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SEDIMENTARY TECTONICS AND GLACIAL RECORD IN THE WINDERMERE 
SUPERGROUP, MACKENZIE MOUNTAINS, NORTHWESTERN CANADA 

Abstract 

The Upper Proterozoic Windermere Supergroup of  the Mackenzie and Wernecke mountains, 
northern Cordillera, was deposited between about 800 and 570 Ma. The margin o f  the predominantly 
clastic basin was controlled by faults with a north-northeasterly to northwesterly trend. The faults 
record rifting in the underlying craton and were intruded by diabase dykes and sills. Faulting was 
accompanied by extrusion of basaltic flows and is reflected in pronounced facies and thickness 
changes of the highest pre-Windermere and basal Windermere units (Redstone River, Coppercap, 
Sayunei formations). Faulting thus began to disrupt the pre-Windermere basinal framework prior to 
the changeover from carbonate to  clastic sedimentation which characterizes the base of  the 
Windermere Supergroup. The lower part of the Windermere Supergroup contains the record of a 
regional glaciation which can also be seen in other parts o f  the Cordillera. 

The Sayunei Formation is mainly proglacial siltstone-argillite rhythrnite with dropstone 
laminites, till pellets (sand clasts), and characteristic iron formation near the top. The Shezal 
Formation has two facies: a nonmarine tillite which rests locally on polished pavement and contains 
abundant striated stones, and a glaciomarine diamictite facies which was deposited in complex 
shallow marine depositional environments. Deglaciation was abrupt. The fine grained calcareous or 
siliciclastic members o f  the basal Twitya Formation which overlie the Shezal Formation rest with 
knife-sharp transgressive contact on tillite and glaciornarine diamictite. The Twitya Formation is a 
thick clastic wedge deposited mainly on the shelf-slope transition southwest o f  the Mackenzie 
Platform and on turbidite fans of the Selwyn Basin. Locally, significant carbonate facies developed 
on protected platforms and adjacent slopes. An extensive regression-progradation occurred during 
deposition of the cyclic shallow water marine-nonmarine Keele Formation which is in gradational 
contact with the Twitya Formation. The basinward progradation of the Keele Formation was 
accompanied by contemporaneous growth faulting, slumping, and generation of carbonate 
olistostromes. Deposition of the Keele Formation was terminated by a second abrupt transgression 
followed by deposition of a monotonous shale unit o f  the Sheepbed Formation which is the highest 
Windermere formation in the region. The transgression is interpreted as eustatic and due to  a second 
glaciation outside the Cordilleran depositional domain. 

R6surne' 

Le supergroupe de Windermere du Prote'rozoYque supe'rieur des monts Mackenzie et  Wernecke, 
Cordillbre du Nord, fut de'pose' il y a entre 800 et  750 Ma. La marge du bassin compose' surtout de 
roches clastiques re'sulte de failles oriente'es nord-nord-est h nord-ouest. Ces failles ont enregistre' la 
formation de fissures dans le craton sous-jascent et ont subi l'intrusion de dykes et  sills de diabase. 
La formation de ces failles fut accompagne'e par I'e'panchernent de coule'es basaltiques; elle se reflkte 
dans les changements marque's de faciks et  d'e'paisseur de Ifunite' pr6Windermere h sa partie la plus 
haute et de l'unite' Windermere h sa base (formations de Redstone River, Coppercap, Sayunei). n y a 
donc eu formation de failles duns la structure pr6-Windermere du basin avant le passage de la 
se'dimentation carbonate'e h la se'dimentation clastique, caracte'ristique de la base du supergroup de 
Windermere. La partie infe'rieure de ce supergroupe porte des traces d'une glaciation re'gionale, 
e'galement visibles ailleurs dans la Cordillhre. 

La formation de Sayunei est en grande partie compose'e de bandes alterne'es de silts e t  
d'argilites avec des dropstones finement Iite's, des sphe'rules de till (sand clasts) et  une formation de 
fer caracte'ristique prhs du sommet. La formation de Shezal contient deux faciks: une tillite non 
marine localement sus-jacente h un dallage poli, contenant de nombreuses roches strikes, et un faciks 
glaciomarin de diamictite, de'pose' dans un milieu de se'dimentation marine complexe et peu profond. 
La de'glaciation fut  soudaine. Un contact transgressif brusque existe entre les membres calcaires ou 
siliceux-clastiques de la formation basale de Twitya sus-jacente 15 la formation de Shezal. La 
formation de Twitya est une couche clastique e'paisse, de'pose'e en grande partie sur la transition 
plate-forme-talus au sud-ouest de la plate-forme du Mackenzie et  sur les c6nes de turbidites du 
bassin Selwyn. Des fac ib  carbonate's importants se sont de'veloppe's localement sur les plate-formes 
abritkes et  les talus adjacents. Une importante re'gression-progradation a eu lieu au cours de la mise 
en place de la formation de Keele compose'e de se'diments cycliques marins et non marins, de'pose's en 
eau peu profonde. Il y a contact progressif entre la formation de Twitya et  la formation de Keele. 
Le de'placement progressif de la formation de Keele vers le basin fut  accompagne'e par la formation 
de failles synse'dimentaires, par l'effondrement e t  par la production d'olistostromes carbonate'es. La 
mise en place de la formation de Keele fut termine'e par une deuxiQme transgression brusque, suivie h 
son tour par le de'p6t de l'unite' d'argile schfsteuse uniforme de la formation de Sheepbed qui 
constitute les couches les plus kleve'es du supergroupe de Windermere duns la re'gion. On a interpre'te' 
la transgression comme e'tant une transgression eustatique cause'e par une deuxihme glaciation h 
I'exte'rieur du domaine de se'dimentation de la CordillQre. 





SEDIMENTARY TECTONICS AND GLACIAL RECORD IN THE WINDERMERE 
SUPERGROUP, MACKENZIE MOUNTAINS, NORTHWESTERN CANADA 

INTRODUCTION The western  border of t h e  Windermere outcrop closely 

The Windermere 'Series' was  first  defined in the  Purcel l  
Mountains of t h e  southern Canadian Cordil lera by Walker 
(1926). H e  described the  unconformity between Precambrian  
Purcel l  (- Belt)  carbonates-quar tz i tes  and t h e  overlying 
Winderrnere clastics,  also of Precambrian  age.  Subsequent 
reconnaissance revealed t h e  cha rac t e r i s t i c  lithologies of t h e  
Windermere Supergroup in many other  segments  of the  North 
American Cordillera. Near t h e  type  region in t h e  southern  
Canadian Cordil lera relevant information was  f i rs t  compiled 
by Young et al. (1973). Corre la t ion  with t h e  nor thern  
Canadian Cordil lera was established by Gabrielse (1972). 
Units similar in s t ra t igraphic  position and lithology have also 
been documented in t h e  American Cordil lera (see Cr i t tenden 
et al., 1972; Wright e t  al., 1976). New, st imulating insight 
in to  t he  possible plate-tectonic s e t t i ng  of t h e  Windermere 
succession was  provided by S tewar t  (1972, 1976). 

The Windermere Supergroup is defined a s  t h e  
predominantly c las t ic  succession between older Precambrian  
units (i.e. Hudsonian crystall ine basement  or Middle (?) 
Proterozoic  carbonate-quar tz i te  successions) and t h e  base of 
Lower Cambrian  quar tz i tes .  Figure I shows t h e  outcrop 
distribution of probable Hudsonian (older t han  1600 Ma) 
crys ta l l ine  basement  in t he  Canadian Cordil lera,  t he  Middle 
(?) Proterozoic  carbonate-quar tz i te  assemblages  (ranging in 
a g e  f r o m  about  1600 t o  about  800 Ma), and the  Upper 
Proterozoic  Windermere Supergroup (ranging in a g e  f rom 
about  800 t o  570 Ma). 

In discussing t h e  Windermere s t r a t a  away f rom t h e  type  
region i t  is convenient t o  subdivide t h e  Canadian Cordil lera 
in to  t h e  a r e a s  indicated in Figures 1 and 2. None of t h e  a r e a s  
is necessari ly more  representa t ive  than any other  although 
preservation,  grade  of metamorphism, and outcrop conditions 
vary. F igure  2 is a tabulation of lithologic succession, 
approximate  thickness, and present terminology applied t o  
Windermere rocks. Subjacent Proterozoic  carbonate-  
qua r t z i t e  assemblages a r e  shown in the i r  approximate  and, a s  
ye t ,  uncer ta in  re la t ive  position t o  each other.  

The base  of t h e  Windermere Supergroup is exposed in 
t h e  Purcell  Mountains, t h e  Muskwa Ranges,  t h e  Mackenzie 
Mountains, and t h e  Wernecke Mountains. Towards the  west 
(Columbia Mountains, Omineca-Cassiar Mountains, and 
Selwyn Basin) only higher s t ra t igraphic  units  of t h e  
Windermere a r e  exposed. Metamorphism a s  high a s  
si l l imanite grade  masks the  basal  relationships with 
crys ta l l ine  Hudsonian basement  in t hese  areas.  Par t icular ly  
in t he  Columbia Mountains strong evidence exists t h a t  lower 
Windermere uni ts  g rade  in to  high-grade crys ta l l ine  complexes  
which include Hudsonian and older basement  (Campbell ,  1973; 
Wanless and Reesor,  1975). I t  is  probably also significant 
t h a t  t he  foreland t o  t h e  nor theas t  of t h e  Columbia-Omineca- 
Cassiar mountains is underlain by Hudsonian basement  with 
s t rong nor theas ter ly  magnet ic  and s t ruc tu ra l  trends,  
t ransverse  t o  t h e  la ter  Cordil leran trend (Burwash and 
Culber t ,  1976; Coles  et al., 1976). The t rend is  also 
expressed in t h e  Peace  River Arch (Fig. I ) ,  a pers is tent  
t ransverse  e l emen t  throughout Cordil leran evolution 
(Wheeler, 1967, p. 10; Stelck e t  al., 1978). To  t h e  north and 
south  of this t ransverse  basement  complex Proterozoic  basins 
with pre-Windermere carbonate-quar tz i te  successions 
in tervene  between the  Windermere Supergroup and t h e  
crys ta l l ine  basement .  

follows t h e  margin of t h e  North American c ra ton  a s  def ined 
by a t ec ton ic  c o n t a c t  ('Teslin Suture ')  be tween eugeosynclinal 
te r ranes  acc re t ed  in l a t e  Mesozoic t i m e  on t h e  wes t  and t h e  
Ornineca Crystall ine Belt  on the  e a s t  (Monger and Pr ice ,  
1979; Tempelman-Kluit ,  1979). In addit ion t o  in tense  
Mesozoic metamorphism and deformat ion t h e  westernmost  
Windermere rocks w e r e  a lso  c u t  by high-angle f au l t s  and 
t rans la ted  northerly up t o  severa l  hundred k i lometres  
(Roddick, 1967; Tempelman-Kluit ,  1979). 

The leas t  disturbed and best  exposed Windermere 
succession occu r s  in t h e  nor thernmost  segments  of t h e  
Canadian Cordil lera,  in t h e  Mackenzie and Wernecke 
mountains. This r epo r t  deals  with t h e  W indermere  
Supergroup of this region. The  study focuses  on t h e  complex 
relationship between tec tonics  and sedimenta t ion  
( 'sedimentary tectonics ')  and emphasizes  t h e  e f f e c t s  of 
regional glaciation and s e a  level changes  which also may have  
influenced sedimenta t ion  of t h e  Windermere s t r a t a  in o the r  
par ts  of t h e  Cordil lera and in t ime-equivalent successions of 
t h e  Circum-Pacific Proterozoic .  

A word on terminology. Format ion terminology of t h e  
Windermere Supergroup in t h e  Mackenzie and  Wernecke 
mountains is generally accep ted  and c r e a t e s  f e w  problems in 
description o r  corre la t ion .  However, s eve ra l  d i f ferent  
schemes for  definit ion of groups (and supergroups) have been 
proposed and gene ra l  consensus is  no t  available.  All workers 
in the  region include t h e  Sayunei and Shezal  format ions  in t h e  
Rapi tan  - ~ r o u ~  - a n a m e  -widely known because  of t h e  
jaspil i te-hematite iron format ion and glaciogenic d iamict i tes .  
Gabrielse e t  al. (1973) included a thick c las t ic  unit ,  l a t e r  
named Twitya  Format ion (Eisbacher, 1978a) in t h e  Rapitan.  
Eisbacher (1978a) also included t h e  Keele  Format ion in t h e  
Rapi tan  Group. O t h e r s  have  r e s t r i c t ed  the  name  Rapi tan  
Group t o  t h e  Sayunei and Shezal format ions  o r  would p re fe r  
t h e  use  of t h e  t e r m  Rapi tan  Formation.  To  avoid ambiguity,  
therefore ,  t h e  wri ter  will use  only format ional  terminology in 
t h e  description of t h e  rocks included in t h e  Windermere 
Supergroup of t h e  Mackenzie Mountains. 
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REGIONAL SETTING 

The Mackenzie and Wernecke mountains a r e  par t  of the  
Foreland Fold - Thrust Belt of t he  Mesozoic-Paleogene 
Cordilleran Orogen. The northwesterly t o  westerly trending 
mountain ranges a r e  composed of marine carbonates  and 
c las t ics  ranging in age  f rom la te  Proterozoic to  Paleogene. 
Different Proterozoic successions, including those discussed 
in this report ,  a r e  overlain conformably or unconformably by 
Paleozoic carbonates,  sandstone, and shale. In t h e  eas tern  
and northern foothills la te  Mesozoic-Paleogene molasse over- 
laps the  mountain front.  A prominent Paleozoic facies 
change f rom platformal carbonates  and quar tz i tes  on the  
nor theas t  (Mackenzie Pla t form) t o  a basinal fac ies  composed 
of fine grained c las t ics  (Selwyn Basin) is also expressed in 
s t ructura l  style. In the  Mackenzie Mountains large-scale 
northwesterly to  westerly trending anticlines and thrust  
faul ts  define an  a r c  which is convex t o  t h e  northeast .  These 
anticlines and northeasterly directed thrus t  faul ts  such a s  t h e  
Pla teau Faul t  bring Proterozoic rock units t o  t h e  surface.  
Tight intervening synclines contain the  platformal lower to  
middle Paleozoic carbonates.  In t h e  Selwyn Basin tightly 
folded shale  and sandstone show a variety of s t ructura l  t rends  
although t h e  main trend is also northwesterly.  In t h e  
Mackenzie-Wernecke mountains cleavage is generally absent,  
in t h e  Selwyn Basin i t  is generally present.  Most of t he  
northwesterly trending s t ruc tu res  in the  Selwyn Basin formed 
prior t o  t h e  emplacement  of discordant mid-Cretaceous 
plutons of quar tz  monzonite (Gabrielse e t  al., 1973, p. 112; 
Gabrielse and Reesor, 1974, p. 129). Some of the  thrus t  
faul ts  and folds in the  Mackenzie Mountains may have formed 
during th is  pre-mid-Cretaceous phase of deformation, but  
o thers  may have formed during a poorly dated Upper 
Cretaceous  - Paleogene phase of deformation which was 
accompanied by late-orogenic rnolasse deposition. 

During l a t e  Mesozoic compression of t h e  
Mackenzie - Wernecke fold bel t  numerous Precambrian faul ts  
were  react ivated along trends discordant with the  overall 
northwesterly to  westerly s t ructures  (Aitken and Cook, 
1974a). Precambrian crystall ine basement  is not exposed a t  
t he  surface  and depth t o  basement is unknown. Some of the  
ramifications of la te  Proterozoic sedimentary tec tonics  on 
t h e  s t ructura l  pa t t e rn  will be  discussed in this paper. The 
influence of discordant basement s t ructures  is particularly 
prominent a t  t he  junction between Mackenzie and Wernecke 

1 = Winder mere Supergroup 

2 = pre-Windermere sedimentary assemblages 

3 = western border of Precambrian rocks defined by the 
Mesozoic Teslin Suture between the North American 
craton and exotic eugeosynclinal terranes of the Western 
Cordillera (Tempelman-Kluit, 1979) 

4 = Precambrian basement complexes in the metamorphic 
core zone of the eastern Cordillera 

5 = aeromagnetic anomaly trends in the Precambrian Shield 
underneath the foreland of the Cordillera (Coles et al., 
1976) 

Figure 1. Index map of the Canadian Cordillera showing the 
distribution o f  the main Precambrian rock assemblages. 
Approximate ages of Precambrian complexes are indicated by 
bold half-tone numbers. The broken lines indicate probable 
first-order hinge lines of late Proterozoic sedimentary basin. 
Note the strong magnetic anomaly trends along the 
transverse Peace River Arch where Hudsonian (and possibly 
older) basement separates the northern pre-Windermere 
sedimentary assemblages (i.e. Muskwa, Mackenzie Mountains, 
Pinguicula, Wernecke) from the pre-Windermere assemblage 
in the southern Canadian Cordillera (i.e. Belt-Purcell). 

mountains where the  character is t ic  Proterozoic  stratigraphy 
of t h e  Mackenzie Mountains t e rmina te s  abruptly a t  t h e  Snake 
River Fault  and i ts  northwesterly extension, t h e  Knorr Faul t  
of Norris and Hopkins (1977). 

GENERAL PROTEROZOIC STRATIGRAPHY O F  THE 
MACKENZIE AND WERNECKE MOUNTAINS 

Mackenzie Mountains 

In t h e  Mackenzie Mountains t h e  Proterozoic  consists of 
two major sedimentary successions: t h e  Mackenzie 
Mountains Supergroup and the  Windermere Supergroup. The 
Windermere Supergroup res ts  conformably t o  unconformably 
on a variety of format ions  of t he  Mackenzie Mountains 
Supergroup. I t  is, in turn,  overlain by Paleozoic format ions  in 
conformable or disconformable contact .  The following brief 
description uses t h e  format ion names established by 
Gabrielse et al. (19731, Aitken et al. (19731, Aitken et al. 
(19781, Aitken and Cook (1974b1, Eisbacher (1978a), and 
Jefferson (1978). Thicknesses given a r e  generally averages  
and pertinent only for t h e  major surface  exposures. Detailed 
relationships between t h e  units particularly those  between 
t h e  uppermost ~Mackenzie Mountains Supergroup and t h e  
Windermere Supergroup a r e  discussed in l a t e r  sect ions  of this 
report .  

Mackenzie Mountains Supergroup 

This unit is about  400 m thick and consists of three  
members: a basal recessive silty dolostone and dolomitic 
shale,  a middle massive dolostone with s t romatol i te  bioherms 
and biostromes, and an upper massive dolostone unit 
composed of crypta lgal  laminites.  

Tsezotene Formation 

The Tsezotene Formation is about 1200 m thick and 
consists of t w o  units: t h e  lower unit is composed of grey 
mudstone, si l tstone, and mudcracked sil iciclastic laminites; 
the  upper unit consists of variegated mudstone, f ine  grained 
qua r t z i t e  and minor s t romatol i t ic  bioherms. 

Katherine Croup (or Tigonankweine Formation) 

The Kather ine  Group is about 1500 m thick and consists 
of t h ree  mappable units. I t  is dominated by crossbedded and 
ripple-marked qua r t z i t e ,  purple t o  red mudstone, and 
contains minor s t romatol i t ic  carbonate  horizons. 

Little Dal Group 

The L i t t l e  Dal Group is about  2000 m thick and consists 
of six units: basal mud-cracked sil tstone, thinly bedded 
basinal limestones, thick bedded calcareous and dolomitic 
grainstones,  an  evapor i te  unit, a thinly bedded rusty 
weathering quartzite-shale unit, and a massive dolostone unit  
a t  t h e  top. Basalt ic lava flows, several t ens  of me t re s  thick 
a r e  found sporadically near the  top of the  L i t t l e  Dal Group. 

Redstone River Formation 

The Redstone River Formation pinches and swells f rom 
0 t o  300 m along northwesterly trending outcrops above t h e  
Pla teau Fault. I t  is generally associated with the  overlying 
Coppercap Formation which follows t h e  regional pa t t e rn  of 
thickening and thinning displayed by t h e  Redstone River 
Formation. The Redstone River Formation consists of pink 
calcareous  and dolomitic si l tstone, quar tzose  sandstone, 
massive conglomerate  and breccia  composed of dolostone 
f ragments ,  evapor i tes  and possibly minor volcanics. In some 
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Figure 3. Index map of the  Mackenzie Mountains and eas tern  Wernecke Mountains showing t h e  distribution of 
Proterozoic  sedimentary rocks. Locations of geological sketch maps discussed in this repor t  a r e  also indicated. 

a r e a s  the  con tac t  with t h e  underlying L i t t l e  Dal dolostones is Shezal Formation 
gradational;  locally, conglomerate  and breccia  units up t o  
150 m thick res t  disconformably on L i t t l e  Dal Group. The Shezal Formation varies in thickness f rom a f e w  

me t re s  t o  500 m. In i t s  thinner marginal fac ies  i t  is a 

Coppercap Formation 

The Coppercap Formation also pinches and swells along 
s t ructura l  trend and ranges in thickness f rom 0 t o  500 m. In 
most a reas  i t  consists of two shoaling cycles  of thinly bedded 
carbonate  turbidites,  delicately laminated black limestones, 
and massive grey dolostone. The top of the  unit consists of a 
massive che r ty  dolostone, locally beds of coarse  grained mass  
flow deposits and minor evaporite.  

Windermere Supergroup 

Sayunei Formation 

The Sayunei Formation varies in thickness f rom 0 t o  
700 m and res ts  conformably, disconformably, 
unconformably, or in onlap on older format ions  (Fig. 4C). I t s  
most prominent character is t ics  a r e  monotonous thinly bedded 
sil iciclastic laminites and turbidites which a l t e rna te  with 
dark red - maroon or green argillite. Locally interspersed 
a r e  thick beds of coarse mass-flow deposits ('sharp-clast 
siltstone') and glaciogenic dropstones. The top of t h e  
formation is character ized by a regionally extensive  
hematite-jaspil i te iron format ion and by abundant  
extrabasinal dropstones. 

massive t i l l i te with numerous s t r ia ted  a-nd glacially polished 
clasts.  The thicker basinal d iamict i te  beds a r e  in ters t ra t i f ied  
with sandstone and shale. Clas ts  in the  d iamict i te  a r e  up t o  
several me t re s  in d iameter  and include exo t i c  crystall ine 
boulders. 

Twitya Formation 

The Twitya Formation is up to 800 m thick and res ts  in 
sharp but  generally conformable c o n t a c t  on t h e  Shezal 
Formation. I t  consists of shale, si l tstone, parallel-laminated 
sandstone, and some conglomeratic channel deposits. At the  
base of t h e  unit thinly bedded to laminated dark grey 
par t icula te  l imestone up t o  100 m thick is found in regionally 
res t r ic ted  sett ings.  

Keele Formation 

The Keele Formation is 100 to  500 m thick and res ts  in 
gradational con tac t  on t h e  Twitya Formation. It consists of 
shoaling-upwards carbonate-quar tz i te  cycles  which grade 
southwestward in to  basinal carbonate  fac ies  and mass flow 
deposits. The top of the  Keele Format ion is defined by a 
laterally pers is tent  l ight dolostone unit, t he  informally named 
'Tepee' dolostone, which is about  10 m thick. 



Sheepbed Formation 

The Sheepbed Formation is up to  900 m thick and res ts  
with sharp transgressive con tac t  on t h e  'Tepee' dolostone of 
t h e  Keele Formation. With the  exception of minor thinly 
bedded limestone beds and some f ine  grained quar tzose  
c las t ics  the  Sheepbed Formation consists of homogeneous 
dark grey shale. 

Basal Paleozoic Formations 

Precambrian units of the  Mackenzie Mountains a r e  
commonly erosionally truncated and unconformably overlain 
by Paleozoic format ions  (Gabrielse et al., 1973; Aitken et al., 
1973). The basal Paleozoic Backbone Ranges Formation, 
which possibly includes the  Precambrian-Cambrian transit ion 
zone (Fritz,  1980), res ts  conformably or  unconformably on 
Sheepbed Formation of the  Windermere Supergroup. The 
Backbone Ranges Formation consists of a succession of 
nonmarine to  shallow-water marine feldspathic sandstones, 
red mudstone, buff dolostone, and quartzites.  Towards the  
eas t  ever younger Paleozoic carbonate  format ions  overs tep  
Backbone Ranges  Formation, Windermere Supergroup, and 
formations of t h e  Mackenzie Mountains Supergroup. 

Wernecke Mountains 

In the Wernecke Mountains the  Proterozoic  succession 
consists of t h ree  assemblages (Fig. 2): t h e  Wernecke 
Assemblage (Bell and Delaney, 1977), t he  Pinguicula Group, 
and the  Windermere Supergroup (Eisbacher, l978b). The 
three  Proterozoic  assemblages a r e  s e ~ a r a t e d  f rom each  other  " 
by profound angular unconformities and a r e  in turn  overlain 
conformablv t o  unconformablv bv Paleozoic carbonate-shale 
formations.. The following description uses informal t e rms  of 
Bell and Delaney (1977) and Eisbacher (1978b). Local t e rms  
used here  for important  units a r e  also informal. 

Wernecke Assemblage 

The Wernecke Assemblage consists of t h ree  confor m- 
able  units: a lower unit  with a to t a l  thickness of about  
2000 m of carbonate  and phyllitic mudstone; and middle unit  
with a thickness of about  5000 m of argil l i te,  s l a t e  and 
quartzite;  and a n  upper unit  of about  2000 m of well bedded 
s t romatol i t ic  dolostone and argil l i te.  Numerous heterol i th ic  
breccia pipes a r e  associated with the  Wernecke Assemblage. 

Pinguicula Group 

This brief description applies t o  the  sequence a s  
investigated by t h e  author  in t h e  Pinguicula Lake region and 
is based on a preliminary s t ructura l  - s t ra t igraphic  study 
along a northeast-southwest t ransect .  In o ther  pa r t s  of t h e  
Wernecke Mountains the  Pinguicula Group may contain o ther  
facies and stratigraphically higher units. 

Unit A (Kohse Creek Volcanics) 

This succession grades  regionally f rom severa l  hundred 
me t re s  of basic - in termedia te  volcanic flows and aquagene 
tu f f s  in the  south  in to  entirely sil iciclastic red lamini tes  up 
t o  200 m thick in t h e  northernmost outcrops. The Kohse 
Creek volcanics and equivalent rock units rest  with profound 
angular unconformity on folded Wernecke Assemblage 
(Fig. 4A). 

Unit B 

Unit C 

Unit  C is up t o  200 m thick and consists mainly of 
massive white dolostone with wavy crypta lgal  lamination, 
crossbedding, t epee  s t ructures ,  extensive  dolomite veinlets 
and concretionary cher t .  

Unit D 

Unit D is about 600 rn thick and is in gradational 
con tac t  with unit  C. I t  consists of a lower rusty weathering 
black shale  with l imestone lamini tes  and well developed 
s t romatol i te  bioherms and biostromes; a middle grey 
dolostone with zones of flat-edge conglomerate,  mudcracks 
and crypta lgal  laminites with concretionary che r t ;  and an  
upper buff dolostone with abundant black diagenet ic  che r t ,  
tepee  and molar tooth s t ructures .  

Unit E (Corn Creek quar tz i te)  

This succession ranges in composition f rom a thin, 
brown, parallel  laminated qua r t z i t e  in t h e  nor th  t o  a 
succession up t o  2000 m thick composed of thinly bedded red 
dolomitic si l tstone, dolostone, and quar tz i te .  Near the  top, 
crossbedded qua r t z i t e  contains significant concentra t ions  of 
hemat i t ic  cement .  

Unit F 

Unif F is a basinal, thinly bedded par t icula te  l imestone 
which is t runcated by t h e  angular unconformity below t h e  red 
conglomerate  of t he  basal Windermere Supergroup. 

Windermere Supergroup 

Detailed mapping along the  Snake River established 
tha t  t h e  Windermere Supergroup extends  f rom t h e  Mackenzie 
Mountains into the  Wernecke Mountains and t h a t  in so doing 
i t  undergoes a d ramat i c  fac ies  change. 

Sayunei Format ion 

The Sayunei Format ion varies great ly  in thickness f rom 
0 t o  about  300 m. Where studied so  far ,  i t  is composed 
entirely of conglomerate  which overlies an  angular 
unconformity, cu t  deeply in to  folded and faulted units of t h e  
Pinguicula Group (Fig. 4B). The conglomerate  changes  f rom 
a red fluviati le f ac i e s  on t h e  south t o  buff subaqueous 
channel deposits on the  north. 

Shezal Format ion 

F rom t h e  Snake River southwestward the  Shezal 
Formation thins rapidly f rom severa l  hundred me t re s  t o  0 
me t re s  thickness. I t  is a d iamict i te  composed of greenish 
grey greywacke and bedded s i l t s tone with loosely dispersed 
quar tz i te ,  greenstone, and dolostone clasts. 

Twitya Format ion (Profeit  dolostone and turbidit ic 'Grits') 

The equivalents of t h e  Twitya Formation a r e  a t  leas t  
400 t o  800 m thick and consist of light grey, thick bedded 
par t icula te  dolostone with wavy lamination, sutures,  
diagenetic cavities,  and sporadic oolites. The unit, well 
exposed near  Mt. Profe i t ,  grades  northward in to  mass-flow 
breccias  of dolostone and turbidit ic l imestone interbedded 
with shale; t h e  shale, in turn,  grades  laterally in to  thick 
sil iciclastic flysch which corresponds t o  par ts  of t h e  wide- 
spread 'Grit' unit  of t h e  Selwyn Basin. 

Unit  B comprises about  300 m of thinly bedded, 
laminated and flasered l imestone which grades  upward in to  
laminated dolosiltite. 



Figure 4 

A - Angular unconformity between dolostone 
of the upper Wernecke Assemblage and 
red siltstone o f  the basal Pinguicula 
Group (unit A). Photograph was taken 
about 10 krn north of Pinguicula Lake 
(for location see Fig.13) looking 
eastward. GSC 203631 

B - Angular unconformity between unit L) of 
Pinguicula Group and conglomerate of 
the basal Windermere Supergroup. 
Photograph was taken near the head- 
waters of Corn Creek (for locations 
see Fig. 13) looking northward. 
GSC 203631-A 

Onlap of basal Windermere Supergroup 
(Sayunei Formation = Sa) against gently 
folded Coppercap Formation (=Cc). 
Locality is about 10 k m  north of North 
Redstone River, Mackenzie Mountains. 
Note the relatively planar contact 
between Shezal Formation (=%) and 
Sayunei Formation (=Sa). GSC 203631-B 



Keele Formation 

The Keele Formation is about 40 m thick and 
consists of grey laminated limestone, pink 
recrystall ized dolostone, crossbedded pebbly 
quar tz i te  and a distinct white dolostone a t  t h e  top. 

Sheepbed Formation 

The Sheepbed Formation is about 300 m thick 
and, except  for minor thinly bedded limestone, 
consists of black shale. I t  is overlain conformably and 
unconformably by Paleozoic quar tz i te  and carbonate  
formations.  

AGE O F  THE WINDERMERE SUPERGROUP O F  THE 
MACKENZIE MOUNTAINS 

From the discussion presented in the  following 
chapters  i t  will be  seen t h a t  t h e  Windermere 
Supergroup res ts  e i ther  conformably, or 
unconformably on t h e  Mackenzie Mountains 
Supergroup, depending on local sedimentary 
tectonics.  

Algal microbiota and macromorphology of 
s t romatol i tes  suggest t h a t  t he  Li t t le  Dal Group of 
t h e  Mackenzie Mountains Supergroup was deposited 
between about 1100 and 800 Ma (Hofmann and 
Aitken, 1979). 

The Mackenzie Mountains Supergroup is c u t  by 
diabase dykes and sills. Samples of two sills in t h e  
Tsezotene Formation have been studied 
radiometrically and two  Rb-Sr isochrons suggest ages  
of 769 (or 753) and 766 Ma for  the  t ime  of intrusion 
(Armstrong et al., in press). Extrusive basal t ic  
volcanism possibly re la ted  to  these  sills is known 
from the  top of t h e  L i t t l e  Dal Croup and another  
phase of volcanism was probably responsible for 
extensive deposition of hematite-japil i te iron 
format ion near the  top of the  Sayunei Formation of 
t h e  basal Windermere Supergroup. Depending on 
which of these  volcanic phases corresponds t o  
emplacement  of t h e  maf ic  sills t he  basal Windermere 
s t r a t a  a r e  probably less than 800 Ma, and possibly 
less than 770 Ma old. 

The top of the  Windermere Supergroup is 
probably l a t e s t  Precambrian in age. This age  depends 
on the  age  assigned to  the  Backbone Ranges 
Formation, a qua r t z i t e  commonly placed a t  t h e  
boundary between Precambrian and Cambrian s t r a t a  
(Fr i tz ,  1980). 

SEDIMENTARY TECTONICS 

In order t o  describe the  tectonics,  which 
accompanied deposition of t h e  basal Windermere 
units and which la ter  influenced geometry  of l a t e  
Mesozoic structures,  the  region is subdivided into 
th ree  major segments.  These a r e  the  Redstone 
segment  (North Redstone and South Redstone rivers), 
t h e  Mountain River segment,  and the  Snake River 
segment.  For each  of these  segments s t ructura l  
relationships and major sedimentary fac ies  of t h e  
Windermere and subjacent Proterozoic units will be  
discussed with the  aid of geological sketch maps and 
diagrams. The th ree  principal maps (Fig. 5, 10, 13) 
outline the  configuration of pre-Windermere units, 
t h e  Windermere Supergroup (with t h e  Keele  
carbonate-quartzite succession), and the  Paleozoic  
carbonate-shale succession. 

1 = Paleozoic format ions  4 = hiah-angle faul t  (dot 
on downthrown side) 2 = Proterozoic Windermere 

Supergroup (2a = Keele  5 = thrus t  f au l t  (barb on 
Formation) upthrown side) 

3 = Proterozoic Mackenzie G = folds 
Mountains Supergroup 

Figure 5. Geological sketch map of the  Redstone River a rea ,  
Mackenzie Mountains. Numbers in boxes indicate  location of 
se lec ted sect ions  discussed in  text .  Geology supplemented a f t e r  
Gabrielse et al. (1973). 



In t h e  Mackenzie  Mounta ins  t h e  main  o u t c r o p  b e l t  of 
Windermere  s t r a t a  i s  b roadly  p a r a l l e l  w i t h  t h e  P l a t e a u  Faul t ,  
a t h r u s t  f a u l t  soled by an e v a p o r i t e  horizon in t h e  middle p a r t  
of t h e  L i t t l e  Dal  Group. T h e  P l a t e a u  F a u l t  p l a c e s  pre-  
Windermere  L i t t l e  Dal do los tone  o v e r  P a l e o z o i c  f o r m a t i o n s  
t o  t h e  n o r t h e a s t .  O v e r  m o s t  of i t s  e x t e n t  t h e  P l a t e a u  F a u l t  
z o n e  and r e l a t e d  f a u l t s  t r e n d  nor thwes te r ly .  However ,  upon 
e n t e r i n g  t h e  R e d s t o n e  s e g m e n t  f r o m  t h e  n o r t h w e s t  t h e  f a u l t  
c u r v e s  sharp ly  t o  t h e  s o u t h  and  f inal ly d imin ishes  in 
d i s p l a c e m e n t  unti l  i t  d i e s  o u t  in  a s e r i e s  of sp lays  n e a r  t h e  
South  R e d s t o n e  River  (Fig.  5). T h e  line c o n n e c t i n g  t h e  
southern  t e r m i n a t i o n  of t h e  P l a t e a u  F a u l t  and  t h e  C o a t e s  
L a k e  F a u l t ,  a n o t h e r  s ign i f ican t  t h r u s t  t o  t h e  s o u t h e a s t ,  is a 
v e r y  g e n t l e  an t ic l ina l  w a r p  a long  which bedding d ips  a r e  
ra re ly  m o r e  t h a n  f i v e  degrees .  In t h e  a r e a  t o  t h e  s o u t h e a s t  
of t h e  s h a r p  d e f l e c t i o n  of t h e  P l a t e a u  F a u l t  t h e  regional  
s t r u c t u r a l  p a t t e r n  is a c o m p o s i t e  of n o r t h w e s t e r l y  a n d  nor th-  
n o r t h e a s t e r l y  t r e n d s  s o m e  of which a r e  t h e  h e r i t a g e  of 
P r e c a m b r i a n  syndeposit ional  t ec ton ics .  

Nor thwes tward ,  t h e  P l a t e a u  F a u l t  and r e l a t e d  
s t r u c t u r e s  e x t e n d  i n t o  t h e  S n a k e  River  s e g m e n t  w h e r e  
n o r t h w e s t e r l y  t r e n d s  m e r g e  w i t h  nor ther ly  t r e n d s  of t h e  
Richardson  F a u l t  a r r a y  (Norris  and  Hopkins, 1977). A m a j o r  
f a u l t  zone ,  t h e  S n a k e  R i v e r  - Knorr  F a u l t ,  s e p a r a t e s  pre-  
Windermere  s e d i m e n t a r y  a s s e m b l a g e s  of t h e  M a c k e n z i e  
Mountains,  f r o m  t h e  d i s t inc t ly  d i f f e r e n t  p re -Windermere  
a s s e m b l a g e s  of t h e  Wernecke  Mountains.  

T h e  fol lowing discussion of t h e  Windermere  Supergroup  
will p r o c e e d  f r o m  s o u t h e a s t  t o  n o r t h w e s t  using t h e  Reds tone ,  
Mountain River  a n d  Snake  River  s e g m e n t s  t o  i l l u s t r a t e  t h e  
s u b t l e  in te rp lay  of t e c t o n i c s  and sed imenta t ion .  

South Redstone River area 

The geology of t h e  South  R e d s t o n e  River  a r e a  is shown 
in t w o  s k e t c h  m a p s  cover ing  t h e  a r e a s  south  and n o r t h  of t h e  
South  R e d s t o n e  River  r e s p e c t i v e l y  (Fig. 6,  7). 

South  of t h e  South  R e d s t o n e  R i v e r  t h e  s t r u c t u r e  i s  
d o m i n a t e d  by t w o  major fau l t s :  t h e  nor ther ly  t rending  
C o a t e s  L a k e  Faul t ,  a t h r u s t  f a u l t ,  and  t h e  n o r t h e a s t e r l y  
t rending  S o u t h  R e d s t o n e  F a u l t ,  a high-angle normal  t o  high- 
a n g l e  r e v e r s e  fau l t .  Along t h e  C o a t e s  L a k e  F a u l t  a v a r i e t y  
of P r o t e r o z o i c  rocks  a r e  t h r u s t  over  a n  e a s t w a r d  o v e r t u r n e d  
sync l ine  of Pa leozoic  c a r b o n a t e  a n d  s h a l e  (Gabr ie l se  e t  al., 
1973). N o r t h e a s t e r l y  t r e n d i n g  f a u l t s  wi th in  t h e  C o a t e s  L a k e  
t h r u s t  p l a t e  juxtapose d i f f e r e n t  p re -Windermere  f o r m a t i o n s  
a g a i n s t  e a c h  o t h e r .  About  15 k m  south  of C o a t e s  L a k e  o n e  of 
t h e s e  t r a n s v e r s e  f a u l t s  i s  c a p p e d  d iscordant ly  b y  Sayunei  
F o r m a t i o n  (basa l  Windermere  Supergroup).  In t h i s  a r e a  t h e  
t r a n s v e r s e  f a u l t s  a r e  c lose ly  a s s o c i a t e d  wi th  b a s a l t i c  f lows  in 
t h e  h ighes t  p a r t  of t h e  pre-Windermere  L i t t l e  Dal  c a r b o n a t e s  
(Fig. 6); t h e  f a u l t s  m i g h t  h a v e  f a c i l i t a t e d  ex t rus ion  of t h e  
b a s a l t  flows. T h e  b a s a l t s  of t h e  downthrown pane l  a r e  a b o u t  
50  m thick and a r e  over la in  by 2 0  m of h e m a t i t i c  s i l t s t o n e  
lamini tes ,  30 m of do los i l t i t es  - q u a r t z i t e s ,  and  a b o u t  120 m 
of c h e r t y  do los tone  a n d  t u r b i d i t i c  l i m e s t o n e  beds  of 
C o p p e r c a p  F o r m a t i o n .  T h e  f l o w s  and  i m m e d i a t e l y  over ly ing  
pre-Windermere  rocks  a r e  n o t  p r e s e r v e d  in t h e  u p t h r o w n  
pane l  of L i t t l e  Dal  C r o u p  t o  t h e  north.  Thus  v e r t i c a l  
d i s p l a c e m e n t  a long  t h e  f a u l t  w a s  a t  l e a s t  200 m and  o c c u r r e d  
b e t w e e n  l a t e s t  L i t t l e  D a l  and  e a r l i e s t  Windermere  t i m e .  
Nor th  of t h e  up thrown f a u l t  block,  in t h e  i m m e d i a t e  v ic in i ty  
of C o a t e s  Lake ,  t h e  t h r u s t  p l a t e  is composed  of R e d s t o n e  
River  a n d  C o p p e r c a p  f o r m a t i o n s  wi th  a t o t a l  th ickness  of a t  
l e a s t  450  m. T h e s e  un i t s  a r e  c o m p l e t e l y  missing be low t h e  
Sayunei  F o r m a t i o n  t o  t h e  south.  T h e  i n f e r r e d  t r a n s v e r s e  
f a u l t  b e t w e e n  t h e  C o a t e s  L a k e  s e c t i o n  and t h e  up thrown 
block of  L i t t l e  Dal Group probably  runs  n o r t h  of a c r e e k  bed  
7 k m  s o u t h  of C o a t e s  Lake.  C o a r s e  s e d i m e n t a r y  b r e c c i a s  
i n d i c a t e  t h a t  t h i s  f a u l t  w a s  a c t i v e  during depos i t ion  of  

K e d s t o n e  River  Format ion .  Angular  bouldery  debr i s  in t h e  
Sayunei  F o r m a t i o n  s o u t h  of  C o a t e s  L a k e  s u g g e s t  p robable  
cont inued  m o v e m e n t  in W i n d e r m e r e  t i m e .  

T h e r e  is a s t r o n g  possibi l i ty t h a t  t h e  n o r t h e a s t  t rending  
S o u t h  R e d s t o n e  F a u l t  w a s  a l s o  a c t i v e  a b o u t  t h i s  t i m e :  12 I<m 
t o  t h e  wes t - southwes t  of C o a t e s  L a k e  a m i n i m u m  of 700  m of 
t h e  upper  L i t t l e  Dal  Group a r e  missing a long  t h e  s o u t h  s i d e  of 
t h e  South  R e d s t o n e  F a u l t  a n d  brown rus ty  s a n d s t o n e  a n d  
s h a l e  plus a f e w  m e t r e s  of do los tone  of t h e  middle  L i t t l e  Dal  
Group a r e  over la in  unconformably  by b a s a l  c o n g l o m e r a t e  of 
t h e  Sayunei  F o r m a t i o n  a t  P o i n t  R of F i g u r e  6. N o r t h  of t h e  
f a u l t  t h e  Sayunei  F o r m a t i o n  c o n s i s t s  a l m o s t  e n t i r e l y  of m a s s  
f l o w  depos i t s  composed  of angular  s labs  of p re -Windermere  
l i tho logies  a n d  f r a g m e n t s  of r e w o r k e d  Sayunei  F o r m a t i o n  
including t h e  c h a r a c t e r i s t i c  h e m a t i t e - j a s p i l i t e  i ron 
f o r m a t i o n .  T h e  South  R e d s t o n e  F a u l t  w a s  r e a c t i v a t e d  during 
l a t e  Mesozoic  orogenic  compress ion  of t h e  M a c k e n z i e s  and is 
p robably  l inked w i t h  a t h r u s t  f a u l t  i m m e d i a t e l y  w e s t  of 
C o a t e s  Lake ;  i t  a l s o  t r u n c a t e s  t h e  C o a t e s  L a k e  Faul t .  
Another  expression of t h e  South  R e d s t o n e  F a u l t ,  hidden 
u n d e r n e a t h  P a l e o z o i c  rocks  30  k m  t o  t h e  n o r t h e a s t  of C o a t e s  
Lake ,  m a y  b e  t h e  d i s t i n c t  s igmoida l  o u t c r o p  p a t t e r n  of  p re -  
W i n d e r m e r e  r o c k s  (Fig. 5). 

N o r t h  of t h e  South  R e d s t o n e  River  t h e  S o u t h  R e d s t o n e  
F a u l t  c o n v e r g e s  a g a i n s t  a n  a r r a y  of nor th- t rending  f a u l t s  
(Fig. 7). T h e  geology in  t h i s  a r e a  i s  d o m i n a t e d  by a north-  
w e s t e r l y  t rending  t h r u s t  f a u l t  which  br ings  pre-Windermere  
un i t s  o v e r  a n o r t h e a s t e r l y  verg ing  sync l ine  of Pa leozoic  
c a r b o n a t e  a n d  s h a l e  (S1 in Fig. 7). H o w e v e r ,  t h i s  s t r u c t u r e  
h a s  b e e n  profoundly modi f ied  by n o r t h e r l y  t r e n d i n g  high- 
a n g l e  fau l t s ,  including t h e  t layhook F a u l t .  T h e  nor ther ly  
t rending  f a u l t s  h a v e  a d r a m a t i c  express ion  in a b r u p t  f a c i e s  
and  th ickness  c h a n g e s  of Windermere  rocks.  O n e  of t h e  
f a u l t s  (shown as F 1  in  Fig.  7)  d i s p l a c e s  t h e  c o n t a c t  b e t w e e n  
L i t t l e  Dal  Group a n d  K a t h e r i n e  G r o u p  by s e v e r a l  hundreds  of 
m e t r e s  b u t  d o e s  n o t  s e e m  t o  e x t e n d  i n t o  Windermere  rocks.  
A b o u t  4 k m  t o  t h e  s o u t h e a s t  of t h i s  f a u l t  ( a t  po in t  P X  of 
Fig.  7)  t h e  L i t t l e  Dal Group,  which  h e r e  h a s  b e e n  s t r ipped  of 
a t  l e a s t  9 0 0  m of i t s  u p p e r m o s t  s e c t i o n ,  i s  over la in  wi th  
a n g u l a r  unconformi ty  by 50  m of s e d i m e n t a r y  (Reds tone  
R i v e r  ?) boulder  b r e c c i a s .  T h e  d o l o m i t i c  b r e c c i a ,  in tu rn ,  is  
unconformably  over lapped  by m a r o o n  s i l t s t o n e  of t h e  Sayunei  
F o r m a t i o n  which h e r e  t h i n s  rapidly t o w a r d s  t h e  east (Fig. 7). 

Another  f a u l t  (F2 ,  Fig.  7) s e p a r a t e s  a block devoid of 
Sayunei  F o r m a t i o n  o n  t h e  w e s t  f r o m  a downthrown block wi th  
a b o u t  200 m of Sayunei  F o r m a t i o n  o n  t h e  east. T h e  f a u l t  is 
t r u n c a t e d  by P a l e o z o i c  r o c k s  along t h e  n o r t h  l imb of sync l ine  
S1.  F a u l t  Fg s e p a r a t e s  a pane l  wi th  5 0 0  m of R e d s t o n e  
R i v e r  - C o p p e r c a p  o n  t h e  e a s t  f r o m  o n e  w i t h o u t  t h e s e  
f o r m a t i o n s  o n  t h e  wes t .  T h e  f a u l t  a l s o  m a y  h a v e  s e r v e d  as a 
v e n t  f o r  vo lcan ics  h e r e  a s s o c i a t e d  w i t h  R e d s t o n e  R i v e r  
F o r m a t i o n .  

T h e  Hayhook F a u l t  (Gabr ie l se  et al., 1973) s e p a r a t e s  
t w o  d i s t i n c t  f a c i e s  of t h e  Sayunei  Format ion :  a mass ive  
grey-pink t i l l i t e  on t h e  e a s t  and  basinal  m a r o o n  s i l t s tone ,  
m a s s  f low d i a m i c t i t e ,  and  iron f o r m a t i o n  o n  t h e  w e s t ;  t h e  
R e d s t o n e  R i v e r  F o r m a t i o n  is  c h a r a c t e r i z e d  by s e d i m e n t a r y  
b r e c c i a s  o n  t h e  east of t h e  f a u l t  a n d  pink s i l t s t o n e  o n  t h e  
wes t .  I m m e d i a t e l y  s o u t h  of t h e s e  t w o  panels ,  b u t  a c r o s s  t h e  
S o u t h  R e d s t o n e  F a u l t  P a l e o z o i c  c a r b o n a t e  f o r m a t i o n s  l i e  
d i r e c t l y  o n  pre-Windermere  L i t t l e  Dal  Group a n d  a l l  of t h e  
W i n d e r m e r e  i s  missing. T h e  Hayhook F a u l t  c u t s  P a l e o z o i c  
r o c k s  and  probably r e p r e s e n t s  a r e - a c t i v a t e d  high-angle 
P r o t e r o z o i c  F a u l t  s imi la r  t o  o t h e r s  descr ibed  h e r e .  South of 
a s t r u c t u r a l  Null P o i n t  (Fig. 7), s t e e p l y  e a s t w a r d  plunging 
h inge  l ines  of minor  f o l d s  s u g g e s t  t h a t  in t h e  f i n a l  s t a g e s  of  
l a t e  Mesozoic  compress ion  t h e  southern  l imb of t h e  sync l ine  
S1 w a s  s l iced  and  t i l t e d  e a s t w a r d  by t h e  r e - a c t i v a t e d  f a u l t  F 3  
and  t h e  Hayhook Faul t .  
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Ts = Tsezotene Formation Sh = Shezal Formation 1 = thrust fault (barbs on 

Ka = Katherine Group Tw = Twitya Formation upthrown side) 

(= Tigonanqueine Formation) Pal= Paleozoic formations. For restored 2 = high-angle fault (dots on 
LD = Little Dal Group (v-pattern stratigraphic cross-section AA' 

downthrown side) 

(indicates basaltic volcanics) see Figure 8 3 = folds 

Sa = Sayunei Formation R = locality referred to in text 

Figure 6 .  Geological sketch map of the South Kedstone River area (south segment). 



Ka = Katherine Group Ke = Keele Formation 

LD = Little Dal Grow Pal = Paleozoic formations 

1 = thrust fault (barbs on 
the upthrown side) 

Rr = Redstone River Formation Null point = point along a reactivated 2 = high-angle fault (dots on 
fault where sense of displacement downthrown side) 

Cc = Coppercap Formation changes. For restored cross-section BB' 3 = folds 
Sa = SayuneiFormation see Figure 8 .  F 1 ,  F P ,  F 3  are faults 

Sh = Shezal Formation referred to  in tex t ;  S1 is syncline referred 
to  in tex t ;  Px is locality referred to in text  

Tw = Twitya Formation 

Figure 7. Geological sketch map of the South Redstone River area (north segment). 
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LD = Little Dal Group Cc = Coppercap Formation 
Ka = Katherine Group Sa = Sayunei Format ion 
R r  = Redstone River Formation Sh = Shezal Format ion 

Figure 8. Restored stratigraphic sect ion across the  north-northeasterly trending synsedimentary f au l t s  of t h e  
South Redstone River a rea  using the base of the Shezal Formation a s  da tum plane (for location see  Fig. 6 
and 7). V-pattern indicates position of basalt ic volcanics in the  uppermost Li t t le  Dal Group. 

Thus northerly to  northeasterly trending faul ts  have 
great ly  influenced the  relief during deposition of Redstone 
River, Coppercap, and Sayunei format ions  in the  South 
Redstone a rea  and were  partly react ivated a s  t ea r s  and high- 
angle reverse  faul ts  during late-Mesozoic-Paleogene 
southwest-northeast  compression. 

Figure 8 shows two  restored northwest-southeast  cross- 
sections across the  contemporaneous t ransverse  faul ts  south 
(AA') and north (BBt) of t he  South Redstone River 
respectively. The Shezal Formation is used a s  datum plane 
although differential  movements along the  faul ts  continued 
t o  be significant during and a f t e r  deposition of t h e  Shezal 
Formation. From these  diagrams i t  s eems  t h a t  beginning 
with t h e  outflow of basalt ic lava t h e  local paleogeography 
was  dominated by complex marine t o  nonmarine in ter faces  
with deposition taking place on mud flats,  small  alluvial fans, 
and evaporit ic basins t o  the  southwest (Redstone River 
Formation). A relatively abrupt  transgression (Coppercap 
Formation) converted the  structurally low lying a reas  in to  
basins which received carbonate  turbidites and laminites. 
The 'transition zone' in the  uppermost Redstone River 
Formation is character ized by red-grey-green variegated 
dolosil t i tes and cryptalgal laminites which host stratabound 
copper mineralization (Coates,  1964; Eisbacher, 1977; 
Jefferson, 1978; Ruelle, in press). The highest member of t he  
Coppercap Formation is a massive cher ty  dolostone with 
minor evaporite lenses. In drill co re  at Coa tes  Lake, t h e  
transit ion between Coppercap Formation and Sayunei 
Formation is conformable. North of the  South Redstone 
Fault  the  uppermost Coppercap dolostone member is overlain 
by 10 to  50 m of chaot ic  olistostrome composed a lmost  
ent i re ly  of angular carbonate  c l a s t s  which f loat  in a 
ca lcareous  matrix. This olistostrome unit grades  in to  less 
ca lcareous  t i l l i te which probably corre la tes  with t h e  Sayunei 
Formation (see la ter  section). 

North Redstone River Area 

The Proterozoic  geology of th is  a r e a  (Fig. 9) is 
dominated by a n  abrupt  change in t rend of t h e  Pla teau Faul t  
f rom a northwesterly t o  a southerly direction. St ructure  and 
stratigraphy r e f l ec t  this change vividly. The Pla teau thrus t  
p la te  ca r r i e s  Proterozoic  format ions  over Paleozoic 
carbonates.  In t h e  southern pa r t  of t h e  a r e a  major and minor 
folds of northwesterly t rend in Paleozoic  carbonates  eas t  of 
t he  thrus t  faul t  a r e  a lmost  perpendicular t o  t h e  Pla teau Faul t  
which he re  s t r ikes  north-northeasterly.  The folds in t h e  
incompetent  shale  units of t h e  footwall  plunge gently under- 
neath  the  thrus t  p la te  which is composed of compe ten t  
dolostone of t h e  upper L i t t l e  Dal Group. On the  thrus t  p la te  
widely-spaced en-echelon flexures have a similar discordant 
trend in re la t ion t o  t h e  Pla teau Fault .  The Pla teau Faul t  
clearly cu t s  across  these  s t ruc tu res  (Fig. 9). In the  zone 
where  t h e  major change in t rend of t h e  thrus t  faul t  occurs  
t h e  Pla teau Faul t  splays into severa l  complex imbrications 
involving mainly Proterozoic  rocks. Near the  creek a t  
la t i tude  63'30tN the  Pla teau Faul t  a s se r t s  i t s  north- 
northeasterly t rend along a lower subsidiary splay which 
t rends  in to  complexly deformed Paleozoic  rocks e a s t  of t h e  
main f au l t  zone. Fac ie s  in the  Proterozoic  Redstone River 
and Sayunei format ions  suggest t h a t  t he  north-northeasterly 
trend was also a subsidiary fault-controlled hinge line during 
t h e  deposition of these  units (Eisbacher, 1978a, p. 19-20). 
Immediately nor th  of t h e  c reek  t h e  Redstone River 
Formation is a fluviati le conglomerate,  150 m thick, con- 
sisting almost ent i re ly  of Li t t le  Dal dolostone cobbles and 
sporadic quar tz i te .  The conglomerate  thins northward where  
i t  is  overstepped by Coppercap Format ion ( a t  point PX in 
Fig. 9). In t h e  subsidiary f au l t  panel t o  t h e  e a s t  of t h e  
Pla teau Faul t  a red breccia,  possibly corre la t ive  with t h e  
Redstone River conglomerates,  res ts  on L i t t l e  Dal Group and 
seems t o  be overlain by younger Windermere rocks although 



t he  con tac t  is not exposed. Paleocurrent 
flow, derived from imbricated cobbles in t h e  
Redstone River conglomerate,  was t o  the  
southwest.  To the  south no conglomerate  is 
found in the  Redstone River Formation which 
is composed of pink cross-laminated sil tstone 
with paleocurrent flow t o  t h e  northwest.  A 
hinge might also have controlled deposition 
of the  Sayunei Formation which thickens 
f rom about  100 m t o  500 m, 15 km t o  t h e  
north. The subsidiary hinge and others  of 
similar trend were  probably react ivated 
during l a t e  Mesozoic compression and caused 
t h e  P la t eau  Faul t  t o  break southward r a the r  
than maintain a southeasterly trend. Despite 
t h e  subt le  expression of minor t ransverse  
faults,  t h e  Proterozoic  units in general  
thicken dramat ica l ly  in a westerly direction. 
This is  well i l lustrated in the  Coppercap 
Format ion which increases great ly  in 
thickness f rom point A t o  point C in Figure 9. 

630301 At  point A about 5 m of dark grey 
Coppercap l imestone and dolostone res t  
directly on buff dolostone of Li t t le  Dal 
Group; a t  point B, 6 km t o  the  west,  
Coppercap Formation is about  170 m thick 
and res ts  on a t  least  250 m of Redstone River 
si l tstone; a t  point C some 270 m of 
Coppercap Formation were  intersected in the  
subsurface (L. Haines, Rio  Tinto Canadian 
Exploration Ltd., personal communication, 
1977) before  drilling was abandoned a f t e r  
another  20 m of anhydrite were  found below 
t h e  Coppercap carbonates.  In t h e  creek bed 
north of point C, folds in t h e  Coppercap 
Format ion with an  ampl i tude of about  3 m 
trend northerly and verge  westward, 
apparent ly  unrelated t o  a major s t ruc tu re  in 
t h e  a rea ;  they might represent  slump folds 
along a s t e e p  paleoslope suggested by t h e  
d ramat i c  thickness increase  of t he  Coppercap 
Format ion and by sudden facies  changes in 
t h e  underlying Redstone River Formation. 

Mountain River Area 

In t h e  Mountain River a rea  (Fig. 10) t h e  
Pla teau Faul t  is associated with several 
thrust  splays to  the  nor theas t  and southwest 
of t he  main fault .  On the  northeast  of this 
faul t  ar ray  pre-Windermere Mackenzie 
Mountains Supergroup is overlain directly by 
Paleozoic platformal carbonates.  Mackenzie 
Mountains Supergroup and Paleozoic cover 
a r e  deformed into broad anticlines and 
synclines locally disrupted by react ivated 
t ransverse  s t ruc tu res  (Aitken and Cook, 
1974a). Along the  Pla teau Faul t  zone t h e  
Windermere Supergroup increases  rapidly in 
thickness f rom ze ro  t o  about  3000 m from 
the  fea ther-edge on t h e  nor theas t  t o  i t s  
g rea t e s t  exposed thickness t o  the  southwest. 
In t h e  southwesternmost thrus t  p l a t e  only t h e  
highest uni ts  of t he  Windermere succession 

127°001 

Ka = Katherine Group Sa = Sayunei Formation 1 = thrust fault 
(= Tigonanqueine Formation) Sh = Shezal Formation (barbs on down- 

thrown side) 
LD= LittleDal Group Tw = Twitya Formation 2 = high-angle fault 
Rr = Redstone River Formation Ke = Keele Formation (dots on down- 

thrown side) 
Cc = Coppercap Formation 3 = folds 

Figure 9. Geological sketch map of the area south of North Redstone River. 
A, B, C, P X  are localities referred to  in text .  
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Figure 11. Stratigraphic res tora t ion of the  Windermere Supergroup along Sect ion AA' of Figure 10 with the  
uppermost Proterozoic - Lower Cambrian Backbone Ranges Format ion as datum plane. For discussion s e e  text .  

a r e  exposed. The s t ructura l  complications along this segment  
of t h e  Pla teau Fault  a r e  probably a reflection of both north- 
northwesterly trending older s t ructura l  e lements  and the  
rapid increase  in thickness of t he  Windermere Supergroup t o  
t h e  southwest.  Some of t h e  Precambrian s t ruc tu ra l  t rends  
a r e  well ref lec ted in fac ies  and thickness changes along t h e  
trend of the  Pla teau Fault .  

An example of these  changes in the  cha rac te r  of 
Windermere rocks and subjacent Redstone River and 
Coppercap formations is i l lustrated along a generalized 
section AA' (Fig. 10, 11). 'This section follows the  s t r ike  of 
t he  Pla teau Faul t  from southeast  to northwest. Tracing the  
base of t h e  Sayunei Formation f rom near point A (Fig. 10) t o  
t h e  northwest one first  encounters  evaporit ic units of t h e  
middle L i t t l e  Dal Group overlain unconformably by Sayunei 
Formation of the  Windermere. Thus several hundred me t re s  
of upper L i t t l e  Dal Group a r e  missing. About 10 km t o  t h e  
northwest t h e  evaporites a r e  abruptly replaced by a section 
of crudely s t ra t i f ied  breccias which consist  a lmost  ent i re ly  of 
angular dolostone f ragments  and slabs. This sedimentary 
breccia  is almost devoid of sandy interbeds and is a t  leas t  
150 m thick. I t  is unconformably overlain by t h e  
character is t ic  maroon sil tstone laminites of t h e  Sayunei 
Formation. 

The apparent downward displacement of t he  evaporites 
a t  this point and their  reappearance some  20 km t o  t h e  
northwest suggest a fault  with a throw of several hundreds of 
me t re s  which was overstepped by the  Sayunei Formation 
(Fig. 11). Far ther  to  the  northwest dolostone units of t he  
upper L i t t l e  Dal Group a r e  conformably overlain by 
conglomerate,  mudstone and evapor i te  of t he  Redstone River 
Formation, and by carbonate  rocks of t he  Coppercap 
Formation. However, a t  one point both of these  units seem 
t o  have been erosionally t runcated prior t o  Windermere 
deposition. From this  point t h e  Sayunei Formation thins f rom 
300 to  ze ro  me t re s  within a horizontal d is tance  of 5 km 
(Fig. 11). In the  same  general a r e a  the  Keele Formation, 
higher in t h e  Windermere, displays a spectacular  
synsedimentary carbonate-platform scarp  which trends north- 
northwest and probably ref lec ts  failure of Twitya shales  over 
an  older tec tonic  hinge zone with a north-northwesterly trend 
(Eisbacher, 1978a, p. 18). These fac ies  and thickness changes  
along s t r ike  of t h e  Pla teau Faul t  indicate significant t ec ton ic  
control of sedimentation. However, thickness changes  across  
the  Pla teau Fault  a r e  even more  d ramat i c  and will be  
discussed in a la ter  section dealing with the  glacial  record. 

In the  southeas tern  pa r t  of the  Mountain River segment 
o the r  deformation contemporaneous  with o r  slightly 
preceding deposition of t h e  basal Windermere s t r a t a  is 
possibly even more  abnormal with respect  t o  simple south- 
westward thickening. A t  point X in Figures 10 and 12 a high- 
angle faul t  with ver t ica l  displacement of severa l  hundred 
me t re s  involves basal Sayunei si l tstones which conformably 
overlie some 500 m of Coppercap Formation. Tightly 
appressed folds involving Coppercap and basal Sayunei a r e  
exposed e a s t  and south of t he  fault .  Faul t  and folds trend 
north-northwesterly and t h e  folds a r e  overturned to  t h e  west. 
Faul t  and folds a r e  overlain by flatlying beds of t h e  Sayunei 
Formation (including iron formation) thus suggesting an intra- 
Sayunei unconformity, indicated in Figure 12. Copper 
mineralization appears  t o  b e  re la ted  t o  this unconformity 
(Helmstaedt  e t  al., 1979). 

The Mountain River a rea  thus has a record of fault ing, 
some  folding and southwestward t i l t ing of pre-Windermere 
rocks which occurred contemporaneously with Windermere 
sedimentation. Some of t h e  transverse contemporaneous 
faul ts  were  also react ivated during l a t e  Mesozoic 
deformation and modified first-order folds and faults.  

Snake River Area 

This region probably contains the  most perplexing 
exposures of Proterozoic  unconformities in t h e  Canadian 
Cordillera. The regional framework map of t h e  Snake River 
segment  and a geological sketch map i l lus t ra te  the  distribu- 
tion of the  main Proterozoic  sedimentary complexes and the  
important  Snake River Faul t  which trends into the  Knorr 
Faul t  zone (Fig. 13, 14). 

The a rea  is character ized by two profound angular 
unconformities which demons t r a t e  two  major phases of 
folding in pre-Windermere s t r a t a  (Eisbacher, 1978b). 
However,  t h e  regional corre la t ion of these  deformat ional  
phases a s  a t t empted  by the  author  (Eisbacher, 197813, p. 57), 
may be  more  complex than suggested previously. 

The relationships a r e  documented in F i g u r e l 4 .  
Southwest of Pinguicula Lake t h e  upper unit of t h e  Wernecke 
Assemblage is tightly folded along well defined north- 
northeasterly trends. These folds were  f i rs t  demonstra ted  
underneath t h e  unconformity a t  Pinguicula Lake by Wheeler 
(1954) although t h e  regional significance of t h e  profound 
truncation remained a tantalising problem a f t e r  this early 
reconnaissance of t h e  Bonnet Plume region. The 



How f a r  a w a y  f r o m  t h i s  a r e a  t h e  pre-Pinguicula d e f o r m a t i o n  
c a n  b e  r e c o g n i z e d  in t h e  W e r n e c k e  A s s e m b l a g e  h a s  y e t  t o  b e  
es tab l i shed .  Also, e m p l a c e m e n t  of e x t e n s i v e  h e t e r o l i t h i c  
b r e c c i a s ,  d e s c r i b e d  by Bell and  Delaney  (1977), Bell (1978), 
and  A r c h e r  and  S c h m i d t  (1978) in t h e  W e r n e c k e  A s s e m b l a g e  
is of pre-Pinguicula age .  

E a s t  of  t h e  reg iona l  unconformi ty  a genera l ly  e a s t w a r d  
dipping success ion  of Pinguicula un i t s  is  r e p e a t e d  by t h r e e  
major eas t -d ipp ing  r e v e r s e  f a u l t s  (Fig. 14). T h e  e a s t e r n m o s t  
exposures  of t h e  Pinguicula G r o u p  r e v e a l  s t r u c t u r e s  which  in 
t u r n  a r e  o v e r l a i n  unconformably  by b a s a l  c o n g l o m e r a t e  of t h e  
Windermere  Supergroup .  T h e s e  s t r u c t u r e s  a r e  ou t l ined  
mainly by uni t  E (Corn C r e e k  q u a r t z i t e )  and  uni t  F ,  t h e  
h ighes t  P inguicu la  un i t  exposed in th i s  a r e a .  T w o  e a s t e r l y  
dipping t h r u s t  f a u l t s  and  a n  e a s t e r l y  t rending  high-angle t e a r  
a r e  t r u n c a t e d  by t h e  unconformi ty  and  over la in  by up t o  
250 m of m a s s i v e  br igh t  red c o n g l o m e r a t e  which d o e s  n o t  
s e e m  to b e  a f f e c t e d  by s t r u c t u r e s  which  d e f o r m  t h e  
P inguicu la  G r o u p  ( loca l i ty  X in Fig. 14). N o r t h  of  loca l i ty  X 
t h e  s a m e  unconformi ty  t r u n c a t e s  o t h e r  m a p p a b l e  s t r u c t u r e s  
ou t l ined  by q u a r t z i t e  of unit  E and t h e  s u b - w i n d e r m e r e  
u n c o n f o r m i t y  gradua l ly  a p p r o a c h e s  t h e  sub-Pinguicula 
unconformi ty .  T h e  reg iona l  c o n v e r g e n c e  of t h e  t w o  
u n c o n f o r m i t i e s  i s  caused  not  only by t r u n c a t i o n  of p rogres -  
s ively lower  Pinguicula un i t s  b u t  a l so  by t h e  progress ive  
nor ther ly  th inn ing  of t h e  Pinguicula Group.  P a l e o c u r r e n t s ,  a s  
sugges ted  by c ross lamina t ions  m e a s u r e d  in un i t  B and  c ross -  
beds  in un i t  E, c o r r o b o r a t e  a southward-incl ined pa leos lope  
f o r  t h e  P inguicu la  basin. 

Rr = Redstone River SaU = upper part of  Sayunei 
Formation Formation 

Cc = Coppercap Sh = Shezal Formation. 
Formation 

SaL = lower part o f  Sayunei Formation 

Figure 12. Geological sketch map of  the area near point X 
of Figure 10. Local angular unconformity between tightly 
folded - lower Sayunei and upper Sayunei shown as bold line. 

unconformi ty  l a t e r  se rved  a s  a t y p e  a r e a  for  t h e  'Kacklan  
Orogeny '  (Gabrielse,  1967) which  presumably  s e p a r a t e d  
depos i t ion  of pre-Windermere f r o m  Windermere  rocks. R e -  
e x a m i n a t i o n  of  t h e  a r e a  showed t h a t  t h e  u n c o n f o r m i t y  
s e p a r a t e s  Wernecke  Assemblage  f r o m  t h e  over ly ing  
Pinguicula Group,  bo th  being s u b - w i n d e r m e r e  P r o t e r o z o i c  
s e q u e n c e s  (Fig. 14). A t  P inguicu la  L a k e  a n d  f o r  s e v e r a l  
k i l o m e t r e s  t o  t h e  s o u t h  t h e  fo lded  a n d  c l e a v e d  dolos tone-  
s l a t e  of t h e  Wernecke  Assemblage  is  t r u n c a t e d  by t h e  angular  
unconformi ty  and is  over la in  by t h e  vo lcan ics  along Kohse  
C r e e k  and by s i l i c ic las t ics  of t h e  b a s a l  P inguicu la  Group 
f u r t h e r  t o  t h e  north.  A t  P inguicu la  L a k e  t h e  unconfor rn i ty  
d ips  a b o u t  35' t o  t h e  e a s t ,  a n d  t h e  f a c i e s  of t h e  basa l  b e d s  is  
t rans i t iona l  b e t w e e n  t h e  f lows and  a q u a g e n e  t u f f s  t o  t h e  
s o u t h  and red s i l i c ic las t ic  l a m i n i t e s  t o  t h e  n o r t h  (Fig. 4A). 
Locally; c o n g l o m e r a t e  c h a n n e l s  a b o u t  15 m thick,  c o m p o s e d  
of  q u a r t z i t e  and  dolos tone  boulders,  r e s t  on W e r n e c k e  
Assemblage  (Wheeler ,  1954,  p: 15). F r o m  t h e  pronounced  
t r u n c a t i o n  of fold l i m b s  t h e r e  is n o t  m u c h  d o u b t  t h a t  in t h e  
Pinguicula L a k e  a r e a  t h e  nor th-nor theas te r ly  t rending  f o l d s  
f o r m e d  prior  to depos i t ion  of t h e  basa l  Kohse  C r e e k  beds.  

T h e  b a s a l  c o n g l o m e r a t e  of t h e  Winderrnere Supergroup  
c o r r e l a t e s  w i t h  t h e  Sayunei  F o r m a t i o n  of t h e  M a c k e n z i e  
Mounta ins  and  in i t s  n o r t h e r n m o s t  e x p o s u r e s  is  over la in  by 
d i a m i c t i t e  of t h e  S h e z a l  Format ion .  T h e  depos i f iona l  s e t t i n g  
of t h e  Sayunei  c o n g l o m e r a t e  w a s  probably  n o n m a r i n e  in t h e  
redbed  f a c i e s  t o  t h e  s o u t h  a n d  subaqueous  in t h e  b u f f  
channel ized  f a c i e s  t o  t h e  north.  P a l e o c u r r e n t s ,  a s  ind ica ted  
by i m b r i c a t e d  c l a s t s ,  f lowed s o u t h e a s t w a r d  in t h e  r e d  f a c i e s  
and  n o r t h e a s t w a r d  in t h e  buff fac ies .  In b o t h  f a c i e s  t h e  
c l a s t s  a r e  main ly  q u a r t z i t e  and  dolos tone .  

An impress ive  p la t form-bas in  t r a n s i t i o n  f r o m  s o u t h w e s t  
t o  n o r t h e a s t  i s  a l s o  i n d i c a t e d  by t h e  o n l a p  of t h e  
g l a c i o m a r i n e  S h e z a l  F o r m a t i o n  a n d  t h e  d r a m a t i c  f a c i e s  
c h a n g e  f r o m  m a s s i v e  do los tone ,  a b o u t  300 m th ick  a t  Mount 
P r o f e i t ,  t o  basinal  s i l i c ic las t ics  in t h e  upper  Windermere  
Supergroup.  In d e t a i l  t h i s  d o l o s t o n e  b r e a k s  u p  n o r t h e a s t e r l y  
i n t o  s e v e r a l  t o n g u e s  of d o l o s t o n e  b r e c c i a  s e p a r a t e d  f r o m  
e a c h  o t h e r  by sha le ,  a n d ,  wi th in  a d i s t a n c e  of a f e w  
k i l o m e t r e s ,  c h a n g e s  i n t o  l i m e s t o n e  pebble  c o n g l o m e r a t e  and  
c a l c a r e o u s  t u r b i d i t e s  which  o v e r l i e  Sayunei  a n d  S h e z a l  
f o r m a t i o n s  (Fig. I J A ,  B, C).  T h e  m o s t  bas ina l  f a c i e s ,  t h e  
c a l c a r e o u s  r u d i t e s  a n d  t u r b i d i t e s  a r e  over la in  by g r a d e d  
s i l i c ic las t ic  'Gr i t '  unit .  Pa leos lope ,  a s  der ived  f r o m  s l u m p  
fo lds  in  t h i s  zone ,  i s  t o  t h e  n o r t h e a s t ;  p a l e o c u r r e n t  f low,  as 
der ived  f r o m  s o l e m a r k s  in t h e  t u r b i d i t i c  'Gri t '  u n i t  is  t o  t h e  
s o u t h e a s t  (Eisbacher ,  1978b). T h e  K e e l e  F o r m a t i o n ,  which  
o v e r s t e p s  t h e  Mount  P r o f e i t  do los tone  in t h e  south ,  w a s  
depos i ted  in a shoa l ing  s o u t h e a s t e r l y  deepening  t rough  which  
w a s  para l le l  w i t h  t h e  S n a k e  R i v e r  Faul t .  

F u r t h e r  e v i d e n c e  f o r  a fau l t -cont ro l led  t rough  c o m e s  
f r o m  n o r t h  of t h e  S n a k e  R i v e r  F a u l t  ( loca l i ty  Y in Fig. 14). 
T h e r e  t h e  Sayunei  F o r m a t i o n  is  a m a s s i v e  r e d  c o n g l o m e r a t e  
a t  l e a s t  300 m th ick ,  which  r e s t s  unconformably  on  pre-  
W i n d e r m e r e  M a c k e n z i e  Mountains Supergroup .  I t  i s  
composed  of a n g u l a r  t o  rounded  c l a s t s  of do los tone ,  
l imes tone ,  q u a r t z i t e ,  a n d  g r e e n s t o n e  in o r d e r  of d e c r e a s i n g  
abundance .  T h e  c o n g l o m e r a t e  c a r r i e s  r a r e  angular  c l a s t s  of 
i ron f o r m a t i o n  and  g r a d e s  upwards  i n t o  greenish  s l a t y  
d i a m i c t i t e  of t h e  g l a c i o m a r i n e  S h e z a l  F o r m a t i o n  which  
c o n t a i n s  d o l o s t o n e  a n d  g r e e n s t o n e  c l a s t s  in  a b o u t  e q u a l  
proport ions.  Bedded i ron  f o r m a t i o n ,  which  is  a c h a r a c t e r i s t i c  
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Figure 14 

Geological sketch map o f  the east- 
ernmost Wernecke Mountains 
illustrating the convergence of two  
Proterozoic unconformities near the 
Snake River Fault. Units A to  F are 
formations of the Pinguicula Group 
(Fig. 2). Unit A of the Pinguicula 
Group rests with angular uncon- 
formity on Wernecke Assemblage. 
Corn Creek quartzite (= 4 )  illustrates 
by i ts  outline pre-Windermere struc- 
tures underneath the angular 
unconformity below the basal 
conglomerate (= 3) of the 
Windermere Supergroup. Note rapid 
southwestward thinning of the Shezal 
Formation (= 2) against the Wernecke 
platform and the dramatic facies 
change in the upper Windermere from 
platformal dolostone near Mount 
Profeit to shale and siliciclastic 'Grit' 
unit along the Snake River (= 1). The 
Snake River Fault is probably a major 
transcurrent fault. 



A - Tongues of  dolomitic breccia inter- 
bedded with shale exposed north of 
Mount Profeit .  Breccias were deposited 
on a northeasl-facing submarine slope 
adjacent t o  a dolomite platform. View 
t o  the north. GSC 203631-C 

B - The dolomite breccias grade north- 
easterly into dolomitic-calcareous 
rudites and turbidites, which in turn are 
overlain and interbedded with 
siliciclastic turbidites of the 'Grit' unit. 
GSC 203631-0 

C -  Siliciclastic turbiditic 'grit' which is 
widespread throughout the Selwyn Basin. 
GSC 203631 - E 

Figure 15 

The three photographs illustrate the rapid 
facies change displayed in the  upper part of 
the Windermere Supergroup southwest of the 
Snake River Fault (see Fig. 14).  



of t h e  upper Sayunei  F o r m a t i o n ,  f i r s t  a p p e a r s  10 k m  nor th-  
e a s t  of t h e  Snake  River  Faul t .  P a l e o c u r r e n t s  s u g g e s t  sou th-  
e a s t e r l y  d i r e c t e d  ax ia l  s e d i m e n t  d i spersa l  (Eisbacher ,  1978b). 

Thus, s e d i m e n t a r y  f a c i e s  and th ickness  c h a n g e s  i n d i c a t e  
synsedimentar  y t e c t o n i c s  a long  t h e  Snake  River -Knorr  F a u l t  
zone ,  wi th  a basin a x i s  para l le l  t o  t h e  d o m i n a n t  f a u l t  t rend  of 
t h e  region. A s c h e m a t i c  c ross -sec t ion  th rough t h e  
Windermere  basin a c r o s s  t h e  Snake  River  F a u l t  is  shown in 
F igure  16. T h e  f o r m a t i o n s  of t h e  Pinguicula Group d o  n o t  
m a t c h  t h o s e  of t h e  Mackenzie  Mountains Supergroup  exposed  
just t o  t h e  n o r t h  of t h e  fau l t .  I t  is possible t h a t  t h e  q u a r t z i t e  
of  un i t  E cor responds  t o  t h e  q u a r t z i t e  of t h e  K a t h e r i n e  Group 
b u t  t h e  th icknesses ,  par t icu la r ly  along t h e  n o r t h e r n  pinchout 
of t h e  Pinguicula Group,  a r e  s o  d i f f e r e n t  t h a t  a re l iab le  
res tora t ion  of t h e  pre-Windermere geology in t h i s  a r e a  
c a n n o t  be  a t t e m p t e d  wi thout  f u r t h e r  f ield studies.  

REGIONAL TECTONICS OF THE NORTHERN 
WINDERMERE BASIN MARGIN AND THE 
ORIGIN OF SELWYN BASIN 

F r o m  t h e  foregoing  s e c t i o n s  i t  is in fe r red  t h a t  in t h e  
nor thern  Canadian  Cord i l le ra  t h e  marg in  of t h e  l a t e s t  
P r o t e r o z o i c  basin w a s  superimposed on a n  o lder  basin of th ick  
e p i c r a t o n i c  s e d i m e n t a r y  success ions  (Mackenzie  Mounta ins  
Supergroup and Pinguicula Group). Unconformi t ies  a long  t h e  
basin marg in  w e r e  c r e a t e d  by high-angle a n d  possibly 
t r a n s c u r r e n t  f a u l t s  which w e r e  a c t i v e  dur ing  depos i t ion  of 
t h e  R e d s t o n e  River ,  C o p p e r c a p ,  and  Sayunei  format ions .  
Faul t ing  w a s  accompanied  and/or  preceded  by e m p l a c e m e n t  
of d iabase  sills and  dykes,  a n d  by ex t rus ion  of b a s a l t i c  
volcanics.  T h e  new fau l t -cont ro l led  basin m a r g i n  f i r s t  
rece ived  redbeds ,  e v a p o r i t e s ,  and c a r b o n a t e s  ( R e d s t o n e  R i v e r  
and Coppercap) ,  and  t h e n  proglac ia l  and  g lac ia l  s i l i c ic las t ics  
(Sayunei and  Shezal) .  F a u l t s  m a p p e d  or  in fe r red  as having  
been  a c t i v e  during this  t i m e  i n t e r v a l  a r e  shown in F i g u r e  17.  

T h e  p a t t e r n  of f a u l t s  s u g g e s t s  c lockwise  r o t a t i o n a l  
s t r e t c h i n g  of t h e  ep i -c ra ton ic  b a s e m e n t ;  th i s  resu l ted  in 
broad  subs idence  of a new basin t o  t h e  s o u t h w e s t ,  t h e  Se lwyn 
Basin (Gabrielse,  1967). T h e  Selwyn Basin hos t s  a th ick  
wedge  of P r o t e r o z o i c  t o  P a l e o z o i c  c l a s t i c s  and  c a r b o n a t e s  
(Gordey,  1980). Marginal  f a c i e s  of th i s  wedge  w e r e  depos i ted  
on pa leos lopes  t h a t  f a c e d  towards  t h e  c e n t r e  of t h e  basin. 

T h e  d e e p e r  b a s e m e n t  of t h e  Selwyn Basin t h e r e f o r e  
probably cons is t s  of a n  e x t r e m e l y  c o m p l e x  a s s e m b l a g e  of 
f a u l t e d  and subsided P r o t e r o z o i c  sed iments ,  vo lcan ics  and 
sills, and  is probably under la in  by blocks of s t r e t c h e d  
c o n t i n e n t a l  c r u s t ;  w h e t h e r  or  no t  t r u e  o c e a n i c  c r u s t  
deve loped  a n y w h e r e  below t h e  Windermere  Supergroup  
r e m a i n s  a t o p i c  for  specula t ion  ( see  l a t e r  sec t ion) .  

GLACIAL RECORD IN THE WINDERMERE SUPERGROUP 

S t u d i e s  in many p a r t s  of t h e  world h a v e  yielded 
e v i d e n c e  f o r  g lac ia t ion  or  g lac ia t ions  in l a t e  P r e c a m b r i a n  
t i m e .  S e v e r a l  c o m p r e h e n s i v e  rev iews  h a v e  discussed t h e  
po in ts  f o r  o r  a g a i n s t  a g lac ia l  i n t e r p r e t a t i o n  of l a t e  
P r e c a m b r i a n  d i a m i c t i t e s  and drops tone  l a m i n i t e s  (Har land  
and  Rudwick,  1964; S c h e r m e r h o r n ,  1974;  Chumakov,  1978). 
The  ex is t ing  s e d i m e n t a r y  models  for  g l a c i o m a r i n e  envi ron-  
m e n t s  h a v e  b e e n  s u m m a r i z e d  r e c e n t l y  by E d w a r d s  (1978). 
N o m e n c l a t u r e  of g lac iogenic  depos i t s  is p resen t ly  being 
revised under  t h e  ausp ices  of t h e  In te rna t iona l  Geologica l  
Corre la t ion  P r o g r a m m e  P r o j e c t  38 by W.B. Harland and t h e  
pre l iminary  ter 'minological  consensus  of t h i s  working g r o u p  
will be  applied in t h e  fol lowing sec t ions .  

G l a c i o m a r i n e  d i a m i c t i t e s ,  par t icu la r ly  t h o s e  depos i ted  
in  d e e p e r  w a t e r  a r e  s imi la r  in t e x t u r e  and s t r u c t u r e  t o  
subaqueous  rud i tes  depos i ted  by m a s s  f low p r o c e s s e s  a long  
s t e e p  paleoslopes in nonglacial  envi ronments .  In t h e  reg iona l  

i n t e r p r e t a t i o n  of g lac iogenic  depos i t s  i t  is  t h e r e f o r e  
i m p o r t a n t  t o  dist inguish t h e  possible e f f e c t s  of s t e e p  
paleoslope,  c r e a t e d  by a c t i v e  t e c t o n i c  e n v i r o n m e n t s ,  f r o m  
d i r e c t  o r  ind i rec t  e f f e c t s  of reg iona l  g l a c i a t i o n  [or 
g lac ia t ions) .  

Many c r i t e r i a  such  as s t r i a t e d  o r  polished p a v e m e n t s ,  
f a c e t e d  and  s t r i a t e d  s tones ,  ' t i l l '  pe l le t s ,  c l a s t  pocke ts ,  
v a r v i t e s ,  s i l i c ic las t ic  r h y t h m i t e s ,  d rops tones ,  d rops tone-  
l a m i n a t e s ,  and  e x o t i c  (or  ' ex t rabas ina l ' )  c l a s t s  h a v e  b e e n  used 
t o  d e d u c e  possible g lac iogenic  s e t t i n g s  of d i a m i c t i t e s .  
H o w e v e r ,  o t h e r  c r i t e r i a  such  a s  t h e  t u r b i d i t e  model ,  s lump 
folding,  o l i s t o s t r o m e  f o r m a t i o n ,  a n d  c a r b o n a t e  s e d i m e n t a t i o n  
h a v e  b e e n  used by t h o s e  looking f o r  nonglac ia l  i n t e r p r e t a t i o n  
of d i a m i c t i t e s  ( see  t h e  t h r e e  rev iews  c i t e d  above).  T h e  
c o m p l e x i t i e s  of t h e  g l a c i o m a r i n e  depos i t iona l  m o d e l  a r e  
compounded  in geologica l  e n v i r o n m e n t s  which r e f l e c t  bo th  
t e c t o n i c s  a n d  g lac ia t ion .  In t h e  foregoing  c h a p t e r s  of t h i s  
r e p o r t  i t  h a s  b e e n  s t r e s s e d  t h a t  depos i t ion  of t h e  Windermere  
Supergroup  o c c u r r e d  in a t e c t o n i c  e n v i r o n m e n t  c h a r a c t e r i z e d  
by f a u l t i n g  (and r e l a t e d  folding) which r e s u l t e d  in complex  
onlap,  o v e r l a p  o r  unconformi ty  a t  t h e  b a s e  of t h e  Windermere  
Supergroup.  S t e e p  pa leos lopes  t h e r e f o r e  e x i s t e d  a long  t h e  
m a r g i n  of t h e  basin. But ,  in addi t ion  t o  t h e  e v i d e n c e  f o r  a n  
a c t i v e  t e c t o n i c  e n v i r o n m e n t ,  t h e r e  is  a l s o  m u c h  e v i d e n c e  in  
s u p p o r t  of a g lac ia l  p a l e o c l i m a t e  dur ing  t h e  depos i t ion  of t h e  
b a s a l  Windermere  un i t s  (Sayunei  and  S h e z a l  format ions) ;  t h i s  
h a s  b e e n  poin ted  o u t  b e f o r e  by s e v e r a l  w o r k e r s  (Ziegler ,  
1959;  Upit is ,  1966;  Young,  1976; Eisbacher ,  1976,  1977, 
1978a ,  b; Yeo ,  1978). A n o t h e r  i m p o r t a n t  p roblem is t h e  
i n t e r p r e t a t i o n  of e x t e n s i v e  d i a m i c t i t e s  (and o l i s tos t romes)  in 
t h e  upper  p a r t  of t h e  W i n d e r m e r e  Supergroup  ( F r i t z ,  1980). 

T h e  fol lowing discussion will a t t e m p t  t o  d e m o n s t r a t e  
how t h e  . W i n d e r m e r e  success ion  of t h e  n o r t h e r n  Cord i l le ra  
m i g h t  b e  expla ined  in t e r m s  of t h e  s u b t l e  i n t e r p l a y  b e t w e e n  
t e c t o n i c s ,  p a l e o c l i m a t e  and  s e a  leve l  changes .  T h e  s e c t i o n s  
chosen  t o  ~ l l u s t r a t e  t h e  d y n a m i c s  of basin evolu t ion  r e f l e c t  
t h e  reconnaissance  n a t u r e  of t h e  p r e s e n t  s tudy .  In p a r t i c u l a r ,  
knowledge  of t h e  e x t r e m e l y  c o m p l e x  f a c i e s  re la t ionsh ips  in 
t h e  S n a k e  River  s e g m e n t ,  which  involves a t r a n s i t i o n  f r o m  
n o n m a r i n e  c o n g l o m e r a t e s  t o  massf low depos i t s ,  vo lcanogenic  
iron f o r m a t i o n ,  d r o p s t o n e  r h y t h m i t e s ,  a n d  g l a c i o m a r i n e  
d i a m i c t i t e s ,  requi res  much f u r t h e r  s tudy .  

F o r  discussion of t h e  f a c i e s  and  t h i c k n e s s  c h a n g e s  t w o  
'downbasin '  t r a n s e c t s  will b e  used,  o n e  in t h e  Mountain River  
s e g m e n t ,  t h e  o t h e r  in t h e  R e d s t o n e  R i v e r  s e g m e n t .  F o r  
purposes  of a b e t t e r  reg iona l  a p p r e c i a t i o n  of t h e  problem,  
however ,  e x t r a p o l a t i o n s  a long  t r e n d  will b e  m a d e  a s  well. 
T h e  possible reg iona l  s ign i f icance  of t h e  success ion  in t h e  
M a c k e n z i e  Mounta ins  w i t h  r e g a r d  t o  o t h e r  p a r t s  of t h e  
Windermere  Supergroup  in t h e  C o r d i l l e r a  is  d i scussed  in a 
f i n a l  c h a p t e r .  

Mountain River Segment 

In t h e  Mounta in  R i v e r  s e g m e n t  t h e  Windermere  
Supergroup  i s  exposed  in t h r e e  t h r u s t  p l a t e s  which,  f r o m  
n o r t h e a s t  t o  s o u t h w e s t ,  b r ing  younger and  t h i c k e r  f o r m a t i o n s  
t o  t h e  s u r f a c e .  T h e  s e c t i o n s  discussed a r e  shown in F i g u r e  18  
and  t h e i r  loca t ion  is  ind ica ted  in F i g u r e  10. T h e  descr ip t ion  
p r o c e e d s  downbasin f r o m  S e c t i o n  1 th rough 4,  b u t  cons iders  
s o m e  of t h e  l a t e r a l  c h a n g e s  a s  well. 

Section 1 (6Q036'N, 129O24'W) 

T h e  b a s e  of t h e  Windermere  Supergroup  is  def ined  by a 
f l a t  and  polished s u r f a c e  c a r v e d  i n t o  a b r e c c i a t e d  d o l o m i t i c  
u n i t  of t h e  L i t t l e  Dal  Group.  I t  is  exposed in a f a u l t  pane l  
n o r t h  of a n d  subsidiary t o  t h e  P l a t e a u  F a u l t .  T h e  polished 
s u r f a c e  i s  s ta ined  by a c o a t i n g  of b rown iron-rich c r u s t ,  I t o  
2 m m  th ick  a n d  p e r s i s t s  a long  t r e n d  (Fig. 19B). I t  i s  over la in  



Figure 17 

Figure 16 

Schematic stratigraphic recon- 
struction of the Windermere 
Supergroup along a transect 
from the eastern Wernecke 
Mountains to  the Mackenzie 
Mountains ( for  location see 
Fig. 13). Major displacement of 
pre-Windermere rocks along the 
Snake River Fault is suggested 
by mismatch o f  stratigraphy 
and facies. 

Mapped and inferred high-angle faults (dots on downthrown side) which influenced the 
depositional pattern of the Redstone River, Coppercap, and Sayunei formations. Note the 
fanning o f  fault trends which implies clockwise rotation of the block t o  the west during 
extension along the hinge zone of the basin margin. 



Figure 18. Four sections of Windermere Supergroup along a northeast-southwest transect in 
the Mountain River area. For location of sections see Figure 10. For discussion of  lithologies 
and facies changes see t ex t .  

by about 20 m of massive, buff weathering t i l l i te  (Shezal 
Format ion)  with abundant  s t r ia ted  and beautifully f ace t ed  
stones,  some  of which a r e  i l lustrated in Figure 20. 

The disconf ormi ty  between t h e  polished su r f ace  of 
L i t t l e  Dal dolostone and t h e  massive t i l l i te  is in terpre ted  a s  a 
glacial  pavement  overlain by nonmarine t i lr i te.  
Southeastward along s t ructura l  t rend t h e  massive t i l l i te  
changes in to  buff weathering,  but crudely s t ra t i f ied  t i l l i te.  
S t ra t i f ica t ion  is defined by subt le  changes  in grainsize of t h e  
matr ix  and angulari ty of suspended s tones  (Fig. 19C). This 
fac ies  probably indica tes  reworking of basal  t i l l i te sheets  in to  
'flow' tillites. S tones  in t h e  t i l l i te  a r e  mainly dolostone,  
quar tz i te ,  c h e r t  and some  ext rabas inal  greenstones.  The 
composit ion of t h e  matr ix  r e f l ec t s  t h a t  of t h e  stones. 

The t i l l i te is overlain in sharp  c o n t a c t  by about  60 m of 
thinly bedded t o  laminated  l imestone  of t h e  basa l  Twitya  
Formation (Fig. 19A). The ca lcareous  lamini tes  s epa ra t e  t h e  
more resistant beds of par t icula te  l imestone,  some  of which 
display graded bedding. Along t rend t o  t he  northwest of 
Section I t he  l imestone changes in to  a thin unit of laminated  
dolosiltite. To  the  south the  l imestone unit  breaks  up in to  
ca lcareous  turbid i tes  separa ted  by shale  intervals;  bedding 
thickness of t hese  turbid i t ic  l imestones ranges  f rom 5 t o  

20 cm. F rom this relationship i t  is obvious t h a t  ca rbona te  
banks and shoals were  established during a widespread t rans-  
gression along t h e  nor theas tern  margin of t h e  basin 
immediately a f t e r  deglaciation.  

The dark  grey  l imestone  unit  is overlain by 30 m of 
black shale  with a f ew  beds  of ca lcareous  turbidites. The 
bulk of t h e  overlying Twitya  Format ion,  which in th is  f au l t  
panel ranges f rom 500 t o  700 m in thickness,  is  composed of 
shale  and parallel-  o r  cross-laminated si l tstone.  About 300 m 
above t h e  base of t h e  Twitya  Format ion lenticular bodies of 
channelized gr i t s  and pebbly sandstones composed of well  
sor ted  qua r t z  and c h e r t  c las ts  in equal proportion in ter rupt  
t h e  monotony of t he  section.  In t h e  channel fill deposits  
s labs  of s i l t s tone  and shale  f rom t h e  underlying finer grained 
rocks make  up a major proportion of t he  coarse  mater ia l ;  
s eve ra l  la rge  f l u t e s  a t  t h e  bo t tom of t h e  channel fills 
indica te  t ranspor t  t o  t h e  southwest.  These  channels, which 
occupy a s  much a s  200 m of t h e  t o t a l  Twitya  section,  in 
genera l  extend no more  than a f e w  hundred m e t r e s  along 
s t r ike  and a r e  concen t r a t ed  near  t h e  c e n t r a l  t r ansec t  of t h e  
f au l t  panel. Like most of t he  Twitya  Format ion in t h e  
Mackenzie Mountains this fac ies  was  probably deposited on 
t h e  outer  shelf and upper slope of t h e  c las t ic  basin 
(Eisbacher, 1978a). 
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Towards the  top of the  section sandstone beds a re  more  
commonly crossbedded and grade into about  50 m of quar tz-  
granule sandstone, ca lcareous  sil tstone, and cyclic dolomite- 
qua r t z i t e  beds of t h e  Keele  Formation. The granule sand- 
s tone contains abundant grains of jaspilite, probably derived 
f rom jaspili te-hematite iron formation of t h e  Sayunei 
Formation, which must have been exposed t o  the  northwest.  
In Section I t h e  Keele Formation is overlain unconformably 
by lower Paleozoic platform carbonates.  

Section 2 (64'32'N, 129'23'W) 

This section is above the  Pla teau thrust  p l a t e  and 
comprises the  complete  Windermere Supergroup. The base is 
an  angular unconformity between Windermere Supergroup and 
pre-Windermere rocks. The exposed p a r t  of t h e  succession 
begins with about  150 m of t ightly packed, oligomictic sharp- 
s tone conglomerate  which displays crude layering on a 10 m 
scale. The c las ts  a r e  almost ent i re ly  slabs, blocks and cobbles 
of L i t t l e  Dal dolostone. This unit is probably a local faul t  
scarp  fac ies  of the  Redstone River Formation 
(Eisbacher, 1977). I t  is overlain in abrupt and unconformable 
con tac t  by maroon siltstone-argillite couplets of t he  Sayunei 
Formation. With t h e  exception of minor lenticular beds of 
sharpclast  pockets, channels, and lonestones the  bulk of t he  
Sayunei Formation is made up of si l iciclastic rhythmites  
composed of graded siltstone-argillite couplets which range 
f rom 0.5 t o  5 c m  in thickness (Fig. 21A). They were  probably 
deposited by density and turbidity currents  along a c l a s t i c  
basin margin t h a t  lacked major fluvial input. Some 430 m of 
monotonous maroon rhythmites  a r e  followed by 150 m of 
sharpclast-rudites which a r e  character ized by t h e  s a m e  
maroon argil l i te matrix a s  the  fine grained rhythmites below. 
Bedding planes a r e  poorly defined and individual sedimen- 
tation units grade into each other  along diffuse basal and 
la tera l  contacts .  Internal fabrics a r e  generally chaotic.  
Angular f ragments  derived f rom L i t t l e  Dal, Redstone River, 
and Coppercap carbonates  predominate,  bu t  well rounded 
extrabasinal igneous c las ts  a r e  found sca t t e red  throughout 
this sequence. Differential  weathering of calcareous c l a s t s  
in the  dolomitic-siliciclastic matr ix  gives a distinct Swiss- 
cheese  t ex tu re  t o  outcrops (Fig. 218). Towards the  top of 
this unit  c las t  s i ze  and rounding increase  and s t r ia ted  s tones  
of dolomite and extrabasinal igneous stones suggest a strong 
advance of a glacial fac ies  (e.g. grounded shelf ice) over the  
proglacial subaqueous environment ref lec ted by t h e  under- 
lying rhythmites  of the  Sayunei Formation. Northwest of 
Section 2 t h e  Sayunei Formation thins rapidly and is over- 
stepped by t i l l i te of t he  Shezal Formation. In the  s a m e  
direction maroon rhythmites conta in  well  defined internally 
cross-stratif ied channels composed of carbonate-sharpstone 
c las ts  and most of t h e  sil tstone layers in t h e  rhythmites  a r e  
crosslaminated (Fig. 21C). Slumping, commonly observed 
along these  channels, may provide for one other  mechanism 
outside pebble-rafting by ice  floes t o  account  for some  of the  
lonestone lenticles in t h e  Sayunei Formation 
(Eisbacher, 1978a). The distinct maroon colour of the  
Sayunei Formation is due t o  a considerable amount  of 
hemat i t e  in the  clay fraction. The hematite-jaspil i te iron 
formation unit, which in o ther  pa r t s  of t h e  Mackenzie forms 
a marker near t h e  top  of the  Sayunei Formation, is  not well 
developed in t h e  a r e a  of Section 2. I t  might have been 
removed by chaot ic  mass flow processes which deposited the  
sharpstone rudites at t h e  top of t h e  Sayunei Formation. 
Above these  rudites a subtle colour change f rom maroon to  
brick red and then t o  buff coincides with the  appearance of 
rounded stones, some  of them with s t r ia ted  surfaces.  

In t h e  d iamict i te  of t h e  overlying Shezal Formation 
boulders and blocks of up to  5 m in d iameter  a r e  composed 
predominantly of carbonate  lithologies (Fig. 22) but  t he re  a r e  
also blocks of quar tz i te ,  greenstone and well founded 
boulders of grani t ic  gneiss obviously derived f rom t h e  

Canadian Shield. The thickness of t he  Shezal Formation 
varies great ly  along t rend between 30 and 200 m. In t h e  
th icker  sections the  d iamict i te  is crudely s t ra t i f ied  by 
intervals of dark grey shale  and s i l t s tone beds of up t o  a few 
me t re s  thick; sandstone lenses orland pockets of mono- 
lithologic orthoconglomerate also suggest bedding in the  
otherwise massive deposits (Fig. 22C). The rapid ver t ica l  and 
la tera l  changes of t ex tu re  in t h e  Shezal d iamict i te  suggest 
t h a t  i t  was deposited in a complex subaqueous environment 
where oscillation of the  f ront  of a grounded ice  mass c rea t ed  
a perplexing variety of grain s izes  and c l a s t  shapes. 

The top of t h e  Shezal Formation is sharp and overlain 
by laminated or graded limestone of t h e  basal  Twitya 
Formation (Fig. 23A, 0). The  thickness of t h e  l imestone 
member varies f rom 0 t o  about  100 m and i t  pinches out  
along trend towards  t h e  northwest and southeast .  In a reas  
where  par t icula te  l imestone was not ponded on top on the  
Shezal Formation i t s  place is taken by dark pyrit ic shale. 
The black shale fac ies  suggests a starved environment and 
the  shale is commonly slump folded (Fig. 23C). Upwards the  
Twitya Formation becomes more  silty and the  remainder of 
t he  formation, which here  is about  800 m thick, consists of 
silty shale and sil tstone with occasional parallel-laminated 
sandstone beds, also commonly contor ted  in to  spectacular  
slumpfolds. The Twitya Format ion was probably deposited 
along a southwestward prograding continental  slope and shelf 
which defined t h e  nor theas tern  margin of t h e  Selwyn Basin. 

The Twitya Formation grades  upward into the  shale- 
quar tz i te-carbonate  succession of the  Keele Formation. The 
Keele  Formation in Section 2 is a cyclic shallow wa te r  
deposit  which displays shoaling upward cycles in both 
carbonate  and sil iciclastic fac ies  (Eisbacher, 1976). 
Carbonate  and c las t ic  cyc le s  overlap along t r e n d  and a r e  
fur ther  complicated by local contemporaneous faulting along 
t h e  prograding basin margin. Typically t h e  cycles  a r e  5 t o  
20 m thick. The deeper  wa te r  fac ies  includes laminated 
sil iciclastics and thinly bedded limestone, t he  shallow water  
fac ies  includes in ter t idal  or  fluviati le quar tz i tes ,  crossbedded 
oolit ic l imestone, massive dolostone, and s t romatol i t ic  
carbonate  horizons. Along trend olistostromes, derived 
locally f rom failed carbonate-banks,  a r e  found a s  stringers in 
t h e  deeper  water  shale-sil tstone fac ies  (Eisbacher, 1978a). 
The most interesting a spec t  of t he  Keele  Format ion is i t s  
top. It is commonly composed of quar tzose  c las t ics  o r  
granule conglomerate  capped by a remarkably persistent,  
whi te  t o  buff weathering dolostone member  which is referred 
t o  informably a s  'Tepee dolostone' fo r  t he  cha rac te r i s t i c  
in ternal  s t ruc tu res  (Fig. 24, 25 F). This distinct dolostone 
bed is generally between 5 t o  20 m thick and is overlain 
abruptly by about  500 m of black shale  of t h e  Sheepbed 
Formation. The shallow water  depositional environments of 
much of t h e  Keele Formation and particularly t h e  persistent 
Tepee dolostone a t  the  top suggest a strong regional 
regression of t h e  sea  which was followed by an abrupt  rise of 
s ea  level and drowning of the  carbonate  p la t form underneath 
hundreds of me t re s  of Sheepbed shale. Along trend t o  t h e  
northwest,  t h e  Tepee dolostone can  be  followed t o  t h e  Snake 
River area ,  where, a t  locali ty C of Figure  13, i t  r e s t s  on 50 m 
of possibly fluviati le oligomictic quartzite-cobble conglom- 
e r a t e  of a thin sect ion of Kee le  Formation. 

The regressive shallow water  fac ies  of the  upper Keele 
and t h e  abrupt  transgressive overlap of black shale  of t h e  
Sheepbed Formation observed along the  whole length of t he  
basin a r e  important  in understanding the  more  complex 
relationships of Section 3 and Section 4 f a r the r  downbasin. 

Sect ion 3 (64'04'~,  128O46'W) 

This section is exposed in a north-dipping s t ructura l  
panel between Twitya and Godlin rivers (Fig. 10). The basal 
units of t h e  Windermere Supergroup a r e  not exposed and the  



Figure 21 

A - Distinctly graded, fine grained 
sandstone-siltstone-argillite rhythmite 
of the Sayunei Formation (scale in 
centirnetres). GSC 203631-N 

B - Coarse 'sharpclast-siltstones' of the 
Sayunei Formation, composed of a 
chaotic mixture of angular limestone and 
dolostone fragments in a matrix of 
siltstone - argillite. GSC 203631 -0 

C - Ripple-drift crosslamination and convo- 
luted bedding in siltstone of the Sayunei 
Formation north of Section 2. 
GSC 203631 -P 



Figure 22 

Shezal Formation in the area of Section 2. 

A - Rounded megaclast of  dolostone derived 
from Little Dal Group. GSC 203631-Q 

B - Characteristic reticulate weathering 
pattern o f  the finer grained matrix of 
the Shezal diamictite in the area of 
Section 2. GSC 203631 - R 

C - Very densely packed and crudely 
stratified dolostone conglomerate within 
Shezal Formation; this type of conglom- 
erate grades laterally into dolomitic 
diamictite. GSC 203631 -S 



Figure 23 

A - Abrupt contact between diamictite of 
Shezal Formation and thinly bedded 
limestone of basal Twitya Formation. 
GSC 203631 -T 

B - Detail of the limestone in the basal 
Twitya Formation; note beds of 
particulate limestone interbedded with 
evenly bedded calcareous laminites. 
GSC 203631 -U 

C - Slump folds in black shale of the basal 
Twitya Formation. GSC 203631 -V 



Figure 24 

The 'Tepee dolostone' member  a t  t he  top of 
t h e  Keele  Formation a s  seen f r o m  near  
Section 2 looking to the  southeas t .  The 
light weathering 'Tepee dolostone' con t ra s t s  
with t h e  da rk  shale  of t h e  overlying 
Sheepbed Formation. GSC 203631 -W 

section begins with thin- t o  medium-bedded basinal l imestone 
which grades  upward into cryptalgal calcareous laminite,  
oolit ic l imestone, and a thin quar tzose  dolostone unit. The 
l imestone unit is about 400 m thick and is overlain by a unit  
of orange-weathering, brecciated, and intensely recrys- 
tall ized dolostone with t r aces  of internal lamination, about  
100 m thick. The shallow water  dolostone is overlain by 
200 m of massive carbonate-debris flow deposits 
(olistostromes) character ized by a chaot ic  matr ix  of 
dolomitic quar tzose  sand and abundant carbonate  f r agmen t s  
of predominatly dolomitic composition. Some of the  dolo- 
stone c las ts  a r e  several me t re s  in d iameter .  Near the  top, 
t he  olistostrome is interbedded with a dark grey laminated 
l imestone 20 m thick, which in turn is overlain by a chaot ic  
deposit  composed of angular blocks of dolostone and lime- 
s tone in a matr ix  of dolomitic sand. The sequence is capped 
by a discontinuous bed of dolostone, a few me t re s  thick, 
which is in sharp con tac t  with t h e  overlying dark shale of t h e  
Sheepbed Formation. 

The section represents a carbonate  f ac i e s  of t h e  Keele  
Formation, and although i t s  base cannot  be  seen, i t  probably 
overlies si l tstone of the  Twitya Formation. The upper pa r t  of 
t h e  section ref lec ts  deep erosion of t h e  carbonate  bank and 
redeposition of carbonate  debris a s  olistostrome. No extra-  
basinal clasts were  observed among the  c las ts  of t h e  chaot ic  
debris flow deposits. The thin dolomite cap is corre la ted  
with the  Tepee dolostone exposed in Sections 2 and 4. 

Section 4 (64' 18'N, 129"30tW) 

'This section is in the  southwesternmost thrust  p la te  of 
t he  a r e a  t h a t  brings Windermere Supergroup to  the  surface  
(Fig. 10). The  hanging wall of the  thrust  is a highly recrys- 
tallized orange dolostone of t h e  Keele Formation discussed 
above; locally, this dolostone unit  is interbedded with brick- 
red laminated sil tstone and minor qua r t z i t e  (unit (a) of 
Fig. 18). The dolostone is overlain by up t o  450 m of silty 
shale  with numerous slump folds and in t ras t ra ta l  sl ide 
surfaces  (Fig. 25A and unit (b) of Fig. 18). Towards the  top 
of member  (b) large slabs and blocks of dolostone f loa t  freely 
in a matrix of silty shale (Fig. 25B). With the  appearance of 
dolostone olistoliths the  silty matr ix  becomes increasingly 
dolomitic until cobbles of dolostone and limestone a r e  
embedded in a matrix of dolomitic sand (Fig. 25C);  t he  
thickness of t he  olistostrome is about 100 m (unit  (c)  of 
Fig. 18). It is overlain by dolomitic areni te  interlayered with 
more olistostromes which, however, a r e  composed almost 
exclusively of angular c las ts  of dark grey basinal l imestone 

(Fig. 25D). The chaot ic  internal fabr ic  of t he  olistostrome 
displays in t r ica te  pat terns  of reworking of the finer grained 
dolosil t i te matrix. The ol is tos t rome unit is about 140 m thick 
and contains two  rnonomictic limestone-pebble 
conglomerates  5-10 m thick (Fig. 25E); i t  is capped by the  
character is t ic  buff dolomite  of t he  Tepee dolostone 
(Fig. 25F) which is about  10 m thick and is overlain by some 
900 m of Sheepbed shale. 

The whole succession co r re l a t e s  with t h e  Keele 
Formation. The sil tstone unit  (b) probably represents  a slope 
deposit. I ts  rapid increase  in thickness f rom 0 t o  450 m 
between Section 3 and 4 can b e  t raced in outcrop (Fig. 10) 
and suggests a syndepositional scarp  or hinge similar t o  t h e  
north-northwesterly trending scarp  near Section 2 
(Eisbacher, 1978a). The chaot ic  mass flow deposits probably 
originated by rapid erosion of an exposed shallow water 
carbonate  platform. Downcutting into the  platformal 
succession such a s  t h a t  in Section 3 would c r e a t e  the  'inverse 
stratigraphy'  portrayed in t h e  c las t  composition of t h e  
deposits: dolostone slabs appear  first ,  l imestone c las ts  from 
a deeper  level appear  higher in t h e  section. 

In the  olistostromes of Sections 3 and 4 no exotic,  
extrabasinal or  s t r ia ted  s tones  were  observed. Apparent 
dropstones related t o  t h e  chao t i c  deposits a r e  ambiguous. 
Most of t h e  internal t ex tu ra l  and s t ructura l  relationships of 
t h e  chaot ic  deposits a r e  cha rac te r i s t i c  of olistostromes a s  
reviewed by Gorler and R e u t t e r  (1968), Abbate  e t  al. (1970), 
Cook e t  al ,  (1972), and Hoedemaker (1973). Thus, t he re  is not 
much di rect  evidence favouring a glacial  origin for  t h e  
chaot ic  deposits associated with the  Keele Formation. 
Nevertheless,  t he  depositional pa t t e rn  in l a t e s t  Keele t ime  
requires significant and widespread lowering of sea  level t o  
accommoda te  progradation of the  shallow wa te r  carbonate  
complex including the  Tepee dolostone a t  t he  top. This 
regression of the  sea  was followed by an equally widespread 
ab rup t  transgression signalled by the  onset of monotonous 
shale  deposition of t h e  Sheepbed Formation. As suggested 
before  (Eisbacher, 1978b), th is  accentuated fall and rise of 
s e a  level  could be re la ted  indirectly t o  glaciation elsewhere.  
Progradation of t h e  Keele  Format ion and deposition of 
olistostromes would coincide with eus t a t i c  lowering of s e a  
level, t h e  transgression of t h e  Sheepbed shales  would signal 
t h e  eus t a t i c  rise of s e a  level. A phase of sudden foundering 
along t h e  length of t he  basin due t o  tec tonic  displacements 
cannot  be ruled ou t  a t  present a s  an  a l t e rna te  explanation bu t  
is not favoured by the  author.  





Redstone River Segment 

Due t o  vigorous faulting which occurred contempo- 
raneous with sedimentation, t he  fac ies  changes  across  major 
faul t  panels in the  Redstone River a r e a  tend t o  be  abrupt.  
Three  measured sections,  referred t o  by numbers 5 t o  7 in 
Figure 26, i l lus t ra te  the  transit ion f rom one f ac i e s  t o  another  
and demonstra te  t h e  pronounced thickening of t h e  
Windermere Supergroup west of t he  basinal hinge line. 

Sect ion 5 (62"56'N, 126O32'W) 

The base of t he  thin Windermere succession, exposed in 
Section 5, is  a sharp  erosional surface  carved in to  massive, 
internally laminated, limestone-dolostone of t h e  Coppercap 
Formation. The highest par t  of t h e  Coppercap Formation 
also contains a breccia ted  zone, severa l  me t re s  thick, which 
is overlain by buff-weathering chaot ic  d iamict i te  of t he  basal 
Windermere about  100 m thick and consisting predominantly 
of l imestone f r agmen t s  floating f r ee ly  in a par t icula te  
calcareous matrix.  I t  grades  upwards in to  a succession of 
bright-red weathering massive t i l l i te  shee t s  with abundant 
s t r ia ted  c las ts  of varied lithology t h a t  res t  in a dolomitic- 
si l iciclastic matrix.  Carbonate  s tones  s t i l l  predominate but  
qua r t z i t e  and greenstone a r e  also common. Fragments  of 
jaspil i te-hematite iron format ion and blocks of Redstone 
River breccia indicate  vigorous reworking of all o the r  units 
along t h e  hinge zone of the  Windermere basin. Tillite sheets  
vary f rom 5 to  20 m in thickness and towards the  top a r e  
separa ted f rom each  o the r  by severa l  units, 1 t o  10 m thick, 
of bright red t o  maroon s i l t s tone and argil l i te,  similar t o  
those of t h e  presumably coeval  Sayunei Formation. The to t a l  
thickness of t he  composite t i l l i te succession is about 200 m; 
i t s  accumulation and preservation was  favoured a t  this 
locali ty by a c t i v e  tec tonic  subsidence. The precise 
corre la t ion between t h e  t i l l i te  of Sect ion 5 and t h e  glacio- 
mar ine  rhythmites-diamicti tes of Section 6 is difficult  in 
spite of t he  smal l  d is tance  (5 km) between t h e  two  sections. 
However, Section 5 contains beds similar t o  the  rhythmites of 
t h e  Sayunei Formation of Section 6 and the  massive t i l l i te  
contains c las ts  of  hematite-jaspil i te iron formation, probably 
eroded f rom Sayunei Formation. The red t i l l i tes t he re fo re  
a r e  in terpre ted a s  a proximal nonmarine f ac i e s  equivalent of 
t he  proglacial Sayunei Formation. 

The t i l l i te is capped by 15 m of white qua r t z i t e  with a 
s t ra t igraphic  position tha t  is  not  c l ea r  (Keele Formation or  
Backbone Ranges Forma t ion? )  and all  units of t h e  
Windermere including t h e  qua r t z i t e  a r e  t runcated uncon- 
formably by lower Paleozoic carbonate  rocks. 

Section 6 (62"5ZtN, 126"36'W) 

In Section 6 Windermere rocks r e s t  on cher ty  dolostone 
and thickbedded limestone lamini te  of t h e  Coppercap 
Formation. There,  a s  in Section 5, t he  basal unit  is a chaot ic  
sharpstone diamict i te ,  about  110 m thick, which is composed 
of locally derived l imestone c las ts  and whose matr ix  changes 
upsection f rom par t icula te  l imestone t o  dolomite and quartz;  
towards  t h e  top of t h e  unit  t he  colour of t h e  matr ix  changes  
f rom buff t o  bright red. The basal  d iamict i te  i s  overlain by 
about 430 m of predominantly maroon sil tstone-argil l i te 
rhythmite  of t h e  Sayunei Formation which contains a t  leas t  
t w o  beds of bright red polymicitic d iamict i te  ( I  and 3 m thick 
respectively) similar t o  the  t i l l i tes  in Section I .  The Sayunei 
Format ion is also rich in f ea tu res  indicative of a proglacial 
se t t ing such a s  dropstones and lenticular sand-clasts (or 'till 
pellets' of Ovenshine, 1970) which a r e  gently depressed into 
underlying graded sil tstone laminae or argi l l i te  (Fig. 27A, B). 
The top of t h e  Sayunei Format ion is character ized by 
argi l l i te  beds of eve r  higher hemat i t e  con ten t  until  a n  
in terval  of about  40 m conta ins  t h e  cha rac te r i s t i c  hemat i te-  
jaspilite iron formation. The iron format ion hosts occasional 
extrabasinal (mainly basic volcanic) dropstones. 



Figure 26 

Three sections of the 
Winder mere Supergroup along 
an east-west transect in the 
Redstone River area. For 
location o f  the sections see 
Figure 5 .  For discussion of 
lithologies and facies changes 
see text .  

Figure 27 

P- Sillstone-argillite rhylhmite of  the Sayunei 
... Formation in the vicinity of Section 6 .  
' , ,; (A) Irregularly bedded, graded s~ltstone 

(sttppled) and arglll~te (soltd black) with . r c < . ,  , lonestones of carbonate; the lonestones are 1 
.. , .', . " ' ̂ .  1 wrobablv ice-rafted drowstones as thev do not 

'seem t o  be associated with any parti&lar bed 
(sketch from polished hand specimen). 
(tl) Light grey-green sand clasts ('till pellet') 
embedded in dark maroon argillite-siltstone 

. . . .  , and overlain by graded siltstone. One 
I "  - .  
L -? ' possible interpretation of the sandclasts w- - (according to observations of Ovenshine, ,kz:' 1970) 1s that they were incorporated lnto 

bottom sediments as frozen lumps of 
The diffuse border between the sand 
and the silty-argillaceous matrix 

supports the contention that the sand ~ l a s t s  
L were poorly consolidated prior to '.. .. - 
w .  -,,-. ,, - - emplacement Into bottom sediment. 



The maroon siltstone-argillite rhythmites  of the 
Sayunei Formation a re  overlain in gradational con tac t  by 
dark  green sil tstone matrix of the  Shezal Formation charac-  
ter ized by rounded stones of greenstone, quar tz i te ,  and 
carbonate .  The Shezal Formation is about 250 m thick, is 
well  bedded and contains severa l  members  of sandstone and 
shale  devoid of oversize stones. The change f rom the  graded 
maroon rhythrnites and dropstone laminites of t h e  Sayunei 
Format ion to  the  dark green-grey diamictite-sandstone-shale 
succession of t h e  Shezal Formation probably r e f l ec t s  shoaling 
of the  glaciomarine environment;  density flows below were  
replaced by vigorous t rac t ion transport  of sand and silt. 
Section 6 is capped by lower Paleozoic carbonate  format ions  
which res t  unconformably on Windermere rocks. 

Section 7 (63°00'N, 127°00'W) 

In Section 7 the  basal Sayunei Formation rests uncon- 
formably on a middle unit of t he  Li t t le  Dal Group and 
consists of coarse  carbonate-sharpclast  channels and graded 
polymicit ic gr i t s  about 20 m thick. The remainder of t he  
Sayunei Formation is made up of 140 m of monotonous 
maroon siltstone-argillite rhythmite  and dolomitic- 
si l iciclastic turbidites. Local sandy lenses with oversize 
s tones  a r e  found sca t t e red  throughout t h e  section. The 
jaspil i te-hematite iron for mation, cha rac te r i s t i c  for t he  
upper Sayunei Formation elsewhere, i s  absent  a t  Section 7 
and may have been eroded by grain flows whose deposits 
make up t h e  highest p a r t  of t h e  section. The overlying 
Shezal Formation consists of distinctly bedded diamict i te ,  
which occurs  a s  shee t s  5 t o  30 m thick, and interbedded 
sil tstone, shale and shallow water  sandstones with l a rge  scale  
crossbedding (Eisbacher, 1976). The diamict i te  shee t s  show 
all  gradations from loosely sca t t e red  s tones  in a matrix of 
ripple-drifted sil tstone t o  conglomeratic channels or  
loadcasted pockets of extrabasinal s tones  (Fig. 28). The 
sedimentary s t ructures  and the  g r e a t  textura l  variability 
indicate a complex glaciomarine environment near a 
grounded to  floating ice-margin along which basal moraine 
and flow tills were vigorously reworked by t rac t ion currents.  
In general  t h e  composition of the  matr ix  ref lec ts  t h e  
composition of the  stones: carbonate  and qua r t z i t e  s tones  
a r e  dominant near t h e  base, extrabasinal c las ts  such a s  
greenstone and granitoids a r e  more  abundant in t h e  upper 
part .  The to t a l  thickness of t h e  Shezal Formation is about  
370 rn thick and i t s  top is a well defined surface  along which 
bouldery diamict i te  of g r e a t  compositional var ie ty  is  overlain 
by dark grey shale  and sil tstone of the  Twitya Formation. 

The Twitya Formation consists of shale, si l tstone, and 
quar tzose  sandstone. Internal s t ruc tu res  of t h e  sandstones 
include parallel  lamination and dewatering s t ructures ,  and 
sil tstone beds a r e  cross- or parallel-laminated. Graded 
bedding is virtually absent.  Much of t h e  Twitya Formation, 
which is about  900 m thick in Section 7, ref lec ts  depositional 
environments of an open shelf. The Twitya Formation grades  
upwards into distinct shallow water  quar tz i tes ,  l imestone, 
and dolostone of t h e  Keele Formation which is about  350 m 
thick. Near the top of the  Keele Formation a thoroughly 
recrystall ized dolostone unit contains a channel deposit  made 
up ent i re ly  of l imestone pebbles. I t  is capped by a thin unit 
of l ight grey dolostone - Tepee dolostone of t h e  Mountain 
River area.  The Tepee dolostone is in abrupt  c o n t a c t  with 
260 rn of grey Sheepbed shale. The Sheepbed Formation i s  
overlain disconformably by fluviati le sandstone of t h e  
Backbone Ranges Formation. 

LATE PRECAMBRIAN PALEOSLOPES 

Analysis of thickness changes,  paleocurrents and 
slumpfolds shows tha t  t he  upper Proterozoic  Windermere 
Supergroup of the  Mackenzie Mountains was deposited along 
paleoslopes which prograded centripetally towards  the  Selwyn 
Basin (Fig. 29). 

The relationship between nonmarine t i l l i te and glacio- 
mar ine  diamict i tes  of t h e  Shezal Formation suggests a west- 
ward deepening of t h e  basin in t h e  Redstone River segment,  
southwestward deepening in t h e  Mountain River segment ,  and 
southeastward deepening in t h e  Snake River segment.  

Paleocurrents  in crossbedded sandstones and sliplines of 
slump folds in shaly beds of t h e  Twitya and Keele  format ions  
indicate  a similar d i rec t ion of progradation of c las t ics  a f t e r  
deglaciation. The  corre la t ion of these  shelf-slope 
assemblages with thei r  basinal equivalents is not  ye t  entirely 
satisfactory.  In the  Selwyn Basin most of t h e  upper 
Proterozoic c las t ics  (and carbonates)  have been grouped in a 
general 'Grit  Unit' (Gabrielse e t  al., 1973; Gordey, 1980). 
This map unit thus includes basinal fac ies  of Twitya, Keele, 
Sheepbed and Backbone Ranges formations.  The turbidite 
facies,  which overlies Shezal d iamict i te  in t h e  Snake River 
segment  (north of Mount Profeit ,  Fig. 14), demonstra tes  tha t  
c l a s t i c  shelf deposits and platformal carbonates  of Twitya 
Formation corre la te  with a t  least  1000 m of turbidit ic 'grits' 
in t h e  Selwyn Basin. Centr ipeta l  progradation and persistent 
f ac i e s  changes f rom shelf-slope t o  turbidi te  basin imply tha t  
movement along basement  faul ts  and r a t e  of subsidence kept 
pace  with input of c l a s t i c  mater ia l  some  of which was 
probably derived f rom t h e  Canadian Shield judging by t h e  
high feldspar content.  

TECTONICS, GLACIATION, AND EUSTATIC SEA LEVEL 
CHANGES 

The general s t ra t igraphic  sequence of t h e  Windermere 
Supergroup a s  described above in seven se lected sections can 
be  seen in many other  locali t ies of the  Mackenzie Mountains. 
The pa t t e rn  permits  ce r t a in  speculations a s  t o  the  interplay 
between initial r if t ing, subsequent glaciation, and possibly 
re la ted  eus ta t ic  changes  of s ea  level. A generalized 
in terpre ta t ion,  a s  deduced f rom the  d a t a  presented above, is 
shown in Figure 30. 

Rifting, associated with locally intense block faulting 
and folding began with t h e  outpouring of basal t ic  lava near 
t h e  top of the  L i t t l e  Dal Group and was  most d ramat i c  during 
deposition of t h e  Redstone River, Coppercap, and Sayunei 
formations.  Faul ts  formed along an  a r c u a t e  bel t  somewhat 
oblique t o  a hinge located between t h e  Mackenzie Pla t form 
and t h e  Selwyn Basin. Early in t h e  history of t h e  basin local 
hinges determined t h e  boundary between glaciers o r  i ce  
sheets  on land, grounded shelf ice,  and proglacial 
environments. The advance of glaciers during ear ly  Sayunei 
t i m e  probably depressed the  crus t ,  thus maintaining 
relatively deep and locally protected basins which favoured 
preservation of the  hematite-jaspil i te iron formation. This 
preservation f ac to r  was  particularly significant just prior t o  
the  advance of ice  over the  shelf which was now s tarved of 
c las t ic  input. 

Fur ther  advance of g laciers  seems to  have been 
accompanied by (eus ta t ic  ?) shoaling of t h e  sedimentary 
basin. Glaciomarine deposits of the  Shezal Format ion (t i l l i te,  
flow-tillites etc.) a r e  commonly interbedded with shallow 
wa te r  clastics;  t h e  var ie ty  of sedimentary  t ex tu res  and 
s t ruc tu res  indicate  g r e a t  f luctuations of t h e  in ter face  
between ice, water  and sediment  during t h e  deposition of the  
unit. Deglaciation was  abrupt  and was followed by a lmost  
instantaneous (eus ta t ic  ?) transgression of t h e  sea  and 
es tabl ishment  of ca rbona te  banks along t h e  shallow platform. 





Siliciclastic debris bypassed the  banks and caused vigorous 
progradation of t h e  Twitya shale-sandstone assemblage 
towards the  c e n t r e  of the  Selwyn Basin. 

A second phase of regional (eus ta t ic  ?) shoaling is 
indicated by the  progradation of cycl ic  shallow wa te r  mar ine  
and nonmarine c las t ics  and carbonates  of t h e  Keele 
Formation. This progradation of shallow wa te r  deposits over 
unstable shelf and slope c las t ics  was  accompanied by failure 
of carbonate  banks along old f au l t  hinges and by erosion of 
exposed carbonate  cliffs,  result ing in deposition of extensive 
olistostromes along the  slope of the  sedimentary basin. An 
abrupt transgression due t o  a (eus ta t ic  ?) rise in sea  level led 
t o  the  deposition of the  monotonous Sheepbed shale on top of 
t h e  Keele Formation. The l a t e s t  Precambrian t o  ear l ies t  
Cambrian Backbone Ranges Format ion suggests extensive 
bevelling of older relief along t h e  pla t form hinge and 
indicates continued progradation of c las t ics  towards  t h e  
cen t r e  of Selwyn Basin. 

In summary, t h e  Windermere Supergroup of the  
Mackenzie Mountains r e f l ec t s  a n  init ial  phase of rifting, 
about  800 to  750 Ma ago; i t s  subsequent sedimentary history 
was profoundly influenced by t w o  eus t a t i c  (?) s e a  level 
changes, one re la ted  t o  local glaciation (Sayunei-Shezal 
formations), t he  o ther  possibly t o  a glaciation elsewhere 
(Keele Formation). 

GEODYNAMIC IMPLICATIONS 

Several workers have a t t e m p t e d  t o  view t h e  l a t e  
Precambrian evolution of t h e  Cordilleran region in t e rms  of a 
rift ing event  (or events)  which eventually removed t h e  
western  margin of large  Proterozoic  basins by processes of 
seafloor spreading. Timing and mode of these  processes, 
however, a r e  poorly understood (see models of Monger e t  al., 
1972; Gabrielse, 1976; Stewar t ,  1972, 1976; Monger and 
Price,  1979). Da ta  presented in foregoing sections of this 
report  suggest strongly tha t  a phase of rifting, accompanied 
by basalt ic volcanism and followed by regional glaciation, s e t  
t he  s t age  for extensive  asymmetr ic  westward progradation of 
a c las t ic  wedge a f t e r  about  800 t o  750 Ma. The Windermere 
basin of t he  northern Canadian Cordillera is  superimposed on 
a n  older sedimentary  assemblage composed of predominantly 
shallow water  quartzite-carbonate-shale successions. This 
pre-Windermere basin probably covered broad a r e a s  of t h e  
Wernecke Mountains, Mackenzie Mountains, and Muskwa 
Ranges (see Fig. 1, 21, and in t h e  Wernecke Mountains res ts  
with profound angular unconformity on a ye t  older 
assemblage of deformed sedimentary rocks. 

Considering recent  paleomagnetic work in the  
Cordillera of t h e  United S t a t e s  by Elston and Bressler (1980), 
which enter ta ins  the  possibility t h a t  much of the  Belt  
Supergroup might have been deposited prior t o  1200 or  
1300 Ma, and taking into account  the  intrusion of the  
Hellroaring Creek granodiorite complex into t h e  Belt-Purcell 
rocks of t he  southern Canadian Cordillera at about  1260 Ma 
(Ryan and Blenkinsop, 19711, i t  is conceivable t h a t  a major 
orogenic even t  disrupted t h e  Belt-Purcell basin and 
underlying crystall ine Hudsonian rocks of t h e  Canadian 
Shield. Subsequent t o  Belt-Purcell sedimentation a second 
s e t  of superimposed basins were  filled by a thick carbonate-  
quartzite-shale assemblage between about 1200 and 800 Ma 
(Muskwa assemblage, Mackenzie Mountains Supergroup, 
Pinguicula Group). 

Rifting, which init iated deposition of the  c las t ic  
Windermere Supergroup a t  about  800 t o  750 Ma, was  
therefore  preceded by a t  l ea s t  two  periods of 400 Ma each 
and a major intervening phase of regional deformation. All 
of t he  pre-Windermere sedimentation could have occurred in 
deep in t racra tonic  basins and need not have been a manifes- 
ta t ion of passive cont inenta l  margins (Harrison, 1977). 
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Figure 29. Paleoslope during deposition of the Windermere Supergroup as derived from synoptic paleocurrent and slump-fold 
data. Broken line is the approximate position of the boundary between nonrnarine tillite and glaciomarine diamictite facies of 
the Shezal Formation. 
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RELATIVE TECTONICS 
Nevertheless i t  is  c l ea r  t h a t  when faulting init iated 

SEA LEVEL subsidence of the  Windermere basin between about  800 and 
- + 750 Ma ago the  basin floor had been weakened by foregoing 

4 subsidence, c rus t a l  s t re tching,  and, locally, intense 
BEVELING 

v deformation. Rift ing during ear ly  Windermere t ime  disrupted 
t h e  older basin t rends  and triggered progradation of a c l a s t i c  
wedge along a new 'miogeocline'. The character is t ic  f ac i e s  

4 of the  Windermere have been identified along the  length of 
SYNDEPOSITIONAL 

FAUlr lNG t h e  North American Cordillera, but only the  eas tern  and 
MASS FLOWS northern margins of th is  g r e a t  c l a s t i c  basin have been 

t 
t 

identified in t h e  Cordillera. The western  margins may b e  
preserved in o ther  cra tonic  blocks of t he  Circumpacif ic  

SLUMP 
F O L D I N G  region (Australia ?, China ?). However, whether or not the  

v Windermere r i f t  event  c rea t ed  an  in t e r f ace  between ' true'  
cont inenta l  c rus t  and 'true' oceanic  c rus t  cannot  b e  answered 

t a t  present: nowhere has  l a t e  Proterozoic  oceanic c rus t  been 

RIFTING 
FAULTING 

"'1"'" 
Figure 30 Generalized relationship between sedimentation, 
relative sea levels and tectonics along the basinal hinge line of  
the Winderrnere Supergroup, Mackenzie Mountains, for discussion 
see text .  



A - Crudely stratified diamictite with exotic granitic clast 
of unknown provenance (boulder to the l e f t  of the head 
of Dr. W .  H. Fritz) near Lloyd George, Muskwa Ranges, 
British Columbia. GSC 203632-1 

B - Striated quartzitic stone from the Lloyd George 
diamictite (bar scale is 2 cm long). GSC 203632-5 

C - Dropstone of quartzite in siliciclastic rhythmites of the 
Toby Formation (north of Forster Creek, Purcell 
Mountains, British Columbia). GSC 203632-K 

D - Striated boulder of quartzite in the Toby Formation 
(north of Forster Creek, Purcell Mountains, British 
Columbia). GSC 203632- L 

Figure 31. Examples of glacial evidence for deposition of 
diamictites in the Windermere Supergroup of the Muskwa 
Ranges (A, B) and the Purcell Mountains (C, D) of the 
Canadian Cordillera (see Fig. 2). 



found beneath Windermere rocks and plutonic rocks, which 
intruded Windermere s t r a t a  during t h e  la ter  evolution of t h e  
Cordillera, suggest mobilization of a sialic basement  or of 
deeply buried Windermere rocks of a composition similar t o  
sialic crust  (Gabrielse and Reesor, 1974). 

Another important  question is t he  association of glacial  
deposits with the  r i f ted  margin. Along the  whole length of 
t h e  Canadian Cordillera t h e  base of t h e  Windermere 
Supergroup, where exposed, is character ized by glacial  
deposits: the  t i l l i te and glaciomarine deposits of t h e  
Wernecke and Mackenzie mountains (see this report);  the  
Toby Formation in southern British Columbia (Aalto, 1971) 
where dropstone laminites and s t r ia ted  c las ts  have recently 
been found by t h e  author  (Fig. 31C, D); t h e  'Ice Mountain' 
d iamict i te  of t he  cen t r a l  Rocky Mountains which occupies 
t h e  same  s t ra t igraphic  position a s  t h e  Toby Formation; and 
t h e  'Lloyd George' d iamict i te  in the  Muskwa Ranges 
(Fritz,  19721, where exot ic  and glacially s t r ia ted  c las ts  have 
also been found (Fig. 31A, B). Diamict i tes  of probable 
glaciomarine origin have also been reported near t h e  base of 
Windermere corre la t ives  in the  United S t a t e s  (Cr i t tenden 
et al., 1972; Wright e t  al., 1976). All of these deposits occur 
along a pronounced t ec ton ic  hinge line (Stewart,  1972). 

In the  Mackenzie Mountains rif t ing began prior t o  t h e  
onset of glacial sedimentation (i.e. Redstone River 
Formation). Evidence for  pre-diamicti te rif t ing has also been 
reported in the  United Sta tes .  Elston (1979) has  documented 
a nonmarine basin in t h e  Precambrian Grand Canyon 
Supergroup which, on the  basis of detailed mapping and 
radiometric studies, has been inferred to  have formed along a 
major high-angle f au l t  about  830 Ma ago  (Elston, 1979, p. 16). 
The fault-related redbed deposits (Sixtymile Formation) a r e  
unconformably overlain by Cambrian qua r t z i t e s  and t h e  
typical glaciogenic deposits of t he  Windermere a r e  e i ther  not  
preserved or were not laid down in the  Grand Canyon region. 
It is probably significant t h a t  in both the  northern and 
southern exposures of Proterozoic  units in the  Cordillera 
rifting preceded a widespread glaciation. 

After  deglaciation, t h e  middle par t  of t he  Windermere 
Supergroup ref lec ts  d ramat i c  subsidence along most of t h e  
North American Cordillera. Vigorous progradation of c l a s t i c  
shelves and carbonate  p la t forms supplied abundant debris t o  
extensive turbidite basins west of the  tec tonic  hinge line 
(e.g. Selwyn Basin, Rocky Mountains, Columbia and Cassiar 
mountains). Composition of these 'grits' depends great ly  on 
t h e  composition of exposed source areas  to  the  eas t .  In t h e  
a r e a  of t he  Columbia Mountains more of the  debris might 
have been derived directly f rom Hudsonian crystall ine 
basement  than in t h e  equivalent gr i t  units of t he  Selwyn 
Basin. However, this problem has not  ye t  been pursued. 

A distinct phase of shoaling, a s  suggested by t h e  
sedimentary character is t ics  of t he  Keele Formation of t h e  
Mackenzie Mountains may have been responsible for 
regressive fac ies  in other par ts  of t he  Canadian Cordillera a s  
well (e.g. Espee Formation, Cunningham Formation, Byng 
Formation); t he  eus t a t i c  mechanism proposed fo r  t h e  Keele  
Formation should be  tes ted  in these, probably coeval,  
f ormations. 

Because of the  glacial and glacio-eustatic control  of 
l a t e  Precambrian sedimentation interbasinal and intercon- 
t inental  'correlations' a r e  possibly valid. Similarit ies in t h e  
l a t e  Precambrian successions of t h e  United Sta tes ,  Canada, 
China, and Australia a r e  such t h a t  they might t empt  specula- 
tion on how close these  a reas  were  with respect  t o  each other  
while s t r a t a  of Windermere a g e  were  laid down. However, 
because of t h e  eus t a t i c  s ea  level changes, similar 
stratigraphy on di f ferent  crus ta l  blocks does  not imply 
automatically former  proximity of these  blocks. The 
resolution of the  problem needs other  methods-e .g .  
paleomagnetic. 

CONCLUSIONS 

In the  northern Canadian Cordillera t h e  Windermere 
Supergroup is a predominantly c las t ic  succession which was  
deposited between about 800 Ma and 570 Ma along a basin 
margin controlled by northeasterly t o  northwesterly trending 
faults.  The depositional basin of t he  Windermere Supergroup 
was  superimposed on older sedimentary basins and the  new 
Winder mere  basin developed on a strongly a t t enua ted  
cont inenta l  c rus t  bounded by sheared passive margins. 
Basalt ic volcanism was locally associated w/th t h e  rifts. 
High-angle faul ts  along t h e  r i f ted  hinge zone a r e  expressed 
particularly well in rapid changes of sedimentary  fac ies  and 
thickness of t he  highest pre-Windermere units (Redstone 
River and Coppercap formations) and the  basal Windermere 
succession (Sayunei Formation).  Rift ing was followed by 
c l imat ic  change, and much of the  basin was overriden by i ce  
of a regional glaciation which is expressed in si l iciclastic 
proglacial dropstone-rhythmites, t i l l i tes,  and glaciomarine 
diamict i tes  of t h e  basal Windermere Supergroup (Sayunei and 
Shezal formations). Following deglaciation, carbonate  banks 
and intervening c las t ic  shelves supplied abundant debris 
which was transported towards  the  centreof  the  Selwyn Basin 
(Twitya Formation, pa r t s  of t h e  'Grit '  unit). Clas t ic  
deposition of the  upper Windermere Supergroup was inter- 
rupted by progradation of a widespread, cyclic shallow water  
carbonate-clastic assemblage (Keele Formation).  This 
progradation c rea t ed  olistostromes a t  t h e  f ron t  of carbonate  
platforms. An abrupt rise in sea  level (Sheepbed Formation), 
possibly due t o  eus t a t i c  s ea  level changes  following a 
glaciation elsewhere in the  world, resulted in the  deposition 
of black shale of t he  Sheepbed Formation. 

The evolution of the  sedimentary succession in la tes t  
Precambrian t ime  in the  northern Canadian Cordillera is thus 
re la ted  t o  tec tonic  processes and eus t a t i c  s ea  level changes 
which a r e  also expressed in o the r  pa r t s  of t h e  North 
American Cordillera and t h e  Circum Pacif ic  region. 
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