalts). 

Nd isotopic compositions 

Nd isotopic compositions have been determined on twelve of 
the freshest samples from the two principal suites. Calculated 
initial  EN^ values, determined for a crystallization age of 
2100 Ma, range from +2.5 to -3.9 for Calm Cove alkalic lavas 
and -0.4 to -4.2 for transitional and tholeiitic flows. Samples 
of Finger Hill formation flows range from -3.3 (weakly alkalic) 
to -2.0 (subalkalic). The enriched nature of most of the initial 
ratios suggests a finite involvment of continental crust during the 
evolution of these magmas; calculated depleted mantle model 
ages (TDM ) range between 2390 and 31 80 Ma. 

Several studies of tholeiitic and alkaline magmatic suites 
from areas of variably extended continental lithosphere have 
also illustrated the extreme isotopic compositions of pro- 
jected mantle source regions (Farmer et al., 1989). Both suites 
from these studies have been shown to have either an isotopi- 
cally depleted source (i.e. MORB asthenosphere), or a less- 
depleted lithospheric source similar to plume-contaminated 
asthenosphere (akin to an ocean-island basalt source). 
Although one Calm Cove alkalic sample  EN^ = +2.5) 

suggests derivation from a source having moderate long-term 
LREEdepletion (like MORB-source), preliminary evaluation 
of melting models imply that this type of source must have 
been LREE-enriched shortly before derivation of the magmas 
parental to the Calm Cove alkalic lavas. Alternatively, the low 
positive initial  EN^ may reflect an ancient example of a 
plume-type source signature, analogous to what is observed 
from mantle supplying modern-day ocean-island basalts. 

DISCUSSION 

Weakly alkaline, transitional and tholeiitic lavas of the 
Mugford Group share many physical and chemical properties 
of continental rift or plateau basalts. In many respects they 
resemble basalts from the Coppermine River area (Dostal et 
a]., 1983), the Keweenawan rift, and early Iapetus rift system 
(Green, 1992); they are relatively evolved basalts and have 
elevated concentrations of incompatible trace elements and 
the REE. Subalkaline tholeiites consistently show within- 
plate, ocean-floor or P-MORB affinities on tectonic discrimi- 
nant diagrams as well as trace element patterns and 
concentrations comparable to some Keweenawan olivine 
tholeiites. Similarly, alkalic basalts are uniformly distributed 
in within-plate alkali basalt classifications, and are somewhat 
analogous chemically to early rift basalts from the south 
Gregory Rift, Kenya, as well as P-MORB. 

The transition from strongly LREE-enriched alkalic lavas 
of the Calm Cove formation to flows with lower (La lYb)~  
and higher overall Yb contents characteristic of the overlying 
Finger Hill formation may be indicative of a progressive 
depletion of residual garnet in the mantle source, or perhaps 
a reduction in the role of garnet fractionation due to melting 
at shallower levels. Scandium is also lower in the early Calm 
Cove alkalic rocks, probably because of the presence of 
residual clinopyroxene and garnet during the initial stages of 
melting. Additional data are required to more rigorously test 
these hypotheses. 

The geochemical data are permissive of a model wherein 
early rifting of a stable Archean continent or development of 
a rifting continental margin is initiated (under plume- 
influence?) during the early Proterozoic. Earliest eruptive 
compositions (Calm Cove alkalic lavas) may have tapped 
deep (garnet-bearing) mantle source regions which were un- 
dergoing small degrees of melting. As lithospheric stretching 
continued, MORB-source asthenospheric mantle may have 
become involved in greater degrees of melting at shallower 
levels, and subsequent development of alkalic liquids might 
have been driven by high-level fractional crystallization 
processes. 

ACKNOWLEDGMENTS 

The author gratefully acknowledges the careful and construc- 
tive reviews of W. R. A. Baragar and R. F. Emslie, which led 
to a much improved manuscript. 



Current ResearchIRecherches en cours 1994-C 

REFERENCES 

Baker, B.H., Goles, G.G., Leeman, W.P., and Lindstrom, M.M. 
1977: Geochemistry and petrogenesis of a basalt-bennloreite-trachyte 

suite from the southern part of the Gregory Rift, Kenya; 
Contributions to Mineralogy and Petrology, v. 64, p. 303-332. 

Barton, J.M., Jr. 
1975: The Mugford Group volcanics of Labrador: age, geochemistry and 

tectonic setting; Canadian Journal of Earth Sciences, v. 12, 
p. 1196- 1208. 

Basaltic Volcanism Study Project 
198 1 : Basaltic Volcanism on the Terrestrial Planets; Pergamon Press, New 

York, 1286 p. 
Condie, K.C. (4 . )  
1992: Proterozoic Crustal Evolution; Developments in Precambrian 

Geology 10, Elscvier, Amsterdam, 550 p. 
Dostal, J., Baragar, W.R.A., and Dupuy, C. 
1983: Geochemistry and pehogenesis of basaltic rocks from Coppernine 

River area, Northwest Territories; Canadian Journal of Earth 
Sciences, v. 20, p. 684-698. 

Ermanovics, I. 
1992: Geology of the North River - Nutak map area; Geological Survey 

of Canada, Open File 2443. 
Ermanovics, I.F., Van Kranendonk, M., Corriveau, L., Mengel, F., 
Bridgwater, D. and Sherlock, R. 
1989: The boundary zone of the Nain-Churchill Provinces in the North 

River-Nutak map areas, Labrador; C u m t  Research, Part C; 
Geological Survey of Canada, Paper 89- IC, p. 385-394. 

Farmer, G.L., Perry, F.V., Semken, B. Crowe, B., Curtis, D., 
and DePaolo, DJ. 
1989: Isotopic evidence on the structure and origin of sub-continental 

lithospheric mantle in southern Nevada; Journal of Geophysical 
Research, v. 94, p. 7,885-7,898. 

Green, J.C. 
1992: Proterozoic rifts; in Proterozoic Crustal Evolution; Developments 

in Precambrian Geology 10, Elsevier, Amsterdam, p. 97- 149. 
Hamilton, M.A. 
1993: Preliminary report on the geology of the Mugford Group volcanics, 

northern coastal Labrador; ~ Current Research, Part C, Geological 
Survey of Canada, Paper 93-IC, p. 349-357. 

Irvine, T.N. and Baragar, W.R.A. 
1971: A guide to the chemical classification of the common volcanic 

rocks; Canadian Journal of Earth Sciences, v. 8, p. 523-548. 
Le ROUX, A.P., Dick, HJ.B., Erlank, AJ., Reid, A.M., Frey, F.A., 
and Hart, S.R. 
1983: Geochemistry, mineralogy and petrogenesis of lavas erupted along 

the Southwest Indian Ridge between the Bouvet hiple junction and 
I 1 degrees East; Journal of Petrology, v. 24, p. 267-3 18. 

Ludden, J., Gelinas, L., and Trudel, P. 
1982: Archean metavolcanics from the Rouyn-Noranda district, Abitibi 

greenstone belt, Quebec. 2. Mobility of trace elements and 
petrogenetic constraints; Canadian Journal of Earth Science, v. 19, 
p. 2276-2287. 

Macdougall, J.D. (ed.) 
1988: Continental Flood Basalts; Kluwer Academic Publishers, Dordrecht, 

341 p. 
Meschede, M. 
1986: A method of discriminating between different types of mid-ocean 

ridge basalts and continental tholeiites with the Nb-Zr-Y diagram; 
Chemical Geology, v. 56, p. 207-218. 

Miyashiro, A. 
1974: Volcanic rock series in island arcs and active continental margins; 

American Journal of Science, v. 274 p. 321-355. 
Pearce, J.A. and Cann, J.R. 
1973: Tectonic settimg of basic volcanic rocks determined using trace 

element analyses; Earth and Planetary Science Letters, v. 19, 
p. 290-300. 

Pearce, J.A. and Norry MJ .  
1979: Petrogenetic implications of Ti, Zr, Y, and Nb variations in volcanic 

rocks; Contributions to Mineralogy and Pehology, v. 69, p. 33-47. 
Ridley, W.I., Rhodes, J.M., Reid, A.M., Jakes, P., Shih, C., 
and Bass, M.N. 
1974: Basalts from Leg 6 of the Deep-Sea Drilling Project; Journal of 

Petrology, v. 15, p. 140- 159. 
SchiPte, L., Compston, W., and Bridgwater, D. 
1989: Ion probe U-Th-Pb dating of polymetamorphic orthogneisses from 

northern Labrador, Canada; Canadian Journal of Earth Sciences, 
V. 26, p. 1533-1556. 

Shervais, J.W. 
1982: Ti-V plots and the pehogenesis of modem and ohiolitic lavas; Earth 

and Planetary Science Letters, v. 59, p. 101 - 1 18. 
Smyth, W.R. 
1976: Geology of the Mugford Group, northern Labrador; Report of 

Activities for 1976, R.V. Gibbons, (ed.); Newfoundland Department 
of Mines and Energy, Report 77- I, p. 72-79. 

Smyth, W.R. and Knight, I. 
1978: Correlation of the Aphebian supracrustal sequences, Nain Province, 

northern Labrador; Newfoundland Department of Mines and 
Energy, Mineral Development Division, Report 78-1, p. 59-64. 

Tarney, J. 
1992: Geochemistry and significance of mafic dyke swarms in the 

Proterozoic; Proterozoic Crustal Evolution; Developments in 
Precambrian Geology 10, Elsevier, Amsterdam, p. 151 - 179. 

Thompson, R.N. 
1982: Magmatism of the British Tertiary Volcanic Province; Scottish 

Journal of Geology, v. 18, p. 49-107. 
Van Kranendonk, M.V. 
1990: Structural history and geotectonic evolution of the eastern Tomgat 

Orogen in the North River map area, Labrador; Current Research, 
Part C; Geological Survey of Canada, Paper 90- IC, p. 8 1-96. 

Geological Survey of Canada Project 730044 



Combining field observations and remote sensing 
to map the Grenville Front along the 
Pascagama River, Quebec 

D.F. ~raharn '  and A. ciesielslu2 
Mineral Resources Division 

Graham, D.F. and Ciesielski, A., 1994: Combiningfield observations and remote sensing lo map 
the Grenville Front along the Pascagama River, Quebec; - in Current Research 1994-C; 
Geological Survey of Canada, p. 343-354. 

Abstract: A remote sensing analysis of part of the Grenville Front is presented, following previous work 
east of Val d'Or, Quebec using ground geology, satellite imagery and magnetic data to reveal the front. In 
the study area, 1 10 km east of Senneterre, Quebec, Landsat and magnetic data were supplemented with data 
from a new ERS-I satellite imaging radar which is sensitive to terrain topography and surface roughness. 
The data were enhanced using contrast stretch, directional and median filtering, shaded relief and the M S  
(Intensity, Hue and Saturation) transform. The Grenville Front was located using structural trends based on 
field observations and coinciding with the boundaries of magnetic anomalies, linear waterways and 
lineaments enhanced on TM and ERS-I radar data. The position of the Front was extrapolated in unmapped 
and till covered areas using magnetic contrasts of the vertical gradient data. 

RCsumC : Une analyse par tClCdCtection d'une partie du front de Grenville est prtsentke, qui fait suite B 
une Ctude I'est de Val d'Or, QuCbec, utilisant la gCologie de surface, I'image satellite et les donnCes 
magnktiques pour mettre en Cvidence le front. Dans la rtgion Ctudiee, 1 10 km 2i I'est de Senneterre, Qutbec, 
les donnCes Landsat et les donntes magnktiques ont CtC complCtCes par les donntes d'un nouveau satellite 
radar image ERS-I , sensible B la topographie et aux rugositts du terrain. Les donnCes ont kt6 rehausstes en 
utilisant le filtrage directionnel et mtdian, le relief ombrC, I'Ctalement des contrastes et les transformations 
d'intensitt, de teintes et de saturation (IHS). Le front de Grenville a Ct6 JocalisC en utilisant les orientations 
structurales tirees des observations de terrain et coyncidant avec les limites des anomalies magnttiques, les 
voies d'eau rectilignes et les lintaments, rehaussCes sur les donnCes TM et radar ERS-I. La position du 
front a CtC extrapolte dans des zones non cartographiCes et recouvertes de till, en utilisant les contrastes 
magnCtiques du gradient vertical. 

' Remote Sensing Office, Geological Survey of Canada, Ottawa 
Continental Geoscience Division 
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INTRODUCTION - 

The Pascagama River is located 110 km east of Senneterre, 
Quebec and the study area covers 2500 km2 straddling the 
Superior-Grenville boundary (see index map of Fig. 8). The 
region was previously mapped by Faessler (1935), Laurin 
(1 965), Charbonneau (1 969, 1973), Charre (1 975) and com- 
piled by Avramtchev and Lebel-Drolet (1981); more recent 
mapping south of the area was carried out by Girard et al. 
(1 992). 

The Superior-Grenville boundary, known as the Grenville 
Front, has not received attention in the area east of S e ~ e t e r r e  
because there is little information on highly strained rocks and 
thick overburden in much of the area making detailed geologi- 
cal work difficult (Grant, pers. comm., 1993). Neale (1952) 
projected a fault zone at the Superior-Grenville boundary in 
the study area from mapping in the Mistassini-TCmiscamie 
River area to the northeast. 

A recent study 100 km southwest of the study area using 
a Grenville Front structure composed of lineaments coincid- 
ing with aeromagnetic anomalies (Ciesielski et al., 1990). The 
use of Landsat TM data can assist regional mapping and 
provides information on the surface expression of bedrock 
fractures which can be related to regional subsurface mag- 
netic lineaments. Regional structures inferred from these two 
types of information, supported by field observations located 
the Grenville Front structure with better accuracy. In thick 
overburden, where field observations are impeded, vegetation 
patterns and surface roughness were shown to enhance sur- 
face lineaments. 

The objectives of this paper are (1) to evaluate the lineament 
enhancement capability of Landsat TM and aeromagnetic data 
for this study area, through specific enhancements, (2) to evalu- 
ate ERS-1, a new remotely sensed Synthetic Aperture Radar 
which began imaging in August 1991, (3) to document enhance- 
ment methodologies that were applied and to determine the 
factors that affected the enhancement performance of each 
data set, and (4) to locate the Grenville Front structure combining 
geological and remotely sensed data. 

GEOLOGICAL SETTING 

Regional setting 

The Grenville Front is a 1 100 km northeast-trending structure 
defining the Superior-Grenville boundary. The central seg- 
ment of the front shows complex geological settings, and 
although it has been known since the thirties, few detailed 
studies were conducted on the subject, partly because of 
relatively poor exposures. The front was first investigated by 
Norman (1940) who noted major fault and thrust zones 
extending from Lake Mistassini to Georgian Bay, known as 
the Huron-Mistassini Fault Zone (see Neale, 1952 for com- 
plete references). The central segment of the front (index map 
of Fig. 8) separates the Superior Province from reworked 

parautochthonous Archean rocks locally comparable to Superior 
sequences and uplifted, metamorphosed and eroded during 
Grenvillian Orogeny (c.f. Ar-Ar ages west of the Grenville 
Front in Baker, 1980). It is composed of fault zones and 
tectonic contacts showing pervasive deformation. Recent 
works confirmed the faulted nature of the central segment of 
the Grenville Front (Ciesielski et al., 1990; Ciesielski, 1992; 
Girard et al., 1992) and dominating cataclastic deformation 
and coexistence of minor mylonite and pesudotachylite along 
major faults forming the Front (Ciesielski, 1993; S. Ji, pers. 
comm., 1993). 

Local setting 

In the study area, according to Charbonneau (1973), the 
Superior-Grenville boundary is designated as a transition 
zone, separating mainly granitic and minor mixed gneiss of 
the Superior from granitic and mixed gneiss of the Grenville 
Province. Hornblende and hybrid gneisses coincide with the 
MCgiscane magnetic anomaly (Geological Survey of Canada, 
Aeromagnetic Maps 7082G and 7083G, for NTS 32B and 32C) 
I ying astride the Grenville Front boundary (Charbonneau, 1969, 
1973). Charre (1975) did not mention a sharp Superior-Grenville 
contact in the MCgiscane - Mesplet Lakes area; the northwest 
part is dominated by granitic gneiss and is referred to as 
Temiscamian type; the southeast area is dominated by amphi- 
bole gneiss and is described as Grenvillian type. Charbomeau 
( I  973) referred to a transition zone of some 20 km wide based 
mainly on K-Ar age dates. In the southern part of the study 
area, Girard et al. (1992) showed the Grenville Front as a fault 
zone separating massive and gneissic tonalites of the Superior 
Province from parautochthonous tonalitic gneiss, biotite 
paragneiss and metabasite of the Grenville Province. This 
fault zone parallels dykes older than 2 Ga on either side of the 

Table 1. Data parameters. 

and 4 0.76 - 0.90 



D.F. Graham and A. Ciesielski 

Grenville Front (Madore and Ciesielski, 1990; Buchan et al., 
1993), suggesting that these structures have been reactivated 
along the front during the Grenvillian Orogeny. 

Remote sensing 

In the study area, the Superior-Grenville boundary has not 
been precisely located (Charbonneau, 1969, 1973; Charre, 
1975). Studies along the central segment of the Grenville 
Front showed that it can be designated by a narrow zone of 
dominating brittle deformation (Neale 1952; Ciesielski et al., 
1990; Ciesielski, 1992, 1993; Girard et al., 1992). Accord- 
ingly, the Grenville Front was located using abrupt changes 
in structural trends on Charbonneau's and Charre's geologi- 
cal maps. However, in areas of thick Quaternary cover, there 
was inconclusive information to identify the fault. In order to 
overcome this limitation, a multiple remote sensing analysis 
was applied to the study area. These data are shown in 
Table 1. 

DATA PRE-PROCESSING 

Landsat TM 

Two digital Landsat TM quadrants were acquired and proc- 
essed for this project. The first TM data set was from June 22, 
1984 (Path 17, Row 26) and the second was from August 2, 
1984. The imaging geometry of this multispectral sensor is 
depicted in Figure la. These data were geometrically cor- 
rected to UTM co-ordinates, using ten 1 5 0  000 topographic 
maps. Only Landsat TM bands 3,4 and 5 were available for 
this study. 

ERS-1 SAR 

ERS-1 Synthetic Aperture Radar (SAR) is a side looking 
satellite radar sensor which is depicted in Figure 1 b. The 
pulsed C-band (5300 MHz) beam has a depression angle 
range between 64' and 70". The detected backscatter response 
is a function of both terrain topography and surface roughness 
(CCRS, undated). SAR is an all-weather sensor, capable of 
night time imaging. These data, acquired on July 28, 1992, 
were compressed from 16 to 8 bits. The data were median 
filtered using a 3x3 kernel to remove radar speckle (noise) 
and registered to the geocoded TM data. In the process the 
ERS-I data were resampled to 30m pixels, further reducing 
radar image speckle. 

Total field magnetics 

These data, acquired with aline spacing of 800 m at an altitude 
of 305 m were compiled by the Geophysical Data Centre 
(Geological Survey of Canada). Vertical gradient data which 
are a derived product, were used only for the recognition of 
magnetic lineaments. Magnetic gradient values are not 
quantified. 

DATAENHANCEMENTMETHODOLOGY 

Background on enhancement algorithms 

These algorithms are designed to improve image contrast for 
the enhancement of geqlogical features for easier visual inter- 
pretation. This is done by increasing the dynamic range of the 
image andlor by filtering the image which improves the 
ability to separate subtle variations in image tone. 

185 Km. 1- swath width -1 a 

T'J 
cloud penetration 

Far 
Range 

100 Km. I* Swath Width 7' 
I Transmitted Energy 
+ Reflected Energy b 

D.A. Depression Angle 

Figure 1. Satellite Imaging Geometries (not to scale). 
a) Landsat TM. b) ERS-1 SAR. 
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Contrast stretch IHS transform 

Landsat data are typically received with a low dynamic range 
(poor image contrast). High and low end data limits are 
mapped to the full 8 bit dynamic range (0 to 255 DN). This 
produces an image with optimal image contrast. 

Median filtering 

The filter is implemented by computing the median of the 
digital values within a user specified filter kernel. This kernel 
is normally square (i.e. 3 x 3) but can be designed as a 
rectangle. The output image is generated by convolving the 
filter within the input image (Wahl 1987). This filter was 
used to reduce image speckle inherent in the ERS-1 data. 

Directional filtering 

Spatial domain filtering emphasizes the linearity of image 
features to aid in the identification of geological structures 
(Sabins, 1991). The directional filter algorithm is based on 
the design of a filter kernel (window) which is convolved over 
the image data. The filter kernel is designed using parameters 
of: filter direction, kernel size, central weighting of kernel, 
the proportion (A%) of the filtered image that is added to the 
unfiltered image (unfiltered image + A x filtered image), and 
an output image mean and standard deviation scaling adjust- 
ment (DIPIX, 1990; Gillespie, 1976; Jackson and Wagner, 
1979). 

Directional trends are determined by calculating the direc- 
tional derivative or gradient of image pixel values, then 
replacing the image values with a magnitude of the gradient. 
In addition, the size of the kernel defines the resultant 
"smoothing" effect of the output image. 

Shaded relief 

This enhancement employs a user-specified illumination 
direction to convert pixel height (digital number) to a shaded 
relief image. The grey level (digital number) of a pixel is 
calculated as the cosine of the angle between the normal 
vector to the surface (slope and aspect) and the illumination 
direction (PCI, 1993). Highlighting of slopes facing the light 
source and shadowing of slopes which face away enables 
lineaments to be enhanced. 

The shaded relief algorithm is controlled by parameters of 
elevation step size and light source location. The elevation 
step size, gives the elevation corresponding to one grey level. 
A step size greater than one adds contrast to the enhancement. 
The light source location is specified by an azimuth angle and 
elevation angle in degrees. A light source azimuth angle of 
360" shines from the top of the image and an elevation angle 
of 180" shines normal to the plane of the image. Illumination 
parameters are chosen to highlight terrain lineaments which 
are orthogonal to the illumination direction. 

Intensity, Hue and Saturation (MS) is a colour transformation 
commonly used for data integration and image enhancement. 
In this transformation, colour is defined by three parameters: 
intensity (brightness), hue (colour) and saturation (purity of 
colour) (Gillespie, 1980). This technique is useful for com- 
bining various types of geological data and forming image 
map products (Harris et al., 1990). 

Data enhancement 

Each algorithm is associated with another in a procedure with 
the goal of generating the optimum enhancement methodol- 
ogy for each data set. These procedures are presented as flow 
diagrams in Figures 2,  3, and 4. The filter kernels in these 
figures are shown before a central weighting and percentage 
add back to the image were applied. 

Landsat TM 

Enhancements were prepared using band 5 after optimizing 
image contrast. To minimize the influence of glacial drift 
fluting but still enhance the lineaments oriented parallel to the 
front, a 5 x 5 directional filter kernel was used with a central 
weighting of 10. Ten percent of the original image is added 
to the filtered image and the mean and standard deviation of 
the data are fixed at 160 and 60 respectively to brighten the 
image for plotting. 

Figure 2. Enhancement Flow Diagram - Landsat TM. 
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Terrain 'noise' effects, which obscured lineaments char- 
acterizing the Grenville Front, were due to vegetation (forested 
vs. unforested, cultivated, forest burn) and cultural features 
(roads, powerlines, Fig. 5). The high frequency information 
associated with short lineaments evident in the shaded relief 
enhancement was suppressed in the directional filter enhance- 
ment forming a subtle image texture. This served as a back- 
ground for the longer and more important lineaments. 
Lineaments extracted from the enhancement were defined 
using lines of high image tonal contrast or edges of marked 
image texture contrast. From all of the terrain surface 'noise' 
types, forest burn was the most problematic due to high 
homogeneous albedo response. 

ERS-1 SAR 

A contrast stretch of ERS-1 enhanced north-northeast struc- 
tural lineaments. A second ERS-1 enhancement was gener- 
ated by directional filtering of the contrast stretched 
enhancement (Fig. 6). A 3 x 3 filter was used with a central 
weighting of 5 and 7.5 per cent of the original image added 
to the filtered image. The ERS-I enhancement is dominated 
by glacial fluting which reflects the depth of glacial material 
that masks the bedrock lineaments. The bright backscatter 
return from the water bodies stems from the vertical transmit 
and receive (VV) polarization, enhancing yater roughness 
derived from wind action. 

Median fiuw 
3x3 liher kernet 

Total field magnetics 

In this enhancement an azimuth of 360" and elevation of 50" 
was used to preferentially enhance linear features trending in 
a north-northwest direction. These data can be directly input 
into the shaded relief algorithm. T o  combine the information 
on magnetic textural patterns with this shaded relief image, 
the IHS transform was used. 

The IHS transform was applied to the single channel of 
total field magnetics. A colour composite was generated to 
enhance the magnetic trends within the anomaly highs without 

81 6 azimuth 
4 3 ~  elevaflon 
step s~ze of 10 

Shaded relief 
t35* azimuth 
43.4. elevation 
step size of t o  n 

Shaded relief 
360, azbnuttl 
50.2 devation 
step size of 10 

I 

I I Arithnteda additbn ot 
Raw data File I two succe~sive 

times to each output (R,G,f)) I 
inputT- linal output 

Figure 3. Enhancement Flow Diagram - ERS-I SAR. 
Figure 4. Enhancement Flow Diagram - Total jield 
magnetics. 
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loss of information in the rest of the image. The original (raw) pers. comm., 1993), and possibly gabbro and diabase dykes. 
magnetic data, input into IHS are generated in the following The Grenville Front structure is located on the east side of the 
manner (see also Fig. 4). anomaly following linear rivers interpreted as fault zones 

(Fig. 5,8). The southwest part is lozenge shaped and is related 
The raw data are both no*west to enhance mag- to the presence of pyroxene-homblende-magnetite-bearing netic lineaments oriented in a northeast direction and north- para- and orthogneiss. The GrenvilleFront is located 

east filtered to enhance northwesterly trends. The 3 x 3 filter on the west side of the part of the anomaly follow- 
northwest and northeast have a weighting ing fault zones (Girard et 1992). Part of the front is 

lo- Three percent the original image is added lo the interpnted to crosscut the nor-em of the anomaly 
image and no additional scaling was lo the following an east-west trending magnetic contrast. Magnetic 

resultant image. To further enhance the magnetic lineaments data thus interpretation of the trace of the Grenville 
the images were enhanced shaded Front from known locations of front-type sheared rocks to 
relief. Raw magnetic data were further enhanced by histo- regions where field data are inconclusive. 
gram equalization, to bring out subtle textures in the magnetic 
anomaly highs. Landsat TM band 5 data enhanced image features of 

In RGB space, red and green channels served as input 
along with a synthetic file consisting of zero values (blue). 
These three channels were converted into IHS space. The IHS 
enhancement reveals significant trends without sacrificing 
the details of minor trends, making it an effective way of 
enhancing the data. The hue information enhances the subtle 
lineament trends which are associated with the major line- 
aments and enhancing trends within the anomaly highs. The 
new intensity information presents the shaded relief image as 
an image base, which shows general lineament trends and 
delineates magnetic anomalies. 

Vertical gradient magnetics 

As the data were received with an optimum distribution of 
data within the 8 bit range and there was good image contrast 
which enhanced magnetic lineaments, no enhancements were 
applied to the raw data (Fig. 7). 

DISCUSSION 

In the study area, the Grenville Front had not been studied in 
detail and generally was considered as a transition zone 
following Wynne-Edwards (1972) model. However, recent 
studies show that Grenvillian deformation is limited in the 
Archean Parautochthon adjacent to the southeast side of the 
front (index map of Fig. 8) and that most of this deformation 
is located in narrow fault zones at the front. Accordingly, the 
Grenville Front was located using structural trends coinciding 
with magnetic anomalies, linear waterways and lineaments 
enhanced on TM and ERS-1 radar data. The position of the 
front was extrapolated in unmapped and. till covered areas 
using magnetic contrasts and TM feature alignment and is 
indicated in Figure 8 by question marks. The vertical gradient 
magnetic data show numerous regional lineaments and appar- 
ent structural offsets of magnetic bodies. Such an approach 
needs confirmation by future field work in the region given 
local contradiction between structural trends and the 
Grenville Front orientation (Fig. 8). 

The MCgiscane anomaly (Fig. 7), is separated by a north- 
east-trending fault zone. The northeast part is elongated and 
shows a concentration of linear anomalies related to homblende- 
pyroxene-magnetite orthogneiss (Charbomeau 1969, I 973, 

powerlines and forest burn (Fig. 6). ~owerlineiineaments are 
localized and do not hinder the ability to interpret the image. 
Forest bum increases the reflectivity of the terrain surface in 
the mid-infrared which reduces the image contrast. Line- 
ament interpretation in these areas is considered unreliable. 
A recommended choice of date for imaging should be at a 
time of minimum leaf cover (spring or fall time frame) during 
a year when cultural interference and forest burn is minimal. 
Landsat TM band 5 data enhanced a terrain lineament coin- 
cident with a vertical gradient lineament which prompted the 
tentative positioning of the front in an east-west orientation 
(question marks in Fig. 8). 

The ERS-1 enhanced alignment of small water bodies and 
useful to define the relative thickness and extent of till cover 
associated with a drumlin field producing a linear fabric in 
the image. The drumlin field is enhanced by the orthogonal 
orientation to the radar imaging or 'look' direction, as noted 
previously in SEASAT SAR imagery which has the same 
imaging geometry (fig. 6, Harris, 1987). In the radar image 
the high backscatter response of each drumlin is shown by a 
white lineament which collectively generates a linear fabric. 
ERS-1 information served as a first attempt in determining 
the regional extent and thickness of till in the study area. In 
general terms, a northwest-southeast imaginary diagonal line, 
which bisects Figure 8, separates 5 m thick till to the northeast 
from veneer till of less than 3 m to the southwest (Grant, pers. 
comm., 1993). 

CONCLUSIONS 

Landsat TM band 5 and vertical gradient magnetics provided 
information for extrapolating field data to unexposed regions 
of the Grenville Front. Due to the complexity of the informa- 
tion content found in the enhancements, single file manipu- 
lation proved most useful. 

The abundance of regional lineaments and apparent stmc- 
tural offsets of magnetic bodies on the vertical gradient mag- 
netic data indicated a control by structural geological features. 
Using field geological data, predicted sections of the 
Grenville Front were extrapolated from the outcrop location. 
Directional filtered Landsat TM band 5 data were used to 
support the position of the predicted locations of the front. 
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The magnetic and TM data together were used to extend the 
continuity of this regional feature to recommend specific loca- 
tions to be revised in further detail in future field activities. 

Directional filtering of TM mid-infrared data were used 
to locate the Grenville Front southwest of the study area, 
primarily because of the contrast in terrain relief and bedrock 
lithology on either side of the front (Ciesielski et al., 1990). 
The extrapolation of field data for the present study areausing 
TM band 5 data proved marginally useful due to: the homo- 
geneity of rock type in either side of the front, the prevalence 
of glacial drift cover, and vegetational and cultural terrain 
"noise". 

ERS-1 satellite SAR data preferentially enhanced glacial 
fluting in the drift cover for reconnaissance mapping of 
surficial cover, and also serve to impede the ability to trace 
the Grenville Front on the terrain surface. The sensor's large 
far range depression angle of 64" and low resolution of 30 m 
made the data unsuitable for the extraction of geological 
structures but did provide information on the extent of thick 
till cover associated with a fluted terrain surface. Graham and 
Grant (1 991) recommended that airborne SAR data be used 
as a more effective means of extracting bedrock and surficial 
lineament information. 

Directional filtering, shaded relief and the IHS transform 
are algorithms used for the enhancement of lineament infor- 
mation. The utility of these techniques are site specific and 
require the geologist's knowledge of local primary structures, 
a knowledge of remotely sensed data acquisition and an 
awareness of how the digital enhancements are performed. 
Directional filtering of Landsat TM data proved more useful 
than shade relief for enhancing regional structural trends 
important in this study. Filtering suppressed high frequency 
lineament fabric information to allow the extraction of major 
lineament trends; it also allows the flexibility of changing the 
filter size as a function of study area scale. 

In this study, remotely sensed data have been applied to 
interpret the structure of a segment of the Grenville Front in 
central Quebec to define the location more precisely. The 
outcome of this study is that the front has been located as a 
sharply defined line along which the deformation occurred. 
This interpretation requires further study and refinement in 
the field. 
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GCologie et cibles d'exploration de la partie centre 
est de la ceinture metaddimentaire du Qukbec, 
Province de Grenville 

Louise Corriveau, David   or in' et Louis   adore^ 
Centre gkoscientifique de Qukbec 

Corriveau, L., Morin, D. et Madore, L., 1994 : Gkologie et cibles d'exploration de la partie centre 
est de la ceinture rnitasidimentaire du Qukbec, Province de Grenville; dans Recherches en cours 
1994-C; Commission giologique du Canada, p. 355-365. 

RCsumC : La partie centre est de la ceinture mktastdimentaire du Quebec (Province de Grenville) 
comprend d'est en ouest : 

(1) une zone de cisaillement ductile au faci6s des amphibolites d'une puissance de 10 km, oii des 
monzonites et des diorites se sont injecttes en feuillets dans des paragneiss porphyroclastiques 
anormalement riches en pyrrhotine et en tourmaline; 

(2) un d6me granulitique comprenant une masse tonalitique; et 

(3) une sCquence de mCtasCdiments qui forme un synforme rkgional dans le coin sud-ouest du feuillet 31 Jl3. 

Au coeur du d6me, la brhche ultrapotassique de Rivard forme un dyke non dCformC et non recristallisC, 
d'orientation nord-sud. Environ le tiers des xCnolites sont ultramafiques (clinopyroxCnites B grenat, B 
spinelle ou B mica, webstkrites, pCridotites ...). Ce dyke s'est mis en place dans des gneiss possiblement 
volcanog6nes comprenant des lithofacihs alumineux et magnCsiens avec localement de petits amas de 
sulfures. De tels lithofacits sont considCrCs comme d'importants mttallotectes dans la rkgion deMontauban. 

Abstract: The east-central portion of the Central Metasedimentary Belt of QuCbec (Grenville Province) 
consists from east to west of: 

(1) a 10 km-wide shear zone at amphibolite facies with lit-par-lit injections of monzonite and diorite 
among porphyroclastic paragneiss with anomalous concentrations of pyrrhotite and tourmaline; 

(2) a granulitic dome with a tonalitic component; 

(3) a paragneiss sequence folded into a regional synform in the southwest corner of 31 Jl3. 

Within the dome, the Rivard ultrapotassic breccia forms a north-south trending dyke that is neither 
deformed nor recrystallized. About one third of the xenoliths are ultramafic (garnet, spinel or mica 
clinopyroxenites, websterites, peridotites ...). The dyke was emplaced in possibly volcanogenic gneisses 
with hyperaluminous and magnesian lithofacies locally with small sulphide clots. In the Montauban area 
such lithofacies represent important targets for mineral exploration. 

' INRS-GCoressources, 2700 rue Einstein, C.P. 7500, Sainte-Foy, QuCbec GIV 4C7 
Universite du Quebec ii Chicoutirni, 555 boul. de 13Universite, Chicoutimi, Quebec G7H 2B 1 
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INTRODUCTION 

Les levts gtologiques entrepris sur les feuillets 31513 et 
31G114 du SNRC dans la partie centre est de la ceinture 
mttastdimentaire (Province de Grenville; fig. 1 et 2) confir- 
ment l'extension de la zone de cisaillement du lac Montjoie 
(Corriveau et Jourdain, 1992 et 1993) et font la lumibe sur 
deux des  complexes charnockitiques identifi ts  par 
Wynne-Edwards et al. (1966). La cartographie de la rtgion 
avoisinant un gneiss siliceux et magntsien, semblable h un 
des mttallotectes de la rtgion de Montauban en Mauricie 
(Comveau et al., 1993), a permis d'en prdciser le contexte 
geologique. Ce gneiss fait partie d'une zone de dix kilom&tres 
de longueur qui comprend toute une strie de grenatites riches en 
magnttite (formation defer silicatk) et des lithofaci&s hyperalu- 
mineux renfermant localement de la chalcopyrite (fig. 2 et 3). 
Les travaux antkrieurs remontent A Logan et a]. (1912), dans la 
partie nord-ouest du feuillet 31G14, et 5 Pollock (1957,1960) et 
Wynne-Edwards et al. (1966), dans le feuillet 31J13. 

- 

GEOLOGIE 
1089-1076 Ma 

1060 Ma Grani 

La rtgion centre est de la ceinture mttastdimentaire recoupe 
deux domaines lithotectoniques (fig. 1 et 2), l'un riche en 
marbre B I'ouest qui s'ttend jusqu'h la rivi&re Gatineau, 
l'autre riche en quartzite 8 l'est (Corriveau et Jourdain, 1992). 
Un d6me granulitique allong6 avec des flancs fortement 
pentts (fig. 2 et 3) se retrouve au coeur du domaine riche en 
quartzite. Au sud-ouest, un autre dame comprend un pluton 
de monzonite, de mangtrite et de diorite avec des quartzites 
et des orthogneiss comme encaissant. Ces dbmes sont mutuel- 
lement bordQ d'une sCquence de paragneiss riches en gra- 
phite avec localement des marbres dolomitiques A olivine. La 

Figure I .  Localisation de la ceinture me'taskdimentaire du 
Qukbec (CMB) d l'intdrieur de la Province de Grenville, dans 
le carton, et dktails de ses suites plutoniques, de son grain 
structural et de ses terranes (subdivision pre'liminaire). 
Abrdviations : CGB-Ceinture de gneiss centrale; CMBBZ- 
zone de bordure de la ceinture mttaskdimentaire; LSZ-zone 
de cisaillement de Labelle. 

marge est des feuillets de Duhamel (31 513) ei de Nominingue 
(31 J16) consiste en une zone de cisaillement ductile au faciCs 
des amphibolites oh se sont mis en place syncintmatiquement 
des injections lit-par-lit de monzonite et de diorite, ainsi que 
des dykes en filet de microdiorite et de sytnite ou de granite. 

Les grands 6lCment.s shucturaux de la rtgion comprennent : 
un dame granulitique allong6 occupant la partie nord-ouest 
du feuillet 31J13 et la partie sud-ouest du feuillet 31516; un 
svnforme dans le coin sud-ouest du feuillet 31 513: et une zone 
dk cisaillement dans la partie est des deux feuillets. ~n boudin 
d'extension rtgionale est aussi apparent sur le feuillet 31513 
B l'ouest du lac Gagnon. Le dkveloppement de ces structures 
est posttrieur au mttamorphisme rtgional. L'isograde de 
I'orthopyroxkne est en effet plisste suivant un antiforme 
plurikilomttrique qui plonge vers le nord et longe le pourtour 
du d6me dans sa partie nord (feuillet 31 Jl6). Cet isograde 
quitte les flancs du d6me dans le feuillet 31513 et se poursuit 
vers le sud (fig. 2 et 3). 

Paragneiss du domaine quartzitique 

Les paragneiss, dans la rtgion de Duhamel, sont constituts 
principalement de quartzite et de gneiss siliceux avec des 
intercalations de mttaptlites, de gneiss quartzofeldspathiques Figure 2. Grandes lignes de la gdologie des feuillets 3151.3 et 
A biotite, localement graphitiques ou avec sulfures de fer, de 31 516. 
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marbres et de roches calcosilicattes. 11s sont similaires aux 
paragneiss des rtgions de Saint-Jovite et de Nominingue 
dtcrits par Martignole et Corriveau (1 991,1993) et Corriveau 
et Jourdain (1 992,1993). 

La foliation rtgionale est marqute par la gneissositt, le 
rubanement compositiomel et I'orientation prtfkrentielle des 
minkraux tabulaires et aciculaires. Les linkations, quant B 
elles, sont dCfinies par l'orientation prtftrentielle des 
minkraux et agrkgats de mintraux, tels que le quartz dans les 
veines granitiques et la sillimanite dans les mttapklites. Elles 
sont trts disperstes, sauf l'est, dans la zone de cisaillement 
le long du lac Gagnon (fig. 3, 4 et 5B). La foliation est 
fortement pentte vers l'est ou I'ouest (fig. 3 et 5A). Le 
boudinage des unitts est commun mais les textures de 
tectonites sont rares ou oblittrtes par la recristallisation. 

biotite ou de la hornblende. Les leucosomes granitiques h 
orthopyrox8ne y sont bien dtveloppts, paralltles B la 
foliation, massifs et h grain moyen. 

Une masse tonalitique (30 km2), gneissique en bordure, 
affleure parmi les orthogneiss dans la partie sud du dame. Cette 
tonalite est relativement homogene, blanche en surface altArtk, 
leucocrate et granoblastique B faiblement folike, avec de la 
biotite, de la hornblende ou de l'orthopyroxtne. Les leucosomes 
sont granitiques B tonalitiques, massifs et h grain moyen. Aucun 
contact franc n'a tt6 observC entre cette masse et les orthogneiss 
avoisinants; la prtsence d'orthopyroxene et d'une texture gra- 
noblastique suggere que cette masse a Ctt mttamorphistk, mais 
I'absence de gneissositt phktrante suggtre qu'elle a CchappC en 
partie B la dtfomation rtgionale. Cette masse pourrait etre un 
des protolites des orthogneiss. 

Les orthogneiss (fig. 4E dans Corriveau et Jourdain, 1992) 
DSme granulitique et la tonalite sont recoupb par des dykes lamprophyriques 

veints en filet (net-veined) avec amphibole et pyroxene 
Le dame granulitique consiste principalement en orthogneiss (fig. 6A) etlocalement avec des phtnocristaux de biotite. Ces 
granitiques et tonalitiques intercalks avec des bandes de dykes sent constituts de masses arrondies, centimCtriques 
mttabasites (dykes bansposb?) d'tpaisseur gtntralement dkcimttriques, de lamprophyre dans une matrice granitique. 
inftrieure ?i quelques metres. C ~ S  orthogneiss SOnt leu- Ces deux composantes sent localement stparkes par des 
cocrates, B grain fin, rubants et foliks. 11s ant comme zones de rtactions anhydres. Les dykes en filet sont inject& 
mintraux accessoires de I'orthopYrox&ne, du grenat, de la a, coeur de dykes de pegmatite et ont des contacts lobes et 

trts irrkguliers avec celle-ci. 11s ont kt6 boudints avant leur 
solidification. Les pegmatites, par contre, ont des contacts 
francs avec l'encaissant. 

I ,l 
N I ,l 

4 I 

t- 

+T 

ZONE DE CISAILLEMENT - 
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Figure 5. Projections stkrkographiques kquiaires. Les con- 
tours sont effectuks selon la mkthode de Robin et Jowett 
( 1  986); N-nombre de donne'es. A) PGles des foliations duns 
les gneiss du feuillet 31J13, b l'ouest de la zone de cisaille- 
ment. B )  Linkations minkrules duns les gneiss situks d l'ouest 
de la zone de cisaillement. C )  PGles des foliations dans les 

Figure 4. Secteur nord de la zone de cisaillement du lac gneiss de la zone de cisaillement le long du lac Gagnon (le 
Gagnon illustrant la dkviation de la linkation vers l'e'trangle- grand cercle ri 1 83"160° correspond au plan moyen de la 
ment du boudin crustal (jig. 2 et 3). Les fl2ches indiquenr la foliation). D) Linkations minkrules dans les gneiss situks dans 
direction des line'ations. la zone de cisaillement le long du lac Gagnon. 
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Des gneiss granitiques et des amphibolites grenatiftres, 
localement rubants et possiblement d'origine volcanogbne 
(fig. 6B, C) affleurent au nord-ouest du d6me sur une dizaine 
de kilomttres de longueur et 200 m de largeur (fig. 3). Des 
lithofacib hyperalumineux et magntsiens y sont associts 
(fig. 6D et E). Cette zone conserve localement des tvidences 
de cisaillement ductile et les leucosomes y sont frtquents. Ces 
gneiss sont recoupts par la brtche ignte ultrapotassique de 
Rivard (fig. 6F). Ce dyke, ou un dyke apparentt, affleure 
tgalement A 8 km plus au sud. 

Lithofaciis magnisien et hyperalumineux 

Le lithofacibs magntsien est constitut d'un gneiss siliceux 
blanc (quartz et plagioclase) avec des niveaux trbs 
magntsiens (MgO : 10%) de quelques centimbtres d'tpais- 
seur de bronzite, de corditrite magntsienne, de kornerupine 
et de tourmaline magntsienne avec accessoirement du zircon, 
de la magnttite, de la pyrite, de la pyl-rhotine et des traces de 
chalcopyrite (fig. 6D; coordonntes de la projection transverse 
universelle de Mercator [UTM], zone 18 : 478250m E, 
5131970m N, feuillet 31J16; Corriveau et a]., 1993). Ces 
niveaux sont parallbles A la gneissositt et s'ttendent d'un bout 
A I'autre de l'affleurement. Les agrtgats de tourmaline et de 
bronzite sont communtment allongts dans la gneissosite, ce 
qui ne semble pas &re le cas de la korntrupine et de la 
corditrite. Des leucosomes bronzite recoupent la gneis- 
sositt. Le zircon montre toujours une mince couronne et 
contient aussi parfois un coeur distinct, indiquant au moins 
trois tpisodes de croissance. 

Cette unit6 de gneiss siliceux affleure plus A l'est (UTM : 
479750111 E, 51 31750111 N) et est associCe (1) 5 des grenatites 
riches en magnttite avec des amas de chalcopyrite et de pyrite, 
reprtsentant peut-&tre des formations de fer silicattes (fig. 6E; 
UTM : 480200m E, 5 13 1800m N), (2) i des gneiss i cor- 
ditrite, A hypersthbne et 21 grenat, riches en zircon, (3) A des 
gneiss A sillimanite, a grenat, ii corditrite et a biotite, avec 
zircon et pyrrhotine, et enfin (4) i un gneiss granitique non 
porphyroclastique, au rubanement centimttrique et continu 
fort inhabituel, qui ne ressemble pas ?I un ccstraight gneiss>> 
(fig. 6B; UTM : 480000m E, 5131850m N). Plus au sud, cet 
assemblage de gneiss passe B un lithofacies hyperalumineux 
constitut essentiellement de sillirnanite et de quartz avec 
accessoirement de la pyrrhotine et de la biotite et des traces 
de chalcopyrite et de pyrite (UTM : 480500m E, 5129850m 
N). Cet horizon, fortement rouillt, affleure sur deux mttres 
d'epaisseur; il est plisst isoclinalement et est recoup6 par 
d'abondantes veines granitiques. Des grenatites riches en 
biotite et des gneiss h biotite, 5 grenat et B hypersthbne (UTM : 
479300111 E, 5128800m N) affleurent B nouveau plus au sud 
parmi des amphibolites B grenat tres hCtCrogknes, de plusieurs 
dizaines de mbtres d'tpaisseur. 

De tels lithofacits magntsiens et hyperalumineux 
reprbsentent, dans la region de Montauban, des mttallotectes 
pour 1'0: et les sulfures massifs (Gauthier et al., 1985; Bernier, 
1992). A I'ouest de la ceinture mttastdimentaire, des tour- 
malinites sont assocites 21 des amas zincifbres dans des 
s6quences supracrustales riches en marbre (Lapointe et al., 
1992). Dans la rtgion d'ktude, aucun marbre n'est associt A 

la zone anomale, mais les paragneiss 1 graphite sont com- 
muns. Ces gneiss, de par leur grande conductivitt, reprtsen- 
tent un obstacle important A la prospection gtophysique de la 
rtgion pour les sulfures massifs. 

La brdche de Rivard 

La brbche intrusive de Rivard (fig. 6F; UTM : 478420m E, 
513 1546m N) se prCsente sous la forme d'un dyke fortement 
pent6 vers I'ouest s'ttendant selon une orientation nord-sud 
sur plus de 200 m avec une puissance variant de quelques 
centimbtres 2 deux mktres (fig. 6F). Plus de 50 % du volume 
du dyke est occupt par des xtnolites de taille, de forme et de 
composition diverses. Ces xtnolites sont cimentts par un 
lamprophyre apparent6 la suite de plutons potassiques mis 
en place entre 1 090 et 1 076 Ma (Corriveau et al., 1990; 
Corriveau et Gorton, 1993). La breche n'est ni dtformte, ni 
mttamorphiste et recoupe des orthogneiss et des amphibo- 
lites granulitiques, ainsi que des veines pegmatitiques 
irrtgulibres. La bordure du dyke est rectiligne lorsque paral- 
Itle B la gneissositt de l'encaissant et irrtgulibre, avec trosion 
difftrentielle de I'orthogneiss, lorsqu'elle recoupe la 

A) Dyke veink en jlet mis en place dans un dyke de pegma- 
tite (Peg). Ces dykes sont typiques de la partie sud-ouest 
du d6me granulitique. Le larnprophyre forme des 
coussins dans les veines granitiques (Grnt). 

B) Gneiss granitique rubane' : le rubanement esr continu d 
la base structurale et tr2s irrkgulier dans le haut de la 
photo. 

C) Amphibolite grenatg2r-e rubanke, intercalke avec des 
gneiss d hornblende et recoupke par des veines grani- 
tiques. Une bande d'amphibolire, elle aussi rubanke, 
semble recouper les niveaux pre'ce'dents, ce phe'nombne 
n'a pu 2tre explique'. 

D) Niveau de tourmaline (fur) ci grain j n  er de bronzite 
(opx), de korne'rupine (krn) et de cordikrite d grain 
moyen dans un gneiss siliceux riche en plagioclase. Les 
agrkgats de bronzite et de tourmaline suivent la gneis- 
sositk, par contre la korne'rupine semble y Etre 
superpose'e. 

E) Horizon de grenatite riche en magne'tite (2 droite) avec 
localement des amas de pyrrhotine et de chalcopyrite et 
des traces de pyrite dans un gneiss rubane' ci biotite, d 
cordie'rite, d grenat (Grt), d rnagnktite (Mag) (princi- 
palernent dans les couches fonckes) et d orthopyrox2ne 
ou d sillirnanite. 

F)  Brbche ultrapotassique de Rivard : les xknolites ultra- 
majques (umf) sont concentrks le long de la bordure est 
(d gauche). Le dyke est fortement pente' vers l'ouest. Ces 
xe'nolites repre'sentenr diverses parties de la lithosphbre 
sous la ceinture mktase'dimentaire. 

Figure 6. 
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foliation. De nombreuses apophyses isolent plus ou moins domint% par I'extension. Toutefois, la prksence d'irr6gularitts 
compl&tement des fragments de la roche encaissante. L'ori- arrondies dans 1'Cponte et I'existence de bordures opposCes 
entation des apophyses semble contrblke par celle de la gneis- non parallbles montre que I'encaissant a et6 partiellement 
sositk de l'encaissant et ne permet pas, ii prime abord, de dCmembrt ou assirnil6 par le lamprophyre. Des bordures de 
dtfinir un sens d'kcoulement. Le dkcalage dextre d'un niveau trempe sont prCsentes A la marge d'apophyses centimttriques, 
d'amphibolite sur un metre indique une mise en place mais sont absentes des sections les plus larges du dyke. La 
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mise en place s'est effectuke en plusieurs injections, distinctes 
par la granulomCtrie et la composition du lamprophyre et par 
I'abondance des xCnolites. 

Les xtnolites sont arrondis h anguleux et leur dimension 
varie de 1 mm a 70 cm. Parmi les quelque 1 500 xtnolites 
dkcrits, environ 30 % sont de composition ultramafique. I1 
s'agit de plusieurs types de clinopyroxtnites (h grenat, B 
spinelle ou micactes), d'orthopyroxtnites, de websttrites et 
de rares ptridotites. Environ 30 % des xenolites sont de 
composition mafique A intermtdiaire et comprennent des 
gabbros, des norites, des anorthosites, des mktabasites, des 
roches calcosilicatCes et possiblement des Cclogites. Environ 
40 % des xtnolites sont felsiques et sont composts de gneiss 
(orthogneiss et paragneiss), avec une abondance anormale- 
ment tlevte de grenat, de quartzites grises ou bleues et de 
granito'ides. Quelques-unes de ces lithologies peuvent Ctre 
observtes dans les affleurements de la rtgion. La mintralogie, 
la granulomttrie et l'intensitk de la dtformation des xknolites 
sont trks variables. Un exemple extreme de deformation 
inter-xtnolites est illustrt par un rentrant dans un gneiss 
quartzofeldspathique occupk par un xtnolite anguleux de 
clinopyroxCnite autour duquel la gneissositC a CtC dtvike de 
manikre ductile. La bordure des xknolites est nette ou rtsorbke 
et peut montrer une fine couronne de clinopyroxkne, d'am- 
phibole etlou de biotite, ce qui suggkre que certains xCnolites 
ont partiellement rtagi avec le magma ultrapotassique et que 
d'autres ont servi de sites de nucltation. La brkche contient 
en outre d'abondants mtgacristaux de clinopyroxkne pouvant 
atteindre 5 cm, de mCme que quelques xtnocristaux de grenat 
rouge avec texture ktlyphitique et de feldspaths gris 
communCment rtsorbts. 

Le lamprophyre qui cimente les xCnolites est porphyrique 
avec des phCnocristaux millim6triques A submillimCtriques de 
clinopyrox~ne et de biotite formant environ 20 % du volume du 
larnprophyre. La matrice ign6e est composte de clinopyrox&ne, 
de biotite, de feldspath potassique, de plagioclase, d'amphibole 
et d'apatite, avec des quantitts mineures de quartz, de titanite, 
de zircon(?) et de sulfures. Les phknocristaux dtfinissent locale- 
ment une foliation magmatique dont la forme autour de certains 
xtnolites montre un 6coulement vers le haut. 

Marge ouest 

La marge ouest du d8me granulitique (fig. 3) comprend une 
skquence de mttastdiments riches en graphite avec spo- 
radiquement des marbres dolomitiques et des marbres oli- 
vine. Ces mttastdiments forment dans le coin sud-ouest du 
feuillet 3 1513 un synforme rkgional plongeant vers le sud. Ces 
paragneiss forment la bordure est d'un autre complexe char- 
nockitique comprenant des monzonites, des mangerites et des 
diorites et, au sud dans le feuillet 31 Gl14, des granites, des 
monzonites et des gabbros localement pegmatitiques et 
hktkrogknes. 

Marge est 

La partie est du feuillet 31 J/3 comprend des paragneiss pro- 
tomylonitiques et mylonitiques, cisaillts (dkplacement 
normal, senestre, bloc occidental abaisst) au faciks des 

amphibolites et anormalement riches en pyrrhotine et en 
tourmaline (fig. 7E). Ces paragneiss sont intercalks sur plu- 
sieurs kilomktres d'tpaisseur avec des feuillets concordants, 
centimktriques B kilomttriques, de monzonite et de diorite 
folikes (foliations tectonique et magmatique; fig. 3 et 7A A C), 
de microdiorite et de dykes en filet (foliationmagmatique) 
dont des exemples types sont dtcrits dans Corriveau (1991). 
Les evidences d'assimilation (fig. 7D), de melange de mag- 
mas, d'emplacement syntectonique et de formation de skarn 
(fig. 7C) sont communes dans ce corridor. LA oh la mon- 
zonite a Ctt fortement cisaillte, elle est transformke en gneiss 
A biotite et a grenat et contient des intercalations de roches 
calcosilicatCes (fig. 7D) dont les protolites gabbroi'ques sont 
localement prtservks. Des failles est-ouest tardives, pouvant 
atteindre un mktre d'kpaisseur, recoupent la zone de cisaille- 
ment. Certaines de ces failles sont remplies de veines de 
quartz formant des gtodes d'un volume de prks de un mhtre 
cube avec des cristaux limpides, souvent zonts, qui atteignent 
10 cm de longueur (fig. 7E). 

L7intensitC et le moment de la dCformation varient de I'est 
h I'ouest et du nord au sud. A I'ouest, une grande partie des 
feuillets et leurs dykes ont conservC leur foliation magma- 
tique et les dykes de pegmatite sont rectilignes ou ltgkrement 
ondulb. A I'est, par contre, mCme les dykes de microdiorite 
et de pegmatite sont mylonitists, ce qui suggkre que le 
cisaillement s'est termink plus tardivement dans cette rtgion. 
Le plan moyen de la foliation est de 183°/600 (fig. 5C). Le 

A) Feuillet de monzonite porphyrique (Monz) intercale'avec 
des bandes de roches calcosilicate'es mylonitiques, pos- 
siblement d'origine gabbroi'que, er d'autres gneiss. Le 
feuiller est parallhle au plan de cisaillement de la mylo- 
nite hhgte et les phLnocristaux de la monzonite sont 
aligne's selon une foliation ignke parallhle aux contacts 
du feuillet. 

B) Vue rapprochke et 

C) e'chantillon du m&me afleurement qu'en A montrant des 
feuillets de monzonite transforme's par le cisaillement en 
gneiss a biotite et ci grenat. Les roches calcosilicate'es 
forment des bandes zone'es ci grain trts fin. Des 
phe'nocristaux de la monzonite sont localement prbervks 
dans les gneiss ci biotite. 

D) La roche encaissante est localement dkmembre'e et 
dige'rke par des monzonites non porphyriques comagma- 
tiques. 

E) Paragneiss a biotite avecpyrrhotine et tourmaline (Tur), 
recoupe's par des veines granitiques. Une nouvelle 
ge'ne'ration de tourmaline est forme'e aux dLpens des 
veines et des paragneiss. 

F) Cristaux de quartz form& dans des veines de quartz 
d'orientation est-ouest. 

Figure 7. 
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cisaillement s'est produit lors du mCtamorphisme rttrograde 
au fac5s des amphibolites moyen, comme en tkmoigne l'appa- 
rition de la muscovite dans les gneiss B biotite. Les linkations 
passent d'une direction sud-ouest, le long du lac Gagnon, B 
une direction ouest B l'inttrieur de la zone d'ttranglement 
d'un boudin crustal (fig. 2 21 5). Le boudinage semble avoir 
entrain6 I'extrCmitt sud du d6me granulitique et d6viC les 
lineations de part et d'autre de la zone d'ktranglement. 

L'extension nord de ce corridor de dtfolmation, B I'est du 
lac Montjoie dans le feuillet 3 1516, est marqute par du plisse- 
ment ptygmatitique dysharmonique et quelques zones de 
cisaillement et est pauvre en intrusions monzonitiques 
(Corriveau et Jourdain, 1992, 1993; Tremblay et al., 1993). 
Ce corridor se poursuit vers le sud dans le feuillet 31G114 
(cette Ctude) et dans le feuillet 31 GI1 1 au nord de la rivi&re 
des Outaouais (Dupuis et al., 1989). La zone s'amincit gradu- 
ellement vers le nord; sa puissance est de 10 km dans la partie 
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sud du feuillet 31Jl3, de 6 km dans la partie nord et de 3 km 
dans la rtgion du lac Montjoie. Cette zone montre un grade 
mttamorphique plus faible (muscovite stable) que la zone de 
cisaillement de Labelle, plus B l'est. 

CONCLUSION 

Les levts rtgionaux sur le feuillet 31513 A I'Cchelle de 
1/50 000 en 1992 et les etudes thtmatiques en 1993 ont 
permis de suivre, du nord au sud (parallblement au grain 
structural) et de I'est A I'ouest, les structures et les types de 
plutons observts lors de la cartographie des feuillets 31 512 et 
31 516 (1990, 1991) et de tracer sur une dizaine de kilombtres 
une cible d'exploration comportant des lithofacibs hyperalu- 
mineux et magntsiens qui, dans la rtgion de Montauban en 
Mauricie, sont considCrCs comrne d'importants mttallotectes. 
La brbche ultrapotassique de Rivard recoupe ces lithofacibs. 
Elle forme un dyke d'orientation nord-sud, non dtformt et 
non recristallist oh 30 % des xtnolites sont ultrarnafiques (p. 
ex., clinopyroxtnites A grenat, ptridotites). Ces xCnolites sont 
une fen&tre sur la lithosphbre grenvillienne et sous-grenvil- 
lienne. Des Ctudes sont en cours afin de dtterminer si la source 
de ce magma ultrapotassique du ProttrozoYque est dans le 
champ de stabilitt des diamants et si le craton archten s'Ctend 
jusque sous la ceinture mttastdirnentaire. 

La zone de dtformation ductile identifite en 1991 A la 
marge est de la ceinture se poursuit vers le sud dans les 
feuillets 31 513 et 31G114. Cette zone renfe~me des paragneiss 
porphyroclastiques et des mylonites, cisaillts (dtplacement 
normal, senestre, bloc occidental abaisst) au facibs des 
amphibolites oti se sont intercalks des injections lit-par-lit 
dtcamttriques B kilomttriques de monzonite, de diorite et des 
dykes en filet. Ces dykes peuvent Ctre eux-mCmes t r b  dtfor- 
mCs au faciks des amphibolites. Les paragneiss et les veines 
qui les recoupent sont anormalement riches en pyrrhotine, en 
pyrite et en tourmaline le long de toute cette zone. 

Une shuence de mttastdirnents, qui renferme des marbres 
dolomitiques, formeun synforme rtgional dans le coin sud-ouest 
de la rtgion. Cette sCquence borde deux des complexes char- 
nockitiques identifits par Wynne-Edwards et al. (1966). Le 
complexe du sud comprend des masses de monzonite, de 
mangtrite, de diorite et de gabbro d'une ttendue de quelques 
kilombtres carts. Le d6me au nord consiste en orthogneiss 
granitiques 2 tonalitiques, et en une masse tonalitique homogbne 
qui reprksente possiblement le protolite. 
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Comparison of trace element distributions in 
lake sediments and waters from the 
Florence Lake area, Labrador1 
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in lake sediments and waters ffom the Florence Lake area, Labrador; & Current Research 
1994-C; Geological Survey of Canada, p. 367-376. 

Abstract: As part of a detailed infill lake sediment survey in the Florence Lake area of Labrador, waters 
were collected from 131 sites for trace metal determination. The distribution of 15 elements in waters and 
accompanying lake sediments were compared. Results indicate a significant correlation between U, Ni, Ce, 
La, Sm Tb, Cu, and Mn in the two media. Zn, Cd, Pb, F, V, Fe, and Co do not appear to have a sympathetic 
relationship. 

Evaluation of the variance of the total data set as well as site and blind duplicate data suggests that the 
lack of correlation for some elements may be related to relatively high within-site variability, particularly 
for the water data. 

The correlation in the distribution of sediment and water data suggests that the extensive National 
Geochemical Reconnaissance sediment database may be useful, in terms of environmental and public health 
concerns, for identifying areas in which naturally elevated concentrations of elements occur in surface 
waters. 

RCsumC : Dans le cadre d'un lev6 dCtaillC des sediments de remplissage lacustres dans la rtgion du lac 
Florence au Labrador, des Cchantillons d'eau ont CtC prClevCs 2 131 sites pour dCterminer leur teneur en 
mttaux traces. Les rCpartitions de 15 Cltments dans les eaux et les stdiments lacustres associCs ont t t t  
comparkes. Les rksultats indiquent une importante correlation entre U, Ni, Ce, La, Sm, Tb, Cu et Mn dans 
les deux milieux. Zn, Cd, Pb, F, V, Fe et Co ne semblent pas prisenter de corrClation. 

L'Cvaluation de la variance dans I'ensemble des donnCes totales ainsi que des donnCes d'Cchantillons 
additionnels pour un mEme site et d'Cchantillons tCmoins indique que I 'absence de corrtlation de certains 
ClCments peut Etre like B une variabilitt relativement Clevte au sein d'un mtme site, en particulier en ce qui 
concerne les donnCes sur les Cchantillons d'eau. 

La corrClation entre la rtpartition des donnCes sur les Cchantillons de sediment et les Cchantillons d'eau 
rtvhle que l'importante base de donnees sur la compostion des sCdiments du sous-programme national de  
reconnaissance gtochimique pourrait t h e  utile, en ce qui a trait aux problhmes de santC publique et 
d'environnement, pour repCrer les rkgions oC les eaux de surface contiennent des concentrations d'C1Cments 
naturellement Clevees. 

' Contribution to Canada-Newfoundland Cooperation Agreement on Mineral Development (1990-l994), a subsidiary 
agreement under the Canada-Newfoundland Economic and Regional Development Agreement. 
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INTRODUCTION 

National Geochemical Reconnaissance (NGR) surveys in 
Labrador commenced in 1976 and by 1988 the entire land- 
mass of Labrador had been covered. In total, sediment and 
coincident water samples were collected from 18 000 lakes 
and 2500 streams (Fig. I), at an average sample density of 
approximately 1 per 13 km2. These reconnaissance surveys 
were funded through a series of Mineral Development 
Agreements between the Governments of Canada and 
Newfoundland and Labrador. Under the present Canada- 
Newfoundland Cooperative Agreement on Mineral Development 
(1990-1 994), a reanalysis program is being undertaken on the 
entire Labrador lake and stream sediment sample set to 
expand the element suite (Davenport et al., 1991). 

Also under this agreement a detailed infill lake sediment 
and water survey was completed in the Florence Lake area 
(Fig. 1). This region was selected based on: its favourable 
mineral potential; interesting results from the original NGR 
surveys; discussions with Newfoundland Geological Survey 
personnel; and, the mineral industries interest in the area. 
Although the primary objective of the survey was to assist 
mineral exploration activity, additional sampling was under- 
taken to evaluate the use of lake waters in both mineral 
exploration and environmental studies. Therefore, in addition 
to routine NGR sediment and water samples (Friske and 
Hornbrook, 1991), waters were collected from selected sites 
for trace metal determination. 

LABRADOR 

Lake Surveys 

69 Stream Surveys 

I Study Area 

Figure I .  Map of Labrador showing distribution of lake and 
stream coverage as well as the Florence Lake survey area. 

Data from the routine sediment and water samples have 
already been released (Friske et al., 1993). It is the purpose of 
this paper to present the lake water data and compare it to data 
from concomitant lake sediments. Several other hydrogeo- 
chemical surveys have also been carried out recently in 
Newfoundland to evaluate waters in terms of exploration and 
environmental applications (Finch et al., 1992; Hall, 1992). 

DESCRIPTION OF SURVEY AREA 

The Florence Lake study area covers four 1 5 0  000 scale NTS 
map sheets (13K/6, 7, 10, 15), an area of approximately 
3700 km2. Located 140 km north of Goose Bay, the area is 
accessible only by helicopter or float plane, with the excep- 
tion of the extreme northeast which can be reached from the 
shores of Ugjoktok Bay. Physiography of the area varies from 
the flat string bogs to sediment choked valleys to the rugged 
rolling hills of the uplands. Elevations range from sea level 
to near 700 m, with local relief up to 300 m. Vegetation 
reflects the varied terrain: bogs in the wet poorly drained 
areas, spruce and lichen sporadically blanket the predomi- 
nantly barren bedrock hills. The climate of the area can be 
described as having harsh winters with abundant snow accu- 
mulations, and short cool summers. The area lies within a 
region of discontinuous permafrost. 

Geological setting 

The study area is underlain by Archean rocks of the Nain 
Province and Makkovik Subprovince, and Proterozoic rocks 
of the Grenville Province . Ryan (1984) has mapped the area 
in detail and the following description of the bedrock geology 
and mineralization comes largely from his report. 

The Archean rocks are concentrated in the northern part 
of the study area and consist of amphibolites (Weekes 
Amphibolite, unit I), quartzofeldspathic gneisses (Maggo 
Gneiss, unit 2), mafic metavolcanics (Florence Lake 
Group, unit 3), and granitoid rocks (Kanaiiktok Intrusive 
Suite, unit 4). Together these rocks are referred to as the 
Kanairiktok Valley Complex. Similar rocks (referred to as 
equivalents in the geological legend), which have under- 
gone retrogressive metamorphism, occur in the Makkovik 
Subprovince portion of the study area and are referred to 
as the Kaipokok Valley Complex. Mineral exploration 
within the Archean terrain has been directed primarily at 
the supracrustal rocks of the Florence Lake group, which 
has base metal and asbestos occurrences, and a potential 
for PGEs (Wardle, 1987). Several uranium occurrences 
have been noted in the intrusives. 

The Archean basement is overlain unconfonnably by 
Aphebian rocks of the Moran Lake Group. It consists of a 
sedimentary assemblage (Warren Creek Formation, unit S ) ,  
capped by mafic volcanic rocks (Joe Pond Formation, unit 6). 
The most significant mineralization in the Moran Lake Group 
is the base metal occurrences in the supracrustal rocks. These 
occur as syngenetic sulphide-rich lenses and beds, and to later 
crosscutting Pb and Zn veins. 



P.W.B. Friske et al. 

Table 1. Variables determined and methods used for Florence Lake lake sediment and 
water samples. 

- 

LAKE SEDIMENT LAKE WATER 

Ag, Cd, Co*, Cu, Fe, Mn, Mo, Ni', Pb, V, Zn (atomic pH (glass calomel electrode and pH meter) 
absorption spectrometry) 

F (ion selective electrode) F (ion selective electrode) 

As, Au, Ba, Br. Ce, Co, Cr, Cs, Eu, Fe', Hf, La, Lu, Mo, Al, Cd, Ce, Co, Cu, Dy, Eu, Er, Fe, Gd, Ho, In, 
Na, Ni, Rb, Sb. Sc, Sm, Ta, Tb, Th, U, W, Yb La. Lu, Mn, Nd. Ni, Pb. Pr, Sm, Tb, Ti, Tm, U*, V. 
(instrumental neutron activation analysis) Yb, Y,  Zn (ion chromatography-inductively coupled 

plasma-mass spectrometry) 

Hg (cold vapour extraction-atomic absorption U (laser-induced fluorescence) 
spectrometry) 

LO1 (gravimetry) 

Four Helikian bedrock units occur in the study area. The 
oldest (Bruce River Group, units 7 and 8) is a sedimentary- 
volcanic package that unconformably overlies the Moran 
Lake Group. Numerous base metal and uranium occurrences 
have been discovered throughout the group. 

The Bruce River Group is intruded by two groups of 
Helikian rocks, the Nipishish Lake Intrusive suite (unit 9) and 
the Michael Gabbro (unit 10). The Nipishish Lake Intrusive 
suite is monzonitic to granitic in composition, forming wide 
northeast-trending linear igneous bodies. Small disseminated 
molybdenite occurrences and small veins of purple fluorite 
are known to occur in this unit. The Michael Gabbro is a 
semicontinuous series of olivine gabbro dykes. No appreciable 
mineralization has been noted for this unit. 

The Seal Lake Group is the youngest supracrustal se- 
quence of the area. Four formations (units 1 1 to 15) make up 
the sequence of deformed sedimentary, volcanic and associ- 
ated intrusive rocks. Although the Seal Lake Group is host to 
over 250 copper showings none occur within the study area. 

Surficial geology 

The entire study area was last glaciated by the Wisconsin 
continental ice sheet during the Pleistocene. Glacial direction 
was predominantly from west to northeast, with local vari- 
ations. Batterson et al. (1988) identified,-in the Moran Lake 
area, an eastward directed flow overprinting the ubiquitous 
northeast flow direction. Bedrock dominates the upland areas. 
Generally thin and discontinuous tills are draped across the 
intermediate elevations. At lower elevations eskers, dmmli- 
noid ridges, and tills are common and subparallel the bedrock 
ridges. Post glacial outwash plains dominate the lower 
elevations of the Kanairiktok and Kaipokok river valleys. 

METHODS 

During the summer of 1992, lake sediment and water samples 
were collected from 404 sites as part of the Florence lake infill 
survey. In addition to the routine NGR water and sediment 
samples (refer to Friske and Hornbrook, 1991, for a detailed 
description of the NGR methodology), 131 lake-water samples 

were collected using 250 mL ~ a l g e n e ~ ~  linear polyethylene 
bottles that were immersed 10-20 cm below the lake surface. 
Within 12 hours of collection, the samples were filtered using 
0.45 %pm filter paper and acidified with 2 mL of 8 M HNO3 
(PH 4). 

Lake sediment and water field duplicate samples were 
collected at 24 sites. Before chemical analysis blind duplicate 
splits were prepared from 25 sediment and 9 water samples. 

Sediment and water samples were analyzed for a wide 
range of variables by a number of different techniques, 
summarized in Table 1. A11 the data, except for variables 
determined by ICP-MS on the waters, have been released 
along with detailed descriptions of the analytical procedures 
(Friske et al., 1993). 

Transition and rare earth elements in waters were determined 
by a method, recently developed by Hall and colleagues at the 
GSC, which is based.upon automated preconcentration using a 
chelating resin of iminodiacetate functionality. The combination 
of a 10 times preconcentration factor (50 mL to 5 mL) and 
analysis by ICP-MS achieves detection limits in the ppt range 
for most elements. Generally limitations in low-level detection 
capibility derive not from the sensitivity of ICP-MS, but from 
random contamination introduced during the processes of filtra- 
tion, acidification and bottling. 

RESULTS 

The main objective of.this paper is to evaluate the relationship 
between trace element distributions in lake sediment and asso- 
ciated water. Therefore, although numerous variables were 
determined, the following discussion is restricted to elements 
that were determined in both media. A further restriction is that 
for an element to be considered, at least 50 per cent of the 
determinations in both media are greater than the detection limit. 
Based on these criteria the following discussion focuses on data 
for Cd, Ce, Co, Cu, F, Fe, La, Mn, Ni, Pb, Sm, Tb, U, V, and Zn. 
For variables determined by more than one method in a given 
medium, an asterisk distinguishes which data set was used 
(Table 1). For example, lake sediment Co data by AAS rather than 
INAA are used because of the superior detection limit by M S .  
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Correlation of lake water and sediment data 

Element 

Figure 2. Summary of Pearson correlation coeflcients 
between elements in lake sediment and water. 
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Pearson correlation coefficients were calculated as a first 
approach in evaluating whether there is a sympathetic rela- 
tionship betweenelement concentrations in lake sediment and 
lake water. The results are summarized in Figure 2. Values 
were calculated using log transformed data. The critical value 
for r at the 95% confidence level (N=131) is 0.16. As shown 
in Figure 2, there is a significant correlation between U, Ni, 
Ce, La, Sm, Tb, Cu, and Mn in sediment and water, whereas 
Zn, Cd, Pb, F, V, Fe, and Co do not appear to have a 
sympathetic association. These relationships are corroborated 
by scatter plots, selected ones of which are shown in Figure 3. 
This figure also illustrates the importance of log transforming 
the data before calculating the correlation coefficients. The 
value of r for the raw Zn data is 0.36, which is clearly the 
effect of one or two "flyers". 
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Figure 3. Scatter plots of selected elements in lake sediment and water. 
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Proportional circle plots were produced to evaluate the 
possibility that an element, although not correlating on a site 
basis, exhibits similar regional distribution patterns in lake 
sediment and water. To allow for direct visual comparison of 
an element in both media the raw data were normalized by 
converting them to percentiles. Therefore, regardless of data 
distribution, equivalent percentile values are represented by 
circles of equal size. 

Figures 4 and 5 show the distribution of Zn and Co in 
sediment and water, superimposed on the bedrock geology. 
It is evident that these elements exhibit distinctly different 
patterns in the sediment and water media. Zn and Co in 
sediment display similar trends with elevated levels closely 
associated with areas underlain by mafic volcanics. In the 
study area there are three units (3, 6, and 12) dominated by 
mafic volcanics that are shaded to highlight their aerial 
distribution (Fig. 4 and 5). 

The association of elevated Co in the sediment with mafic 
volcanics reflects elevated background levels of Co  in mafic 
igneous rocks relative to most other lithologies. Cobalt 
concentrations in various rock types given by Kabata-Pendias 
and Pendias (1984) include: mafic igneous rocks, 35-50 ppm; 
felsic igneous rocks, 1-7 ppm; limestone, 0.4-1.0 ppm; sand- 
stone, 0.3-10 ppm, and shale, 11 -20 ppm. The distribution of 
Co in water, however, shows no obvious association with the 
bedrock geology. 

Zn is not as strongly differentiated between the major rock 
types. Although there is some enrichment in the mafic vol- 
c a n i c ~  relative to most other lithologies, the association of 
elevated Zn values (in lake sediment) with the mafic volcanics 
likely reflects a component related to mineralization. Batter- 
son et al. (1988) indicated that base metal and precious metal 
showings are associated with volcanics of Moran Lake Group 
(ufiit 6), whereas within the Florence Lake Group (unit 3) 
asbestos and uranium showing and potential for PGEs are the 
main types of mineralization. Although elevated Zn levels 
occur over all three mafic units, the strongest signature is 
clearly over the area underlain by the Moran Lake Group 
rocks (unit 6).  The distribution of Zn in water shows no 
obvious association with the bedrock geology. 

Effect of data variability on observed relationships 
between sediment and water 

A cursory evaluation of the data indicated considerably more 
variability in the lake water data than in the sediment data for 
several elements. To confirm this and see what effect it might 
have on the observed relationship (correlation) between an 
element in sediment and water, closer examination was made 
of the variability of the total data sets as well as site and blind 
duplicate data. The site duplicates are two samples taken 
within a few metres of each other and are used to evaluate 
combined sampling and analytical variance (within-site vari- 
ation). Blind duplicates represent laboratory splits of single 
samples and are used to evaluate analytical variance. 

Variances were calculated based on the total data set and 
the site and blind duplicate pairs and are summarized in 
Table 2. Total data variability was determined by the usual 
statistical method. Variances for the field and blind duplicate 
pairs were calculated using the approach outlined by Garrett 
(1 969, 1973); 

where s2 is the variance of the field(SA) and blind(A) 
duplicate data 

Xli is the logarithm of the first determination 

X2i is the logarithm of the second determination 

and N is the number of pairs. 

As expected, the variance for a given element is greatest 
for the total data set, followed by the site duplicates (com- 
bined sampling and analytical variance) and blind duplicates 
(analytical variance). 

LEGEND (Figures 4 and 6) 

HELlKlAN 
sear  aka oroup (units ff-1.3 

) Salmon Lake FonnaUon: shale, basallic flews. and dlabaw sllk 

1 Wh1ey L a b  FomUon: shale, argillte, quartlita 

1 Wuchusk Lake Formadon: quartzite, shale, chert, Urnestona, minor dlabasa and oabixo silts 

1 ~ o a & e m ~ ~ e F o ~ ( l o " :  amy@aloldal and vesicular basan (12): quartzite, arkose, and 

rn 
1 M1cha.l Oabbro: ohrlne pabbro. matagabbro 

NIpIshIrh Lake bbu.lv. Sulle: granllm, prandlorile, dlorlte. monzonita 

Bruce Rlvw Group (Unlfa 7-8) 

1 rhyolite lo andeslUc vobnlc rock mlnor basan 

volmnlclastlcs, melmsdlments, wnplomeratm, sandstone, mudstone 

APHEBiAN 
Monn L ~ k a  Gmup (Unlfa 66) 

Joe Pond FomteUon: mssslve and plllaved basan, plllow break, tuff. dolodone. and chart 

bay Creek Formation: mudstone, slate, slllatone, sandstone, limestone, dolostone, and 

ARCHEAN 
Kanalrlklok and Kalpokok VaMay Compluw (Unlts 1-4) 

1 K~.nalrlClok Inbudvm S u h n d  equIvd8ne: gmnlte, grandlorite, and tonaAta 

) F l o m c e  L a b  Omup and .pulv.lmls: mafic vokanlcr and voloanlclasUcs 

1 Maggo G n u  and equlvalnfa: layered quar(zofeldspath1c gneiss 

( W l w  Amphlbolll8 and equlvelents: layered amphlbollte 
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Also listed in Table 2 are the ratios of the total variance to 
Table 2. Summary of variance for total, site and blind the site variance (F-ratio). Garrett (1969, 1973) considered 
duplicate data. the relationship of these two variances and argued that the 

total variance (between-site variance) should be significantly 
greater than the site variance (combined within-site and ana- 
lytical) if the data are to show clear spatial patterns. A similar 
approach was used by Davenport (1990) to evaluate the 
quality of regional lake sediment data from Newfoundland. 

Variance 
Variable Total Data Site Duplicate Blind Duplicate F-Ratio 

SZT S2sA s~~ ~ = ~ ~ , l s ~ ~ ~  

Cd-s 0.1545 0.0099 0.00571 15.8 
Cd-w 0.1758 0.0279 0.01554 8.3 
Ce-s 0.0752 0.0044 0.00278 17.0 
Ce-w 0.1598 0.0061 0.00172 28.4 
Co-s 0.1639 0.0128 0.00843 12.8 
Co-w 0.2162 0.0589 . 0.01 276 3.7 
Cu-s 0.081 5 0.0021 0.00040 38.4 
Cu-w 0.1291 0.0297 0.00396 4.3 
Fe-s 0.1951 0.0144 0.00080 13.8 
Fe-w 0.1357 0.0514 0.00062 2.6 

0.051 8 0.0222 F-s 2;3 
F-w 0.0132 0.0024 5.8 
La-s 0.0582 0.0033 0.00055 17.9 
La-w 0.1161 0.0047 0.00051 24.8 
Mn-s 0.3594 0.0214 0.00050 18.8 
Mn-w 0.2341 0.0210 0.00092 .11.2 
Nl-s 0.0842 0.0030 0.00087 28.0 
Ni-w 0.1 189 0.0288 0.00943 4.1 
P b-s 0.0691 0.0051 0.01417 13.5 
P b-w 0.0909 0.0333 0.00297 2.7 
Srn-s 0.0499 0.0040 0.00023 12.3 
Sm-w 0.1054 0.0059 0.00048 17.7 
T b-s 0.0744 0.0144 0.00878 5.2 
Tb-w 0.1126 0.0177 0.01 150 8.3 
u-s 0.2088 0.0062 0.00045 33.8 
u-w 0.2977 0.0164 0.00107 18.2 
v-s 0.0459 0.0044 0.00150 10.4 
v-W 0.1293 0.0128 0.00047 10.1 
Zn-s 0.0780 0.0042 0.00029 18.4 
Zn-w 0.1694 0.0370 0.00415 4.8 

0 I 

0.00 0.20 0 40 0.60 0 80 1 .OO 

Correlation 

Figure 6. Scatter plot of average F-ratio versus correlation 
coeficient for an element in sediment and water. 
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Figure 7. Ratio (expressed as a percentage) of site and blind duplicate variance to total variance. 
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Table 3. Ratio of 50th percentile to detection limit for 
variables in water and sediment. 

Values 50th Ratio: 
Variable Units D.L. >D.L. %tile 50thlD.L. 

A number of features of the F-ratio values are worth 
noting. On average, the between-site to within-site variation 
(F-ratio) is significantly greater for sediments compared to 
waters (average sediment F-ratio - 17.1; average water 
F-ratio = 9.6). There is also a clear association between the 
correlation coefficient of an element in sediment and water 
and the average F-ratio for the element in both media. 
Figure 6 shows the strong positive correlation (r=0.80) 
between these two parameters. This suggests that the lack of 
correlation for some variables may be related to high within- 
site variability relative to overall variability. This would most 
likely be the case for Co, Pb, Fe, and F, which have the 
4 lowest F-ratios (Table 2): Co, Pb, and Fe in the water data 
and F in the sediment data. 

To make a more meaningful comparison of sediment and 
water data for some elements it is evident that a higher 
between-site (total variance) to within-site variance is required, 
particularly for the water data. To  see where improvements 
might be made, Figure 7 shows the ratio (expressed as a 
percentage) of site duplicate and blind duplicate variance to 
total variance. Co, Cu, Fe, Pb, and Zn in water show consid- 
erable combined site and analytical variation (up to almost 
40% of total variance) but relatively small analytical vari- 
ation. Therefore, for these elements, sample collection 

procedures need to be re-evaluated in order to identify the 
sources of the variability and thereby reduce them. Where 
analytical variability is relatively high, as indicated by the 
blind duplicate variance, concentrations measured are often 
close to the method's detection limit. For example, the data 
in Table 3 reveal that the ratio of the 50th percentile concen- 
tration to the detection limit is 3 or less for the following 
parameters which have relatively high blind duplicate vari- 
ance: Cd, Ni and Tb  in water; and Pb and Tb in sediment. 
Lowering the detection limits for these variables will likely 
reduce the blind duplicate variability and therefore the within- 
site variance. 

SUMMARY 

Results of this study indicate that there is a significant corre- 
lation in the distribution of a number of elements in lake 
sediment and water. Of the 15 elements considered U, Ni, Ce, 
La, Sm Tb, Cu, and Mn exhibit some degree of association. 
Zn, Cd, Pb, F, V, Fe, and Co do not appear to have a 
sympathetic relationship based on the available data. Plots of 
the sediment and water data indicate that, for those elements 
which do not correlate, the distribution of the sediment data 
is closely related to chemical composition of the underlying 
bedrock, whereas the water data show no obvious association. 

Evaluation of the variance of the total data sets as well as 
site and blind duplicate data suggests that the lack of correla- 
tion for some elements may be related to relatively high 
within-site variability. This is particularly the case for the 
water data, where collection procedures need to be re-evaluated 
in order to identify, and if possible reduce, the source(s) of 
variability. The result could be an overall increase in the 
association between sediment and water data, some of which 
may presently be obscured due to erratic water data. 

One implication of the observed correlation of some vari- 
ables in sediment and water is the potential value of the NGR 
data in terms of environmental and public health concerns. 
Over one million square kilometres of Canada have been 
covered by lake surveys (plus an additional 0.9 million km2 
by stream.surveys), sediments from which have been ana- 
lyzed for up to 40 elements. When properly interpreted these 
data may be useful in outlining areas in which significantly 
elevated concentrations of elements occur in the surface 
waters, which in one form or another may be used for 
domestic needs. 
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