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RE-DEFINITION AND SUBDIVISION OF THE RAPITAN GROUP, MACKENZIE MOUNTAINS 

Abstract 

The Proterozoic Rapitan Group of the Mackenzie Mountains has been subdivided into four 
formations, from bottom to top as fallows: Sayunei, Shezal, Twitya, and Keele. The Keele 
Format ion has been included in the redefined Rapitan Group because of a gradual transition 
between the Twitya Formation and f acies variations of the Keele Formation. Thickness changes, 
f acies patterns, and sedimentary environments suggest that the basal Sayunei Formation was 
deposited in fault controlled basins. It consists of maroon or green siltstone and argillite and is 
interbedded with sharpclast-siltstones shed from tectonic scarps. The Shezal Formation consists of 
glacial-marine diamictites deposited in a relatively shallow marine environment. The Twitya 
Formation is composed of shal e and sandstone laid down on an unstable prograding shelf. The 
K eele Formation is a varied assemblage of cyc li c carbonates and elastics which was deposited on 
shallow-water banks. It grades laterally into deeper-water f acies comprising mass-flow deposits. 
The role of contemporaneous faulting during the initial stages of Rapitan deposition is significant 
in the appraisal of stratabound copper and iron deposits of the Mackenzie Mountains. 

Re:nme 

Le groupe de Rapitan des monts Mackenzie, du Proterozoi:que, a ete subdivise en quatre 
formations, de la base au somm et, comme suit: Sayunei, Shezal, Twitya, et Keele. On a inclus la 
formation de Keele dans la nouvelle definition du groupe de Rapitan, en rai son d'une transition 
graduelle entre la formation de Twitya, et les variations de f acies de la formation de Keele. Les 
variations d' epaisseur, la disposition des f acies et les divers milieux sedim entaires se mblent 
indiquer que la formation basale de Sayunei s'est deposee dans des bassins a control e tectonique. 
Elle consiste en siltstone et argilite marrons ou vertes, et elle est interstratifiee avec des 
siltstones et sharpclasts provenant d'escarpements de fa ill e. La formation de Shezal consiste en 
diamictites glacio-marines deposees dans un milieu marin relativement peu prof ond. La formation 
de Twitya est composee d'argile litee et de gres deposes sur une plate-{ orme instable en 
progression. La formation de Keele est un assemblage varie de depots cyc liques de carbonates et 
roches clastiques qui se sont deposes le long du littoral en eau peu prof onde. Elle passe 
lateralement a un facies d'eau plus prof onde, comprenant des depots d'ecoulem ent en masse. Le 
role des failles produites pendant l es etapes initiales dude pot des sediments de la formation de 
Rapitan est important, pour !' evalua tion des gites strati{ or mes de fer et cuivre des monts 
Mackenzie . 

INTRODUCTION 

A large portion of the Canadian Cordillera is underlain 
by Proterozoic rocks . In the northern Cordillera Proterozoic 
ca rbonate sequences, elastic successions, volcanics, a nd 
intrusive breccias have become significant in the exploration 
for iron, copper, zinc, lead, and uranium . 

First order regional reconnaissance work has 
establi shed a rou gh outline of the principal Proterozoic rock 
units. Present studies by the Geological Survey of Canada a re 
directed towards regional corre lation of the various rock 
packets, the recognition of tectonic controls on the develop
ment of the sedimentary basins, and the relationship between 
stratigraphy and contained ore deposits. 

The report deals specifically with the proposed 
stratigraphic subdivision of the Rapitan Group, a widely 
exposed elastic succession high in the Proterozoic sequ e nce . 

Histori cally, the scientific study of the Rapitan Group 
began with the description of presumed glacial deposits 
(Snake River Tillite) in the Bonnet Plume River area, Yukon 
Ter ritory (Ziegler, 1959). Three years later a large deposit of 
iron-formation was discovered and staked in the same region 
by Crest Exploration Ltd. The rocks associated with the iron
formation were recognized to be those first described by 
Ziegler, al though fo r seve ral years their age was conside red 
to be early Paleozoic. The iron-bearing elastic rocks were 
named Rapitan Group by Green and God win (1963) af ter 
Rapitan Creek in Snake River map-area (106F) . 

The regional extent and stratigraphic position of the 
Rapi tan Group were subsequently outlined in geological 

reconnaissance work by the Geological Su rvey of Canada 
during Operations Naha nn i, Porcupine, Ogilvie, Norman, and 
Stewart in the 1960s and early 1970s . These projects aided in 
delimiting the principal outc rop belt with respec t to older and 
younger strat a, and Jed to the recognition of the Rapi tan 
Group as a Proterozoic succession. The work resulted in a 
first subdivision of the Rapitan Group into three informal 
formations which were referred t o as Lower, Middle, a nd 
Upper Rap i t an (Upi tis, 1966; Gabri else et al., 1973), as lower 
unit, middle unit, and upper unit (Aitken et al., 1973), and as 
Maroon, Diamicti te, and Shale Formation (Eisbac her, 1976) . 
The limits of the Rapitan Group as mapped by the Geological 
Survey were definied (a) by the marked lithologic change 
from carbonat es to elastics at the base of group, and (b} by 
its upper cont act with an overl yi ng assemblage of ca rbonate 
and sandstone of the Proterozoic Keele F oramtion 
(Gabrielse et al., 1973) . More recent work by Aitken and Cook 
(pers. comm., 1976) a nd the author suggests that the 
transition between upper Rapi tan shales and calca reous Keele 
Formation is gradual and, in places, mappable as a lateral 
facies change . It is therefore proposed that the Keele 
Formation be included within the Rapitan Group. In the new 
definition of the Rapitan Group its upper boundary is placed 
at the well defined top of the Keele Formation . This surface, 
which also defines the base of the dark grey shales of the 
Sheepbed Formation, is mappable throughout the Mackenzie 
Mountai ns and is an extremely useful marker that can be 
traced westward into the Wernecke Mountains . For these 
reasons the top of the Keele Formation becomes signif icant 
in the correlation of the Rapitan Group from the Mackenzie 
Mountains westward (Fig. 1). 
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Figure 1. Generalized diagram of presently used t erminology of Proterozoic rocks in the Mackenzie and eastern 
Wernecke Mountains. 

In the Mackenzie Mountains the base of the Rapitan 
Group also serves as the base of the W indermere Supergroup . 
The W indermere Super group has been defined by Young et al. 
(1973) in the southern Cordillera as a thick packet of highl y 
varied, predom inantly elastic rocks which occupy a position 
between an older Precambrian carbonate - quartzite succes
sion (Purc e ll or Belt Supergorup) and a younger (Phanerozoic) 
carbonate - quartzite succession. In the Mackenzie 
Mountains the basal unconformity beneath the Windermere 
strata may not be as profound as in th e southern Cordillera of 
Canada, a nd parts of the Belt-Purcell Supergorup may be 
younger in the north than in the south. However, the c hange 
from carbonate-quartzite to partly immature elastic succes
sions is as fundamental in the understanding of the geological 
history of the northern Cordillera as it is in the south 
(Gabrielse, 1972). 

On numerous reconnaissance maps and geological 
com pilations of western Canada Windermere strata are shown 
as Hadr ynian in age , and older carbonate complexes are 
c lassified as Helikian. This chronostratigraphic subdivision has 

2 

been imposed on two different lithostratigraphic packets of 
the Cordilleran region without consideration that the tim e 
intervals used on the Canadian Shield may not be those 
represented by the Precambria n rocks of the Cordillera. It is 
therefore advisable that use of chronost ratigraphic 
terminology be deferred in favour of lithostratigraphic groups 
or supergroups until it is possible to bracket the major 
Precambrian rock units of the Cordillera radiometrically . 

Although rocks possibl y co rre la tive with the Rapitan 
Group of the Mac kenzie Mountains have been mapped and 
desc ribed by Green (1972) in the Wernecke and Ogilvie 
mountains, this repo rt wi ll foc us onl y on the centra l 
Mackenzie Mountains . Knowledge of stratigraphy and 
s truc ture west of the Wernecke Mountains is still lim ited and 
is being updated by the Geological Survey. A summary 
diagram (Fig. 1) outlines the terminology present ly in use for 
the Mackenzie and Wernecke mountains. Except for parts of 
the Rapitan Group (e .g . iron-formation), cor relation of 
Proterozoic units from the Mackenzie Mountai ns westward 
must be deferred until detailed mapping across major 
structural breaks has been completed. 



In the Mackenzie Mountains it has been demonstrated 
that the basal units of the Rapitan Group were deposited 
within an extensional tectonic environment characterized by 
block fau l ting. Thi s type of taphrogenic deformation also was 
of profound significance during deposition of the youngest 
units of the older Belt-Purcell carbonate succession 
(Eisbacher, 1977). From mappable relationships it is clear 
t hat major angular unconformities are to be expected beneath 
the Rapi tan Group . However, great care needs to be 
exercised in app raising the magnitude of erosion from the top 
of the carbonate complexes (e .g. Little Dal Form ation). One 
such estimate of pre-Rapita n erosion has been given as 
1300 m for a section near Redstone River (Gabriel se et al., 
1973, p. 21 and 12). Re-mapping of the area revealed that a 
previously unmapped thrust-fault gives the erroneous impres
sion of an angular unconformity fo rm across the valley. The 
actual amount of pre-Rapi tan erosion therefore cannot be 
es timated in this area. Anothe r hampering factor with 
respect to estimating erosion prior to depositon of the 
Rapitan Group is the occurrence of thick conglomerates and 
breccias in the Redstone River Formation which suggests that 
e rosion of underlying a nd adjacent carbonate complexes was 
active before the deposition of Coppercap lim estone . Thus 
erosional surfaces between the Little Dal Formation and 
Rapitan Group may have originated during deposition of the 
Redstone River and Coppercap fo rmations (see below). 
Detai led mappi ng and documentation of marginal overl ap, 
e rosion, or continuity of sedimentation across the boundary 
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between pre-Windermere carbonate strata and W indermere 
elastics is of conside rabl e economic importance and will be 
touched upon briefly in this report . 

In the Mackenzie Mountains the following four sub
divisions are proposed for the re-defined Rapitan Group (in 
asce ndi ng st ratigraphic order): Sayunei Formation , Shezal 
Formation, Twitya Formation, and Keele Formation. They will 
be discussed individually in the subsequent sections of this 
paper . Single formations or members of the Rapi tan Group 
may extend westward or southward . However, preliminary 
study suggests that major facies changes may necessitate 
introduction of new names. 

Stratigraphic sections through the Rapitan Group or 
fo rm ations be longing to it have been published previousl y in 
Green and Godwin (1963), Gabrielse et al. (l 973 and including 
the work of Upitis, 1966), Aitken et a l. (1973), and Eisbacher 
(l 976, 1977). Location of map-areas and topographic features 
mentioned in this report a re shown in Figure 2. 

SA YUNEI FORMATION 

Definition 

The Sayunei Formation is named after Sayunei Range, 
north west of Keele River, where it was first seen by Keele 
( 1910). The Sayunei Range stradd les the border of map-areas 
95M (Wrigley Lake) and l 05P (Sekwi Mountain). The Sayunei 
Formation is the basal unit of the Rapitan Group throughout 

- REDSTONE ltlVEl & COPPERCA P FORMATI ONS 

'~ 

Figure 2. Index map of the northern Mackenzie Mountains and adjacent areas showing presently known distribution of Rapitan 
Group and underlying Redstone River and Coppercap formations. Topographic features and map-areas mentioned in the 
text are also shown. 
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the Mac kenzie Mountains, except in a reas where younger 
formations ove rstep the depositional margi n of the unit . 
Stratigraphic equivalents of the Sayunei Formation have been 
recogni zed as far west as the Yukon - Alaska border region 
(G. Kl ine, pers. comm. 1976). Deposition of thi s unit ma rks 
the onset of Windermere Supe rgroup sedi mentat ion in the 
Macken zie Mountains . 

Th roughout most of the region the Sayunei Formation 
rests on older P roterozoic ca rbonate units such as the Little 
Dai and Coppercap formations . The base is e ithe r regionally 
unconformable, broad ly conformable or characterized by 
onlapping of Sayunei beds agai nst olde r ca rbonate rocks 
(Fig. 3) . The base of the Sayunei Form ation is placed at th e 
first occurrence of numerous, monotonously laminat ed 
siltstone or sandstone beds, co mmonly intercalat ed with 
lenses of coarse, angular ma teria l abouve a we ll defined 
surface of olde r Proterozoic ca rbonat e units . The s iltstone , 
sandstone and a rgillite beds ge nerally displ ay a di sti nct dark 
red to maroon hue, a l though shades of green or grey a re 
common. Changes of rock colour in siltstones from maroon
red to green-grey are subtle and locally a brupt . Due to this 
var iability, rock co lour cannot be used to define the forma
tion, despite the fact that the ma roon colour has served well 
during geologica l reconnaissance work in the Mackenzie 
Mountains (Gabrielse et a l. , l 973 ; Aitke n et al . 1973) . 
Ir respective of colour changes th e most disti nctive fea tur e is 
the monotonous succession of thinly bedded to lam inat ed 
siltstones separated by a rgillite . 

Thick ness of the Sayunei Formation varies from 0 t o 
500 m. Towards t he top the unit displ ays regiona lly 
signif icant lithological changes which break the monotony of 
the siltstone-argillite couplets. In some par ts of the Rapita n 
basin the highest unit is iron-rich a nd locally grades into true 
iron- formation with interlayered thin carbonate beds . The 
iron-ri ch member of the Sayunei Form ation is pa rti c ularl y 
well de veloped near Snake River, where it may range 
st ratigraphicall y into the Shezal Formation . In othe r parts of 
the Rapitan basin the Sayune i Form ation changes to green or 
grey towards the top. A third , very com mon vari a nt is the 
appearance of coarse, a ngula r extra basinal and intrabas ina l 
material in mass-fl ow deposi t s within delica tely bedded 
sil tstones of the upper Sayunei Formation. Towards the 
margins of the Rapi tan outcrop a rea maroon beds of siltstone 
or iron-rich argi lli te grade into or a re interlayered with 
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) Sh Sh ezal Formation 

T Twitya Formation 

Onlap of Sayunei Formation against 
Coppercap lim estone as seen looking 
northward fro m a locality 18 kms north of 
Redstone River. 

\ 
\,\) . ~ ~ 

Figure 4. Laminated siltstone and argillite of the Sayunei 
Formation. Interbedded sandstone layers are graded 
and commonly display well developed Bouma 
sequences. (GSC 203219-A). 



Figure 5. 

Distinctl y graded coarse sandstone 
int erbedded with argillite of th e Sayunei 
Formation. Most of the coarser particles in 
this bed are carbonate and intra{ ormational 
mudchips. (GSC 203219-B). 

II \I v 

diamicti te of Sheza l Formation (Green and Godw in, 1963; 
Eisbacher, 1977) . In these areas differentiation of the t wo 
form a t ions may be impractical in regional mapping . In 
general, the top of the Sayun e i Form ation is placed with the 
first appea rance of numerous rounded clasts in diamicite of 
the Sheza l Formation . 

Description 

The c ha racter of the Say unei Formation is dete rmined 
by an a lternating pa ttern of innumerable thin beds of 
siltstone and argillite . Wherever the Sayunei Formation is 
maroon the intricate la minations are made evident by the 
contrast between darker shades in argi llite and lighter tones 
of red in the coarse r laye rs . In siltstones overall beddi ng is 
defined by int e rnal parallel lamination and c ross-laminati on 
on scales ranging from a millimetre to several centim etr es . 
Grading occurs on the same scale a nd the upward transition 
from si ltstone to argilli te is com monl y imperceptible (Fig. 4). 

Figure 6. 

Recumbent flow folds and flame structur es 
in graded sandstones and interlayered 
argillit e of the Sayunei Formation. Scale in 
centimetres. (GSC 203 219-C). 

These subtl e changes impart a wispy or undula ting top to 
si ltstone beds. Cross-laminations can be used as paleocurrent 
indicat ors. Intricat e lamination on all scales a lso caused 
a ma lgamation of silts tone beds with beds below a nd above . As 
a consequence bedding su rfaces are rarely exposed . 

Inter laye red with the bulk of the fine elastics a re 
coarse r beds of sandstone, grit, and sharps ton e (Fig . 5). The 
sandstones are parallel-laminated or graded; beddi ng 
thick ness ra nges from centime tres to tens of centimetres . 
The sand layers a re ge ne ra lly accompanied by stretched and 
recumbently folded layers of a rgillite and si ltst one; the tops 
are commonl y deformed into flame struc tur es (Fig . 6) . Many 
graded beds display Bouma sequences, typical of turbidi tes. 
Compositiona lly the sand stones are sub-quartzose lithic 
a reni tes (Upi ti s, 1966). Howeve r many coa rser beds consist 
e ntire ly of intraformational a rgi llite chips and carbonate 
grai ns . An interesting aspect of the Sayunei Formation is the 
widespread occurrence of subangu la r 'lonestones ' enveloped 
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Figure 7. Upper bedding surface within siltstones of the 
Sayunei Formation. Note tool mark, faint lineation, 
and microtopography caused by 'lonestones' 
scatter ed throughout the well laminat ed finer 
elastic groundmass. (GSC 203219- D). 

by layers of siltstone and a rgi11ite. Laminae of siltstone and 
a rgi llite are draped around the '1onestones'. A rare exposed 
bedding surface within a zone containi ng pebble-sized c lasts 
illustrates the effect of 1onestones on the micromorphology 
of bedding (Fig. 7). The bedding plane is weak ly 1ineated and 
contains a linear tool mark parallel to the weak 1ineation. 
Numerous convexities and concavities betray 1onestones now 
embedded below and formerly above this surface. The tool 
mark is about 10 cm long and has a width compatible with the 
diameter of the 1onestones. The directional trend of the tool 
mark and lineation agrees with the polarity of cu rrent
induced flame structures seen on surfaces perpendicular to 
bedding. This relationship suggests that draping of si ltstone 
and a rgillite laye rs around lonestones is not enti rely due to 
post-depositonal compact ion (see discussion below). Some 
bedding surfaces display i rregular cracks which a re generally 
fi ll ed with silty material inj ected from below or above. 
However, none of the cracks observed resembl e the regular 
patte rns characteristic of mudcracks or syneresis cracks . 

Very prominent withi n parts of the Sayunei Formation 
are units of fine siltstones containing stringers, lenses, or 
masses of angular clasts of dolomite and limestone (Fig . 8). 
After consultation with J.D. Aitken of the Geological Survey 
of Canada the present author proposes the term 'sharpc last -= 
siltstone' for these rocks charac t e ri stic of the Sayunei 
Formation. They a re known to occu r as far west as the 
Alaska-Yukon borde r region (G. Kline, pers. comm., 1976). 
The freely suspended clasts are ve ry angular and probably 
were derived from the carbonate units direct ly underlying the 

6 

Rapitan Group. Associated with the sharpclasts of carbonate 
a re clasts of other lithologies, such as quartzite and green
stone which are much better rounded than the bulk of the 
carbonate clasts. The units of sharpc last-siltstone, a lthough 
internally chaotic, are distinct ly stratified . Bases and tops 
are siltstone with only local sharp, c hannelized basal cont acts 
(Eisbacher, 1976). Many of the layers of sharpc last-sil tstones 
can be traced laterally into sandstone beds which contain 
ove rsize clasts or stringers of lonestones. The lateral 
pinchouts are interesting in terms of the origi n of lonestones 
and will be discussed later . In Mount Eduni map-area (106A) 
(between section A and B, Fig . 11) sharpclast-sil tstones of the 
Sayunei Formation appear to grade laterally into distinctly 
chan nelized and slumped units of densely packed sharpstone 
conglomerate and grit (Fig. 9). Some of the sandy beds in the 
channelized units disp lay planar cross- beds and grading is 
absent . These units are considered proximal with respect to 
the sharpclast - siltstones and such a relationship is supported 
by the paleocurrent orientation in this area. 

Maroon argillaceous zones in the upper part of the 
Sayunei Formation commonly have a background iron c ontent 
between 5 and 10 per cent Fe203 . These maroon argi llites 
grade imperceptibly into true iron-formation with Fe203 con
tents as high as 30-50 per cent. Within the iron-formation 
nodular-oolitic or lami nated facies are the principal var ieties . 
He matite and jasper form intricate syndepositonal or dia
genetic patterns which commonly are complicated by the 
presence of carbonate layers. Whei:ever there is ev idence of 
reworking of iron-formation the content of Fe203 va ries 

. " 
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Figure 8. Sharpclast-silstone of the Sayunei Formation. 
Although the basal bedding surf ace of the 
sharpclast- si lt stone units are generally well 
defined, clearly recognizable channeling is rare. 
Part of geological pick on the right for scal e. 
(GSC 203219-E). 



between I 0 and 20 per cent. Reworked clasts of iron
formation also can be seen sporadically within units of 
sharpclast-siltstones of the Sayunei Formation and suggest 
relatively rapid diagenesis of the iron-formation. Towards the 
northwestern limit of the Rapitan Group iron-formation 
occurs in commercially important quantities (Green and 
Godwin, 1963). 

Type Section 

The type section chosen for the Sayunei Formation is 
exposed on a ridge 11 km due west of Hayhook Lake in map
area 95M. The section is located at latitude 63°30'N and 
longitude 126°58'W, and is 165 m thick (Fig. JO). Its base is 
defined by 5 m of lenticular units of sharpclast-siltstone 
overlying grey laminated and cherty dolomite of the 
Coppercap Formation. Most of the sharpclasts are limestone. 
The bulk of the subsequent 125 m of section is composed of 
monotonous maroon siltstone-argillite couplets with 
occasional layers of sandstone. Towards the top two zones of 
jasper-hematite iron-formation, each about JO m thick, are 
interbedded with graded sharpclast channels and occasional 
lonestones. The uppermost unit is an 8 m zone of green 
siltstone, grey argillite, and calcareous laminite grading 
upwards into diamictite of the Shezal Formation . 

Southwards from the type section the green siltstone
argillite member increases in thickness at the expense of 
maroon siltstone-argillite, whereas towards the north the 
maroon sil tstones increase markedly in thickness (Fig. I 0) . 

Interpreta tion 

Monotony and grain size of the Sayunei siltstone
argillite couplets suggest a relatively quiet subaqueous 
depositional environment. Most of the unit probably was 
deposited below wave base . Many of the sil tstones and fine 
grained sandstones are graded and display Bouma sequences 
typical of turbidi tes. Over large areas of the Rapi tan basin 
floor these turbidite phases must have interrupted the 
tranqui lity suggested by interlayered iron-rich laminites and 
a rgi l lites . The margins of the Sayunei basin, however, were 
clearly dominated by a topography which produced, from time 
to time, coarse and angular debris. This material must have 
been transported far into the quiet, central parts of the basin. 
In a few cases it is possible to document that coarse angular 

Figure 9. 

Densely packed and slumped channels of 
carbonate sharpstone in the Sayunei 
Formation. Location is between Sections 1 
and 2 of Figure 11. Heightof outcrop about 
10 m. (GSC 203219-F). 

debris was shed from active syn-sedimentary fault scarps 
within the Sayunei basin (Eisbacher, 1977). The origin of some 
of the sharpclast-siltstones is probably due to subaqueous 
slumping of coarse channel material (Fig . 9) . Having been set 
in motion, currents and channel material scoured into the 
finer material thereby converting the moving mass into a 
low-viscosity slurry . The mechanism envisaged would be 
transitional between grain flows and debris flows as analyzed 
by Middleton and Hampton (1973). The coarser fragments 
were isolated from each other and dispersed throughout the 
mobile matrix by dense clouds of silt and clay. Upon settling, 
the massive sharpclast slurry was so diluted by finer debris 
that neither grading, inverse grading nor contact between 
individual clasts was achieved . It is conceivable that towards 
their margins the debris flows consisted of individual clasts 
isolated from the main slurry which settled within a moving 
cloud of silt and clay. The result of such a process would be 
lonestones enveloped by current-agitated finer sediment. The 
wispiness and rare lineated bedding surfaces (Fig. 7) suggest 
that currents had sufficient strength to move silt although 
they might have been insufficient to transport the coarser 
clasts once they had settled . This activity of waning currents 
upon the finer material resul ts in a bedded structure in which 
many oversize clasts do not appear to belong to any 
particular bed. The interpretation of all lonestones in the 
Sayunei Formation as dropstones related to ice-rafting 
(Young, 1976) is therefore not justified . The dropstone 
hypothesis may hold for rounded and striated extrabasinal 
clasts of the uppermost Sayunei Formation (Gabrielse, 1972). 
It was noted by Eisbacher (1977) that towards the margin of 
the basin thick basinal sil tstone-argillite successions 
correlate with and grade into diamictite with glacially 
striated clasts . It is therefore entirely possible that the 
Sayunei Formation was deposited under climatic conditions 
that were deteriorating relative to the climate which existed 
during depositon of the older Proterozoic carbonate forma
tions of the region. Increasing glacial cover might explain a 
waning of fluvial input and predominance of coarse 
intrabasinal debris which was shed directly from tectonic 
fau l t scarps . In summary, sedimentary structures indicate 
deposition from highly dilute subaqueous debris flows, 
turbidity currents, and other forms of sudden particulate 
flow. Distinct glacial influence, as displayed by striated 
extrabasinal dropstones, is pronounced within the highest part 
of the Sayunei Formation . 
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A discussion of the iron-formation of the Rapitan 
Group is deferred until detailed mapping is completed and 
possible influence of contemporaneous volcanism can be 
clearly demonstrated or refuted (Gross, 1965). 

SHEZAL FORMATION 

Definition 

The Shezal Formation is named after Shezal Canyon 
east of Keele Rive r, in map-a rea 95M (Wrigley Lake), where 
'conglom erates ' were seen first by Keele in 1908 (Keele, 
19 l 0) . The formation is mappab le for at least 400 km along 
the core of the Mackenzie Mountains where it occurs between 
the Sayunei Formation and the Twitya Formation of the 
Rapitan Group. However, in exposures close to the original 
margin of the basin the relationship between the Shezal 
Formation and other Proterozoic units can be ambiguous . 

Figure 13. 

Boulders and blocks of limestone, dolomite, 
and greenstone of Shezal diamictite. The 
picture was taken close to the top of the 
Shezal Formation. Note typical scaliness of 
the matrix. (GSC 203219-H) . 

8 

The base of the Shezal Formation is placed at the first 
occurrence of numerous subrnunded to well rounded clasts of 
dolomite, lim estone, quartz i te, greenstone or crystalline 
rocks embedded in a matrix of unevenly bedded to scaly 
siltstone and greywacke . The matrix of diamicti te (see below) 
is cha racterized by vestiges of cross-lami nated siltstone beds 
and weathers in scaly outc rop faces . In tervals of sandstone 
and shale give the formation a vague ly bedded characteristic . 
The Shezal Form at ion, in gene ra l, ranges fr om about 10 to 
250 m in thickness. The formational top is sharp and defined 
by the contact between coarse bou lder diam ictite and dark 
pyritic shale, delicately laminated parti c ulate limestone, or 
sandstone of the Twitya Formation (Fig . 12). An upper 
contact, characterized by interbedding of conglomerate, dark 
sha le, and micritic limestone reported from one locali t y by 
Young (l 976), is not typical for the regional situation . There 
is no recur re nce of ext rabasi nal c lasts in the laminated 
py r itic shale or limestone above the contac t. Thus the top of 
the Sheza l Formation is better defined than its base . 

Figure 12 . 

Upper contact of the Shezal Formation as 
observed north-north east of Palm er L ake 
(Sections 1, 2, 4, Fig. 11) . The contact 
between diamictite and delicately 
lamina ted, dark grey, f etid limestone is 
knife-sharp. (GSC 2032 19-G). 
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Figure 14. Pocket of densely packed we ll rounded cobbl es in 
substratum of greywacke and si l tstone in Shezal 
Formation (sketched form photogrpah). (b) 
Edgewise position of clasts in Shezal diamictite 
(sketch f rom outcrop). 

Description 

The Shezal Formation is predominantly diamicti te, a 
term applied to rocks "mingled thoroughly" (Flint , 1960). It 
describes well the association of rounded pebb les, cobbles, 
boulders and blocks within a matrix of, corn monly bedded, 
si ltstone and greywacke (Figs. 13, 15). The term mixtite, 
introduced into the literature by Schermerhorn (1966), has 
been app lied to the Shezal Formation by Young (1976) . 
Mixtite, as pointed out by Schwarzbach (1976) literally means 
the same t hing as diamictite and the re is no compell ing 
reason to aba ndon the well established term diamictite. The 
diamictites of the Shezal Formation also have been referred 
to as pebbly mudstones . This is only partly valid si nce much 
of t he mat ri x material is sil t and sand (Aitken et a l. , 1973). 

The colour of the Shezal Formation is vari ab ly buff, 
dark grey-green, or bri ck red and thus cannot be used with 
confid e nce in regional mapping. Buff colours predominate in 
diamictite with carbonate clasts but green-grey tones prevail 
whe re greenstone clasts a re common. Red colours are 
associated with hemati te pigment in the fi ne r grai ned 
diam ictite matri x. The seemingly ab rupt change from th ick 
red to re lativley th in buff Shezal Formation is il lustrated in 
Figure 11. 

The diam icti te occurs as thick sheets . Bedding, 
a lthough visible on a grand scale in cliff exposu res or wi thin 
the matrix as stri ngers of sand a nd si lt, is commonly 
oblite rated by the loose arra ngeme nt of pebbles, cobbles, a nd 
bou lde rs within the greywacke- siltstone matrix. Many of the 
round ed clas t s a re embedded 'on-edge ' with respect to their 
longest dimension and bedding in the matrix (Fig. 14b). All 
gradations fr om very loose, matrix-supported, open clast 
fab rics to densely packed clast-supported diamicti te exist . 
Erosive c ha nn eling of conglomeratic beds into under lyi ng fine 
grai ned sediments is rare within the Shezal Formation of the 
Mackenzie Mountains. It was seen only in a relatively thin 

Figure 15. Diamictite in the Shezal Formation . Subangular to well rounded 
clasts are scattered in a sca ly weathering matrix of siltstone 
and sandstone. (GSC 203219-I) . 

secti on in Mou nt Eduni map-area (1 06A) 
(Section 1, Fig . 11) where ca rbonate-rich 
conglomerat es a re distinct ly bedded and t he 
interlayered sandstones a re graded . More 
common th an c hanneling a re pocket-like 
dep ressions f ill ed with densely packed 
diamicti te. These pockets are one to two 
metres wide and und e rlyi ng si ltstones are 
squeezed up in a style remini scent of large 
load casts (see sket ch, Fig . l 4a). Over a 
la rge region st radd ling Glacier Lake and 
Wrigley Lake (9 5 L, 95M) the diamictite 
sheets which occupy the uppermost pa rts of 
the Shezal Formation also are the coarses t 
and most densely packed (e .g. Fig. 13). They 
show also the greatest diversity of c lasts 
including coarsely crystall ine diori te 
boulders up to 5 m in diameter. In contras t 
the basal parts of the Sheza l Form ation 
commonl y show a sprinkling of pebbles in an 
otherwise homogeneous scaly siltstone . The 
scaliness of the mat ri x is strongly 
emphasized by weathering and upon closer 
inspect ion ribs a nd c racks form an 
interlacing pattern on outc rop faces 
(Fig. 15). Howeve r, some of thi s peculiar 
weathe ring may have been preconditioned by 
internal plastic stretch ing a nd shearing of 
si l tstone laye rs du ring ini ti al compaction of 
the heterogeneous sedi ment (Ei sbacher, 
1976) . Vestiges of lenti c ul ar siltstones 
demostrate the plasticity of matrix and 
siltstones during an earl y stage of diagenesis 
(Fig. 15). In several sect ions diamicti te 
sheets are inte rl aye red wi th shale- siltstone 
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units devoid of oversize clasts. These shale intervals a re up to 
several metres thick. The contact between the shale and 
diamictite is commonly sharp . Another intriguing feature of 
the Shezal Formation is the sporadic occurrence of sandstone 
bodies. These are well bedded and show parallel or cross
bedding. Length of foresets in cross-beds in places exceed 
Im (Eisbacher, 1976). The sandstone beds are commonly 
slumped or internally distorted but do not seem to have been 
greatly separated from their locus of deposition; asymmetry 
of slu mp fo lds is difficult to establish . The sandstones are 
neither graded nor do they show linear sole marks. 

An interesting feature of the Shezal diamictite is the 
occurrence of st ri ated and faceted clasts (Figs. I 7, 18). These 
have been observed, described or illustrated by Ziegler (1959), 
Upitis (1966), Young (1976), and Eisbacher (I 977). 
Crosscutting of the striae indicates that the striations 
originated by grinding of the clasts against hard materials 
within a coherent mass with concomitant slow rotation of the 
clasts. These grooves are deeper and wider than later 
tectonic striations that were imprinted on many clasts by 
smal l tectonic displacements between matrix and clasts . 

Type Section 

The type section chosen for the Shezal Formation is 
exposed along a ridge and adjacent gull ies about 13 km west 
of Hayhook Lake at latitude 63°33'30"N, and longitude 
127°03'W. It is 235 m thick (Fig. 10). 

At the type locality the underlying rocks of the 
Sayunei Formation a re dark red to maroon, iron-rich siltstone 
and argillite, and about l 0 m of green-grey siltstone and 
sandstone. Above the green sil tstones about 15 m of buff
brown diamicti te define the base of the Shezal Formation. 
Upwards the section alternates between sheets of diamictite 
with predominantly dolomitic and calcareous clasts and cross
Jaminated si ltstone, sandstone, and minor shale . Towards the 
top other exotic lithologies such as greenstone and diorite 
increase in relative frequency among the clasts. The composi 
tion of the fine matrix of the diamictites reflects to a great 
extent the lithology of the included pebbles and cobbles. Well 
developed cross-lamination is common in the matrix of 
calcareous to dolomitic diamictite . At the top fo the Shezal 
Formation oversize clasts reach the largest dimension and 
boulders exceeding 50 cm in diameter are common. The top 
of the Shezal Formation is sharp and marked by the 
appearance of dark pyritic shale of the Twitya Formation. 

Interpretation 

Almost all previous descriptions have considered the 
possibility of a glacial origin for the Shezal diamictites. The 
most compelling evidence relates to the polished, faceted and 
striated clasts (Ziegler, 1959). Although the percentage of 
faceted and striated clasts is generally low it is probable that 
these clasts obtained their surface morphology within 
sheared glacial material such as that within deformed ground 
moraine. However, the bulk of the diamicti te of the Shezal 
Formation is clearly not ground moraine and a secondary 
transport mechanism has to be considered in order to exp lain 
the presence of oversize cobbles and boulders within a matrix 
of bedded si ltstone and sandstone. Near the eastern margins 
of the basin (e.g. section l of Eisbacher, 1977) there may be 
true morainal deposits but even there bedded, fine grained 
deposits are sandwiched between massive diamictites 
(Fig. 19). The most probable solution to the problem of how 
glacially striated clasts were redeposited is through ice 
rafting, as demonstrated by Plafker and Addicott (I 976) in 
Miocene to Holocene glacial-marine diamicti tes of the Gulf 
of Alaska, and by Ovenshine (1970) in front of actively 
calving glacier ice in the same region. Submarine debris flows 
probably played a limited role in the deposition of the Shezal 
Formation in the Mackenzie Mountains. The one section 

measured to date which consists of well stratified deposits of 
turbiditic sandstones and mass-flow deposits is plotted in 
Figure 11 as Section 1. However, subaqueous debris-flow 
deposits might be more important in sections down-dip from 
the present erosional margin of the Shezal Formation . The 
turbiditic sands of Section l (Fig. 11) consist of carbonate 
particles, similar in composition to the pebbles, cobbles and 
boulders in adjacent mass-flow deposits. This fact is 
significant with respect to the problem of carbonate deposits 
versus the inferred glacial-marine environment of diamictites 
(see Schermerhorn, 1974). If the carbonates associated with 
diamictites are reworked particulate deposits this problem is 
not serious . Truly chemical or biological precipitates would 
pose a serious problem with regard to the glacial environment 
inferred for the Shezal Formation. 

In outcrop the sediments associated with the 
diamictites are well bedded sandstones or cross-laminated 
si ltstones suggesting normal traction-current transport of 
sand and silt prior to depositon. The incorporation of 
over.sized clasts in pulses or as sporadic dropstones had little 
to do with the currents which were apparently active near the 
bottom of the basin, the presence of which is suggested by 
current structures in the matrix of the diamicti tes 
(Eisbacher, I 976) . The author favours the mechanism of ice 
rafting of coarse materials by icebergs or floating glacier 
tongues for the emplacement of oversize material into 
bedded, fine grained sands and silts . This mechanism could 

Figure 19. Diamictite of the Shezal Formation near the 
southeastern margin of the Rapitan Basin 
(Section 1 of Fig. 46-2 in Eisbacher, 1977). In 
contrast with most sections of Shezal Formation 
the matrix weathers in angular fragments rather 
than scales such as illustrated in Figure 13. 
(GSC 203219-M). 
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also account for the relativley isolated pockets of clasts 
within fine r siltstones referred to above. Upon melting, 
breaking or tilting of large icebergs, deb ri s could have been 
unloaded en-masse and sink through the column of water into 
the sediments below without being greatly scattered. This 
mechani sm has been described from a recent glacial-marine 
setting by Ovenshine (1970). 

The progressive coarsening of diamictites near the top 
of the Shezal Formation and the sharp break at the upper 
boundary is another interesting aspect of the possible glacial
marine environment in which most of the formation was laid 
down. In the final phases of glaciation more ice than usual 
cou ld have broken away from ice sheets or gfacier tongues 
because of their melting and rise in sea level. Consequently 
more and coarser debris would have reached the sea where it 
was dropped into current-agitated sands and silts of the 
continental margin. 

The depth of water during deposition of the Shezal 
Formation is difficult to appraise. However, the general 
absence of turbidites and the presence of sandstones with 
large scale cross-beds suggests that much of the Shezal 
Formation, as exposed in sections, was laid down on the 
continental shelf. The abrupt contact between the Shezal 
Formation and pyritic shale and laminated limestone of the 
overlying Twitya Formation signals the establishment of 
stagnant waters within a basin which was dominated by an 
entirely new climatic regime. 

In two recent publications Aalto (1971) a nd Young 
(1976) have interpreted glacial-marine sediments in 
Proterozoic sequences of western Canada in terms of the 
thoughtful and imaginative model proposed by Carey and 
Ahmad (1961 ). The model implies that "wet-base" and "dry
base" ice sheets c reate different types of sed im entary 
assemblages in adjacent marine basins. A word of caut ion is 
in order. More recent investigations into Pleistocene a nd 
Holocene glacial-marine environm ents have yielded some 
insights into the influence of active glaciers or ice sheets on 
the sedimentary cha racteristics of the basins nearby 
(Anderson, 1972 ; Anderson and Wheeler, in press; Plafker and 
Addicott, 1976; Arm st rong, in press and pers. com m., 1977). 
From these studies is seems that ice-rafting and thick accu
mulation of coarse material occur at or near the front of 
f looting ice. Thick glacial-marine diamicti te therefore 
indicates that the frontal part of float ing glacier ice was 
situated above or near the site of depositon for a considerable 
length of time. Consequently, any geological section of 
glacial-marine diamicti te might portray, in a rel ative sense, 
how ofte n and for how Jong an active frontal lobe of a 
regional ice sheet was above or near the zone of sed imenta
tion. It is, however, difficu lt to see how glacial-marine 
deposits could depict "relative seve rity of glaciation" (Young, 
1976, Fig. 4). 

In some areas of the Rapi tan Basin the Shezal 
Formati on consists of at least 12 distinct sheets of diamictite 
separated by sandstone or shale. Such sections could imply 
large osc illations in the positon of the active front. As 
mentioned above, truly massive diamictites that might 
rep resent lodgement tills are extremely rare and where 
suspected they deserve close r study. 

TWITYA FORMATION 

Definition 

The Twitya Formation is named after Twitya River in 
Sekwi Mountain and Mount Eduni map-areas (105P, 106A). It 
is a very distinct unit of the Rapi tan Group throughout the 
Mackenzie Mountains and occurs between the Shezal 
Form ation and the Keele Formation. The Twitya Formation is 
in conformable contact with the underlying Shezal Formation 
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Figure 20. Parallel bedded, internally laminated sandstones 
of the Twitya Formation. The sandy unit 
illustrated by the photograph rests with sharp 
contact on shale and grades upwards into siltstone 
and shale . (GSC 203219-N). 

and grades upward s into the Keele Formation. An angular 
unconformity between the Twitya Formation and Shezal 
Formation postulated by Blusson (1971) for map-area 105P 
cou ld not be substantiated for other areas during the present 
study . The sharp contact is defined by dark grey to black 
pyritic shale or thinly laminated limestone above coarse 
diamictite of the Shezal Formation . This contact can be 
placed ve ry accurately, particularly where laminated grey 
l imestone occurs at the base. In bulk, the Twitya Formation 
cons ists of dark grey to brown shale and siltstone, and beds of 
green to buff sandstone. Higher in the section cross-bedded 
sandstones are more common than in the lower part. The top 
of the Twitya and the base of the Keele Formation are 
defined by the first appearance of carbonate rocks. The 
thickness of the Twitya Formation ranges generally from 400 
to 900 m. 

Description 

The Twitya Formation is predominantly shale with 
intercalated siltstone and sandstone. Major stratigraphic 
intervals consist entirely of shale with sporadic layers of 
brown weathering siltstone cemented by carbonate minerals. 
Beds of fine or coarse grained sandstone occur as well defined 
packets. In some sandstone units thickness of individual beds 
decreases towards the top (Fig. 20), in others the reverse is 
true, and yet others show no recognizable polarity. 
Particularly in the lower part of the formation, the packets of 
light weathering sandstones tend to be deformed into slump 



structures such as folds or zones of c haotic bedding (Fig. 21) . 
Upper surfaces of individual sandstone beds are well defined 
and adorned by a variety of cu rrent ripples and rill ma rks 
(Fig . 22) . On the basal surfac es directional structures suc h as 
flute casts are extremely rare and onl y occasionally load 
structures seem to indicate a faint preferred shape 
orientation (Fig. 23a, b) . Interna lly, fine grained beds a re 
pa rallel- or c ross-laminated; coarser beds a lso a re lami nated 
and occasionally cros s-bedded. Inte rn a l dewatering structures 
are common (Fig . 24) . 

Compositionally the sandstones are reported to be 
quartzofeldspat hi c or arkosic areni tes (Upi tis, 1966). Towards 
the northwest, beds and c hann e ls of cher t-quartz pebble 
conglomerates are found locally . 

A locally very di stinc t member of the Twitya 
Formation is a basal limestone which is delicately lam inated , 
fetid, dark grey and parti c ulate, a nd which grades upward 
into black pyriti c sha le . Towards the northwest (Wernecke 

Figure 22 . 

Well defined upper bedding surf ace of fine 
grained sandstone with current induced rill 
marks. Commonly these rill marks are 
associated with current ripple marks. Rill 
trend perpendicular to the orientation of the 
rill marks. (GSC 203219-P). 

Mountains) the Twitya Formation general ly intertongues with 
carbonate complexes of considerable thick ness . This signifies 
a deviation from the prevalent e lastic nature of the unit in 
the Mackenzie Mountains . 

Type Section 

Th e type section chosen for the Twitya Formation is 
exposed a long a ridge 15 k m west of Hayhook Lake in map
area 95M (Wrigley Lake). The section is located at latitude 
63°33 '30"N, and longitude 127°03'30"W . It is 672 m thick and 
overlies the type sec tion of the Shezal Forma tion (Fig . 10). 
With the exception of a cross-bedded quartzose sandstone 
near its base the lower half of the section is dominated by 
shale and siltstone. Occas ional zones of disturbed bedding 
interrupt the sequence. Gra in-size and bedding thickness 
increase towards the top where the c ross-bedded quartz 
arenites are very similar to those of the overlying Keele 
Formation. The top of the Twitya Formation is pl aced at the 
base of a buff to orange weathering dolomite unit whi c h is 
about 7 m thick. 

Figure 21. 

Zone of chaotic bedding with slumped 
sandstone and siltstone of the Twitya 
Formation. (GSC 203219-0). 
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Interpretation 

Throughout the Mackenzie Mountains the base of the 
Twitya Formation is well defined. The juxtapositon of coarse 
boulder diamictite and shale or carbonate at the base of the 
Twitya Formation signals an abrupt change in the conditions 
of sedimentation. If a glacial-marine origin is accepted for 
the Shezal diamicti te the contact relationships with the 
Twitya Formation indicate a geologically instantaneous 
c limatic change which terminated the inf luence of floating 
ice margins on basin sedimentation and caused re-establish
ment of carbonate banks in nearby shelf areas . From regional 
mapping it is also evident that the Twitya basin overstepped 
the margins of older basins in a northeasterly d1rect1on . It 
might be specu lated that such increase in the size. of the 
basin is partly due to the rise in sea level following the 
melting of the Shezal ice sheet (Eisbacher, 1976; Young, 
1976). However, to substantiate such a model more detailed 
mapping of the margins of th e Rapitan Basin has to be carried 
out . 
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The nature of the elastics within the shale of the 
Twitya Formation suggests that most of the sand was 
transported by and deposited from traction currents. The 
bundling of beds might be due to filling, progradation and 
general shifting of channel systems on a conti nent a l shelf or 
slope. The ubiquity of slump folds and load st ructures 
indicates that during depositon and shortly after depos1t1on of 
the sandy material the clays beneath the channel systems 
suffered plastic deformation with down-basin creep of semi
consol idated material. Some of the distorted zones a re up to 
50 m thick which suggests that slumping was due to laterally 
and vertically extensive instabilities in the thick sedimentary 
material of the shelf. Preliminary analysis of slump folds 
reveals that mass transpo rt was directed to the sout hwest . 
However, the intertonguing of the Twitya sh.ales with 
carbonate in the northwestern parts of the Rap1tan Basin 
might signal the existence of another nearshore environment 
in the Wernecke Mountains. This possibility also is borne out 
by preliminary paleocurrent work in this region. 

In summary it is proposed that the 
Twitya Formation, composed of shale and 
some coarse elastic material, was deposited 
by traction currents on a gravitationally 
unstable shelf. Turbidity currents were not 
significant in the deposition of the Twitya 
Formation . 

a) Lode casts and elongate brush- or 
tool marks; 

b) Slightly elongate load casts 

Figure 23. 

Sole marks on bottom surf aces of sandstones 
in the Twitya Formation. 



KEELE FORMATION 

Definition 

The Keele Formation was named by 
Gabr ielse et al.( 1973) after Keele River, in Wrigley Lake 
map-area (95M). It is defined as a well-bedded, orange and 
buff weathering varied assemblage of sandstone, dolomitic 
sandstone, dolomite and limestone which overlies the Twitya 
Formation . The basal contact of the fo rmation is placed at 
the first carbonate unit above the shal e and sandstones of the 
T witya Formation. This base can be mapped on the ground 
and is probably useful in delimiting the formation in drillcore, 
a lthough it may be difficult to recognize on ai r photographs. 
The vari ed natu re of the Keele Formation suggests a number 
of supe rimposed and laterally interfingering sedimentary 
e nvironm ents . Local low-angle unconformities occur near the 
base (G abrielse et al., 1973; Blusson, 1971), and within the 
formation . The top of the Keele Formation is well defined by 
a li gh t buff or grey, dense dolomite in sharp contact with 
recessive shales and minor grey limestone of the overlying 
Sheepbed Formation . 

Figure 25. 

Thinly bedded to lamina ted limestone 
f acies of the Keele Formation. Note 
incipient stromatolites within limestone 
rhythmit es (arrows). (GSC 203219-T). 

In the Mackenzie Mountains the composition of the 
Keele Formation varies from sandstone- rich to carbonat e
rich end members . It is between 300 a nd 600 m thick . A 
section published as U8 in Aitken et a l. (1973) from Mt. Eduni 
map-area (106A) ., is reported to be about 700 m thick . 
However, this section is broken by a thrust fault and thus is 
tectonically thickened. 

Towards the southwest, e lastic and carbonate rocks of 
the Keele Formation undergo abrupt lateral facies changes . 
One of these has been pointed out by Aitke n and Cook (p e rs. 
comm. 1976) in Mt . Eduni map-area (1 06A) . These facies 
changes are essentially transitions from carbonate banks to 
allochthonous mass-flow deposits in adjacent deeper parts of 
the sedimentary basin . Because the matrix of the mass-flow 
deposits grades from dolomitic and calcareous sandstones to 
shale the definition of the Keele Form ation with respect to 
underlying shales of the Twitya Formation in these areas is 
uncertain (see Section 6, Fig . l I) . 

Figure 24 . 

In ternal dewatering and load structure, 
common in sandstones of the Twitya 
Formation . Unidirectional flame structures 
are due to current agitation of coarse sand 
layers above silt bands. (GSC 203219-S) . 
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Figure 27. 

Large scale crossbedding in oolitic 
limestone facies of the Keele Formation. 
(GSC 203219-V) . 

Description 

The outstanding characteri stic of the Keele Formation 
is its lithologic var iability and internal cy licity (Eisbacher, 
1976). In a general way the cycles in the Keele Formation are 
tens of metres thick and start with shale or laminated 
bituminous limestone. The fine grained and delicately bedded 
strata grade upwards into c r oss-bedded coarse grained sand
s.tones , c ross-bedded oolitic limestones, or massive recrystal
lize.d dolomite (Figs. 10, 11). The tops of the cycles are 
defined e ither by rusty weathering, crystalline dolomite or 
wel l bedded sandstone overlain by fine detrital or calcareous 
deposits of the next cycle. In some sections more than 
20 cycles exist; in others four or five cycles compose the 
whole section . There a re also disti nct regional differences in 
the rel ative proportions of carbonate and sandstone within 
the Keele Formation. In the Palmer Lake area carbonates 
accou nt for as much as 7 5 per cent of the section, whereas 
near Hayhook Lake ca rbonates co mpose only 15 to 20 per 
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Figure 26 . 

Crossbedded sandstone f acies of the Keele 
Formation. Note bi-polarity of fore sets 
suggesting the possibility of tidal 
environments. Field of view is about 1.5 m 
wide . (GSC 2032 19-U). 

cent of the Keele Formation (Fig. 10, 11). Stromatolites, 
thrombolites and cryptalgal laminites (Fig. 25) can be 
recognized in the limestone facies of the Keele Formation 
throughout the region, but individual units do not seem to 
continue for a great distance along stri ke. Many of the 
sandstones a nd coarse particulate limestones a re c ross
bedded (Figs. 26, 27). Although in most outcrops the foresets 
of c ross-bedded units indicate a singular direction of sedi
ment transport the re a re cases of di stinct bi-polarity 
(Fig. 26). Paleocurrent measurements made so far in the 
Mackenzie Mountains indicate southwestward progradation of 
the Kee le sedimentary complex. Towa rds the southwestern 
margin of the cyc lic complex the Keele Formation is 
interlayered with or grades into a coarse facies composed of 
olistostromes, a llochthonous debris-flow deposits, limestone
pebble cong.lomerate, and detrital carbonate beds. Although a 
full discussion of this facies change is beyond the scope of 
this report, one example will be described to illustrate some 
of the relationships critical for the understanding of the 
Keele Formation. 



Figure 28. 

Str ing ers of lim estone olistoliths derived 
from carbonate plat{ orm success ion of the 
Keele Formation and deposit ed over slumped 
silicic la stics of the Twitya Formation 
northeast of Palm er Lake (Section 4, 
Fig . 11). (G SC 203219-W). 

In the Palmer Lake area (Sections 3 to 6, Figure 11) 
the Keele Formation is com posed of wel l bedded limestone 
and dolomite interlayered with coarse grained sandstone . The 
uni t has a well defined base and cross-bedding indicates 
southwester ly directed pa leocurrent flow. However , a short 
distance along strike the base of the Keele Formation is 
defined by ol ist oliths (allochthonous slabs) of lim estone 
(Fig. 28,29). Detailed mapping in this a rea revea ls that the 
oli stos trom e overlies a highly contorted sequ e nce of sil iceous 
elas tics of the Twitya Form ation, a nd is in turn overlain by 
sha le and silts tone ind istinguishable from Twi t ya rocks below 
(Fig . 28). The margin of the slumped carbonate bank can be 
mapped and shows a northe rly t rend (Fig. 30, 31) . The blocks 
of limestone, which were detached from the ca rbonate bank, 
a re up to 50 m in diamet e r and res t on a carpet of small e r 
blocks and debris of carbonate. The upper two thirds of the 
la rge blocks are enveloped by und istu rbed si ltstone and shale. 
The orientation of bedding within the limestone bl ocks is 
ra ndom with respect to bedding in the surrounding s iliceous 

Figure 29. 

Close-up of slabs of limestone surrounded 
by sil tstones and fine-grained sandstones 
which were deposited against the sides of 
the lim estone blocks. (GSC 203219-X). 

elastics and there is no indication that post-depositional 
re lative motion between olistoliths and surrounding matrix 
has occurred. The refore the limestone blocks must have 
broken off the bank in response to failure of the unstable 
Twitya Formation, a nd once in motion they tumbl ed into the 
basi n where they were covered by silts and clay. Farther to 
the sou thwest most of the Keele Formation changes into 
a llochthonous carbonate debris, shale , a nd sil t stone 
(Sect ion 6, Fig . 11) . 

Type Section 

The type section of the Keele Formation is located in 
Glacier Lake map-area (95L) in the central Backbone Ra nges 
(latitude 62°37'N, longitud e 125° 17'3 0") . The sec tion was 
proposed and measured by Gabrielse et al. (1 973). The type 
section consists predominantly of dolomite and limestone, 
with only minor sandstone . Towards the top, two units of 
calcareous debris flow deposits are intercalated with orange 
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weathering dolomite. The chaotic subaqueous debris flows 
were mistakenly identified as basalt flows by Gabrielse et a l. 
( 1973). Since the 'basalt flow' was included with the type 
section of the Keele Formation it is necessary to point out 
that volcanic rocks are not typical of the Keel e Formation in 
the Mackenzie Mountain5." It is proposed that sections near 
Hayhook Lake (Fig. 10) and Palmer Lake (Fig . 11) be used as 
reference sections of the Keele Formation for carbonate-poor 
and carbonate-rich facies respectively (Figs. 10 and 11) . 

Interpretation 

Many features of the sandstones and carbonates in the 
Keele Formation suggest that this unit was deposited in a 
shallow marine environment where oolite shoals a lternated 
latera JJ y with more quiet setti ngs characterized by depositon 
of delicately bedded cryptalgal lamini tes . The ca rbonate 
banks were dissected by channels with vigorous c urr ent 
systems. Cross-bedded sandstones possibly were deposited by 
tidal currents as suggested by bi-polar 'he rring-bone ' c ross
bedding (DeVries-Klein, 1970). 

In sections where thick units of c ross-bedded siliceous 
e lastics predominate (e .g. Hayhook Lake area), it also is 
possible that aJJuvial systems characterized by braided 
streams prograded over a shal low ma rine environment . 

The cyc licity of the Keele Formation suggests that 
progradation and shoaling occu rred repeatedly in both 
ca rbonate and e lastic environments. The rim of the carbonate 
banks facing the deeper basin probably was ab rupt a nd further 
work wiJI be requ ired to define its precise location throughout 
the Mackenzie Mountains . Twitya , Keele, and Sheepbed 
formations thicken towards the southwest, which, if 
extrapolated farther into the surbsurface would predicate an 
enormous section of shale under most of the western 
Mackenzie Mountains. 

Two examples of regional variations and the re lationship of 
the Rapitan Group to Coppercap and Redstone River 
formations 

To iJJustrate thickness variation and to demonstrate 
the rel ations hip of the elastic Rapitan Group to the under
lyi ng Coppercap and Redstone River form ations two areas 
have been chosen. One is west of Hayhook Lake in Wrigley 
Lake map-area (95M), the other is east of Palmer Lake in Mt . 
Eduni map-area (106A). The facies changes in aJJ units 
discussed are possibly significant to the subsurface explora
tion for copper which is known to occur in mineralized beds 
at the top of the Redstone River Formation and as scattered 
occurrences throughout the Coppercap Formation . 

Redstone River Formation 

The Redstone River Formation has been defined by 
Gabrielse et al. (1973) as a distinct succession of recessive, 
dominantly pink weatheri ng, sil tstones. The type section is on 
the eastern flank of Coppercap Mountain near Little Dal(or 
Coates) Lake . Thickness variations of the Redstone River 
Formation are spectacular, as a re facies changes . Although 
pink calca reous or dolomitic siltstones with interstitial 
anhydrite and gypsum are the characteristic lithology, the 
formation compri ses coarse angular aJJuvial fan depostis, weJI 
rounded fluvial conglomerates, bedded evapori tes (m a inly 
anhydrite or gypsum), and cryptalgal ca rbonates. Copper 
mineralization occu rs towards the top of the Redstone River 
Formation, but showings also are known from within · the 
underlying Littl e Dal Formation and the overlying Coppercap 
Formation . The Redstone River Formation was deposited in a 
tectonicaJJy active environment near sea level where salt 
pans and mudflats graded into aJJ uvial fans and fluvi al 
systems, a set ting similar to that of the present northern Gulf 
of California. 
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Figure 30. Sketch map of oli stost rom e in the Keele 

Formation near synsedimentary scarp along the 
front of the Keele carbonate platform. Sections 
shown in Fig. 11 are indicated by numbers. Fig . 11 
also serves as regional index map fo r this sketch 
map. 

Coppercap Formation 

The succession of grey weathering carbonates above 
the Redstone River Formation has been named Coppercap 
Formation by Gabri e lse et al. (1973) . The type section is at 
Coppercap Mountain east of Little Dai (or Coates) Lake. The 
base of the unit is generally recessive black shale and 
dolomiti c siltstone. This dark grey basal unit is overlain by 
thin beds of particulate dolomite and lim estone commonly 
laminated or graded. Laminated cherty dolomite and 
c ryptalgal carbonate is common towards the top. In many 
sections from Redstone River northwards the Coppercap 
Form ation can be divided into two cycles each beginning with 
da rk grey shale or limes tone and grading upwards into thick 
bedded, thrombolitic limestone , cherty dolomite or channel s 
of limes tone conglomerate. The thin graded beds of the 
Coppercap Formation commonly display slump folds of 
various sizes (Eisbacher, 1977) . Most of the dark chert layers 
within dolomite or limestone were also intricately deformed 
during penecontemporaneous displacements of the semicon
solidated sediment . The Coppercap Formation records a phase 
of carbonat e depositon transgressive over the shallow-water 
and mudflat set ting of the Little Dal and Redstone River 
formations. Sedimentary structu res within the particulate 
carbonate beds of the Coppercap Formation indicate that 
turbidity and density cu rrent s carri ed detrital carbonate 
grains into a basin which developed above the subsiding 
Redstone River Formation . The c ryptalgal laminites and 
evapori t es in the Redstone River Formation represent the 
initial reco rd of regi onal transgression and accelerated 



subsidence which extended at !east 300 km a long strike . 
Although Redstone River and Coppercap strata to date have 
been found only in four distinct outcrop areas, it is probable 
that the basin is continuous in the subsurface of the Rapitan 
Group. The correct sedimentary model for the transgression 
of the Coppercap sea over the continental deposits of the 
Redstone River Formation is significant for predicting and 
understanding the distribution of copper mineralization 
beneath the Rapitan Group. 

Hayhook Lake Area 

A number of sections illustrate facies and thickness 
changes of the Rapitan Group, and Coppercap and Redstone 
River formations between Redstone River and Hayhook Lake 
(Fig. JO). They include the type sections of the Sayunei, 
Shezal, and Twitya formations . The sections measured occur 
in the hanging wall of the Plateau Fault within which the 
Proterozoic units were transported eastward over Paleozoic 
carbonate rocks (Fig. l 0). The common stratigraphic base is 
the Little Dai Formation, a complex succession which in the 
area discussed consists of varied buff-rusty particulate 
dolomite, quartzite bands and st romatoJi tic carbonate 
buildups. The contact between the Little DaJ Formation and 
the Redstone River Formation is placed at the first distinct 
conglomerate, pink siltstone or recessive gypsum bed . 

Thickness and facies of the Redstone River Form ation 
vary dramatically a long strike . From 150 m of coarse fluvial 
conglomerate in Section 2 it changes to about 250 m of 
gypsiferous siltstone in Section 4 and thins to ze ro south of 
Section 8. The astonishing fact is that the distance between 
the conglomeratic Section 2 and the siltstone of Sect ion 4 is 
only 6 km. Paleocurrents, as determined from imbricated 
cobble layers in the conglomerate, flowed to the southwest. 
The c lasts of the conglom erate are a lmost enti rely dolomite 
with sporadic components of qua rtzite . The poorly cemented 
pink si l tstones of Sections 3 to 8 are commonly cross
laminated and the mean paleocurrent vector in the a rea 
points to the west-northwest. 

The Coppercap Formation is about 100 to 150 m thick 
and thickness changes along the outcrop be! t mimic those in 
the underlying Redstone River Formation. Two sedimentary 
cycles can be cor re lated throughout the area . Each cycle 
begins with thinly laminated or internally graded pa rt icu late 
carbonates and grades upwards into che rt y dolomite or thick 
bedded limestone . 

Figure 31. 

View along the north-south trending 
synsedimentary scarp in the Keele Formation. 
Blocks of limestone in the foreground are on 
the outer edge of the scarp wh ich can be 
clearly recognized in the background 
(arrows). View is to the south . (GSC 203219-Y). 

In the Sayunei Formation of the Rapitan Group 
changes of thickness and rock colour also are pronounced; 
from 320 m of maroon siltstone-argillite at Section 1 the 
formation thins to 165 m in the type locality (Section 2), a nd 
is only a few metres thick in Section 3. In the same direction 
green siltstone at the top of the Sayunei Formation thickens 
from a few metres in Section 2 to 60 m in Section 3. 

Thickness and facies variations in the Sheza l 
Formation are less pronouced. Clast size of extrabasinal 
components in the diamictites inc reases upwards in all 
sections. 

In the Twitya Formation slump folding is prominent in 
the lowest parts of the section and renders detai led work 
difficult. Analysis of slump folds indicates that intra
formational mass transport was di rected to the southwest. 
Apparent thickness of the formation varies between 400 and 
700 m. In order to obtain greater precision measured sections 
must be supp lemented by detailed mapping. Many angu larities 
within the section are due to extensive slumping involving 
packets up to 50 m thick . 

In the Keele Formation of the Hayhook Lake area 
elastic facies predominate over carbonate facies, and 
paleocurrents measured in cross-bedded sandstones indicate a 
southwest dipping paleoslope during deposition of the unit. 

The abrupt changes between the northern and southe rn 
sections of the Hayhook Lake a rea are probably partly due to 
movement a long a contemporaneous fault zone trending 
obliquely to the later regional structures of the Mackenzie 
Mountains. The evolution of the a rea, considering fau lt 
movement between Sections 2 and 3 is shown schematically in 
Figu re 32. It can be appreciated from this diagram that sense 
of vertical displacement along the fault reve rsed itself . 
Dislocation on the fau lt was much less significant after 
deposition of the Sayunei Formation. The location of the 
postulated contemporaneous fault must be coincident with a 
narrow drift covered va!Jey west of Hayhook Lake. Mapping 
in this area has revealed seve ral structural complictions along 
the Plateau Fault which might be related to the old 
transverse break within the rocks composing the sections 
west of the Plateau Fault . The significance of 
contemporaneous fau J ts in understanding subtle or abrupt 
facies changes has been pointed out for other parts of the 
Rapi tan Basin (Eisbacher, 1977), and needs further careful 
docu mentation, particularly since many of the older breaks 
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Redstone 

Sayunei 

Figure 32. Sketch showing the development of a fau l t con
temporaneous with the deposi tion of Redstone 
River, Coppercap and Sayunei Formation between 
Sections 2 and 3 near Hayhook Lake (Fig . 10). 
Arrows indicate paleocurrents. 

were reactivated during later folding and thrust faulting 
(Aitken and Cook, 1974). Exploration for copper also has to 
consider possi bl e influence of deep f aults on the migration of 
ore-bearing fluids in thi s region . 

Palmer Lake Area 

Sections no rtheast of Palmer Lake illust rate similar 
complexities as those of the Hayhook Lake area (Fig. 11). The 
Redstone Rive r Formation c ha nges facies abrupt ly a nd 
consists of evaporites, siltstones, conglomerati c sandstone, 
and conglomerate . The form ation as a whole pinc hes and 
swell s from ze ro to about 100 m over short distances. The 
Redstone River Formation is generally overlain by thinly 
bedded parti c ulate limestone and dolomite of the Coppe rcap 
Form ation. These graded particulate ca rbon a tes c hange 
upwa rd s into laminated c hert y dolomite. 

The Sayunei Formation of the Rapita n Group inc reases 
rapidly from zero in Section l to 400 m in Sec tion 2. 
Measurements of cross- lamination sugges t southeasterl y 
flowing paleocurrents, compatible with the di rection of 
increasing thick ness of the Sayunei Formation. Between 
Sec tions l and 2 there are distinct cha nn e ls of angular 
ca rbonate c lasts interbedded within the finer grained 
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silts tone-argi ll ite succession (Fig . 9) . These channelized 
deposits demonstrate a situation that could have led to the 
emplacement of sharpclasts as dispersed slurries in deeper 
parts of the basin. It is probable that a contemporaeous fault 
separated Section l from Sect ion 2. 

The Sheza l Formation of the area is pa rtly bri ck-red 
and partly buff in colour. The bu lk of the Shezal Formation in 
Section 2 is red. Red colorat ion could possibl y signify that 
ma roon siltstone and a rgil lite of the Sayunei Formation were 
eroded in the source area of the Shezal Formation a nd 
redeposited as matrix of the hezal diamictite. The buff 
colour of the Shezal Forma tion in most sections of the area, 
particualrly towards the top of the unit, reflects the browni sh 
grey colour of the calcareous and dolomiti c mat ri x. 

During deposition of the Twitya Forma tion the basin 
margin was tilted progressive ly toward the southwest, 
although it is worthy to note that the basal laminated 
l im es tone thickens to th e northwest . 

The Keele Formation is comp osed of southwestward 
prograded ca rbonates and sandstones . Debri s flows suc h as 
those disc ussed above were lau nc hed a t the outer margin of 
the pla tform and make up the distal fac ies of the Keele 
Form ation . 

CONCLUSIONS AND OUTLOOK 

This preliminar y report focusses on the four 
formations which compose the redefined Rapitan Group 
(Windermere Supergroup) of the Mackenzie Mountains. The 
basal Sayunei Formation is a predominantly fine grained, 
rh ythmically bedded si l tstone-argillite succession with 
sharpc last -siltstone units deposited within a basin bounded by 
active faults . The Shezal Formation is composed of 
diamictites of glacialmarine origin which a re interbedded 
with sandstone and si l tstone . The Twitya Formation is a 
shale-sandstone -siltstone assemblage which was laid down on 
a rapi dly subsiding shelf and slope . The Keele Formation is a 
highl y vari a ble suite of carbonates a nd e last ics deposited on a 
sha ll ow she 1 f. 

It is fully recognized that in many areas the boundaries 
between these formations may not be as sharp as might be 
desireable for a formalized nomenclature and that towards 
the ma rgins of the basi n, facies changes may rend e r this 
subdi vis ion impracticable and necess itate a more detailed 
subdivision. However, such difficulties are norm al in a ll 
sed imentary basins and should not be the cause for major 
correlation probl e ms throughout most of the Mackenzie 
Mounta ins . Some of the units proposed in this report ha ve 
been recognized for over 500 km and might continue or 
disappear beyond this di st a nce . W indermere st rata 
imm edi a tely west and south of the Mackenz ie Mounta ins a re 
preserved as outliers or in st ructurally co mpli cated patterns . 
They will be investigated one by one and probably will 
utimately be corre lated with th e stratigraphic units of the 
centr al Mackenzie Mountains proposed in this report . From 
present knowledge it is ev ident that facies changes , 
pa r ticualrly within the Sayu nei Form ation and underl ying 
Redstone River a nd Coppercap formations, can be re lated to 
fault tectonics contemporaneous with depostion of these 
uni t s . In t e rms of tectonic fr amework the ca rbonate 
for ma tio ns immed itely beneath the W indermere Supergroup 
were the refore deposited in a setting simil a r to that of the 
basal e lastic Wind e rm ere st rata, a point of consid era ble 
significance in the exploration for s tratabound copper 
deposits in the northe rn Cordillera. 
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