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When the Geological Survey of Canada was formed in 1842 its objective was made clear in 
the enabling Act - to  undertake a geological survey in order to  ascertain the mineral resources o f  the 
country. Today the objective cannot be expressed quite so succinctly but in essence it is t o  provide a 
comprehensive inventory and understanding of Canada's geological framework so that activities that 
depend on geology can be supplied with the requisite data. This information enables the Survey to  
identify and to  facilitate the discovery of non-renewable mineral and energy resources and to  
evaluate the e f f ec t s  that man's activities have on the landmass and thereby to  assist in conserving our 
natural environment. Thus the principal objectives of the Geological Survey are: 

- To provide the geoscientific information needed t o  facilitate the discovery of non-renewable 
resources. 

- To evaluate the energy and mineral resources available to  Canada. 
- To determine the capability of the landmass t o  withstand various types of use particularly in 

response to  resource development and the disposal of waste. 

Information on bedrock and surficial geology is obtained through systematic surveys, 
regional studies, and national compilations and, as the 'Contentsf page o f  this publication shows, these 
activities constitute a major part of the Survey's work. At present much of the information required 
lo aid in the discovery and evaluation of our uranium and other metallic mineral resources is obtained 
from geophysical and geochemical surveys. Many o f  these are carried out under contract to  private 
industry and the Survey has developed procedures t o  monitor this work. It has also become a national 
centre for research and development into new methodology. Many papers published in this series 
(although not in this volume) reflect this aspect of our work. 

In 1978 'Energy' will continue to  be a major issue facing Canadians. The Geological Survey 
can contribute to solving some aspects of this problem through joint federal-provincial programs 
designed to  assess our coal resources, especially in the Maritimes where the current high cost of 
imported oil creates a serious drain on the economy. It will also contribute significantly to the annual 
update o f  our oil and natural gas, and uranium resources. Adequate data on which to  base export 
decisions become increasingly important if Canada's trade deficit worsens and are also important in 
determining long-term internal distribution and pricing policies. Although the route of the Alcan 
Pipeline is now fairly well decided, the possibility remains of another pipeline t o  bring arctic gas t o  
central Canada by way of a route to  the west of Hudson Bay. The Geological Survey's expertise in 
terrain evaluation will undoubtedly be in demand as proposals reach the detailed planning stage. 

The 82 reports and 27 notes that comprise this publication cover studies that were carried 
out t o  meet a wide range o f  objectives although as will be seen most are concerned with some aspect 
o f  expanding the geoscience base. 

In order to  assist in making uranium and thorium resource estimates, studies are being made 
of the nature and distribution of uranium deposits and their relationships to  their geological 
environments. This information will permit better understanding of the metallogenic processes that 
determine the uranium potential o f  each region o f  Canada. Reports 25, 52, 53, 59 and 77 t o  79  
present preliminary results of studies carried out last summer in various parts o f  Canada in order t o  
provide new information to  improve the Survey's capability in this field. 

Reports 40, 50, 5 1  and 54 to  57 cover studies done on other aspects of commodity 
metallogeny which, as in the case o f  uranium, are required to  support metallic mineral resource 
evaluation. Evaluation depends on a mix of detailed mineral deposit studies and regional geology 
studies and these reports ref lect  this blend. 

The Geological Survey's expanding activities in Marine Geoscience reflect the growing 
awareness that Canada's offshore areas may prove of great importance t o  our future development and 
that to exercise sovereignty we must make our presence obvious. Previous "Reports of Activitiesf1 
(the forerunner of this publication) have included many reports dealing with the East Coast. In this 
publication four reports (61, and 64 to  66) describe marine geoscience studies on the West Coast. 
These provide regional understanding of the physical processes and engineering attributes that control 
the character of the coastline, seafloor, and sediments. Such studies are useful in planning offshore 
exploration for hydrocarbons and in assessing sources of building aggregates. 

Less than one f i f t h  of Canada is covered by surficial geological maps at a scale of 1:250 000 
and the Geological Survey has as one of its long-term goals the completion o f  coverage at this scale. 
Reports 38 and 75 contribute to this. Report 37 presents the results of a study designed t o  provide 
information for an area along Skeena River in western British Columbia in order to assist in land use 
planning, urban and industrial development, and t o  assess engineering problems. 



Systematic bedrock mapping is one of the Geological Survey's core programs and the 4 4  
reports which have been grouped together in the Table of Contents under the heading "Regional 
Geology" present results from many parts of Canada. 

The 22 papers devoted t o  the Cordilleran region attest to  its importance as a source o f  
metallic minerals. The updating of the reconnaissance phase of mapping in this region should soon be 
completed and this will provide a broad geological and tectonic framework which will be used t o  
support detailed studies to  advance our understanding of the formation and localization o f  mineral 
deposits. Reports 1 to 8 give the first results from 'Operation Dease', a three-year mapping program 
in northern British Columbia that will fill one of the largest remaining gaps in the 1:250 000 scale 
map coverage. The remaining Cordilleran reports describe a variety of observations including 
regional mapping (13 to  15) and structural studies (10, 20). 

Studies of the Canadian Shield (22 t o  24, 25 t o  33, 35 and 76) are t o  a large degree directed 
towards completion of the 1:250 000 coverage of this area. Particular attention is being given t o  
areas where supracrustal rocks have been preserved because such areas appear t o  have the greatest 
mineral potential. Report 24, in which the Aphebian sedimentary rocks in the northern Richmond 
Gulf area are described, and report 25 in which the uranium potential o f  the same area is assessed, 
illustrate this emphasis. 

Although this volume is the first to  appear under the title "Current Research", it continues a 
series initiated in 1962 under the title "Report o f  Activities". The change in title was made to  ref lect  
better the nature o f  the papers that are now included. However it was fel t  that the Geological 
Survey s ta f f  also need an outlet for technical notes and even in some cases for brief communications 
outlining field activities of particular general interest. The report has therefore been divided into 
Scientific and Technical Reports and Scientific and Technical Notes. In addition a Discussion and 
Communications section has been added. This will enable the s ta f f  and the public to  comment briefly 
on current Geological Survey publications and also t o  present new data t o  supplement the results 
already published in our reports. A note to contributors to this section will be found following the 
Discussion section in this volume. 

Geological Survey of Canada publications already reach a large and diverse audience. It is 
hoped that this new approach will enable us to  meet the needs of an even larger constituency. 

Ottawa, December 1 ,  1977 R.G. Blackadar 
Chief Scientific Editor 
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I : SCIENTIFIC AND TECHNICAL REPORTS 

OPERATION DEASE 

Projec t  770016 

H. Gabrielse 
Regional and Economic Geology Division, Vancouver 

Abstract 

Gabrielse, H.,  Operation Dease; Current Research, Part A, Geol. S U ~ V .  Can., Paper 78-1A,p. 1-4, 1978. 

Cry Lake map-area (1041) in the Cassiar Mountains of north-central British Columbia is 
underlain by rocks ranging in age from Proterozoic to Cenozoic. All systems of the Paleozoic and 
blesozoic are represented by fossiliferous strata. Pre-Mississippian rocks are exposed t o  the 
northeast of Kutcho Fault and are mainly of miogeoclinal aspect. Younger rocks include abundant 
volcanic strata. Those of late Paleozoic age are associated with alpine-type ultramafic bodies and 
are of oceanic affinity. Volcanic rocks of Mesozoic age are closely associated with granodioritic 
plutons and are probably in part of island-arc affinity. Southwesterly to  southerly directed structures 
are regionally developed northeast of King Salmon Fault. In the northeast these structures are cut by 
northeasterly directed thrust faults. The latter are cut by mid-Cretaceous granitic roclcs o f  the 
Cassiar Batholith and related stocks. Kutcho and Rapid River-Kechika Faults are the loci o f  probable 
significant transcurrent movements and separate markedly contrasting terranes. 

Introduction 

Operat ion  Dease  was  planned a s  a three-year projec t  
designed to: (a) f ac i l i t a t e  t h e  updating of regional mapping in 
Cry Lake (IOlrI), Spatsizi  (104H) and Dease  Lake (1043) map- 
a r eas ;  (b) provide a f ramework for de ta i led  s tudies  of l a t e  
Proterozoic  sedimentary  s t r a t a  and l a t e  Paleozoic  and 
Mesozoic volcanic and sedimentary  rocks; (c) s tudy t h e  
na tu re ,  a g e  and c o n t a c t  relationships of t h e  Hotailuh 
Batholi th;  (d) s tudy t h e  distribution of t h e  various phases  in 
t h e  u l t ramaf ic  complexes  and examine t h e  mode of occur- 
rence  of jade deposits;  (e)  inves t iga te  t h e  s t ruc tu ra l  s ty le  of 
t h e  severa l  s t ra t igraphic  assemblages,  and  (f)  provide logist ic 
support  for  a deta i led  b ios t ra t igraphic  s tudy of Lower 
Cambrian  s t r a t a  in Cass iar  Mountains. During t h e  1977 field 
season most of t he  work was  done in Cry  Lake map-area.  
Accounts presenting t h e  results  of t h e  various investigations 
a r e  contained in t h e  following 7 reports.  

1 1 ( Stratigraphy 
Figure 1.2 shows t h e  distribution of t h e  main s t r a t i -  

graphic  assemblages in Cry  Lake map-area.  Each assemblage  
has  d is t inc t ive  l i thological  and s t ruc tu ra l  character is t ics .  
Upper Proterozoic  t o  Middle or Upper Devonian s t r a t a  a r e  
s imi lar  t o  those  in McDame map-area t o  t h e  nor th  (Gabrielse,  
1963). Probable co r r e l a t i ve  rocks, but including only minor 
carbonate ,  comprise  a metamorphic  assemblage  flanking t h e  
southwest  side of t h e  Cassiar Batholi th near  Turnagain River 
and  a gneissic t e r r a n e  near  Eagle River. Paleocurrent  d a t a  
indica te  an  eas t e r ly  sou rce  f o r  Lower Cambrian  sandstone  
and a southeas ter ly  source  fo r  Silurian and/or Devonian 
dolomit ic  sandstone.  

The two  Upper Paleozoic  assemblages  (Sylvester and 
C a c h e  Creek  groups) a r e  intensely deformed and the i r  
relationship wi th  ad j acen t  s t r a t a  a r e  s t i l l  no t  resolved. The 

S P A T S I Z I  104 H TOODOGGONE 94 E Upper Mississippian Nizi Format ion c lear ly  over l ies  a th ick  
sequence  of maf ic  volcanic rocks assigned t o  t h e  Sylvester 

Figure 1.1. Index map, north-central  British Columbia. Group. At leas t  locally t h e  Nizi ca rbona te  is faul ted  against  
Pennsylvanian ca rbona te  s t r a t a  which a r e  overlain by a thick 
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Legend for Figure 1.2 

Stratified Rocks 

TERTIARY AND QUATERNARY 

-TQ: Basalt; lava, tuff,,agglomerate 

CRETACEOUS(?) AND TERTIARY 
UPPER CRETACEOUS( 7) TO EOCENE( 7) 

~KEo: Conglomerate, sandstone, shale 

~KEv: Rhyolite, pisolitic siliceous tuff, chalcedonic 
rhyo 1 i te brecc i a 

JURASSIC 
MIDDLE JURASSIC (mainly?) 

G:illJro: "TOODOGGONE VOLCANICS": Mauve and green andesitic 
and dicitic volcanfcs; conglomerate, sfltstone, 
shale 

LOWER JURASSIC (mainly Toarcfan) 

GillJvs: "TOODOGGONE VOLCANICS" : Andesite, dacite, 
rhyolite, green and maroon .feldspar porphyry, 
tuff , breccia; calcareous sflstone, silty 
1 imestone 

LOWER JURASSIC (mainly Pliensbachian) 

~JTJT: INKLIN FORMATION : Greywacke, slate conglomerate 
~- (age range uncertain), locally includes 

TAKWAHONI FORMATION : Greywacke, siltstone, 
argi 11 ite, conglomerate 

TRIASSIC AND JURASSIC 
UPPER TRIASSIC AND LOWER JURASSIC 

weathering volcanfcs 

UPPER TRIASSIC 

STUHINI FORMATION: Augite porphyry, coarse-bladed 
feldspar porphyry; minor sedimentary rocks 

SINWA FORMATION: Felid limestone; minor calcareous 
shale 

"KUTCHO FORMATION ": Quartz-eye sericite schist, 
chlorite schist, breccia, conglomerate 

MISSISSIPPIAN TO PERHIAN 

CACHE CREEK GROUP: Chert, shale, limestone, 
ultramafics, gabbro, diorite, basic volcanics 

SYLVESTER GROUP : Chert, slate, limestone, 
ultramafics, gabbro, di orfte, basic volcanfcs; 
l ower part includes chert arenite and chert-pebble 
conglomerate 

CAHBRIAN TO DEVOIIIAN 

Limestone, dolomite, sandstone, sfltstone, shale; 
t-01 , mainly black, carbonaceous phyllite, 
probably includes lower 

PROTEROZOIC AND LOWER CAHBRIAN 

Limestone, sandstone, shale, grit and metamorphosed 
equivalents: PL-£ 1 mainly metamorphosed ·clastic 
rocks 





sequence  of well layered volcanic and sedimentary  rocks. 
Therefore ,  rocks  mapped a s  Sylvester Group in McDame and 
Cry Lake map-areas a r e  now known t o  include s t r a t a  ranging 
in age  f rom Mississippian t o  Permian. 

Mesozoic assemblages a r e  described e lsewhere  in this 
report .  The following comment s  deal mainly with regional 
considerations.  On t h e  basis of mapping in southeas tern  Cry 
Lake map-area and nor th-cent ra l  Spatsizi  map-area i t  s eems  
probable t h a t  volcanic rocks informally named t h e  
'Toodoggone Volcanics' in Toodoggone map-area (see  Fig. I. 1) 
(Ca r t e r ,  1971 ; Gabrielse et al., 1977) a lmost  complete ly  flank 
t h e  northern part  of t he  Sustut  Basin (Eisbacher,  1974). 
Locally, southeas t  of Pi tman River t o  near  t h e  conf luence  of 
Chukachida and Stikine rivers in Toodoggone map-area,  t h e  
volcanics have  been removed beneath  t h e  unconformity a t  t h e  
base of t h e  Sustut  Group. In Toodoggone, Spatsizi  and Cry 
Lake map-areas t h e  volcanics a r e  character ized  by maroon 
weather ing units in t h e  lower par t  and mauve weather ing 
rocks in t h e  upper par t .  F ree  qua r t z  is common and lens- 
shaped bodies of spheruli t ic rhyoli te and flow banded rhyolite 
have been noted in t h e  lower units in all t h r e e  map-areas. 
Associated with t h e  volcanics in Toodoggone map-area a r e  
pink weathering,  even-grained, granodiorit ic rocks similar t o  
t h e  body north of Pi tman River in Cry Lake map-area.  A 
single K-Ar determinat ion  of 163 2 6 m.y. (R.K. Wanless, 
pers. comm. 1977) was  obtained on b io t i te  f rom a pluton of 
th is  t ype  north-northeast  of t h e  confluence of Chukachida 
and Stikine rivers. 

Potassium-argon ages  on hornblende f rom t h r e e  locali- 
t i e s  in "Toodoggone Volcanics'' near  Finlay River a r e  186 ? 

6 m.y. (Ca r t e r ,  1971), and i 7 8  ? 8 m.y. and 186 ? 8 m.y. 
(R.K. Wanless, pers. comm. 1975, 1977). Toarcian(?) fossils 
(H.W. Tipper, pers. comm. 1977) occur  below rhyolit ic 
members  in north-central  Spatsizi  map-area and Bajocian 
fossils (H.W. Tipper, pers. comm.  1975) were  found a t  one 
locali ty in Toodoggone map-area and a r e  locally abundant in 
south-central  Cry Lake map-area. Abundant nonmarine 
conglomerate  in terca la ted  with t h e  volcanics in southeas tern  
Cry Lake map-area conta ins  c las ts  of fusulinid-bearing 
l imestone  t h a t  must have been derived f rom Cache  Creek 
l imestone  t o  t h e  north (J.W.H. Monger, pers. comm. 1977). 
Channels  in t h e  conglomerate  also indlca te  a northerly 
source.  

Anderson (1978) has described t h e  grani t ic  rocks of t h e  
Hotailuh Batholith. The grani t ic  body near  t h e  headwaters  of 
Snowdrift  Creek c u t s  Lower Jurassic greywacke of t h e  
Takwahoni Formation and may be of t he  s a m e  age  (mid- 
Jurassic) a s  t h e  younger phases of t h e  Hotailuh Batholith. A 
granodior i te  t o  d ior i te  body southwest  of Hard Lake has  given 
a K-Ar a g e  on b io t i te  of 182 + 7 m.y. (R. Oddy, pers. comrn. 
1977). The northern boundary of t he  body has  not been 
determined.  The grani t ic  rocks e a s t  of Tucho River a r e  par t  
of t h e  P i tman  Batholi th which probably comprises  a number 
of phases undif ferent ia ted  in regional mapping. Q u a r t z  
monzoni te  of t h e  mid-Cretaceous  Cassiar Batholi th is com- 
monly megacrystic,  part icularly along i t s  nor theas t  margin 
where  potash feldspar megacrys ts  a r e  abundant.  

Regional S t ruc tu re  

Four regional f au l t s  t r ansec t  Cry  Lake  map-area  (see 
Fig. 1.2). The southerly d i r ec t ed  King Salmon Faul t  forms 
t h e  southern boundary of t he  King Salmon assemblage 
comprising strongly fo l ia ted  and imbr ica te ly  thrus t  s t r a t a  of 
C a c h e  Creek,  'Kutcho', Sinwa and Inklin rocks. Nahlin Fault ,  
also southerly d i rec ted ,  fo rms  t h e  southern  boundary of t h e  
Cache  Creek t e r r ane ,  a n  a r e a  underlain by intensely 
deformed rocks. Both f au l t s  a r e  t runca t ed  t o  t h e  e a s t  by 
Kutcho Faul t  along which t h e r e  may have  been considerable 
t r anscu r ren t  movement.  The nor thwester ly  continuation of 
Kutcho Faul t  has not been mapped. It probably follows the  
nor thern  boundary of t h e  Cache  Creek Terrane .  The Kechika 
Fau l t  t r ends  northwesterly across  t h e  nor theas ter ly  pa r t  of 
Cry  Lake map-area and sepa ra t e s  a t e r r a n e  wi th  strongly 
developed westerly d i rec ted  s t ruc tu re s  t o  t h e  southwest  f rom 
nor theas ter ly  d i rec ted  s t ruc tu re s  t o  t h e  nor theas t .  I t ,  too,  is 
believed t o  have  been t h e  locus of s igni f icant  t ranscurrent  
movement .  Between Kutcho and Kechika faul ts  ear ly  
southwester ly  thrust  and overturned s t ruc tu re s  a r e  c u t  by 
l a t e r  eas ter ly  d i rec ted  f au l t s  (Gabrielse and Mansy, 1978). 
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STRATIGRAPHY AND STRUCTURE OF PROTEROZOIC ROCKS NEAR GOOD HOPE LAKE, 
McDAME MAP-AREA, BRITISH COLUMBIA 

Project 770016 

J.L. ~ a n s y '  
Regional and Economic Geology Division, Vancouver 

Abstract 

Mansy, J.L., Stratigraphy and structure of Proterozoic rocks near Good Hope Lake, McDame map- 
area, British Columbia; Current Research, Part A, Geol. Surv. Can., Paper 78-lA, p. 5-6, 1978. 

Proterozoic strata near Good Hope Lake in McDame map-area are assigned to the Espee and 
Stelkuz formations of the Ingenika Group. They are overlain by rocks of  the Lower Cambrian Alan 
Croup. The strata are exposed in an anticlinorium the west limb o f  which is cut by several easterly 
directed, high-angle reverse faults. Westerly directed structures, important in Omineca and southern 
Cassiar mountains, are represented only by an asymmetrical anticline north of Good Hope Lake. 

Strat i~raphy formation and comprises a lower unit of calcareous red - . -  
breccia with chips of red limestone, dolostone and slate; a 

A section of the upper Proterozoic Ingenika was 
middle unit of slaty and shaly red, green and purple Cross- measured On the ridge south Of Good Hope Lake (see bedded siltstone, locally channelled; and an upper unit of red 

Figs. 2.2, '03). The lowest strata are part of the slate wi th lenses of limestone. The red beds are overlain by 
E s ~ e e  Formation (see  mans^ and in press) 'Om- blue grey weathering, well-bedded limestone and dolostone, 
prising a sequence of buff, red and pink weathering a t  least partly cross-bedded and of detr i tal origin. The upper 
locally to grained, and limestone and argil- part of the Stelkuz Formation includes abundant, locally 
laceous limestone, commonly thinly laminated. micaceous sandstone, siltstone and shale, generally brown 
Ferrodolomite or ankerite specks are typical of the limestone weathering. In parts of the McDame map-area these beds 
and oolites, pisolites, and oncolites are abundant in some may be included in the Group as mapped by 
beds. In the area the Espee Formation is probably more than (1963). T~~ Stelk,,= Formation south of G~~~ H~~~ Lake is 
500 m thick but only 280 m are exposed in the measured 

about 1000 thick. 
section. 

The base of the Atan Group is the base of a cross- 
Tkp' Stelkuz Formation a great of bedded, white and pink quartzite unit containing clasts of 

lithologies that, in  part, can be grouped into minor and major quartz to I cm in diameter. The quartzite, about 200 m 
The lower part brown buff lenses of thick, has a central part consisting of .jiltstone, 

channelled limestone and minor oolitic limestone. A con- shale and impure quartzite containing worm burrows. Over- 
spicuous red-bed unit, about 80 m thicl<, is recognizable lying the quartzite are recessive weathering brown quartz- 

the region' It in the part Of the ites, micaceous shales and black shales, slates and siltstones 
A abo;t 80 m thick. The clastic seo"ence IS overlain bv 

f ~  f2 archeocyathid-bearing limestone. 

1000 m 

Aton Forrnotion : limestone 
C Alon Formation: dark ihole ( qtz. 

f f  f  
f  l f2 Aton Forrnotion: white quartzite 

Stelkuz Forrnot~on: red beds 

Stelkuz Formation 

m Espee Formation 

Jf F o u l t  
2' 

Figure 2.1. Diagrammatic cross-sections near Good Hope Lake, McDame map-area. See Fig. 2.3 for locations. 

' University of Lille, France 



ATAN 
Fossils 

F O R M A T 1 0  N (archeocyathids) 

- .  - 

Figure  2.2 

S e c t i o n  of Espee,  S t e l k u z  a n d  A t a n  
--- f o r m a t i o n s  south  of Good Hope  

.. . 
. . Lake.  
-. - 

F O R M A T I O N  EzS 
L A  - - 
&A . . .  

E S P E E  

- - 
FORMATION 

L E G E N D  

4,,"b';d'"cg;o:;;te 
I_ siltstone shale, 

sandsmnl 

shale  

dolomile 

g;;,';i;,;;;'g$ 
orglllaceous limestone 

I,_ ~;&a;,"t;edfed shale and 

nodular limestone 

limestone 

Figure  2.3. Index m a p ,  showing  loca t ions  of c ross -sec t ions ,  
Good Hope  L a k e  a r e a .  

Structure 

T h e  s t r u c t u r a l  s t y l e  in t h e  Good Hope  L a k e  a r e a  is  
d e p i c t e d  in F igures  2.1 and  2.2. T h e  only h i n t  of w e s t e r l y  
d i r e c t e d  s t r u c t u r e s  s o  prominent  in s o u t h e r n  C a s s i a r  and 
O m i n e c a  mounta ins  is t h e  a s y m m e t r i c a l  a n t i c l i n e  n o r t h  of 
Good Hope  Lake .  D o m i n a n t  s t r u c t u r e s  a r e  c l e a r l y  high angle ,  
west-dipping r e v e r s e  f a u l t s  which r e p e a t  t h e  s e c t i o n  on  t h e  
w e s t  l imb of t h e  m a j o r  an t ic l ine .  In g e n e r a l  t h e  major  
l i thological  u n i t s  a r e  r e l a t i v e l y  c o m p e t e n t  s o  t h a t  t igh t ,  
s i m i l a r  fo ld ing  is u n i m p o r t a n t .  
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UPPER (CARBONATE) PART OF ATAN GROUP, 
LOWER CAMBRIAN, NORTH-CENTRAL BRITISH COLUMBIA 

Project 650024 

W.H. Fri tz 
Regional and Economic Geology Division 

Abstract 

Fritz, W.H. ,  Upper (carbonate) part of Atan Group, Lower Cambrian, north-central British 
Columbia; Current Research, Part A, Geol. Surv. Can., Paper 78-lA,  p. '/.-if;, 1978. 

Preliminary results from the first detailed study of the upper Atan are presented and a 
type section is designated. Five upper Atan sections were measured in the Cassiar Mountains, 
and one Lower Cambrian section was measured in the nearby Kechika Ranges. Deposition of 
the upper Atan started in the middle carbonate belt during latest Fallotaspis(?) Zone t ime and 
continued throughout most, if not all, of Bonnia-OleneIIus Zone t ime.  The age of uppermost 
Atan beds remains uncertain. Three grand cycles (clastic-carbonate pairs) can be recognized in 
the Atan Group. Correlation of the Atan Group is discussed. 

Introduction 

In 1977 the upper (carbonate) part of the Atan Group 
was studied i n  conjunction wi th Operation Dease in  order t o  
provide needed biostratigraphic data on the map-unit. Five 
stratigraphic sections were measured in  the Cassiar 
Mountains (see Fig. 3. la, 3. l b  for index map and sections) and 
one section was measured i n  the Kechika Ranges. Since a 
type area rather than a type section was designated in  the 
description of the Atan (Gabrielse, 1963), t ime was allotted 
to  finding a suitable section within the prescribed area. 
Section I of this report was located there, and is here 
designated as the type section for the upper part of the Atan 
Group. It is suggested that consideration be given t o  
establishing a type section for the lower (clastic) part of the 
Atan Croup by starting at the base of the lower segment of 
section 1 (base of unit 1) and measuring downsection in  a 
northeasterly direction to  the base of the Atan Group. 

As shown on Figure 3.lb, only 1175 feet of the 
carbonate part of the Atan at section 1 is exposed and the 
remaining part is covered by talus. Thicker sections of the 
carbonate succession are exposed a t  section 4 (1870 feet) and 
section 5 (2928 feet). These sections, however, are not i n  the 
type area, they. are less accessible, and section 5 has 
unaergone moderate pervasive shearing and is extensively 
dolomitized. Section 5 is the only section known to the 
writer in  which a l l  of the carbonate portion of the Atan is 
exposed, and the thickness taken from this section is believed 
to represent the true thickness of the upper (carbonate) part 
of the Atan. 

Strata measured i n  the Kechika Ranges (section 6) 
differs from the Atan i n  the Cassiar Mountains i n  that 
carbonate belonging to the Nevadella Zone, and probably part 
of the underlying clastic succession as well, is missing. 
Strata i n  the Kechika section w i l l  be referred to as the "upper 
Atan Group" to indicate that problems i n  matching the Lower 
Cambrian strata between the two areas st i l l  exist. 

Previous Work 

Gabrielse (1954) f i rs t  described the Atan Group i n  the 
McDame map-area (104P) in  north-central British Columbia 
as "comprising over 14,000 feet of sedimentary rocks ..." 
consisting of "White and pink quartzite, limestone, dolomite, 
slate, red shale, argillite", a l l  of which was assigned t o  the 
Lower and Middle Cambrian. In a second paper (1963,. p. 26) 
the thickness was given as "more than 3,000 feet", whlle the 
gross lithologic description was repeated without much 
change. Although no type section was named, it is stated i n  
the second paper (op. cit., p. 27) that "Excellent exposures 
occur in  the mountains north and south of French River and 
near Atan Lake, after which the group is named.", and the 
age was restricted to the Lower Cambrian (p. 13). In a joint 

and most recent paper (Mansy and Gabrielse, i n  press) the 
base of the Atan was placed at the top of the Ingenika Group 
(top of Stell<uz Formation). After reading the latter paper, 
and after a discussion wi th J.L. Mansy, it 1s the writer's 
understanding that the Atan Group i n  the vicinity of sections 
1-5 of this paper starts with a basal,white quartzite that is 
overlain by a thicker succession of brown to rust weathering, 
very fine grained sandstone and siltstone. The writer 
estimates that this clastic succession, here referred to as the 
lower Atan, is approximately 1500 feet thick near section 5 
(northeast of point "a", PI. 3.2, fig. 3). 

The upper part of the Atan Group, here called the upper 
Atan, was described by Gabrielse (1963, p. 27, 29) as being 
composed of "relatively pure, thick-bedded to  massive, blue- 
grey, buff, and reddish buff, grey, and black limestone and 
dolomite and very minor slate." The thickriess for the upper 
Atan a t  a "generalized section northwest of Atan Lake" was 
given as I500 feet. 

Gabrielse (1963, p. 30, 31) has listed the faunal 
determinations and age assignments given various collections 
from the Atan Group and concludes that "all the fossils are of 
late Early Cambrian age." Descriptions of some of the upper 
Atan fossils have been given by Okulitch (19551, Okulitch and 
Greggs (1958) and Handfield (1969, 197 1). Handfield's (1971, 
p. 17) finds of Nevadella i n  the upper Atan at the approxi- 
mate location of the present section I and a t  One Ace 
Mountain, 41 miles to  the north-northwest, proves that a t  
least part of the upper Atan belongs t o  the medial part of the 
Lower Cambrian. 

It is doubtful that any of the fossil collections 
mentioned are from strata a t  or near the top of the Atan 
Group. A single local i ty (GSC loc. 22757) i n  the lower part of 
the overlying Kechika Group is therefore important, i n  that it 
provides a minimum age for the Atan. This locality 
(Gabrielse, 1963, p. 39) is 7.3 miles west-southwest of the 
south end of Deadwood Lake and i t  has produced a tr i lobite 
that was identified by R.D. Hutchinson as cf. Chancia 
Walcott. Hutchinson assigned the tr i lobite to the late Lower 
or Middle Cambrian. The same tr i lobite was later inspected 
by A.K. Palmer, who recognized it (and the writer agrees) as 
belonging to  the genus Hedinaspis, a genus that is restricted 
to the Upper Cambrian. 

The Atan Group has been mapped or recognized over a 
considerable region outside the type area. In the Jennings 
River area immediately to  the west, Gabrielse (1969) has 
mapped an undivided Good Hope (Ingenika) and Atan Group. 
To the east, in  the Tuchodi Lakes area, the group has been 
recognized by Taylor (1969) and mapped by Taylor and Stott 
(1973). To the southeast, Rutter and Taylor (1968, p. 8) have 
recognized the group in  the Pine Pass, Halfway River and 
Ware map-areas. North (1971, p. 309) extended the Atan- 
Kechika succession al l  the way from Peace River to the 
northwestern end of the Pelly ~ounta ins .  
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General Statements and Acknowledgments 

Because the upper Atan i n  the Cassiar Mountains 
(sections 1-51 differs from the "upper Atan" i n  the Kechika 
Ranges (section 6), lithologic units i n  the former area have 
been assigned numbers while letters of the alphabet have 
been used to represent units from the lat ter  area. This 
convention is adopted so that no direct correlation is implied 
i n  the text descriptions or in  Figure 3.la, 3.lb. Thicknesses 
for the units in  both areas are given on the figures under the 
appropriate number or letter. Fossil identifications given in  
the text  and ages implied i n  the figures are based on f ield and 
cursory laboratory observations. Detailed studies must await 
a thorough preparation of the material. Locali ty numbers 
marked by an asterisk on Figure 3.la, 3.lb represent strata a t  
horizons i n  nearby outcrops that have been projected into the 
measured section at approximatley the same stratigraphic 
level. 

Assistance in  measuring section 1 was provided by 
C.M. Henderson, and assistance with sections 1, 2, 4 to 6 was 
given to P.W. Fritz. 

Upper Atan i n  the Cassiar Mountains 

Unit 1 

This unit is present a t  sections 1, 3 to  5 where it 
consists of light brown to light silvery brown weathering, 
slightly l imy shale wi th a subordinate amount of limestone i n  
scattered nodules and i n  thin, wavy beds. A t  the base of the 
unit in  sections 1, 3 and 4 i t  is distinctive rose to brick red 
weathering limestone sub-unit. The limestone changes colour 
laterally to l ight grey or to l ight greenish grey and does not 
exceed 35 feet i n  thickness a t  any given section. Near 
section 3, GSC locality 95199 contains fossils that probably 
belong to  the Fallotaspis Zone a t  a horizon one-half foot 
above the base of the rose coloured sub-unit. The locality is 
a t  point "a" (PI. 3.1, fig. 3) and has yielded two tr i lobite 
cheeks that are questionably assigned to Parafallotaspis. 
Collections made at 8, 9, and 12 feet above the base of the 
sub-unit i n  section 4 and various other collections from the 
sub-unit elsewhere al l  belong to the overlying Nevadella 
Zone. 

Medium to dark grey weathering limestone i n  broadly 
wavy, thin beds (Pl. 3.2, fig. 1) predominate i n  this interval. 
Some small penecontemporaneous folds (PI. 3.2, fig. 2) are 
present, but folds exceeding one foot in  height are rare. 
Penecontemporaneous slump breccia was noted in  intervals 20 
t o  24 feet and 35 to  36 feet above the base of the unit in  
section 5. Large, hook-shaped genal spines belonging to  the 
tr i lobite Holmiella are locally comm3n on bedding planes of 
the thin bedded limestone. Sparse mounds of l ight to  medium 
grey limestone are present a t  various horizons within the 
unit. These mounds contain archaeocyathids and they rarely 
exceed one foot in  thickness. 

Unit 3 

Medium and thick bedded limestone of unit 3 produces 
resistant outcrops relative to  thinner bedded strata i n  units I ,  
2 and 4. The limestone weathers medium light to medium 
grey and the thicker beds are often irregular and contain 
sparse archaeocyathids. Between and also grading laterally 
into the thicker beds are beds containing fine to  coarse 
grained limestone clasts. A t  section 1 there is a considerable 
thickness of thin and medium beds containing limestone clasts 
set in  a sparry matrix. 
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Bright orange weathering shale  p la tes  covering a reces- 
sive interval mark this unit a t  sec t ions  1, 2, 4 and 5 (PI. 3.1, 
figs. 1, 2, 4; PI. 3.2, fig. 3). At closer range a considerable 
amount  of light greenish grey shale  i s  conspicuous. Near t h e  
base of the  upper third of t he  unit a r e  l imestone beds tha t  
conta in  archaeocyathids.  The boundary between t h e  
Nevadella Zone and t h e  Bonnia-Olenellus Zone a t  section 1 
lies between GSC loc. 95182, located 21 f e e t  below t h e  base 
of unit 4 and Olenellus-bearing f loat  collections 951 83, 951 84 
and 95185 f rom 28, 33, and 38 f ee t ,  respectively above the  
base  of t h e  unit. A t  sect ion 4 Olenellus was found in f loat  32 
f e e t  above the  base of unit  4, and a t  sec t ion 5 t h e  boundary is 
between a Nevadella-bearing collection (GSC loc. 95219) 10 
f e e t  above the  base of unit 4 in a nearby auxiliary section 
(PI. 3.2, fig. 3) and a Olenellus-bearing collection (GSC loc. 
952220) found in local f loa t  24 f e e t  above the  base  of t he  
unit. These observations,  together  with the  finding of the  
lower Bonnia-Olenellus Zone index fossil Laudonia in the  
lower par t  of unit  4 at sect ions  I and 2, i nd ica t e  t h a t  t h e  
boundary between t h e  Nevadella Zone and t h e  Bonnia- 
Olenellus Zone l ies within t h e  lower pa r t  of uni t  4. 

Unit 5 

Resistant medium t o  thick bedded l imestone in unit 5 
closely resembles s t r a t a  in unit 3, even t o  t h e  ex ten t  t h a t  
thick, irregular beds containing archaeocyathids  a r e  present. 
As in unit 3 t h e  thicker,  l ighter beds contain f ine  to  coarse  
l imestone clasts.  Proliostracus found high in t h e  unit (GSC 
loc. 95188) in sect ion I indicates  t h a t  s t r a t a  at t h a t  level 
belong t o  t h e  medial  par t  of t h e  Bonnia-Olenellus Zone. 

Unit 6 

At sect ion 5 this unit  is composed of l ight brown 
weathering shale  and approximately one-third medium grey 
weathering, thin bedded limestone. S t r a t a  'correlated with 
this unit in sect ion 4 a r e  mainly covered with vegetation 
excep t  for outcrops of thin bedded, medium blue grey 
weather ing l imestone which is in par t  finely crystall ine and in 
par t  f ine  t o  coa r se  grained. Two fossil locali t ies in section 5 
conta in  Olenellus, which d a t e s  t h e  unit a s  belonging t o  t h e  
Bonnia-Olenellus Zone. 

Unit 7 

An incomplete but relatively undisturbed sect ion in this 
unit was measured a t  sec t ion 4. The lower 184 f e e t  consists 
of medium blue grey and medium light grey mot t led  lime- 
s tone in medium and thin beds. Half of t he  s t r a t a  above this 
level up t o  a talus and vegeta t ion cover a t  t he  258-foot level, 
and possibly 50 f e e t  higher, resemble  t h a t  below, and half 
consists of medium light grey l imestone in thick t o  massive 
beds. A t  sect ion 5, where  many fea tu res  a r e  obscured by 
t ec ton ic  deformation, t h e  lower 639 f e e t  is  composed of 
medium and thick bedded dolomite  t h a t  weathers  l ight pink, 
c r e a m ,  and light brownish grey. The t o p  176 f e e t  is  composed 
of medium blue grey weather ing l imestone in thick beds t h a t  
change la tera l ly  t o  c ream weathering dolomite.  No fossils 
were  found in this unit a t  e i ther  of t h e  t w o  sections.  

Basal s t r a t a  in overlying Kechika Format ion 

Gabrielse (1963, p. 37) has  observed t h a t  s t r a t a  a t  t h e  
c o n t a c t  between t h e  relatively compe ten t  Atan Group and 
t h e  incompetent  Kechika Group a r e e i t h e r  intensely deformed 
o r  covered at many places. Where exposed in t h e  Cassiar 
Mountains, thick bedded ca rbona te  of t h e  Atan is  typically 
overlain by silvery grey Kechika shale.  However, a t  section 
5, where  a normal con tac t  may exist ,  a hundred f e e t  or more  
of medium brown Kechika sil tstone immediately overlies the  
Atan. Here the  s i l t s tone is c leaved,  and exposures a r e  



Unit  z l imi ted  to n a r r o w  s t r e a m  c u t s  t h a t  a r e  unsu i tab le  f o r  fossi l  
co l lec t ing .  B e t t e r  s i l t s t o n e  o u t c r o p s  w e r e  found t h r e e  a n d  

ivl3:;t of t h e  l i m e s t o n e  in  un i t  z is  l ight  g r e y  t o  w h i t e  
three-quarters miles southeast of the upper segment of thick bedded, a n d  is a l m 2 s t  identical to the s e c t i o n  4 ( see  "a", PI. 3.1, f i g .  5). Fossils h e r e  a r e  a t  b e s t  

lim~:;tone in un i t  x. T h e  basa l  48  f e e t  c o n t a i n s  m e d i u m  l ight  r a r e ,  a s  none  w e r e  found dur ing  a t w o  hour s e a r c h ,  b u t  t h i s  i s  grey limestone in  th in  to th ick  beds are medium dark thought be a l ikely area i n  which i t  may yet be g r e y  on  f r e s h  s u r f a c e  a n d  a r e  b o t h  f ino lv  c r y s t a l l i n e  a n d  f i n e  
possible to f ind  the necessary date the base the t t ,  c-oarse grained.  S t r a t a  v o u n a e r  t h a n  t h o s e  inc luded  i n  t h i s  
Kechika .  u n i t  a r e  n o t  exposed  o n  t h e  m o u n t a i n  w h e r e  t h e  upper 

s e g m e n t  of s e c t i o n  6 is  l o c a t e d ,  a n d  younger s t r a t a  c o u l d  no t  
"Upper Atan" i n  t h e  K e c h i k a  R a n g e s  b e  iden t i f ied  wi th  c e r t a i n t y  on  t h e  adjoining m o u n t a i n s  w h e r e  

Lower  C a m b r i a n  c a r b o n a t e  i s  m o r e  highly d e f o r m e d .  
Underlying q u a r t z i t e  

I m m e d i a t e l y  below t h e  "upper Atan"  in s e c t i o n  6 is  
a p p r o x i m a t e l y  8 5  f e e t  of q u a r t z i t e  t h a t  is w h i t e  o n  b o t h  
w e a t h e r e d  a n d  f r e s h  s u r f a c e s ,  a n d  i s  f i n e  t o  c o a r s e  gra ined .  
S ince  t r i l o b i t e s  belonging t o  t h e  Bonnia-Olenellus Z o n e  a r e  
p r e s e n t  a s h o r t  d i s t a n c e  a b o v e  t h e  q u a r t z i t e  (GSC loc.  95223), 
t h e  q u a r t z i t e  m u s t  e i t h e r  belong t o  t h a t  z o n e  o r  b e  o lder .  I t  
is  t e n t a t i v e l y  thought  t h a t  t h e  q u a r t z i t e  is  a basa l  sand  
over ly ing  a n  erosion s u r f a c e  on  t h e  Ingenika Group.  T i m e  w a s  
n o t  a v a i l a b l e  t o  s tudy  t h e  I n g e n ~ k a  o u t c r o p s  in  t h e  a r e a  t o  s e e  
how much,  if any ,  of t h e  Ingenika s t r a t a  is  missing. 

U n i t  v 

T h e  basa l  un i t  of t h e  "upper Atan" in t h e  K e c h i k a  
R a n g e s  is  composed  of s h a l e  t h a t  is  in p a r t  Jight o r a n g e  on  
w e a t h e r e d  and f r e s h  s u r f a c e s  and in  p a r t  l ight  g reen ish  g r e y  
o n  w e a t h e r e d  and f r e s h  sur faces .  Although n o  fossi ls  w e r e  
found  in  t h e  unit  in t h e  m e a s u r e d  s e c t i o n ,  Olene l lus  sp. w a s  
l o c a t e d  at t w o  o u t c r o p s  t h a t  l i e  a long  s t r i k e  and  a r e  f o u r  a n d  
s ix  m i l e s  n o r t h w e s t  of t h e  l o w e r  s e g m e n t  of s e c t i o n  6. T h e  
f o r m e r  and  b e s t  loca l i ty  (GSC loc. 95223) i s  at l a t i t u d e  58' 
33.5' and  longi tude  127' 29.5'. 

Unit  w 

A c o v e r e d  valley s e p a r a t e s  t h e  lower  p a r t  of t h i s  u n i t  in  
t h e  l o w e r  s e g m e n t  of s e c t i o n  6 f r o m  t h e  upper  p a r t  i n  t h e  
upper  s e g m e n t  of t h e  sec t ion .  No cont inuous  o u t c r o p  of  t h e  
u n i t  w a s  found e l s e w h e r e  in  t h e  a r e a ,  a n d  t h e  t h i c k n e s s  g i v e n  
in  F i g u r e  3 . lb  i s  only a rough e s t i m a t e .  Medium g r e y  
l i m e s t o n e  in th in  and medium beds  is t h e  p r e d o m i n a n t  
l i thology in  bo th  t h e  lower  and upper  p a r t s  of t h e  unit .  This  
l i m e s t o n e  is  b o t h  f ine ly  c r y s t a l l i n e  and f i n e  t o  c o a r s e  gra ined .  
A second,  c o m m o n ,  t y p e  of l i m e s t o n e  p r e s e n t  i s  in  t h i c k  beds  
a n d  th ick  (up t o  22 f e e t )  mounds  t h a t  w e a t h e r  m e d i u m  l igh t  
g r e y  a n d  a r e  f ine ly  c r y s t a l l i n e  t o  dense .  A r c h a e o c y a t h i d s  
w e r e  s e e n  in  o u t c r o p s  of un i t  w in  t h e  lower  s e g m e n t  of 
s e c t i o n  6 b u t  n o t  in t h e  upper.  Tr i lob i tes  f r o m  t h e  upper  
s e g m e n t  a r e  Olene l lus  sp., Bonnia sp. a n d  c f .  Nelson,  1966, 
P l a t e  6, f i g u r e s  6-9, 12, 13, a l l  of which belong t o  t h e  Bonnia- 
Olene l lus  Zone.  

Uni t  x 

This i s  a c l i f f - forming  u n i t  composed  of  m e d i u m  l i g h t  
g r e y  to w h i t e  w e a t h e r i n g  l i m e s t o n e  in t h i c k  beds.  The  
limestone is  d e n s e  t o  f inely c r y s t a l l i n e  w i t h  s o m e  g r a i n s  
(pel letoids?)  f a i n t l y  ou t l ined  on  f r e s h  sur faces .  

S e c t i o n  6 c o n t a i n s  a r a r e  e x p o s u r e  of t h i s  u n i t  which is  
e i t h e r  t a l u s  c o v e r e d  o r  t e c t o n i c a l l y  r e m o v e d  f r o m  t h e  L o w e r  
C a m b r i a n  success ion  s e e n  e l s e w h e r e  in  t h e  a r e a .  T h e  u n i t  is  
composed  of l ight  rus t  t o  greenish  g r e y  w e a t h e r i n g  s h a l e  t h a t  
is  medium g r e e n i s h  g r e y  on  f r e s h  s u r f a c e .  The l o w e r  2 3  f e e t  
w e a t h e r s  t o  s m a l l  p l a t e s  while t h e  remain ing  por t ion  i s  blocky 
in  o u t c r o p  and i s  m o r e  s i l t y  t h a n  t h a t  below. The  p r e s e n c e  of 
S a l t e r e l l a  sp. i n  f l o a t  f r o m  t h i s  un i t  t e s t i f i e s  t o  t h i s  L o w e r  
C a m b r i a n  age .  

Grand C y c l e s  i n  t h e  A t a n  G r o u p  

T h e  upper  A t a n  in  t h e  C a s s i a r  Mounta ins  i s  wi th in  a 
m i d d l e  c a r b o n a t e  b e l t  t h a t  f r i n g e d  t h e  N o r t h  A m e r i c a n  
c r a t o n  i n  Lower  C a m b r i a n  t i m e .  C l e a n  c a r b o n a t e  in l ight  
co loured ,  a r c h a e o c y a t h i d - b e a r i n g  beds  and  mounds,  a n d  asso- 
c i a t e d  beds  f i l led w i t h  c a r b o n a t e  i n t r a c l a s t s  in s e c t i o n s  1 t o  
5, i n d i c a t e  a depos i t iona l  s i t e  wi th in  b u t  n e a r  t h e  o u t e r  e d g e  
of t h e  c a r b o n a t e  be l t .  T h e  w r i t e r  (Fr i tz ,  1975, Fig. 1) h a s  
recognized  t h r e e  grand  c y c l e s  ( l a r g e  c l a s t i c - c a r b o n a t e  pairs)  
in  widely s e p a r a t e d  a r e a s  wi th in  t h e  Cord i l le ran  p a r t  of t h e  
b e l t ,  a n d  i t  is  n o t  surpr i s ing ,  t h e r e f o r e ,  t h a t  t h e  c y c l e s  a r e  
deve loped  in  t h e  C a s s i a r  Mountains.  

The  lower  A t a n  and  uni t  I c o m b i n e  t o  r e p r e s e n t  t h e  
lower  (elastic) ha l f -cyc le  of g r a n d  c y c l e  A. T h e  upper  half-  
c y c l e  is  r e p r e s e n t e d  by u n i t s  2 and  3. The  p r o b a b l e  posi t ion 
of t h e  Fa l lo tasp is -Nevadel la  Z o n e  boundary  i n  t h e  C a s s i a r  
Mounta ins  i s  n e a r  t h e  t o p  of t h e  l o w e r  half-cycle,  as i s  t h e  
case in  t h e  M a c k e n z i e  M o u n t a i n s  (Fr i tz ,  1976). U n i t  4 a n d  
u n i t  5 of  t h e  upper  A t a n  a r e  c o r r e l a t e d  w i t h  t h e  l o w e r  half-  
c y c l e  a n d  upper  ha l f -cyc le  of g r a n d  c y c l e  B, r e s p e c t i v e l y .  
The  boundary b e t w e e n  t h e  N e v a d e l l a  Zone  and  t h e  Bonnia- 
Olene l lus  Zone  l ies  wi th in  t h e  l o w e r  ha l f -cyc le  of g r a n d  c y c l e  
B. This  boundary  r e t a i n s  i t s  posi t ion wi th in  t h e  s a m e  half-  
c y c l e  o v e r  a w i d e  a r e a ,  a n d  h a s  b e e n  d o c u m e n t e d  i n  t h e  
m i d d l e  s h a l e  m e m b e r  of  t h e  P o l e t a  F o r m a t i o n  of C a l i f o r n i a  
a n d  Nevada ,  t h e  m i d d l e  s h a l e  m e m b e r  of t h e  Mura l  F o r m a t i o n  
i n  t h e  Mount  Robson  a n d  C a r i b o o  Mounta ins  a r e a s ,  a n d  in 
s i l t s t o n e  m e m b e r  B1 in t h e  M a c k e n z i e  Mounta ins  ( F r i t z ,  1975, 
1976). Uni t  6 is  t e n t a t i v e l y  ass igned  t o  t h e  lower  ha l f -cyc le  
of g r a n d  c y c l e  C and  uni t  7 i s  t e n t a t i v e l y  ass igned  t o  t h e  
upper  half-cycle.  As m e n t i o n e d  e a r l i e r ,  n o  foss i l s  h a v e  y e t  
b e e n  c o l l e c t e d  f r o m  u n i t  7 a n d  t h e r e f o r e  t h e  c o r r e l a t i o n  t o  
g r a n d  c y c l e  C m u s t  b e  ques t ioned .  

In t h e  Kechika  R a n g e s  at s e c t i o n  6 t h e  "upper Atan"  
c o n t a i n s  c l e a n  c a r b o n a t e  s i m i l a r  to t h a t  d e s c r i b e d  in  t h e  
C a s s i a r  Mountains,  and  s e c t i o n  6 c a r b o n a t e  is  a l s o  be l ieved  t o  
h a v e  b e e n  depos i ted  wi th in  t h e  m i d d l e  c a r b o n a t e  b e l t  n e a r  i t s  
s e a w a r d  marg in .  However ,  in  s e c t i o n  6 o l d e r  c a r b o n a t e  in t h e  
upper  ha l f -cyc le  of g r a n d  c y c l e  A w a s  e i t h e r  n o t  depos i ted ,  o r  
i t  w a s  e r o d e d  b e f o r e  depos i t ion  of t h e  w h i t e  q u a r t z i t e  
d i r e c t l y  under ly ing  u n i t  v of t h e  "upper Atan". All  of t h e  
"upper Atan"  u n i t s  m e a s u r e d  be long  to t h e  Bonnia-Olenellus 
Zone,  b u t  t h e  fossi l  m a t e r i a l  a v a i l a b l e  a t  t h e  p r e s e n t  t i m e  
d o e s  n o t  provide a n  a c c u r a t e  posi t ioning of t h e  un i t s  wi th in  
t h e  zone .  T h e  a s s i g n m e n t  of t h e  var ious  un i t s  i n  s e c t i o n  6 t o  
g r a n d  c y c l e s  is  t h e r e f o r e  t e n t a t i v e  a t  bes t .  The  w r i t e r  
p r e s e n t l y  f a v o u r s  p lac ing  t h e  w h i t e  q u a r t z i t e  a n d  u n i t  v in  t h e  
l o w e r  ha l f -cyc le  of g r a n d  c y c l e  B, a n d  u n i t s  w a n d  x in  t h e  
upper  half-cycle;  un i t s  y a n d  z a r e  t e n t a t i v e l y  p l a c e d  i n  t h e  
l o w e r  a n d  upper  ha l f -cyc les  of g r a n d  c y c l e  C ,  r e s p e c t i v e l y .  

A t a n  C r o u p  (?) i n  t h e  P e l l y  M o u n t a i n s  

Al though s o m e  q u e s t i o n s  r e m a i n  t o  b e  reso lved ,  t h e  
w r i t e r  f a v o u r s  a t e n t a t i v e  c o r r e l a t i o n  of t h e  A t a n  G r o u p  in  
t h e  C a s s i a r  Mounta ins  w i t h  t h e  L o w e r  C a m b r i a n  success ion  
n e a r  t h e  K e t z a  R i v e r  in  t h e  Pe l ly  Mountains.  Wheeler  et al .  
(1960) d iv ided  t h e  K e t z a  success ion  i n t o  a l o w e r  q u a r t z i t e  
u n i t  la, a media l  phyl l i t e  a n d  slate uni t  Ib ,  and  a n  upper 



archaeocyathid-bearing limestone unit Ic. Later, Tempelman- 
Klu i t  et al. (1975) placed an unconformity between units I b  
and Ic, and removed units l a  and I b  from the Lower 
Cambrian by correlating them with the Proterozoic "gri t  
unit" in  the Selwyn Basin. They also show (1975, Fig. 2) 
several hundred feet of greenish grey shale overlying unit Ic, 
and a second unconformity separating this shale from an 
overlying Cambro-Ordovician phyllite. 

The writer (1975) favours the original Lower Cambrian 
designation for units l a  and Ib, which he placed i n  the lower 
half-cycle of grand cycle A. The archaeocyathid-bearing 
limestone in  unit I c  was placed in  the upper half-cycle 
because of its position, lithology, and location within the 
Nevadella Zone. The f irst two reasons were used for placing 
the greenish grey shale overlying unit l c  i n  the lower half of 
grand cycle B, and it is probable that the boundary between 
the Nevadella Zone and the Bonnia-Olenellus Zone lies within 
this shale as i t  does within the half-cycle elsewhere. No local 
faunal evidence could be found to either confirm or deny the 
existence of an unconformity between the greenish grey shale 
and an overlying succession of dark shale and silty limestone. 
I f  the unconformity does indeed exist, these dark strata may 
be i n  part or completely younger than Atan. I f  i t  does not 
exist, they may represent a basinal, starved equivalent of 
part of the upper Atan. In either case, these dark strata do 
not contain Atan lithologies and should be excluded f rom the 
Atan Group. 

In a recent and detailed study of the Ketza River 
succession, Read (1976, Fig. 7, p. 63, PI. 9, figs. c, d) has 
shown evidence of strong bioturbation within unit l a  and he 
has not placed an unconformity between units I b  and Ic.  
Read's observations and the general lithology of units l a  and 
I b  suggest a direct correlation between these two units and 
the lower Atan plus unit 1 i n  the Cassiar Mountains. The 
basal white quartzite of the type Atan was not seen i n  the 
Ketza River succession, and i t  is not known from the l imited 
outcrop in  the latter area whether this quartzite is missing or 
i f  i t  lies a short distance below the surface. 

Other Correlations 

It has been mentioned earlier that the Atan Group has 
been recognized i n  the Pine Pass, Halfway and Ware map- 
areas. A comparison of data i n  the present paper with 
stratigraphic sections from these map-areas (Gabrielse, 1975; 
Street, 1967) does not substantiate this recognition. 
Sandstone and siltstone predominate throughout the Lower 
Cambrian in  the three map-areas making it impossible to  
differentiate the lower (elastic) and upper (carbonate) litholo- 
gies that are the basic subdivisions within the Atan Group. 

Reasons have been given under the description of 
section 6 for suggesting at least a delay i n  the ful l  
recognition of the Atan east of the Kechika River. This 
brings into question the mentioned use of the Atan Group i n  
the Tuchodi map-area, which lies even farther to  the east. 
The described Lower Cambrian succession (Taylor and Stott, 
1973) there is unlike sections known to  the writer from 
elsewhere in  the Cordillera. It contains conglomerates that 
seem to be unique, and a thick succession of archaeocyathid- 
bearing, light coloured carbonates at a surprisingly high 
position. I t  is hoped that f ield work now being planned i n  this 
area w i l l  provide a basis for a refined correlation of these 
strata. 
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ULTRAMAFIC ROCKS IN C R Y  LAKE MAP-AREA (104 I), BRITISH COLUMBIA 
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Abstract 

Learning, S., Ultramafic rocks in Cry  Lake map-area (104  I) ,  British Columbia; Current Research, 
Part A, Geol. Surv. Can., Paper 78-lA, p. 17-19, 1978. 

Several large and many small ultramafic bodies occur in rocks of the Sylvester Group and 
particularly in rocks of the Cache Creek Group in Cry Lake map-area of north-central British 
Columbia. Numerous contacts between serpentinite and other rocks are reaction zones that are 
currently being exploited for jade (nephrite). 

During t h e  1977 field season ul t ramaf ic  bodies in t he  Distribution 
Cry Lake map-area  (Fig. 4.1) were  examined with t h e  objec t  
of de termining Except for t h e  Alaskan-type u l t rarnaf ic  body north of 

Turnagain River and southwest  of Hard Lake, t h e  alpine-type 
1. t h e  distribution of u l t rarnaf ic  and re la ted  gabbroic u l t r amaf i c  rocks in Cry Lake map-area  occu r  ent i re ly  within 

and volcanic rocks a r e a s  underlain by t h e  Cache  Creek  and Sylves ter  groups. 

2. variations in serpentinization of t h e  ultrarnafic 
rocks  

3. c o n t a c t  relationships with t h e  enclosing rocks 

4. t h e  na tu re  of c o n t a c t  reac t ion  zones  containing t a l c ,  
l istwanite,  rodingite and nephr i te  

5. t h e  geological se t t ing  of t h e  u l t ramaf ic  rocks. 

ULTRAMAFIC ROCKS 

CONTACT REACTION ZONE 
J - nephrite J x  boulders only 
L - lislwanlte 
R - rodinqlte 
T - lolc 

Copper minerals 

Molybdenite - .t,,s 
K I L O M E T R E S  



This is shown in a d iagrammatic  cross-section in Figure 4.2. 
The ul t ramafic  rocks a r e  intimately associated with massive 
basalt ic volcanics and irregular bodies of gabbro. No 
consistent relationships between the  ultramafic,  volcanic and 
gabbroic rocks is apparent.  Many con tac t s  a r e  clearly 
t ec ton ic  but amounts of displacement a r e  unknown. If these  
complexes a r e  ophiolites, many of the  c r i t e r i a  diagnostic of 
classic ophiolite complexes remain t o  b e  found. 

Variations in Serpentinization 

The ul t ramafic  rocks in t h e  Cry Lake map-area have 
been serpentinized t o  varying degrees.  Some a r e  completely 
a l tered,  some  partly a l tered,  and others,  comprising several 
large  bodies, appear  t o  be  relatively fresh.  The leas t  
a f f e c t e d  rocks in some complexes appear  t o  be  dunites. 
These light brown, spheroidal weathering, dark green t o  black 
rocks appear  massive and unserpentinizated in many hand 
specimens. 

Serpentinization is most complete  in t h e  lower pa r t s  of 
ultrarnafic bodies and along wide shear  zones, with t h e  
development of blackish green rocks with greasy luster and 
innumerable slickensided surfaces.  

In places highly sheared serpent in i te  weathers  light 
green and forms talus or felsenmeer of "fish-scale" serpenti-  
nite.  This seems t o  be  a weathering phenomenon because 
dark green serpent in i te  forms the  cores  of t h e  scales. Most 
of t he  mountain saddles in the  ultrarnafic ter ra in  a r e  
underlain by sheared serpentinites.  Less serpentinized ultra- 
maf ics  a r e  commonly found a t  higher elevations and peaks 
not covered by greenstone. In places where serpentinization 
is not accompanied by deformation the  rocks appear fresh and 
massive in t h e  outcrop. Some of these  rocks nevertheless a r e  
partly or extensively serpentinized. 

An interesting phenomenon noted in several places is 
t h e  development of peridotite nodules in the  sheared serpen- 
t inite.  These a r e  roughly spherical or ell iptical  masses up t o  
one m e t r e  in d iameter  but more commonly 5 t o  10 c m  in 
d i ame te r  occurring in clusters res t r ic ted  to  a f ew square 
me t re s  lying in the  regional foliation. The nodules a r e  
evidently formed by shearing s t resses  which r o t a t e  blocks of 
peridotite in a serpentine matrix.  That movement was  
involved is 'evident f rom the  slickensided surfaces  in severa l  
directions commonly found on some of t h e  nodules. Fur ther  
evidence of the  dynamic environment a r e  t h e  curving 
su r faces  in the  serpent in i te  which wrap around t h e  massive 
nodules. 

Serpentinization of gabbro and pyroxenite is  generally 
minor. 

Figure 4.2. 

Diagramatic cross-section through study area .  

C o n t a c t  Relationships 

Within t h e  Sylvester Group a number of relatively 
small, narrow northwesterly trending bodies of u l t r amaf i c  
rocks conta in  a f e w  tec tonic  inclusions, principally l imestone. 

Where t h e  con tac t s  a r e  seen they  a r e  marked by 
shearing and in a few places by t h e  development  of l i s twani te  
(a rock comprising magnesite and qua r t z  wi th  minor 
mariposite). 

The most eas ter ly  occurrence  of u l t r amaf i c  rock has 
been intruded by an  apophysis of t h e  Cassiar Batholith. 
Elsewhere i t  is in c o n t a c t  with greenstones  of t h e  Sylvester 
Group. 

The southern be l t  of u l t ramafic  rocks is a t ec ton ic  
melange of Cache  Creek Group which include greenstone,  
schist ,  che r ty  l imestone and ul t ramafic  rocks. The southern 
margin of t h e  melange is bounded by t h e  Nahlin Faul t ,  a 
major thrus t  faul t  t r aceab le  westerly t o  t h e  Atlin a rea .  The 
northern margin is t h e  Kutcho Fault .  Northwest of Turnagain 
River,  u l t ramafics  occupy the  full  width between these  two 
major faul ts  but south of t h e  river t h e  u l t ramafic  rocks a r e  
disposed in narrow bodies and small  lenses within t h e  Cache  
Creek Group. 

Inclusions of greenstone, l imestone and che r t  within the  
serpent in i te  exhibit  sheared or faul ted  contacts .  In two  
places serpent in i tes  appear  to  be in intrusive con tac t  with 
l imestone, possibly a result of solid flow of incompetent  
serpentine during deformation. 

Lack of any con tac t  e f f e c t  d i rec t ly  a t t r ibu tab le  t o  hea t  
precludes the  possibility of intrusion of u l t ramafic  magma. 
The initial intrusion is considered to  have been by solid flow 
of a crys ta l  mush of u l t ramafic  or partly serpentinized 
ul t ramafic  rocks. The con tac t s  a r e  invariably tec tonic .  

C o n t a c t  React ion Zones 

Contact  react ion zones (metasomat i tes)  include bodies 
of ta lc ,  rodingite, nephr i te  and l i s twani te  formed by metaso-  
ma t i c  changes a t  t h e  con tac t  of serpent in i te  with o the r  
rocks. The react ion is due t o  chemical  d i f ferences  in t h e  
adjacent  rocks aided by ion exchange in a fluid medium 
pervading t h e  rocks. Presumably t h e  development  of t h e  
me tasomat i t e s  fo rms  an  e f f ec t ive  barr ier  t o  fu r the r  ion 
exchange because t h e  bodies a r e  invariably narrow. The 
widest zone  noted in t h e  Cry  Lake map-area was  a nephr i te  
body about 10 m wide. Most a r e  one  or t w o  me t re s  wide. 
Many of t h e  me tasomat i t e s  range f r o m  1 5  t o  150 m long. In 
most cases  t h e  third dimension is probably similar t o  t h e  
length. 

D e v o n i a n  
a n d  

o l d e r  

L E G E N D  

ultra  rnaf ics 

s e d i m e n t s  volcanics 

m e t a s o r n a t i t e  



Of economic  impor t ance  a r e  t h e  c o n t a c t  reac t ion  zones  
consist ing of nephrite.  Initial production of nephr i te  in t h e  
map-area c a m e  f r o m  alluvial deposits. Current ly  production 
is coming mainly f rom talus blocks and the i r  parent  lodes. 

Ouring t h e  course  of field work a number of nephrite 
occurrences  were  seen.  Some of these  may have been 
previously undiscovered or a t  leas t  unreported ( see  Fig. 4.1). 

In a f e w  places boulders of nephr i te  have  no obvious in 
s i t u  source. One of t h e  bes t  examples  is t h e  locali ty 20  k m  
south  of King Mountain where  about  60  tonnes  occur  a s  
boulders weighing up t o  I0 tonnes. Some of these  a r e  
probably noncommercial  because of schistose s t ruc ture ,  but 
severa l  appear  very sound and hard. An occurrence  about 
14 km north-northwest of Turnagain Lake, and one  near t h e  
head of Greenrock Creek  mer i t  f u r the r  investigation. In s i tu  
and  ta lus  blocks occur  in both locali t ies but  t h e  in s i tu  deposit  
in t h e  Green rock locali ty is highly schis tose  and probably 
noncommercial .  

Most of t he  o the r  occurrences  p lo t ted  on Figure 4.1 a r e  
e i t he r  held a s  mineral  c la ims and leases  or a r e  noncom- 
mer ica l  because of small  s ize  or strong foliation.  They may 
help however t o  focus  fu r the r  prospecting. 

The serpent in i tes  in t h e  Cry Lake map-area a r e  so  
extens ive  t h a t  much of t h e  a r e a  has no t  been thoroughly 
investigated.  The outcrops  e a s t  of Kutcho Creek  at t h e  
southeas t  end of t h e  belt  were  not examined nor were  all  t h e  
serpent in i te  occurrences  west of Kehlechoa River. The most 
impor tant  deposits  in t h e  map-area a r e  those on the  property 
of Cry Lake J a d e  Mines Ltd. At t he  t ime  of a visit t o  t he  
proper ty  about  200 tonnes  of various g rades  were  being 
processed for  shipment.  Initial production c a m e  f rom a 
deposit  up t o  10 m wide. The f ines t  quali ty nephr i te  
cons t i t u t e s  a small  pa r t  of t h e  lode. 

A number of t a l c  bodies in con tac t  reac t ion  zones were  
seen during t h e  field season (see  Fig. 4.1). All a r e  sheared t o  
varying degrees.  Sound blocks for carving or o the r  uses could 
no t  b e  obtained f r o m  any deposit  examined because  of 
innumerable shear  planes. The individual deposi t s  a r e  no t  
la rge  and because  of t h e  r e m o t e  location i t  is unlikely t h a t  
t h e  deposits  could be  commercia l ly  exploited in t h e  fore-  
seeable  fu ture .  

Listwanite (-quartz-carbonate bodies) is a common 
a l t e r a t ion  product of serpent in i te  along con tac t  zones  and 
many were  seen in t h e  map-area. The q u a r t z  occurs  a s  veins 
and  s t r ingers  in t h e  carbonate ,  presumably magnesite.  Else- 
where,  notably in Russia, gold is found in l i s twani tes  and 
these  rocks should b e  examined carefully.  Many of t h e  major 
p lacer  gold fields a r e  in u l t ramaf ic  areas ,  al though t h e  source  
has  not  been identified. Interestingly,  severa l  l istwanite 
zones  feed in to  t he  dra inage  of Alice Shea and Wheaton 
c reeks  where placer gold has been recovered.  

Several  occu r rences  of cha l coc i t e  and/or t e t r ahed r i t e  
were  noted in u l t r amaf i c  rocks in t h e  a r ea .  All a r e  smal l  
pods probably only of mineralogical  in teres t .  

Disseminated ch romi t e  occurs  in t h e  u l t r amaf i c  rocks in 
many places. Nodules up t o  20 c m  in d i ame te r  have  been 
found along Wheaton Creek  but no bands or layers of this 
thickness were  seen in any of t h e  rocks examined during 1977. 

Fluorite occurs  in g ran i t e  near  t h e  grani te-serpent in i te  
c o n t a c t  nor theas t  of t h e  lower end of Cry  Lake. The f luor i te  
occupies f l a t  f r a c t u r e s  aggregat ing  about  one  m e t r e  in 
thickness and can  b e  t r a c e d  f o r  abou t  20  m along strike.  A 
single ro se t t e  of molybdenite was  found in t h e  g ran i t e  above 
t h e  f luor i te  zone  close t o  t h e  serpent in i te  con tac t .  

Geological  Se t t i ng  of Ul t ramaf ic  Rocks in 
t h e  Cry Lake map-area 

~ l t r a m a f i c  rocks  in t h e  Cry  Lake  map-area a r e  disposed 
in two  t ec ton ic  m6langes: 

I .  Sylvester Group of l a t e  Paleozoic a g e  and 

2. Cache  Creek  Group, a lso  of l a t e  Paleozoic  age.  
Relationships between t h e  groups a r e  unknown. 

Opinion on t h e  origin of u l l r amaf i c  rocks  of t h e  alpine- 
t ype  is divided between t w o  theories:  (1) t h e  ocean ic  c rus t  
concep t  and (2) d i r e c t  intrusion f r o m  t h e  mant le .  

Oceanic  c rus t  is current ly  equa ted  by many geologists 
with t h e  ophioli te sequence  of peridotite-gabbro-pillow lava 
with associa ted  c h e r t ,  l imestone  and pel i te  so common in 
orogenic bel t s  around t h e  world. The implication is t h a t  
oceanic  c rus t  has  been over thrus t  (abducted) o n t o  t h e  
cont inenta l  margins. P l a t e  t ec ton ic s  is  cu r r en t ly  favoured by 
many geologists a s  t h e  mechanism for  th is  emplacement .  

Cache  Creek  rocks  in t h e  Cry Lake  map-area  may 
represent  an ophioli te su i te  although recognition requires 
considerable imagination a s  severa l  of t h e  f e a t u r e s  cha rac -  
te r i s t ic  of ophioli tes a r e  missing. Gabbro for  ins tance  is a 
very  minor, even  insignificant rock type.  Pillow lavas  a r e  r a r e  
o r  nonexistent and t h e  succession f r o m  pe r ido t i t e  through 
gabbro,  diabase,  t o  pillow lava  with overlying mar ine  
sediments,  par t icular ly  che r t ,  is  nowhere recognizable.  

A c a s e  might be  made fo r  d i r ec t  intrusion of a n  a l ready 
di f ferent ia ted  c rys t a l  mush of relatively cold per idot i te  
lubr ica ted  by in ters t i t ia l  liquid along f r a c t u r e s  extending t o  
t h e  mantle.  La t e r  serpent in iza t ion  and deformat ion 
associa ted  with thrus t ing  along t h e  Nahlin Fau l t  may explain 
t h e  present distr ibution of t h e  rocks. 
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Abstract 

Monger, J.W.H. and Thorstad, Linda, Lower Mesozoic Stratigraphy, Cry Lake and Spatsizi map- 
areas, British Columbia; Current Research, Part A, Geol. Surv. Can., Paper 78- lA,  p. 21-24, 1978. 

Lower lMesozoic strata in Cry Lake and Spatsizi map-areas, north-central British Columbia, 
comprise thick assemblages of dominantly andesitic volcanic rocks. A lower assemblage, possibly 
entirely of Late Triassic age, consists of volcaniclastic rocks characterized by augite porphyry and 
coarse bladed feldspar porphyry. These rocks grade upward into maroon feldspar porphyry breccias 
and flows of possibly Late Triassic and Early Jurassic age. The volcanic sequence is similar in 
lithology and general evolution to Late Triassic and Early Jurassic strata in Toodoggone and 
McConnell Creek map-areas along strike to  the southeast. Northeast of the volcanic assemblage 
and separated from it by the King Salmon Fault, is a distinctive, commonly schistose terrane, 
designated the King Salmon assemblage, that consists o f ,  lowermost, andesitic and dacitic 
pyroclastic rocks, gradationally overlain by probable Late Triassic carbonate and Early Jurassic 
fine grained clastic strata. In southeastern Cry Lake map-area the lower unit hosts massive 
sulphide mineralization. 

This s tudy ,  p a r t  of a cont inu ing  inves t iga t ion  of 
s t r a t i g r a p h y ,  s t r u c t u r e ,  and reg iona l  s e t t i n g  of t h e  
economica l ly  i m p o r t a n t  lower  Mesozoic vo lcanogenic  
a s s e m b l a g e s  of  n o r t h e r n  Bri t ish Columbia ,  w a s  c a r r i e d  o u t  in 
c o n j u n c t i o n  wi th  reg iona l  mapping  of t h e  C r y  L a k e  and  
Spa ts iz i  m a p - a r e a s  (1041, 104H) by H. Gabr ie l se ,  s t u d i e s  of 
J u r a s s i c  b ios t ra t ig raphy  by H.W. Tipper  and of t h e  Hota i luh  
b a t h o l i t h  by R.G. Anderson.  Monger i s  l a rge ly  respons ib le  f o r  
d e s c r i p t i o n s  of s t r a t a  in 'Spatsizi  m a p - a r e a  and a round t h e  
Hota i luh  ba thol i th  in s o u t h w e s t e r n  Cry  L a k e  map-area .  
Thors tad  i s  main ly  respons ib le  f o r  t h e  s tudy  of  lower  
Mesozoic  r o c k s  t o  t h e  n o r t h e a s t  in C r y  Lalce map-area ,  n o r t h  
of  t h e  King  Sa lmon F a u l t .  

C r y  L a k e  m a p - a r e a  spans  t h r e e  major  s t r u c t u r a l  sub- 
divisions;  t h e  O m i n e c a  C r y s t a l l i n e  Belt ,  t h e  Hin te r land  Bel t  
and  t h e  I n t e r m o n t a n e  Bel t ,  s e p a r a t e d  f r o m  o n e  a n o t h e r  by 
m a j o r  f a u l t s  (Fig. 5.1). Lower  h lesozoic  success ions ,  d i f f e r i n g  
i n  b o t h  s t r a t i g r a p h y  and  s t r u c t u r a l  s t y l e ,  a r e  known f r o m  a l l  
t h r e e  s t r u c t u r a l  b e l t s  (Gabr ie l se ,  1978). Southwes te r ly ,  in t h e  
I n t e r m o n t a n e  Bel t ,  a th ick ,  f a u l t e d  and  only local ly m e t a -  
morphosed ,  p r o b a b l e  pre-Sinemur ian  (Lower  Jurass ic )  
vo lcan ic  success ion  i s  over la in  by S inemur ian  t o  Cal lov ian  
s e d i m e n t a r y  and volcanic  r o c k s  descr ibed  by Tipper  (1978). In 
t h e  Hin te r land  Belt ,  b e t w e e n  t h e  K u t c h o  and  t h e  King Sa lmon 
f a u l t s ,  a highly d e f o r m e d  Mesozoic  vo lcan ic  and  s e d i m e n t a r y  
s e q u e n c e ,  h e r e i n  d e s i g n a t e d  t h e  King  Sa lmon a s s e m b l a g e ,  i s  
p robably  s t r a t i g r a p h i c a l l y  e q u i v a l e n t  to b o t h  t h e  p r e -  
Sinernurian vo lcanics  and t h e  lower  p a r t  of t h e  s e d i m e n t a r y  
success ion  t o  t h e  s o u t h w e s t .  Nor th  of t h e  K u t c h o  F a u l t ,  in 
t h e  O m i n e c a  C r y s t a l l i n e  Belt ,  var iab ly  d e f o r m e d  and m e t a -  
morphosed  l o w e r  Mesozoic  v o l c a n i c  and s e d i m e n t a r y  r o c k s  
a r e  p r o b a b l e  e q u i v a l e n t s  t o  t h e  s t r a t a  in  t h e  Hin te r land  Belt .  
T h e s e  success ions  a r e  d e s c r i b e d  be low f r o m  s o u t h  t o  nor th .  

I n t e r m o n t a n e  Belt: Spa ts iz i  m a p - a r e a  

Pre l iminary  work shows t h a t  Tr iass ic  s t r a t a  under l ie  
t h e  t e r r a n e  5 mi les  n o r t h  of C a r t m e l  Mountain,  n o r t h w e s t e r n  
S p a t s i z i  map-area ,  and  probably  e x t e n d  d iscont inuous ly  nor th-  
n o r t h w e s t e r l y  t o  t h e  Klas t l ine  P l a t e a u  on  t h e  w e s t e r n  m a r g i n  
of  t h e  map-area .  T h e  Tr iass ic  success ion  c o m p r i s e s  t w o  
units .  T h e  lower  p a r t  c o n s i s t s  of f i n e  gra ined ,  banded  t u f f  and 
mass ive ,  local ly pi l lowed,  a u g i t e  porphyry in p l a c e s  
c o n t a i n i n g  c a r b o n a t e  blocks.  The  upper  p a r t  c o m p r i s e s  i n t e r -  
b e d d e d ,  l a m i n a t e d ,  t u f f a c e o u s  s i l t s t o n e  and a r g i l l i t e ,  tu f f  and 

b r e c c i a  w i t h  c h a r a c t e r i s t i c  pink f e l d s p a r  c r y s t a l s ,  loca l  b a s a l t  
f lows,  and  r a r e  c a r b o n a t e  pods  o v e r l a i n  by a r g i l l i t e  and  
s i l t s t o n e  c o n t a i n i n g  u p p e r m o s t  Tr iass ic  fossi ls .  

T h e s e  rocks  a r e  bounded by f a u l t s  on  t h e  nor th  and  
south  bringing t h e m  i n t o  c o n t a c t  wi th  a success ion  of red t o  
brown,  i n t e r m e d i a t e  t o  a c i d i c  vo lcan ics  t h a t  c o n t a i n  Lower  
a n d  Middle J u r a s s i c  fossi ls .  C h l o r i t e  s c h i s t  and  m a r b l e  
exposed  o n  t h e  Klas t l ine  P l a t e a u  to t h e  w e s t ,  of  p r o b a b l e  l a t e  
P a l e o z o i c  a g e ,  m a y  f o r m  t h e  b a s e m e n t  to t h e s e  rocks.  
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F i g u r e  5.1. Index m a p  showing  g e n e r a l  d i s t r ibu t ion  of 
l i tho logica l  a s s e m b l a g e s  and m a j o r  s t r u c t u r a l  
e l e m e n t s  in  C r y  L a k e  (1041) and  n o r t h e r n  
S p a t z i z i  (104H) map-areas .  
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F i g u r e  5.2. Dis t r ibu t ion  of lower  Mesozoic  r o c k s  of t h e  King Sa lmon a s s e m b l a g e .  

I n t e r m o n t a n e  Belt :  vo lcan ic  r o c k s  around t h e  
Hota i luh  b a t h o l i t h  

T h e  Hotai luh b a t h o l i t h  la rge ly  i n t r u d e s  t h e  lower  
Mesozoic vo lcan ic  s e q u e n c e  b u t  local ly a n  e a r l y  p h a s e  is  
over la in  nonconformably  by t h e  vo lcan ics  (Anderson,  1978). 
T h e  volcanic  rocl<s d ip  radial ly a w a y  f r o m  t h e  p lu ton  and 
cons is t  of t w o  p a r t s .  

T h e  lower  s e q u e n c e ,  exposed w e s t ,  n o r t h  and n o r t h e a s t  
of t h e  p lu ton ,  c o n s i s t s  of g r e e n ,  g rey  and locally r e d  
vo lcanic las t ics ,  in p l a c e s  in te rbedded  wi th  a rg i l l i t e ,  and  
s i l t s tone .  The  volcanic las t ics  a r e  c h a r a c t e r i z e d  by l a r g e  
c r y s t a l s  of a u g i t e  porphyry and c l a s t s  of a u g i t e  f e l d s p a r  
porphyry and  locally,  very  p r o m i n e n t  c o a r s e  "bladed" f e l d s p a r  
porphyry.  Maximum t h i c k n e s s  is  probably less  t h a n  1000 m. 
S imi la r  r o c k s  o u t c r o p  a l m o s t  cont inuous ly  for  30  k m  w e s t  of 
t h e  ba thol i th ,  and a p p a r e n t l y  l i e  on  s c h i s t o s e  b u t  foss i l i fe rous  
P e r m i a n  c a r b o n a t e ,  tu f f  and a r g i l l i t e  exposed n e a r  t h e  
c o n f l u e n c e  of Tuya  and S t ik ine  r ivers .  

T h e  upper  p a r t  of t h e  lower  success ion  is  local ly 
m a r o o n ,  with a g r a d a t i o n a l  c o n t a c t  b e t w e e n  i t  and t h e  
over ly ing  red and g r e e n  success ion  of f lows  and volcani-  
c l a s t i c s  t h a t  p r e d o m i n a t e  on t h e  n o r t h e a s t ,  e a s t  and south  
s ides  of t h e  Hotai luh b a t h o l i t h .  The  d o m i n a n t  l i thology of t h e  
over ly ing  success ion  i s  f i n e  gra ined  fe ldspar  porphyry of 
i n t e r m e d i a t e  compos i t ion  t h a t  o c c u r s  a s  bo th  b r e c c i a s  and 
f lows.  In p l a c e s  t h e r e  a r e  well  bedded ,  red and g r e e n ,  var iab ly  
ep idot ized  c r y s t a l  l i th ic  t u f f s ,  and  e l s e w h e r e ,  minor  a c i d i c  
f lows  wi th  r a r e  q u a r t z  p h e n o c r y s t s  and ign imbr i t ic  m e m b e r s .  
Thickness  of t h e  s e q u e n c e  is  a p p r o x i m a t e l y  700 m. 

T h e  a g e  of t h i s  vo lcan ic  a s s e m b l a g e  i s  in d o u b t .  T h e  
lower  un i t  is l i thological ly s imi la r  t o  t h e  Upper  Tr iass ic ,  
Takla  Group,  and t h e  upper  un i t  t o  t h e  Lower  J u r a s s i c  
(Sinemurian) Te lkwa F o r m a t i o n  of t h e  H a z e l t o n  Group 
exposed  250 km t o  t h e  south-southeas t  in McConnel l  C r e e k  
m a p - a r e a  (Monger,  1977a). T h e  pa leonto logica l  e v i d e n c e  is  
equivoca l .  Probable  Tr iass ic  foss i l s  o c c u r  c l o s e  t o  t h e  c o n t a c t  
on  t h e  n o r t h w e s t  s i d e  of t h e  Hotai luh ba thol i th  a n d ,  e a s t  of 
McBride River ,  S inemur ian  s t r a t a  over l ie  t h e  success ion .  
T h e s e  d a t a  sugges t  t h a t  t h e  a b o v e  c o r r e l a t i o n  wi th  u n i t s  t o  
t h e  south-southeas t  is  c o r r e c t .  However ,  fossi ls ,  t e n t a t i v e l y  
iden t i f ied  a s  Toarc ian  ( l a t e  Lower  Jurass ic ) ,  o c c u r  seemingly  

in te rbedded  wi th  a r g i l l i t e s  of t h e  l o w e r  success ion  on  t h e  
n o r t h w e s t  s ide  of t h e  Hota i luh  b a t h o l i t h ;  f u r t h e r  work i s  
c l e a r l y  necessary  in t h i s  a r e a .  

Hin te r land  Belt :  King Sa lmon a s s e m b l a g e  

S t ra t ig raphy:  T h e  King Sa lmon a s s e m b l a g e  i s  
economica l ly  i m p o r t a n t  as i t  h o s t s  m a s s i v e  c o p p e r  z i n c  
minera l iza t ion .  T h e  geology and d e p o s i t s  in t h e  minera l ized  
a r e a  w e r e  r e c e n t l y  d e s c r i b e d  by P e a r s o n  a n d  P a n t e l e y e v  
(1975). In addi t ion ,  t h e  a s s e m b l a g e  is  geo logica l ly  s ign i f ican t  
a s  i t  i s  c lose ly  a s s o c i a t e d  with t h e  Mississippian t o  Tr iass ic  
C a c h e  C r e e k  Group;  p r e - l a t e  Mesozoic  r o c k s  ra re ly  a r e  
known t o  b e  in t h i s  re la t ionsh ip .  

T h e  King Sa lmon a s s e m b l a g e ,  s o  n a m e d  b e c a u s e  i t  
f o r m s  t h e  t h r u s t  p l a t e  a b o v e  t h e  King S a l m o n  F a u l t ,  c o n s i s t s  
of t h r e e  l i tho logica l  divisions t h a t  g r a d e  i n t o  o n e  a n o t h e r  
(Figs. 5.2, 5.3). T h e  l o w e s t  division is  a c i d i c  t o  ( local ly)  bas ic  
v o l c a n i c l a s t i c  rock,  t h e  m i d d l e  division is  c a r b o n a t e  and t h e  
upper  division i s  l a rge ly  phyll i te .  All t h r e e  divisions a r e  
typ ica l ly  highly d e f o r m e d ,  w i t h  a s t r o n g  p e n e t r a t i v e  c l e a v a g e  
in m o s t  p l a c e s ,  b u t  t h e  m e t a m o r p h i c  g r a d e  i s  low, genera l ly  
s u b g r e e n s c h i s t  t o  g r e e n s c h i s t  f a c i e s .  

T h e  l o w e s t  division,  h e r e i n  ca l led  t h e  "Kutcho  
s e q u e n c e "  f r o m  t h e  e x t e n s i v e  e x p o s u r e s  n e a r  K u t c h o  C r e e k  
(Fig.  5.2), c o n s i s t s  of i n t e r m e d i a t e  and d a c i t i c  tu f f  and 
b r e c c i a ,  t h a t  in many p l a c e s  c o n t a i n s  p r o m i n e n t  B - q a r t z  and 
a l t e r e d  fe ldspar  c r y s t a l s ,  t h e  a b u n d a n t  m e t a m o r p h i c  
e q u i v a l e n t s  of t h e s e  rocks ,  s e r i c i t e  s c h i s t ,  "quar tz -eye"  
s e r i c i t e  s c h i s t  and s e m i s c h i s t  and,  u p p e r m o s t ,  s c h i s t o s e  
c o n g l o m e r a t e  and s e r i c i t i c  a rg i l l i t e .  C a r b o n a t e ,  a s  l a y e r s  and 
lenses ,  i s  p r e s e n t  th roughout .  C h l o r i t e  s c h i s t  l a y e r s  and  
lenses ,  w i t h  loca l  c h l o r i t i z e d  pyroxene  porphyry  m e m b e r s ,  
t o g e t h e r  wi th  rocks  r e p o r t e d  by P e a r s o n  and  P a n t e l e y e v  
(1975) a s  m e t a g a b b r o ,  a r e  cons idered  t o  b e  m e t a m o r p h i c  
e q u i v a l e n t s  of "Takla-like" b a s i c  vo lcan ics  (Fig.  5.3). Copper -  
z i n c  su lphide  hor izons  a r e  in  t h e  s e r i c i t e  s c h i s t  m e m b e r .  
A p p a r e n t  th ickness  of t h e  K u t c h o  s e q u e n c e  i s  3300  m ,  b u t  t h e  
b a s e  i s  n o t  exposed.  

T h e  m i d d l e  division c o n s i s t s  l a rge ly  of f o l i a t e d  m a r b l e  
t h a t  i s  g e n e r a l l y  f ine ly  c r y s t a l l i n e  w h e r e  d o l o m i t i z e d .  I t  i s  
be l ieved  t o  b e  e q u i v a l e n t  t o  t h e  S inwa F o r m a t i o n .  I t  c o n t a i n s  
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Figure 5.4. Cross-sections of t h e  Hinterland Belt. between 

a sparse  fauna of crinoids, cora ls ,  bryozoa and pelecypods. 
Thickness of this division ranges f rom 0 t o  150 m with much 
of the  variation probably due t o  tectonism. In places,  a s  on 
the  divide west of Cariboo Creek,  t he  ca rbona te  is  
completely absent  and a succession of thin, acidic tuff beds 
interlayered with carbonate  grades  upwards through con- 
g lomera te  with ca rbona te  c l a s t s  t ha t  in turn is  overlain by 
phylli te of t h e  uppermost division. 

The upper division, corre la ted  with t h e  Inklin 
Formation, consists of phylli te and phyllitic si l tstone with 
local greywacke and conglomerate  beds. Conglomerate  
members  a r e  most common near t h e  base  of t he  division and 
consist  mainly of acidic volcanic, ca rbona te  and minor 
grani t ic  clasts.  The upper division res ts  apparently 
conformably on Sinwa carbonate  or grades in to  the  Kutcho 
sequence. 

Age and correlation: The King Salmon assemblage i s  
probably entirely of lower Mesozoic age. The upper division 
has  long been corre la ted  with the  Inklin Formation of t h e  
Lower Jurassic Laberge Group on the  bases of lithology and 
regional relationships, but no fossils a r e  known from i t  in Cry 
Lake map-area (Gabrielse et al., 1962). The Sinwa Format ion 
i s  uppermost Triassic in age  in  t h e  type-area 150 km west  of 
Cry Lake map-area, probably Upper Triassic a g e  a t  Dease  
Lake immediately west  of t he  map-area, and conta ins  
scleractinian cora ls  and other  fossils of definitely "post- 
Paleozoic", probably Triassic age ,  in the  map-area (Monger, 
1977b; H.W. Tipper, pers. comm.). No fossils a r e  known from 
t h e  Kutcho sequence, although ear l ier  Monger (1977b) 
corre la ted  i t  with the  Lower Permian Asitka Group, largely 
because  both units contain ac idic  volcanics. However,  t h e  
gradational con tac t s  with the  overlying Sinwa and lnklin 
formations suggest t h a t  i t  is  more  probably of Triassic age .  

Rocks lithologically and structurally similar t o  t h e  
Kutcho sequence outcrop in Toodoggone map-area,  where  
they were  corre la ted  with t h e  Asitka Group (Gabrielse et a]., 
1976). On the  west side of t h e  Omineca Mountains, 300 km t o  
t h e  southeas t ,  t he  Sitl ika assemblage closely resembles t h e  
Kutcho sequence (Paterson, 1974; Monger e t  a]., in press). 
Locally, Kutcho rocks l ie  north of t h e  Teslin l ineament  (see 
below). On s t r ike  t o  t h e  northwest of these,  in nor theas tern  
Dease  Lake map-area,  volcaniclastic rocks, flows, l imestone 
pebble conglomerate,  l imestone and acidic volcanic dykes of 

., 
Turnagain River and Kutcho Creek  (see  Fig. 5.2). 
"Cleavage sections" show c leavage  a t t i t udes  
along t h e  lines of t h e  cross-sections. 

the  Nazcha and Shonektaw formations (Watson and Mathews, 
1944; Monger, 1969) a r e  possibly l i t t l e  metamorphosed 
equivalents of t he  King Salmon assemblage. Finally, probable 
Triassic acidic volcanics occur in t h e  upper p a r t  of t he  
Pavilion Group, southwestern British Columbia (Trett in,  
1961), in a regional se t t ing in many ways comparable  with 
t h a t  in the  north. 

St ructure :  The King Salmon assemblage occurs  mainly 
between t h e  King Salmon Fau l t  and Teslin l ineament  and is 
s t ructura l ly  isolated f rom all  o ther  rocks in C r y  Lake map- 
a r e a ,  with the  exception of the  Cache  Creek Group. It 
appears  t o  have been thrus t  in a southwesterly d i rec t ion onto  
unfoliated s t r a t a  a s  young a s  Middle ~ u r a s s i c .  Time of 
thrusting was a s  old a s  Toarcian ( la tes t  Early Jurassic;  
Tipper, 1978) or  a s  young a s  ea r l i e s t  Cretaceous  
(Monger e t  al., in press). 

The assemblage has undergone a single episode of 
penetra t ive  deformation t h a t  has produced t h e  cha rac te r -  
istically well developed foliation, a s  recognized by Pearson 
and Pante leyev (1975). Locally th is  foliation i s  cross-cut by 
kink bands and i s  crenulated. Trend of t h e  foliation is  west- 
northwesterly,  generally parallel  with the  King Salmon Faul t  
and Teslin l ineament.  Dips of the  foliation planes outline an  
a symmet r i c  fan  (Fig. 5.4). The foliation is parallel  with the  
axial  surfaces  of major folds t h a t  a r e  up t o  2500 m in 
ampl i tude and 2000 m in wavelength and whose axes  plunge 
gently westwards. Near t h e  King Salmon Fau l t  t hese  a r e  
overturned t o  the  southwest (Fig. 5.3). Folds in t h e  King 
Salmon assemblage appear t o  be compat ib le  with t h e  King 
Samon Fau l t  and presumably were  produced a t  t h e  s a m e  time. 

The King Salmon assemblage occurs  in t h e  s a m e  
s t ructura l  bel t  a s  t he  Cache  Creek Group. The l a t t e r  unit  has 
been a f f ec t ed  by two  deformations; a l a t e r  one congruent 
with t h e  deformat ion of t h e  King Salmon assemblage and an 
ear l ier  one shown'by isoclinal folds, disruption of lithological 
units and local mylonitization. Most Cache  Creek rocks a r e  
th rus t  over t h e  King Salmon assemblage along a major,  north- 
dipping faul t ,  but  a small ,  isolated body of Cache  Creek 
s t r a t a ,  largely surrounded by and in t imate ly  associated with 



t h e  King Salmon assemblage,  l ies  near  t h e  southern margin of 
t h e  belt .  This body appears  t o  b e  a n  imbr ica te  thrus t  s l ice  
t h a t  may have been emplaced in one of two ways. I t  is  e i t he r  
a klippe of Cache  Creek s t r a t a ,  infolded during deformat ion 
of t he  King Salmon assemblage,  o r  e lse  is a largely faul t -  
bounded, anticlinal  c o r e  with t he  King Salmon assemblage  
exposed on both flanks. If t he  l a t t e r ,  i t  has become 
complete ly  detached;  no deposit ional con tac t s  remain,  fo r  t h e  
C a c h e  Creek  s t r a t a  a r e  in c o n t a c t  with all  t h r ee  units of t h e  
King Salmon assemblage.  

Omineca  Crys ta l l ine  Belt  

Small  a r eas  of augi te  porphyry flows and volcaniclastic 
rocks, very similar t o  Upper Triassic volcanogenic s t r a t a  in 
t h e  region, occur north of t h e  Teslin l ineament ,  in f au l t  and 
intrusive c o n t a c t  with t he  Cassiar batholi th.  Rocks t h a t  a r e  
probably pa r t  of t he  Kutcho sequence  also a r e  known north of 
t h e  l ineament .  These rocks include quartz-crystal-bearing 
tu f f s  and a r e  f a r  less  deformed than those  in t h e  King Salmon 
assemblage  and have only a weak t o  moderately developed 
c leavage.  They l ie  in e i t he r  s t ra t igraphic  o r  s t ruc tu ra l  
c o n t a c t  on highly deformed middle and lower Paleozoic  
s t r a t a .  
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Abstract 
Tipper, H.W., Jurassic biostratigraphy, Cry Lake map-area, British Columbia; Current Research, 
Part A, Geol. Surv. Can., Paper 78- lA ,  p. 25-27, 1978. 

Jurassic rocks of the Cry Lake map-area are mainly sedimentary and volcanic and of 
Sinemurian, Pleinsbachian, Toarcian, and Bajocian ages. The Lower Jurassic rocks are apparently 
affected by the King Salmon thrust fault and disrupted by a series of southwesterly directed 
imbricate thrust faults. 

In the southern half of the Cry Lake map-area (1041) 
Lower and Middle Jurassic volcanics and sediments are poorly 
exposed in rounded hills and mountains that to the south 
merge into the Spatsizi Plateau. No well-exposed, unfaulted 
sect~ons are known and information is available only from 
short sections exposed in thin imbricate fault slices. 
Although the several map units are li thologically fair ly 
distinct, the many fossil collections have provided sufficient 
control to  work out the structural style of these strata. 

In the southwest part (Fig. 6.1), a section of Triassic 
and Jurassic volcanics (Monger and Thorstad, 1978) probably 
includes the oldest rocks in the study area. The Triassic 
rocks are, for the most part, augite porphyry basalts and 
feldspar porphyry basalts characteristic of the Upper Triassic 
Stuhini Group and these pass gradationally upward into red, 
maroon, green and grey subaerial breccias and tuffs litho- 
logically similar to  the Telkwa Formation of the Hazelton 
Group (Tipper and Richards, 1976). In several areas massive 
grey limestone of the Sinwa Formation is exposed unconform- 
ably below the Upper Sinemurian conglomerate but the base 
of the unit is not seen and its relation to  the Triassic-3urassic 
volcanics described above is unknown. It is a massively 
bedded sequence of grey limestone wi th local abundant fossil 
pelecypods and brachiopods. Generally it is  fine grained and 
uniform, and in places contains minor chert. 

The Upper Sinemurian strata are wholly correlative 
with the Telkwa Formation (Tipper and Richards, 1976, p. 11) 
and, although the section is volumetrically more sedimentary 
than the Telkwa Formation, the lithologic similarity is 
sufficient to  justify inclusion as a nearshore marine facies of 
the Telkwa Formation. The conglomerate is generally coarse 
on the northeast side of the basin with clasts of fine grained 
limestone of the Sinwa Formation up to one metre in 
diameter, vo1can.i~ feldspar porphyry, coarse grained, low- 
mafic granitic rocks of unknown source, and chert, argi l l i te 
and other rock fragments of probable Triassic or upper 
Paleozoic derivation. The conglomerate wedges out abruptly 
southwestward and is replaced, in part, by a thick shale-tuff 
sequence that is black to  dark grey, massive, br i t t le  and in 
part, finely laminated. Above the conglomerate is a second 
shale sequence with minor greywacke and few, i f  any, 
tuffaceous lenses. Overlying the shale is a sequence of 
feldspathic, green, andesitic to  basaltic coarse breccia, minor 
tuff,  and rare pebble conglomerate at the base. The shales in  
places contain a rich fauna and a few shale lenses in the 
conglomerates yielded diagnostic fossils indicating that the 
entire Upper Sinemurian and possibly part of the Lower 
Sinemurian are represented. Diagnostic ammonites recog- 
nized in the f ield are, in ascending order, as follows: 
Arnioceras, Asteroceras, Gleviceras, and Paltechioceras. 
Several other genera, as yet unidentified, are present, as well 
as abundant pelecypods, such as Trigonia, Weyla, and probably 
Cardinia, brachiopods, and corals. In the eastern part the 
Sinemurian beds rest unconformably on limestone of the 
Sinwa Formation but to the west the base is not seen. 

Because the conglomerates include clasts similar to the 
Triassic-Jurassic volcanics to  the southwest, it is probable 
that the subaerial red volcanics are either correlative with or 
older than the Sinemurian section, in  whole or in part, and 
this dominantly sedimentary Upper Sinemurian facies repre- 
sents the northeast margin of the Whitehorse Trough, 
somewhat removed from the contemporaneous volcanism to 
the southwest. 

The Takwahoni facies of the Laberge Group is a 
monotonous succession of interbedded greywacke and shale 
and rare lenses of pebble conglomerate that outcrops in  
southwestern parts of the area. The rocks are remarkably 
even-bedded, are dominantly greywacke, lack cross-bedding, 
exhibit some slump features and bioturbation marks, and show 
l i t t l e  channelling. Ammonite faunas are rare but Lower 
Pliensbachian Uptonia and Protogrammoceras were collected 
in a few localities and Upper Pliensbachian Amaltheus, 
Arieticeras, Fuciniceras, and Prodactylioceras were well- 
preserved in several collections. Some pelecypods, such as 
Weyla and Trigonia, occur i n  the Upper Pliensbachian beds. 
Contacts with older and younger strata are invariably faulted. 
Source of the sediment is not known but rare conglomerate 
and somewhat coarser and thicker greywacke beds on the 
southwest margin may suggest a southwesterly provenance. 
In places thin laminae of probable fine tuffaceous material 
indicate volcanic activity but the fineness of the material 
suggests it was distant. 

The "Toodoggone Volcanics" is the informal name of a 
1.ithologic assemblage that is readily included in  the Hazelton 
Group. It comprises interbedded marine and nonmarine 
sediments and volcanics of Toarcian to  Bajocian age that 
under1i.e the southern part of the Cry Lake map-area (1041) 
and extend easterly into the type area, Toodoggone River 
map-area (94E) (Gabrielse et al., 1976) and iinto the Spatsizi 
map-area (104H) (studied mainly by Gabrielse). In this study 
area the assemblage is divisible into an upper and lower 
division. The lower division comprises mainly or entirely, 
rhyolitic flows, breccias and tuffs, red and maroon ignim- 
br i t ic  tuffs, breccias and volcanogenic sediments that 
apparently formed many centres, mainly to the south and 
west. In the northeast the section comprises mainly 
sediments wi th interbedded tu f f  and breccia. Coarse con- 
glomerate wi th large limestone clasts and rock fragments 
predominate on the northeast flank and these wedge out 
rapidly to  the west into thin pebble conglomerates that rest 
with erosional unconformity on Triassic and Jurassic 
,volcanics. Interbedded are grey tuffaceous shale beds that in 
places include cream-coloured rhyolitic tuf f  that ranges from 
thin 1am.inae in the northeast to dominant beds to the 
southwest beyond the study area. Lower Toarcian 
ammonites, belemnites, and pelecypods are locally abundant. 
Harpoceras exaratum Young and Bird, Hildaites, Dactylio- 
ceras, and Weyla were collected at several localities. The 
upper division was not seen in unfaulted contact except in the 
Spatsizi map-area to  the south where the relationship is 
thought t o  be unconformable. In this area the lowest beds are 
interbedded marine shale and greenish breccia, siltstone, and 





tuf faceous  shale; this is the  only marine section of the  
division. These yielded several  collections of Middle Bajocian 
ammoni t e s  with Sonnia sp. and with Chondroceras sp. Over- 
lying th is  section a r e  thick beds of chert-pebble conglomerate  
and interbedded shale  and greywacke. Higher in t h e  sec t ion  
d rab  grey t o  green, volcanic breccias  and tu f f s  and reddish 
tuf fs  a r e  interbedded with two or more conglomerate ,  shale,  
greywacke sequences. 

The Jurass ic  sequences lie t o  t h e  south of t h e  King 
Salmon thrus t  f au l t  and t h e  deformat ion of t h e  Lower 
Jurass ic  s t r a t a  is thought t o  be  d i rec t ly  re la ted  t o  th is  thrust .  
In t h e  upper p la te  of t he  thrus t  f au l t  massive l imestone of t he  
Sinwa Formation is thought t o  be  the  source of l imestone 
c l a s t s  in Sinemurian, Toarcian,  and Bajocian conglomerate.  
The Lower Jurass ic  beds a r e  all involved in complex 
imbr i ca t e  thrusting with t ranspor t  t o  t h e  southwest.  Severa l  
faul ts  roughly a t  r ight angles t o  t h e  t rend of t h e  King Salmon 
Faul t  have some lef t - la tera l  s t r ike  slip movement  but on a 
f ew  the  movement  is mainly normal. The t rend of t he  Lower 
Jurass ic  beds is  generally northwest.  The Middle Bajocian 
sediments  and volcanics trend northeasterly,  a r e  block 
faul ted ,  and a r e  not  involved in t h e  thrusting t h a t  a f f ec t ed  
t h e  Lower Jurass ic  s t r a t a .  If th is  thrusting is re la ted  t o  t h e  

King Salmon Faul t ,  then it is reasonable t o  suggest  t h e  t i m e  
of movement of t h a t  f au l t  is be tween Early Toarc ian  and 
Middle Bajoci.an t ime.  Significantly,  a l l  t he  Sinwa l imestone  
c l a s t s  in t h e  Lower Jurass ic  conglomerates  (pre-thrusting), 
a r e  uniformly f ine  grained, massive l imestone,  whe reas  t h e  
l imestone c l a s t s  in t h e  Bajoci.an conglomerate  (post-thrusting) 
a r e  coarsely crystall ine,  veined, and sheared,  a s  t h e  Sinwa 
limestone in t he  thrus t  shee t  is a t  present .  
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Abstract  

Anderson, R.G., Preliminary report  on t h e  Hotailuh Batholith: I t s  distribution, age,  and  con tac t  
relationships in t h e  C r y  Lake, Spatsizi  and  Dease Lake map-areas, north-central  Brit ish Columbia; 
Current  Research, Pa r t  A, Geol. Surv. Can., Paper  78-lA, p. 29-31, 1978. 

Preliminary da ta  suggest t ha t  the  Hotailuh Batholith in the  Cassiar Mountains of north-central  
British Columbia consists of several distinct phases, including granodiorite,  syenodiorite and gabbro, 
emplaced between l a t e  Triassic and  mid-Jurassic time. 

Introduction 

During t h e  1977 field season field work began on t h e  
Hotailuh Batholith in Cry  Lake (1041) and Spatsizi  (104H) and 
Dease Lake (1045) map-areas with the  object  of establishing 
t h e  distribution of the  main granitic phases within the  body 
and determining the  relationship of t he  various phases t o  each 
o the r  and t o  the  surrounding country rock. Field work was  
carr ied  ou t  with the  aid of helicopter support  provided by t h e  
Operation Dease base a t  Turnagain Lake. Tenta t ive  
identification of fossils was made by H.W. Tipper. 

Geology 

The Hotailuh Batholith, f i r s t  named by Hanson and 
McNaughton (1936), underlies an  a r e a  of 1140 k m 2  in the  Cry 
Lake, Spatsizi and Dease Lake map-areas (Fig. 7.1). Detailed 
mapping reveals t h e  batholith t o  be  much more  complex than 
the  relatively uniform bioti te hornblende granodiorite or  
hornblende granodiorite a s  previously reported (Gabrielse in 
Leech et al., 1963, p. 46 and in  Wanless et al., 1972, p. 20-21). 
A t  leas t  f ive  major phases may be  recognized in t h e  a r e a  
studied. 

C a k e  Hill Phase 

Most of t h e  western  half of t h e  Hotailuh Batholith is  
underlain by the  Cake Hill phase which outcrops a s  f a r  eas t  a s  
t h e  headwaters  of t h e  Tanzilla River in the  north,  and 
Beggerlay Creek in t h e  south. Mottled pink and whi te  
weathering, masslve hypidiomorphic granodiorite with f resh  
prismatic hornblende is t h e  predominant lithology although i t  
grades  into an  ou te r  margin of moderately foliated or 
l ineated syenodiorite north of t h e  Stikine River. Near t h e  
Cassiar-Stewart Highway, t h e  granodiorite appears  t o  grade 
into a well foliated (sheared?) hornblende diorite.  South of 
Gnat  Lakes, t he  well foliated hornblende dior i te  is associated 
with highly sheared augi te  porphyry a t  t he  contact .  Variable 
amounts  of sphene and magnet i te  a r e  character is t ic .  All 
lithologies a r e  c u t  by uncommon t o  r a re  augi te  and bladed 
plagioclase porphyry dykes and, south of Glacial  Mountain, 
syenitic dykes. 

Hill Lithologies, 157 +. 11 m.y. and 168 +. 8 m.y. (hornblende; 
GSC 70-29, Wanless e t  al., 19721, 147 +. 8 m.y. (hornblende; 
CSC 70-27, Wanless et al., 1972) and 139 ? 6 m.y. (bioti te;  
GSC 70-28, Wanless et al., 1972) probably resul t  f rom 
reset t ing of the  sys tem by t h e  intrusion of t h e  nearby g ran i t e  
of t he  potassic marginal phase. The con tac t  of t he  Hotailuh 
Batholith and country  rocks between peak 2473 m and Horn 
Mountain was  not examined but i t s  position on Figure 7.1. is  
taken f rom previous reconnaissance mapping in t h e  a r e a  
(Gabrielse, pers. cornm., 1977). The rocks of t he  Hotailuh 
Batholith in t h e  Dease Lake map-area were  not examined 
during t h e  field season but thei r  distribution is a lso  known 
from ear l ier  work (Gabrielse, pers. comm., 1977). The 
southern con tac t  of t he  Hotailuh Batholith,  north of t h e  
Stikine River between Stewart-Cassiar Highway and 
Beggerlay Creek,  remains  poorly defined. 

Potassic Marginal Phase  

The potassic marginal phase is a moderately hetero-  
geneous phase of pink weathering, massive, grani te ,  syenite,  
qua r t z  monzonite, monzonite and granodiorite.  I t  intrudes 
t h e  Triassic augi te  porphyry and Toarcian acidic tuffs,  
si l tstones and feldspar porphyries along t h e  nor theas tern  and 
eas t e rn  margins of t h e  batholith and fo rms  the  irregular 
apophysis east of Tsenaglode Lake. The maf i c  minera ls  a r e  
commonly chlorit ized and hornblende is more  abundant than 
bioti te.  The cha rac te r i s t i c  f ea tu re  of t he  potassic marginal 
phase is t he  presence of bluish grey megacrys ts  of 
plagioclase. 

Locally a gradation f rom syeni te  and/or g ran i t e  t o  
qua r t z  monzonite and/or monzonite away f rom the  con tac t  
can  be observed. At the  con tac t  t he  augi te  porphyry has an 
amphibolit ic groundmass and augi te  phenocrysts a r e  com- 
monly uralitized. Clots  of remobilized (?) pyr i te  and r a r e  
chalcopyrite a r e  uncommonly seen in t h e  metamorphosed 
augi te  porphyry. South of peak 2247 m screens  of augi te  
porphyry and bladed and medium grained plagioclase porphyry 
wi th  associated cuspa te  inclusions in t h e  g ran i t e  suggest t h a t  
some  stoping of t h e  country rocks occurred during t h e  
intrusion of a t  leas t  par t  of t he  potassic marginal phase. 

The Cake  Hill phase is nonconformably overlain by 
volcanics of probable Triassic age  south of Glacial  Mountain. Syenodiorite Phase  
The basal flow contains abundant rounded hornblende grano- 

An irregular body of massive t o  rarely foliated horn- diorite pebbles and in l i t h o l o g ~  to the blende-biotite syenodiorite outcrops in the cen t ra l  part of the underlying grani t ic  rock. Within t h e  overlying volcanic pile 
a r e  thick, bladed plagioclase porphyry flows which a r e  locally eas t e rn  half of t h e  Hotailuh Batholith. The syenodiorite 

pillowed. South of peak 2473 m, thick, well bedded, siltstones grades  in to  a very  heterogeneous diorit ic c o r e  which consists 

and minor flows, tuff and carbonate  ( the  l a t t e r  containing of a number of minor diorit ic phases, t h e  most interesting of 

Lower Jurassic fauna) apparently also nonconformably over- which is a massive, medium grained, miarolitic 

l ies t h e  Cake  Hill granodiorite.  K-Ar a g e  d a t e s  f rom t h e  ac icular  hornblende diorite. Irregular dykes of identical  

C a k e  Hill phase (Wanless et al., 1972) of 213 It. 11 m.y. (horn- lithology c u t  qua r t z  monzonite of t h e  potassic marginal phase 

blende; GSC 70-34) support  the paleontological evidence e a s t  of t he  main body of syenodiorite. Charac te r i s t i c  of t h e  

described above. Younger K-Ar ages determined f rom Cake syenodiorite phase are :  2-5 per cen t  small  rounded diorit ic 
inclusions; uncommon t o  common poikilitic (?) plagioclase; 
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fresh,  euhedral biotite;, and very common, well developed 
slabby vertical  and horizontal jointing which give t h e  cliffs a 
step-like appearance. 

The syenodiorite examined during the  1977 field season 
is nowhere in con tac t  with country rocks. Aplite and 
mot t led ,  medium grained, pink and white minor granodiorite 
t o  qua r t z  monzonite dykes intrude the  syenodiorite. 
Potassium-argon ages  (Wanless e t  al., 1972) of 155 ? 8 m.y. 

(hornblende; GSC 70-30), 163 2 9 m.y. (hornblende; GSC 70- 
31, 1972), 163 2 7 m.y. (bioti te;  GSC 70-32) have been 
determined f rom rocks within the  syenodiorite phase. 

McBride Granodiorite Phase 

Fresh, homogeneous and massive hornblende-biotite 
granodiorite of t he  McBride granodiorite phase underlies the  
lower par t  of McBride River and forms a lobe of the  Hotailuh 
Batholith e a s t  of longitude 129O15'W. Character is t ic  of th is  
phase a r e  abundant quar tz ,  and equigranular textures.  Along 
i t s  western  con tac t  with a thin re-entrant of augi te  porphyry 

volcanics, t h e  granodiorite is  clearly intrusive. Augite 
porphyry has been metamorphosed t o  amphibol i te  and a t  t h e  
con tac t  thin veinlets and dykes of t h e  granodiorite a r e  
common. The nature  of t he  eas tern  c o n t a c t  is not a s  c lear  
because it is not exposed and the  composition of t h e  proximal 
volcanics may not record the  e f f ec t s  of t h e  intrusion of this 
phase. Uncommon silicification of t h e  light grey c h e r t  
breccia  near t h e  con tac t  might imply t h a t  t h e  con tac t  is 
intrusive. Locally, a small  massive, f ine- t o  medium-grained 
diabase intrudes the  granodiorite and conta ins  small  rounded 
granodiorite xenoliths near  t h e  contact .  The con tac t s  of t h e  
McBride granodiorite with t h e  country  rocks  south of peak 
2258 m and northwest of Mount Sis ter  Mary were  not  
examined. 

Beggerlay Creek Cabbro Phase  

A slightly heterogeneous,  predominantly massive horn- 
blende gabbro outcrops along the  southern margin of t h e  
Hotailuh Batholith. I t  underlies most of t h e  a r e a  south of 
Moose Creek,  e a s t  of Moose Lake and as f a r  west a s  t h e  
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10 5 0 5 - CI I Figure 7.1. Distribution of the  Hotailuh Batholith in 

t h e  Cry Lake, Spatsizi  and Dease Lake 
map-areas.  Age determinat ions  70-27 t o  
70-34 a r e  f rom Wanless e t  al., 1972. 



confluence of t h e  Klappan and Stikine rivers. Although 
hornblende gabbro is t h e  predominant lithology, a gradat ion  
f rom pyroxenite through hornblende gabbro t o  hornblende 
d ior i te  is  seen. Locally t h e  gabbro appears  t o  be  more  felsic 
near  t h e  con tac t  with t h e  volcanics. When stained, thin 
potassic rims around t h e  hornblende in t h e  gabbro a r e  
commonly observed. Character is t ic  of this phase a r e  coarse  
poikiloblastic(?) b io t i te  megacrys ts  found in both t h e  gabbro 
and t h e  diorite. 

The Beggerlay Creek gabbro clearly in t rudes  t he  Cake 
Hill phase, augi te  porphyry volcanics west of Beggerlay Creek  
and feldspar porphyry volcanics (of possible Jurass ic  age?) 
north of t h e  Stikine River. Apophyses of gabbro intrude the  
C a k e  Hill syenodiorite near  t h e  contac t .  At  t h e  c o n t a c t  
ca t ac l a s t i c  zone  of sheared gabbro,  augen gneiss and gneiss 
one  km wide is developed in t he  gabbro. The volcanics in 
c o n t a c t  with t h e  gabbro a r e  commonly metamorphosed t o  
amphiboli te.  A metamorphosed feldspar porphyry sc reen  in 
t h e  gabbro outcrops southwest  of Moose Lake. 

Ter t iary  Volcanics 

In t he  southwestern  pa r t  of t h e  Hotailuh Batholith, thin 
light grey  t o  black, massive t o  d ik ty taxi t ic  t o  scoriaceous 
olivine basa l t  f lows c a p  t h e  C a k e  Hill phase. These  flows a r e  
up t o  50 m thick but a r e  commonly less than 20 m thick.  The 
Ter t iary  c a p  west of t h e  Stewar t -Cass iar  Highway may be  
more  extens ive  than shown on Figure  7.1. 

Mineralization having possible economic  value is  r a r e  in 
t h e  phases of t h e  Hotailuh Batholith. Py r i t e  is t h e  most  
abundant sulphide and uncommonly occurs  in t h e  hornblende 
d ior i te  of t h e  Cake  Hill phase and in t h e  hornblende-bioti te 
d ior i te  of t h e  syenodiorite phase. R a r e  chalcopyr i te  and 
molybdenite occur  in t h e  miarol i t ic  ac icular  hornblende 
d ior i te  intrusions of t h e  syenodiorite phase. 
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H. Gabrielse and J.L. Mansy' 
Regional and Economic Geology Division, Vancouver 

Abstract 

Gabrielse, H .  and Mansy, J.L., Structure style in northeast Cry Lake map-area, north-central British 
Columbia; Current Research, Part A, Geol. Surv. Can., Paper 78-lA, p. 33-34, 1978. 

Two important, distinct phases of folding are recorded in structures between Kutcho and 
Kechika faults in northeast Cry Lake map-area. The early phase is represented by asymmetrical folds 
with northeast dipping axial planes and in some places by recumbent, nappe-like structures overturned 
to  the southwest. The second phase is evidenced by thrust faults, high-angle reverse faults and 
related folds directed northeasterly. Structures of both phases are truncated by granitic rocks of 
mid-Cretaceous age. 

Structura l  Stvle  Near Maior Har t  River the  two  most i n c o m ~ e t e n t  units 

The main s t ruc tu res  a r e  shown in the  cross-sections (see 
Figs. 8.1, 8.2). One of the bes t  defined s t ruc tu res  is the  
westerly overturned anticline in Four Brothers Range. The 
axis of the anticline dips gently t o  the eas t  and in the  
southern par t  of t he  range only t h e  lower, overturned l imb is 
preserved. Fa r the r  north the  axial planes dip more  steeply.  
Because of the recumbent  s t ruc tu re  the oldest rocks in Four 
Brothers Range a r e  exposed along the eas t  flanks of the 
range, particularly in the  deeply incised canyons (not shown in 
the  cross-sections). They a r e  probably corre la t ive  with the  
Tsaydiz and Swannell format ions  exposed in the  Cassiar and 
Omineca mountains t o  the  southeast .  As is the case  f a r the r  
south,  t h e  rocks a r e  regionally metamorphosed with the  grade 
of metamorphism increasing with s t ra t igraphic  (not 
s t ructura l )  depth.  

North of Major Har t  River early phase folds with 
eas ter ly  dipping axial  planes a r e  well developed in s t r a t a  of 
the  McDame Group. The folds a r e  c u t  by s t e e p  nor theas ter ly  
d i rec ted thrust  faults.  Similar thrus t  faul ts  also involve 
volcanics and c h e r t  of the  Sylvester Group. East  of t he  main 
bel t  of Kechika Group s t r a t a  t h e  lower phase of deformat ion 
is only weakly developed or  is absent.  

Lake 

a r e  the  lower 'part of t he  Sylvester Group consist'ing of shale 
and c h e r t  and the  Kechika Group with a thick lower unit of 
thin bedded argil laceous l imestone and calcareous  shale and 
an upper unit of graptol i t ic  shale and sil tstone. These 
incompetent units a r e  generally iintensely deformed. 
Spectacular  examples of recumbent  folds in bedded che r t  can 
b e  observed in t h e  north-facing c l i f fs  just south of Major Har t  
River.  These folds appear t o  be re la ted  to  eas ter ly  d i rec ted 
thrus t  faults.  

S t ructures  along and south of Turnagain River a r e  not 
complete ly  mapped but it is  apparent  t h a t  recumbent,  
westerly overturned folds of regional ex ten t  a r e  present.  The 
bes t  example  of t he  fold s ty l e  is shown in cross-section G-H, 
Figure 8.2, in which l imestone of the  Atan Group defines the  
s t ructure .  The early folds a r e  c u t  by southwest  dipping, high 
angle reverse faul ts  which a r e  associated with l a t e  folds and 
re la ted  cleavage. 

A B L E G  E N D  

Sylvester Group 

McDame Group 

Kechika Grwp 

Atan Grwp 

'[ Stelkuz Formation 

I , a Espee Formalim 
0 Km. 

/ f Fault! 
/ D 
Fcur Brothers R o w  

G H 

Turnagain Rlver 

KILOMETRES 

5P 30' 87-30' 
.k..O' J - m '  

Figure 8.1. Locations of cross-sections in Figure 8.2. Figure 8.2. Diagrammatic  cross-sections, nor theas t  Cry 
Lake map-area. See  Figure 8.1 for  locations. 
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Northeast of Kutcho Fault and southwest of Cassiar 
Batholith two phases of deformation with the same temporal 
relationships as those northeast of the batholith are present 
in presumed lower Paleozoic rocks. The pendant of Sylvester 
Croup in the Cassiar Batholith southeast of Cry Lake 
comprises h~ghly deformed strata with local isoclinal and 
recumbent folds. 

Regional Structure 

Studies of the structural style in  northeastern Cry Lake 
map-area are important in that they faci l i tate comparison 
between structures in Omineca and southern Cassiar moun- 
tains with those in northern Cassiar Mountains. In general, 
southwesterly directed structures are dominant in the region 
southeast of Rapid River i n  McDame map-area and southwest 
of Kechika Fault. Along a structural trend extending 
northwest into Yukon Territory, high-angle reverse faults 
dipp~ng to the southwest are important elements in 
controlling the distribution of map-units. The transitional 
zone between the two regions of contrasting structural style 
lies between Major Hart and Rapid rivers in northeastern Cry 

Lake and southeastern McDame map-areas. There, the 
earlier formed structures appear to  be progressively less well 
developed to  the northwest rather than simply being 
overwhelmed by later northeasterly directed faults and 
related folds. 

The distribution of regional structural domains in 
McDame, Cry Lake and Kechika map-areas strongly suggests 
that cumulative right-lateral displacements on Kechika and 
Thudaka faults (Gabrielse et al., 1977) probably tota l  mc. 
than 150 km. Restorations of this order of magnitude are 
required t o  juxtapose terranes of si.milar structural style 
southwest of Kechika Fault in southwestern McDame map- 
area with those northeast of the fault in southwestern 
Kechika map-area. 
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Abstract  

Campbell, R.B. and Dodds, C.J., Operation Saint Elias, Yukon Territory; Current  Research, Pa r t  A, 
Geol. Surv. Can., Paper  78- lA,  p. 35-41, 1978. 

The Saint Elias Mountains a re  divisible into f ive  distinct geological t e r r anes  separa ted by major 
faults.  The Border Ranges  and Walsh f au l t s  may b e  an  old subduction zone and a n  ancient  cont inenta l  
suture ,  respectively,  whereas  the  Duke River and Denali f au l t s  a r e  believed t o  b e  intra-continental  
strike-slip f au l t s  of mid to  l a t e  Ter t iary  age. 

Detailed study of p a r t  of the  Kaskawulsh Group shows t h a t  the  low g rade  metamorphic 
Paleozoic s t r a t a  were f i rs t  deformed on nor theas ter ly  trending folds  and then refolded on 
northwesterly trends.  A third deformation is re la ted  to  major f au l t  movements.  

Introduction 

Field work in 1977 contrnued tha t  began in 1974 in the  
Saint Elias Mountains in Yukon Terr i tory  (Campbell and 
Dodds, 1975; Read and Monger, 1975; Eisbacher, 1975, 1976; 
Eisbacher and Hopkins, 1977; and Souther and Stanciu,  1975). 
Additional field work on the  so-called Mush Lake Group was 
conducted by P.B. Read in 1975 (Read and Monger, 1976) who 
concluded his study during one month in 1977. 

George Plafker  and E.M. MacKevet t  J r .  of t he  United 
S t a t e s  Geological Survey provided valuable unpublished infor- 
mation f rom adjacent  regions and contributed great ly  t o  our 
understanding of the  geology during visits  in the  field. During 
a brief visit J.A. Roddick of the  Geological Survey of Canada 
examined some of the  granitic rocks. Following a short  field 
tour Warren Hamilton of the  United S t a t e s  Geological Survey 
provided many provocative ideas and comments.  

The principal objectives of the  authors were  t o  com- 
plete the  mapping of the  geology of the  mountains within the  
Yukon (Campbell) and t o  study in detail  the  s t ruc tu re  and 
stratigraphy of t h e  Devonian and re la ted  rocks southwest of 
the  Duke River Fault  n the  more accessible par t  of t he  
region near Kaskawulsh Glacier (Dodds). The following repor t  
deals mainly with new d a t a  and the  accompanying map  i s  
much simplified in those a reas  where information has been 
published previously (see references  above). This applies 
particularly t o  l a t e  Paleozoic and Triassic, Jura-Cretaceous  
and Ter t iary  rocks a!ong the  nor theas tern  margin of t he  
mountains. Deta i ls  of these  rocks a r e  not discussed herein. 

Our know ledge of the  western,  rugged, ice-laden pa r t  of 
t h e  mountains is necessarily based on helicopter fly-by and 
landing-site observations and this, coupled with the  extensive  
ice  cover,  fo rces  a degree of in terpre ta t ion t h a t  commonly 
cannot  be reinforced by extensive ground observations. 
Nonetheless the  main e lements  of t he  geology comprising t h e  
distinctive geological ter ranes  bounded by major faults,  
plutonic masses, and other  major f ea tu res  can be mapped 
with confidence. Within individual t e r r anes  deta i ls  of 
stratigraphy and s t ruc tu re  could be mapped only where they 
a r e  prominent and obvious. Much deta i l  is  omit ted  f rom t h e  
accompanying map  in newly studied a r e a s  and considerable 
uncertainty remains  in the  in terpre ta t ion of t h e  geology south 
of the Seward Glacier and of Mount Vancouver where  more  
work is  required. 

Geological Terranes  of t h e  Saint Elias Mountains 

Cretaceous  sedimentary  and volcanic rocks is commonly 
metamorphosed, highly deformed, and intruded by early 
Ter t iary  plutons. In the  e x t r e m e  southwest  the 
Cre taceous  rocks a r e  thrus t  over folded Ter t iary  mar ine  
sedimentary s t r a t a .  

2. Along the  Logan and Walsh glaciers  a relatively 
smal l  a r e a  of Pennsylvanian, Permian and Triassic 
sedimentary and volcanic rocks, extensively intruded by 
Jura-Cretaceous  and possibly Ter t iary  plutons, lies 
between the  Border Ranges  and Walsh faults.  The 
plutonic rocks form the  Mount Logan massif. 

3. A vast  t e r r ane  of Paleozoic sedimentary and 
volcanic rocks informally named the  Kaskawulsh Group 
is c u t  by plutons t h a t  range in age  f rom Pennsylvanian 
t o  Ter t iary  and is bounded on the  southwest partly by 
Walsh Fau l t  and partly by Border Ranges Fau l t  and on 
t h e  nor theas t  by Duke River Fault .  

4. Between Duke River Fault  and the Denali Faul t  
System is a second bel t  of Pennsylvanian, Permian, and 
Triassic, with some  Jura-Cretaceous ,  sedimentary  and 
volcanic rocks c u t  by Cre taceous  and Ter t iary  plutons. 

5. Finally, nor theas t  of Denali Faul t  System a r e  Jura-  
Cre taceous  sedimentary  and re la ted  volcanic rocks of 
the  Dezadeash Croup c u t  by Cretaceous  and Ter t iary  
intrusions. The volcanic rocks may be ent i re ly  older 
than t h e  sedimentary  s t r a t a .  

Rocks corre la t ive  with the  Dezadeash Group ( ter rane  5) 
occur also above the  l a t e  Paleozoic and Triassic rocks of 
t e r r ane  4 immediate ly  t o  the  southwest,  thus  t h e  Dezadeash 
Group may have a basement of l a t e  Paleozoic and ear ly  
Mesozoic rocks, but this has not been conclusively demon- 
s t ra ted .  In no other  case  is t he re  evidence tha t  adjacent  
t e r r anes  sha re  common s t ra t igraphic  units excep t  for  plutonic 
masses and for La te  Cre taceous  and Ter t iary  sedimentary  and 
volcanic rocks tha t  postdate  the  age  of some of the  bounding 
faults. Thus the  Kaskawulsh Group ( ter rane  3) is not known 
t o  underlie t h e  rocks of t e r r anes  1, 2 or  4, nor do  rocks of t h e  
l a t t e r  overlie s t r a t a  of the  Kaskawulsh Group. Similarly the  
Cretaceous  rocks of t e r r ane  1 were  not deposited upon l a t e  
Paleozoic and Mesozoic s t r a t a  of t e r r ane  2, nor a r e  t h e  l a t t e r  
known t o  be the  basement of the  former .  The bounding f au l t s  
thus appear t o  represent subduction zones, sutures  or strike- 
slip f au l t s  of large  displacement t h a t  s epa ra t e  t e r r anes  t h a t  
ha;e l i t t l e  common g e d ~ o g i c a ~  history. 

. 

The Saint Elias Mountains a r e  divisible into f ive  Southwest of t he  Border Ranges Fau l t  (Terrane I )  
geological t e r r anes  separa ted by major f au l t s  (Fig. 9.1): The Border Ranges Faul t  (MacKevet t  and Plafker.  1974) 

1. Southwest of the Border Ranges Faul t  in the  is well exposed f r o m  the western border of the  ma'p-area 
southwestern  par t  of the  region an  extensive a r e a  of eas tward  across  the southern f a c e  of Mount Logan where i t  is 
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a sharp, nearly vertica.1 contact between black, Cretaceous 
metasedimentary rocks on the south, and grey, granitic rocks 
of the Mount Logan massif on the north. Locally the fault is 
cut by Tertiary plutons which may be more extensive, north 
of the fault, than has been recognized. Most of the granitic 
rocks immediately north of the fault are believed to  be about 
140 m.y. old based on isotopic ages obtained in  Alaska t o  the 
west (MacKevett, 1976). I f  the plutonic rocks are Tertiary 
then the contact may be intrusive rather than a fault, an 
interpretation suggested by Warren Hamilton. South of 
Mount Vancouver and near the southern boundary of the map- 
area the location of the fault is less certain. Between Mount 
Logan and Mount Vancouver the fault is apparently folded or 
is offset by younger faults so that a thin band of fossiliferous 
Cretaceous rocks outcrops in Hubbard Glacier to  the north- 
east of older(?) plutonic rocks and much more highly 
metamorphosed, older sedimentary and volcanic rocks (PzK). 
The band of metamorphic rocks (PzMzm) within the Mount 
Logan granitic mass northwest of the peak could be meta- 
Cretaceous strata exposed in  a folded "window1' of the Border 
Ranges Fault but they are just as likely late Paleozoic and 
Triassic. 

The Cretaceous rocks south of Border Ranges Fault are 
equivalent and co-extensive with the Valdez Group t o  the 
west (MacKevett and Plafker, 1974) and with the Yakutat 
Croup to  the south and southeast (George Plafker, pers. 
comm., 1977). The rocks are believed to  be mainly Early to  
Late Cretaceous in age and may include some Upper Jurassic 
strata. Within the map-area they contain early Lower 
Cretaceous fossils on the southeastern end of the Mount 
Logan massif on Seward Glacier (Sharp and Rigsby, 1956) and 
on Hubbard Glacier north-northwest of Mount Vancouver (a 
previously unreported locality). Fossils generally are 
extremely rare. 

The rocks are variably metamorphosed sediments and 
volcanics. Along Seward Glacier between Border Ranges and 
Columbus faults the grade of metamorphism in a shale- 
grey wacke sequence grades from weakly metamorphosed 
fossiliferous rocks through andalusite-bearing schist to  
biot i t ic granitoid gneiss. The gneiss is apparently thrust 
southward over low grade and unmetamorphosed volcanic 
rocks, including pillowed flows, tuff,  and breccia along 
Columbus Fault which is exposed in many nunataks. The 
metavolcanic rocks are thrust over metasedimentary strata 
on the Saint Elias Fault and these metasedimentary rocks, i n  
turn, are thrust over Tertiary marine sediments that range i n  
age from Paleocene to  Pleistocene. The Tertiary rocks 
contain thrust faults (George Plafker, pers. comm., 1977). 
Within the metavolcanic rocks a small granitic body on Mount 
Saint Elias has yielded an isotopic age which suggests i t  is 
late Triassic or early Jurassic (Hudson et al., 1977) implying 
that the enclosing rocks are st i l l  older or that the granitic 
body is an allochthonous "knocker". This problem requires 
additional isotopic dating and study. 

The Cretaceous rocks, where metamorphosed, are 
~ntensely folded and pervasively foliated. The foliation 
mainly strikes east-west or slightly south of east and dips 
moderately to steeply northward near Mount Saint Elias and 
is very steep near Mount Logan. To the southeast the strike 
is more southeasterly and the metavolcanic and metasedi- 
mentary rocks seem to  be interfolded giving a complex 
outcrop pattern. 

The Tertiary rocks in the southwestern part of the map- 
area are nearly isocli.nally folded but are unmetamorphosed 
and are not pervasively cleaved. 

Tertiary plutons (probably 40-50 m.y. old) are mainly 
uniform grey unfoliated hornblende-biotite quartz diorite t o  
granodiorite. 

Between the Border Ranges and Walsh Faults (Terrane 2) 

The Late Paleozoic and early Mesozoic sedimentary and 
volcanic rocks of terrane 2 are known only near Logan and 
Walsh glaciers. They are intruded by foliated hornblende- 
biot i te quartz diorite and granodiorite believed to  be late 
Jurassic or early Cretaceous in age (MacKevett, 1976) and 
are unconformably overlain by undeformed, fossiliferous, late 
Cretaceous, shallow-marine sediments. The Paleozoic and 
Mesozoic rocks extend westward directly into the McCarthy 
region where they were studied in detail by MacKevett 
(1976). They include parts of the Skolai Group, Nikolai 
greenstone, and the Chitistone and McCarthy formations. 
Thrust faults and fold axial planes dip southward. The Sl<olai 
Group in the narrow ridge between Logan and Walsh glaciers 
is metamorphosed and is predominantly carbonate. The 
Chitistone (limestone) and McCarthy (shale) formations are 
unmetamorphosed as is some of the remainder of the Skolai 
which contains chert, volcaniclastics, and minor limestone. 

The Walsh Fault is not easily delineated. The contact 
between the Skolai and Kaskawulsh groups is a wide rusty 
weathering zone containing a vast number of felsic (includ~ng 
pink syenitic) dykes and small plutons, mainly in the Skolai, 
which obscure any obvious fault relationship. In addition, the 
fault is intruded by late Jurassic or younger quartz diorite 
plutons and locally i s  overlain by Upper Cretaceous strata. 
To the southeast the fault is believed to  be cut by the 
younger Border Ranges Fault thus l imit ing the extent of the 
late Paleozoic and early Mesozoic rocks and permitting the 
juxtaposition of the Kaskawulsh Croup (terrane 3) against 
Cretaceous rocks (terrane 1). 

Between the Walsh-Border Ranges Faults and the Duke River 
Fau'lt (Terrane 3) ' 

Regional Aspects. Paleozoic rocks ranging i n  age from 
Late Cambrian or Early Ordovician to Carboniferous or 
Permian, including extensive Devon.ian carbonate (terrane 3), 
are informally named the Kaskawulsh Group (modified from 
Kindle, 1953). In  the area beyond the region mapped in 1974 
(Campbell and Dodds, 1975) carbonate is the predominant 
lithology but arnphibolite, silicious schist, pel i t ic schist, and 
greenstone are abundant. Metamorphism varies from green- 
schist to low arnphibolite facies and most of the rocks are 
foliated and/or recrystallized. 

Plutons range from late Paleozoic (270 t o  290 m.y.) 
diorite, quartz diorite and syeno-diorite masses through late 
Jurassic and Tertiary quartz diorite-granodiorite. A l l  of the 
plutons seem to  cut or warp the foliation thus at least one 
major deformation may be Paleozoic. 

The Walsh Fault, apparently pre-Late Cretaceous .in 
age, may represent a suture between terranes 2 and 3 that 
were joined i n  late Early Cretaceous or earlier whereas the 
Border Ranges Fault may be the trace of an early Tertiary 
subduction zone whereby Cretaceous greywacke and volcanic 
rocks were thrust under the two older terranes. The lack of 
deformation i n  the shallow-water Upper Cretaceous marine 
fossiliferous sandstone, shale, and conglomerate near Walsh 
Glacier suggests that the upper plate was not deformed 
during the underthrusting. The thrust faults involving 
Tertiary and Quaternary marine rocks near Mount Saint Elias 
indicate that underthrusting a t  the continental margin 
continued unti l  recently and is likely st i l l  continuing. In 
contrast to  the deformed Tertiary and Recent rocks near the 
Gulf of Alaska, Tertiary continental sedimentary and volcanic 
rocks farther inland are not highly deformed except in  narrow 
zones near major faults. They are f la t  lying or gently t i l ted 
over broad areas. 



Detailed Study. A detailed study of "Kaskawulsh 
Group" rocks was undertaken by Dodds in t he  region lying 
e a s t  of t ha t  briefly discussed above, t h a t  is within t he  l imits 
of mapping of 1974 (Campbell  and Dodds, 1975). The study, 
ca r r i ed  ou t  in an a r e a  roughly outlined by Duke River Faul t  
( t he  segment  be tween upper Duke and Ja rv i s  rivers), Donjek 
Glacier,  upper reaches  of Kluane and Kaskawulsh glaciers,  
and  Kaskawulsh Glacier,  lower Disappointment and Jarvis  
r ivers,  revealed a complex geological history. Exposure i s  
remarkable,  and the  rock exceedingly fresh.  However, 
l imited colour variation together  with re la t ive  monotony and 
subt le ty  of litliology (particularly southwest  of a "line" 
approximately joining the  snouts of Donjek and Kaskawulsh 
glaciers) ,  make the  choice  of mappable units, in terpre ta t ion ,  
and ext rapola t ion  of geology (especially s t ruc tu ra l  and s t ra t i -  
graphical  aspects)  difficult .  Nowhere in t h e  a r e a  does t he re  
appear  t o  exis t  complete ,  representa t ive  s t ra t igraphic  
sections.  Sparsity of fossils and "facing" cr i te r ia ,  complexity 
and locally, intensity of deformation,  and subt le ty  of 
lithology inhibit a comple t e  comprehension of s t ra t igraphy 
and s t ra t igraphic  relationships. 

The "Kaskawulsh Group" rocks of the  a r e a  outlined, 
however,  a r e  broadly divisible into t h ree  belts: 

I. A nor theas tern  be l t  (A) dominated  by "greenstone", 
l imestone,  and quartz-rich coa r se  c l a s t i c  rocks. 

2. A cent ra l  be l t  (B) dominated  by micaceous quar tz i te ,  
greywacke-argil l i te,  and laminated  si l ty l imestone and 
limy sil tstone.  

3. A southwestern  be l t  (C) dominated by l imestone.  

Units within t hese  belts ,  al though commonly not  easily 
recognized extend fo r  considerable distances,  and reconnais- 
s ance  work indica tes  t h a t  they a r e  t r aceab le  both nor thwest  
and southeas t ,  well beyond the  region mapped in detail .  The  
s t ra t igraphy of belt  (A) in Kluane Ranges,  be tween the  bend 
in Duke R.iver and Jarvis  River is comprehensible despite t he  
s t ruc tu ra l  havoc wrought by polyphase folding and the  
superimposed deformat ion resulting f rom displacements  on 
Duke River Faul t  and f a u l t  s t rands  re la ted  t o  Denali  Fau l t  
System. Relationships between t h e  t h r e e  belts ,  however, a r e  
poorly understood. 

The "greenstones" of be l t  (A) consis t  mainly of poorly 
sorted,  variably sized,  augite-bearing volcaniclastic sedi- 
ments.  Locally they conta in  minor basic volcanics and 
in terca la t ions  of si l tstone,  sandstone,  and argil l i te.  No fossils 
have  been found in this unit. The volcaniclastic sediments  
locally grade  la tera l ly  i n t o  aug i t e  k plagioclase porphyrit ic 
volcanics, bes t  observed jn Kluane Ranges between Slims and 
Ja rv i s  rivers. The "greenstones" a r e  res is tant  cl iff-formers,  
and a lmost  without except ion  underlie t h e  highest  peaks of 
t h e  belt. Purplish, and rusty weathering greywacke, si l tstone,  
and sandstone,  acid(?) volcanics and black argi l l i te  occur 
beneath,  and in minor amounts  within t h e  volcaniclastics 
"greenstone" unit. This unit grades  upwards into a sequence  
of rusty and purplish weather ing greywacke si l tstone,  sand- 
s tone ,  and black argi l l i te  with minor basaltic(?) f lows and 
augite-bearing volcaniclastic horizons. Probably overlying 
t h e  "greenstone" and f ine r  grained c l a s t i c  uni ts  i s  a massively 
t o  moderately well bedded bluish grey  l imestone.  The 
maximum (areal)  exposure of l imestone in th is  be l t  occurs  
nor thwest  and southeas t  of t he  upper bend of Duke River.  
Due t o  both extens ive  faul t ing  and folding compl.ications t h e  
e x a c t  number of l imestone members  present  i s  uncertain.  
Probably t h e r e  a r e  at l ea s t  two; one t h e  above, and t h e  o the r  
a coral-bearing, fa in t ly  lilac-bluish grey,  b ioclas t ic  l imestone.  
Fossils f rom t h e  former ,  col lec ted  in 1974 a r e  of middle 
Devonian age. Locally, nor thwest  of t h e  upper bend in Duke 
River and within Kluane Ranges  between Slims and Ja rv i s  
r ivers,  amygdaloidal andesit.ic and basa l t ic  f lows occur above 
t h e  massive blue grey l imestone.  In t he  l a t t e r  region these  
volcanics a r e  intruded by dykes, sills, and smal l  bodies of 
gabbro. Of very uncer ta in  s t ra t igraphic  position, but 

s t ruc tura l ly  above t h e  blue grey l imestone,  is  a sequence  of 
medium t o  coarse  grained quartz-rich c l a s t i c s  which include 
conglomerate ,  pebble conglomerate ,  gr i t s ,  and sandstones.  
C la s t s  a r e  well rounded. These sediments  a r e  bes t  exposed 
between Mount Hoge and Grizzly Creek ,  southwest  of t h e  
upper bend of Duke River (associa ted  with t h e  l imestones),  
and  high in t h e  Kluane Ranges  be tween  Sl ims and Ja rv i s  
rivers. Megafossils (many of t h e m  very poorly preserved) 
were  col lec ted  f rom t h e  l imestones  and samples  were  t aken  
f o r  microfossil (conodont) study. 

The wide cen t r a l  be l t  ( 0 )  l ies southwest  and nor theas t  
of approximate  lines joining, respect ive ly ,  t he  snouts of 
Donjek and Kaskawulsh glaciers,  and t h e  upper reaches  of 
Donjek, Kluane, and Kaskawulsh glaciers.  This be l t  conta ins  
a sequence  of modera te ly  well sor ted ,  generally f ine  t o  
medium grained sediments.  These  include micaceous  
qua r t z i t e ,  c a l ca reous  quartz-rich a r en i t e ,  greywacke-argil l i te 
(with poorly preserved sedimentary  s t ruc tures) ,  black carbon- 
aceous  argil l i te and quar tz i te ,  thinly laminated  si l ty lime- 
s tone  and limy s i l t s tone  and locally t h in  bedded (flaggy) blue 
grey  l imestone and thin bedded ( laminated)  very dark  bluish 
grey l imestone and limy sil tstone.  No fossils were  found in 
t h i s  s t ruc tura l ly  complex bel t ,  and consequently s t ra t igraphic  
relationships a r e  poorly understood and t h e  a g e  of rocks 
remains  enigmatic.  Although t h e  s t ra t igraphy i s  subtle,  uni ts  
c a n  be  mapped over surprisingly long distances.  Fo r  example  
t h e  dark bluish grey  laminated  l imestone  unit  has  been t r aced  
about  80 km, f rom nor thwest  of t h e  head of Kluane Glacier  t o  
Dusty Glacier.  Limestones  have been sampled fo r  conodonts. 

The l imestone belt  (C)  southwest  of t he  upper reaches  
of  Donjek, Kluane,and Kaskawulsh g lac iers  has had l i t t l e  
de ta i led  work. Reconnaissance mapping indica tes  t h a t  it 
consis ts  predominantly of both massive l ight bluish grey ,  and 
well  bedded darker  bluish grey l imestones.  The  l imestones  
a r e  very res is tant ,  producing a sha rp  r i se  in t h e  relief within 
Icefield Ranges. Ridges a r e  spectacular ly  rugged and not 
easily traversable.  The bel t  is fairly narrow in t h e  region 
described. However, i t  has been t r aced  f a r  beyond these  
li'mits and is much more  extens ive  e lsewhere .  Both t o  t he  
nor thwest  and southeas t  ( the  l a t t e r  in particular) ,  t h e  map 
pa t t e rn  of t h e  l imestones  i s  exceedingly sinuous due  a lmos t  
ent i re ly  t o  s t ruc tu ra l  complexity.  The  ages  of fossils 
col lec ted  by t h e  wr i t e r s  f rom th is  be l t  have not been 
determined.  Fossils obtained by Wheeler (1963.) indica te  a 
probable Devonian age.  

The relationships between the  th ree  be l t s  a r e  not 
c lear ly  understood. This is due largely t o  poor fossil cont ro l  
(particularly in c e n t r a l  be l t  (0)) and t o  polyphase deforma-  
tion. No def in i te  f ac i e s  equivalents  of t h e  "greenstones" 
were  found a t  t h e  southwestern  margin of be l t  (A) where  t h e  
be l t  t e rmina te s  r a the r  abruptly,  apparent ly  due  largely t o  
faul t ing  and complexi ty  of folding. The massive and 
modera te ly  well bedded l imestones (middle Devonian in pa r t  
a t  leas t )  of t h e  nor theas tern  bel t  (A), a r e  t r aceab le  in to  t he  
cen t r a l  be l t  (B) in t h e  Donjek River valley south-southeast  of 
t h e  terminus  of Donjek Glacier.  Although fossils  a r e  rare ,  
t he se  l imestones  a r e  probably equivalent  t o  those  of be l t  (C). 

Severa l  smal l  plutons of L a t e  Jurass ic  t o  Early 
Cre t aceous  a g e  occur  within t h e  a r e a  of de ta i led  mapping. 
A11 but  one a r e  of uniform hornblende-bioti te granodiorite 
composit ion.  The except ion ,  just e a s t  of t he  headwaters  of 
Donjek River ,  conta ins  qua r t z  diori te(?) and hornblendite 
phases, together  with t he  common granodiorite phase. 
Similar plutons of varied composit ion a r e  known e lsewhere  in 
t h e  region. All plutons a r e  discordant,  con ta in  fairly narrow, 
rus ty  c o n t a c t  aureoles,  and a r e  wi thout  exception,  peripher- 
al ly deformed by post intrusion t ec ton ic  event(s). A narrow 
be l t  containing gabbro  bodies, some  very coa r se  grained and 
remarkably  f resh ,  occurs  close t o  t h e  t r a c e  of Duke River 
Faul t  be tween the  upper bend of Duke River and south of 
J a rv i s  River. Dykes varying in composit ion f rom fe ls i te  t o  
gabbro  a r e  abundantly present throughout the  region; 



andesite, basalt and gabbro dykes are the most common. 
Loci i  of many of the swarms appears to correspond to  fault 
zones. In I<luane Ranges numerous basalt-gabbro and quartz- 
K spar.-biotite porphyry and fe ls~ te  dykes delineate subsidiary 
faults undoubtedly related to Denali Fault System. There are 
several ep~sodes of dyking, and the writers feel that the 
chronology of these is one of the keys to unravelling the 
nature and timing of a t  least some of the major structural 
events of the area. 

Regional metamorphism, undergone by "Kaskawulsh 
Group" rocks within the l imits of detailed mapping, does not 
appear to exceed biotite grade. Metamorphic prograding, as 
a general~ty, i s  from northeast to southwest. Much of the 
area of belt (A) is of chlorite or subchlorite grade, and only 
rarely and locally reaches biot i te grade. In  the central belt 
(B), however, there is an overall increase in  regional 
metamorphic grade, and fine grained biot i te is common in 
metamorphic assemblages. Reconnaissance work in belt (C) 
indicates that rocks were affected by low greenschist 
metamorph~sm only. The timing of regional metamorphism is 
not clear. However, it is pre Late Jurassic as the 
granodiorite plutons discordantly intrude and superimpose 
contact aureoles on the earlier regional metamorphic fabric. 
Randomly oriented biot i te porphyroblasts locally wi th amphi- 
bole and cordierite are develo~ed in the aureoles. 

Deformation within the region mapped in detail is 
complex and polyphase, reaching maximum intensity adjacent 
to Duke River Fault, and fault strands related to, but 
southwest of the main trace of Denali Fault System. A t  least 
three deformational events affected the "Kaskawulsh Group" 
rocks, the timing of which are st i l l  not completely 
understood. 

The earliest phase recognized (F1) locally produced 
north to northeasterly trending isoclinal folds of probable 
southeasterly vergence. These folds are poorly displayed, due 
largely to the pervasive nature of (F,) and to complications 
wrought by d~splacement along Duke River Fault and splays 
of Denali Fault System. Best examples occur on the ridges 
adjacent (both to  northwest and southwest) t o  the terminus of 
Kaskawulsh Glacier, and on the southwest flanks of Kluane 
Ranges southeast of Slims River. 

The second phase of folding (F2) gives rise to medium 
and large scale northwesterly trending anticlines and syn- 
clines, generally slightly to moderately overturned to the 
northeast and similar in style. This is the dominant style of 
folding particularly in belts (A) and (C), and less obviously i n  
bel t  (8). FZ  folds F i ,  producing highly variable but often very 
steep plunges to  the axes o f  F1. The intensity of Fz,  with 
associated fine spaced axial plane cleavage, has erased much 
of the evidence of PI. High angle, southwesterly dipping, 
reverse faults dislocate F2 structures. These faults are 
related to  F2 deformation and the frequency and magnitude 

The deformational hi.story involving "Kaskawulsh Group" 
rocks i s  unquestionably complex, and much uncertainty st i l l  
shrouds the t i m ~ n g  of these events, particularly F1  and F2. 
The earliest recognizable phase (FI isoclinal) is poorly dis- 
played, due both to the pervasive nature of Fp  and to strike- 
slip fault related effects of the third episode. F1 is folded by 
the dominant, northwesterly trending F2 phase. F1 and F2 
fold episodes are post mid-Paleozoic and pre-Cenozoic. A 
middle to late Paleozoic age has been suggested for much of 
the pervasive deformation of "Kaskawulsh Group" rocks by 
Read and Monger (1976). However, it is interesting to note 
that Eisbacher (1975, 1976) reports surprisingly similar fold 
styles and trends in  the Jura-Cretaceous Dezadeash Group 
rocks and substantiates a Late Cretaceous - earliest Tertiary 
phase of regional folding in  the eastern St. Elias Mountains. 
Late Jurassic-Early Cretaceous granodiorite plutons discord- 
antly intrude deformed "Kaskawulsh Croup" rocks. These 
bodies are, however, peripherally affected by later deforma- 
tional event(s) which are at least in  part due to the third 
ep~sode of deformation. The last (third) phase of deformation 
i s  almost certainly post Miocene (Eisbacher and Hopkins, 
1977) and is related to  the dramatic rise of the St. Elias 
Mountains. 

The Duke River Fault and Denali Fault System 

In contrast to the more westerly faults which may be 
sutures and subduction zones the Duke River Fault and the 
Denali Fault System seem to be major transcurrent breaks 
that intersect and dislocate other structures. They separate 
distinct terranes only insofar as they may have major 
horizontal displacements and not because they are necessarily 
related i n  any way to  continental boundaries. The faults are 
believed to be intra-continental rather than inter-continental 
structures. 

Right-lateral displacements on the Duke River and 
Denali faults may thus offset the Walsh Fault (the suture 
between terranes 2 and 3) from eastern Alaska west of the 
map-area to  some as yet unknown location southeast of the 
map-area. I f  so the offset part of the Walsh Fault would l ie  
east of the Denali Fault System. Data are not a t  hand to  
show i f  such is the case. 

The Duke River Fault locally cuts the basal part of the 
Wrangell lava (TQv) which is no older than Miocene but it 
does not cut the youngest flows (see Campbell and Dodds, 
1975 and Souther and Stanciu, 1975). Possible related faults 
cut  the entire pile of lava hence movement on them is 
Pliocene or younger. The age of the major displacement is 
post Late Triassic and is probably post late Early Cretaceous 
or early Late Cretaceous (the age of the youngest rocks of 
terrane 4) and is pre-Miocene. The Duke River Fault is 
believed to branch from the Denali Fault System southeast of 
the map-area. 

of occurrence, increase markedly close to buke ~ i v e r  Fault The Denali Fault System within the map-area (Shakwak 
i n  belt (A). and Dalton faults, Campbell and Dodds, 1975) cuts Wrangell 

The third deformational event involves faulting, and 
locally both shattering of rocks and development of west- 
southwest through west-northwest fold trends. It occurs most 
obviously in the narrow belt close to Duke River Fault, where 
i t  .is related to displacement on fault strands associated to 
Denali Fault System. Faults are dominantly strike-slip i n  
character. However, minor thrust and high-angle reverse 
faults are also present. The curving trace of Duke River 
Fault just south of Slims River is a direct result of right 
lateral shift along these faults. The folds are usually minor in 
scale, and vary in  style from open warps to moderately tight, 
steep limbed, assymmetrical (rarely overturned) forms. Verg- 
ence is generally northerly. Fold axes are as a rule, steep in 
strike-slip fault zones, and shallow in thrust segments. The 
affects of this deformational phase are more widespread than 
within the confines of the narrow belt described above, and in  

lava (TQv) and the age of the major displacement is  ate 
Cretaceous or younger; it is likely mainly Tertiary. Southeast 
of Kluane Lake a variety of features recognized by George 
Plafker indicate that right-lateral movement occurred on the 
Denali Fault System in the Pleistocene or Recent; some 
movement was possibly post glacial. Shorelines of Recent 
Lake Alsek, 3000 years old, apparently are not offset 
(V.N. Rampton, pers. comm., 1977) hence i f  any movement 
was postglacial it occurred between about 10 000 years and 
3000 years ago. More study is required on these features. 
Northwest of the south end of Kluane Lake Bostock (1952) 
described linear features near Donjek River that might 
ref lect  Recent fault movements. These features could, 
however, be glacial in origin. Nothing else has been 
recognized that might indicate Pleistocene or Recent move- 
ments on this segment of the fault. 

some areas to  the west are more than just subtlely apparent. 
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STRATIGRAPHY AND STRUCTURE OF THE SUMMIT LAKE AREA, 
YUKON AND NORTHWEST TERRITORIES 

Project  730069 

S.P. Gordey 
Regional and Economic Geology Division, Vancouver 

Abstract 

Gordey, S .P. ,  Stratigraphy and s t ructure  of the Summit Lake area ,  Yukon and Northwest Territories;  
Current  Research, Pa r t  A,  Geol. Surv. Can. ,  Paper 78-lA, p. 43-48, 1978. 

Geologic mapping a t  a scale  of 1:50 000 h a s  pe rmi t t ed  the  subdivision of unmetamorphosed 
folded and f au l t ed  Hadrynian to  Mississippian c las t ic  and carbonate  succession of the  Summit  Lake 
a rea ,  about  3750 m thick, into ten mappable stratigraphic units. Major and minor folds t rend and 
plunge to the northwest,  and pervasive axial-plane cleavage dips s teeply  nor theas t .  The following 
phenomena appear  to  b e  of regional significance: ( 1 )  t he  unconformity beneath  Carnbro-Ordovician 
s t r a t a ,  (2) mappable subdivisions of t he  Hadrynian and (?) Lower Cambrian 'Grit Unit', and the  
Ordovician to Devonian Road River Formation, (3) derivation of the  Devono-Mississippian 'Black 
Clas t ic  Unit', a t  leas t  in par t ,  f rom 'Grit Unit '  lithologies, and ( 4 )  Devono-Mississippian block-faulting. 

Introduction by fa in t  thin colour banding in shades of blue and grey. T o  the  

The S u m m ~ t  Lake area,  in Nahannl map-area (1051) 
about  260 km north-northwest of Watson Lake, Yukon 
Territory,  has  been of considerable economic in teres t  since 
the  Canex-Placer Ltd. discovery, in 1972, of the Howard's 
Pass zlnc-lead deposit. Reconnaissance geologic mapping by 
Blusson et al. (1968) outlined the  distribution of major rock 
units. The purpose of this project  is t o  refine the  previous 
work and t o  investigate in re la t ive  detail  the stratigraphy and 
s t ructure  of the  Summit Lake area .  

During the  1977 field season six weeks were  spent  
mapping an a rea  of 600 k m 2  a t  a scale  of 1 :50 000. The 
results a re  summarized in Figures 10.1 t o  10.3. St ructura l  
complications,  f ac  ies changes, and the poor quality of 
exposure preclude accura t e  determinations of s t ra t igraphic  
thickness. 

Stratigraphy 

The oldest  exposed s t r a t a  a r e  thin to  thick bedded, fine 
t o  very coarse  grained g r i t t y  quar tz  sandstone, pale brown 
s la te ,  and minor limestone of Hadrynian age  (Hq). The 
sandstone, generally poorly sorted and character ized by large 
well-rounded 'floating' bluish opalescent qua r t z  grains up t o  
granule size,  is commonly calcareous,  and locally has  thin t o  
very thick interbeds of orange weathering finely crystall ine 
sandy limestone. Poorly bedded finely crystall ine black 
limestone, abou t  10 m thick, occurs a t  the  top  of the  unit. In 
the  sandstone large mud chips, ripple marks, cross-bedding, 
and scour and f i l l  s t ructures  a t t e s t  t o  a high energy shallow 
water depositional environment.  

The above s t r a t a  a r e  overlain with sharp  c o n t a c t  by a 
distinctive unit, about  650 m thick, of purple, maroon, and 
green s la te  (HlCp), which is thin bedded in i t s  lower par t ,  but 
thick t o  very thick bedded in i ts  upper part .  Within this s l a t e  
pale green fine grained qua r t z  a ren i t e  with interbedded pale 
brown and green s l a t e  (HlGs)  forms discontinuous lensoid 
units, locally a t  least  several  hundred metres  thick. The 
sandstone occurs in  thin beds tha t  a r e  typically massive but 
a t  some  locali t ies show planar and small sca le  cross- 
lamination. Locally occurring groove and f lu t e  c a s t s  a r e  not 
abundant enough for meaningful paleocurrent determination. 

The Hadrynian c l a s t i c  rocks (Hq, H l G ,  HI€$) a r e  similar 
t o  s t r a t a  which underlie extensive a r e a s  of cen t r a l  and 
southeastern Yukon and which have been referred t o  inform- 
ally a s  the  'Grit Unit' (Gabrielse e t  al., 1973, p. 30). 

Brown t o  buff weathering blue-grey s l a t e  of Early 
Cambrian age  (ICp),  locally a t  leas t  1000 m thick, overlies 
the maroon and green s la te  unit (HlGp). Bedding is defined 

nbr theas t ,  a similar s la te  intertongues with LOW& dambr ian  
ca rbona te  s t ra ta .  The c o n t a c t  with the  underlying maroon 
s l a t e  is marked by a discontinuous unit, up t o  60 m thick, of 
l imestone conglomerate  (Fig. 10.41, massive blue-grey finely 
crystall ine l imestone, and orange weathering oolit ic lime- 
stone. The conglomerate  locally contains archaeocyathid 
clasts.  The dark Lower Cambrian s la te  corresponds t o  the  
'Phylljte Unit' a s  mapped by Gabrielse et a]. (1973) in F la t  
River map-area to  the  southeast .  

Conformably overlying the  s la te  is a lithologically 
varied succession of overall  buff and orange weathering 
l imestone, and lesser amounts  of si l tstone, tuff ,  dolomite,  and 
qua r t z  areni te  (Gc).  Due t o  fac ies  changes and erosional 
bevelling beneath  Upper Cambrian s t r a t a ,  i ts  thickness ranges 
f rom 0 t o  possibly more  than 1300 m. The l imestone is 
laminated t o  thin bedded, t he  bedding commonly defined by 
blue and orange banding on weathered surfaces  that  is 
commonly not visible on f resh  surfaces.  Nodular t o  banded 
sil ty grey weathering l imestone, which closely resembles the  
Upper Cambrian l imestone unit (umc) ,  and massive blue-grey 
weather ing l imestone a r e  also abundant. All l imestones a re  
finely crystall ine and blue-grey t o  black on fresh surfaces.  
The sil tstone weathers  pink t o  orange, is laminated t o  thin 
bedded, and is commonly thinly interbedded with blue-grey 
limestone. The tuff ,  which is dark weathering, is composed 
of aphanitic pale green angular f ragments  up t o  2 c m  in 
d iameter .  Although the  tuff is  usually massive, local 
lamination and graded bedding in the  f ine  grained var ie t ies  
(Fig. 10.5) indicate it is waterlain.  Ochre  weathering fine t o  
coarsely crystall.ine grey dolomite and associated coarse  
grained cross-laminated qua r t z  a ren i t e  form a minor yet  
distinctive component of the  unit. The unit is similar t o  and 
likely corre la t ive  with the  Sekwi Format ion of Mackenzie 
Mountains (Gabrielse e t  al., 1973; Fr i tz ,  1976). The lami- 
nated and bioturbated blue grey mudstone unit (C p) is a 
presumed equivalent of some  of the  Lower Cambrian carbon- 
a t e  s t r a t a  (Cc). 

Upper C a m b r ~ a n  and Ordovician grey to  white 
weathering carbonate  s t r a t a  (uC0c)  which overlie older unlts 
with marked unconformity (Fig. 10.2) form a homogeneous 
unit about 300 m thick of laminated t o  thin bedded finely 
crystall ine blue-grey l imestone. Northeast  of Howard's Pass  
the  bedding is thicker,  commonly nodular, and the  l imestone 
s i l t ier  than t o  the  southwest.  The weathered surfaces  of 
nodular var ie t ies  a r e  distinctively pock-marked. The uncon- 
formity  a t  the  base of the  unit corresponds t o  an important 
regional unconformity t h a t  s epa ra t e s  Franconian f rom older 
s t r a t a  over much of the  northern Cordillera (Gabrielse et al., 
1973, p. 51). The unit is  equivalent and lithologically similar 
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Figure  10.4 

L i m e s t o n e  c o n g l o m e r a t e  at t h e  c o n t a c t  
b e t w e e n  t h e  maroon  and  g r e e n  s l a t e s  ( H l C p )  
of t h e  'Gri t  Unit '  a n d  brown Lower  C a m b r i a n  
s l a t e s  .(I Cp). L i m e s t o n e  c l a s t s  v a r y  f r o m  
p l a t y  and  angular ,  as h e r e ,  to well  rounded.  
T h e  m a t r i x  is f i n e  g r a i n e d  c o m m o n l y  ool i t i c  
c a l c a r e n i t e .  

F i g u r e  10.5 

r P a l e  t o  d a r k  g r e e n  l a m i n a t e d  t u f f .  Along 
w i t h  re la t ive ly  c o a r s e r  g ra ined  mass ive  t u f f s  . t h e y  a r e  a minor b u t  d i s t i n c t i v e  rock tyDe in . . 

a t h e  Lower C a m b r i a n ,  predomi.nantly 
c a r b o n a t e  unit  (Cc). 

to t h e  R a b b i t k e t t l e  F o r m a t i o n  (Gabr ie l se  et al., 1973) of  t h e  l o w e r  division at o t h e r  loca l i t i es ,  b u t  i t s  s t r a t i g r a p h i c  
M a c k e n z i e  Mountains.  posi t ion is n o t  well  known. T h e  upper  division,  which  is 

Black t o  brown s l a t e  and black c h e r t  of t h e  Road  R i v e r  
F o r m a t i o n  (OSDpt)  c a n  b e  subdivided i n t o  t w o  divisions, t h e  
m u t u a l  c o n t a c t  being def ined  by an e x c e l l e n t  m a r k e r  un i t ,  0 
to 60  m th ick ,  of o r a n g e  w e a t h e r i n g  p y r i t i c  a n d  d o l o m i t i c  
muds tone .  T h e  lower  division, a p p r o x i m a t e l y  240  m th ick ,  is  
o f  Ordovician,  Si lurian and(?) Ear ly  Devonian  a g e ,  a n d  t h e  
upper  division, which v a r i e s  f r o m  0 t o  a b o u t  120 m in 
th ickness ,  is  of p robable  mid-Devonian a g e .  Near  Howard ' s  
P a s s  t h e  f o r m a t i o n  w e a t h e r s  l ight  bluish grey  in c o n t r a s t  t o  
i t s  b lack  w e a t h e r i n g  c o l o u r  t o  t h e  southwes t .  

ii tho logica l ly  s i m i l a r  t o  t h e  lower ,  c o n t a i n s  mino; g r a p h i t i c  
s a n d s t o n e  and  b a r i t e ,  t h e  l a t t e r  found loca l ly  in ta lus .  In t h e  
a b s e n c e  of t h e  o r a n g e ,  muds tone ,  p a r t i c u l a r l y  in s t r u c t u r a l l y  
c o m p l e x  or poorly exposed  a r e a s ,  t h e  t w o  divisions a r e  
d i f f i c u l t  t o  s e p a r a t e .  

Black  s l a t e  of t h e  lower  division i s  hos t  t o  t h e  z inc- lead  
d e p o s i t s  a t  Howard ' s  P a s s  which r e p o r t e d l y  o c c u r  200 f e e t  
a b o v e  t h e  c o n t a c t  with Cambro-Ordovic ian  l i m e s t o n e  
(Sinclair  and  G i l b e r t ,  1975,  p. 89). T h e  bar i te -bear ing  upper 
division may cor respond t o  a bar i te -bear ing  s e q u e n c e  a t  
Macmi l lan  P a s s  115 k m  to t h e  nor th-nor thwes t  which is  
t h o u g h t  by Blusson and Dawson (Dawson,  1977,  p. I )  t o  
cor respond t o  t h e  C a n o l  F o r m a t i o n  of n o r t h e r n  M a c k e n z i e  
a n d  Richardson  mounta ins .  

T h e  basa l  f e w  t e n s  of m e t r e s  of t h e  f o r m a t i o n  which 
a r e  g r a d a t i o n a l  a n d  c o n f o r m a b l e  w i t h  Cambro-Ordovic ian  
l i m e s t o n e  (uC Oc), is well l a m i n a t e d  d a r k  brown s l a t e  
conta in ing  lenses ,  nodules,  l a m i n a e  and th in  beds  of g r e y  
f ine ly  c rys ta l l ine  l imes tone .  Thin t o  th ick  beds  of b lack  
f ine ly  c rys ta l l ine  l i m e s t o n e  o c c u r  sporad ica l ly  e l s e w h e r e  in 
t h e  format ion .  Near  Howard's  P a s s  poorly bedded t h i n  bedded 
b lack  c h e r t  and s i l i ceous  s l a t e  o c c u r s  n e a r  t h e  t o p  of t h e  
lower  division. Thin bedded black c h e r t  is a b u n d a n t  wi th in  

Brown w e a t h e r i n g  s l a t e ,  q u a r t z - c h e r t  a r e n i t e ,  a n d  
c h e r t - p e b b l e  c o n g l o m e r a t e  of t h e  'Black C l a s t i c  Uni t '  (DMPs), 
at l e a s t  1500 m th ick ,  o v e r l i e  t h e  Road  River  F o r m a t i o n  
unconformably ,  as ind ica ted  by t h e  t h i c k n e s s  v a r i a t i o n s  of  t h e  
upper  division of  t h e  R o a d  R i v e r  s t r a t a .  T h e  lower  800  m of 



Figure 10.6 

Groove cas t s  on the  base of a th in  bed ( ta lus  
block) of medium grained quar tz-cher t  
a r en i t e  of the 'Black Clas t ic  Unit'. The 
rar i ty  of sole marks and generally 
' felsenmeer '  exposures of the  unit prohibit 
paleocurrent determinations.  

Fig ure 10.7. Faul t  of Devono-Mississippian age 5.5 km north 
of Summit  Lake. The f au l t  juxtaposes black 
weathering s la te  and che r t  of the  Road River 
Formation (OSDpt) and brown weathering s la te  
of the 'Black Clas t ic  Uni.tl (DMps) and is 
overlain by 'Black Clas t ic  Unit' chert-pebble 
conglomerate  (DMps). 

the  unit is predominantly s l a t e  with minor coa r se  c l a s t i c  
interbeds,  but higher in the unit coarse  c las t ics  predominate.  
Most of t he  conglomerate,  which fo rms  a minor par t  of the  
unit ,  is of pebble t o  cobble size. Boulder conglomerate  is 
rare ,  w.ith maximum observed c las t  size of 0.5 m. Both 
angular and rounded c las ts  a r e  common, although large  c las ts  
a r e  always well rounded. Individual sandstone and conglom- 
e r a t e  beds range f rom a few mill imetres t o  tens of me t re s  in  
thickness. Cher t  forms most of the  c las t ic  de t r i t u s  but non- 
c h e r t  qua r t z  de t r i t u s  is very abundant and qua r t z  a ren i t e  is 
common. Conglomerate  c las ts  a r e  predominantly grey, black, 
and green che r t  but  locally a s  much a s  25 per cen t  a r e  fine t o  
coarse  grained .gr i t ty  qua r t z  sandstone. The l a t t e r  t ype  have 
distinctive 'floating' blue qua r t z  grains and a r e  striking1 y 
similar t o  (and derived from(?)) sandstones of the  'Grit  Unit'. 

Rhythmic interbedding and knife-sharp con tac t s  of 
coa r se  c las t ics  and slate,  t he  sheet-l.ike form,  continuity and 
uniform thickness of some conglomerate  units, and local 
graded b e d d ~ n g  and sole marks  (Fig. 10.6) indicate the  coarse  
c l a s t i c s  were  deposited as turbidi te  flows. 

S t ruc tu re  

The s t r a t a  a r e  folded about  west-northwest trending 
axes  that  plunge consistently t o  the  northwest.  Cleavage- 
bedding in tersect ion lineations indicate  the  plunges vary f rom 
0 t o  40". Although the  major folds a r e  relatively open 
(Fig. 10.3), t he  units a r e  internally t ightly folded, and s la ty  
c leavage,  dipping moderately t o  steeply t o  the  nor theas t ,  is 
pervasive. Only relatively compe ten t  sandstone and conglom- 
e r a t e  beds consistently lack cleavage. S teep  probable dip-slip 
faul ts  of l a t e  Mesozoic age  disrupt the  major fold s t ructures .  
Devono-Mississippian faulting i s  documented a t  one locali ty 
(Fig. 10.7), and some  of the  presumed Mesozoic f au l t s  may be  
of similar age. The Devono-Mississippian block-faulting was 
likely re la ted  t o  the  uplift of the  source a r e a s  of the 'Black 
Clas t ic  Unit', which lay t o  the  west and southwest (Gabrielse, 
1976, p. Q96). 
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11. OBSERVATIONS ON THE STREAMING MECHANISM OF LARGE ROCK SLIDES, NORTHERN CORDILLERA 

Project  760059 

G.H. Eisbacher 
Regional and Economic Geology Division, Vancouver 

Abstract 

Eisbacher, G.H., Observations On the Streaming Mechanism of  Large Rock Slides, northern 
Cordillera; Current Research, Part A, Geol.  Surv. Can.,  Paper 78-1A. p.  49-52, 1978. 

Features exposed on postglacial rock slide deposits in the Mackenzie Mountains suggest 
that kinematic waves may be an important form o f  momentum transfer in the streaming behaviour 
o f  'confined' and 'unconfined' dry debris streams. 

Introduction 

Debris s t r eams  (Hsu, 1975), originating from the  
collapse of high c l i f fs  of ca rbona te  s t r a t a ,  a r e  common 
geomorphological f ea tu res  in the  Mackenzie and Wernecke 
mountains. Due t o  sparse  vegetation in this region many 
de ta i l s  possibly significant for  understanding t h e  s t reaming 
mechanism can s t i l l  be  recognized on postglacial debris lobes 
of d i f ferent  ages. Some observations were  reported previously 
(Eisbacher, 1977). A comprehensive study of rock slides in the  
northern Cordillera, including mechanical and geological 
aspects ,  is  in progress. This report  describes two fundamental 
mechanical fea tures  of debris lobes in the  Mackenzie 
Mountains. The examples a r e  used t o  i l lus t ra te  t h a t  height of 
fa l l  during collapse and momentum t ransfer  in the  collapsing 
mass  a r e  significant pa ramete r s  in both 'unconfined' and 
'confined' debris s t reams.  

Corner  Slide, a n  example  of an unconfined debr is  s t r e a m  
(64"5Z1N, 129'43'W) 

This debris s t ream is si tuated in t h e  nor thwest  corner 
of Mt. Eduni map-area. Its lobe is  covered with vegetation 
but  debris deposits can  be  clearly outlined in t h e  field 
(Fig. 11.2). The debris s t r eam resulted f rom the  collapse of 
about  100 x lo6  m3 of ca rbona te  rocks of lower Paleozoic 
Mount Kindle and Franklin Mountain Format ions  (Aitken and 
Cook, 1974). Throughout t h e  region these  a r e  by f a r  t h e  most  
collapse-prone lithological units. As f a r  a s  can be recon- 
s t ructed f rom the  debris filled scar  a t  Corner  Slide, fa i lure  
occurred on a s teepened,  shovel-shaped surface .  Bedding on 
t h e  mountain dips 10 t o  15 degrees  in the  direction of the  
debr is  s t ream.  

After  collapse t h e  mater ia l  spread relatively 
unconfined on to  t h e  valley floor covering an  a r e a  of about 
4 km". One of the  most  d is t inct  f ea tu res  of unconfined debris 
s t r e a m s  is  t he  'ramp'. It i s  well displayed on t h e  Corner Slide 
(Fig. 11.2). The 'ramp' is  relativley c lose  t o  t h e  sca r  of t he  
collapsed cliff and mater ia l  behind i t s  f ronta l  s tep  makes  up 
more  than half of the  debris s t r eam.  In o the r  slides the  
volume of broken rock contained in t h e  mass  behind the  ramp 
with respect  t o  the  to t a l  volume is even g rea te r .  Material  in 
f ron t  of t h e  r amp  thins gradually and displays weak lineations 
in t h e  direction of sliding. The r amp  gives t h e  impression of a 
frozen-in wave and consists of hugh blocks. I t  i s  cer ta in ly  
possible t o  imagine t h a t  during movement  momentum was 
t ransferred f rom the  mater ia l  in t h e  r amp  o n t o  loose debris in 
f ront ,  thus adding velocity and dis tance  t o  t h e  overall  s t ream.  
Photos of immense unconfined debr is  s t r e a m s  on Mars, 
conveyed t o  m e  by Dr.  K. Blasius, Planetary  Science 
Insti tute,  Pasadena, also show well defined ramps and 
lineated lobes radiating outward, in some  cases  for  more  than 
3 0  km! 

Twin Slides, a n  example  of narrow confined debr i s  s t r e a m s  
(65'1 6'N, 133" 14'W) 

The Twin Slides, located near  Snake River,  originated 
by t h e  collapse of a narrow ridge following a rotational 
bedding plane slide (Fig. 11.3). The bedrock s t r u c t u r e  in t h e  
slide a rea  is dominated by a northwesterly trending syncline 
of Proterozoic  Rapitan Group and lower Paleozoic Franklin 
Mountain Formation (Norris, 1975). Erosion has c rea t ed  long 
narrow ridges perpendicular t o  the  trend of the  fold. Along 
one  of these  t h e  ca rbona te  rocks along t h e  southwestern  limb 
of t h e  syncline underwent rotational fa i lure  and t h e  f ron t  of 
t h e  rockmass los t  i t s  footing on both sides of t he  ridge. 
Broken rock tumbled s o m e  200 m in to  t w o  parallel  valleys 
(Fig. 11.1). The ridge behind t h e  failed mass  on Figure  11.3 
probably gives a fairly good idea  of t h e  topography prior t o  
failure.  In t h e  t w o  valleys the  debris s t r eamed  in relatively 
confined channels for two  km until both s t r e a m s  opened in to  
small  fans and c a m e  t o  a halt .  

Figure 11.1. Sketch map showing the  ex ten t  of the  debris in the  
t w o  lobes of t he  Twin Slides, Snake River map-area.  
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J e t - l i k e  f r o n t a l  lobes  of t h e  T w i n  Slides.  



The right s t r eam travelled a shor ter  d is tance  than the  
l e f t  a f t e r  having been impeded by a slope across  i t s  pa th  
(Fig. 11.4). On th is  slope pa r t  of t h e  debr is  cl imbed about  
50 m ,  suggesting t h a t  a f t e r  t w o  km of s t reaming t h e  velocity 
of t he  mass st i l l  exceeded 30 m per second. The principal 
energy source  for  t he  s t reaming must  have been t h e  init ial  
200-m d rop  during col lapse  and momentum t ransfer  a s  
k inemat ic  waves towards t he  f ron ta l  pa r t  of t h e  debris.  In 
p laces  t h e  debr is  deposits  on t h e  Twin Slides a r e  not  wider 
than a few t ens  of metres  and i t  is  d i f f icul t  t o  imagine t h a t  
such a narrow ' s t ream profile' was maintained throughout t h e  
t i m e  interval of movement.  Both f ronta l  lobes give the  
impression of debris jets issuing f rom a nozzle  (Fig. 11.5). It 
i s  t he re fo re  concluded t h a t  k inemat ic  waves propagating 
through t h e  moving debris caused the  jet-like e f f e c t  near  t h e  
f ront .  The s i ze  of the  larges t  blocks generally does  not 
change f rom t h e  back t o  t he  f ront  of t he  lobes. 

Conclusions 

The unusual s t a t e  of preservation of debris s t r e a m s  in 
t h e  Mackenzie Mountains permi ts  ce r t a in  conclusions a s  t o  
t h e  driving mechanism of debris s t reams.  The author sugges ts  
t h a t  t h e  principal source of energy i s  k inet ic  energy 
t ransfer red  f rom the  initial col lapse  by means  of k inemat ic  
waves t o  t h e  f ronta l  portion of debr is  s t reams.  Kinemat ic  

waves a r e  well known in water -sa tura ted  deb r i s  flows 
(e.g. Johnson, 1970, p. 433-459) and t h e r e  is  no reason t o  
believe t h a t  they a r e  not  significant in dry  confined and 
unconfined debr is  s t r e a m s  a s  well. 
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TWO MAJOR PROTEROZOIC UNCONFORMITIES, NORTHERN CORDILLERA 

Projec t  750014 

G.H. Eisbacher 
Regional and Economic Geology Division, Vancouver 

Abstract 

Eisbacher, G.H., Two major Proterozoic unconformities, northern Cordillera; Current Research, 
Part A ,  Geol. Surv. Can., Paper 78-lA, p.53-58, 1978. 

The youngest Proterozoic succession in the Mackenzie and Wernecke mountains contains 
two regional unconformities or disconformities. Locally, truncation of tectonic structures and 
considerable erosion is indicated beneath the unconformities. The lower unconformity underlies 
Redstone River Formation to  the east, and Pinguicula Group to  the west. The upper 
unconformity was probably created by a structural event which took place during deposition of 
the Sayunei Formation of the Rapitan Group. Facies relationships and paleocurrents suggest 
that the youngest Proterozoic depositional basin created during these structural events did not 
extend far to  the northeast of the present outcrop margin. Possibly, two glaciations influenced 
the sedimentary sequence: one directly (Sayunei - Shezal formations), the other indirectly 
(upper part of Keele Formation). 

Introduction overlain by conglomerate ,  s i l t s t one  and gypsum of t h e  

During t h e  1977 field season a wide ranging regional 
reconnaissance and local de ta i led  s tudies  of younger Protero-  
zoic  rocks were  carr ied  out  in t h e  Mackenzie Mountains and 
eas t e rn  Wernecke Mountains. This work was  done with 
logist ic support  by J.D. Aitken. A major pa r t  of t h e  field 
work was  d i rec ted  towards t rac ing t h e  s t ra t igraphic  position 
and cont inui ty  of two  regionally significant unconformit ies  
within t h e  younger Proterozoic  succession.  In addit ion t o  t h e  
maps and repor ts  by Wheeler (19541, Gabrielse e t  al .  (1973), 
Aitken et al. (19731, and Blusson (19711, open f i le  maps  by 
Aitken and Cook (l974), Norris (19751, and Blusson (1974) 
were  used during t h e  field investigations.  

Because  t h e  region studied is  l a rge  and nomencla ture  of 
Proterozoic  sedimentary  and volcanic rocks is present ly  being 
established, t h e  accompanying s t ra t igraphic  t ab l e  must  be  
considered preliminary and will be  subjec t  t o  revision a s  work 
continues.  Nonetheless,  Figure 12.1 outl ines t h e  principal 
units  a s  they a r e  presently conceived. The two  s t r a t i g raph ic  
in tervals  discussed in th is  repor t  concern  t h e  succession 
which is generally shown a s  youngest  Helikian o r  Hadrynian 
on geological  maps of t h e  region. The units display rapid 
f ac i e s  variations,  thickness changes,  and depic t  t h e  inf luence  
of deformat ion and volcanism. Older Proterozoic  units  such 
a s  those of t h e  Kather ine  and L i t t l e  Dal Groups (including 
map-units H of Aitken and Cook, 1974, and H , H2b of 
Norris, 1975f5 s e e m  t o  be  cha rac t e r i zed  by form%?ions and 
members  which can be  followed over la rge  d is tances  with 
only minor changes  in s t ra t igraphic  deta i l  (D. Long and 
J.D. Aitken, pers. comm. 1977). In con t r a s t ,  t h e  t w o  younger 
sequences  s eem t o  r e f l ec t  a more  ac t ive  t ec ton ic  s e t t i ng  
within t h e  opening Cordil leran miogeosyncline (Eisbacher,  
1977). 

The s t ra t igraphy of t h e  two  successions and t h e  na tu re  
of t h e  unconformities and disconformities at the i r  base  a r e  
discussed separa te ly  fo r  t h e  Mackenzie Mountains and eas t e rn  
Wernecke Mountains, and a possible corre la t ion  of t h e  
t ec ton ic  even t s  in those  mounta in  ranges  is proposed 
(Figs. 12.1, 12.2). 

Mackenzie  Mountains 

In t h e  Mackenzie Mountains a thick,  older succession of 
carbon'ate,  qua r t z i t e ,  and sha l e  r e f l ec t s  t ec ton ic  s tabi l i ty  
over a la rge  a r e a  during much of Helikian t ime .  However,  
towards  t h e  t o p  of t h e  L i t t l e  Dal Group, basic lavas a r e  i n t e r -  
ca l a t ed  within t h e  shallow-water dolomite  deposits. Basic 
dykes and sills possibly re la ted  t o  this m a g m a t i c  e v e n t  a r e  
found in all  s t ra t igraphic  units below. The L i t t l e  Dal Group is 

Redstone River  orm mat ion, and maf i c  breccias  a r e  known t o  
in t rude  t h e s e  rocks  a s  well (Gabrielse e t  al., 1973, and 
conf i rmed during t h e  present  studies).  The c o n t a c t  be tween 
t h e  L i t t l e  Dal Group and t h e  Redstone  River Format ion is 
generally abrupt ,  and locally a s  much a s  150 m of f luvia t i le  
conglomerate  cons t i t u t e s  t h e  base  of t h e  Redstone  River 
Formation.  Contemporaneous  faul t ing  and regional arching 
a long nor ther ly  t o  nor theas ter ly  t r ends  probably accoun t  fo r  
most of t h e  rapid f ac i e s  changes  and suggest  a pronounced 
change in t h e  t ec ton ic  s e t t i ng  of t h e  region during deposit ion 
of t h e  Kedstone  River Format ion (Eisbacher, 1977, and in 
prep.). The composit ion of t h e  coa r se  fluvial  and alluvial  f a n  
deposits  of t h e  Redstone  River Formation r e f l ec t  a lmost  
to ta l ly  t h e  local  l i thologies of t h e  underlying L i t t l e  Dal Group 
dolomite  and dolomit ic  si l tstones.  Paleocurrents  a r e  strongly 
influenced by local t ec ton ic  gradients  but t h e  genera l  
paleoslope a s  indica ted  by fluvial  pa leocurrents  and gross 
f ac i e s  changes  was  t o  t h e  southwest  (Fig. 12.5a). The 
subsequent transgression and deposit ion of laminated  and 
turbid i t ic  l imestone  and c h e r t y  dolomite  of t h e  Coppercap 
Format ion was  cha rac t e r i zed  by r e l a t i ve  t ec ton ic  tranquili ty.  
S t ra t igraphic  deta i l s  of t h e  Coppercap Format ion can  be 
carr ied  across  hinge l ines which were  t h e  focus  of faul t ing  
during Redstone  River t i m e  (Eisbacher,  in prep). Over  wide 
a reas  t h e  Coppercap Format ion consists of two  shoaling 
ca rbona te  cyc l e s  which a r e  th icker  and be t t e r  developed 
towards  t h e  southwestern ,  c e n t r a l  pa r t  of t h e  basin. 

Towards t h e  southern ,  nor thern  and eas t e rn  ou tc rop  
margin l imestone  of Coppe rcap  Format ion overs teps  t h e  
deposit ional edge  of t h e  Redstone  River  Format ion and r e s t s  
disconformably on L i t t l e  Dal Group dolomites.  

A second major unconformity occurs  a t  t h e  base  o r  
sl ightly above t h e  base of t h e  Rapi tan  Group. I t  must  be  
s t ressed tha t ,  in one  p lace  or ano the r ,  al l  of t h e  format ions  of 
t h e  Rapi tan  Group l ie  unconf ormably  on older format ions .  
However,  most of t h e  unconformable  o r  d isconformable  
con tac t s  change in to  conformable  boundaries in a down-basin 
d i rec t ion  (Eisbacher,  in prep). The unconformity within o r  
below t h e  Sayunei Format ion is t h e  most  pronounced and 
regionally significant break. In most  of t h e  ea s t e r ly  sec t ions  
a considerable  amoun t  of pre-Sayunei erosion of older units  
can  be demonst ra ted .  ~ h e ' s a ~ u n k i  Format ion of t h e  Rapi tan  
Group is defined a s  a monotonous argil l i te-si l tstone sequence  
in ter layered with lenticular bodies of sharpclas t  s i l t s tones  
(Eisbacher,  in prep). I t  displays very rapid thickness changes  
and i t s  base  is disconformable,  unconformable,  o r  onlapping 
on older format ions .  The prec ise  s t ra t igraphic  a g e  of t h e  
deformat ion which c r e a t e d  th is  hiatus is  d i f f icul t  t o  



Gr. 
Figure  12.1 

St ra t igraphic  cha r t  of t h e  
youngest Proterozoic ,  
Mackenzie Mountains 
(right) and eas t e rn  
Wernecke Mountains (left) ,  
and suggested corre la t ion 
be tween  t h e  t w o  areas .  

Figure 12.2 Outcrop a r e a  of t he  youngest Proterozoic  rocks 
and t h e  two major u n ~ o n f ~ r m i t i e s  and disconfor- 
mi t ies  in t h e  Mackenzie and Wernecke 
mountains. Broken line - pre-Pinguicula and pre- 
Redstone River unconformity; Dotted line - pre- 
or intra- Sayunei unconformity.  

de t e rmine  but can be  inferred f rom relationships exposed 
wes t  of Keele  River in t h e  Sekwi Nlountain map-area. There ,  
carbonate  s t r a t a  of Coppercap Formation and basal buff- 
maroon sil tstones of Sayunei Formation a r e  deformed in to  
l a rge  folds and broken by faults;  t hese  were  brought t o  t h e  
a t t en t ion  of t h e  author  by H. Helmstaedt  (pers. comm. 1976). 
The s ty le  of deformation is probably controlled by gypsiferous 
s t r a t a  of t he  underlying Redstone River Formation. Fold 
axes  and faul ts  in the  Coppercap and lower Sayunei 
Formation t rend northerly. The folds a r e  t runca ted  and 
overlain with angular unconformity by sharps tone conglo- 
m e r a t e  which contains c las ts  derived f rom the  underlying 
carbonates  of t h e  Coppercap Formation and f ragments  of t h e  
buff, maroon, and grey sil tstone of t h e  basal Sayunei 
Formation. This coa r se  unit, t h e  iron-formation marker  beds, 
and t h e  glacial-marine deposits of t h e  overlying Shezal 
Formation have not been displaced great ly  prior t o  the  l a t e  
Mesozoic deformation of t h e  Mackenzie Mountains. 

Wernecke Mountains 

The s t ruc tu ra l  and s t ra t igraphic  relationships between 
t h e  major Proterozoic  successions were  studied in Nadaleen 
and Snake River map-areas. The s t ra t igraphy is summarized 
in Figure 12.1. The th ree  Proterozoic  packets  a r e  r e fe r r ed  t o  
informally a s  Wernecke Assemblage, Pinguicula Group, and 
Rapitan Group. Each will be  discussed briefly. 

1. Wernecke Assemblage (informal name)  

Large  regions of t h e  Wernecke and Ogilvie Mountains 
a r e  underlain by these  rocks. Green (1972), and Bell and 
Delaney (1977) recognized a twofold subdivision with a lower 
c las t ic  succession of phyllite, s l a t e ,  s i l t s tone and sandstone, 
and an  upper, mainly dolomitic ca rbona te  unit. Both units a r e  
intensely deformed,  and intruded by heterol i th ic  breccias  and 
maf i c  dykes. Structural  trends below the  con tac t  with the  
Pinguicula Croup a r e  predominantly north-northeasterly 
(Wheeler, 1954). Detailed examinat ion of several a r e a s  near 
t h e  unconformity between t h e  Wernecke Assemblage and t h e  
Pinguicula Group suggests t h a t  s o m e  of t h e  north-north- 
eas ter ly  trending folds formed prior t o  t h e  deposition of t h e  
Pinguicula Group (Fig. 12.3). This deformation is t he  type 
Racklan Orogeny (Gabrielse, 1967). From t h e  d a t a  gathered 
during this s tudy i t  is  evident t h a t  t h e  Racklan Orogeny 
cannot  be  equated with t h e  sub-Rapitan unconformity 
elsewhere and t h a t  i t  is older. 

2. Pinguicula Group (informal name)  

This unit overlies unconformably t h e  older Wernecke 
Assemblage and throughout the  Nadaleen map-area  can be 
divided in to  f ive  distinct formations,  he re  r e fe r r ed  t o  as A, B, 
C, D, E. These will b e  formal ly  named in for thcoming 
reports.  

A. The basal unit consists of basal t ic  flows, various types  of 
tuffs,  and grey argil l i te in t h e  south  grading in to  red sil ty 
laminites towards  t h e  north. 

B. This unit  consists of buff,  thinly bedded platy dolomitic 
si l tstones and grades upwards into thin bedded limestones.  

C. This unit  i s  defined by massive l ight grey l imestone and 
recrystall ized dolomite.  I t  grades  commonly in to  s t roma-  
to l i t ic  biostromes towards  t h e  top. 

D. This unit consists of black shale  and orange weathering 
s t romatol i t ic  biostromes and bioherms near  t h e  base,  and 
grey t o  buff weathering par t icula te  dolomite  members  near  
t h e  top. 



E. T h e  h ighes t  un i t  th roughout  t h e  a r e a  is  a brown 
w e a t h e r i n g  q u a r t z o s e  s a n d s t o n e  wi th  n u m e r o u s  bands  of s h a l e  
a n d  d o l o m i t e  near  t h e  base .  T h e  c rossbedded  q u a r t z i t e s  a t  
t h e  t o p  of t h e  unit  a r e  fe r rug inous  and  inc lude  t h e  rocks  a t  
t h e  H e m a t i t e  C r e e k  loca l i ty  descr ibed  in  d e t a i l  by Wheeler  
(1954). All units  of t h e  Pinguicula G r o u p  i n c r e a s e  in 
th ickness  t o w a r d s  t h e  south .  Between  t h e  angular  
u n c o n f o r m i t y  a t  t h e  b a s e  and t h e  unconformi ty  a t  t h e  t o p  of 
t h e  group  t h e  f o r m a t i o n s  a r e  r e p e a t e d  by four  m a j o r ,  
w e s t w a r d  d i r e c t e d ,  t h r u s t  f a u l t s .  

3. R a p i t a n  Group 

T h e  R a p i t a n  G r o u p  w a s  t r a c e d  f r o m  i t s  t y p e  a r e a  in  t h e  
S n a k e  River  - R a p i t a n  C r e e k  reg ion  s o u t h w a r d  i n t o  t h e  
Nadaleen  River  m a p - a r e a  by d e t a i l e d  m a p p i n g  (Fig. 12.2). In 
S n a k e  River  m a p - a r e a  t h e  R a p i t a n  G r o u p  c o n s i s t s  of t h e  f o u r  
f o r m a t i o n s  recognized  in  t h e  M a c k e n z i e  Mounta ins  (Sayunei ,  
Sheza l ,  T w i t y a ,  and  K e e l e  Format ions) .  However ,  b o t h  t h e  
s h a r p s t o n e  c h a n n e l s  of t h e  Sayunei  F o r m a t i o n  a n d  t h e  g lac ia l -  
m a r i n e  depos i t s  of t h e  S h e z a l  F o r m a t i o n  a r e  cons iderab ly  
t h i c k e r  t h a n  in  t h e  M a c k e n z i e  Mountains.  

T o w a r d s  t h e  s o u t h  t h e  R a p i t a n  G r o u p  d isp lays  pro- 
nounced  f a c i e s  c h a n g e s  which c a n  only  b e  a p p r e c i a t e d  by 
walking o u t  individual  l i tho logic  m e m b e r s .  Basal  conglo- 
m e r a t i c  c h a n n e l s  of t h e  R a p i t a n  G r o u p  i n c r e a s e  in  t h i c k n e s s  
and  g lac ia l -mar ine  d i a m i c t i t e s  th in  rapidly t o  z e r o  a b o v e  t h e  
basa l  c o n g l o m e r a t e s .  Above  t h e  d i a m i c t i t e  a d i s t i n c t  m a r k e r  
composed  of black t u r b i d i t i c  l i m e s t o n e  and  c a r b o n a t e  d e b r i s  
f l o w s  c a n  b e  t r a c e d  s o u t h w a r d  i n t o  a m a s s i v e  c o m p l e x  of 
sha l low-water  d o l o m i t e  which r e s t s  d i r e c t l y  o n  t h e  basa l  
boulder c o n g l o m e r a t e .  The  c o n g l o m e r a t e  c o m p r i s e s  dense ly  
packed  d o l o m i t e  and  q u a r t z i t e  boulders,  a n d  could  s t r a t i g r a -  
phical ly cor respond t o  e i t h e r  t h e  Sayunei  o r  S h e z a l  
F o r m a t i o n s  f a r t h e r  n o r t h .  The  c o n g l o m e r a t e  r e s t s  w i t h  
profound angular  u n c o n f o r m i t y  on  P inguicu la  G r o u p  r o c k s  
(Fig.  12.4) a n d  t h e  v a r i e t y  of P inguicu la  un i t s  under ly ing  t h e  
unconformi ty  s u g g e s t s  t h a t  a p h a s e  of d e f o r m a t i o n  p r e c e d e d  
depos i t ion  of t h e  R a p i t a n  c o n g l o m e r a t e .  T h e  c o n g l o m e r a t e  
cons is t s  of c h a n n e l l i z e d  and  i n t e r n a l l y  i m b r i c a t e d  l a y e r s  of 
c l a s t s  w i t h  wel l  bedded  s t r i n g e r s  of sandy  m a t e r i a l .  The  
d e p o s i t s  could  r e p r e s e n t  e n v i r o n m e n t s  of b ra ided  r i v e r s  and  
t h e  f i l l  of s u b m a r i n e  channels .  T h e  black l i m e s t o n e  m a r k e r  in 
t h e  n o r t h  a n d  t h e  m a s s i v e  d o l o m i t e  f a r t h e r  s o u t h  a r e  o v e r l a i n  
a n d  l a t e r a l l y  r e p l a c e d  by a t h i c k  success ion  of t u r b i d i t i c  g r i t s  
s t ra t ig raphica l ly  e q u i v a l e n t  to t h e  T w i t y a  ~ o r m a i i o n .  

F i g u r e  12.4 

F i g u r e  12.3 

Angular  u n c o n f o r m i t y  b e t w e e n  m a s s i v e  
d o l o m i t e  of t h e  W e r n e c k e  A s s e m b l a g e  a n d  
r e d  s i l t y  l a m i n i t e s  of  t h e  basa l  P inguicu la  
G r o u p  (exposure  in  t h e  s o u t h e r n - m o s t  p a r t  
of t h e  S n a k e  R i v e r  map-area) .  

Boulder c o n g l o m e r a t e  of  t h e  R a p i t a n  
G r o u p  over ly ing  unconformably  u n i t  D of 
t h e  P inguicu la  Group.  N o t e  m a n  in  l o w e r  
r i g h t  f o r  sca le .  
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Paleocurrents in these  grits  a r e  to  the  southeast  and suggest 
t h a t  the  mass ivedolomite  complex formed the  southwestern 
margin of the  c las t ic  Twitya basin (Fig. 1 2 . 5 ~ ) .  The Keele 
Formation (shallow-water carbonates  and clastics) overlies 
both the  massive dolomite and t h e  basinal si l iciclastic 
turbidites. Paleocurrents indicate  south-southeastward pro- 
gradation of this highly varied complex. 

Regional Correlation 

In many locali t ies in the  Mackenzie Mountains and the  
eas tern  Wernecke Mountains Rapitan Group rocks res t  with 
profound angular unconformity on older ca rbona te  s t r a t a .  
Local s t ructura l  relationships suggest an  intra-Sayunei 
t ec ton ic  event.  Elsewhere t h e  record of tec tonism is  l imited 
t o  subaqueous flows of coarse  angular mater ia l  (Eisbacher, 
1977). The  Rapitan unconformity can be  t r aced  from t h e  
Mackenzie Mountains into the  Wernecke Mountains where 
conglomerate  overlies deformed Pinguicula Group (Fig. 12.2). 
Since both Pinguicula Group and Redstone River - Coppercap 
format ions  unconformably overlie older Helikian rocks i t  is  
conceivable t h a t  these  two  complexes were  laid down roughly 
within t h e  s a m e  t i m e  interval.  This suggested correlation is 
shown a s  such in Figure 12.1 and is favoured by th ree  points: 

I. Two major shoaling cycles  a r e  recorded by t h e  Coppercap 
Formation and by the  units B, C,  D, E of t h e  Pinguicula 
Group. 

2. Volcanic units directly below the  base of t he  Redstone 
River - Coppercap couplet  and a t  t h e  base  of t h e  Pinguicula 
Group a r e  unique within the  o therwise  nonvolcanic se t t ing of 
t h e  basin. Mafic dykes and sills a r e  more  common below 
these  units than within them. A program of radiometr ic  
dat ing is being init iated in collaboration with 
Dr. R.L. Armstrong, University of British Columbia, t o  
establish a radiometr ic  t ime  marker for  t he  volcanic events.  

3. Traces  of copper,  possibly derived f rom the  volcanics and 
dykes occur in the  lower units of t he  Pinguicula Group. 
Mineralization of a similar source  has been act ively  explored 
in r ecen t  years in t h e  Mackenzie Mountains. 

Basin Geometry ,  Regional Paleoslope, and Sea  Level 

Paleoslopes determined f rom paleocurrent d a t a  and 
slump folds in the  youngest Proterozoic  format ions  of t he  
Mackenzie and eas tern  Wernecke Mountains a r e  shown in 
Figure l2.5a, b, c. It appears  t h a t  t h e  regional basin 
configuration was  in i t ia ted  by t h e  deformat ion t h a t  produced 
t h e  lower of t h e  two  unconformities. However, local  
paleoslopes varied markedly f rom place t o  place during 
deposition of t h e  Redstone River and Coppercap Formations 
along the  eas tern  basin margin. Varied local paleotopography 
also character ized t h e  se t t ing of t h e  Sayunei Formation 
which was laid down during a second phase of deformation. 
Paleoslopes became more  uniform on a regional s ca l e  during 
deposition of t h e  Twitya and Kee le  Format ions  of t h e  Rapi tan  
Group. Both were  deposited a f t e r  a phase of regional 
glaciation (Shezal Formation). The Twitya Formation 
conta ins  abundant evidence t h a t  carbonate  p la t forms rimmed 
par ts  of t h e  c las t ic  basin immediately a f t e r  t he  deposition of 
t h e  las t  glacial d iamict i te .  Coarse  siliceous gr i t s  were  
transported centr ipeta l ly  into deeper water  across both 
carbonate  platforms and shallow c l a s t i c  shelves. The Keele 
Formation represents  t h e  record of rapid basinward progra- 
dation of shallow wa te r  ca rbona te  banks and siliceous 
clastics.  Towards the  outer  prograding margin debris flow 
deposits cha rac te r i ze  t h e  Keele  Formation. I t  is  possible t h a t  
eus t a t i c  s ea  level changes re la ted  t o  a second glaciation 
occurred during Keele  t ime. A lowering of sea  level might 
have produced exposed relief a t  the  platform edge and debris 
flows issued near i t s  front.  Subsequent rise in sea level 
probably caused submergence under an extensive blanket of 
shale  (Sheepbed Formation). 

The youngest Proterozoic  basin was  therefore  shaped by 
a t  leas t  two  major deformations and possibly two  eus t a t i c  s e a  
level changes. 

Economic Significance 

In the  Mackenzie Mountains various types  of copper 
mineralization have been prospected within Proterozoic  
s t r a t a .  Although much of the  mineralization occurs in 
dolomitic rocks near t h e  top of t h e  Redstone River 
Formation, o ther  types  of showings a r e  known in format ions  
above and below t h e  Redstone River Formation. There,  
mineralization is encountered in d iagenet ic  and t ec ton ic  pore 
space.  The author  has  seen copper mineralization in Li t t le  
Dal Group, Coppercap Formation, Sayunei Formation, and 
Keele  Formation along t h e  nor thwest  trending Redstone 
Copper Belt. The Redstone River copper showings a r e  
therefore  veiled by a "fuzzy" fringe and a r e  s t ra tabound only 
in a very broad sense.  Paleocurrents in coarse  fluvial and 
alluvial fan  deposits of t h e  Redstone River Formation 
indicate  a south-southwesterly regional paleoslope with 
uplands t o  t h e  nor theas t  of t h e  present  erosional scarp.  
Detailed mapping in a reas  d i rec t ly  e a s t  of t h e  main Redstone 
River outcrop also demonstra tes  t h a t  Coppercap Formation 
oversteps t h e  depositional margin of t h e  Redstone River 
Formation. Therefore ,  t he  depositional basin of t h e  Redstone 
River Formation probably never extended f a r  t o  the  e a s t  of 
i t s  present outcrop. On the  basis of lithologic similarity and 
s t romatol i tes  Jefferson and Young (1977) concluded t h a t  
"...copper mineralization, presently known a t  t h e  Redstone 
River - Coppercap transition zone of t h e  Mackenzie 
Mountains, probably occurs  on Victoria Island at t h e  very 
recessive Minto Inlet  - Wynniatt transit ion zone." As 
indicated above, however, i t  does not s cem probable t h a t  t h e  
Redstone River Formation ever extended across  the  500 km 
t h a t  s epa ra t e  t h e  two  regions and t h e  extrapolation of 
re la t ive  mineral potential  over this d is tance  is not supported 
by field evidence. 

Refe rences  

Aitken, J.D. and Cook, D.G. 

1974: Geological maps, northern par ts  of Mount Eduni 
and Bonnet Plume Lake map-areas,  District  of 
Mackenzie; Geol. Surv. Can., Open File 221. 

Aitken, J.D., Macqueen, R.W., and Usher, J.L. 

1973: Reconnaissance s tudies  of Proterozoic  and 
Cambrian stratigraphy, lower Mackenzie River 
a r e a  (Operation Norman), Dis t r ic t  of Mackenzie; 
Geol. Surv. Can., Paper 73-9, 178 p. 

Bell, R.T. and Delaney G.D. 

1977: Geology of some  uranium occurrences  in Yukon 
Terr i tory;  in Repor t  of Activit ies,  Pt. A, Geol. 
Surv. Can., Paper 77-IA, p. 33-37. 

Blusson, S.L. 

1971: Sekwi Mountain map-area,  Yukon Territory and 
District  of Mackenzie; Geol. Surv. Can., Paper 
71-22, 17 p. 

1974: Five  geological maps, nor thern  Selwyn Basin, 
Yukon Terr i tory  and District  of Mackenzie; Geol. 
Surv. Can., Open File 205. 



Eisbacher,  G.H. Green,  L.H. 

1977: Tectono-stratigraphic f ramework of t h e  
Redstone  Copper Belt, Dis t r ic t  of Mackenzie;  in 
Repor t  of Activit ies,  Pt. A, Geol. Surv. Can., 
Paper  77-IA, p. 229-234. 

in prep: Re-definition and subdivision of t h e  Rapi tan  
Group, Mackenzie Mountains; Geol. Surv. Can., 
Paper 77-25. 

Gabrielse,  H. 

1967: Tectonic  evolution of t he  nor thern  Canadian 
Cordil lera;  Can. J. Ear th  Sci., v. 4, p. 271-298. 

Gabrielse,  H., Blusson, S.L., and Roddick, J.A. 

1973: Geology of F l a t  River,  Glacier Lake,  and Wrigley 
map-area,  Dis t r ic t  of Mackenzie and Yukon 
Terri tories;  Geol. Surv. Can., Mern. 366, 153 p. 

1972: Geology of Nash Creek,  Larsen Creek ,  and 
Dawson map-area ,  Yukon Terr i tory;  Geol. Surv. 
Can., Mern. 364, 157 p. 

Jef ferson,  C.W. and Young, G.M. 

1977: Use of s t roma to l i t e s  in regional Lithological 
corre la t ions  of upper P ro t e rozo ic  successions of 
t h e  Arnundsen Basin and ~Mackenzie  Mountains, 
Canada;  Geol. Assoc. Can., Abstr .  v. 2, 1977, 
p. 26. 

Norris, D.K. 

1975: Geological maps,  Har t  River,  Wind River and 
Snake River,  Yukon and Nor thwest  Terri tories;  
Geol. Surv; Can., Open Fi le  279. 

Wheeler, J.O. 

1954: A geological  reconnaissance of t h e  nor thern  
Selwyn Mountains region, Yukon and Nor thwest  
Terr i tor ies ;  Geol. Surv. Can., Paper  53-7. 



GEOLOGY O F  HAZELTON (WEST-HALF) MAP-AREA, BRITISH COLUMBIA 

Projec t  720038 

T.A. Richards  
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Abstract 

Richards, T.A., Geology of Harelton (west-half) map-area, British Columbia; Current Research, 
Part A, Geol. Surv. Can., Paper 7 8 - l A ,  p. 5s-60, 1978. 

The area is underlain by Late Jurassic to Early Tertiary successor basin assemblages of the 
Bowser Lake, Skeena, and Sustut groups, containing locally significant thickness o f  volcanic rocks. 
Granodioritic intrusions, from large stocks to abundant dykes, are assigned to  the Late Cretaceous 
Bulkley Intrusions. They are closely related to most of the mineral occurrences in the area. Mapping 
in the area was mainly completed in 1977 .  

Stra t igraphy 

Bowser Lake Group 

The oldest rocks in Hazelton west-half (93M west-half) 
map-area a r e  part  of the Upper Jurass ic  Lower Cre t aceous  
Bowser Lake Group. Con tac t s  with the  underlying Hazel ton  
Group a r e  not exposed in t h e  map-area,  but e lsewhere  i t  lies 
conformably on the  Hazel ton  Group (Tipper and Richards,  
1977). The Bowser has  been arbi t rar i ly  divided in to  t w o  
informal uni ts  - lower and upper (Fig. 13.1). Con tac t s  
be tween the  two a r e  gradational,  and t h e  t e r m  " in termedia te  
Bowser" was  coined t o  classify outcrops where a decision 
between upper and lower could not be  reached. The lower 
Bowser occupies the  larges t  a rea .  It appears  t o  represent  a 
northerly prograding de l t a i c  assemblage  with a gen t l e  north 
t o  northwest dipping paleoslope (Richards  and Je l e t zky ,  
1975). The upper Bowser generally underlies many of t h e  
major valley bottoms. I t  is a shallow marine-lagoonal alluvial 
su i te  deposited on a gent le ,  wes t  t o  southwest  dipping 
paleoslope. The upper unit is generally finer grained than the  
lower, conta ins  a much g r e a t e r  amoun t  of carbonaceous  
mater ia l  and is much less indurated.  Megascopic c las ts  of red 
volcanics, bioti te,  q u a r t z  and r a re  c h e r t  and muscovi te  a r e  
present  in t he  .upper and absent  in the  lower. T h e ' t w o  units 
represent  end-members in t h e  evolution of t h e  southeas tern  
pa r t  of the  Bowser basin. Sedimentary  rocks of t he  lower 
units ref lec t  d e p o ~ i t i o n  controlled by tec tonism along t h e  
Skeena Arch. The upper unit ref lec ts  tecton.ism in what 
eventually became  the  Omineca  Crystall ine Belt. 

Skeena Group 

The Skeena Group is of Early t o  L a t e  Cre t aceous  age. 
I t  conta ins  a wide var ie ty  of sedimentary  and volcanic rocks 
and is generally poorly exposed. I ts  con tac t  with t h e  
underlying upper Bowser Group is marked by la tera l ly  
pers is tent  chert-vein quartz-pebble conglomerate  10 t o  30 m , 

thick in t he  nor theas t ,  but  is less well defined in t he  south. 
As mapped, sedimentary  rocks of t he  Skeena Croup  conta in  
common  t o  abundant visible de t r i t a l  muscovite;  t h e  conglom- 
e r a t e s  conta in  abundant c h e r t  and quar tz .  Paleocurrent  d a t a  
suggest  an e a s t  to  nor theas t  source fo r  t he  det r i tus .  The 
lower members  of t he  Skeena Group a r e  interbedded sand- 
stone,  conglomerate ,  s i l t s tone ,  and a dist inctive pyrit ic black 
shale. These a r e  nonmarine t o  shallow marine sediments  of 
probably modest thickness (300 m -t ?). Overlying rocks in 
t h e  south a r e  pyroclastic and volcaniclastic alkali basa l t s  of 
t h e  Rocky Ridge Volcanics which a r e  a s  much a s  700 m thick. 
These a r e  overlain by a sui te  of alluvial c l a s t i c s  comprising 
the  Red Rose Formation.  

Tenta t ive ly  included in t h e  Skeena Group a r e  the  Brian 
Boru volcanics (Sutherland Brown, 1960). They ou tc rop  in t h e  
Rocher  Deboule Range and t h e  upper Suskwa River and each  
location is  a d is t inc t ive  assemblage.  On Rocher  Deboule 
Range they .include abundant ac id ic  pyroclastics t h a t  range 
f rom che r ty  rhyolite t o  hornblende porphyry. Near  Suskwa 
River they a r e  mainly andesit ic.  In the- Rocher Deboule 
Range south of Brian Boru Peak, they appea r  t o  r e s t  with 
angular discordance on t h e  aforement ioned units of t h e  
Skeena Group and a r e  t hus  probably tec tonica l ly  dist inct .  
The Brian Boru volcanics have  t ec ton ic -  and lithologic 
similari t ies t o  t h e  basalt  volcan.ics (MacJntyre,  1976) in t h e  
Whitesail Lake map-area. The l a t t e r  a r e  probably corre la t ive  
with t he  Ootsa  Lake Group. 

Sus tu t  Groue  

The Sustu t  Group occupies a smal l  sl iver in t h e  Bulkley 
Valley at t h e  south edge  of t h e  map-area.  The  rocks  a r e  
da t ed  a s  Paleocene (Armstrong, 1944). They a r e  a loosely 
indurated asse.mblage of rapidly deposited conglomerate ,  
sandstone ,  si l tsfone and minor coa l  c l a s t s  and a r e  mainly 
locally derived with a l l  e a r l i e r  mentioned rock units,  part icu- 
larly t h e  Brian Boru volcanics, being present.  

Bulkley Intrusions 

Stocks  of granodiorite,  tonal i te  and dior i te  fo rm t h e  
co re  of most of t h e  mountain massifs. These  a r e  high-level 
intrusions, many with roofs preserved. They have,  in general ,  
domed t h e  adjacent  s t r a t a  and superposed on them rusty 
hornfels haloes up t o  1000 m wide. Smal l  plugs and dykes, 
al though not  shown on Figure  13.1, abound, par t icular ly  in t h e  
vicinity of Hazelton.  These  bodies appear  t o  be  d i rec t ly  
r e l a t ed  t o  t he  mineral  occu r rences  in t h e  district .  

Deformat ion 

Deformation s ty le  is re la ted  t o  block f a u l t s .  Each of 
t h e  major  mountain massifs appears  t o  represent  an  uplifted 
block underlain by grani t ic  rocks and older f ac i e s  of t h e  
Bowser Lake  Group. Younger rock assemblages  occupy 
ad jacen t  major valleys. Maximum displacement  appea r s  t o  be  
along t h e  Bulkley Valley where  t h e  youngest  s t r a t a  a r e  
preserved. The block pa t t e rn  is less evident t o  t he  northwest,  
where  t h e  oldest  s t r a t a  occupy t h e  valley bottoms. Youngest 
rocks a f f ec t ed  by t h e  f au l t  sys tem a r e  of Paleocene age  in 
t h e  map-area,  but  t o  t h e  south,  in t h e  Smi the r s  map-area,  t he  
Miocene Endako Group basa l t s  a r e  block faulted.  



Figure 13.1 

Legend 

T E R T l A  R Y  
Paleocene to  E o c e n e  

Sustul Group: sandstone, conglomerate, siltstone, 
coal; andesite and basalt. 

C R E T A C E O U S  

U p p e r  C r e t a c e o u s  
Bulkley In t rus~ons:  granodiorite tonol~le, diorite, quartz 
monzonlte. Brlon Boru ~ o l c a n ~ k s :  rhyol~te, docite, andesite 
and bbsolt ; pyroclastic, flow and volconiclastics. 

V V " \' \, \' 
L o w e r  and M i d -  C r e t a c e o u s  

Skeena Group: black shale, conglomerote, sandstone, 
s~ltstone, minor cool; alkali basalt. 

U p p e r  J u r a s s i c  to Lower Cretaceous 
Bowser Lake Group, upper port: sandstone, conglomerote 
slltslone, minor cool .  

Ky Bowser Lake Group, lower part : sandstone, 
conglomerate, siltstone. - w f a u l t  : known, probable 

generalized st r ike and d ip o f  b e d d ~ n g  
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Laberge map-area includes parts of the Omineca Crystalline Belt and the Intermontane 
Belt and straddles Teslin lineament, the suture sepurating thern. Mesozoic rocks have been 
separated into the Lewes River and Laberge groups but they are a single sequence of 
fanglomerates, turbidites and related rocks punctuated by carbonate reefs  and distinction between 
the two groups of rocks is difficult. The carbonate reefs  o f f e r  possibilities as nosts to  
concentrations of copper and contain bituminous material locally. 

Introduction The porphyries (map-unit 12) and grani t ic  bodies (map- 
unit 11) on Packers  Mountain and nearby Clai re  Lake a r e  

"pdating of geological i n  Laberge map-area subvolcanic equivalents of t h e  Mount Nansen Croup. The was begun dur ing  the summer  of 1977m The area pluton (rnap-unit 11) 10 km e a s t  of Miller Lake is probably 
Teslin lineament, the between the also related to the Mount Nansen and may be a Nisling Range 

Omineca Crysta11ine and In t e rmon tane  in Yukon a laski te  equivalent. In con t ra s t  t he  ZO-km-wide bel t  of rocks 
Territory.  It of fers  the  opportunity t o  study these  two  (map-unit 9) tha t  extends  f rom Boswell Mountain through t h e  
dispara te  tec tonic  e lements  and the  relations between them.  Semenof Hil ls  and beyond includes massive basaltic volcani- 
Omineca Crystall ine Belt  is t h e  L a t e  Precambrian t o  mid- elastic rocks and volcanic derived greywacke whose Paleozoic s t ab le  margin of t h e  North American cont inent  and orientation are obscure. They are Mesozoic, possibly 

and granitized during the Cretaceous' Triassic, and are  correlatives of the Lewes River Croup as 
con t ra s t  t h e  In termontane Belt i s  a Mesozoic basin in which used by Wheeler (1961). Two areas east of Lake Laberge 
sediment accumulated9 possibly at the edge Of North mapped a s  Hutshi Croup, one  near Povoas Mountain, t h e  o ther  

but probably fa r  f rom its present site' These two south of Laurier Creek, a r e  underlain by volcanic-derived 
e lements  were  juxtaposed about Cretaceous  t ime. c l a s t i c  rocks and a r e  probably Mesozoic also. 

Distribution of Rocks Mesozoic Rocks of Whitehorse Trough - 
Bostock and Lees (1938) provided an accura t e  map of i\;lesozoic rocks of t he  Whitehorse Trough ( t h e  p a r t  of t h e  distribution of rock types  in Laberge map-area, but  thei r  the Belt in  Yukon  Terr i tory)  have been divided assignments to  rock units were  not consistent.  For the  tradit ionally in to  t h e  Lewes River and Laberge groups and following outline of t he  main reassignments the  reader  is  Tantalus These un i t s  are Upper Triassic, Lower referred t o  thei r  map. Volcanic rocks mapped a s  Hutshi Croup Jurassic and Upper Jurassic-Lower Cretaceous  respectively.  ( their  map-unit 9) include a t  leas t  two  di f ferent  assemblages No type sections have been designated and no unequivocal of volcanic rocks- In the  Miner's Range they a r e  a nearly f l a t  boundaries are defined. In the most recent usage (wheeler, 

lying sequence of in termedia te  t o  acid ter res t r ia l  tuff and 1961) t h e  name  Lewes River Group was  applied t o  breccia  2000 t o  3000 m thick. These rocks a r e  Eocene and a r e  and volcanic rocks containing Upper Triassic 
part the Nansen Strata as fossils and immediately underlying the Laberge Group.ll The 
Croup on Teslin Mountain a r e  also pa r t  of t he  s a m e  group. "Laberge Group" was meant  t o  include a l l  c l a s t i c  rocks above 

Figure 14.1 

View north of Lime Peak in which six Upper 
Triassic reefs  a r e  arbitrari ly numbered. About 
5 0 0 m  of sect ion a r e  shown. The width 
represented in  t h e  photograph i s  about  I km. The 
massive whi te  rocks a r e  algal and cora l  bound 
pelleted l ime  muds of t h e  main reefs,  medium 
grey rocks a r e  thin bedded bioclastic l ime  sands 
of back-reef f ac i e s  (labelled BR) and black rocks 
a r e  off-reef and sub-reef greywacke and shale. 
Note the  asymmetry  of t he  reefs.  On t h e  l e f t  
they thin gradually ( reefs  I and 2) or  merge with 
t h e  back reef fac ies  (reef 4). On t h e  right they 
fa l l  off abruptly ( reefs  2 and I - partly off t h e  
p ic ture)  and abut  c las t ic  rocks tha t  fringe and 
cover  t h e  reefs.  Note  the  marked l a t e ra l  thick- 
ness changes  and how the  reefs  merge in t h e  
sect ion s o  t h a t  a t  t h e  right of t h e  photograph 
r ee f s  1, 3,  4 and 6 fo rm one essentially con- 
tinuous long-lived reef.  Ree f s  5 and 6 pinch ou t  
toward each  o the r  in this view bu t  they a r e  
probably t h e  s a m e  reef.  



t h e  h ighes t  l i m e s t o n e  in  t h e  L e w e s  River.  Wheeler  cons idered  
t h a t  a d i sconformi ty  s e p a r a t e s  t h e  t w o  groups  of rocks.  Each  
uni t  w a s  cons idered  suf f ic ien t ly  l i thological ly d i s t i n c t i v e  t o  
c a u s e  no  confusion.  Thus t h e  L e w e s  R i v e r  c o n t a i n s  mainly 
vo lcan ic -c las t  c o n g l o m e r a t e  and g r e y w a c k e  with l i m e s t o n e  a t  
t h e  top,  whi le  t h e  L a b e r g e  inc ludes  mainly g r a n i t e - c l a s t  
c o n g l o m e r a t e  and g r e y w a c k e .  In c o n t r a s t  t h e  T a n t a l u s  
F o r m a t i o n  c o m p r i s e s  cher t -pebble  c o n g l o m e r a t e .  - 

T h e r e  is  no  problem recogniz ing  t h e  boundar ies  of t h e  
T a n t a l u s  F o r m a t i o n ,  b e c a u s e  i t  i s  s e p a r a t e d  f r o m  t h e  rocks  
below by a n  unconformi ty  and b e c a u s e  i t  is  l i thological ly 
d i s t i n c t i v e .  However ,  t h e  Lewes  R l v e r  and L a b e r g e  groups  
a r e  a s ingle s e q u e n c e  of f a n g l o m e r a t e ,  b e a c h ,  reef  and 
t u r b i d i t e  d e p o s i t s  which may b e  in p a r t  l a t e r a l  e q u i v a l e n t s  of 
e a c h  o t h e r  laid down f r o m  L a t e  Tr iass ic  th rough Ear ly  
J u r a s s i c  t i m e  with many local ,  b u t  minor,  h ia tuses .  Although 
t h i s  s e q u e n c e  c h a n g e s  l i thologic c h a r a c t e r  f r o m  b o t t o m  t o  
t o p ,  i t  d o e s  s o  gradua l ly  and wi th  a l t e r n a t i o n s  and n o  overa l l  
unequivoca l  boundary  c a n  b e  drawn.  I t  is  a s e q u e n c e  wi th  
many l o c a l  unconformi t ies ,  b u t  n o n e  of t h e s e  a p p e a r  
e x t e n s i v e  enough t o  b e  used as t h e  boundary of t h e  t w o  
groups.  

T h e  l i m e s t o n e  whose top  h a s  b e e n  used a s  t h e  boundary  
b e t w e e n  t h e  L e w e s  River  and t h e  L a b e r g e  groups  is  reefo id  
(Fig.  14.1). It o c c u r s  a s  d i scont inuous  len t icu la r  bodies  in a 
b e l t  30 k m  wide,  b u t  is b e s t  deve loped  in a z o n e  10 k m  wide  
within t h i s  be l t .  B e c a u s e  t h e  l i m e s t o n e  lacks  c o n t i n u i t y  e v e n  
in t h e  z o n e  w h e r e  i t  is  c o m m o n e s t  i t s  top  c a n n o t  b e  used t o  
d e f i n e  a c o n s i s t e n t  boundary.  As  many a s  four  r e e f s  may b e  
s e e n  o n e  a b o v e  t h e  o t h e r .  La te ra l ly  t w o  o r  m o r e  such  r e e f s  
may m e r g e  s o  t h a t  d r a m a t i c  c h a n g e s  in t h i c k n e s s  o v e r  s h o r t  
l a t e r a l  d i s t a n c e s  a r e  c o m m o n .  Where  d e t e r m i n a b l e  t h e  r e e f s  
display a c o n s i s t e n t  a s y m m e t r y  (Flg.  14.1). On t h e i r  n o r t h e a s t  
s i d e  t h e y  g r a d e  abrupt ly  i n t o  g r e y w a c k e  which  c o n t a i n s  
l i m e s t o n e  boulders  t o  5 m a c r o s s  (Fig. 14.5), p r e s u m a b l y  
d e r i v e d  f r o m  t h e  r e e f s  d u r i n g  t h e i r  g r o w t h .  O n  t h e i r  
s o u t h w e s t  s i d e s  t h e  r e e f s  tai l  o u t  g radua l ly  i n t o  th in  bedded  
i m p u r e  b i o c l a s t i c  l i m e  sands  (Fig. 14.4) which  m e r g e ,  s t i l l  
f a r t h e r  behind t h e  r e e f s  w i t h  c o a r s e  q u a r t z o s e  s a n d s  
(Fig. 14.3) t h a t  a r e  t e x t u r a l l y  and  compos i t iona l ly  m u c h  m o r e  
m a t u r e  t h a n  o t h e r  s a n d s t o n e s  in t h e  region.  T h e  r e e f s  l i e  
d i r e c t l y  on  c l a s t i c  rocks  and  t h e i r  b a s e s  a r e  p a r a l l e l  w i t h  t h e  
bedding  of t h e  g r e y w a c k e  and  s h a l e  t h a t  is  t h e i r  s u b s t r a t e .  
T o z e r  (1958) s t u d i e d  t h e  l i m e s t o n e  w h e r e  f o u r  r e e f s  o c c u r  in 
a s e c t i o n  2000 r n  th ick  and  cons idered  t h e  o l d e s t  l i m e s t o n e  
Karn ian  a n d  t h e  younges t  Norian.  

F i g u r e  14.3 

Cross-bedded q u a r t z o f e l d s p a t h i c  s a n d s t o n e  
n e a r  Fox Lake.  This  rock is  compos i t iona l ly  
and t e x t u r a l l y  m o r e  m a t u r e  t h a n  t h e  grey-  
w a c k e  in t h e  L e w e s  Kiver and L a b e r g e  
groups  and i s  i n t e r p r e t e d  a s  a beach  depos i t .  
Sands  like t h i s  g r a d e  n o r t h e a s t w a r d  i n t o  t h e  
s k e l e t a l  l i m e s t o n e  of t h e  back-reef  f a c i e s  
(Fig. 14.4) and  s o u t h w e s t  i n t o  c o n g l o m e r a t e  
of t h e  L a b e r g e  t y p e  (Fig. 14.2). 

F igure  14.2 

This c o n g l o m e r a t e  w i t h  n u m e r o u s  rounded 
g r a n i t i c  and subvolcanic  boulders  i s  t y p i c a l  
of much of t h e  L a b e r g e  G r o u p  a l though i t  
a l s o  o c c u r s  in t h e  L e w e s  River  Group.  I t  i s  
found mainly s o u t h w e s t  of Lalte  L a b e r g e  
and i s  i n t e r p r e t e d  a s  f a n g l o m e r a t e .  T h e  
c o n g l o m e r a t e  IS i n t e r b e d d e d  w i t h  m a r i n e  
s h a l e  and t u r b i d i t e ,  b u t  s o m e  of t h e  con-  
g l o m e r a t e  i s  p robably  t e r r e s t r i a l .  



Figure 14.4 

Medium- t o  thin-bedded grey  d e t r i t a l  skele ta l  l imestone  on 
Lime Peak. The locat ion  i s  a t  BR on Figure  14.1. This is  a n  
example  of t h e  back-reef f ac i e s  t h a t  c a n  be  found on t h e  
western  sides of many of t h e  reefs .  I t  is  t h e  t rans i t ional  
fac ies  be tween t h e  skele ta l  bound, pe l le ted  l ime  muds of t h e  
r ee f s  and t h e  comparat ive ly  m a t u r e  sands found behind t h e  
r ee f s  (Fig. 14.3). Still f a r the r  back (southwest)  i s  
f ang lomera t e  l ike t h a t  of Figure  14.2. 

Figure 14.5 

Vertical  beds of cong lomera t e  and 
greywacke a f e w  ki lometres  e a s t  of Long 
Lake; tops  a r e  t o  t h e  right. The large  
boulders (ar row points t o  hammer)  in t h e  
r ight  half of t h e  p ic ture  and t h e  f e w  on t h e  
l e f t  a r e  of t h e  Upper Triassic reef l imestone  
and th is  i s  an  example  of t h e  coa r se  off-reef 
fac ies  t h a t  can  be  found e a s t  of many of t h e  
reefs.  In some  beds l imestone  boulders pre- 
domina te  in a matr ix  of feldspathic qua r t z  
sand. Elsewhere l imestone  boulders a r e  
f ewer  and most  c l a s t s  a r e  of grani t ic  and 
volcanic rocks. 



Figure 14.6 

This turbid i te  opposite t he  mouth of North Big Salmon River 
is  typical  of p a r t s  of the  Laberge  and Lewes  River groups. 
Three incomplete  Bouma sequences labelled BE, AE, ABE a r e  
shown. The pen (labelled) gives t h e  sca le .  This turbid i te  
represents  s o m e  of t h e  mos t  outboard (i.e. nor theas tward)  
f ac i e s  of Whitehorse Trough. Its a g e  i s  unknown. It may be  
older,  t h e  s a m e  a g e  as ,  o r  younger than t h e  reefs.  

F igure  14.7 

Serpentinized pe r ido t i t e  thrus t  above medium bedded, da rk  
g rey  graphi t ic  qua r t z i t e  and graphi t ic  black s l a t e  a t  t h e  head 
of Teraktu  Creek.  The serpent in i te  is p a r t  of t h e  Anvil 
al lochthonous assemblage  and is  of l a t e  Paleozoic age .  The 
qua r t z i t e  is probably Silurian or Lower Devonian and an open 
mar ine  fac ies  (Nasina fac ies)  of ca rbona te  rocks on Pelly- 
Cassiar Pla t form.  



Figure  14.8 

P r a c t i c a l l y  t h e r e  a p p e a r s  t o  be  n o  c l e a r  boundary f o r  
d i s t inguish ing  t h e  L e w e s  R i v e r  f r o m  t h e  L a b e r g e  Group and  in 
o r d e r  t o  unders tand  t h e  re la t ions  b e t w e e n  t h e m  i t  t h e r e f o r e  
s e e m s  r e a l i s t i c  t o  m a p  t h e  individual  c o n g l o m e r a t e ,  sand-  
s t o n e ,  s h a l e  and l i m e s t o n e  bodies  by compos i t ion  and  t e x t u r e .  
Only t h e n  c a n  t h e  L e w e s  R i v e r  and L a b e r g e  groups  b e  b e t t e r  
d e f i n e d .  

Tes l in  L i n e a m e n t  

T h e  Big Sa lmon R i v e r  fo l lows  Tes l in  L i n e a m e n t  
th rough much of L a b e r g e  m a p - a r e a  and  b e c a u s e  t h e r e  i s  l i t t l e  
o u t c r o p  in i t s  val ley t h e  l i n e a m e n t  is  poorly exposed.  Near  
Loon L a k e  and  Fish C r e e k  Tesl in L i n e a m e n t  l e a v e s  t h e  major  
va l ley  and  f a i r  e x p o s u r e s  a r e  s e e n  a c r o s s  it.  T h e r e  a 
m o d e r a t e l y  w e s t  dipping c r e n u l a t i o n  c l e a v a g e  i s  deve loped  in  
t h e  b lesozoic  rocks  up t o  3 km w e s t  of t h e  l i n e a m e n t .  This  
fo l ia t ion  i n c r e a s e s  in in tens i ty  t o w a r d  t h e  l i n e a m e n t  and t h e  
r o c k s  a r e  m e t a m o r p h o s e d  t o  c h l o r i t e  and locally b i o t i t e  
sch is t .  Amphibol i te  and b i o t i t e  gne iss  s imi la r  t o  t h a t  found in  
m u c h  of O m i n e c a  C r y s t a l l i n e  B e l t  a b u t s  t h e  l i n e a m e n t  on  t h e  
e a s t .  T h e  fo l ia t ion  of t h e s e  rocks  a l s o  d ips  m o d e r a t e l y  t o  t h e  
wes t .  T h e  c o n t a c t  is  s h a r p  and well  def ined  a l though t h e  
m e t a m o r p h o s e d  rocks  on e a c h  s i d e  r e s e m b l e  e a c h  o t h e r .  No 
s t r u c t u r a l  mixing, whereby  s l i c e s  of o n e  t e c t o n i c  e l e m e n t  a r e  
enc losed  by r o c k s  of t h e  o t h e r ,  w a s  no ted .  Tesl in L i n e a m e n t  
a p p e a r s  t o  b e  a w e s t  dipping f a u l t  t h a t  h a s  brought  t h e  
I n t e r m o n t a n e  Bel t  n e x t  t o ,  and o v e r  t h e  O m i n e c a  C r y s t a l l i n e  
Belt .  

M e t a m o r p h i c  Rocks of O m i n e c a  C r y s t a l l i n e  B e l t  

T h e  m e t a m o r p h i c  rocks  of t h e  Big Sa lmon R a n g e  
(i.e. e a s t  of Tesl in L i n e a m e n t )  c a n  b e  readily subdivided a s  
Bos tock  and  L e e s  (1938) implied.  T h e  s t r a t i g r a p h i c  s e q u e n c e  
a n d  s t r u c t u r a l  superpos i t ion  a r e  t h e  s a m e  as s e e n  i n  a d j a c e n t  
Q u i e t  L a k e  m a p - a r e a  (Tempelman-Klu i t ,  1977). 
M e t a m o r p h o s e d  rocks  t h a t  a r e  she l f -edge  e q u i v a l e n t s  of 
Pe l ly-Cass ia r  P l a t f o r m  and which r a n g e  f r o m  l a t e  
P r e c a m b r i a n  t o  Devonian ,  a r e  over la in  by u l t r a m a f i c  r o c k s  
p r e s u m a b l y  t h r u s t  a b o v e  t h e m  (Fig. 14.7). T h r u s t  a b o v e  t h i s  
s e q u e n c e  o n  a f a u l t  which d i p s  s t e e p l y  t o  t h e  w e s t  i s  a n  
a s s e m b l a g e  of a rkos ic  g r i t  with a s s o c i a t e d  i n t e r m e d i a t e  t o  
bas ic  v o l c a n ~ c  rocks  (in p a r t  Klondike Schist) .  F o r  t h e  m o s t  
p a r t  t h i s  upper  a l loch thonous  s l i c e  is now myloni te  o r  
b l a s t o m y l o n i t e  (Fig. 14.8). T h e  e n t i r e  s t r u c t u r a l - s t r a t i g r a p h i c  
s e q u e n c e  i s  m e t a m o r p h o s e d  and  g r a n i t i z e d ,  and  t h e  
s t r u c t u a l l y  l o w e s t  s l i c e  has  b e e n  m o s t  in tense ly  a f f e c t e d .  In 

Augen  b l a s t o m y l o n i t e  5 k m  east of L a s t  
Peak .  This  b l a s t o m y l o n i t e  o c c u r s  i n  t h e  z o n e  
loca l ly  a s  much a s  5 k m  w i d e  w e s t  o f ,  a n d  
a b o v e ,  t h e  Anvil a l l o c h t h o n  which i s  i t se l f  
t h r u s t  over  t h e  Nas ina  f a c i e s .  It a p p a r e n t l y  
m a r k s  t h e  lower  p a r t  of t h e  h i g h e s t  a n d  
m o s t  s o u t h w e s t w a r d  a l l o c h t h o n o u s  s h e e t  in  
t h e  O m i n e c a  C r y s t a l l i n e  Bel t .  T h e  Klondike  
S c h i s t  and r e l a t e d  r o c k s  a r e  brought  a b o v e  
t h e  Nor th  A m e r i c a n  c o n t i n e n t a l  marg in  on  
t h i s  myloni te .  N o t e  t h a t  t h e  b l a s t o m y l o n i t e  
f a b r i c  and t h e  a u g e n  a l igned  w i t h  i t  a r e  
t ransposed  by a n e w  c r e n u l a t i o n  c l e a v a g e .  In 
t h i s  p h o t o  t h e  l a t e  c r e n u l a t i o n  c l e a v a g e  i s  
hor izonta l  and t h e  m y l o n i t e  f a b r i c  s lopes  up 
t o  t h e  r i g h t  ( i t s  o r i e n t a t i o n  i s  ind ica ted  by 
t h e  dashed  w h i t e  line). T h e  m a t c h  g i v e s  t h e  
sca le .  

p l a c e s  t h e  q u a r t z  m o n z o n i t e  produced  d u r i n g  t h i s  e v e n t  h a s  
invaded  i t s  i m m e d i a t e  c o v e r .  Espec ia l ly  in t r igu ing  i s  t h e  
w e s t e r n  marg in  of t h e  Q u i e t  L a k e  b a t h o l i t h  w h e r e  a huge  
t o n g u e  o r  laccol i th  h a s  invaded t h e  m a n t l i n g  m e t a m o r p h i c  
rocks.  B e c a u s e  t h e  u p p e r  p a r t  of t h e  t o n g u e  i s  e r o d e d ,  g r a n i t e  
n o w  l i e s  a b o v e  i t s  own m e t a m o r p h i c  r o c k s  o n  a g e n t l y  dipping 
s u r f a c e  c o n f o r m a b l e  wi th  t h e  fo l ia t ion  of  t h e  m e t a m o r p h i c  
rocks .  

His tory  o f  Whi tehorse  Trough 

During t h e  L a t e  Tr iass ic  W h i t e h o r s e  Trough w a s  a 
b a c k - a r c  basin in  which t h e  c l a s t i c  d e b r i s  f r o m  a volcanic  a r c  
t h a t  lay t o  t h e  s o u t h w e s t  a c c u m u l a t e d .  T h e  s o u t h w e s t e r n  
m a r g i n  of t h i s  basin w a s  probably  f a u l t  c o n t r o l l e d .  Near  t h e  
s o u t h w e s t e r n  e d g e  of t h e  basin d e b r i s  c o l l e c t e d  in  f a n s  and  
r i v e r  d e l t a s  w h e r e a s  in  d e e p e r  p a r t s  of t h e  bas in  m a t e r i a l  w a s  
d e p o s i t e d  a s  t u r b i d i t e  s h e e t s .  Ear ly  in  t h e  h i s tory  of t h e  basin 
vo lcan ic  d e t r i t u s  w a s  t h e  main  d e b r i s  supplied f r o m  t h e  a r c ,  
b u t  as i t  w a s  e r o d e d  t h e  c l a s t i c  input  c o n t a i n e d  progressively 
m o r e  g r a n i t i c  m a t e r i a l .  K a r n i a n  a l g a e ,  c o r a l s  and  b iva lves  
f o r m e d  c a r b o n a t e  r e e f s  in  a wide  b e l t  a l o n g  t h e  s o u t h w e s t e r n  
m a r g i n  of t h e  basin,  a t  a b o u t  s e a  leve l .  T h e  r e e f s  p r o l i f e r a t e d  
i n t o  t h e  Norian and dur ing  t h e i r  m a x i m u m  d e v e l o p m e n t  
f o r m e d  a d iscont inuous  b a r r i e r  behind which lay  sha l low 
lagoons  f r inged  by s a n d y  beaches .  T h e  r e e f s  w e r e  individually 
ki l led by c l a s t i c s  t h a t  o b l i t e r a t e d  t h e m ;  h a d  i t  n o t  b e e n  f o r  
t h i s  rapid input  of d e b r i s  a c o n t i n u o u s  b a r r i e r  m i g h t  h a v e  
deve loped  and surv ived .  

Dur ing  t h e  Ear ly  J u r a s s i c  vo luminous  c o a r s e  debr i s ,  b y  
n o w  d o m i n a n t l y  g r a n i t i c ,  c o n t i n u e d  to b e  d e p o s i t e d  in f a n s  
c l o s e  t o  t h e  s o u t h w e s t e r n  marg in  of t h e  basin,  whi le  in  m o r e  
c e n t r a l  p a r t s  c o m p a r a t i v e l y  l i t t l e  m a t e r i a l  a c c u m u l a t e d .  
A b o u t  t h e  e a r l y  Middle J u r a s s i c  a r k o s i c  sand  c o l l e c t e d  a t  t h e  
w e s t e r n  and n o r t h e r n  basin m a r g i n  a l o n g  a n d  behind b e a c h e s  
b u t  n o  s e d i m e n t  of t h i s  a g e  i s  p r e s e r v e d  i n  c e n t r a l  p a r t s  of 
t h e  basin.  By t h e  L a t e  J u r a s s i c  o r  E a r l y  C r e t a c e o u s  
c o n g l o m e r a t e  in te rbedded  with s o m e  s h a l e  and c o a l  w a s  
d e p o s i t e d  in r e s t r i c t e d  s m a l l  bas ins  o r  l a k e s  a c r o s s  
\Vhitehorse Trough.  T h e  c h e r t  and  q u a r t z i t e  in  t h i s  con-  
g l o m e r a t e  c a n  only h a v e  c o m e  f r o m  t h e  n o r t h e a s t  b u t  n o t  
f r o m  t h e  p r e s e n t  O m i n e c a  C r y s t a l l i n e  Bel t .  This  m y s t e r i o u s  
s o u r c e  i s  now o b l i t e r a t e d  by t h e  s u t u r e  b e t w e e n  O m i n e c a  
C r y s t a l l i n e  Bel t  and  t h e  I n t e r m o n t a n e  Belt .  About  t h e  mid- o r  
L a t e  C r e t a c e o u s ,  Whi tehorse  Trough a n d  t h e  O m i n e c a  
C r y s t a l l i n e  B e l t  w e r e  juxtaposed.  



Suggestions fo r  Mineral Exploration 

No new mineral  occurrences  were  d ~ s c o v e r e d ,  but 
t h r e e  interesting exploration possibilities have  been 
overlooked or ignored. Copper  is  known t o  be  concen t r a t ed  in 
ca rbona te  r ee f s  of t h e  Whitehorse copper  belt .  Greg  Morrison 
of t he  University of Western Ontar io  has recent ly  studied 
these  deposi t s  and has  suggested t h a t  the i r  copper  may have  
been concentra ted  in t h e  r ee f s  by fluids f rom t h e  surrounding, 
arc-derived, high copper  background c l a s t i c  rocks. In his view 
t h e  deposi t s  d o  not owe  the i r  exis tence  t o  t h e  Coast  
Intrusions, which may have  only metamorphosed t h e  deposi t s  
and redistributed the i r  metals.  This in terpre ta t ion  implies 
t h a t  ca rbona te  reefs  e lsewhere  in Whitehorse Trough war ran t  
exploration fo r  concentra t ions  of copper  and t h a t  extensions 
of t h e  copper  be l t  should be  sought no t  along t h e  margin of 
t h e  Coas t  Intrusions, but  in t h e  zone where  r ee f s  grew in 
Whitehorse Trough. 

The ca rbona te  r ee f s  of Laberge map-area a r e  locally 
bituminous particularly in t h e  back-reef facies.  These  rocks 
and the i r  flanking c las t ics  o f f e r  possibilities a s  hos ts  fo r  oil 
o r  gas  concentra t ions  if su i table  reservoir  and c a p  rocks  c a n  
b e  found. This possibility appears  t o  be  untested.  

Acid and in t e rmed ia t e  volcanic and subvolcanic rocks 
of t he  Mount Nansen Group a r e  host  t o  severa l  copper- 
molybdenum deposits  in adjacent  p a r t s  of Yukon (e.g. Casino, 
Mount Cockfield) and locally they enclose impor t an t  gold- 
si lver veins (e.g. Mount Nansen, Freegold Mountain). In 

Laberge map-area no mineral  showings a r e  known in these  
rocks,  but as  t h e  Mount Nansen Group was  not  previously 
recognized in this map-area  these  t a r g e t s  have  not been 
specifically explored. 
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Research, Part A,  Geol. Surv. Can., Paper 78-1A. p .  67-68,  1978 

The area is underlain mainly by Triassic to Jurassic volcanic and sedimentary rocks and 
by granitic rocks of Jurassic and Cretaceous age. Tertiary volcanic and sedimentary rocks 
underlie small areas. The region is transected by the Pinchi fault. 

The published geological map of t he  Quesnel a r e a  
(Tipper, 1959) is incomplete  in t h e  nor theas tern  part .  
Additional work was carried ou t  in this a r ea  in 1959 and in 
1974. In response t o  many inquiries, t h e  accompanying map  
and  these  brief notes  a r e  provided t o  fi l l  this gap. 

The oldest  unit underlies a smal l  a r e a  east of Dragon 
Lake  and comprises shale,  greywacke and l imestone  of 
Cambrian  and (?) older age. This is a fault-bounded block, 
apparent ly  exposed a s  a result  of major movements  along t h e  
extension of the  Pinchi Faul t .  Fossils obtained f rom t h e  
l imestone were  identified by A.W. Norris a s  Lower Cambrian  
archaeocyathids.  

The Cache  Creek  Group underlies an  a r e a  of low relief 
in t h e  southeas tern  pa r t  around Skelton Lake. The exposure  
is  poor and s t ra t igraphic  re la t ions  a r e  vague. Fossils f rom 
o n e  local i ty  were  identified by C.A. Ross a s  Boultonia sp. and 
S ta f f e l l a?  sp. of Permian a g e  (Leonardian t o  Wordian). 

The lower part  of t h e  Quesnel River Group is s epa ra t ed  
f rom t h e  older units  by f au l t s  and s t ra t igraphic  relations a r e  
uncer ta in .  In lithology i t  is similar t o  t h e  Nicola Group of 
southern  British Columbia and t h e  Takla Group t o  t h e  
nor thwest .  Fossils in t h e  adjoining a r e a  t o  t h e  e a s t  
(Campbell ,  1961) indica te  a L a t e  Triassic t o  Early Jurass ic  
age .  

The granodiorite and dior i te  pluton underlying Gran i t e  
Mountain intrudes t h e  C a c h e  Creek  Group and de t r i t u s  f rom 
t h e  pluton is included in Lower Jurass ic  (Pliensbachian) 
conglomerate  on Dragon Mountain t o  t h e  north.  A radio- 
me t r i c  a g e  of 200 m.y. is repor ted  (Sutherland Brown, 1973). 
The pluton near  t h e  e a s t  margin of t h e  a r e a  is in pa r t  of 
similar lithology. 

The upper pa r t  of t h e  Quesnel River  Group is ent i re ly  
sedimentary .  It is a mainly coa r se  c l a s t i c  sec t ion  on Dragon 
Mountain becoming dominantly sha l e  along Quesnel River.  
The c las ts  of conglomerate  include boulders f rom t h e  Gran i t e  
Mountain s tock and pebbles and cobbles of t h e  Cache  Creek  
Group. Many fossil locali t ies in th is  and adjoining a r e a s  were  
identified by Hans Frebold; Arnaltheus sp., Ar i e t i ce ra s  sp., 
and Fuciniceras  sp. of L a t e  Pliensbachian age.  Near t h e  
summi t  of Dragon Mountain f r agmen ta ry  remains  of a mar ine  
rept i le  a r e  associa ted  with mar ine  bivalves. In adjoining 
a r e a s  Early Pliensbachian, Toarcian?,  and  Bajocian faunas  
have  a lso  been found in t h e  sedimentary  unit. 

The Cretaceous  qua r t z  monzoni te  and granodior i te  
pluton on the  nor theas t  side of Quesnel River is corre la ted  
with Cre t aceous  plutons t o  t h e  southeas t  in Bonapar te  Lake 
map-area (Campbell  and Tipper,  1971) on t h e  basis of similar 
lithology. In this a r ea ,  rocks  included in t h e  unit  in t rude  
rocks  a s  young a s  Pliensbachian. The smal l  pluton in t h e  
north-central  pa r t  (52'57'N Lat., 122O12'W Long.) is  a coa r se  
miarol i t ic  qua r t z  monzoni te  with l a rge  p la ty  fe ldspar  
phenocrysts a s  much a s  5 c m  in d i ame te r ,  unlike any plutons 
in this or adjoining areas .  No radiometr ic  ages  a r e  avai lable  
on any of t hese  plutons. 

Along Victoria Creek a smal l  a r e a  of Te r t i a ry  sediments  
is exposed. Age is thought  t o  be  mid-Tertiary but fossil 
evidence  is lacking. West of t hese  sediments ,  in a faul t -  
bounded block, acid volcanics resemble mid-Tertiary 
volcanics of cen t r a l  British Columbia (Tipper,  1959). 

Flat-lying olivine basa l t  similar t o  L a t e  Miocene 
p la teau lavas of c e n t r a l  Brit ish Columbia l ie unconformably 
on many older units. Their thickness is  no t  grea t .  

The a r e a  is heavily d r i f t  covered and was  ent i re ly  
g lac ia ted  by northerly t o  north-northwesterly moving ice.  
Along Quesnel River p lacer  gold has been recovered f rom 
gravels  probably derived f rom re-worked dr i f t  o r  f rom poorly 
consolidated l a t e  Te r t i a ry  gravels t h a t  have not been 
recognized a s  d is t inc t  f rom Qua te rna ry  deposits. 

The a r e a  is intensely f r ac tu red  and is  t r ansec t ed  by a 
major  f a u l t  along Quesnel River  and through Dragon Lake, 
possibly a n  extension of t h e  Pinchi f au l t  t o  t h e  nor thwest  
(Arnistrong, 1949; Tipper, 1961) and probably movemen t  was  
t ranscurrent  for  t h e  most  par t .  All rocks older than t h e  
p la teau lavas a r e  c u t  by faul ts .  
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Columbia; Current Research, Part A,  Geol. Surv. Can., Paper 7 8 - l A ,  p.  69-70, 1978. 

Study of these metamorphic rocks has defined an upper-greenschist t o  lower-amphibolite 
grade metasedimentary and metavolcanic terrane of Paleozoic or earlier age. The rocks are 
isoclinally folded with general eastward vergence, and are in fault contact with fossiliferous 
Upper Triassic volcanic and sedimentary rocks t o  the east, bounded by Coast Intrusives to the 
west and south, and continue beyond the area studied to  the north. Numerous granodiorite to  
quartz monzonite bodies intrude the metamorphic terrane, and near the eastern margin it is 
overlain by undeformed and unmetamorphosed Upper Triassic volcanic rocks. Relationships 
with these intrusive and volcanic rocks define a pre-Upper Triassic deformational and 
metamorphic event; preliminary geochronological studies indicate that this event is Permian or 
older. 

This study was undertaken to  determine 
lithology, s t ructure ,  relationships and age of an  
extensive  metamorphic  t e r r ane  in t h e  Coast  Mountains 
west of Atlin, British Columbia. Mapping of t h e  a rea ,  
outlined in 1976 (Werner, 1977), was completed, and 
extended to  west and south. The metamorphic  rocks 
a r e  in f au l t  con tac t  with fossil iferous Upper Triassic 
rocks t o  the  eas t  (Souther, 1971, p. 23), a r e  bounded by 
Coast  Intrusives to  west and south,  and were  not 
mapped beyond Wann River t o  t h e  north,  although 
similar metamorphic  rocks extend for  100 km t o  t h e  
northwest a t  leas t  a s  far  a s  Tutshi Lake ( ch r i s t i e ,  
1957). 

Lithologies within t h e  t e r r ane  include quar tz-  
feldspar-muscovite t o  quar tz-biot i te  schist  (50 per  
c e n t  of t o t a l  area),  marble  (25 per cent) ,  quar tz-  
feldspar-hornblende gneiss (20 per  cent)  and horn- 
blende amphibolite (Fig. 16.1). The eas ternmost  a rea ,  
e a s t  of Llewellyn Glacier,  consists of slightly lower- 
grade quartz-chlorite-actinolite schist .  The schists 
a r e  consistently quartz-rich ( c o m m ~ n l y  60-70 per c e n t  
quar tz)  and locally re ta in  t h e  appearance of banded 
sil tstones.  Mafic minerals a r e  uncommon and t h e  
general  composition and appearance suggests t ha t  t h e  
schists a r e  derived f rom quartz-rich mar ine  sediments,  
mainly sil tstones and fine grained sandstones. Inter- 
layered with the  schists a r e  marble  bands of varying 
thicknesses,  f rom a f e w  met re s  t o  a s  much a s  150 m. 
The marbles  vary f rom sparry,  f e t id  coarsely crys ta l -  
line ca l c i t e  t o  layered, diopside-rich metadolomite.  
This variation is generally between beds, but some  
variation along s t r ike  of individual beds was seen,  
particularly near t h e  t o e  of Willison Glacier. The 
marbles a r e  derived f rom marine  l imestone and impure  
dolomite,  which in a t  leas t  one  area ,  shows rapid 
variation in thickness along s t r ike  t h a t  cannot  b e  
accounted for  by s t ructura l  deformation and is 
probably original. In general  t he  percentage of 
ca rbona te  in the  t e r r ane  diminishes e a s t  and west  of a 
centra l ,  carbonate-rich band. 

Gneissic rocks a r e  found in some  places close t o  
intrusives, possibly as equivalents of the  quar tz-  
muscovite and quartz-bioti te schists.  Gneisses persist  
for l i t t l e  more  than a few hundred me t re s  f rom 
intrusive bodies, but the  abundance of small  s tocks  
within the  a r e a  accounts  for  t h e  to t a l  percentage of 
gneiss. 

Amphibolitic rocks occur a s  bands of hornblende-biotite 
amphibolite or hornblendite one to  ten  me t re s  thick. They 
a r e  interlayered with metasediments ,  commonly adjacent  t o  
carbonates ,  and a r e  possibly derived f rom volcanics. 

Nskon 

0 Glacial till, alluvium U Thrust fault 

K-Tv Volcanic agglomerate (Sloko) - Fault (probable) a .,.,.r;:;; J-Kqd Coast Intrusions (is in part older) 

URqm 216 m.y. porphyritic quartz monzonite 
- 

URV Augite porphyry basalt, breccia, minor sediments - 

Pz Quartz muscovite to quartz biotite schist, crystalline 
limestone and dolomite, minor amphibolite, probably i n  age 

Figure 16.1 Generalized geology of metamorphic  
ter rane ,  southwest  of Atlin, B.C. 

Depar tment  of Geological Sciences,  University of British Columbia. 



ENERGY - 
a14D, - Upper Triassic volcanics, dated with fossils, 

Torres Channel; 
b26A, - f loat  from outwash of Willison Glacier;  
a27B, - pre-216 m.y. volcanics south of Mount Mussen. 
b25A, - dyke intruding metasediments  near  Willison Glacier;  

Figure 16.2. Relative intensity of X-ray spect rum from 
scanning e lec t ron microscope for  four pyroxenes. 
Individual scans a r e  vertically superimposed for  
comparison. Relative intensit ies of peaks indicate  a 
similar composition for  a l l  four samples. The 
presence of aluminum and potassium d u e  t o  
feldspars, and sulphur ref lec ts  high pyr i te  content .  

With the  exception of some  coarsely crys ta l l ine  
ca rbona tes  a l l  metamorphic  rocks show dis t inct  compositional 
layering and well-developed foliation. The layering and 
foliation a r e  always parallel, and everywhere  t ightly folded 
by northwest-southeast  trending isoclinal folds with variable,  
gent ly  plunging axes.  Axial planes a r e  nearly always west-  
dipping, and minor overthrusting to  the  nor theas t  has  
occurred in places. Smooth, isoclinal folds a r e  refolded by 
smaller scale  wrinkles t h a t  a r e  coaxial  with t h e  smooth folds; 
this suggests t ha t  there  was progressive deformat ion with 
re t rograde metamorphism. In some  areas ,  in particular 
around t h e  Mount Caplice intrusive body, t he re  a r e  a lso  nor th  
t o  nor theas t  trending minor folds. In general,  t h e  deforma-  
t ional s ty l e  of t he  a r e a  is remarkably similar t o  t h a t  repor ted  
fo r  similar rocks west of t he  Coas t  Intrusives (Forbes, 1959) 
but  with an  opposite direction of vergence. 

Metamorphic grade is relatively constant  in rocks north 
of Llewellyn Glacier. Wollastonite is  generally developed in  
ca rbona te  rocks, and garnet  is locally common in qua r t z -  
muscovite schists around intrusive bodies. A ga rne t  isograd 
can  be  defined around larger  intrusives, bu t  t h e  pa t t e rn  is 
complex because of t h e  variation in composition of t h e  host 
rocks and in ter ference  by folding and smaller intrusives. Eas t  
of t he  t o e  of t he  Llewellyn Glacier,  lower g rade  quar tz-  
chlorite-actinolite schists may re f l ec t  thei r  g rea t e r  d is tance  
f rom the  Coast  Intrusives. 

The metamorphic  t e r r ane  appears  t o  be pre-Late 
Triassic in age. The ridge extending south f rom Mount 
Mussen consists of green t o  purple augi te  porphyry breccia  
and basalt ,  lithologically similar t o  Upper Triassic volcanics 
f a r the r  east .  The Mount Mussen volcanics a r e  unfoliated 
excep t  fo r  thin bands along northwest-trending shear  zones. 
Near Mount Mussen they a r e  intruded by porphyrit ic grano- 
d ior i te  t h a t  has  given an  a g e  of 21 6 m.y. (T.E. Bultman, pers. 
comm.). The volcanics a r e  separa ted f rom metamorphic  

S r 86 
Figure 16.3 Whole-rock isotopic ra t ios  for 5 samples  f rom 

t h e  metamorphic  t e r r ane  west of Atlin. a69C- 
biotite-hornblende a m ~ h i b o l i t e ;  a68A-aplite 
dyke; a 8  I B-quartz monzonite.  

rocks on t h e  southwest end of t h e  ridge by a shear  zone. On 
t h e  e a s t  side of t he  ridge a hornblende dior i te  intrusive 
sepa ra t e s  t h e  Mount Mussen volcanics f rom metamorphic  
rocks. As t h e  metamorphic  t e r r ane  surrounds the  volcanics 
on th ree  sides, t he re  may well be  an  unconforrnity between 
t h e  two, although this cannot  b e  proven. A similar 
relationship is found between probable Triassic volcanics and 
the  metamorphic  t e r r ane ,  12 krn t o  t h e  southwest  on a 
nunatak in Llewellyn Glacier.  Near t h e  t o e  of Willison 
Glacier an  undeformed, unmetamorphosed, aug i t e  porphyry 
basalt  dvke intrudes t h e  m e t a m o r ~ h i c  ter rane .  Semiauan- 
t i ta t ive ,  energy dispersive e lec t ron microscope scanning 
indicated t h a t  t h e  composition of aug i t e  phenocrysts in both 
the  volcanic , rocks  and t h e  dyke is very similar (Fig. 16.2). 
Preliminary isotopic dat ing by t h e  wri ter  has indicated t h a t  
the metamorphic  t e r r ane  may well b e  much older than 
Triassic. Two comagmat i c  phases of a granodiorite intrusion 
t h a t  cu t s  t h e  metamorphic  t e r r ane  1 km nor thwest  of Mount 
Caplice give an  indicated Rb/Sr a g e  of 235 m.y. (Fig. 16.3). 
A high Sr  r a t io  f rom o n e  metamorphic  sample  is  
suggestive t h a t  t h e  t e r r ane  is considerably older than t h e  
intrusion. 
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Abstract 

Woodsworth, G.J., Eastern margin of the  Coast  Plutonic Complex in Whitesail Lake map-area,  British 
Columbia; Current  Research, P a r t  A, Geol. Su~v. Can., Paper  78-1A, p. 71.-P:), 1978. 

Remapping began in 1977. Pre-Lower Jurassic volcanic and  sedimentary  s t r a t a  near  t h e  eas t  
margin of t he  Coast Plutonic Complex have been penetra t ively  deformed and metamorphosed t o  
greenschist  f ac i e s  somet ime  between t h e  Early Permian and L a t e  Triassic. The high-grade Cen t ra l  
Gneiss Complex may in pa r t  be corre la t ive  with these s t r a t a .  The Early Jurass ic  and  younger 
Hazel ton Group has  not  been penetra t ively  deformed on a large  scale,  has  not been regionally 
metamorphosed, and  is  bounded on t h e  west by  a major high-angle faul t .  

Introduction 

Remapping of Whitesail Lake (93E) map-area began 
during t h e  1977 field season. The project will focus on t h e  
s t ructura l  and s t ra t igraphic  relations between t h e  Coas t  
Plutonic Complex and t h e  flanking Intermontane Belt, on 
revision of the  s t ra t igraphy in light of recent  work by Tipper 
and Richards (1976) t o  t h e  north, and on corre la t ion of t h e  
plutonic and metamorphic  rocks of t h e  a r e a  with units 
defined during t h e  Coast  Mountains Project  t o  the  west and 
south. 

Previous mapping by Duffell (1959), S tua r t  (19601, Read 
unpubl. rep., 1963 and MacIntyre (1976) provides an  excel lent  
base  for  t h e  present  work. During t h e  1977 field season 
Woodsworth re-examined cr i t ica l  a r eas  studied by S tua r t  
(1960) and began subdivision of Duffell 's (1959) Unit A along 
t h e  e a s t  flank of t h e  Coast  Plutonic Complex. T.A. Richards 
spent  severa l  days  examining Mesozoic s t r a t a  just e a s t  of t h e  
Coast  Plutonic Complex. 

I thank S.J. Hills for  excel lent  field assistance,  
Dave Newman and t h e  s taf f  of Okanagan Helicopters a t  
Te r race  for outstanding service,  Y. Nishimura of Transwest 
Helicopters for excel lent  flying, and t h e  people of Kemano, 
especially Doug Groves and Mrs. Jenny Gipps, for  help in 
many ways. 

St ra t i f ied  Rocks 

Cen t ra l  Gneiss Complex 

The southwest par t  of t he  map-area 
(Fig. 17.2) is  underlain by a broad belt  of 
gneiss, migmat i t e  and re la ted  plutonic rock 
t h a t  extends  in to  Douglas Channel map-area 
t o  the  west (Roddick, 1970). Banded 
hornblende-biotite gneiss, gneissic qua r t z  
diorite,  migmat i t e  and irregularly layered 
gneiss a r e  the  dominant lithologies. Bodies of 
relatively homogeneous plutonic rocks, not  
separa ted on Figure  17.2, in places g rade  in to  
t h e  gneiss and in o ther  places cross-cut it. 
The Cen t ra l  Gneiss Complex was undoubtedly 
derived f rom sedimentary  and volcanic s t r a t a  
t h a t  a r e  probably, a s  is discussed below, pre- 
Jurassic in age.  

Gamsby group1 

The exis tence  of Paleozoic s t r a t a  in 
Whitesail Lake map-area was f i r s t  established 
bv Read ( u n ~ u b l .  reD., 1963) who col lec ted 

a r e  given in Roddick (1970, p. 13). During t h e  present work i t  
was  recognized t h a t  pre-Lower Jurassic (mostly Permian and 
older?) s t r a t a  a r e  much more  widespread in the  map-area 
than had previously been thought.  These rocks, he re  
informally called t h e  Gamsby group, fo rm a northwest- 
trending belt  nor theas t  of t he  Cen t ra l  Gneiss Complex. 

The Gamsby group consists mainly of felsic and mafic  
tu f f s  and volcanogenic sandstone with lesser carbonate ,  
argil l i te,  and conglomerate.  The most distinctive rocks a r e  
laminated mafic  tuffs  t ha t  a l t e rna te  with laminated white- 
weathering rhyolit ic t u f f s  and ignimbrites(?) (Figs. 17.1, 
17.3). One or more  members of dark grey argil laceous 
l imestone locally grade in to  white, massive l imestone. Intra- 
formational conglomerate ,  breccia,  and volcanic lenses a r e  
common in t h e  limestone. Probable corre la t ives  of a t  least  
par t  of t he  Gamsby group include t h e  Lower Permian Asitka 
Group in McConnell Creek map-area,  and upper Paleozoic 
rocks near  Terrace ,  about  125 km northwest of Whitesail 
Lake map-area (Monger, 1977). 

Hazelton Group 

S t r a t a  corre la ted  with the  Hazelton Group a r e  
res t r ic ted  t o  t h e  eas t e rn  par t  of t h e  a r e a  shown in 
Figure 17.2. The t e rm "Hazelton Group" is used he re  in a 
general,  rock-stratigraphic sense  for s t r a t a  lithologically 

ca rbon i fe rOuio r  per;nian fossils f rom a Figure 17.1. Typical s t r a t a  of t h e  Gamsby group: folded rhyolitic (white) and 
a rea  of l imestone about  8 km southeas t  of maf i c  tuffs  about 8 km south-southeast of Sandifer Lake. 
Sandifer Lake. Details of these  collections 

Informal term.  7 1 
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Figure 17.4. 

Near-horizontal roof (dashed line across  
middle of photo) of a rniarolitic qua r t z  rnon- 
zon i t e  pluton. The grey s t r a t a  above the  stock 
a r e  Gamsby group. View t o  north f rom ridge 
7.5 km nor theas t  of Black Dome. 

u 

Figure  17.5. 

Folded rhyolite and greenstone of Garnsby 
group 15 km nor theas t  of Kernano. 



similar t o  those  described by Tipper and Richards  (1976) in 
a r eas  t o  t h e  north. Because no fossils were  found in th is  
assemblage,  rocks a s  old a s  Early Triassic and a s  young a s  
Early Cretaceous  may be included in t h e  Hazelton Group 
shown on Figure 17.2. 

Where examined, t h e  Hazelton Group consists pre- 
dominantly of rhyolitic t o  basalt ic f r agmen ta l  volcanic rocks,  
mainly lapilli tuff ,  tuf f -breccia ,  and aquagene tuf f .  
Greywacke, si l tstone,  immatu re  sandstone  and conglomerate  
a r e  common in some  areas .  Fluvial conglomerate  containing 
r a r e  granitoid c las ts  outcrops  3 km southeas t  and 5 km south- 
southeas t  of t h e  south end of Sandifer Lake. About 4 km 
southeas t  of Sandifer Lake a d is t inc t ive  polymict conglom- 
e r a t e  conta ins  undeformed and unmetamorphosed volcanic 
c las ts  derived f rom t h e  Hazelton Group and some phyllitic 
rhyoli te and folded l imestone c las ts  presumably derived f rom 
underlying Camsby group s t r a t a .  The matr ix  of t h e  conglom- 
e r a t e  is mainly red mudstone with r a r e  mudcracks;  t h e  rock 
has a pronounced reddish colour. This conglomerate  is similar 
t o  a polymict conglomerate  forming t h e  base  of t h e  Hazelton 
Group in o the r  a r e a s  (Monger, 1977). 

Skeena Group 

Lower Cre t aceous  sandstone and shale  south of Tahtsa  
Lake were  not examined by t h e  wri ter  but a r e  described by 
MacIntyre (1976) and Duffel1 (1959). 

Tahtsa  complex 

S tua r t  (1960, p. 10) def ined t h e  Tahtsa  complex a s  "an 
igneous complex of hornblende d ior i te  and q u a r t z  d ior i te  c u t  
by q u a r t z  monzonite stocks,  granodiorite dykes, and basic 
dykes". Re-examination of t h e  t ype  a r e a s  near  t h e  west  end 
of Tahtsa  Lake indicate t h a t  t h e  complex may be  in terpre ted  
be t t e r  a s  a diori t ized volcanic unit similar t o  many basic 
complexes found in t he  Coast  Plutonic Complex. The 
complex consists largely of greens tone  and lesser felsic rock 
(meta-rhyolite?).  The greens tone  has been feldspathized and 
diorit ized t o  varying deg rees  and is c u t  by severa l  genera t ions  
of maf i c  and fe ls ic  dykes, many of which a r e  a lso  recrys ta l -  
lized and feldspathized.  The en t i r e  complex, excep t  for  t h e  
youngest  dykes, is c u t  by numerous shears  and f r a c t u r e s  t h a t  
have  been healed by epidote.  

Greenschist-facies metamorphism has obl i te ra ted  most 
primary sedimentary  and volcanic s t ruc tures .  In places,  t h e  
less 'diori t ized par ts  of t h e  complex resemble  s t r a t a  of t he  
Gamsby group; in o ther  places t h e  Gamsby group seems t o  
g rade  in to  t h e  Tahtsa  complex by increasing diorit ization.  It 
is tenta t ive ly  suggested t h a t  t h e  Tahtsa  complex is, at leas t  
in par t ,  co r r e l a t i ve  with t h e  Gamsby group; in any event ,  a 
pre-Jurassic a g e  is probable. 

Plutonic Rocks 

Plutonic rocks of many ages  and var ie t ies  a r e  exposed 
in t he  map-area.  Probably t h e  youngest a r e  t h ree  s tocks  of 
miaroli t ic grani te  t o  granodiorite west  and south-southwest 
of Troitsa Lake and nor th  of Nanika Lake. These  a r e  high- 
level, unfoliated and sl ightly porphyrit ic plutons t h a t  cross- 
c u t  a l l  o the r  units  and s t ruc tu re s  in t h e  area .  The gen t l e  
outward  dips of t h e  c o n t a c t s  of t h e  southern  of t hese  bodies 
indica te  t h a t  t h e  s tock  is  just beginning t o  b e  unroofed 
(Fig. 17.4). Numerous unfoliated t o  weakly fo l ia ted  plutons 
a r e  not miaroli t ic,  a r e  equigranular,  and appea r  emplaced a t  
g r e a t e r  depths  than t h e  miaroli t ic rocks. Most of t hese  
plutons a r e  undeformed and unmetamorphosed and may have 
been emplaced during t h e  Cre t aceous  and Ter t iary .  

An irregular body of pre- tec tonic  qua r t z  d ior i te  is 
exposed southeas t  of Troi tsa  Lake. The q u a r t z  d ior i te  is c u t  
by swarms of maf i c  dykes; plutonic rock and dykes  have  been 
sheared,  f rac tured ,  and metamorphosed t o  greenschis t  facies.  

Figure 17.6. Irregularly-layered gneiss of Cen t r a l  Gneiss 
Complex 17 km southeas t  of Kemano. Note 
similari ty in layering and deformat ion between 
th is  and Gamsby group of Figure 17.5. 

Structure, Metamorphism, and Age Relations 
Pre-Jurassic deformat ion and metamorphism 

The  Gamsby group and t h e  Hazel ton  Group show major  
d i f ferences  in metamorphic  and s t ruc tu ra l  styles.  The gross 
s t r u c t u r e  of t h e  Gamsby group south  of Sandifer Lake is 
approximate ly  a gently dipping homocline,  compl ica ted  
perhaps  by la ter  thrus t ing  (Fig. 17.4). Tight folds up t o  
s eve ra l  m e t r e s  in ampl i tude  a r e  superposed on th is  homocline; 
fold a x e s  generally have  gen t l e  plunges (Fig. 17.2). A 
modera t e  schistosity,  axia l  planar in some  outcrops,  is  
commonly  present  in t h e  Gamsby group, par t icular ly  in t h e  
m o r e  maf i c  s t r a t a .  Regional metamorphism t o  greenschis t  
f ac i e s  accompanied t h e  pene t r a t i ve  deformat ion.  In some  
locali t ies me tamorph ic  minerals such a s  ac t ino l i t e  have  
grown parallel  with t h e  axes  of minor folds. S t r a t a  of t h e  
Hazel ton  Group have  been nei ther  penet ra t ive ly  deformed nor 
regionally metamorphosed,  al though a sl ight schistosity is 
commonly developed near  shear  zones.  C la s t s  of folded and 
metamorphosed s t r a t a  derived f rom t h e  Gamsby group a r e  
found in t h e  unmetamorphosed Hazel ton  polymict  breccia ,  
indicating t h a t  a major metamorphic  and deformat ional  even t  
a f f e c t e d  t h a t  a r e a  some t ime  between t h e  Early Permian and 
L a t e  Triassic. 

The Tahtsa  complex has also been metamorphosed t o  
greenschis t  f ac i e s  but recognizable minor folds a r e  rare .  
S t u a r t  (1960) thought t h a t  t h e  Tah t sa  complex was  t h e  
basement  on which t h e  "Hazelton" rocks  (Gamsby plus 
Hazel ton)  were  deposited.  Re-examination of all  of Stuar t ' s  
unconformit ies  indica tes  t h a t  most a r e  f au l t  con tac t s  and 
t h a t  none a r e  unconformable.  



The s t ructura l  re la t ions  between t h e  Gamsby group and 
t h e  Cen t r a l  Gneiss Complex a r e  not  understood. Layering in 
t h e  Centra l  Gneiss Complex dips gently and is roughly 
parallel  with bedding in t h e  Gamsby group. In some  places 
t h e  Gamsby group seems  t o  grade  by increasing metamor-  
phism in to  Centra l  Gneiss Complex (Figs. 17.5, 17.6); in o the r  
places t h e  con tac t  may be  a fault .  Minor fold s ty les  a r e  
much t h e  same  in both units, suggesting t h a t  s t r a t a  forming 
t h e  Centra l  Gneiss Complex were  involved in t h e  folding 
even t  t h a t  a f f ec t ed  t h e  Gamsby group. If so, then t h e  
Cen t r a l  Gneiss Complex in th is  a r e a  conta ins  no  Hazelton o r  
younger s t r a t a .  

Western l imit  of t h e  Hazelton Group 

A major t ec ton ic  break, t h e  Sandifer faul t ,  f o rms  t h e  
western  limit of t h e  Hazelton Group in t h e  map-area.  This 
break is a s teep ,  west-dipping reverse  f au l t  t h a t  juxtaposes 
unmetamorphosed Hazelton s t r a t a  against  metamorphosed 
Gamsby rocks. The l a t e s t  movement  on th is  f au l t  was  
probably pre-Late Cretaceous ,  a s  t h e  extension of t h e  f a u l t  
south of t h e  a r e a  shown in Figure 17.2 is c u t  by a high-level 
Upper Cretaceous(?) stock. Presumably t h e  Hazelton Group 
once  extended west  across  t h e  f au l t  in to  t h e  a r e a  now 
occupied by t h e  Coas t  P lu tonic  Complex but has  been 
removed by uplift  and erosion. 
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REGIONAL GEOLOGIC SETTING O F  LEAD-ZINC DEPOSITS IN SELWYN BASIN, YUKON 

Project  730069 

S.L. Blusson 
Regional and Economic Geology Division, Vancouver 

Abstract 
Blusson, S.L., Regional geologic se t t i ng  of lead-zinc deposits in Selwyn Basin Ydcon; Current  
Research, P a r t  A, Geol. Surv. Can., Paper  78-lA, p. 77-80, 1978. 

Fur ther  observations within t h e  Mayo-Nadaleen River a r e a  suggest t h e  possibility t h a t  t h e  Keno 
Hill assemblage is  Paleozoic not Mesozoic in age  and all  major silver-lead deposits in North  Selwyn 
Basin a r e  r e l a t ed  to  graphitic shales of general Canol Formation equivalent. Newly found sitale- 
hosted zinc, lead, silver mineralization in Frances  Lake a rea  appears  to  be  s t ra t igraphical ly  
corre la t ive  and of similar type  to l a rge  bedded deposits a t  Howard's Pass. 

Eas t  Rackla  River - Nadaleen River Area  

During a brief visit t o  the  recently discovered silver- 
lead-zinc deposits in the  Rackla River a rea  an  a t t e m p t  was 
made t o  refine the  regional mapping within this and the  
immediately adjacent  par ts  of Mayo and Nash Creek map- 
areas ,  in order t o  outline geologic controls  t o  mineralization. 
Two principal findings indicate t h a t  not only is geologic 
refinement needed but possibly major age  revision a s  well. 

I. The newly discovered mineralization and re la ted  
s t r a t a  (Canol Formation) has  marked similarit ies t o  
t h a t  of t h e  Keno Hill d is t r ic t  

2. A thick section of Canol- and Imperial-like s t r a t a  is 
t raceable  into, respectively,  t h e  "Lower Schist" and 
"Keno Hill Quartzite". 

I t  s eems  possible t h a t  t h e  enigmat ic  Keno Hill assemblage is 
of l a t e  Paleozoic age  and t h a t  all  t he  known high silver-lead 
deposits in Selwyn Basin may re l a t e  t o  the  Canol Formation 
a s  the  possible source rock. Included with t h e  Canol 
Formation a r e  the  silver-bearing Pb-Zn deposits of MacMillan 
Pass, t h e  very  rich deposits of t h e  Rogue River a r e a  (Pla ta ,  
Inca) and t h e  new finds a t  Rackla River. 

Fossiliferous shale,  l imestone and qua r t z i t e  of Triassic 
age ,  limited to  a local a rea  south of Kathleen Lakes, a r e  no 
longer considered pa r t  of t h e  Keno Hill section, although t h e  
relationship of t h e  t w o  sequences is st i l l  uncertain.  The 
Mesozoic age  assigned by Tempelman-Kluit (1970) t o  Keno 
Hill s t r a t a  in Tombstone a r e a  depends on an apparent  normal 
succession of "Lower Schist" (unit 11) over Triassic rocks 
(Unit 101, but another  thrus t  f au l t  (in an  a r e a  of repeated 
thrusting) would reverse  t h a t  relationship. The author  
believes tha t  lithologically and s t ructura l ly  t h e  Keno Hill 
section has more in common with the  l a t e  Paleozoic than 
with the  Mesozoic c las t ic  sequences of northern Yukon and 
Alaska. Unlike the  Keno Hill s t r a t a ,  t he  thick, post-Triassic 
piles of c las t ic  rock occupy discontinuous successor basins 
and a r e  nowhere intensely deformed and regionally me ta -  
morphosed. Nor a r e  they intruded by diabase sills, a f e a t u r e  
so  character is t ic  of Keno and Tombstone a reas  and never 
adequately explained. The Mississippian or Permian Rampar t  
Group (Mertie, 1937); BrosgC et al., (1969) and underlying 
beds of cen t r a l  Alaska, with thei r  profusion of diabase sills 
and flows, and o f f se t  on Tintina faul t  some  500 km from 
Tombstone a rea ,  is considered the  most likely Alaskan 
corre la t ive  of t he  Keno Hill assemblage. 

Geologic Set t ing of Mineralization 

Lead, zinc, silver mineralization found in severa l  
localities during 1976 was extensively explored by a number 
of companies with encouraging results. For the  most par t ,  
mineralization occupies porous zones within a distinctive 
competent  dolomite member  ("Zebra dolomite") of t h e  
Proterozoic  "Grit unit" where  this succession is over thrus t  on 
dark shale and che r t  of t he  Road River and Canol formations.  

Similar silver-rich deposits, principally s t ee ly  galena and 
qua r t z ,  a r e  found locally within a geochemically-high silver 
zone of the  Canol Formation in particular where  c u t  by the  
thrus t  fault .  The Canol Formation the re fo re  appears  to  be a 
likely source  of t h e  meta ls  - meta l s  mobilized and emplaced 
in openings during or a f t e r  thrusting. Based on intensive 
geochemical work a similar origin; i.e. t h a t  me ta l s  migrated 
f rom graphi t ic  zones in the  "Lower Schist", was  proposed by 
Boyle (1965) for t h e  rich silver veins of Keno Hill. Further 
enr ichment  of silver t o  values unique t o  the  Keno dis t r ic t  is 
a t t r ibu ted  to  supergene processes. 

The "Grit unit" (Fig. 18.1) is  overlain unconformably t o  
the  south by a thick sequence with black, pyrit ic,  gossan- 
producing shales near the  base grading up through shale and 
sil tstone t o  predominately thin bedded s i l t s tone and fine 
grained quar tz i te .  This sequence, as much a s  1500 m thick, 
conta ins  numerous diabase sills and with increasing crys ta l -  
l ization grades  t o  the  west into t h e  "Lower Schist" and Keno 
Hill Quar tz i te .  To the  e a s t  and southeas t  this succession can 
be followed for many miles and although not continuously 
t r aceab le  is on trend with similar rocks of t h e  Canol and 
Imperial format ions  in t h e  MacMillan Pass  area .  North of 
S tewar t  River t h e  Ordovician-Silurian Road River Formation, 
character ized by basinal che r t ,  is progressively c u t  out  below 
t h e  thick c las t ic  succession. 

Whether or  not t he  black shales  above t h e  "Grit unit1' 
and t h e  Canol Formation over thrus t  by t h e  "Grit unit" a r e  
corre la t ive ,  a s  proposed, i t  is c l ea r  t h a t  both a r e  widespread 
and warrant  careful  prospecting particularly where  high 
meta l  zones  a r e  in faul t  con tac t  with compe ten t  rocks. 

F rances  Lake Area  

Shale-hosted s t r a t i fo rm lead-zinc mineralization has  
recent ly  been found within unit 10 of cen t r a l  Frances  Lake 
map-area (Blusson, 1966). The a r e a  is mostly tree-covered 
and t h e  geology is 'poorly known, but  in view of t h e  regional 
s e t t i ng  on t h e  flank of Selwyn Basin, local stratigraphy, and 
mode of occurrence ,  th is  find must  b e  considered significant, 
most readily comparable  t o  mineralization a t  Howard's Pass. 

Figure 18.2 showing par t  of cen t r a l  Frances  Lake a rea ,  
is  a mainly speculative map, t h a t  f i t s  t h e  f ew known 
outcrops.  Even though con tac t s  a r e  mostly inferred, excep t  
near  t h e  newly found mineralization a t  A, t h e  map is useful in 
outlining t h e  kenera1 succession and distribution of units and 
~ r o v i d i n g  an exploration guide. In the  a rea  between Anderson 
'Creek aGd ~ h o m a s  ~ i v e r a n  a t t e m p t  is made t o  i l lus t ra te  the  
general  s t ruc tu ra l  s ty le  - c lose  folding, mainly overturned t o  
t h e  south. The extensive  a r e a  mapped a s  unit  2 south of 
Anderson Creek is predominately wavy banded l imestone anti 
shaly equivalents of l a t e  Cambrian-early Ordovician age  but 
probably contains some  infolded black shale  of unit 3 
especially in Anderson Valley. Northwest of Thomas River 
unit  3 probably includes t h e  upper c h e r t  sec t ion and west of 
Tillei Lake i t  probably conta ins  minor amounts  of units 5 and 6. 







A regional metamorphic event ,  of probable pre-Late 
Devonian age,  centred eas t  and nor theas t  of t h e  a rea ,  has  
a f f e c t e d  the  northeastern par t  of t h e  region between 
Anderson Creek and Thomas River, and produced up t o  
si l l imanite grade schists and gneisses in the  "Grit" unit, 
ca lcareous  phyllite in the  'wavy banded' l imestone, and black 
phyllites with quar tz  lamellae,  lenses and veins in the  more 
siliceous graphitic shales. 

The newly found lead-zinc mineralization is exposed 
only in t h e  Anderson Creek t r ibutary  a t  point A (Fig. 18.2). 
Several bedded mineralized zones a s  much a s  a f ew me t re s  
thick cross t h e  valley over a c reek  length of about  500 m, but 
appear  t o  b e  fold repetit ions of one or two  main zones. As 
shown in Figure 18.3, this zone or zones, is within the  lower 
par t  of t h e  graphite-rich black shale,  30 m or more above the  
"wavy banded'' limestone. 

The lead and zinc occurs a s  galena and sphalerite in 
penetratively-transposed lamellae and bands, of ten  with f ine  
lens-shaped beads of quar tz ,  in a host of black phyllite. In 
places sulphides a r e  coa r se  grained and concentra ted  within 
minor fold hinges and micro-tectonic breaks,  suggesting t h a t  
along with quartz,  t h e  sulphides were  mobilized locally by t h e  
regional metamorphic event.  

Due t o  intense cleavage, i t  is doubtful t ha t  any di rect  
paleontological dating of the  mineralized zone is possible. 
However the  zone immediately overlies the  'wavy banded' 
l imestone, a generally reliable correlation marker of Cambro- 
Ordovician age, and underlies by a considerable interval 
fossiliferous shales and carbonates  of appa ren t  lower - middle 
Devonian age. The mineralized zone is t he re fo re  in t h e  basal 
p a r t  of t h e  Road River Formation and r e l a t e s  in general  
s t ra t igraphic  position t o  the  extensive lead-zinc beds a t  
Howards Pass, 90 km to  the  north. Dissimilar f ea tu res  of t he  
Frances  Lake mineralization, such a s  local coa r se  grain s ize  
and mobility of sulphides, abundance of qua r t z  in lamallae,  
and relatively high silver content ,  a r e  perhaps explained by 
i t s  unique se t t ing on the  flank of a regionally metamorphosed 
terrain.  Due t o  continuous overburden, s t r ike  length of 
mineralization is not known, but  a second mineral occurrence  

at B, (Fig. 18.2) is a similar type, in an  apparent  infold of  
black shale  in unit 2, suggesting mineralization may be 
continuous for a t  least  6 km. 

The se t t ing and potential  s ize  of this discovery sheds 
new light on similar shale t e r r anes  in this par t  of Selwyn 
Basin and in particular on nearby shale-hosted lead-zinc 
deposits such a s  Mat t  Berry, on t h e  e a s t  a r m  of Frances  Lake 
where  type of mineralization and a g e  of t h e  host rock, black 
shale,  have never been resolved. 
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Abstract 

Leatherbarrow, R.W. and Brown, R.L., Metamorphism o f  the Northern Selkirk Mountains, British 
Columbia; Current Research, Part A,  Geol. Surv. Can., Paper 78-lA, p. 81-82, 1978. 

The Northern Selkirk  mountains have undergone Barrovian type regional metamorphism. 
Northwest trending mineral zones indicate progressively higher metamorphic grades towards a 
centrally located K-feldspar-sillimanite zone in which partial melting has occurred. The Selkirk 
fan structure is located within the metarnorphic culmination. Pressure and temperature 
conditions prevailing during the peak of metamorphism will be determined by analysis of  
mineral assemblages. 

Field mapping of Selkirk t e r r a n e  within t h e  Big Bend A s taurol i te  zone,  present  a s  r a r e  occurrences  of t h e  
of t he  Columbia River,  and subsequent laboratory studies,  assemblage  staurolite-garnet-biotite-muscovite-quartz and 
w e r e  in i t ia ted  by Brown in 1973. map pin^: by Franzen (1974); fe ldspar  i s  up t o  3 k m  wide. 
Van d e r  Leeden 11 976); Perkins (field 'seasons 1974 t o  1976); Kyanite, s t au ro l i t e  and g a r n e t  porphyrobasts in a Shaw (field seasons 1974 t o  1977) and Leatherbarrow (field matr ix  of muscovite-biotite-quartz and typify the season 1975) outlined metamorphic  mineral zones which were  approximate ly  4-km-wide kyani te-s taurol i te  zone.  S taurol i te  used a s  a basis fo r  detailed sampling by Leatherbarrow (field becomes rare toward the northeast. The isograd defined by season 1977). The objec t  of this season's work was t o  map Mkyanite-outM overlaps the isograd defined by nsi l l imanite-inl l  m o r e  e x a c t  locations f o r  metamorphic  boundaries, and t o  on the southeast side of the culmination. s a m ~ l e  ~ e l i t i c  and calc-si l icate assemblarres f o r  chemical  

a ,  u 

analysis and subsequent quantification of pressure  and R a r e  occu r rences  of t h e  assemblage  si l l imanite- 
t e m p e r a t u r e  conditions during metamorphism. staurolite-aarnet-feldspar-biotite and muscovi te  mark  t h e  ., - 

Wheeler (1 965) mapped t h e  following nor thwest  si l l imanite-stauroli te zone.  A more  common  assemblage,  
which a l so  def ines  t h e  higher g r a d e  s i l l imani te  zone,  i s  trending mineral  zones (from southwest  t o  northeast):  ga rne t ;  
sillimanite-garnet-biotite-muscovite-quartz and feldspar.  si l l imanite;  and kyanite.  The cent ra l ly  located  si l l imanite Garnet porphyroblasts rimmed by fibrolitic selvages give 

g rade  a r e a  represents  a metamorphic  culmination and these  rocks a d is t inc t ive  "birdseye" t ex tu re .  Thin sec t ion  coincides with t he  Selkirk fan  s t ruc tu re  (Brown e t  al., 1977; examination shows that sillimanite grows as f ibrol i te  in  
Brown and Tippet t ,  in press). Pet rographic  studies by Franzen biotite, muscovite or quartz, The total wid th  of the (1974); Van d e r  Leeden (1976) and Leatherbarrow (unpublished sill imanite and sillimanite-staurolite zones is about k m .  show that porphyroblast growth peaked 'yn- to ~ ~ ~ ~ - ~ z  The Se]kirk fan  s t ruc tu re  lies along the  centre of the followed by annealing of t ex tu re s  and l imited new mineral  
growth during D g  (summarized in Brown and Tippet,  in press). 'One. 

Before  outlining cu r r en t  progress, t w o  t e r m s  used in 
t h i s  paper  war ran t  definit ion.  An isograd i s  def ined a s  t h e  
f i r s t  appea rance  o r  d isappearance  of a metamorphic  index 
mineral .  An assemblage  is  a group of minera ls  generally 
found together  in hand specimen but with s tabi l i ty  relation- 
ships amongst phases no t  fully studied.  

The mapped isograds trend nor thwest  and a r e  some-  
what symmetr ica l ly  ar ranged on both sides of a metamorphic  
culminat ion  (Fig. 19.1) with mineral  zones being narrower on 
t h e  southwest  s ide  of t h e  culmination.  A t t empt s  t o  t r a c e  
isogradic su r f aces  i n to  t h e  third dimension were  hampered by 
extens ive  vegeta t ion  and inadequate  distr ibution of outcrops  
below t h e  t ree l ine .  

Assemblages observed indica te  t h a t  medium pressure  
Barrovian-type metamorphism has  occurred.  Metamorphic  
zones ,  proceeding f rom southwest t o  nor theas t  across  t h e  
culminat ion ,  a r e  described a s  follows. 

The lowest grade ,  greenschis t  f ac i e s  chlor i te -b io t i te  
zone  rocks a r e  c h a r a c t e r ~ z e d  by chlor i te -b io t i te  porphyro- 
b las ts  s e t  in chlorite-muscovite-quartz matr ix .  Py r i t e  cubes  
a r e  common.  

Garne t  porphyroblasts in a ma t r ix  assemblage  of 
bioti te-muscovite-quartz and fe ldspar  de f ine  a g a r n e t  zone  up 
t o  4 km wide. Detailed examination sugges ts  t h a t  locally t h e  
ga rne t  isograd l ies  along t h e  c o n t a c t  be tween pel i t ic  schis t  
and a 10-m-thick pure  marble  band. This sugges ts  t h a t  some  
isogradic surfaces  may be  controlled by s t ra t igraphy or fluid 
phase composit ion.  

The c e n t r e  of t h e  me tamorph ic  culminat ion  i s  defined 
by t h e  co-exis tence  of s i l l imani te  and K-feldspar. The 
potassium feldspar i s  mos t  commonly  found within qua r t z -  
feldspar-mica segregat ions  which cons t i t u t e  up t o  5 pe r  c e n t  
of s o m e  pel i t ic  units;  in addit ion t h e  K-feldspar occasionally 
occurs  within t h e  matr ix  mater ia l .  Sil l imanite i s  found within 
some  segregat ions  a s  f ibrol i te  m a t s  10 c m  long. Muscovite i s  
present ;  however in thin sec t ion  i t  is  observed t o  have  a 
vermicular  or "wormy" habit .  This zone  of par t ia l  melting is  
about  2 km wide but fu r the r  work on samples  col lec ted  th is  
summer  may extend t h e  boundaries. Work on t h e  pet rogenet ic  
significance of this assemblage  is  in progress. 

Another s i l l imani te  zone,  abou t  5 k m  wide, occurs  
no r theas t  of t h e  culmination.  Continuing nor theas t ,  kyan i t e  
r eappea r s  along a well defined isograd ac ros s  which t h e r e  i s  
no  band of coexis tence  of AI2SiO5 polymorphs. This sugges ts  
t h a t  equilibrium was  achieved in th is  region during 
metamorphism. 

The kyani te  zone,  which is  about  8 km wide, is  
cha rac t e r i zed  by t h e  assemblage  kyanite-garnet-bioti te-  
muscovi te-quar tz  and feldspar.  Commonly ga rne t  porphyro- 
b las ts  a r e  enclosed by kyanite.  Occasionally kyani te  is  found 
in qua r t z  pods. 

Fa r the r  t o  t h e  nor theas t ,  nea r  McNaughton Lake, a 
z o n e  of staurolite-kyanite-garnet-biotite-muscovite-quartz 
and feldspar is  encountered  above  t r ee l ine  on some  ridge 
tops. This z o n e  i s  ext rapola ted  no r theas t  t o  McNaughton 
Lake, a d i s t ance  of 2.5 km. 
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Figure 19.1. Metamorphic minera l  zones within t h e  nor thern  Selkirk Mountains. 

Compilation of assemblage  d a t a  f o r  rocks around t h e  
Adamant  Pluton (southeas t  co rne r  of Fig. 19.1) is  no t  y e t  
complete ,  however a f e w  genera l iza t ions  c a n  b e  made. 
Preliminary work indica tes  t h a t  t h e  assemblage  kyanite- 
staurolite-garnet-muscovite-biotite-quartz and feldspar is 
common  south of t h e  pluton. A small  a r e a  of si l l imanite- 
bearing peli t ic schist  is located a t  t h e  cen t r a l  p a r t  of t h e  
southern  c o n t a c t  of t h e  pluton. North of t h e  pluton kyani te  
z o n e  assemblages a r e  found. Continuations of t h e  si l l imanite,  
and sillimanite-K-feldspar zones  towards  t h e  pluton have  no t  
y e t  been determined.  

Impure ca rbona te s  occur  throughout t h e  a r ea ;  t h e  
assemblage  dolomite-quartz r e a c t s  t o  form t remol i te-ca lc i te  
near  t h e  ga rne t  isograd; diopside f i rs t  appears  southwest  of 
t h e  culmination midway through t h e  kyani te-s taurol i te  zone.  
Near t h e  c e n t r e  of t h e  curmination diopside-hornblende- 
garnet-bioti te-quartz-calcite and feldspar a r e  found. 
Assemblages in t h e  e x t r e m e  nor thern  p a r t  of t h e  a r e a  conta in  
diopside-hornblende-garnet-calcite and plagioclase. 
Pet rographic  s tudies  a r e  in progress t o  b e t t e r  de f ine  ca lc-  
s i l ica te  mineral zones,  and t o  compare  the i r  distr ibution with 
zones  observed in peli t ic rocks. 
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Abstract 

Shaw, David, Structural setting of the Adamant Pluton, Northern Selkirk Mountains, British Columbia; 
Current Research, Part A, Geol. Surv. Can., Paper 78-lA, p.8::-85, 1978. 

The Adamant Pluton intrudes Proterozoic rocks o f  the Horsethief Creek Group which is 
subdivided into Lower Pelitic, Middle Marble and Upper Pelitic members. The pluton has an 
elongated ellipsoidal map outline, the long axis of which is aligned east-west. Rock types within the 
concentrically zoned mass range from hypersthene-augite monzonite in the core to biotite-hornblende 
granodiorite and quartz diorite in the outer zone. The region has undergone three main phases o f  
deformation and these are described. Available evidence indicates that the pluton was emplaced 
before the Middle Jurassic phase 11 deformation. Hence the pluton is at least of Middle Jurassic age, 
but it could be considerably older. 

Introduction Fab r i c  Analysis 

The a r e a  peripheral  t o  the  Adamant  Pluton was  mapped The Northern Selkirk Mountains region has undergone 
in deta i l  during the  field seasons of 1975, 1976 and 1977. The t h r e e  main phases of deformat ion.  
purpose of the-study was  t o  de termine  t h e  re la t ive  t iming of During t h e  f i r s t  phase of deformat ion a t  leas t  one large  of the pluton with respect the main regiona1 scale nappe was  formed which inverted the stratigraphy t o  
phases of and its effect 'POn the geometry of the west  of the study area .  A planar fabric was  produced regional fold patterns.  during phase I, th is  f ab r i c  (S1) is generally parallel  t o  primary 

The Adamant  Pluton is a zoned, igneous body with an  bedding (So) throughout  t he  Northern Selkirks (Brown 
e longated ,  ellipsoidal map  outline. The long axis, in plan et al., 1977). 
view, is aligned eas t -west  and is 25.6 k m  in length. The The second phase of deformat ion formed t i gh t  t o  w i d t h  of the PIuton is 6'4 km'  The 'Ore of isoclinal folds; outside of t he  s t ruc tura l  aureole ,  in a r e a s  not hypersthene-augite monzonite is successively enclosed by a affected by phase 111 deformation ( B ~ ~ ~ ~  and Tippett, in mixed zone of hornblende-quartz monzonite and granodiorite,  press), axial  surfaces are northwest-southeast t rending and 
a zone of bioti te-hornblende granodiorite and a zone of d i p  to the northeast. q u a r t z  d i o r ~ t e  (Fox, 1969). 

The pluton has intruded Proterozoic  metasediments  of 
t h e  Horsethief Creek Group. The s t ra t igraphy of this group 
within t h e  vicinity of t h e  pluton has  been subdivided into 
Upper Pel i t ic ,  Middle Marble and Lower Pe l i t i c  members  
(Brown e t  al., 1977). The t r a c e  of t h e  Middle Marble member  
abou t  t h e  Adamant  Pluton is shown in Figure 20.1. 

Previous  Work 

The only previous work repor ted  on t h e  Adamant  Pluton 
is t h a t  by Wheeler (1963, 1965) and Fox (1969). Fox 
concluded t h a t  t he  history of the  pluton involved ear ly  
i.ntrusion of a hypersthene monzonite body, with la ter  
deformat ion and reintrusion,  and associated metamorphism of 
t h e  ear ly  monzonite t o  a maf ic  granodiorite.  Regional 
deformat ion was believed by Fox t o  have caused upward 
emplacemen t  of t he  mass a s  a crystall ine diapir which pushed 
as ide  t h e  country  rocks along i t s  roof and flanks. Hence he 
visualizes t he  pluton's l a t e s t  s t age  of intrusion a s  being a 
disruptive syn- or post-tectonic event .  

Adaman t  Pluton S t ruc tu ra l  Aureole  

From Fox's d a t a  it is apparent  t h a t  t h e r e  is a s t ruc tura l  
au reo le  associated with t h e  pluton's emplacement .  The a r e a s  
lying within and immedia te ly  outside of th is  au reo le  were  
examined in order t o  make comparisons. 

The form of t h e  phase 111 deformat ion var ies  f rom 
s t rong crenulation t o  la rge  scale,  t ight  folds, with a similar 
axia l  surface  trend t o  t h a t  of t he  phase 11 s t ruc tures .  
Phase  I11 s t ruc tu re s  a r e  primarily developed on the  northeast-  
e r n  flank of t h e  Selkirk Mountains where they d ip  t o  the  
southwest.  Since the  phase I 1  and phase 111 s t ruc tu re s  a r e  not 
i.socli.na1, t h e  axia l  planar fabr ics  (S2 and S3 respectively) make  
a significant angle with primary bedding (So). These  planar 
f ab r i c s  generally have  similar a t t i t udes  bu t  d iverge  suffic- 
iently t o  allow phase 11 hinge l ines t o  be  deformed about  
phase  111 s t ructures .  

The relationships and a t t i t udes  change a s  bo th  phase I1 
and phase 111 axial  su r f aces  a r e  t r aced  towards  t h e  pluton. 

Phase  111 axial  su r f aces  when t raced towards  the  pluton 
a r e  strongly def lec ted  around it. The def lec t ion  is bes t  seen 
in t h e  a r e a  t o  t he  immedia te  south of Azimuth  Mountain 
(Fig. 20.1). The axial  su r f aces  t h a t  lie w i t h ~ n  the  ea s t e rn  par t  
of this a r e a  have been def lec ted  clockw ~ s e  approximate ly  
n inety  deg rees  t o  a s sume  a nor theas ter ly  t rend.  The dip 
d i rec t ion  of t hese  axia l  su r f aces  changes  in t he  zone of 
deflection.  Those axia l  su r f aces  which l ie in t h e  western  par t  
of t h e  Azimuth  Mountain a r e a  a r e  de f l ec t ed  counter -  
clockwise f r o m  a nor thwest  t o  a wester ly  s t r ike .  The d ip  
d i rec t ion  changes  f rom southwest  t o  northerly,  and t h e  axial  
su r f ace  passes through t h e  vertical .  In both the  ea s t e rn  and 
western  pa r t s  t h e  final  or ienta t ion  of t h e  axia l  surfaces  

The s t ruc tura l  aureole  extends  approximate ly  6 km re f l ec t s  t h e  outl ine and s teeply  inward dipping na tu re  of t he  
f rom the  northern and southern margins of the  pluton but is pluton's  southern margin.  
faul ted  out  within a f e w  hundred me i r e s  of the  pluton in the  

- 

The phase I11 fold axes  (L3), immedia te ly  outside of t he  
and extends the Rocky Mountain Trench in  the east pluton's s t ruc tu ra l  aureole ,  pitch in S g  predominantly towards  (Fig. 20.1). t h e  northwest.  As the  pluton is approached and the  axial  
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Figure 20.1 

surfaces  a r e  def lec ted t o  the  eas t ,  adjacent  t o  Azimuth 
Mountain, the pitch direction of L3 is reversed. This is 
reversed again a s  the axial surfaces  go  around the  ex t r eme  
southeast  corner of the pluton (Fig. 20.1). The magnitude of 
pitch, of  L3 i n s 3  in both the  eas tern  and western  parts,  
increases a s  the  pluton is approached. Those L3 lineations in 
the  western part  do not undergo a reverse in pitch when the  
axial  surfaces  containing them a r e  deflected t o  the  west.  

In the region adjacent  to the northwest corner  of the 
pluton a deflection t o  the  e a s t  of phase I11 axial  surfaces  is 
a lso  observed (Fig. 20.1). However, t he  corresponding west- 
erly deflection in the  southwest corner of the  pluton is 
obscured by poor outcrop and complex s t ra in  e f f e c t s  present 
along Norman Wood Creek.  The phase I11 axial  surfaces  in 
th is  northwest region approach the  pluton's s t ructura l  aureole  
with a southeast  s t r ike  and a southwest dip direction. Once 
within the  s t ructura l  aureole  the  axial surfaces  (S3) undergo a 

counter-clockwise deflection t o  an  eas ter ly  s t r ike  and the  
surfaces  dip steeply t o  the  south. Once again  the  axial 
surfaces  a r e  drawn into a conformable or ienta t ion with the 
pluton's inward dipping per imeter .  As the  axial surfaces  6 3 )  
approach the  "hinge" zone of maximum curvature  of the 
eas t e r ly  deflection, the  pitch direction of t h e  phase 111 fold 
a x e s  (L3) in S3 is reversed. 

The eas tern  portions of the deflection zones,  located 
adjacent  t o  A z ~ m u t h  Mountain and a t  the  pluton's northwest 
margin, a r e  connected by the  t r ace  of the  Middle Marble 
member.  This unit is  on the  upper l imb of a major phase 111 
an t i fo rm and i t  ref lec ts  t he  orientation of phase 111 axial  
su r faces  a s  they go  around the  pluton's e a s t  end. The Middle 
Marble member is conformable t o  the  outline of the  pluton's 
per imeter  and is steeply inward dipping below it. In order to  
g o  around the  eas t e rn  end of the  pluton, and connect  with 
both  "deflection zones", t he  Middle Marble goes around a 



number of major "bends". A t  each "bend" the pitch trend of 
phase 111 fold axes is reversed and remains steep relative to 
the attitudes outside of the structural aureole. 

The conformable "wrap around" seen at the eastern end 
of the pluton is not repeated at the western end. Going west 
from the Azimuth deflection zone, successive major phase I11 
axial surfaces approach the pluton. Once within the 
structural aureole they show varied degrees of counter- 
clockwise deflection as they assume an orientation 
conformable with the inward dipping pluton margin. The 
Middle Marble member, adjacent to the pluton's southwest 
corner, is on the lower limb of a major phase 111 antiform, the 
axial surface of which lies to the west of Goldstream 
Mountain (Fig. 20.1). When traced northwards the axial 
surface dip direction changes from westerly to northerly to  
dip towards the pluton. The axial surface is then deflected to 
a southwesterly strike and i t  dips to the northwest. In doing 
so the axial surface passes through the vertical. 

Phase 11 axial surfaces, within the structural aureole, 
where they are not folded by phase Ill structures, are 
conformable with the inward dipping pluton margin. 

Contact Relationships 

Within the pluton's outer zones there are tight folds 
which deform a foliation defined by planar preferred orienta- 
tion of minerals and a weak compositional layering. Biotite 
and hornblende also locally lie In the axial surfaces of the 
folds. Although 5 3  tends to conform to the trend of the 
pluton boundaries, local discordant relations have been 
observed. One instance on the map scale is illustrated in  
Figure 20.1. Here the axial planar fabric, and the associated 
tight folds, can be traced out of the pluton and into the 
country rock where they are correlated with Sg and phase I11 
folds respectively. 

The deformed mineral planar fabric within the pluton 
has a similar orientation to that of S2 in the adjacent country 
rock. 

The metasediments, within the structural aureole, are 
generally concordant with the pluton's map outline. There 
are local discordant relationships but these are mainly limited 
t o  the two deflection zones. 

Experimental Investigations 

Finite Element Analysis 

Although not reported in this report the author has used 
a two dimensional finite element analysis method that 
assumes a pre-phase Ill presence of the pluton as a r igid mass, 
and has observed that the geometry of the phase I11 axial 
surface deflection is reproduced. 

Isotopic Dating 

The pluton was sampled by the author from core to  
perimeter in order to carry out 8 7 ~ b - 8 6 ~ r  whole rock and Pb- 
zircon dating. 

The " ~ b - ~ ~ S r  ratio changes by .08 from core to 
perimeter. This rat io change is insufficient to derive an 
isochron. 

The presence of zircon within the pluton appears to be 
limited to the outer zones. The hypersthene monzonite core 
samples were devoid of zircon. This may be explained by the 
zircon being of a metamorphic origin. Zircon may be absent 
from the nonmetamorphosed core because the zirconium is 
sti.11 "locked" within certain core minerals, probably within 
the feldspars. Hence a Pb-Pb da-re using the perimeter zone 
zircons may only yield the date of the metamorphism 
associated with the zircon formation. 

Conclusions 

The manner of the phase llI axial surface deflection 
around the pluton is consistent with the pluton being present 
as a r igid body before the onset of deformation. The axial 
surface deflection and the "wrap around" effect, outlined by 
the Middle Marble, is analogous to  the geometry of the fabric 
around a microscop~c, pretectonic porphyroblast with an 
approximately ellipsoidal outline. 

The phase 111 folds within the pluton's outer zones 
deform a fabric which the author believes t o  be S2. This 
means that the pluton's emplacement is not just pre-phase 111 
but a t  least as early as syn-phase 11. However the highly 
discordant trend of the pluton, wi th respect to  the regional 
strike of phase ll axial surfaces, makes a pre-phase 11 
emplacement more probable. 

Since the surrounding metasediments were initially 
metamorphosed to upper amphibolite facies during the final 
stages of the phase 11 deformation, it appears that the 
Adamant Pluton was emplaced before the peak of regional 
metamorphism. 

The phase ll structures probably formed in Middle 
Jurassic (Wheeler, 1963, 1965; Brown and Tippett, in press). 
On available evidence the Adamant Pluton could be as young 
as Middle Jurassic, but an older age is equally possible. 
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Abstract 

Casey, J .J .  and Scarfe. C.M., Geology o f  the Heart Peaks Volcanic Centre, northwestern British 
Columbia; Current Research, Part A, Geol. Surv. Can., Paper 78-lA, p. 87.89,  1978. 

The Heart Peaks Plateau, one o f  several late Cenozoic volcanic centres, is broadly subdivided 
into flat-lying basalts and trachybasalts o f  the Level Mountain Group and rhyolite domes o f  the Heart 
Peaks Formation. Preliminary field and petrographic observations are discussed in the light of this 
bimodal distribution of  rock types. 

lntroduc tion 

The Hea r t  Peaks  Pla teau of northwestern British 
Columbia rises roughly 900 m above the  local topography 
between the  Sheslay and Dudidontu rivers. The twin Hea r t  
Peaks  a t  t he  c e n t r e  of t he  flat-topped succession of volcanic 
rocks rise t o  2013 m and the  plateau covers  an a r ea  of abou t  
330 km2.  The plateau is sharply dissected on all sides by f a s t  
flowing s t r e a m s  which empty  in to  t he  dra inage  sys tem of t he  
Inklin River t o  t he  north. 

The volcanic rocks res t  unconformably on a local  
basement  of deformed Jurass ic  and Triassic sediments  and 
calc-alkaline volcanics (Souther, 197 1 ). These  Mesozoic rocks  
occur  in a nor thwester ly  t rending be l t  bounded on t h e  south  
by the  Coast  Crystall ine Complex and on the  north by the  
Cassiar Crystall ine Belt. 

Previous mapping of t he  a r e a  has  been by Gabrielse and 
Souther  (1962) and Souther  (1971). Hea r t  Peaks  is  one of 
severa l  la te  Cenozoic  volcanic cen t r e s  in northern British 
Columbia which show bimodal distr ibution of basalt ic and 
fe ls ic  lavas. The volcanics of t h e  Level  Mountain Range  
16 km to  the  e a s t  (Hamilton and Scarfe ,  1977) and a se r i e s  of 
l a t e  Miocene acid t u f f s  and basalts  26 km t o  t he  south  
(Panteleyev, 1964; Souther,  1971) a r e  considered t o  be  
contemporaneous  with t h e  Hea r t  Peaks.  

This repor t ,  which covers  work completed  during the  
1977 field season, represents  a continuation of a program t o  
study t h e  Cenozoic  volcanic rocks of nor thwestern  Brit ish 
Columbia. Corre la t ion  of t he  Hea r t  Peaks  volcanic succes- 
sion with larger cen t r e s  such a s  Edziza (Souther,  1970; 
Souther  and Symons, 1974) and the  Level Mountain Range will 
cont r ibute  t o  a more  comple t e  understanding of this episode 
of volcanism in nor thern  British Columbia. Souther (1970) h a s  
re la ted  the  volcanism in this region t o  deep  c rus t a l  rifting. 

Mappable Units 

The sketch  m a p  shows t h e  distribution of t he  t w o  
dis t inc t  volcanic units, along with t he  locations of vents  and 
dykes. The format ion names,  which have been taken f rom 
Souther  (19711, emphas i ze  a composit ional dist inction r a the r  
than a t ime-s t ra t igraphic  one. 

The Level Mountain Group outcrops  a s  generally f l a t -  
lying flows and pyroclastics.  The southern  end of the  plateau 
shows a virtually uninterrupted ver t ica l  sequence of 600 m of 
basa l t  and trachybasalt .  The  textura l  and composit ional 
variations among individual flow units a r e  very subt le  in any 
par t icular  section; however,  individual flows a r e  easily 
distinguished by a weathered scor iaceous  layer at t h e  t o p  of 
each  flow. The basa l t ic  f lows ave rage  4 t o  6 m .in thickness 
and frequently exhibit  prominent columnar jointing. Textures  
range f rom fine grained t o  sparsely porphyritic. Pillow lavas  
a r e  found a t  severa l  places i n  t h e  southern  section,  bu t  
ne i ther  these  nor any other  marker  horizon could be  
corre la ted  for any g rea t  d is tance  across  t he  plateau. A cliff 

on t h e  southwestern  edge of t h e  p la teau exposes  a good 200 m 
succession of 22 basa l t ic  flows. The  cliff is t he  resul t  of t he  
Sheslay Slide (Souther,  1971) which flowed down t o  Sheslay 
valley t o  t he  west.  The cen t r a l  and northern par ts  of the  
plateau,  on t h e  o ther  hand, show a more  complex sec t ion  with 
th icker  cooling units (10-15 m), a n  increasing abundance  of 
pyroclastics,  and evidence for  a t  leas t  one glacial  erosional 
even t .  

Two  contras t ing  erupt ive  s ty l e s  a r e  represented  by t h e  
Level Mountain Group basa l t ic  rocks: explosive ac t iv i ty  
represented  by coarse  vent agglomerates ,  and fluid fissure- 
t ype  erupt ions  represented by l inear dykes. Well exposed 
vents  discordantly intrude t h e  flat-lying flows in numerous 
locations.  A typical  ven t  agg lomera t e  is composed of 
unsorted blocks of subrounded and angular mater ia l  f r o m  sand 
s ize  t o  2-m sized boulders. Sulphurous ma te r i a l  and s t r ia ted  
blocks of debr is  a r e  cha rac t e r i s t i ca l ly  present  and t h e  
pyroclas t ics  a lways  consist  of f r agmen t s  of basa l t  and 
t rachybasal t  similar t o  t he  surrounding lava flows. Mud flows 
composed of basalt ic debris a r e  exposed in severa l  s t r eam 
valleys. The numerous north-south str iking l inear dykes 
r e f l e c t  a less  violent f issure-type erupt ive  style.  The basa l t ic  
dykes o f t en  show well developed l a t e r a l  joints and in many 
cases  conta in  large  crys ta ls  of feldspar and hornblende. In 
most  ca ses  t h e  dykes a r e  similar in composit ion t o  t h e  host 
lavas. 

A dis t inc t  change, marked by an  erosional e v e n t ,  occurs  
near  t he  t o p  of t he  volcanic succession.  U-shaped glacial  
valleys in plagioclase-phyric basa l t s  a r e  filled with localized 
deposi t s  of sand-sized glacial  outwash sediments  and with 
grey-weathered basa l t s  or t rachybasal t s  with well developed 
flow t ex tu re s  t h a t  commonly conta in  l a rge  black phenocrysts 
o r  xenocrys ts  of hornblende. J u s t  below t h e  highest  flows, 
southeas t  of H e a r t  Peaks,  ea s t e r ly  s t r ik ing glacial  s t r iae ,  and 
a layer  of unconsolidated till with many grani t ic  boulders 
indicate t h a t  t he  l a t e s t  volcanic ac t iv i ty  was  synglacial. 

The f lows of t h e  Hea r t  Peaks  Format ion and t h e  Level  
Mountain Group do not appea r  t o  be  d is t inc t  t ime-  
s t ra t igraphic  units. A fine grained basa l t ic  dyke, which could 
be  t r aced  f o r  severa l  miles, was  observed t o  have intruded 
t h e  uppermost  basa l t ic  f lows of t h e  Level Mountain Group a s  
well a s  t h e  ac id  rocks of t h e  H e a r t  Peaks  Formation.  
Elsewhere the re  a r e  ver t ica l  c o n t a c t s  be tween the  two  units 
and sill-like bodies of rhyoli te sugges t  an  intrusive relation- 
ship between t h e  ac id  H e a r t  Peaks  rocks and t h e  basic lavas  
of t h e  Level Mountain Group. 

The bright coloured domes  of t he  Hea r t  Peaks  
Format ion a r e  composed predominantly o f '  porphyrit ic 
rhyoli te w i th  minor t rachyte .  The highly viscous na tu re  of 
t he  ac id  lava  has  resulted in t h e  format ion of steep-sided 
domes  in which extens ive  hydrothermal  a l t e r a t ion  has  made 
individual f low uni ts  unrecognizable.  On the  western  side of 
t he  plateau,  severa l  individual domes  occur  on a ridge, e a c h  
easily dist inguished by the  va r i e ty  of bright green and pink 
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colours exhibited by the  weathering.  The highest domes 
con tam fresh glassy rhyolite with sparse phenocrysts,  while 
t h e  flows lower in t he  format ion a r e  of ten  clogged with large  
anor thoclase  and sanidine phenocrysts and a r e  commonly 
autobreccia ted .  Fine grained ash  fa l l  and welded ash  f low 
tu f f s  a r e  frequently found and agglomerat ic  pyroclastics a r e  
not  a s  extensive in this unit a s  in t he  Level  Mountain Group. 

Petrography 

At  this point a limited number of petrographic observa- 
t ions have been made on specimens collected in the  summer  
of 1977. These deta i l s  a r e  f a r  from comple t e  and any firm 
conclusions regarding pet rogenet ic  models or generalized 
petrologic de ta i l s  a r e  unwarranted a t  th is  t ime. 

Basalt ,  t rachybasal t  and rhyolite a r e  t he  predominant 
rock types  present in the  Hea r t  Peaks  plateau.  A typical  
f resh  alkaline olivine basa l t  has an ophitic groundmass 
texture ,  with labrador i te  la ths ,  pink t i tanaugi te ,  corroded 
olivines and ubiquitous opaque oxtdes. Labrador i te ,  olivine 
and augi te  occur a s  phenocrysts which comprise about 10 per 
c e n t  of t he  rock. The t rachybasal t s  show a l a rge  variation in 
mineralogy. Two feldspar phenocryst  phases a r e  usually 
present  in varying proportions. Anorthoclase or sanidine 
coexis t  with plagioclase (-AnSo). Commonly t h e  alkali  feld- 
spar phenocrysts occur  a s  cumulophyric and in terpenet rant  
crystals.  Augite occurs a s  phenocrysts,  somet imes  a s  
glomeroporphyrit ic aggregates .  Olivine is  usually absent.  
Qua r t z  somet imes  occurs a s  corroded crystals.  The ground- 
mass displays a well developed eutaxi t ic  t ex tu re  of oriented 
plagioclase l a th s  and minor granular augi t ic  pyroxene and 
opaques. Apat i te  is  present  a s  inclusions in plagioclase. 

The rhyolites of t he  Hea r t  Peaks  Formation a r e  qu i t e  
uniform in texture .  Sanidine phenocrysts s e t  in a very fine- 
grained t o  glassy matr ix  of quar tz  and feldspar occur  in t he  
rhyolite domes. The pink weathered rhyolites lower in the  
succession appear  t o  conta in  alkali feldspar phenocrysts of 
varying composition. One phase of highly weathered pheno- 
c rys t s  (up t o  2 c m )  coexis ts  with a less weathered phase. 
Unlike t h e  peralkaline salic rocks of t h e  adjacent  Level  
Mountain Range, t h e  ac id ic  rocks of t h e  H e a r t  Peaks  
Format ion d o  not appear  t o  conta in  any alkali-rich fer ro-  
rnagnesian minerals. 

Many f ea tu re s  of t he  Hea r t  Peaks  volcanics have ye t  t o  
be  investigated.  Detailed investigations of feldspar composi-  
t ions,  mineralogical  t rends ,  and major and t r a c e  e l emen t  
analyses a r e  presently being undertaken a s  pa r t  of this study. 
This d a t a  will al low evaluat ion  of pe t rogene t i c  models which 
must account  fo r  t h e  bimodal distr ibution of magma  
composi tions. 
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Abstract 

Born, P, and James, R.S., Geology of the East Wlll Lake, layered gabbro anorthosite intrusion. 
District of Algoma, Ontario; Current Research, Part A, Geol. Surv. Can., Paper 78-IA, p.91-95,1978. 

The intrusion is elliptical in shape (13 km by 4 km) and consists of rock compositions which 
vary between gabbro and anorthosite, recrystallized to greenschist facies mineralogy. A few 
specimens show primary olivine, plagioclase and clinopyroxene in that order of crystallization. 
Nine zones are recognized within the intrusion. Their distribution, and the measured 
orientations of shallow-dipping, metre scale, isomodal and graded layers of cumulste origin, 
outline a basin morphology for the complex. Minor Cu-Ni mineralization has been observed 
adjacent to a west-northwest striking fault zone which transects the intrusion. A massive 
porphyritic syenite body is in abrupt (fault?) contact with this intrusion along its southeast 
margin. The spatial relationship between the two is not unlike that described from Grenville- 
type anorthosites. 

Introduction The rock-types found within t h e  gabbro-anorthosite 

The East  Bull Lake gabbro-anorthosite complex is an  
elliptically-shaped body (13 km by 4 km) which underlies an  
a r e a  of approximately 36 km2. I t  is  located 30 k m  nor th  of 
Massey, Ontar io  and approximately 32 km e a s t  of Elliot Lake 
(NTS 41 518). Although i t  is smaller in size,  t h e  geology of 
this complex is very similar t o  t h a t  exhibited by t h e  
Shakespeare-Dunlop gabbro-anorthosite ( James  and Harris, 
1977, Card and Palonen, 1976) which outcrops  16 k m  t o  t h e  
east on t h e  west s ide  of Agnew Lake. Together with a 
smaller intervening intrusion of the  s a m e  type, t hese  
complexes  occur over a d is tance  of 40 km along a west-  
nor thwest  direction f rom Agnew t o  Whiskey lakes. These 
layered gabbro-anorthosite bodies l ie  nor th  of t h e  basal 
Proterozoic-Archean unconformity and a r e  in f au l t  c o n t a c t  
with older(?) Archean grani te ,  gneiss and maf i c  volcanic 
rocks, and younger(?) Nipissing diabase. In both t h e  
Shakespeare-Dunlop and East  Bull Lake complexes,  gently 
dipping (5-30') layers of cumula te  origin out l ine  basin-type 
s t ruc tu res  which a r e  apparently l i t t l e  deformed f rom thei r  
original orientation. Faul t  con tac t s  cha rac te r l ze  the  
relationship between the  complexes and adjacent  rock units. 
Chilled marginal f ac i e s  and intrusive relationships a r e  
singularly absent.  These d a t a  suggest t o  us  t h a t  t hese  bodies 
a r e  layered igneous complexes which have been emplaced, 
subsequent t o  crystall ization (early Proterozoic?), in to  thei r  
present crus ta l  position by major t ec ton ic  movements.. 

General Geology 

Previous geological mapping in this a r e a  was  done by 
Douglas (1925) and Moore and Armstrong (1943). The l a t t e r  
authors  outlined t h e  boundaries of t h e  East  Bull Lake 
intrusion. In Figure 22.1, t h e  geology of this intrusion is 
presented. Nipissing diabase, Archean grani tes ,  and maf i c  
metavolcanic  rocks a r e  in con tac t  with t h e  gabbro-anortho- 
s i t e  complex along i t s  northern,  western ,  and southern 
boundaries. Diabase dykes, which in t rude a l l  rock-types in 
t h e  complex, a r e  common at anorthosite-granite con tac t s  in 
t h e  f e w  places i t  has  been observed and suggest t h a t  a faul ted  
relationship exists between the  two. A large lensoid mass of 
coa r se  grained syenite is  in con tac t  with the  complex along 
i t s  southern and southeas tern  boundary. Abrupt con tac t s  
showing no intrusive relationships and/or prominent photo- 
l inears cha rac te r i ze  both syenite-anorthosite and maf i c  
volcanic-anorthosite boundaries suggesting t o  us t h a t  t hese  
l a t t e r  units a r e  in faul ted  con tac t  with t h e  complex. 

. . - 
intrusion range f rom meta-anor thosi te  t o  meta-pyroxenite 
using the  classification of Windley et al. (1973). For ease  of 
description rock names a r e  used without t h e  prefix "metal'. 
Based on t h e  examinat ion of a f e w  thin sect ions  and in order 
of crystall ization, olivine, ca l c i c  plagioclase (near ~ n e  0 )  and 
augi te  a r e  the  original major s i l ica te  phases. Mineral 
t ex tu res  and crys ta l  layering s t ruc tu res  indicate  t h a t  many of 
t h e  rock-types originated a s  igneous cumulates.  Alteration of 
t h e  primary minerals t o  ta lc ,  iron oxides, epidote,  ac t inol i te  
and blue-green hornblende appears  t o  b e  widespread in t h e  
intrusion and probably r e f l ec t s  one or  more  episodes of low t o  
medium grade regional metamorphism. 

In Figure 22.1 t h e  intrusion is divided in to  nine zones 
(Jackson, 1967) based on recognizable field c r i t e r i a  such as 
rock-types, and type  of layering (or lack of it). In Table 22.1 
deta i led  information for  e a c h  of these  zones is presented. 
Some zones consist of many layers of two  or more  rock types; 
o the r s  a r e  composed of a single th ick  layer. Isomodal layers  
and/or mineral graded layers  0.5 t o  5 m thick a r e  common 
and even abundant in some  zones. Cross-bedding has  been 
observed in a f ew metre- th ick quasi-isomodal layers.  

The two  s t ra t igraphic  columns (Fig. 22.2) i l lus t ra te  the  
succession of zones observed north and south of a major shear  
zone which s t r ikes  at 290' and t r ansec t s  t h e  intrusion 
(Fig. 22.1). That  pa r t  of t h e  complex north of t h e  shear  zone 
bes t  i l lus t ra tes  t h e  original shape of t h e  igneous body. In 
Figure 22.1 t h e  outcrop pa t t e rn  of each  zone in th is  portion 
of t h e  complex and t h e  or ienta t ion of layering (particularly 
abundant  in t h e  Metre-scale Layered Zone) indicate  t h a t  t h e  
intrusion is an  ovoid basin t h a t  consists of a sequence of 
zones which dip inwards a t  an  average angle of 20'. Section 
A-A' (Fig. 22.2) bes t  i l lus t ra tes  t h e  succession of zones on 
th is  pa r t  of t h e  complex. Section B-B1 (Fig. 22.2) i l lus t ra tes  
t h e  succession of zones  for  t h a t  p a r t  of t h e  complex south of 
t h e  major t ransect ing shear zone in Figure  22.1. The 
s t ra t igraphic  sequence is noticeably di f ferent  in this par t  of 
t h e  intrusion. Also layers  within zones  and zone boundaries 
s t r ike  uniformly at near  060Q and dip at 10-20' t o  t h e  
northwest.  This pa r t  of t h e  intrusion consists of four  f au l t  
blocks; the  relationships between each other  a s  well a s  t o  t h e  
northern portion of t h e  intrusion a r e  unclear. 
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Figure  22.1 Geology of t h e  Eas t  Bull Lake gabbro-anorthosite intrusion. 
S t ra t igraphy 

Sect ion  A-A' is r ep re sen ta t ive  of t he  s t ra t igraphy in 
t h e  northern portion of t h e  complex. The upper half of this 
sec t ion  (from the  base  of t h e  Layered Gabbro-Anorthosite 
Zone) fo rms  an e levated  p la teau and is separa ted  f rom t h e  
underlying zones by a 30 t o  40 m fau l t  scarp .  Type 1 
Anorthos i te  Zone (Table 22.1) fo rms  t h e  base  of t h e  sec t ion  in 
this a r ea .  Discontinuous isornodal layering and pyroxenitic 
xenoliths a r e  f ea tu re s  which distinguish this zone  f rom t h e  
massive unlayered rock unit  of t h e  immedia te ly  overlying 
Anorthosit ic Gabbro Zone (not i l lustrated in section).  Thin 
and o f t en  sparsely distributed mineral  graded layers  in t h e  
Mineral Graded Zone con t r a s t  sharply with t h e  abundant  
isomodal layering in t he  overlying Metre-scale Layered Zone. 
Anorthosite,  anor thos i t ic  gabbro,  and gabbro  fo rm continuous 
isomodal layers  throughout th is  zone  although gabbro  is 
common  only near  t h e  t op  of t h e  section.  Where layers  of a l l  
t h r e e  rock-types a r e  present ,  a cycl ica l  repet i t ion  of layers  
upwards in t h e  sec t ion  is observed i-e. gabbro-anorthosite- 
anor thos i t ic  gabbro. The upper pa r t  of this sec t ion  fo rms  a 
continuous sequence  uninterrupted by faults .  The  Layered 
Gabbro Anorthosite Zone, in which isomodal layers  of gabbro  
a r e  diagnostic,  occurs  at t h r e e  s t ra t igraphic  levels (see 
Fig. 22.1) in association with t h e  Metre-scale Layered Zone 

and t w o  overlying zones.  The major f au l t  a t  t h e  base  of this 
unit  appears  t o  have considerably reduced t h e  distribution of 
this unit. The Dendr i t ic  Pyroxene Gabbro Zone forms an  
a lmost  continuous ell iptical  outcrop pa t t e rn  in t h e  upper 
portion of this s t ra t igraphic  sec t ion .  Diagnostic of this zone  
a r e  isomodal layers and ovoid pa t ches  of coa r se  grained 
gabbro  containing pyroxene crys ta ls  1-6 c m  long in ro se t t e -  
t ype  ar rangements .  Similar zones  a r e  recognized in t h e  
Shakespeare-Dunlop intrusion ( James  and Harris,  1977) and a 
gabbro-anorthosite sill in May Township (Cape, 1973). 

Sect ion  B-6' (Fig. 22.2) i l lus t ra tes  t h e  s t ra t igraphy 
within t h e  larges t  f au l t  block f rom t h e  southern  portion of 
t h e  intrusion. Although mos t  of t h e  zones  in th is  sec t ion  a r e  
ident ica l  t o  those  a l ready described f rom t h e  nor thern  pa r t  of 
t h e  complex, t he i r  ver t ica l  distr ibution is  sufficiently 
d i f f e r en t  t o  make  reasonable  corre la t ions  impossible. As in 
sec t ion  A-A', a t ype  I Anor thos i te  Zone l ies  at t h e  base  of 
th is  section.  However,  t h e  t ype  2 Anor thos i te  Zone occurs  a t  
four  s t ra t igraphic  levels in this sec t ion  f o r  which t h e r e  a r e  no 
equivalents  in t h e  nor thern  portion of t h e  complex. In sec t ion  
B-B', a Gabbro Zone is found a t  four  d i f f e r en t  s t ra t igraphic  
positions; t h e  major rock-type in this zone  ranges f rom 



mass ive  t o  porphyr i t i c  v a r i t i e s  and  a l s o  c o n t a i n s  s o m e  Z o n e s  A s s o c i a t e d  w i t h  Main  In t rus ion  S y e n i t e  Z o n e  
minera l -graded  layers .  In s e c t i o n  A-A'  t h e  G a b b r o  Zone  is 
v e r y  th in  and  o c c u r s  only a t  t h e  t o p  of t h e  s t r a t i g r a p h i c  T h e  s o u t h e a s t e r n  boundary  of t h e  gabbro-anor thos i te  

co lumn.  c o m p l e x  is a g a i n s t  a l a r g e  e l l ip t ica l ly -shaped  body of mass ive  
c o a r s e  gra ined  porphyr i t i c  s y e n i t e .  Nei ther  r o c k - t y p e  has  

C e r t a i n  z o n e s  o c c u r  exc lus ive ly  wi th in  o n e  s t r a t i g r a p h i c  b e e n  o b s e r v e d  t o  i n t r u d e  t h e  o t h e r ,  nor h a v e  xenol i ths  of o n e  
sec t ion .  The  Met re -sca le  L a y e r e d  a n d  Minera l -graded  b e e n  f o u n d  in  t h e  o t h e r .  In t h e  v ic in i ty  o f  c o n t a c t s ,  d i a b a s e  
A n o r t h o s i t i c  G a b b r o  z o n e s  o c c u r  only in  s e c t i o n  A. T h e  dykes,  which  e l s e w h e r e  c u t  bo th  t h e  g a b b r o - a n o r t h o s i t e  r o c k s  
l i tho logies  in t h e  Mixed Zone  a n d  Thinly L a y e r e d  Zone ,  a r e  a n d  syeni tes ,  a r e  c o m m o n  a n d  s u g g e s t  to u s  t h a t  f a u l t  
g a b b r o  a n d  very c o a r s e  gra ined  a n o r t h o s i t i c  gabbro ;  both c o n t a c t s  c h a r a c t e r i z e  t h e  p r e s e n t  r e l a t i o n s h i p  b e t w e e n  t h e s e  
z o n e s  o c c u r  only in Sec t ion  B. In t h e  Thinly L a y e r e d  Zone,  t w o  igneous  bodies. F i n e  g r a i n e d  s y e n i t e  d y k e s  (0.2-0.3 m in 
t h e  l i thologies a r e  i n t e r l a y e r e d  whi le  in t h e  Mixed Zone  wid th)  i n t r u d e  t h e  gabbro-anor thos i te  r o c k s  p a r t i c u l a r l y  along 
i r regular ly  shaped  blocks of both rock- types ,  t o g e t h e r  with i t s  s o u t h e a s t e r n  marg in ,  a s  well  a s  t h e  s y e n i t e s  a n d  d i a b a s e  
v e r y  minor  in te r layered  s e c t i o n s ,  ,p redomina te .  We b e l i e v e  dykes .  To  our  knowledge  this  s y e n i t e  intrusion(?)  is unique in 
t h i s  l a t t e r  z o n e  f o r m e d  at l e a s t  In p a r t  as a n  i n t e r l a y e r e d  t h e  reg ion  a n d  t o g e t h e r  wi th  t h e  s y e n i t i c  s e g r e g a t i o n s  
s e q u e n c e  which w a s  subsequent ly  d i s rup ted  by t e c t o n i c -  r e p o r t e d  by C a r d  et al .  (1977) i n  a si l l  of  gabbro-anor thos i te  
induced  ins tab i l i ty  in  t h e  m a g m a  c h a m b e r .  

T a b l e  22.1 

Descr ip t ion  of rock uni t s  

Zone Thickness Major Rock Types Layering Characteris t ic  Features 
(metres) 

Anorthosite Zone 
Type 1 

very coarse grained 
anorthosite and 
anorthositic gabbro 

Discontinuous isomodal layers 
(1-5 m thick) of gabbro, and 
anorthositic gabbro. Also 
minor mineral grading and size 
grading in layers. 

I) coarse grained habit 
of anorthosite 

2) Discontinuous layering 
3) Pyroxenite xenoliths 

(10-20 c m  in diameter) 

Anorthosite 
Type 11 

very coarse grained 
anorthositic gabbro 

None massive and coarse 
grained habit 

Massive 
Anorthositic 
Gabbro 
Zone 

medium t o  coarse 
grained anorthositic 
gabbro 

Minor cross-bedded mineral 
graded layers near western 
edge of northern portion of 
intrusion. 

1) lack of layering 
2) subophitic t ex ture  

Mineral graded 
Anorthositic 
Gabbro 
Zone 

medium to  coarse 
grained anorthositic 
gabbro 

Mineral graded layers 0.5 - 
4 m in thickness; sharp 
layer contacts. 

1) Mineral graded layers 

Alternating isomodal layers 
of 0.2-3 m thick of anorthositic 
gabbro and anorthosite. 
Anocthosi t e  a s  thinner layers 
compared t o  anorthositic gabbro. 
Layer contacts  sharp. Isomodal 
gabbro layers in upper quarter 
of this zone. 

1) Isomodal layering 
2) when gabbro layers a r e  

present the  cycle of 
layers is gb- anorth- 
anorth.gb. 

Metre-scale 
Layered 
Zone 

medium t o  coarse 
grained anorthositic 
gabbro and anorthosite 

Layered 
Anorthositic 
Gabbro 
Zone 

medium t o  coarse 
grained anorthositic 
gabbro and coarse 
grained gabbro 

lsomodal gabbro layers 
0.5-5 m thick interlayered 
with much thicker (massive) 
anorthositic gabbro. Mineral 
grading common in anortho- 
s i t ic  gabbro. 

1) Isomodal gabbro layers 
in mineral graded 
anorthositic gabbro. 

medium t o  coarse 
grained anorthositic 
gabbro and very coarse 
grained dendritic 
gabbro 

Layers of isodomal dendritic 
pyroxene gabbro, 0.2-3 rn thick 
(also as ovoid patches) within 
massive anorthositic gabbro. 

Layers and ovoid patches 
of dendritic pyroxene 
gabbro. Pyroxenes crystal 
1.6 crn in length often in 
feathery patterns; rarely 
plagioclase exhibits a 
similar pattern. 

Dendritic 
Pyroxene 
Gabbro 
Zone 

medium grained gabbro A few mineral graded layers 
in western part of intrusion 
which exhibit variable plagio- 
clase phenocryst content. 

Massive except  in western 
portion of intrusion where 
locally i t  contains mineral 
(plagioclase) graded layering. 

Massive 
Gabbro 
Zone 

lsomodal layers 0.3-3 m 
thick of t h e  two major litho- 
logies. 

Interlayered medium grained 
gabbro and coarse grained 
anorthositic gabbro. 

Thinly 
Layered 
Zone 

subequal proportions 
of medium grained 
gabbro and very coarse 
grained anorthositic gabbro 

approximately equal 
amounts of medium 
grained gabbro and 
very coarse grained 
anorthositic gabbro 

Very rarely 5-7 m thick 
isomodal layers of dn0rth0- 
s i t ic  gabbro with thinner 
layers of gabbro. 

Blocks and irregular 
shaped zones of variable 
size consisting of gabbro in 
sharp contact  with anor- 
thosltic gabbro and vice-versa. 

Mixed 
Zone 



Figure 22.2 Stratigraphic sect ions  A-A' ,  R-8 '  

immediately south of t h e  Shakespeare-Dunlop intrusion, 
suggests t h a t  t h e r e  may be  a gene t i c  link between these  two  
major rock-types. Fur ther  research on this topic  is in 
progress. 

Remobilized Zone 

Massive medium grained gabbro together  with minor 
lenses and patches  of anor thosi te  ( < 5  per cen t  maf ic  min- 
era ls)  const i tu te  t h e  major lithologies in this zone. 
St ructures  in a few outcrops suggest t ha t  t he  anor thosi te  
originally may have formed a s  isomodal layers up t o  5 m 
thick. However, in tense  shearing throughout this zone which 
w e  believe is d i rec t ly  re la ted  t o  the  major faul t  immediately 
south of this zone, has  largely destroyed original s t ructures .  
Linear zones occupied by l a t e  diabase dykes and f r agmen t s  of 
basement grani t ic  rocks (which outcrop immediately south  of 
this zone) parallel  t h e  aforement ioned f au l t  zone and in t rude 
t h e  gabbro and anorthosite.  Clearly,  this zone has  been 
produced by even t s  associated with l a t e  fault ing of t h e  
gabbro-anorthosite and syeni te  intrusions. 

Sulphide Occurrence  

Pyrrhot i te  and minor chalcopyrite a r e  disseminated in 
narrow zones of intensely sheared anorthosit ic gabbro and 
anorthosite.  Diabase dykes and qua r t z  veins have been 
emplaced along these  shear  horizons which s t r ike  west-  
northwest in a similar or ienta t ion t o  t h e  major shear  zone 
which t ransects  t h e  intrusion. The t w o  major locali t ies where  
th is  mineralization has  been observed a r e  loca ted  1.2 km 
southeast  of t h e  eas t  end of East  Bull Lake wi thin .  t h e  

Anorthosit ic Gabbro Zone, and 0.8 km south of East  Bull Lake 
in t h e  Remobilized Zone. A t  both locali t ies intensive drilling 
by various exploration companies over  t h e  pas t  2 5  years  has  
failed t o  d e t e c t  any major sulphide concentra t ion.  The 
geology suggests t h a t  t h e  mineralization is a l a t e  phenomena 
analogous t o  t h a t  reported by J a m e s  and Harris (1977) in t h e  
Shakespeare-Dunlop intrusion and unrela ted  t o  t h e  igneous 
processes which formed the  anor thosi t ic  intrusion. 

Summary 

1) Gabbro, anorthosit ic gabbro, and anor thosi te  a r e  the  
predominant rock-types in t h e  intrusive complex. The 
anor thosi tes  probably represent  plagioclase cumulates .  The 
gabbro and anorthosit ic gabbros a r e  found in ter layered with 
anor thosi te  in t h e  Metre-scale Layered Zone. This suggests 
t o  us t h a t  a t  l ea s t  in this zone they  represent  pyroxene and/or 
plagioclase cumulates  (Wager and Brown, 1968). Sedimentary  
s t ruc tu res  such a s  cross-beds, bifurcating layers,  and rnineral- 
graded layers  suggest t h e  presence of s o m e  minor local 
cu r ren t  ac t ion during t h e  crystall ization of t h e  intrusion. 

2 )  Faulted con tac t s  cha rac te r i ze  the  association of o ther  
rock-types with the  gabbro-anorthosite intrusion. Internally 
t h e  intrusion can be divided in to  two  par ts  s epa ra t ed  by a 
major eas t -west  striking shear  zone. The s t ra t igraphy 
exhibited in each part  is d i f ferent ,  and corre la t ion between 
them is not presently possible. This suggests t h a t  t h e  two  
main par ts  of t he  intrusion probably represent  two  di f ferent  
s t ructura l  levels. The northern pa r t  of t h e  intrusion forms a 
basin-type s t ructure ,  which bes t  i l lus t ra tes  wha t  w e  believe 
t o  b e  t h e  original morphology of t h e  complex. 

3) The spat ia l  relationship which exis ts  between t h e  
gabbro-anorthosite intrusion and t h e  syeni te  is  similar t o  t h a t  
found in Grenville-type anor thosi tes  where  fe ls ic  intrusions 
a r e  associa ted  with massive t o  weakly layered anor thosi t ic  
rocks. 
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Abstract 

Campbell, F.H.A., Geology of the Helikian rocks of the Bathurst Inlet area, Coronation Gulf; Current 
Research, Part A, Geol. Surv. Can., Paper 78-lA, p. 97-106, 1978. 

The Tinney Cove Formation fault-derived fanglomerates, conglomerobreccias, fluvial sand- 
stones and conglomerates were deposited in narrow elongate(?) troughs a s  Helikian sedimentation 
commenced in the Bathurst Inlet area. Following uplift and erosion, fluvial conglomerates and trough 
cross-bedded conglomerates of the Ellice River Formation were deposited in elongate basins formed 
by reactivation of earlier faults. Intertidal red mudstones and shales of the uppermost Ellice River 
were deposited as  a precursor of the subtidal to  intertidal stromatolitic Parry Bay Formation. The 
Parry Bay carbonates were deposited on a stable platform, increasingly complex t o  the northwest, 
with lit t le accompanying terrigenous sedimentation. 

Regional uplift, erosion, and formation of solution collapse breccias occurred prior to  deposition 
of the unconformably overlying, discontinuous, intertidal to  supratidal mudstones and stromatolitic 
carbonates of the Kanuyak Formation. Basalt flows of the Ekalulia Formation, extruded onto the 
unconsolidated Kanuyak sediments, temporarily interrupted sedimentation, which resumed a s  
volcanism ended, with deposition of the conformably overlying terrigenous clastics of the Algak 
Formation. Quartz-pebble conglomerates and orthoquartzites on the  Jameson Islands a t  the north end 
of Bathurst Inlet may be the proximal facies  equivalents of the  Rae Group in the Coppermine area t o  
the west. 

Introduction 

This study was designed t o  determine the  stratigraphic 
affinity between the Helikian sediments and volcanics of the  
Bathurst Inlet and Coppermine areas ('Fig. 23.1). During the 
1977 field season the rocks of the Bathurst Inlet area from 
the Western River Falls t o  Kent Peninsula were investigated 
(Fig. 23.2). Two new formations have been defined (Algak 
and Ekalulia) and a r e  correlated with s t rata  in the 
Coppermine area (Fig. 23.8), based on the work by Campbell 
and Cecile (1975, 1976), and Baragar and Donaldson (1973). 

The depositional history of the Helikian rocks of the 
Bathurst Inlet area is summarized in ascending stratigraphic 
order below, and in Table 23.1. 

Stratigraphy 

Tinney Cove Formation 

Following early folding and faulting of the Aphebian 
Goulburn Group (Campbell and Cecile, 1975, 1976), north- 
northwest and north-northeast trending faulted basins were 
the loci of deposition of the clastic conglomerobreccias of 
the T1 member of the Tinney Cove. The linear(?), fault- 
delineated troughs a re  best exposed in the Tinney Cove- 
Young Island area, where the minimum apparent displacement 
on exposed syndepositional faults is a t  least 75 m (Fig. 23.3). 

The base of the Tp member rests with marked erosional 
angular unconformity on the Brown Sound Formation of the 
Goulburn Group (all stratigraphic terminology of the Goulburn 
Group af ter  Campbell and Cecile, 1976). Steep-sided 
channels a re  filled with angular blocks of Brown Sound and 
possibly Amagok formations up t o  1.5 m in maximum dimen- 
sion. In addition, boulders of calci te  (up t o  12 cm) a r e  also 
present. The blocks and boulders a r e  set  in crudely trough 
cross-bedded, coarse grained arkose and arkosic grit. 

Paleocurrent data  from T p  trough cross-beds a r e  shown 
in Figure 23.4. The dispersal pattern of the T2 member appears 
t o  be intricately related t o  active movement on the  earlier, T L -  
associated, syndepositional faults. However, due to  the poor 
quality of the exposure, and thus the apparently limited 
lateral extent of the T I ,  the presence of fault-related troughs 

Figure 23.1. Location map. 

could not everywhere be confirmed. The regional dispersal 
pattern of the Tp appears t o  be a continuation of the north- 
west to  north-northwest-paleoslope first established during 
deposition of the Goulburn Group (Campbell and Cecile, 1976) 
with local fault-controlled modification. 

The upper contact of the Tp is exposed a t  only one 
known location, where it is unconformably overlain by the 
basal conglomerate of the Ellice River Formation. The 
thickness of the Tp member is unknown, but is believed to be 
of the order of 250 m. 

Ellice River Formation 

The Ellice River Formation, first defined by Tremblay 
(1971), was identified in the  Bathurst Inlet area by Fraser 
(1964) and Campbell and Cecile (1975). The formation 
consists of quartzites and feldspathic quartzites that  a r e  
texturally and mineralogically more mature than the Tinney 
Cove. 



Campbel l  and Cec i l e  (1975, 1976) 
subdivided t h e  format ion in to  two  mem-  
bers  - a conglomerat ic  phase ( E l )  and a 
sandy phase (E2). Deta i led  examinat ion  
in 1977 showed t h a t  t h e  conglomerat ic  
phases in t h e  upper pa r t  of t h e  format ion 
a r e  t h e  basal portions of mega-scale,  
fining-upward cycles,  and a r e  probably 
not  caused by repet i t ion  of t h e  sec t ion  
due  t o  fault ing.  The format ion is  he re  
redefined as conta in ing t w o  members  - 
t h e  basal  cong lomera t e  member  (E l )  and 
a n  upper member  (redefined a s  E2), com- 
posed of sand-dominated,  very large- 
sca le ,  conglomerate-based, fining- 
upward cycles. 

The  base  of t h e  E l  member  r e s t s  
unconformably on both  t h e  folded 
Goulburn Group and a lso  on t h e  arkoses  
of t h e  T 2  member  of t h e  Tinney Cove 
succession. At  Amagok Creek ,  t h e  El  
r e s t s  with angular unconformity on t h e  
Amagok Formation,  and a t  Young Point 
i t  r e s t s  on red mudstones  of t h e  Brown 
Sound Formation.  West of Young Island, 
t h e  E l  r e s t s  d i rec t ly ,  with a slight 
angular  unconformity,  on  T2 sandstones.  
The  conglomerate  var ies  in th ickness  up 
t o  40 m,  and is  cha rac t e r i zed  by l a rge  
(10-30 cm),  well  rounded q u a r t z  boulders 
in a matr ix  of q u a r t z  pebbles and grit .  
The re  a r e  no recognizable  c l a s t s  of 
Tinney Cove  in t h e  E l .  The re  is  an  
ab rup t  dec rease  in t h e  c l a s t  s i ze s  up- 
wards  in t h e  member ,  but  no  l a t e r a l  
var ia t ion  was  noted,  possibly due  t o  poor 
exposure.  

Large-scale (0.5-3 m)  trough cross- 
bedding is  locally abundant  in t h e  E l  
member ,  a s  a t  Amagok Creek.  However,  
t h e  paleocurrent  d a t a  a r e  derived mostly 
f rom t h e  E p  member  (Fig. 23.4). 

At  Elliot Point,  nea r  t h e  mouth  of 
Burnside River,  t h e  basa l  E l  member  con- 
t a in s  a thin (15 m) uni t  of massive 
vesicular basa l t  (EL  the sub-member is  
associa ted  with ferruginous,  volcani- 
c l a s t i c  sandstones  unlike t h e  sandstones  
in t h e  remainder  of t h e  formation.  Vesicles 
in t h e  flows, up  t o  1.0 c m ,  a r e  fi l led wi th  
ca lc i te .  There  is  ve ry  l i t t l e  c o n t a c t  
metamorphism a t  t h e  base  of t h e  E ~ B  
basalt ,  and t h e  t o p  of t h e  f low is blocky, 
but not  appreciably scoured or eroded. 
The sub-member was  identified only a t  
th is  locali ty and i t s  la tera l  e x t e n t  is 
unknown. 

Figure 23.2. 

Distribution of Helikian rocks  in t h e  
Bathurs t  Inlet a rea .  Locat ions  on t h e  
m a p  a r e  those  refer red  t o  in t h e  text .  

1 - Tinney Cove  Format ion;  

2 - Ellice River Format ion;  

3 - Par ry  Bay Format ion;  

4 - Undifferent ia ted  Kanuyak- 
Ekalulia and Algak fo rma t ions  

Adapted in par t  f rom Frase r  (1964) and 
Campbel l  and Ceci le  (1975, 1976). 



Table 23.1 

Undifferentiated Paleozoic rocks 

AGE I Jameson Island sediments (stratigraphic 
,I aff in i ty  uncertain): quartz-pebble conglom- 

I e r a t e ;  pink and white qua r t z i t e  and grit ;  
minor s i l t s tone (35 m). 

H I Algak Formation: 
Reddish t o  purple arkose and sil tstone; 

I minor mudstone and shale (35 m). 
I Ekalulia Formation: 
I 

E I 
Massive olive-green basalt ;  minor pillowed 
basalt; r a r e  doloarenite (300-500 m). 

I Kanuyak Formation: 
Dolomite block megabreccia;  chert-pebble 

I conglomerate;  minor quar tz i te ;  coa r se  

L 
grained doloarenite;  oolit ic and pisolitic 

I 
dolomite;  s t romatol i t ic  dolomite;  red 
arkose,  si l tstone, and mudstone; (0-60 m). 

Parry  Bay Formation: 
Thin- t o  thick-bedded doloarenite,  dolo- 
si l t i te,  r a re  dololuti te;  minor grey-black 
shale and rnudstone; s t romatol i t ic  dolomite;  
oolit ic and pisolitic intraclast-bearing dolo- 
mite;  r a r e  chert-pebble conglomerate  and 
concret ionary  dolomite;  (220 m). 

Ellice River Formation: 
E ~ M  submember: Red mudstone and sil t-  
s tone with minor red arkose and r a re  fine 
grained quartz-pebble conglomerate;  minor 
beds of f ine  grained doloarenite;  (100 m). 

1 

I E Z  member: Reddish, pink, and whi te  quar t -  
I 

z i t e  with interbedded quartz-pebble con- 
g lomerate ;  qua r t z  grit ;  minor s i l t s tone and 

A l r a r e  mudstone; (500 m). 

E l  g submember: Reddish, vesicular, mas- 
I sive basalt ;  (10-20 m). 

I E l  member: Quartz-pebble and boulder con- 

N I 
glomerate ;  minor white quar tz i te ;  (2-10 m). 

I Tinney Cove Formation: 

I 
T2 member: Reddish, pink, and locally 
mot t led ,  poorly-sorted arkose and arkosic 

I grit ;  minor quartz-pebble-bearing arkose  and 

I sil tstone; (200 m). 
Tz member: Red, very coa r se  grained fan-  

I glomerate ;  sedimentary  megabreccia;  coa r se  

I grained polymictic conglomerate.  

A ' Amagok Formation ' C Brown Sound Formation 
I R Kuuvik Format ion E I ,-, 0 Peacock Hills Formation 

I U U Quadyuk Formation 
A 1 P Burnside River Formation 

N  I N  
Western River Formation 

ARCHEAN Undifferentiated gneissic and grani t ic  rocks 

The EZ member comprises trough- and large-scale 
planar cross-bedded (possibly sand waves), buff, reddish or 
white quar tz i te .  These sediments  extend f r o m  t h e  valley of 
Western River in t h e  Beechey Lake a r e a  in t h e  south, t o  t h e  
Por tage  Bay a r e a  in t h e  north. Trough cross-beds vary  in s ize  
up t o  2 m across,  and their  s ize  appears  t o  have l i t t l e  relation 
t o  t h e  paleocurrent direction. 

Paleocurrent pa t t e rns  in the  E1 member  appear in par t  
t o  be controlled by periods of react ivat ion along ear l ier  
syndepositional faul ts  (Fig. 23.4). Paleocurrents  south of 
Young Point a r e  predominantly d i rec ted southwestwards,  
whereas  f a r the r  north,  a t  Young Point,  t hey  a r e  d i rec ted 
mainly t o  the  northeast ,  along t h e  Quadyuk Island syndeposi- 
t ional faul ts  which shed the  T I  fanglomerates.  In the  Por tage  
Bay a rea ,  very large  (6  m) curviplanar cross-beds a r e  
ar ranged in cross-cutting arrays.  The dominant paleocurrent 
direction indicated by these  cross-beds is t o  t h e  southwest.  

Red mudstones, si l tstones,  and thin, f i ne  grained dolo- 
a ren i t e s  ( E Z M  sub-member), which for  t h e  uppermost unit in 
t h e  Ellice River a r e  exposed only in t h e  northern par t  of t h e  
a rea ,  outcrop on Imnaktuut and Hurd Islands (Fig. 23.2). EzM 
s t r a t a  res t  directly on the  or thoquar tz i tes  of t h e  E2 member,  
with l i t t l e  or no interbedding of the  mudstone-dominated sub- 
member  with t h e  quartzite-dominated member.  The to ta l  
thickness of t he  E Z M  sub-member is e s t ima ted  t o  be  about 
30 rn. 

Mudstone and s i l t s tone dominate  t h e  lower pa r t  of t h e  
sub-member, with doloarenites increasing in abundance and 
thickness towards the  top of the  unit. Mud f lake  and chip 
conglomerates  a r e  locally abundant in t h e  uppermost par t  of 
t h e  sub-member. Sal t  cas ts ,  mudcracks,  and possible rain- 
prints,  together  with abundant small-scale ripple marks, 
indicate  the  shallow marine  deposit ional environment  of t h e  
sub-member. The top of t h e  sub-member is defined a s  t h e  
f i rs t  appearance of f ine  grained dark grey doloarenite and 
interbedded black mudstones and sil tstones of t he  overlying 
Parry  Bay Formation. The con tac t  is sharp and the re  is no 
interbedding of the  red and black mudstones. 

The E ~ M  sub-member also outcrops  on t h e  Hurd Islands, 
where  i t  is  coarser  grained, and locally conta ins  thin quar tz-  
pebble conglomerate  units with small  pebbles generally less 
than 0.5 c m  in a fine grained arkosic matrix.  Planar cross- 
bedding is locally abundant,  and hopper-shaped sa l t  ca s t s  a r e  
common on the  tops of many of the  beds. The con tac t  with 
t h e  overlying rocks of t he  Parry  Bay Formation was not 
observed in this area .  

Thin units of red mudstone interbedded with t h e  
lowermost Parry  Bay in t h e  Por tage  Bay a r e a  may be  t h e  
uppermost pa r t  of t h e  E Z M  sub-member. 

Parry Bay Formation 

The t e r m  Parry  Bay Formation was introduced by 
Fraser  (1964) t o  def ine  those  ca rbona te  rocks which 
apparent ly  conformably overlie t h e  Ellice River Formation. 
Fraser  (op. cit.) did not l oca te  t h e  c o n t a c t  between t h e  t w o  
formations,  but was co r rec t  in his in terpre ta t ion t h a t  t h e  t w o  
a r e  conformable.  

The Parry Bay Formation outcrops f rom Bear Island in 
t h e  south-central  par t  of Bathurst  Inlet, t o  t h e  eas tern  end of 
Kent  Peninsula (Fig. 23.2). The format ion is dominated by 
c las t ic ,  shallowing-upward cycles  and laterally-linked and 
isolated s t romatol i tes  in t h e  southern p a r t  of t h e  inlet, with a 
marked facies  change t o  t h e  north (terminology a f t e r . ~ a r n e s ,  
1977). 

The basal par t  of t h e  Parry  Bay Formation is exposed 
only in t h e  northern par t  of t he  a r e a  on Imnaktuut Island 
(Fig. 23.2). There,  t h e  format ion is in conformable  con tac t  



with t h e  EZM sub-member of t h e  
underlying Ellice River Forma- 
tion. The lowermost par t  of t he  
Parry Bay Formation consists of 
interbedded dark grey, f ine  
grained doloarenite and mud- 
s tone  or  siltstone. Minor, thin 
beds of laterally-linked low- 
amplitude hemispherical s t roma-  
toli tes a r e  also present. The 
to t a l  thickness of t he  terrigenous 
clastic-dominated par t  of t he  
formation is approximately 25  m, 
and is transit ional upwards in to  
t h e  "normal" carbonate  
sequence. 

Many detailed sections were  
measured through the  Parry Bay 
Formation, in an a t t e m p t  t o  
del ineate  sub-units within the  
formation, but with l i t t l e  suc- 
cess. However, c r i t e r i a  defined 
by James  (1977) for recognition 
of shallowing and deepening-up- 
ward cycles  were  identified in all  
sections. The Parry Bay in t h e  
southern par t  of t he  basin 
appears  to  be dominated by 
repet i t ive  shallowing-upward 
cycles,  many capped by sheets  of 
laterally-linked domal s t romato-  
l i tes,  which a r e  locally mud- I - -  Undifferent ia ted  Goulburn Group 3A -- Basal quartz-pebble and polymictic con- 
cracked.  These in turn a r e  rocks; g lomera te s  of t h e  E l  member  of t h e  
overlain by coarse  or f ine  2A - Fanglomerates  and o the r  rocks Ellice River Formation; 
grained c las t ic  dolomite, oolites,  of t he  T I  member; 3B -- Orthoquar tz i te  and protoquar tz i tes  of 
or pisolites with or without 2B - Coarse  arkose and arkosic g r i t  of t h e  EP member  of t h e  Ellice River 
intraclasts.  In the  northern par t  t h e  Tz member;  Formation. 
of the  basin the  formation is 
dominated s t romatol i t ic  dolo- Figure 23.3. Diagrammatic  representation of fault-related deposition of t h e  fanglomerates  
mite,  with minor clastic-domi- and conglomerobreccias of t h e  T I  member of t he  Tinney Cove Format ion,  and 
nated sequences. t he i r  relationships t o  t h e  overlying rocks. The maximum known relief on t h e  

St romatol i tes  occur in both syn-depositional f au l t s  is  of t h e  order of 100 m. 

t h e  coarse  and fine grained divi- 
sions but appear to  be slightly more  common in t h e  f iner  and well-developed "tuning-fork" branching types  occur  in t h e  
  rained uppermost divisions. Intraclasts of laminated s t roma-  upper par t  of t he  section. 
t o l i t e  f ragments  occur in various s izes  up t o  15 c m  in all  The con tac t  between the  LLH, Collenia-type 
divisions, but a r e  most common in the  basal division. Thin stromatolites and branching varieties is abrupt.  The 
beds of oolites and pisolites, with or without intraclasts,  anastornosing stromatolites show subcircular outlines of 
occur  predominantly in t h e  lowermost pa r t s  of t h e  cycles. individual columns on a l l  exposed surfaces.  These a r e  

The laterally-linked (hemispherical) s t romato l i t e s  a r e  
slightly e longate  in a l l  par ts  of t he  formation, but  t h e  
elongation direction is only locally very well defined, 
presumably due t o  the  coalescing nature  of adjacent  s t roma-  
tolites. Where possible, t he  elongation directions of t he  
individuals were  measured t o  provide d a t a  on paleoslope and 
depositional environment (Figs. 23.5A, 23.58). While diver- 
gen t  elongations were  obtained in t h e  south-central  pa r t  of 
t h e  area ,  elongations become more  pronounced and t ighter  
grouped in t h e  northwest and northeast .  

in terpre ted a s  ~ u n ~ u s s i a - t ~ ~ e  s t romatol i tes  in t h a t  t h e  
branching is tree-like. These a r e  overlain in tu rn  by large  
columns of conical s t romato l i t e s  up t o  40 c m  in d i ame te r  and 
1.5-2.0 m high. These a r e  in terpre ted a s  a Conophyton-type. 
However, t h e  columns a r e  strongly la tera l ly  linked and 
individual laminae can be t raced for several columns. The 
synoptic relief on the  individual columns was a t  l ea s t  0.5 m in 
some  locations, a s  individual laminae can be  t raced f rom the  
intercolumn space  across  t h e  top of t h e  column and in to  the  
nex t  space.  

The Conophyton-type s t romato l i t e s  a r e  in tu rn  overlain 
St romatol i te  fac ies  in the  Parry  Bay Formation in the  northern par t  of t h e  basin by steep-sided, high-relief 

bioherms composed of branching upright t o  horizontal  
St romatol i te  fac ies  a r e  well developed throughout the  columns. These bioherms are up  to high and are Parry  Bay Formation, f rom Bear lsland in the  south t o  Walker separated f rom each other by debris-filled intermound Bay in the  northwest (Fig. 23.2). The s t romatol i tes  increase 

channels. The columns themselves  a r e  slightly e longate ,  but in diversity t o  the  north, coincident with t h e  thickening of most are circular. In general, the branching is of the t h e  ent i re  formation. The f ac i e s  changes a r e  ver t ica l  a s  well fork" type, with l i t t l e  or no upward increase  in t h e  d iameter  a s  la tera l ,  with t h e  variations shown in Figure 23.6. The of the columns. 
southern par t  of t h e  basin is dominated by LLH, Collenia- 
t ype  s t romatol i tes  throughout the  formition. The f i r s t  Overlying t h e  bioherms is a thin sequence of small  
change in s t romatol i te  morphology occurs on the  west shore isolated and laterally-linked bioherms composed of branching 
of Arctic Sound, where anastomosing branching s t romato l i t e s  and non-branching columnar s t romatol i tes .  The bioherms 



vary in s ize  up t o  1.5-2.0 m high and t h e  individual columns 
commonly range f rom t h e  base of t he  bioherm to  the  top. 
Near the  base they a r e  frequently horizontal, and in one case  
ac tual ly  grew downwards. The columns appear t o  originate 
f rom a centra l  part  of t h e  small  bioherm, and branch outward 
and gradually turn upwards a t  t h e  margin of t he  s t ructure .  
This type of bioherm with i t s  contained anastomosing 
subhorizontal s t romatol i tes  is termed a "Menorah-type", a f t e r  
t h e  seven-branched Hebrew candelabra.  These bioherms 
appear t o  be  res t r ic ted  t o  t h e  northernmost upper pa r t  of t h e  
Parry  Bay Formation, but t h e  a r e a  in t h e  eas t e rn  pa r t  of Kent 
Peninsula was not examined, and they may be abundant there.  

The top of the  Parry  Bay Formation is an eroded, 
solution-pitted, channelled surface  throughout t h e  Bathurst 
Inlet area ,  with local sharp relief up t o  25 m, and gently- 
sloping valleys (up t o  20 m) filled with e i ther  t h e  Kanuyak o r  
Ekalulia formations.  As the  top of the  Parry  Bay is an eroded 
surface  and the  base is not exposed, t he  only thickness 
e s t ima tes  a r e  minima; t h e  thickest sect ion measured was 
217.4 m (west of Arct ic  Sound). 

In summary, repet i t ive  shallowing-upward cycles, 
ver t ica l  and la tera l  fac ies  distribution, and elongation orien- 
ta t ions  of t he  contained s t romatol i tes ,  together  define a part  
of t h e  major Paleohelikian carbonate-dominated basin in t h e  
Bathurst  Inlet area .  The basin is subdivided about a 
northeast-southwest trending slope-break in to  a s t romatol i te-  
dominated subtidal platform in the  northern par t  of t he  basin, 
and a subtidal t o  in ter t idal  c las t ic  carbonate-dominated 
regime in t h e  south. 

Stabili ty was maintained in t h e  northern par t  of t h e  
basin throughout i t s  depositional history while periodic 
fluctuations of s ea  level occurred in the  southern par t  and a r e  
recorded in t h e  c las t ic  sequence. 

Kanuyak Formation 

The t e r m  Kanuyak Formation was coined by Fraser 
(1964) for those sediments which unconformably and d,iscon- 
tinuously overlie t h e  Parry  Bay Format ion (his unit  17a). The 
format ion everywhere  unconformably overlies t h e  Parry  Bay 
f rom Bear Island in t h e  southeast  t o  Kent  Peninsula in t h e  
north.  However, i t  is very thin, discontinuous, and occupies 
only t h e  depressions in the  Parry Bay, and never covers the  
e n t i r e  surface  of t h e  underlying formation. 

I t  is  apparently in conformable c o n t a c t  with t h e  basalts 
of t he  overlying Ekalulia Formation (unit  18 of Fraser,  1964). 
The thickness of t he  format ion locally varies marltedly f rom 0 
t o  118 m a t  a maximum. However, t h e  l a t t e r  f igure includes 
some  35 m of breccia,  which should probably not be included 
in t h e  to ta l .  While t h e  e n t i r e  format ion is rarely more  than 
30 m thick a t  any given location, and commonly is absent,  t h e  
sequential  development of t he  various sediments in t h e  
sect ions  is identical  a t  all  locations, a s  summarized in 
Table 23.2. 

Sal t  cas ts ,  mudcracks, and very small-scale ripple 
marks cha rac te r i ze  the  red muddy par t  of t h e  formation in 
some par ts  of t he  basin, indicating a supratidal t o  in ter t idal  
environment.  The s t romatol i tes  a t  t he  top of the  format ion 
in t h e  uppermost subdivision a r e  d i f ferent  f rom all  those in 
t h e  underlying Parry  Bay Formation in t h a t  t hey  form 
isolated hemispheres, with character is t ica l ly  rippled internal 
laminations. Oolites,  pisolites and associated in t rac las t  
breccias  a r e  commonly associated with these  s t romatol i tes ,  
and t h e  oolites a r e  particularly well  developed within t h e  
uppermost two  m e t r e s  of t h e  format ion at a lmost  a l l  
locations. 

The en t i r e  format ion becomes finer grained to  the  north 
and northeast ,  until on Kent  Peninsula (Fig. 23.2) the  sedi- 
ments  of t h e  format ion consist a lmost  ent i re ly  of f ine  grained 
red arkose,  and laminated s t romatol i t ic  dolomite and minor 
doloarenite.  Quar t z i t e  was noted a t  only one location, in the  

Table 23.2 

Ekalulia Formation 

Oolitic, pisolitic, and s t romatol i t ic  dolomite  

Y 0 Laminated doloarenite,  dolosil t i te;  minor qua r t zose  
4 - dolomite and qua r t z i t e  

Red mudstone with interbedded dolosil t i te 

Dolomitic arkose,  chert-pebble conglomerate ,  
z '2 arkose,  minor fine grained breccia  

Q rr Coarse  grained arkose,  minor coa r se  grained dolo- 
a r e n i t e  

Dolomite-block megabreccia,  minor chert-pebble 
arkosic  conglomerate  

----------------- Unconformity--- ...................... 

south-central  pa r t  of t h e  basin, on t h e  mainland southwest of 
Kanuyak Island, where  i t  occurs near t h e  basal pa r t  of t h e  
formation, and was probably derived f rom t h e  s a m e  source  
a r e a  a s  the  underlying Ellice River Formation, which is not 
exposed in the  a rea .  

Paleocurrent d a t a  f rom trough cross-bedded, coa r se  
grained, red arkose  exposed a t  t h e  north end of Por tage  Bay 
indicates dispersal f rom the  northeast  t o  t h e  southwest.  

The top of the  formation is exposed a t  a lmost  all  
localities. It is  conformably overlain by t h e  basal ts  of t h e  
Ekalulia Formation, which have flowed on to  t h e  unconsoli- 
da t ed  and uncemented Kanuyak laminated dolomites and 
oolit ic sediments,  locally producing spectacular  soft-sediment 
deformation s t ructures .  In the  northern pa r t  of t h e  basin a t  
t h e  western  end of Kent Peninsula, t h e  basalts have 
incorporated large  blocks of Kanuyak sediments  in to  t h e  
lowermost flows. Some possible tuffaceous  sediments  a r e  
also present in the  uppermost I m of the  Kanuyak, perhaps 
indicative of t h e  f i rs t  s tages  of t he  erupt ive  ac t iv i ty  in the  
Bathurst  Inlet area.  

Pre-Kanuyak Breccias 

Very coa r se  grained, large-scale oligomictic breccias of 
Parry  Bay Formation fill deep  depressions in t h e  uppermost 
pa r t  of t he  Pa r ry  Bay in t h e  Kanuyak Island-Ekalulia Island 
area.  The flanks of these  deposits, where  exposed in section, 
a r e  ver t ica l  t o  overhanging, and upwards of 25 m deep 
(Fig. 23.7). The la tera l  con tac t s  a r e  locally overhanging, 
irregular,  and show no signs of movement or t ec ton ic  
brecciation. In plan view, this breccia  filling is apparently 
irregular. Likewise, t h e  basal c o n t a c t  is  also irregular,  with 
numerous steep-sided scarps  arranged apparently a t  random 
beneath  the  breccia.  One very narrow (less than 2 m) breccia  
zone extends  more  than 75 m below t h e  base of t he  Kanuyak 
Formation, but  a s  i t  was only seen in cross-section, i t s  la tera l  
e x t e n t  could not  be  determined. 

The irregular depressions a r e  chaotically filled with 
huge, angular,  irregular,  bloclts of t he  adjacent  Parry  Bay 
Formation. These a r e  complete ly  unsorted and lack any 
internal ver t ica l  or  la tera l  ar rangement .  

The large  blocks a r e  s e t  in a matr ix  of smaller dolomite 
and che r t  f ragments  f rom concretions,  also derived entirely 
f rom the  Parry Bay. The tops of t he  breccias have been 
reworked and incorporated in to  t h e  basal pa r t  of the  
overlying Kanuyak Formation. Nowhere were  t h e  Ekalulia 
basalts seen t o  res t  directly on t h e  breccias,  and thus thei r  
deposit ional relationships a r e  unknown. 

The sub-Kanuyak breccias a r e  in terpre ted a s  solution 
breccias  produced during a prolonged period of pre-Kanuyak 
uplift  and erosion. There  is no indication of pre- or syn- 
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depositional tec tonic  movement,  which 
could have produced t h e  breccias, a s  
they contain no det r i tus  of Kanuyak 
origin. 'There is evidence of minor 
evapor i te  deposition in t h e  Parry Bay 
Formation, although much of t h e  forma-  
t ion is shallow water ,  and evapor i te  
solution collapse is a possible hypothesis. 

Ekalulia Formation 

The t e r m  Ekalulia Formation is he re  
proposed for t h e  lavas which conform- 
ably overlie t he  Kanuyak Formation, and 
locally unconformably overlie t he  Parry 
Bay Formation. Previously, these  lavas 
had been termed the  Coppermine flows 
(Fraser,  19641, but t h e  use of t he  t e r m  
Coppermine Group (Baragar and 
Donaldson, 1973) in the  Coppermine a rea  
leads to  some confusion, and the  new 
n a m e  has thus been proposed. 

The flows a r e  named for t h e  large  
island in the  eas t -centra l  par t  of 
Bathurst  Inlet, immediately west of Bay 
Chimo (since re-named Umingmaktok). 
Although the  spelling of t h e  official  
n a m e  means nothing in Inuktituut t h e  
c o r r e c t  spelling and meaning is given in 
O'Neill (1924) a s  Ekallulialuk (translated 
meaning - "plenty of fish"). The forma-  
t ion is well exposed on this island and, in 
addition, both the  base and t h e  top of t h e  
format ion a r e  also present. 

For the  most par t  t he  flows a r e  
massive, but pillowed flows a r e  randomly 
disseminated throughout. The basal mas- 
s ive  flows res t  conformably on t h e  
underlying sediments of t h e  Kanuyak 
Formation. However, a t  one  location in 
t h e  basin, a 0.75-m unit of laminated 
doloarenite occurs some 5 m above the  
base, indicating a temporary  re turn  t o  

A - Stromatol i te  elongation or ienta t ions  in t h e  Parry  Bay 
Format ion in t h e  Bathurst  Inlet  area .  The diameter  of 
t he  c e n t r e  of t he  roses is 20 per cen t ,  and the  number 
of readings is a s  shown for  each. The "Cu designation 
is a slightly elongated Conophyton type. 

B - Detailed s t romato l i t e  elongation or ienta t ions  in t h e  
Parry  Bay Formation, f rom t h e  western  end of Kent  
Peninsula. Da ta  a r e  plotted in 10" segments.  The 
diameter  of t h e  c i rc le  is 20 per cen t ,  and the  number 
of readings a t  each location is 50. All d a t a  f rom t h e  
c e n t r e  of t h e  rose, unless otherwise indicated. 
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Figure 23.6. 

Diagrammatic  representation of the  s t romatol i te  f ac i e s  in the  Parry  Bay Formation 
in Bathurst  Inlet. The locations shown on t h e  section have been projected onto a 
common line of section, and their  t rue  positions a r e  shown on Figure 23.2. The 
con tac t  with the  underlying Ellice River Formation is exposed only in t h e  northern 
pa r t  of t he  area ,  and is inferred in t h e  Por tage  Bay section. Not t o  scale.  

marine conditions. Elsewhere, pillowed flows also occur  at 
approximately the  s a m e  s t ra t igraphic  position, showing t h a t  
t h e  submergence was not a local phenomenon. Individual 
flows vary in thickness f rom 2 t o  6 m, and character is t ica l ly  
have an olive-green massive base and a reddish brown blocky 
top. Vesicles filled with qua r t z  and carbonate  a r e  locally 
abundant.  

The top of the  format ion is defined a s  the  f i rs t  
appearance of the  thin t o  thick bedded, red, f ine grained 
trough and planar cross-bedded arkose and sil tstone. While 
the  top and the  base of t h e  formation a r e  exposed on Ekalulia 
Island, t h e  thickness of t h e  format ion is unknown, due in pa r t  
t o  the  na tu re  of t h e  exposure, t he  shallow dips, and t h e  
repeated diabase sills which in t rude t h e  en t i r e  formation. 
The base and t h e  top of t h e  format ion a r e  also exposed on t h e  
southeast  side of Kokavingnak Island (Fig. 23.2); t he re  t h e  
thickness of t h e  format ion is es t imated at approximately 300- 
500 m, but t h e  possibility of removal of par t  of t he  format ion 
due t o  faulting cannot be ruled out.  Fraser (1964) es t imated 
t h e  to t a l  thickness to  be approximately 2000 f ee t ,  but this 
appears  t o  be high. 

Algak Formation 

The Algak Formation consists of arkose  and reddish 
sil tstone which conformably overlie t h e  Ekalulia Formation at 
a l l  localities. They a r e  well exposed on Ekalulia and 
Kokavingnak islands, but t h e  name  "Algak" was  chosen for  t h e  
format ion for phonetic reasons. Algak Island (Inuktituut for  
hand) is immediately adjacent  t o  both well-exposed sect ions  
of t he  format ion on t h e  o the r  islands. Fraser (1964) did not 
name these  sediments,  but they obviously form a par t  of t h e  
Coppermine Group of Baragar and Donaldson (1973). 

The ent i re  formation consists of thin- t o  thick-bedded, 
locally trough and planar cross-bedded reddish arkose and 
sil tstone, with minor red mudstone and shale. These 
sediments occur in thin (usually less than I m)  fining-upwards 
cycles  with an  arkosic base  and a si l ty or muddy top. Rarely,  
mudcracks a r e  present  in t h e  uppermost par ts  of t h e  cycles,  
and mud chips and f lakes  a r e  locally abundant in t h e  basal 
parts.  Limited, inconclusive, paleocurrent d a t a  indicates t h a t  
t h e  sediments were  t ranspor ted  f rom the  east t o  t h e  
northwest or  southwest.  There  is no apparent  variation in t h e  

throughout. However, t h e  top of t h e  format ion is  not exposed 
in t h e  a rea ,  and t h e r e  may be f iner  grained sediments  t o  the  
west  or  north which a r e  t h e  distal  equivalents of t he  coarser  
grained sediments in the  south-central  par t  of t h e  inlet .  The 
maximum exposed thickness of t h e  Algak Formation is less 
than 50 m. 

Jameson Islands sediments 

The sediments on the  Jameson Islands (Fig. 23.2) a r e  an  
enigma in t h a t  they bear no resemblance t o  t h e  sediments  in 
t h e  remainder of t h e  inlet. They consist  of a basal sequence 
of coarse  grained, trough cross-bedded, quartz-pebble con- 
g lomera te  and gr i t ,  overlain by progressively f iner  grained 
pink t o  white-weathering quar tz i tes ,  with minor finer grained 
sandstones and sil tstones near t h e  top of t h e  section. Neither 
t h e  base nor t h e  top of these  sediments  is exposed a t  t h e  
sect ions  examined, and thus their  relationships t o  the  o ther  
units in the  a rea  a r e  uncertain.  Fraser (1964) assigned these  
sediments  to  the  Algak Formation (see  above), but they a r e  
totally unlike the  o the r  sediments  of t h e  remainder of t he  
formation. In addition t o  t h e  abundant qua r t z  pebbles in the  
lower par t  of t he  sect ion,  f r agmen t s  of possible Archean 
rocks a r e  also present. To t h e  west ,  equivalent sediments  
r e s t  unconformably on t h e  Archean basement ,  and these  
f r agmen t s  may have been derived f rom t h e  west.  

These sediments  may also fo rm t h e  proximal f ac i e s  of 
t h e  R a e  Group sediments  which outcrop t o  t h e  west,  in t h e  
Coppermine a rea ,  and unconformably overlie t h e  Coppermine 
Group (Baragar and Donaldson, 1973). However,  more  
deta i led  examination of the  Jameson Islands-Coppermine a rea  
is required before any  in terpre ta t ion of thei r  s t ra t igraphic  
af f in i ty  can be made. 

Corre la t ion 

The s t ra t igraphic  succession present  in Bathurst  Inlet  
can  be corre la ted  with t h e  sequence in t h e  Coppermine a rea ,  
but  many of the  units present  in t h e  l a t t e r  a r e  thinner or 
missing complete ly  in t h e  Bathurst  Inlet area .  For example,  
t h e  Dismal Lakes Group in t h e  Coppermine a r e a  is equivalent 
t o  t h e  Kanuyak Formation in t h e  Bathurst  a r e a ,  and t h e  l a t t e r  
has  a maximum thickness of only some  60 m. 

sediments from the  base t o  t h e  top o f ' t he  format ion,  a s  the  
proportions of t he  sediments  remains relatively constant  
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GOULBURN GROUP GREAT SLAVE SUP'GP.~ 
& EPWORTH GP.' 

I - Parry Bay Format ion;  
2 -- Collapse breccia  formed of 

blocks of t he  Parry  Bay; 
3A - Basal par t  of t he  Kanuyak 

Formation composed of reworked 
blocks of t h e  Parry  Bay breccia,  
s e t  in a coarse-grained arkosic 
matrix;  

3D - Mudstone, shale, and s t romato-  
l i t ic dolomite f rom t h e  upper 
pa r t  of t h e  Kanuyak Formation; 

4 - Massive and pillowed basalt  of  
t h e  Ekalulia Formation. 

Figure 23.7. 

Diagrammatic  representa t ion of t h e  
development of solution collapse 
breccias  in the  uppermost par t  of t he  
Parry  Bay Formation, and thei r  rela- 
tionships to  the  overlying rocks. The 
breccia-filled s t ruc tu re  is a t  least  
15 m deep. 

Figure 23.8. 

Proposed corre la t ion of Helekian s t r a t a  f rom 
t h e  Bathurst  Inlet a r e a  with those e lsewhere  in 
the  Bear-Slave Province. Lithologic and s t ra t i -  
graphic d a t a  f r o m  outside Bathurst  Inlet a r e  
from: 1) Baragar and Donaldson (1973); 
2,3) Hoffman (1973). 

The proposed correlation of the  format ions  and t h e  
groups examined during the  course  of the  field work in 1977 
a r e  shown in Figure 23.8. Although the  Tinney Cove 
Formation has no equivalent in the  Coppermine a rea ,  i t  is 
in terpre ted a s  corre la t ive  with t h e  E t  Then Group in t h e  East  
Arm of Grea t  Slave Lake (Hoffman, 1973). 

The correlation is based on t h e  presence or absence of 
unconformities,  and the  lithologies of t he  sediments  and 
volcanics in the  various formations.  No correlation based on 
s t romato l i t e  morphologies is  a t t e m p t e d  or implied. 

The t ranscurrent  f au l t s  controlled t h e  s i t e s  of maximum 
accumulat ion of t h e  Tinney Cove, but also apparently 
controlled the  dispersal pa t t e rns  of t h e  overlying Ellice River 
Formation, a s  shown from the  rapid change in t h e  paleo- 
cu r ren t  pa t t e rns  within t h e  format ion (Fig. 23.4). 

The remainder of t he  format ions  in the  Bathurst  Inlet 
a r e a  a r e  undeformed for  t h e  most par t ,  excep t  for t he  Parry 
Bay and uppermost Ellice River format ions  on Imnaktuut 
Island (see  Fig. 23.2), where  they a r e  s teeply  dipping t o  the  
south (60"-75'1, and a r e  repeatedly faulted.  This appears  
re la ted  t o  an  inferred major eas t -west  trending faul t .  

Structural Geology Elsewhere in t h e  basin, t he  sediments and volcanics -- 
Syndepositional north-northwest and north-northeast-  have been vertically displaced along t h e  r eac t iva ted  trans- 

cu r ren t  faults. On t h e  western  side of Bathurst  Inlet t he  trending high-angle t ranscurrent  faul ts  were  ac t ive  during t h e  e n t i r e  Proterozoic  succession has  been stripped f rom t h e  deposition of t h e  Tinney Cove Formation. Locally, a s  on Archean basement and t h e  Parry  Bay Format ion is in f au l t  
Young Island (Fig. 23.2), t hese  f au l t s  become shallow angle contact with the Archean gneisses. The total amount of 
along strike,  and thrus t  defcm-led sech-nents of t h e  Brown displacement cannot be estimated. The remainder of 
Sound Formation Of the Group Over the t h e  sediments  and volcanics in t h e  basin a r e  near-horizontal, 
conglomerobreccias of t he  Tinney Cove, in a manner similar unmefamorphosed, and apparently undisturbed. t o  t h a t  described by Crowell (1974). 



Economic Geology 

Li t t le  of economic significance was noted during t h e  
course  of t h e  season. Native copper was  noted a t  some  
locali t ies in t h e  Ekalulia Formation,  but th is  had been 
previously described by O'Neill (1924) and Fraser  (1969). 
Some disseminated sulphides were  noted locally in t h e  
dolomites of t he  Parry  Bay Formation,  but t hese  appear  
d i rec t ly  re la ted  t o  t he  ubiquitous diabase dykes and sills in 
t h e  area .  On Kent Peninsula, a black mudstone and shale 
beneath  t h e  Conophyton fac ies  of t he  Parry  Bay Format ion 
conta ins  disseminated sulphides, primarily pyrite,  but also 
some  chalcopyrite,  and in addit ion a lso  gives a radiometr ic  
response about  10 t imes  background on t h e  scinti l lometer.  
This unit appears  t o  be  continuous beneath  t h e  Conophyton 
f ac i e s  in t h e  formation,  but pinches ou t  t o  t h e  southwest,  
coincident with t h e  thinning of t h e  overlying s t roma to l i t i c  
unit .  

Metamorphic "soapstone" occurs  in t he  uppermost part  
of t h e  Parry  Bay Formation wherever t h e  format ion is in 
c o n t a c t  with t h e  numerous diabase sills and dykes. It has long 
been uti l ized by t h e  local inhabitants fo r  carving, and most  of 
t h e  access ib le  locations show abundant evidence  of long use. 
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GEOLOGICAL ENVIRONMENT O F  APHEBIAN RED BEDS 
O F  THE NORTH HALF OF RICHMOND GULF, NEW QUEBEC 

Pro jec t  770027 

F.W. Chandler 
Regional and Economic Geology Division 

Abstract 

Chandler, F .W. ,  Geological environment of Aphebian red beds of the north half of Richmond 
Gulf, New Quebec; Current Research, Part A, Geol. Surv. Can., Paper 78- lA,  p. 107-110, 1978. 

Aphebian geological history of the north half of the east-trending graben at Richmond 
Gulf consists of a phase of braided fluviatile sedimentation followed by one of shallow marine 
deposition. 

Westward transport of initial fluviatile sediments ceased on effusion of terrestrial basalt. 
Succeeding red beds were transported eastward. Subsequent pink and overlying grey pyritic 
sandstone were transported southeast t o  southwest. Following block faulting and marine 
transgression terrigenous arenites and stromatolitic dolomite were deposited and overlain by 
basaltic volcanics. Sedimentary units thin northward onto the margin of the graben. 

Introduction 

This study is pa r t  of a projec t  which a ims  a t  an  
in tegra ted  knowledge of Canadian red beds and the i r  
associa ted  mineralization.  The Richmond Gulf a r e a  
(Fig. 24.1) was  chosen because  of t h e  known sedimentary  
copper  mineralization and t h e  possibility of uranium minerali-  
zation.  Also t h e  regional geology of t h e  a r e a  has  f e a t u r e s  
similar t o  some  a t t r ibuted  e lsewhere  (Burke and Dewey, 1973) 
t o  t r ip le  junction tectonics.  The a r e a  was included in 
reconnaissance mapping of Eade (1966) and  Stevenson (1968). 
The  sho re  of t h e  gulf was  mapped by Woodcock (1960) who 
also mapped inland a reas  by means  of aer ia l  observations and 
in terpre ta t ion  of aer ia l  photographs. 

Geological  s tudies  in 1977 were  carr ied  out  mainly by 
F.W. Chandler.  A. Miller helped with t hese  a s  well as 
assessing t h e  uranium potent ia l  of t h e  area .  Red beds of t h e  
Richmond Gulf Formation were  sampled by K. Clark  fo r  
pa leomagnet ic  studies.  Fine grained c las t ics  f rom this unit a s  
well as f rom t h e  Pachi Formation were  col lec ted  for  Rb/Sr 
isochron analysis. The lack of z i rcons  in t h e  Pachi volcanic 
unit  prevented  use of th is  mineral  in radiometr ic  da t ing  by 
t h e  U/Pb method. 

New d a t a  arising f rom t h e  summer ' s  work include 
reassignment of t h e  s t ra t igraphic  position of s o m e  ou tc rop  
areas ,  r e f inemen t  of t h e  s t ruc tu ra l  geology, r e in t e rp re t a t i on  
of t h e  geological  history, a n  accoun t  of t h e  sedimentary  
environments,  and information on t h e  sedimentary  copper  
mineralization a t  t h e  base  of t h e  Nastapoka Croup and on 
uranium in t h e  Pachi sediments  and t h e  Richmond Gulf 
Format ion (A. Miller, 1978). 

General Geology 

The s t ra t igraphic  nomencla ture  followed in this repor t  
is  t h a t  of Woodcock (19601, excep t  t h a t  his unconformity 
between t h e  Pachi  Group and t h e  overlying Richmond Gulf 
Formation is  considered t o  be  a disconformity of no g r e a t  
significance.  

The map-area l ies  across  t h e  nor thern  half of a post- 
Archean eas t - t rending graben t h a t  has been filled by 
Aphebian unmetamorphosed t e r r e s t r i a l  feldspathic sandstone  
(Pachi Format ion and overlying Kich~nond  Gulf Formation).  
The Pachi volcanics, of similar a t t i t ude ,  s e p a r a t e  t h e  two  
sedimentary  units. These  units were  block-faulted, e roded 
and then overlain with sl ight angular unconformity by t h e  
transgressive mar ine  Nastapoka Group consist ing mainly of 
terrigenous a r en i t e s  and dolomite succeeded by a volcanic 
unit. 

The  Archean basement  consis ts  of locally hemat i te-  
s ta ined grani t ic  gneiss which is  composit ionally varied and 
massive t o  nebulit ic.  Minor maf i c  a g m a t i t e  is a lso  present.  
The basement  is exposed a s  a fault-bounded 200 m high cliff 
overlooking t h e  northern shore  of t h e  gulf a t  t h e  edge of t h e  
graben. I t  i s  a lso  exposed in t h e  fo rm of eas t - t rending 
partial ly fault-bounded horsts t h a t  fo rm high rounded hills in 
t h e  cen t r a l  and southern  pa r t s  of t h e  map-area. 

Sedimentary rocks of t h e  Pachi Group nonconformably 
over l ie  t h e  basemen t  over  much of t h e  area .  Thev a r e  
extens ive  around Persillon Lake, m o r e  so  than  a s  shown by 
Woodcock (1960). Three  k i lometres  wes t  of t h e  l ake  they  a r e  
over 500 m thick but a r e  considerably thinner over  horsts and 
pinch o u t  a t  t h e  nor thern  edge  of t h e  graben. In various 
locali t ies t h e  basal  beds of t h e  Pachi  sediments  vary f rom 
f ine  grained sandstone  t o  boulder or tho-  and paraconglo- 
mera te .  They range through grey-green t o  pink o r  may be  
hematite-stained. They a r e  predominantly quar tzofe ldspathic  
in composit ion and whi te  q u a r t z  pebbles a r e  generally 
present.  

West of Persillon Lake t h e  overlying s t r a t a  consist  of 
waxy green g r i t  with s c a t t e r e d  wh i t e  q u a r t z  pebbles. The 
bulk of t h e  overlying remainder of t h e  unit cons is ts  mainly of 
trough cross-bedded pink fe ldspathic  sandstone  and pebbly 
gri t .  The pebbles consist  of white qua r t z  and  angular 
f r agmen t s  of pink g ran i t e  and  feldspar.  Minor red o r  green 
mud-cracked s i l t s tone  and whi te  q u a r t z  pebble layers  a f e w  
cen t ime t r e s  thick a r e  also present.  The upper 100 m of t h e  
unit ,  generally exposed in cliff sec t ions ,  is of similar lithology 
t o  t h e  bulk of t h e  unit  bu t  is  distinguished by a n  unusually 
high concentra t ion  of i lmenitic(?) black sand l aminae  and by 
severa l  uni ts  of red and g reen  laminated  si l tstone-mudstone 
up t o  4 m thick.  The most  continuous of t hese  f ine  grained 
units was t r aced  over a k i lometre .  

A coa r se r  f ac i e s  is r e s t r i c t ed  t o  t h a t  p a r t  of t h e  
format ion nor th  of t h e  North River. I t  cons is ts  of quar tz-  
pebble conglomerate  and arkose  with qua r t z  pebbles. The 
conglomerate  is hema t i t e  s ta ined and a t  leas t  10 m thick.  
The arkose  conta ins  abundant,  probably i lmeni t ic  black sand 
laminae.  

The Pachi volcanic uni t  of basa l t ic  composit ion (Hews, 
1976) conformably overlies t h e  Pachi  sediments  and over laps  
t hem north of Richmond Gulf. I t  forms t h e  cap  rock of 
prominent cues t a s  and i t s  thickness var ies  f rom 20 t o  a t  leas t  
50  m. The f resh  rock is  maroon-grey. So f t  sediment  
deformat ion of t h e  Pachi  sediments  i s  widespread a t  i t s  lower 
c o n t a c t  and evidence  of l i thified c l a s t s  of ' th is  underlying unit 
is absent .  The sandstone  has been baked a t  l ea s t  a m e t r e  
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below the  contact .  In the  volcanic unit vesicles, small  aga te s  
and columnar joints (Woodcock's (1960) ellipsoidal s t ructures)  
a r e  widespread. Except for  one example  1.5 km northwest of 
Richmond Gulf interflow sediments  a r e  absent.  Pahoehoe 
lava toes  in t h e  middle of t h e  unit suggest t h a t  i t  may 
comprise more  than one flow closely spaced in t ime. The 
upper f ew me t re s  of t h e  unit a r e  red and aphanitic,  and t h e  
upper surface  bears ropy flow s t ructures .  
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Figure 24.1 Geological map of t h e  north pa r t  of Richmond 
Gulf, New Quebec. 

The Richmond Gulf Formation disconformably succeeds 
t h e  Pachi volcanic unit. The basal member  of t h e  format ion 
is a cobble t o  boulder conglomerate  composed entirely of 
f ragments  of t he  underlying volcanic unit. It is generally no 
more  than I m thick and is absent in places. I t  is s e t  in a red 
f ine  grained sand t o  g r i t  or rarely ca rbona te  matrix.  The 
conglomerate  is overlain by t h r e e  successive members,  a red 
bed, a pink feldspathic sandstone and a grey feldspathic 
sandstone member.  Since t h e  boundary between t h e  red bed 
member  and t h e  pink member  is not  c lear ly  defined t h e  t w o  
units have not been separa ted on t h e  accompanying map  
(Fig. 24.1). \Voodcock (1960) pointed ou t  t h e  influence of 
grani t ic  source  rock in determining t h e  colours of t h e  
d i f ferent  rock-types of t h e  Kichmond Gulf Formation. This 
writer would ra ther  s t r e s s  the  presence of iron oxide minerals 
or  of pyr i te  in the  heavy mineral f rac t ion of he sedimentary 
rocks. 

The red bed member ,  a t  leas t  80 m thick south of t he  
mouth of t h e  North River,  consists of pink t o  red cross- 
bedded sandstone, f ine  grained red flaggy sandstone and 
rippled, mud-cracked dark red sil tstone. Ilmenitic(?) black 
sand laminae a r e  prominent in t h e  red bed unit. The pink 
feldspathic sandstone member,  probably more  than 100 m 
thick consists of a l ternat ing pink and grey-green coa r se  
grained sandstone and g r i t  with s c a t t e r e d  white quar tz ,  pink 
granite,  pink feldspar and r a r e  volcanic pebbles, t h e  l a s t  
probably derived f rom t h e  Pachi volcanic unit. Black heavy 
minerals a r e  less prominent than in t h e  red bed member.  The 
pink feldspathic member  passes gradationally upward in to  a 
unit not dissimilar in i t s  sedimentary  s t ructures ,  texture ,  and 
t h e  composition of i t s  c las t ic  grains. This membe;, up 
t o  180 m thick, is distinguished f rom the  underlying unit by 
i t s  pure white,  light grey or buff weathering colour, by t h e  
grey colour of t h e  f resh  rock, and by t h e  presence of 
disseminated w r i t e  r a the r  than black heavy minerals. 

The Kichmond Gulf format ion is overlain with gent le  
angular unconformity by t h e  Nastapoka Group. The 
sediments  of th is  group a r e  about  100 rn thick in t h e  
southwest corner  of t h e  map-area and thin t o  about  6 m in 
t h e  northwest corner.  In t h e  south  t h e  sediments  consist  
mainly of laminated and, s t romatol i t ic  dolomite and of qua r t z  
and feldspathic areni tes  and in t h e  north of fine grained red 
and buff sandstone and sil tstone and minor mud-cracked 
shale. 

The unconformity beneath t h e  Nastapoka Group has a 
sharp  local topography upon t h e  Richmond Gulf Formation 
t h a t  includes c l i f fs  and hills with a relief up t o  25 m. These 
f ea tu res  a r e  flanked by pebble t o  cobble conglomerate  
composed of ca rbona te  f r agmen t s  and f r agmen t s  f rom t h e  
underlying Richmond Gulf Formation a s  well a s  by carbonate- 
cemen ted  cross-bedded fe ldspathic  sandstone. Where t h e  
relief on t h e  unconformity is  not marked, t h e  basal unit is  a 
b r i t t l e  laminated sil ty dolomite. The sediments  of t h e  
Nastapoka Group a r e  overlain by a basal t ic  (Woodcock, 1960) 
volcanic unit which contains columnar joints and abundant 
agates .  

S t ruc tu re  

East  of Richmond Gulf t h e  pink feldspathic member of 
t h e  Kichmond Gulf Format ion and older units a r e  strongly 
block-faulted. The throw of t h e  f au l t s  is  normal and stepped 
southward away f rom t h e  margin of t h e  graben, or  near  ho r s t s  



t h e  throw is away f rom t h e  horsts. Individual faul ts  have 
throws up t o  50 m. West of Richmond Gulf more  o r  less ea s t -  
str iking f r ac tu re s  t ransect  t h e  grey sandstone  member  of t h e  
Richmond Gulf Format ion and t h e  overlying Nastapoka 
Group, but these  units a r e  l i t t l e  displaced. Bedding in t h e  
block-faulted rocks dips less  than 20" excep t  near  f au l t s  
where  dips of 45" a r e  no t  uncommon. Dip az imuths  a r e  
varied. West of Richmond Gulf t h e  younger rocks  which a r e  
no t  block-faulted dip more  gently t o  t h e  west.  

Geological  History 

Woodcock (1960) suggested t h a t  Kichmond Gulf lies 
upon t h e  s i t e  of an  east-trending graben. Northward thinning, 
over lap  and fac ies  changes in t h e  sequence  ind ica t e  t h a t  t h e  
graben had relief during deposit ion of most of t h e  sediments.  

Though most prominent in t h e  red  bed member  of t h e  
Kichmond Gulf Format ion mud-cracked sed imen t s  occur  
throughout t h e  Pachi Group and t h e  Richmond Gulf 
Formation.  Unimodal pa leocurrents  measured mainly f rom 
trough cross-beds and ripple marks  suggest  t e r r e s t r i a l  instead 
of in ter t ida l  environments of deposition during exposure,  
especially s ince  no mar ine  sediments  a r e  suspected  in t h e  
Pachi Group and t h e  Richmond Gulf Formation.  Transport  of 
t h e  Pachi sediments was south-westward f rom a grani t ic  
source  area .  A very low con ten t  of fine-grained mater ia l  
sugges ts  a braided r a the r  t han  a meandering fluvial  regime. 

The presence  of widespread laminated  and rippled s i l t s tone  
units,  in t h e  upper pa r t  of t h e  Pachi sediments  o n e  of which is  
mud-cracked throughout is suggestive of somet imes  
ephemeral  lacus t r ine  conditions. 

Evidence already considered suggests t h a t  subaerial  
extrusion of 'the Pachi volcanics in ter rupted  th is  regime. 
Abundance of mud-cracked f ine  grained sediments  a s  well a s  
small  sca le  of fining-upward cycles  and eas tward  d i rec ted  
paleocurrents  measured f rom trough cross-beds and ripple 
marks  in t h e  red bed member  of t h e  Richmond Gulf 
Format ion suggest  t h a t  t h e  extrusion of t h e  underlying 
volcanic unit may have  reduced and  reversed t h e  paleoslope 
of t h e  north half of t h e  graben. Paleocurrents  measured f rom 
t h e  pink member  in t h e  south  pa r t  of t h e  map-area and a f e w  
f rom t h e  grey member  changed f rom southward t o  south- 
westward.  I t  is  possible t h a t  t h e  barr ier  t o  paleoflow caused 
by t h e  Pachi volcanic episode was now less significant.  

Following deposition of t h e  red bed member  of t h e  
Richmond Gulf Formation but be fo re  deposit ion of t h e  
Nastapoka Group the  sediments  were  t i l ted  by extens ive  
block-faulting. The raised blocks formed cues t a s  composed 
of t h e  Pachi sediments  and capped by t h e  Pachi  volcanics, 
and t h e  red beds of t h e  Richmond Gulf Format ion underlie 
many depressed blocks. Woodcock's (1960) observat ion  t h a t  
t h e  red  beds were  deposited in valleys formed a s  a resul t  of 
t h e  block fault ing appears  incorrect .  

Lithification and erosion of t h e  grey member  of t h e  
Richmond Gulf Format ion in to  a landscape of s o m e  relief 
preceded a mar ine  transgression and deposition of t h e  shallow 
mar ine  sediments  of t h e  Nastapoka Group. Northward 
thinning and fac ies  change in t h e  group a r e  evidence  t h a t  t h e  
graben had relief during t h e  transgression.  

Economic  Geology 

Mineralization in t h e  a r e a  includes copper  and  uranium. 
The  fo rmer  is  present  in both t h e  sediments  and in t h e  
Archean gneiss. Uranium is present  in t h e  s ed imen t s  of t h e  
Pachi  Group and t h e  Richmond Gulf Formation (A.  Miller, 
1978). 

Copper in t he  sediments  IS present a s  chalcopyr i te ,  
borni te  and green secondary  minerals in sandstone  a t  t h e  t op  
of t h e  Richmond Gulf Format ion and in ca rbona te  a t  t h e  base  
of t h e  Nastapoka Group. Erythr i te  (cobal t  bloom) accom- 
panies chalcopyr i te  and pyr i te  in t h e  ca rbona te  a t  one  
locali ty (Fig. 24.1). As f a r  a s  t h e  wri ter  knows coba l t  has  not  
previously been repor ted  f rom t h e  a r ea .  The  middle two  of 
t h e  four  copper  occurrences  shown on t h e  wes t  side of 
Richmond Gulf (Fig. 24.1) a r e  a l ready known (Stevenson, 
1968). It may be  significant t h a t  t h e  minera l iza t ion  was 
found where  a red bed sequence  with a n  upper grey  pyrit ic 
pa r t  is  overlain by biogenic mar ine  carbonates .  In t h e  
vicinity of t h e  nor thern  t h r e e  examples  of copper  minerali-  
za t ion  mentioned above  t h e  upper 10  m o r  s o  of t h e  grey  
member  of t h e  Richmond Gulf Format ion is  exceedingly rus t  
stained. Some g rab  samples  f rom t h e  rus ty  sandstone  would 
deserve  t h e  n a m e  pyrit i te.  

T races  of chalcopyr i te  a r e  a lso  present  in a f r a c t u r e  in 
t h e  basemen t  at t h e  nor thern  end of t h e  Gulf and in a 2 rn 
square  barite-rich pod in t he  basement  a t  t he  southern  
boundary of t h e  area .  

Geochemical uranium anomalies were  found by 
A. Miller in hema t i t i c  quartz-pebble cong lomera t e  and in 
arkose  with qua r t z  pebbles in t he  Pachi Format ion a s  well as 
associa ted  with black sand layers  in red beds  in t h e  Richmond 
Gulf Formation.  Values of severa l  t imes  background were  
de t ec t ed  by neut ron ac t iva t ion  analysis. A m o r e  comprehen-  
s ive  discussion of t h e  uranium anomal ies  is given by Miller 
(1977). 
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Abstract 

Miller, A.R., Uranium reconnaissance of the  northern Richmond Gulf a rea ,  New Quebec; Current  
Research, Pa r t  A, Geol. Surv. Can., Paper  78-IA, p.111-117, 1978. 

Ground radiometr ic  and geochemical  anomal ies  were  located within the  Proterozoic  red bed 
sequence, Richmond Gulf area ,  New Quebec. Uranium and/or thorium anomal ies  occur  a t  t h e  
Archean-Proterozoic unconformity,  in pebbly lenses and beds of the  Pachi arkose and within coarse  
pink arkoses of the  Richmond Gulf Formation. 

Introduction 

This project was conducted during the 1977 field season 
within portions of NTS zone 34C/8,9, Richmond Gulf area ,  
New Quebec. The purpose was t o  examine and evaluate  the  
geological favourability for uranium mineralization within the 
Proterozoic  red bed sequence and underlying basement 
complex. The uranium evaluation was conducted in conjunc- 
tion with s t ra t igraphic  and sedimentological studies of the 
red bed sequence under the  direction of F.W. Chandler.  

This report  discusses 

I )  t h e  types  of radioactive anomalies and thei r  s t ra t i -  
graphic position; 

2) petrography and mineralogy of the  anomalies;  

3)  uranium and thorium contents  of the various s t ra t i -  
graphic  units and anomalous zones within the  study 
area .  

General Geology 

The rocks of the Richmond Gulf a r e a  have been divided 
in to  t w o  groups: the  upper Nastapoka Group and lower 
Richmond Gulf Group. The uranium investigation was 
res t r ic ted  to  the lithologies of the  Richmond Gulf Group and 
underlying basement complex. Woodcock (1960) divided the  
lower Proterozoic  s t r a t a  of the Richmond Gulf a r e a  in to  t w o  
unconformable rock sequences: the lower Pachi  Group 
consisting of a lower arkose overlain by an extrusive unit of 
andesi t ic  composition, and the upper Richmond Gulf 
Format ion consisting of conglomerate,  red and maroon 
mudstone-arkose sequences grading in to  grey arkose.  

The basement  complex consists of massive to  weakly 
foliated leucocrat ic  grani t ic  and granodiorit ic gneisses. 
Quartz-potassic feldspar pegmat i tes  and white quar tz  
s t r ingers  conform with the  regional foliation and remnant  
infolds of bioti te paragneiss. The basement  rocks exposed 
immediately below the unconformity southwest of lac 
Persillon and beneath the  outlier north of Richmond Gulf 
exhibit  an  intense reddening of the potassic feldspar,  l ight 
apple  green saussurit ization of the plagioclase, and chloriti- 
za t ion of the  maf ic  minerals. These f ea tu res  suggest a re l ic t  
portion of a deeply weathered regolith. 

The Pachi  Group r e s t s  with angular unconformity upon 
the  basement complex. Briefly the Pachi  arkose consists of a 
basal white quar tz  and grani te  cobble t o  boulder conglom- 
e r a t e  overlain by a thin, l ight green ser ic i t ic  arkose  which 
grades  upwards into coarse  pink t o  red cross-bedded arkose. 
The l a t t e r  is  overlain conformably by a highly hemat i t ized 
and propylitized andesit ic unit. 

The basal volcanic boulder conglomerate of the 
Richmond Gulf Formation l ies with angular unconformity 
upon the  Pachi  volcanic unit. The remainder of t he  Richmond 
Gulf Formation consists of a thick sequence of cross-bedded 

red and maroon mudstone-arkose units grading up sect ion in to  
g rey  and white cross-bedded arkoses. Sedimentary  s t ruc tu res  
in the  Pachi arkose and Richmond Gulf arkoses indicate a 
braided f luvial environment (Chandler, 1978). 

The Pachi  arkose and Richmond Gulf Format ion a r e  
relatively f l a t  lying with bedding a t t i t udes  t o  20 degrees. 
The a rea  is intensely block faul ted  about  eas t -west  and 
northwest-southeast  directions.  The resulting topographic 
expression is one of long linear t o  curved cuestas.  The dip 
slopes expose the  Pachi  andesi te  and the  volcanic boulder 
conglomerate  - red t o  maroon mudstone-arkose of the  
Richmond Gulf Format ion whereas  the  precipitous t o  s t e e p  
sca rp  slope allows excel lent  exposure of the  Pachi  arkose. 
The sca rp  slope permits  examination of between 50 and 75 m 4 of the  Pachi arkosic section. The intense faul t ing of the  
super crus ta l  rocks is manifested by zones of closely spaced 
joint sets.  F rac tu re  fillings, consisting of quar tz ,  ca l c i t e  and 
chlor i te  a r e  rare;  no radioactive f r ac tu re  zones in  the  
supercrustal  rocks were recognized during ground traverses.  

Radioact ive  Anomalies 

Field radiometr ic  readings were  conducted with a 
McPhar TV-IA scinti l lometer.  Radioactive anomalies were  
de tec t ed  within the  underlying basement complex, Pachi 
arkose  and Richmond Gulf arkose. The radioactive anomalies 
were  divided into: 

I )  hematite-fi l led f r ac tu res  within the basement 
complex adjacent  t o  the  unconformity and; 

2) black heavy mineral concen t ra t e s  within the  Pachi 
and Richmond Gulf arkoses. 

I. Hematite-fi l led f r a c t u r e  zones 

Anomalous radioactive f r ac tu re  zones were found 
within the  basement complex immediately below the  uncon- 
formity  nor theas t  of the  North River and southwest of lac  
Persillon (Fig. 25.1). The red, biotite-rich grani t ic  rocks near 
t h e  unconformity nor theas t  of t he  North River contain 
narrow hemat i te-cemented brecciated f r ac tu re  zones. 
F rac tu res  consist of angular grani te  f ragments  cemented by 
very  f ine  grained hemat i t e  and specularite.  Individual 
f r ac tu res  were t raced up t o  20 m along s t r ike  with widths t o  
3 cm. Scinti l lation readings a r e  sporadic along s t r ike  but a r e  
consistently th ree  t o  four t imes  background levels  compared 
t o  the  hosting bioti te granite.  Scintillation responses indicate 
a significant thorium con ten t  and l i t t le ,  if any,  uranium. No 
secondary uranium minerals were  recognized. 

The leucocrat ic  saussuritized gneiss southwest of lac  
Persillon contains fine f r ac tu re  zones parallel  t o  the  regional 
foliation. These f r ac tu re  zones commonly associated with 
quartz-potassic feldspar pegmat i t ic  s t r ingers  contain 
hematite-specularite knots t o  5 mm in size. These hairline 
f r ac tu re  zones exhibit a similar radiometric signature a s  the 
breccia ted  f r ac tu res  nor theas t  of t he  North River. 
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Figure 25.1. Sample  locations and anomalous  uranium and/or thorium con ten t s  for rocks f rom 
t h e  Richmond Gulf a r ea .  New Quebec.  
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Y4 2. Radioactive heavy mineral  concentra t ions  
Graniterquartz pebble conglomerate; 
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quartz pebbly orkose Radioactive,  black, heavy minera l  sands  were  recog- 

Granule to, coarse heavy mineral 
nized within t he  Pachi  arkose  and red, maroon and pink 

laminated arkose arkoses  of t he  Richmond Gulf Format ion.  The radioact ive  
anomalous sands occur  a t  t h r ee  s t ra t igraphic  levels: 

Granule to coarse orkose 

I )  t h e  conglomerate  a t  t he  Archean-Proterozoic 
unconformity;  

2)  pebbly arkose  and grani te-quar tz  pebble conglom- 
e r a t e  zones within t he  Pachi  arkose  and; 

3) coa r se  pink arkose  of t h e  Richmond Gulf Format ion.  

The Archean-Proterozoic unconformity is cha rac t e r i zed  
by a grani te  cobble t o  boulder conglomerate .  This basal  unit  
was recognized a t  several  locali t ies by F.W. Chandler and the  
writer and several  small  pods were  seen in f au l t  c o n t a c t  with 

• t he  basement complex. All faul ted  conglomerat ic  pods a r e  
nonradioactive.  The unfaulted radioactive unconformity 
southwest of lac  Persillon was  examined along a s t r i ke  length 
of approximate ly  3000 m (Fig. 25.1, Pachi  specimens  19, 22, . • 23) and give anomalous and above background uranium and/or 
thorium contents .  The basement complex a t  this location is 

* *.. in terpre ted  a s  a topographic high during Pachi  sedimenta t ion .  

• Radioact ive  lenses and beds of Pach i  q u a r t z  pebbly 
0. . . arkose  occur  be tween greenish ser ic i t ic  arkose  near t h e  base . .f.. . of t he  Pachi  arkose  t o  within 15-25 m of the  t o p  of it, a 

I I I s t ra t igraphic  in terval  of approximate ly  225 m. Lenses  a r e  up 
4 0  80 120 160 zoo 210 t o  60 m in s t r i ke  length and up t o  2 m in thickness. The 1 

Th ( P P ~ )  pebbly arkose  lenses  a r e  in terpre ted  a s  gravel  bars  within t he  
braided fluvial system. 

Figure 25.5. Uranium vs thorium plot for  various l i thologies Radioact ive  beds were  examined fo r  s t r i ke  lengths  up t o  
of the  Pachi arkose.  1.5 km because  of t he  excel lent  exposure along s c a r p  slopes. 

Individual beds or ser ies  of beds  vary  up t o  3 m in thickness 
and a r e  maroon, pebbly, with in ters t i t ia l  black heavy minera l  
concentra t ions  or character ized  by zones of numerous 

Table 25.1 

Par t ia l  Analyses of Thorium Minerals 

N.A. = Not Analyzed 

Pachi Arkose 

Specimen 11 

Richmond Gulf Arkose 

Specimen 20 

Grain  I 

15 .3  

56.8 

1 .6  

0 .0  

3 .4  

1.4 

1 .7  

1.4 

2 . 1  

2 .8  

N . A .  

0 . 1  

Grain  I 

10.6 

46.1 

0 . 6  

2.4 

10.7 

1 .9  

4 . 4  

0 .8  

2 .1  

2 .6  

1 .2  

9 . 8  

Grain  2 

16.0 

57 .O 

1 . 3  

0 .0  

1 .4  

2 .1  

1 .8  

1 . 4  

1 .9  

2 .7  

N .  A.  

0 .2  

Grain  2 

14.9 

53.6 

3 .6  

0 .1  

3 . 7  

1 . 6  

2.4 

1 .4  

1 .4  

2 . 2  

0 . 6  

1 .2  

Grain  3 

13.9 

52.1 

3.4 

0 .1  

6.2 

1.6 

2.4 

1 . 9  

1 .4  

1 . 8  

0 .6  

2 . 4  

Grain  4 

13.2 

50.9  

1.2 

0 .1  

16.0 

1.2 

1.8 

0 . 8  

1 .4  

2 .0  

0 . 7  

0 . 6  



discontinuous heavy mineral foreset  beds. The l a t e ra l  
continuity of the  radioactive,  pebbly, cross-bedded arkose,  
the  fining upward character  of the radioactive beds, variation 
in heavy mineral accumulation within beds and light pink, 
coarse,  heavy mineral deficient beds underlying the  
anomalous beds suggest t h a t  the  radioactive beds represent 
flood deposits in a fluvial system. 

The Richmond Gulf mudstone-arkose sequence contains 
anomalously radioactive heavy mineral foreset  beds within 
light pink, coarse grained, hematite-mottled,  trough cross- 
bedded arkose. Black heavy mineral beds occur generally a s  
wispy 1-2 mm foreset  beds and rarely a s  discontinuous ripple 
laminated planar beds and foreset  bed accumulations up t o  
8 c m  thick. 

Petrography of the  Radioact ive  Arkosic Units 

I .  Basal Archean-Proterozoic unconformity 

The unconformity is exposed along the  southern shore of 
t h e  small lake immediately west of lac  Persillon. The 
unconformity is marked by a cobble t o  boulder conglomerate 
with c las ts  of grani t ic  potassic feldspar augen gneiss, foliated 
granite,  white quar tz ,  quartz-potassic feldspar pegmatoids 
and r a re  jasper (Fig. 25.2). The radioactive sand beds and the  
det r i tus  that  is intersti t ial  t o  the pebbles and boulders, 
consist of poorly sorted (0.07-2 mm) quar tz ,  feldspar and 
composite quartz-feldspar grains se t  in a ser ic i t ic  matrix.  
Very fine, heavy minerals, t o  0.04 mm occur within the  
s e r i c i t ~ c  matrix. Hemat i te  coa t s  all  c las ts  and quar tz  cemen t  
replaces  intersti t ial  sericite.  

2. Coarse lenses and beds within the Pachi  arkosic unit 

Radioactive pebbly arkose and polymictic pebble con- 
g lomerate  lenses and beds occur throughout the  Pachi arkose. 
The Pachi arkose is typified by a coarse  t o  granule grain size,  
pink t o  light pinkish grey coloration and trough cross-bed 
s t ra t i f ica t ion with thin s t r eaks  and laminations of black 
heavy minerals. Radioactive Pachi  lenses and beds a r e  
character ized by: 

i )  an  .increase in the  s ize  and abundance of the c las ts  
and in particular qua r t z  pebbles t o  6 c m  in size;  

ii) a deep red t o  maroon coloration compared t o  the  
pink t o  whitish pink bounding arkosic units and; 

iii) an  increase  e i ther  in the  abundance of black heavy 
minerals a s  in ters t i t ia l  f ine sand sized det r i tus  or in the  
thickness and number, of foreset  bed accumulations.  

The conglomeratic unit, north of North River, is 
polymictic, generally matr ix  supported, pink t o  l ight pink in 
colour with tabular and trough cross-stratif ication. Clas ts  
include round t o  subrounded greyish white t o  white quar tz ,  
grani te  and mylonitic grani t ic  gneiss, r a re  jasper and sub- 
rounded t o  subangular red t o  pink alkali feldspar. Quar tz ,  
grani te  and gneiss c las ts  range up t o  6 c m  in size. Matrix 
mater ia l  consists of granule t o  fine sand sized quar tz ,  a lkal i  
feldspar,  composite feldspar-quartz grains and a l tered bioti te 
plates se t  in a very fine ser ic i t ic  ma t t e .  Hemat i te  is the  
dominant cemen t  with minor qua r t z  and feldspar. The 
angularity of feldspar clasts,  possibly derived f rom augen 
gneisses, a l tered bioti te plates, and abundance of f ine  
ser ic i t ic  matrix mater ia l  indicates the immaturity of this 
rock unit. Alteration is represented by opaque bioti te plates,  
hemat i te ,  qua r t z  and feldspar cements ,  very fine grained 
clusters of ru t i le lanatase  and abundant tourmaline in zones of 
black, heavy mineral concentrations.  Tourmaline, var ie ty  
schorl, occurs a s  anhedral in ters t i t ia l  grains and occasionally 
a s  subhedral radiating c lus ters  between heavy mineral con- 
centra t ions  (Fig. 25.3). Texturally,  the  heavy minerals occur  
e i ther  a s  round t o  subrounded grains t o  0.5 mm in s ize  

irregularly distributed in the ser ic i t ic  matr ix  amongst the 
granule t o  pebble sized clasts,  or a s  thin, 2-3 m m  thick 
laminations, defining trough cross-bed s t ra t i f ica t ion.  

Black sand pods and laminations occur within the  
mot t led  pink, coarse  grained trough cross-beds of the  
Richmond Gulf Formation. Black sand laminations t o  5 mm 
in thickness occur in hemat i te  mottled arkose.  The arkose 
contains fine,  1-2 mm, brick red hemat i t e  f lecks  in a mottled 
pink t o  grey pink arkose. Finely bedded t o  massive black sand 
pods, up t o  10 c m  in length and up t o  8 c m  in thickness 
consist of iron-titanium oxides, ref ractory  heavy minerals,  
qua r t z  and feldspar cemented by calc i te ,  quar tz ,  hydrous iron 
oxide, minor chlor i te  and very fine grained iron sulphide, 
pyr i te  or marcas i te  (Fig. 25.4). 

Mineralogy of t h e  Radioactive Zones 

The mineralogy of the  heavy mineral sands in t h e  Pachi 
and Richmond Gulf arkoses is similar. The nonradioactive 
minerals are:  abundant magnet i te  and two-phase t i tano- 
magnet i te ,  zircon and apat i te .  Radioact ive  minerals were  
identified using a Materials Analysis Company e lect ron 
microprobe equipped with a Kevex energy dispersive spectro- 
me te r  for spec t r a  identification followed by quant i ta t ive  
analyses. Radioactive minerals include opaque and translu- 
cen t  thor i te  and translucent thorium-rich monazi te  with 
t r ace  rare-ear th  contents.  The variation in iron content  of 
t he  analyzed thor i te  grains corresponds with the  degree  of 
opacity. The tho r i t e  grains contain up t o  3.6 U 0 2  (wt%), Table 
25.1. The ident i ty  of a thorite-like mineral containing 9.8 wt 
%S (Table 25.1, specimen 20, gra in  1) remains  unexplained. 

Uranium and Thorium Geochemistry 

Uranium contents  were determined by neutron 
activation-delayed neutron counting at Atomic  Energy of 
Canada Ltd. Thorium contents  were  determined by X-ray 
fluorescence a t  the Geological Survey of Canada using 
CANMET standard DL-I containing 0.0083% Th. The results 
a r e  listed in Table 25.2 and those uranium and/or thorium 
values tha t  a r e  one standard deviation above the  mean for  
any one s t ra t igraphic  unit a r e  recorded on Figure 25.1. 

The uranium and thorium con ten t s  of t he  basement  
rocks compare  t o  crus ta l  abundances for  grani t ic  rocks. 
However the  Th/U ratios a r e  higher compared t o  crus ta l  
ra t ios  (Handbook of Geochemistry). 

Uranium values of pink t o  red, medium t o  coarse  
grained Pachi  arkose without significant heavy mineral 
laminations a r e  very low ranging f rom 0.2-1.2 ppm. With an  
increase  in the  grain s ize  and accompanying heavy mineral 
accumulations,  t he  uranium values increase  up t o  six t imes  
background. Anomalous uranium values,greater than 8.8 ppm 
occur  within the  granite-quartz pebble conglomerate ,  pebbly 
arkose  and f ine  t o  coarse  sands of t he  basal unconformity. 
Thorium con ten t s  in the  Pachi  arkose vary di rec t ly  with 
uranium (Fig. 25.5) excep t  for t he  basal sands on the 
unconformity where no apparent  corre la t ion exis ts  between 
uranium and thorium (Table 25.1, Pach.i specimens 22, 23). 
The Th/U ra t ios  for the  Pachi arkosic units a r e  higher than 
crus ta l  averages  and may re f l ec t  t he  high ra t ios  of the  
basement rocks. Limited sampling of t h e  Pachi  andesi t ic  unit 
shows no significant uranium or thorium content .  

Uranium analyses throughout the Richmond Gulf 
Format ion and f rom the  various lithologies within i t  a r e  very 
low ranging f rom 0.4 t o  1.5 ppm excluding t h e  anomalous 
specimens. The four anomalous uranium and/or thorium 
samples represent  heavy mineral accumulat ions  in sediment- 
a r y  s t ruc tu res  t h a t  a r e  smaller and less continuous than the  
anomalous beds and lenses in the  Pachi  arkose. Richmond 
Gulf arkoses contain higher Th/U values than the  Pachi 
arkosic rocks due t o  generally lower uranium values. 



T a b l e  25.2 

Uranium and  Thorium Abundances ,  Richmond Gulf A r e a  

S t r a t i g r a p h i c  u n i t  I Specimen number I U(ppm) 
Basement complex I 1 1 5.9 

39 
21 
2  5  
21 

189 
33 
71 

124 
65 
3  9  

2  29 
163 

85  
6  2  
7  8 
1 6  
20 
74 
26 
5  2  
35 

N . D .  
14  
8  2  
3  5  
23 

N.D. 
5 2 
23 

N . D .  
M.D .  

33 
2  1 

3 
17 

N.D. 
21  

7  
N.D. 

4 2 
2 5 

Pach i  arlcose 

' ach i  a n d e s i t e  

N . D .  N . D .  ~ 

Rock type  
Hemat i t i c  c h l o r i t i c  g r a n i t e  

5  

1 
2 
3  
4  
5 
6  
7  
8  
9  

10  
11 
1 2  
1 3  
14 
15  
16 
17 
1 8  
19 
20 
21 
2  2  
23 
24 
2  5  
26 
27 
28 
29 
30 
31  
3  2  
3  3  
34 
3  5  
36 
3 7 
38 
1 
2 
3 

L e u c o c r a t i c  g r a n i t e  
Hemat i t i c  l e u c o c r a t i c  g r a n i t e  
F o l i a t e d  h e m a t i t i c  g r a n i t e  
Augen g r a n i t i c  g n e i s s  2 .0  

11 .0  
4 . 1  
7 . 5  

1 4 . 0  
5.9 
3 .0  

1 6 . 6  
8 . 5  
6 .6  

21.0 
1 0 . 5  

0 .7  
0 . 2  
3 . 8  
1 . 8  
4 . 2  
2 .6  
1 . 6  
3 .4  
4.4 
4 .0  

71.4 
6 .6  
4.2 
1 . 0  
0 . 3  
0 . 6  
1 . 2  
0 . 3  
0.7 
1 .7  
0 . 8  
0.6 
0 . 3  
4.4 
2 .3  
1 . 0  
2 .3  
0 . 1  
0 . 3  
0 . 1  

Quar tz  pebbly a r k o s e  
F i n e  g ra ined  g ray  a r k o s e  
Gran i t e -quar t z  pebble  conglomerate  
Gran i t e -quar t z  pebble  conglomerate  . 
Gran i t e -quar t z  pebb le  conglomerate  
Gran i t e -quar t z  pebb le  conglomerate  
Gran i t e -quar t z  pebb le  conglomerate  
Gran i t e -quar t z  pebble  conglomerate  
Quar tz  pebbly a r k o s e  
Quar tz  pebbly a r k o s e  
Quar tz  pebbly a r k o s e  
P i n k  c o a r s e  a r k o s e  
P i n k  c o a r s e  a r k o s e  
Maroon heavy m i n e r a l  l amina ted  a r k o s e  
Maroon heavy m i n e r a l  l amina ted  a r k o s e  
Maroon heavy m i n e r a l  l amina ted  a r k o s e  
P ink  heavy m i n e r a l  l amina ted  a r k o s e  
S e r i c i t i c  g r a n u l a r  a r k o s e  
S e r i c i t i c  pebbly a r k o s e  
Granu la r  heavy m i n e r a l  l amina ted  a r k o s e  
Granu la r  heavy m i n e r a l  l amina ted  a r k o s e  
Maroon c o a r s e  g r a i n e d  a r k o s e  
Gray c o a r s e  g r a i n e d  a r k o s e  
Q u a r t z  pebbly a r k o s e  
Mott led p ink  g r a n u l a r  a r k o s e  
P ink  medium g r a i n e d  a r k o s e  
P ink  medium gra ined  a r k o s e  
P ink  medium g r a i n e d  a r k o s e  
P ink  medium g r a i n e d  a r k o s e  
Granular  heavy m i n e r a l  laminated a r k o s e  
Maroon l amina ted  mudstone 
Granular  p ink  a r k o s e  
Granu la r  l i g h t  p i n k  s e r i c i t i c  a r k o s e  
Coarse  p i n k  a r k o s e  
Granu la r  s e r i c i t i c  heavy m i n e r a l  l amina ted  a r k o s e  
Coarse  p i n k  a r k o s e  
Coarse  p ink  a r k o s e  
Q u a r t z  pebbly a r k o s e  
Amygdaloidal a p h a n i t i c  
Amygdaloidal a p h a n i t i c  p o r p h y r i t i c  
Aphan i t i c  p o r p h y r i t i c  

N.D. 
N.D. 
N.D. 
N.D. 
N.D. 

14 
N . D .  
N.D. 

28 
1 8  

N.D.  
7 

N.D. 
N.D. 
N.D. 
N.D. 

54 
496 

35 
2 3  

N.D.  
32 

N . D .  

Richmond Gulf 
Formation 

L i g h t  p i n k  a r k o s e  
Coarse  w h i t i s h  g r a y  a r k o s e  
Coarse  g r e e n i s h  g ray  a r k o s e  
Coarse  w h i t e  a r k o s e  
Coarse  p i n k  a r k o s e  
Coarse  g ray  a r k o s e  
Maroon l amina ted  s i l t s  tone  
Coarse  h e m a t i t e  mot t l ed  a r k o s e  
Maroon heavy m i n e r a l  l amina ted  a r k o s e  
Coarse  h e m a t i t e  m o t t l e d  a r k o s e  
Granu la r  h e m a t i t e  mot t l ed  a r k o s e  
Coarse  heavy m i n e r a l  l amina ted  a r k o s e  
Coarse  heavy m i n e r a l  l amina ted  a r k o s e  
Medium gra ined  heavy m i n e r a l  l amina ted  a r k o s e  
Coarse  h e m a t i t e  m o t t l e d  a r k o s e  
Medium g r a i n e d  p i n k i s h  g r a y  a r k o s e  
Medium gra ined  p i n k  heavy m i n e r a l  l amian ted  a r k o s e  
Black heavy m i n e r a l  c rossbed  from specimen 21 
Coarse  h e m a t i t e  m o t t l e d  heavy m i n e r a l  l amina ted  ark0 
Coarse  p ink  a r k o s e  
Medium gra ined  maroon a r k o s e  
Coarse  p ink  heavy m i n e r a l  laminated a r k o s e  
Coarse  r ed  heavy m i n e r a l  laminated a r k o s e  

4  
1 
2 

0 . 2  
0 . 5  
1 . 0  

N.D .  
19 
32 

Amygdaloidal a p h a n i t i c  
Medium gra ined  p i n k  a r k o s e  
Maroon s i l t s t o n e - a r k o s e  



Conclusion 

The Pachi arkose contains anomalous uranium but 
primarily thorium abundances concentra ted  in pebbly horizons 
and a particularly noteworthy uranium anomaly a t  t he  basal 
unconformity. The hematite-rich character  of these  c las t ic  
sediments indicates that  the sediments were deposited a f t e r  
the oxy-atmoversion and limits the potential  for the 
preservation of uraninite-quartz pebble conglomerate  type 
occurrences.  The presence of thor ium-bear ing de t r  ital 
minerals and high Th/U ra t ios  for the arkosic and basement 
rocks may suggest a thorium-rich source region. However the 
uranium content of the basal unconformity, 71.4 ppm, repre- 
sents  the most favourable horizon for exploration in the  
Richmond Gulf area .  I t  should be emphasized t h a t  the  
unconformity examined in the  study a r e a  represents  a local 
inlier and that  the major unconformity of basal Pachi arkose 
is exposed t o  the eas t  of the  study a rea  for a north-south 
dis tance  of approximately 6 5 k m  (Eade, 1966; 
Stevenson, 1968). 
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THE BLACHFORD LAKE INTRUSIVE SUITE: AN APHEBIAN ALKALINE PLUTONIC COMPLEX 
IN THE SLAVE PROVINCE, NORTHWEST TERRITORIES 

Pro jec t  710023 

A. Davidson 
Regional and  Economic Geology Division 

Abstract 

Davidson, A., The Blachford Lake Intrusive Suite: An Aphebian alkaline plutonic complex in the Slave 
Province, Northwest Territories; Current iiesearch, Part A,  Geol. Surv. Can., Paper 78- lA,  p. 119-127, 1978. 

The Blachford Lake Intrusive Suite is defined to include all the plutonic rocks of  alkaline 
aff ini ty that form a coherent complex in the vicinity of  Blachford Lake, located at the south margin 
o f  the Slave Province. I t  is subdivided into major named and minor unnamed units, each of which is 
described and characterized. The Suite displays a differentiation trend from mafic to felsic with 
time, ending with altered and mineralized rocks that contain concentrations o f  U, Th, Arb, Y and rare- 
earth metals, possibly of  economic importance. All available evidence supports its age as post- 
Archean, but as predating deposition of the mid-Aphebian Great Slave Supergroup in the east arm of  
Great Slave Lake. 

Introduction radiometr ic  a g e  of 2057 ? 56 m.y. (Wanless, pers. comm., 
1973) has  been obtained on amphibole f rom t h e  alkaline The granit ic rocks between B1achford Lake and Hearne grani te ,  a n  age  much younger than was  expec ted  f r o m  Slave 

Channel in the East Arm Of Great 'lave Lake Province plutonic rocks. Also, a i rborne  y-ray spectroscopy, 
19'1) at the 'Outhern edge of the 'lave Province were under taken by the  Geological  Survey, and prospecting have recognized during field studies in 197 1 t o  be  in la rge  par t  a revealed that radioactive mineralization (Davidson, 1972, multi-phase intrusion of alkaline cha rac t e r  (Davidson, 1972). p,  112)  is more widespread than previously suspected. To 
subsequent ~ e t r o g r a p h i c  studies ca s t  some doubts on t h e  date, 316 mineral c la ims have been staked by Highwood validity of ce r t a in  conclusions drawn a t  t h a t  t ime,  namely Resources Ltd., of Calgary, and d r i l l i ng  and trenching are t h a t  t he  gabbro body in the  vicinity of Caribou Lake  is older being undertaken in zones that have returned interesting than  the  grani te  t o  t he  west and therefore  not pa r t  of the  assays for ", Th, Nb, Y, and rare earth elements. 
alkaline complex (Davidson, 1972, p. 109), and t h a t  a small  
mass of dior-ite is apparent ly  included in t he  main  body of As a consequence of t he  above, t h ree  weeks' f ield work 
alkaline grani te  (Davidson, 1972, p. 110). In addition, a K-Ar a imed a t  resolving t h e  controversial  a g e  relationships and 

Figure 26.1. Revised geology of t he  plutonic rocks in the  Blachford Lake area .  See  t e x t  for  legend. 



T a b l e  26.1 375 k m 2  would b e  enc losed .  Such a p r o j e c t e d  

C o r r e l a t ~ o n  b e t w e e n  rock uni t s  in t h e  E a s t  A r m  of 
G r e a t  S lave  L a k e  and t h e  Blachford L a k e  a r e a  

E a s t  A r m ,  G r e a t  S lave  ~ a k e '  Blachford L a k e  a r e a  

I Mackenzie  d iabase  dykes  = Mackenzie  d iabase  dykes  

I Basic sills, C h r i s t i e  Bay n o t  p r e s e n t  

1 Et- then  Group n o t  p r e s e n t  

I Dior i te ,  monzoni te  laccoli  t h s  = Dior i te ,  g ranodior i te  

1 G r e a t  S lave  Supergroup  n o t  p r e s e n t  

e a s t - n o r t h e a s t  d iabase  dykes  = e a s t - n o r t h e a s t  d iabase  
d y k e s  

' E a s t e r  Island dyke'  = Blachford L a k e  
In t rus ive  Sui te  

1 Wilson Island Group n o t  p r e s e n t  

two-mica  g r a n i t e  
A r c h e a n  m e t a m o r p h i c  complex  = b i o t i t e  granodior i t e  

Yel lowkni fe  Supergroup  

' ~ f t e r  H o f f m a n  e t  al. (1977, p. 121). 

e v a l u a t i n g  t h e  e x t e n t  and n a t u r e  of t h e  minera l iza t ion  w a s  
under taken  in Cluly 1977. This  paper  r e p o r t s  a revised 
eva lua t ion  of t h e  a g e  relat ionships,  d e f i n e s  t h e  Blachford 
L a k e  Intrusive Sui te  and i t s  c o m p o n e n t  units ,  and  r e l a t e s  t h e  
minera l iza t ion  t o  t h e  l a t e s t  s t a g e  of m a g m a t i c  d i f f e r e n t i a -  
t ion  of t h e  a lka l ine  complex .  F igure  26.1, a m a p  of t h e  
geology of t h e  Blachford L a k e  a r e a ,  s u p e r s e d e s  a s imi la r  m a p  
by Davidson (1972, Fig. I). T a b l e  26.1 l i s t s  t h e  rock  uni t s  
found in t h e  Blachford L a k e  a r e a  and  e q u a t e s  t h e m  w i t h  t h e  
ch ie f  e l e m e n t s  of t h e  stratigraphic success ion  es tab l i shed  in 
t h e  E a s t  A r m  of G r e a t  S lave  L a k e  ~ m m e d i a t e l y  t o  t h e  south  
(Hoffman,  1968;  Hoffman et al.,  1977). Naming  of t h e  
Blachford L a k e  Intrusive S u i t e  and  i t s  c o m ~ o n e n t  un i t s  
fol lows t h e  r e c o m m e n d a t ~ o n s  of Soh1 (1977). Throughout  th i s  
r e p o r t ,  t h e  te rminology  used for  t h e  intrusive p lu tonic  rocks  
is t h e  one  r e c o m m e n d e d  by t h e  IUGS Subcommission on t h e  
S y s t e m a t i c s  of Igneous Rocks  (S t recke isen ,  1976). 

The Blachf ord L a k e  In t rus ive  S u i t e  

Blachford L a k e  Intrusive S u i t e  is  t h e  n a m e  given t o  a l l  
t h e  cont iguous  rock uni t s  f o r m i n g  t h e  p lu tonic  c o m p l e x  of 
a lka l ine  c h a r a c t e r  n o r t h  of H e a r n e  Channel  and  e a s t  of 
Francois  River ,  D i s t r i c t  of Mackenzie  (Fig. 26.1, u n i t s  1-8). 
The  alkal ine rocks  in t rude  m e t a s e d i m e n t a r y  s c h i s t s  of t h e  
Yellowknife Supergroup  (unit  As) and  ca lc -a lka l ine  grano-  
d i o r i t e  (unit  Agd) and  g r a n i t e  (un i t  Agr)  plutons whose  rocks  
a r e  pe t rogene t ica l ly  iden t ica l  t o  rad iomet r ica l ly  d a t e d  
Archean  p lu tonic  rocks  in t h e  neighbouring p a r t s  of t h e  
s o u t h e r n  S lave  S t r u c t u r a l  Province .  T h e  alkal ine c o m p l e x  is 
intruded in t u r n  by e a s t - n o r t h e a s t - t r e n d i n g  d i a b a s e  dykes ,  
s m a l l  p lu tons  of d i o r i t e  and granodior i te  (subunits  9a,b) ,  a n d  
nor thwes t - t rending  d iabase  dykes  of t h e  M a c k e n z i e  s w a r m ,  
d a t e d  b e t w e e n  1100 and 1200 m.y. (Leech ,  1966). Although 
n o t  in exposed c o n t a c t  with t h e  G r e a t  S lave  Supergroup  
(Aphebian in a g e )  which occupies  much of t h e  e a s t  a r m  of 
G r e a t  S lave  L a k e  i m m e d i a t e l y  t o  t h e  south ,  t h e  a lka l ine  rocks  
a r e  cons idered  t o  b e  t h e  older  on t h e  basis  t h a t  t h e  
u n c o n f o r m i t y  a t  t h e  base of t h e  G r e a t  S l a v e  Supergroup  
t r u n c a t e s  a si milar  e a s t - n o r t h e a s t - t r e n d i n g  d i a b a s e  d y k e  
s w a r m  in t h e  b a s e m e n t  exposed on t h e  Simpson Islands,  35 k m  
s o u t h  of H e a r n e  Channel  (Table  26.1 ). 

Alkaline i n t r u s ~ v e  rocks under l ie  an a r e a  c l o s e  t o  
235 lkm2 n o r t h  of H e a r n e  Channel .  If t h e  subc i rcu la r  ou t l ine  
c o n t i n u e s  and c l o s e s  southwards ,  a t o t a l  a r e a  approaching  

map-uni t s  

o u t e r  c o n t a c t  would t r a n s e c t  t h e  n o r t h  s h o r e  of 
Blanche t  Island, 5 k m  south  a c r o s s  H e a r n e  
Channel .  Here .  however .  onlv s e d i m e n t s  of t h e  , , 
G r e a t  S l a v e  Supergroup  in t ruded  by d ior i te  
l a c c o l i t h s  a r e  found.  Thus  t h e  Blachford  L a k e  
Intrusive Sui te  e i t h e r  h a s  b e e n  e r o d e d  t o  be low 
t h e  p r e s e n t  exposed  leve l  s o u t h  of H e a r n e  
Channel ,  or H e a r n e  C h a n n e l  i tself  is t h e  locus  
of a major  f a u l t ,  down-dropped t o  t h e  south.  
Subsidiary f a u l t s  on t h e  mainland show no 
e v i d e n c e  of l a t e r a l  d i s p l a c e m e n t .  

The  Blachford  L a k e  In t rus ive  S u i t e  shows 
a r e m a r k a b l e  r a n g e  in compos i t ion .  T h e  rocks  
t h a t  c rys ta l l i zed  dur ing  a s e q u e n c e  of in t rus ive  
e v e n t s ,  whose o r d e r  h a s  b e e n  es tab l i shed  f r o m  
exposed  c ross -cu t t ing  re la t ionsh ips  of bo th  
d y k e s  and  main  c o n t a c t s ,  i l l u s t r a t e  a c h a n g e  
w i t h  t i m e  f r o m  mildly a lka l ine  gabbro ,  th rough 
increasingly a lka l ine  dior i t e ,  s y e n i t e ,  and  
g r a n i t e ,  t o  highly pera lka l ine  g r a n i t e  and 
syeni te .  F i v e  d i s t i n c t  and v o l u m e t r i c a l l y  
i m p o r t a n t  in t rus ive  e v e n t s  h a v e  b e e n  recog-  
nized.  The  r o c k s  e m p l a c e d  dur ing  e a c h  of t h e s e  
e v e n t s  h a v e  cor respondingly  d i s t i n c t i v e  c o m -  
posi t ional  and  t e x t u r a l  c h a r a c t e r i s t i c s ,  a n d  a r e  
loca l ized  wi th in  t h e  c o n f i n e s  of t h e  whole 
a lka l ine  c o m p l e x .  T h e s e  c h a r a c t e r i s t i c s  a r e  

u t i l i zed  in naming  t h e  individual u n i t s  of t h e  in t rus ive  su i te .  
In addi t ion ,  t h e  rocks  of t h e  l a s t  of t h e  f i v e  m a i n  in t rus ive  
e v e n t s  h a v e  been  subdivided on compos i t iona l  a n d  s p a t i a l  
grounds,  e v e n  though t h e  t w o  d o  not  display a n y  s t r u c t u r a l  
re la t ionsh ips  t h a t  would s e r v e  t o  s e p a r a t e  t h e m  s ign i f ican t ly  
w i t h  r e s p e c t  t o  t i m e .  T h e  six named p lu tonic  units ,  
e q u i v a l e n t  in s t a t u s  t o  f o r m a t i o n s  in s t r a t i f o r m  rocks ,  a r e  
included in T a b l e  26.2 which in addi t ion  l i s t s  unnamed rocks  
r e l a t e d  t o  four  o t h e r  e v e n t s ,  al l  in t i m e  sequence .  T h r e e  of 
t h e s e  f o u r  o t h e r  e v e n t s  a r e  r e p r e s e n t e d  by in t rus ive  rocks  
whose a r e a l  e x t e n t  is t o o  smal l  t o  show in F i g u r e  26.1; t h e  
f o u r t h  is t h e  l a s t  e v e n t  in t h e  s e q u e n c e  and is m a n i f e s t  a s  
l a t e - s t a g e  a l t e r a t i o n ,  veining and  minera l iza t ion .  

Car ibou  L a k e  G a b b r o  (subunits  l a ,  b) 

G a b b r o i c  rocks  and r e l a t e d  a n o r t h o s i t e  and  d i o r i t e  w e r e  
f i r s t  r e p o r t e d  f r o m  t h e  vicini ty of Car ibou  L a k e  by S tockwel l  
(1932) who,  a l o n g  wi th  Henderson  (1938,  p. l o ) ,  i n t e r p r e t e d  
t h e m  a s  o lder  t h a n  t h e  sur rounding  g r a n i t i c  rocks.  Based on 
t h e  re la t ionsh ips  of d y k e s  observed  in 1971 Davidson (1972, 
p. 109) cons idered  th i s  i n t e r p r e t a t i o n  t o  b e  c o r r e c t .  Subse- 
q u e n t  p e t r o g r a p h i c  s tudy  of s p e c i m e n s  c o l l e c t e d  a t  t h a t  t i m e ,  
however ,  ra i sed  t h e  suspicion t h a t  t h e  g a b b r o i c  r o c k s  a r e  in 
f a c t  younger  t h a n  those  g r a n i t i c  r o c k s  (Davidson,  1972, 
Fig. 1 ,  map-uni t s  2 and 3) lying t o  t h e  n o r t h  and  wes t .  The  
e v i d e n c e  is: 

a )  b o t h  t h e  g r a n i t i c  and  s e d i m e n t a r y  r o c k s  I m m e d i a t e l y  
a d j a c e n t  t o  t h e  o u t e r  c o n t a c t  of t h e  g a b b r o  body 
c o n t a i n  high t e m p e r a t u r e  m e t a m o r p h i c  m i n e r a l s  (hyper-  
s t h e n e ,  spinel); 

b) g a b b r o  i m m e d i a t e l y  a d j a c e n t  t o  t h e s e  g r a n i t i c  r o c k s  
is f r e s h ,  n o t  hydra ted  or m e t a m o r p h o s e d ;  

c )  g r a n i t i c  dykes  wi th in  t h e  g a b b r o  a r e  of a lka l ine  
c h a r a c t e r  and r e l a t e d  t o  t h e  younger g r a n i t i c  in t rus ions  
t o  t h e  e a s t ,  n o t  t o  t h e  ca lc -a lka l ine  g r a n i t i c  rocks  t o  
t h e  n o r t h  and wes t .  

This  p a s t  s u m m e r ,  t h e  c o n t a c t  b e t w e e n  g a b b r o  ( subuni t  l a )  
and  a l l  t h r e e  c o u n t r y  rock  . u n i t s  (As, Agd, Agr)  w a s  found 
exposed  a t  severa l  loca l i t i es .  Fine granophyre- l ike  in te r -  
g r o w t h s  b o t h  in t h e  m a t r i x  of t h e  g r a n i t i c  r o c k s  and  in th in  
ve in le t s  t h a t  p e n e t r a t e  a f e w  c e n t i m e t r e s  i n t o  chil led gabbro  
is t a k e n  a s  e v i d e n c e  f o r  loca l  c o u n t r y  rock mel t ing .  



Table 26.2 

Subdivision of the  Blachford Lake Intrusive Suite, 
listed in t ime  sequence 

unit I (Fig. 26.1) 
Rock units I 

1 7 3  al tera t ion,  veining and mineralization 

trachy t e  dykes I Thor Lake Syenite 

Grace  Lake Grani te  

Mad Lake Grani te  

( - leucocratic per th i te  grani te  I 
3 Hearne Channel Granite 

2a,b Whiteman Lake Quar tz  Syenite 

l a , b  Caribou Lake Cabbro 
- anorthosite,  anor thosi t ic  gabbro 

The Garibou Lake Gabbro is exposed only on the  
western side of the alkaline complex, where it underlies an  
a r e a  of approximately 20 km2.  I t  is intruded by younger units 
of the  Blachford Lake Intrusive Suite t o  the  eas t ,  whose 
emplacement  has removed much of what must have been a 
considerably larger pluton. That  which remains i l lustrates 
progressive change from the chilled margin inwards a s  
follows: 

a )  massive olivine gabbro of irregular grain s ize  and 
character ized by pegmat i t ic  patches,  particularly along 
the  west and north shores of Caribou and Whiteman 
lakes respectively; 

b) massive t o  faintly layered, equigranular,  medium 
grained norit ic gabbro, in places with plagioclase 
crys ta ls  aligned t o  give a primary foliation parallel  t o  
compos~t ional  layering; this planar fabric is subparallel 
t o  the outer  con tac t  and dips steeply inwards; 

c )  interlayered pegmat i t ic  gabbro with coarse  magnet- 
i t e  lenses, medium grained gabbro with thin magnet i te-  
rich layers,  and fine t o  medium grained sulphjde-bearing 
gabbro, the l a t t e r  weathering readily t o  rusty brown 
rubbly soil; this zone gives rise to  a pronounced 
aeromagnet ic  anomaly (Geol. Surv. Can., Map 30236,  
1962); 

d) pegmat.it.ic hornblende gabbro and leucogabbro, 
grading eas twards  to  coarse,  uniform, massive augi te-  
hornblende-biotite leucod.iorite. 

The ex ten t  of this las t  ca tegory is shown separa te ly  
(subunit Ib) in Figure 26.1, but is included with the  Caribou 
Lake Gabbro because it is complete ly  gradational with the  
gabbroic units t o  the west. 

Thin sect ions  reveal t h a t  all types  of the Caribou Lake 
Gabbro contain,  in addition t o  minor brown hornblende a s  
overgrowths on pyroxene, small  amounts  of primary deep  red- 
brown bioti te,  an  indication of alkaline character .  Fors ter i t ic  
olivine is apparently restricted to  the con tac t  region and is 
commonly surrounded by vermiform coronas of hypersthene 
and plagioclase, a t t e s t ing  t o  the  gabbro's sa tura ted nature  
with respect  t o  SiOn. Orthopy roxene and clinopyroxene a r e  
intergrown in the  norit ic gabbros, and fayal i t ic  olivine is 
present in the leucogabbro and leucodiorite. Plagioclase 
composition changes f rom Anss-40 in the  gabbros to  Anso-25 
in the  leucodiorite, in which it is  commonly antiperthit ic.  
Apat i te  is a common accessory mineral. 

Rounded t o  angular xenoliths of coarse  anor thosi te  and 
anorthosit ic gabbro, ranging in s ize  f rom less than a m e t r e  t o  
several t ens  of metres ,  occur  within all phases of t he  Caribou 
Lake Cabbro south and southeast  of Caribou Lake,  and 
particularly within the  western part  of the leucodiorite unit. 
Many xenoliths display pronounced planar alignment of 
tabular plagioclase crystals;  orientation varies f rom block t o  
block. These anor thosi t ic  rocks contain ca lc ic  plagioclase 
(An75 -SO), and must be  the  product of an  ear l ier  crystall iza- 
tion event  that  has been broken up by and carr ied  along with 
the Caribou Lake Gabbro magma during i ts  emplacement .  

The 300 m wide gabbro dyke t h a t  extends  southwest 
through the  two-mica grani te  (Fig. 26.2) was  examined in 
detail  especially a t  i ts  juncture with the  main mass  of the  
Caribou Lake Gabbro. The following observations were  made: 

a)  although its  con tac t s  with the  adjacent  grani te  a re  
not  exposed, i t  is f ine grained a t  i ts  outer  margin, 
coarsening inwards t o  even, medium-grained; 

b) near the  northeast  end the  dyke has a granular 
t ex tu re  indistinguishable f rom tha t  of the  main gabbro 
mass, but t o  the  southwest it gradually assumes a 
diabasic t ex tu re  and contains t r aces  of f r e e  qua r t z ;  

c )  i t  is c u t  i n  a t  leas t  f ive places by narrow, northwest- 
trending dykes with moderate  southwest dip composed 
of hornblende alkaline granite,  likely re la ted  t o  the  
nearby Hearne Channel Grani te  (unit  3), and quite 
unlike the  adjacent  two-mica granite;  

d) i t  and the  alkaline grani te  dykes a r e  c u t  by a n  eas t -  
northeast-trending diabase dyke of the  s a m e  swarm tha t  
cu t s  all  units of the  Blachford Lake Intrusive Suite. 

I t  s eems  fairly cer ta in ,  therefore ,  t h a t  this large dyke is 
d i rec t ly  connected t o  the  main mass of the  Caribou Lake 
Gabbro. I t  is younger than the  two-mica grani te  and not, a s  
previously s t a t ed  (Davidson, 1972, p. 1091, a septum within it. 

Whiteman Lake Quar tz  Syenite (subunits 2a,b) 

This unit of t he  Blachford Lake Intrusive Sui te  in t rudes  
the  Caribou Lake Gabbro and is well exposed along t h e  south 
shore of Whiteman Lake. I ts  con tac t  with gabbro is 
essentially vertical .  It does not penetra te  the  outer  con tac t  
of the  Caribou Lake Gabbro excep t  a t  i t s  nor theas ternmost  
par t ,  where  it i s  in c o n t a c t  with bioti te s ranodior i te  (see 
Fig. 26.1 ). I t  underlies an  a rea  of about  8 km , and i t s  cen- 
t r a l  par t  (subunit 2b) is full of xenoliths, some  of t h e m  
hundreds of me t re s  across,  composed of metasediment  (As), 
granodiorite (Agd) and various phases of the Caribou Lake 
Gabbro (subunits la, Ib). The distribution of the  d i f ferent  
types  of gabbro in this xenolithic core  more or less r e f l ec t s  a 
continuation of the  zonation found in the  gabbro t o  the  
southwest,  suggesting tha t  the  gabbro inclusions a r e  not much 
removed f rom thei r  original positions. Around the  xenolithic 
c o r e  the  qua r t z  syenite is relatively f r ee  of xenoliths excep t  
for s ca t t e red ,  small, rounded inclusions of metasediment  and 
locally of gabbro near i ts  outer  contact .  Bedding is  well 
preserved in many of the metasediment  xenoliths and 
i l lus t ra tes  t h a t  t he  xenoliths have been insensibly ro ta ted  
with respect  one to  another ,  just like the  anorthosite blocks 
in t h e  Caribou Lake Gabbro. 

Although qua r t z  syeni te  is t h e  predominant rock type, i t  
varies systematically in composition and appearance. Along 
the  north and west sides this intrusion is light greenish to  
pinkish grey, brown and crumbly weathering, massive, uni- 
form, medium grained hornblende-perthite qua r t z  syenite.  In 
addition t o  hornblende, it contains variable amounts  of 
bioti te,  pale green clinopyroxene, and partly a l t e red  fayalite.  
In places i t s  qua r t z  content  is high enough for the  rock t o  be  
t e rmed  granite.  Towards the southeast  the  qua r t z  content  
decreases  a s  i t  grades  t o  dark green (where fresh) syenite 



Figure  26.2. D e t a i l e d  o u t c r o p  m a p  i l lus t ra t ing  t h e  geologica l  re la t ionsh ips  in t h e  region of t h e  junc ture  b e t w e e n  
t h e  m a i n  m a s s  and  t h e  s o u t h w e s t  d y k e  e x t e n s i o n  of t h e  C a r i b o u  L a k e  Gabbro.  T h e  a r e a  of t h i s  m a p  
is ou t l ined  i n  F igure  26.1, a n d  t h e  s a m e  legend  is used. 

a l m o s t  e n t i r e l y  devoid of q u a r t z  and conta in ing  f a y a l i t e  and  
g r e e n  cl inopyroxene a s  t h e  principal  m a f i c  s i l i ca tes .  In t h e s e  
s y e n i t e s  t h e  l a r g e r  p e r t h i t e  g ra ins  have  a n t i p e r t h i t i c  oligo- 
c l a s e  cores .  Zircon is a c o m m o n  a c c e s s o r y  minera l ,  a p a t i t e  is 
v i r tua l ly  absent .  In t h e  vicini ty of Mad Lake ,  t w o  phases  of 
th i s  unit  a r e  p r e s e n t ,  t h e  c o a r s e ,  g r e e n ,  faya l i te -pyroxene  
s y e n i t e  occur r ing  spar ing ly  a s  xenol i ths ,  a long  wi th  much 
m o r e  abundant  m e t a s e d i m e n t  xenol i ths ,  in medium gra ined  
q u a r t z  syeni te ,  ind ica t ing  t h a t  t h e  Whi teman L a k e  Q u a r t z  
S y e n i t e  is no t  a s ingle phase intrusion and  t h a t  t h e  q u a r t z -  
poor  v a r i e t y  is e a r l i e r .  T h e  g r e e n  quar tz -poor  phase  is n o t  
un l ike  t h e  leucodior i te  (subunit  Ib )  in a p p e a r a n c e ;  s o u t h  of  
Mad L a k e  t h e  t w o  o c c u r  t o g e t h e r  and  a r e  hard to dist inguish 
i n  t h e  f ield,  w h e r e  b o t h  a r e  c u t  by d y k e s  of xenol i th ic  q u a r t z  
syeni te .  Uni form q u a r t z  s y e n i t e  d y k e s  a r e  c o m m o n  in t h e  
Car ibou  L a k e  G a b b r o  s o u t h w e s t  of t h e  m a i n  body of t h e  
Whi teman L a k e  Q u a r t z  Syeni te .  

H e a r n e  Channel  G r a n i t e  (un i t  3 )  

Massive,  medium gra ined ,  subequigranular ,  and  predom-  
inantly brownish pink in co lour ,  t h e  H e a r n e  C h a n n e l  G r a n i t e  
under l ies  s o m e  9 k m 2  in t h e  s o u t h w e s t  p a r t  of t h e  a lka l ine  
complex ,  and presumably  e x t e n d s  t o  t h e  south  b e n e a t h  
Hearne  Channel .  I t  in t rudes  t h e  C a r i b o u  L a k e  Gabbro ,  
c u t t i n g  through i t s  o u t e r  c o n t a c t  in to  m e t a s e d i m e n t s  
(unit  As) and two-mica  g r a n i t e  (un i t  Agr)  a long  i t s  w e s t  s ide  

(Fig. 26.2). H e r e  t h e  c o n t a c t  is s t e e p ,  b u t  a long  t h e  n o r t h e r n  
e d g e  i t  is  local ly f l a t  lying b e n e a t h  l e u c o d i o r i t e  (subunit  l b )  
t h a t  c a p s  t h e  hills; th i s  c o n t a c t  l ikely s t e e p e n s  nor thwards .  
The  m a s s  of l eucodior i te  in t h e  c e n t r e  of t h e  H e a r n e  C h a n n e l  
G r a n i t e  h a s  g e n t l y  t o  m o d e r a t e l y  inward dipping c o n t a c t s ,  
and is p robably  a n  in s i t u  roof p e n d a n t .  A l a r g e  d y k e  of 
H e a r n e  C h a n n e l  G r a n i t e  e x t e n d s  n o r t h  f r o m  t h e  w e s t e r n  e d g e  
of t h e  main  pluton,  in t rud ing  t h e  C a r i b o u  L a k e  G a b b r o  c l o s e  
to  t h e  g r a d a t i o n a l  c o n t a c t  b e t w e e n  g a b b r o  and  leucodior i te .  
T h e  H e a r n e  C h a n n e l  G r a n i t e  is in t ruded  by d y k e s  of f i n e  
gra ined ,  s u g a r y  g r a n i t e  at i t s  n o r t h e a s t  s ide,  a p p a r e n t l y  
r e l a t e d  to t h e  Mad L a k e  G r a n i t e  (un i t  4). Both  a r e  c l e a r l y  
in t ruded  by t h e  G r a c e  L a k e  G r a n i t e  (un i t  5). 

This  g r a n i t e  i s  c h a r a c t e r i z e d  by t w o  f e a t u r e s :  a )  i t  
c o n t a i n s  s c a t t e r e d ,  l a r g e  x e n o c r y s t s  of d a r k  p lag ioc lase ,  
read i ly  iden t i f ied  in t h e  f ield;  a n d  b) i t s  m a t r i x  c o n t a i n  
graphica l ly  i n t e r g r o w n  q u a r t z  a n d  f e l d s p a r ,  visible only in 
t h i n  sec t ion .  Hornblende w i t h  t h e  o p t i c a l  p r o p e r t i e s  of 
f e r r o h a s t i n g s i t e  is t h e  chief  m a f i c  m i n e r a l ,  b u t  b i o t i t e  o c c u r s  
a s  well  in m o s t  rocks. Nei ther  f a y a l i t e  nor pyroxene  have  
b e e n  observed .  L ike  t h e  Whi teman L a k e  Q u a r t z  S y e n i t e ,  
l a r g e r  f e l d s p a r  gra ins  have  a n t i p e r t h i t i c  p lag ioc lase  c o r e s  and 
p e r t h i t e  r ims;  b road ,  a l t e r n a t i n g  z o n e s  of p e r t h i t e  and 
a n t i p e r t h i t e  a r e  presen t  in some.  The  x e n o c r y s t s  a r e  
andes ine  and a r e  n o t  a n t i p e r t h i t i c ;  t h e y  may be  overgrown by 
n a r r o w  r i m s  of e i t h e r  p e r t h i t e  o r  a n t i p e r t h i t i c  sod ic  



oligoclase.  They a r e  l ikely der ived  f r o m  s o m e  phase of t h e  
a d j a c e n t  Car ibou  L a k e  Gabbro,  bu t  a r e  no t  no t iceably  
c o n c e n t r a t e d  near  c o n t a c t s .  Unlike t h e  Whi teman L a k e  
Q u a r t z  Syeni te ,  t h e  H e a r n e  Channel  G r a n i t e  is compos i t ion-  
a l l y  uniform and a l l  b u t  l acks  xenoli ths.  

Mad L a k e  G r a n i t e  (un i t  4) 

T w o  s m a l l b o d i e s  of t h i s  d i s t i n c t i v e  g r a n i t e ,  3 and  I k m 2  
in a r e a ,  in t rude  t h e  Whi teman L a k e  Q u a r t z  S y e n i t e  and  t h e  
H e a r n e  C h a n n e l  G r a n i t e  respec t ive ly .  Both  in t rude  t h e  
leucodior i te  subunit  of t h e  Car ibou  L a k e  G a b b r o ,  and  both  a r e  
intruded by t h e  G r a c e  L a k e  G r a n i t e  (5). C o n t a c t  re la t ion-  
ships a r e  par t icu la r ly  well exposed  around t h e  shores  of Mad 
Lake ,whose  w a t e r  level  h a s  dropped  m o r e  t h a n  I m in r e c e n t  
years .  O n  t h e  east side of t h e  n o r t h e r n  body n o r t h  of Mad 
L a k e ,  t h i s  g r a n i t e  w a s  observed  in t w o  p l a c e s  t o  h a v e  
in t ruded  a l e u c o c r a t i c  p e r t h i t e  g r a n i t e  s imi la r  in t e x t u r e  to 
b u t  f iner  grained t h a n  t h e  G r a c e  L a k e  G r a n i t e .  T h e r e  is no 
d o u b t ,  however ,  t h a t  t h e  main  body of t h e  G r a c e  L a k e  
G r a n i t e  is younger.  This  l e u c o c r a t i c  g r a n i t e  in t rudes  t h e  
Whi teman L a k e  Q u a r t z  Syeni te ,  a n d  m u s t  r e p r e s e n t  a n  
in t rus ive  e v e n t  b e t w e e n  t h e  Whi teman L a k e  and  Mad L a k e  
intrusions.  The Mad L a k e  G r a n i t e  c o n t a c t s  d i p  g e n t l y  t o  
m o d e r a t e l y  o u t w a r d s  b e n e a t h  t h e  o lder  rocks ,  and  within t h e  
exposed  a r e a  of t h e  n o r t h e r n  body s e v e r a l  of t h e  hills a r e  
c a p p e d  by xenol i th ic  Whi teman L a k e  Q u a r t z  Syeni te .  I t  
s e e m s  t h e r e f o r e  t h a t  t h i s  g r a n i t e  is only just  unroofed  a n d  
l ikely t h a t  i t s  t w o  exposed  bodies  a r e  c o n n e c t e d  at depth .  

The Mad L a k e  G r a n i t e  is mass ive ,  un i form,  a n d  g e n e r -  
a l ly  pink in colour.  I t  is c h a r a c t e r i z e d  by a subporphyr i t i c  
t e x t u r e ,  wi th  fe ldspar  phenocrys t s  s e t  in a f ine  t o  medium 
g r a i n e d  granular  m a t r i x  in which hornblende  and b i o t i t e  
g r a i n s  a r e  regular ly  s c a t t e r e d ,  giving a 'sal t-and-pepper '  
t e x t u r e .  G r a n i t i c  d y k e s  wi th in  t h e  l e u c o d i o r i t e  phase  of t h e  
Car ibou  L a k e  G a b b r o  (subunit  l b )  a r e  dist inguished f r o m  
t h o s e  re la ted  t o  t h e  Whi teman L a k e  Q u a r t z  S y e n i t e  and t o  
t h e  H e a r n e  Channel  G r a n i t e  by t h i s  t e x t u r e .  Thin s e c t i o n s  
s h o w  t h a t  t h e  fe ldspar  phenocrys t s  a r e  p e r t h i t i c ,  local ly wi th  
a n t i p e r t h i t e  c o r e s ,  b u t  t h a t  t h e  m a t r i x  c o n t a i n s  t w o  fe ld-  
s p a r s ,  microc l ine ,  a n d  sodic  ol igoclase.  Q u a r t z  i s  r a r e l y  
p r e s e n t  a s  smal l ,  p a r t l y  resorbed  phenocrys t s ,  b u t  is a b u n d a n t  
t h r o u g h o u t  t h e  m a t r i x  a s  smal l ,  e q u a n t  g ra ins  and is no t  
i n t e r g r o w n  wi th  fe ldspar .  These  f e a t u r e s  plus t h e  l a c k  of 
p lag ioc lase  x e n o c r y s t s  dist inguish t h e  Mad L a k e  a n d  H e a r n e  
C h a n n e l  g r a n i t e s ,  a l though t h e  m a f i c  minera logy  is identical .  

G r a c e  L a k e  G r a n i t e  (un i t  5) 

The  r e m a r k a b l y  un i form G r a c e  L a k e  G r a n i t e  is by f a r  
t h e  l a r g e s t  un i t  of t h e  Blachford  L a k e  In t rus ive  Sui te ,  
under ly ing  a n  a r e a  of 155 k m 2  n o r t h  of H e a r n e  Channel .  I t  
i n t r u d e s  a l l  e a r l i e r  un i t s  of t h e  S u i t e  a long  i t s  w e s t  c o n t a c t ,  
b i o t i t e  g ranodior  i t e  w e s t  of Blachford  L a k e ,  a n d  Yel lowkni fe  
m e t a s e d i m e n t s  a long  t h e  r e s t  of i t s  c o n t a c t .  This  o u t e r  
c o n t a c t  is essen t ia l ly  v e r t i c a l  in m o s t  p l a c e s ,  but  is local ly 
s t e e p l y  inward dipping. Near  i t s  s o u t h w e s t  m a r g i n  t h e  G r a c e  
L a k e  G r a n i t e  c o n t a i n s  n u m e r o u s  r a f t s  of c o a r s e  l e u c o d i o r i t e  
(subunit  Ib )  c u t  by s y e n i t e  and  g r a n i t e  d y k e s  (subunit  2 a ,  
u n i t s  3, 4). Many of t h e s e  r a f t s  a r e  exposed  on  h i l l tops  and  
m a y  e i t h e r  b e  roof p e n d a n t s  or have not  sunk  f a r  be low t h e  
now eroded  roof. Dykes of G r a c e  L a k e  G r a n i t e  e x t e n d i n g  
f r o m  t h e  c o n t a c t  a r e  r a r e ,  b u t  enough of t h e m  w e r e  observed  
t o  s u b s t a n t i a t e  t h e  a g e  relat ionships.  The  c o r e  of t h e  G r a c e  
L a k e  G r a n i t e  pluton is occupied  by t h e  T h o r  L a k e  Syeni te .  
T h e  c o n t a c t  b e t w e e n  t h e s e  t w o  u n i t s  is g r a d a t i o n a l  o v e r  a 
v e r y  f e w  m e t r e s ,  a n d  re la t ionsh ips  wi th  d y k e s  a r e  absent .  

The G r a c e  L a k e  G r a n i t e  is a mass ive ,  c o a r s e  gra ined ,  
equigranular ,  amphibole-alkal i  fe ldspar  g r a n i t e .  I ts  co lour  
v a r i e s  f r o m  reddish pink through buff to l igh t  g r e y  o r  p a l e  
g r e e n i s h  g r e y ,  t h e  l a t t e r  showing t h e  l e a s t  a m o u n t  of 
microscopic  a l t e r a t i o n .  The  f r e s h e s t  s a m p l e s  w e r e  c o l l e c t e d  
f r o m  t h e  n o r t h w e s t  s ide of G r a c e  L a k e  and  a long  t h e  n o r t h  
shore  of Blachford  Lake ;  e l s e w h e r e  pink a n d  buff v a r i e t i e s  

predomina te .  I t  is a hypersolvus g r a n i t e  wi th  randomly  
o r i e n t e d ,  e u h e d r a l  p e r t h i t e  fe ldspars .  Q u a r t z  c o n t e n t  aver -  
a g e s  2 5  per  c e n t  by volume, b u t  h a s  a t e n d e n c y  t o  d e c r e a s e  
sl ightly t o w a r d s  t h e  s y e n i t e  core .  Inverse ly ,  t h e  a m p h i b o l e  
c o n t e n t ,  a v e r a g i n g  7 per  c e n t ,  i n c r e a s e s  s l igh t ly  inwards,  
c o n c o m i t a n t  w i t h  a gradua l  c h a n g e  in t e x t u r e  c a u s e d  by t h e  
amphibole ' s  t endency  t o  f o r m  la rger  poiki l i t  ic gra ins  enclos-  
ing smal le r  fe ldspar  e u h e d r a .  Thin s e c t i o n s  s h o w  t h a t  mos t  of 
t h e  amphibole  is r i e b e c k i t e  and  t h a t  t h e  f e l d s p a r  is c o a r s e  
m e s o p e r t h i t e .  F l u o r i t e  is invariably p r e s e n t  in a m o u n t s  up to 
o n e  per  c e n t ,  a n d  f o r m s  drop-like g r a i n s  wi th in  t h e  o t h e r  
minerals .  O t h e r  a c c e s s o r i e s  a r e  z i r c o n  and  m o n a z i t e ;  
a p a t i t e ,  sphene ,  and  m a g n e t i t e  a r e  a b s e n t .  S o m e  th in  
s e c t i o n s  show smal l ,  rounded gra ins  of g r e e n  pyroxene  or  i t s  
a l t e r a t i o n  p r o d u c t s  enc losed  by r i e b e c k i t e .  In s o m e  rocks  
c l o s e  to t h e  s y e n i t e  c o r e  t h e  a m p h i b o l e  is d a r k  fe r rohas t ing-  
s i t e  w i t h  r i e b e c k i t e  overgrowths .  A c m i t e  o c c u r s  in s o m e  
r o c k s  a s  o v e r g r o w t h s  on r i e b e c k i t e  a n d  is  a s s o c i a t e d  w i t h  
a s t r o p h y l l i t e  local ly.  Bio t i te  is v e r y  r a r e l y  p r e s e n t ,  a n d  t h e n  
only a s  a s e c o n d a r y  minera l ,  o c c u r r i n g  w i t h  a l b i t e  and  
h e m a t i t e  in p lace  of r iebecki te .  This  minera logy  is typ ica l  of 
S iOn-sa tura ted  a g p a i t i c  igneous  r o c k s  ( C u r r i e ,  1976). 

In a f e w  p l a c e s  t h e  G r a c e  L a k e  G r a n i t e  c o n t a i n s  
c l u s t e r s  of Yel lowkni fe  m e t a s e d i m e n t  xenol i ths ,  s o m e  of 
t h e m  individually m a n y  t e n s  of m e t r e s  in s ize .  B e t w e e n  
Blachford  L a k e  and t h e  s y e n i t e  c o r e ,  s e v e r a l  a p p a r e n t l y  t h i n  
a n d  f la t - ly ing  l e n s e s  of s y e n i t e  w e r e  no ted .  This  s y e n i t e ,  in 
addi t ion  to i t s  l a c k  of q u a r t z ,  d i f f e r s  f r o m  t h e  enc los ing  
g r a n i t e  in t h a t  i t  c o n t a i n s  pyroxene  r a t h e r  t h a n  amphibole ,  is  
b rown r a t h e r  t h a n  pink o r  buff ,  a n d  is r e l a t i v e l y  m o r e  prone  
t o  weather ing .  Nar row,  f i n e  gra ined  g r a n i t e  dykes  with t h e  
s a m e  minera logy  as t h e i r  c o a r s e  gra ined  hos t  o c c u r  h e r e  and 
t h e r e .  S o  d o  l e n s e s  of p e g m a t i t e  and  of sugary- tex tured  
q u a r t z - a l b i t e  rock  w i t h  a c m i t e  prisms.  

Thor L a k e  S y e n i t e  (un i t  6)  

The  Thor  L a k e  Syeni te  o c c u p i e s  a roughly ova l  30 k m 2  
a r e a  in t h e  c e n t r e  of t h e  G r a c e  L a k e  G r a n i t e  pluton. 
Al though m o r e  var iab le  in compos i t ion  and  t e x t u r e  t h a n  t h e  
sur rounding  g r a n i t e ,  t h e s e  t w o  r o c k  u n i t s  h a v e  much in 
c o m m o n .  T h e  c o n t a c t  b e t w e e n  t h e m  is g r a d a t i o n a l  a c r o s s  a 
v e r y  f e w  m e t r e s ,  less  a long  t h e  n o r t h  a n d  e a s t  s i d e s  t h a n  
e l s e w h e r e ,  a n d  is no th ing  m o r e  t h a n  a n  a b r u p t  d e c r e a s e  in 
q u a r t z  c o n t e n t ;  t h e r e  is no  a c c o m p a n y i n g  c h a n g e  in t h e  
c o a r s e  g r a i n  s ize ,  nor a n y  e v i d e n c e  of s y e n i t e  d y k e s  in g r a n i t e  
o r  v ice  versa.  

F i v e  v a r i e t i e s  of syeni te ,  based  on  t e x t u r a l  and  compo-  
s i t iona l  d i f f e r e n c e s  recognizable  in t h e  f ie ld ,  a r e  found t o  
h a v e  c o h e r e n t  d i s t r ibu t ion  (Fig. 26.3). T h e  subuni t s  a r e :  

6 a ,  c o a r s e  t o  medium gra ined ,  d a r k  green ,  rus ty-  
w e a t h e r i n g  faya l i te -pyroxene  s y e n i t e ,  loca l ly  c o n t a i n i n g  
e n i g m a t i t e  a n d  hornblende,  w i t h  c o l o u r  index (CI) 15-50; 

6 b ,  c o a r s e  gra ined  hornblende s y e n i t e  (CI  5-15); 

6 c ,  inequigranular  hornblende s y e n i t e  c h a r a c t e r i z e d  by 
v e r y  c o a r s e ,  highly poikili t i c  hornblende  (CI 15-35); 

6d,  subporphy r i t i c  hornblende  s y e n i t e  c h a r a c t e r i z e d  by 
fe ldspar  e u h e d r a  w i t h  purp le  c o r e s  and  pink m a r g i n s  (CI 
10-20); 

6 e ,  medium gra ined  hornblende  s y e n i t e  wi th  al igned 
hornblende  c r y s t a l s  (CI 20-30). 

Boundar ies  b e t w e e n  t h e s e  t y p e s  a r e  g r a d a t i o n a l  o v e r  a f e w  
t e n s  of m e t r e s ,  w i t h  t h e  e x c e p t i o n  of t h e  s o u t h w e s t  c o n t a c t  
b e t w e e n  subuni t s  6 b  and  6 c ,  w h e r e  a n  a b r u p t  c h a n g e  o c c u r s  
a c r o s s  a l ine  of m e t a s e d i m e n t a r y  s c r e e n s .  The  maf ic s y e n i t e  
(subunit  6 a )  is t h e  m o s t  d i s t inc t ive  of t h e s e  f i v e  types .  In t h e  
f ie ld  it f o r m s  a prominent  r idge  of d a r k ,  rus ty ,  rubbly- 
w e a t h e r i n g  rock  w i t h  a s t e e p  o u t e r  f a c e  and  a m o r e  g e n t l e  
inward  slope. I t  is s e p a r a t e d  f r o m  t h e  G r a c e  L a k e  G r a n i t e  by 
a n a r r o w  but  e v e r - p r e s e n t  g r a d a t i o n a l  z o n e  of hornblende  
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Figure 26.3. Detailed geology of the  Thor Lake  Syeni te  showing the  R, S, T and Fluor i te  (F) zones  of mineralization.  
See  t e x t  for legend. The a rea  of this map  is outlined in Figure 26.1. 

syeni te  (subunit 6b) which widens southwards along t h e  east enough in q u a r t z  t o  be  t e rmed  grani te ,  t h a t  a r e  textura l ly  
margin a s  the  rnafic syeni te  pe t e r s  ou t  within it. I t  was  a t  s imi lar  t o  t h e  G r a c e  Lake  Gran i t e  t o  t h e  north. The 
f i r s t  thought t h a t  t h e  rnafic syeni te  has t he  fo rm of a layer  southwest  granite-syenite c o n t a c t  c rosses  topographic relief 
dipping gently inwards between the  Grace  Lake  Gran i t e  and high enough t o  i n t ima te  t h a t  it t oo  is very s teep .  
t h e  main mass of syenite,  i t s  resistance t o  erosion being 
responsible for its scarp-like topographic expression A significant internal f ea tu re  of t he  Thor Lake Syenite 

(Davidson, 1972, p. 110). Careful  re-examination of t he  i s  the  abundance of metasediment  xenoliths,  a f ew  of which 

c o n t a c t  zone, however,  has  revealed a poorly developed, exceed  100 m across,  mainly concentra ted  in t he  hornblende 

s teeply  inward plunging a l ignment  of feldspar l a th s  within the  syeni te  (subunit 6b) in a zone about  1 km f rom the  Grace  

border syenite,  likely indicative of a s t e e p  con tac t .  The Lake Grani te  c o n t a c t  along the  nor th  and e a s t  sides 
(Fig. 26.3). Similar xenoliths also occu r  sporadically around subporphyrit ic syeni te  (subunit  6d) north of Thor Lake1 has  a 
the margins of the poikilitic syenite 6-), in addition much less well defined c o n t a c t  with t h e  G r a c e  Lake  Granite.  
to the large screen at its margin. Thermal I t  conta ins  gradational pa t ches  of qua r t z  syenite,  locally rich 

Thor Lake is a n  unofficial n a m e  in local  use and i s  taken f rom t h e  n a m e  applied t o  mineral  c la ims s taked in t h a t  a r ea .  



Table 26.3 The a rea  inside the  outer  con tac t  of the  

Weight per cen t  rare  e lement  oxides, 
mineralized zones in the  vicinity of Thor Lake 

I 2 3 4 
av. (range) av. (range) 

u s 0 8  I . I 4  t r  0.035 (0.015-0.065) 0.051 (0.030-0.120) 

Nb2O5 31 .5  t r  1.49 (0 .88  -2.18 ) 1.44 (0 .58 -3.48 ) 

CeOn 3.27 2.79 0.21 (0 .09 -0.41 ) 0.31 (0 .14  -0.65 ) 

Y 2 0 3  0.01 8 .45 0.012 (0.002-0.025) 0.125 (0.01 -0.38 ) 

Thor Lake Syenite is everywhere  well exposed, 
with the  exception of a broad triangular region 
south of and including Thor Lake. This low- - 
lying region contains few outcrops,  widely 
sca t t e red ,  and a l l  of them small. The exposed 
rock types  a r e  varied and unusual, qui te  unlike 
any of the syenite units so f a r  described, and 
a r e  grouped together  a s  unit 7 (Fig. 26.3). 
Some of these  rocks a r e  similar t o  the  
pegmat i te  and acmite-a lbi te  veins occurring 
within the  syenites t o  the  eas t .  The rocks 
have highly variable gra in  s izes  and a r e  
composed predominantly of a lb i te  and iron 

I 1 albi te  rock o u t c r o ~ s  in the  southeas t  a ~ e x  of 

0.02 10.2 0.021 (0 .007-0.040)  0 .029 (0.005-0.110) 

1' Highly radioactive high grade grab sample,  S-zone. 

ox.idks, t h e  l a t t e r  being in pa r t  pseudomor- 
phous after acmite. Fresh acmite-l<-feldspar- 

I this tr iangular a r e a  adjacent  t o  a l tered syenite 
whose f e l d s ~ a r s  a r e  reddened and whose horn- 

Highly radioactive high grade grab sample, R-zone. blende is r ip l aced  by fine greenish micaceous 
aggregates.  Outcrops  on the  peninsula in the  

Average and range, 5 t renches ,  total  139', T-zone. southwest par t  of Thor Lake a r e  composed of 
pale pink a lbi te  with lesser amounts  of K- 
feldspar, d e e p  purple fluorite,  buff t o  pale 
brown carbonate  and. in ~ l a c e s .  unidentified , .  
green, serpentine-like aggregates .  Brown t o  

purplish black rocks containing a lbi te  and fine grained opaque of the metasediments has produced material including magnetite occur on the two small ,slands dense hornfels containing the  assemblage plagioclase-quartz- 
cordierite-biotite-hypersthene. in Thor Lake and along the  southern shore. These occur- 

rences  coincide with a broad, positive aeromagnet ic  anomaly 
The Thor Lake Syenite,  like the  Grace  Lake Granite,  is cen t r ed  over the a l tera t ion zone. Syenite outcrops along the  

c u t  by narrow dykes of similar composition t o  the  enclosing nor thwest  shore of Thor Lake and the  southwest  shore of t he  
syenite.  In the same  way, pegmat i te  lenses and dykes contain narrow lake t o  the  south a r e  a l tered t o  t h e  ex ten t  t h a t  
l i t t le  or no quar tz ,  and sugary-textured dykes contain albite hornblende has been replaced by fine aggregates  of hemat i te ,  
and acmi te ,  not quar tz .  The development of these  late-stage a lb i te ,  f luor i te  and pale biotite. The a r e a  underlain by unit 7 
rocks may be re la ted  t o  subsequent a l tera t ion and mineraliza- i s  therefore  in terpre ted a s  a zone in which pre-existing 
tion, and is discussed more fully below. syeni tes  have been intensely a l tered,  accompanied by much 

Very fine grained t o  aphanitic pink, red, or mauve 
fe ls i te  dykes, of t rachyte  or qua r t z  t r achy te  composition and 
in places porphyritic, occur in various rock units outside a s  
well a s  within the  confines of the Thor Lake Syenite.  In 
general these dykes a r e  less than 5 m wide, a r e  vertical ,  and 
s t r ike  northeasterly.  Red colour is usually a sign of 
alteration. One such dyke cu t s  across the syenite-granite 
con tac t  I km north of t he  northern bay of Thor Lake, but  was 
not recognized within the  adjacent  intensely a l t e red  rocks. 
Another cu t s  cleanly across the  con tac t s  separating two-mica 
granite,  Caribou Lake Gabbro and Hearne Channel Grani te  
(Fig. 26.2). A 4 m wide dyke has  been t raced for  several 
hundred metres  in the  two-mica grani te  2 km west of Caribou 
Lake; it is t runcated by a diabase dyke of the east-northeast-  
trending swarm. Yet  another  t rachyte  dyke c u t s  b iot i te  
granodiorite 8 km northwest of Caribou Lake, f a r  outside the  
alkaline complex. I t  is possible that  some of these  dykes a re  
related t o  salic volcanic rocks in the Grea t  Slave Supergroup, 
although so  f a r  none has been found t o  c u t  east-northeast-  
trending diabase dykes. 

Late-stage Veining, Al tera t ion and Mineralization (units 7 ,  8) 

Veins of alkaline pegmat i te  and re la ted  albite-rich 
rocks occur throughout the  Thor Lake Syenite,  but  a re  most 
common in a broad, northwest-trending zone passing just ea s t  
of Thor Lake. Pegmat i t e s  conta in  K-feldspar, a lb i te ,  a c m i t e  
and/or hornblende, and locally carry  minor bioti te,  f luorite,  
and quar tz ;  small amounts  of chalcopyrite were noted a t  one 
place. Some large a c m i t e  crys ta ls  have amphibole cores. 
Intimately associated a t  some localities, but  occurring 
separa te ly  a t  others,  a r e  veins or dykes of fine grained, pink 
t o  c ream albite containing coarser prismatic acmi te ;  a few 
conta in  amphibole needles. In some veins the  a lb i te  is coarse  
and assumes a bladed habit. Most of the veins trend eas t -  
northeast  and dip a t  various angles to  the south, some quite 
shallowly. 

vkining with albite-rich roc-ks. It is a plau;ible hypothesis 
t h a t  th is  zone developed under t h e  influence of a la te-s tage  
magmat i c  vapour phase re la ted  to, though probably slightly 
la ter  than, the  emplacement  of the pegmat i tes  and acmite-  
a lb i t e  veins t o  the eas t .  

Extending north-northwest of Thor Lake for  at leas t  
1250 m is a zone of black rocks containing pink t o  buff 
coloured fluorite-alb.ite veins and irregular masses (unit 8). 
This zone c u t s  through the  outer  syenite c o n t a c t  in to  the  
Grace  Lake Granite.  The black rocks contain various 
proportions of quar tz ,  a lb i te ,  deep  purple f luor i te ,  a silvery- 
white, non-elastic mica,  minor b iot i te  and carbonate ,  and a r e  
heavily dusted with f ine  opaque material .  These black rocks 
a r e  in sharp con tac t  with partly a l t e red  syenite or granite.  
Th.is zone is referred t o  by Highwood Resources Ltd., the  
holder of mineral c la ims surrounding th i s  a rea ,  as the  T-zone 
(Fig. 26.3). Similar rocks a r e  associated with narrow systems 
of syenite pegmat i te  and acmite-a lbi te  veins extending eas t -  
nor theas t  f rom the southern exposed par t  of the  T-zone, and 
a r e  referred t o  a s  the  R- and S-zones. Two ki lometres  south- 
southeas t  of the southern exposed end of the  T-zone, a t  the  
opposite ext remity  of the  a l tera t ion zone (unit  7), a 3 m wide 
vein of similar black rocks associated with brown and pink 
carbonate-fluorite-albite rocks, locally containing pyrite and 
chalcopyr i te ,  c u t s  hornblende syenite (subunit 6e). This vein 
can  be t raced t o  the  southeas t  for nearly 300 m, but narrows 
t o  a f ew cen t ime t re s  in width southeastwards.  This vein is  
referred t o  a s  the Fluorite zone ( F  in Fig. 26.3). The T-zone 
and the  Fluorite zone a re  essentially in line with one another,  
b u t  drilling will be  required t o  prove thei r  continuity a s  no 
rock is  exposed in the  par t  of the  a l tera t ion zone between 
them.  

All these  zones give above background scinti l lometer 
readings, and a l l  conta in  patches  giving very  high radiation 
counts.  High counts a r e  also obtained in various places within 
the  a l tera t ion zone. Ground-based y-ray spect rometer  



surveys indicate that both U and Th are present, and that in 
some particularly radioactive spots, either one occurs almost 
to the exclusion of the other (S.M. Roscoe and S.S. Gandhi, 
pers. comm.). This is borne out by analyses1 of extremely 
high grade grab samples, given i n  columns I and 2 of 
Table 26.3. Column 3 of this Table gives the weighted 
average oxide contents of channel samples from each of five 
trenches i n  the T-zone, and the lowest and highest of the five 
analyses. The trenches are cut perpendicular to the strike of 
the T-zone, range from 5.5 to  13.5 m (18 to 44 feet) in length 
for a total of 42.5 m (139 feet), and are distributed along a 
strike length of 610 m (2000 feet). Column 4 gives the same 
information for seven intersections of mineralization, ranging 
from 2.1 to  I 1  m (7 to  36 feet) and totalling 31.25 m 
(102.5 feet), i n  five drillholes in the S-zone; two holes have 
two intersections each. Analyses from two trenches across 
the Fluorite zone are similar except that rare-earth oxide 
contents are greater. An interesting aspect of these analyses 
is the fact that there is a strong positive correlation between 
Nb and U. There is also a weak correlation between Y and 
Th. In the trench and drillhole analyses, U and Th do not 
show a consistent inverse relationship. 

The ore mineralogy has not been determined to  date, 
wi th the exception that ixiolite, uranothorite, xenotime and 
phenakite have been identified by X-ray methods. Thin 
sections of mineralized rock show the opaque material, that 
likely contains much or al l  of the analyzed elements, to be 
very fine grained. 

Pegmatites and albite-rich veins containing rare 
minerals are not restricted to the region of the Thor Lake 
Syenite. Quartz-feldspar pegmatite containing acmite, 
fluorite, astrophyllite, zircon, and bastnaesite occurs in 
granite east of Grace Lake. Fine grained quartz-albite rock 
with large, poikilit ic acmite prisms, minor fluorite, bastnae- 
site, and small euhedra of a metamict mineral occurs as 
narrow dykes in  granite west of Blachford Lake. Related 
dykes and veins beyond the outer contact of the Grace Lalte 
Granite are rare, but one occurs i n  the Yellowknife metasedi- 
ments northwest of Blachford Lake (Sn i n  Fig. 26.1), and was 
a former t in  prospect, the Stannum Group (Mulligan, 1975, 
p. 97). It is composed of quartz, K-feldspar, albite, alkali 
amphibole and/or acmite, minor fluorite, pyrite, traces of 
cassiterite, and a brick red, fine grained mineral that could 
be xenotime. This dyke averages I m in thickness, strikes 
northwesterly, dips 60" northeast, and can be traced for more 
than 400 m. A t  i t s  southeast end i t  cuts Grace Lake Granite 
dykes within metasediments, but has not been traced into the 
main granite pluton. It is noted that this dyke lies close to  
the northwesterly strike projection of the T-zone. 

Zones of partly to wholly altered syenite and granite 
occur close to Hearne Channel in the Thor Lake Syenite and 
the Grace Lake Granite to the west, but have not been 
delimited to date. An aerial radiometric anomaly (Roscoe, 
pers. comm., 1977) coincides with part of an unexplained 
aeromagnetic anomaly (Geol. Surv. Can., Map 3023C, 1962) 
between Hearne Channel and the small granodiorite pluton 
(subunit 9b, Fig. 26.1). 

Summary and Comments 

The Blachford Lake Intrusive Suite contains several 
plutonic rock units related to  one another by their alkaline 
character, and displaying a differentiation trend from mafic 
to felsic with time. Late-stage alteration and mineralization 
has concentrated the rare elements U, Th, Nb, Y and rare- 
earths, possibly i n  economic quantity. The Suite represents a 
number of successive intrusive events that led to  emplace- 
ment of a complex of mildly alkaline to  peralkaline rocks a t  
high crustal level at some t ime during the f irst half of 
Aphebian time. An exhaustive radiometric age determination 
program is currently underway. 

The alkaline complex has much i n  common in  shape, 
size, lithology and tecton.ic setting with ring complexes of 
alkaline granite and related syenites and mafic rocks else- 
where, notably those in northern Nigeria (Jacobsen e t  al., 
1958). In view of the fact  that several such alkaline 
intrusions usually occur together in the same region, it is 
suggested that others may be present in the area of the 
southern Slave Province, as yet undiscovered in  terrane 
mapped only as undivided granitic rocks. If, as in Nigeria, 
most of the granite complexes are of biotite granite type, 
lacking obvious alkaline characteristics, similar complexes in 
the southern Slave Province could easily have been passed 
over as late Archean intrusions related to Kenoran orogeny. 
This possibility may have importance wi th respect to 
economic potential, as it is these biot i te granites rather than 
the peralkaline ones, for i.nstance, that have associated t in 
mineralization in  Nigeria. 

Only one other intrusion that may be related to  the 
alkaline complex at Blachford Lake has so far been recog- 
nized. It is referred to as the Easter Island dyke (Table 26.1) 
because it is well exposed on Easter Island, some 30 km south 
of Hearne Channel in  the east arm of Great Slave Lake. This 
predominantly mafic intrusion was visited brief ly by the 
author in order to  compare it with the Caribou Lake Gabbro. 
The relationships between the Easter Island dyke and its 
surrounding rocks as outlined by Hoffman e t  al. (1977, p. 119) 
were confirmed; in summary, this dyke is exposed for nearly 
30 km, strikes east-northeast,has a maximum thickness of the 
order of 200 m, and shows a differentiation trend from mafic 
to  felsic along i t s  length from west to  east. It intrudes 
Archean crystalline rocks and is cut by east-northeast- 
trending diabase dykes. It is in  fault contact wi th the basal 
Hornby Channel Formation of the Great Slave Supergroup 
(Sosan Group) which elsewhere is known to truncate the east- 
northeast-trending diabase dyk'e swarm. The Easter Island 
dyke is alkaline (biotite-bearing) and i ts  extreme differentia- 
tion product is syenitic. Although it does not have any 
textural correlatives among the Blachford Lake Intrusive 
Suite, i t may none-the-less be related; certainly it is of 
similar relative age. 

Concerning the two small plutons emplaced within the 
Grace Lake Granite just west of the Thor Lake Syenite 
(Fig. 26.1, subunits 9a and b), i t  .is worth noting that both cut 
cleanly across east-northeast-trending diabase dykes in the 
surrounding granite. These plutons are correlated 
(Table 26.1) wi th the diorite laccoliths emplaced within the 
Great Slave Supergroup south of Hearne Channel on the basis 
that the characteristic rocks composing the diorite stock 
(subunit 9a) are texturally and compositionally indistinguish- 
able f rom those of the diorite laccoliths on Blanchet Island, 
10 km to the south. 

References 

Currie, K.L. 
1976: The alkaline rocks of Canada; Geol. Surv. Can., 

Bull. 239, 228 p. 

Davidson, A. 
1972: Granite studies i n  the Slave Province; i n  Report 

of Activities, Part A, Geol. Surv. Can., 
Paper 72-IA, p. 109-115. 

Henderson, J.F. 
1938: Beaulieu River area, Northwest Territories; 

Ceol. Surv. Can., Paper 38-1, 20 p. 

1941: Beaulieu River map-area; Geol. Surv. Can., 
Map 581A. 

Hoffman, P.F. 
1968: Stratigraphy of the lower Proterozoic 

(Aphebian) Great Slave Supergroup, east arm of 
Great Slave Lake, Distr ict of Mackenzie; Ceol. 
Surv. Can., Paper 68-42, 93 p. 

A l l  analyses reported here are courtesy of Highwood Resource s Ltd. (D.G. Thomas, pers. comm., 1977). 



Hoffman, P.F., Bell, I.R., Hildebrand, R.S., and Thorstad,  L. 
1977: Geology of the  Athapuscow Aulacogen, e a s t  

a r m  of Great  Slave Lake, Dis t r ic t  of 
Mackenzie; in Repor t  of Activit ies,  P a r t  A, 
Geol. Surv. Can., Paper  77-LA, p. 117-129. 

Jacobsen, R.R.E., MacLeod, W.N., and Black, R.  
1958: Ring complexes in t he  younger grani te  province 

of northern Nigeria; Geol. Soc. London, 
Mem. I ,  72 p. 

Leech, A.P. 
1966: Potassium-argon d a t e s  of basic intrusive rocks 

of t h e  Dis t r ic t  of Mackenzie, N.W.T.; Can. J. 
Ear th  Sci., v. 3, p. 389-412. 

Mulligan, R. 
1975: Geology of Canadian t in  occurrences ;  Geol. 

Surv. Can., Econ. Geol. Rept .  28, 155 p. 

Sohl, N.F. 
1977: Note 45 - Application for  amendmen t  concern- 

ing terminology for  igneous and high-grade 
metamorphic  rocks; Am. Assoc. Pet .  Geol., 
Bull., V. 61, p. 248-251. 

Stockwell ,  C.H. 
1932: Grea t  Slave Lake  - Coppermine River area ,  

Northwest Terr i tor ies ;  Geol. Surv. Can., Sum. 
Rept., pt. C, p. 37-64. 

St reckeisen ,  A. 
1976: To  each  plutonic rock i t s  proper name;  Earth- 

Sci.  Rev., v. 12, p. 1-33. 





GEOLOGY O F  THE RED WINE MOUNTAINS, LABRADOR: THE PTARMIGAN COMPLEX 
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Abstract 
Emslie, H.F., Hulbert, L.J., Brett, C.P., and Carson, D.F., Geology of the Red Wine Mountains, 
Labrador: The Ptarmigan Complex; Current Research, Part A, Ceol. Surv. Can., Paper 78-lA, 
p. 129-134, 1978. 

The Red Wine Mountains of southern Labrador are underlain by an interspersion of high 
grade metasedimentary and meta-igneous rocks, the Ptarmigan Complex. The metasedi- 
mentary rocks consist of two distinct lithotogies, the Hope gneiss and the Beaver gneiss. The 
quartzofeldspathic to  semipelitic Hope gneiss contains the regional metamorphic mineral 
assemblages, sapphirine + quartz and hypersthene + sillimanite + quartz. The relatively mafic 
Beaver gneiss predominantly comprises orthopyroxene-, clinopyroxene- and garnet-bearing 
layered amphibolites with quartzofeldspathic and quartzite interlayers. These paragneisses are 
intimately intruded by a group of basic and anorthositic rocks and a younger, pyroxene-bearing, 
monzodiorite, quartz monzonite, granite group. 

The Ptarmigan Complex forms the core region of a gneiss salient thrust northward during 
folding of the Seal Lake synclinorium. The northern margins of the complex are defined by 
wide cataclastic zones. Penetrative deformation of the complex produced internal structures 
consistent with northward thrusting of the complex over lower grade rocks. 

The Grenville Front in this region appears to be a complex zone of imbricate slices. 
Similar rocks and structural relationships may characterize the southern flank of the Grenville 
Front Low gravity anomaly over a distance of 600 km. 

The Red Wine Mountains form a prominent 
southwesterly-trending range of high hills lying south of t h e  
Nascaupi Fold Belt in south-central  Labrador (Fig. 27.1) and 
a r e  contained within the  Grenville St ructura l  Province. The 
n a m e  Ptarmigan Complex is proposed he re  for t h e  complex of 
meta-igneous and metasedimentary  rocks t h a t  underlies t h e  
range. Reconnaissance mapping by Stevenson (1969) has  
shown t h a t  similar metasedimentary  rocks with lesser,  or 
negligible, amounts  of meta-igneous mater ia l  a r e  t r aceab le  t o  
t h e  south  and west for more  than 150 km. This bel t ,  including 
t h e  Ptarmigan Complex, is character ized by marked posit ive 
Bouguer anomalies a s  shown on t h e  Gravity Map of Canada 
published by t h e  Earth Physics Branch, Map 74-1. 

Study of the  Ptarmigan Complex was undertaken 
because  reconnaissance investigations (Lee, 1953; Stevenson, 
1967, 1969) indicated t h a t  i t  consisted of a su i t e  of 
anor thosi t ic  and re la ted  gabbroic rocks; a s  such i t  comprises  
the  larges t  mass of these  rocks lying near the  unmetamor-  
phosed Michikamau and Harp Lake complexes on t h e  opposite 
s ide  of t h e  Grenville Front.  The Ptarmigan Complex is thus 
of in teres t  for comparat ive  purposes in t e rms  of t h e  original 
igneous assemblage and i t s  age  and also a s  a study of the  
e f f e c t s  of t he  Grenvillian Orogeny with respect  t o  the  
metamorphic  mineral assemblages developed and t h e  
in tens i ty  and s ty l e  of deformation. The Mealy Mountains 
complex, about  160 km east-southeast  of t h e  Ptarmigan 
Complex, shows some  e f fec t s  of metamorphic  overprint but is 
not penetra t ively  deformed (Emslie, 1976). 

The intrusive ages  of anor thosi t ic  and r e l a t ed  rocks in 
cen t r a l  Labrador north of t h e  Grenville Front  a r e  well 
established a s  Paleohelikian. The ages  of similar sui tes  in t h e  
Grenville Province a r e  st i l l  in dispute and detailed s tudies  of 
occurrences  relatively near t o  known Paleohelikian complexes  
should help t o  establish whether or  not a g e  corre la t ion is 
reasonable. 

Regional Set t ing 

Major s t ructura l  f ea tu res  in t h e  region a r e  shown in 
Figure 27.1. The pa r t  of t h e  Nascaupi Fold Belt shown is 
underlain mainly by greenschist  and lower grade rocks of t h e  
Seal Lake Group of Neohelikian age .  These rocks comprise a 
major synclinorium whose southern l imb is s teeply  overturned 
t o  t h e  north. The f au l t  zone bounding t h e  southern  flank of 
this s t ruc tu re  consists in pa r t  of ca t ac l a s t i c  zones  and is 
generally recognized a s  a northward di rected thrus t  or  s t e e p  
reverse  f au l t  marking the  position of the  Grenville Front in 
this region (Brummer and Mann, 1961; Stockwell, 1963). 

A major gneiss salient adjoins t h e  Nascaupi Fold Belt t o  
t h e  south and t h e  c o r e  of th is  sa l ient  is  occupied by t h e  
Ptarmigan Complex. Rocks underlying the  northern par t  of 
t he  gneiss salient a r e  mainly a heterogeneous assemblage of 
grani t ic  gneisses, paragneisses and migmat i t e  and contain 
amphibolite f ac i e s  mineral assemblages along t h e  north- 
western margin (Currie et al., 1975). Observations made up 
t o  10 km northwest and north of t h e  Ptarmigan Complex 
during the  present work show t h a t  coexisting muscovite- 
qua r t z  in paragneisses is  widespread so  t h a t  t hese  gneisses 
a r e  a lso  not  above regional amphibolite facies.  Granul i te  
fac ies  mineral assemblages cha rac te r i ze  a l l  rock types  within 
the  Ptarmigan Complex and muscovite is absent ;  the  
boundary of the  complex is abrupt ,  marked by severe  
s t ructura l  dislocation and not  par t  of an  isogradic 
progression. 

The Ptarmigan Complex lies a t  t h e  northern apex and 
along t h e  northwestern side of a broad triangular wedge 
bounded by in tense  shearing and cataclas is  on low-angle t o  
relatively s t e e p  southerly-dipping surfaces.  The outline of 
t h e  wedge roughly mimics t h e  southern fault-bounded margin 
of t he  Nascaupi Fold Belt and the  axis of t h e  Seal Lake 
synclinorium. 
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Figure 27.1 Regional s t ruc tu ra l  s e t t i ng  of t h e  Ptarmigan Complex. St ructura l  t rends  in surrounding rocks shown by light lines. 

Geology of t h e  Ptarmigan Complex 

A geological sketch map  with t h e  major units of t h e  
Ptarmigan Complex is shown in Figure  27.2. The metasedi- 
rnentary rocks a r e  divided in to  two  main units, t h e  Hope 
gneiss and t h e  Beaver gneiss. The meta-igneous rocks consist  
of t h ree  units: 1) basic rocks including gabbro, norite,  minor 
peridotite,  leucogabbro, leuconorite and anor thosi te ;  2) 
chiefly monzonitic rocks ranging f rom monzodiorite t o  qua r t z  
monzonite; 3) pyroxene-bearing porphyrit ic granite.  

Hope Gneiss 

The Hope gneiss is most widespread of the  two  
metasedimentary  gneiss units. It is typically buff- 
weathering, rich in quar tz  and feldspars and for the  most par t  
leucocrat ic  although darker layers and zones occur  
sporadically throughout the  unit. Small sca le  layering is  
continuous locally but more  commonly a discontinuous but  
marked foliation is caused by qua r t z  and feldspar concen- 
t ra t ions  and wispy layers and s t r eaks  of maf ic  minerals. 
Hypersthene, b iot i te ,  garnet  and sil l imanite a r e  visible in 
many hand specimens. Thin sect ions  show tha t  assemblages 
with coexisting hypersthene + sil l imanite t quar t z  and 
sapphirine t quar t z  a r e  widespread. Small s ca l e  folding is a 
common fea tu re  in outcrops and s tages  of deformation can  be  
observed ranging f rom well defined folds with axial  plane 
foliation through in termedia te  s t ages  where  fold hinges 
become disconnected f rom a t t enua ted  limbs t o  thoroughly 
sheared rocks in which fold hinges a r e  r a re  or  absent  and only 
warps and crenulations in schistose layers persist. 

Beaver Gneiss 

The Beaver gneiss is  cha rac te r i zed  by a re la t ively  maf i c  
appearance but  locally conta ins  interbeds of quar tzofe ld-  
spathic  composition and thin qua r t z i t e  layers. Many outcrops 
a r e  well layered on a scale  of a f ew mill imetres t o  severa l  
metres .  On the  average much of t h e  gneiss is medium 
grained although coarse  grained hornblende and ga rne t  a r e  
prominent in many outcrops.  Additional common minerals 
a r e  clinopyroxene, orthopyroxene, and plagioclase. Small 
sca le  folds a r e  common and hornblende l ineation subparallel  
t o  fold axes  is widely present.  Many outcrops  have a slight t o  
marked rusty appearance due t o  t h e  common occurrence  of 
disseminated sulphide accessory minerals. 

Meta-igneous Rocks 

a )  Basic Group. Gabbros ranging f rom f ine  t o  medium 
grained with equigranular t o  ophitic and subophitic t ex tu res  
a r e  the  most abundant basic rocks in the  complex. 
Subordinate in amount  but widespread in occur rence  a r e  
Ieucogabbros, leuconorites and anor thosi tes  with medium t o  
very coarse  grain sizes. Internal relations among t h e  basic 
rocks range f rom well developed regular layered sequences  t o  
highly complex intrusive relationships t o  gradat ional  
boundaries. Orthopyroxene is t h e  predominant maf i c  minera l  
in t h e  m o r e  leucocrat ic  rocks bu t  orthopyroxene and clino- 
pyroxene a r e  about  equally abundant in many gabbros. Deep 
green spinel is  prominent locally and euhedral  grains poikili- 
t ically enclosed in pyroxene suggest t h a t  some  is of primary 
igneous origin. Local u l t ramafic  layers  and lenses occur  in 
t h e  gabbroic rocks and some  of t h e s e  conta in  abundant olivine 
together  with orthopyroxene and clinopyroxene and smal l  
amounts  of plagioclase heavily charged with small  euhedral 
spinel crystals;  olivine does  no t  occur  in c o n t a c t  with 
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Figure 27.2. Sketch map of t h e  main geological I 

plagioclase. Orthopyroxene megacrys ts  containing abundant 
plagioclase lamel lae  parallel  t o  (100) of t h e  pyroxene host 
occu r  in anor thos i te  and leuconor i te  and commonly have  
rounded outlines. Several  examples  of coa r se  or thopyroxene 
subophitically intergrown with tabular  plagioclase w e r e  
observed t o  conta in  plagioclase lamellae.  Garne t  occurs  only 
sporadically in all  of t hese  me tabas i c  rocks  and is  m o r e  
common near  c o n t a c t s  with, and inclusions of,  paragneiss. 
Small gabbroic intrusive bodies, dykes,  and sills occur  in both 
of t h e  metasedimentary  gneiss units. 

b) In termedia te  and Silicic Croup. These  rocks have 
colour indexes ranging f rom about  40 t o  15; qua r t z  is more  
abundant in those with lower colour index. Alkali feldspar is 
visible even in rocks with high colour index; t h e  composit ional 
range  is approximate ly  f rom monzodiorite t o  qua r t z  
monzonite.  Most of t h e  rocks a r e  medium grained but f i ne  
grained and coa r se  porphyrit ic var ie t ies  a r e  a l so  common. 
Pyroxenes occur  in all  of t h e  rock composit ions and a r e  
usually accompanied by var iable  amounts  of hornblende and  
bio t i te .  Some of t h e  plutons a r e  re la t ive ly  homogeneous, 
o the r s  conta in  a considerable range of composit ions and gra in  
s izes ,  usually with gradat ional  boundaries. Mineral  layering 
occurs  locally in t hese  rocks, par t icular ly  t h e  more  m a f i c  
var ie t ies ,  but is not persistent.  Dykes of i n t e rmed ia t e  and 
si l icic rocks c u t  t he  paragneisses and t h e  basic group. 

c )  Granite.  Porphyrit ic g ran i t e  with prominent 
pe r th i t i c  alkali feldspar phenocrysts occurs  around t h e  
nor thern  margin of t he  complex. The pale  pink t o  purplish 
pink phenocrysts make  i t  a highly d is t inc t ive  rock. The 
colour index is about  15  t o  20; t h e  dark  minerals consist  of 

 nits of t h e  Ptarmigan Complex and i t s  surroundings. 

pyroxenes in pa r t  but t hese  a r e  normally subordinate t o  
hornblende and bioti te.  The rock is  increasingly sheared and 
schis tose  approaching t h e  bounding ca t ac l a s t i c  zone  of t h e  
complex; p e r t h i t e  phenocrysts become  augen of diminishing 
s i ze  with Increasing deg rees  of ca tac las is .  

d)  Diabase Dykes. Metadiabase  dykes c u t  a l l  of t h e  
o the r  units  of t h e  Ptarmigan Complex. These, however,  a r e  
typically deformed,  boudinaged and metamorphosed. No 
examples  of f resh ,  unmetamorphosed diabase  dykes  w e r e  
discovered. 

Rocks Bordering t h e  Ptarmigan Complex 

Detailed information on t h e  rocks bordering t h e  
Ptarmigan Complex on t h e  north and particularly on t h e  
northwest is s can ty  because  of sparse  outcrops  in t h e  low- 
lying muskeg-riddled ter ra in .  Sca t t e r ed  outcrops  in t h e  
surrounding a r e a  consist  mainly of medium t o  coa r se  grained 
g ran i t i c  gneisses containing l a rge  and smal l  pods and lenses of 
pe l i t ic  and semi-peli t ic schis ts  and gneisses in which ep ido te  
and muscovi te  + q u a r t z  a r e  common. Sil l imanite (fibroli te)  
and ga rne t  occur  with muscovi te  + q u a r t z  at seve ra l  locali tes.  

The t w o  bodies of gabbroic rocks  lying nor thwest  of t h e  
complex (Fig. 27.2) were  sketched on t h e  basis of the i r  
ae romagne t i c  anomaly  pat terns .  Outcrops  of fresh,  unmeta-  
morphosed gabbro and fe ldspathic  gabbro  occur  within t h e  
anomalous areas .  In places,  t he se  gabbros conta in  inclusions 
of pe l i t ic  schis ts  similar t o  those  found in t h e  surrounding 
ter rane .  



Internal Deformation of t h e  Complex 

Lithologic trends and penetra t ive  foliation in a l l  units 
of t h e  Ptarmigan Complex s t r ike  in a general southwesterly 
direction and dip toward the  southeast  a t  s t e e p  t o  moderate  
angles. Strained fabrics,  cataclasis,  and incipient ca taclas is  
a r e  widespread in a l l  rock types and clearly appear to  have 
largely postdated or outlasted metamorphism. 

Striking lineations a r e  developed a s  small  sca le  fold 
axes,  crenulation axes,  mineral orientation and mineral 
streaking, elongated inclusions and augen. One or  more  of 
t hese  fea tures ,  though not  present everywhere ,  a r e  widely 
developed in a l l  units of t h e  complex. A plot of a sampling of 
these  l ineations is shown in Figure 27.3 in which a s t rong 
maximum plunging about 40" almost due south is readily 
apparent .  Lineations with similar a t t i t udes  a r e  also present 
in the  main boundary ca t ac l a s t i c  zone and in the  wall rocks 
northwest of t he  complex. Narrow mylonite and ultramy- 
loni te  zones occur in meta-igneous rocks in many places in 
t h e  complex; these  commonly have low (<4D0) southerly dips 
and some  a r e  subhorizontal. 

Economic Minerals 

Local disseminations of pyrrhotite,  chalcopyrite,  and 
pyr i te  occur sporadically in the  Beaver gneiss on the  eas t  side 
of t he  complex, particularly around Ptarmigan Lake. A l i t t l e  
pyrrhotite and chalcopyrite a r e  visible in many specimens of 
u l t ramafic  composition. Small pods and irregular masses of 
opaque oxide minerals occur  in rocks of t h e  basic group and 
opaque oxide concentra t ions  in lensy layers a r e  present  in 
s o m e  outcrops of Hope gneiss. 

Discussion 

Age Relationships 

Pending the  ou tcome  of geochronologic studies on 
components of the  Ptarmigan Complex the  depositional or  
crystall ization ages of t h e  units and their  metamorphic  ages  
can  only be  speculated upon. However, some  broad 

Figure 27.3 Equal-area projection of a var ie ty  of l ineations 
occurring in all  rock units of t h e  Ptarmigan 
Complex. 

inferences  can be drawn. The Hope gneiss and the  Beaver 
gneiss represent relatively thick metasedimentary  sequences 
and their  cha rac te r  suggests t h a t  they may be a s  old a s  
Aphebian but probably not older. If t h e  meta-igneous sui te  
t h a t  intrudes the  gneisses is Paleohelikian like the  Elsonian 
complexes t o  the  north,  an  Aphebian a g e  is indicated for  t h e  
metasedimentary  gneisses. On the  o the r  hand, if t h e  me ta -  
igneous su i t e  is  younger than  Paleohelikian, t h e  Hope and 
Beaver gneisses may, accordingly, be  younger. Metamor- 
phism and deformation t h a t  las t  a f f e c t e d  t h e  Ptarmigan 
Complex was a lmost  cer ta in ly  re la ted  t o  t h e  Grenvillian 
Orogeny. The sever i ty  of th is  even t  largely obl i tera ted  any 
evidence of ear l ier  metamorphism and deformat ion although 
folded s t ra t i form foliation, evident on di f ferent  scales  in the  
paragneisses, may be relic f rom an ear l ier  event .  

Some potential  clues to  a g e  relations exist  in the  
t e r r ane  north and northwest of t h e  Ptarmigan Complex. The 
unmetamorphosed gabbro and fe ldspathic  gabbro bodies a r e  
likely t o  be examples  of Paleohelikian Elsonian magmatism. 
Their richness in orthopyroxene and re la t ively  feldspathic 
cha rac te r  is  unlike basic rocks of t h e  Neohelikian Seal Lake 
Group. The large  g ran i t e  on t h e  west  margin of Figure 27.2 is  
t r aceab le  in to  similar grani te  of known Paleohelikian age  a t  
t he  southeastern end of Lake Michikamau (Stevenson, 1969). 
The a r e a  of anor thosi te  nor theas t  of t h e  Ptarmigan Complex 
(Fig. 27.2) is also presumably Paleohelikian in age.  There is, 
therefore ,  evidence for t he  exis tence  of Paleohelikian 
Elsonian magmatism nearby in t h e  surrounding t e r r ane  some, 
o r  most ,  of which may be  relatively unaffected by t h e  
Grenvillian Orogeny. 

Metamorphism 

All rocks of t he  Ptarmigan Complex have been 
subjected to  granulite fac ies  metamorphism. The mineral 
associations sapphirine + quar t z  and hypersthene + sil l imanite 
+ quar t z  a r e  widespread in t h e  Hope gneiss. Preliminary 
examination has not  revealed t h e  presence of cordierite.  
Occurrences  of sapphirine associa ted  wi th  these  and similar 
assemblages have been described by Morse and Talley (1971) 
and Leong and Moore (1972) f rom t h e  Wilson Lake a r e a  t o  t h e  
south  (Fig. 27.1). Regional mapping by Stevenson (1969) 
showed t h a t  t h e  Wilson Lake rocks a r e  very  likely equivalent 
t o  the  Hope gneiss. Morse and Talley (1971) suggested, based 
on exper imenta l  results of Hensen and Green (1970), t h a t  t h e  
mineral assemblages ref lec ted equilibration t empera tu res  of 
1100 t o  1 150°C and pressures of I 1  t o  1 3  kb. Subsequent 
studies have shown t h a t  high oxygen and low wa te r  fugaci t ies  
probably play a significant ro le  in reducing t h e  P, T s tabi l i ty  
fields of t h e  mineral assemblages t o  less  e x t r e m e  values 
(Leong and Moore, 1972; Cha t t e r j ee  and Schreyer,  1972; 
Newton, 1972; Sei fer t ,  1974). Notwithstanding these  qualifi- 
cations,  i t  s eems  probable t h a t  some, o r  all ,  of t h e  metasedi- 
mentary  rocks of t h e  complex display mineral assemblages 
consistent with relatively high t empera tu re ,  high pressure 
metamorphism. 

Metamorphic e f f e c t s  on the  igneous components of t h e  
Ptarmigan Complex a r e  less c lear ,  although t h e  rocks conta in  
mineral assemblages compat ib le  with granul i te  f ac i e s  me ta -  
morphism. Garne t  is not widespread in t h e  bas ic  rocks and i t s  
common occurrence  in proximity t o  paragneiss con tac t s  
suggests contaminat ion e f f e c t s  may be  important .  Garne t  is  
perhaps slightly more  common in t h e  in t e rmed ia t e  and silicic 
rocks although i t  is st i l l  by no means  abundant or  widespread. 
At this s t age  of investigation i t  is not c lear  t h a t  the  meta-  
igneous rocks were  metamorphosed t o  t h e  s a m e  P, T 
conditions a s  t h e  paragneisses, although i t  seems likely. The 
incompatibil i ty of olivine and plagioclase in t h e  u l t ramafic  
rocks suggests t h a t  they may be regarded a s  reconcilable with 
in t e rmed ia t e  pressure granulites (Green and Ringwood, 1967). 



Structura l  Relations 

The gross relationships of t h e  Ptarmigan Complex t o  
t h e  regional s t ruc tura l  s e t t i ng  seem t o  be  reasonably c lear .  
Folding of t he  Seal  Lake synclinorium was caused (or 
accompanied) by northward t ranspor t  of rocks  in t h e  gneiss 
salient t o  t he  south.  Some dis tance  back f rom t h e  leading 
edge  of t h e  salient,  higher g rade  (of possibly deeper  origin) 
rocks  of t h e  Ptarmigan Complex were  thrus t  over  medium 
grade  gneisses. The occurrence  of unmetamophosed, possibly 
Elsonian intrusive rocks in a zone north of t h e  Ptarmigan 
Complex suggests t h a t  t ec ton ic  imbrication in th is  zone  may 
be  highly complex, incorporating wedges and sl ivers with 
differing metamorphic  histories. Faul ts  south of t h e  
Ptarmigan Complex (Fig. 27.1) have  s t r i kes  consis tent  with 
nor thward t ec ton ic  t ranspor t  on thrus ts  o r  s t eepe r  reverse  
faul ts  but re la t ive  motions on them a r e  largely unknown; they 
may  indica te  t h a t  northward d i rec ted  t ranspor t  influenced a 
broad region. 

Internal s t ruc tu re s  in t he  Ptarmigan Complex a r e  
consis tent  with northward ma te r i a l  transport .  Linear 
s t ruc tu re s  in t h e  various rock units plunge t o  t h e  south and 
a r e  t he re fo re  regarded a s  g lineations. They imply a 
pene t r a t i ve  bulk flowage mechanism opera t ing  while t h e  
rocks  were  at relatively high tempera tures .  Late ,  small ,  
narrow, mylonite zones suggest  t h a t  application of t h e  s t r e s s  
f ie ld  was  prot rac ted  throughout t h e  cooling period. 

Gravi ty  Expression 

The posit ive Bouguer anomaly over  t h e  Ptarmigan 
Complex is  cons is tent  with t h e  presence  of basic rocks 
together  with granuli te f ac i e s  mineral  assemblages in all  
units. The anomaly is t h e  ea s t e rnmos t  of a group of such 
posit ive gravi ty  "nodes" lying along and near  t h e  southern  
flank of t h e  so-called "Grenville F ron t  Low" negat ive  Bouguer 
anomaly  (Fig. 27.4). 

In Figure 27.4, anomaly  I is  associa ted  with t h e  
Ptarmigan Complex locali ty.  Anomaly 2 is t h e  southwester ly  
extension of granuli t ic gneisses similar t o  t h e  Hope gneiss. 

A t  t h e  southern  end of t h e  Labrador Trough, anomaly  3 
a l so  conta ins  granul i te  f ac i e s  rocks and major  ca t ac l a s t i c  and 
mylonite zones indica te  t h a t  progressively deeper  rocks were  
brought up by northward thrusting (Wynne-Edwards, 1961). 

Anomaly 4 is e a s t  of Manicouagan Lake. North- 
nor thwest  d i rec ted  thrus t ing  i s  indica ted  by ca t ac l a s t i c  zones  
and faults .  Granul i te  f ac i e s  gabbros and associa ted  anortho- 
s i t ic  rocks f rom t h e  south have been brought in to  ab rup t  
c o n t a c t  with amphibol i te  f ac i e s  gneisses (Kish, 1968). 

Anomaly 5 lies within a l a rge  complex of pyroxene 
granulites,  anor thos i t ic  rocks and paragneisses along and west  
of t h e  Rivi&re aux Outardes.  These  rocks  a r e  bounded on t h e  
north by amphiboli te f ac i e s  "grey gneisses" (Murtaugh, 1965; 
Franconi e t  al., 1975). 

The physical s igni f icance  of t h e s e  posit ive gravi ty  nodes 
re la t ive  t o  t h e  Grenville F ron t  Low is by n o  means  c l ea r  bu t  
northerly d i rec ted  thrus t ing  of deep  sea t ed  high grade  
metamorphic  rocks  over  low g rade  rocks  s e e m s  sufficiently 
consis tent  t o  sugges t  a relationship t o  a common origin. 
Thomas and Tanner (1975) sugges ted  t h a t  t h e  southern  edge  
of t h e  Grenville F ron t  Low may be  a su tu re  zone marking t h e  
fo rmer  s i t e  of a cont inenta l  margin. Although seve re  
tec tonism,  cha rac t e r i zed  by north t o  nor thwester ly  d i r ec t ed  
thrusting of imbr ica ted ,  nappe-like s l ices  s eems  t o  be  r e l a t ed  
t o  this zone, evidence  t o  support  t h e  presence  of a fo rmer  
ocean  floor remains  unestablished. 
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Abstract  

Frisch, T., Morgan. W.C., and Dunning, G.R., Reconnaissance geology of the  Precambrian Shield 
on Ellesmere and Coburg islands, Canadian Arc t i c  Archipelago; Current  Research, P a r t  A, Geol. 
Surv. Can.,  Paper  78-lA, p. 135-138, 1978. 

Reconnaissance geological mapping of the  Precambrian Shield on El lesmere  and Coburg 
islands has  been completed. The Shield a rea  was metamorphosed ent i re ly  in the  granul i te  
fac ies .  Detailed work on the  unrnetamorphosed Proterozoic  sedimentary  and igneous rocks of 
t he  Thule Basin has  enabled correlations t o  be  made both between the  th ree  main a r e a s  of 
outcrop and with the  lower p a r t  of t he  Wolstenholme Formation on Greenland. Minor 
occurrences  of Cu-Fe sulphides and malachi te  a r e  common in rnetasedimentary baserneqt rocks; 
malachite i s  also found in Thule Basin igneous rocks. 

Introduction 

The 1977 field season saw the  initiation of airborne 
reconnaissance mapping of t h e  northernmost pa r t  of t he  
Canadian Shield. The Shield a r e a s  of eas tern  and southern 
Ellesmere Island and Coburg Island (Fig. 28.1) were  mapped 
on a scale  of 1:250 000 (NTS 39B, C and F, and par ts  of 39D, 
G and H; par t  of 48H; and par ts  of 49A, 0, D, E and H). 
Mapping on Devon Island is planned for 1978 and t h a t  worlc 
should complete  the  geological reconnaissance of the  
Churchill Province of t h e  Canadian Shield. 

Relief and permanent  snow and ice cover in the  map- 
a r e a  a r e  considerable (Fig. 28.2). Coasta l  c l i f fs  commonly 
rise t o  500 m and nunataks  t o  1500 m a.s.1. The g rea te s t  
relief - 2300 m - is found in t h e  northwestern p a r t  of t he  
a rea .  

Prior knowledge of t h e  Precambrian was  based chiefly 
on t h e  dog-sledge t raverses  of Chr is t ie  (1962a,b), whose 
observations were  of necessity confined largely t o  the  coas ts  
but included considerable deta i l  on t h e  Proterozoic  Thule 
Basin rocks. A K-Ar d a t e  of 1760 m.v. on a gneiss from 
southeas t  Ellesmere Island is t h e  only isotopic ageuavailable. 

Crystall ine Basement 

The ent i re  crystall ine basement  of Ellesmere and 
Coburg islands has  been metamorphosed in t h e  granulite 
facies.  Rocks t h a t  in t h e  field appear  t o  be of amphibolite 
g rade  a r e  in terpre ted a s  having been downgraded. 

The basement  rocks may be  divided in to  t h e  following 
broad groups: 

(1) Massive t o  foliated quartzofeldspathic granulites. 
These rocks appear more  o r  less homogeneous, a r e  green on 
fresh, and brown or  red on weathered surfaces ,  and c ~ m m o n l y  
ca r ry  abundant feldspar porphyroblasts. They a r e  t h e  major 
rock-type in t h e  Grise Fiord area .  

(2) Metasediments.  These include garnet -biot i te  
gneisses, commonly with sil l imanite and/or cordier i te ,  well- 
banded hornblende ? pyroxene gneisses, diopside-bearing 
marble,  and subordinate quar tz i te .  Arnphibolite is a common 
associate.  

(3) Amphibolites, which generally ca r ry  at l eas t  one 
pyroxene. 

( 4 )  Granulite gneisses a r e  distinct f rom t h e  granulites 
of unit ( I )  in t h a t  they a r e  heterogeneous and well banded 
pyroxene-bearing quar tzofe ldspathic  rocks. Some have a 
metasedimentary  a spec t  and indeed may b e  associated with, 
or  even grade into,  undoubted metasediments.  Other  
var ie t ies  a r e  of more  uncer ta in  origin. If an  equilibrium one, 
t h e  association hypersthene-sillirnanite-quartz found in this 
unit suggests t empera tu res  and pressures of metamorphism in 

PRECAMBRIAN t h e  neighbourhood of 900°C and.10 kb. 
CENTRAL STABLE THULE BASIN 

REGION ROCKS. SHIELD ( 5 )  Grani t ic  rocks. These a r e  generally pink and 
weather  red or  brown, similar t o  t h e  granulites,  a f a c t  which 

Figure 28.1 Locality map  showing t h e  ex ten t  of t h e  Precambrian makes their distinction from the latter difficult at times, 
On El1esmere and "lands' Only the unless sampling is possible. The unit includes a diversity of 

ma jo r  rock in the area Of heavy ice and types  and, probably, ages  of rock. In the  Grise Fiord a rea  and 
"Ow 'Over are shown' Northumberland and Herbert elsewhere,  pink g ran i t e  invaded and partly assimilated 
islands in Greenland a r e  marked "N" and "HI1. granulite.  This major event  was followed by severe  

' Depar tment  of Geology, Car le ton University, Ot tawa.  



_ -_ _- changes In d ~ p  f rom shallow t o  s t eep ,  probably 
--@l cons t i tu t e  a maior fold type. A la ter  phase of . . 

tec tonism gave  ' r i s e  t o  broad, open folds. A 
northerly regional gneissic trend can  be discerned 
bu t  local variations a r e  numerous and marked. 

In lithology, grade of metamorphism and 
tec tonic  s ty le ,  t he  crystall ine basement  of 
Ellesmere Island bears  many similarit ies t o  t h a t  of 
northwestern Greenland (Dawes, 1976). 

Proterozoic Thule Basin Rocks 

Unmetamorphosed sedimentary and igneous *.' *) rocks nonconformably overlie basement in several 4 a reas  on the  eas t  coas t  of Ellesmere Island 
(Fig. 28.1). These  beds belong t o  t h e  Thule Basin 
sequence, t h e  bulk of which is exposed on t h e  
Greenland s ide  of Nares S t r a i t  (Christie,  1972). 
Figure 28.3 shows par t  of t h e  southernmost 
outcrops,  near Clarence  Head; their  variegated 
appearance and gen t l e  dip a r e  typical. 

A schemat i c  columnar sect ion of t h e  Thule 
Basin sequence on Ellesmere Island i s  presented in 

Figure 28.2 Typical Shield ter ra in  in gneisses and granul i tes  north of Figure 28.4. Nowhere is t h e  e n t i r e  section 
Makinson Inlet. GSC 203055-4 exposed nor a r e  t h e  successions in t h e  various 

- .- .- - .. -- . locali t ies identical ,  y e t  t he  similarit ies suffice t o  
permit  corre la t ions  between them.  Further 
analysis of t h e  field d a t a  is necessary but  t he  
thickness of t he  en t i r e  section probably lies 
between 1000 and 1500 m, somewhat  less than the  
1800 m thickness e s t ima ted  by Chris t ie  (1972). 

The sediments  c lear ly  were  deposited in a 
nearshore t o  subaerial  environment.  Orientations 
of cross-bedding commonly indicate  westward- 
d i rec ted cu r ren t s  but bimodal t ranspor t  pat terns ,  
strongly suggestive of t idal influence, predomi- 
n a t e  in many locali t ies.  

The Thule Basin sequence on Ellesmere 
Island can readily be  corre la ted  with t h e  lower 
par t  of t he  Wolstenholme F o r m a t ~ o n  of m ~ d d l e  
Proterozoic a g e  (Dawes, 1976) In t h e  Thule a rea  

. of Greenland, In particular Herber t  and 
Northumberland ~ s l a n d s  (Fig. 28.1). 

-3JmZ.2 G 

Paleozoic Strata 
I ., , 

The Precambrian Shield on Ellesmere Island 
Figure 28.3 Unrnetarnorphosed Thule basin rocks overlying steeply- is bordered on the  west by Paleozoic rocks of t h e  

dipping gneisses immediately south of Clarence  Head. The Centra l  Stable  Region ( ch r i s t i e ,  1972). Evidence 
Roman numerals refer  t o  the  units shown in Figure 28.4. At t h a t  t h e  sedimentary  cover  once extended much 
this locality, unit 1 is only 4 m thick. Arrow a t  r ight  points t o  f a r the r  over t h e  Shield is provided by Paleozoic 
t h e  thin, resistant s t romatol i t ic  ca rbona te  bed at t h e  base  of outliers in t h e  in ter ior  of t h e  Shield a rea .  
unit  Ill. GSC 203055-P The Paleozoic s t r a t a  c o m ~ r i s e  carbonates  and c las t ics  

ranging in age  up t o  Devonian. Although s t ructura l ly  simple, deformat ion,  resulting locally in a granite-banded granulite the pa~eozoic rocks fo rm a succession that  is unusually thick 
gneiss. Garnet  is common in both the  granulite and grani te .  and complex, considering its proximity to the Precambrian 
A medium- to  coarse-grained, potassic grani te  shield. systematic mapping of these  rocks has y e t  to be 
extensively in the  northwestern pa r t  of t h e  area .  While undertaken in much of the area. 
eenerallv massive. this grani te  is foliated in ~ l a c e s .  In f a c t -  " " 
discounting apl i tes  and pegmat i tes  - no undoubted post- The Precambrian-Paleozoic c o n t a c t  was  mapped over 
t ec ton ic  grani t ic  rocks were  observed. A similar impression t h e  en t i r e  a r e a  and examined a t  a number of locali t ies.  The 
was gained by G.D. Jackson (pers. comm., 1977) in t h e  underlying grani t ic  and granul i t ic  basement rock is commonly 
spatially-related high-grade ter ra in  of Bylot Island and a dusky red, a f e a t u r e  a t t r ibu tab le  t o  weathering, but no 
nor theas tern  Baffin Island. regolith was observed. The basal Paleozoic s t r a t a  a r e  quar tz-  

Minor bodies of anor thosi te  were  noted in t h e  northern pebble conglomerate ,  qua r t z  s;,,csrc;i-,e and ripple-marked 

pa r t  of t h e  area .  si l ty sandstone, some  of which a r e  ferruginous. No fossils 
have been found but t hese  beds a r e  probably lower Cambrian. 

Relations between lithologic units of t h e  basement  have The striking con t ra s t  between the  l ight-weathering 
been largely obscured by intense deformation (or are Paleozoic and the  darker  basement  great ly  fac i l i ta tes  recog- 

hidden under and ice). are nition of major  block faulting. Faults with throws of several 
s t e e p  t o  vertical  and isoclinal folds a r e  common. Recumbent  hundreds of metres are common. 
folds were  also recognized and, judging by f requent  rapid 



Quartz sandstone; pink or buff; commonly laminated and conglomeratic; 
ripple-marked 

Gabbro sill 

Quartz sandstone; laminated purple, buff and white; cross-bedded; 
ripple-marked; green shaly partings 

Siltstone, shale, sandstone; interbedded; commonly green, some maroon; 
ripple-marked; mud-cracked; graded bedding 

Quartz sandstone, subordinate quartz-pebble conglomerate; white, pink or 
buff, rarely purple; cross-bedded 

Siltstone and sandstone, interbedded; chiefly red but variegated; cross- 
bedded; ripple-marked; mud-cracked 

Dolomite, stromatolitic; limestone 
Shale; black; concretionary 

Gabbro sill 

Basaltic flows (and? sills) interbedded with red sandstone and siltstone 

Agglomerate 

Quartz sandstone; buff; cross-bedded 

Dolomite; stromatolitic 

Quartz sandstone, quartz-pebble conglomerate, minor siltstone 

L 0 , Gneiss, granulite 

Figure 28.4 Composite,  somewhat  schemat i c  columnar sect ion of the  Thule Basin sequence on Ellesmere Island. Compare  this 
with sect ion 8 (Herbert  and Northumberland islands) of t h e  sequence on Greenland in Dawes (1976, Fig. 232). 



D i a b a s e  Dykes  

Diabase  dykes  a r e  d i s t r ibu ted  th roughout  t h e  
P r e c a m b r i a n  t e r r a n e ,  genera l ly  t r e n d i n g  n o r t h e r l y  o r  nor th-  
e a s t e r l y ;  t h e y  have  not  b e e n  s e e n  c u t t i n g  Pa leozoic  rocks.  
No major  s w a r m s  w e r e  no ted  but  dykes  a r e  numerous  in t h e  
a r e a s  of Thule  Basin s t r a t a ,  p a r t i c u l a r l y  C l a r e n c e  Head and  
Goding Bay (Fig. 28.1). 

E c o n o m i c  Geology 

Minor o c c u r r e n c e s  of m e t a l l i c  minera l s  a r e  c o m m o n  in 
t h e  m e t a s e d i m e n t a r y  un i t  (2) of t h e  c r y s t a l l i n e  b a s e m e n t . '  In 
t h e  Alexandra  Fiord a r e a  (Fig.  28.1), i m p r e s s i v e  gossans  h a v e  
deve loped  over  p y r r h o t i t e  t c h a l c o p y r i t e  t spha le r i te - r ich  
z o n e s  up t o  8 m wide in t h e  gneisses.  M a l a c h i t e  s ta in ing  w a s  
found  in  m e t a s e d ~ m e n t s  on t h e  n o r t h  s h o r e  of Makinson Inlet ,  
a l o n g  Ekblaw G l a c i e r  a n d  on  t h e  s o u t h  s h o r e s  of Hayes  F iord  
a n d  Bache  Peninsula (Fig. 28.1); i t  w a s  a l s o  s e e n  on  t h e  c l i f f s  
f o r m e d  by uni t  I1 of t h e  Thule  Basin s e q u e n c e  n e a r  C l a r e n c e  
H e a d  (Fig. 28.3). 

S e a m s  of low-grade c o a l  a r e  a b u n d a n t  in  s e d i m e n t s  of 
t h e  E u r e k a  Sound G r o u p  of C r e t a c e o u s - T e r t i a r y  a g e ,  which  
o u t c r o p  i n  t h e  C e n t r a l  S t a b l e  Region  n e a r  t h e  w e s t e r n  e d g e  
o f  t h e  i c e  cap .  
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A SLlBDlVlSlON O F  THE NORTHERN CHURCHILL STRUCTURAL PROVINCE 

Projec t  770022 

W.W.  Heywood and Mikltel Schau 
Regional and Economic Geology Division 

Abstract 

Heywood, W . W .  and Schau, Mikkel. A Subdivision of the northern Churchill Structural 
Province; Current Research, Part A ,  Geol. Surv. Can., Paper 78-lA,  p. 139-143, 1978. 

Fault zones divide the northern Churchill Structural Province into three smaller blocks 
or subprovinces, each exposing a different level of crust. The deep-level Queen Maud Block 
is bounded on the west by the Thelon Front, and on the southeast by the Slave-Chantrey 
mylonite zone. The high to intermediate level Committee Bay Block, southeast of the 
mylonite zone, is bounded on the south by the McDonald-Amer-Meadowbank fault system. 
The intermediate to deep level Armit Lake Block lies south of the above system and is 
bounded on the south by the Chesterfield fault. All blocks have been cut by later northwest 
fault systems and dyke sets. The blocks pre-date the Hudsonian Orogeny. Aphebian and 
later sedimentary and volcanic rocks lie along the fault zones. The fault zones may be loci 
o f  ore deposits. 

Faul ts  and mylonite zones divide t h e  northern Churchill 
S t ructura l  Province (Stockwell, 1964) into t h ree  blocks (or 
subprovinces), each exposing a d i f ferent  "level of crust".  The 
proposed division is  shown in Figure 29.1. The eas t e rn  
boundaries of t h e  blocks t e rmina te  beneath  t h e  Paleozoic 
cover  of Foxe Basin and northern Hudson Bay and t h e  western  
boundary is t h e  Thelon Front.  Movement of t h e  blocks 
t e rmina ted  before  t h e  upper division of t h e  Dubawnt Group 
was  deposited in Paleohelikian(?) t ime.  Rocks  in each  block 
range in a g e  f rom middle(?) Archean t o  Paleozoic.  The 
re la t ive ly  uniform K-Ar da t e s  of "Hudsonian" a g e  t h a t  a r e  
cha rac t e r i s t i c  of t h e  a r e a  (Heywood, 1967; Wright, 1967) may 
mark t h e  cessation of argon diffusion in micas  due t o  uplif t  of 
blocks above a cr i t ica l  c rus ta l  level or t h e  end of widespread 
shearing r a the r  than a widespread fold episode.  

The t h r e e  blocks a r e  named, f rom northwest t o  
southeas t :  t h e  Queen Maud Block, C o m m i t t e e  Bay Block, and  
t h e  Armi t  Lake  Block. Their  s imi lar i t ies  and di f ferences  a r e  
summarized in Table 29.1. The geological  history,  whe re  
known, i s  qu i t e  similar for  each  of t h e  blocks. I t  is  appa ren t  
t h a t  t h e  main d i f ferences  a r e  mineralogical  and  s t ruc tu ra l  
and the re fo re  a r e  those t h a t  represent  d i f ferent  levels  of t h e  
crus t .  Granul i te  fac ies  mineral  assemblages cha rac t e r i ze  t h e  
deepe r  level c rus t ,  whereas  greenschist  and lower amphibol i te  
assemblages  occur  in t h e  higher level segments .  The s a m e  
rock type  is also emplaced in d i f ferent  s t ruc tu re s ,  depending 
on t h e  level  of c rus t  exposed. The s t ruc tu ra l  s e t t i ng  of 
anor thos i te  bodies, fok example ,  d i f fers  in e a c h  block. In t h e  
d e e p  level Queen ~Maud Block, anor thos i te  bodies f o r m  
concordant  shee t s  in high grade  gneisses (Heywood, unpu- 
blished manuscript);  in t h e  medium level Armi t  Lake  Block 
they  fo rm f l a t t ened  and fo l ia ted  s tocks  a s  much a s  30 k m  
long and  more  o r  less concordant  with enclosing gneisses 
(Heywood, 1967; Schau and Hulbert ,  1977; Cordon, 1971); 
whereas  in t h e  high level C o m m i t t e e  Bay Block smal l  
anor thos i te  s tocks  and dykes clearly cross-cut t h e  Pr ince  
Alber t  Group and basement  gneisses. Also in th is  block, la rge  
gabbroic  sills with anorthosite-rich layers  in t rude  t h e  l a t e  
Archean Pr ince  Albert  Croup. 

The blocks a r e  separa ted  by f a u l t  sy s t ems  which were  
fo rmed  a t  d i f ferent  t imes  in d i f f e r en t  milieus (Table 29.2). 
The  ear l ies t  sys tem,  t h e  Slave-Chantrey rnylonite be l t ,  which 
fo rmed  at a deep  crus ta l  level,  s epa ra t e s  t h e  Queen Maud 
Block f rom t h e  C o m m i t t e e  Bay Block. It is  a wide rnylonite 
belt  (Reinhardt,  1969) typical  of rocks which fa l l  in t h e  quasi- 
p las t ic  regime (Sibson, 1977). The younger McDonald-Amer- 
Meadowbank faul t  sys tem is in part  a narrow rnylonite zone  
and in part  a well-defined f au l t  t r a c e  (Heywood, 1977; 
Hoffman et al., 1977) of t h e  elasto-frict ional (Sibson, 1977) 

regime. This sys tem sepa ra t e s  t h e  Queen Maud and 
Commi t t ee  Bay blocks f rom t h e  Armi t  Lake Block. The 
lesser-known Chester f ie ld  f au l t  sy s t em sepa ra t e s  t h e  Armit  
Lake Block f rom t h e  cen t r a l  par t  of t h e  Churchil l  S t ructura l  
Province t o  t h e  south.  

The movement  on these  f au l t s  is not  well known. The 
Chester f ie ld  f au l t  appea r s  t o  b e  a r eve r se  f au l t  sys tem with a 
ver t ica l  separa t ion  a s  much a s  15  km(?) based on preliminary 
e s t ima te s  of me tamorph ic  con t r a s t  on e i t he r  side of t h e  
sys tem (greenschist  vs. medium pressure  granul i te  fac ies)  
(Reinhardt and Chandler,  1973; Schau and Hulbert ,  1977; 
Geol. Surv. Can.  Metamorphic  Map 1975A, in prep.). The 
McDonald portion of t h e  McDonald-Amer-Meadowbank 
sys tem is a dext ra l  str ike-slip f a u l t  with about  75 km 
movement  deduced f rom s t ra t igraphic  s tudies  by Hoffman e t  
al .  (1977). A similar amoun t  of movement  has not ye t  been 
shown for  t h e  more  eas ter ly  portion of th is  sys tem.  The 
amoun t  of movement  of t h e  Slave-Chantrey mylonite zone  is  
unknown. Thomas et al. (1976) postulated t w o  possible 
o f f se t s  on t h a t  pa r t  of t h e  zone contiguous with t h e  l a t e r  
McDonald system. These  a r e  dex t r a l  o f f se t s  of 7 5  and 
120 km. If t h e  movement  deduced fo r  t h e  l a t e r  McDonald 
faul t  is removed, a horizontal  separa t ion  of e i t he r  0 o r  4 5  krn 
may be  a t t r i bu t ed  t o  t h e  Slave-Chantrey  zone.  Reinhardt  
(1969) established a movemen t  of 1.6 km on one  branch of 
th is  zone. The ver t ica l  component  of t h e  main mylonite zone  
is unknown but high-grade rocks a b u t  low-grade rocks north- 
nor theas t  of Baker Lake,  suggesting t h a t  t h e  separa t ion  may 
locally be  considerable.  Although t h e  main  zones  a r e  thought  
t o  localize most  f a u l t  movement ,  numerous splays a r e  
present.  The western  portion of t h e  rnylonite zone  is t h e  s i t e  
of t h e  Athapuscow Aulacogen (Hoffman et al., 1977) and has  
locally been involved in t h e  compl ica ted  t ec ton ic s  associa ted  
with this s t ruc ture .  To  t h e  e a s t  i t  appea r s  t h a t  t h e  myloni te  
zone  has had a simpler history; however,  a de ta i led  sedimen- 
tological  investigation of t h e  Chan t r ey  Group may prove 
otherwise.  

Aphebian sediments  such a s  qua r t z i t e s ,  dolomites and 
minor graphi t ic  mudstones,  were  deposited on t h e  Archean 
basement  during a quiescent  period early(?) in t h e  history of 
t h e  faulting. Sediments  were  a lso  deposi ted  on o r  near  t h e  
f au l t  zones during o r  a f t e r  t h e  movements.  These deposits ,  
which include t h e  Eas t  Arm sequence  (Hoffman et al., 1977), 
Bathurst  Inlet  sequence  (Campbell  and Ceci le ,  1975, 1976; 
Campbell ,  19781, Dubawnt Group (Donaldson, 1965; Blake and 
LeCheminant ,  1977; Blake e t  al., 19771, all contain i m m a t u r e  
sediments  and volcanic rocks. 
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Paleozoic Cover Rocks 
Franklin Dykes 
Mackenzie Dykes 

A Anorthosite 

Figure 29.1 Subprovinces of t h e  Northern Churchil l  S t ructura l  Province showing main f au l t s  and mylonite zones.  

Later  f rac tur ing  and faul t ing  with a predominantly 
nor thwest  direction t r ansec t s  t h e  major  t ec ton ic  blocks. 
Both Franklin and Mackenzie dykes parallel  th is  t rend.  The 
l a t e s t  fault ing displaces Silurian sediments  a t  leas t  one  
k i lometre  with a mainly dip-slip component .  

The th ree  s t ruc tura l  blocks or subprovinces have  a c t e d  
a s  a unit s ince  t h e  "Hudsonian Orogeny". Rea r r angemen t  of 
blocks s eems  t o  have cha rac t e r i zed  t h e  Aphebian epoch and 
may represent  t h e  commonest  manifes ta t ion  of t h e  Hudsonian 
Orogeny. The Foxe Fold Belt  is t h e  only well-defined 
Hudsonian fold belt  within t h e  region. It occurs  in t h e  e a s t -  
cen t r a l  part  of t he  C o m m i t t e e  Bay Block and consists of a 
deformed and metamorphosed Aphebian sequence  of 
quar tz i tes ,  marbles and graphi t ic  shales (Heywood, 1967; 
Reesor,  1972, 1974; Reesor et al., 1975; Okulitch et al., 1977; 
Jackson and Taylor,  1972). L a t e  Aphebian t o  Paleohelikian 
plutons occur  along a southwest extension of t h e  Foxe Fold 
Belt  axis. 

This preliminary subdivision of t h e  nor thern  pa r t  of t h e  
Churchil l  S t ructura l  Province poses many in teres t ing  
geological and metallogenic problems. The following a r e  
among those requiring fur ther  examination.  A sedimento-  
logical study of the  Chantrey  Group may unravel t h e  history 
of t h e  ea s t e rn  par t  of t h e  Slave-Chantrey mylonite zone  and 
t h e  Murchison f a u l t  system. Dia t remes  and mineral  showings 
t h a t  commonly occur  along major  f au l t  zones and  in f a u l t  
re la ted  volcanic rocks  war ran t  study (Reinhardt ,  1972; 
Hoffman e t  al., 1977; Campbell ,  1978; Blake e t  al., 1977; 
LaPor te ,  1974). For example ,  concentra t ions  of a r a r e  U-Se 
noble me ta l  assemblage occur  at Christopher lsland (Pringle 
and Miller, 1977) along t h e  Chester f ie ld  f au l t  zone; similar 
minerals occur  a t  Uranium C i t y  in a similar(?) f a u l t  zone.  
Anorthosite and re la ted  rocks t h a t  occur  in granul i te  t e r r ane  
a t  Baker Lake, Armit  Lake,  Daly Bay, Walrus and C o a t s  

islands on t h e  nor th  s ide  of t h e  Chester f ie ld  f au l t ,  l i e  along 
t h e  axis of a gravity anomaly.  Do t h e s e  mark  a fundamenta l  
division of t h e  Churchill S t ruc tu ra l  Province? 
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Abstract 

Hoffman, P.F., Age of exotic blocks in diatreme dykes of the Athapuscow Aulacogen, ~ i m ~ s o n  Islands 
area, East Arm of Great Slave Lake, District of Maclcenzie; Current Research, Part  A, Geol. Surv. 
Can., Paper 78-IA, p. 145-146, 1978. 

Blocks of dolomite and salt-casted siltstone, occurring in diatreme dykes of the Simpson Islands 
area, a r e  positively identified as  being derived from the Stark megabreccia (Christie Bay Group). The 
diatremes a re  therefore much younger than the uraniferous Sosan Group, which they intrude. This 
effectively rules out the suggested genetic link between the diatreme dykes and the 2200 m.y. "Easter 
Island1' dyke, a minor differentiated alkaline complex, intruded a t  the inception of the aulacogen. The 
absence of blocks derived from formations between the Sosan and Stark suggests that,  when the 
diatremes were intruded, the  area had already been tectonically denuded by gravity slides (nappes) 
and, interestingly, that  the Stark megabreccia, which covers the slide nappes, also remained behind a t  
the source of the slides. The diatreme dykes may be the same age a s  recently described "intrusive 
sedimentary brecciasl1 a t  Bathurst Inlet. 

Irregular northeast-trending dyke-like intrusive bodies 
of exotic heterolithic breccia were described by Reinhardt 
(1972) in the Simpson Islands area, near the southwest end of 
the  Athapuscow Aulacogen. The breccias intrude Archean 
granitic basement rocks and subfeldspathic arenites, locally 
uraniferous, of the overlying Sosan Group (Aphebian). The 
breccias consist of angular to  rounded blocks, mostly granite 
and arenite, in a tuffisite matrix. Minor exotic blocks of 
dolomite and varicoloured siltstone have been a puzzle 
because they do not resemble any formations found in situ in 
the Simpson Islands area. 

The best known of the diatremes, because of associated 
uranium mineralization, occurs in "Vestor Channel" 
(Fig. 30.1). It cuts  Sosan arenites and is faulted against 
Archean granitic rocks intruded by the "Easter Island" dyke, a 
minor differentiated alkaline complex. Biotite from the 
alkaline dyke has been dated radiometrically by the K-Ar 
method a t  2200 m.y. (Burwash and Baadsgaard, 1962, p. 28) 
and 2170 m.y. (Leech e t  al., 1963, p. 61). The "Easter Island" 
dyke is tentatively correlated with the Blachford Lake 
Intrusive Suite (Davidson, 19781, a major differentiated 
alkaline plutonic complex, 35 km t o  the north. Both alkaline 
complexes are  cu t  by a regional swarm of northeast-trending 
diabase dykes, which pass beneath and do not cut the Sosan 
Group (or the Union Island Group). 

Despite this evidence, certain geologists who worked 
for Vestor Explorations Ltd have suggested a genetic rela- 
tionship between the "Easter Island" dyke and the "Vestor 
Channel" diatreme, and have concluded, therefore, that the 
dyke post-dates the Sosan Group. This issue has important 
regional implications. If the Vestor geologists a re  correct,  i t  
follows that  the Sosan Group is older than 2200 m.y., that  the 
alkaline complexes do not mark the inception of the aula- 
cogen, and that  2200 m.y. is not the age of inception of the  
aulacogen or, by extension, the  Coronation Geosyncline. 

These suggestions are  now ruled out thanks t o  positive 
identification of the exotic dolomite and siltstone blocks in 
two of the three major diatremes (the southern one, in 
Petitot Islands, was not examined). They a r e  derived from 
the Stark megabreccia (Christie Bay Group), a formation 
much younger than the Sosan Group and younger also than the 
Seton Island volcanic complex, which has been dated radio- 
metrically by the  Rb-Sr method a t  1870 m.y. (Baadsgaard e t  
al., 1973). The dolomite blocks contain bipolar current 
ripples and stromatolites, typical of the Stark dolomites. The 
basal Sosan dolomite does not contain such ripples, the Union 

Figure 30.1. Geology around the Vestor Explorations Ltd 
main camp, located a t  61°46'N, 122"38'20"W. 
Siltstone blocks with abundant halite casts a re  
located a t  "A1'; breccia containing Sosan and 
"Easter Island" dyke blocks a t  "B". Map is 
simplified from Reinhardt (1972) and Walker 
(1977). 

Island and Wilson Island dolomites are  not stromatolitic, and 
dolomites of the Duhamel Formation (Sosan Group) a r e  
characteristically arenaceous and cherty (Hoffman, 1968). 
Pethei Group nappes derived from this area are  of a non- 
dolomitic basinal facies (Hoffman e t  al., 1977). The 
siltstones, especially those in "Vestor Channel" (Fig. 30.11, 
locally contain abundant and well formed halite casts. Such 
casts are  very common in the Stark siltstones and the only 
other formation in which they occur, the Portage Inlet 
Formation (Christie Bay Group), is even younger than the 
Stark. Many of the siltstone blocks contain thin graded beds 
of feldspathic arenite, not found in the type Stark, east  of 
Snowdrift, but entirely representative of its western facies, 
well exposed on nearby Blanchet and Caribou islands. A few 



blocks conta in  angular dolomite  f r agmen t s  in a breccia ted  
s i l t s tone  matr ix ,  indicating t h a t  brecciation of t h e  Stark  
i t se l f ,  a regionally pervasive fea ture ,  had a l ready t aken  place 
before  d i a t r eme  emplacement .  The abundance of greenish a s  
well a s  reddish s i l t s tone  blocks is a typica l  of t he  Stark but is 
a t t r i bu t ab le  t o  reduction of fer r ic  pigment during d i a t r eme  
ac t iv i ty .  I conclude t h a t  t h e  d i a t r emes  must be  younger than 
t h e  Stark  megabreccia ,  much younger than t h e  Sosan Group, 
and unrelated t o  t he  "Easter Island" dyke. 

Only one  exposure,  nor theas t  of "Dyke Lake" (Fig. 30.1), 
has  been c i t ed  a s  providing d i r ec t  evidence  of t h e  re la t ive  
ages  of t h e  "Easter Island" dyke and Sosan Group (Walker, 
1977, p. 42); e lsewhere  they a r e  in f au l t  con tac t .  I found th is  
exposure t o  be  a d i a t r eme  breccia containing blocks of both 
Sosan and alkaline dyke rocks. No age  re la t ions  a r e  possible. 

The Simpson Islands a r ea  is t h e  source  of t he  nappe 
complex, composed of Kahochella and Pethei  Group rocks, 
t h a t  s t r e t ches  f rom Keith Island t o  Snowdrift  River (Hoffman 
et al., 1977). The absence  of Kahochella and Pe the i  blocks in 
t h e  d i a t r emes  suggests t h a t  t ec ton ic  denudation had a l ready 
t aken  place  before  t h e  d i a t r emes  were  emplaced. The f a c t  
t h a t  t h e  Stark  megabreccia,  which covers  t h e  nappes, was  
l e f t  behind in the i r  source  a r e a  supports t h e  novel hypothesis 
t h a t  t h e  nappes slid subcutaneously beneath  t h e  Stark 
(Hoffman, 1978a, 1978b). 

The d i a t r emes  pre-date  a t  leas t  t h e  las t  movement  of 
t h e  northeast-trending strike-slip faul ts  and may be about t h e  
s a m e  a g e  a s  t h e  "intrusive sedimentary  breccias" in t h e  
Goulburn Group (Aphebian) a t  Bathurst  Inlet  (Cecile and 
Campbell ,  1977). The Goulburn breccias  a r e  ascribed t o  
sedimentary  volcanism whereas  t h e  f a c t  t h a t  t h e  Simpson 
Islands breccias  in t rude  basement  rocks supports Reinhardt 's  
d i a t r e m e  hypothesis; unless t h e  basement  rocks a r e  
themselves  allochthonous and have Stark  megabreccia  
beneath  them,  just i tching t o  squirt  up through any cracks! 
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Abstract 

Hoffman, P.F. ,  St-Onge, M., Carmichael, D.M., and de Bie I., Geology of the Coronation 
Geosyncline (Aphebian), Hepburn Lake sheet (86J), Bear Province, District of Mackenzie; 
Current Research, Part A ,  Geol. Surv. Can., Paper 78-lA, p. 147-151, 1978. 

This is the first interim report summarizing new 1:125 000 scale mapping and tectonic 
synthesis. Two orogenies are recognized in the geosyncline. The older involves folding and 
thrusting of the Epworth Group and was followed by emplacement of the Hepburn Batholith, a 
discordant intrusive complex not a rernobilized basement diapir. There is no evidence of 
gravitational spreading in the batholith linking i ts  emplacement mechanically with the older 
orogeny. The younger orogeny involves folding and bulk flattening of the batholith itself and 
metamorphic rocks as far west as the Wopmay Fault. Mixed basic and felsic submarine volcanic 
rocks along the west side of the batholith may be products of rifting at the beginning of the 
Wilson Cycle, and should be explored for base metals. The younger orogeny, previously 
unrecognized, suggests a collision event and the possibility that a complete Wilson Cycle may be 
recorded in the geosyncline. 

Introduction 

'The Coronation Geosyncline (Aphebian) provides the  
oldest  compelling geological evidence in t h e  world for  
operation of the  "Wilson Cycle1'  (Dewey and Burke, 1974), i.e. 
t h e  opening and closing of ocean basins. Nevertheless,  t h e r e  
remains uncer ta in ty  a s  t o  whether,  during closure,  t h e  
Coronation continental  margin converged with an  oceanic  
spreading ridge, a magmat i c  a rc ,  or  another  cont inenta l  
margin (Burke e t  al., 1977). 

The original conception of the  Coronation Geosyncline 
(Hoffman, 1973) was  based on a basin analysis of t h e  Epworth 
Group (Fig. 31.1), which occurs mainly in t h e  external  zone of 
t h e  geosyncline. Work in t h e  internal zone followed with 
regional mapping of most of t h e  Grea t  Bear Batholith 
(McGlynn, 1975, 1976; Hoffman and Bell, 1975; Hoffman et 
al., 1976; Hoffman and McGlynn, 1977), a potassic volcano- 
plutonic depression, which makes  up t h e  western  half of t h e  
in ternal  zone. In the  eas t e rn  half, comprising t h e  Hepburn 
Batholith and t h e  metamorphosed eugeosynclinal rocks i t  
intrudes,  t he re  has  been l i t t l e  regional mapping s ince  t h e  
reconnaissance work of Fraser  et al. (1960). No s t ra t igraphy 
has been established and l i t t l e  is known of age  relations 
between i t  and the  external  zone. Regional mapping has 
fallen f a r  behind the  requirements for t ec ton ic  synthesis. 

The current  project,  begun in 1977, will involve 
1:125 000 scale  mapping of t h e  Hepburn Lake shee t  
(Fig. 31.11, which s t raddles  t h e  type  Hepburn Batholith and 
t h e  internal-external boundary. I t  is hoped t h a t  this mapping 
will be extended in fu tu re  to  include the  Redrock Lake sheet  
(86 G )  t o  the  south and par ts  of t he  Coppermine sheet  (86 0 )  
t o  the  north. A special s tudy of metamorphism re la ted  t o  t h e  
batholith will be  undertaken by Marc St-Onge under the  
supervision of D.M. Carmichael.  

Although i t  will be  severa l  years before  a final synthesis 
of t he  Coronation Geosyncline can be made, some  important  
and unanticipated observations have emerged f rom mapping 
along the  Coppermine River,  easily the  most accessible and 
well-exposed t raverse  of t h e  geosyncline. 

( I )  Formations of t h e  Epworth Group a r e  mappable,  
despi te  increasing metamorphic  grade, a s  f a r  west  a s  t h e  
Hepburn Batholith. This is t r u e  even of migmat i tes ,  marginal 
t o  the  batholith,  the  various types  of which co r re l a t e  directly 
with differences in premetamorphic  lithology. 
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F igure  31.1 Regional t ec ton ic  se t t i ng  of t h e  Hepburn Lake 
sheet  (dotted).  CJoos Anticline and i t s  con- 
jectured southern extension (dashed) sepa ra t e  the  
internal and external  zones of t he  geosyncline. 
The Asiak Fold and Thrust Belt extends  f rom the  
Hepburn Batholith t o  t h e  eas t e rn  l imi t  of 
thrusting. Adapted f rom McGlynn (in press). 
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0 (2) An i m p o r t a n t  and  unique reg iona l  s t r u c t u r e ,  h e r e  w 

n a m e d  t h e  Cloos  Ant ic l ine  (Fig. 31.1), f o r m s  t h e  boundary  
b e t w e e n  t h e  i n t e r n a l  and  e x t e r n a l  zones .  T h e  s t r u c t u r e  is  a 
f a c i e s  boundary and  h a s  b e e n  t h e  locus of t r a n s c u r r e n t  a n d  
possible t h r u s t  fault ing.  M o r e  i m p o r t a n t ,  h o w e v e r ,  is t h e  
t a n t a l i z i n g  e v i d e n c e  t h a t  i t  might  o n c e  h a v e  b e e n  a n  
e n o r m o u s  and  long-lived s u b m a r i n e  f a u l t  s c a r p ,  perhaps  t h e  
C o r o n a t i o n  cont inenta l  s lope,  a f e w  k i l o m e t r e s  w e s t  of t h e  
e d g e  of t h e  R o c k n e s t  sha l low-water  c a r b o n a t e  shelf  
(Fig. 31.2), known f r o m  prev ious  work. 13 

(3) The  Hepburn Bathol i th  a p p e a r s  t o  b e  a d i s c o r d a n t  
m a g m a t i c  in t rus ive  c o m p l e x  t h a t  w a s  subsequent ly  d e f o r m e d .  1 m 
I t  h a s  n e i t h e r  t h e  i n t e r n a l  s t r u c t u r e  nor c o n t a c t  r e l a t i o n s  of a 2 
remobi l ized  b a s e m e n t  diapir  o r  gne iss  d o m e .  T h e r e  is  n o  
e v i d e n c e  of spreading in t h e  ba thol i th  t o  link i t  m e c h a n i c a l l y  W 

I- w i t h  compress ion  of t h e  Asiak Fold a n d  T h r u s t  Belt  x 
W (Fig. 31.1). 

(4) Metamorphosed  volcanic  and s e d i m e n t a r y  rocks  
w e s t  of t h e  ba thol i th  a r e  n o t  c o r r e l a t i v e  wi th  t h e  Epwor th  
Group.  Nei ther  t h e  a g e  nor  t e c t o n i c  s i g n i f i c a n c e  of th i s  
i m p o r t a n t  g roup  of rocks ,  h e r e  n a m e d  A k a i t c h o  G r o u p  
(Fig. 31.1), is  c e r t a i n ,  b u t  t h e y  m a y  b e  p r o d u c t s  of in i t i a l  
r i f t ing  in  t h e  Wilson C y c l e .  

(5) T h e r e  w e r e  t w o  major  periods of d e f o r m a t i o n  
(orogenies) .  O n e  o c c u r r e d  b e f o r e  in t rus ion  of t h e  b a t h o l i t h ,  
t h e  o t h e r  a f t e r .  The t w o  h a v e  s imi la r  t r e n d s  b u t  a r e  n o t  c o -  
ex tens ive .  T h e  o lder  involves  folding a n d  t h r u s t i n g  of t h e  
E p w o r t h  Group.  The younger a f f e c t s  t h e  A k a i t c h o  Group,  t h e  
s m a l l  p a r t  of t h e  Epwor th  G r o u p  t h a t  l i es  a d j a c e n t  t o  t h e  
b a t h o l i t h ,  and  t h e  ba thol i th  i t se l f .  The  younger d e f o r m a t i o n  
w a s  n o t  previously recognized  and  s u g g e s t s  t h e  possibi l i ty of 
a coll is ion e v e n t  in t h e  Wilson Cycle .  

Epworth Croup of the  External Zone 

T h r e e  f o r m a t i o n s  a r e  exposed  in  t h e  Asiak Fold and  
T h r u s t  Bel t  (Fig. 31.1) e a s t  of Cloos  Ant ic l ine .  T h e  Odjick 
F o r m a t i o n  (Eo) cons is t s  of g reen ish  argi l l i  t e s  w i t h  th in  
( c e n t i m e t r e - s c a l e )  g r a d e d  b e d s  of w h i t e  q u a r t z i t e .  A f e w  
q u a r t z  pebbles tone  beds  o c c u r  a t  var ious  horizons.  The  
o v e r a l l  t h i c k n e s s  of t h e  f o r m a t i o n  is  d i f f i c u l t  t o  e s t i m a t e  
b e c a u s e  of pervas ive  minor folding b u t  p robably  a p p r o a c h e s  
3 km. T h e  R o c k n e s t  F o r m a t i o n  (Er) c o n t a i n s  a n  i m p o r t a n t  
f a c i e s  c h a n g e ,  a c r o s s  which th ick  bedded  s t r o m a t o l i t i c  
d o l o m i t e ,  1 k m  th ick ,  passes  w e s t w a r d  through t h i n  bedded  
n o n - s t r o m a t o l i t i c  do lomi te ,  c o n t a i n i n g  s l u m p  b r e c c i a s ,  i n t o  a 
r e d  a r g i l l i t e ,  less  t h a n  100  m th ick ,  t h a t  c o n t a i n s  on ly  minor 
c o n c r e t i o n a r y  and redepos i ted  do lomi te .  R e g a r d l e s s  of z f a c i e s ,  t h e  R o c k n e s t  F o r m a t i o n  is  over la in  by a b o u t  8 0  m of 0 
black l a m i n a t e d  pyr i t i c  and  c a r b o n a c e o u s  s h a l e  (Ef). The  N 
black  s h a l e ,  which is  a t o n g u e  of t h e  F o n t a n o  F o r m a t i o n  A 
(Fig. 31.2) of t h e  i n t e r n a l  z o n e ,  is over la in  by at l e a s t  1400 m 4 
of t h i c k  bedded  c o a r s e  gra ined  g r e y w a c k e  t u r b i d i t e s  (Eg), t h e  * 

E R e c l u s e  Format ion .  A s w a r m  of b a s i c  sills, c o n c e n t r a t e d  
b o t h  geographica l ly  and  s t r a t i g r a p h i c a l l y  n e a r  t h e  R o c k n e s t  I- 
f a c i e s  c h a n g e ,  w a s  in t ruded  b e f o r e  folding a n d  thrus t ing .  A Z 
f e w  of t h e  sills a r e  m o r e  t h a n  100 m t h i c k  a n d  h a v e  
p e g m a t i t i c  z o n e s  n e a r  t h e i r  t o p s . ,  

T h e r e  a r e  t w o  main  c l a s s e s  of fau l t s :  ( I )  t h r u s t  
fau l t s ,which  t r e n d  nor th-nor thwes t ,  d i p  w e s t - s o u t h w e s t  a n d  
a r e  t h o u g h t  t o  b e  broadly c o e v a l  wi th  t h e  major  folds;  a n d  (2) 
high-angle t r a n s c u r r e n t  f a u l t s ,  which a r e  younger ,  t r e n d  
n o r t h e a s t ,  and  h a v e  major  d e x t r a l  s t r ike-s l ip  a n d  minor  dip- 
s l ip  c o m p o n e n t s .  The  m a j o r  fo lds  and  t h r u s t s  h a v e  z e r o  
reg iona l  plunge and  m a n y  had  r e m a r k a b l e  c o n t i n u i t y  b e f o r e  
be ing  s e g m e n t e d  by t r a n s c u r r e n t  fau l t s .  T h e  f i r s t  m a j o r  
s y n c l i n e  e a s t  of Cloos Ant ic l ine  (Fig.  31.2), f o r  e x a m p l e ,  is  
c o r e d  by R e c l u s e  g r e y w a c k e  f o r  m o r e  t h a n  150 k m .  T h r u s t  
f a u l t s  a r e  var iab le  in length ,  major  o n e s  e x c e e d i n g  50 k m ,  a n d  
in  d i s p l a c e m e n t ,  which d imin ishes  t o  z e r o  a t  bo th  e n d s  of 
e a c h  t h r u s t  t r a c e .  Most  plunging s t r u c t u r e s  r e f l e c t  minor  
r o t a t i o n  of blocks bounded by t r a n s c u r r e n t  f a u l t s .  



Minor s t r u c t u r e s  a r e  highly d e p e n d e n t  on  l i thology.  
T ight  upr igh t  chevron  folds,  w i t h  w a v e l e n g t h s  of l e s s  t h a n  
1 k m ,  a r e  ubiquitous in t h e  Odjick a r g i l l i t e  a n d  a r e  loca l ly  
deve loped  in  t h e  o t h e r  format ions .  T h e  R o c k n e s t  d o l o m i t e  
c o m m o n l y  lacks  minor fo lds  b u t  smal l - sca le  t h r u s t  w e d g e s  
m a k e  m e a s u r e m e n t  of s t r a t i g r a p h i c  s e c t i o n s  a t r i c k y  
business.  

Cloos Anticline 

Cloos  Ant ic l ine  is a n  i m p o r t a n t  and unique s t r u c t u r e ,  
f a r  f r o m  fully understood,  t h a t  f o r m s  t h e  boundary b e t w e e n  
t h e  e x t e r n a l  and in te rna l  z o n e s  (Fig. 31.1). I t  h a s  b e e n  
m a p p e d  in de ta i l  b e t w e e n  Vail lant  and  S tanbr idge  lakes ,  a 
d i s t a n c e  of 75 km,  and is known t o  widen n o r t h w a r d  f r o m  
t h e r e  (Baragar  and  Dorialdson, 1973). I t s  s o u t h w a r d  e x t e n t  i s  
a m a t t e r  of specula t ion .  I t  is  n a m e d  a f t e r  t h e  l a t e  Prof.  
E r n s t  Cloos ,  who t a u g h t  s e v e r a l  g e n e r a t i o n s  of C a n a d i a n  
g r a d u a t e  s t u d e n t s  at T h e  John  Hopkins Univers i ty  a n d  who 
will b e  r e m e m b e r e d  f o r  his p ioneer ing  s t r u c t u r a l  s t u d i e s  of 
t h e  Blue Ridge-South Mountain Ant ic l ine  in t h e  c e n t r a l  
Appalachians ,  a s t r u c t u r e  in s o m e  ways  ana logous  t o  Cloos  
Ant ic l ine .  

T h e  a n t i c l i n e  is isocl inal  (Fig. 31.2) a n d  c o r e d  by 
c h l o r i t i c  m e t a b a s a l t ,  h e r e  n a m e d  Vail lant  F o r m a t i o n  (Ev). 
F r a g m e n t a l  and  pillow s t r u c t u r e s  a r e  well  p r e s e r v e d  in  
p laces ,  a l though t h e r e  is  g e n e r a l l y  a s t r o n g  c l e a v a g e  ( s teep ly-  
dipping), p a t c h e s  of mass ive  e p i d o t e  (pre-cleavage),  a n d  
s t r e t c h e d  s t r a i n  ind ica tors  (southwest-plunging).  T h e  m e t a -  
b a s a l t  is i n t e r c a l a t e d  and over la in  by c h e r t y  s t r o m a t o l i t i c  
d o l o m i t e ,  h e r e  n a m e d  S t a n b r i d g e  F o r m a t i o n  (Es). T h e  
d o l o m i t e  is  v a r i a b l e  i n  th ickness ,  in  p a r t  b e c a u s e  of t r u n c a -  
t i o n  by f a u l t s  t h a t  bound t h e  an t ic l ine ,  a n d  is  c h a r a c t e r i z e d  
by b e d s  and  lenses  of q u a r t z  g r i t s t o n e ,  loca l ly  cross-bedded.  
S t r a t i g r a p h i c  re la t ions  b e t w e e n  t h e  S tanbr idge  a n d  Odj ick  
f o r m a t i o n s  a r e  obscured  by poor exposure  a long  t h e  e a s t  
marg in  of t h e  a n t i c l i n e  b u t  F r a s e r  (1974) m a p p e d  b a s a l t s ,  
s imi la r  t o  t h e  Vaillant, c o n f o r m a b l y  b e n e a t h  t h e  Odjick a n d  
n o t  f a r  a b o v e  b a s e m e n t  g r a n i t i c  r o c k s  in  R e d r o c k  A n t i c l i n e  
(Fig. 31.1), a t  t h e  s o u t h  e n d  of t h e  f o l d  a n d  t h r u s t  be l t .  
D o l o m i t e  s imi la r  t o  t h e  S t a n b r i d g e  F o r m a t i o n ,  b u t  th inner ,  
o c c u r s  a b o v e  f r a g m e n t a l  b a s a l t  a n d  b e n e a t h  Odj ick  q u a r t z i t e  
n e a r  Eokuk Upl i f t ,  a t  t h e  n o r t h  end of t h e  be l t .  As t h e  
S t a n b r i d g e  d o l o m i t e  d o e s  n o t  c lose ly  r e s e m b l e  t h e  R o c k n e s t  
F o r m a t i o n  and  b a s a l t  o c c u r s  n o w h e r e  e l s e  in t h e  Epwor th  
s t r a t i g r a p h y ,  t h e  t w o  f o r m a t i o n s  in  Cloos  A n t i c l i n e  a r e  
i n t e r p r e t e d  to under l ie  t h e  Odj ick  Format ion .  

T h e  a n t i c l i n e  is bounded by f a u l t s  on  bo th  marg ins .  T h e  
e a s t  m a r g i n  is  very  poorly exposed  b u t  t h e  S tanbr idge-Odj ick  
c o n t a c t  is local ly a nor th- t rending  high-angle f a u l t  i n t o  which 
nor thwes t - t rending  t r a n s c u r r e n t  f a u l t s  a r e  d e f l e c t e d .  T h e  
w e s t  m a r g i n  is b e t t e r  exposed  and  t h e r e  a l s o  t h e  t o p  of t h e  
S t a n b r i d g e  F o r m a t i o n  is a f a u l t ,  b u t  a f a u l t  t h a t  m a y  h a v e  
b e e n  a c t i v e  during s e d i m e n t a t i o n .  In tense ly  b r e c c i a t e d  a n d  
s i l i c i f ied  S t a n b r i d g e  d o l o m i t e  i s  f a u l t e d  a g a i n s t  t i g h t l y  fo lded  
g r e e n  a n d  black phyl l i t e  of t h e  i n t e r n a l  z o n e  ( s e e  below). T h e  
phyl l i t es  a r e  be l ieved  t o  b e  much younger  t h a n  t h e  d o l o m i t e ,  
p robably  c o r r e l a t i v e  with t h e  i n t e r v a l  b e t w e e n  t h e  upper 
Odjick a n d  basa l  R e c l u s e  of t h e  e x t e r n a l  z o n e  (Fig.  31.2). 
I so la ted  b locks  of S t a n b r i d g e  d o l o m i t e ,  many c o n t a i n i n g  t h e  
d i a g n o s t i c  q u a r t z  g r i t ,  a r e  s c a t t e r e d  in t h e  phyl l i t e  as f a r  as 
I k m  f r o m  t h e  f a u l t  t r a c e .  S o u t h e a s t  of S t a n b r i d g e  L a k e ,  a n  
e n o r m o u s  w e d g e  of d o l o m i t e  b r e c c i a ,  possibly a s u b m a r i n e  
t a l u s  c o n e ,  o c c u r s  wi th in  l a m i n a t e d  b lack  phyl l i t e  a d j a c e n t  to 
t h e  f a u l t  t r a c e .  A m a s s  of Vail lant  m e t a b a s a l t ,  m o r e  t h a n  
I k m  in l e n g t h ,  o c c u r s  within th i s  b r e c c i a  and a p p e a r s  t o  h a v e  
b e e n  d e t a c h e d  f r o m  t h e  a n t i c l i n e  by slumping.  T h e s e  
r e l a t i o n s  s u g g e s t  t h a t  t h e  f a u l t  had  a syndepos i t iona l  th row,  
w e s t  s i d e  down, equa l  t o  t h e  th ickness  of t h e  Odj ick  
F o r m a t i o n  and  t h a t  i t  p roduced  a m a j o r  wes t - fac ing  
s u b m a r i n e  e s c a r p m e n t .  Was  t h i s  t h e  C o r o n a t i o n  c o n t i n e n t a l  
s lope?  

T h e  e n t i r e  a n t i c l i n e  is p resumably  a l loch thonous ,  a s  
many west-dipping t h r u s t  f a u l t s  e m e r g e  t o  t h e  e a s t ,  a n d  i t s  
bounding f a u l t s  m a y  a l s o  h a v e  had  t h r u s t  m o v e m e n t .  We h o p e  
t h e  s ign i f icance  of t h i s  in t r igu ing  s t r u c t u r e  will b e  c l a r i f i e d  
as mapping  c o n t i n u e s  a l o n g  i t s  length.  

Epwor th  G r o u p  of t h e  I n t e r n a l  Z o n e  

West  of Cloos  Ant ic l ine ,  t h e  Epwor th  G r o u p  c a n  b e  
recognized ,  d e s p i t e  i n c r e a s i n g  g r a d e s  of m e t a m o r p h i s m ,  a s  
f a r  w e s t  as t h e  Hepburn  Bathol i th  (Fig. 31.1). T h e  R e c l u s e  
g r e y w a c k e  i s  l i tho logica l ly  s i m i l a r  t o  t h a t  east of t h e  
a n t i c l i n e ,  b u t  i t s  lower  c o n t a c t  i s  m u c h  m o r e  g r a d a t i o n a l  a n d  
t h e  underlying black phyl l i t e ,  h e r e  n a m e d  F o n t a n o  F o r m a t i o n  
(Ef), is  much  t h i c k e r  (Fig. 31.2). Thin tongues  of g r e y w a c k e  
pinch o u t  i n t o  t h e  black phyl l i t e  f r o m  a s o u r c e  a r e a  t o  t h e  
nor thwes t .  T h e  black phyl l i t e  is pyr i t i c ,  h a s  d i s t i n c t  
c a r b o n a c e o u s  l a m i n a t i o n s  a n d  loca l ly  c o n t a i n s  t h i n  b e d s  of 
g r e y  dolomi te .  E a s t  of M a r c e a u  T h r u s t  (Fig. 31.21, t h e  b lack  
phyl l i t e  is  under la in  by u n l a m i n a t e d  g r e e n  phyl l i t e ,  t e n t a -  
t ive ly  i d e n t i f i e d  a s  upper  Odjick,  a l though q u a r t z i t e  b e d s  a r e  
lacking.  More  f i r m l y  c o r r e l a t i v e  w i t h  t h e  Odjick F o r m a t i o n  
a r e  t h e  sch is t s ,  p a r a g n e i s s e s  and  rn igmat i tes ,  w e s t  of 
M a r c e a u  Thrus t ,  which  d o  c o n t a i n  th in  beds  a n d  r e l i c s  of 
w h i t e  q u a r t z i t e .  M i g m a t i t e  d e r i v e d  f r o m  F o n t a n o  phyl l i t e  is  
c h a r a c t e r i z e d  by a n  i n t r i c a t e l y  v e r m i f o r m  g r a n i t i c  c o r n p o l  
n e n t  and  c o n t a i n s  r u s t y  z o n e s  a n d  a b u n d a n t  s i l l imani te .  In 
c o n t r a s t ,  m i g m a t i t e  d e r i v e d  f r o m  R e c l u s e  g r e y w a c k e  i s  
c o a r s e l y  a g m a t i t i c  and  d o e s  no t  c o n t a i n  a n  alumino-si l icate.  

This p a r t  of t h e  Asiak Fold and T h r u s t  Bel t  is d o m i n a t e d  
by s imple  upr igh t  folds,  of 1-5 k m  w a v e l e n g t h ,  wi th  s t r o n g  
ax ia l -p lane  c l e a v a g e  (Fig. 31.2). M a r c e a u  Thrus t ,  which has  
b e e n  t r a c e d  f o r  50 k m ,  is  t h e  only m a j o r  t h r u s t  fau l t .  
A d j a c e n t  t o  t h e  ba thol i th ,  bedding  in  t h e  s c h i s t s  i s  t ransposed  
i n t o  t h e  c l e a v a g e  t o  f o r m  a s e c o n d a r y  gne iss ic  fo l ia t ion .  T h e  
fo l ia t ion  is i tself  t h r o w n  i n t o  l a r g e  upr igh t  fo lds ,  c a l l e d  
s e c o n d a r y  folds h e r e a f t e r ,  t h a t  a r e  near ly  c o a x i a l  w i t h  t h e  
pr imary  fo lds  t o  t h e  e a s t .  T h e  s e c o n d a r y  fo lds  a n d  f o l i a t i o n  
a r e  cont inuous  wi th  t h o s e  in t h e  ba thol i th .  T r a n s c u r r e n t  
f a u l t s  of n o r t h w e s t  t r e n d  a n d  s in i s t ra l  s tr ike-sl ip c u t  t h e  
M a r c e a u  T h r u s t  a n d  both  g e n e r a t i o n s  of folds. Subsequent  
dip-slip o n  t h e  l a r g e s t  of t h e s e  t r a n s c u r r e n t  f a u l t s  is 
respons ib le  f o r  a previously u n m a p p e d  o u t l i e r  of  Hornby  Bay 
s a n d s t o n e  (Helikian), 6 k m  in length ,  l o c a t e d  on  t h e  n o r t h  s ide  
of t h e  C o p p e r m i n e  Kiver  va l ley  8 km e a s t  of t h e  Muskox 
Intrusion (Fig.  31.1). 

Being p r e d o m i n a n t l y  pe l i t i c ,  t h e s e  r o c k s  a r e  well  s u i t e d  
f o r  m e t a m o r p h i c  study.  Minera l  i sograds  a r e  n o t  d e f l e c t e d  
w h e r e  t h e y  c r o s s  f o r m a t i o n a l  c o n t a c t s  a n d  t h e  a lumino-  
s i l i c a t e s ,  a n d a l u s i t e  a n d  s i l l i m a n i t e  only,  a r e  c o n s i s t e n t l y  if 
unspec tacu la r ly  deve loped .  Isograds,  def ined  by t h e  f i r s t  
a p p e a r a n c e  of e a c h  of t h e  fol lowing,  a r e  being m a p p e d  
regionally:  

I )  b i o t i t e ,  i d e n t i f i e d  microscopica l ly ,  

2) anda lus i te ,  m e g a s c o p i c  knots ,  

3) s i l l imani te ,  m i c r o s c o p i c  a n d  f i e l d  iden t i f ica t ions ,  

4) g r a n i t e ,  pods deve loped  in s i t u ,  

5) m i g m a t i t e ,  d e f i n e d  a s  c o n t a i n i n g  m o r e  t h a n  30 per  
c e n t  in s i t u  g r a n i t i c  c o m p o n e n t ,  a n d  

6) s i l l i m a n i t e  i n  i n t i m a t e  a s s o c i a t i o n  w i t h  K-feldspar.  

The  g e n e r a l  m e t a m o r p h i c  e n v i r o n m e n t  is  o n e  of l o w  p r e s s u r e  
( b a t h o z o n e  2 of C a r m i c h a e l ,  in  press)  and  t h e  i sograds  a p p e a r  
t o  b e  c o n c e n t r i c a l l y  r e l a t e d  t o  t h e  ba thol i th .  The  a n d a l u s i t e  
i sograd  c r o s s e s  M a r c e a u  T h r u s t  w i t h o u t . d e f l e c t i o n ,  and  both  
i t  a n d  t h e  b i o t i t e  i sograd  a p p e a r  t o  swing  a c r o s s  p r i m a r y  fo lds  
w i t h o u t  undulat ion,  a l t h o u g h  r e l a t i o n s  a r e  c o m p l i c a t e d  in  
p l a c e s  by t r a n s c u r r e n t  fau l t s .  F ie ld  r e l a t i o n s  n o r t h  of Muskox 
L a k e s  s u g g e s t  t h a t  t h e  i sograds  a r e  involved in t h e  s e c o n d a r y  
folding,  b u t  this  i m p o r t a n t  observa t ion  r e q u i r e s  m o r e  
e x t e n s i v e  mapping  and  p e t r o g r a p h i c  cor robora t ion .  



Hepburn  Bathol i th  

Only t h e  nor th  end  of t h e  ba thol i th  (Fig. 31.1) h a s  b e e n  
m a p p e d  t o  d a t e  and ,  t h e r e ,  i t  is  a d iscordant  po lyphase  
i n t r u s i v e  complex .  I t  is  in c o n t a c t ,  i n  d i f f e r e n t  p laces ,  w i t h  
m e t a s e d i m e n t a r y  rocks  of t h e  Odjick a n d  F o n t a n o  f o r m a t i o n s ,  
and  both  m e t a s e d i m e n t a r y  and  m e t a v o l c a n i c  r o c k s  of t h e  
A k a ~ t c h o  Group.  T h e  in t rus ive  c o n t a c t s  a r e  s h a r p ,  in s p i t e  of 
subsequent  d e f o r m a t i o n ,  both b e t w e e n  various in t rus ive  
phases  and  wi th  t h e  m i g m a t i t i c  c o u n t r y  rocks.  T h e  o l d e s t  
i n t r u s i v e  phase  is a medium gra ined  b i o t i t e  t o n a l i t e  t h a t  is  
i n t r u d e d  a n d  enc losed  by t h e  main  phase ,  a m e d i u m  g r a i n e d  
b i o t i t e  a d a m e l l i t e .  C o a r s e  K-feldspar porphyroblas t s  a r e  
typ ica l ly  deve loped  in  z o n e s  wi th in  t h e  a d a m e l l i t e  and ,  
local ly,  e x t e n d i n g  a f e w  m e t r e s  i n t o  t h e  surrounding c o u n t r y  
rocks.  A p a r t i a l  r ing dyke ,  composed  of porphyroblas t ic  
a d a m e l l i t e  s imi la r  t o  t h e  main  phase  of t h e  ba thol i th ,  
i n t r u d e s  t h e  Akai tcho  Group (see  below). The  a d a m e l l i t e s  a r e  
in t ruded  by f i n e  g r a i n e d  l e u c o c r a t i c  s t o c k s  a n d  plutons,  
ranging  in compos i t ion  f r o m  g r a n o d i o r i t e  t o  g r a n i t e ,  t h a t  
c l u s t e r  a long  t h e  east marg in  of t h e  ba thol i th .  

All of t h e  in t rus ive  rocks ,  possibly e x c e p t  c e r t a i n  l a t e  
l e u c o c r a t i c  s tocks ,  b e a r  a pervas ive  pro tomyloni t ic  (Higgins, 
1971) fo l ia t ion .  In t h e  a d a m e l l i t e ,  f o r  e x a m p l e ,  q u a r t z  is 
highly a t t e n u a t e d  and  c o n s i d e r a b l e  bulk f l a t t e n i n g  i s  indi- 
c a t e d  by t h e  way t h e  fo l ia t ion  is  d e f l e c t e d  a r o u n d  t h e  K- 
f e l d s p a r  porphyroblasts .  T h e  f o l i a t i o n  is  c o p l a n a r  a n d  
c o n t i n u o u s  wi th  t h a t  in t h e  A k a i t c h o  G r o u p  ( s e e  below) a n d  
t h e  a d j a c e n t  p a r t  of t h e  Epwor th  Group;  i t  c ross -cu ts  t h e  
ba thol i th  and is  no t  c o n c e n t r i c  wi th  e i t h e r  t h e  ba thol i th  a s  a 
whole  o r  i t s  individual  in t rus ive  components .  In t h e  w e s t  half 
of t h e  ba thol i th ,  t h e  fo l ia t ion  d ips  e a s t - n o r t h e a s t  bu t ,  i n  t h e  
east ha l f ,  i t  i? t h r o w n  i n t o  upr igh t  fo lds  t h a t  a r e  cont inuous  
w i t h  s e c o n d a r y  fo lds  in  t h e  E p w o r t h  Croup.  In t rus ive  
c o n t a c t s  a r e  involved in t h i s  folding.  T h e  fo l ia t ion  c o n t a i n s  a 
pervas ive  near -hor izonta l  s t r e t c h i n g  l inea t ion ,  which a l s o  
c r o s s - c u t s  t h e  ba thol i th  and  is  co-axial  with t h e  s t r e t c h i n g  
l inea t ion  of t h e  Akai tcho  Group and  s e c o n d a r y  folds.  T h e s e  
f e a t u r e s  i n d i c a t e  t h a t  a g e n e r a l  e a s t - w e s t  f l a t t e n i n g  a n d  
nor th-south  s t r e t c h i n g  o c c u r r e d  a f t e r  in t rus ion  of t h e  b a t h o -  
l i th.  W e r e  t h e y  t h e  r e s u l t  of d u c t i l e  f low dur ing  e m -  
p l a c e m e n t ,  a s  would b e  t h e  c a s e  if t h e  ba thol i th  w e r e  s imply  
a remobi l ized  b a s e m e n t  diapir ,  a s  envisaged  by F r i t h  e t  a l .  
(1977) f o r  t h e  Rodr iguez  d iap i r ,  200 km t o  t h e  s o u t h  bu t  
described by t h e m  as being of Hepburn  t y p e ,  t h e  f o l i a t i o n  
would b e  c o n c e n t r i c  w i t h  r e s p e c t  to t h e  ba thol i th  a n d  t h e  
s t r e t c h i n g  l inea t ions  e i t h e r  radial ly-disposed o r  s t e e p l y -  
dipping. Nei ther  d o  t h e  observed  r e l a t i o n s  s u p p o r t  t h e  v iew 
o f  H o f f m a n  (1973), based  on  t h e  g r a v i t y  spreading  model  of 
P r i c e  (1973), t h a t  compress ion  of t h e  Asiak Fold and  T h r u s t  
Bel t  is  mechanica l ly  r e l a t e d  t o  d i l a t a n t  t r a n s v e r s e  s p r e a d i n g  
of t h e  ba thol i th .  

A k a i t c h o  G r o u p  

The  m e t a m o r p h i c  rocks  w e s t  of t h e  Hepburn  Bathol i th ,  
h e r e  n a m e d  A k a i t c h o  Group (Fig.  31.11, a r e  n o t  c o r r e l a t i v e  
w i t h  t h e  Epwor th  Group.  Nei ther  the i r  i n t e r n a l  s t r u c t u r e  nor 
s t r a t i g r a p h y  h a s  b e e n  worked  o u t ,  a n d  t h e y  will b e  a m a j o r  
f o c u s  of mapping  in  1978. T h e  group  i s  known f r o m  prev ious  
work  (Hoffman,  1972) to e x t e n d  at l e a s t  as f a r  s o u t h  as 
W e n t z e l  L a k e ,  n e a r  t h e  s o u t h w e s t  c o r n e r  of t h e  Hepburn  L a k e  
s h e e t ,  and a r e  l i thological ly f a v o u r a b l e  f o r  b a s e  m e t a l s  
explora t ion .  

M e t a b a s a l t ,  m e t a f e l s i t e  and  m e t a s e d i m e n t a r y  r o c k s  
o c c u r  i n t e r c a l a t e d  in roughly e q u a l  proport ions.  T h e  m e t a -  
b a s a l t  is c o m m o n l y  pillowed, w h e r e  n o t  highly m e t a m o r -  
phosed,  a n d  m a y  b e  s e v e r a l  k i l o m e t r e s  th ick .  T h e  f e l s i c  r o c k s  
inc lude  rhyol i t i c  t u f f s ,  r ich in f r a g m e n t e d  c r y s t a l s  of K- 
fe ldspar  and  q u a r t z ,  and  d a c i t i c  f lows,  sparse ly  p o r p h y r i t i c  
and  locally spheru l i t i c .  The  m e t a s e d i m e n t a r y  r o c k s  a r e  
predominant ly  pe l i tes ,  c h a r a c t e r i s t i c a l l y  o l ive  co loured ,  c o m -  
monly  t u f f a c e o u s  a n d  r a r e l y  c o n t a i n i n g  t h i n  b e d s  of w h i t e  

q u a r t z i t e .  M e t a c o n g l o m e r a t e  o c c u r s  a t  W e n t z e l  L a k e  and 
pods of s e r p e n t i n i t e  a r e  known in a m p h i b o l i t i c  m i g m a t i t e  
der ived  f r o m  t h e  A k a i t c h o  Group.  

T h e  pervas ive  fo l ia t ion  in  t h e  A k a i t c h o  C r o u p  d ips  east- 
n o r t h e a s t  a long  t h e  C o p p e r m i n e  R i v e r  b u t  e l s e w h e r e  t h e  
fo l ia t ion  is folded.  The  fo l ia t ion  is local ly s o  i n t e n s e  a s  t o  
c o n v e r t  t h e  fe l s ic  vo lcan ic  rocks  t o  phyllonites.  S p h e r u l i t e s  
m a k e  idea l  s t r a i n  m a r k e r s  and  i n d i c a t e  f l a t t e n i n g  a c r o s s  t h e  
fo l ia t ion  combined  wi th  hor izonta l  s t r e t c h i n g .  This  p a t t e r n  
of s t r a i n  a p p e a r s  c o n s i s t e n t  t h r o u g h o u t  t h e  A k a i t c h o  C r o u p ,  
a s  well  as t h e  Hepburn Bathol i th .  

M e t a m o r p h i c  s t u d i e s  a r e  m o r e  d i f f i c u l t  in t h e  A k a i t c h o  
t h a n  t h e  Epwor th  Group.  Pe l i t i c  roclts a r e  in t h e  minor i ty  
and  t h e y  a r e  n o t  e v e r y w h e r e  v e r y  aluminous.  M e t a m o r p h i c  
g r a d i e n t s  a r e  v e r y  s t e e p  on  t h e  w e s t  s ide  of t h e  b a t h o l i t h ,  t h e  
i sograds  of a n d a l u s i t e  a n d  s i l l i m a n i t e  plus K-fe ldspar  being 
less  t h a n  1.5 k m  a p a r t  in  p laces ,  a l b e i t  s o m e w h a t  f o r s e -  
s h o r t e n e d  by p o s t m e t a m o r p h i c  s t ra in .  M e t a m o r p h i c  g r a d e  
i n c r e a s e s  t o w a r d  t h e  Wopmay F a u l t  (Fig.  31.1) f r o m  a low 
s i t u a t e d  w e s t  of t h e  ba thol i th .  

A t t e m p t s  t o  es tab l i sh  t h e  m u t u a l  r e l a t i o n s  of  t h e  
Akai tcho  a n d  Epwor th  groups  by mapping  a round t h e  n o r t h  
e n d  of t h e  ba thol i th  h a v e  so f a r  b e e n  t h w a r t e d  by m a j o r  
t r a n s c u r r e n t  f a u l t s ,  down-dropped f a u l t  b locks  of  Hornby  Bay 
s a n d s t o n e  a n d  t h e  Muskox Intrusion (Fig. 31.1). Al though n o t  
in c o n t a c t ,  i t  a p p e a r s  t h a t  t h e  Epwor th  G r o u p  m a y  b e  
t r u n c a t e d  by t h e  A k a i t c h o  G r o u p  a n d  t h a t  t h e  t w o  m a y  h a v e  
been  s e p a r a t e d  by a t h r u s t  b e f o r e  in t rus ion  of t h e  ba thol i th .  
T h e  l a c k  of a n d e s i t e  in t h e  A k a i t c h o  C r o u p  s u g g e s t s  t h a t  i t  i s  
n o t  a r c - r e l a t e d  b u t  p e r h a p s  t h e  p r o d u c t  of i n i t i a l  r i f t i n g  in 
t h e  Wilson Cycle .  If so,  t h e  younges t  m e t a b a s a l t s  should be  
roughly c o r r e l a t i v e  w i t h  t h e  Vail lant  F o r m a t i o n  of  Cloos  
Anticl ine.  I t  should be  possible t o  t e s t  t h a t  c o r r e l a t i o n  wi th  
mapping  a round t h e  s o u t h  end  of t h e  Hepburn Bathol i th  
(Fig. 31.1). 

Discussion 

P e r h a p s  t h e  m o s t  s ign i f ican t ,  a l though a s  y e t  very  
t e n t a t i v e ,  o b s e r v a t i o n  is  t h e  younger orogeny .  I t  o p e n s  u p  t h e  
possibi l i ty of a coll is ion e v e n t  and  t h e  i d e a ,  e v e n  m o r e  
s p e c u l a t i v e ,  t h a t  a c o m p l e t e  Wilson C y c l e  m i g h t  b e  r e c o r d e d  
in  t h e  geosyncline: This, i n  t u r n ,  casts n e w  l igh t  o n  t h e  or ig in  
of t h e  G r e a t  Bear  volcano-plutonic depress ion  (Fig. 31.1). I t s  
un i formly  high-silica high-potash c h a r a c t e r i s t i c s  m a k e  i t  a n  
u n c o m f o r t a b l e  c a n d i d a t e  f o r  e i t h e r  a r c -  o r  r i f t - r e l a t e d  
m a g m a t i s m .  Burke e t  al .  (1977) s u g g e s t  t h a t  i t  r e s u l t s  f r o m  
postcoll is ion th ickening  a n d  p a r t i a l  fusion of t h e  c r u s t ,  c i t i n g  
t h e  T i b e t a n  p l a t e a u  a s  a m o d e r n  e x a m p l e .  They  see 
s i m i l a r i t i e s  b e t w e e n  t h e  W o p m a y  F a u l t  a n d  t h e  H i m a l a y a n  
b a c k  t h r u s t  of t h e  Kai las  R a n g e  (Gansser ,  1964,  p. llrl), 
a l though t h e  Wopmay F a u l t  d ips  m u c h  m o r e  s t e e p l y  a n d  i t s  
a s s o c i a t e d  c o n g l o m e r a t e s ,  min iscu le  when c o m p a r e d  with 
t h o s e  of t h e  Kai las ,  w e r e  s h e d  a w a y  f r o m ,  n o t  t o w a r d ,  t h e  
f a u l t .  T h e  impress ion  t h a t  G r e a t  Bear  vo lcan ism took  p lace  
in a broad  depress ion ,  n o t  on  a p l a t e a u ,  i s  t r o u b l e s o m e  f o r  t h e  
T i b e t a n  ana logy .  Never the less ,  t h e r e  i s  g r e a t  c o m p l e x i t y  in  
coll is ion s u t u r e s  (Dewey,  1977) a n d  i t  i s  i n t e r e s t i n g  t h a t  
Molnar a n d  Tapponnier  (1975, 1977) h a v e  l inked  reg iona l  
s tr ike-sl ip f a u l t  s y s t e m s ,  m u c h  l ike  t h e  v a s t  s y s t e m  of 
n o r t h e a s t - d e x t r a l  a n d  nor thwes t - s in i s t ra l  s t r ike-s l ip  f a u l t s  
t h a t  p e r m e a t e s  t h e  Bear-Slave region,  t o  t h e  e f f e c t s  of 
c o n t i n e n t a l  col l is ion.  Note ,  however ,  t h a t  t h i s  f a u l t  s y s t e m  
p o s t d a t e s  t h e  e n t i r e  m a g m a t i c  e v o l u t i o n  of t h e  G r e a t  B e a r  
depress ion .  W e  i n v i t e  you t o  a n t i c i p a t e  t h e  r a d i o m e t r i c  a g e  
of  t h e  s i n g l e  e x p o s u r e  of b a s e m e n t  r o c k s  in t h e  depress ion ,  
d i scovered  a t  H o t t a h  L a k e  by McGlynn (1976), which ,  if i t  
e x c e e d s  2000 m.y., will s t r e n g t h e n  t h e  case f o r  coll is ion.  
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32. THE BACK RIVER VOLCANIC COMPLEX - A CAULDRON SUBSIDENCE STRUCTURE OF ARCHEAN AGE 

Project  740019 
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Abs t r ac t  

Lambert,  M.B., The Back River volcanic complex - A Cauldron subsidence s t ruc tu re  of Archean age; 
Current  Research, Pa r t  A, Geol. Surv. Can., Paper  78-lA, p. 153-157, 1978. 

A volcanic pile exposed in plan view comprises  dominantly felsic to in termedia te  volcanic rocks  
including tuffs, breccias,  lavas  and domes t h a t  erupted in both  subaerial  and subaqueous 
environments. Volcanism began in a shallow s e a  wi th  eruption of andesi t ic  and basal t ic  f lows  a n d  
breccias. The pile built up above sea  level during explosive eruptions of voluminous pyroclas t ic  flows. 
Eruptions culminated in cauldron subsidence in the  southern p a r t  of t h e  complex and rhyolite domes, 
f lows and dykes rose along two  concentric,  r ing-fracture systems. Some domes collapsed t o  produce 
extensive subaqueous lahars  on t h e  f lanks  of t h e  volcanic complex. Carbonate ,  probably r e l a t e d  t o  
tufa deposits, impregnated porous breccias  along ring-fracture sys tems bounding t h e  ca ldera  complex. 

Introduction (unit 3) a r e  dominantly pillow lavas and breccias  with minor 

The Back River volcanic complex lies between t h e  
Contwoyto River and the  headwaters  of t h e  Back River about 
480 km nor theas t  of Yellowknife, Northwest Territories.  I t  
comprises dominantly fe ls ic  t o  in termedia te  volcanic rocks 
including tuffs,  breccias  and lavas, t h a t  erupted in both 
subaerial  and subaqueous environments (Figs. 32.1, 32.4). 

This report  summarizes  the  stratigraphy (a  general 
outline only is given here  because s t ra t igraphic  descriptions 
of various par ts  of t h e  complex a r e  contained in previous 
repor ts  (Lambert,  1976, 197711, new da ta ,  and significant 
f ea tu res  derived f rom t h e  most r ecen t  mapping, namely t h e  
na tu re  of rhyolitic domes and a cauldron subsidence fea ture .  

Mapping of this complex on a scale  of 1:25 000 was 
completed during t h e  1977 field season. R.M. Easton, 
3. Percival,  J.P. Sorbara and D.L. Beaumont, provided superb 
ass is tance  and carr ied  ou t  three-quar ters  of t h e  mapping 
during this season. 

Stratigraphy 

Sediments of t he  Yellowknife Supergroup of Archean 
a g e  (Henderson, 1970) complete ly  surround the  volcanic pile 
(Fig. 32.1). They comprise dominantly greywacke and mud- 
stone, but  include minor coa r se  wacke, graphi t ic  shale, iron- 
format ion and carbonate  a t  t h e  top  of t h e  succession. In t h e  
northern par ts  of t he  map-area,  t he  volcanic succession lies 
conformably on the  sediments,  whereas in some places along 
t h e  eas tern  and western  margins t h e  sediments  and volcanics 
interfinger.  

In one locali ty on t h e  eas t -centra l  s ide  of t h e  complex, 
brown weathering, oolit ic carbonate  (Fig. 32.2) lies at t h e  top 
of a succession of interbedded volcanics (massive t o  frag- 
menta l  andesites and daci tes)  and sediments  (greywackes and 
coarse  grained wackes). This is t he  only known locality of 
ool i te  in Archean t e r r anes  of t he  Slave.Province.  The well 
sor ted  rock comprises about  75 per c e n t  closely packed ooids, 
10 per c e n t  dac i t e  and andesi te  f ragments ,  and 1 5  per c e n t  
sparry  ca l c i t e  cement .  Ooids, ranging f rom 1.4 t o  2 c m  
across,  form spheroids t o  ovoids, having cores of angular 
volcanic rock f ragments  and concentr ic  shells of calcite.  In 
thin section, a rcua te  s t reaks  of m o s a i c ~ t e x t u r e d ,  micro- 
crystall ine qua r t z  and zones rich in iron oxide define the  
concentr ic  pattern.  Irregular t o  bladed sparry ca lc i te ,  
however, has  extinction pat terns  radial  t o  t h e  c o r e  of ooids. 
The generally accep ted  in terpre ta t ion t h a t  oolites indicate  
chemical  precipitation of C a C 0 3  around nuclei in ag i t a t ed  
shallow water ,  is reasonable for  this deposit. 

maf ic  volcanic c l a s t i c sed imen t s  in the  northwestern corner  
of t he  map-area. Sills and possible flows of hornblende and 
pyroxene porphyry (unit 8)  a r e  probably closely re la ted  in 
t i m e  and space  t o  eruption of t h e  subaqueous basalts. 
Andesites (unit 4) a r e  a very diverse unit  varying f rom pillow 
lavas, breccias  and massive flows in t h e  nor thern  p a r t  of t h e  
complex, t o  water-laid and air-fall tuf fs ,  ash  flows, and 
pyroclastic breccias in i t s  centra l  and southern  parts.  Some 
of t h e  andesit ic units in the  south-centra l  par t  contain 
abundant daci te .  Daci te  (unit 5) comprises  air-fall  and ash- 
flow tuffs,  domes, lavas and associated breccias  t h a t  erupted 
dominantly in a subaerial  environment.  Rhyolite (unit  6) 
fo rms  dome and lava  complexes, r ing-fracture intrusions, and 
tuff units t h a t  were  emplaced both in subaerial  and 
subaqueous environments.  

Plutons (unit  9) of tonalite,  granodior i te  and adamel l i te  
in t rude volcanic and sedimentary  rocks around t h e  margins of 
t h e  volcanic complex. These fine- t o  medium-grained rocks 
commonly have sharp, cross-cutting c o n t a c t s  with t h e  sedi- 
men t s  and volcanics. Larger grani t ic  bodies commonly have 
fine grained chilled margins. Some of these  highly differen- 
t ia ted  bodies, conta in  phases t h a t  a r e  90 per cen t  hornblende. 
Within t h e  southern margin of t he  volcanic complex six ovoid 
grani t ic  bodies range f rom 100 t o  500 rn across. These bodies 
a r e  commonly hornblende-rich granodiorite.  Con tac t  meta-  
morphism around some  larger plutons produced narrow horn- 
felsic zones and zones of bioti te enr ichment  in t h e  
surrounding sediments.  The grani t ic  rocks a r e  regarded a s  
high level plutons and t h e  many small  bodies a r e  probably 
apophyses of t h e  larger masses. 

Gabbroic dykes (unit 10) c u t  all  rocks in t h e  map-area. 
These s teeply  dipping intrusions a r e  up t o  1000 m wide. Some 
a r e  continuous for  up t o  20 km, whereas  o the r s  a r e  shor t  and 
stubby and end abruptly with blunt ends. Some large dykes 
along the  western  margin of t he  complex a r e  highly 
di f ferent ia ted .  Chilled diabase margins grade inward in to  
coa r se  grained, ophitic, quartz-bearing gabbro, then into pink 
weathering granophyre in t h e  core.  Granophyric co res  
conta in  up t o  25  per  c e n t  qua r t z  and graphi t ic  g ran i t e  and 50 
pe r  c e n t  albite.  

In general,  t h e  volcanic complex overlies sediments of 
t h e  Yellowknife Supergroup. The transit ion f rom subaqueous 
t o  subaerial  environments of deposition (Fig. 32.4) is marked 
by an  iron-formation, oolit ic carbonate ,  and a change over  
shor t  d is tances  f rom marine  greywacke-mudstone succession 
through volcanics and sediments  deposited in shallow wa te r  t o  
subaerial  domes, lavas and ash flows. There  i s  no evidence 
t h a t  t he  volcanic pile was ever complete ly  covered with 

The volcanic rocks a r e  divided in to  6 units (units 3 t o  8, mar ine  sediments.  
Fig. 32.1) with a considerable overlap in composition. Basalts 



MAP 

C a k e  

1 - g r e y w a c k e ,  m u d s t o n e ;  6 - rhyol i te ;  
2 - i ron- format ion ;  7 - l a h a r i c  b r e c c i a ;  
3 - basa l t ;  8 - rnaf ic  porphyry ;  
4 - a n d e s i t e ,  d a c i t e ;  9 - g r a n o d i o r i t e ,  t o n a l i t e ,  
5 - d a c i t e ;  a d a m e l l i t e ,  hornblendi te ;  

10 - g a b b r o ,  g ranophyre .  

F i g u r e  32.1. Genera l ized  geology  of t h e  Back River  vo lcan ic  c o m p l e x ,  S l a v e  Province ,  N.W.T 



The bulk of t h e  volcanic pile has  suffered  l i t t l e  regional 
deformat ion and is essentially exposed in plan view. Although 
t h e  massive na tu re  of most  of t h e  volcanic rocks  makes  i t  
difficult  t o  establish t h e  a t t i t u d e  of t h e  units, t h e  following 
f ea tu re s  support t he  undeformed s t a t e :  ( I )  f l a t  t o  gently 
undulating con tac t  between volcanics and sediments  in t h e  
nor thern  pa r t  of t h e  map-area;  (2)  ci rcular  t o  oval  shapes of 
rhyoli te domes; ( 3 )  s teeply  dipping t o  ver t ica l  concen t r i c  
f r a c t u r e  sys tems outlining re l ic t  ca lderas ;  (4 )  undeformed 
pillow lavas; and ( 5 )  lack of penet ra t ive  deformat ion s t ruc-  
t u re s  in t h e  massive volcanic units. Layered volcanic rocks 
t h a t  a r e  interbedded with sedimentary  rocks along t h e  flanks 
of t h e  volcanic complex, however, a r e  deformed. S t eep  dips 
in t h e  water-laid t u f f s  along t h e  nor thwestern  side of t h e  
volcanic complex, a n  ant ic l ine  t h a t  plunges gent ly  southward 
a t  t h e  southern t i p  of t h e  complex, and a small ,  gent ly  
northward plunging syncline along t h e  ea s t e rn  side of t h e  
complex, tes t i fy  t o  this deformation.  Sediments surrounding 
t h e  volcanic t e r r ane  exhibit  severa l  e ~ i s o d e s  of deformation.  

Shales display complex fold pa t t e rns  t h a t  a r e  contained 
be tween  gently undulating beds of g reywacke  or against  
essentially undeformed massive volcanics. It appea r s  t h a t  t h e  
massive co re  of t h e  volcanic pile has behaved a s  a rigid block, 
whereas  t h e  flanking deposits  and surrounding sediments  have 
absorbed most of t h e  s t r a in  during regional deformat ion.  

Cauldron Subsidence Features 

The concentr ic  a r r angemen t  of uni ts  in t h e  southern  
half of t he  complex crudely outl ines a cauldron subsidence 
s t ruc ture .  Figure 32.3 summarizes  t h e  main f e a t u r e s  of this 
s t ruc tu re :  two r ing-f rac ture  sys tems,  and a subradial  
f r a c t u r e  sys tem marked by a peripheral  a r r ay  of faults ,  
f r a c t u r e s  and dykes. 

An ou te r  r ing-f rac ture  sys t em is infer red  f r o m  t h e  locus 
of e longate  t o  equant  domes and f lows of rhyolite along t h e  
nor thern ,  western  and southern  sides,  a swarm of la rge  gabbro 

Ool i te  f r o m  t h e  Back River complex. 



intrusions along the  northwestern side, and a zone of intense 
shearing and brecciation along the  southwestern side of t he  
complex. Near-vertical  a r cua te  zones of brecciation define a 
north-south trending, ell iptical ,  inner ring-fracture sys tem 
which outlines t h e  rim of a ca ldera  t h a t  was 12 km long and 
8 km wide. Steep-sided, deep, a r c u a t e  valleys follow these  
ring-fractures along the  northern and western  sides. 
Lithology changes across this circular s t ruc tu re  f romr= 
dominantly andesite and minor basalt  on the  outside to'= 
dominantly daci te  t o  felsic andesi te  tuff and breccia on the  
inner sides. 

The a rcua te  zones of intense brecciation, ranging f rom 
100 t o  400 m wide, c u t  across  lithologies. In these  zones t h e  
breccia  varies f rom masses of huge angular t o  subrounded 
blocks in an  unsorted matr ix  of fine breccia and g r i t  in t h e  
c e n t r e  t o  closely packed, s teeply  dipping slivers of rock near  
t h e  margins t h a t  grade outward progressively into intensely 
f rac tured and massive rock. Foliation in the  breccia ,  defined 
by preferred orientation of slivers, is roughly parallel t o  the  
trend of t h e  breccia zones. In some places a ver t ica l  layered 
e f f e c t  is defined by zones of dominantly f ine  gr i t  within t h e  
breccia.  

Figure 32.3. Features  of t h e  cauldron subsidence s t ruc tu re  
showing t w o  concentr ic  ring s t ructures  outlined 
by gabbroic intrusions(l) ,  rhyolite domes and 
dykes(2) and a rcua te  zones of steeply-dipping 
t ec ton ic  breccia  impregnated with carbonate(3).  
Solid and broken heavy lines a r e  f au l t s  and 
f rac tures .  

0 0  
o 0 o S u b a e r i a l  e n v i r o n m e n t  

- - - -  
. -  - - - S u b a q u e o u s  e n v i r o n m e n t  

Figure 32.4. Environments of deposition in t h e  Back River 
volcanic complex. Arrows indicate  source  and 
movement  of lahar ic  breccias,  conglomerate  
and tuffs  re la ted  t o  felsic domes. Radiating 
hatched pa t t e rn  outlines ring-feature systems. 

Associated with zones  of brecciation along t h e  south- 
western  s ide  of t h e  complex, and in severa l  locations near  t h e  
inner zone of brecciation, a r e  rhyolite boulder conglomerates  
and layered breccia units with shallow dip. These units 
comprise blocks of in tac t  rhyolite and rhyolite breccia  up t o  
5 m across in a generally unsorted and non-layered matrix.  
Larges t  blocks tend t o  be near  the  base of t he  units. These 
units in some places a r e  associated with gr i t s  and breccias 
showing well developed bedding. The succession is inter- 
preted a s  avalanche and f luvia t i le  debris t h a t  cascaded f rom 
unstable walls along t h e  margin of t h e  caldera.  

In most places t h e  g r i t t y  matr ix  of t ec ton ic  and 
avalanche breccias  is impregnated with dark grey t o  dull 
brown weather ing carbonate  and siliceous carbonate .  Locally 
blocky, carbonate-rich gr i t  in zones of intense shearing has an  
alignment of c las ts  and contor ted  flow layering in the  
carbonate  matr ix  t h a t  gives the  rock a "pseudo-bedded" 
appearance. Carbonate  also occurs  a s  layered dykes, lenses 
or  large  equant  pods within carbonate-impregnated breccias. 
These pods of ca rbona te  or  si l iceous ca rbona te  a r e  massive t o  
f ine  layered and laminated. In some places de l i ca t e  layering 
is  a t  an  angle  t o  bedding in tuffaceous  rocks t h a t  enclose 
them. Carbonate  also occurs  a s  f r ac tu re  filling in crumble  
breccias associated with some  rhyolite domes. Carbonate  
tha t  fills f r ac tu res  and impregnates  breccias yet  forms 
massive t o  layered pods and lenses, may be re la ted  t o  t u f a  
and s in ter  deposited by circulating groundwater in highly 
porous t e r r a in  during t h e  waning s t ages  of volcanism. 



Rhyolite Domes and Flanking Deposits  

Rhyolite domes and flows occur along t h e  ring-fracture 
zones, form a dome and lava complex about 10 km across  in 
t h e  north-central  par t  of t h e  map-area,  and severa l  smal l  
domes along t h e  northern and nor thwestern  margins of t h e  
volcanic complex. In general ,  domes a r e  recognized by 
c i rcular  t o  distorted oval forms, thick zones of crumble  
breccias  on flanks and auto-brecciated t o  flow layered 
margins t h a t  grade  in to  massive cores.  Around some domes,  
c rumble  breccias grade outward in to  rhyolite boulder con- 
g lomerate .  Domes t h a t  have risen in subaqueous environ- 
men t s  (as  indicated by interbedding of flanking deposits  with 
water-laid t u f f s  and mudstones,  and by sediments  t h a t  
complete ly  surround t h e  domes) commonly have deposits  of 
rhyoli te block, laharic (or mass  flow) breccias  t h a t  extend up 
t o  3 km from t h e  d o m e  (Fig. 32.4). Laharic breccias  
cha rac t e r i ze  t h e  subaqueous sides of la rge  dome complexes,  
whereas  crumble  breccias cha rac t e r i ze  t he  subaerial  sides. 
The laharic breccias  a r e  generally massive boulder breccia  
units with a mixture  of rounded, subangular t o  angular c las ts  
in unsorted and non- t o  crudely-bedded matr ix  of f ine  breccia  
and grit .  Large boulders and blocks (ranging f rom 20 t o  
100 c m  across) make up f rom 15 t o  70 per c e n t  of t h e  rock 
and usually have  random distribution within a unit. Elongate 
blocks, however, have prefer red  orientation.  Although c l a s t s  
a r e  dominantly rhyolite and daci te ,  porphyrit ic andes i te  
c las ts  a r e  common. Layering character is t ics  in distal  
portions of some  mass flows a r e  similar t o  those in 
subaqueous ash flows, w ~ t h  t h e  exception tha t  c las ts  a r e  
generally subrounded l i th ic  f ragments ,  not  pumiceous 
material .  In some  areas ,  however,  subaqueous domes have  
proximal units  in terpre ted  a s  subaqueous ash flows. 

In general ,  t h e  abundance  of la rge  blocks and t h e  
proportion of massive laharic units  decreases  and t h e  propor- 
t ion of bedded units and volcaniclastic wackes increases  away 
f rom t h e  domes. These deposits  a r e  in terpre ted  a s  sub- 
aqueous avalanches t h a t  originated when portions of t he  
domes collapsed and spewed aprons of coarse ,  c las t ic  debris 
in to  t h e  sea .  

Conchd ing  Remarks  

The Back River complex records  a history of volcanism 
in Archean t ime  t h a t  began with t h e  effusion of basa l t ic  and 
andes i t ic  magma on t h e  s ea  floor,  producing submarine  
domal-ridges of breccia  and  pillow lavas. Volcanism may 
have occurred  in an  a r e a  where  t h e  s ea  was  relatively 
shallow. The volcanic pile gradually emerged and explosive 
erupt ions  of voluminous fe ls ic  pyroclastics produced a sub- 
aer ia l  ash-flow field. Water-laid tuf fs ,  possibly subaqueous 
ash flows, landslide debris and volcaniclastic sands 
accumulated  in shallow margins along t h e  flanks of t h e  
volcano. The eruptions culminated  in cauldron subsidence and 
rise of rhyoli te domes along ring f r ac tu re s  and in shallow seas  
marginal t o  t h e  emergen t  volcanic pile. At  present  we  a r e  
viewing a block of Hrchean volcanics, preserved essentially in 
i t s  original  a t t i t ude ,  and f o r  t h e  main pa r t  undeformed, t h a t  
behaved like a bu t t r e s s  in a s e a  of sediments  t h a t  absorbed 
most of t h e  s t ra in  during regional deformation.  
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Abstract 

Okulitch, Andrew V . ,  Gordon, Terry, Henderson. J.R., Hutcheon, I.E., and Turay, M., Geology of 
the Barrow River and Hall Lake map-areas, Melville Peninsula, District of  Franklin; Current 
Research, Part A, Geol. Surv. Can., Paper 78-1A, p. ,759-161, 1978. 

The Foxe Fold Belt on Melville Peninsula consists of an Archean basement complex 
unconformably overlain by metasediments o f  the Proterozoic Penrhyn Group. The basement 
complex includes granitoid gneiss intermingled with metasediments and metavolcanics 
correlated with the Prince Albert Group. The Penrhyn Group consists of thin basal 
0.-thoquartzite, conglomerate and meta-regolith overlain by a thick calcareous unit, a 
paragneissic unit and a heterogeneous marble-quartzite-paragneiss unit. No unconformities were 
detected within the Penrhyn Group. 

Metamorphism of  the Penrhyn Group was largely coeval with deformation and reached 
the sillimanite zone. Some evidence of retrograde metamorphism was observed. Orogenic 
events in the Foxe Fold Belt affected the basement complex 2500 m.y. ago prior to  deposition 
o f  the Penrhyn Group and both the complex and the group 1700 m.y.  ago. 

In the Penrhyn Group, recumbent structures, some possibly o f  great extent, are deformed 
by upright folds that trend northeast. Earliest deformation may not have involved basement, but 
during later events basement was emplaced over and into the group. Plutons 1600 m.y. old, 
which are mostly post-tectonic, are related to  northerly cross-folding in some areas. 

No mineral occurrences of economic importance were found. 

Field operations from 15 June t o  15 August, 1977 
concluded geologic mapping of t h e  Foxe Fold Belt  in Melville 
Peninsula. Eleven 1:50 000 sca le  map-areas in t h e  north 
halves of a reas  4 6 0  and P and along the  southern border of 
47A were  examined. Petrographic studies were made before  
and a f t e r  t h e  field season. Results presented he re  a r e  
preliminary in na tu re  and will be  subject t o  revision when 
anlayses a r e  complete .  Additional information is available on 
1:50 000 scale  maps and marginal notes of areas  46019, 10, 
11, 13, IS, 16; 46P112, 13; 47AI3 and p a r t  of 465113 which 
have been placed on open file. Reference should also be  made  
t o  previous repor ts  on the  a rea  (Schau, 1973, 1975; Reesor,  
1974; Reesor e t  al., 1975, 1976; Okulitch e t  al., 1977a, 

Figure 33.1 shows t h e  distribution of major lithologic 
units. Within t h e  Archean basement  complex, layered 
granitoid gneiss, layered amphibolite,  foliated granitoid 
gneiss and feldspar augen gneiss were  identified but  thei r  
mutual con tac t s  a r e  a lmost  everywhere gradational and they 
a r e  commonly intermingled. Orthoquartzite,  layered 
amphibolite, anor thosi t ic  gabbro, a s  well a s  garnet - ,  b io t i te-  
and muscovite-bearing paragneiss and schist ,  small  layers  of 
iron-formation (oxide facies) and minor felsic rocks (possibly 
metarhyol i te  or  felsic tu f f )  were  mapped within the  basement  
complex and a r e  tenta t ively  ascribed t o  the  Archean Pr ince  
Albert  Group found northwest of t h e  Foxe Fold Belt  
(Heywood, 1967). Correlation is made  on t h e  basis of 
considerable lithologic similarity,  although these  rocks occur 
a s  discontinuous zones and lenses within granitoid gneiss 
units. Age relations between t h e  Pr ince  Albert  Group and t h e  
gneiss units a r e  varied; some units may be  basement  t o  t h e  
group, o thers  appear t o  intrude i t  and sti l l  o thers  may be  
derived f rom i t  by recrystall ization and migmat i t ic  processes. 
In a r e a  460116 a body of anorthosit ic gabbro and amphibolite 
in t h e  form of a folded lensoid shee t  30 km in la tera l  ex ten t ,  
lies within granitoid gneiss but structurally above the  Pr ince  
Albert  Group. It has  foliated margins but a massive in ter ior  
and may in t rude or  b e  genetically associated with t h e  group, 
but  being wholly within t h e  basement  complex, i t  i s  presumed 
t o  pre-date  the  Penrhyn Group. Similar but smaller gabbroic 
sills intruding the  Prince Albert  Group have been noted by 
Schau (1975). 

The Penrhyn Croup unconformably overlies the  base- 
ment  complex. A discontinuous but extensive basal unit of 
or thoquar tz i te  with minor conglomerate  containing r a r e  
h e m a t i t e  c las ts ,  lies along most of t h e  t h r e e  main con tac t  
zones (Fig. 33.1). Associated bioti te- and sillimanite-bearing 
peli te,  with no f r e e  qua r t z  and very rich in potassium and 
aluminum, may be  a meta-regolith derived f rom weathering 
of grani t ic  basement  rocks. The discovery of rocks similar t o  
t h e  Prince Albert  Group within the  basement  complex of the  
Foxe Fold Belt and the  presence of hemat i t e  c l a s t s  in the  
basal unit  of t h e  Penrhyn Group provide s t rong evidence fo r  
t h e  previously inferred pre-Penrhyn, possibly Archean age  of 
the  Pr ince  Albert  Group. 

The generalized concepts  of s t ra t igraphy of the  
Penrhyn Group described previously (Okulitch et al., 1977a) 
were  confirmed by th is  year's work. The basal sequence is  
overlain in succession by a predominantlv ca lcareous  unit and . . 
a thick uni t  comprising a var ie ty  of paragneissic rocks 
followed by a heterogeneous unit  of interbedded marble. 
quar tz i te ,  ca l c - s i l i ca t e  gneiss and paragneiss. A previously 
proposed unconformity between the  bulk of t he  group and t h e  
stratigraphically highest unit of quartz-bioti te-muscovite 
psammi te  and greywacke, i s  no longer believed t o  be  present.  
Laterally and in places throughout t h e  section, p sammi te  
becomes coarsely crystall ine and indistinguishable from 
paragneiss. 

Examination of thin sect ions  of peli t ic and semi-peli t ic 
rocks indicates t h a t  t he  reactions: 

muscovi te  + q u a r t z +  k feldspar + sillimanite; 
andalus i te  + sil l imanite 

can be  mapped in a reas  46016 and 11 and may extend into 
014. These isograds a r e  poorly defined but trend approxi- 
mate ly  north-northeast .  It i s  not  c l e a r  whether these  a r e  
prograde or  re t rograde isograds. 

Pet rographic  study reveals t h a t  some inconsistency 
exis ts  between field and compositional classifications of 
paragneiss, calc-sil icate gneiss and grey biot i te  quar tz i te .  
This may b e  primarily because  of t h e  presence of units of 
in termedia te  lithologies and because  of probable facies 
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changes. In addition, deta i led  mapping in well-exposed a reas  
indicates  t h a t  although t h e  la tera l  continuity of beds of these  
lithologies i s  commonly good, polyphase folding makes them 
appear  t o  pass gradationally f rom one t o  another.  Such 
c ryp t i c  gradations a s  well a s  small  s ca l e  interbedding of these  
multi-lithologic successions hinder delineation of stratigraphy 
in most areas .  

On conclusion of the  regional mapping, detailed 
s t ructura l  studies were  carr ied  o u t  in a r e a s  47A/3 
(M. Mazurski and P. Chernis), 46P/12 and 13  (J.R. Henderson), 
46P/13 (M.L. Hill), 460114 (C. Waythomas) and 460115 
(T.M. Cordon) t o  b e t t e r  our understanding of the  involved and 
prolonged s t ructura l  evolution of the  fold belt .  Brief mention 
of hypotheses current ly  under consideration is made here. 
Considerable revision is  expected a s  work proceeds and a t  
present,  n o  consensus has  been achieved by t h e  authors.  

Deformation of t h e  Archean basement  complex prior 
t o  deposition of the  Penrhyn Group is  d i f f icul t  t o  i sola te  f rom 
l a t e r  even t s  but appears  t o  include a t  leas t  one  gneiss- 
forming even t  (apar t  f rom one inferred t o  have produced 
basement  t o  the  Pr ince  Albert  Group, fo r  which no d i r ec t  
evidence was  found). Remnants  of metasedimentary  and 
metavolcanic  rocks within migmat i t ic  gneiss may have  been 
pa r t  of t he  Pr ince  Alber t  Group. Studies t o  t h e  northwest in 
t h e  adjacent  Commi t t ee  Fold Belt  (Schau, 1973, 1975) where  
l a t e r  folding was less intense,  shed more  l ight on these  even t s  
than t h e  present  work. 

Geometry  of s t ructures  within t h e  Penrhyn Group in 
many, bu t  not  all, a r eas  is  more  complex than t h a t  of t h e  
Penrhyn-basement in ter face ,  suggesting t h a t  early deforma-  
tion of the  group may not have involved basement.  
Alternately,  t h e  Penrhyn cover  appears  more  deformed 
because of i t s  layered nature ,  whereas t h e  lack of mappable 
layers  within t h e  basement complex precludes recognition of 

Figure 33.1. The distribution of major lithologic units. 
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a l l  fold phases.  A t  l e a s t  t w o  and possibly t h r e e  phases  of 
m a c r o s c o p i c  folding a f f e c t e d  b o t h  c o v e r  and b a s e m e n t .  The  
b a s e m e n t  l ies  a b o v e  basa l  un i t s  of t h e  Penrhyn  Group a long  
b o t h  s ides  of t h e  l a r g e  b a s e m e n t  mass  in a r e a s  46019,  10,11,  
1 5  and 16. Exposure of b a s e m e n t  in a broad synform and 
Penrhyn  c o v e r  in a broad a n t i f o r m  (a r e v e r s a l  of e x p e c t e d  
re la t ionsh ips)  sugges ts  t h e  p r e s e n c e  of an a l loch thonous  
b a s e m e n t  nappe  cover ing  3000 k m 2 ,  tile under-l imb of which 
i s  exposed a t  t h e  p r e s e n t  l eve l  of erosion.  A l t e r n a t i v e l y ,  t h e  
observed  over turn ing  i s  a s m a l l e r  s c a l e ,  m o r e  loca l  
phenomenon,  a l b e i t  of c o n s i d e r a b l e  l a t e r a l  e x t e n t ,  and t h e  
b a s e m e n t  i s  au tochthonous .  Smal le r  bodies of b a s e m e n t  l i e  
a b o v e  t h e  Penrhyn Group in  a r e a s  4 6 0 1 1 5  and 47A13 and 
t h e s e  may h a v e  b e e n  t h r u s t  and folded i n t o  p lace .  The  
widespread  p r e s e n c e  of t h e  basa l  Penrhyn  success ion  in 
c o n t a c t  wi th  b a s e m e n t  m a y  m e a n  t h a t  only l imi ted  m o v e m e n t  
t o o k  p l a c e  along t h e  b a s e m e n t - c o v e r  i n t e r f a c e .  Dis loca t ions  
m a y  e x i s t  within t h e  c o v e r  and may e x t e n d  down t o  o r  i n t o  
t h e  b a s e m e n t .  The g e n e r a l  un i formi ty  of m e t a m o r p h i c  g r a d e  
o v e r  l a r g e  a r e a s  of t h e  fold b e l t  i n d i c a t e s  t h a t  e i t h e r  l i t t l e  
t e c t o n i c  th ickening  of t h e  s t r a t i g r a p h i c  p i le  took  p l a c e  dur ing  
m e t a m o r p h i s m  o r  t h a t  m e t a m o r p h i s m  w a s  imposed a b o u t  
para l le l  t o  t h e  p r e s e n t  e ros ion  s u r f a c e  on a n  a l r e a d y  
th ickened  o r  ' s tacked '  succession.  

L a t e r  folding a b o u t  a x e s  t rending  genera l ly  e a s t -  
n o r t h e a s t  wes t - southwes t  d e f o r m e d  t h e  pre-ex is t ing  over -  
tu rned  and r e c u m b e n t  s t r u c t u r e s  descr ibed  above .  Mesoscopic 
s t r u c t u r e s  a s s o c i a t e d  wi th  l a t e r  fo lds  vary  cons iderab ly  in  
t i g h t n e s s  f r o m  p l a c e  t o  p l a c e ,  in  s o m e  a r e a s  be ing  t i g h t  t o  
i soc l ina l  and in o t h e r s ,  open  warps.  In m a n y  a r e a s  i n t e n s e  
e a s t - n o r t h e a s t ,  wes t - southwes t  e longa t ion  in  t h e  fold b e l t  h a s  
t ransposed  e a r l y  fold a x e s  and m i n e r a l  l inea t ion  i n t o  
para l le l i sm wi th  l a t e r  s t r u c t u r e s .  Mesoscopic  fold s t y l e  and 
o r i e n t a t i o n  a r e  of l imi ted  a s s i s t a n c e  in  assigning a g iven  
s t r u c t u r e  t o  a p a r t i c u l a r  fold phase .  

L a t e  n o r t h e r l y  t r e n d i n g  c o n i c a l  fo lds  a l t e r  t h e  reg iona l  
p lunge  of e a r l i e r  folds and a r e  possibly r e l a t e d  t o  syn- and 
p o s t - t e c t o n i c  g r a n i t i c  e m p l a c e m e n t .  

L i m i t s  t o  t h e  t i m i n g  of e v e n t s  in t h e  F o x e  Fold Bel t  
t h a t  w e r e  p r e s e n t e d  previously (Okuli tch e t  al . ,  1977a) r e m a i n  
unchanged .  S o m e  p a r t s  of t h e  b a s e m e n t  c o m p l e x  m a y  b e  a s  
old a s  2900 m.y .' . Acid volcanic  rocks  of t h e  P r i n c e  A l b e r t  
G r o u p  on t h e  w e s t  s i d e  of Melvil le  Peninsu la  h a v e  yielded a 
p r e l i m i n a r y  d a t e  of a b o u t  2700 m.y.'; o t h e r  d a t e s  f r o m  t h e  
b a s e m e n t  c o m p l e x  s u g g e s t  p lu ton ic  and  m e t a m o r p h i c  e v e n t s  
circa 2500 m.y. l .  M e t a m o r p h i s m  of t h e  Penrhyn  Group ended  
a b o u t  1700 m.y. a g o  and p o s t - t e c t o n i c  p lu tons  c u t t i n g  t h e  
group  cooled  a b o u t  1600 m.y. a g o  (Heywood,  1967). The  span  
of t i m e  t h e r e f o r e  a v a i l a b l e  f o r  depos i t ion  and d e f o r m a t i o n  of 
t h e  Penrhyn  Group i s  800  m.y. Numerous  f a c e t s  of i t s  
evolu t ion  will d o u b t l e s s  r e m a i n  e n i g m a t i c .  

No minera l  o c c u r r e n c e s  of e c o n o m i c  i m p o r t a n c e  w e r e  
found .  S c i n t i l l o m e t e r  inves t iga t ions  f o r  u ran ium proved 
unreward ing .  A v e r y  s m a l l  o c c u r r e n c e  of a s b e s t i f o r m  
s e r p e n t i n e  wi th in  u l t r a m a f i c  rock of t h e  P r i n c e  A l b e r t  Group  
l ies  in a r e a  460111.  Severa l  th in  su lphide-bear ing  sch is t ,  
p a r a g n e i s s  and c a l c - s i l i c a t e  l a y e r s  w e r e  m a p p e d  but  only iron 
sulphides w e r e  s e e n .  
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Abstract 

Rousell, D.H., Geology of  the anorthositic sill at St. Charles, Ontario; Current Research, Part A, 
Geol. Surv. Can., Paper 78-1A, p. 163-168, 1978. 

The St. Charles Sill occurs within the Grenville province and is 11 km long, 0.8 km wide, dips 
steeply northeast, and trends N63"W. The rocks range from anorthosite to gabbro and consist 
essentially of  plagioclase (An4,-An5,,) and hornblende with lesser amounts o f  biotite and garnet. 
They are within the almandine amphibolite facies. The sill comprises interlayered massive and 
penetratively deformed rocks. The former are characterized by large plagioclase phenocrysts and the 
latter by mafic layers, boudinage structure, similar folds, flowage zones, and a hornblende lineation. 
Limited chemical data indicate Fez03 (total Fe reported as FenO3) and MgO enrichment at the mar- 
gins of the sill, and a uniform chemical composition in the remainder. The sill may represent a 
synorogenic intrusion. 

Introduction end. Lumbers (1975) mapped and briefly described the 
St. Char les  Sill. Present  work indicates  the  sill ex tends  3 km   he s t .  ~ h a r l e s  body is s i tuated approximately 40 k m  more in a northwesterly direction than indicated by 

southeast  of Sudbury within the Grenville Province Lumbers (1975). 
(Fig. 34.1). The body is l i  km long and a s  much a s  0.8 km 
wide with the  lonn axis trendine. N63"W. The trend of this Rocks of t he  sill a r e  oa r t  of t he  anor thosi te  suite,  a r e  
axis is parallel t g  structural  trvends within the surrounding mineralogically simple, and'consist  essentially of plagioclase 
gneisses. Accordingly, the body is considered to  represent a and hornblende. They a r e  shown on the  geological map 
sill on the  basis of shape in plan view and conformable trends. (Fig. 34.1) a s  e i ther  massive or foliated.  A more  detailed 
Although the  sill generally dips steeply t o  the  northeast ,  subdivision is  not warranted because of the  relatively small  
t he re  a re  local shallow dips, particularly a t  the southeastern scale  of the map. The surrounding grani t ic  gneisses were 
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/I LINEATION - FOLD AXIS. HORNBLENDE 
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Table 34.1 

Modal data for selected specimens from the St. Charles Sill 

Spec. no. 3-2 182 105 126 130 145 114 77-2 

Plagioclase 92.0 83.8 75.0 79.4 65.4 66.4 49.0 16.6 

Hornblende 6.0 11.8 17.4 16.6 26.8 11.2 - 62.6 

Biotite 0.2 0.2 0.2 2.6 5.2 0.6 14.2 -

Garnet 0.8 1.2 0.4 - - 9.6 28.4 -

Opaque - 1.2 0.4 0.8 1.6 3.6 2.6 0.6 

Sericite 0.2 1.2 - - 0.6 0.2 1.6 -

Epidote 0.4 0.2 5.0 0.2 - - 1.2 7.2 

Chlorite - tr - - tr - 2.6 -

Allanite - - - - 0.2 - - 0.8 

Apatite - - - 0.2 0.2 tr - -

Quartz 0.4 0.4 1.6 - - 0.6 0.4 -

Sphene - - - 0.2 - - - -

Clinopyroxene - - - - - 7.8 - -

Scapolite - - - - - - - 12.2 

Per cent An 52 48 51 49 48 43 36 -

Notes: 

l. 500 point counts per thin section. 

2. Rock types: 3-2 anort hosi te; 182 - gabbroic anorthosite; 105 - anorthositic gabbro; 126 - foliated gabbroic anortho-
site; 130' 145 - foliated anorthositic gabbro; 
of the St. Charles Sill) . 

remobilized and intrude the margins of the si.ll in the form of 
sills and dykes. A small body of mafic gabbro, located near 
the northwestern end of the sill, is briefly described. 

Mapping, at a scale of 1:15 840, began in the summer of 
1976 and was completed in 1977. This report sets out 
preliminary results of petrographic, chemical and structural 
investigations. Plagioclase compositions were determined by 
measuring maximum extinction angles of albite twins on the 
universal stage. Values given are averages of at least four 
and as many as ten grains per thin section. 

Petrography 

Buddington (1939) classified anorthositic rocks in terms 
of per cent mafic minerals as follows: anorthosi te (0 to 
10 per cent), gabbroic anorthosite (10 to 22.5 per cent), 
anorthositic gabbro (22.5 to 35 per cent), gabbro (35 to 65 per 
cent), and mafic gabbro (65 to 77.5 per cent). This term
inology is followed in this report. Table 34.1 sets out modes 
and plagioclase compositions of a representative suite of 
rocks from the St. Charles Sill. Similar data are given in 
Table 34.2 for a suite of chemically analyzed specimens. 
Figure 34.2 is a plot of 13 massive and 13 foliated sill rocks in 
terms of per cent mafic minerals and plagioclase composi
tion. The term diorite should be substituted for gabbro for 
those rocks which have a plagioclase composition less calcic 
than Ans o. 

The rocks range from anorthosite to gabbro and the 
plagioclase composition ranges from calcic andesine to sodic 
labradorite. 

Massive Anorthos i tic Rocks 

According to Lumbers (197 5), the massive rocks are 
confined to the interior of the body and the intensity of 
deformation increases toward the margins. In actual fact 
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114 - garnet-rich band; and 77-2 mafic gabbro (not part 

massive rocks locally occur at the margins as well as the 
interior of the sill. Massive and deformed rocks are 
interlayered, particularly at the southeastern end of the sill 
(Fig. 34.1). Other layers are too small to be shown on the 
geological map. Most massive rocks are gabbroic anorthosite. 
Mafic layers, present in the foliated anorthositic rocks, do 
not occur in the massive rocks. 

Massive anorthositic rocks are light grey, coarse 
grained, and characterized by plagioclase phenocrysts as 
large as 30 cm by 20 cm (Fig. 34.3). Mafic minerals occur as 
interstitial blebs (Fig. 34.4). 

In thin section, these rocks appear remarkably fresh. 
Plagioclase occurs as twinned euhedral to subhedral laths 
together with minor anhedral, untwinned grains. Zoning, both 
normal and reverse is present and local irregular zoning 
imparts a mottled appearance. Zoned crystals have a range 
in composition of as much as 10 per cent An. The average 
plagioclase composition of the rocks ranges from An•s 
to Anss. 

Hornblende is green in colour and occurs as subophitic 
masses approximately 3 cm across. Individual grains are 
approximately 0.3 cm in diameter and commonly poikilitically 
enclose small plagioclase grains and locally, quartz grains. 
Biotite occurs as dark reddish brown grains, as much as 
0.4 cm in length, and associated with hornblende. Garnet, in 
grains approximately 0.3 cm in diameter, is common but 
occurs in minor quantities. Hornblende and biotite are locally 
replaced by chlorite and epidote and plagioclase by sericite, 
but the amounts of these secondary minerals is minor. 
Accessory minerals include opaques (generally pyrite), allan
ite, apatite and spine!. 

F ol.iated Anorthosi tic Rocks 

The foliated rocks are medium to coarse grained and 
vary from thinly laminated gneisses (Fig. 34.5) to rocks in 



Granitic Gneiss 

GABBRO 

MASSIVE 

DEFORMED + I . ANOR THOS I T E  

Figure 34.2. Plot of per cen t  maf ic  minerals versus plagio- 
c lase  composition for anorthosit ic rocks of the 
St. Char les  Sill. 

w h ~ c h  lineation dominates over a f o l i a t ~ o n  (Fig. 34.6). Mafic 
layers a re  locally present (Fig. 34.7) some of which a r e  
garnet-rich (Table 34.1, specimen 114). Rock types  range 
f rom gabbroic anorthosite (Table 34.1, specimen 126) t o  
anorthosit jc gabbro (Table 34.1, specimens 130 and 145), and 
gabbro (Table 34.2, specimen I). Essentially the  same  
mlnerals a re  present in the  deformed rocks a s  in the  massive 
rocks. Large plagioclase crystals,  character is t ic  of the  
rnasslve rocks, a r e  absent. 

Thin section examination indicates  the re  a r e  two  types  
of plagioclase. One type is euhedral t o  subhedral and strongly 
twinned and the other  type is anhedral with poorly developed 
twinning. Both types  display zoning, generally normal, but 
locally reverse,  and the two types appear t o  have similar 
compositions. The anhedral plagioclase partially replaces the  
euhedral plagioclase. The plagioclase composition of the  
foliated rocks ranges f rom Anb1 t o  Ans8. The plagioclase i s  
ca lc ic  andesine in the  majority of specimens. 

Hornblende and bioti te display a dimensional preferred 
orientation. The pleochroism of these  minerals is the  same  in 
the  massive rocks a s  in the  deformed rocks. Clinopyroxene, 
partially replaced by hornblende, is present in one specimen 
(Table 34.1, specimen 145). Other  minerals locally present i n  
minor amounts  a re  garnet ,  opaque, ser ic i te ,  epidote,  chlorite,  
allanite,  apa t i t e ,  quar tz ,  spinel, and sphene. 

Maf ic Gabbro Body 

A small  body of foliated maf i c  gabbro occurs near the  
northeastern end of the  St. Char les  Sill. The body is 
separa ted f rom the  sill by grani t ic  gneiss. The mafic  gabbro 
is character ized by a high hornblende content  and the  
presence of scapolite (Table 34.1, specimen 77-2). These 
rocks a r e  probably not par t  of t he  sill. 

The country rocks surrounding the  St. Char les  Sill 
consist  of fine t o  medium grained, pink t o  mauve weather ing 
gneisses. Layers vary in width f r o m  a f e w  cen t ime t re s  t o  
several metres.  Rocks within some  of the  wider bands a r e  
massive. Minerals present a r e  untwinned or weakly twinned 
plagioclase, microcline, bioti te,  hornblende, quar tz ,  and 
epidote.  Grani t ic  pegmat i te  occurs locally. 

Lumbers (1975) described t h e  country rocks surrounding 
t h e  sill a s  migmat i t ic  bioti te gneiss of sedimentary  origin and 
migmat i t ic  and gneissic quar tz  monzonite of intrusive origin. 
The conclusion t h a t  the  bioti te gneiss is derived f rom 
sedimentary  rocks must be based on regional studies because 
evidence for  such an  origin for t he  local rocks is not readily 
apparent.  

Chemical  Analyses 

Nine specimens were col lec ted across the  sill f rom an 
exposure located approximately 0 . 5 k m  southeas t  of 
St. Charles. Chemical  analyses, modes, and plagioclase 
compositions of these  specimens a r e  presented in Table 34.2. 
Specimen 1 is f rom the  southwestern  edge and specimen 9 is  
f rom the nor theas tern  edge of the  sill. 

The rocks a re  similar in t e r m s  of both major and t r ace  
e lements .  Specimens 1, 8 and 9 have a relatively high F e z 0 3  
( to ta l  F e  reported a s  F e 2 0 3 )  and MgO con ten t  which might 
suggest t h a t  t he  borders of t he  sill a r e  more maf i c  than the  
centra l  portion. However, present  d a t a  a r e  insufficient t o  
define any obvious chemical variations across the sill. It is 
possible t h a t  metamorphism tended t o  homogenize the  rocks. 

Structure 

Boudinage and similar folds, indicative of flow, occur  in 
the  deformed rocks. Figure 34.7 shows a fold in a maf ic  
layer.  The fold limbs a r e  t runcated and the  layer displays 
t ec ton ic  th.ickening and thinning. What may be referred t o  a s  
"flowage zones" commonly occur at or near the  hinge of folds 
(Fig. 34.8). The foliation is  apparent ly  disrupted by flowage. 

The foliated rocks a r e  locally character ized by a 
hornblende l ineation. The development  of this l ineation may 
be  seen in numerous well exposed con tac t s  which display the  
t ransformat ion of massive t o  deformed anorthosit ic rocks. 
This fabr ic  change generally t a k e s  place over a dis tance  of 
less than one metre .  The hornblende blebs in the  massive 
rocks become recrystall ized and conver ted  t o  lenses 
(Fig. 34.9) and with more intense deformation t o  thin s t r eaks  
(Fig. 34.6). With sti l l  fur ther  deformation, t he  rocks assume 
a gneissic appearance (Fig. 34.5). In Figure 34.6 the  hammer 
lies in the  plane normal t o  the  long axis  of the  lineation. 
Tha t  portion of the  outcrop t o  t h e  right of the  hammer is 
curved through an angle of 90" and is parallel  t o  the  long axis  
of the lineation. These l ineated rocks may be  decept ive  in  
outcrops where the exposure is l imited t o  a single plane 
parallel  t o  the  1.ineation because the  rocks appear t o  be 
dominated by a foliation r a the r  than a lineation. They a r e  
tenta t ively  placed in the  L>S subdivision of Flinn's (1965) 
f ab r i c  system. 

Lineations, consisting of both hornblende and fold axes,  
tend t o  trend parallel t o  the  long axis of the  sill and t o  have 
shallow plunges t o  the  northwest or southeast .  

Discussion 

According t o  Lumbers (1975) t h e  anor thosi t ic  rocks of 
t he  region were  emplaced between 1200 and 1500 m.y. ago. 
Metasedimentary  rocks were  subjected t o  a complex history 
of deformat ion and plutonism followed by La te  Precambrian 
high rank regional metamorphism which culminated between 
1400 and 1200 m.y. ago. 
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Table 34.2 

Chemical analyses and modes of specimens from the St. Charles Sill 

Spec. no. I 2 3 4 5 6 7 8 9 

SiOn 

A1203 

Fen03 

MgO 
CaO 

Nan0 

K20 

H20 

Ti02  

p205 

S 

MnO 

Total 
.- - 

Plagioclase 

Hornblende 

Biotite 

Garnet 

Opaque 

Sericite 

Epidote 

Chlorite 

Allanite 

Apatite 

Quartz 

Spinel 

Chemical analyses (weight per cent) 

53.28 51.51 51.40 52.77 

24.38 25.05 25.38 25.68 

3.85 4.31 4.15 3.32 

1.46 1.81 1.96 1.53 

10.05 10.33 10.79 10.68 

4.10 4.00 3.84 4.39 

0.82 0.78 0.71 0.63 

0.75 0.96 0.64 0.87 

0.55 0.68 0.57 0.49 

0.22 0.13 0.10 0.10 

0.00 0.02 0 .oo 0.01 

0.05 0.06 0.05 0.04 

99.51 99.64 99.59 100.51 

Trace elements (p.p.m. ) 

7 22 9 9 

27 35 2 9 22 

40 5 5 3 5 3 5 

15 30 40 19 

l I 3 3 25 2 7 

~ o d e s '  (volume per cent)  

78.4 82.4 82.6 81.2 

19.2 10.2 14.8 16.0 

1 .o 0 . 8  1 .8  1 .0  

0.2 - - 0 . 8  

0.2 0 .2  0 .2  

0.6 1.8 0.4 - 

t r 2 .6  t r t r 

2.0 0 .2  0.4 

t r t r 

0.4 0.2 t r 0.4 

t r  

- - - 

Per cent An 53 58 4 8 5 1 50 52 51 47 46 

Notes: 

1 .  500 point counts per thin section. 

2. Specimens 4,  5 ,  6 and 7 a re  massive, the rest a r e  foliated; specimen I is gabbro, the rest a re  gabbroic anorthosite. 

3 .  F e 2 0 3  is total Fe as  Fe2Os. 



The St .  Charles Sill may have been emplaced during a 
t ec ton ic  event.  The f a c t  t h a t  some of the  rocks escaped 
deformat ion suggests t ha t  emplacement  may have taken 
place during the waning s tages  of deformation. Because 
deformed and undeformed rocks a re  interlayered, it may be 
t h a t  a l l  t he  rocks were  a t  or near the  threshold of the  
physical conditions necessary for  flow. Hornblende and 
biot i te  display a prominent dimensional preferred orientation 
in the  deformed rocks and this suggests syntectonic  recrystal-  
lization ra ther  than post tec tonic  annealing recrystall ization. 
The country rocks must have been mobile a f t e r  t he  emplace- 
men t  of t he  sill because they intrude it in the  form of sills 
and dykes. 

All rocks of the sill a r e  within the  almandine- 
amphibolite fac ies  of regional metamorphism. In the  massive 
rocks the  original igneous texture  is preserved and the  
plagioclase has probably not undergone recrystall ization. In 
the  foliated rocks the plagioclase is partially and perhaps 
ent i re ly  recrystallized. Hornblende likely formed f rom 
original pyroxene. 

Mafic layers within the  foliated rocks may represent 
original layers or they may be the result  of the  tec tonic  
elongation of mafic blebs. 

The original disposition of the  sill is uncertain.  I t  seems 
likely t h a t  the  body was  initially less e longate  than the  
present shape in plan view. 

Massive anorthosite bodies have been divided into two  
groups - andesine type and labrador i te  type. Anderson and 
Morin (1969) review the  a t t r ibu te s  of each. In the  andesine 
type  the  plagioclase is An48 -23, t h e  predominant rock in 
anorthosite,  and the shape domical. In the labradorite type 
t h e  plagioclase is A n 6 3 - ~ ~ ,  the  predominant rock is gabbroic 

anorthosite,  and the  shape irregular. The plagioclase com- 
position of the  St. Char les  Sill l ies within the  a r e a  of overlap 
of the  t w o  types. The body is sill-like in shape and is not 
dom.ica1 and the major rock type is gabbroic anorthosite.  
Although some of the a t t r ibu te s  a r e  similar t o  the  labrador i te  
type, t he  sill cannot be  positively re la ted  t o  e i ther  type. 

The writer is presently studying the  fabr ic  changes 
which t ake  place during the  transformation f rom massive t o  
deformed anorthosit ic rocks. 
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A DETAILED CROSS-SECTION THROUGH THE SOUTHERN MARGIN OF THE FOXE FOLD BELT 
IN THE VICINITY OF DEWAR LAKES, BAFFIN ISLAND, DISTRICT OF FRANKLIN 

C o n t r a c t  93564 

Cl in ton  R. T i p p e t t l  
Regional  and  Economic  Geology  Division 

Abstract 

Tippett, Clinton R., A detailed cross-section through the southern margin of the Foxe Fold Belt 
in the Vicinity of Dewar Lakes, Baffin Island, District of Franklin; Current Research, Part A, 
Geol. Surv. Can., Paper 78- lA,  p. 169-173, 1978.  

The Aphebian Piling Group along the southern margin of the Baffin Island Foxe Fold Belt 
mantles an Archean basement terrane and consists of a basal quartzite and schist overlain by a 
thick metagreywacke-phyllite section which contains a variable assemblage o f  amphibolites and 
ultramafics near its base. Early isoclinal interfolding of basement and cover during the peak of 
metamorphism was followed by compressional folding which dominated deformation at upper 
levels while initiating and localizing along antiformal hinges the active gravitational gneiss 
remobilization which superceded it at depth. The present outcrop pattern is dominated by 
elongate domes surrounded by complex fabrics resulting from the superimposition of upright 
folding and gneiss doming on an older subhorizontal schistosity. 

T h e  1977 f ield s e a s o n  involved t w o  m o n t h s  
1:50 0 0 0  s c a l e  mapping  of a d e t a i l e d  s t r u c t u r a l  and  s t r a t i -  
g r a p h i c  c ross -sec t ion  th rough p a r t  of t h e  s o u t h e r n  m a r g i n  of 
t h e  F o x e  Fold Bel t  n e a r  D e w a r  Lakes ,  Baffin Island (DEW l ine  
s i t e  F O X  3,  Fig. 35.1). F o o t  t r a v e r s i n g ,  a ided  by c a n o v a  b o a t  
t r a n s p o r t a t i o n ,  w a s  u n d e r t a k e n  c h i e f l y  wi th in  s h e e t s  27815 
and 278112 (Fig. 35.2). This  work will f o r m  p a r t  of a d o c t o r a l  
thes i s  a t  Q u e e n ' s  Univers i ty  and i s  sponsored by t h e  
Geologica l  Survey  of C a n a d a  under  t h e  supervision of 
D r .  W.C. Morgan.  I t  is  p a r t  of a cont inu ing  s t u d y  of t h e  Baf f in  
Island F o x e  Fold Bel t  (Morgan e t  al., 1975,  1976). 

Regional Geology 

T h e  e x t e n t  of t h e  m e t a m o r p h o s e d  s u p r a c r u s t a l  Pi l ing 
Group on  c e n t r a l  Baffin Island w a s  r e p o r t e d  by J a c k s o n  (1969, 
1971) w h o  n a m e d  t h e  group  and proposed a c o r r e l a t i o n  wi th  
t h e  Penrhyn  Group on  Melvil le  Peninsu la  t o  f o r m  p a r t  of t h e  
F o x e  Fold B e l t  ( Jackson  and  Taylor ,  1972). Subsequent  
d e t a i l e d  work  h a s  expanded  o u r  knowledge  of t h e  b e l t  on  
Baffin Island (Chern is ,  1976;  Morgan e t  al., 1975,  1976). 

Regiona l  c o n s i d e r a t i o n s  and geochronologica l  s t u d i e s  
h a v e  i n d i c a t e d  t h a t  t h e  s u p r a c r u s t a l  rocks  a r e  Aphebian  in  
a g e  and o v e r l i e  a n  A r c h e a n  gran i to id  b a s e m e n t  c o m p l e x .  
T h e s e  b a s e m e n t  rocks  o u t c r o p  in a s e r i e s  of d o m a l  cu lmina-  
t ions  a l o n g  t h e  n o r t h e r n  and s o u t h e r n  marg ins  of t h e  e a s t -  
w e s t  t r e n d i n g  Pil ing b e l t .  They  a r e  over la in  by a miogeocl ina l  
s e q u e n c e  t h a t  i s  p redominant ly  c a r b o n a t e s  t o  t h e  n o r t h  and 
i m p u r e  q u a r t z i t e s  t o  t h e  south .  Above  t h e  s o u t h e r n  q u a r t z i t e s  
a n  a s s e m b l a g e  of amphibol i t i c  t o  u l t r a m a f i c  r o c k s  o c c u p i e s  a 
r e s t r i c t e d  s t r a t i g r a p h i c  i n t e r v a l  in  t h e  l o w e r  p a r t  of t h e  
over ly ing  g r e y w a c k e - s i l t s t o n e  u n i t  and m a y  b e  a f a c i e s  
e q u i v a l e n t  of t h e  e x t e n s i v e  sulphide f a c i e s  i ron- format ion  and 
rus ty  s c h i s t s  which occupy t h e  s a m e  i n t e r v a l  t o  t h e  nor th .  A 
eugeoc l ina l  f lysch a s s e m b l a g e  b l a n k e t s  t h e  miogeoc l ina l  
s e q u e n c e  and d o m i n a t e s  t h e  c e n t r a l  p a r t  of t h e  s y n f o r m a l  
be l t .  

Stratigraphy 

T h e  Pil ing Group h a s  a s t r a t i g r a p h y  which,  a l t h o u g h  
c o m p l i c a t e d  by m e t a m o r p h i c  t r a n s f o r m a t i o n s  and t h i c k n e s s  
var ia t ions ,  i s  c o n s t a n t  th roughout  t h e  s tudy  a r e a .  The  
gran i to id  b a s e m e n t  c o m p l e x  i s  over la in  sequent ia l ly  by a n  
impure  b a s a l  q u a r t z i t e  w i t h  i n t e r l a y e r e d  sch is t s ,  a n  
a m p h i b o l i t e  t o  hornblendi te  i n t e r l a y e r e d  wi th  m e t a s e d i m e n t s  
and c a l c - s i l i c a t e  gne isses  and a th ick  s e q u e n c e  of g r e y w a c k e -  
s i l t s t o n e  o r  i t s  m e t a m o r p h i c  e q u i v a l e n t  - m i g m a t i t i c  p a r a -  
gneiss. The  previously r e p o r t e d  basa l  m e t a c o n g l o m e r a t e  

(Morgan e t  al . ,  1976) i s  n o w  i n t e r p r e t e d  a s  boudinaged  q u a r t z  
ve ins  in a highly d e f o r m e d  s c h i s t o s e  m a t r i x .  C a r b o n a t e -  
b e a r i n g  r o c k s  f o r m  only t h i n  c a l c s i l i c a t e  g n e i s s e s  a s s o c i a t e d  
w i t h  s o m e  of t h e  t h i c k e r  amphibol i tes .  

I. B a s e m e n t  C o m p l e x  

Grani to id  b a s e m e n t  r o c k s  ranging  f r o m  g r a n i t e  t o  
g r a n o d i o r i t e  a v e r a g i n g  q u a r t z  rnonzoni te  in  compos i t ion  a r e  
exposed  in a s e r i e s  of d o m e s  a c r o s s  t h e  a r e a .  As  named 
g e o g r a p h i c a l  f e a t u r e s  a r e  r a r e ,  t h e s e  d o m a l  c u l m i n a t i o n s  
h a v e  b e e n  numbered  t o  f a c i l i t a t e  r e f e r e n c e  t o  t h e m  
(Fig.  35.2). T h e  p r e s e n c e  of r e l i c t  l ayer ing ,  a m p h i b o l i t e  and  
b i o t i t e  sch is t  boudins and  s h e e t s ,  pods  of u l t r a m a f i c  r o c k s  
( D o m e  4) and a u g e n  sugges t ing  a c o a r s e r  p a r e n t ,  a l l  s u p p o r t  
t h e  c o n c e p t  t h a t  a h e t e r o g e n e o u s  gne iss  t e r r a n e  f o r m e d  a 
b a s e m e n t  t o  t h e  s u p r a c r u s t a l s  and  w a s  subsequent ly  
remobi l ized .  

T h e  gne isses  a r e  pink,  o r a n g e  o r  g r e y  on  f r e s h  s u r f a c e s  
w i t h  a d i s t i n c t i v e  yel lowish w h i t e  w e a t h e r e d  s u r f a c e .  They 
a r e  g e n e r a l l y  mafic-poor and  a l though minor  m u s c o v i t e  o r  
s i l l i m a n i t e  m a y  o c c u r  m a r g i n a l  t o  t h e  m e t a s e d i m e n t s ,  t h e  
a c t u a l  b a s e m e n t - c o v e r  c o n t a c t  i s  usua l ly  s h a r p  and  
d i s t i n c t i v e .  A p e n e t r a t i v e  b i o t i t e  and  l o c a l  r ibbon q u a r t z  

F i g u r e  35.1. L o c a t i o n  map.  
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Figure 35.2. Geological map of the study area excluding diabase dykes. 



DOME 4 DOME 3 DOME 2 

Figure 35.3. Schemat i c  and in terpre t ive  cross-sections through t h e  study a r e a  showing D 3  c losures  only. 
S e e  Figure  35.2 for legend. 

schistosity a r ches  across  t h e  domes and is  concordant  with 
t h e  con tac t s .  Only along the  northern margin of Dome  2 is  
t h e r e  a marked divergence  between th is  schistosity and t h e  
older layering. Elsewhere all  layering,  a s  well a s  ear ly  
pegmat i t e s  and quar tz  veins, has  been isoclinally folded and 
transposed parallel  to  t h e  schistosity.  Nowhere is  layering 
observed t o  be  t runcated  by t h e  basement-cover con tac t .  The 
deg ree  of he terogenei ty  and t h e  s t r eng th  of layering inc rease  
towards  t h e  margins of t he  domes although poorly developed 
laminations on various sca les  occur  throughout.  

Gneisses in t h e  north a r e  finer grained and con ta in  
e longate  mm- t o  cm-sized augen of qua r t z  and feldspar and a 
s t rong b io t i t e  mineral  streaking, both parallel  t o  t h e  long axis  
of t h e  domes.  Cross-cutt ing pegmat i t e s  1-15 m thick and up 
t o  2 k m  long make  up 5-20 per  c e n t  of Dome 2 and fo rm 
dis t inc t ive  s e t s  whose or ienta t ions  may b e  re la ted  t o  l a t e  
s t resses  within t h e  dome. They locally cross  t he  basement-  
cover  c o n t a c t  and spread ou t  a s  sills in t h e  overlying 
qua r t z i t e ,  producing an  appa ren t  t runcat ion  which was  
initially thought t o  identify t h e  dykes  a s  a presedimentary  
f ea tu re .  Fa r the r  south the  pegmat i t e s  a r e  smal ler  and m o r e  
evenly d is t r ibuted .  Weak t o  modera t e  folding and locally 
developed marginal schistosity cha rac t e r i ze  t hese  l a t e  
syn tec ton ic  intrusives.  

2. Impure Quar t z i t e  and Schist  unit  

Flaggy t o  blocky, greyish whi te  qua r t z i t e s  of t h e  basal  
metasedimentary  uni t  generally conta in  90-95 pe r  c e n t  f ine  
t o  medium grained qua r t z  with various combinations of 
muscovite,  b io t i t e  and feldspar.  These impurit ies a r e  con-  
cen t r a t ed  in thin layers  producing a pronounced colour  

conta in  any internal markers  such t h a t  al though poorly 
preserved cross-beds marginal t o  Dome  2 a r e  right way up, 
r a r e  minor folds suggest  a t  l e a s t  l imited transposit ion of 
sedimentary  layering and t h e  e x t e n t  t o  which t h e  original  
bedding has been disrupted o r  over turned remains  unknown. 

Whereas t h e  lower c o n t a c t  with t h e  basemen t  is  
generally sharp,  t h e  upper c o n t a c t  may b e  gradat ional  with 
in ter layered qua r t z i t e  and paragneiss  over  a t rans i t ion  zone 
of some  t ens  of metres .  Thicknesses vary wi thout  a n  appa ren t  
regular pa t t e rn  with Domes 1, 2, 4 and 6 being flanked or 
cored by subs tant ia l  thicknesses of qua r t z i t e  while Domes 3 
and 5 have  very  thin mantles.  

3. Amphiboli te and Ul t ramaf ic  rock uni t  

Mafic-rich rocks  which over l ie  t h e  q u a r t z i t e  uni t  
possess a complex,  i r regular ,  in ternal  s t ra t igraphy.  
Composit ionally they range,  both overall  and along s t r i ke ,  
f rom speckled amphiboli tes with subequal hornblende and 
plagioclase,  through black t o  da rk  g reen  hornblendites and 
in to  u l t r amaf i c  rocks  with par t ia l ly  serpent in ized porphyro- 
b las ts  of olivine. Although locally massive,  they a r e  
predominantly strongly foliated and internally well layered on 
t h e  s c a l e  of m m  t o  c m .  South of Dome  2, highly deformed,  
possibly metavolcanic  pillow-like shapes  w e r e  observed 
whereas  north of Dome 2, cm-thick bands of amphibol i te  in 
s i l t s tone  suggest  a metasedimentary  origin. The c lose  
association with banded ca lcs i l ica te  gneisses suppor ts  t h e  
l a t t e r  suggestion while t h e  presence  of massive sulphides (see 
Economic Geology) s eems  t o  favour  t h e  former .  Possibly 
both metasedimentary  and metavolcanic  amphiboli tes a r e  
present .  

lamination and fissi l i ty on .  t h e  mi l l imet ie  and c e n t i m e t r e  A var iable  thickness of paragneiss commonly  sepa ra t e s  scale.  On t h e  sca l e  of metres ,  t h e  qua r t z i t e  is  in ter layered the mafic rocks f rom the quartzite while north of both with more  dominantly schistose rocks containing up t o  80 per 
c e n t  combined muscovi te  and b io t i t e  with some  s i l l imani te  Domes 2 and 3 the re  appea r s  t o  b e  upper and lower 

amphibol i te  sequences  within t h e  metagreywacke.  As a and garnet' The high grade Of the unit is a genera l  rule,  however,  t h e r e  i s  simply a single amphibol i te  o r  d is t inc t ive  quar tzofe ldspathic  rock with mm t o  c m  sized pods hornblendite, usually along the upper contact of the 
of si l l imanite,  feldspar and quar tz .  Bioti te schis t  and 
amphibol i te  s h e e t s  and boudins a r e  locally present  near  t h e  qua r t z i t e .  These  d is t inc t ive  units pinch ou t  t o  t h e  e a s t  and 

south with t h e  hornblendite nor th  of Dome  4 passing base  of t h e  qua r t z i t e  but t he i r  relationship t o  amphibol i tes  in gradationally into a finely laminated transitional metasedi- t h e  basemen t  gneiss and in t h e  overlying me ta sed imen t s  i s  
merit and Dome lacking a mantling amphibolite. not  known. The quartzite-schist  sequence  does not  s eem t o  



4. Metagreywacke-Metasiltstone unit mel t  f rom deeper  regions has occurred. As well, t he  abrupt  

The metamorphosed flysch of the  centra l  eugeoclinal 
zone extends out  over the  quar tz i te  and contains t h e  
amphibolite-ultramafic unit in i t s  lower levels, in which 
association i t  i s  locally sulphide-bearing and rusty. A ser ies  of 
transit ions occur from north t o  south and similarily from high 
t o  low stratigraphic levels changing a fine grained, 
recognizably sedimentary rock into a strongly deformed and 
highly metamorphosed migmatit ic paragneiss. In neither s t a t e  
a r e  internal marker horizons recognizable. 

A t  low grade sedimentary bedding and laminations a r e  
preserved. Other  sedimentary  fea tures ,  with the  exception of 
concordant,  compositionally zoned calcs i l ica te  nodules, were  
not  recognized. The flysch is  composed of 0.1-3 m layers  of 
metagreywacke, rarely containing monocrystalline grains of 
qua r t z  and feldspar severa l  mm in diameter ,  a l ternat ing with 
1-20 c m  layers of s i l t s tone or  phyllite. Both a r e  poor in K- 
feldspar. Latera l  f ac i e s  changes  d o  not  appear  t o  be present  
while more  massive, thickly bedded units seem t o  become 
dominant higher in t h e  section. 

A t  higher grades  t h e  metagreywacke-phylli te is  
transformed through t h e  in termedia te  s t ep  of nonmigmatit ic 
paragneiss into a rusty t o  medium brown migmat i t ic  
paragneiss. Original sedimentary layering is transposed 
parallel  to a strong schistosity and, where disrupted, blocks 
containing re l ic t  layering in a more  schistose matr ix  may be 
observed. Where folding and boudinage have not been severe ,  
t h e  paragneiss is made up of blocky bioti te-quartz-feldspar 
horizons a l ternat ing with schistose biotite-garnet-sillimanite- 
quartz-feldspar horizons. Both this alternation and regular 
variations in the  con ten t  of si l l imanite pods a r e  probably 
partly equivalent,  respectively,  t o  original sedimentary 
layering and grading. Boudins of hornblende-plagioclase 
amphibolite and more  rarely hornblendite a r e  sca t t e red  
throughout while t h e  high-grade equivalents of ca lcs i l ica te  
pods a r e  not a s  abundant a s  at lower grade. 

Abundant whi te  pegmat i t e  in t h e  form of veins, s h e e t s  
and boudins makes  up f rom 10 t o  90 per  c e n t  of t h e  pegmat i t e  
paragneiss but  shows no sys t ema t i c  regional variation with 
t h e  a l ternat ion of pegmat i t ic  and paragneiss occurring on t h e  
scales  of cen t ime t re s  t o  t ens  of metres .  The boundary ac ross  
which pegmat i te  appears  i s  very marked and is accompanied 
by t h e  recrystall ization of the  metagreywacke in to  a 
paragneiss. 

Metamorphism 

The single most important  metamorphic  reaction t o  
have affected the  rocks in the  study a r e a  is  the  breakdown of 
muscovite in the  presence of quar tz  t o  produce sil l imanite 
and K-feldspar. This reaction occurred a t  progressively higher 
s t ra t igraphic  levels t o  the  south suggesting some so r t  of 
metamorphic culmination in tha t  direction. Distinctive pods 
of si l l imanite,  feldspar and quar tz  cha rac te r i ze  the  a l tered 
basal quar tz i te  as well as some horizons in the  migmat i t ic  
paragneiss. Reactions which produced ga rne t  and sillirnanite 
have not yet  been defined. The restricted chemical composi- 
tions of t he  gneisses, quar tz i tes  and rnetagreywackes 
prevented the  development  of index minerals which might 
have  deta i led  t h e  metamorphic  conditions more  exact ly .  

It should b e  noted t h a t  t h e  bulk of t h e  whi te  pegmat i t e  
which cross-cuts t h e  paragneiss sequence is  t rondjemit ic  in 
composition. This probably r e l a t e s  t o  t h e  K-feldspar def ic ient  
na tu re  of t he  original metasediments  such t h a t  although t h e  
f i r s t  increment  of melting would have produced a "normal" 
granite-quartz monzonite,  t h e  rapid loss of a l l  K-feldspar in 
t h e  r e s t i t e  would have permit ted  t h e  composition of the  m e l t  
t o  progressively approach t h a t  of t h e  plagioclase-rich 
paleosome. Both t h e  lack of in s i tu  a n a t e c t i c  t ex tu res  in t h e  
zone of f i rs t  appearance of me l t  and some  space  problems 
north of Dome 3 indicate  t h a t  considerable mobilization of 

termination of a high degree  of anatexis  a t  t he  basement-  
cover  con tac t  indicates tha t  although the  basement  was of a 
more  favourable composition for a high degree  of anatexis ,  i t  
was relatively anhydrous during t h e  peak of metamorphism 
and could not  produce the  same  percentage of me l t  a s  did the  
water-sa tura ted metasediments.  

Textura l  d a t a  indicate  t h a t  t h e  metamorphic  peak 
preceded t h e  las t  regionally penetra t ive  deformat ion whose 
associated schistosity i s  axial  planar t o  folded pegmat i tes  
probably generated during anatexis.  L a t e  annealing recrys ta l -  
lization has  been pervasive with t h e  exception of plagioclase 
which is of ten  f rac tured and shows evidence of re t rograde 
metamorphism. Although t h e  schistosity i s  bent  around 
porphyroblasts, i t  is  difficult  t o  de te rmine  t h e  a c t u a l  t iming 
of metamorphism since t h e  l a t e s t  phase is  o f t en  coplanar 
with ear l ier  phases in cr i t ica l  areas .  Evidence f rom t h e  
southern migmat i tes  suggests, however,  t h a t  t h e  peak was 
syndeformational with t h e  major ear l ier  phase. 

St ructura l  In terpre ta t ion 

The s t ruc tu res  observed in t h e  a r e a  a r e  in terpre ted in 
t e rms  of th ree  phases of deformation. 

As mentioned above, compositional layering in the  
basement  gneisses is  oblique t o  schistosity along the  northern 
margin of Dome 2 and is transposed parallel  t o  i t  elsewhere.  
This, combined with the  presence of amphibolites,  
u l t ramafics  and possible early dehydration, suggests one or  
more  presedimentary phases of deformat ion which have  been 
collectively referred t o  a s  D 1. The shape and or ienta t ion of 
D l  folds a r e  not  known. 

A t  low s t ra t igraphic  levels t o  t h e  north and a t  
progressively higher ones  t o  t h e  south,  a subhorizontal  
schistosity exis ts  which is  axial-planar t o  isoclinal folds of 
t h e  basement-cover contact .  Mesoscopic folds associated 
with th is  deformat ion a r e  present  in severa l  locations in both 
gneiss and metasediments  and have hinges generally colinear 
with or  at a smal l  angle  t o  t h e  present  domal  trend. The s ize  
of major D2 s t ruc tu res  is  unknown bu t ,  with the  exception of 
tongues of gneiss and qua r t z i t e  up t o  0.1 km in thickness and 
10-15 km in 1en th which a're closely confined t o  t h e  vicinity 
of t h e  domes b i g s .  31.2, 35.3), major s t ruc tu res  involving 
inversion of t h e  s t ra t igraphic  sequence have not  been 
outlined. Mineral lineations of b iot i te ,  si l l imanite and horn- 
blende have been corre la ted  with this phase although their  
mechanical significance is  unclear;  Metamorphism is  
tenatively in terpre ted a s  being synchronous with this phase of 
deformat ion 

3. D3 

The regional expression of t h e  third phase  of 
deformat ion is a refolding of t h e  early basement-cover 
isoclines (D2) and the i r  related subhorizontal  schistosity by 
folds with s teeply  dipping axia l  planes and gently plunging 
hinges (D3). In addition, however, some  of the  observed f ab r i c  
relationships require fur ther  explanation. These fabr ic  
relationships a r e  summarized below: 

- A st rong f ab r i c  gently a rches  across  t h e  domes  without 
being folded by recognizable compressional s t ructures .  

- Extensive chocola te- table t  boudinage of qua r t z  veins 
and pegmat i t e s  occurs  along both t h e  ends and flanks 
of t h e  domes. 

- Zones next  t o  the  basement-cover con tac t  conta in  
folds of reversed or "cascading" vergence which 
deform t h e  dominant schistosity.  



- In zones f a r the r  from the  domes, t he  dominant 
schistosity i s  a crenulation of t h e  schistosity which 
passes over t h e  domes. 

- In zones sti l l  f a r the r  f rom the  domes, th is  crenulation 
c leavage passes in to  a new schistosity which defines 
intersection lineations in the  low grade metasedi- 
mentary  rocks which they contain.  The pocket between 
Domes 3 and 4 is  a doubly plunging synform while the  
one between Domes 2 and 3 has not been observed t o  
c lose  to  e i ther  e a s t  or west.  Lineations plunge a t  up t o  
70 degrees  t o  t h e  e a s t  in the  l a t t e r  area .  

Gneiss doming of a t e r r ane  previously possessing a 
subhorizontal schistosity would account  fo r  t h e  above 
features ,  however,  another  s e t  of observations requiring 
explanation also exists. 

- The domes posses a pronounced linear form with 
Dome 3 probably being a composite of two  closely- 
spaced en echelon domes. 

- The broad flysch basin t o  t h e  north i s  folded about  
upright, shallowly plunging folds showing no spat ia l  
relationship t o  gneiss doming. 

- Upright D 3  closures at 1-2 km intervals  fold S2 in t h e  
southern migmat i tes  a s  well a s  over t h e  c r e s t  of 
Domes 4 and 6. 

- Folds away f rom the  basement-cover con tac t  have the  
vergence expected for compressional deformation. 

As a result ,  a combination of l a t e ra l  compression and 
gneiss doming is required t o  explain t h e  observed fabr ics  and 
geometry .  Compressional folding localized t h e  position and 
shape of t h e  incipient domes with t h e  gneiss being 
remobilized along t h e  ant i formal  hinges and subsequently 
dominating the  deformat ion a t  lower levels. Higher in t h e  
section and t o  the  south,  a s  well a s  in t h e  cen t r a l  pa r t  of t he  
bel t  and the  pockets  of upright D3 schistosity between 
Domes 2 and 3 and Domes 3 and 4, compressional deformation 
was  prevalent producing strong folding of both the  migmat i t ic  
paragneiss and t h e  metagreywacke-phylli te.  The re la t ive  
contributions of l a t e ra l  compression and of pinching between 
t h e  rising domes in t h e  deformation of t h e  above-mentioned 
pockets  i s  unclear. 

There a r e  very few a reas  in which S2 has  been 
preserved f rom D3. On the  top and margins of the  domes t h e  
t w o  phases were  roughly coplanar producing minor rotation 
and fur ther  f la t tening of the  ear l ier  fabrics,  such t h a t  t he re  
t h e  penetra t ive  schistosity is  properly called S2/S3. The 
increasing divergence of S2 and S3 off t h e  margins of t h e  
domes  is  responsible fo r  t h e  zones in which S3 is  a crenulation 
of S2. Above t h e  zone in which S2 was originally developed, 
53 is  t he  f i r s t  schistosity t o  have developed in t h e  rocks. 
Compressional folding was  responsible fo r  much more  of t h e  
D3 deformation to  t h e  south a s  compared t o  t h e  north.  
Quar t z i t e  is  folded in to  the  c r e s t  of Dome 4 about upright 
axial  planes and cascading folds a r e  rare .  

Several d i f ferences  exist  between this sequence and 
t h a t  of Morgan et al. (1976) although D l  and D2 a r e  similar. 
Gravity-driven doming during D 3  was not  considered ear l ier  
as an  ac t ive  fo rce  in t h e  format ion of t h e  basemen t  
culminations which were  in terpre ted a s  solely t h e  resul t  of 
compressional folding. Variable plunges along t h e  domal  trend 
were  thought t o  b e  the  result  of D4 cross-folding and 
although some sporadic crenulations a t  high angles t o  t h a t  

trend were  observed during the  present  study, they a r e  
nei ther  persistent nor strong enough t o  be re la ted  t o  such a 
regional cross-folding. The variation in hinge lines is  
considered h e r e  t o  be  a natura l  pa r t  of compressional folding 
and gneiss doming. 

The a g e  of the  s t ructura l  and s t ra t igraphic  break south  
of Dome 5 is  unknown but a s  i t  t runca te s  p a r t  of a d o m e  
south of t h e  main dome,  i t  i s  presumably post-D3. 
Stratigraphically i t  i s  south side down and possesses 
considerable o f f se t  in both ver t ica l  and horizontal  d i rec t ions  
a s  no t r a c e  of t h e  truncated dome  is  present  south of t h e  
break. 

Unit  6 i s  of unknown origin and may b e  e i the r  
remobilized basement  which has  pierced t h e  quar tz i te-  
amphibolite cover  sequence during i t s  ascent ,  or  a plutonic 
intrusive. The unit  i s  a t  leas t  pre-D3 and D 3  folds wrap 
around i t  and i t  appears  t o  conta in  an  even ear l ier  fabr ic  
(S2?). 

Economic Geology 

The major amphibolite north of Dome 3 is  associated 
with an  extensive  gossan made up predominantly of rusty 
schists.  Jus t  west  of t h e  lake  sys tem (68"33'N, 7I014'W) 
blocks of massive pyrrhot i te  with 2-3 pe r  c e n t  disseminated 
chalcopyr i te  and borni te  a r e  derived f rom a layer  in t h e  
gossan es t imated t o  be  40-50 c m  in thickness.  Along s t r ike  t o  
t h e  west a small  amount  of malachi te  s ta in  occurs in a 
ca lcs i l ica te  associated with the  s a m e  amphibolite (68"33'N, 
71°19'30"W). Far ther  south,  a 1 c m  pod of molybdenite was 
observed in a granitoid vein which cross-cuts Dome 5 
(68"2Z1N, 71 "41'30"W). 
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Field work around Makinson Inlet, Ellesmere Island, has revealed that erratics, striated 
rock surfaces, and marginal drainage channels are widespread. These features, plus the glacial 
sculpture on Bowman Island, show that a major outlet glacier formerly flowed eastward in 
Malcinson Inlet, draining a significant mass o f  ice that lay to  the west of the present-day ice 
caps. A fossil peat deposit indicates an ice-free interval >44 000 years (GSC-140-2) ago with a 
climate more favourable than that of today. During Holocene time the sea penetrated to  the 
head of the west arm of ivlalcinson Inlet by 8930 k 100 years B.P. (GSC-2519) and to  the head of 
the north arm by 7330 ? 80 years B.P. (GSC-1972). 

Introduction 

During t h e  summer  of 1977 (June  23  t o  August 21) 
work on t h e  projec t  ent i t led  "Quaternary Geochronology, 
Arc t i c  Islands" was  concen t r a t ed  around Makinson Inlet ,  
El lesmere  Island (Fig. 36.1). In addition, a three-day t r ip  was  
made  t o  t h e  southeas tern  c o a s t  of t h e  island and t o  Coburg 
Island, and four  days  were  devoted  t o  a re-examination of 
mar ine  deposi t s  a t  C a p e  Storm,  southwestern  El lesmere  
Island. The second half of July ,was spent  studying glacial  
deposits  and landforms in t h e  vicinity of Cape  Herschel,  nor th  
of t h e  78th parallel ,  and highlights of t h e  work carr ied  ou t  
t he re  have  been described previously (Blake, 1977). The 
present  a r t i c l e  will deal  with various a spec t s  of t h e  investiga- 
tions around Makinson Inlet. 

As a complement  t o  t h e  writer 's  investigations of 
glacial  history,  RdA. Souchez and K.D. Lorrain of Universitk 
L ib redeBruxe l l e s ,  Belgium, carr ied  ou t  a program of 
sampling basal  ice  f rom a number of out le t  g lac iers  on t h e  
ea s t e rn  side of t h e  north a r m  of Makinson Inlet. Their work is  
intended t o  provide a b e t t e r  understanding of t h e  chemical  
processes occurring a t  t h e  ice/rock in t e r f ace  in polar glaciers 
a s  opposed t o  t h e  t e m p e r a t e  g lac iers  they have  investigated 
previously in t h e  Alps (Souchez and Lorrain, 1975). 

Another component  of t h e  1977 work involved coring 
of lake  sediments  f rom a n  i ce  platform. The l ightweight 
na tu re  of t h e  coring equipment  which was uti l ized (for e a s e  
of t ranspor t  in t h e  field) and an  early t haw of t h e  lakes,  
result ing f r o m  t h e  exceptionally good wea the r  throughout t h e  
early p a r t  of t h e  summer ,  c r ea t ed  problems in t h e  coring 
program. R.J. Richardson is  studying t h e  shor t  co re s  
recovered f rom a lake  t o  t h e  west-southwest of t h e  
Swinnerton Peninsula base  c a m p  (Fig. 36.2). 

A Hughes 500C turbine  hel icopter  was used in t h e  
field,  and t h e  availabil i ty of this machine made i t  possible t o  
visit a number of locali t ies which o therwise  would have been 
di f f icul t  t o  reach. In addit ion t o  he l icopter  support ,  two  
Honda ATC's (All-Terrain Cycles) were  used f o r  t ravel  within 
a f ew  ki lometres  of our base  camp  on Swinnerton Peninsula, 
near t h e  head of t h e  western  a r m  of Makinson Inlet 
(Figs. 36.1, 36.2). These vehicles also were  transported t o  
more  d is tant  s i tes  by Twin-Otter a i r c r a f t  o r  were  carr ied  in a 
sling under t h e  Hughes helicopter,  and thus even g r e a t e r  
mobility was  achieved. 

Geornorphology and Glacia t ion  

Makinson Inlet  is  by f a r  t h e  l a rges t  fiord along t h e  
El lesmere  Island c o a s t  of nor thern  Baffin Bay. The inlet  
ex t ends  f o r  a lmos t  100 k m  from i t s  mouth in Smith  Bay t o  t h e  
head of t h e  north arm.  The  i c e  caps  t h a t  domina te  t h e  e a s t  
c o a s t  a r e  localized over  t h e  Precambrian  t e r r a n e  - t h e  
Southeas tern  Highlands (Roots,  1963). In th is  p a r t  of 
El lesmere  Island nunataks  and high domes  on t h e  i c e  caps  
a t t a i n  e levat ions  of m o r e  than 1100 m a.s.l., or ,  t o  t h e  north 
of Makinson Inlet, m o r e  than 1500 m. Wate r  dep ths  in excess  
of 500 m a r e  t h e  ru le  in t h e  middle r eaches  of t h e  Inlet  
(Sadler, 1973). By con t r a s t ,  e levat ions  of t h e  p la teau su r f ace  
developed on t h e  Paleozoic rocks of Swinnerton Peninsula and 
e lsewhere  around inner Makinson Inlet rare ly  exceed 500 m 
a.s.l., and wa te r  depths  a r e  generally less than 200 m. Thus 
t h e  t o t a l  relief is significantly less in th is  region, which is  
p a r t  of t h e  Southern Pla teau a s  described by Koots  (1963). 

F igure  36.1. Location map, southeas tern  El lesmere  Island. 
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Figure 36.2. LANDSAT image of the  Makinson Inlet  area ,  Ellesmere Island. Arrows at t h e  eas t e rn  end of Swinnerton Peninsula 
indicate  t h e  fo rmer  direction of i ce  flow; t h e  S-symbol r e fe r s  t o  t h e  t w o  new s i tes  with da ted  mar ine  shells 
mentioned in t h e  text ;  t h e  diamond (south end) indicates  where  "old" p e a t  occurs ; the  encircled l ake  i s  where  coring 
was a t t empted ;  and t h e  wavy arrow north of t h e  head of t h e  in le t  indicates t h e  g lacier  where  in s i tu  willows have 
been exposed by recent  r e t r ea t  of t h e  i c e  (cf. Fig. 36.10). Image E-1758-17500, spec t r a l  band 7, August 20, 1974. 

Evidence fo r  much more  extensive glacierization than 
a t  present is widespread in t h e  form of innumerable e r r a t i c  
boulders, s t r ia ted  rock surfaces,  and marginal drainage 
channels. Examination of t h e  headlands a t  t he  eas tern  end of 
Swinnerton Peninsula revealed the  presence of s t r ia ted  
dolomite on the  plateau surface  a t  elevations between 300 
and 345 m. These smoothed and polished surfaces  indicate,  a s  
might be  expected,  converging flow within a significant mass 
of ice  which was being channelled seaward via Makinson Inlet 
(Figs. 36.2, 36.3). Twenty-five kilometres e a s t  of Swinnerton 
Peninsula, t h e  resistant Precambrian grani t ic  and granulit ic 
rocks of Bowman Island (Frisch, 1977), a t  approximately t h e  
s a m e  elevation (300 m), exhibit  massive sculpturing and 
polishing by t h e  out le t  g lac ier  t h a t  once  filled Makinson Inlet. 
The amount  of erosion t h a t  has  taken place in order  t o  c a r v e  
Bowman Island in to  i t s  present form provides additional 
evidence t h a t  t h e  inner pa r t s  of this fiord system were  buried 
deeply beneath i c e  during t h e  las t  glaciation. This concept  is 
in line with es t imates  of maximum ice  thickness for t h e  
Innuitian Ice Sheet  of 1900 m (Paterson, l972),  2000 m 
(CLIMAP, 19761, and >2000 m (Sugden, 1977). Yet  a marked 
contras t  exis ts  between the  classic glacial  landforms 
displayed on Bowman Island (Figs. 36.4 t o  36.6) and ce r t a in  
pa r t s  of the  plateau surface  t o  the  north, where incipient t o r s  
or  tor-like landforms a r e  present  although e r r a t i c s  l i t t e r  t he  
surface  (Figs. 36.7 t o  36.9). Makinson Inlet and environs 
appear t o  represent  an  excel lent  example  of wha t  Sugden 
(1974) has  described a s  a landscape of "selective l inear 

erosion" (cf. also Sugden, 1968). This type  of landscape is , 

character ized by valleys in which t remendous  amounts  of 
scouring t ake  place  along pre-existing dra inage lines or 
s t ruc tu ra l  l ineaments,  whereas  the  adjacent  "upland plateau 
remnants  between the  troughs generally show l i t t l e  or no sign 
of glacial  erosion, and i t  is  common t o  find the  surface  
covered with regolith" (Sugden, 1974, p. 179-180). 

Erra t ics  of g ran i t e  and o the r  shield rocks were  
observed t o  be  widespread on t h e  pla teau surfaces  c u t  in 
Paleozoic  rocks of Swinnerton Peninsula, and they also a r e  
abundant t o  t h e  west around Vendom Fiord (R.F. Roblesky, 
pers. comm. 1977). I t  i s  evident,  therefore ,  t h a t  at some 
t ime ,  and in a l l  probability on repeated occasions,  boulders 
were  carr ied  westward by more  extensive  i c e  than exis ts  a t  
present ,  for  t h e  Paleozoic/Precambrian boundary is close t o  
t h e  western  margin of t h e  ice  caps ,  both t o  the  north and 
south of Makinson Inlet  (Christie,  1962; Frisch, 1977). 
However, t he  e r r a t i c s  also document  t h e  eas tward flow of i ce  
ou t  Makinson Inlet. Erra t ic  cobbles and boulders of Paleozoic 
rocks a r e  ubiquitous along the  rim of the  p la teau on the  north 
side of t he  inlet ,  and they a r e  present in f a r  g rea t e r  numbers 
on Bowman Island. In addition marine shell  f r agmen t s  a r e  
present  in the  thin till which overlies the  s t r ia ted  bedrock on 
t h e  nor theas t  corner  of Swinnerton Peninsula and on Bowman 
Island, in both cases  at e levat ions  up t o  300 m or  more. On 
Bowman Island th i s  i s  t h e  s a m e  ti l l  in which Paleozoic rock 
f r agmen t s  a r e  s o  abundant.  One limestone cobble  contained a 



well preserved pygidium and a n  incomplete  thorax of t h e  L a t e  
Silurian t r i lobi te  Encrinurus (Frammia)  a r c t i cus  (Haughton)' 
which is a character is t ic  faunal e l emen t  of t h e  Read Bay 
Formation (Bolton, 1965). The neares t  locality t o  Bowman 
Island where  rocks of t he  Allen Bay and Read Bay format ions  
(undifferentiated) a r e  known t o  occur is  t h e  north a r m  of 
Makinson Inlet ,  over  45 km d i s t an t  (R.F. Roblesky, pers. 
comm., 1977; cf .  a lso  Kerr  and Thorsteinsson, 1972; McCill, 
1974; Kerr ,  1'976). 

Marginal dra inage  channels occur throughout t h e  inner 
Makinson Inlet region, and they provide valuable information 
a s  t o  t h e  pa t t e rn  of i ce  r e t r ea t .  For t h e  purposes of th is  
preliminary r epo r t  i t  is  suff ic ient  t o  no te  t h a t  they a r e  
particularly abundant and well developed t o  t h e  west  and 
northwest of Swinnerton Peninsula, and they a r e  a lso  
abundant on e i ther  side of t h e  north a r m  of Makinson Inlet. 

Absolute Age  Determinat ions  

A long and compl ica ted  sequence  of even t s  i s  recorded 
in t h e  deposi t s  of t h e  Makinson Inlet region, and m o r e  field 
and labora tory  s tudies  will b e  required before  a l l  t h e  
relationships between glacial ,  lacustrine,  and mar ine  environ- 
ments  a r e  understood fully. Reconnaissance investigations in 
t h e  early 1960's by J.C. Fyles and K.L. Chr is t ie  provided t h e  
f i rs t  mater ia ls  on which radiocarbon a g e  determinat ions  could 
b e  carr ied  out;  thus some  insight in to  chronology was  gained 
a t  t h a t  t ime. 

One of t h e  most in teres t ing  discoveries made by Fyles 
in 1961 was a pea t  deposit  exposed in a valley wall e a s t  of t h e  
north a r m  of Makinson Inlet (Fig. 36.2). This pea t ,  a t  an 
elevation of approximate ly  365 m, was  overlain by boulders 
on t h e  floor of a large  dra inage  channel. I t s  a g e  was  
determined originally t o  b e  >36 400 yea r s  (CSC-140; Dyck and 
Fyles, 1964). A new determinat ion  on t h e  remainder  of t h e  
sample ,  however,  gave  a value of >44 000 years  (GSC-140-21, 
and a t  t h e  s a m e  t ime  t h e  predominant const i tuent  was 
determined by M. Kuc t o  be  the  moss Call iergon giganteum,  a 
species  typica l  of moss bog tundra  (Blake, 1974). The s i t e  was 
revisi ted in 1977, and new col lec t ions  were  made. Remains  of 
bee t l e s  were  found in t h e  massive p e a t  deposit ,  and a 
thorough study of t hem should provide valuable paleoenviron- 
menta l  information.  However, t h e  very presence  of beet les ,  
including t h e  ground bee t l e  Amara  alpina (Payl<.)2, indica tes  
environmental  conditions somewhat  more  favourable  than 
those  of today. A t  present  A. a lp ina  is not  known t o  occur 
north of Cape  Sparbo (Fig. 36.1) on  t h e  Jones  Sound coas t  of 
Devon Island (Lindroth, 1963, 19681, approximate ly  240 krn 
south of t h e  Makinson Inlet  s i te .  I t  would appear  t h a t  a t  leas t  
t w o  episodes during which g lac ier  ice  occupied the  north a r m  
of Makinson Inlet a r e  ref lec ted  in t he  peat  bearing sequence  
here. One glacial  episode is needed in order t ha t  t h e  channel  
could be  c u t  by me l twa te r ,  t hen  an  ice- f ree  in terval  during 
which tundra  bogs developed - o n  t h e  floor of t h e  channel,  
followed in turn  by another  glacial  episode during which t h e  
mass  of boulders and f iner  mater ia ls  overlying t h e  p e a t  were  
washed down t h e  channel and deposited.  

With regard t o  o ther  "old" materials,  a de terminat ion  
on f r agmen t s  of . Hiate l la  a r c t i ca ,  Mya t runcata ,  and A s t a r t e  
sp. col lec ted  by J.G. Fyles a t  8 5  t o  90 m a.s.1. in t h e  south- 
cen t r a l  p a r t  of Swinnerton Peninsula gave  values of 29 430 ? 
680 years  (GSC-134; standard preparation,  with t h e  ou te r  

10% of shells removed by leaching) and 29 800 ? 220 yea r s  
(GSC-134; second prepara t ion ,  inner 37% of shells). Although 
Fyles (in Dyck and Fyles, 1964) suggested tha t ,  in view of t h e  
good ag reemen t  be tween t h e  t w o  determinat ions ,  they might  
represent  t h e  approximate  absolute  a g e  r a the r  t han  a 
minimum age,  a c a s e  c a n  a lso  be  made fo r  t h e  l a t t e r  
in terpre ta t ion  (cf. Olsson and Blake, 1962; Olsson, 1968; 
Blake, 1974). 

' ~den t i f i ed  by T.E. Bolton 
'~dent i f ied  by J.V. Matthews, J r .  (Unpubl. CSC. Fossil Arthrop 

a g e  of 6980 + 80 years  repor ted  by Hodgson (1973) was  p 
r a t i o  being determined,  hence  t h e  sl ight change in age .  

Prior t o  t h e  col lec t ions  made  th is  pas t  summer  t h e  
o ldes t  Holocene ma te r i a l s  t h a t  had been da t ed  were  
pelecypod shell  f ragments  col lec ted  a t  t h e  head of t h e  south 
a r m  of Makinson lnlet  by R.L. Chr is t ie  in 1960; t h e  result  on 
t h e  inner f rac t ion  of shells  was 8200 t 220 years  (GSC-146; 
Dyck and Fyles, 1964; Cra ig  and Fyles, 1965). A new 
determinat ion  on aragoni t ic  shells  of .Hia te l la  a r c t i ca ,  
col lec ted  a t  approximately 40 rn a.s.1. f rom t h e  basa l  unit  of 
a sequence  of mar ine  sediments  2 k m  e a s t  of t h e  base  c a m p  
on Swinnerton Peninsula (Fig. 76-21, has  given a value of 8930 + 
100 yea r s  (GSC-2519). This d a t e  indica tes  t h e  t ime  by which 
mar ine  wa te r s  had penet ra ted  c lose  t o  t h e  innermost  par t  of 
t h e  wes t  a r m  of Makinson Inlet. The d a t e  a lso  indica tes  t h a t  
t h e  g lac ia ted  surfaces  on Bowman Island, m o r e  than  40 k m  t o  
t h e  ea s t ,  have  been f r e e  of i ce  fo r  m o r e  than  9000 radio- 
carbon years,  y e t  they r e t a in  t he i r  high polish and fresh- 
appear ing s t r i ae  (cf. Figs. 36.5, 36.6). 

North of t he  ice-dammed lake  tha t  now exis ts  a t  t h e  
head of t h e  north a r m  of Makinson Inlet an  impor tant  
col lec t ion  of mar ine  shells  was  made  in 1973 by S.B. McCann. 
In a f resh  exposure which had been undercut  recent ly  by t h e  
river,  a si l t /clay uni t  was  exposed a t  approximate ly  36 m 
a.s.1. (Fig. 36.2); a ragoni t ic  shells  of Hia te l la  a r c t i c a  f rom 
th is  unit  were  determined t o  be  7330 ? 80 years  old (GSC- 
1972), a value only marginally older than shells  of t h e  s ame  
species  col lec ted  3 k m  e a s t  of t h e  head of Vendom Fiord by 
D.A. Hodgson in 1972 (7010 * 8 0  years ;  GSC-1858)~. There  i s  
t hus  a d i f f e r ence  of roughly 1400 t o  1800 radiocarbon years  in 
t h e  a g e  of t h e  ear l ies t  mar ine  f auna  be tween  t h e  s i t e  on 
Swinnerton Peninsula and t h e  s i t e  north of t h e  head of 
Makinson Inlet. This is a c rude  measure  of t h e  t i m e  i t  took 
f o r  t h e  lobe of ice  occupying t h e  north a r m  t o  disappear,  
al though t h e  e x a c t  position of t h e  i c e  f ron t  in this a r m  a t  
9000 t o  8800 years  B.P. i s  unknown. 

Not only did a mar ine  f auna  former ly  p e n e t r a t e  north 
of what is now t h e  head of t h e  north a r m  of Makinson Inlet, 
but  coniferous driftwood ( P i c e a  sp., identified by R.J. Mott)  
a lso  floated in. A t  some  point in t i m e  an  ice-dammed M e ,  
f a r  la rger  than t h e  present  lake, existed in t h e  a r e a ,  but 
de t a i l s  of t h e  chronology mus t  awa i t  radiocarbon dat ing  of 
organic  ma te r i a l s  col lec ted  f r o m  t h e  lacus t r ine  deposits  
preserved on t h e  flanks of t h e  valley (cf. Fig. 36.10). 

One other  aspect  of chronological  studies is worthy of 
mention.  Many of t h e  out le t  g lac iers  t h a t  descend towards,  
and reach, t h e  north a r m  of Makinson Inlet f rom t h e  i ce  c a p  
t o  t h e  east appear  t o  have  r e t r ea t ed  recent ly  following a 
sl ight advance.  In t h e  c a s e  of t h e  l a rges t  of t h e s e  lobes in t h e  
valley under discussion (Fig. 36.2), numerous  i n t a c t  a r c t i c  
willows, st i l l  rooted in place,  a r e  exposed through t h e  thin 
and discontinuous layer of gravelly boulder till laid down by 
t h e  g lac ier  (Fig. 36.10). The i ce  a lso  advanced over pea t  
deposits ,  s o  a good chance  exis ts  t o  pin-point t h e  a g e  of this 
Neoglacial  advance  more  precisely. 

P u m i c e  and Driftwood on Raised Beaches  

At  a s i t e  1.5 km west  of t h e  base  c a m p  on Swinnerton 
Peninsula an  expanse of raised beaches  was found t o  conta in  a 
number  of imbedded driftwood logs. In addit ion two  pieces of 
dark  brown pumice  were  discovered,  and ins t rumenta l  
levelling showed them t o  be  a t  a n  ave rage  e levat ion  of 
21.5 rn. This i s  c lose  t o  t h e  e levat ion  pos tu la ted  f o r  t h e  
5000 year-old shoreline in this a r e a  on t h e  basis of da t ed  
driftwood (P icea  sp., identified by L.D. Gill) logs col lec ted  in 
1972 a t  t h e  s a m e  s i t e  by D.A. Hodgson and a f e w  ki lometres  
t o  t h e  e a s t  by R.B. Taylor (Blake, 1975). At  t h e  t ime  of 
writ ing no  new a g e  determinat ions  a r e  available,  but  
eventual ly  i t  should b e  possible t o  cons t ruc t  a n  emergence  
c u r v e  f o r  Swinnerton Peninsula and t o  de t e rmine  whether  t h e  
pumice,  which appears  identical  t o  t h e  mater ia l  found along 
t h e  south coas t  of El lesmere  Island, did in f a c t  reach 
Swinnerton Peninsula a t  approximately t h e  s a m e  t ime.  

lod Rep. No. 77-11). 
~ r i o r  t o  the '  c/' ' C  



Figure  36.3. T e l e p h o t o  v iew n o r t h  a t  t h e  e a s t e r n  t ip  of S w i n n e r t o n  Peninsu la  and  t h e  n o r t h  a r m  of Makinson Inlet .  T w o  s i t e s  wi th  
s t r i a t e d  bedrock  a t  e l e v a t i o n s  b e t w e e n  300  a n d  3 4 5  m a r e  i n d i c a t e d  by a r r o w s ;  a t  t h e  n o r t h e r n  l o c a l i t y  s h e l l  
f r a g m e n t s  w e r e  abundant  in t h e  t i l l  over ly ing  t h e  s t r i a t e d  bedrock .  July 7, 1977. (cSC-203262-0). 

F i g u r e  36.4. T e l e p h o t o  v iew s o u t h e a s t  a t  Bowman Island f r o m  t h e  p l a t e a u  on  t h e  nor th  s i d e  of Makinson Inlet .  T h e  t o p  of t h e  
island i s  a p p r o x i m a t e l y  570 m a.s.l., w h e r e a s  t h e  ice-capped  m o u n t a i n s  beyond,  o n  t h e  s o u t h  s i d e  of t h e  i n l e t ,  r i s e  to 
o v e r  1000 m. The  shoulder  of t h e  is land,  w h e r e  F i g u r e s  36.5 and  36.6 w e r e  t a k e n ,  i s  ind ica ted  by t h e  a r row.  J u l y  9, 
1977 (GSC-203262-D). 



Figure 36.5. View eas tward  along t h e  south side of Bowman Island, on shoulder a t  approximately 250 m a.s.1. Note  t h e  smoothed 
and polished grani te  in foreground. July 14, 1977 (GSC-203262-E). 

Figure 36.6. View southward a t  shaped and plucked outcrop of g ran i t e  on t h e  shoulder of Bowman Island shown in Figure  36.5, at 
approximate ly  260 m a.s.1. Ice flowed f rom r ight  t o  l e f t  in t h e  photograph (west t o  east) .  The  p l a t eau  Q600 m a.s.1.) 
in t h e  d is tance  is  covered by a thin c a r a p a c e  of ice .  July 14, 1977 (GSC-203262-F). 
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Figure  36.7. View eas tward  a t  a typical  s egmen t  of t h e  p la teau along t h e  nor th  side of Makinson Inlet. The top  of t h e  smal l  i c e  
c a p  is  m o r e  than  975 m a.s.1. The a r row indica tes  t h e  point f rom which Figure  36.8 was  taken.  Numerous Paleozoic  
e r r a t i c s  a r e  present  on t h e  Precambrian  bedrock. July 9, 1977 (GSC-203262). 

' Swinn 

Pen 

Figure  36.8. View nor thwest  a t  t he  ea s t e rn  t i p  of Swinnerton Peninsula and t h e  nor th  a r m  of Makinson Inlet  f rom t h e  point on t h e  
plateau indicated in Figure 36.7. The lower s egmen t  of t h e  p la teau in t h e  foreground (arrows) i s  cha rac t e r i zed  by 
incipient t o r s  or tor-l ike landforms (cf. Fig. 36.9). July 9, 1977 (GSC-203262-C). 



Figure  36.9. View north-northwest a t  an  incipient t o r  developed in garnet i ferous  me ta sed imen t s  on t h e  p la teau i l lus t ra ted  in 
Figure 36.8. The elevation of t h e  top  of t h e  tor  is  approximately 525 m. E r ra t i c s  of g ran i t e  and Paleozoic rocks 
(l imestone,  dolomite ,  sandstone) a r e  common on t h e  p la teau su r f ace  and on t h e  to r  i t se l f .  July 6 ,1977 (GSC-203262-A) 

Figure 36.10. Telephoto view eas tward  ac ros s  t h e  valley nor th  of t h e  head of Makinson Inlet  (cf. Fig. 36.2) at t e r r a in  d issec ted  by 
me l twa te r  channels.  The ou te r  edge  of t h e  a r e a  covered by bouldery debr is  (circles) marks  t h e  l imi t  of a Neoglacial 
advance  of this out le t  glacier.  Between th is  l imi t  and t h e  ice ,  numerous in s i tu ,  rooted willows have been exposed 
by r ecen t  recession of t h e  glacier.  A fo rmer  i c e  marginal position of a lobe flowing southward in to  ivlakinson Inlet is 
marked by a concentra t ion  of boulders along t h e  hillside (black arrows); l acus t r ine  s i l t  deposits ,  in which l a rge  i c e  
wedges have  developed, a r e  exposed lower on t h e  s lope  (whi te  arrow).  August 15, 1977 (GSC-2032624) .  
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TERRAIN HAZARDS IN THE SKEENA AND KITIMAT RIVER BASINS, BRITISH COLUMBIA 

Project 750078 

J.J. Clague 
Terrain Sciences Division, Vancouver 

Abstract 

Clague, J.J., Terrain hazards in the Skeena and Kitimat River basins, British Columbia; Current 
Research, Part A, Geol. Surv. Can., Paper 78-lA,  p. 183-188, 1978. 

Terrain hazards in the Slceena and Kitimat River basins, British Columbia include floods, 
landslides, bank erosion, gullying, and snow avalanches. Alluvial plains, terraces, and fans are 
potential flood sites in the area. Ground transportation routes could be inundated locally during large 
floods. Localized undercutting of river banks is accompanied at some sites by slumping of  
unconsolidated bank sediments. Other slope stability hazards include slides and flows involving late 
Pleistocene marine silt and clay in the Terrace-Kitimat area and highly fluid, fast moving debris 
flows occurring on steep slopes underlain by foliated metamorphic rocks in the Prince Rupert-Port 
Edward area. Snow avalanches disrupt road and rail traffic and are a threat t o  life in the Skeena 
Valley between Terrace and Prince Rupert. 

Introduction dissect the rugged Hazelton and Coast Mountains and that 
serve as transportational corridors and population centres. Between 1975 and 1977 field investigations were con- These val leys  are drained by B u l k l e y ,  Skeena, K i s p i o x ,  ducted in the Skeena and Kitimat River basins, British Kitwanga, Kitsumkalum, and Kitimat Rivers, are floored by a Columbia in order to  provide information on the character variety o f  unconsolidated sediments, and are bordered by and distribution o f  Quaternary sediments and landforms in the steep sediment-veneered rock slopes ( F i g .  37,1) .  Terrain area. An important objective o f  this program is the hazards include floods, landslides, bank erosion, gullying, and assessment o f  terrain hazards within those valleys that snow avalanches. 

Figure 37.1. Index map o f  study region (top l e f t ) .  Inset maps (bottom) show the topography ( l e f t )  and terrain gradients (right) o f  
a representative area within this region. Topographic contour interval is 305 m (1000 fee t ) .  The following slope 
classes are depicted on the terrain gradient map: < l o 0 ,  no pattern; 10-30°, stippled; >30°, black. 183 
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Slope Stabili ty 

Because the  Skeena and Ki t imat  River basins 
a r e  a reas  of high local relief and have abundant 
precipitation and moderate  t o  high seismic ac t iv i ty  
(Whitham and Hasegawa, 19751, t he  probability of 
landslides is relatively high. The susceptibil i ty of an  
a rea  t o  mass movement,  however,, is also a function 
of t h e  physical properties of surface  and near- 
surface  materials.  Thus, for example ,  ce r t a in  types  
of sediments common on the  valley floors of t h e  
study a rea ,  such a s  Pleistocene marine mud and 
clayey till, a r e  susceptible t o  fa i lure  on gent le  
slopes, whereas most s t e e p  bedrock slopes appear  t o  
be  stable.  

Most landslides in t h e  Skeena and Ki t imat  
River basins a r e  associated with ( I )  s t e e p  bluffs of 
unconsolidated sediments bordering t h e  main rivers, 
(2) a r e a s  underlain by Pleistocene marine  mud and 
c lay  rich till, and (3) s t e e p  slopes underlain by 
foliated metamorphic  rocks. 

Landslides of t h e  f i r s t  and second groups 
include both slides and flows. Examples a r e  t w o  
comparat ively  large  landslides at t h e  nor theas t  end 
of Lakelse Lake (Figs. 37.2 and 37.3) which were  

Figure 37.3. Two landslides at t h e  nor theas t  end of Lakelse Lake. caused by the marine 
The failures occurred in Pleistocene marine  c l ay  overlain overlain in pa r t  by permeable  alluvial f an  sediments.  
in par t  by alluvial fan  sediments.  The numbers 122' and * provincial park camps i t e  and p a r t  of t h e  highway 
'23' identify t h e  flows in Figure 37.2. linking Ter race  and Ki t imat  were  destroyed by 

f lowage at t h e  northern s i t e  (Fig. 37.2, no. 22). In 
Floods t h e  future.  landslide movements similar t o  those a t  Lakelse - ----- 

Lake may ' t ake  place  in o ther  pa r t s  of t h e  Terrace-Ki t imat  
Potent ia l  flood a reas  include alluvial plains and low region, because f i n e  grained marine sediments occur at  the 

terraces of major rivers and streams, and fans surface  and beneath  younger s t r a t a  over much of t h e  valley 
located where tributary streams enter t runk  floor and low valley walls between Kitirnat and Kitsumkalum 
(Fig. 37.2). Lake (Clague, 1977). 

The main cr i ter ion used t o  identify the  potential  flood 
a reas  shown in Figure 37.2 is ver t ica l  proximity of alluvial 
surfaces  to  bankfull levels of adjacent  streams. 
Unfortunately,  no quant i ta t ive  e s t ima te  of the  probability or  
magnitude of flooding can be made for these  areas ,  in large  
par t  because pertinent streamflow records a r e  e i ther  short  in 
duration or  nonexistent. Available records, however, do  
indicate  tha t  maximum instantaneous discharges of t he  major 
rivers for t h e  period of measurement  (<50 years) a r e  10 t o  20 
t imes  g rea te r  than mean annual discharges (Water Survey of 
Canada, 1974). Ra re  flood events  (e.g., those  with recurrence  
intervals of 100 years  or more)  would exceed t h e  larges t  
flows of the  s t reamflow records. The rivers and s t r eams  in 
the  study a r e a  thus  a r e  subject t o  large variations in 
discharge, and i t  is  probable t h a t  r a r e  flood even t s  would 
result  in inundation of portions of flood plains, low ter races ,  
and non-incised fans. 

Many of t h e  flood a reas  shown in Figure 37.2 a r e  
uninhabited and undeveloped, thus t h e  flood hazard t o  l ife and 
property is minor. However, low alluvial t e r r aces  at Telkwa, 
Hazelton, Kispiox, Kitwanga, Cedarvale,  Usk, Terrace ,  and 
Ki t imat  a r e  inhabited and might be inundated during 
unusually large floods. In addition, Highway 16 and t h e  
Canadian National Railways line, t h e  main ground transporta- 
tion routes  in t h e  a rea ,  might be  flooded in severa l  places by 
Bulkley and Skeena Rivers. 

Some flood prevention measures have been undertaken. 
For example,  dyking of Kitirnat River near i t s  mouth has  
lessened the  likelihood of flooding a t  Kitirnat. Also, t h e  
British Columbia Depar tment  of Highways has modified 
severa l  channels spanned by highway bridges in an  a t t e m p t  t o  
minimize the  impact  of bank erosion and flooding on these  
structures.  

Several submarine landslides a t  t h e  head of Ki t imat  
Arm south of Kitirnat also resulted f rom t h e  fa i lure  of mar ine  
clay (Colder Associates, 1975; Bell and Kallman, 1976; 
Luternauer and Swan, 1978). Submarine landslide movement  
on the  west side of Kitirnat Arm in April 1975 generated a 
wave which caused approximately $600 000 damage t o  water-  
f ron t  fac i l i t ies  in t h e  a rea  (Golder Associates,  1975, p. 1). 

Highly fluid, f a s t  moving debris flows caused by t h e  
failure of a thin su r face  layer of wa te r  sa tura ted,  weathered,  
and broken rock a r e  associated with s t e e p  slopes underlain by 
foliated metamorphic  rocks. The larges t  of these  flows 
travelled for  severa l  hundred me t re s  and produced t r acks  of 
devasta t ion in ma tu re  fores t  similar in appearance t o  
avalanche t r acks  (Fig. 37.4). One such flow temporarily 
blocked Highway 16 near  Por t  Edward in 1977. These flows 
appear  t o  be  confined t o  a r e a s  of high precipitation (> 250 cm/y) 
and t o  slopes underlain by schistose and gneissic rocks in t h e  
vicinity of Pr ince  Ruper t  and Por t  Edward (Fig. 37.2). 

Similar t o  these  debris flows a r e  slushflows and mud- 
flows, consisting of sediment,  snow, and wa te r ,  which move 
rapidly down high gradient  s t r eam courses and avalanche 
t r acks  during spring thaw. Upon reaching low gradient  slopes, 
t hese  flows t e rmina te  a s  fan- and ribbon-shaped bodies of 
debris. 

Erosion 

Rapid contemporary  erosion in t h e  Skeena and Ki t imat  
River basins appears  to  be res t r ic ted  t o  t h e  concave banks of 
ce r t a in  river bends. In many a reas  bank erosion is 
accompanied by slumping of unconsolidated sediments  f rom 
oversteepened river banks. Although quant i ta t ive  d a t a  on 
erosion r a t e s  in t h e  a r e a  a r e  rare ,  t h e  Skeena River for  a 
d is tance  of severa l  hundred me t re s  a t  one s i t e  southwest of 
Te r race  has c u t  back a 7 m high bank a t  an  average r a t e  of 
9 m/y between 1963 and 1974. It is emphasized, however,  
t h a t  erosion of this magnitude is very  l imited in a r e a l  extent .  



Figure  37.4. Avalanche  t r a c k s ,  S k e e n a  Valley e a s t  of P r i n c e  R u p e r t  (top), a n d  lands l ide  t r a c k  a n d  colluviurn produced  
by debr i s  f low n e a r  P o r t  Edward  (bo t tom) .  T h e  d e b r i s  f low o r i g i n a t e d  on  a s t e e p  s l o p e  (only par t ia l ly  
visible in t h e  background),  c u t  a s w a t h  th rough d e n s e  f o r e s t ,  and  bur ied  the road  in t h e  foreground.  
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dis tance  of severa l  hundred m e t r e s  a t  one  s i t e  southwest  of 
r e r r a c e  has  c u t  back a 7 m high bank a t  an  ave rage  r a t e  of 
9 m/y between 1963 and 1974. It is emphasized,  however,  
t h a t  erosion of th is  magnitude is  very l imited in a r ea l  extent .  

Much of t h e  a r e a  underlain by Ple is tocene  mar ine  s i l t  
and clay between Kitirnat and Kitsuml<alum Lake is dissected 
by steep-walled gullies heading in amphitheatre-shaped bowls. 
Erosion of these  f ine  grained sediments  is continuing, 
probably largely a s  a result  of groundwater sapping a t  t h e  
heads of t h e  gullies. Unfortunately,  t he re  a r e  no d a t a  on 
erosion r a t e s  in t hese  areas .  

Gullying of l imited magnitude and a rea l  e x t e n t  also is  
occurr ing  on s teep ,  sediment  covered slopes, especially those  
which have  been c lear-cut  logged. 

Snow Avalanches 

The Avalanche Task Force  of t h e  British Columbia 
Depar tment  of Highways has identified Skeena Valley 
between Te r race  and Tyee ( the  l a t t e r  is a Canadian National 
Railways s ta t ion  located approximately 25 km southeas t  of 
Pr ince  Ruper t )  a s  one of t h ree  highway corridors in t h e  
province with high avalanche hazard ratings (Figs. 37.4 and 
37.5). Highway 16, t h e  only road connecting t h e  coas ta l  
communi ty  of Prince Ruper t  with t he  remainder of t h e  
province,  is  located  in th is  corridor and is  closed for  lengthy 
periods due  t o  avalanches  [average annual c losure  t i m e  is 13  
days  (Avalanche Task Force,  1974, Table l)]. 

The  seriousness of th is  problem is highlighted by a n  
avalanche in January  1974 which killed seven persons and 
des t royed a service  s ta t ion ,  ca fe ,  and small  t r a i l e r  park 
45  km wes t  of Terrace .  This ca tas t rophic  avalanche was  
t r iggered by unusually heavy snowfall  (200 c m  in t h e  12 days  
preceding t h e  snowslide) followed by warmer  t empera tu re s  
and heavy rainfall. 

Although the  avalanche hazard t o  l i fe  and proper ty  is 
g rea t e s t  in Skeena Valley wes t  of Terrace ,  largely because  of 
t h e  proximity of t h e  highway and railway t o  s t e e p  valley 
walls, avalanches  a r e  common in a lmost  all t r ibutary  valleys 
t o  Bulkley, Skeena, Kispiox, Kitwanga, Kitsumkalum, and 
Ki t ima t  Rivers. The  valley walls in t h e  u p p e r  r eaches  of 

many of t hese  t r i bu t a r i e s  lack fores t  cover  and appear  t o  be  
swep t  regularly by avalanches.  For tunate ly ,  t he se  t r ibutary  
valleys a r e  uninhabited (although many a r e  access ib le  by 
logging roads) so  t h a t  snowslides pose a t h r e a t  only t o  those  
individuals enter ing  t h e  valleys during t h e  winter  and spring. 
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LITHOSTRATICRAPHY OF THE QUATERNARY SEDIMENTS EAST O F  JESSE BAY, 
BANKS ISLAND, DISTRICT O F  FRANKLIN 

Project  740065 

Jean-Serge Vincent 
Terrain Sciences Division 

Abstract 

Vincent, Jean-Serge, Lithostratigraphy of the quaternary sediments east of Jesse Bay, Banks 
Island, District of Franklin; Current Research, Part A, Geol. Surv. Can., Paper 78-lA, p.189-193, 1978 

The detailed study of sediments in coastal sections east o f  Jesse Bay on Banks Island has 
revealed the existence of three or possibly four separate glacial events. Associated with each 
o f  these events, both before and after ice advance, are sequences of  marine and terrestrial 
bone, peat, shell, and wood bearing sediments. The lithostratigraphic correlation of the 
sequences is presented and a brief description of the units is given. 

Within the  Banks Island surficial geology inventory 
project,  detailed investigation of the  Quaternary stratigraphy 
of four selected coas ta l  a r eas  of southern and eas tern  Banks 
Island was conducted (Fig. 38.1). 

As an  illustration of t h e  abundance of information 
provided by t h e  sequence of Quaternary mater ia ls  on Banks 
Island, this paper is  a brief preliminary in terpre ta t ion of t h e  
l i thostratigraphy of coas t a l  sec t ions  located e a s t  of J e s se  Bay 
(site 3 of Fig. 38.1). Final corre la t ions  a s  well a s  def in i t ive  
s t a t emen t s  on the  genesis of ce r t a in  units and the  establish- 
ment  of a chronostratigraphy will have to  awai t  t h e  results of 
various laboratory investigations of samples. 

Lithostratigraphy and Description of Units 

Twelve sect ions  situated between 72'13'40"N- 
119°51'W and 72O14'40"N -119O44'W a t  varying intervals 

along t h e  coas t  were  studied and their  l i thostratigraphy was 
established (Fig. 38.2). The sections a r e  labelled A t o  L and 
a r e  presented in succession f rom west t o  eas t .  The various 
lithological units identified in t h e  sections a r e  corre la ted  and 
labelled I t o  10. In order t o  avoid a multiplicity of units, t h e  
d i f ferent  textura l  fac ies  resulting f rom a single major event  
were  grouped as one unit. Locations of points where  algae,  
bone, peat ,  shells and wood were  found also a r e  indicated in 
Figure 38.2. 

Unit 1 

The oldest  unit, observed in sections F, H, K ,  and L, 
comprises rhythmically bedded or  massive sediments  t h a t  
vary in t ex tu re  f rom clay t o  f ine  sands. Among o the r  
evidence, t h e  presence of mar ine  shells and a lgae  (organic 
m a t t e r  tentatively identified a s  such by R.J. Mot t  of t h e  
Paleoecology Laboratory) indicates  tha t  t he  unit is  marine in 
origin. Massive i c e  bodies in these  sediments were  noted in 
sect ions  c u t  in a deep  gorge (Figs. 38.3 and 38.4). 

Unit 2 

Unit 2, found in sections F, G, H, and L, i s  a 
moderately stony, ca lcareous ,  very dark greyish brown 
(10 YR 3/21, sandy s i l t  till (Figs. 38.3 and 38.6). Foreign and 
s t r ia ted  stones a r e  common in this till a s  well a s  dispersed 
thin bands of l ight coloured f ine  sands. 

Unit 3 

Unit 3, composed mainly of fine sands with some  
medium sand and small  gravel,  was  noted only in sect ion H. 
This unit, surmised t o  b e  of mar ine  origin, s epa ra t e s  t h e  t i l ls  
of units 2 and 4 tha t ,  in the  o ther  sections,  a r e  in c o n t a c t  
with each other  (Fig. 38.6). 

Unit 4 

Unit 4, observed in sect ions  F, G, H, and L, i s  a 
moderate ly  stony, ca lcareous ,  l ight yellowish brown (orange 
appearance)  (10 YR 6/4), sandy sil t  t i l l  (Figs. 38.3 and 38.6). 
Apar t  f rom i t s  distinctive colour,  this till, based on field 
observations,  i s  similar t o  t i l l  of uni t  3. Detailed laboratory 
investigations a r e  needed in order  t o  ascer ta in  t h e  degree  of 
similarity and hence the  possible relationship of these  two  
tills. 

Unit 5 

This lithological unit ,  which coarsens  upwards, 
generally consists of marine,  shell bearing, rhythmically 
bedded sediments  which g rade  t o  p e a t  and wood bearing 
fluvial-deltaic sands and gravels  (Figs. 38.5 and 38.7). The 
en t i r e  sequence clearly indicates sedimentation in a 
progressively shallowing wa te r  body. A t  t h e  end of t h e  cycle  
t h e  sequence was ter res t r ia l .  

I , .  , 0 0 1 1  78. 

It.. It.. 122. t10. ,,,. I,.. 
, .  . , 

Figure 38.1. Location map of Banks Island showing the  s i tes  
studied during summer 1977. 
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Figure 38.4 

View of massive i ce  
mar ine  sediments  of 

bodies in rhythmically 
unit 1 in section L. 

bedded 

Figure 38.3 

i General view of the  lower pa r t  of sect ion L. 
Numbers on the  units refer  t o  those  used in 
Figure  38.2; sca le  i s  given by t h e  person , standing a t  t he  bot tom l e f t  c e n t r e  of t h e  
photograph. 

- F ~ g u r e  38.5 
"9- \' - - .  .. ,] General  view of sect ion C. U n ~ t s  a r e  labelled - .. . z a s  shown In F ~ g u r e  38.2.  Note the  n ~ v a t i o n  

hollows t h a t  have developed In the  easily - '  I.  
e r o d ~ b l e  f ine  sediments  of unit  6 and t h e  deep  

' gully ~ n c i s ~ o n  t h a t  has  resulted from t h e  
: meltlng of snow. 
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Unit 6 Unit 10 

Unit 6 generally comprises rhythmically bedded or 
massive sediments t h a t  vary in t ex tu re  f rom clay t o  medium 
grained sands. In sec t ion  E s t ra t i f ied  sands and gravels  a lso  
a r e  present.  No c l ea r  gradational trend was observed in t h e  
sequence ,  but  i t  is  evident  t h a t  th is  unit, compared t o  t h e  
underlying sediments  of unit  5, indica tes  a re turn  t o  deeper  
water .  The presence  of shells in section F lil<ely indica tes  a 
mar ine  origin fo r  t h e  sediments.  

Unit  7 

This unit is a moderately s tony,  noncalcareous,  very 
da rk  greyish brown (10 YR 3/21, sandy s i l t  t i l l  (Fig. 38.8). In 
s ec t ions  El F, and G th is  t i l l  i s  clearly in ters t ra t i f ied  with t h e  
water-laid sediments  of uni t  6, indicating t h e  presence  of a 
wa te r  body a t  t h e  i ce  f ront .  

Unit  8 

Unit  8 i s  a sequence  of rhythmically bedded greyish 
s i l t s  with some  f ine  sand and clayey s i l t  (Fig. 38.8); t h e  
sediments  commonly a r e  disturbed by f au l t s  of l imited offse t .  
This unit  is  thought t o  be  of mar ine  origin and is  present  in 
t h e  s a m e  s t ra t igraphic  position f rom Nelson River  in southern  
Banks Island t o  north of Pa rke r  River in nor theas tern  Banks 
Island. 

Unit 9 

This unit  is  composed of s t ra t i f ied ,  well sor ted  sands 
and gravels  of probable i c e  c o n t a c t  origin. I t  i s  not  known a t  
th is  t i m e  if t h e  unit is re la ted  genetically t o  t h e  r e t r e a t  of 
t h e  i ce  t h a t  deposited unit  7 o r  t o  t h e  advance  of t h e  g lac ier  
t h a t  deposited unit 10. 

Unit 10 i s  a modera te ly  stony, genera l ly  thin, very 
ca lcareous ,  pinkish grey (7.5 YR 6/21, si l ty till. This t i l l  is  on 
t h e  surface  in t h e  in ter f luves  in t h e  a r ea .  It represents  t h e  
l a s t  glacial  advance  on Banks Island. 

Conclusion 

Based on t h e  l i thostratigraphy of t h e  coas t a l  sec t ions  
e a s t  of J e s se  Bay, i t  is  possible t o  identify t h r e e  or possibly 
four  main glacial  e v e n t s  represented  by t h e  t i l l s  of uni ts  2, 4, 
7, and 10. Evidence f o r  mar ine  inundation of t h e  a r ea ,  
associated with each i c e  advance  both be fo re  and a f t e r  each 
event ,  is  clearly indicated by units 1, 5, 6, and 8. A re turn  t o  
a subaerial  envi ronment  a f t e r  glacial  o r  mar ine  episodes c a n  
b e  ascer ta ined definitely,  f o r  t h e  period be tween  deposit ion 
of t i l l  units  4 and 7 because  of t h e  p re sence  of t e r r e s t r i a l  
sediments  in t h e  uppermost  p a r t  of uni t  5. 

I t  i s  hoped t h a t  t h e  labora tory  s tudy of various samples  
col lec ted  in t h e  i n t e r t i l l  deposi t s  will aid in t h e  es tabl ishment  
of t h e  chronost ra t igraphy of t h e  deposits .  Fu r the r  work a lso  
will involve corre la t ing  t i l l s  found in t h e  coas t a l  s t ra t igraphic  
succession with t h e  various till shee t s  of known e x t e n t  t h a t  
have  been mapped previously on Banks Island. 
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Abstract  

Herd, R.K., Geology of Puddle Pond a rea  Red Indian Lake map-sheet, Newfoundland; Cur ren t  
Research, P a r t  A, Geol. Surv. Can., Paper  78-1A! p .  ,295-197, 1978. 

The nor thwestern  pa r t  of t h e  Puddle Pond map-area (12A/5) i s  underlain by a complex of 
igneous and metamorphic  rocks  of probable Grenvillian t o  Devonian age. Early migmat i t e s  and  
paragneisses a r e  c u t  by granite,  granodiorite,  d ior i te  and  granodiorit ic orthogneiss. Hornblende 
gabbro, norite,  and minor ultramafzc rocks  a r e  present.  An isolated outcrop of anor thosi te  found 
south of Puddle Pond, and highly metamorphosed marble-calcsil icate rock  found in migmatite,  suggest  
t he  presence of Grenville basement f a r t h e r  eas t  than previously known in the  southern  Long Range. 

Introduction anorthosit ic aabbro (unit 6) occur  in the  southwest  Dart of t h e  
a r e a  mappedv and h a y  be co-genetic.  igneous 

As t h e  initial s t age  of a program t o  revise t h e  geology layering locally exhibit ing mineral grading appears  in both o f  Red Indian Lake map-area (12A, west half)  a t  1:250 000 units. Both have been deformed and their boundaries 
scale  ( ~ i l e ~ ,  1957, 19621, mapping began at 1 ~ 5 0  000 scale in recrystallized and migmatized. Serpentinite (unit  7) in an  
the Pond map-area (12A/5)' Kean 1977) has isolated exposure is probably re la ted  t o  t h e  gabbro-norite 
been mapping a t  a scale  of OoO in the Lake area complex. Mylonitic gneiss (unit 8) fo rms  a narrow zone along t o  the  eas t .  t he  nor theas tern  border of t h e  gabbro body (unit 6) and is 

Puddle Pond map-area is in the  southern Long Range par t ly  developed f rom the  gabbro. 
Mountains of western Newfoundland eas t  of St. George's Bay Hornblende-biotite plutonic rocks (unit  91, ranging f rom and 30 k m  east of the Trans-Canada The Southwest diorite to granite a r e  the most extensive rocks in the mapped - road (Route 480) currently under construe- area .  Hornblendite (subunit 9e) probably represents  a border 
tion, plus fores t  access  and logging roads, provide access  t o  phase. lnclusions of hornblendite and of porphyrit ic gabbro t h e  map-area. Fixed-wing and helicopter t ranspor t  is (subunit 6c) appear  especially in d ior i te  and granodiorite.  The available at Pasadena and e lsewhere  near  Corner  Brook. granitoid rocks are commonly massive, coarsely jointed and Work in 1977 was  concentra ted  in t h e  northwest corner  of t h e  cut by pink aplite dyl<es. 
 ma^-area. 

The southern Long Range in the  map-area is a deeply 
dissected, glaciated plateau, with alpine vegetation in upland 
areas ,  ample  outcrop, and hilltops which reach 500 t o  700 m 
above s e a  level. S t ream valleys and lower slopes a r e  covered 
by glacial  debris, fluvial deposits, and thick fores t ;  outcrops 
a r e  sparse  but can b e  found along s t r eams  and roadcuts. Soil 
erosion exposes bedrock in logged areas.  No waterways  can  
be  t raversed by canoe, and animal t ra i l s  must be  followed 
through scrub spruce  and t amarack  on upper hill slopes. 

Ground t raverses  throughout the  a r e a  shown in 
Figure 39.1 comprised t h e  field work in 1977; above-average 
rainfall  cur ta i led  work in July. 

Geology 

Figure  39.1 is a geological sketch-map of t h e  north- 
western  pa r t  of Puddle Pond map-area and of pa r t s  of 
adjacent  map-areas. All rocks a r e  igneous and/or metamor-  
phic; some a r e  apparently of Helikian or ear l ier  (Grenville) 
age ,  in t imate ly  associated with metamorphosed equivalents 
of younger cover rocks, and all  intruded by severa l  genera-  
t ions of granitoid rocks, both massive and foliated 
(orthogneisses) and minor intrusions. 

The oldest  rocks appear t o  be  biotite-rich paragneiss 
(unit I )  which varies f rom sillimanite-bearing (aluminous) t o  
calc-sil icate - rich. One large  a r e a  of calc-sil icate and 
marble  (unit 2) is an  inclusion in migmat i te  (unit 3). 
Paragneiss (unit I )  and migmat i te  (unit 3) a r e  complexly 
associated west and south of North Lake and south of 
Southwest Brook, and a r e  intergradational.  It seems probable 
t h a t  units I t o  3 a t  least  a r e  Helikian or older (Grenvillian 
orogen). Gabbro, metagabbro, and coarse  amphibolite (unit  4) 
a r e  associated with t h e  paragneiss and migmat i te  a s  xenoliths 
and a s  a mass next t o  t h e  calc-sil icate inclusion (unit 2). 
Hornblende nor i te  (unit 5) and hornblende gabbro and 

The youngest gneiss is apparent ly  an  orthogneiss 
(unit 10) which cu t s  most rock units and conta ins  inclusions of 
them.  Distinctive massive pink biot i te  g ran i t e  (unit 11) 
around North Lake cu t s  migmat i te  (unit  3), orthogneiss 
(unit 101, and diorite-granodiorite (unit  9), and appears  to  be 
t h e  youngest rock in t h e  mapped a r e a  and may be  Devonian. 
Dykes of similar g ran i t e  and perhaps offshoots f rom t h e  
North Lake body c u t  most rocks of t h e  area .  In addition t o  
t h e  mapped units I t o  11, t h e r e  a r e  dykes  of pegmat i te ,  
d ior i te ,  diabase,  and aplite.  

S t ruc tu re  

All rocks but  t h e  pink grani te  (unit  11) a r e  foliated,  a t  
leas t  locally. Earliest  foliations, a s  seen in the  migmat i tes  
and paragneisses, t rend e a s t  and nor theas t  t o  northwest.  
Some foliations may be parallel  t o  axia l  surfaces  of 
northeast-trending ant i forms and synforms defined by minor 
folds in migmat i te  and paragneiss north of Southwest Brook, 
and by graded igneous layering in t h e  hornblende gabbros and 
norites. Clearly t h e  youngest major s t ruc tu res  in t h e  a r e a  
occur in the  zone of migmatization bordering t h e  orthogneiss 
(unit 10). The zone extends  northwesterly across  t h e  mapped 
a rea ,  and i t  is c lear  t h a t  older s t ruc tu res  within this zone 
have been ro t a t ed  in to  conformity.  

Metamorphism 

Mineral assemblages  in t h e  paragneisses and migmat i tes  
indicate  lower t o  middle amphibolite f ac i e s  conditioqs. No 
significant contact -metamorphic  e f f e c t s  of grani tes  or  grano- 
diorites/diorites (units 9, I I )  have been found. Migmatization 
associa ted  with the  orthogneiss (unit  10) may be relatively 
high-temperature,  high-pressure amphibolite facies,  a s  
diopside, hypersthene, garnet ,  and hornblende occur where 
hornblende nor i te  (unit  5) adjoins t h e  orthogneiss. 



11 Biotite granite,  pink, massive 

DEVONIAN AND/OR OLDER 

10 Orthogneiss of granite-granodiorite composition: 
10a, leucocrat ic  augen gneiss; lob, layered bio- 
t i t e  gneiss; IOc, interlayered white orthogneiss 
and pink porphyritic granitoid gneiss 

9 Hornblende-biotite granitoid rocks: 9a,  diorite;  
9b, qua r t z  diorite;  9c,  granodiorite;  9d, grani te ;  
9e,  hornblendite with b iot i te  aggregates  

8 Mylonitic gneiss, pink, with epidote 

7 Serpentinite 

5 Hornblende norite:  5a,  medium grained, massive 
and coarsely jointed; 5b, layered; 5c, pegrnatit ic 
with inclusions; 5d, porphyrit ic with hornblende 
phenocrysts; 5e,  a g m a t i t e  of nor i te  and whi te  
o r t h o ~ n e i s s  

4 Gabbro, metagabbro and coa r se  grained 
amphiboli te 

POSSIBLY HELIKIAN AND/OR OLDER 

3 Migrnatite composed of: paragneiss of unit I 
locally with (3a) sillirnanite, cordier i te  and 
ga rne t ;  or (3b) calc-sil icate minerals; and grano- 
diorit ic gneiss, with inclusions of amphibolite,  
metagabbro,  calc-sil icate rock, sillirnanite 
schist ,  rarely serpent in i te ,  e t c .  

6 Hornblende gabbro and anorthosit ic gabbro: 6a,  2 Marble and calc-sil icate rock with garnet ,  
norit ic;  6b, ophitic;  6c,  porphyrit ic with diopside, qua r t z  and sphene 
hornblende and plagioclase phenocrysts; 
6d, leucocrat ic  I Paragneiss,  biotite-rich; l a ,  conta ins  si l l imanite;  

Ib,  contains t r emol i t e  

Figure 39.1. Geology of t h e  northwestern par t  of Puddle Pond map-area.  



Metallic Mineral Occurrences  Acknowledgments 

Two flakes of molybdenite were  noted in older grano- 
diorit ic pegmat i te  (unit 9?) southwest of North Lake. Else- 
where  minor pyrite and hemat i t e  occur in shear zones and 
associated with l a t e  pegmatites.  The hornblende norite body 
(unit 5) contains abundant magnet i te  and t h e  hornblende 
gabbro lesser amounts;  chromite  and nickel minerals were not 
observed. 

Regional Correlations 

It is too  early in this project t o  make def in i te  
correlations of t h e  Puddle Pond geology with o ther  par ts  of 
western Newfoundland, but some of t h e  rocks described he re  
invite speculative correlations.  

The migmat i te  and paragneiss a r e  similar t o  t h e  
probable Grenvillian Long Range Gneiss near Por t  aux 
Basques (Brown, 1976a). Alternatively,  they could represent 
metamorphosed Hadrynian-Cambrian Fleur de  Lys rocks, and 
t h e  abundant amphibolit ic inclusions could be  equivalent t o  
t h e  Birchy Schist (Williams and St-Julien, 1978). The Glover 
Formation occurring just north of t he  map-area, contains 
basic volcanics and ul t ramafic  rocks, providing a possible 
source  for gabbros and amphibolites seen in xenoliths and in 
larger  masses. An anorthosite resembling t h a t  a t  Steel  
Mountain to  the  west,  was found south of Puddle Pond in the  
nor theas tern  par t  of t h e  map-area during reconnaissance, and 
strongly suggests t h a t  Grenvillian rocks occur  f a r the r  east 
than previously considered in this pa r t  of t he  Long Range. 

The hornblende norite (unit 5) is  similar t o  par ts  of t h e  
Bay of Islands complex, especially t o  t h e  gabbros on t h e  Lark 
Harbour road (Williams and Malpas, 1974). The hornblende 
norite (unit 5) a n d  gabbro (unit 6 )  together  might represent  
oceanic crust ,  obducted over Grenville basement (cf. Brown, 
1976b) and migmatized along i t s  margins. Significantly, t h e  
marginal agmat i t i c  unit of hornblende nor i te  (subunit 5e) 
contains a variety of disoriented maf ic  and ul t ramafic  exo t i c  
inclusions and could represent a migmatized tec tonic  
k l a n g e .  

Geological mapping ass is tance  was  provided by 
N.A.C. Rey, W.P. Carew, and G.S. Hayes. Logistical advice 
f rom D.R. Grant ,  B.A. Greene, B.F. Kean, and E.G. Rodgers 
is  gratefully acknowledged, a s  is logistical  support  f rom 
Environment Canada through use of fac i l i t ies  a t  t he  
Newfoundland Forest  Research Cen t re ,  Pasadena. Staff of 
Labrador Linerboard Ltd., of Singleton, of Western 
Construction Co., and of t h e  Newfoundland Depar tment  of 
Transport  and Communications provided invaluable informa- 
tion on local road conditions. H. Williams provided 
stimulating discussions. 
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THE GEOLOGY O F  THE WEST MINE, PKLEYS ISLAND, NEWFOUNDLAND 
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Abstract 

Appleyard, E.C. and Bowles, E.G., The geology o f  the West Mine, Pilleys Island, ~ewfoundland;  
Current Research, Part A, Geol. Surv. Can., Paper 78-1A, p. 199-203, 1978. 

The West Mine orebody comprises a syngenetic, stratiform massive sulphide and associated vein 
stockwork deposit hosted by felsic volcanics of calc-alkaline affinities. Alteration facies and primary 
stratigraphic elements provide the best geological guides for exploration. The deposit possesses many 
common elements with the Kuroko deposits of Japan and with other orebodies within the host Roberts 
Arm Group of Upper Ordovician ( ? I  volcanics. , 

Introduction The "Old" Mine i s  t he  only one of numerous  occurrences  
of mineralization in t he  ~ i l l e y s  Island a r e a  which has been 

Mineralization has been known within the  Rober ts  Arm exploited commercially (Fig, 40.1). This property was 

On Pilleys Island, Dame Bay9 opera ted  by severa l  owners in termi t tent ly  between 1889 and 
Newfoundland fo r  over 100 years,  but no commercia l  produc- 1908 dur ing  which time about 500 000 tons of pyrit ic ore were t ion has occurred since 1908. Cur ren t  levels of exploration mined as a source of sulphur with copper, silver and gold 
for volcanogenic Ore are high throughout the being recovered as a byproduct (Horsburgh, 1968). The mine Appalachian region and th is  occurrence  has a t t r a c t e d  

manager  a t  t h e  t i m e  of c losure  e s t ima ted  t h a t  about  27 per  considerable a t tent ion .  Despite c e n t  of t he  t o t a l  production had been cupr i ferous  pyr i te  ore  
discoveries no mineralized zones  of cu r r en t  economic  in t e r e s t  
have  been discovered. running 3 t o  3.5 per  c e n t  C u  (Walker, 1960). Production 

t e rmina ted  because t h e  orebody was  t runca t ed  by a f a u l t  and 
The objectives of this study a r e  both t o  add t o  t he  t h e  company was  in financial  difficult ies.  

inventory of knowledge of th is  in teres t ing  deposit  and to The "South" Mine orebody (Fig. 40.2) was  discovered in contr ibute  t o  t he  understanding of a l te red  host rocks 1921 when eight holes were drilled in an attempt to find the associa ted  with mineralization.  faul ted  extension of the  orebody. Extensive addit ional 

- - --  

Figure 40.1. Gene ra l  geology of Pil leys Island showing the  s e t t i ng  of t he  Old M.ine ( a f t e r  Espenshade, 1937). 
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Figure 40.2. Detailed plan and cross-section of geology in the  vicinity of the  Old Mine showing projected outlines of orebodies 
(modified a f t e r  Lawton, 1921). 

exploratory drilling in  1951-52 and 1956-58 by t h e  Pilleys 
Island Copper-Pyrite Co. resulted in the  discovery of the  
"West" Mine orebody (Fig. 40.2) which was fur ther  delimited 
by drilling conducted by Brinex between 1967 and 1970. 

The "Old", "South" and "West" orebodies form a physic- 
ally contiguous group (Fig. 40.2) and a r e  thus convenient t o  
consider together.  

Other  sulphide occurrences  in the  Pilleys Island a r e a  a r e  
a lso  associated with felsic volcanics and include the  "42" 
orebody, t h e  Bull Road, Henderson and Mansfield showings 
and numerous minor gossans (Fig. 40.1; s ee  also Strong, 1974; 
Bichan, 1959; Harris e t  al., 1975). 

The local volcanic sequence forms par t  of t he  Roberts 
Arm Group, a calc-alkaline suite (Strong, 1973) of possible 
Upper Ordovician age (Bostock, 1976). This Group hosts o ther  
important  sulphide deposits a t  Gull Pond (Dean, 1974), Lake 
Bond, and Buchans (Thurlow et al., 1975). 

Scope and S ta tus  of Study 

During the  present study some 3000 m (10 000 ft.) of 
drill co re  representing 15 holes contiguous t o  the West Mine 
orebody were re-examined, sampled, and studied using petro- 
graphical, mineralogical, and geochemical methods. This 
repor t  provides a description of the volcanic se t t ing of the 
mineralized facies  along with petrographic descriptions of 
a l tered f ac i e s  of host rocks. 

Geology of the Occurrence 

Pr imary Stra t igraphic  Relationships 

The basalts have not been subdivided in this study a s  
most of the  drillholes did not penetra te  very f a r  in to  this 
unit. Except for one a rea  of strong chlorit ization, the  
c o n t a c t  with the  upper felsic rocks is  sharply defined in core  
a s  is  also the  case  in surface  exposures. The basalts appear 
t o  comprise a ser ies  of massive and pillowed flows, individual 
members  being distinguishable by di f ferences  in colour, 
vesicularity,  porphyrit ic textures ,  etc. Thicknesses average 
about  2 m (range 1-6 m). The colours vary  f rom dark  grey t o  
purplish brown, the  l a t t e r  caused by an  extensive  dissemina- 
t ion of finely-divided hemat i te .  Flow margins a r e  generally 
aphani t ic  and non-vesiculated. Pillows commonly contain 
f ro thy patches  with more  than 50 per cen t  amygdales now 
infilled with ca l c i t e  and, less commonly, barite.  Pillowed 
units appear more common a t  depth and towards  the  margins 
of the drilled block of ground. In ters t ices  between pillows 
o f t en  conta in  jasper, qua r t z  and disseminated pyrite. The 
majority of flows a r e  non-porphyritic and consist  of a fine 
grained groundmass of interlocking f ea the ry  l a ths  of plagio- 
c l a se  with in ters t i t ia l  devitrif ied mesostasis,  iron oxides, and 
re l ic t  clinopyroxenes. Porphyrit ic var ie t ies  a r e  marked by 
small  (< 1 mm) euhedral l a ths  of a lb i te  and stubby crys ta ls  of 
bo t t l e  green augite.  Some reddish orange idiomorphs may be 
iddingsite a f t e r  olivine. 

The major par t  of th is  sequence is  f resh  and unmineral- 
ized but locally is highly a l tered.  The rocks have previously 
been described a s  andesi tes  (Crimley, 1968; Strong, 1973) bu t  
Horsburgh (1968) referred t o  them as spilites. 

The fe ls ic  unit comprises an  in ter layered pile of flows 
and pyroclastic units, including a distinctive l i thic breccia 
(Fig. 40.3). - 

The volcanic rocks in the  mine a rea  comprise a lower The unit mapped regionally a s  "grey dac i t e  and rhyolite" 
sequence an upper, massive to comprises thin flows of distinctly flow-banded dacite (nomen- 

pyroclastic and autoc1ast . i~  sequence of felsic volcanics with clature follows chemical studies of Strong, 1973) which is a thickness of about 150 m (500 ft.) (Figs. 40.2, 40.3). 



showing (Harris, 1976). Such horizons may represent 
temporal  breaks in the  construction of the  volcanic edifice or  
i n t e rmi t t en t  tec tonic  disruption of i t s  form.  

Al tera t ion 

Areas  of a l tera t ion a r e  strikingly associa ted  with visible 
mineralization. These phenomena comprise a spect rum of 
types  ranging f rom thin zones (0.1-3 c m )  marginal t o  quar tz-  
pyr i te  veinlets, t o  a r e a s  of pervasively a l tered rocks t ens  of 
me t re s  in s ize  (Fig. 40.4). 

Zonation of the  a l tera t ion is displayed by colour and 
mineralogical e f f e c t s  marginal t o  veinlets but  t h e  massive 
a l tered zones possess an  equivalent s e t  of mineral assemblage 
facies.  Four facies have been distinguished in th is  study. 

(a) Quartz-sericite r :csldspar facies.  Daci te  flows and 
pyroclastics both 'show this ' form of a l tera t ion.  The ground- 
mass is a mat  of very fine grained ser ic i te  and minor qua r t z  
with re l ic t  la ths  of feldspar st i l l  evident.  Large rounded 
aggregates  of quar tz  probably represent  amygdales but some 
a r e  recrystall ized qua r t z  phenocrysts. Disseminated 
sulphides a r e  present in quant i t ies  g rea t e r  than 10 per cen t  
and consist  predominantly of pyrite. 

(b) Sericite-quartz facies.  The host for this a l tera t ion 
appears  t o  have consisted principally of fine grained vi t r ic  
t u f f s  although primary t ex tu res  necessary for  identification 
have largely been obliterated. It d i f fers  f rom the  previous 
f ac i e s  in having a much g rea te r  con ten t  of ser ic i te ,  sulphides 

1 - grey dac i t e  (V symbols = vi t r ic  lapilli t u f f ;  (up t o  50 per  cent),  less qua r t z  and is  complete ly  lacking in 
A symbols = autobrecciation) feldspar. This unit occupies a 30 m (100 ft.) thick conform- 

2 - ser ic i te-quar tz  schist  ab le  zone in t h e  hangingwall of t h e  main sulphide lens of t he  
3 - daci te  l i thic breccia  West mine (Fig. 40.4). 
4 - massive sulphides 
5 - vein stockwork (c) Quar t z  + ser ic i te  ? chlor i te  facies. This fac ies  is 
6 - chlorite-rich breccia coincident with a stockwork zone of quartz-pyrite veins found 
7 - basalt ,  mostly massive and pillowed flows di rect ly  beneath the  main sulphide lens (Fig. 40.4). Quar t z  

and sulphides a r e  abundant with minor ser ic i te  and chlorite.  
Figure 40.3. General geology along Section C-D through the  Feldspar is absent.  

West Mine orebody based on drillhole 
information. 

light greenish grey, very fine grained t o  aphanitic,  and 
commonly porphyritic. Vesicularity varies f rom 0 t o  10 per 
c e n t  with the  predominantly circular to oval amygdales 
infilled with quartz.  The groundmass comprises a mesostasis 
with abundant interlocking la ths  of a lb i te  and orthoclase.  
Subrounded phenocrysts of qua r t z  (< 2 mm) and isolated 
euhedral phenocrysts of or thoclase  and a lbi te  (< 2 mm) a r e  
generally common. Flow margins a r e  marked by devitrif ied 
chilled zones possessing perli t ic t ex tu res  and prominent 
spherulites. 

Interbedded with the  flows a r e  v i t roc1ast . i~  horizons. 
One of these  is a distinctive vi t r ic  lapilli tuff comprising dark 
greenish devitrif ied c las ts  in a fine grained whitish, si l iceous 
matrix. The c las ts  vary in shape f rom angular t o  curved and 
wispy and in s ize  f rom 0.2 t o  3.0 c m  (av. 1.5 cm). The r a t io  
of  c las ts  t o  matr ix  is  about 60:40. Individual horizons range 
f rom 15 t o  75 c m  (6-30 inches) in thickness and appear  t o  be 
more prominent in the  upper par t  of the felsic sequence. 
Only one horizon, a t  depths greater  than 30 m (100 ft.) 
possesses sufficient c0ntinuit.y t o  be corre la ted  f rom one hole ---------------------- 
t o  another.  ..................... 

In addition t o  the  interflow pyroclastics a distinctive 
daci te  l i thic breccia overlies the  main massive sulphide lens. 
This rock comprises a heterogenous assemblage of subrounded 
t o  angular c las ts  of pale c r e a m  coloured, ;ariably a l tered 
dac i t e  along with a small  percentage of massive sulphide 
f ragments  in a fine grained siliceous groundmass with 
disseminated sulphides. C las t s  range in s ize  f rom 0.1-5 c m  
(av. 1.5 c m )  and comprise up t o  95 per  c e n t  of t he  rock. The 
d e ~ o s i t  reDresents t r a n s ~ o r t e d  debris of local derivation. A 

1 - unaltered rocks, dac i t e s  and basal ts  
2 - quartz-ser.i.cite f feldspar f ac i e s  
3 - ser ic i te-quar tz  fac ies  
4 - quar t z  f ser ic i te  i chlor i te  fac ies  
5 - chlor i te  + ser ic i te  fac ies  

s i h i l a r  d i c i t e  l i th ic  brkccia containing sulphide f r agmen t s  Figure 40.4. Alteration e f f e c t s  in the  host rocks of the  West 
occurs directly above the  massive sulphide at the  Bull Road Mine orebody along section C-D. 
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Figure 40.5. Distribution of sulphide mineralization along 
sec t ion  C-D through the  West Mine orebody. 
Legend: I - < I per cen t  sulphides; 2 - l t o  10 
per c e n t  sulphides; 3 - 10 t o  50 per c e n t  sul- 
phides; shaded - massive sulphides (> 50 per cen t  
sulphides). 

(d) Chlor i te  ? ser ic i te  facies.  This chlorite-rich fac ies  
of a l te ra t ion  is res t r ic ted  -to a narrow, conformable  zone 
beneath  the  main sulphide lens (Fig. 40.4). Chlor i te  is the  
predominant mineral  and qua r t z  i s  much less abundant than in 
t h e  overlying qua r t z  + ser ic i te  ? chlor i te  facies.  The host 
appears  t o  have been a breccia ted  daci te .  The rock is 
composed of 0.5-6 c m  (av. 3 c m )  rounded t o  subangular 
a l t e r ed  dac i t e  f r agmen t s  in a fine grained, very dark,  
chlorite-rich matrix.  This type  of chlorit ization associa ted  
with breccia t ion  is not found in t h e  subjacent a l t e r ed  basa l t s  
where  chlor i te  has developed interst i t ial ly within normal 
mesostasis. Insufficient penet ra t ion  by drilling prevents  a 
comple t e  description of t h e  form of th is  unit  but i t  i s  
suggestive of t h e  intense chlor i t ic  a l te ra t ion  associa ted  with 
pipes beneath  many o the r  massive sulphide bodies 
(Sangster, 1972). 

A condensed fo rm of these  fac ies  borders t he  network 
of thin quartz-pyrite veinlets e lsewhere  in t he  sequence.  
These borders consist  of bleached and sericite-enriched zones  
with, in some cases ,  a chlor i te  rind developed di rec t ly  
adjacent  t o  sulphides. 

Mineralization 

Mineralization of two types  ( I )  sulphide-bearing vein 
stockworks and (ii) massive sulphide lenses, occur  above t h e  
basa l t Idaci te  i n t e r f ace  throughout this section of t h e  mine. 
Figure 40.5 i l lus t ra tes  the  distribution of sulphides with 
values > 50 per  c e n t  being considered massive sulphide bodies. 

Two horizons with massive sulphide lenses occur  within 
t h e  section.  All a r e  conformable  t o  t h e  enclosing volcanics. 
The upper horizon comprises a ser ies  of thin, discontinuous 
sulphide lenses in a n  e n  echelon pa t t e rn  at t h e  36 m (120 ft.) 
level. The mineralization comprises  principally massive 
pyr i te  with very l i t t l e  copper (av. 0.19 per c e n t  Cu). These  
lenses may be l a t e r a l  equivalents of t h e  Old Mine orebody. 

The main o r e  lens is a lso  a concordant  body, dipping 20" 
south-southeast ,  abou t  12 m (40 ft.) thick in t h e  cen t r e ,  

thinning gradually t o  i t s  limits. I t  possesses a sharp  
hangingwall c o n t a c t  with t h e  overlying d a c i t e  l i th ic  breccia.  
In plan i t  is e longated  in a north-northeast  d i rec t ion  
(Fig. 40.2). It appears  t o  be  emplaced within highly a l t e r ed  
v i t r ic  tuffs.  The mineralization within t h e  lens  i s  predomi- 
na te ly  pyrite,  o f t en  with colloform texture .  The s i l ica te  
gangue consists of abundant q u a r t z  and minor s e r i c i t e  and 
chlorite.  No evidence of layering was  observed although ore  
in t h e  Old Mine possesses th is  f ea tu re  (Horsburgh, 1968); 
instead the  massive o re  resembles  a highly a l t e r ed  tuff  
sa tura ted  with sulphides. 

The main vein stockwork occurs  beneath  t h e  main 
massive sulphide lens and increases  in d i ame te r  upwards t o  
embrace  it. The host rocks were  originally volcanoclastic 
dacj tes  but a r e  now very strongly a l tered  t o  t h e  q u a r t z  + seri-  
c i t e  + chlor i te  facies.  Q u a r t z  is  a predominant component ,  
comprising 40 t o  90 per cent .  Py r i t e  is t he  most  common 
sulphide occurring in medium grained disseminations,  aggre- 
ga tes ,  and stringers.  Mineralization in th is  zone  o f t en  
conta ins  higher copper values than t h e  massive sulphide lens 
(av. 1-5 per cen t  Cu). Py r i t e  i s  o f t en  f r ac tu red  and cemen ted  
by e i the r  chalcopyr i te  o r  quar tz .  Chalcopyr i te  and sphaler i te  
a l so  occur  occasionally a s  blebs within pyr i te  o r  as sepa ra t e  
grains. Galena  i s  virtually absent .  

S t ructura l  Geology 

Although e lsewhere  in t h e  Robe r t s  Arm Group fac ing 
c r i t e r i a  a r e  relatively common  (Bostock, 1975) they a r e  less 
s o  on Pil leys Island. Bostock (1976) shows souther ly  fac ing 
and dipping pillow s t ruc tu re s  north of t h e  village but 
northward fac ing and variably north and south dipping pillows 
south of t he  mine. No d i r ec t  evidence was  found in t he  
present study t o  indica te  whether  t he  gently (20') southerly 
dipping sequence  in t he  mine i s  in a normal or inver ted  
a t t i t u d e  but t he  relationship of vein stockworks t o  massive 
sulphides and t h e  distribution of a l t e r a t ion  leads  us t o  assume 
t h e  sequence is  not overturned. This in terpre ta t ion  con t r a s t s  
with t h a t  of Espenshade (1937) who suggested these  rocks 
were  on the  locally over turned western  l imb of a nor theas t  
str iking anticline.  

Two fau l t s  c u t  t h e  rocks  of t h e  Old Mine and presum- 
ably cont inue  t o  t h e  south  of t h e  West Mine sec t ion  
(Fig. 40.2). The so-called Mine Fau l t  (Faul t  No. 2 ,  Fig. 40.2) 
appea r s  t o  of fse t  t h e  orebody in  a normal sense  with a 
ver t ica l  d isplacement  of abou t  60 m (200 ft.). The  South 
Mine orebody c a n  however be  corre la ted  with a horizon of 
sulphide concentra t ion  beneath  t h e  Old Mine orebody (Walker, 
1960) which would involve l i t t l e  o r  no ver t ica l  d isplacement  
on t h e  Mine Faul t .  Horsburgh (1968) suggested on t h e  basis of 
a reassessment  of co re  and su r f ace  geology t h a t  movemen t  on 
t h e  Mine Faul t  is predominately horizontal  with only a 
modera t e  throw. Lawton (1921) had reached a similar 
conclusion with t h e  movement  supposedly having a dext ra l  
str ike-slip sense. If this is so, t h e  faul ted  extens ion of t he  
South Mine orebody would be  beneath  the  Mine Pond, 
no r theas t  of t he  Old Mine orebody and the  extens ion of t he  
non-cupriferous Old Mine orebody would be expec ted  t o  t he  
southwest  beneath  Pil leys Harbour.  

Metamorphism 

Metamorphism throughout t h e  a r e a  is of very  low grade  
(sub-greenschist) levels. Insufficient s tudies  have been made 
t o  cha rac t e r i ze  i t  fur ther .  

Discussion 

Although glib comparisons with occurrences  e lsewhere  
c a n  o f t en  d i s t r ac t  a t t en t ion  f rom impor tant  unique char- 
ac t e r i s t i c s ,  it is s a f e  t o  no te  t h a t  t he  Pil leys Island 
mineralization bas many of t h e  cha rac t e r i s t i c s  associated 
with t h e  Mesozoic Kuroko deposits  of Japan,  and a r e  
consis tent  with a syngenet ic  association with t h e  host 



volcanics. In this sense they a r e  similar t o  the  deposits a t  
Buchans and Gull  Pond. In t e rms  of Kuroko-type mineral 
zoning (Larnbert and Sato, 1974) Pilleys Island quartz-pyrite- 
chalcopyrite stockwork deposits with associated silicification 
a r e  comparable  t o  keiko (siliceous) ores. The West Mine and 
Old Mine s t ra t i form massive orebodies appear t o  be princip- 
ally of t he  ryukako (pyritic) ore  type with transit ions t o  
facies with chalcopyrite and sphalerite termed oko (yellow 
ore). The South Mine may also be of oko-type. The 
sphalerite-galena-chalcopyrite-pyrite ores  of the Bull Road 
showing appear  t o  be the  only kuroko (black ore) discovered 
t o  da te  in tFe district .  No sekkoko (gypsum ore) bodies have 
yet  been discovered although minor bar i te  has  been repor ted  
in amygdales in the  daci te  hosts and underlying basal ts  and 
has been reported a s  an  o re  gangue in the  Old Mine 
(Horsburgh, 1968). Ferruginous che r t s  (tetsusekiei  beds) a r e  
found elsewhere in the  Rober ts  Arm Group associated with 
mineralization, e.g. Gull Pond, but presumably have been 
eroded f rom the  Pilleys Island section. 

All the mineralization a t  Pilleys Island in the  Old- 
South-West mine a r e a  occurs within vitroclastic felsic 
volcanics and underlies distinctive dac i t e  l i thic breccias. 
Comparable  breccias  occur a t  both Buchans (Thurlow et al., 
1975) and Bull Road (Harris, 1976) and a r e  never f a r  above 
the  con tac t  with underlying basalts. The volcanic paleo- 
topography of these  maf ic/felsic accumulations may have 
been a controlling fac tor  in localizing the  deposit.ion of the  
sulphides in a similar manner t o  tha t  operative a t  Buchans 
(Thurlow e t  al., 1975). 

Metal-rich polymetall ic "black ores" a r e  not presently 
found in t h e  Old-South-West mine section. They were  e i the r  
not deposited during t h a t  episode of mineralization, were  
eroded and dispersed shortly a f t e r  thei r  deposition, or were  
transported locally in a pre-lithified condition t o  a more  
distal  pa r t  of t he  area .  The preservation of the  small  Bull 
Road deposit  with average ore of 1.09% Cu, 2.87% Zn, 
0.32% Pb and 0.50 oz./ t  Ag (Harris, 1976) makes this l a t t e r  
possibility an  a t t r ac t ive  model for fur ther  exploration. 

The sericite-quartz a l tera t ion which is readily recog- 
nized in hand specimen is broadly indicative of mineralized 
zones but  t h e  cen t r e  of most in tense  mineralization i s  bes t  
located by re-constructing the  form of the  four f ac i e s  of 
a l tera t ion outlined above. Zones of in tense  quartz-sericite- 
chlorite and chlor i te  + ser ic i te  a l tera t ion which a r e  coinci- 
dent  with horizons of felsic vitric tuffs  and l i thic breccias a r e  
particularly favoured s i tes  for sulphide accumulation. 
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O F  PORT HOOD ISLAND AND OTHER LOCALITIES ON CAPE BRETON ISLAND, NOVA SCOTIA 
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Abstract 

Utting, J., Palynological investigation of the  Windsor Group (Mississippian) of Port  Hood Island 
and other  locali t ies on Cape  Breton Island, Nova Scotia;  Current  Research, P a r t  A, Geol. Surv. 
Can., Paper  78-lA, p. 205-207, 1978. 

Two palynological assemblage zones  a r e  recognized f rom t h e  Windsor Group on C a p e  
Breton Island; Assemblage zone I occurs  in subzone B and  may  ex tend  downward o r  la tera l ly  
in to  subzone 'A' and  Assemblage zone II  in subzones C,  D and  possibly E? 

Tenta t ive  correlation with the  British Visean suggests t h a t  t h e  Lower Windsor 
assemblages a r e  probably not  older than the  upper p a r t  of t he  Upper Caninia (C2S1) zone and 
no t  younger than the  Lower Dibunophyllurn (Dl) zone whereas  t h e  Upper Windsor is  not  older 
than  t h e  Lower Dibunophyllum zone (Dl) a n d  no t  younger than t h e  Upper Posidonia (P2) zone. 

A preliminary palynological investigation of the  Windsor 
Group suggested t h a t  differences in the  ver t ica l  distribution 
of miospores throughout the  group might provide the  basis for 
establishing assemblage zones (Utting, 1977). The preliminary 
study, and subsequent work summarized in t h e  present report ,  
were  carr ied  out  under con t rac t  with the  Geological Survey 
of Canada a s  support  for  H.H.J. Geldsetzer (Regional and 
Economic Geology Division, Project 7401 10). Field work was 
financed by National Research Council grant ,  No. A-4286 and 
by the  Ministry of Intergovernmental Affairs of Qudbec. 

This report  is concerned mainly with a detailed 
investigation of Windsor rocks in t h e  Por t  Hood Island 
section. Also studied were  samples col lec ted a t  o the r  
locali t ies on Cape Breton Island from t h e  lower par t  of t h e  
Lower Windsor and the  upper par t  of t he  Upper Windsor 
(Fig. 41.1). The Por t  Hood Island section was se lec ted for 
sampling because i t  is well exposed compared t o  most 
ou tc rops  of t h e  Windsor Group (including t h e  type section), 
and is relatively complete ;  present t he re  a r e  rocks of 
subzones B, C, D, and E of Bell (1929). A fur ther  advantage 
of this section is t ha t  t he  macro- and microfauna have been 
studied by previous workers, thus providing useful s t ra t i -  
graphic control,  e.g. Stacy,  1953; Globensky, 1967; Mamet,  
1970 and von Bitter,  1976. Less favourable a spec t s  of t h e  
sect ion a r e  t h a t  beds f rom t h e  lower par t  of t h e  Lower 
Windsor a r e  not present,  only par t  of subzone E of t h e  Upper 
Windsor is exposed, and the  lower par t  of subzone C may be  
missing due t o  faulting (P.S. Giles, pers. comm., 1976). Most 
of t he  35 samples col lec ted f rom subzones B, C, and D 
contained well preserved miospores. No ideal lithology 
sui table  for  palynological preparation was  found within t h e  E 
limestone, although t h e  organic residues obtained in t h e  
course  of t he  conodont study carried out  by von Bi t ter ,  were  
processed for palynomorphs. Miospores a r e  present 
occasionally in these  residues, but preservation is generally 
poor and only non-diagnostic long ranging fo rms  were  found. 
Many of t h e  miospore t axa  in samples f rom subzones B, C, 
and D were  found t o  occur  f rom the  bot tom of t h e  sect ion t o  
t h e  top  of subzone D. These include: 

Rugospora minuta Neves and Ionnides 1974 
Retusotr i le tes  incohatus Sullivan 1964 
Puncta t ispor i tes  i r rasus  Hacquebard 1957 
Puncta t ispor i tes  planus Hacquebard 1957 
Endosporites micromanifes tus  Hacquebard 1957 
Cyclogranisporites palaeophytus Neves and Ioannides 1974 
Crassispora t ryche ra  Neves and Ioannides 1974 
Lycospora noctuina (Butterworth and Williams 1958) var 
noctuina Somers 1972 

Schopfites claviger Sullivan 1968 
Rugospora polyptycha Neves and Ioannides 1974 
Auroraspora m a c r a  Sullivan 1968 
Endosporites minutus  Hoffmeister,  Staplin & Malloy 1955. 

However, c e r t a i n  forms, apparent ly  lacking in subzone 
B, appear  near t h e  base of subzone C and continue upwards 
in to  subzone D. For example  Schopfipollenites ellipsoides 
(Ibrahim) Po ton i i  and Kremp 1954, Acanthotr i le tes  sp. A, 
Discernisporites sp. A, Spelaeotr i le tes  sp. D, Knoxisporites 
t r i radia tus  Hoffmeister,  Staplin and Malloy 1955. This 
l imited ver t ica l  distribution allows an  older and a younger 
assemblage zone t o  be  recognized; t h e  older (Assemblage 
zone I), occurs in t h e  Lower Windsor subzone B and is 
identified mainly on negative evidence in t h a t  it lacks t h e  
"diagnostic" fo rms  which cha rac te r i ze  the  younger assem- 
blage (Assemblage zone 11) of Upper Windsor subzones C 
and D. 

In view of t h e  lack of exposure of t h e  lower pa r t  of t h e  
Lower Windsor in t h e  Por t  Hood Island section, supplementary 
mater ia l  was investigated f rom other  locali t ies in C a p e  
Breton Island (see  Fig. 41.1). Eight samples,  all col lec ted by 
H.H.J. Geldsetzer ,  were  obtained f rom subzone A, t h a t  is, 
f rom above o r  within t h e  basal Windsor lamini te  and below 
t h e  massive evaporite.  Unfortunately,  although many of t h e  
samples contained abundant miospores, preservation was  poor 
excep t  for one sample  (D 1370, 98-3); th is  poor preservation, 
which prevented confident identification of the  specimens, 
appears  to  be  the  result  of pyr i te  corrosion. Sample  D 1370, 
48-3, contained an  assemblage generally similar t o  t h a t  of 
Assemblage I f rom subzone B of t h e  Por t  Hood Island section. 
This indicates t h a t  similar miospore assemblages occur in 
both subzone B and ce r t a in  beds of "subzone A", despi te  the  
f a c t  t h a t  a massive evapor i te  s epa ra t e s  t h e  t w o  units in many 
pa r t s  of Cape Breton Island and probably e lsewhere  in t h e  
At lant ic  Provinces. Thus Assemblage Zone I may extend 
downward in to  older rocks of "subzone A", although if t h e  
l a t t e r  is largely a l a t e ra l  f ac i e s  equivalent of t h e  lower p a r t  
of subzone B, a s  confirmed by Geldsetzer  (1977), any 
di f ference  in a g e  between the  assemblages may be slight. 

Because no lithologies suitable for palynological s tudy 
were  found in subzone E on Por t  Hood Island an  investigation 
was  made of t h e  youngest Windsor beds found elsewhere. One  
region where  a number of boreholes have been drilled through 
t h e  Windsor Group is t he  Lake Enon a r e a  near Loch Lomond 
(Fig. 41.1, loc. 3); co res  f rom two  boreholes (Noranda 4 and 
Noranda 12) were  made available for sampling by Kaiser 
Ce les t i t e  Mining Lt'd. Only t h e  approximate  s t ra t igraphic  
position of t h e  ma te r i a l  sampled is known, th is  being based on 
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1. D1384, 35 samples,  Po r t  Hood Island 
(subzones B, C and D). 

2. D1370, 98-3, 1 sample ,  North Gu t  St-  
Anns (subzone A). 

3. D1325, K4, K5 and K60, 3 samples,  
Noranda 4; and D1332, K54, K55 and 
K57, 3 samples,  Noranda 12, Lake Enon, 
Loch Lomond (subzone E?). 

4. D1383, 126-8, 1 sample ,  Lake Ainslie, 
Mabou Mines (subzone A). 

5. D1380, 116-3, 1 sample ,  Lake Ainslie, 
Broad Cover  River (subzone A). 

6. D1381, 118-6, 1 sample ,  Lake Ainslie, 
Gillisdale (subzone A). 

7. D1365, 56-5, 1 sample ,  Grand Narrows, 
Chr i s tmas  Island (subzone A). 

8. D1371, 107-9, 1 sample ,  Baddeck, Red 
Point (subzone A). 

9. D1373, 106-5 and 106-6, 2 samples ,  Bras 
dqOr,  North Shore  (subzone A). 

Figure 4 1.1 

Location of samples  (with Geological  Survey 
of Canada Sample Numbers) investigated on 
C a p e  Breton Island. 

e s t ima te s  made by Geldsetzer  utilizing l i thos t ra t igraphic  
d a t a  (pers. comm.). Samples f rom beds thought possibly t o  be  
subzone E contained assemblages similar t o  Assemblage I1 of 
Po r t  Hood Island, a s  well a s  two  species  not seen in t h e  Po r t  
Hood Island samples. In Noranda 4 and 12 occur  r a r e  
specimens  of Grandispora spinosa Hoffmeis ter ,  Staplin & 
Malloy 1955, and in Noranda 4 occur a f ew  specimens  of 
Schulzospora cf. S. elongata Hoffmeister,  Staplin and Malloy 
1955. In view of t h e  uncer ta in ty  concerning t h e  prec ise  a g e  
of these  beds i t  is not  y e t  possible t o  draw any def in i te  
conclusions concerning t h e  occurrence  of t hese  forms, 
al though i t  is in teres t ing  t o  no te  t h a t  Neves and Belt (1970) 
G.  spinosa and Schulzospora rara Kosanke 1950 f r o m  t h e  top  
of t h e  Windsor Group in t h e  Pomquet  River. Section of t h e  
Antigonish Basin. Thus, should fur ther  work prove these  
fo rms  t o  be  res t r ic ted  t o  t h e  youngest beds of t h e  Windsor 
Group they may well b e  useful s t ra t igraphic  markers  and 
enable  fur ther  subdivision of Assemblage 11. 

Detailed work concerning t h e  ver t ica l  ranges  of t h e  
various t axa ,  i l lustrations of t h e  fo rms  found, and conclusions 
concerning biostratigraphic corre la t ion  continues.  It was  
found t h a t  al though t h e  Windsor assemblages d i f fer  f rom 
those  recorded f rom Vis6an rocks of o ther  areas ,  t h e r e  a r e  
suff ic ient  similari t ies with t h e  Vis6an assemblages  of t h e  
British Isles t o  permi t  preliminary correlations.  A genera l  
zonal scheme for t h e  British Vis6an was  published by Neves 
e t  al. (1972, 19731, and comparison with th is  zonation 
suggests t h a t  t h e  Lower Windsor is not  older than t h e  upper 
pa r t  of t h e  Lycospora pusilla (Pu) zone. The ma te r i a l  f rom 
t h e  Upper Windsor subzone E? is not older than t h e  
Tripartites vestustus-Rotaspora fracta (VF) zone and none of 
t h e  Upper Windsor samples  so f a r  studied would appear  t o  be  
younger than t h e  lower pa r t  of t h e  Bellispores nitidus/Reticu- 
latisporites carnosus (NC) zone. In t e r m s  of t h e  new s t age  

names  proposed fo r  t h e  Dinantian in Britain by George  et al. 
(1976), th is  implies t h a t  t h e  Lower Windsor ma te r i a l  studied 
f r o m  subzones A and B a r e  not older t han  Arundian, and may 
b e  younger, for  example  Holkerian and/or  Asbian. On t h e  
o the r  hand t h e  youngest  Windsor samples  inves t iga ted  so f a r  
(subzone E?) a r e  probably of Brigantian a g e  although Assem- 
blage I1 (subzone C and D) may be  Asbian. In comparison with 
t h e  macrofaunal  zones,  th is  suggests t h a t  t h e  Lower Windsor 
assemblages  a r e  probably not older t han  t h e  upper pa r t  of t h e  
Upper Caninia (CzS1) zone and not younger t han  t h e  Lower 
Dibunophyllum ( D l )  zone,  whereas  t h e  Upper Windsor is no t  
older than t h e  Lower Dibunophyllum ( D l )  zone  and not  
younger than t h e  Upper Posidonia (P2) Zone. 
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Abstract 
Pickerill, R.K.,  Pajari ,  J r . ,  G.E., Currie,  K.L., and Berger,  A.R., Carmanville map-area,  
Newfoundland; t h e  nor theas tern  end of the  Appalachians; Current  Research,  Pa r t  A, Geol. Surv. 
Can., Paper 78-lA, p. 209-216, 1978. 

Carmanville map-area (2E/8) s t raddles  a major northeast-trending t ec ton ic  boundary. 
Northwest of t h e  boundary a n  ocean floor sequence of ultramafics,  maf ic  volcanics a n d  
Ordovician turbidi tes  (Davidsville Group) were  disturbed by olistostromes and t ec ton ic  sl ides 
commencing in Ordovician t ime.  Southeas t  of t h e  boundary t h e  rocks  a r e  of cont inenta l  a spec t  
(Flinns Tickle complex, Gander Lake Group). The Flinns Tickle complex was  metamorphosed 
prior t o  emplacement  of t h e  major grani to id  plutons. The Gander Lake Group consists of t h ree  
major subunits, one of which is a ca taclas i te .  All major plutons appea r  t o  b e  of similar 
(Devonian?) age ,  although the  petrography of the  plutons di f fers  markedly across  t h e  boundary. 
The la tes t  peak of regional metamorphism, near  640°c, 4 kilobars, occurred coincident with, or  
slightly preceding, major emplacement  of plutons.. Complex histories of s t ructura l  deformat ion 
and metamorphism, involving a t  leas t  fou r  periods of deformation, have been deduced on 
opposite sides of t he  tec tonic  boundary, but  no di rec t  way has  been found t o  co r re l a t e  them.  
There is no d i r ec t  evidence f o r  l a t e  Precambrian or  ear ly  Paleozoic orogeny. The observed 
re la t ions  a r e  compatible with obduction of oceanic  mater ia l  commencing in the  Ordovician and 
terminat ing in the  Devonian. 

Introduction The Flinns Tickle complex (units 1-2) o u t c r o ~ s  in a 

Williams (1964.a) observed t h a t  t h e  Appalachian orogen 
in Newfoundland forms a two-sided symmetr ica l  sys tem,  
bounded on both sides by crystall ine basement.  The success 
of p la te  tec tonic  theory in modelling t h e  western side of t h e  
orogen (Dewey and Bird, 1971; Williams e t  al., 1974) suggests 
t h a t  t h e  eas tern  side can be explained in similar terms. 
However,  even the  exac t  location of the  eas tern  margin of 
t h e  orogen remains uncertain. The Carmanville map-area 
(2E/8) s t raddles  a major north-northeast  trending tec tonic  
boundary separa t ing ul t ramafic  rocks of oceanic  type  with 
overlying maf i c  volcanic and sedimentary  rocks of Early- 
Middle Ordovician (Arenig-Caradoc) a g e  f rom a metamorphic  
assemblage consisting of a polydeformed and polymetamor- 
phosed gneiss complex and a homogeneous f ine  grained mass  
of quartz-plagioclase-biotite schist. Both t e r r anes  were  
intruded by Devonian granitoid plutons whose cha rac te r  
varies strongly between the  two  contras t ing ter ranes .  
Geological considerations suggest t h a t  t h e  tec tonic  boundary 
separa tes  the  centra l  mobile belt  of Newfoundland f rom 
continental  mater ia l ,  including crystall ine gneisses t o  t h e  
eas t .  The s t ra t igraphy,  s t ructure ,  intrusive history, and 
metamorphism of t h e  Carmanville map-area e lucidate  t h e  
na tu re  of t he  nor theas tern  margin of t he  Appalachians. The 
Carmanville map-area was  largely burned ove r  in 1961. The 
visibility and rock exposure a r e  the re fo re  unusually good by 
Newfoundland standards,  although large  a reas  a r e  covered by 
boulder fields. In many cases  these  fields a r e  sufficiently 
angular and monomict t h a t  they indicate  underlying bedrock. 
Access, by means  of a ne t  of deter iora t ing bush roads, is 
presently good. 

Description of Format ions  

The rocks of t h e  map-area a r e  divided in to  seven major 
units, namely t h e  Flinns Tickle complex (units 1-21, t h e  
Gander Lake Group (units 3-51, t he  Davidsville Group (units 7- 
l l ) ,  with which we include the  underlying ul t ramafic  rocks 
(unit 6), t h e  Rocky Bay and Frederickton plutons (unit 151, t h e  
Island Pond, Aspen Cove and \White Point plutons (units 12- 
141, t h e  Ragged Harbour and South Pond plutons (units 16-18), 
and t h e  Deadmans Bay Pluton (unit 19). 
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narrow bel t  extending so"th-southwest f rom Mbsgrave 
Harbour t o  South Pond. The unmigmatized pa r t  of t h e  
complex (unit I)  consists of mesocrat ic  quartz-plagioclase- 
bioti te gneisses of fine t o  medium grain, with many peli t ic 
interbeds,  and r a re  garnet-amphibolite layers or  boudins. 
Sillimanite is very commonly present,  e i ther  a s  a fibroli t ic 
breakdown product of bioti te,  or  a s  s tou t  euhedral prisms. 
South of t h e  ponds of Ragged Harbour River,  beds containing 
s tout  si l l imanite prisms a r e  in t r ica te ly  folded, while clumps 
of large pink andalusite crys ta ls  cu t  across t h e  small  folds. 
At Flinns Tickle, t h r e e  generations of si l l imanite can be 
recognized, including t w o  generat ions  of s tou t  si l l imanite 
prisms, and a l a t e  generation of f ibrol i te  developed at t h e  
expense  of biotite. Muscovite is  common in some  pa r t s  of t h e  
complex, and t h e  univariant assemblage sillimanite-kspar- 
muscovite-quartz is  widespread. Presumably t h e  s t ab le  
occurrence  of both sil l imanite a lone and muscovite alone 
must  resul t  f rom varying water  fugacity.  Kspar-bearing pa r t s  
of t h e  complex grade in to  migmatized portions, in which thin 
sills and obliquely cross-cutting veins of muscovite-granite 
a r e  abundant. An arbi t rary  boundary of 25 per cen t  by a r e a  
of grani t ic  mater ia l  was used t o  del imi t  t he  boundary 
between units I and 2. Unit 2 in turn grades  into unit 16, 
which conta ins  more  than 50 per cen t  of grani t ic  mater ia l .  
Amphibolitic beds within the  Flinns Tickle complex a r e  rich 
in quartz,  and lack plagioclase. Presumably they represent  
relics of ca lcareous  beds. Such beds a r e  commonly boudined, 
even where  t h e  surrounding rock displays l i t t l e  obvious 
evidence of deformation. More commonly t h e  whole complex 
is in t r ica te ly  small-folded on sinuously curving planes which 
tend t o  dip and plunge away f rom t h e  neares t  major pluton. 
More compe ten t  beds, such a s  amphibolite,  have been 
extensively boudined and ro t a t ed  in t h e  Flinns Tickle a r e a  t o  
yield folded, ro t a t ed  inclusions. 

The Gander Lake Group (as defined by Kennedy and 
McGonigal, 1972) (units 3-5) forms a homogeneous mass of 
intensely deformed,  fine grained, quartz-rich rocks. No 
exposed c o n t a c t  with the  underlying Flinns Tickle complex 
has  been found in this area ,  but  Blackwood (1977) reported an 
unconformity. West of South Pond uniform, homogeneous 
Gander Lake Group occurs  within 200 m of in t r ica te ly  folded 
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poly-metamorphosed  Flinns Tick le  complex .  However ,  o t h e r  
e x p o s u r e s  sugges t  t h a t  p a r t s  of t h e  Flinns T i c k l e  c o m p l e x  
m a y  b e  highly m e t a m o r p h o s e d  equiva len ts  of t h e  G a n d e r  L a k e  
Group.  T h e  s o u t h e a s t e r n  p a r t  of t h e  G a n d e r  L a k e  G r o u p  is  a 
v e r y  homogeneous ,  f i n e  gra ined ,  g r i t t y ,  p a l e  g r e y  q u a r t z -  
p lag ioc lase  ( A r ~ ~ ~ - ~ ~ ) . - b i o t i t e  rock w e a t h e r i n g  t o  w h i t e  o r  
p a l e  pink. Microscopical ly t h e  rock  c o n t a i n s  s ign i f ican t  
tourmal ine .  The  n o r t h w e s t e r n  p a r t  of t h i s  un i t  c o n t a i n s  s m a l l  
a m o u n t s  of a p p a r e n t l y  prograde  c h l o r i t e ,  t h e r e b y  grad ing  i n t o  
t h e  c e n t r a l  par t  of t h e  Group (uni t  4) which cons is t s  of p a l e  
g r e e n ,  s t rongly  s c h i s t o s e  quar tz -muscovi te -ch lor i te -ca lc i te  
rocks.  The  n o r t h w e s t e r n  p a r t  of t h e  G a n d e r  L a k e  G r o u p  
c o n s i s t s  of hard,  p la ty- f rac tur ing  a p p l e  g r e e n  rocks  of 
c a t a c l a s t i c  a s p e c t .  Microscopical ly t h e s e  rocks  (unit  5) c a n  
b e  s e e n  t o  b e  cons iderab ly  r e c r y s t a l l i z e d  (blastomylonit ic) ,  
a l though t h e  c a t a c l a s t i c  c h a r a c t e r  r e m a i n s  obvious. 
S t r u c t u r a l  i n f o r m a t i o n  is ob ta ined  wi th  d i f f i c u l t y  fcom t h e  
Gander  L a k e  Group b e c a u s e  of i t s  un i formi ty .  No t r a c e  of 
r e l i c t  s e d i m e n t a r y  s t r u c t u r e  h a s  b e e n  found ,  b u t  t h r e e  per iods  
of t e c t o n i c  d e f o r m a t i o n  c a n  b e  recognized .  Older  f a b r i c s  
m a y  h a v e  been  o b l i t e r a t e d ,  s i n c e  t h e  o l d e s t  o b s e r v e d  f a b r i c  is  
c o m m o n l y  s e v e r e l y  t ransposed .  The e a r l i e s t  s t r u c t u r e s  t r e n d  
a l m o s t  d u e  n o r t h ,  w h i l e  l a t e r  g e n e r a t i o n s  t r e n d  progressively 
m o r e  t o  t h e  n o r t h e a s t .  All h a v e  produced  t i g h t  small-folding,  
genera l ly  dipping m o d e r a t e l y  t o  s t e e p l y  w e s t w a r d  a n d  
plunging g e n t l y  southward .  S o m e  or  a l l  of t h i s  d e f o r m a t i o n  
m a y  b e  a s s o c i a t e d  w i t h  t h e  R a g g e d  Harbour  F a u l t ,  which  
t r u n c a t e s  t h e  G a n d e r  L a k e  Group,  a n d  roughly para l le l s  t h e  
t r e n d  of s t r u c t u r e s  wi th in  i t .  T h e  ubiqui tous  p r e s e n c e  of 
o l igoc lase  wi th in  t h e  G a n d e r  L a k e  G r o u p  s u g g e s t s  t h a t  
m e t a m o r p h i s m  r e a c h e d  a m p h i b o l i t e  f a c i e s ,  b u t  t h e  p r e s e n c e  
of b road  a r e a s  of muscovi te -ch lor i te  r o c k s  d e m o n s t r a t e s  
e i t h e r  e x t e n s i v e  r e t r o g r a d i n g ,  o r  possibly a d r o p  in g r a d e  
t o w a r d  t h e  southwes t .  

The Gander  R i v e r  u l t ra rnaf ic  b e l t  ( Jenness ,  1963) in th i s  
a r e a  f o r m s  a th in  s t r i p  e x t e n d i n g  f r o m  t h e  head of Ragged  
H a r b o u r  s o m e  14 k m  s o u t h w e s t  t o  beyond Shoal  Pond.  
Displaced s l ivers  of u l t r a m a f i c  rocks  a r e  found in  bo th  
d i r e c t i o n s  beyond t h e  end  of t h e  b e l t ,  l eav ing  l i t t l e  d o u b t  t h a t  
u l t r a m a f i c  rocks  m u s t  b e  cont inuous  at depth .  Subs tan t ia l  
a m o u n t s  of u l t r a r n a f i c  rocks  a r e  a l s o  found  on  t h e  e a s t  s i d e  of 
Kocky Bay, in Aspen C o v e ,  and  wi th in  t h e  "mobile" m a t r i x  of 
t h e  o l i s t o s t r o m e  (uni t  8). The  u l t r a m a f i c  r o c k s  cons is t  main ly  
of a n t i g o r i t e ,  b u t  r a r e ,  l ess  a l t e r e d ,  e x p o s u r e s  s u g g e s t  t h a t  
original ly w e b s t e r i t e  w a s  t h e  p r e d o m i n a n t  rock- type  w i t h  
lesser  a m o u n t s  of l h e r z h o l i t e  and  p e r i d o t i t e .  Malpas  a n d  
S t r o n g  (1975) h a v e  r e m a r k e d  on t h e  upper  m a n t l e  c h a r a c t e r  
of t h e  opaques  ( c h r o m e  spinels). Schis tose  p a r t s  of t h e  b e l t  
a r e  e x t r e m e l y  r ich i n  d o l o m i t e  and  a n k e r i t e - m a g n e s i t e ,  which 
loca l ly  h a v e  r e a c t e d  wi th  t h e  sur roundings  t o  produce  c h l o r i t e  
a n d  a c t i n o l i t e .  Progress ive  t e c t o n i c  d e f o r m a t i o n  of t h e  
u l t r a m a f i c  rocks  c a n  b e  observed  in  t h e  r o a d c u t  l ead ing  t o  
t h e  highway bridge o v e r  Ragged  Harbour  River .  T h e  w e s t e r n  
p a r t  is  mass ive  (but  c o m p l e t e l y  a l te red) .  T h e  e a s t e r n  p a r t s  of 
t h e  c u t  show progressively s t ronger  fo l ia t ion ,  which  in t h e  
f ina l  exposures  is folded.  This increas ing  d e f o r m a t i o n  is 
t h o u g h t  t o  r e s u l t  f r o m  proximi ty  t o  t h e  R a g g e d  Harbour  
Faul t .  

The  Davidsvil le  G r o u p  (units  7-11) w a s  original ly 
d e f i n e d  by Kennedy a n d  McGonigal  (1972), who be l ieved  t h a t  
t h e  Davidsvil le  G r o u p  did n o t  exhib i t  s ign i f ican t  reg iona l  
m e t a m o r p h i s m .  This impress ion  i s  e r roneous ,  and  t h e  r o c k s  
ca l led  by us "Gander sequence1 '  ( C u r r i e  a n d  Pa ja r i ,  1977) a r e  
in f a c t  m e t a m o r p h o s e d  e q u i v a l e n t s  of t h e  Davidsvil le  Group.  
We t h e r e f o r e  d e s c r i b e  t h e  g e n e r a l  c h a r a c t e r i s t i c s  of t h e  
Davidsvil le  Group  h e r e ,  and  will discuss t h e  m e t a m o r p h i s m  
subsequently.  No c o n t a c t  b e t w e e n  t h e  u l t r a m a f i c  r o c k s  a n d  
t h e  Davidsvil le  Group  h a s  b e e n  d iscovered ,  b u t  o n  Shoal  Pond,  
c o n g l o m e r a t e  beds  conta in ing  u l t r a m a f i c  debr i s  a p p e a r  t o  l i e  
c l o s e  t o  t h e  b a s e  of t h e  Davidsvil le  G r o u p  (unit  91, a l t h o u g h  a 
t h i n  s c r e e n  of m a f i c  vo lcan ic  rocks  (unit  6) a p p e a r s  t o  
s e p a r a t e  t h e  u l t r a m a f i c s  f r o m  t h e  s e d i m e n t a r y  rocks.  

Volcanic r o c k s  in t h e  C a r m a n v i l l e  a r e a  cons is t  of a 
n u m b e r  of vo lcan ic  l i thofac ies ,  e a c h  d is t inguished  o n  a 
d e s c r i p t i v e  a n d  g e n e t i c  basis. T h e s e  l i t h o f a c i e s  a r e  p r e s e n t  
a s  h u g e  "knockers" o r  r a f t s  (up t o  7 k m  wide). T h e  l i t h o f a c i e s  
m a y  b e  s u m m a r i z e d  as: (i) Volcanic c o n g l o m e r a t e s  (unit  7d) 
of poorly s o r t e d  pebble  t o  boulder  s i z e d  f r a g m e n t s  r e s t i n g  
unsupported in  a f i n e  g r a i n e d  m a t r i x  (mud-sand).  F r a g m e n t s  
a r e  rounded and  cons is t  of b a s a l t i c  m a t e r i a l  w i t h  o c c a s i o n a l  
u l t r a b a s i c  blocks,  a n d  m a s s e s  of pillow lavas .  Hydroplas t ic  
d e f o r m a t i o n  of t h e  v o l c a n o c l a s t i c  b locks ,  i n v e r s e  g r a d i n g  in  
a n  o t h e r w i s e  s t r u c t u r e l e s s  d e p o s i t ,  a n d  channel l ing  of under-  
lying uni t s  t e s t i f i e s  t o  t h e i r  o r ig in  as s u b m a r i n e  d e b r i s  f lows.  
(ii) Volcanoclas t ic  s a n d s t o n e s  a n d  c o n g l o m e r a t e s  (un i t  7b), 
which or ig ina ted  a s  t u r b i d i t e s  o r  g r a i n  f lows,  w i t h  o c c a s i o n a l  
th in  l i m e s t o n e  beds.  Turb id i t ic  un i t s  (2-20 c m )  e x h i b i t  A, AB 
o r  B divisions of t h e  Bouma s e q u e n c e .  G r a i n  f low uni t s  a r e  
s t r u c t u r e l e s s ,  ungraded ,  c o n t a i n  o c c a s i o n a l  randomly  o r i e n t e d  
c l a s t s  a n d  a r e  10-35 c m  t h i c k .  (iii) Pi l lowed b a s a l t i c  l a v a s  
(unit  7h). ( iv)  Massively bedded  h y a l o c l a s t i t e s  (un i t  7h) which  
m a y  c o n t a i n  t o n g u e s  of pillow lavas .  

Uni t  8 is a s u b m a r i n e  g r a v i t y  s l i d e  o r  o l i s t o s t r o m e  
conta in ing  h u g e  "knockers" of un i t  7 a t  i t s  b a s e  which  
t h e m s e l v e s  a r e  s e p a r a t e d  by t h i n  s l i v e r s  of b lack  sha le .  
S t r a t i g r a p h i c a l l y  u p w a r d s  t h e  v o l c a n i c  b locks  d e c r e a s e  in  
number  a n d  s i z e  a n d  a r e  a c c o m p a n i e d  by a n  i n c r e a s e  in 
g r e y w a c k e ,  s i l t s t o n e ,  a n d  s a n d s t o n e  f lyschoid  "knockers".  
T o w a r d s  t h e  t o p  of t h e  o l i s t o s t r o m e  t h e  b locks  a r e  c o m p o s e d  
ch ie f ly  of f lyschoid g r e y w a c k e s  e n c l o s e d  wi th in  a p e l i t i c  
m a t r i x  which i l l u s t r a t e s  a c l e a v a g e  produced  under  sof t - rock  
condit ions.  K n o c k e r s  wi th in  t h i s  p a r t  of t h e  success ion  
exhib i t  varying d e g r e e s  of h y d r o p l a s t i c  d e f o r m a t i o n .  

Units  9-11 c o n s i s t  of g rey-green ,  m a r o o n  a n d  black,  
occas iona l ly  pyr i t i fe rous ,  sha les ,  pebbly  muds tones ,  s i l t -  
s t o n e s ,  s a n d s i d n e s  a n d  c o n g l o m e r a t e s  and  t h e i r  m e t a m o r -  
phosed equiva len ts .  T h e y  r e p r e s e n t  a r e s e d i m e n t e d  s e q u e n c e  
of s u b m a r i n e  m a s s - t r a n s p o r t  f lows,  p a r t i c u l a r l y  t u r b i d i t y  a n d  
i n e r t i a  f lows.  T u r b i d i t e s  a r e  a r b i t r a r i l y  divided i n t o  t h r e e  
types:  - i) Thinly bedded  (0.5-5 c m )  u n i t s  of f i n e  sand  a n d  s i l t  
t h a t  a r e  c o m m o n l y  g r a d e d  o r  l a m i n a t e d  (A a n d  B divisions)  
a n d  over la in  by d a r k e r  s i l t y  muds tones .  Basal  c o n t a c t s  a r e  
s h a r p  a n d  non-erosional .  T h e s e  possibly r e p r e s e n t  o u t e r  f a n  
o r  i n t e r c h a n n e l  m i d d l e  o r  inner  f a n  depos i t s .  ii) C o a r s e r  a n d  
t h i c k e r  (5-200 c m )  u n i t s  of s a n d s t o n e  s e p a r a t e d  by s i l t y  
muds tone .  Individual un i t s  m a y  b e  a m a l g a m a t e d  o r  s imple .  
Basa l  c o n t a c t s  a r e  s h a r p  a n d  non-erosional .  Many e x h i b i t  
good A, AB o r  A B C  Bouma divisions,  a n d  s a n d  rolls, b a l l  a n d  
pillow and  d e t a c h e d  load  s t r u c t u r e s  f o r m e d  by loading  a n d  
l iquefac t ion  under  high r a t e s  of depos i t ion  a r e  a l s o  conspi-  
cuous.  T h e s e  possibly r e p r e s e n t  inner  o r  m i d d l e  f a n  depos i t s .  
iii) Pebbly  s a n d s t o n e s  a n d  c o n g l o m e r a t e s  which  c a n n o t  b e  
descr ibed  using t h e  Bouma model .  U n i t s  a r e  g r a d e d  a n d  
c ross -s t ra t i f ied  a n d  a r e  cons idered  t o  r e p r e s e n t  inner  o r  
middle  f a n  c h a n n e l  depos i t s .  

I n t i m a t e l y  a s s o c i a t e d  wi th  t h e  t u r b i d i t e  depos i t s  a r e  
i n e r t i a  f lows  which  c o n s i s t  of e i t h e r  un r a d e d  s t r u c t u r e l e s s  
pebble  c o n g l o m e r a t e s  o r  mass ive  (120 cm8 s t r u c t u r e l e s s  sand-  
s t o n e s  c o n t a i n i n g  r a n d o m l y  o r i e n t e d  c l a s t s  a n d  i n t e r p r e t e d  as 
g r a i n  f l o w s  a n d  l o c a l i z e d  pebbly m u d s t o n e s  i n t e r p r e t e d  as 
s lur ry  f lows  ( s e e  C a r t e r ,  1975). O t h e r  non- turb id i t ic  hor izons  
o c c u r  in p l a c e s  a n d  cons is t  of m u d s t o n e s  wi th  g r a d a t i o n a l  
s i l t y  lamina t ions ;  t h e s e  a r e  i n t e r p r e t e d  as m a t e r i a l  r e w o r k e d  
by n o r m a l  b o t t o m  c u r r e n t s  dur ing  q u i e s c e n c e  or ,  a l t e r n a -  
t ive ly ,  m a y  b e  o u t e r  f a n  o r  basin plain depos i t s .  

Thus f a r ,  n o  body fossi ls  h a v e  b e e n  r e c o r d e d  f r o m  t h e  
a r e a  proper .  T h e  a g e  of t h e  Davidsv i l le  G r o u p  (uni t s  7-11) 
t h e r e f o r e  r e m a i n s  u n c e r t a i n  a n d  m u s t  be  e s t i m a t e d  by 
c o r r e l a t i o n  w i t h  prev ious ly  r e c o r d e d  d a t a  f r o m  l o c a l i t i e s  
within t h e  Davidsv i l le  G r o u p  t o  t h e  s o u t h w e s t .  In th i s  r e s p e c t  
J e n n e s s  (1963) h a s  r e c o r d e d  t h e  brachiopod g e n e r a  
Hespero th is ,  C h a e t e s ,  Valcourea  a n d  Horder leye l la (? )  a n d  t h e  
g r a p t o l i t e s  C l i m a c o g r a p t u s  spp., D i c r a n o g r a p t u s ,  



Diplograptus and Nernagraptus f rom t h e  Gander Lake area.  
The genera a r e  co l~ec t ive ly  indicative of a Middle Ordovician 
(Caradoc) age. More recent ly  McKerrow and Cocks (1977) 
have  recorded deformed brachiopods assignable t o  
Hesperothis and an undescribed new orthid probably re la ted  
t o  Eostrophonema f rom the  Davidsville Group at Gander Lake 
and a single tr i lobite pygidium Annamitella(?) cf .  
Amami te l l a?  borealis.  This fauna clearly indicates an  
Arenig or Llanvirn age  and in addition shows affinit ies with 
f aunas  from the southeast  of the  Iapetus Ocean in coas ta l  
New England and Wales (see Neuman, 1964; Bates,  1968). 
Thus, though based on ra ther  sparse and isolated faunal 
evidence, i t  would appear t h a t  t he  Davidsville Group is a t  
leas t  Arenig t o  Caradoc in a g e  and, a s  most of t he  fossil 
locali t ies a r e  well removed f rom the  base  of t he  sequence, 
may contain even older rocks. 

Although the  Davidsville Group within t h e  Carmanville 
map-area has not yielded body fossils a number of previously 
unrecorded t r ace  fossils were  discovered. The most 
profitable locality in this respect  is found on Green Island in 
unit  8. Here the olistostrome yielded an ichnofauna provi- 
sionally diagnosed a s  Tornaculum, Planolites,  Sinusites, 
Lockeia?, Phycodes, bilobate repichnia, cf .  chondrites,  c f .  
Bergauria and horizontal bifurcating trails. Though no facies  
speci f ic  and depth related inchnofaunas a r e  present t he  list 
does  include useful chrono-stratigraphic indicators - viz. 
Bergauria which is Cambro-Ordovician and Tomaculum which 
is generally regarded a s  Ordovician (Hantzschel, 1975). 
Elsewhere in the  region ichnofaunas a r e  particularly sparse  
and poorly preserved. Where present they a r e  found a s  
hypichnial cas t s  and a r e  usually res t r ic ted  t o  Planolites and 
Sinusites. An important  exception is found within a turbidit ic 
fac ies  of unit  7 some  2000 m north of Mann Point where  a 
single thin (5 c m )  turbidi te  unit is thoroughly bioturbated by 
Chondrites.  

Granitoid plutons of t he  Carmanville map-area fa l l  into 
four major types which may be described a s  t h e  Rocky Bay 
type,  Aspen Cove type, Ragged Harbour type,  and Deadmans 
Bay type. Two qua r t z  d ior i te  plutons (unit 15) intrude t h e  
cen t r a l  pa r t  of t he  Davidsville Group (Rocky Bay and 
Frederickton plutons). The Freder ickton Pluton consists of 
t w o  bodies separa ted by a screen of metamorphosed sedi- 
men t s  and basalts. The northern and smal ler  body is c u t  by a 
500 m wide east-west trending zone character ized by a more  
potassic composition (granodiorite) which has  been intruded 
by numerous dykes. The granodiorite and most of t h e  dykes 
have a well developed foliation roughly parallel  t o  t h e  
foliation in the  surrounding rocks. The cen t r a l  par ts  of both 
t h e  Frederickton and Rocky Bay plutons a r e  massive and 
dykes a r e  uncommon. In the  marginal fac ies  of both plutons, 
amphibole is more  abundant than biot i te  and exhibits a 
primary preferred dimensional orientation t h a t  is only poorly 
developed, if a t  all, in bioti te.  Both plutons exhibit  a well 
developed con tac t  aureole  containing andalusite and 
cordier i te  and displaying widespread rheomorphic defor- 
mation. 

Three similar bodies of qua r t z  monzonite outcrop in t h e  
southeas tern  par ts  of t h e  Davidsville Group (Aspen Cove and 
Island Pond plutons and White Point complex, uni ts  12-14). 
These bodies all  contain an  essentially massive c o r e  of qua r t z  
monzonite (unit 14) consisting of about  20 per cen t  quartz,  30 
per cen t  each of oligoclase (An25-3 0 )  and faintly perthit ic al- 
kali feldspar,  with 15-20 per cen t  of b iot i te  and t r aces  of 
muscovite. The margins of the  intrusions a r e  markedly 
enriched in muscovite and alkali feldspar,  a t  t he  expense of 
plagioclase and bioti te and pass gradationally in to  garneti-  
ferous  aplite,  which is common in the  dyke phases. Phases 
containing abundant f ine  grained biot i te  (unit 13) and approa- 
ching micro-granite occur  commonly a s  dykes in the  White 
Point complex, and sparsely a s  marginal phases in t h e  Island 
Pond pluton. 

The Island Pond pluton displays a well-defined con tac t  
aureole  of andalusite-cordierite type. T h e  Aspen Cove pluton 
displays a good aureole  of t h e  s a m e  type  t o  t h e  west  and 
northwest,  but  t o  t h e  e a s t  i t  passes gradationally in to  
migmat i te  and lit-par-lit gneisses containing fibroli t ic silli- 
man i t e  (unit 12). The White Point complex consists essen- 
t ially of such lit-par-lit and migmat i t i c  mater ia l ,  with 
relatively small  pods of homogeneous, massive t o  foliated 
granitoid rocks. 

The Ragged Harbour and South Pond complexes (units 
16-18) exhibit a character is t ic  co re  of t rachytoid  porphyrit ic 
qua r t z  monzonite (unit  17) containing la ths  of faintly 
per th i t ic  alkali feldspar about 2-3 c m  long by 0.5-1.0 cm in 
t h e  o ther  directions. These crys ta ls  exhibit  both planar and 
linear orientation. In some  cases  aligned inclusions occur ,  
crossing t h e  crys ta ls  at an angle, and continuous with f a in t  
foliation in t h e  matr ix ,  demonstra t ing postsolidification 
growth. In o ther  cases  t h e  inclusions a r e  concentr ic ,  and t h e  
crys ta ls  appear  t o  b e  phenocrysts. Sharply defined dykes of 
porphyrit ic mater ia l  c u t  t h e  surrounding non-porphyritic 
granitoid rocks (unit 16). In o the r  places t h e  con tac t  appears  
t o  be gradational. Typically the  rnafic minerals of t h e  
porphyritic phase consist  of bioti te,  with t r aces  of muscovite. 
In the  case  of t he  Ragged Harbour Pluton, an  oval a r e a  of 
about  2 km in length  is much m o r e  leucocratic.  The rock 
consists essentially of qua r t z  and per th i t ic  potash feldspar,  
with accessory amounts  of muscovite and reddish, pinhead 
ga rne t  (unit 18). This unit appears  t o  be t h e  youngest phase 
of t h e  Ragged Harbour Pluton, but  i t  could be a sepa ra t e  
intrusion, s ince  no con tac t s  have been found. The Ragged 
Harbour and South Pond plutons a r e  joined by a belt  of 
heterogeneous and migmat i t ic  granitoid rocks, most 
commonly consisting of medium t o  coa r se  grained, faintly 
gneissic, pa le  grey biot i te  granodiorite.  Nebulous screens  and 
schlieren of Flinns Tickle complex (units 1-2) up t o  100 m 
across occur irregularly within this matr ix ,  and in a f ew 
places the  rock approaches  migmat i te .  Typically however i t  
i s  fairly clean grani t ic  gneiss. 

Only the  western  ex t r emi ty  of t he  Deadmans Bay 
Pluton outcrops in t h e  map-area.  The con tac t  with t h e  
Flinn's Tickle sequence is approximately conformable,  but 
xenoliths of t h e  l a t t e r  a r e  found within t h e  pluton. The 
plutonic rocks vary slightly f rom place  t o  place,  but consist  in 
general of massive, coa r se  b iot i te  granodiorite containing 25- 
40 per  cen t  of pink alkali feldspar megacrys ts  2-6 c m  in 
length. Megacrysts may exhibit  plagioclase rims, and/or 
zones of inclusions. Alignment of euhedral megacrys ts  
commonly defines an  excel lent  foliation in t h e  rocks, but  no 
t ec ton ic  foliation is present.  

S t ructura l  Geology 

The map-area falls into t w o  s e p a r a t e  domains. We have 
the re fo re  measured deformation separa te ly  in each domain. 

Davidsville Group 

Although t h e  gross s t ruc tu re  and hence t h e  s t ra t igraphy 
of t h e  Davidsville Group is imperfect ly  understood, t h e  rocks 
show clear  evidence of repeated metamorphism and deforma- 
tion. The Davidsville Group exhibits a dominant planar f ab r i c  
commonly trending northeast-southwest with s t e e p  dips. 
Over most of t he  map-area t h e  f ab r i c  i s  a s la ty  cleavage, bu t  
between Rocky Bay and Ragged Harbour i t  becomes a 
through-going schistosity.  This main f ab r i c  is  axial planar t o  
c lose  t o  isoclinal folds with similar s ty les  and plunges t h a t  
vary,  o f t en  within a f ew metres ,  f rom s t e e p  t o  horizontal. 
Where bedding is thinly laminated,  a prominent bedding- 
c leavage in tersect ion is found. 
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MAP LEGEND 

DEVONIAN OR CARBONIFEROUS( ? )  

19 DEAOMANS BAY PLUTON; Coarse grey b i o t i t e  g ranod io r i te  w i t h  p ink  a l k a l i  fe ldspar  megacrysts 

LATE DEVONIAN 
RAGGED HARBOUR AND SOUTH POND PLUTONS ( u n i t s  16-18) 
18 White muscovite leucograni te ,  commonly ga rne t i fe rous .  Commonly a p l i t i c  w i t h  coarse gra ined t o  graphic  s c h l i e r e n  and patches 

17 Trachytoid, p o r p h y r i t i c  ( o r  porphyroblast ic)  pa le grey b i o t i t e  g ranod io r i te  

16 Heterogeneous g r a n i t o i d  gneiss and pegmatite w i t h  sch l ie ren  o f  u n i t s  1, 2 

DEVONIAN 
ROCKY BAY AND FREDERICTON PLUTONS 
15 Homogeneous coarse grey t o n a l i t e  w i t h  p o i k i l i t i c  b i o t i t e  c l o t s ,  commonly amphibole-bearing, marginal phases r i c h  i n  l i n e a t e d  

amphibole. 15a, f o l i a t e d  g ranod io r i te  r i c h  i n  dykes 

ISLAND POND AND ASPEN COVE PLUTONS AND WHITE POINT COMPLEX ( u n i t s  13-15) (may be younger than 16-18) 
14 Massive t o  f o l i a t e d ,  coarse p ink  b io t i t e -muscov i te  quar tz  monzonite, l o c a l l y  ga rne t i fe rous  i n  l e u c o c r a t i c  phases 

13 Fine grained, equigranular  b i o t i t e  g ranod io r i te  and quar tz  monzonite 

12 Sheeted complex o f  b i o t i  te-muscovite g ranod io r i  t e ,  commonly garnet i ferous,  w i t h  sheets o f  u n i t s  9a. 10a and l l a ,  patches o f  
coarse pegmatite, and dykes o f  u n i t  14 

ORDOVICIAN 
OAVIDSVILLE GROUP ( u n i t s  7-1 1  ) 
11 F i n e l y  interbedded b lack s l a t e  and grey greywacke and s i l t s t o n e .  l l a ,  metamorphosed equiva lents ,  quar tz-b iot i te-muscovi te-  

garnet  sch is t .  l l b ,  rocks con ta in ing  g r a n i t i c  pods and ve ins (ana tec t i c  m e l t )  

10 Black, grey-green and maroon shale, i n c l u d i n g  minor amounts o f  10. 10a, metamorphosed equiva lents ,  q u a r t z - b i o t i  te-muscovite- 
andalus i te-garnet  ( - c o r d i e r i t e )  s c h i s t ,  lob,  s i l l  imanite-bearing sch is ts  

9  Conglomerate o f  s i l t s t o n e  and greywacke pebbles, w i t h  minor u l t r a m a f i c  and p lag iog ran i te  debr i s  i n  a  c h l o r i t i c  m a t r i x .  
Abundant in terbeds o f  10 

8 Ol is tost rome brecc ia 6-7 and shale, s i l t s t o n e  and greywacke b locks w i t h  s o f t  sediment deformation, a l l  i n  a  b lack p y r i t i c ,  
p e l i t i c  ma t r i x .  8a, metamorphosed o l i s tos t rome breccia. 8b, indurated i n t e n s e l y  deformed and f r a c t u r e d  metape l i t e  and 
ch lo r i te -amph ibo l i t e  s c h i s t  

7 Massive t o  p i l l owed  greenstone, agglomerate, t u f f ,  minor b lack p e l i t i c  s c h i s t .  7a, shat tered c h l o r i t i z e d  p l a g i o g r a n i t e  
and porphyry, 7b, vo lcanoc las t i c  f i ne -g ra ined  sediments and l imestone, 7d, debr i s  flows, 7h, h y a l o c l a s t i t e s  

6  GANDER RIVER ULTRAMAFIC BELT. Massive t o  schis tose pyroxeni te ,  p e r i d o t i t e  and dun i te .  6a, se rpen t in i te ,  t a l c - c h l o r i t e -  
amphibole s c h i s t  6b, carbonate masses 

ORDOVICIAN OR OLDER 
GANDER LAKE GROUP ( u n i t s  3-5) (age unknown r e l a t i v e  t o  u n i t s  6-11) 

5 Fine-grained, i n tense ly  c a t a c l a s t i c ,  pa le green quar tz - r i ch  rocks and blastomyloni t e  

4 Pale green, homogeneous quar tz-muscovi te-ch lor i te  c a l c i t e  sch is t ,  w i t h  r a r e  amphibol i te  l a y e r s  

3  Fine grained, homogeneous quartz-plagioclase-biot i  t e  s c h i s t  

PRECAMBRIAN(?) 
FLINNS TICKLE COMPLEX ( u n i t s  1-2) 

2 Heterogeneous gneisses conta in ing more than 25 percent by area o f  g r a n i t o i d  component, u s u a l l y  as l i t s  ( l i t  par  l i t  
gneiss, migmatite, e t c . )  

1  Quartz-plagioclase-biotite gneisses, commonly con ta in ing  garnet  and s i l l i m a n i t e .  Minor q u a r t z i t e  and garnet amphibol i te  

Primary f a b r i c ;  tops unknown, tops known, overturned .................................................................. 
Primary igneous f a b r i c  ....................................................................................................... 
Sch is tos i t y ;  i nc l i ned ,  v e r t i c a l ,  second s c h i s t o s i t y ,  t h i r d  s c h i s t o s i t y  ............................................. 
Gneissosity; i n c l i n e d ,  v e r t i c a l  ......................................................................................... y/ 
Rodding; penc i l  s t ruc tu re ,  mul l ions,  minera l  l i n e a t i o n  . . .................................................................... 7 

+MW Minor f o l d s  w i t h  plunge and a t t i t u d e  o f  a x i a l  plane; sense o f  t e c t o n i c  t r a n s p o r t  known, unknown ........................ 
F a u l t  o f  shear zone ................................................................................................... 
Or ien ta t ion  o f  g r a n i t o i d  sweats and p a r t i a l  mel ts ;  i n c l i n e d  v e r t i c a l  ..................................................... /a// 

. . Geological contact ;  defined, approximate, deduced from ai rphotos,  assumed .................................................. 
. 



The main fabr ic  is  a composite of two deformation 
episodes, DIN and D2N, as can be  seen in many thin sect ions  
where schistosity or slaty c leavage sweeps around porphyro- 
blasts containing s t ra ight  inclusion t ra i l s  inclined t o  t h e  
external  fabric.  The evidence suggests t ha t  t he  main f ab r i c  
resulted f rom two nearly co-planar deformations separa ted in 
t i m e  by a period of porphyroblastesis. In some  locali t ies D2N 
is represented by strong S2N crenulation c leavage a t  low 
angles t o  SIN. Rare  sepa ra t e  macroscopic folds of D l  N have 
been recognized. 

On many outcrops this main f ab r i c  is  kinked o r  
crenula ted,  or  both, by l a t e r  s t ructures .  The ear l ier  of t hese  
consists of a prominent crenulation cleavage, S3N, and 
associa ted  minor F3N folds and crinkles. Some l a rge  folds, 
for  example  the  open bend on t h e  southwest  side of Ladle 
Cove Head appear  t o  be  of D3N age. A generally shallow- 
dipping set of crenulations and minor folds with associa ted  
c leavage is widely developed in t h e  Davidsville Group. A t  
Ladle Cove Head and southeas t  of Island Pond these  s t ruc-  
tures  clearly postdate  D3N. Analogy suggests t h a t  o the r  
shallow-dipping crenulations,  minor folds, and c leavage may 
belong t o  th is  post D3N deformation. 

Many outcrops throughout t h e  a r e a  exhibit  one o r  m o r e  
s e t s  of kink bands, mostly dipping s teeply  a t  high angles t o  
SIN/S2N. They a r e  best  developed where  t h e  main f ab r i c  i s  
s t rong s la ty  cleavage, and may occur  singly, o r  in conjugate  
se t s  associated with small  qua r t z  and ca l c i t e  veins. In places 
these  kinks clearly postdate  D3N crenulations. A smal l  a r e a  
e a s t  of Island Pond exhibits distinctive in tense  chevron-type 
small folding which may also postdate  D3N. The significance 
of these  small  folds is  not understood. 

The Gneisses and Gander Lake Group 

The s t ructura l  evolution of gneisses and migmat i tes  
southeast  of t h e  Ragged Harbour Pluton appears  similar t o  
tha t  of the  higher grade par ts  of the  Davidsville Group. 
Gneissic inclusions in t h e  migmat i tes  contain an  in tense  
crenulation cleavage (D2S) due t o  transposition of earlier 
gneissic banding (SIS). This S2S fab r i c  is t ightly folded about  
generally northeast-trending axial  planes parallel t o  and 
continuous with t h e  foliation in t h e  migmat i te  matr ix  (units 2 
and 13). Thus migmatization appears  to  have postdated D2S 
and occurred before  or during a D3S deformat ion,  a s  is t h e  
situation in the  migmat i t ic  t e r r ane  around Wesleyville 
(Jayasinghe and Berger, 1976). 

The Gander Lake Group likewise exhibits t h ree  major 
periods of deformation, though i t  is  not obvious t h a t  they a r e  
corre la t ive  t o  those  in t h e  gneisses. Identifiable SO planes 
a r e  ext remely r a r e  in t h e  Gander Lake Group. An ear ly  nor th  
or  north-northwest trending c leavage (S2S?) isoclinal t o  t ight ,  
minor folds (F2S?) occurs  ubiquitously in t h e  southern  pa r t  of 
t h e  group. The f ab r i c  is  partially and locally transposed by a 
north-northeast  trending c leavage (S3S?) locally associa ted  
with isoclinal, a t t enua ted  smal l  folds (F2S?). Near t h e  
Ragged Harbour break, both of t hese  s t ruc tu res  a r e  t rans-  
posed and obl i tera ted  by in tense  northeast-trending, 
northwest-dipping cleavages,  (S4S?) axial  plane t o  r a the r  
rare ,  very a t t enua ted  isoclines (F4S). This S4S(?) c l eavage  
normally intensifies t o  t h e  northwest,  but  in a few a r e a s  th is  
is  reversed. 

Granitoid Plutons 

The Ragged Harbour Pluton postdates t h e  s t ruc tu res  in 
the  migmat i tes ,  a s  pointed ou t  by Kennedy and McGonigal 
(1972), but is itself foliated,  especially in t h e  wes t  and north,  
thus providing evidence of a deformation l a t e r  than D3 in t h e  
gneisses. The foliation parallels t he  most in tense  c leavage in 
the  Gander Lake Group, and intensifies in t h e  s a m e  direction. 

HI1 plutons northwest of the  Ragged Harbour break 
exhibit ,  a t  leas t  locally, a parallel c leavage (S3N). In t h e  
case  of the  Frederickton and Rocky Bay plutons this c leavage 
a f f ec t s  only t h e  K-rich (older?) phases. The Island Pond 
Pluton exhibits a centra l  foliated septum,  while the  Aspen 
Cove and White Point plutons a r e  foliated on thei r  margins. 
All exhibit a S t o  L-,S fabr ic ,  generally ver t ica l  t o  s teeply  
dipping. In many places foliation is c u t  a t  low angles by 
closely spaced microshears which cons t i tu t e  a crenulation 
cleavage. Around t h e  Aspen Cove Pluton i t  can be  
demonstra ted  t h a t  fabr ic  in t h e  grani te  postdates SIN/S2N. 
Some of t h e  thinner dykes and shee t s  in the  country rocks can 
be  seen t o  be folded by F 3  crenulations and even post D3N 
kink bands. The evidence of t h e  granitoid plutons suggests 
t h a t  D3N should be identified with D4S. 

The Deadmans Bay megacrys t ic  grani te  cu t s  t he  t rend 
of both t h e  Davidsville and t h e  (D4S) foliation of t h e  Ragged 
Harbour Pluton. I t  exhibits no t ec ton ic  f ab r i c  a p a r t  f rom 
some  local shearing on eas t -west  trending su r faces  near  
Flinns Tickle. We conclude t h a t  i t  was emplaced a f t e r  D4S. 

Metamorphism 

The Davidsville Group lies mainly in t h e  chlorite- 
muscovite field, t h a t  i s  in low greenschist  facies.  Plutons 
intruded in to  th is  mater ia l  conta in  andalusite-cordierite- 
ga rne t  in thei r  thermal  aureole.  Northeast  of Carmanville,  
regional metamorphism of t h e  Davidsville Group rises t o  
amphibolite grade. We have been ab le  t o  m a p  successively 
t h e  f i r s t  appearance of ga rne t ,  chias to l i te ,  coarse ly  crys- 
tall ine pink andalusite-muscovite pods (splendid andalusite),  
and fibroli te.  These d a t a  a r e  shown on Figure  42.1. We have 
also obtained some  incomplete  d a t a  on t h e  f i r s t  appea rance  
of bioti te,  which roughly para l le ls  t h a t  of garnet ,  and of 
s taurol i te ,  which is rare .  The  lines marking t h e  f i r s t  
appearance of minerals all display s t rong cu rva tu re  about  t h e  
White Point complex suggesting t h a t  th is  migmat i te  complex 
lies near t h e  maximum of regional metamorphism. The PIT 
conditions of this maximum can be e s t ima ted  f rom t h e  
continued stabil i ty of muscovite,  t he  melting of composi- 
tionally favourable beds (Currie and Pajari ,  1977, unit 1 l b )  
and the  disappearance of andalusite,  a s  being near  640°C and 
4 kilobars (Fig. 42.2). The act iv i ty  of wa te r  must have been 
c lose  t o  1.0 in order t o  s tabi l ize  muscovite on t h e  solidus. 
Within t h e  White Point complex, massive phases of t h e  
complex appear  t o  intrude t h e  migmat i t ic  phases suggesting 
t h a t  intrusion slightly postdates  peak metamorphism. Intru- 
sions and me l t  pods exhibit  t w o  fabrics,  postdating t h e . m a i n  
foliation, suggesting t h a t  intrusion occurred between D2N and 
D3N. 

Megatectonic  Considerations 

The geophysical, geological, and sedimentological 
evidence suggests t h a t  t h e  Davidsville t e r r ane  is an  ocean 
floor sequence res t ing on u l t r amaf i c  rocks thinly veneered by 
maf i c  volcanics. The th ick east-facing succession of 
hyaloclasti tes and debris flows around Carmanvi l le  does not 
f i t  in to  th is  sequence, and i t s  s t ruc tu re  and facing a r e  
likewise anomalous. We conclude t h a t  th is  sequence 
represents  remnants  of an  allochthonous sheet .  This alloch- 
thonous shee t  i s  spacially associa ted  with o l is tos t rome and 
mblange which form i t s  base. The ol is tos t rome in tu rn  lies 
relatively low in t h e  s t ra t igraphy of t h e  Davidsville Group. 
Therefore  o l is tos t rome format ion and s tackine  of sl ices " - - - - -  

commenced ear ly  in t h e  history of t h e  Davidsville, possibly a s  
ear ly  as Arenig. The original source  of t h e  volcanic sl ice i s  
unknown at present but i t  presumably derived f rom a volcanic 
arc.  The disposition of t h e  oceanic  t e r r ane ,  with i t s  
southeas tern  boundary, extending southwest  f rom Ragged 
Harbour is  compat ib le  with obduction f rom t h e  northwest.  
Along t h e  nor theas t  pa r t  of th is  boundary, major faul t ing on 
th i s  line i s  compat ib le  with l a rge  displacement,  but  t o  t h e  
southwest  l a rge  sca l e  movement ,  if any, i s  less obvious. 



Figure 42.2 
Es t ima te  of peak metamorphic  conditions in t h e  Carmanvi l le  area .  The most  
probable conditions of peak metamorphism l i e  in t h e  hachured area .  The 
aluminosil icate phase fields a r e  t aken  f rom Richardson et al. (Am. J. Sci., 
v. 269, p. 259-272 (1969)). The a l t e r n a t e  d iagram of Holdaway (Am. J. Sci., 
v. 271, p. 97-131 (1971)) does  not allow fo r  t h e  observed coexis tence  of 
andalus i te  and grani t ic  me l t .  The 'minimum mel t '  curve  is  taken f rom Luth  et 
al. (3. Geophys. Res., v. 69, p. 759-773 (1964)). The presence  of plagioclase in 
t h e  s t a r t i ng  mater ia ls  and/or ac t iv i t ies  of water  less than 1.0 cause  th is  curve  
t o  mig ra t e  t o  t h e  right,  so  t h a t  t h e  s i ze  of t h e  hachured a r e a  would be  
reduced. Similarly t h e  dec rease  in ac t iv i ty  of water  would cause  t h e  
muscovi te  breakdown (a f t e r  Kerrick,  Am. J. Sci., v. 272, p. 946-958 (1972)) t o  
mig ra t e  t o  t h e  l e f t ,  f u r the r  reducing t h e  hachured a rea .  The ac t iv i ty  of water  
must  excede  0.9 t o  allow t h e  coexis tence  of t h e  observed phases. 

TO t h e  southeas t  of this boundary, t h e  polymetamorphic Ca r t e r ,  R.M. 
gneiss t e r r a n e  exhibits  t h e  charact6;istic; of cont inenta l  1975: A discussion and classification of subaqueous basement .  The lithologies of t h e  Gander Lake  Croup mass-transport  wi th  par t icular  application t o  correspond with a continental  shelf o r  r ise deposit. Hence ,  grain-flow, slurry-flow and fluxoturbidites;  Ea r th  they could well be la tera l  corre la t ives  of,  o r  sl ightly older Science  Reviews 11, p. 145-177. than,  t h e  Davidsville Group, as  suggested by similar rocks of 
Cambro-Ordovician age  in t he  comparable  s t ruc tu ra l  position 
e lsewhere  in t h e  Appalachians and Caledonides (Rast  e t  al., Curr ie ,  K.L. and Paiari ,  G.E. 
1976). A corollar; bf this model requires la rge  amounts  of 1977: Igneous and me tamorph ic  rocks between Rocky sediments  t o  have been telescoped under, or ahead of ,  t h e  Bay and Ragged Harbour,  nor theas tern  ocean floor sequence  a s  i t  was emplaced. We assume th is  
mater ia l  t o  be  t h e  u l t imate  source  of both t h e  t he rma l  and Newfoundland; in Repor t  of Activit ies,  Pa r t  A, 

Geol. Surv. Can., Paper  77-lA, p. 341-345. magmat i c  ac t iv i ty  during the  Devonian. 

Dewey, J.F. and Bird, J.M. In conclusion w e  no te  some  things which we  did not see :  
1971: Origin and emplacemen t  of t he  ophioli te suite:  I )  There  is  no evidence  of subduction,  but only of 

obduction. This observation re inforces  t h e  symmet ry  of Appalachian ophioli tes of Newfoundland; J. 

cen t r a l  Newfoundland noted by Williams (1964a). Geophys. Res., v. 76, p. 3179-3206. 

2) There  is  no evidence of Precambrian  orogeny, nor of 
Cambro-Ordovician metamorphism. The  Cander ian  
orogeny of Kennedy (1975) appears  t o  be  fict i t ious.  

3) There  i s  no  evidence of major granitoid pluton 
emplacemen t  prior t o  Devonian. Thus t h e  original  
in terpre ta t ion  of Williams (196413) and  Jenness  (1963) 
has been vindicated,  though in a vastly d i f f e r en t  
se t t ing .  
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Flower, R.H., St. George and Table Head Cephalopod Zonation in western Newfoundland; Current 
Research, Part A, Geol. Surv. Can., Paper 78-lA, p.217-224, 1978. 

Faunal zones based mainly on cephalopods are proposed in the Ordovician Canadian St. George 
Group of western Newfoundland recognizing a sequence of Gasconadian, Demingian, Jeffersonian, and 
Cassinian, with some finer divisions in the Cassinian. Erosion of the St. George surface, most marked 
on Port au Port Peninsula, probably occurred in early Whiterock time (zone L of western Utah) which 
was a period of uplift ,  warping and erosion in western Newfoundland. The Table Head Formation 
represents deposition in zones M and N of Utah. 

Introduction Faunal Succession, P o r t  a u  P o r t  Peninsula 

Isolated occurrences of cephalopods have long been 
known from the  Ordovician l imestones of western  
Newfoundland (Billings, 1861-65; Barrande, 1867-1877; Hyat t ,  
1894, 19001, but not the  detailed succession of such. Thanks 
t o  National Science Foundation grant  GB 6809 i t  was possible 
for  t he  wri ter  t o  spend about a month in 1969 and nearly two  
months in 1971 collecting fauna mainly from the  St. George 
Group and Table Head Formation. Although the  grant  was 
primarily for  t h e  sys t ema t i c  study of cephalopods, and large  
collections were  made, i t  f i r s t  became necessary t o  know the  
faunal  succession; this is the  subject of the  present 
discussion. 

The f i rs t  g rea t  expansion of cephalopods is in the  
Gasconadian, Lower Canadian; the f i r s t  t ime  tha t  the  
cephalopods became significant e lements  in shelly faunas  of 
t he  Paleozoic. Ellesmeroceratidae dominate the  faunas  
(Flower,  1964). The Middle-Upper Canadian development is 
marked by the  expansion of two  new orders, t h e  Endoceratida 
and Tarphyceratida; the  piloceroids a r e  particularly char- 
ac t e r i s t i c  among the  endoceroids. The Table  Head limestone 
conta ins  a fauna of Whiterock a spec t  (Flower, 1968a, b, 1971, 
1975, 1976a, b, c )  marked by advances  beyond Canadian 
faunas,  but older and more primitive than those of the  Chazy. 

Previous Work 

Early work (Logan, 1863) resulted in le t tered divisions 
of the  Lower Paleozoic beds of western  Newfoundland. 
Schucher t  and Dunbar (1934) presented a revision of these  
divisions; additional re in terpre ta t ions  a r e  t o  be found in 
Whittington and Kindle (1 963, 1969) and Whittington (1968). 
These investigations propounded one g r e a t  perplexity. 
Schuchert  and Dunbar (1934) presented a succession based 
primarily on observations on the  Por t  au Por t  Peninsula 
reporting the  "Diphragmoceras beds" a s  lying above beds with 
piloceroids. The Diphragmoceras beds, sampled during the  
present  investigation, have yielded a var ie ty  of genera,  a l l  
El lesmerocera t idae  of Lower Canadian aspect.  Finding such 
a fauna above a piloceroid fauna is  an  anomaly comparable  t o  
finding a dinosaur fauna above one with mastodons. This 
succession, however,  was  generally accepted.  Riley (1962), 
cit ing unpublished work by Sullivan, indicated a zonation on 
the  Por t  au Por t  Peninsula a s  shown by Table 43.1. 

This succession involves the  Diphragmoceras beds, 1 km 
southwest of The Gravels,  t o  the  Gravels ( I  on Fig. 43.lb) and 
thence t o  the  con tac t  with the  Table Head limestones,  which 
can  be found both t o  the  nor theas t  and the  nor thwest  (2 and 3 
on Fig. 43.1 b). Whittington and Kindle (1969) noted t h a t  th is  
sect ion is  incompletely exposed, but essentially continuous. 
The s t ra t igraphic  position of beds 2 t o  17 r e s t  upon the  
assumption tha t  there  is a continuously ascending sect ion 
f rom Lower Cove t o  the  eas t .  

The following sequence was established on P o r t  au  Por t  
Peninsula during the  present investigation. Gross  e s t ima tes  
only of the  thicknesses of the  various units a r e  given. The 
resulting sequence of faunal units can be ra ther  widely 
recognized in Newfoundland and can be corre la ted  broadly 
with divisions of t he  Canadian throughout North America; 
these  correlations a r e  indicated in Figure 43.2. 

1. The Diphragmoceras beds, a t  Green Head (Schuchert  
and Dunbar, 1934, p. 47), a r e  1.7 km southwest  of t he  road 
ac ross  The Gravels,  and consist  of medium t o  dark  grey 
l imestones with some  par ts  highly dolomitic,  containing a 
prolific cephalopod fauna with minor gastropods (Euconia and 
some high-spired forms),  Finkelnburgia, and s t romatol i tes .  
Some of the s t romatol i tes  form small  t o  medium sized 
columns with lamel lae  regular and close enough t h a t  they 
may be taken for s t ra ight  cephalopods in t h e  field. The 
cephalopods a r e  exclusively El lesmerocera t idae  and include 
Ellesrneroceras, Ectenolites,  Dakeoceras,  Levisoceras,  
Bridgeoceras (which f rom this  new mater ia l  now can be  
assigned with ce r t a in ty  t o  the  Ellesmeroceratidae),  and th ree  
new genera. This i s  t he  source of Hyat t ' s  (1900, p. 514) 
Diphragmoceras. This fauna is unquestionably Gasconadian 
(Flower,  1964, p. 23, 148, 149). Beds below were  not 
examined; they a r e  exposed in a ver t ica l  cliff t ha t  drops t o  
t h e  sea. Whitt inaton and Kindle (1969) have shown t h a t  beds 
between th is  and those f a r the r  wes t  along the  south 
shore conta in  some  significant Cambrian beds. Marked 
changes  in s t r ike  and dip occur and continuity of t he  beds 
downward t o  the  wes t  is broken by faults.  The main 
cephalopod-bearing beds occupy a thickness of 7.5 m; 6.1 m 
higher occurs another  a lgal  bed a t  3.0-4.6 m of predominantly 
columnar algae with apparently the  same  fauna,  but fossils 
a r e  scarcer .  

11. Overlying dolomitic l imestones,  a 6 m interval,  with 
gastropods - a n  Ophileta(?) and a large  Lystospira. 

111. Some dis tance  higher (3-9 rn) occur  t w o  thin bands 
I m a p a r t  containing pink l imestone pebbles, suggesting a 
break in  t h e  sect ion and implying e levat ion of a nearby 
surface  t o  supply t h e  pebbles. This marks a period of uplift 
and erosion which was probably universal throughout eas tern  
North America.  Succeeding beds a r e  vermicular dolomites 
and dolomitic l imestones with sparse  fossils (Lecanospira and 
Bassleroceras). Higher beds were  not  examined in deta i l  at 
th i s  locali ty,  bu t  f rom here  t o  The Gravels  there  a r e  
considerable covered in tervals  and changes  in dip and s t r ike  
suggesting faulting of t h e  s t ra ta .  

IQ Figure  43.lb, number I indicates  t h e  sect ion f rom t h e  
Diphragmoceras beds t o  The Gravels; pa r t  of this section is  
covered. Numbers 2 and 3 indicate  continuity ofsthe section 
nor thwest  t o  the  base of the  Table Head Format ion near 

' New Mexico Bureau of Mines and Mineral Resources,  New Mexico Ins t i tu te  of Mining and Technology, Socorro, 217 
New Mexico 87801. 



Port au Port k m 

Figure 43.1. Maps of western  Newfoundland, showing 1ocal.ities mentioned in the  

a - General map for western  Newfoundland. 
b - Enlarged map  of Por t  au  Por t  Peninsula. 
c - Enlarged m a p  of Por t  au  Choix region. 

A, B and C represent  t h e  locali t ies of faunas  A, B and C in  t h e  upper 
St. George Group discussed in  t h e  t ex t ,  and indicated in Figure 43.2. 

text .  



Table  43.1 

Success ion  on  P o r t  a u  P o r t  Peninsu la  
( a f t e r  Riley,  1962) 

f e e t  below t o p  a p p r o x i m a t e  t h i c k n e s s  
of  in te rva l  in m e t r e s  

(bar ren  or  unassigned) 0-40 12 

Zone of C e r a t o p e a  ( b e d s  44-52) 40-95 1 6 . 5  

( b a r r e n  o r  unassigned) 95-610 

Zone of Maclur i tes  (beds 36-38) 610-890 

( b a r r e n  o r  unassigned) 890-1431 

Zone of D i p h r a g m o c e r a s  (bed 17) 1431-1446 

( b a r r e n  o r  unassigned) 1446-2200 

Zone  of Lecanospi ra  (bed 2) 2200-2220 

( b a r r e n  o r  unass igned)  2220-2430 

Zone  of P i l o c e r a s  (bed 2 or  I )  2430-2500? 

The  l a s t  co lumn is a n  addi t ion  by t h e  w r i t e r ;  i t  should be  no ted  t h a t  l a r g e  
in te rva ls  of t h e  S t .  G e o r g e  Group yield n o  fossi ls  o r  only un ident i f iab le  
f r a g m e n t s ,  m o s t  c o m m o n l y  poorly preserved  gas t ropods .  

Aguathuna ,  and n o r t h e a s t  t o  t h e  base  of T a b l e  Head 
F o r m a t i o n  on t h e  mainland.  

IV. A t  t h e  south shore  just e a s t  of Lower C o v e ,  a t  t h e  
b a s e  of sec t ion  4 on F igure  43 . lb ,  s imi la r  vermicular  dolo- 
m i t i c  l i m e s t o n e s  were  found conta in ing  poorly preserved  b u t  
u n m i s t a k a b l e  Bass le roceras ;  t h e  beds  exposed a r e  24-30 m 
th ick .  A f a u l t  a t  Lower  C o v e  a p p e a r s  t o  e l i m i n a t e  m o r e  of 
t h e  upper  d o l o m i t e s  a t  t h e  s o u t h  shore  t h a n  a r e  p r e s e n t  in t h e  
hillside t o  t h e  n o r t h e a s t  of Lower  Cove .  Horizon IV c o n t a i n s  
t h e  f a u n a  noted  by Whi t t ing ton  and Kindle (1969, p. 658). 
This  f a u n a  is Demingian,  and  s t rongly  r e s e m b l e s  t h e  m o r e  
v e r m i c u l a r  and  m o r e  d o l o m i t i c  phases  of t h e  lower  half of t h e  
F o r t  Ann F o r m a t i o n  in t h e  F o r t  Ann region (F lower ,  1964, 
p. 158). I t  over laps  unit  111 above.  

V-VI. Across a d i s t a n c e  of a hundred m e t r e s ,  in te rva l  V 
is c o v e r e d  or  sporad ica l ly  exposed ,  then ,  just b e f o r e  reaching  
a t u r n  in  a lane  lead ing  n o r t h  f r o m  t h e  m a i n  road ,  t h e r e  is a 
conspicuous ,  w h i t e  w e a t h e r i n g  1.5 m C r y p t o z o a n  ledge  and  
f o r  6 m above  th i s  occurs  t h e  P y c n o c e r a s  a p e r t u m  f a u n a  (VI), 
a l s o  in l igh t  g rey ,  whi te  w e a t h e r i n g  l imes tones .  This  horizon 
c o n t a i n s  P y c n o c e r a s  a p e r t u m  (by l i thology t h e  ho lo type  c a m e  
f r o m  t h e s e  beds), e n d o c e r o i d s  including P r o e n d o c e r a s  and  
C l i t e n d o c e r a s ,  B a l t o c e r a t i d a e ,  P r o t o c y c l o c e r a t i d a e  and  a 
v a r i e t y  of s m o o t h  low-spired gas t ropods ,  c e r t a i n l y  n e i t h e r  
L e c a n o s p i r a  nor Orospi ra .  I t  c a n  be  t r a c e d  e a s t w a r d  t o  Ship 
Cove .  

including a l a r g e  new E u r y s t o m i t e s ,  smal le r  
Tarphyceras ,  C e n t r o t a r p h y c e r a s  and  possibly P i o n o c e r a s  
a n d  C u r t o c e r a s .  G a s t r o p o d s  include maclur i t id  
o p e r c u l a e  s imi la r  t o  those  i l lus t ra ted  by Bil l ings (1861- 
1865,  p. 243 ,  figs. 228-230;  f ig.  2 2 9  is t h e  c o m m o n e s t  
and  t h e  m o s t  conspicuous),  Maclur i tes ,  Murchisonia 
s imula t r ix ,  M. c i c e l i a  and  o t h e r  much l a r g e r  species.  
Sponges  a r e  sparse ,  t r i l o b i t e s  a r e  p r e s e n t  b u t  
f r a g m e n t a r y .  T h e r e  is l i t t l e  s i l i c i f ica t ion  of t h e s e  
l imes tones ,  and  t h e i r  fossi ls  a r e  d i f f i c u l t  t o  c h o p  o u t  o r  
t o  p r e p a r e .  

3. Above th i s  a r e  6-9 m of s l ightly l i g h t e r  w e a t h e r i n g  
l i m e s t o n e  in beds  0.3-0.9 m th ick ,  a l t e r n a t i n g  w i t h  
f r e q u e n t  0.6-1.2 m beds  of t a n  w e a t h e r i n g  dolomi te .  
T h e s e  beds  have  a s p a r s e  cepha lopod f a u n a  mainly of 
e n d o c e r o i d s  and pi loceroids,  which a r e  q u i t e  d i f f e r e n t  
f r o m  t h o s e  of t h e  beds  below. This  in te rva l  w a s  
insuf f ic ien t ly  c o l l e c t e d  b u t  is m a r k e d  by a long v e r y  
s l e n d e r  C e r a t o p e a  opercu lum.  

IX. T h e r e  fo l lows  a th ickness  of 60-75 m of l ight  g r e y  
w h i t e  w e a t h e r i n g  dolomi te ;  bedding is obscure ,  b u t  ev ident ly  
s t e e p e n s  t o w a r d  t h e  t o p  of t h e  sec t ion .  A f a u l t  occupies  t h e  
val ley i n  which Lower  C o v e  is found ( t h e  hills i m m e d i a t e l y  t o  
t h e  w e s t  e x p o s e  t h e  b a r r e n  in te rva l  b e t w e e n  t h e  P y c n o c e r a s  
a p e r t u m  f a u n a  and  t h e  C a s s i n o c e r a s  w o r t h e n i  fauna).  T h r e e  
t o  5 m a b o v e  t h e  b a s e  of t h e  d o l o m i t e  a r e  t h r e e  t o  four  t h i n  
b a n d s  of w h i t e  w e a t h e r i n g  porce laneous  c h e r t  in discontinu- 

V1l. There fol lows l i g h t  to medium grey limestone, o u s  bands ,  none m o r e  than 10 c m  th ick ,  w i t h o u t  fossils. 
w e a t h e r i n g  l igh t  g rey ,  b a r r e n  poorly preserved Twelve m e t r e s  up in the s e c t i o n  s o m e  s c a t t e r e d  s i l i ceous  a n d  gener ica l ly  u n d e t e r m i n a b l e  low-spired gastropods).  This  m a t e r i a l  h a s  yielded a s m a l l  f a u n a  of s m a l l  T a r p h y c e r a s  i n t e r v a l  is  54 m th ick .  (probably only t h e  inner  whor l s  w e r e  si l icif ied),  a low-spired 

VIII. T h e  C a s s i n o c e r a s  w o r t h e n i  z o n e  c o n s i s t s  of s o m e -  gas t ropod  w i t h  t h e  o u t e r  a n g l e  v e r y  sharp ,  and  a s m a l l  
w h a t  d a r k e r  w e a t h e r ~ n g  l imes tones ,  wi th  hues of blue and Pa l l i se r ia .  This  is a l a t e  C a n a d i a n  f a u n a ,  c o n t a i n i n g  t h e  
d r a b ;  f r e s h  s u r f a c e s  a r e  l igh t  g r e y  and  fossi l  s u r f a c e s  and  o l d e s t  P a l l i s e r i a  c e r t a i n l y  known. I t  is i n d i c a t e d  by A on 
s t y l o l i t i c  s t r u c t u r e s  a r e  c o m m o n l y  pink. This  z o n e  is F i g u r e s  4 3 . l a  and b, and  on F i g u r e  43.2. In Nevada ,  P a l l i s e r i a  
subdivisible i n t o  t h r e e  subzones  a s  fol lows (in ascending  o c c u r s  in t h e  Palliseria-Maclurites-Girvanella beds,  r a t h e r  
order):  high i n  t h e  Whiterock S t a g e  (Ross,  1964a ,  b). 

I. A th ickness  of 6-7.5 m of l imes tone ,  s l igh t ly  l i g h t e r  
t h a n  t h e  beds  above ,  yielding si l icif ied C e r a t o p e a  
unguis  and a Te i ich isp i ra ,  a l s o  occas iona l  Tarphy-  
c e r a t i d a e ,  Endocera t ida ,  a n d  P r o t o c y c l o c e r a s .  

2. An i n t e r v a l  12 t o  18 m of mass ive  l i m e s t o n e s  w i t h  
s p a r s e  0.3-0.6 m d o l o m i t e  in te rva ls ,  yielding t h e  main  
C a s s i n o c e r a s  w o r t h e n i  fauna .  S e v e r a l  s p e c i e s  of 
C a s s i n o c e r a s  and a t  l e a s t  one  of t r u e  P i l o c e r a s  o c c u r ,  
a s s o c i a t e d  wi th  s lender  E n d o c e r a t i d a e ,  s m a l l  P r o t o -  
c y c l o c e r a t i d a e  and  B a l t o c e r a t i d a e ,  co i led  she l l s  

In joining lower  b e d s  of t h e  D i p h r a g m o c e r a s  zone  wi th  a 
m u c h  b e t t e r  s e c t i o n  e a s t  of Lower  C o v e ,  t h e  r e s u l t  i s  a 
z o n a t i o n  in which Gasconadian ,  Demingian ,  J e f f e r s o n i a n ,  and  
Cass in ian  beds  c a n  b e  recognized  in a s e q u e n c e  c o m p a r a b l e  t o  
t h a t  which o c c u r s  t h r o u g h o u t  N o r t h  A m e r i c a  f r o m  t h e  
Appalachians  t o  Nevada .  I t  is a l s o  possible t o  r e c o g n i z e  many 
of t h e s e  hor izons  f a r t h e r  n o r t h  in  w e s t e r n  Newfoundland.  

T h e  s e c t i o n  downward  f r o m  t h e  D i p h r a g m o c e r a s  beds  t o  
t h e  w e s t  i s  i n t e r r u p t e d  by fau l t s .  The  s e c t i o n  e a s t  of Lower  
C o v e  i s  continuous.  
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T a b l e  P o i n t  Region  

T o  t h e  n o r t h  of T a b l e  P o i n t  ( t h e  t y p e  s e c t i o n  of t h e  
T a b l e  Head F o r m a t i o n ,  Fig. 43.3) t h e  s e c t i o n  d e s c e n d s  i n t o  
upper  do lomi tes  of t h e  St .  G e o r g e  Group. A t  B on 
F igure  43. la ,  known locally a s  D e e r  C o v e ,  medium t o  l igh t  
g r e y  w e a t h e r i n g  dolomi tes  have  yielded a d is t inc t ive  f a u n a ,  
t h e  m o s t  conspicuous  e l e m e n t s  of which a r e  l a r g e  pi loceroid 
siphuncles of t h e  s h a p e  of t r u e  P i loceras ,  b u t  unlike i t  in  t h e i r  
blade and  t u b e  a r r a n g e m e n t ,  a l s o  a l a r g e  E u r y s t o m i t e s  and  
smal le r  co i led  f o r m s ,  wi th  s o m e  B a l t o c e r a t i d a e  and  P r o t o -  
c y c l o c e r a t i d a e .  This  i s  unlike t h e  C a s s i n o c e r a s  w o r t h e n i  
fauna .  A second isolated e x p o s u r e  ( C  on  F igure  43. la) ,  
exposed  by a bulldozer,  o c c u r s  a long  a g r a v e l  road  t o  H a w k e  
Bay which b r a n c h e s  nor ther ly  f r o m  t h e  Newfoundland Zinc  
mine  road;  t h e  exposure  i s  1 9  road-km f r o m  t h e  junction of 
t h e  mine  road and  c o a s t a l  highway 430. T h e  f a u n a  t h e r e  h a s  
yielded a s m a l l  b u t  u n m i s t a k e a b l e  B u t t s o c e r a s ,  a t r u e  
P r o t e r o c a m e r o c e r a s ,  a possible T a r p h y c e r a s  or  C u r t o c e r a s  
( w e a t h e r e d  below t h e  middle), a n d  a s m a l l  obese  co i led  shell  
w i t h  low but  p rominent  closely-spaced c o s t a e ,  which i s  
possibly a n  undescribed genus.  I t  is  known only f r o m  a n  
impress ion  of t h e  e x t e r i o r ,  s o  i t  i s  u n c e r t a i n  w h e t h e r  i t  
be longs  t o  t h e  T a r p h y c e r a t i d a e  or  t o  t h e  Trochol i t idae .  

P o r t  a u  Choix  R e g i o n  

T h e r e  i s  a n  e ros iona l  u n c o n f o r m i t y  b e t w e e n  t h e  T a b l e  
Head  l i m e s t o n e  and  t h e  underlying St .  G e o r g e  Group 
(Cumrning,  1968,  p. 3 ,  f ig.  5). The  u p p e r m o s t  S t .  G e o r g e  b e d s  
(Fig. 43.4) a r e  l igh t  g rey  t o  l igh t  t a n  w e a t h e r i n g  dolomi tes ,  
and  a r e  la rge ly  bar ren .  This  is division 1 of Logan;  S c h u c h e r t  
a n d  Dunbar give a th ickness  of 45  m f o r  t h e s e  beds. Below 
a r e  medium t o  d a r k  g r e y  w e a t h e r i n g  l i m e s t o n e s  conta in ing  
t h e  C a s s i n o c e r a s  w o r t h e n i  f a u n a ,  w i t h  t h e  long s lender  
C e r a t o p e a  of t h e  u p p e r m o s t  zone ,  a n d  t h e  f a u n a  of t h e  
second  zone.  Pass ing  nor thward ,  descending  i n  t h e  s e c t i o n ,  a 
th ickness  of b a r r e n  do lomi t ic  l i m e s t o n e s  i s  e n c o u n t e r e d ,  b u t  
w i t h  t h e  P y c n o c e r a s  a p e r t u m  f a u n a  in  d a r k  g r e y  s l igh t ly  
d o l o m i t i c  l imes tone .  The  th ickness  of t h e  in te rvening  b a r r e n  
i n t e r v a l  w a s  n o t  measured ,  bu t  is l ess  t h a n  half t h a t  found on  
P o r t  a u  P o r t  Peninsula.  Below t h i s  f a u n a  is a C r y p t o z o a n  bed 
c o m p a r a b l e  t o  t h a t  of t h e  P o r t  a u  P o r t  Peninsula.  O n  t h e  
e a s t  s ide  of Bus ta rd  C o v e  t h e  C a s s i n o c e r a s  w o r t h e n i  hor izon  
is m o r e  ful ly exposed  (Whi t t ing ton  and  Kindle,  1963,  1969) in  
beds  n o t  belonging t o  a lower  o r  higher horizon.  C o l l e c t i o n s  
f r o m  t h i s  p lace ,  i n c o m p l e t e  s t r a t i g r a p h i c a l l y ,  h a v e  yielded a 
l a r g e  f a u n a  w i t h  D e l t o c e r a s  p lanum,  s o m e  new l a r g e  
A p h e t o c e r a s ,  p i locero ids  a n d  s m a l l e r  cepha lopods .  

S c h u c h e r t  and  Dunbar (1934) a n d  Whi t t ing ton  and  Kindle  
(1963) h a v e  noted ,  a n d  C u m m i n g  (1968) h a s  p r e s e n t e d  a map,  
showing t h e  lower  g r e y  l i m e s t o n e s  of t h e  T a b l e  H e a d  
F o r m a t i o n  on  t h e  s o u t h e r n  half of t h e  peninsula,  a n d  
e x t e n d i n g  south  a long  t h e  shore .  N e i t h e r  t h e  upper  b lack  
l i m e s t o n e  nor  over ly ing  g r a p t o l i t e  s h a l e  i s  exposed.  

C a p e  Norman and Vicinity 

Near  t h e  l igh thouse  on  C a p e  Norman,  beds  of d a r k  g r e y  
d o l o m i t i c  l i m e s t o n e  a r e  exposed  t h a t  yield t h e  m a i n  
C a s s i n o c e r a s  w o r t h e n i  fauna .  S e v e r a l  o t h e r  e x p o s u r e s  yield 
t h i s  s a m e  f a u n a  b e t w e e n  C a p e  Norman and  C o o k s  Harbour ,  
b u t  t h e r e  is rapid l a t e r a l  g r a d a t i o n  i n t o  d o l o m i t e  in  which t h e  
fossi ls  a r e  g r e a t l y  obscured  o r  o b l i t e r a t e d .  T h e  upper  l igh t  
g r e y  d o l o m i t e s  of p rev ious  s e c t i o n s  h a v e  n o t  b e e n  d e f i n i t e l y  
recognized.  F r o m  B o a t  Harbour  east t o w a r d  C a p e  N o r m a n  
a r e  ( I )  v e r m i c u l a r  d o l o m i t e s  w i t h  t r a c e s  of t h e  B a s s l e r o c e r a s  
f a u n a ,  a n d  (2) l edges  of d a r k  d o l o m i t i c  l i m e s t o n e s  w i t h  t h e  
f a u n a  of t h e  P y c n o c e r a s  a p e r t u m  horizon.  Above a r e  b a r r e n  
do lomi tes .  This  reg ion  i s  s e p a r a t e d  by a f a u l t  f r o m  t h e  beds  
a t  C a p e  Norman.  

Schooner  Island w a s  br ie f ly  e x a m i n e d  in  a s e c t i o n  f r o m  
Schooner  C o v e  south  t o  t h e  peninsula just n o r t h  of S a v a g e  
Cove.  The  lowes t  beds  s e e n  a r e  v e r m i c u l a r  d o l o m i t e s  

sugges t ive  of t h e  B a s s l e r o c e r a s  horizon,  b u t  n o  foss i l s  w e r e  
s e e n .  T h e r e  fol low s o m e  d o l o m i t e s  wi th  l igh t  g r e y  l e n s e s  ful l  
of cepha lopods ,  sugges t ive  of t h e  P y c n o c e r a s  a p e r t u r n  f a u n a ,  
b u t  d o l o m i t i z a t i o n  i s  s o  a d v a n c e d  t h a t  p roper  i d e n t i f i c a t i o n  
of t h e  f a u n a  is n o t  possible. Pass ing  south ,  t h e  C a s s i n o c e r a s  
w o r t h e n i  f a u n a  is well  deve loped .  I t  o c c u r s  in  a black,  
s l ightly d o l o m i t i c  l i m e s t o n e  c o n t a i n i n g  a b u n d a n t  worm 
borings a n d  i r r e g u l a r  m a s s e s  of c h e r t .  The  f i r s t  and  second 
subzones  could  b e  read i ly  recognized .  

St. G e o r g e  Eros ion  

C u m m i n g  (1967, p. 12,  1968) r e c o g n i z e d  t h a t  St .  G e o r g e  
depos i t ion  w a s  fo l lowed by a period of up l i f t  and  e ros ion ,  a n d  
poin ted  o u t  t h e  r e l e v a n c e  of t h i s  phenomenon t o  t h e  minera l  
d e p o s i t s  in  t h e  S t .  G e o r g e  Group.  H e  r e p o r t e d  a c h a n n e l  9 m 
d e e p  in  buff d o l o m i t e  of t h e  S t .  G e o r g e  s u r f a c e  f i l l ed  w i t h  a 
black l i m e s t o n e  of t h e  T a b l e  H e a d  F o r m a t i o n ,  i n  t h e  q u a r r y  
a t  Aguathuna .  Addi t iona l  e v i d e n c e  ex is t s .  N o r t h w e s t  of T h e  
Grave ls ,  l igh t  g r e y  T a b l e  H e a d  l i m e s t o n e  l i es  on t a n  
w e a t h e r i n g  l i m e s t o n e ,  which r e p r e s e n t s  t h e  l o w e s t  of t h e  
t h r e e  s u b z o n e s  of t h e  C a s s i n o c e r a s  w o r t h e n i  beds,  a s  i t  
yielded Tei ich isp i ra  and  C e r a t o p e a  c f .  unquis. This  m e a n s  
t h a t  i n  c o n t r a s t  t o  t h e  s e c t i o n  e a s t  of L o w e r  C o v e  t h e  upper  
do lomi tes ,  c o m p r i s i n g  at l e a s t  7 5  m of d o l o m i t e s  and  18-24 m 
of t h e  underlying l i m e s t o n e s  h a v e  b e e n  removed.  

The  over ly ing  T a b l e  Head  l i m e s t o n e s  a r e  mass ive  beds,  
a m u c h  l i g h t e r  g r e y  t h a n  a t  T a b l e  P o i n t  o r  P o i n t  R i c h e ,  a n d  
much less  fossi l i ferous.  Megafossi ls ,  par t icu la r ly  t h e  
cepha lopods ,  s o  a b u n d a n t  a t  t h o s e  n o r t h e r n  loca l i t i es ,  a r e  
s c a r c e  and  a r e  conf ined  t o  only a f e w  bedding planes.  

A t  P icad i l ly ,  t h e  h ighes t  b e d s  exposed  of t h e  St .  G e o r g e  
a r e  a g a i n  t h e  l o w e s t  of t h e  t h r e e  s u b z o n e s  of t h e  C. w o r t h e n i  
faunas ,  a n d  t h u s  t h e r e  i s  a r e m o v a l  of upper  beds.  However ,  
a t  t h a t  loca l i ty ,  t h e r e  i s  none of t h e  l o w e r  g r e y  l i m e s t o n e  of 
t h e  T a b l e  Head;  t h e r e  a r e  4.5-7.5 m r e p r e s e n t i n g  t h e  upper  
b lack  l imes tones ,  though a g a i n  l i g h t e r  t h a n  at T a b l e  Poin t ,  
fo l lowed by t h e  upper  g r a p t o l i t e - b e a r i n g  sha les ,  which a r e  
exposed  f o r  s o m e  d i s t a n c e  f a r t h e r  t o  t h e  n o r t h w e s t  w h e r e  t h e  
c o a s t  i s  near ly  p a r a l l e l  t o  t h e  s t r i k e  of t h e  beds. H o w e v e r ,  a t  
t h e  P icad i l ly  Head provinc ia l  p a r k  t h e r e  i s  a b r e c c i a  of l igh t  
g r e y  l i m e s t o n e  boulders  t o  pebbles  in  a s imi la r  g r e y  m a t r i x ;  
bo th  h a v e  yielded a s p a r s e  f a u n a  b u t  o n e  of l o w e r  T a b l e  H e a d  
a g e .  

The  period of up l i f t ,  warp ing ,  a n d  t h e n  uneven  e ros ion  
of t h e  S t .  G e o r g e  s u r f a c e  c a n  b e  reasonably  d a t e d .  Of t h e  
t h r e e  f a u n u l e s  s o  f a r  r e c o v e r e d  (A, B and  C on  F i g u r e  43 . la )  
f r o m  t h e  upper  do lomi tes ,  division I (1X of F i g u r e  43.2), o n e  
c o n t a i n s  a d i s t i n c t i v e  f a u n a  w i t h  B u t t s o c e r a s ,  t r u e  P r o t e r o -  
c a m e r o c e r a s ,  a n d  a s m a l l  obese ,  c l o s e l y  c o s t a t e  co i led  shell. 
T h e  B u t t s o c e r a s  i n d i c a t e s  t h a t  t h i s  f a u n a  i s  l a t e s t  Canadian .  
L.M. C u m m i n g  h a s  c o l l e c t e d  a s i m i l a r  f a u n a  f r o m  t h e  
Roddick ton  reg ion  o n  t h e  e a s t  s ide  of t h e  G r e a t  N o r t h e r n  
Peninsula.  If S t .  G e o r g e  depos i t ion  cont inued  t o  t h e  c l o s e  of 
C a n a d i a n  t i m e ,  t h e  period of u p l i f t  and  e ros ion  m u s t  h a v e  
o c c u r r e d  in  e a r l y  Whi te rock  t i m e .  T h e  g r a p t o l i t e ,  c o n o d o n t  
a n d  t r i l o b i t e  f a u n a s  s u g g e s t  t h a t  t h e  lower  T a b l e  Head  i s  
e q u i v a l e n t  t o  z o n e  M of w e s t e r n  U t a h  (Ross,  1951;  H i n t z e ,  
1951,  1952). T h e  cepha lopod e v i d e n c e  s u p p o r t s  t h i s  
c o r r e l a t i o n .  W u t i n o c e r a t i d a e ,  unknown i n  U t a h  be low z o n e  N 
and  unknown i n  Nevada  below t h e  P a l l i s e r i a  zone ,  a p p e a r  f i r s t  
i n  t h e  l o w e r  beds  of t h e  T a b l e  H e a d  l i m e s t o n e ,  as d o e s  
Aeth ioso len ,  which  i s  a l s o  n o t  known in  U t a h  below lower  
z o n e  N, a l t h o u g h  i n  N e v a d a  it a p p e a r s  in t h e  sponge  beds.  
N o l a n o c e r a s  a n d  E o g o m p h o c e r a s  a r e  found  i n  t h e  Sponge  Beds  
of N e v a d a  which  may b e  low N o r  M, a n d  both  r a n g e  through 
t h e  l o w e r  T a b l e  H e a d  l imes tones .  In t h e  middle  of t h e  l o w e r  
g r e y  l i m e s t o n e s  of t h e  T a b l e  H e a d  F o r m a t i o n  H o l m i c e r a s  
a p p e a r s ,  a g e n u s  f o r m e r l y  known only f r o m  t h e  Kunda  of t h e  
Bal to-Scandinavian  region,  a n d  t h e  l o w e r  g r e y  l i m e s t o n e  i s  
a l s o  t h e  s o u r c e  of a t r u e  C y c l o l i t u i t e s ,  C. arner icanus ,  a 
g e n u s  known i n  Scandinavia  only f r o m  t h e  l a t e  Whi te rock  
L a s n a m a g i a n  (F lower ,  1975). 



Figure 43.3 

Massive grey l imestone t h a t  i s  typical of 
t h e  lower 810 f e e t  of t he  Table Head 
Format ion a t  i t s  t ype  sect ion near Table  

! Point. Note the  rubble of l imestone chips 
' 

formed along the  weathered upper surface  
of these  l imestones.  GSC photo no. 123889 

j (L.M. Cumming). 

Figure 43.4 

View from Turr  Island (50°51'04"N, 
57°06'38"W), near  Por t  au Choix, toward 
the  southeast  and the  summit  of the 
Highlands of St. John. Turr Island is 
underlain by flat-lying, t an ,  dolomite of the  
St. George Group. GSC photo no. 1-7-71 
(L.M. Cumming). 



There is, then, considerable evidence indicating t h a t  t he  
Table Head limestone represents zone M, the  D. bifidus fauna 
of England and the  Balto-Scandinavian region, but  not zone L,  
which is  basal Whiterock in western Utah, and reasonably 
continues through zone N. Bergstrom and Cooper (1973) have 
shown tha t  in North America D. bifidus occurs a t  two 
discre te  horizons, of which the  Texas  and Arkansas occur- 
rences  a r e  Upper Canadian, while those of the  Kanosh of 
Utah and the  Joins of Oklahoma equa te  with the  European 
zone. 

I t  is  also worthy of note  tha t  just a s  the  lower 
l imestones of the Table Head Formation a r e  l ighter in colour 
and more massive on Por t  au Por t  Peninsula than a t  Table 
Point or more northern locali t ies,  the  same  is t rue  of the 
St.  George Group. The Pycnoceras  ape r tum faunas a r e  in 
light grey-white-weathering l imestones on Por t  au Por t  
Peninsula; comparable faunas  occur in dark grey slightly 
dolomitic l imestones both at Por t  au Choix and at Cape  
Norman. Likewise, t h e  C. wortheni faunas  occur in l ight t o  
medium grey l imestones on Por t  au  Por t  Peninsula. 

A t  Por t  au Choix and Cape  Norman these  beds a r e  very 
dark  limestones, somewhat  dolomitic, and a r e  even darker on 
Schooner Island, where the  lithology is  rem.iniscent of t he  
Croisaphuill l imestone of northern Scotland. The faunas  also 
a r e  closely allied; both contain Cassinoceras and t rue  
Piloceras, similar Tarphycerat idae ,  Baltoceratidae and Proto- 
cycloceratidae,  although some occurrences in the  Croisaphuill 
fauna have not ye t  been published. 

Maps showing locali t ies discussed above can be found in 
Schuchert  and Dunbar (1934, p: 21, Williams (19671, Cumming 
(19681, Kluyver (1975), Whi t t~ng ton  and Kindle (1969) and 
Riley (1962). A map presented by Bird and Dewey (1970) 
d i f ferent ia tes  the  St. George Group and Table Head 
Formation, but they recognize Table Head only in a narrow 
bel t  extending south f rom Cooks Harbour with no Table Head 
a t  the  type locality or several o ther  significant occurrences,  
notably on Por t  au Por t  Peninsula. 

Additional Faunal Notes  

Barrande (1874, t e x t  pa r t  3, p. 716-724; 1870, pls. 430- 
435 pars) described a number of fossils f rom Newfoundland 
col lec ted by M. l e  Capi ta in  de  l a  f r ega te  Clou6, commandant  
d e  l a  s ta t ion f rancaise  dans ces parages e n  1859 et 1860. 
They a r e  elsewhere indicated a s  "near fishing villages in 
Newfoundland". Ulrich e t  al .  (1944) noted t h e  i l lustrations of 
Barrande, but overlooked his l a t e r  description of these  fossils, 
and suggested tha t  Nautilus avus, Orthoceras  recedens  and 
Trochoceras  incipiens may have come from the Canadian, 
although neither the  precise horizon or locali ty a r e  known. I t  
was  possible for  t he  wri ter  t o  see  most of this collection in 
t h e  Musde dlHistoire Naturelle,  Par is  (which Barrande 
repor ted  a s  the  repository of this material). Of these  
Or thoce ras  insulare and 0. a t l an t i cum a r e  Endoceratidae,  t he  
f i r s t  is a synonym of 0. piscator Billings, as Barrande had 
suggested. 0. clouei  includes a specimen of Cyr tonybyoceras  
haes i tans  and two or  more  species  assignable t o  Wutinoceras; 
Trochoceras  incipiens is a valid species assignable t o  
Plectol i tes  and Nautilus avus  is  a Litoceras.  All a r e  f rom the  
Table Head limestone in i t s  northern range. A likely source is 
Point Riche which is near the  harbor of Por t  au Choix and of 
easy access.  

The lower Table Head i s  predominantly limestone, but 
may be dolomitic locally. L.M. Cumming collected Table  
Head actinoceroids f rom the  nor theas tern  pa r t  of St.  John's 
Island where,  f rom t h e  dolomitic matrix,  they were  f i r s t  
thought t o  come  f rom the  St. George Group. There  has  been 
some confusion a s  t o  t h e  s t ra t igraphic  origin of Litoceras;  
Ulrich e t  al .  (1942) believed t h a t  Li toceras  versutum 
(Billings), f rom dolomitic beds of the Bonne Bay a rea ,  c a m e  
f rom St. George Group (see also Ulrich e t  al., 1944). After  
extensive collecting of coiled cephalopods, both in the  

St .  George Group and in the  Table Head limestone, i t  is c lear  
t h a t  t he re  i s  no t rue  Li toceras  in the  St .  George Group nor in 
any known L a t e  Canadian faunas. Specimens very close t o  L. 
versutum have been obtained in the  Table Head limestone, 
f rom which I have obtained a t  l ea s t  35 large coiled 
cephalopods; a l l  but t w o  belong t o  Litoceras.  

Corre la t ions  

Current  investigations by the  wri ter  and o the r s  lead t o  
t h e  conclusion t h a t  St. George Group embraces  s t r a t a  ranging 
in age  f rom Gasconadian, Lower Canadian, through high and 
probably highest Canadian beds. The Gasconadian equates  
with the  Tremadoc of Grea t  Britain. Middle-Upper Canadian 
beds equa te  with the  lower Arenig of Grea t  Britain up t o  the  
base of t he  Didymograptus hirundo horizon, t he  Billingen and 
Hunneberg of the  Baltic realm. The Whiterock Stage of 
North America includes a s  i t s  lower unit the  Didymograptus 
hirundo zone of Grea t  Britain, t he  Volkhov of the  Baltic 
region, and zone L, t h e  J u a b  l imestone of western  Utah. It is  
i n  this in terval  t h a t  uplift and erosion of the  St.  George 
surface  occurred. Evidence f rom severa l  faunal groups 
supports t he  equivalence of t h e  lower Table  Head limestones 
with zone M of western  Utah, t h e  Joins  of Oklahoma, t h e  
Didymograptus bifidus horizon of G r e a t  Britain, and most of 
the  Icunda (excluding the  lower Hunderum or  Expansus 
Limestone). 

Inclusion of northern Scotland on Figure 43.2 was  
influenced by current  investigations of cephalopods. The 
Sailmhor Limestone is  a dolomite which has  yielded abundant 
Ellesmeroceratidae,  confirming i t s  Gasconade and Tremadoc 
equivalence. The Sangamore  Format ion i s  a barren dolomite. 
The Sangamore-Balnakiel c o n t a c t  has  yielded Ellesmero- 
ce ra t idae  like those of t he  Sailmhor, and a lso  some 
piloceroids, suggesting t h a t  collections f rom the re  represent  
t w o  sides of a Gasconadian-Jeffersonian break. Higher 
Balnakiel beds yield faunas  within the  l imi ts  of Jeffersonian 
and early Casssinian. The Croisaphuill i s  a black dolomitic 
l imestone with a fauna unquestionably allied t o  t h a t  of the  
Cass inoceras  wortheni fauna of the  St.  George Group, t he  
For t  Cassin of the  Champlain valley, which is  reasonably 
equated with zone I of western  Utah. In placing the  Durine, 1 
have followed Higgins (1967) in  equat ing i t  with the  Joins of 
Oklahoma. A slightly ear l ier  age  assignment seems  possible. 
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Abstract 

Williams, Harold and St-Julien, Pierre, The Baie Verte-Brompton Line in Newfoundland and 
regional correlations in the Canadian Appalachians; Current Research, Part A,  Ceol. Surv. 
Can., Paper 78-IA, p. 225-229, 1978 

Mafic-ultramafic complexes along a narrow zone in the Quebec and Newfoundland 
Appalachians are host to the asbestos deposits that make Canada the world's largest producer 
o f  asbestos fibre. The narrow zone of mafic-ultramafic complexes is termed the Baie Verte- 
Brompton Line. Rocks and structures to the west of the line record the evolution and 
destruction of the ancient continental margin of eastern North America. Rocks to  the east 
record the generation of oceanic crust and thick volcanic arc sequences. The Baie Verte- 
Brompton Line is interpreted therefore as the surface trace of an ancient continent-ocean 
interface. The present study is concerned with the correlation of rocks and structures that 
border the line along the full length of the Canadian Appalachians. 

Definition 

The Baie Verte-Brompton Line is a narrow s t ruc tu ra l  
zone marked by discontinuous mafic-ultramafic plutons (St- 
Julien et al., 1976). The zone is well-defined in northwest 
Newfoundland and throughout t h e  Eastern Townships of 
Quebec, implying correlation of rocks and s t ruc tu res  along 
t h e  length of t h e  Canadian Appalachians. Mafic-ultramafic 
plutons t h a t  define t h e  Baie Verte-Brompton Line a r e  
bordered t o  the  west by polydeformed metamorphic  rocks: 
t he  Fleur de  Lys Supergroup in Newfoundland, and t h e  Sutton- 
Bennett  Schists in Quebec. To t h e  eas t ,  t he  maf ic-ul t ramafic  
plutons a r e  followed by rnegaconglomerates or olistostromal 
black-shale mdanges :  basal par ts  of t h e  F la twa te r  Group 
(Williams e t  al., 1977; Williams, in press) in Newfoundland, 
and t h e  St-Daniel Formation (St-Julien and Hubert ,  1975) in 
Quebec. 

The Baie Verte-Brompton Line is an  important  s t ruc-  
tu ra l  junction in t h e  Canadian Appalachians. Rocks and 
s t ruc tu res  of t h e  Humber Zone (Williams, 1976) t o  t h e  west  of 
t h e  line record t h e  evolution and destruction of t h e  Early 
Paleozoic  cont inenta l  margin of eas t e rn  North America.  T o  
t h e  east, t h e  Dunnage Zone records t h e  generation of oceanic  
c rus t  and t h e  construction of island arcs. The Baie Verte- 
Brompton Line the re fo re  marks  an  ancient  continent-ocean 
in ter face ,  which theoretically extends  the  full length of t he  
Appalachian Orogen. Its mafic-ultramafic complexes a r e  
in terpre ted a s  remnants  of oceanic  crus t  and mant le ,  and 
these  rocks a r e  host t o  t h e  asbestos deposits t h a t  make t h e  
Baie Verte-Brompton Line the  world's r ichest  asbestos belt. 

Extent  and Relationships in  Insular Newfoundland 

During t h e  summer of 1977, t h e  f i r s t  author  a t t e m p t e d  
t o  t r a c e  t h e  rocks and s t ruc tu res  t h a t  def ine  t h e  Baie Verte- 
Brompton Line across insular Newfoundland. In co-operation 
with t h e  second author,  reciprocal visits were  made  between 
Newfoundland and Quebec t o  compare  more  closely t h e  rocks 
and s t ruc tu res  a t  t h e  distal  ex t r emi t i e s  of t h e  Baie Verte- 
Brompton Line in Canada. 

Polydeformed and metamorphosed ophiolitic m d a n g e  of 
t h e  Birchy Complex (Williams, 1977) along t h e  west  margin of 
t he  Baie Verte-Brompton Line, extends  from i t s  type  a r e a  in 
Coachman's Harbour 100 km north t o  t h e  south end of Groais 
Island. There,  bright green lenses of actinolite-fuchsite 
schist  and talc-fuchsite schist  occur  in association with black 
peli t ic a lb i te  schist. The bright green schist  lenses vary f rom 
2 c m  wide and 10 c m  long t o  1 m wide and up t o  10 m long. 

They a r e  in terpre ted a s  original u l t ramafic  blocks in a black 
shale  matr ix ,  and a s  in t h e  type  a rea ,  t h e  black peli t ic schists 
a r e  associated with green chlorit ic schists of Birchy type. 
Similar mdlanges can be  t r a c e d  southward f rom Coachman's 
Harbour t o  Mic Mac Lake, indicating continuity of these  
rocks fo r  at leas t  130 km in nor thwest  Newfoundland. 

East  of t h e  Baie Verte-Brampton Line in northwest 
Newfoundland, rnegaconglomerates a t  t h e  base of t h e  
F la twa te r  Croup (Williams et al., 1977; Williams, in press) can  
be t raced 20 km north of Mic Mac Lake. The larges t  blocks 
within t h e  conglomerate  reach dimensions of severa l  tens  of 
me t re s  across and t h e  lithologies of t h e  blocks and t h e  type  
of matr ix  vary considerably f rom place t o  place. In t h e  south 
a t  Mic Mac Lake, t h e  larges t  blocks consist  of a variety of 
internally breccia ted  t o  foliated gabbros, volcanic breccia,  
and a l tered green volcanic rocks s e t  in a matr ix  of dark grey 
t o  black pebbly mudstone. Far ther  north a t  Kidney Pond, 
large  blocks of a l t e red  ul t ramafic  rocks and virginite occur in 
association with gabbro and maf i c  t o  si l icic volcanic boulders 
in a ma t r ix  of black shale. A t  t h e  nor th  end of Fla twater  
Pond, t h e  matr ix  of t h e  megaconglomerates  is  tuf faceous  and 
t h e  blocks a r e  mainly gabbros (including fol ia ted  var ie t ies  
with green fuchsi t ic  smears),  maf i c  volcanics, qua r t z  d ior i te  
or  trondhjemite,  and smal l  pebbles of granodiorite.  About 
20 km fa r the r  north,  t h e  conglomerate  matr ix  i s  sandy t o  
chlor i t ic  and t h e  commonest  c l a s t s  a r e  hard quar tzose  
greywacke, quar tz ,  serpent in i te ,  and marble. 

An occurrence  of megaconglomerate  a t  t he  former  
Te r ra  Nova copper mine in Baie Verte may be a corre la t ive  of 
t h e  Fla twater  megaconglomerates.  I t  has huge internally 
breccia ted  ul t ramafic  blocks up to  10 m wide, s e t  in a black 
sha le  matrix.  An internally breccia ted  massive sulphide block 
nearby with exposed dimensions of I m by 3 m is a lso  isolated 
in t h e  black shale  matrix.  Conceivably, t h e  Te r ra  Nova 
orebody was  confined t o  a huge isolated block, o r  ser ies  of 
blocks, immersed in shale. 

Another occurrence  of pebbly black sha le  on t h e  south 
s ide  of t h e  Advocate  asbes tos  mine may b e  a fu r the r  
F la twa te r  correlative.  I t  has  mostly grey-green tuffaceous  
c las ts  but also contains local carbonate  c l a s t s  and possibly a 
huge r a f t  of metagabbro more  than 10 m across.  This s a m e  
megaconglomerate  horizon may occur on the  coas t  a t  t he  
north side of Schooner Cove, suggesting g rea te r  continuity of 
t h e  F la twa te r  conglomerates  than was previously suspected. 
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Figure  44.1. Regiona l  C o r r e l a t i o n s  a long  t h e  w e s t e r n  m a r g i n  of t h e  C a n a d i a n  Appalachians.  

C o m p a r i s o n  b e t w e e n  W e s t  Newfoundland  a n d  
Q u b b e c  Appalachians  

S i m i l a r i t y  of rocks  a n d  s t r u c t u r e s  b e t w e e n  w e s t  
Newfoundland a n d  Q u e b e c  s u p p o r t s  t h e  c o n t e n t i o n  t h a t  t h e  
B a i e  Ver te -Brompton  Line  is  a cont inuous  s t r u c t u r a l  z o n e  
t h r o u g h o u t  t h e  C a n a d i a n  Appalachians,  a n d  t h a t  t h e  l ine  i s  
t h e  s u r f a c e  t r a c e  of a n  a n c i e n t  c o n t i n e n t a l  marg in-ocean  
i n t e r f a c e .  C o r r e l a t i o n  of t h e  m a j o r  s t r u c t u r a l  f e a t u r e s  a n d  
l i t h o f a c i e s  b e l t s  b e t w e e n  w e s t  Newfoundland and  Q u e b e c  i s  
s u m m a r i z e d  i n  F i g u r e  44.1 and  c o m m e n t s  o n  c o r r e l a t i v e  b e l t s  
f r o m  w e s t  to east follow. 

T h e  a u t o c h t h o n o u s  s e q u e n c e  of w e s t e r n  Newfoundland,  
i.e. Grenvi l l i an  b a s e m e n t  a n d  Cambr ian-Ordovic ian  c a r b o n a t e  
t e r r a n e ,  i s  hidden throughout  m o s t  of  t h e  Q u e b e c  
Appalachians  by a n  e x t e n s i v e  s t r u c t u r a l  c o v e r  of t r a n s p o r t e d  
rocks.  B a s e m e n t  r o c k s  a r e  brought  t o  t h e  s u r f a c e  on ly  loca l ly  
a long  t h r u s t  f a u l t s  (e.g. 30 km s o u t h  of Q u e b e c  C i t y )  a n d  
C a m b r i a n  c a r b o n a t e s  (Corner  of t h e  Beach and Murphy C r e e k  
f o r m a t i o n s )  o c c u r  a t  Gasp6  Peninsula.  T h e  T i b b i t  Hill 
vo lcan ics  a t  t h e  b a s e  of t h e  O a k  Hill s e q u e n c e  a r e  a n  
ana logue  of t h e  Lighthouse  C o v e  volcanics  in  Newfoundland ,  
a n d  a l l  a r e  i n t e r p r e t e d  a s  t h e  p r o d u c t s  of r i f t i n g  at t h e  
a n c i e n t  c o n t i n e n t a l  marg in  of e a s t e r n  Nor th  A m e r i c a .  
O c e a n w a r d  der ived  c l a s t i c  rocks  t h a t  o v e r l i e  t h e  w e s t  
Newfoundland c a r b o n a t e  t e r r a n e  and  p r e c e d e  t h e  e m p l a c e -  
m e n t  of T a c o n i c  a l loch thons  (e.g. G o o s e  Tick le ,  upper  T a b l e  
Head ,  and Taylors  Pond f o r m a t i o n s )  a r e  r e p r e s e n t e d  in 
Q u e b e c  by t h e  Clor idor rne  F o r m a t i o n  a t  Gasp6  and  t h e  Middle  
Ordovic ian  f lysch n e a r  Q u e b e c  C i t y .  

T r a n s p o r t e d  s e d i m e n t a r y  s e q u e n c e s  of w e s t e r n  
Newfoundland ( t h o s e  of t h e  H u m b e r  A r m  a n d  H a r e  Bay 
Allochthons) a r e  t h e  d o m i n a n t  s t r u c t u r a l  f e a t u r e  of  t h e  
Q u e b e c  Appalachians  a n d  a n a l o g u e s  c a n  b e  t r a c e d  f r o m  t h e  
t i p  of  G a s p 6  Peninsu la  s o u t h w e s t w a r d  t o  t h e  Canada-Uni ted  
S t a t e s  border .  

O p h i o l i t e  c o m p l e x e s  of highly a l loch thonous  n a t u r e  in  
w e s t  Newfoundland,  e.g. Bay of  Islands Complex ,  a r e  r a r e  in  
t h e  Q u e b e c  Appalachians ,  b u t  t h e  Mont  A l b e r t  u l t r a m a f i c  
p lu ton  is  t h o u g h t  to b e  a d i r e c t  ana logue .  

A z o n e  of po lydeformed and  m e t a m o r p h o s e d  p s a m m i t i c  
to p e l i t i c  s c h i s t s  in Newfoundland (F leur  d e  Lys Supergroup),  
which l ies  i m m e d i a t e l y  w e s t  of t h e  Baie Ver te -Brompton  
Line, a p p e a r s  t o  b e  a c o r r e l a t i v e  of t h e  S u t t o n - B e n n e t t  
Schis t s  (Rosa i re ,  Ca ldwel l ,  O a k  Hill) of t h e  E a s t e r n  Townships 
and  of t h e  M a q u e r e a u  Group of G a s p 6  Peninsula.  Smal l  
m e t a m o r p h o s e d  a n d  d e f o r m e d  u l t r a m a f i c  bodies  wi th in  t h e  
F leur  d e  Lys, now i n t e r p r e t e d  a s  s t r u c t u r a l l y  e m p l a c e d ,  a r e  
thought  t o  b e  ana logous  t o  t h e  Pennington  Dyke,  e.g. n e a r  S t -  
P i e r r e  d e  Broughton,  a n d  r e l a t e d  m a f i c  bodies t h r o u g h o u t  t h e  
S u t t o n - B e n n e t t  Schis t s  of Q u e b e c .  Smal l  m a f i c - u l t r a m a f i c  
bodies l ike t h o s e  m e n t i o n e d  a b o v e  a r e  c o m m o n  t h r o u g h o u t  
t h e  ful l  l e n g t h  of t h e  Appalachian  Orogen  in s o u t h e r l y  
c o n t i n u a t i o n s  of t h e  s a m e  b e l t  of d e f o r m e d  and  m e t a r n o r -  
phosed c l a s t i c  rocks.  

In Newfoundland ,  g r e e n s c h i s t  a n d  ophio l i t i c  m k l a n g e s  of  
t h e  Birchy Complex ,  which  f o r m  a cont inuous  n a r r o w  z o n e  
i m m e d i a t e l y  w e s t  of t h e  Baie Ver te -Brompton  Line,  m a y  b e  
r e p r e s e n t e d  in Q u e b e c  b y  t h e  banded  volcanics  s o u t h e a s t  of 
Caldwel l  and  n o r t h w e s t  of  t h e  St-Daniel  F o r m a t i o n  ( local ly 
t e r m e d  Brompton  rocks)  n e a r  O r f o r d  Mountain.  In Q u e b e c ,  
t h e s e  banded  volcanics  c a n  b e  t r a c e d  f r o m  east of E a s t m a n  
L a k e  30 k m  n o r t h e a s t w a r d  to east of Brompton  Lake.  



Figure 44.1 (cont'd) \ 

Discontinuous rnafic-ultramafic plutons t ha t  define t h e  
Baie Verte-Brompton Line can be  t r aced  100 km southward 
f rom Baie Ver te  t o  Sandy Lake. Fa r the r  south,  t h e  l ineament  
is  hidden by Carboniferous s t r a t a  o r  t h e  w a t e r s  of Grand 
Lake. A t  Glover Island of Grand Lake (Fig.44.2 ), psammit ic  
t o  peli t ic schis ts  a r e  followed eas tward  by maf i c  volcanic 
rocks (Glover Formation of Riley,  1957). Near Northern 
Harbour,  an  east-dipping eas t - fac ing pluton consist ing of 
serpentinized per idot i te  overlain by layered gabbros occurs  
be tween t h e  schis ts  (west)  and maf i c  volcanic rocks (east). 
This s t ruc tu ra l  s i tua t ion  is similar t o  t h a t  found along t h e  
Baie Verte-Brompton Line t o  t h e  north. Accordingly, t h e  
Baie Verte-Brompton Line is in terpre ted  t o  pass through 
Glover Island and t h e  maf ic-ul t ramaf ic  roclts t h e r e  a r e  
in terpre ted  a s  ophiolitic. Still f a r the r  south a t  Lewa-seech- 
jeech Brook, volcanic rocks of t h e  Glover Format ion (eas t )  
a r e  separa ted  f r o m  pink gneisses and fo l ia ted  grani tes  (west)  
by t h e  Cabo t  Faul t .  

Black graphi t ic  argil l i tes and si l iceous argil l i tes a t  
Corner Pond1 (Fig.44.21, which a r e  mapped a s  an  in tergra l  
pa r t  of t h e  Clover Formation (Riley,  1957), conta in  a r ich 
g rap to l i t e  fauna.  Forms originally col lec ted  by P.M. Dimmell  
and identified by R.B. Richards  indica te  a n  Early Ordovician 
(Arenigian) a g e  for  t hese  rocks (Dean, 1976). Mater ia l  
col lec ted  during t h e  summer  of 1977 conta ins  Phyllograptus 
anna  Hall and Didymograptus protobifidus Elles in addit ion t o  
t h e  forms repor ted  by Richards (new identifications by 
D. Skevington), fu r the r  confirming t h e  original assignment of 
t h e  graptol i te  assemblage  t o  t h e  Didymograptus Nitidus Zone 
(Middle Arenig). This age suggests corre la t ion  of t h e  Glover 
Formation with t h e  Snooks Arm Group of Notre  Dame  Bay, 
and in both widely separa ted  a r e a s  t h e  dated  rocks a r e  
underlain by ophioli t ic complexes.  

West of t h e  south end of Clover Island, zones of banded 
pink gneisses and  foliated grani tes  a l t e r n a t e  with nor theas t -  
trending zones of peli t ic t o  ca lc-s i l ica te  schists (Fig.44.2 ). 
The gneisses a r e  corre la ted  with t h e  Grenville Long Range 
Complex, and t h e  repet i t ion  of zones  i s  in terpre ted  a s  thrus t  
imbrication of crys ta l l ine  basemen t  and a metamorphosed 
cover sequence.  Fa r the r  west ,  a t  t h e  e x t r e m e  southwest  
corner of Grand Lake, t h e  gneisses a r e  separa ted  f rom 
eas ternmost  exposures of t he  western  Newfoundland carbo- 
n a t e  t e r r ane  by a deep  northeast-trending depression. Again 
t h e  relationship sugges ts  s t ruc tu ra l  juxtaposition of carbo- 
na t e s  and gneisses, and thrusting of t h e  gneisses westward  
against  t h e  ca rbona te  rocks. The s t ruc tu ra l  s t y l e  and rock 
units of th is  a r e a  a r e  analogous t o  t h e  s t ruc tu re s  and rocks of 
t h e  Blue Ridge Province of t h e  southern  Appalachians where 
westward thrusting of basement  gneisses above cover rocks is 
commonplace.  

South of Grand Lake, gneisses and schis ts  t h a t  a r e  
probably in pa r t  Grenville extend well e a s t  of t h e  C a b o t  Faul t  
and t h e  southward projection of t h e  Baie Verte-Brompton 
Line. The relationship of t h e  Glover Formation and mafic- 
u l t ramaf ic  rocks a t  L i t t l e  Grand Lake t o  gneisses f a r the r  
south  is  unknown. Presumably t h e  c o n t a c t  is  a s t ruc tu ra l  
dislocation,  now compl ica ted  by l a t e r  metamorphism and 
g ran i t e  intrusion. The s t ruc tu ra l  s e t t i ng  of rock groups in 
this southern a r e a  implies t h a t  t h e  Bai Verte-Brompton Line 
lies well e a s t  of t h e  Cabo t  Faul t ,  whe re  i t  may be coincident 
with t he  C a p e  Ray Suture (Brown, 1973) f a r the r  south. The 
o f f se t  be tween Baie Verte-Brompton Line a t  Glover Island 
compared t o  t h e  northward projection of t h e  C a p e  Ray  
Suture,  sugges ts  t h a t  a n  anc i en t  ea s tward  sa l ient  in t h e  
fo rmer  cont inenta l  margin of ea s t e rn  North America  exis ts  in 
this a r e a  t o  t h e  south of Grand Lake, or t h a t  t h e  more  
westerly position of this line a t  Glover Island merely r e f l ec t s  
t h e  su r f ace  expression of highly allochthonous rocks. 

-- 

' Informal name,  not approved by Canadian Pe rmanen t  C o m m i t t e e  on Geographical  Names. 



DEVONIAN I Medium-grained massive p i n k  b i o t i t e  g r a n i t e  

I CAMBRIAN TO LOWER ORDOVICIAN 

P i l l o w  l a v a ,  maf ic  d ikes ,  maf ic  
t o  s i l i c i c  p y r o c l a s t i c  rocks,  minor 
b lack  shale 

1 Layered gabbro 

1 S e r p r n t i n i z e d  u l  t r a m a f i c  rocks 

Figure 44.1 Genera l  Geology a t  t h e  south end of Grand Lake. 



Ophiolite complexes like those represented  by the  
Advocate  Complex in Newfoundland abound along t h e  Baie 
Verte-Brompton Line throughout t he  Quebec  Appalachians. 
Typical  examples  f rom south t o  north a r e  t h e  Chagnon, 
Orford  and Baldface ophioli te complexes,  and t h e  Asbestos 
and Thet ford  Mines complexes.  

Eas t  of t he  Baie Verte-Brompton Line, megaconglo- 
m e r a t e s  and olistostromal mixtures  like those of t h e  
Newfoundland F la twa te r  Group a r e  found in t h e  Quebec  St-  
Daniel Formation.  Examples with ma t r i ce s  t h a t  vary  f rom 
pebbly t o  black shaly and tuf faceous  a t  Mic Mac Lake, Kidney 
Pond and F la twa te r  Pond, respectively,  in Newfoundland, can  
be  matched with examples  found 3 km west  of ChaudiGre 
River  near  t h e  town of Beaucevil le (northwest of town) and  in 
Colds t ream River southwest of Adstock Mountains and south  
of Thet ford  Mines. Peculiar F l a twa te r  conglomerates  with 
sandy matr ix ,  unique t o  t h e  locali ty 20 km north of F l a twa te r  
Pond in Newfoundland, form a marker  horizon in t h e  shaly St -  
Daniel  Format ion t h a t  can  b e  t r aced  20 k m  f rom south of 
Adstock Mountain toward Beauceville. O the r  examples  of 
megaconglomerates  in Newfoundland a t  Terra  Nova mine and 
south of Advocate  mine have  counterpar ts  in t h e  St-Daniel 
Formation.  

Finally,  t h e  Pacquet  Harbour and pa r t s  of t h e  C a p e  
St. John Groups of t h e  no r theas t  Burlington Peninsula in 
Newfoundland may co r r e l a t e  with Ascot-Weedon volcanics of 
Quebec .  

All of t h e  above mentioned rocks  have been in t e rp re t ed  
in a var ie ty  of cont ras t ing  local models; however,  t h e  
cont inui ty  of rocks and s t ruc tu re s  is  beyond question and t h e  
authors  f ee l  t h a t  a single model must suff ice  for  t h e  
i n t e rp re t a t i on  of all. 

Silurian and Devonian rocks  of t h e  Gasp6 Synclinorium 
unconformably overlie t ranspor ted  Ordovician and older 
rocks,  and the  deposit ional and s t ructura l  t r ends  of t h e  
younger cover sequence  cross t h e  Baie Verte-Brompton Line 
and  ea r l i e r  Ordovician s t ruc tures .  Similarly, Silurian rocks  of 
wes t e rn  Newfoundland locally overlie t ranspor ted  rocks  a t  
western  White Bay, and they overlie Ordovician ophioli t ic and 
volcanic rocks t o  t h e  e a s t  of t h e  Baie Verte-Brompton Line. 
Clear ly  t h e  Ordovician cont inenta l  margin and a t  l ea s t  
wester ly  pa r t s  of t h e  adjoining ocean  were  des t royed be fo re  
Silurian depositon. 
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VOLCANIC ROCKS OF THE APPALACHIAN PROVINCE: 
ROBERTS ARM GROUP, NEWFOUNDLAND 

Project 730043 

H.H. Bostock 
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Abstract 

Bostock, H.H., Volcanic rocks of the Appalachian Province: Roberts Arm Group, 
Newfoundland; Current Research, Part  A, Geol. Surv. Can., Paper 78-lA, p. 231-233, 1978. 

The Upper Ordovician Roberts Arm volcanic rocks on southern Triton Island display 
northward overturned folds and slickensides suggesting compression from the southeast. Minor 
folds in the Springdale Group along the Lobster Cove Fault plunge moderately to  steeply 
implying transcurrent faul t  movements. 

The Loon Pond granitic pluton and i t s  discontinuous marginal felsitic facies  appear t o  
occupy an antiformal zone within the Roberts Arm volcanics. Metamorphism related to  the 
pluton was recognized along a limited southeast sector of the contact.  Trace contents of tin 
(0.025 wt. per cent) a re  present in some Loon Pond felsites. 

Preliminary anlayses of Roberts Arm basalts from a single sample section show that  the 
basalts southeast of Crescent Lake a r e  enriched in titanium and may therefore have evolved in 
a tectonic setting distinct from those far ther  northwest. Basalts of the Roberts Arm Group 
proper, northwest of Crescent Lake, may be divided into phosphorus-rich and phosphorous-poor 
belts. 

Field work on the Roberts Arm Group, Notre Dame 
Bay, Newfoundland (2E and 12H), was completed with 
1 :25 000 scale mapping of southern Triton Island, and parts of 
the Hall Hill complex and Roberts Arm Group near and south 
of Loon Pond. Petrochemical samples have been collected a t  
150 m intervals along a series of 5 sections representative of 
volcanic rocks in the area, and from 3 additional sections 
chosen to investigate problems arising from preliminary 
chemical data  and to provide a basis for comparison of the 
Roberts Arm Croup with adjacent volcanic suites. Brief 
descriptions of the Roberts Arm Group were given in Bostock 
(1975, 1976). The following notes describe the results of field 
work not covered in these reports and provide some 
preliminary observations based on petrochemistry. 

Triton Island 

The Upper Ordovician Roberts Arm Group, exposed 
along the  southern shores of Triton Island, is separated from 
tholeiitic spilitic basalts of the Lower Ordovician Lushs Bight 
Group in the northern part of the island by the Lobster Cove 
Fault. Pillowed t o  massive spilitic basalts which predominate 
in the Roberts Arm Group, a r e  accompanied by pillow 
breccia, some intercalated chert-siltstone-greywacke lenses, 
and minor keratophyre, the la t ter  being much less abundant 
than on Pilley's Island on strike immediately t o  the west. 
Axes of tight, northward overturned folds intersect the south 
coast  of Triton Island from the southwest and a r e  tangent t o  
the  Lobster Cove Fault east  of Cards Harbour. In the interior 
western part of the island and on the  northwest coast the  
flows a re  northward facing and overturned; on the north coast 
of Big Island they are  inverted and nearly f la t  lying. 
Slickensides a r e  common, and in places on the coast form 
spectacularly polished surfaces. Slickensides trend mostly 140 
t o  160' and plunge south from 0 t o  35'. Plucking along 
slickensided southeast-dipping surfaces suggests movement of 
the hanging wall northwestward. 

The Lushs Bight Group consists predominantly of 
pillowed t o  massive flows for several 100 m north of the 
Lobster Cove Fault. In this region the flows face south and 
dip moderately (35 t o  5 5 ' )  south although dips steepen locally 
near the fault. Farther north pyroclastic rocks a re  more 
abundant, steeper dips a r e  encountered, and structural dis- 
continuities a r e  likely present within the  assemblage. 

The Silurian Springdale Group unconformably overlies 
the  Roberts Arm Group along and immediately south of the  
Lobster Cove Fault in the  western part of Triton Island, but 
in the east  i t  is preserved only as small isolated fault 
remnants. On Triton Island the group consists of about 30 m 
of red beds. Talus breccia a t  the base of the group, from a 
few tens of centimetres t o  15 m in thickness, is  gradational 
t o  altered spilite of the  Roberts Arm Group below, and is  
intercalated a t  its upper contact  with about 20 m of overlying 
red sandstone and siltstone. Fragments in the breccia a r e  
mostly up t o  10 cm in diameter and angular, consisting of 
altered spilite like that  on the  surface of the Roberts Arm 
Group beneath. Many fragments a r e  amygdular, a structure 
which is common in Roberts Arm spilite. A few fragments of 
red chert  and rare  red siltstone and gabbro were also found. 
The sandstone and siltstone a t  the west shore of the island 
contain graded beds in the  lower part and mudcracks in the 
upper part  of the sequence. Cross-beds suggest current flow 
predominantly from the  west. Bedding in the  Springdale 
Group dips steeply and is overturned t o  the north a t  both ends 
of the Triton Island. Minor folds a r e  not common but three 
minor fold axes in coastal exposures plunge steeply a t  angles 
of 45 t o  75'. 

Structural observations on Triton Island suggest that  
the Roberts Arm Croup, sandwiched between the Tommys 
Arm Fault offshore south of Triton Island and Lobster Cove 
Fault, has been deformed through compression from the 
southeast. Evidence that  would suggest tha t  the  Lobster Cove 
Fault is a folded thrust with movement from the  northwest 
(Dean and Strong, 1977) has not been found. 

Loon Pond and Vicinity 

The Roberts Arm Group east,  south and west of Loon 
Pond consists primarily of spilitic basalt and pillow lava. 
Greywacke, siltstone, and chert  a r e  concentrated in large 
lenses southeast of the Crescent Lake - Tommys Arm Fault. 
Small bodies of keratophyre and felsitic tuffs a re  locally 
present. 

Rocks within the fault block between Loon Pond and 
the Crescent Lake - Tommys Arm Fault a r e  steeply dipping 
and face east. Rocks on either side of this block a re  also 
steeply dipping but face west to  northwest. The Loon Pond 
pluton has been emplaced along the  antiformal zone between 
these blocks and is  therefore the  same age or younger than 
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faulting. In this respect  i t  d i f fers  f rom the  Sunday Cove 
pluton t o  t h e  nor theas t  which supplied magma fo r  flows and 
sills in the  upper pa r t  of t h e  Rober ts  Arm Group along Halls 
Bay and has  been truncated by t h e  Sunday Cove Fault .  West 
of a lake  known locally a s  Johnsons Pond (Fig. 45.11, t h e  
Rober ts  Arm basalts have been converted t o  amphibolite but 
elsewhere metamorphism due to  emplacement  of t he  Loon 
Pond pluton appears  slight. 

The Hall Hill complex (Currie,  1976) t o  the  west of 
Loon Pond, consists primarily of massive basal t  and 
amphibolite with some  hornblende gabbro, pillow lava and 
schist ,  intruded locally by grani t ic  dykes and veins. North and 
wes t  of Loon Pond i t  i s  separa ted f rom the  Rober ts  Arm 
Group by t h e  Mansfield Cove Fault ,  but  f a r the r  south t h e  
Rober ts  Arm basal ts  pinch out  and felsites,  which form a 
discontinuous marginal facies about the  Loon Pond pluton, 
d i rec t ly  in t rude the  Hall Hill complex. Basalt dykes of t he  
Hall Hill complex intrude the  l a t e  Hadrynian Mansfield Cove 
pluton but hornblende gabbro bodies within the  complex 
resemble similar rocks within this pluton. The Hall Hill 
complex may therefore  include rocks t h a t  a r e  both younger 
and older than the  Mansfield Cove pluton. 

Preliminary Pet rochemis t ry  

Chemical analyses of t he  Rober ts  Ar,m basalts in a 
sect ion (number 2, Fig. 45.1) indicate tha t  two or  possibly 
t h r e e  types  of basal t  a r e  represented: 

1. titanium-rich basalts (wt.  per c e n t  Ti02 mostly 1.50 t o  
2.20) southeas t  of Crescent  Lake, 

2. phosphorous-poor basal ts  (wt. pe r  c e n t  P205  mostly 0.1 1 
t o  0.22) in t h e  f au l t  block between t h e  Crescen t  Lake - 
Tommys Arm and Sunday Cove faults,  and 

3. phosphorous-rich basal ts  (wt. per  c e n t  P 2 0 5  mostly 0.20 
t o  0.40) nor thwest  of t he  Sunday Cove Fault .  These 
ranges a r e  comparable  t o  those found in ocean island 
basalts,  island a r c  tholeiites, and island a r c  calc-alkaline 
basal ts  respectively.  

T race  e lement  analyses of some  100 samples of 
kera tophyre  f rom various cen t r e s  within the  Rober ts  Arm 
Group has  shown t h a t  keratophyres associated with t h e  Loon 
Pond pluton have low but  significant t in con ten t s  (0.025 wt.  
per  cent).  Zinc in amounts  about 0.013 wt.  per  c e n t  i s  present  
in a l l  of 13  basal t  samples  collected over an  interval of 760 m 
along sect ion 3 (Fig. 45.1) southeas t  of Woodfords Arm. 
Background z inc  con ten t  for  this section is  about 0.009 wt. 
pe r  cen t .  The consistency of this anomaly is in contras t  t o  
higher but e r r a t i c  values present in rocks from other  sections 
and suggests uniform slight concentra t ion of zinc in one of 
the  gangue minerals in this area .  

Metall ic Mineral Showings 

Four mineral showings not  previously referred t o  have  
been investigated during t h e  cu r ren t  work (Fig. 45.1). These 
comprise  one occurrence  of chalcopyrite with sphaler i te  and 
extensive gossan (Rust  Pond showing south of Ghost Pond), 
one  gossan in which only disseminated pyr i te  was found (south 
of Crescent  Lake) and two  minor occurrences  of chalcopyr i te  
(on section 3, Fig. 45.1) and southeas t  of Loon Pond. 

The Rust  Pond showing occurs  in association with a 
kera tophyre  lens a s  much a s  60 t o  90 m thick between spil i t ic 
basalts. Pillows in t h e  vicinity suggest t h a t  t h e  kera tophyre  i s  
a steeply dipping flow or  sill facing northwest.  Gossan f rom 
disseminated pyr i te  is  bes t  developed along t h e  northwest 
(upper) s ide  of th is  body but  shallow t renches  totall ing about 
35 m in length suggest t h a t  disseminated to  massive pyr i te  is  
common throughout. Gossan due t o  disseminated pyr i te  and 
some  chalcopyr i te  is also well developed in a zone 2 m wide 
and about 15 m or more  long within banded basic rocks 
immediately below t h e  keratophyre.  The kera tophyre  pinches 
ou t  within a f e w  t ens  of me t re s  southwest  of t h e  showing but 
extends  an  unknown dis tance  t o  t h e  nor theas t  beneath  Rust  
Pond. 

Pyr i t e  with malachi te  occurs along f r ac tu res  in a thin 
band of red c h e r t  within basal t  where  i t  is crossed by an 
abandoned logging road t o  t h e  southeas t  of Loon Pond. This 
occurrence  is about  halfway between two  minor chalcopyr i te  
occurrences reported by Dean (1976) along t h e  e a s t  margin of 
t he  Loon Pond pluton. 

Traces  of chalcopyr i te  were  found in spi l i te  on 
sect ion 3 (Fig. 45.1) about  1.5 km southeas t  of Woodfords 
Arm. The spil i tes a r e  c u t  by minor f e l s i t e  dykes a t  th is  
locality. Chalcopyrite occurs  within rocks character ized by 
low anomalous z inc  con ten t s  discussed above. 
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Abstract 

Killeen, P.G., Conaway, J.G. and Bristow, Q., A gamma-ray spectral logging system including digital 
playback, with recommendations for a new generation system; Current Research, Part A, Geol. Surv. 
Can., Paper 78-lA, p. 235-241, 1978. 

The system is the result of improvements based on experience with two different analog chart 
recording borehole spectrometer systems. It includes a four-channel portable gamma-ray spec- 
trometer interfaced with a digital cassette tape recorder, a single-pen analog chart recorder in a 
compact battery-operated package, and a manually operated winch (capacity > 300 m of  cable). The 
winch includes a level wind and an electronic depth fiducial. Depth is recorded along with spectral 
data (total count, K ,  U ,  and Th channels) and a 5-digit thumbwheel-controlled identification number. 
Probes designed to  fit boreholes of size AX (48 mm) or larger are currently available commercially. 
Auxiliary equipment includes a minicomputer which provides for complete flexibility in processing 
and presentation of the cassette-recorded data and allows spectral stripping corrections and ratio 
computations t o  be carried out, and multi-channel analog plots to  be produced showing all pertinent 
information. 

Properly calibrated, the system can provide grade-thickness information for uranium and 
thorium as well as lithologic information from potassium. The system is backpack portable and is 
easily operated on-site during a drilling program. 

Introduction The spec t romete r  is  in ter faced with a Memodyne model 

In order to  compute  borehole radioelement assays f rom 201 c a s s e t t e  t ape  recorder and a Rustrak model 2146 s t r ip  
c h a r t  recorder a s  shown in Figure 46.4. The borehole probe, gamma-ray logs it is necessary that the log data be winch, cable,  depth  counter,  pulley and tripod were  purchased in digital  form. There  a r e  several advantages  t o  recording f rom Exploranium. Some modifications were  necessary t o  t h e  gamma-ray logs d i rec t ly  in digital  form in t h e  field r a the r  
in t e r f ace  t h e  components  of t h e  various manufacturers .  than digitizing analog cha r t  records a t  a la ter  t ime  in t h e  

office.  - ~ i ~ i t a l  recording avoids the  problem of lost da t a  due 
t o  pen excursions off t he  cha r t  paper. A d i r ec t  digital  
recording is inherently more  accura t e  than a digit ized analog 
t r ace ,  and digital recording permits  increasing t h e  sampling 
t ime  for slow detailed logging, in order to  produce b e t t e r  
counting s ta t i s t ics  and a more  reliable borehole assay. The 
additional cos t  of digitizing s t r ip  cha r t s  is avoided and in si tu 
field d a t a  reduction is made possible if appropr ia te  
computat ion equipment is  available. 

Experience gained during t h e  1775 summer field season 
using leased, "off-the-shelf" instrumentation for  borehole 
gamma-ray spect rometry  (Killeen, 1776; Killeen and Bristow, 
1976) has led t o  the  development of t h e  por table  gamma-ray 
spect ra l  logging sys tem described in this report .  This sys tem 
util izes both a high density digital  ca s se t t e  t ape  recorder t o  
s to re  quant i ta t ive  da ta  for  l a t e r  processing, and a single pen 
s t r ip  cha r t  recorder for on-site qual i ta t ive  analysis. The 
digital  d a t a  a r e  recorded in ASCII code, thus  allowing 
playback in to  any EIA RS232C compatible terminal  or  
computer  port a t  baud r a t e s  f rom 150-1200, via an  AC 
powered playback unit a t  t h e  base camp. 

The gamma-ray spec t r a l  logging sys tem is designed t o  
be  backpack portable (Fig. 46.1) t o  permit  logging of holes 
drilled in ter ra in  which is  not  accessible even by a four-wheel 
drive vehicle. The length of cable  on the  winch is l imited by 
the  weight which an average person can carry.  A cable  
length of 230 m was chosen for  the  system. The e lec t ronics  
of t he  spect ra l  logger a r e  ent i re ly  ba t t e ry  powered and t h e  
winch is manually operated. The main components of t h e  
gamma-ray spect ra l  logger and the  field playback sys tem a r e  
shown in the  block diagrams of Figures 46.2, 46.3. The 
portable gamma-ray spec t romete r  is a McPhar Spectra  44D, a 
standard model which can be connected t o  a 76 x 76 mm 
( 3  x 3 in) NaI (TI) de t ec to r  fo r  surface  exploration work when Figure 46.1. Por table  gamma-ray spec t r a l  logging 
not being utilized fo r  borehole logging. sys tem including backpack winch, bore- 

hole probe and tripod, and ins t rumenta-  
tion case.  GSC 202741-5. 



GAMMA-RAY SPECTRAL LOGGER WITH DIGITAL RECORDING 
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Figure 46.2. Block diagram il lustrating in ter facing of com- 

ponents of t he  gamma-ray spect ra l  logging 
sys tem and the  t ransfer  of d a t a  t o  t h e  magnet ic  
tape .  

The assembly and debugging of t h e  backpack portable 
gamma-ray spect ra l  logging system took place in the  f i rs t  
part  of t he  summer of 1976, and the  system was field tes ted  
in the  Bancroft  uranium mining a rea  of Ontario la ter  in the  
summer. The system was designed to  e l iminate  many of the  
problems encountered in using existing gamma-ray spect ra l  
logging systems, and to  incorporate the  precision and 
versati l i ty of digital field recording. The following is a more  
detailed description of the  components and operation of the  
gamma-ray spect ra l  logger. Only t h e  main character is t ics  of 
e a c h  component have been described; for more  information, 
t h e  particular manufacturer  should be consulted. 

The  Por table  Gamma-Ray Spectrometer  

The McPhar Spectra  44D is a four-channel analyzer.  
One channel records t h e  integral or  t o t a l  count,  while the  
o ther  th ree  channels a r e  s e t  t o  record gamma rays in se lec ted 
energy bands re la ted  t o  potassium, uranium and thorium. The 
counting period is switch se lec ted;  intervals of 1, 2, 4, 6, 8 ,  
10, 20 and 30 seconds or minutes a r e  available. 

In the  borehole logging system, a counting period of 2 s 
is t he  minimum t ime  possible since i t  requires about 1.4 s t o  
record t h e  da ta  on t h e  cas se t t e  tape.  After  each  counting 
period t h e  four channels of spec t r a l  d a t a  a r e  t ransferred t o  a 
buffer memory in the  c a s s e t t e  t a p e  interface.  There  they  a r e  
combined with t h e  cu r ren t  depth  reading f rom t h e  depth  
memory, and the  value of t h e  manual thumbwheel code  
number. The spec t romete r  e ra ses  i t s  memory and begins 
another  counting period immediately.  In t h e  meant ime,  t h e  
con ten t s  of t h e  buffer a r e  recorded in ASCII code on t h e  t a p e  
along with carr iage  re turn  and line-feed cha rac te r s  which a r e  
used t o  control the  field playback terminal.  

The Spectra  44D also provides an analog output  for 
recording any one of t h e  four channels selected on a single 
pen s t r ip  cha r t  recorder.  Time constants of 1, 2, 5 and 10 
seconds a r e  available and eight amplitude ranges can be  
selected. 

The  C a s s e t t e  Tape Recorder  

The Memodyne model 201 is a high density digital  
incremental  cas se t t e  recorder  with low power requirements.  
The recording density is  615 BPI (bits per inch) with a s to rage  
capaci ty  of over  2.2 million bi ts  per 300 foot  casset te .  The 
d a t a  recorded per counting period include: integral  channel 
(4 characters)  K (4), U (41, Th (41, Depth (61, manual code (51, 
carr iage  return ( I )  and line f eed  (I) .  

Including inter-record gaps, about 8600 records  can  be  
recorded on one tape.  Since t h e  maximum d a t a  r a t e  is 180 
BPS (bi ts  per second), about  1.4 s is required fo r  recording 
d a t a  f rom one sample  period. The f a s t e s t  recording r a t e  
would be using t h e  minimum counting t i m e  of 2 s, and i t  
would therefore  t a k e  about  300 min t o  fill t h e  tape.  At a 
logging speed of 3 m/min, d a t a  f rom a hole of about  900 m 
depth could be  recorded on one casset te .  Since t h e  maximum 
cable  available on t h e  winch is 230 m,  this represents  nearly 
four maximum-depth holes per casset te .  At I m/min 300 m 
of hole could be logged on one casset te .  Of course,  counting 
periods longer than 2 s would increase  t h e  d a t a  s torage 
capaci ty  in t e rms  of length of hole logged and recorded per 
cas se t t e .  

The Str ip  C h a r t  Recorder  

The Rustrak model 2146 s t r ip  cha r t  recorder  is of t h e  
single pen pressure-type design with even t  marker.  The c h a r t  
paper is about  5 c m  wide and moves a t  1.25 cm/min.  This 
was  t h e  most compac t  DC powered c h a r t  recorder  available,  
and was  small  enough t o  f i t  in the  aluminum carrying c a s e  
along with t h e  cas se t t e  t ape ,  recorder  and spec t romete r .  The 
cha r t  recorder provides a qual i ta t ive  record to  aid in 
identifying anomalous zones while logging. These anomalous 
zones could then be logged a t  a slower speed for  detailed 
analysis la ter .  This s t r ip  cha r t  recorder has not been 
synchronized t o  the  motion of the  winch, and does not have 
easily adjustable paper speeds. There  is no small  DC powered 
cha r t  recorder known t o  t h e  authors  which has these  fea tures .  

The spect rometer ,  casse t te- recorder ,  and s t r ip  cha r t  
recorder  a r e  contained in a single carrying c a s e  (Fig. 46.4). 
External inputs t o  t h e  c a s e  for  b a t t e r y  power, depth  fiducial, 
and signal f rom t h e  borehole probe permit  t h e  cover  of t h e  
c a s e  t o  b e  closed during operation in poor weather.  

The Borehole Probe, Winch, Cable,  
Depth Indicator, Pulley and Tripod 

All of the  components described in this section were  
purchased f rom Exploranium. The borehole probe assembly 
consists of a 25 x 76 mm ( I  x 3 in) NaI(T1) de tec to r ,  a high- 
voltage power supply, and a signal amplifier,  al l  contained in 
a 38 mm diameter  probe housing. Energy resolution of this 
de t ec to r  with 230 m of cable  is  about 10.9%. 

The four-conductor cab le  i s  free-flooding 4.8 mm O.D. 
steel-armour type weighing 9 kg/lOO m. The cable  is  wound 
on a manually opera ted winch with 2 gea r  ratios,  au tomat i c  
level wind, hydraulic brake, e lec t ronic  digital  depth  counter  
and back-up mechanical depth  counter.  The pulley and tripod 

FIELD PLAYBACK OF DIGITAL TAPES 
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Figure 46.3. Main components of field playback system. 



Figure 46.5 

Figure 46.4 

The Spec t r a  44D gamma-ray spec t rome te r ,  Mem 
digi ta l  c a s s e t t e  t a p e  recorder ,  Rust rak  s t r i p  
recorder ,  and ins t rumenta t ion  carry ing 
GSC 202941-R. 

Operation of t h e  spec t r a l  logging sys tem;  instrumen- 
ta t ion  ( lef t )  and winch with depth  counting panel and 
a t t a c h e d  tr ipod and pulley. GSC 202941-T. 

odyne 
cha r t  
case.  

Figure 46.6 

The Memodyne digital  c a s s e t t e  t a p e  recorder ,  and a 
s tandard  d a t a  te rminal  used in t h e  field a s  a playback 
sys tem.  The sys tem yields l ist ings of t h e  r aw  d a t a  and 
ver i f ies  t h e  field tapes.  GSC 202941-L. 
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BASE PLAYBACK OF DIGITAL TAPES 

Figure  46.7. D a t a  reduc t ion  s y s t e m  including f r o m  t o p  
t o  b o t t o m ,  t h e  9 - t r a c k  t a p e  dr ive ,  6-pen 
c h a r t  r e c o r d e r ,  NOVA m i n i c o m p u t e r ,  a n d  
a display t e r m i n a l .  T h e  s y s t e m  c a r r i e s  
o u t  c o m p u t a t i o n s  on t h e  r a w  d a t a  f r o m  
t h e  c a s s e t t e  t a p e s  and o u t p u t s  t h e  
c o r r e c t e d  d a t a  a s  l is t ings on t h e  t e r m i n a l  
a n d  c o r r e c t e d  logs on t h e  c h a r t  recorder .  
G S C  203254-I<. 

DATA REDUCTION CAPABILITY 
CHART RECORDER PLOTS BY MINICOMPUTER 

I. REVERSE PLOTS (LOGGING UP OR DOWN 1 
2. DEPTH SCALE EXPANSION 
3. COUNT SCALE EXPANSION 
4. SMOOTHING 

READER 

MULTIPEN CHART RECORDER 

lliirll 
F i g u r e  46.9. Block d i a g r a m  i l lus t ra t ing  t h e  i n t e r f a c i n g  of 

c o m p o n e n t s  of t h e  d a t a  r e d u c t i o n  s y s t e m .  

a r e  c o n n e c t e d  t o  t h e  winch  (Fig.  46.5) which m u s t  t h e r e f o r e  
b e  l o c a t e d  n e a r  t h e  borehole.  A 4 d ig i t  LED d e p t h - c o u n t e r  
display is l o c a t e d  on  a pane l  on  t h e  winch.  T h e  c o u n t e r  is  bi- 
d i rec t iona l  and  is o p e r a t e d  f r o m  m a g n e t i c  s e n s o r s  on a ro l le r  
l o c a t e d  ins ide  t h e  leve l  wind m e c h a n i s m .  The  panel  has  a n  
o u t p u t  f o r  t h e  d e p t h  f iduc ia l ,  and  a l s o  a n  o u t p u t  t o  c o n t r o l  a 
s t e p p i n g  m o t o r  on  a s t r i p  c h a r t  r e c o r d e r  f o r  synchroniz ing  t h e  
paper  speed  w i t h  t h e  logging speed .  B a t t e r y  power  f o r  t h e  
d e p t h  ind ica tor  is  provided by six D-ce l l s  l o c a t e d  in t h e  f r a m e  
of t h e  winch.  P o w e r  f o r  t h e  o t h e r  c o m p o n e n t s  of t h e  s y s t e m  
is  provided by f o u r  6-volt  l a n t e r n  b a t t e r i e s  c o n n e c t e d  in 
se r ies .  

Playback and Data Reduction 

T h e  f ie ld  p layback  s y s t e m  c o n s i s t s  of a Mernodyne 
model  3122 t a p e  r e a d e r  and  a s t a n d a r d  d a t a  t e r m i n a l  a s  
shown in F i g u r e  46.6. This provides  a l i s t ing  of t h e  r e c o r d e d  
d a t a ,  in o r d e r  t o  e n s u r e  t h a t  t h e  f ie ld  record ing  s y s t e m  h a s  
o p e r a t e d  properly.  C o m p l e t e  process ing  of t h e  d ig i ta l  d a t a  is  
provided by a NOVA m i n i c o m p u t e r .  

The  resu l t ing  processed  logs a r e  p l o t t e d  under  c o m p u t e r  
c o n t r o l  v ia  8-b i t  d ig i ta l - to -ana log  c o n v e r t e r s  on a 6-pen 
MARS-6 s t r i p  c h a r t  r e c o r d e r  (Fig. 46.7). This  s y s t e m  p e r m i t s  
p r e s e n t a t i o n  of t h e  d a t a  in a v a r i e t y  of ways: a s  logs of t h e  
d a t a  in r a w  f o r m ,  s t r i p p e d ,  s m o o t h e d ,  as ra t ios ,  expanded ,  
c o m p r e s s e d ,  o r  e v e n  r e v e r s e d  t o  p r e s e n t  in t h e  s a m e  f o r m  
d a t a  r e c o r d e d  while moving e i t h e r  up o r  down t h e  ho le  
(Fig. 46.8). T h e  s o f t w a r e  deve loped  f o r  u s e  w i t h  th i s  s y s t e m  
h a s  b e e n  d e s c r i b e d  by Br i s tow (1977). T h e  read ing  of t h e  
c a s s e t t e  t a p e s  i n t o  t h e  m i n i c o m p u t e r  m e m o r y  is  c a r r i e d  o u t  
( a s  shown in Fig. 46.9) v i a  t h e  M e m o d y n e  r e a d e r  used in t h e  
f ie ld  p layback  s y s t e m .  Although t h e  d a t a  reduc t ion  s y s t e m  
c a n  b e  o f f i c e  based ,  in t h i s  case i t  c o m p r i s e s  t h e  main  
c o m p o n e n t s  of a t r u c k - m o u n t e d  min icomputer -based  borehole  
logging s y s t e m .  (The  G.S.C. 'DIGI-PROBE' logger in 
Fig. 46.10.) 

T h e  w e i g h t s  of t h e  var ious  c o m p o n e n t s  of t h e  logging 
s y s t e m  a r e  shown in F i g u r e  46.11. 

5. SPECTRAL STRIPPING Quantitative In Situ Radiometric Assay Logging 
6. RATIO PLOTS If t h e  d ig i ta l  g a m m a - r a y  s p e c t r a l  logging s y s t e m  
7. PEAK FINDING descr ibed  h e r e  i s  p roper ly  c a l i b r a t e d  i t  is possible (assuming  

8. PEAK AREA CALCULATIONS 
r a d i o a c t i v e  equi l ib r ium)  t o  d o  a c c u r a t e  in-situ assay ing  in t h e  
borehole .  This  log, which  will be  r e f e r r e d  t o  a s  t h e  

9. EDIT DATA 
10. LIST DATA BETWEEN SPECIFIED DEPTHS 

Figure  46.8. D a t a  reduc t ion  f e a t u r e s  of t h e  m i n i c o m p u t e r -  
based  s y s t e m  including p lo t t ing  capabi l i ty  on  
t h e  c h a r t  r e c o r d e r .  



BOREHOLE GAMMA- RAY SPECTROMETRY 

TRUCK MOUNTED SYSTEM BACKPACK PORTABLE SYSTEM 

Figure 46.10. Block diagram of t h e  new G.S.C. DIGI-PROBE logger i l lustrating t h e  in terplay  of t h e  backpack 
por table  gamma-ray spect ra l  loogger and the  truck-mounted spect ra l  logger. C a s s e t t e  tapes  
recorded on t h e  por table  sys tem a r e  read by t h e  DIGI-PROBE logger, which can also ca r ry  ou t  t h e  
d a t a  reduction and multi-pen c h a r t  recording. 
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COMPONENTS WEIGHT 
kg. ( Ibs 

A SPECTROMETER 
B STRIPCHART 10.4 23.0 
C CASSETTE TAPE 

RECORDER 

BOREHOLE PROBE 1 .1 

A WINCH 
B CABLE ( 230m)  
C DEPTH COUNTER 

radiometr ic  assay log (R.A. log), would represent  a significant 
saving of t ime  and money and would provide assays of much 
larger  sample volumes than the  analysis of co re  samples.  
Quant i ta t ive  radiometr ic  assaying by to t a l  count  gamma-ray 
logging has been used in uranium explora t ion  and development 
in t h e  United S t a t e s  fo r  over  15 years.  Until recent ly  t h e  
method has not  been uti l ized in Canada  f o r  severa l  reasons: 

LONG CABLE . MOTORIZED WINCH 
DEPTH INDICATOR 

(a)  The probe e lec t ronics  were  not sufficiently compac t  
t o  f i t  in typica l  smal l  d i ame te r  Canadian mining 
exploration boreholes. 

SHORT CABLE 
MANUAL WINCH 

DEPTH INDICATOR 

(b) Uranium o r e  deposits  in Canada  commonly conta in  
significant quant i t ies  of thorium which in t e r f e re  
with uranium determinat ions  by to t a l  count logging 
and 

(c) There  were  no ca l ibra t ion  fac i l i t ies  available in 
Canada. 

1 

1.5" BOREHOLE PROBE 4.8 Objection (a) is  no longer valid because  of advances  in 

CASE 
10.5 elec t ronic  miniaturization.  Objection (b) can  be overcome 

1.8 4.0 through t h e  use of gamma-ray spec t rome t ry  in t he  borehole. 
Objection (c) has recent ly  been e l iminated  by t h e  construc- 

4 PULLEY + TRIPOD 5.2 11.5 t ion  of t h e  new borehole ca l ibra t ion  fac i l i t ies  a t  Bells 
Corners  near  O t t a w a  (Killeen, 1978), and a t  Freder ic ton,  New 

EXTERNAL POWER 6.4 
Brunswick. 

( 4  x 6  VOLT LANTERN - 14.0 
73.1 161 .O 

Discussion and Recommendations 
BATTERIES) It is bevond t h e  scoDe of th is  DaDer t o  discuss 
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Figure 46.11. Weights of t h e  components of t h e  backpack ca l ibra t ion  and quant i ta t ive  radiometr ic  assay logs, but 

por table  gamma-ray spec t r a l  logging sys tem.  recommendat ions  for  fac i l i ta t ing  R.A. logging based on 
exper ience  with. t he  sys tem described he re  a r e  presented. 
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Firs t ,  i t  should b e  s t a t e d  t h a t  t h e  d ig i ta l  logging s y s t e m  
descr ibed  a b o v e  worked sa t i s fac tor i ly .  E x p e r i e n c e  w i t h  t h i s  
s y s t e m  has  led t o  t h e  conclusion t h a t  a m o t o r i z e d  winch is  
highly des i rab le .  Logging is  a re la t ive ly  s low o p e r a t i o n ,  a n d  
t h e  t e d i u m  involved in t h e  moni tor ing  and  cont inuous  a t t e n -  
t ion  necessary  t o  m a i n t a i n  a c o n s t a n t  s p e e d  wi th  a m a n u a l  
winch,  espec ia l ly  in d e e p  holes,  is  l iable a t  b e s t  t o  h a v e  a 
sopor i f ic  e f f e c t  on t h e  logger ,  o r  a t  w o r s t  a c t u a l l y  t h r e a t e n  
his  san i ty .  Having c o n c e d e d  t h e  need  f o r  a m o t o r i z e d  winch 
i t  fo l lows  t h a t  AC power  (i.e. a s m a l l  p o r t a b l e  g e n e r a t o r )  will 
b e  required.  This b r o a d e n s  t h e  c h o i c e  of m o s t  of t h e  o t h e r  
c o m p o n e n t s  of t h e  logging s y s t e m ,  s i n c e  t h e  s y s t e m  is n o  
longer  r e s t r i c t e d  t o  t h e  r a t h e r  l imi ted  n u m b e r  of c h a r t  
r e c o r d e r s ,  t a p e  dr ives ,  e t c .  t h a t  o p e r a t e  on  D C  b a t t e r y  
power .  

Cons ider  a l s o  t h e  problem of producing  t h e  R.A. log in 
t h e  f ield.  C a n  o n e  e x p e c t  t o  h a v e  c o m p l e t e  d a t a  reduc t ion  in 
t e r m s  of o r e  g r a d e s  and  th icknesses  on  t h e  s p o t ,  wi thout  
requi r ing  a l a r g e  c o m p u t i n g  s y s t e m  t o  provide  i t ?  T h e  a n s w e r  
is  yes ,  if ins tead  of c o m p u t i n g  in-situ a s s a y s  by t h e  s t a n d a r d  
i t e r a t i v e  process  deve loped  by S c o t t  e t  al. (1961) a n d  S c o t t  
(1963) t h e  r a w  g a m m a - r a y  logs a r e  deconvolved  by a 
microprocessor  a s  s u g g e s t e d  f o r  t h e r m a l  g r a d i e n t  logs  
(Conaway,  1977;  C o n a w a y  a n d  Beck ,  1977). 

With a l l  of t h e  above  cons idera t ions  in mind it is 
sugges ted  t h a t  a n  improved por tab le  g a m m a - r a y  s p e c t r a l  
logging s y s t e m  should cons is t  of s e v e n  uni t s  o r  modules,  f i v e  
of which would have  s t a n d a r d  KS232C-EIA i n t e r f a c e s .  T h e s e  
s e v e n  c o m p o n e n t s  a r e  discussed below. 

I .  T h e  S p e c t r o m e t e r  

No g r e a t  c h a n g e s  a r e  requi red  in t h e  s p e c t r o m e t e r  
e x c e p t  t h o s e  necessary  t o  i n t e r f a c e  w i t h  t h e  o t h e r  c o m -  
ponents .  The  r a w  d a t a  should be  r e c o r d e d  on  c a s s e t t e  t a p e ,  
and  s imul taneous ly  processed  by a microprocessor  w i t h  o u t p u t  
on  a c h a r t  o r  d a t a  t e r m i n a l .  Accumula t ing  t i m e  of less  t h a n  
I s is  des i rab le .  

2. T h e  C a s s e t t e  T a p e  R e c o r d e r  

'The d ig i ta l  c a s s e t t e  t a p e  r e c o r d e r  should be m o r e  
v e r s a t i l e  t h a n  t h e  o n e  descr ibed  in th i s  paper .  T h e  new uni t  
should h a v e  t h e  ab i l i ty  t o  record  d a t a  a t  l e a s t  o n c e  per  
second ,  and  p r e f e r a b l y  f a s t e r .  It should h a v e  t h e  f a c i l i t y  f o r  
f i l e  marks ,  a n d  t h e  ab i l i ty  t o  record  m o r e  t h a n  o n e  log on a 
t a p e ,  including t h e  ab i l i ty  t o  s e a r c h  f o r  a g iven  log f o r  
p layback .  The  c a s s e t t e  r e c o r d e r  should h a v e  playback 
( r e a d e r )  c a p a c i t y  t o  e n a b l e  reprocess ing  t h e  d a t a  by t h e  t a s k  
module  (microprocessor/contro1ler assembly).  O t h e r  f e a t u r e s  
s u c h  a s  ' rewind'  and  ' fas t  f o r w a r d '  a r e  des i rab le .  

3. T h e  C h a r t  R e c o r d e r  

A s ing le  channel  s t r i p  c h a r t  is a l l  t h a t  is  n e c e s s a r y ,  
p r e f e r a b l y  bi-direct ional ,  and  wi th  bo th  a x e s  of mot ion  
d ig i ta l ly  cont ro l led .  This  would e n a b l e  t h e  d e p t h  i n f o r m a t i o n  
t o  d r i v e  t h e  d e p t h  a x i s  of t h e  c h a r t .  

4. Winch, D e p t h  C o u n t e r  

T h e  winch and  c a b l e  a r e  s e l e c t e d  f o r  t h e  user ' s  
p a r t i c u l a r  r e q u i r e m e n t s ,  bu t  t h e  d e p t h  c o u n t e r  o r  e n c o d e r  
should produce  a t  l e a s t  200 pulses  o r  f iduc ia l s  per  m e t r e ,  
providing a unique d e p t h  c o u n t  for  e v e r y  s p e c t r o m e t r i c  
r e a d i n g  e v e n  a t  v e r y  s low logging speeds.  T h e  d e p t h  c o u n t e r  
m u s t  b e  reversible,  i.e. s u b t r a c t  c o u n t s  whi le  moving  up t h e  
hole. This unit  would n o t  r e q u i r e  a s t a n d a r d  RS232C-EIA 
i n t e r f a c e ,  bu t  would be  c o n n e c t e d  t o  t h e  s p e c t r o m e t e r  by a 
s i m p l e r  a r r a n g e m e n t .  

5. E l e c t r i c    en era tor 
The  p o r t a b l e  A C  g e n e r a t o r  should b e  as l igh tweight  a s  

possible f o r  t h e  power  r e q u i r e m e n t s  of t h e  s y s t e m .  T h e  
g e n e r a t o r  m a y  be  s e l e c t e d  f r o m  a m o n g  t h e  c o m m e r c i a l l y  
a v a i l a b l e  o n e s  which a r e  l ight  enough t o  b e  cons idered  
por tab le ;  t h e s e  r a n g e  f r o m  300  W (under  2 0  kg) t o  1500 W (as  
l igh t  a s  31  kg). 

6. The  Task Module 

T h e  microprocessor  is  t h e  h e a r t  of t h e  d ig i ta l  d a t a  
r e d u c t i o n  opera t ion .  It should p e r f o r m  t h e  fol lowing 
func t ions :  

1. S c a l e  t h e  d a t a  and t r a n s f e r  t o  t h e  c h a r t  r e c o r d e r  if 
des i red .  

2. Apply s p e c t r a ;  s t r ipp ing  and/or  ra t io ing .  

3. Deconvolve  and  s m o o t h  t h e  r a w  log by appl ica t ion  of 
s u i t a b l e  d ig i ta l  f i l t e r s ,  t o  p r o d u c e  t h e  in s i t u  R.A. 
log (Conaway and  Kil leen,  1978). 

4. Do (3) and  i n t e g r a t e  over  s p e c i f i e d  d i s t a n c e s  t o  g i v e  
grade- th icknesses .  

5. Plo t  o r  p r in t  t h e  processed  d a t a  a c c o r d i n g  t o  
ins t ruc t ions .  

T h e  t a s k  m o d u l e  wil l  c a r r y  o u t  i n s t r u c t i o n s  g iven  t o  i t  
t h r o u g h  t h e  keyboard  t e r m i n a l .  For e x a m p l e  t h e  d ig i ta l  
f i l t e r s  m a y  b e  c h a n g e d  by read ing  new v a l u e s  in f r o m  a 
p r o g r a m  c a s s e t t e  t a p e  o r  Read-Only M e m o r y  (ROM) under  
i n s t r u c t i o n s  f r o m  t h e  t e r m i n a l .  New f i l t e r s  m a y  b e  n e c e s s a r y  
f o r  o p t i m u m  r e s u l t s  w h e n e v e r  t h e  c a l i b r a t i o n  p a r a m e t e r s  
c h a n g e ,  such  a s  f o r  c h a n g e s  in borehole  d i a m e t e r ,  c a s i n g  
t y p e ,  logging speed ,  p r o b e  type ,  e t c .  T h e s e  f i l t e r s  will h a v e  
b e e n  p r e c o m p u t e d  f r o m  d a t a  o b t a i n e d  a t  a borehole  
c a l i b r a t i o n  f a c i l i t y  s u c h  a s  t h e  new Geologica l  Survey  
c a l i b r a t i o n  f a c i l i t i e s  n e a r  O t t a w a .  

7. T e r m i n a l  

Any c o m p a c t ,  l igh tweight ,  rugged  p o r t a b l e  pr in t ing  
t e r m i n a l  equipped  w i t h  t h e  indus t ry  s t a n d a r d  RS232C-EIA 
i n t e r f a c e  will suf f ice .  T h e  t e r m i n a l  will a c t  a s  t h e  
c o m m u n i c a t i o n  input  t o  t h e  t a s k  module,  t o  c h a n g e  va lues  of 
p a r a m e t e r s  a s  d e s c r i b e d  a b o v e  and  t o  modi fy  t h e  ou tput .  

Conclusions 

T h e  sugges ted  n e w  g e n e r a t i o n  logging s y s t e m  d e s c r i b e d  
a b o v e  would r e q u i r e  no  m a j o r  new h a r d w a r e  d e v e l o p m e n t ,  
s i n c e  a l l  of t h e s e  c o m p o n e n t s  a r e  c u r r e n t l y  a v a i l a b l e  c o m -  
merc ia l ly .  T h e  s y s t e m  would, however ,  r e p r e s e n t  a signif i-  
c a n t  a d v a n c e  in p o r t a b l e  g a m m a - r a y  logging technology.  
Increased  f lex ib i l i ty  and  re l iab i l i ty  in  b o t h  t h e  logging and  
d a t a  record ing  a s p e c t s  of t h e  s y s t e m  h a v e  b e e n  s t ressed .  In 
addi t ion ,  i n c o r p o r a t i o n  of t h e  l a t e s t  microprocessor  
technology  i n t o  t h e  s y s t e m  would a l low t h e  product ion  of 
in s i t u  r a d i o m e t r i c  a s s a y  logs, quickly a n d  inexpensively.  
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Abstract 

Killeen, P.G., Gamma-ray spectrometric calibration facilities - a preliminary report; Current 
Research, Part A, Geol. Surv. Can., Paper 78 -1A ,  p. 243-247, 1978. 

In order to make quantitative measurements of radioelement concentrations with a gamma-ray 
spectrometer the spectrometer must be calibrated using sources having ( I )  known radioelement 
contents, and ( 2 )  geometry similar to that in which the measurement will be mude. In the case of 
portable gamma-ray spectrometers the measurement in the field will generally be made on relatively 
flat outcrop surfaces. This may be simulated using a flat concrete pad approximately flush with the 
ground surface. In the case of gamma-ray spectral logging, the measurement geometry is, of course, 
a borehole. In this case model boreholes including appropriate "ore" zones can be constructed in 
concrete. 

Figure 47.1. Location of t h e  Geological Survey calibration fac i l i t ies  for  por table  gamma-ray 
spec t romete r s  and gamma-ray spec t r a l  logging equipment.  243 



Introduction \\ G.S.C. CALIBRATION 
In October 1976, t he  Geological Survey of Canada 

completed the  construction near Ot tawa of extensive calibra- 
tion facil i t ies for gamma-ray spect rometry  equipment a s  
mentioned above. They mee t  or exceed the  recommendations 
of the  IAEA (1976). This paper comprises a preliminary 
report  on the  new facil i t ies:  their  location, description, 
preliminary analyses of samples talten during construction, 
and the  procedure for  obtaining access  t o  the  calibration 
facil i t ies,  and preliminary recommended procedures for 
carrying out  t h e  calibration measurements.  

Location of the Calibration Faci l i t ies  

The new calibration facil i t ies a r e  located on t h e  
property of t he  CANMET (E.M.R.) laboratory complex a t  
Bells Corners approximately l O k m  west of Ottawa. 
Figure 47.1 shows the  location. The calibration facil i t ies 
consist  of a se t  of 10 calibration pads for portable spec- 
t rometers ,  located along a gravel road leading to  an  
abandoned quarry in which n i n e  t e s t  columns containing the  
model boreholes a r e  constructed (see  Fig. 47.2). I - - 

O Metres 

Calibration Pads  fo r  Por table  Gamma-Ray Spectrometers  -'l 1 
The calibration pads a r e  conc re t e  cylinders, 60 c m  thick 

and 3 m in d iameter ,  making effect ively  infinite sources if 
t h e  de tec to r  of t h e  portable gamma-ray spect rometer  i s  
centra l ly  located on and within a few inches of t h e  surface  of 
t h e  pad. Three pads contain d i f ferent  potassium concentra-  
tions, t h ree  contain d i f ferent  uranjum concentra t ions  and 
t h r e e  contain d i f ferent  thorium concentrations.  The 
di f ferent  radioelement concentra t ions  were  obtained by 
adding t o  the  conc re t e  appropriate amounts  of uranium ore,  
thorium oxide, or nepheline syenite for  U, Th, and K Figure 47.2. Detailed locations of t h e  10 calibration pads 
respectively. A t en th  pad, referred t o  a s  the  blank pad, was and t h e  model holes on t h e  property of t h e  
constructed with n~ , ~ d i o e l e m e n t  additives. The preliminary CANMET laboratory complex a t  Bells Corners. 
mean values of t n e  radioelement contents  of some of the  
samples taken during construction a r e  given in 
Table 47.1. At t h e  t ime  of this writing, not all  
of t he  samples have been analyzed. Thus, 
although subject t o  revision, these  preliminary 
values indicate t h e  range of concentra t ions  
available for calibration purposes. The f ive  
pads a t  Uplands Airport, which had previously 
been used for calibration of portable instru- 
ments,  have a very l imited range of radio- 
e l emen t  concentra t ions  s ince  they were  
designed for calibrating airborne gamma-ray 
spect rometers  (Grasty and Darnley, 1971) and 
will continue t o  be used for t h a t  purpose. The 
new calibration pads should greatly improve the  
accuracy and repeatibil i ty of determinat ions  of 
calibration factors.  

The recommended procedure for carrying 
ou t  calibration measurements is explained in 
g rea te r  detail  on handout sheets  provided t o  
users of t h e  calibration facilities. These 
include a detailed location map, a t ab le  of pad 
numbers with thei r  radioelement concentra-  
tions, and information about  obtaining lzigure 47.3. 
c l ea rance  for access  t o  t h e  calibration site.  
This information may be  obtained by contact ing 
t h e  Radiation Methods Section, Resource 
Geophysics and Geochemistry Division of t h e  
Geological Survey of Canada. 

Basically the  calibration procedure fo r  portable gamma- 
ray spect rometers  consists of taking severa l  readings on each 
pad in order to  obtain good counting s ta t i s t ics ,  with t h e  
de tec to r  a t  a slightly d i f ferent  location near the  cen t r e  of 
t h e  pad for each reading. Counting t imes  will depend on 
de tec to r  size. 

The nine conc re t e  t e s t  columns viewed f rom inside the  quarry 
showing t h e  "ore zones" and a logging t ruck parked above in t h e  
workingareaforcalibrating!ogging systems.(GSC photo 203254-0). 

If t hese  da ta ,  along with t h e  types  and ser ia l  numbers of 
t he  spec t romete r s  and de tec to r s  a r e  given t o  t h e  Geological 
Survey, t he  calibration constants  will be  computed;  t h e r e  is  
no charge  for this service. The use of t h e  calibration 
constants  for computing in si tu assays was described by 
Killeen and Cameron (1977). 



Table 47.1 

Preliminary mean radioelement concentrations 
for calibration pads 

Pad Number - K% e U  ppm eTh ppm 

PK-I-OT 0.88 

Model Boreholes fo r  Cal ibra t ing Gamma-Ray 
Logging Systems 

For calibration of borehole gamma-ray spect rometers  a 
s e t  of nine models have been constructed along the  wall of a 
rock quarry a s  shown in Figure 47.3. Each of the  models 
consists of a conc re t e  column 3.9 m in height with an  "ore 
zone" 1.5 m thick sandwiched between an  upper and lower 
barren zone a s  shown in Figure 47.4. Each t e s t  column 
contains 3 boreholes of d iameters  A (48 mm), B (60 mrn) and 
N (75 rnm) intersecting the  o re  zones a s  shown in Figure 47.5. 
Three  of t h e  t e s t  columns contain o r e  zones  of d i f ferent  
concentra t ions  for potassium, th ree  for  thorium, and th ree  
for uranium. These o re  zones were  produced by mixing 
suitable additives with the  conc re t e  a s  described above for 
t h e  calibration pads. 

The preliminary mean values of t h e  radioelement 
concentra t ions  in samples taken during construction a r e  given 
in Table 47.2. Revised radioelement concentra t ion values 
will be determined and published a t  a la ter  d a t e  when all  of 
t h e  samples have been analyzed. The radioelement concen- 
t ra t ions  in t h e  barren zones a r e  t h e  s a m e  as for  t h e  blank pad 
(PB-10-OT) in Table 47.1. 

The calibration procedure for gamma-ray spect ra l  
logging equipment consists of three  parts:  (1) t he  determina-  
t ion of t h e  stripping factors ,  (2) t h e  determinat ion of t h e  
sensit ivity i.e. t h e  relation between count r a t e s  and o r e  
grade,  and ( 3 )  t h e  determinat ion of instrument response 
character is t ics  (if t he  logging d a t a  a r e  to  be computer  
processed t o  improve accuracy and resolution (e.g. Scot t  
et al., 1961; Scot t ,  1963; Conaway and Killeen, 1978; Killeen 
et al., 1978). 

The stripping f ac to r s  can be determined relatively 
quickly by observing t h e  count r a t e s  obtained in the  uranium 
and potassium channels of t he  spec t romete r ,  while the  
borehole probe is positioned inside a thorium o r e  zone, and 
then  inside a uranium o r e  zone. (This would also give t h e  
upward stripping f ac to r ,  i.e. uranium counts in t h e  thorium 
window.) In pract ice  the  count r a t e  should be determined a t  
severa l  positions near the  cen t r e  of each o re  zone in order t o  
obta in  an  accura t e  ave rage  value. As in t h e  case of t h e  
calibration pads, if t hese  d a t a  a r e  supplied t o  t h e  Geological 
Survey, stripping f ac to r s  will be computed. 

Having determined the  stripping factors ,  these  can then 
be  applied t o  logs recorded in the  field. The stripping f ac to r s  
will enable  t h e  stripped gamma-ray log t o  be  plotted a s  shown 
in the  conceptual example  of Figure 47.6. From top t o  
bottom in this figure a r e  shown the  anomalies in the  4 

TEST COLUMN 
Figure 47.4. Cross-sectional view of a t e s t  column, showing 

t w o  of t h e  th ree  holes in t h e  column, the  run 
pipes which extend 3.0 m below, and t h e  hoist 
and pulley on top of t h e  column. 
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Figure 47.5. Plan view of a t e s t  column showing location and 
spacing of the  three  sizes of model boreholes. 



GAMMA -RAY 
SPECTRAL LOG 

T.C. I( U Th 

STRIPPED GAMMA-RAY 
SPECTRAL LOG 

T.C. K U Th 

Table 47.2 

Preliminary mean radioelement  concentra t ions  
for  t e s t  columns 

Column Number K% e U  ppm eTh ppm - 

BK-I-OT 0.72 

BK-2-OT 1.14 

BK-3-OT 3.0 1 

BU-4-OT 14.32 

BU-5-OT 100.67 

BU-6-OT 948.58 

BT-7-0'1 8.20 ' 

channels of t h e  spec t rome te r  ( to ta l  count,  K, U, and Th) 
caused by logging through a thorium zone, a uranium zone,  
and a potassium zone respectively.  The l e f t  side of 
Figure47.6 shows t h e  unstripped log i l lustrating t h e  
ambiguous si tuation which a r i s e s  when anomal ies  appea r  in 
t h e  uranium and potassium channels  even when no uranium o r  
.potassium is present.  The r ight  side of Figure 47.6 shows t h e  
str ipped gamma-ray spec t r a l  log, which c lear ly  indica tes  
which of t h e  radioelements  caused each  of t h e  t h ree  
anomal ies  shown in t h e  t o t a l  count  channel. 

The u l t ima te  objec t ive  of gamma-ray spec t r a l  logging is  
quant i ta t ive  downhole assaying, particularly of uranium, 
which is  pa r t  (2) of t h e  ca l ibra t ion  procedure.  In th is  case, 
t h e  determinat ion  of t h e  sys tem calibration constant  K is 
car r ied  ou t  using stripped d a t a  obtained a s  in s t e p  (1) above 
by means  of t h e  equation 

Figure  47.6. 

Comparison of unstripped and 
s t r ipped gamma-ray spec t r a l  logs 
showing anomal ies  caused by K, 
U, and Th respectively.  

units  of K, then,  a r e  ppm s/count.  The r aw  field log is then 
multiplied by K t o  g ive  t h e  o r e  grades  in ca ses  of uniform o r e  
zones  approximate ly  1 m o r  more  in th ickness  (i.e. infinitely 
thick). The grade  values obta ined f o r  th inner  zones  will be  
lower than t h e  ac tua l  grade .  

In order t o  enhance  t h e  accu racy  and resolution of o r e  
grade  determinat ions  in thin beds and complex sequences,  i t  
is  necessary t o  ca r ry  ou t  s t e p  (3), t h e  determinat ion  of t h e  
sys tem response character is t ics .  More informat ion on th is  
can  be  found in Conaway and Killeen (1978). 

The logging equipment  ca l ibra t ion  fac i l i t ies  a r e  
designed t o  permi t  calibration of logging sys t ems  in both w e t  
and dry holes of s izes  A, B, and N, uncased or with various 
types  of casing mater ia l .  

As in t he  ca se  of t h e  calibration pads, handout sheets  
with fur ther  information and recommended procedures  will be  
provided t o  those  persons in teres ted  in ca l ibra t ing  gamma-ray 
logging equipment  in t h e  model boreholes. The Geological 
Survey will endeavour t o  compu te  t h e  ca l ibra t ion  f ac to r s  for  
gamma-ray spect ra l  logging sys tems when t h e  recommended 
procedures a r e  followed. 

I t  should perhaps also be  mentioned here  t h a t  two  model 
boreholes containing d i f f e r en t  uranium o r e  zones  have been 
cons t ruc t ed  in Freder ic ton,  in co-operation with t h e  New 
Brunswick Depa r tmen t  of Natural  Resources.  These two  
model holes a r e  approximate ly  125 m m  in d i a m e t e r  and may 
be  used in t h e  ca l ibra t ion  of t o t a l  coun t  gamma-ray logging 
equipment .  Fu tu re  addit ional ca l ibra t ion  fac i l i t ies  a r e  
planned fo r  o the r  locations in Canada. These  will probably 
consis t  of s e t s  of seven ca l ibra t ion  pads (2 f o r  each  
radioelement  and one  blank), and model boreholes of a 
simpler design. It is hoped t h a t  ca l ibra t ion  of gamma-ray 
spec t rome t r i c  equipment  will become  a more  common 
p rac t i ce  in Canada  a s  t hese  ca l ibra t ion  f ac i l i t i e s  become 
more  readily available.  

Here  G is t h e  known radioelement  concentra t ion  (grade) in 
pa r t s  per million (ppm) and I is  t h e  ave rage  measured gamma-  
ray  intensity in counts /s  near  t h e  c e n t r e  of t h e  o r e  zone; t h e  
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Abstract 

Schwarz, E . J . ,  Magnetic fabric of rocks; Current Research, Part A, Geol.  Surv. Can.,  Paper 7 8 - l A ,  
p .  249-252, 1978. 

Determination of  the anisotropy of  magnetic susceptibility is an accurate and rapid tool in the 
investigation of rock fabric and should therefore be of interest,  t o  structural geologists, metamorphic 
petrologists and sedimentologists. Therefore, the basics of  the method are brief ly  discussed in 
qualitative terms and some parameters t o  describe degree of anisotropy, lineation and foliation are 
listed. A few examples based on new data are analyzed. 

introduction cases  the  in terpre ta t ion of the  anisotropy of susceptibil i ty is 

The arrangement  of grains or  crys ta ls  in a rock is called ambiguous. This is  because t h e  anisotropy is due e i the r  t o  

fabric.  Fabric,  crystall inity and granularity of a rock define shape of t h e  magnet ic  grains (shape anisotropy) if these  a r e  

i t s  texture.  There  a r e  various ways t o  determine fabric. composed of magnet i te ,  or  t o  or ienta t ion of magnetically 

When macroscopically visible, l ineation and foliation can be 

rapidly measured in the  field with a compass, otherwise,  a 

microscope or special X-ray techniques must be  used. 

The or.ientation or alignment of magnet ic  grains or 

crys ta ls  defines a magnet ic  fabric.  Even a weak magnet ic  

fabr ic  can be conveniently de tec t ed  by the  determination of 

the  anisotropy of magnet ic  susceptibility which can be rapidly 

carried out. The l imitations of this method a r e  t h a t  no di rec t  

information on the  sil icate fabr ic  is  obtained and t h a t  in some 

strongly anisotropic crys ta ls  (magnetocrystall ine anisotropy) 

if these  grains a r e  formed by h e m a t i t e  a F e 2 0 3  or pyrrhotite 

Fe7S8. Hence, t h e  magnet ic  const i tuents  must be  known, for  

instance,  f rom thermomagnet ic  analysis. 

Magnetic fabr ic  can be  determined rapidly and should 

therefore  be considered f i r s t  if f ab r i c  s tudies  a r e  required in  

geological in terpre ta t ion (Graham, 1954). T o  provide a 

background for in teres ted  geologists, t he  method t o  deter-  

mine magnet ic  fabr ic  and i t s  analysis a r e  discussed in an  

Figure 48.1. Para l le l  orientation of induced magnet iza t ion (J)  and magnet ic  field (H) in isotropic sample  (A) and 
general  c a s e  of non-parallelism between J and H in an  anisotropic case (B). Dashed lines on A 
indicate sphere with radius J formed by t h e  end points of 3 during three-axial  rotation. In case  B 
an  ellipsoid would b e  formed. 



Figure 48.2. Three-dimensional views of sample  with 
or ienta t ion markings and co-ordinate system. 
Front  surface  shows two-dimensional sect ions  
of t w o  di f ferent  but  re la ted  ell ipses a s  
discussed in  the  text.  

e l emen ta ry  manner. A few examples involving di f ferent  rock 

types  a r e  given. 

What is Anisotropy of Susceptibil i ty 

The magnetization (J)  acquired by a rock sample  in a 

weak applied field (H) is  proportional t o  the  field by a 

parameter  called the .  susceptibility. In o ther  words, t he  

susceptibil i ty i s  a measure of the capaci ty  of acquiring 

magnetization in a magnet ic  field. Thus: 

Both J and H a r e  vectors;  they have a s  properties a ce r t a in  

magnitude and a ce r t a in  direction. If J i s  parallel  t o  H for a l l  

directions of the  field, the  susceptibility i s  just a simple 

number and the sample is called magnetically isotropic. 

Thus, if th is  sample is ro ta ted  around i t s  cen t r e  a s  a ball- 

joint, the  end-point of J will describe a sphere a s  indicated on 

Figure 48.IA (Field H is fixed in direction and magnitude a s  i s  

the  geomagnet ic  field). However, in general the  magnetiza- 

tion will both vary in magnitude and make a smoothly varying 

angle (8) with the  applied field if t h e  sample  is ro t a t ed  in t h e  

field (Fig. 48.IB). I t  i s  c l ea r  t h a t  t he  susceptibil i ty cannot  be  

given in the  form of a simple number for  magnetically 

anisotropic rocks. 

Thus, for  a n  isotropic material:  

if J I ,  J2,  J3 and HI ,  H2, H3 indicate th ree  orthogonal com- 

ponents of J and H respectively (Fig. 48.IA). However,  in t h e  

case  of an  anisotropic mater ia l ,  magnetization components  

a r e  generated along all  three  axes  of t h e  co-ordinate sys tem 

even if the  field is  aligned parallel  t o  one of these  axes  

(Fig. 48.18). Consequently, by summing a l l  t e rms  generated 

by aligning H along a l l  t h ree  axes,  t h e  magnetization of an  

anisotropic mater ia l  can  be  described by: 

= k l lHl+k12H2+k13H3 

J2 = kZIHl+k H +k H 22 2 2 3  3 

J3  = k31Hl+k32H2+k33H3 

where the  nine coefficients:  

k l l  k12 k13 

k21 k22 k23 

k31 k32 k33 

form a tensor of t h e  second rank. These t e r m s  can be 

represented in shor t  by J. = k..  H. where  i, j = 1, 2, 3. The ' 'I J 
ma themat i c s  of tensor analysis a r e  given in detail  by, for 

instance,  Nye (1957). The following describes in a qual i ta t ive  

way t h e  basic concepts  employed in the  ma themat i c s  t o  

compute  the  shape (and volume) of t he  ellipsoid representing 

t h e  tensor k . .  f rom measurements  of t he  susceptibil i ty in a t  
11 

leas t  6 directions through the  sample. This would provide a 

basic understanding of anisotropy. 

The significance of the  t e r m s  J .  = k . .  H.  can be easily 
1 'J J 

understood f rom Figure 48.2. Suppose we have a sample 

oriented with respect  t o  the  geographic co-ordinate system. 

The sample is  kept  in the  s a m e  or ienta t ion while the  constant  

and homogeneous field H of unit s t rength  is ro ta ted  with 

respect  t o  th ree  orthogonal axes  (XI ,  X2, X3) joining in the  

c e n t r e  of the  specimen. The end points of H then describe a 

sphere indicated by a c i rc le  in Figure 48.2. The values J then 

l ie on an  ellipsoid around the  specimen cen t r e  indicated by 

the  large ellipse in Figure 48.2. Denoting the  susceptibil i ty 

along the  axes  by k l ,  k2, k3, a n  ellibsoid with semi-axes 1 1 4 ,  

1 / K ,  1 1 6  then represents  t h e  tensor  k i i  (i, j = 1, 2, 3). T o  2 
geologists, t h e  similarity of t h e  ellipsoid k:. with t h e  indi- 

11 
cat r ix ,  of which t h e  radius is given by t h e  r e f r ac t ive  index or  

t h e  square  root of t he  d ie lec t r ic  constant  in t h e  radius 

directions,  is clear.  The angle between applied field H and 

t h e  resulting magnet iza t ion J is  a lso  graphically expressed by 

Figure  48.2. For a given di rect ion of H, which can be  

represented by a radius vector  of t he  sphere around the  

c e n t r e  of t h e  sample,  draw t h e  tangent  a t  t h e  in tersect ion of 

t h e  vector  H with t h e  ell ipse with semi-axis I/$, 1 1 4 .  

Then draw a line f rom t h e  c e n t r e  perpendicular t o  the  

tangent.  This line represents  t h e  direction of t h e  



Table 48.1 

Some anisotropy parameters  for  orebodies in  the  Sudbury a rea ,  
Proterozoic  igneous rocks on the  East  Coas t  of Hudson Bay, 

and phenocrysts in the  St .  Jean anorthosite 

Rock NO. of kmax/kmin kint/k mln kmax  /k l n t  E 
samples 

Sulphides 
Strathcona M . 
Sulphides 
Copper Cliff M . 
Komati i te  
Smith Island (NWT) 
upper par t  13 1 .05 
lower par t  24 1.12 

Basalt 
Richmond Gulf 16 1.011 

Plagioclase 
Anort hosi t e  

Pyroxene 
Anorthosi te 

magnetization vector  J. The radius vector  f rom the  origin of 

t h e  co-ordinate sys tem t o  the  ellipse representing t h e  values 

J with semi-axes (J2 ,  J3) then gives both direction and t h e  

magnitude of the  magnetization vector J .  This graphical 

representation r e l a t e s  direction and magnitude of H, J ,  and 

t h e  corresponding value for  k (from the  radius I/&). I t  i s  

useful t o  note tha t  J is parallel t o  H only if H is oriented 

along one of the  principal axes  of the ellipse. This property 

c a n  be used in i t e r a t ive  processes t o  find t h e  orientation of 

the  principal axes  f rom a s e t  of measurements  obtained by 

rotating the specimen with respect t o  H following a fixed 

sequence of orientations.  Nye (1957) gives a detailed account  

of tensor analysis. The susceptibil i t ies represented by the  

principal axes  a r e  called principal susceptibil i t ies and they 

form the  basis of magnet ic  fabr ic  studies. 

Magnetic Fabric P a r a m e t e r s  

The ellipsoid of representation of the  tensor k . . i sde te r -  
11 

mined fo r  individual samples  in the  manner indicated above. 

Now we wish t o  examine what information can  be obtained 

f rom the character is t ic  properties of this ellipsoid. The 

volume of the ellipsoid is only related t o  the  bulk or average 

susceptibil i ty and is therefore  only of i n t e re s t  in magnet ic  

surveying. However, t h e  shape of the  ellipsoid is of g r e a t  

in teres t  in fabric studies. Therefore,  the  maximal, inter-  

mediate,  and minimal susceptibil i t ies (respectively kmax, kint, 

k . ) and their  directions with respect  t o  t h e  co-ordinate mtn 
system a r e  computed. 

I. Degree of anisotropy is  defined a s  P = k maxtkmin'  

For a given type and concentra t ion of a fer romagnet ic  

mineral, this ra t io  varies in proportion with t h e  degree  

of preferred orientation of crys ta ls  and/or grains 

assuming a constant  average grain shape. 

2. The to ta l  anisotropy can  be  expressed by: 

(kmax-kmin)/(kmax+kint+k mln . )I31 or  (kmax-kmin)/kint. 

3. The coeff ic ient  kmax/kint describes the  degree  of 

linear orientation in the  maximum susceptibil i ty plane 

(or magnet ic  foliation plane) and is  a measure of the  

magnet ic  l ineation as expected for  an  assemblage of 

uniaxial par t ic les  showing directional preference  of 

their  long axes.  

4. The coeff ic ient  kint/kmin describes the  degree  of 

planar or ienta t ion or  magnet ic  foliation. This arises,  

for  instance,  f rom an assemblage of uniaxial grains of 

which the  long axes  a r e  distributed randomly in the  

maximum susceptibil i ty plane. 

5. The ra t io  of t he  coeff ic ients  for  lineation and 

foliation yields the  coeff ic ient  E = (k 2 
int) /kmax.kmin 

indicating whether e i the r  t h e  lineation (E< I ,  obla te  ellip- 

soid or cigar-shaped) or  t he  foliation is  bes t  developed 

(E>l ,  prolate ellipsoid or t w o  long dimensions). 

6. Another pa ramete r  describing the  prolateness of t he  

ellipsoid is  (kmax-kint)/(k. -k . ), while the  oblateness Lnt mln 
can be represented by (k. -k . )/(k Lnt mln max-kint)' A 

combination of these  is: 

If kmax=kint:  q = 0,  and we have purely planar fabric.  

If k. =kmin, q = 2 and we have purely linear fabric.  Int 



Figure 48.3. Directions of principal susceptibil i t ies plotted in lower hemisphere of a 
stereographic d iagram for  Richmond Gulf basalt  (A) and Copper Cliff deposit 
(8). Crosses, t r iangles  and do t s  indicate  respectively kmin, kint, and kmax. 

Examples showing di f ferences  in pa ramete r s  indicating Table 48.1 shows t h a t  t h e  Richmond Gulf basal ts  a r e  very 

type of magnet ic  fabr ic  a r e  shown in Table  48.1. The weakly anisotropic. This weak anisotropy may be due t o  

sulphides f rom mines near Sudbury a r e  strongly an.isotropic e i the r  flow during emplacemen t  or t ec ton ic  ef fects .  A 

(high kmax/kmin), the i r  high E values indicate well-developed diagram of the directions (Fig. 48.3A) shows t ight  grouping 

foliation, and in addition the Copper Cliff deposit shows with kmax and kint in the  flow plane. In o ther  words, the  

marked lineation in the  foliation plane. The significance of maximum and in termedia te  dimensions of the  magnet i te  

this i s  not  ent i re ly  clear:  magnet ic  pyrrhotite (Fe7S8) has  crys ta ls  a r e  in the  flow plane which is consis tent  with a flow 

high susceptibil i ty in  the  basal plane and very low suscepti- pat tern .  Lineation in t h e  Copper Cliff deposit  i s  borne out by 

bility a t  r ight angles t o  this plane (parallel  t o  t h e  crystallo- t h e  grouping of kmax di rect ions  and t h e  zonal distribution of 

graphic c-axis). Thus, the  foliation indicates layering of the  both kmin and kint (Fig. 38.38). 

basal planes of F e  S crystals.  The cause  of the  lineation, 7 8 
however, is  unknown. The lower part  of the  komatii t ic 

basal ts  of Smith Island and adjacent  New Quebec also 

contains Fe7S8. The degree of anisotropy is  also fairly high 

a s  shown by thei r  average k /k . The re s t  of t he  rocks max mln' 
l isted conta in  only magnet i te  grains a s  the  predominant 

magnet ic  consti tuent.  A high degree  of anisotropy - 

indicated by a high average kmax/kmin - is observed fo r  the  

samples c u t  from a single plagioclase crys ta l  from an 

anor thosi te  body in the  Grenville province. In this case,  

lineation is relatively well developed a s  evidenced by both 

low kint/kmin and E. The likely explanation is  t h a t  magnet i te  

needles (high shape anisotropy) tend t o  be aligned in one 

These few examples  show t h a t  weak anisotropies due t o  

a slight tendency of alignment of non-equidimensional mag- 

ne t i t e  grains can be de tec t ed .  Various types  of fabr ic  can be 

described and analyzed by computing anisotropy factors  

andlor  plott ing the  directions of the  principal susceptibil i t ies 

with respect  t o  the  geographic co-ordinate.system. The use 

of t he  method should be  considered wherever f ab r i c  studies 

a r e  required fo r  geological in terpre ta t ion if t he re  is no reason 

t o  expec t  t h a t  s i l ica te  f ab r i c  will d i f fer  f rom the  magnet ic  

f ab r i c  and if fabric cannot  be determined in the  field. The 

magnet ic  method is  sensit ive and rapid. 
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New occurrences of twenty-three relatively uncommon minerals were recently discovered and 
a re  described briefly. Four of these minerals occur in British Columbia, one in Alberta and the 
remainder in Ontario and Quebec. For each occurrence, brief descriptions of the mineral, i ts  mode of 
occurrence, the associated minerals and i t s  location a re  given. Included are  occurrences of: ancylite, 
aurichalcite, bakerite, brugnatellite, burbankite, catapleiite, gunningite, hydromagnesite, hydro- 
talcite, hydroxyl-bastnaesite, hydrozincite, kasolite, ludwigite, perovskite, perrierite, phillipsite, 
pseudocubic quartz crystals, pyroaurite, sepiolite, stilpnomelane, tochilinite, uranophane, 
woodruff ite. 

Several new localities of relatively rare mineral species 
were encountered in the course of field investigations in 
Ontario and Quebec during the summer of 1977. These 
occurrences along with some mineral occurrences in Alberta 
and British Columbia a re  described briefly in this report. The 
minerals were identified by X-ray powder diffraction (by 
A.C. Roberts) and supplemented, in some cases by microprobe 
analysis (by A.G. Plant). The specimens a re  now in the 
National Mineral Collection. 

Descriptions of these minerals and their localities 
follow. The National Topographic Series index number 
referring to 1:50 000 map sheets is given for each locality. 

Ancylite SrCe(C03)2(0H).H20 

Burbankite (Na,Ca,Sr,Ba,Ce)c (C03l5 

Catapleiite Na2ZrSi309-2H20 

Phillipsite (Kz,Nan,Ca) (A1zSi4)01zw4-5H20 

These minerals occur sparingly in igneous dykes and sills 
which intrude Ordovician limestone a t  the Miron quarry, 
Jarry Street a t  Papineau Avenue, Montreal (31H112). The 
igneous intrusions a r e  believed t o  be satellite bodies related 
t o  the Monteregian intrusion. Ancylite was also found a t  the  
property of Desmont Mining Corporation, Limited near 
Wilberforce, Ontario (31E/1). 

Figure 49.1. Pseudocubic quartz crystals on botryoidal quartz, Red Deer River valley, 
Alberta. The crystals average 1 mm along the  edge (GSC 203246-A). 
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A t  t h e  Miron quar ry ,  a n c y l i t e  o c c u r s  a s  v i t r e o u s  t o  
g r e a s y ,  g reen ish  brown t o  d a r k  g r e e n ,  f ine ly  granular  and 
p l a t y  a g g r e g a t e s  (2 t o  3 m m  in d i a m e t e r )  in mass ive  w h i t e  
a n a l c i m e  and  in granular  masses  cons is t ing  of c a l c i t e  and 
p o t a s h  fe ldspar .  C r y s t a l s  of n a t r o l i t e  a n d ,  less  commonly ,  of 
b u r b a n k i t e  a r e  a s s o c i a t e d  wi th  t h e  a n c y l i t e .  

The  burbanki te  o c c u p i e s  s m a l l  c a v i t i e s  measur ing  3 t o  
4 m m  in d i a m e t e r  in d o l o m i t e ,  a n a l c i m e ,  n a t r o l i t e ,  a n d  in t h e  
igneous  rock.  It o c c u r s  a s  co lour less ,  w h i t e  o r  reddish ha i r -  
like t o  a c i c u l a r  a g g r e g a t e s  in t h e  c a v i t i e s ,  and  a s  bluish w h i t e  
f ine ly  f l a k y  e n c r u s t a t i o n s  on  na t ro l i t e .  

C a t a p l e i i t e  f o r m s  l ight  b rown,  greenish  brown and  
o r a n g e  l a m e l l a r  and  rad ia t ing  p la ty  a g g r e g a t e s  ( I  t o  2 m m  in 
d i a m e t e r )  in w h i t e  mass ive  po tash  fe ldspar  which o c c u p i e s  
f r a c t u r e  z o n e s  in t h e  igneous rock.  I t s  lus t re  v a r i e s  f r o m  
v i t reous ,  p e a r l y  t o  g r e a s y  and  is  c o m m o n l y  c h a r a c t e r i z e d  by a 
c o p p e r y  ta rn ish .  

Phi l l ips i te  o c c u r s  a s  snow whi te ,  sugary ,  s p o t t y  encrus-  
t a t i o n s  o n  t h e  igneous  rocks.  

T h e  d y k e s  and sills a t  t h i s  q u a r r y  c o n t a i n  a number  of 
o t h e r  minera l s  which genera l ly  occupy vugs and f r a c t u r e  
zones ;  t h e s e  minera l s  a r e  however ,  sparse ly  d i s t r ibu ted .  T h e  
fol lowing h a v e  been observed;  dawsoni te ,  f luor i te ,  
s t r o n t i a n i t e ,  h a r m o t o m e ,  vesuvian i te ,  t i t a n i t e ,  a c m i t e ,  
ch lor i te ,  a n a t a s e ,  s ider i te ,  i lmeni. te ,  q u a r t z ,  p y r i t e ,  
spha le r i te ,  m a g n e t i t e  and  graphi te .  Ancyl i te  a t  t h e  D e s m o n t  
proper ty  n e a r  Wilberforce,  O n t a r i o  is i n t i m a t e l y  in te rgrown 
w i t h  s t i l lwel l i t e  which w a s  r e c e n t l y  r e p o r t e d  f r o m  t h e  depos i t  
(Sabina, 1977). T h e  a n c y l i t e  - s t i l lwel l i t e  i n t e r g r o w t h s  f o r m  
l igh t  b rown v i t reous  masses  in c o a r s e l y  c r y s t a l l i n e  c a l c i t e .  

Hydromagnes i te  M ~ ~ ( C O ~ ) ~ ( O H ) ~ . ~ H Z O  

H y d r o m a g n e s i t e  w a s  iden t i f ied  in s p e c i m e n s  c o l l e c t e d  
f r o m  t h e  P r i n c e s s  s o d a l i t e  q u a r r y  n e a r  Bancrof t ,  O n t a r i o  
(31F/4), a n d  f r o m  a road-cu t  on  t h e  w e s t  s ide  of Highway 148  
a t  a poin t  0.6 k m  south  of Bryson, Q u e b e c  (31F/10). A t  t h e  
Pr incess  q u a r r y ,  i t  o c c u r s  a s  s i lky w h i t e  f ib rous  a g g r e g a t e s  in 
mass ive  n a t r o l i t e  which  is  commonly  a s s o c i a t e d  wi th  soda l i te .  
In t h e  loca l i ty  n e a r  Bryson, h y d r o m a g n e s i t e  f o r m s  si lky w h i t e  
flal<y c o a t i n g s  on  s e r p e n t i n e  and  on  c r y s t a l l i n e  l i m e s t o n e  
which is exposed  by a road-cu t .  Bruc i te ,  pyroaur i te ,  
sza ibe ly i te ,  h y d r o t a l c i t e ,  a p a t i t e ,  spinel ,  a r a g o n i t e ,  m i c a ,  
ch lor i te ,  m a g n e t i t e ,  p y r r h o t i t e  and  s p h a l e r i t e  a r e  a l so  p r e s e n t  
in  t h e  c r y s t a l l i n e  l imes tone .  

H y d r o t a l c i t e  M ~ ~ A I ~ ( C O ~ ) < O H ) I  6 ' 4 H 2 0  

Brugnate l l i t e  ~ ~ 6 ~ e +  3 ( ~ 0 3 ) ! ~ ~ )  1 3 . 4 H 2 0  

H y d r o t a l c i t e  w a s  no ted  in s p e c i m e n s  f r o m  t h r e e  local i-  
t i es :  a road-cu t  on  Highway 1 0 5  n e a r  Maniwaki (31J/5);  rock  
e x p o s u r e s  along t h e  du I ikvre River  a t  t h e  d e s  CGdres d a m  
n e a r  Notre-Dame-du-Laus,  Q u e b e c  (31 2/41; a n d  a ra i lway-cut  
a t  C h a f f e y s  Locks,  O n t a r i o  (31 C/9). A t  e a c h  loca l i ty ,  i t  
o c c u r s  sparingly in c r y s t a l l i n e  l imes tone .  It o c c u r s  a s  
charcoa l -grey ,  g r e a s y  nodules  a s s o c i a t e d  w i t h  chondrodi te ,  
spinel ,  c l inoamphibole ,  s e r p e n t i n e ,  a m b e r  mica ,  p y r i t e  and  
g r a p h i t e  in t h e  c r y s t a l l i n e  l i m e s t o n e  exposed  by a road-cu t  on  
t h e  w e s t  s ide  of Highway 105 a t  a po in t  10.4 k m  s o u t h  of i t s  
junction wi th  Highway 11 7. This  is just n o r t h  of t h e  v i l l age  of 
Maniwaki. In t h e  e x p o s u r e s  a t  d e s  C k d r e s  d a m ,  h y d r o t a l c i t e  
o c c u r s  a s  w h i t e  f l a k y  a g g r e g a t e s  and  a s  waxy w h i t e  nodules  in 
assoc ia t ion  w i t h  c l inohumi te ,  spinel ,  ol ivine,  s e r p e n t i n e ,  
c l inoamphibole ,  i l m e n i t e  and  ru t i l e .  Brugnate l l i t e  f o r m s  
w h i t e  f laky  c o a t i n g s  on c l inohumi te .  

A t  t h e  C h a f f e y s  Locks  o c c u r r e n c e ,  g r e a s y ,  g r e y  nodules  
of h y d r o t a l c i t e  a r e  a s s o c i a t e d  wi th  c l inohumi te ,  spinel ,  
s e r p e n t i n e ,  a p a t i t e ,  c l inopyroxene ,  c l inoamphibole ,  o l iv ine  
a n d  tourmal ine .  

Hydroxy I -bas tnaes i te  ( C e , L a ) C 0 3 ( 0 ~ , F )  

This r a r e  minera l  w a s  original ly descr ibed  in 1964 f r o m  
c a r b o n a t i t e s  of a s t o c k  of a lka l ic  and  u l t r a b a s i c  rocks ,  
p resumably  in Russia (Kirillov, 1964). It w a s  found d u r i n g  t h i s  
inves t iga t ion  in s p e c i m e n s  c o l l e c t e d  f r o m  t h e  p r o p e r l y  of 
D e s m o n t  Mining Corpora t ion ,  L i m i t e d  n e a r  Wi lber force ,  
O n t a r i o  (31 /E/ I ) .  

A t  t h i s  loca l i ty  i t  o c c u r s  a s  brownish yel low t o  d a r k  
brown, waxy t o  res inous  f ine ly  g r a n u l a r  a g g r e g a t e s  in 
c o a r s e l y  c r y s t a l l i n e  c a l c i t e .  Assoc ia ted  w i t h  i t  a r e  s t i l lwel -  
l i t e ,  m o n a z i t e ,  t h o r i a n i t e ,  u r a n o t h o r i t e ,  c l inopyroxene ,  
a n c y l i t e ,  g a r n e t ,  t i t a n i t e ,  pyr i te ,  po tash  f e l d s p a r  a n d  q u a r t z .  
The c a l c i t e  o c c u r s  in ve ins  a n d  lenses  in sugary  d iops ide-  
c a l c i t e  rock  enc losed  in marb le .  

K a s o l i t e  Pb(U02)SiOt+ .H20 

Uranophane  C a ( U 0 2 ) 2 S i 2 O 7 - 6 H 2 0  

K a s o l i t e  and  uranophane  o c c u r  in t r e m o l i t e - b e a r i n g  
diopside m a r b l e  exposed  by a n  open-cu t  on  a r idge  which 
para l le l s  t h e  Gibson Road a t  Tory  Hill, O n t a r i o  (31D/16). T h e  
o c c u r r e n c e  is n o r t h  of M c C u e  L a k e  and a b o u t  1100 m by road  
w e s t  of t h e  junction of t h e  Gibson Road  and Highway 121. 

K a s o l i t e  o c c u r s  a s  br igh t  yel low, waxy,  f ine ly  g r a n u l a r  
i r regular  m a s s e s  in sugary  diopside,  u ranophane  as p a l e  yel low 
t o  l igh t  brownish yel low, waxy,  m a s s i v e  a g g r e g a t e s  a s s o c i a t e d  
wi th  thor ian i te .  C o a r s e  p r i s m a t i c  a n d  b laded  a g g r e g a t e s  of 
whi te ,  g r e y  a n d  l ight  g r e e n  t r e m o l i t e  a r e  c o m m o n  in t h e  
m a r b l e .  T h o r i t e ,  u ran in i te ,  a p a t i t e ,  t a l c ,  p y r i t e  a n d  q u a r t z  
a r e  a l so  p r e s e n t  in t h e  marb le .  

Ludwigi te  M ~ z F ~ + ~ B ~ ~  

Ludwigi te  o c c u r s  in s e r p e n t i n e  m a r b l e  a t  t h e  S t e p h e n  
C r o s s  q u a r r y  n e a r  Wakefield,  Q u e b e c  (31G/12). It o c c u r s  as 
b lack  longitudinally s t r i a t e d  s lender  p r i s m s  c o m m o n l y  
m e a s u r i n g  0.5 c m  long,  a s  a c i c u l a r  a g g r e g a t e s ,  and  a s  f ine ly  
f i b r o u s  a n d  granular  masses .  T h e  l u s t r e  v a r i e s  f r o m  
a d a m a n t i n e  t o  s u b m e t a l l i c  in t h e  c r y s t a l s ,  a n d  f r o m  v e l v e t y ,  
res inous  t o  s u b m e t a l l i c  in t h e  f ib rous  and g r a n u l a r  mass ive  
var ie t ies .  The  s t r e a k  is d a r k  g r e e n .  M a g n e t i t e ,  p y r r h o t i t e ,  
b r u c i t e  and  p y r o a u r i t e  a r e  i n t i m a t e l y  a s s o c i a t e d  w i t h  t h e  
mass ive  v a r i e t y .  Cl inohumi te ,  sp ine l ,  ol ivine,  p y r i t e  a n d  
t o c h i l i n i t e  o c c u r  sparingly in t h e  m a r b l e .  

P e r r i e r i t e  ( C ~ , C ~ , T ~ ) ~ ( M ~ , F ~ ) Z ( T ~ , F ~ + ~ ) ~ S ~ ~ O Z ~  

P e r r i e r i t e  o c c u r s  in c r y s t a l l i n e  l i m e s t o n e  exposed  by a 
shallow open-cut  on t h e  n o r t h e r n  p a r t  of t h e  p r o p e r t y  of 
D e s m o n t  Mining C o r p o r a t i o n ,  L i m i t e d  n e a r  Wi lber force ,  
O n t a r i o  (31E/I) .  It o c c u r s  sparingly a s  reddish brown, 
s t r i a t e d  p l a t e s  f o r m i n g  s m a l l  i r regular  m a s s e s  in t h e  l ime-  
s t o n e .  It r e s e m b l e s  t i t a n i t e  which is a l s o  p r e s e n t  in t h e  
c r y s t a l l i n e  l i m e s t o n e ;  t h e  res inous  lus t re ,  p l a t y  h a b i t  and  
s t r i a t i o n s  dist inguish p e r r i e r i t e  f r o m  t i t a n i t e .  A s s o c i a t e d  
m i n e r a l s  inc lude  chondrodi te ,  a m b e r  m i c a ,  p y r i t e ,  c l i n o a m -  
phibole,  c l inopyroxene ,  t o u r m a l i n e ,  p y r r h o t i t e ,  s p h a l e r i t e ,  
g r a p h i t e  and  molybdeni te .  

P e r r i e r i t e  a l so  o c c u r s  in c r y s t a l l i n e  l i m e s t o n e  which  i s  
exposed  by a road-cu t  on  Highway 6 0  a t  a po in t  2.3 km w e s t  
of Golden L a k e  vi l lage,  O n t a r i o  ( 3 1 F l l l ) .  A t  t h i s  loca l i ty ,  
p e r r i e r i t e  is in t h e  f o r m  of b lack ,  res inous  t o  a d a m a n t i n e  
p l a t e s  which  a r e  less t h a n  I m m  long a n d  a r e  sparse ly  
d i s t r i b u t e d  in t h e  l imes tone .  Chondrodi te ,  m i c a ,  c l inoamphi -  
bole,  s e r p e n t i n e ,  c l inopyroxene ,  a p a t i t e ,  t i t a n i t e ,  g r a p h i t e ,  
ru t i l e ,  p y r r h o t i t e ,  a n d  t o c h i l i n i t e  a r e  a s s o c i a t e d  wi th  
p e r r i e r i t e .  



Figure 49.2 

Woodruffite in botryoidal smith- 
sonite,  Willett Mines Limited 
property,  Lardeau, British 
Columbia. X 10 (GSC 203094-R). 

Pseudocubic Quar t z  Si02 

A n -  occurrence  of pseudocubic quar tz  crys ta ls  was 
brought t o  the  author 's  a t tent ion by Mr. Fred Dorwood, of 
Edmonton, Alberta,  who submitted severa l  specimens for 
identification. They were  col lec ted f rom a locali ty along t h e  
Red Deer  River valley, about  4 miles northwest of 
Drumheller, Alberta (82P/7). The qua r t z  crys ta ls  a r e  
associated with silicified wood which occurs in t h e  Upper 
Cre taceous  Edmonton Formation consisting of sandstone, 
si l tstone, shale,  coal,  and ironstone (Irish, 1967). The 
format ion is exposed extensively along t h e  valley of t he  Red 
Deer River in the  Drumheller a rea .  

Rhombohedral crys ta ls  of qua r t z  resembling cubes and 
referred to  a s  pseudocubic qua r t z  crys ta ls  occur on botryoidal 
qua r t z  which fo rms  masses around a co re  of goethite-bearing 
silicified wood, and occupies fissures in t h e  silicified wood. 
These crys ta ls  resul t  f rom the  development of only one s e t  of 
t h e  rhornbohedral f aces  of normal qua r t z  crystals,  t he  o the r  
rhornbohedral f aces  and t h e  prism faces  being complete ly  
excluded in thei r  development.  The pseudocubes occur singly 
and a s  groups of crys ta ls  in random orientation and a s  
interlocking "cubes" resembling t h e  Greek key symbol. The 
individual crys ta ls  measure on the  average,  1 mm along the  
edge. Their surfaces  a r e  smooth with a f ros ty  appearance;  
t h e  broken crys ta ls  reveal t he  interior t o  be  colourless, 
t ransparent ,  vitreous with a conchoidal f rac ture .  The 
rhombohedra a r e  character ized by sharp  edges  and t h e  
corners  a r e  unmodified by other  rhornbohedral faces.  They 
appear  t o  have developed f rom the  botryoidal qua r t z ;  some 
rhombohedra project only partially f rom the  botryoidal 
qua r t z ,  and a r e  character ized by rounded edges and finely 
botryoidal surfaces.  

Other  crys ta l  forms of quar tz  occur  on the  botryoidal 
quar tz .  Included a r e  (a) colourless t ransparent  prisms (about 
I mm in diameter)  terminated a t  one or both ends  by 

rhombohedral f aces  but  lacking t ransverse  s t r ia t ions  on the  
prism faces ,  and (b) rhombohedral p la tes  s tacked to  form 
narrow columns measuring about 1 c m  by 2 mm. These 
rhombohedral p la tes  a r e  commonly curved and have cloudy t o  
f ros ty  surfaces.  

The botryoidal qua r t z  is  translucent,  colourless, white 
or  grey with some  inky blue areas ,  t h e  blue colour possibly 
due t o  iron; some  of t h e  globular fo rms  resemble ammonites.  
The surface  of t he  botryoidal qua r t z  is generally smooth but 
in some areas ,  has  a rough appearance due t o  a profusion of 
protruding rhombohedral faces  resembling normal qua r t z  
crys ta l  terminat ions  but with edges  t h a t  a r e  generally 
rounded. 

The X-ray powder pa t t e rn  of e a c h  of these  var ie t ies  of 
qua r t z  is t h a t  of low-quartz. Occurrences  of pseudocubic 
qua r t z  crys ta ls  a r e  rare. One notable  occurrence  is in 
Artesia,  New Mexico where  these  crys ta ls  occur  with 
pr ismat ic  crys ta ls  and with doubly terminated crys ta ls  
resembling hexagonal pyramids. The New Mexican pseudo- 
cubic crys ta ls  differ f rom the  Red Deer River crys ta ls  in t h a t  
they a r e  larger  (up t o  I c m  across) and a r e  commonly 
modified by a rhombohedral f a c e  a t  t he  corners (Tarr and 
Lonsdale, 1929). Crysta ls  averaging 0.5 mm along t h e  edge  
have been repor ted  f rom locali t ies in Germany(Witteborg, 
1933). 

Pyroaur i te  M ~ ~ F ~ ~ + ~ ( C O ~ ) ( O H ) ~  6 - 4 H 2 0  

Nodules of colourless t o  grey t rans lucent  pyroaurite a r e  
associated with greenish yellow serpent ine  in magnesite- 
dolomite o re  a t  t he  Canadian Refractor ies  Limited property 
in Kilmar, Quebec (31G/15). The nodules measure up t o  
0.5 c m  in d iameter .  Associated with t h e  pyroaurite are :  
brucite,  clinopyroxene, talc,  phlogopite, spinel, t i tani te ,  
pyrite,  graphi te  and sphalerite.  



Sepiolite MgbSi6015(OH)2~6H20 calcite.  Sepiolite is white, silky t o  waxy, and scaly,  craggy or 

Bakerite Ca4B4(8O4)(SiO4)3(0H)3 pulverulent. In some pockets, bar i te  is admixed with 
sepiolite. Silky, finely flaky white t a l c  is commonly 

Bakerite occurs sparingly with sepioli te in massive associated with sep io l i t e ,  and clinoamphibole, amber  mica  
diopside-bearing ca l c i t e  at the  North Showing of Canadian and colourless qua r t z  occur  in t h e  calcite.  
All-Metals Explorations Limited property ngar Tory Hill, The diopside-rich calc i te  occurs in a si l icated marble Ontar io  (31D/16). Bakerite is colourless, t ransparent ,  zone enclosed in  a complex of quartzite, paragneiss and vitreous,  massive, and f o r m s  irregular masses measuring 1 t o  granite gneiss. Other minerals occurring in  the marble are: 2 mm across on calc i te ;  r a re  tabular and squat prismatic uraninite,  thorianite,  be taf i te ,  zircon, pyrite,  magnet i te ,  have in some of the massive bakerite' graphite and The deposit was explored in 1955 fo r  
These measure to 0a5 long' The bakerite radioactive mineralization by an adit open-cuts. 
generally occurs a t  t h e  edges  of sepiolite-filled pockets in 

Figure 49.3. Tochilinite-bearing bands in serpentine marble,  Stephen Cross  quarry,  Wakefield, Quebec. The bands a r e  
composed of disseminated and nodular tochilinite with minor pyrrhotite,  pyrite,  pyroaurite and perovskite, 
Actual width of banded zone is  7 t o  7.5 c m  (GSC 203247-A). 
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Stilpnomelane K ( F ~ , + ~ , F ~ , + ~ A I ) ~  oSi1203 o(OH)12 

Sti lpnomelane was  found in specimens col lec ted  f rom a n  
inact ive  soapstone quarry located 1.6 km northwest of St-  
Pierre-de-Broughton, Quebec (31L16). It occurs  a s  dark green 
and dark brown radiating, foliated,  and randomly oriented 
p la tes  in coarsely granular quartz-plagioclase aggregates.  
The individual p la tes  measure  2 t o  3 mm in d iameter .  In 
some  specimens, t he  p la tes  form bands in t h e  rock. Talc is  
commonly associated with t he  st i lpnomelane.  Other  minerals 
present  in t h e  deposit a r e :  magnesite,  dolomite ,  chlorite,  
pyrite,  galena,  magnet i te ,  chromite ,  goethi te ,  and qua r t z  
crys ta ls .  

Tochilinite 6Feo.sS*5(Mg,Fe)(OH)z 

Perovski te  CaTiOs 

Tochilinite was originally repor ted  a s  a n  unnamed 
mineral  in 1969 f rom t h e  Muskox Intrusion in t h e  Northwest 
Terr i tor ies  and described a s  a new mineral  species in 1971 
f rom serpent in i te  in a copper-nickel deposit ,  Voronezh region, 
U.S.S.R.; i t  was  also repor ted  f rom Cornwall, England, f rom 
Morgantown, Pennsylvania, and f rom t h e  Dumont Nickel 
Corpora t ion  property near  Amos, Quebec  (Jambor ,  1976). 
This investigation has yielded four new occurrences:  a t  t h e  
Maxwell quarry and t h e  Stephen Cross quarry  near  Wakefield, 
Quebec  (31G112) and in road-cuts near  Douglas, Ontar io  
(31 F/IO) and near Golden Lake, Ontar io  (31F/ l  I). 

A t  t h e  Maxwell and Stephen Cross quarries,  which were  
former ly  mined for bruci te  by t h e  Aluminum Company of 
Canada,  i t  occurs fairly abundantly in serpent ine  marble 
which is enclosed in syeni te  and rnonzonite. Perovskite is 
a l so  found in t h e  marble. Tochilinite occurs  sparingly in 
crys ta l l ine  l imestone exposed by road-cuts on Highway 60 a t  
points 2 k m  northwest of i t s  junction with County Road 5 
near  Douglas, Ontar io  and 2.3 km west of Golden Lake 
vil lage,  Ontario,, 

A t  t h e  Stephen Cross  and Maxwell quarries,  tochil inite 
is  black and generally with a greasy  lustre,  but may a lso  be  
sooty,  ve lvety ,  submeta l l ic  or bronzy. It occurs  as: coat ings  
which partly or complete ly  surround nodules of bruci te ,  grey  
serpent ine ,  and white,  grey  and pink pyroaurite;  irregular 
ve in le ts  in serpent ine  nodules; unevenly distributed f ine  
disseminations in c a l c i t e  and in serpent ine ;  irregular f inely 
granular masses replacing massive serpent ine ;  nodules 
measuring up t o  2 mm in d i ame te r  and composed of layers  of 
f ine  flakes;  fibrous aggregates  replacing fibrous ca l c i t e ;  f laky 
aggrega te s  in which the  f lakes  a r e  jagged and flexible. The 
granular  and nodular tochil inite commonly form conspicuous 
bands in t h e  serpent ine  marble. Perovskite,  a s  black 
adaman t ine  anhedra l  grains,  is a relatively r a r e  accessory  
mineral .  More common minerals associated with tochil inite 
a r e  pyrrhot i te ,  pyrite,  magnet i te ,  apa t i t e ,  spinel, vesuvianite,  
hydromagnesite,  ga lena  and graphite.  

A t  t h e  occurrence  near  Douglas, Ontario,  tochi l in i te  is  
in t imate ly  associa ted  with serpent ine  producing greasy  black, 
very  finely granular smear-l ike patches  in crys ta l l ine  l ime- 
s tone .  Magnet i te  is associa ted  with t h e  serpentine-tochil inite 
aggregates .  Other  minerals occurring in t h e  crys ta l l ine  
l imestone  include pyrrhot i te ,  i lmenite,  amber  mica,  clino- 
humite ,  spinel, cl inopyroxene, clinoamphibole, apa t i t e ,  
chlor i te ,  and molybdenite. Hydrotalcite occurs  a s  white 
coat ings  on spinel and on clinohumite.  

A t  t h e  Golden Lake  locali ty,  tochil inite f o r m s  micro- 
scopic  dendr i t ic  coat ings  composed of thin black p la tes  with 
t h e  cha rac t e r i s t i c  bronze lustre. It occurs  sparingly in 
crys ta l l ine  l imestone with chondrodite,  mica ,  clinoamphibole, 
serpent ine ,  cl inopyroxene, ruti le,  apa t i t e ,  t i t an i t e ,  graphi te ,  
pyrrhot i te ,  and perr ier i te .  

Woodruffi te (~n,ivln+~)i.bln3 " 0 7 . 1 - 2 ~ 2 0  

Aurichalcite ( Z ~ , C U ) ~ ( C ~ ~ ) Z ( O H ) ~  

Cunningite (Zn,Mn)SOb * H z 0  

Hydrozincite Zn5(C03)2(OH)6 

These minerals a r e  associated with srnithsonite which 
occurs  in t h e  silver-lead z inc  deposit  (Moonshine claims) 
former ly  (1954-1957) worked by Willett  Mines Limited near  
Lardeau, British Columbia ( 8 2 ~ 1 2 ) .  The o r e  mineralization 
consists of ga lena  and sphaler i te  with minor chalcopyr i te  and 
q u a r t z  in f r a c t u r e  zones  in Lower Cambrian  crys ta l l ine  
l imestone  (Fyles, 1964). The workings consist  of adits ,  a 
sha f t  and trenches.  Specimens f rom t h e  deposit  we re  
col lec ted  by Mr. Allan Ingleson of Calgary,  Alberta.  

The specimens examined consist  of masses of 
crys ta l l ine  srnithsonite capped by radia t ing  fibrous 
srnithsonite producing botryoidal surfaces.  The  mineral  is  
g rey  with a v i t reous  lustre.  Woodruffi te and aur ichalc i te  
occur  in t he  srnithsonite,  and gunningite and hydrozincite 
f o r m  patchy encrus ta t ions  on it. Cunningite occurs  a s  white,  
ear thy ,  crumbly aggregates ,  hydrozincite a s  white,  compac t ,  
powdery, and finely botryoidal crusts.  Gunningite a l so  fo rms  
c rus t s  on woodruffi te.  Aurichalcite,  as light blue flaky 
aggregates ,  is associa ted  with t h e  fibrous smithsonite.  
Orange t o  brown pulverulent goe th i t e  occurs  in srnithsonite. 

The woodruff i te  is black with a l u s t r e  t h a t  var ies  f rom 
sooty  t o  velvety,  greasy  and submetall ic.  I t  occurs  in 
smi thsoni te  occupying spaces  be tween  t h e  f ibrous  c a p  and t h e  
crys ta l l ine  aggregates ,  and admixed with crys ta l l ine  massive 
smithsonite.  Beneath t h e  fibrous cap,  which is I t o  2 mm 
thick,  woodruffi te occurs  a s  paper-thin, concen t r i c  layers 
forming spheres  and hemispheres conforming t o  t he  
botryoidal c a p  of srnithsonite. The layers  a r e  smooth ,  f inely 
botryoidal or crinkly and friable,  and commonly  have open 
spaces  between t h e  layers.  Woodruffite also occurs  a s  
randomly or iented  thin p la tes  and scales,  and a s  finely 
granular agg rega te s  admixed with and occupying pockets in 
crys ta l l ine  agg rega te s  of smithsonite.  
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Henderson, John B., Age and origin o f  the gold-bearing shear zones at Yellowknife, Northwest 
Territories; Current Research, Part A,  Geol. Surv. Can., Paper 78-1A,p. 259-262, 1978. 

Major gold deposits at Yellowknife occur in shear zones in a thick sequence of 
predominantly mafic volcanic flows at the western margin of an Archean basin in Slave 
Province. The shear zones are restricted to  the lower mafic part of the volcanic pile, are 
earlier than an unconformity at the base of overlying sedimentary rocks, and are probably about 
the same age as dacite porphyry dykes that may be the subvolcanic conduit system t o  a felsic 
centre in the upper part of the volcanic pile. 

Previous workers have concluded that the shear zones occur along thrust faults and were 
related to folding of supracrustal rocks associated with the intrusion of granodiorite plutons. It 
is suggested here that the shear zones resulted from movement along large gravitational slides 
during the accumulation of the volcanic pile. These zones were then folded along with the 
enclosing volcanic rocks. These synvolcanic structures could have provided zones for transport 
of fumarolic material and aqueous solutions. This probably accounts for extensive alteration 
along the zones and the localization of Au deposits within the zones. 

The major gold deposits a t  Yellowknife a r e  in shear  
zones  in a thick sequence of predominantly mafic,  massive 
and pillowed volcanic flows a t  t h e  western  margin of a n  
Archean basin in t h e  southern Slave Province. 

At Yellowknife the  Yellowknife Supergroup s t ra t igraphy 
(Henderson, 1970) is displayed across  a major north trending 
ver t ica l  isoclinal syncline which is offse t  by a ser ies  of 
sinistral  f au l t s  (Fig. 50.1). The thick volcanic pile, t he  Kam 
Formation, is unconformably overlain by conglomerates  and 
shallow wa te r  sandstones of t h e  Jackson Lake Formation. 
The Banting Formation felsic volcanic tuffs,  breccias,  and 
minor folds have been shown by Baragar (1975) t o  con- 
formably overlie t h e  Jackson Lake sandstones. In t h e  basin t o  
t h e  e a s t  t h e  very much thinner maf i c  volcanic flows t h a t  a r e  
thought t o  b e  corre la t ive  with t h e  Kam Formation a r e  
conformably overlain by a thick sequence of greywacke- 
mudstone turbidites,  t h e  Burwash Formation, which in turn  is 
conformably overlain by similarly much thinner Banting fe ls ic  
volcanics. The Banting is conformably overlain by more  
greywacke mudstone turbidites in t h e  c o r e  of t h e  syncline. 

The geology and s t ruc tu re  of t he  Kam volcanics have 
been described in detail  by Henderson and Brown (1966) and 
t h a t  of t he  shear zones by Campbell  (1949), Brown and 
Dadson (1953) and Brown e t  al .  (1959). Boyle (1961) has  
described the  geology and geochemistry of t h e  gold deposits. 
The following description of t h e  shear  zones is based on thei r  
work. 

The shear zones consist of two  types. Simple, narrow 
zones  parallel  t o  t h e  a t t i t ude  of t h e  flows occur in t h r e e  
dis t inct  sys tems and a r e  commonly associated with tuffa-  
ceous  units within t h e  volcanic pile. The much larger  
discordant s t ruc tu res  occur  in severa l  s epa ra t e  sys tems and 
conta in  t h e  economic gold deposits. Individual shear  zones  
within the  sys tems range f rom dis t inct  breccias  with well- 
preserved c l a s t s  up t o  15 c m  to  schis t  zones in which t h e  
original na tu re  of t he  rocks is lost. In some  cases  the re  is a 
gradation f rom breccia t o  schist. The con tac t  between 
relatively undeformed country rock and the  shear zone is 
commonly gradational.  The shear  zones,  particularly t h e  
larger  discordant zones, a r e  very complex. They consist  of an  
interlacing network of sheared mater ia l  separa ted by blocks 
of only weakly deformed volcanics. The larges t  sys tem,  the  
Giant-Campbell, is  up t o  400 m wide, and consists of severa l  
shear  zones  separa ted by l i t t l e  deformed blocks. The ore-  

bodies occur  as narrow discontinuous bodies within t h e  shear 
zones and a r e  localized near  t h e  noses of unsheared blocks 
where t h e  deformation has  been particularly in tense  and 
complex and di la tant  zones a r e  available fo r  qua r t z  vein 
accumulation. 

The flows f a c e  southeas ter ly  and a r e  ver t ica l  or  dip 
steeply t o  t h e  southeast .  The discordant shear  zones 
in tersect  t he  s t r ike  of t he  flows a t  a moderate  angle in t h e  
southern or stratigraphically higher pa r t  of t he  section, but 
a r e  more  parallel in t h e  northern or lower par t  of t h e  
formation. In general  t he  shear  zones dip t o  t h e  west  
between 40" and 60" although some  par ts  of t h e  sys tem dip 
eas t  and indeed appear t o  be  folded in to  a complex syncline- 
ant ic l ine  pair  (Brown and Dadson, 1953; Brown e t  al., 1959). 
Shear planes within t h e  shear  zones  have  a similar s t r ike  but  
a generally s t eepe r  dip than t h e  zones  themselves.  Movement 
on t h e  zones, where  i t  can  be  demonstra ted ,  i s  west  side up. 
This corresponds t o  t h e  sense  indicated by c leavage relations 
in most  zones. Campbell  (1949) determined a 350 m 
displacement on t h e  Con sys tem,  Boyle (1961) measured a 
200 m displacement on p a r t  of t h e  Negus Rycon sys tem,  and 
Brown e t  al. (1959) repor t  movement  of over 450 m on pa r t  
of t h e  Giant Campbell  system. 

As f a r  a s  the  origin of t hese  s t ruc tu res  is concerned, 
most authors  have concluded t h a t  t he  s t ruc tu res  a r e  t h e  locus 
of a thrus t  faul t  system and t h a t  t h e  faulting was re la ted  t o  
the  folding of the  supracrustal  rocks and intrusion of t h e  
granodiorite plutons t h a t  l ie t o  t h e  west  (Campbell ,  1949; 
Brown and Dadson, 1953; Boyle, 1961; Henderson and Brown, 
1966). There  seems  t o  be  l i t t l e  doubt t h a t  t h e  shear sys tems 
involve some  displacement.  However, another  possibility 
should b e  considered regarding t h e  t i m e  and sense  of 
displacement.  It is  suggested t h a t  init ial  movement  took 
place  during t h e  accumulation of t h e  Yellowknife supra- 
crus ta l  rocks, before  they were  folded in to  thei r  present 
configuration, and t h a t  t h e  d isplacement  was  normal ra ther  
than reverse ,  although the re  would have been l a t e r  movement  
on these  s t ructura l ly  weaker zones during the  subsequent 
deformation and intrusive events.  

Supporting this conclusion, t he  following should be  
considered. The shear zones occur  only within t h e  maf ic  
volcanic pile. The apparent  displacement of marker horizons 
in the  volcanic sequence (Henderson and Brown, 1966) along 
t h e  Giant-Campbell  shear zone (Fig. 50.1B) does  not extend 
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Figure 50.1 A- General geology of the Yellowknife area. 

8- General geology of the Yellowknife area with 
displacement on the late faults replaced 

260 showing location of major shear zones. 

Checkered unit in the Karn Formation is a felsic 
volcanic marker horizon that shows the apparent 
displacement on the Giant-Campbell shear zone. 
Note that the unconformable contact between the 
Kam and overlying Jackson Lake Formation is not 
displaced along the shear zone. 
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Towards sedimentary basin 

C. ROTATED SECTION S E C T I O N  

Figure 50.2 Diagrammatic  plan and sect ions  showing movement and relationship of shear 
zones (af ter  Boyle (1961)) 
A Plan 
B Section 
C Rotated Section, flows rota ted  in to  horizontal position. 

in to  the  overlying sediments.  On the  Prosperous Lake map 
(scale I inch = I mile) of Joll iffe (1946) t h e  c o n t a c t  between 
t h e  Kam and Jackson Lake format ions  is not o f f se t  where  t h e  
shear  zones (not plotted on Jolliffe's map) would in tersect  t h e  
con tac t .  Thus the movement on the  shear zones  is older than 
the  unconformity. In this regard the  relationship between t h e  
shear  zones  and a s e t  of felsic porphyry dykes is of in teres t .  
In t h e  north-central  p a r t  of t h e  maf ic  volcanic Kam 
Formation the re  is an  extensive  network of anastornosing 
cross-cutting daci te  porphyry dykes t h a t  may represent  t h e  
subvolcanic conduit sys tem to  a felsic centre .  According t o  
Henderson and Brown (1966), t he  porphyry bodies a r e  also 
t runcated a t  t he  unconformity between t h e  Kam and t h e  
overlying Jackson Lake volcanic l i thic sandstones. Thus t h e  
ext rus ive  par t  of t he  centre ,  if i t  existed,  was  eroded prior t o  
deposition of t h e  Jackson Lake sandstones which a r e  clearly 
derived f rom a felsic volcanic source  (Henderson, 1975). The 
relationship between these  porphyries and the  major shear 
zones  is equivocal as t h e  porphyries both c u t  and a r e  c u t  by 
t h e  shear  zones (Henderson and Brown, 1966). An interpre- 
ta t ion of this is t h a t  initial shear zone movement was  
contemporaneous with t h e  emplacement  of t h e  dyke complex 
(and possibly felsic volcanism?) with the  shear zones cut t ing 
ear l ier  dykes and being c u t  by l a t e r  dykes, but  with 
everything being t runcated a t  t h e  unconformity. 

Since t h e  Banting fe ls ic  volcanics, t h e  Burwash grey- 
wackes  and the  equivalent of t he  Kam mafic  volcanics on t h e  
e a s t  limb of the  s t ruc tu re  a r e  all  conformable  (Henderson, 
1970) and t h e  Banting volcanics and Jackson Lake sandstones 
on the  western l imb a r e  also conformable (Baragar,  1975), t h e  
f i r s t  movement  on t h e  shear  zone occurred possibly during 
t h e  accumulation of the  Kam mafic  volcanics and cer ta in ly  
before  the  deposition of t h e  Jackson Lake sandstones. 

I t  is suggested t h a t  t he  movement was caused by 
gravi ta t ional  slides due t o  t h e  instability of t h e  main volcanic 
pile. Earliest  movement was on t h e  concordant zones  
associated with tuff beds (Boyle, 1961; Henderson and Brown, 
1966). The water-sa tura ted tuff beds may have ac t ed  a s  
planes of weakness along which the  early movement would 
s t a r t .  Later movement was generally on the  discordant west-  
dipping slip surfaces  (Fig. 50.2). Movement on t h e  shear  

zones a s  presently oriented has  been shown t o  be  west side up 
(Campbell, 1949; Boyle, 1961). If t h e  flows a r e  ro ta ted  into a 
horizontal  position about  t h e  more  or  less horizontal  synclinal 
axis in Yellowknife Bay, t h e  shear  zones  become  a ser ies  of 
planes dipping moderate ly  southeas tward along which blocks 
of volcanics could have slipped downward towards t h e  
adjacent  basin to  the  e a s t  (Fig. 50.2). An example  of this so r t  
of collapse was  repor ted  by van Bemmelen ,(1954) where  p a r t  
of t h e  cone of t h e  r ecen t  Merapi volcano in cen t r a l  Java ,  
including t h e  c r a t e r  and pa r t  of t h e  underlying conduit ,  a n  
a r e a  18 km long and up t o  10 km wide made up of severa l  
sliding masses, slumped in to  an  adjacent  valley lowering t h e  
original 3300 m height of t he  volcano over 300 m, and 
init iating renewed eruption of t h e  volcano. Similarly, Moore 
(1966) has  in terpre ted t h e  e a s t  r i f t  zone  of Kilauea volcano 
on the  island of Hawaii a s  being due t o  gravi ty  sl ides t h a t  a r e  
st i l l  moving. 

The slip surfaces  of these  s t ruc tu res  a t  Yellowknife 
would provide a conduit ,  cer ta in ly  for  me teo r i c  wa te r s  
downward in to  t h e  volcanic pile and, if volcanism was s t i l l  
ac t ive  a s  seems  most  likely, could have provided a s i t e  for  
t h e  passage of fumarolic mater ia l  upward. Both processes 
would great ly  speed up the  a l tera t ion and devitrif ication of 
t h e  volcanic flows in the  vicinity of t h e  movement surfaces.  
This ear ly  a l tera t ion could explain t h e  width of t h e  present  
shear  zones and t h e  diffuse na tu re  of thei r  c o n t a c t  with t h e  
volcanics. The a l t e red  zones would b e  a zone of weakness 
along which l a t e r  movement  during folding of the  supra- 
crus ta l  rocks could t ake  place. If t h e  or ienta t ion of t h e  zone 
was  at an  angle  t o  t h e  direction of l a t e r  movement the  zone 
itself could have been folded due t o  shearing associated with 
this la ter  movement.  The folded a spec t  of t h e  shear zones in 
t h e  Giant Yellowknife mine is c lear ly  i l lustrated by Brown et 
al .  (1959) although they f e l t  t he  format ion and apparent  
deformation of t h e  zones was concurrent.  

Boyle (1961) has  suggested t h a t  t h e  gold and associated 
mineralization in t h e  deposits in t h e  shear  zones were  derived 
ent i re ly  f rom the  a l t e red  volcanics in t h e  shear zones  during 
metamorphism of t h e  volcanic rocks. The ear ly  format ion of 
t h e  shears  and thei r  a l tera t ion,  together  with the  much 
g rea te r  volume of wa te r  available in t h e  shear  zones at t h a t  



t ime,  would provide an  eas ier  mechanism for  t h e  mobilization 
of t h e  re levant  elements.  In a r ecen t  study by Kerrich et al. 
(1977) i t  was  suggested t h e  deposits  a r e  hydrothermal  in 
origin on t h e  basis of t h e  reduced na tu re  of t h e  iron in t h e  
shear  zones. Like Boyle, they believe t h e  shear ing and 
mineralization took place  during folding and metamorphism 
of t h e  pile. Their model requires a large  volume of wa te r  and 
a t empera tu re  gradient.  If t h e  process took place  more  o r  
less contemporaneously with volcanism t h e  fo rmer  would be  
more  readily available,  and t h e  l a t t e r ,  depending on t h e  
composition of t h e  volcanic gases, unnecessary. 
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Copper deposits and occurrences in the north shore region of Lake Huron ( 4 1  1, J ,  K ,  N/1, 
2) vary immensely in their types, regional settings, ages and lithologies of host rocks, size and 
form, associated metals, mineralogy, and degree, of deformation and metamorphism. Brief 
descriptions of some deposits and of the various deposit types are presented and preliminary 
explanations are offered for some of the metallogenic patterns. 

Introduction 

The north shore region of Lake Huron has  a long and 
colourful mining history dat ing from prehistoric t imes.  The 
discovery, in 1846, of copper a t  Bruce Mines and i t s  
subsequent development by t h e  Montreal Mining Company, 
heralded t h e  beginning of Ontario's immense mineral industry. 
W.E. Logan (quoted in Hornick, 1975), t hen  Provincial  
Geologist, surveyed the  a r e a  in 1849 and reported t h a t  "In no 
par t  of t he  country visited, from the  vicinity of Sault  
Ste .  Marie t o  Shebawenchning (190 km (120 mi) eas t )  was any 
g rea t  a r e a  wholly des t i t u t e  of cupriferous veins and i t  would 
appear  singular if a region extending over a space  between 
1000 and 2000 square miles (2560 and 5120 km2) ,  and so mar- 
ked by indication, did not in the  course of t ime  yield many 
valuable results". In 1864, t h e  discovery of the  Sudbury ores  
during building of t h e  Canadian Pacific Railway, focussed 
prospecting a t tent ion on Sudbury and t h e  a r e a  nor theas t  of 
Lake Huron. By the  early 1900's several copper occurrences  
were  known in the  Massey a rea ,  two of which became  t h e  
Massey and Hermina Mines. Prospecting and mining act iv i ty  
has  continued thoughout t h e  region during this century  
although of ten  sporadically. Since t h e  1950's most ac t iv i ty  
has been on uranium and exploration for  copper has  declined. 
The copper occurrences of t h e  north shore region a r e  
nevertheless numerous and varied, and warrent  fur ther  study 
as new sources of copper a r e  sought. 

The purpose of this study is t o  examine and document  
copper occurrences in a region defined geographically by 
National Topographic Sheets (N.T.S.) 41 I, J ,  K and N/1, 2 
with t h e  a im of elucidating the  metallogenic history and t o  
del imi te  a r e a s  t h a t  warrant  fur ther  exploration. The impor- 
t a n t  nickel-copper deposits of t h e  Sudbury Nickel Irruptive 
will not be  emphasized. Field work was init iated in t h e  
summer of 1977, during which t ime  104 deposits and 
occurrences  were  examined. A regional overview was 
obtained and samples were  collected fo r  petrographic,  
mineralogical and chemical  analyses; these  d a t a  will s e rve  a s  
a basis for followup work in t h e  summer of 1978. 

The author is gra teful  t o  R.V. Kirkham of t h e  
Geological Survey of Canada for  suggesting and helping in t h e  
planning of this project  and to D. Innes, Ontar io  Division of 
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Geologist, E.J. Leahy and G. Bennett  of t h e  Ontar io  Division 
of Mines in Sault  Ste.  Marie for their  invaluable ass is tance  
during the  summer's field work. Thanks a r e  also extended t o  
t h e  many local residents,  prospectors,  and industry and 
government geologists, who f reely  gave  information and 
services  and much enjoyed hospitality. R.V. Kirkham 
reviewed the  manuscript and offered many helpful 
suggestions. 
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Figure 51.1 Location of study a r e a  and major tec tonic  
e l emen t s  there in  (modified a f t e r  Card e t  al., 
1972). 

Regional Geological Set t ing 

The project  a r e a  is underlain predominantly by Protero- 
zoic  supracrus ta l  rocks of t h e  Southern Province, in 
par t icular  t h e  Rphebian Huronian Supergroup of t h e  Penokean 
Fold Belt and Cobal t  Embayment and t h e  Keweenawan 
volcanic and c l a s t i c  sedimentary  rocks of Helikian a g e  of t h e  
Lake Superior Basin. To t h e  north t h e  Southern Province 
rocks unconformably overlie Archean granitic,  metavolcanic,  
and metasedimentary  rocks of t h e  Superior Province whereas  
t o  t h e  east, t h e  Penokean Fold Belt and rocks of t h e  Cobal t  
Embayment  a r e  t runcated by t h e  Grenville Front  t h a t  marks 
t h e  abrupt  transit ion t o  t h e  highly deformed and metamor-  
phosed rocks of t h e  Grenville Province. To t h e  south t h e  
Huronian s t r a t a  a r e  unconformably overlain by lower 
Paleozoic rocks. In t h e  Saul t  Ste.  Marie a r e a  sedimentary  
s t r a t a  of Hadryniad?)  a g e  (3acobsville Formation) unconfor- 
mably overlie Helikian, Aphebian, and older rocks (Card et 
al., 1972, Fig. 51.1). 
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Figure 51.2 Typical anastomosing quartz-carbonate- 
chalcopyrite-pyrite-specularite vein. Highway 
17 about 40 km west of Iron Bridge (GSC Photo 
202516E by R.V. Kirkham). 

Numerous maf ic  sills and dykes have been emplaced in 
t h e  Southern Province and adjacent  areas.  The most 
extensive  of t hese  a r e  t h e  Nipissing Diabase intrusions t h a t  
have been radiometrically da ted  a t  2150 m.y. (Van Schmus, 
1965). Grani te  forms much of t h e  Superior Province and is 
exposed as inliers within t h e  Southern Province; g ran i t e  i s  
considered t o  form much of the  basement  beneath  t h e  
Proterozoic  supracrustal  rocks (Card et al., 1972). Protero-  
zoic  grani t ic  plutons a r e  present  in the  more  strongly 
deformed and metamorphosed Sudbury-Espanola segmen t  of 
t h e  Penokean Fold Belt. 

The major deformation within the  Southern Province is 
younger than t h a t  of t h e  Superior Province (2550 m.y.1 but 
older than t h a t  of t he  Grenville Province (1000 m.y.1 
(Stockwell, 1972). Structural  d a t a  indicates t h a t  major 
folding began prior t o  the  intrusion of the  Nipissing Diabase 
(2150 m.y.) (Card et al., 19721, but exac t  t iming of orogenic 
events  within t h e  Southern Province remains  a subject  of 
controversy. The Huronian rocks of t h e  Saul t  Ste .  Marie- 
Elliot Lake segment  of t h e  Penokean Fold Belt  a r e  mode- 
ra te ly  t o  l i t t l e  deformed in con t ra s t  t o  t h e  more  strongly 
deformed rocks of t h e  Sudbury-Espanola segment.  

Geology of t h e  Copper Deposits 

Copper occurrences a r e  highly varied in na tu re  and a r e  
present within a wide spect rum of geological s e t t i ngs  ranging 
f rom Archean granites to  Paleozoic sediments.  The deposits 
examined have been tenta t ively  classified a s  follows: 

I )  veins, 
2) con tac t  metasomat ic  deposits, 
3 )  copper-nickel deposits in maf ic  and ul t ramafic  
intrusions, 

4) "sedimentary" copper deposits, 
5) volcanogenic massive sulphides and s t r inger  zones, 
and 
6) porphyry deposits. 

Table 51.1 lists representa t ive  examples  of each  deposit  
type. 

Veins 

Vein deposits a r e  ubiquitous throughout t h e  study a rea  
and these  const i tu te  t h e  most common mode of copper 
occurrence ,  particularly in t h e  Sault  Ste.  Marie-Elliot Lake 
area .  The vein deposits a r e  of two major morphological 
types: I )  simple veins t h a t  consist  of one or  more  relatively 
large  (of t h e  order of 1-3 m (3-10 f t )  wide) qua r t z  o r  quar tz-  
carbonate  veins; and 2) vein swarms consisting of one or  more  
zones of small, subparallel, highly vuggy qua r t z  and quar tz-  
ca rbona te  veins (Fig. 51.21, many with quar tz-carbonate  
cemen ted  breccia containing silicified f ragments .  The 
former  character is t ica l ly  c u t  Nipissing Diabase whereas  t h e  
l a t t e r  typically occur in faul t  zones cut t ing Huronian sedi- 
mentary  rocks, notably the  Gowganda Formation, and 
Keweenawan volcanic and sedimentary rocks. Veins within 
the  Gowganda Formation, a t  many locali t ies,  a r e  close to or 
c u t  t h e  hemat i t ic  arkose  members.  

Table 51.1 : Representa t ive  examples of major deposit  types 

1. Veins 

a )  Chalcopyrite-pyrite? specularite:  Bruce Mines, Hy- 
Tower Mines, Crownbridge, Destorada, Bilton Option, 
Glagoma Mine, Bi-Ore Mine; specularite-rich: Gould 
Copper Mine, Mickey Copper Mine; 

b) Polymetallic: i) Zn-Pb-Ag-Cu: Jardun Mines; 
ii) Pb-Ag-Cu: P r a c e  Mine; 

iii) Bornite-chalcocite-native copper: 
Coppercorp Mine; Begley (?); 

iv) Cu-Co ? Bi ? U ? Ni: Burden Lake, 
Gimby; 

c )  Au-bearing veins: McMillan Mine, Majestic Mine, 
Shakespeare Mine; 

d) Deformed and metamorphosed vein deposits: 
Alexander Mine, Spanish River Mine, Shakespeare 
Township (Noranda), Massey Mine; Springer Mine. 

2. Contac t  Metasornatic 

a )  Skarns: Two-Horse Lake, Cobden River,  Har t  
Township, Foster Township, Emerald Lake (?I; 
b) Non-skarns: Sudbury Ski a rea ,  Desbarats  Lake. 

3. Cu-Ni in maf i c  and ul t ramafic  intrusions: 

a )  In Nipissing Diabase: numerous in McKirn Township, 
Shakespeare Township (Falconbridge). 

b) In maf ic  and ul t ramafic  intrusions younger than 
Nipissing Diabase: East  Bull Lake, Mongowin Pluton. 

4. "Sedimentary copper deposits: Desbarats,  S tag Lake, 
Birch Island. 

5. Volcanogenic massive sulphides and s t r inger  zones: 

a )  In Archean volcanic rocks: Stralak, Lake Geneva 
Mine; 

b) In Huronian volcanic rocks: Denison and Graham 
Townships, Pa te r  Mine (?I; 
C) Sulphide fac ies  iron formation: East  Pecors, 
Highway 108. 



6. Porphyry  deposits :  Jogran  Porphyry ,  Tr ibag  b r e c c i a s  ( E a s t  
and  Bre ton  Breccias)  Nys ted t  (?). 

On t h e  basis of o r e  minera logy  and m e t a l  c o n t e n t s ,  t h e  
ve ins  a r e  of f o u r  major types:  

I) Chalcopyr i te -pyr i te  (or p y r r h o t i t e )  ? s p e c u l a r i t e -  
bear ing  veins with minor prec ious  m e t a l s ;  

2) Polymeta l l i c  veins of t h r e e  main  types:  Zn-Pb-Ag- 
Cu,  Pb-Ag-Cu, and C u - C o  * U + Ni; 

3) Bornite-chalcocite-native copper -bear ing  veins;  and 

4)  Au-bearing arsenopyrite-pyrite-quartz veins  w i t h  
minor cha lcopyr i te .  

T h e  cha lcopyr i te -pyr i te  f specular i te -bear ing  ve ins  a r e  
t h e  mos t  c o m m o n  type ;  s p e c u l a r i t e  is par t icu la r ly  a b u n d a n t  in 
o c c u r r e n c e s  wi th in  Gould Township. P o l y m e t a l l i c  veins,  
spa t ia l ly  a s s o c i a t e d  wi th  m a f i c  in t rus ions ,  a r e  m o s t  p r e v a l e n t  
wi th in  t h e  Superior  Province  n e a r  S a u l t  S t e .  M a r i e  w h e r e a s  
a u r i f e r o u s  veins a r e  found mainly in t h e  Espanola  a r e a  a n d  
a r e  r a r e  t o  t h e  wes t .  Bornite-chalcocite-native c o p p e r -  
bear ing  ve ins  a r e  principal ly conf ined  t o  f a u l t  z o n e s  c u t t i n g  
K e w e e n a w a n  rocks.  

T h e  depos i t s  of t h e  Massey Copper  Zone ( R o b e r t s o n ,  
1976), t h a t  typ ica l ly  cons is t  of q u a r t z  f c a r b o n a t e - c h a l c o -  
p y r i t e - p y r r h o t i t e  ? p y r i t e ,  h a v e  undergone  p e n e t r a t i v e  d e f o r -  
m a t i o n  and reg iona l  m e t a m o r p h i s m .  S e v e r a l  of t h e  q u a r t z -  
c a r b o n a t e - c h a l c o p y r i t e - p y r i t e  ' s p e c u l a r i t e  o c c u r r e n c e s  in 
t h e  Iron Bridge a r e a  a r e  possibly u n m e t a m o r p h o s e d  equiva-  
l e n t s  (e.g. Bilton Opt ion  and Bar-Fin). The  a b u n d a n c e  of 
p y r r h o t i t e  in  t h e  Massey Zone a s  c o m p a r e d  t o  i t s  r a r i t y  in  t h e  
l i t t l e  d e f o r m e d  depos i t s  t o  t h e  w e s t ,  s u g g e s t s  t h a t  t h i s  
minera l  i s  p robably  a p r o d u c t  of m e t a m o r p h i s m .  

A t  Begley,  l o c a t e d  42 k m  (26 miles)  n o r t h  of S a u l t  
S t e .  Mar ie ,  a l a r g e  q u a r t z  ve in  s y s t e m  c u t s  A r c h e a n  g r a n i t e  
a n d  cons is t s  of many s t a g e s  of q u a r t z  veining. The  propor t ion  
of sulphide-bearing (born i te ,  c h a l c o p y r i t e  and  c h a l c o c i t e )  
ve ins  is  s m a l l  in re la t ion  t o  t h e  vein s y s t e m  a s  a whole,  
sugges t ing  t h a t  only p a r t  of t h e  vein s y s t e m  c a r r i e d  c o p p e r .  
T h e  ve ins  m a y  b e  g e n e t i c a l l y  r e l a t e d  t o  a m a f i c  d y k e  t h a t  
c u t s  t h e  g r a n i t e  n e a r  t h e  vein s y s t e m .  

C o n t a c t  M e t a s o m a t i c  Depos i t s  

C o n t a c t  m e t a s o m a t i c  depos i t s  a r e  genera l ly  s m a l l  and  
e r r a t i c ,  and  a r e  deve loped  in Huronian s e d i m e n t a r y  r o c k s  
t h e r m a l l y  m e t a m o r p h o s e d  by Nipissing Diabase  intrusions.  
Skarns  h a v e  b e e n  f o r m e d  wi th in  l imesones  of t h e  Espanola  
F o r m a t i o n  w h e r e a s  o c c u r r e n c e s  f o r m e d  wi th in  non-ca lcareous  
s e d i m e n t a r y  r o c k s  l a c k  t h e  c a l c s i l i c a t e  a s s e m b l a g e s  t y p i c a l  
of skarn  depos i t s .  

Skarns  a r e  typ ica l ly  m a g n e t i t e - r i c h  and s e v e r a l  w e r e  
explored  pr imar i ly  a s  i ron prospec ts .  A t  C o b d e n  R i v e r ,  
l o c a t e d  11 k m  (6.9 mi)  n o r t h  of Iron Bridge,  c h a l c o p y r i t e  
o c c u r s  p r e f e r e n t i a l l y  in t h e  c o a r s e  gra ined  c h l o r i t e - r i c h  
por t ions  of s k a r n s  r a t h e r  t h a n  wi th in  t h e  m a g n e t i t e - r i c h  
layers.  In F o s t e r  Township,  a n  unusual  tungs ten-bear ing  
idocrase-diopside-garnet skarn  c o n t a i n s  l a r g e  s t o c k w o r k s  of 
q u a r t z  ve ins  and  i r regular  bodies  of p y r r h o t i t e ,  p y r i t e ,  
s c h e e l i t e ,  a n d  c h a l c o p y r i t e  t h a t  r e p l a c e  s k a r n  a p p r o x i m a t e l y  
para l le l  t o  bedding (Card ,  1968a). T h e  d is t r ibu t ion  of s k a r n  
depos i t s  i s  cont ro l led  by t h e  e x t e n t  of t h e  Espanola  
F o r m a t i o n  s i n c e  i t  is t h e  only s ign i f ican t  l imes tone-bear ing  
m e m b e r  of t h e  Huronian Supergroup.  

C o n t a c t  m e t a s o m a t i c  depos i t s  in non-ca lcareous  sed i -  
m e n t s  o c c u r  th roughout  t h e  s t u d y  a r e a .  O n e  k i l o m e t r e  
(0.6 mi)  n o r t h w e s t  of D e s b a r a t s  L a k e  c h a l c o p y r i t e  and p y r i t e  
o c c u r  as d issemina t ions  and in  q u a r t z  ve in le t s  in  q u a r t z i t e  of 
t h e  Lorra in  F o r m a t i o n  a long  i t s  c o n t a c t  w i t h  a Nipissing 
Diabase  dyke.  Radioac t iv i ty ,  up t o  500 t i m e s  background,  i s  
p r e s e n t  local ly.  O n e  of t h e  b e s t  exposed  and  m o s t  e x t e n s i v e  

depos i t s  of t h i s  t y p e  i s  l o c a t e d  in Sudbury i m m e d i a t e l y  w e s t  
of t h e  Sudbury Ski a r e a  (D. Innes,  pers .  comm. ,  1977). T h e r e ,  
c o n t a c t  m e t a m o r p h o s e d  Mississagi q u a r t z i t e  a d j a c e n t  t o  
Nipissing g a b b r o  c o n t a i n s  smal l  l enses  and  d issemina t ions  of 
p y r r h o t i t e  and  c h a l c o p y r i t e  o v e r  a s t r i k e  l e n g t h  of s e v e r a l  
hundred m e t r e s .  The  wid th  of t h e  su lphide  z o n e  is  highly 
v a r i a b l e  b u t  in p l a c e s  i t  is  up t o  5 m (16 f t )  wide.  The  
q u a r t z i t e  is  s t rongly  d e f o r m e d  n e a r  t h e  c o n t a c t .  Sudbury- 
t y p e  b r e c c i a  i s  widespread  t h r o u g h o u t  t h e  q u a r t z i t e  b u t  t h e r e  
is  no  s p a t i a l  re la t ionsh ip  of m i n e r a l i z a t i o n  t o  t h e  brecc ias .  

Copper-nickel  Depos i t s  in M a f i c  and  U l t r a m a f i c  In t rus ions  

Copper -n icke l  o c c u r r e n c e s  in g a b b r o i c  in t rus ions  of 
Nipissing Diabase  a r e  a b u n d a n t  in t h e  Sudbury a r e a ,  n o t a b l y  
McKim Township (13. Innes, pers .  comm. ,  1977). T h e  sulphide 
z o n e s  a r e  typ ica l ly  pod- o r  lense-l ike a n d  c o n t a i n  p y r r h o t i t e ,  
p e n t l a n d i t e ,  c h a l c o p y r i t e ,  p y r i t e ,  a n d  local ly a r s e n o p y r i t e  and  
gersdor f f i t e .  Blue q u a r t z  of u n c e r t a i n  or ig in  is  c o m m o n l y  
a s s o c i a t e d  wi th  t h e  su lphides  (D. Innes, pers .  comm. ,  1977). 
T h e  z o n e s  o c c u r  typ ica l ly  a long  t h e  m a r g i n s  of gabbro ic  
i n t r u s ~ o n s  t h a t  c o n t a i n  f r a g m e n t s  of wall  rock ,  however ,  
minera l iza t ion  is  n o t  s p a t i a l l y - r e l a t e d  t o  t h e  xenoli ths.  T h e  
o c c u r r e n c e s  h a v e  c o m m o n l y  b e e n  d e f o r m e d  and  t h e  sulphides 
red is t r ibu ted .  T h e  p r e s e n c e ,  however ,  of round a n d  in p l a c e s  
teardrop-shaped  sulphide b lebs  (D. Innes, pers .  comm. ,  1977) 
in less  d e f o r m e d  d e p o s i t s  i n d i c a t e s  a probable  m a g m a t i c  
origin in  t h e  sulphides ( N a l d r e t t ,  1969). O n e  of t h e  l a r g e s t  
known depos i t s  in Nipissing Diabase ,  t h e  S h a k e s p e a r e  
(Fa lconbr idge)  p r o s p e c t  l o c a t e d  1.2 k m  (0.75 mi)  n o r t h  of 
Agnew L a k e ,  is  e s t i m a t e d  t o  c o n t a i n  2.7-3.6 mil l ion t o n s  (3-4 
million tons)  g rad ing  0.34% Ni and  0.40% C u  (Shklanka,  1969, 
p. 264). 

Copper -n icke l  depos i t s  a r e  a l s o  found wi th in  younger 
m a f i c  and  u l t r a m a f i c  intrusions.  T h e  Mongowin P lu ton ,  a 
smal l  c o m p o s i t e  plug d a t e d  a t  1770 m.y. ( C a r d ,  1968b), 
c o n t a i n s  p a t c h e s  a n d  d issemina t ions  of p y r r h o t i t e ,  c h a l c o -  
p y r i t e ,  p e n t l a n d i t e ,  a n d  minor  p y r i t e  in  t h e  p e r i d o t i t e  por t ion  
of t h e  p lu ton ,  n e a r  t h e  n o r t h e a s t  a n d  t o  a lesser  e x t e n t ,  
s o u t h e r n  c o n t a c t s  w i t h  h o r n f e l s i c  G o w g a n d a  s e d i m e n t a r y  
rocks  (Card ,  1968a ,  b). C a r d  (1968b) s u g g e s t e d  t h a t  t h e  
su lphides  w e r e  possibly d e r i v e d  by a l t e r a t i o n  of s i l i c a t e  
m i n e r a l s  conta in ing  c o p p e r  a n d  n icke l  in solid solut ion.  Smal l  
o c c u r r e n c e s  h a v e  been  r e p o r t e d  (Shklanka,  1969,  p. 86) in t h e  
E a s t  Bull L a k e  gabbro-anor thos i te  c o m p l e x  of probable  
Huronian a g e  (D. Innes, pers .  comm. ,  1977). 

"Sedimentary"  Copper  Depos i t s  

A "sed imentary"  c o p p e r  d e p o s i t  is h e r e  d e f i n e d  a s  a 
c o n c o r d a n t  o r  p e n e c o n c o r d a n t  d e p o s i t ,  h o s t e d  wi th in  sed i -  
m e n t a r y  rocks ,  w h o s e  or ig in  i s  p robably  r e l a t e d  t o  sed imen-  
t a r y  p r o c e s s e s  (cf .  Ki rkham,  1974). 

S ign i f ican t  o c c u r r e n c e s  wi th in  t h e  Huronian Supergroup  
a p p e a r  t o  b e  r e s t r i c t e d  t o  t h e  Lorra in  F o r m a t i o n .  A t  
D e s b a r a t s ,  d i ssemina t ions ,  b lebs ,  a n d  r a r e  ve ins  of cha lco-  
p y r i t e  and  p y r i t e  o c c u r  wi th in  sl ightly r a d i o a c t i v e ,  h e m a t i t i c  
f e l d s p a t h i c  q u a r t z i t e  t h a t  i s  over la in  by g r e e n  r e c e s s i v e  
a r g i l l i t e  (Gower,  1956) and  under la in  by essen t ia l ly  b a r r e n ,  
pink q u a r t z i t e .  All un i t s  a r e  p a r t  of t h e  Lorra in  F o r m a t i o n .  
T h e  r o c k s  h a v e  been  fo lded  i n t o  a n  open  a n t i c l i n e  w h o s e  fold 
ax is  p lunges  at a low a n g l e  t o  t h e  w e s t .  The  m i n e r a l i z a t i o n  i s  
s p o r a d i c  and  g e n e r a l l y  of low g r a d e  and  a p p e a r s  t o  b e  la rge ly  
c o n f i n e d  t o  t h e  f e l d s p a t h i c  q u a r t z i t e  i m m e d i a t e l y  b e n e a t h  
t h e  a rg i l l i t e .  T h e  b e s t  showings  o c c u r  n e a r  t h e  h inge  of t h i s  
a n t i c l i n e  sugges t ing  t h a t  t h e  c o n c e n t r a t i o n  of su lphides  m i g h t  
h a v e  s o m e  s t r u c t u r a l  c o n t r o l .  

A t  S t a g  Lake ,  n o r t h  of Ell iot  L a k e ,  low g r a d e  disse-  
m i n a t e d  c h a l c o p y r i t e ,  p y r i t e ,  a n d  minor  c h a l c o c i t e  o c c u r  
wi th in  pink Lorra in  q u a r t z i t e  o v e r  a s t r i k e  l e n g t h  of approxi -  
m a t e l y  3.2 k m  (2 mi)  (Suther land ,  1965). T h e  q u a r t z i t e  is  
o v e r l a i n  by t h e  p r e d o m i n a n t l y  a rg i l laceous  Gordon L a k e  



Volcanogenic Massive Sulphides and Stringer 
Zones - 

This ca tegory is very broad and includes 
copper occurrences  within Archean greenstone 
belts,  Archean sulphide f ac i e s  iron format ion,  and 
those  in Huronian volcanic rocks. 

Stratabound volcanogenic massive sulphide 
deposits a r e  common within Archean greenstone 
bel ts  north of Sudbury, notably t h e  Benny Belt 
(Card and Innes, 1976). There,  deposits occur  
typically a t  mafic-felsic meta-volcanic con tac t s  
and contain massive lenses or disseminations of 
pyrrhotite,  pyr i te  with subordinate chalcopyr i te  
and sphalerite.  Several locali t ies also contain 
important  lead and silver.  At the  Lake Geneva 
Mine a n  irregular,  tabular,  massive sulphide body 
containing sphalerite,  galena, si lver,  pyrite,  and 
minor pyrrhotite and chalcopyr i te  occurs  in highly 
metamorphosed and deformed fe ls ic  and maf i c  
pyroclastic and metasedimentary  rocks c u t  by 
numerous grani t ic  and maf i c  dykes (Card and 
Innes, 1976). The sulphide body is  approximately 

Figure 51.3 Proterozoic/Palcozoic unconformity with local, disseminated 200 m (700 f t )  long, bp t o  3 m (10 ft) wide and 
chalcopyrite and pyrite in sandy, dolomite-filled depressions extends  t o  a depth of about  300 m (1000 f t )  (1bid.1. 
in barren Lorrain quar tz i te .  Highway 68, 0.8 km eas t  of During the  period 1941-1944, 73 108 tonnes 
Lewis Lake (GSC Photo 202516F). (80 588 tons) of o r e  containing 9.21% Zn and 

3.34% Pb and some  silver were  produced. 
Formation t h a t  contains some  gypsum and anhydr i te  nodules Reserves of 103 400 tonnes (114 000 tons) averaging 10% Zn 
 irkha ham, 1974). Small amounts  of chalcopyr i te  and pyr i te  and 3% Pb, 21 800 tonnes  (24 000 tons) averaging 8% 
a r e  present  within t h e  argil l i te unit a s  disseminations in combined meta ls ,  and 29 000 tonnes  (32 000 tons) averaging 
coarse  grained tops of thin graded beds, in sandstone lenses, 6% combined me ta l s  have been repor ted  (Shklanka, 1969). 
and in sandstone matr ices  of intraformational breccias.  

Copper-bearing sulphide f ac i e s  iron format ion occurs  in 
Although lithologically the  two deposi-,.-. a r e  somewhat  Archean metasediments  but  i s  included he re  because  of i t s  

similar,  stratigraphically t h e  Desbarats occurrence  is in t h e  suspected gene t i c  relationship t o  volcanism (Goodwin, 1973). 
lower part  of t he  Lorrain Formation whereas t h a t  of S tag  Pyrrhotite,  pyr i te ,  and minor chalcopyr i te  occur  typically a s  
Lake is a t  t h e  top. The deposits, therefore ,  represent  two  disseminations and veins within carbonaceous quartz-rich 
distinct sedimentary  units. metasediments.  A well exposed and readily accessible but 

Two field localities mentioned by (pers, comm., lean example  t h a t  is considered t o  be iron format ion (Giblin 

1977) and examined with R.V. Kirkham were  found t o  contain e t  al.9 1977) is  present  On l o8  immediately south  

probable sedimentary  copper occurrences  within Paleozoic the Lake Airport road' 
l ocks  at or near  t h e  ~ r o t e r ' o z o i c / ~ a l e o z o i c  unconformity. On 
Highway 68, 0.8 km (0.5 mi) e a s t  of Lewis Lake, disseminated 
chalcopyrite and pyr i te  occur  within Ordovician(?) dolomite 
at this unconformity (Fig. 51.3). The sulphides a r e  of l imi ted  
e x t e n t  and a r e  confined t o  small, sandy, dolomite-filled 
depressions and in f r ac tu res  in the  uppermost Lorrain 
qua r t z i t e  along t h e  unconformity; negligible sulphides occur  
in the  overlying s t r a t a  or in the  underlying quar tz i te .  

Under the  wharf a t  Moredolphton Warehouse and 
Landing in the  community of Birch Island t r aces  of chalcopy- 
r i t e  were  found in a highly pyrit ic lower Paleozoic qua r t z  
sandstone just above t h e  unconformity. No significant 
radioactivity was noted, however t h e  beds outcrop along t h e  
shore  of Lake Huron, thus any uranium t h a t  may have been 
present could have been readily leached out.  Rusty qua r t z  

*'sandstone beds, within a red bed sequence, a r e  exposed along 
t h e  west shore  of McGregor Bay, 0.8 km (0.5 mi) t o  t h e  east. 
However,  i t  is not known whether these  beds a r e  s t r a t ig ra -  
phically equivalent t o  the  pyrit ic ones. 

According to  Kirkham (pers. comm., 1977) these  two  
locali t ies,  t h e  l a t t e r  in particular,  have many fea tu res  in 
common with the  s t ra t i form uranium-copper occurrences  in 
lower Paleozoic rocks of t h e  Ot t awa  a r e a  (Charbonneau et 
al., 1975). This, coupled with the  f a c t  t h a t  lower Paleozoic 
rocks in t h e  northern Manitoulin Island a r e a  a r e  highly 
diachronous adjacent  t o  old Lorrain qua r t z i t e  hills having 
considerable paleotopographic relief,  suggests t h a t  t h e r e  
could b e  significant fac ies  changes t h a t  warrant  exploration. 

In t h e  Huronian Stobie  Formation extensive sulphide- 
rich units occur  within pel i t ic  in ter f low metasediments.  The  
zones a r e  generally less than 3 m (10 f t )  thick but  t hese  have 
been t raced along s t r ike  fo r  some  25 km (15 mi) f rom Denison 
t o  Graham Townships (Card et al., 1977; Innes, 1972). 
Pyrrhotite,  pyrite,  and chalcopyr i te  occur  a s  disseminations, 
f rac ture-f i l l~ngs ,  and s t r a t i fo rm layers  with chalcopyr i te  
most abundant in t h e  "stirredf1 flow top portions of t h e  
metavolcanic-metasedimentary cycles  (Card e t  al., 1977; 
Innes, 1972). 

The Pa te r  Mine, located 0.4 km (0.25 mi) e a s t  of 
Spragge, i s  hosted in maf ic  metavolcanic  rocks of t h e  Spragge 
Group . t h a t  a r e  considered corre la t ive  t o  Huronian volcanic 
rocks in t h e  Sudbury-Espanola a r e a  (Robertson, 1970). The 
o r e  zone t rends  east-west,  dips 80' t o  85' south,  and was  
mined t o  t h e  2900 foo t  (884 m) level with l a t e ra l  workings 
extending t o  1300 f e e t  (396 m). Average width of t h e  zone 
was  2.7 m (9 f t )  (Robertson, 1970). The o r e  i s  strongly 
deformed and commonly resembles  a "conglomerate" con- 
sisting of s ca t t e red  round qua r t z  blebs surrounded by pyrrho- 
t i t e  and lesser chalcopyr i te  (Robertson, 1970). The origin of 
t h e  deposit  is uncertain,  but i t  may represent  a strongly 
deformed and metamorphosed volcanic massive sulphide 
deposit with associated qua r t z  s t r inger  zones.  



Porphyry Deposits A t  the  Nystedt prospect,  located 17 km (I1  mi) north of 

A porphyry deposit, as defined by K i r k h a m  (1972) is a Sault  Ste. Marie, stockworks of qua r t z  veins containing 

"large, low- t o  medium-grade deposit in which the hypogene pyrite, chalcopyrite, and/or  specularite cut deformed 

sulphides are pr imar i ly  s t ructural ly  controlled and which is syenitic to monzonitic phases within t h e  Gros Cap  Batholith 

spatially and genetically related t o  fe ls ic  or  intermediate age' The s~ecular i te-bear ing veins appear to 

porphyrit ic intrusions". The Batchawana a r e a  breccia pipes, Occur peripherally c h a l c O ~ ~ r i t e - ~ ~ r i t e  areas. A 

the Jogran porphyry, and possibly the N~~~~~~ prospect trending diabase dyke swarm cu t s  these  rocks, however the re  

satisfy this definition. is no evidence t o  suggest t h a t  t h e  mineralization is spatially 
re la ted  to  diabase. Thus this occurrence  may be  an Archean 

In the  Batchawana a rea  five breccia  pipes have been porphyry copper deposit ,  although the  abundant specular i te ,  
identified,  known as  t h e  Breton, East ,  West, South, and lack of molybdenite, and the  very e r r a t i c  na tu re  of t he  
Palmer  Breccias, t h a t  a r e  of probable Keweenawan age  mineralization would be unusual for this deposit  type. 
(Blecha, 1974; Armbrust, 1969). The f i r s t  four breccias  occur  
in a c lus ter  near t h e  north con tac t  of t h e  Archean greenstone 
bel t  with Archean grani te  whereas t h e  l a t t e r  is  present within 'OWer Metallogeny 

t h e  centra l  part  of this bel t  4.8 km (3 mi) southwest of the  Preliminary observations and conclusions a r e  a s  follows: 
Breton Breccia (Blecha, 1974). The breccias a r e  composed of 
f r a g m e n t s '  of granlte,  diabase, maf ic  metavolcanics,  and 1) Nipissing Diabase intrusions afford an excel-  

f e l s i t e  s e t  in a predominantly quar tz-calc i te  matr ix  tha t  lent opportunity t o  study metallogenic varia- 

contains pyrrhotite,  pyrite,  chalcopyrite,  minor molybdenite, t ions in rocks emplaced over a relatively 

sphaler i te ,  galena, and r a re  scheelite,  wolframite,  st ibnite,  res t r ic ted  period of geological t ime. These 

and native copper (Blecha, 1974; Armbrust,  1969) (Fig. 51.4). rocks a r e  well-dated, volumetrically impor- 

Quar tz ,  ser ic i te ,  and kaolinite, considered to  have formed by t a n t  throughout t h e  s tudy a rea ,  and t h e  

hydrothermal a l tera t ion of breccia f ragments  (Armbrust,  copper occurrences  re la ted  t o  them exhibit  

1969), a r e  abundant near highly mineralized a reas  in the  sys t ema t i c  regional variations. For example,  

Breton Breccia. Blecha (1974) e s t ima ted  t h a t  t h e  East Ni-Cu occurrences  in Nipissing Diabase, so  

Breccia contains about 114 million tonnes (125 million tons) abundant in  the  Sudbury a rea ,  a r e  r a re  to  the  

grading about  0.13% C u  and 0.03 t o  0.05% MoS2, and t h a t  t h e  west of Espanola. Chalcopyrite-pyrite- 

Breton Breccia,  prior t o  production, contained about  36 bearing quar tz-carbonate  veins, re la ted  t o  

million tonnes (40 million tons) averaging about 0.2% Cu. Nipissing Diabase, predominate  in t h e  Saul t  
Ste .  Marie-Elliot Lake a r e a  whereas polyme- 
tall ic veins a r e  common near Sault  
Ste .  Marie, but minor elsewhere (Card and 
Pat terson,  1973). 

2) Volcanogenic massive sulphide deposits 
hosted in Archean metavolcanic  rocks a r e  
commonly polymetall ic Zn-Pb-Cu-Ag-Au, 
whereas those within Huronian volcanic rocks 
contain mainly iron-copper. This deposit t ype  
is unknown in Keweenawan rocks. 

3) Known porphyry copper  deposits, excep t  one 
questionable occurrence ,  a r e  re la ted  solely t o  
t h e  Keweenawan r i f t  sys t em and plutonism, 
an  unusual environment for this deposit type  
(Kirkham, 1973); 

4) "Sedimentaryt '  copper deposits in the  
Huronian Supergroup a r e  confined t o  rocks of 
t h e  Lorrain Formation, which a r e  t h e  oldest  
host rocks in Canada known t o  contain this 
t ype  of mineralization (Kirkham, 1974). The 
absence of such deposits in the  underlying 
format ions  is probably rea l  ra ther  than appa- 

Figure 51.4 Typical breccia  with quartz-carbonate-sulphide matrix.  rent .  The Lorrain Format ion was deposited,  
Underground, Breton pipe, Tribag Mine (CSC Photo  202516C a t  leas t  in par t ,  in a tropical,  fluvial or 
by R.V. Kirkham). l i t tora l  environment,  in t h e  presence of an  

Blecha (1974) considers t h a t  t he  pipes represent  
collapse breccias t h a t  formed as  a result  of withdrawal of a 
deep-seated pulsating magma of fe ls ic  composition. 

The Jogran Porphyry is an  a l t e red  quartz-feldspar 
porphyry plug, 180 m (600 f t )  in d iameter ,  of probable 
Keweenawan a g e  (Giblin, 1966; Blecha, 1974) t h a t  in t rudes  
Archean mafic  metavolcanic rocl<s. The porphyry contains 
low-grade, uniformly disseminated grains and fracture-fi l l ings 
of pyrite and chalcopyrite with minor molybdenite and r a re  
galena. Par ts  of t h e  porphyry a r e  variably a l tered t o  ser ic i te ,  
chlor i te ,  carbonate ,  and epidote.  Veins of probable hydro- 
thermal  bioti te occur  in t h e  surrounding metavolcanics.  A 
porphyry similar t o  t h a t  of Jogran was  in tersected during 
deep diamond drilling of t h e  Breton Breccia (Blecha, 1974). 

oxygenated a tmosphere  in con t ra s t  t o  t h e  
anoxic a tmosphere  and vigorous, possibly 
glacial  regime t h a t  probably prevailed prior 
t o  i t s  deposition (Card et al., 1972; Roscoe, 
1973). 

Conclusions 

Copper deposits in the  study a r e a  vary great ly  in their  
se t t ings ,  ages ,  and lithologies of host rocks, s ize  and form,  
associated meta ls ,  mineralogy, deg ree  of deformation and 
metamorphism, and distribution in space.  Further research 
will concen t ra t e  on be t t e r  defining t h e s e  metallogenic varia- 
tions, on explaining why such variations exist ,  and t o  see if 
they can be utilized to  define a reas  favourable for  
exploration. 
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Abstract 
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Geol. Surv. Can., Paper 78-1A, p. 269-274, 1978. 

A number of different kinds o f  uranium mineralization, investigated during 1977 in British 
Columbia, Northwest Territories, Ontario and the Maritime Provinces, are described briefly. In the 
southern part of the Canadian Cordillera sandstone-type deposits in the Beaverdell area, exhibit 
geological features analogous to those of deposits being developed in the adjacent part of the United 
States Cordillera. Areas containing Proterozoic sediments in the Churchill Structural Province, the 
Yathkyed Lake Basin and Amer Lake area, District o f  Keewatin, are the subjects o f  intensive 
exploration. Among the areas with potential uranium resources in Ontario, in addition to  the existing 
uranium mining districts, are those containing uranium mineralization in metamorphosed, Huronian(?), 
sediments; in the environments o f  carbonate-alkaline complexes; and, Archean sedimentary-volcanic 
assemblages, such as the Kirkland Lake - Larder Lake belt. The Appalachian orogenic belt contains 
geological environments favourable for orthomagmatic-anatectic, volcanogenic, sandstone and vein- 
type uranium deposits. 

Introduction 

During 1977 the  Geological  Survey of Canada 
par t ic ipa ted  in federa l  energy research and development 
activ. i t ies through two  major programs: 

1. t he  Federal-Provincial  Uranium Reconnaissance 
Program (U.R.P.); and 

2. t h e  Uranium Resource  Evaluation Program 
(U.R.E.P.) 

The tasks of t he  Federal-Provincial  Uranium 
Reconnaissance Program were  outlined by Darnley (1976). 
The Uranium Resource Evaluation Program continued in a r e a s  
studied in t h e  previous years  (E.M.R., 1977) and in new a r e a s  
favourable  fo r  uranium mineralization (Fig. 52.1). Severa l  
repor ts  on these  studies a r e  included in th is  volume. 

The author conducted field work in t he  following areas :  

A. Southern Canadian Cordil lera (with R.T. Bell and 
S.S. Candhi); 

0. Yathkyed Lake Basin and adjacent  a r e a  of the  
Ennadai Fold Belt ;  

C. Churchil l  a r e a  of t h e  Wollaston Lake  Fold Belt; 

D. Amer  Lake; 

E. Superior,  Southern and Grenville s t ruc tura l  
provinces of Ontario;  and, 

F. Appalachian region (with H.E. ~ u n s m o r e ) .  

This paper summarizes  t h e  results  of f ield work in t h e  
a r e a s  noted above and repor ts  on current  labora tory  and 
off ice  work in uranium and thorium investigations. 

A. Southern  Canadian  Cordil lera 
(with R.T. Bell and S.S. Candhi) 

At  present no uranium is produced in t he  Canadian 
Cordil lera;  however in t he  adjacent  northern pa r t  of t he  
Cordil lera of the  United S t a t e s  the  Midnite Mine has 
produced about  8 million pounds of U3O8 in o re s  averaging 
0.23 per c e n t  U s 0 8  during 14 years  of operation (Nash and 
Lehrman,  1975). Several  o ther  uranium occurrences  a r e  
known in both the  American and Canadian Cordil lera 
(Fig. 52.2). 

A =  southern  Canadian  Cordil lera;  

B= Yathkyed Lake Basin and adjacent  a r e a  of t h e  Ennadai 
Fold Belt; 

C =  Churchil l  a r e a  of t h e  Wollaston Lake  Fold Belt ;  

D= Amer  Lake  a rea ;  

E= P a r t s  of the  Superior,  Southern and Grenville St ructura l  
Provinces i n  Ontar io ;  

F= Appalachian Region. 

Figure 52.1. Areas  studied by the  Uranium Resource 
Evaluation Sect ion  in 1977. Areas  reported on 
in this repor t  a r e  shown by coarse  stippled 
pat tern .  



British Columbia  

I = Zeballos a r ea ;  
2 = Horsefly River;  
3 = Lempriere  a r ea ;  
4 = Bridge River a r ea ;  
5 = Clinton; 
6 = R a f t  Batholi th;  
7 = Joseph Creek;  
8 = Birch Island a r e a  

(Rexspar);  
9 = Texas Creek  (Index); 

10 = Lytton a rea ;  
11 = Armstrong; 
12 = Harrison Lake; 
13  = Spar; 
14 = Bugaboo Creek ;  
1 5  = Bullock Mine; 
16 = Anne t t e  - Slide; 
17 = Hope a rea ;  
18 = A.M. Claims; 
19  = Hedley Lake; 
2 0  = Kelowna area ;  
21  = White Lake Basin; 
22  = Allandale Lake; 
2 3  = Fuki - Donen; 
24  = Boundary Exploration; 
2 5  = Marmuph Cla ims;  
26  = Lucky - Bill - Tag; 
27 = Gibson Creek ;  
2 8  = Genell  a r ea ;  
2 9  = Lost C r e e k  Area; 
30  = Cameron  - Jenkins  I ;  
31 = Cameron - Jenkins  2; 

A lbe r t a  

32 = Jasper  Park;  
33 = Burnt Timber  Creek  a rea ;  

Washington 

34 = Midnite Mine; 
35 = Sherwood Mine. 

Figure 52.2. Uranium occurrences  in t he  southern par t  of t he  Canadian Cordil lera and the  northern pa r t  of t he  U.S. Cordil lera.  

Uranium occurrences  t h a t  have been explored in t he  
southern Canadian Cordil lera can  be classified into t he  
following general  .types: 

(a) sandstone; 

(b) or thomagmat ic-anatec t ic  

Sandstone-type deposits  

Sandstone-type deposits  a r e  presently being explored in 
t h e  Beaverdell  a r ea ,  British Columbia (Christopher and 
Kalnins, 1977; Bell, 1977). Here,  uranium mineralization,  
mainly au tun i t e  and/or meta-autuni te  (ibid.) occurs  in 
Ter t iary  c l a s t i c  sediments  t h a t  unconformably overlie o the r  
metamorphic  rocks  of t he  Monachee Group and intrusive 
rocks of t h e  Nelson, Valhalla and Coryell  complexes.  Here  
and the re  uranium-bearing sediments  are ,  in turn,  overlain by 
p la teau lavas. A dis t inc t ive  f ea tu re  observed locally on t h e  
older rocks (e.g. Valhalla (?) intrusives) is a regoli th up t o  
severa l  me t r e s  thick accompanied by extens ive  kaolinization. 
The grani t ic  rocks show locally anomalous radioactivity1.  

The Early Ter t iary  volcanics and sedimentary  rocks of 
t h e  Marron and Ke t t l e  River format ions  in t h e  s a m e  a r e a  a r e  
a lso  anomalously radioactive,  locally more  than 10 t imes  
background (e.g. near  Rock Creek  TVlA readings were: T1 = 
600 cpm, T 3  = 80 cpm). F ragmen t s  of these  volcanics a r e  a 
common component of t h e  uranium-bearing sediments.  

The uranium-bearing sediments  a r e  unconsolidated or 
poorly consolidated conglomerates  and sandstones with 
locally interbedded mudstones. The uranium mineralization is 
commonly  associated with carbonaceous  ma t t e r .  The sedi- 
men t s  fill scour channels and local depressions in t he  pre- 
Miocene surface .  The major pa r t  of t h e  uraniferous sediment  
unit is covered with plateau lavas. 

Ceolog.ica1 f ea tu re s  of t h e  Beaverdell  uranium deposits  
resemble ,  in par t ,  those observed in t he  Sherwood Mine near  
Spokane, Washington. This deposit  occurs  in locally coarse  
carbonaceous  c l a s t i c  sedi.ments of t h e  Gerome  Format ion of 
Oligocene a g e  t h a t  were  deposited in a channel a t  t h e  con tac t  
of a deeply weathered (several  t e n s  of metres)  g ran i t e  body. 
The deposit  is overlain by a th ick  clay bed. The principal 
uranium minerals a r e  au tun i t e  with subordinate pitchblende 
and  coff in i te .  The presently identified reserves  of t h e  
Sherwood Mine a r e  more  than 5000 tonnes  uranium me ta l  in 
o r e s  with a n  ave rage  grade  of about  0.80 pe r  c e n t  U 
(J. Veelik, Sherwood Mine, pers. comm.). 

A conceptual  gene t i c  model (Ruzicka,  1977a) t h a t  would 
correspond with f ea tu re s  observed in t h e  deposi t s  noted above 
would postulate:  

a )  a source  a r e a  of weathered intrusive and ext rus ive  
fe ls ic  and/or alkaline rocks  t h a t  conta in  above back- 
ground uranium; in th is  c a s e  rocks of t h e  Nelson, 
Valhalla and Coryell  intrusions, and t h e  Ke t t l e  River 
and Marron volcanics o r  t he i r  equivalents;  

l For example,  a TV-IA (McPhar por table  gamma-ray spec t rome te r )  T-1 in s i tu  reading on a syen i t e  exposure  of t h e  Coryell  intru- 
sion near  Rock Creek yielded 15 000 counts  per  minute  o r  approximate ly  8 t i m e s  background. 



b) host rocks should be permeable to uranium-bearing 
solutions with this aquifer constrained and protected by 
impermeable mudstone layers and/or lava caps; 

c) host rocks that contain reductants or precipitants; in 
this case carbonaceous matter or solutions derived from 
basaltic volcanism. 

Environments favourable for this type of mineralization 
exist not only in the Beaverdell area, but also in  the Omineca 
and Intermontane belts of British Columbia (Christopher and 
Kalnins, 1977). 

Orthomagmatic-anatectic type deposits 

Occurrences of the orthomagmatic-anatectic type were 
studied a t  the following localities: 

1. A t  China Creek near Castlegar where white granite 
pegmatites containing autunite (?) along fractures in 
orthoclase-rich zones are being investigated by several 
companies. 

2. In  the Grand Forks area (explored by Consolidated 
Boundary Exploration Limited), where white pegmatites 
contain crystals or uraninite (up to  1 mm in diameter) wi th 
abundant biot i te and almandine garnet. 

3. In  the Salmon Arm area where a granite body, 
approximately 10 km northwest of Salmon Arm, is intruded by 
several pegmatite and diabase dyke systems. In  situ TV-IA 
readings on one of the pegmatite dykes within an area several 
m2 were: T, = 22 000 cpm, T2 = 600 cpm, T3 = 50 cpm. No 
uranium minerals were observed but scattered grains of 
zircon are present. 

4. In the Cranberry Creek area, south of Revelstoke, 
where locally radioactive pegmatites are exposed over a 
distance of several kilometres. Here, the highest radio- 
activity is concentrated along fractures, in areas with 
limonitic alteration. This area is presently being explored by 
prospectors W. Cameron and F. Jenkins of Revelstoke who 
have also found an additional interesting radioactive occur- 
rence in the Cranberry Creek area. Here the radioactivity is 
confined to metamorphosed and sheared conglomerates of the 
Shuswap Metamorphic Complex. A grab sample, chemically 
assayed, contained 0.006 per cent U and a higher amount of 
thorium (F. Jenkins, pers. comm.). An autoradiograph of a 
sample collected by the author at this locality shows parallel 
arrangement of radioactive minerals in  the host rock 
(Fig. 52.3). The sample is being further studied i n  the 
laboratories of the Geological Survey. 

B. Yathkyed Lake Basin and Adjacent Areas of 
Ennadai Fold Belt, Northwest Territories 

A number of companies, including Urangesellschaft 
Canada Limited, Pan Ocean Oi l  Limited, Essex Minerals 
Company and Noranda Mines Limited are engaged in  explora- 
t ion for uranium in sediments and volcanic rocks of the 
Dubawnt Group and i n  the pre-Dubawnt rocks of the Ennadai 
Fold Belt west of Yathkyed Lake and southeast of Tulemalu 
Lake, Distr ict of Keewatin. The geology of a part of this 
area was recently described by Eade (1976). In  this area 
uranium mineralization occurs in several environments, as 
follows: 

a) In  the basement rocks of the Ennadai Fold Belt, 
within a short distance of the present pre-Dubawnt 
unconformity. The main uranium mineral is pitchblende 
(locally botryoidal) preferentially f i l l ing fractures and 
breccia zones in greenstones. Gangue material is 
calcite wi th some base metal sulphides (pyrite, chalco- 
pyrite,galena) locally the basement rocks are capped by 
a regol~th. 

b) In sediments of the South Channel and Christopher 
Island formations. Uranium mineralization in these 
sediments is disseminated without obvious structural or 
lithological control or occurs in breccia or fracture 
zones. It also occurs in the sediments in zones near 
dykes consangu.inous with Christopher Island volcanics. 

c) As disseminations or as fracture fil l ings in igneous 
rocks (Christopher Island volcanics, syenite dykes). 

The characteristics of mineralization in  the Yathkyed 
Lake Basin and adjacent rocks resemble those of some 
occurrences in  the Baker Lake area. 

C. Churchill Area of the Wollaston Lake Fold Bel t  

Two radioactive fracture zones were investigated in 
Aphebian quartzite of the Wollaston Lake Fold Belt approxi- 
mately 13 km east of Churchill, Manitoba. The quartzite is 
impure, locally cross-bedded and contains scattered pebbles 
or cobbles up t o  5 cm in diameter. The fracture zones rarely 
exceed one metre in  width and discontinuous radioactivity is 
traceable for a distance of up t o  100 m. The in  situ TV-IA 
reading in the most radioactive area was: TI = 32 000 cpm, 
T2 = 1400 cpm, Tg = 700 cpm. No uranium minerals were 
observed megascopically. The radioactive zones occur within 
a short distance (approx.imateJy 100 m) of the Precambrian/- 
Phanerozoic unconf orm.ity. 

D. Arner Lake Area, Northwest Territories 

Several companies, including Cominco Limited 
(Aquitaine option), Western Mines Limited and Uranerz 
Exploration and Mining Limited are exploring for uranium in 
the Aphebian (?) rocks of the Amer Group northeast of Thelon 
Basin, Distr ict of Keewatin. The geology of a part of the 
area was recently described by Heywood (1977). A general- 
ized succession consi.sts of a lowermost unit of white 
orthoquartzite interbedded w.ith feldspathic quartzite and 
schist, overlain by dolomi.tic limestone which is in turn 
overlain by an arkose/siltstone unit. The uppermost part of 
the sequence cons.ists of phyllite and black slate. 

The uranium mineralization is dominantly confined to  
the arkose/siltstone unit and is either generally stratabound 
and relatively continuous with local redistribution along 
faults and fractures or occurs in scattered lenses. The main 
uranlum minerals are apparently pitchblende and uranophane 
(megascopic determination). Magnetite is associated with 
uranlum mineralization at several localities. 

Mineragraphic studies are a t  present under way in order 
to  establish a genetic model for the 'Amer Lake' type of 
uranium mineralization. The author's field observations 
support a model where the 'pre-Amer' intrusive and .volcanic 
rocks containing magnetite iron-formation provided both the 
source of the clastic material that hosts the uranium 
mineralization, and the source of uranium that mainly 
accumulated syngenetically with the sediments and was 
further concentrated during the.ir diagenesis. 

The author brief ly examined and sampled a uranium 
occurrence approximately 150 k m  west of Amer Lake. The 
uranium mineralization is confined to  the basal portion of 
Thelon Formation unconformably overlying a granite body 
capped by a thick regolith. 

The sequence starts with a strongly hematized conglom- 
erate (TV-IA reading on T - l  in  situ = 20 000 cpm); it is 
overlairr by maroon sandstone (TV-IA reading on a boulder: 
T-1 = 60 000 cpm, T-2 = 4000 cpm, T-3 = 400 cpm) containing 
abundant uranium-bearing apatite. The upper part of the 
sequence consists of thinly laminated and cross-bedded white 
t o  cream sandstone (TV-IA reading i n  situ not exceeding 
4000 cprn on T-I). 



Figure 52.3. Autoradiograph of a portion of a sample collected from the Cameron - Jenkins 2 occurrence 
south of Revelstoke, British Columbia (Loc. 31, Fig. 52.2). White areas are result of radiation 
from mainly thorium-bearing minerals. 

Figure 52.4 

Index map showing locations of radioactive 
occurrences in Ontario reported in  this 
paper. 

I = Seabrook Lake area "a"; 
2 = Seabrook Lake area "b"; 
3 = Wawa - Firesand area; 
4 = McKellar Creek; 
5 = Prairie Lake area; 
6 = Kirkland Lake - Larder Lake area. 



Figure 52.5. 

Radioactive ca rbona te  vein near the  
Seabrook Lake carbonat i te ,  approximate ly  
50 m e t r e s  south of a bridge across  t h e  
Mississagi River near  Aubrey Falls, 
Ontar io .  

E. Superior, Southern and  Grenville S t ruc tu ra l  Provinces  
i n  On ta r io  

In addition t o  assessment  of t a r g e t  a r e a s  t h a t  a r e  being 
investigated for  uranium in Ontar io  by various organizations,  
including the  Ontar lo  Division of Mines, Imperial  Oil Limited,  
Kerr Addison Mines Limited,  Sherri t  Gordon Mines Limited,  
Moncrieff Uranium Mines Limited and New lnsco Mines 
Limited,  studies were  a lso  conducted in o the r  envi ronments  
such a s  those of carbonate-alkaline complexes  katazonal ly  
metamorphosed Huronian (?) sediments  in t h e  Grenville 
S t ruc tu ra l  Province and Timiskaming sediments  and igneous 
rocks  in t h e  Kirkland Lake - Larder  Lake area .  

Carbonate  veins in the  vicinity of carbonate-alkaline 
complexes  were  identified in a number of local i t ies  (Fig. 52.4) 
including: 

a )  Near the  Seabrook Lake carbonat i te ,  approximate ly  
50 m south of a bridge across  the  Mississagi River near 
Aubrey Falls  in a road-cut of Highway 129 (Fig. 52.5). The 
vein is about  10 c m  wide, s t r ikes  360" and dips 70" ea s t .  A 
spect rochemical  analysis of a sample  t aken  f rom a radio- 
a c t i v e  portion of t h e  vein de t ec t ed  among o the r  e lements :  
T i  - 4200 ppm, Ba = 3800 pprn, Sr = 890 ppm, Zr = 240 ppm 
and Y = 40 ppm and U (by neutron ac t iva t ion)  = 142 ppm. 

b) Near a diabase dyke in a road-cut on Highway 129 
approximate ly  16 km north of t he  Mississagi River,  a carbon- 
ate vein s t r ikes  075" and dips 80' north. A g rab  sample  
(analyzed spectrochemically) contained: T i  = 6600 ppm and U 
(analyzed by neutron ac t iva t ion)  = 284 ppm. 

c )  In the  vicinity of t he  Firesand ca rbona t i t e  d i a t r eme  
t h e  following carbonate  thorium-bearing veins were  identified 
by radiometr ic  testing: 

i) in a road-cut of Highway 101 approximate ly  1.6 k m  
e a s t  of t h e  nor theas t  t i p  of Wawa Lake; 

ii) approximately 2 km e a s t  of t h e  outski r t s  of Wawa in 
a road-cut of Highway 101; 

iii) approximately 2.4 km south of Highway 101 along 
the  Firesand Road. TV-IH reading on this ca rbona te  
vein in a n  old t rench was: T-1 = > 100 000 cpm,  
T-2 = 12 000 c p m  and T-3 = 3000 cpm. 

d) In the  vicinity of t h e  McKellar Creek  dia t reme,  
approximately 200 m west  of McKellar Creek  in a road-cut of 
Highway 17 near Marathon, Ontario.  This vein is  10 c m  wide. 

I t  is f e l t  t h a t  such ca rbona te  veins in t he  vicinity of 
ca rbona t i t e  complexes  war ran t  more  study. 

Uranium mine ra l i za t~on  re la ted  t o  t he  Pra i r ie  Lake 
carbonate-alkaline complex approximate ly  40 km nor thwest  
of Marathon, Ontario,  is at present  a t a r g e t  f o r  explora t ion  
by New lnsco Mines Limited.  Here,  re la t ive ly  high grade  
uranium bodies occur  in t he  i joli te phase of t h e  complex. 

A carborne  radiometr ic  survey iin an  a r e a  of meta-  
morphosed sediments  t h a t  a r e  presumably Huronian was 
conducted  by N. Prasad and J.E. Kerswill  of t h e  Uranium 
Resource  Evaluation Sect ion  in t h e  Grenville S t ruc tu ra l  
Province  north of Nor th  Bay, Ontario.  

Samples  of uranium occurrences  in Timiskaming 
sedimentary  and igneous rocks in t h e  Kirkland Lake - Larder  
Lake a r e a  col lec ted  by the  author  in 1976 (Ruzicka,  1977b) 
were  analyzed spect rochemical ly  for  s e l ec t ed  nonradioactive 
e l emen t s  and by neut ron ac t iva t ion  fo r  uranium. Abnormally 
high uranium con ten t s  were  de t ec t ed  in samples  of t r achy t j c  
rocks (Table 52.1). The  resul ts  of investigation of o the r  a r e a s  
visited in On ta r io  during 1977 will be  published a f t e r  
complet ion  of labora tory  studies. 

F. Appalachian Region (with H.E. Dunsmore) 

Exploration fo r  uranium in At l an t i c  Canada  i s  being 
conducted  by severa l  companies,  including lnco Limi ted ,  Gulf 
Minerals Canada Limi ted ,  Imperial  Oil Limited,  Lacana 
Mining Corporation and others.  The exploration t a r g e t s  are :  

i )  uranium mineralization in grani t ic  rocks; ce r t a in  
g ran i t i c  rocks  of t h e  Appalachian Orogen unusually high 
in uranium and a r e  possible t a r g e t s  f o r  uranium deposits  
similar t o  t h e  deposits  in Hercynian g ran i t e s  i n  Europe 
(Ruzicka,  197 1 ); 

ii) uranium mineralization in volcanic rocks;  uranium 
occurrences  of t h e  volcanogenic t ype  have been investi- 
ga t ed  in Canada  in  t h e  pas t  (Gross, 1957); 

i.ii) Uranium mineralization in Carboniferous  sediments;  
Dunsmore (1977) repor ted  severa l  local i t ies  containing 
uranium m.ineralization in sandstones t h a t  may be  
re la ted  t o  t h e  format ion of evapor i tes  and subsequent 
diagenesis;  a l te rnat ive ly  the  mineralization may be 
re la ted  in pa r t  t o  paleovolcanism and/or supergene 
processes (P re s t  et al., 1969); 

iv) uranium mineralization of supergene o r  hypogene 
origin controlled by tect0ni.c s t ruc tu re s  such as,  f o r  
example ,  mineralization in t he  Lu te s  Mountains north of 
Moncton, New Brunswick. 



Table 52.1 

Spectrochemical analyses of radioactive grab samples 
from Kirkland Lake - Larder Lake area ,  Ontario 

Values in per cent*** 

Locality* Si A1 Fe Ca  Na Mg Ti Mn Ag B Ba Be C r  Mo Ni 

KL-2 25. 8 .8  8 . 9  2.9 1 .3  1 .5  -56 .25 .0005 .012 .42 .00066 .0055 .005 .0038 

KL-4 29. 5 . 8  5 . 8  6 . 0  1 .9  3 .0  -51 .13 .0005 .005 .075 .0003 .034 .005 .015 

KL-5 25. 7.2 5 .6  .74 72.0 1 .9  .69 ,086 .0005 .005 .12 .0003 .065 .005 -01 7 

KL-7 28. 5.4 5 .0  7 .7  2.0 3.0 -49 . I 4  .0005 .005 . I 3  .0003 .019 .005 .012 

KL-I0 30.0 8 .7  6 .4  1 .6  72.0 .62 .92 -18  .0005 .025 .61 -00084 .0022 .005 .015 

Values in per cent*** 

Locality* Sr Yb Zn Zr As C e  C o  Cu La Pb V Y u w  

KL-2 . I4  .0004 .037 .049 .20 .025 .0036 .016 .019 .070 .041 .0069 105 

KL-4 .047 -0004 .020 .022 .20 .020 .001 .15 .010 -070 .017 .004 24 1 

KL-5 .016 .0004 -020 -026 -20 .020 .0098 .045 .010 .17 .025 .004 1170 

*KL-2: Latitude = 48'10'10" Longitude = 79'56'12"; host rock: t rachyte  tuff 
KL-4: 48 " 10'00" 79'53'55" conglomerate 
KL-5: 48'09'58" 79'53'29'' greywacke 
KL-7: 48'09'55" 79'53'43" trachy t e  
KL-10: 48"09'00" 79 "56'50" trachy t e  

**Determined by neutron activation, values in ppm. 

***Expected to  be accurate  within 5% of value reported. 
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Abstract 

Franklin, J .M. ,  Uranium mineralization in the Nipigon area, Thunder Bay District, Ontario; Current 
Research, Part A, Geol. Surv. Can., Paper 78- lA ,  p. 275-282, 1978. 

Occurrences include high grade veins at Greenwich Lake, low grade uranium associated with 
sulphides at the Enterprise Mine lead-zinc-barite veins, hematized float near Innes Lake and the 
Prairie Lake carbonatite occurrence. 

The two vein type occurrences are similar and formed within the Sibley basin. Metals for the 
veins were derived by leaching of basement rocks and the matrix of basal Sibley sandstone and were 
precipitated in structural and stratigraphic traps. Uranium-enriched albitic pegmatite with accessory 
apatite was the source of the metal at Greenwich Lake where metals were remobilized into 
Keweenawan-related faults. Any zone within the Sibley basin which (a)  has uranium-enriched 
basement rocks, (b)  may be near onlaps o f  basal Sibley sandstone against Archean paleotopographic 
high areas, and ( c )  is cut by major Keweenawan-related faults or fracture systems involving basement 
rocks, has some potential for supergene-type deposits. The absence o f  a well developed paleosol 
reduces, but does not eliminate the probability of finding more such occurrences. 

Introduction metasedimentarv  domains a r e  hiahlv folded (Kehlenbeck. - .  
Discovery of very rich vein-type uranium deposits  (e.g. 1976) and consist of arenaceous  t o  argil laceous rocks, with 

Rabbit Lake, Key Lake) in the region of the Neohelikian turbidite-type s t ruc tures .  Sil l imanite and cord.ieri te a t t e s t  t o  
high metamorphic  grade  (Kehlenbeck, 1976) and much quar tz-  Athabasca sandstone basin (1350 ' 50 m'y., Ramaekers and feldspar mobi1izate occurs as irregular veins in the metasedi- 

Dunn, 1976) in northern Saskatchewan has raised in t e r e s t  in mentary terranes. Albitic pegmatite bodies and massive, assessing the  uranium potent ia l  of o the r  Helikian sedimentary  ]ensoid quartz monzonite bodies occur throughout the belt; basins. The Sibley Group is a superficially similar sequence  the latter appear to be intrusions. of cont inenta l  t o  shallow mar ine  red-beds which overlie 
Aphebian and Archean rocks. I t  occupies an e longate  basin 
extending f rom the  Sibley Peninsula near Thunder Bay 
northwards t o  Armstrong, On ta r io  (Fig. 53.1). This paper 
reviews the  geology of uranium occurrences  in the  Marathon- 
Thunder Bay region, including th ree  occurrences  in t he  Sibley 
basin, and gives a preliminary assessment  of t he  uranium 
potential  of the  region. The preliminary nature  of th is  study 
must be e m p h a s ~ z e d ,  a s  much addit ional d a t a  must be  
col lec ted  t o  fur ther  refine t h e  model. 

K.G. Fenwick, J.S. S c o t t  and 3. Mason, On ta r io  Division 
of Mines, Thunder Bay, assisted with preliminary field s tudies  
and provided useful background informat  ion. 
M.M. Kehlenbeck and K.H. Poulsen, Lakehead University 
outlined t h e  major f ea tu re  and aided in regional reconnais- 
sance of t h e  Quet ico  belt. R. Blair, R. Tanaka and R. Benkis, 
RiO Tinto Mines Ltd., conducted the  author on a tour  of t he  
Greenwich Lake property and provided information on local 
geology. Dr. F. Joubin, M.W. Resources Ltd., al lowed acces s  
t o  the  property and drill core ,  and made many useful 
suggestions. W. MacRae col lec ted  some of t he  regional da t a ,  
while employed a s  the  author 's  senior assistant.  T. Gilmour 
supplied draf t ing  services.  

Regional Geology 

A maximum of 225 m of Helikian sedimentary  rock 
overlies t he  Archean, and locally, t he  Aphebian basement  i n  
t h e  Sibley Peninsula-Nipigon region. The uranium occur- 
rences  a r e  in both Archean and Helikian rock. 

Archean 

The Quet ico  gneiss be l t  (Fig. 53.1) which underlies much 
of the  a r e a  is, on a regional sca le ,  a nor theas ter ly  trending, 
large anticlinal  or domal s t ruc ture .  This be l t  has deformed,  
highly metamorphosed metasedimentary  s t r a t a  on the  l imbs 
and a core  of trondhjemite,  migmat i te  and pegmat i te .  The 

The Shebandowan-Wawa be l t  t o  t h e  south  of t he  
Quet ico  bel t  (Fig. 53.1) includes basalt ,  g r eywacke  and 
grani t ic  intrusions. Metamorphism of this be l t  is  less  in tense  
than in t he  Quetico.  Similar volcanic rocks, with minor 
sedimentary  rock, including iron-formation,  occur  in t he  
Wabigoon bel t  immedia te ly  north of t he  Quet ico  belt .  

Most of t he  a r e a  has been mapped by Mcllwaine and 
Tihor (1975), MacDonald (1939), Coa te s  (19721, C a r t e r  (1975), 
Kaye (1966), and Pye  (1965) and more  detailed descriptions of 
t h e  Que t i co  be l t  a r e  available f rom these  reports.  

The Gunflint  and Rove format ions  (Moorhouse, 1960) 
over l ie  t h e  Shebandowan-Wawa be l t  near  P a s s  Lake  and at 
Dorion Landing (McIlwaine and Tihor, 1975). The Gunflint 
Format ion is composed of taconi te ,  t h e  Rove Format ion of 
black shale.  These  rocks a r e  at leas t  1650 m.y. old (Faure  
and Kovach, 1969) and a r e  not  deformed or strongly meta-  
morphosed. The Gunflint  Format ion was deposited in a 
paralic basin, whereas  t he  Rove Format ion was  deposited in a 
s tarved basin. 

Helikian 

Helikian s t r a t a  (Sibley Group, Osler Group) cover  the  
basemen t  rocks through much of t h e  Nipigon a r e a  (Fig. 53.1), 
and f o r m  t h e  lowermost  pa r t  of t h e  Keweenawan Supergroup. 
The Sibley Group i s  1300 m.y. old, whereas  t h e  Osler Group is 
1150-1200 m.y. old. 

The Sibley Group i s  deposited in  a n  e longate ,  northerly 
t rending trough and a l so  t h e  Keweenawan basin which 
genera l ly  conforms t o  t he  present  Lake  Superior area .  
Deta i l s  a r e  given in Table  53.1. 

The Osler Group is exposed on Black Bay Peninsula and 
numerous  islands in Lake Superior,  and consists primarily of 
subaerially deposited tholeii t ic basa l t  with very minor rhyo- 
l i t e  and minor in terca la ted  fluvial  c l a s t i c  rocks. A large 



F
ig

ur
e 

53
.1

. 
G

eo
lo

gy
 

an
d 

ur
an

iu
m

 
oc

cu
rr

en
ce

s 
in

 
th

e 
N

ip
ig

on
 

ar
ea

, 
T

hu
nd

er
 

B
ay

 
D

is
tr

ic
t,

 O
nt

ar
io

. 
(G

eo
lo

gy
 a

ft
er

 O
nt

ar
io

 D
iv

is
io

n 
of

 
M

in
es

 
M

ap
 2

19
9,

 O
n

ta
ri

o
 G

eo
lo

gi
ca

l 
M

ap
, 

W
es

t 
C

en
tr

al
 S

he
et

.)
 



Table 53.1 

Stratigraphy of the Sibley Group1 

Max. Strat. 
Format ion thickness Description 

metres 

Kama Hil l  

Rossport 

Pass Lake 

100 Most laterally extensive of the three formations; purple moderately fissile 
shale and siltstone; quartz, authigenic microcline, m ~ x e d  layer smectite-type 
clay, i l l i te  are characteristic minerals; synaeresis cracks, ripple-marks, halite 
and gypsum casts, stromatolites, mudchip breccias are characteristic struc- 
tures. Deposited i n  shallow water, periodically emergent, partially evaporitic, 
warm environment. 

Three members include upper and lower red dolomitic members, and an 
intermediate chert-carbonate and stromatolite member. Dolomitic members 
contain variable clastic content with less than 2% hematite, are aphanitic, and 
exhibit a spotted texture. Chert carbonate member is carbonaceous. This unit 
was deposited in  shallow water, and the dolomite is probably primary. 

'The formations described above are informallv named. 

Thick t o  thin bedded pink t o  white quartz arenite, present dominantly i n  
southern portion of basin; lenses of locally derived conglomerate a t  the base. 
Cement is dolomite, calcite, quartz and minor barite. Few sedimentary 
structures (ripples, cross-beds). Clast compositions indicate dominant deriva- 
tion from immediate basement rock. Probably deposited i n  a beach to shallow 
marine environment. 

variety of Helikian intrusions is present in  the northern Lake 
Superior region, including Logan tholeiitic sills (Blackadar, 
1956), gabbro intrusions (McIlwaine and Wallace, 1976; 
Giguere, 1975; and Guel, 1970) and alkaline intrusions 
(Mitchell and Platt, 1977) including the Port Coldwell and 
Kil lal la Lake syenitic bodies and the Prairie Lake carbonatite 
complex. 

The Helikian rocks were deposited in  a continental r i f t  
system (Card et al., 1972). The main r i f t  follows closely the 
arcuate shape of the Lake Superior shorelirie, is bounded by 
normal faults, and to the north contains both the Sibley and 
Osler groups. A secondary, a t  least partially fault-bounded, 
trough extends northward from the Dorion-Nipigon area a t  a 
high angle (120") t o  the main r i f t  zone, and represents a 
"failed arm". The Sibley Group and Logan sills occupy this 
secondary arm. The fault and fracture system bounding this 
secondary, north trending trough is well developed, as north 
trending lineaments are common (see maps accompanying 
McIlwaine and Tihor, 1975 and Coates, 1972). Facies 
relations in  the Sibley Group sediments within the southern 
portion of the trough indicate that activation of these faults 
initiated sedimentation into the Sibley basin. 

Uranium Occurrences 

Economically significant concentrations of uranium 
have been found i n  at least four localities within the area 
north of Lake Superior. Of these four, the Innes Lake 
(Fig. 53.1) is a hematized breccia float with several thousand 
parts per million (ppm) uranium. The origin of this float is 
unknown. 

A second occurrence is in  the Prairie Lake carbonatite 
complex (Northern Miner, 1976) where uranium occurs pri- 
marily i n  pyrochlore (D. Watkinson, pers. comm.) and possibly 
betafite. The uraniferous zones include an area near the 
centre of the body at the contact between i jol i te and 
carbonatite, and a second zone within the carbonatite unit. 
This body was not examined but additional data are available 
from Sage (1976) and Watkinson and Barnett (1971). 

The remaining two occurrences, a t  Greenwich Lake and 
the. Enterprise Mine, are described below. 

Greenwich Lake 

The Greenwich Lake area (Fig. 53.2) is underlain by 
arenaceous to  argillaceous metasedimentary rocks, si l l  to  
lensoid quartz monzonite intrusions, and pegmatite dykes. 
The metasedimentary rocks are highly metamorphosed and 
deformed, are i n  the Quetico belt, and have up t o  20 per cent 
quartz-feldspar "sweat1' mobilizate dykes. A t  the south end 
of Greenwich Lake, excellent exposures of metasedimentary 
rocks exhibit many turbidite sedimentary structures, includ- 
ing graded beds, small scale cross-beds and rip-ups. Farther 
north, the metamorphic grade increases rapidly, and the 
sedimentary sequence is disrupted by numerous quartz 
monzonite lenses and pegmatite dykes. 

The largest lens of quartz monzonite (Fig. 53.2) is 
approximately 2500 m wide, and is relatively homogeneous. 
These lenses appear to  be similar t o  the late-syntectonic 
intrusions that occur throughout the Quetico belt, and 
possibly similar to  those described by Kehlenbeck (1977) i n  
the Shebandowan-Wawa belt. 

Three types of pegmatite which cut the meta- 
sedimentary sequence are quartz-feldspar "sweat1'-type 
mobilizate veins and dykes, pink microcline-bearing dykes, 
and white albite-muscovite-biotite-quartz bodies. The pink, 
syenitic pegmatites are possibly co-magmatic with the 
quartz-monzonite intrusions and cut  a l l  other pegmatite types 
as well as the metasedimentary rocks. They commonly 
contain irregular, narrow (5-10 cm) apli t ic dykes. The albitic 
pegmatite bodies constitute one of the uranium hosts and are 
described below. 

Uranium occurs i n  two very distinct geologic environ- 
ments, in pegmatites and in quartz-pyrite-pitchblende veins. 
The latter cut both metasediments and pegmatites. 

&matites. The albitic pegmatites are characteristic- 
ally uranifGous, typically containing 60-100 ppm uranium. 
A t  Greenwich Lake (Fig. 53.2) these bodies are typically 
lensoid to  dyke-shaped, 5 to 30 m wide and unzoned. They 
consist of albite (70-80%), quartz (10-20%), biotite (1-lo%), 
muscovite (I->%) and apatite (0.1 t o  0.5%). The distribution 
of quartz and apatite is irregular. Uranium occurs in 
uraninite (X-ray diffraction identification) in close associa- 
t ion wi th biotite. It is important to note that virtually a l l  



Figure 53.2. Geology of t h e  Greenwich Lake  uranium occurrences  ( a f t e r  R. Blair, R i o  T in to  Mines Ltd.  company report ,  Ontar io  
Division of Mines assessment  files). 

white pegmat i te  with accessory apa t i t e  i s  uraniferous.  Major 
minerals in the  pegmat i te  a r e  commonly I t o  5 c m  in 
d i ame te r ,  and thus a r e  not particularly coa r se  grained when 
compared with classical  zone  pegmat i tes .  

The uraniferous pegmat i t e s  a r e  conformable  with t h e  
ea s t e r ly  trend of t he  metasedimentary  rocks  (Fig. 53.2). 
They have sharp,  regular boundaries and include a f ew stoped 
blocks of country  rock. Blocks of massive t o  slightly foliated,  
medium grained, medium grey tonal i t ic  gneiss a r e  s ca t t e r ed  
through these  pegmat i tes .  A local source for t he  tonal i t ic  
gneiss blocks is  not evident ,  but they resemble composit ion- 
ally and textura l ly  t h e  oldest  "grey gneiss" noted by Goldich 
(1972) i n  t h e  Minnesota River  valley. 

The uraniferous pegmat i t e s  remain  genet ica l ly  obscure. 
They a r e  textura l ly  and mineralogically d is t inc t  f rom t h e  
mobilizate-type and appear  dist inctly magmat ic ,  and not  
metamorphic  .in origin. More detailed study of the i r  
petrology i s  necessary before an  origin can  be  proposed. 

Vein type  occurrences.  A t  Greenwich Lake,  uraniferous 
veins =upy' a s e t  of nor th  trending f au l t s  and f r a c t u r e s  
(Fig. 53.2). 

The larges t  vein, t h e  Christ iansen showing, i s  up t o  I m 
wide, a t  leas t  20 m long, occupies a f au l t  zone,  and i s  
composed of red and white f ine grained qua r t z ,  pyr i te  and 
pitchblende.  A typical  sample  contains 0.5 t o  2.0% uranium. 
The vein is  vuggy, and the  quar tz-crys ta l  te rminat ions  a r e  
zoned, indicating periodic precipitation of vein ma te r i a l s  in 
a n  open space. A f e w  f r agmen t s  of red and buff c h e r t y  
ma te r i a l  in t he  vein a r e  similar t o  those observed at t h e  
Thunder Bay ame thys t  mine a s  well a s  a t  severa l  lead-zinc 
ba r i t e  occurrences  in t he  a r e a  (Franklin and Mitchell ,  1977) 
and a r e  a l tered  Sibley (Rossport)  dolomite.  

The quar tz  monzonite wall rock i s  a l t e r ed ,  with 
disseminated pyrite and secondary qua r t z  present through 
approximate ly  one me t r e  of vein wall rock. The vein walls 

a r e  slickensided, and small  veins occupy f r ac tu re s  which l i e  
a t  a high angle t o  t he  main vein. Veins formed in f r ac tu re s  in 
qua r t z  monzonite ra ther  than f au l t s  appear  t o  be narrow 
(typically 5 t o  20 c m  in width) and discontinuous (rarely more  
than 2 m in length) and a r e  similarly composed of pitch- 
blende,  pyr i te  and quar tz .  

In general ,  t h e  Greenwich Lake  veins a r e  thought t o  
have an  origin similar t o  t he  lead-zinc ba r i t e  veins described 
below. 

Enterpr ise  . . Mine - 
The Enterpr ise  mine is  t h e  only uranium bearing vein of 

a group of lead-zinc-barite veins found throughout t h e  
southern  par t  of Sibley basin. A deta i led  description and 
summary of the i r  genesis may be  found in Franklin and 
Mitchell  (1977). Some  of t h e  f e a t u r e s  impor t an t  t o  t h e  
uraniferous Enterpr ise  occurrence  are:  

I )  Vein me ta l  con ten t  of t h e  lead-zinc-barite group 
var ies  regionally, and r e f l ec t s  basemen t  composition. 
These  uranium-enriched veins a t  Enterpr ise  probably 
formed proximal t o  a uraniferous basemen t  "source" 
rock. 

2)  Veins occur  in t h e  Rossport  dolomite  immedia te ly  
above t h e  zone where  t h e  P a s s  Lake  sandstone thins 
agains t  an  Archean paleo-pos.itive a r ea ,  now repre- 
sented  by Bowker Mountain. The l a t t e r  is  composed of 
qua r t z  monzonite.  Immediately below t h e  unconformity 
between the  Sibley Group and Archean rocks, some  
fe ldspar  has  decomposed t o  clay. 

3) The  veins conta in  a s  much a s  540 ppm uranium 
(Ruzicka,  19761, i n  apparent  spat ia l  association with 
galena.  

4 )  S and K-Ar isotopic s tudies  indicate t h a t  deposi- 
t ional t empera tu re  was approximate ly  100°C. 



Table 53.2 

Uranium content  of various lithologies 

5) Pb isotope studies indicate t h a t  galena is formed 
f rom highly radiogenic lead, probably generated in a 
uranium-rich source. 

6) Metals were  derived by leaching of basement  rocks 
and matr ix  of t he  locally derived Pass  Lake sandstone, 
and were  transported in chloride-rich solutions through 
the  sandstone. Deposition occurred due t o  mixing of 
these  meta ls  with organic-derived H2S in local gas  
traps.  

Ref.  

I 

2 

3 

Unit 

Aphebian Shale 

Sibley Dolostone* 

Quar t z  Monzonite 

Pegmat i t e  

Sibley Sandstone 

Areas 

Sibley , Disraeli Lake 

Sibley , Dorion 

Sibley, Enterprise 

Enterprise and Pear l  Q.  Monzonite 

Greenwich Lake Q.  Monzonite 

Quet ico  metasediments  

Archean metavolcanics** 

Greenwich vein mater ia l  

Comparat ive  d a t a  

Average Granite*** 

Average black shale  

Average carbonate  

Average greywacke 

*Includes Disraeli Lake 
**From Sturgeon Lake,  Ontar io  

***Nan-alkaline grani tes  only 
N/A not applicable 

'swanson, 196 1 

2 ~ o g e r s  and Adams,  1969 

3 ~ o g e r s  and Richardson, 1964 

Uranium Con ten t  of Various Lithologies 

A reconnaissance survey of the uranium content  of 
various lithologic units i s  underway, prompted by t h e  s tudies  
of t he  Greenwich Lake and Enterprise Mine uranium occur- 
rences  which indicate t h a t  meta l  enr ichment  in  basement 
rocks adjacent  t o  high grade veins may be  an indication of the  
presence of favourable source  mater ia l  fo r  vein formation. 

The uranium con ten t s  of various rock units a r e  
presented, along with some comparat ive  da ta ,  in Table 53.2. 

Range (ppm) 

1-19 

1-21 

1-10 

9-3550 

0.4-0.8 

0.1-22 

1.6-3.6 

0.4-7.1 

0.5-8.9 

2.6-10 

1 .8-4 .7  

0.2-3.2 

63-6490 

2.2-7.6 

0-7 

In sampling, widespread regional coverage of each 
l i thotype or s t ra t igraphic  unit was a t t empted ,  in order t o  

Mean 

6 .8  

2 .7  

4.2 

47 0 

0.5 

5 .0  

2.1 

2.4 

4 .3  

6 .3  

2 .9  

1.4 

4130 

2.9 

8 

2.2 

2 .1  

N 

30 

56 

10 

15 

5 

14 

10 

27 

8 

2 

3 

2 1 

4 

680 

54 

examine variations within units or l i thotypes,  a s  well a s  t o  
establish the  uranium levels for each rock type. 

Median 

5 .0  

1.5 

3.0 

60 

N/A 

4 .6  

2 . 0  

2.1 

4.6 

N/ A 

N/A 

1.5  

N/ A 

1.4 

From the  s t a t i s t i c s  in Table 53.2, a s  well a s  inspection 
of t h e  data ,  some  f a c t s  a r e  of in teres t ,  al though c lear ly  many 
of the  sample  populations a r e  too  small  t o  draw def in i te  
conclusions. The important  points are:  

a )  t h e  con ten t  of uranium in pegmat i t e  i s  c lear ly  one t o  
two  orders of magnitude higher than any other  rock 
type; 

b) the  Aphebian shale has a single population with 
median and mean values very close t o  the  average value 
for black shale;  

c )  t h e  Sibley samples  have t w o  populations; t he  samples 
f rom the  Disraeli Lake a r e a  have a lmos t  twice  the  U 
con ten t  of those f rom the  o the r  areas.  The uranium 
con ten t  of t he  Sibley dolomite is close t o  the  average 
value fo r  dolomite (Rogers and Adams, 1969); 

d) t he  veins a t  Greenwich Lake a r e  locally very rich in 
uranium; 

e )  qua r t z  monzonite has a higher uranium content  than 
t h a t  of typical granite.  



a Sibley depositional basin 

m] Uraniferous pegmat i te  zone 

Figure 53.3. Geological f ea tu re s  controll ing uranium deposi- 
tion, Thunder Bay Dis t r ic t ,  Ontario.  

Gene t i c  Model 

The lead-zinc-barite veins a t  t he  Enterpr ise  Mine and 
t h e  Greenwich Lake veins have similar f ea tu re s  and i t  .is 
probable t h a t  t he  processes which opera ted  t o  form both vein 
sys tems a r e  similar a s  outlined by Franklin and Mitchell 
(1977). The cr i t ica l  f ac to r s  a r e :  

I .  Suitable content  of meta l  in t he  immedia te  base- 
men t  rock and locally derived Pass  Lake sandstone 

2. Proximity t o  t he  Sibley-Archean unconformity and 
preferably proximity t o  an  onlap of the  Pass  Lake 
sandstone against  a basement  "high" source  rock; thus a 
s t ra t igraphic  "trap" was available.  

3. Availability of a su i table  s t ruc tura l  t rap ,  such a s  a 
well developed f r ac tu re  or f au l t  zone. 

4. Presence  during t h e  t i m e  of vein format ion of a 
suff ic ient  hydraulic gradient  t o  allow f o r  groundwater  
movement ,  and consequent basement  and sandstone. 
leaching. Suff ic ient  permeabili ty was  avai lable  in t he  
sandstone.  

From the  regional zonat ion  pa t t e rn  of z inc  and lead 
versus copper  i n  t h e  veins, i t  i s  evident  t h a t  t h e  vein meta l l ic  
cons t i tuents  r e f l ec t  basement  me ta l  ratios,  and t h e  veins 
overlying a more  uranium-rich basemen t  may a l so  b e  enr iched 
in uran.ium. Thus the  Enterpr ise  Mine veins, which overlie 
q u a r t z  monzonite and a r e  not  la tera l ly  f a r  removed f rom the  
Aphebian shale  (both modera te ly  rich in U re la t ive  t o  o the r  
basemen t  rocks), have some  uranium. The Greenwich Lake  
veins l ie in a n  obvious uranium-rich environment,  a s  t he  
pegmat i t e s  a r e  excel lent  proximal source  rocks. 

The unconformity contro l  on lead-zinc-barite deposi t s  i s  
well established. Similar relationships exis t  fo r  uranium 
deposits  in t he  Athabasca  region. 

The most pervasive f r ac tu re s  and f au l t s  in t he  Sibley 
basinal a r e a  a r e  associated with t he  Keweenawan r i f t  system. 
The north trending f au l t s  prevalent a t  Greenwich Lake a r e  
a lso  manifes t  e lsewhere  and provided an  excel lent  fluid 
conduit  and deposit ional location. 

The g rea t e s t  hydraulic gradients  would probably have 
developed along t h e  basin margins, part icularly where  t he  
basin developed a s  a fault-bounded trough. The downward 

movement  of water  would be  considerable on  these  margins, 
and downward leaching, particularly i n  highly oxidizing, 
relatively warm equator ia l  conditions t h a t  prevailed during 
Sibley deposition, would be  most e f f ec t ive  in t hese  regions. 

A genet ic  model for  t he  uraniferous veins might  include 
t h e  following: 

a )  a f t e r  deposit ion of the  lower units of t he  Sibley 
Group in a "failed-arm" graben or half graben,  down- 
ward percolating wa te r s  might leach me ta l s  f rom the  
basement ;  more wa te r s  circulating through t h e  perme-  
able ,  locally derived basal Pass  Lake sandstone have 
a l t e r ed  much of i t s  matrix,  thus  also releasing metal .  
As the  matr.ix of t he  sandstone was a lso  locally derived, 
t he  composition of t he  circulating fluid derived 
partial ly by matr ix  a l tera t ion  would r e f l ec t  local  
basement  composit ional variation and enr ichment .  

b) me ta l s  would move in solution in t he  relatively 
permeable  Pass Lake  sandstone perhaps only a short  
d is tance  t o  deposit ional s i t e s  such a s  unconformity 
pinchouts and basement  f rac tures ;  

c )  deposit ion of sulphides appears  t o  have  been induced 
by mixing of meta l l i ferous  brines with local ,  organic- 
derived H,S gas. This gas  filled f r a c t u r e s  and onlap 
traps.  

Uranium Po ten t i a l  of t h e  Region 

The impor tant  pa rame te r s  derived f rom t h e  gene t i c  
model fo r  t h e  uranium-bearing veins of t h e  Nipigon a r e a  may 
b e  applied t o  assess  t h e  uranium potent ia l  of t h e  e n t i r e  Sibley 
basin fo r  addit ional deposits. In s o  doing i t  i s  impor t an t  t o  
compare  these  genet ic  pa rame te r s  with those  f rom similar,  
bu t  b e t t e r  understood uraniferous areas.  Sandstone-related 
deposits  have been extensively studied and a comparison with 
t he  significant genet ic  pa rame te r s  assigned t o  vein type  
deposi t s  in sandstone basins, such a s  t he  Athabasca  region, 
should be useful. Some in teres t ing  comparisons a r e  a s  
follows. 

Source rocks 

Darnley e t  al .  (1977) have s t a t ed  the  empir ica l  relation- 
ship t h a t  uranium deposits  occur in a r e a s  where above 
ave rage  uranium con ten t s  a r e  measured on a regional scale,  
and fur thermore ,  a s  uranium deposits  a r e  commonly formed 
due  t o  recycling and concentra t ion  of uranium by supergene 
processes,  these  anomalous regions represent  a r e a s  of excel-  
lent  potential .  In t he  Thunder Bay region, t h e  present 
reconnaissance survey has a t t e m p t e d  t o  eva lua t e  t h e  magni- 
t ude  and distribution of anomalously enriched s t r a t a  or 
l i thotypes.  Two source  rocks within t h e  basement  of t he  
Sibley basin s tand out,  namely  t h e  q u a r t z  monzonites,  which 
have  higher uranium con ten t  than the  ave rage  of grani t ic  
rocks,  and pegmat i tes ,  which a r e  highly enr iched,  but much 
less  common. Fur thermore ,  t h e  g ran i t i c  complexes ,  which 
may  have been source  rocks  t o  t h e  G a s  Hills and Wind River 
basins of Wyoming (IATA 1977, p. 2861, have  uranium 
c o n t e n t s  t h a t  a r e  very s imi lar  t o  t h e  q u a r t z  monzoni tes  of 
t h e  Enterpr ise  area .  

The qua r t z  monzoni te  bodies a r e  qu i t e  la rge  (e.g. 
Bowker Mountain is 5-7 krn in d i ame te r )  bu t  a n  assessment  of 
the i r  distr ibution within t h e  Sibley basin i s  d i f f icul t  due t o  
P ro t e rozo ic  cover  and lack  of discrimination on pre-1970 
maps. 

The pegmat i tes  represent  by f a r  t h e  bes t  uranium 
source  and with the i r  dist inctive mineralogy (accessory 
a p a t i t e )  t hey  can be readily recognized. Reconnaissance 
t r ave r se s  f rom the  Dog Lake-Kivikoski a r e a  ea s tward  t o  
Nipigon-Orient Bay revealed  t h a t  apat i te -bear ing pegmat i tes  
a r e  d is t r ibuted  somewhat  irregularly through a narrow (0.2 t o  
1 km wide) but laterally extens ive  zone (Fig. 53.3) near  t he  
southern  margin of t he  Quet ico  belt ,  ex tending f rom 



Hwy. 800 t o  near Nipigon. These pegmat i tes  all  have 
anomalously high y-ray act iv i ty  (recorded a s  uranium on a 
McPhar TVI instrument). A parallel zone may exis t  near the  
northern edge of the  Quetico bel t  a s  similar pegmat i tes  occur 
along Hwy. 800 in this region. Where these  zones extend 
under the  Sibley basin, as ,  for example,  in the  Disraili Lake 
area ,  t he  potential  for high grade secondary veins may be 
increased. 

A somewhat analogous situation exis ts  in the  Athabasca 
region. There,  where uranium-enriched metasedimentary  
calc-sil icate and peli t ic rocks pass under the  Athabasca 
Sandstone, very rich secondary veins have been formed, 
possibly by a supergene process involving remobilization of 
lower grade uranium mineralization f rom the  Wollaston rocks 
in to  a paleosol-vein type concentra t ion (Langf ord, 1974; 
Beck, 1977). 

The pegmat i te  zone in the southern Quetico belt is  
probably much less extensive than the  uranium-enriched 
portion of the Wollaston, thus confining regionally the  
potential  for high grade secondary veins. 

Nature of the  supracrustal  secondary rocks 

Based on studies of the be t t e r  exposed southern half of 
t he  Sibley Group, the  Pass  Lake sandstone was deposited in a 
beach environment,  the dolomitic Rossport formation'  was  
deposited in a shallow marine environment,  and t h e  Kama  Hill 
format ion was  deposited in a periodically emergen t  tidal-mud 
f l a t  regime. The Athabasca Sandstone however, i s  predomi- 
nantly of fluvial origin (Ramaekers  and Dunn, 1976). Perhaps  
the  amount  of subsurface wa te r  movement in the  fluvial 
sediments  may have been g rea te r  than in the  beach or  shallow 
marine Pass  Lake formation, and hence a large  scale  leaching 
in the  l a t t e r  may have been absent.  This important  
d i f ference  in the  sedimentary history of the  Sibley sequehce 
diminishes the  potential  of t he  basin for  high grade uranium 
deposits. However, t he  possibility t h a t  a more fluvial regime 
existed in the  northerly p a r t  of the  basin cannot  be 
discounted. 

Nature of t he  unconformity 

The unconformity between the  Sibley Group and 
Archean rocks is generally sharp  and well-washed. The Pass  
Lake sandstone generally contains a few boulders of locally 
derived basement rock and along i t s  southwestern margin, a 
few local conglomerate  lenses, probably formed in outwash 
fans  along a faul t  scarp.  No well developed paleosol is 
present ,  although feldspar breakdown is common in immedi- 
a t e ly  subjacent qua r t z  monzonite. The con tac t  with 
Aphebian shale  a t  Pass  Lake is  similarly sharp  and lacking in 
a well developed paleosol, but  five or more  me t re s  of 
pervasive a l tera t ion t o  red and green colour is present  in the  
shale. 

The basement rocks below the  Athabasca,  however, 
have a well-developed regolith (Ramaekers  and Dunn, 1976). 
The weathering phenomena which produced this paleosol may 
have been responsible for  releasing uranium t o  the  hydro- 
sphere and preservation of th is  paleosol allowed for  eventual  
leaching, possibly by downward percolating groundwaters,  of 
t he  uranium. The absence of this t ype  of regolith under the  
Sibley Sandstone is a negative f ac to r  in establishing the  
uranium potential  of the  basin. Such a horizon may have been 
developed, then removed by subsequent shoreface  wave 
act ion,  a s  the  deposition of the  Sibley transgressed north- 
wards onto  the basement,  within the  fault-bounded basin. 

St ructura l  control  on vein deposition 

The veins occur e i ther  a s  unconformity onlap "traps" or 
in major basement f r ac tu re  zones. The former  a r e  controlled 
by paleogeography, the l a t t e r  by syn- or  post-Sibley f au l t s  
and f rac tures .  Faul ts  associated with both the  main 
Keweenawan r i f t  and the  secondary Sibley basin a r e  extensive  

and apparently have been ac t ive  over a long period of time. 
The Greenwich Lake veins a r e  in a north-trending f au l t  which 
is  par t  of a sys tem t h a t  dominates  t h a t  portion of t h e  basin. 
Other  such major f au l t s  a r e  known along the  Black Sturgeon 
River ( a t  l ea s t  250 m of post-Sibley vertical  movement),  t h e  
Nipigon River,  and northeasterly trending zones extending 
f rom near Kama Hill (Fig. 53.1). Any of these  zones  a r e  
suitable depositional si tes.  Copper mineralization in the  
Kabamichigama a r e a  (Oja, 1970) nor theas t  of Nipigon 
(Fig. 53.1), galena-fluorite veins a t  Cave r s  Hill (Fig. 53.1) and 
amey ths t  north of Nipigon a r e  a l l  indications t h a t  t he  
mineralizing process was  operative.  Cr i t ica l  t o  the  uranium 
potential  is t he  presence of uranium-rich source rock, such a s  
the  apatite-bearing a lbi t ic  pegmat i tes  in the  region of a 
f r ac tu re  system. 

Summary 

The important positive pa ramete r s  in assessjng the  
uranium potential  of t he  Sibley basin are:  

I )  t he  presence of ore-grade uranium mineralization in 
lead-zinc-barite type  veins; 

2) t he  close spatial  relationship of these  veins t o  the  
Sibley Group and the  basal unconformity with Archean 
basement  rocks; 

3) t h e  evident local source  of meta l  (basement  rocks 
and sandstone matrix); 

4)  t h e  warm, equitorial  deposit ional environment  of t he  
Sibley Group, which promoted e f f ec t ive  leaching of 
me ta l s  f rom the  appropr ia te  source  material;  

5) t h e  relatively e f f ec t ive  concentra t ion of me ta l s  in to  
suitable s t ructura l  t raps ,  producing high grade veins; 

6 )  t h e  significant enr ichment  of uranium in regionally 
developed pegmat i tes  which form a distinct,  la tera l ly  
extensive  zone within the  basement  t o  the  Sibley Group, 
and therefore  a r e  an  important  source rock; 

7)  t h e  extensively developed rift-related f au l t  sys tems 
which a c t  a s  loci for  meta l  deposition. 

The important  negative f ac to r s  are :  

I )  t he  confined zone within the  Quet ico  bel t  (relative 
t o  the  Wollaston belt)  within which uraniferous source  
rocks (pegmat i tes)  occur places narrow regional 
const ra in ts  on high priority a r e a s  for  prospecting. The 
volume of uranium available for  leaching and redeposi- 
t ion in high grade veins i s  probably much less than in 
t h e  Wollaston-Athabasca system. Fur thermore ,  t h e  
pegmat i tes  themselves  may be  too  small  t o  develop 
economic grades  and tonnages. 

2) t h e  absence of a regolith under the  southern pa r t  of 
t h e  Sibley basin may indicate  t h a t  t he re  was 
insufficient leaching of source  mater ia l  t o  provide large  
high grade veins. 

3) t h e  non-fluvial origin of t he  Sibley is distinctly 
d i f ferent  f rom t h e  Athabasca  in i t s  depositional history. 
Although the  e x a c t  gene t i c  relation of this fluvial 
environment t o  the  deposition of uranium is not 
understood, the  hydraulic character is t ics  of subsurface 
wa te r s  may be a f f ec t ed  by i t s  presence. 

Additional a reas  of possible uranium mineralization: 

I )  Any a r e a  underlain by uraniferous pegmat i te ,  t ran-  
sec t ed  by major Keweenawan rift-related faults,  or 
highly f rac tured rocks, and a t  one t ime  overlain by the  
Sibley Group (Fig. 53.3) i s  worthy of fur ther  
examination. 

2) The immediate  north shore  of Lake Superior f rom 
Rossport  t o  Nip.igon may have been a basin margin t o  
t h e  Keweenawan deposit ional basin, and is worthy of 
examination. 

' Pass  Lake, Rossport and Kama  Hill a r e  informal terms.  



3) The Pass  Lake sandstone is  well exposed on the  
islands off Rossport (Giguere, 1975) and has both 
oxidized (hemat i t ic )  and reduced (green-grey) portions. 
The possibility of disseminated sandstone-type uranium 
occurrences  similar t o  t h a t  noted by Ramaeke r s  and 
Dunn (1976) should be investigated.  
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PORPHYRY OCCURRENCES OF SOUTHERN YUKON 

P r o j e c t  770071 

W.D. Sinclair  
Regiona l  a n d  E c o n o m i c  Geology Division 

Abstract 

Sinclair, W . D . ,  Porphyry occurrences of southern Yukon; Current Research, Part A,  Geol. Surv. 
Can., Paper 78- lA,  p. 283-286, 1978.  

Numerous porphyry copper and molybdenum occurrences have been found in southern 
Yukon in recent years although none are currently economic. However, the occurrences have 
many features in common with the economic deposits in British Columbia and the potential for 
economic deposits in southern Yukon is considered good. The most significant occurrences are 
discussed briefly. 

In t roduc t ion  

Most  of t h e  copper  and  v i r tua l ly  a l l  of t h e  molybdenum 
produced  in t h e  C a n a d i a n  Cord i l le ra  c o m e s  f r o m  porphyry  
d e p o s i t s  in  British Columbia .  C o m p a r a b l e  geologica l  environ- 
m e n t s  e x i s t  in southern  Yukon and  n u m e r o u s  porphyry 
o c c u r r e n c e s  have  been  found in  r e c e n t  y e a r s  a l though only 
o n e ,  Cas ino ,  h a s  s ign i f ican t  r e s e r v e s  which  a p p r o a c h  a n  
e c o n o m i c  grade .  A pre l iminary  a s s e s s m e n t  of t h e s e  o c c u r -  
r e n c e s  w a s  begun while t h e  a u t h o r  w a s  w i t h  t h e  Regiona l  
Geologis t ' s  O f f i c e  of t h e  D e p a r t m e n t  of Indian and  N o r t h e r n  
A f f a i r s  in  Whi tehorse  a n d  is  cont inued  a s  p a r t  of a s tudy  of 
c o p p e r  and  molybdenum depos i t s  in C a n a d a  by t h e  Geologica l  
Survey of C a n a d a .  In 1977, a n u m b e r  of o c c u r r e n c e s  in 
s o u t h e r n  Yukon and  n o r t h e r n  Bri t ish C o l u m b i a  w e r e  e x a m i n e d  
a n d  s a m p l e d  for  p e t r o g r a p h i c  and  g e o c h e m i c a l  s tud ies .  This  
p a p e r  s u m m a r i z e s  t h e  geology of known o c c u r r e n c e s  a n d  
p r e s e n t s  s o m e  in i t i a l  impressions.  

T h e  d is t r ibu t ion  of porphyry  o c c u r r e n c e s  in  s o u t h e r n  
Yukon i s  shown in F i g u r e  54.1. In t h e  fol lowing discussion,  
o c c u r r e n c e s  h a v e  been grouped a c c o r d i n g  t o  t h e i r  geogra-  
ph ica l  d i s t r ibu t ion .  T h e  Tad ,  G r a n i t e  Mounta in ,  C o r k ,  Trudy,  
Al l iga tor ,  Skukum, a n d  Mung o c c u r r e n c e s  h a v e  n o t  b e e n  
v is i ted  by t h e  a u t h o r  a n d  informat ion  on  t h e m  h a s  b e e n  t a k e n  
f r o m  t h e  l i t e r a t u r e .  

Dawson Range 

The C a s i n o  d e p o s i t  in t h e  Dawson R a n g e  is  t h e  m o s t  
i m p o r t a n t  o c c u r r e n c e  in s o u t h e r n  Yukon wi th  published 
r e s e r v e s  of 162 million t o n n e s  grad ing  0.37 p e r  c e n t  c o p p e r  
a n d  0.039 per  c e n t  molybdeni te  (Godwin, 1976). I t  o c c u r s  in  
subvolcanic  rocks  of t h e  Upper C r e t a c e o u s  C a s i n o  C o m p l e x  
which c u t s  Mesozoic  g r a n i t i c  rocks  of t h e  Klo tass in  Bathol i th  
a n d  Yukon M e t a m o r p h i c  C o m p l e x  s c h i s t  a n d  gne iss  of 
P a l e o z o i c  o r  o lder  age .  Dissemina ted  a n d  f r a c t u r e - c o n t r o l l e d  
p y r i t e ,  c h a l c o p y r i t e ,  a n d  molybdeni te  w i t h  t r a c e s  of b o r n i t e  
a n d  s p h a l e r i t e  o c c u r  in a l a r g e  b r e c c i a  pipe cons is t ing  mainly 
of tu f f  and  tuf f  b r e c c i a  a l though c o b b l e  b r e c c i a  c o n t a i n i n g  
s o m e  boulder-sized f r a g m e n t s  o c c u r s  in p l a c e s  a long  t h e  
m a r g i n  of t h e  b r e c c i a  pipe. L a r g e  c a v i t i e s  a r e  a conspicuous  
f e a t u r e  in t h e  b r e c c i a  and  p e r m e a b i l i t y  w a s  a s ign i f ican t  
f a c t o r  in loca l iz ing  minera l iz ing  solut ions.  Hypogene  m i n e r a -  
l i za t ion  is  b e s t  deve loped  within a c e n t r a l  z o n e  of p o t a s s i c  
a l t e r a t i o n  c h a r a c t e r i z e d  by h y d r o t h e r m a l  b i o t i t e  a n d  potas -  
s ium fe ldspar .  M a g n e t i t e  a n d  t o u r m a l i n e  a r e  a l s o  presen t .  
Q u a r t z - s e r i c i t e - p y r i t e  a l t e r a t i o n ,  which a l s o  c o n t a i n s  t o u r -  
mal ine ,  sur rounds  t h e  po tass ic  zone.  S u p e r g e n e  e n r i c h m e n t  i s  
a n  i m p o r t a n t  f e a t u r e  of t h e  Cas ino  depos i t .  Godwin (1976) 
e s t i m a t e d  t h a t  t h e  g r a d e  of c o p p e r  in t h e  supergene-enr iched  
z o n e  h a s  b e e n  increased  by a f a c t o r  of a p p r o x i m a t e l y  1.7. 
T h e  a g e  of t h e  Cas ino  minera l iza t ion  h a s  b e e n  d a t e d  at 69.5 + 
2.2 m.y. b a s e d  on potassium-argon d a t i n g  of h y d r o t h e r m a l  
b i o t i t e  and  is  c o e v a l  wi th  t h e  f o r m a t i o n  of t h e  C a s i n o  
C o m p l e x  . d a t e d  a t  71.2 + 2.6 m.y. by po tass ium-argon  
m e t h o d s  (Godwin, 1975). 
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F i g u r e  54.1 Loca t ion  map.  

T h e  Mount  Nansen  d e p o s i t  is  a p p r o x i m a t e l y  50 k m  w e s t  
of C a r m a c k s  in t h e  s o u t h e r n  p a r t  of t h e  Dawson Range .  This  
d e p o s i t  is  r e l a t e d  t o  a T e r t i a r y  s u b v o l c a n i c  c o m p l e x  of 
porphyry dykes ,  plugs, a n d  s m a l l  b r e c c i a  pipes which  i n t r u d e s  
Mesozoic  p lu tonic  rocks.  P y r i t e  a n d  c h a l c o p y r i t e  o c c u r  a long  
f r a c t u r e s  a n d  a r e  d i s s e m i n a t e d  in z o n e s  of s e r i c i t i z e d  
porphyry  sur rounding  tourmal in ized ,  b u t  unminera l ized ,  
b r e c c i a  pipes. Molybdeni te  is  g e n e r a l l y  a s s o c i a t e d  w i t h  
q u a r t z  veins. A z o n e  of s u p e r g e n e  e n r i c h m e n t  is  p r e s e n t  b u t  
is  e r r a t i c .  Explora t ion  b y  C y p r u s  Anvil Mining C o r p o r a t i o n  
f r o m  1971 t o  1973  i n d i c a t e d  var iab le ,  b u t  g e n e r a l l y  low, 
g r a d e s  a v e r a g i n g  a p p r o x i m a t e l y  0.10 t o  0.15 per  c e n t  c o p p e r  
a n d  less  t h a n  0.01 p e r  c e n t  molybdenum (Sawyer a n d  
Dickinson,  1976). F ine ly  d i s s e m i n a t e d  m o l y b d e n i t e  a n d  minor  
a m o u n t s  of c h a l c o p y r i t e  a n d  p y r r h o t i t e  a l s o  o c c u r  loca l ly  in  
Mount  Nansen G r o u p  volcanic  r o c k s  i n t r u d e d  by a s m a l l  
porphyry  plug 3 k m  w e s t  of t h e  m a i n  depos i t .  T h e  porphyry  
c o m p l e x  is  cons idered  t o  be  c o e v a l  w i t h  over ly ing  Mount  
Nansen Group v o l c a n i c  r o c k s  f o r  which  a po tass ium-argon  
whole  rock  a g e  of 58.4 + 3.0 m.y. h a s  b e e n  d e t e r m i n e d  
(Tempelman-Klu i t  a n d  Wanless,  1975). 

T h e  Cash d e p o s i t  is  o n e  of a n u m b e r  of o c c u r r e n c e s  
s i t u a t e d  a long  t h e  va l ley  of Big C r e e k ,  a d i s t i n c t  n o r t h w e s t -  
t rending  l i n e a m e n t  in  t h e  n o r t h e a s t  p a r t  of t h e  Dawson 
Range .  O t h e r  o c c u r r e n c e s  a long  t h i s  l i n e a m e n t  inc lude  t h e  
Tad ,  K l a z a n  a n d  R e v e n u e .  A t  t h e  C a s h  depos i t ,  t w o  s m a l l  
fe ldspar  porphyry s t o c k s  of T e r t i a r y  a g e  i n t r u d e  s c h i s t  and  
gne iss  of t h e  Yukon M e t a m o r p h i c  C o m p l e x  a n d  m o n z o n i t e  of 
Mesozoic  age .  P y r i t e ,  c h a l c o p y r i t e ,  a n d  m o l y b d e n i t e  o c c u r  



along f rac tures ,  in qua r t z  veins and a r e  disseminated in both 
t h e  feldspar porphyry and t h e  intruded metamorphic  rocks. 
Potassic a l te ra t ion  consisting of hydrothermal potassium 
feldspar,  b io t i te  and/or magnet i te  occurs  locally along 
f r ac tu re s  and is associated with higher grades  of minerali- 
zation.  Quar tz-ser ic i te  a l te ra t ion ,  also typically f r ac tu re -  
controlled,  is more common. Diamond drilling by Western 
Mines Ltd.  in 1975 and Archer,  Ca th ro  and Associates Ltd.  in 
1977 has indicated low grade  mineralization averaging ap- 
proximately 0.2 per c e n t  combined copper and molybdenum 
over  an  a r e a  2500 by 800 m. Although oxidation is present t o  
50 m below bedrock surface ,  supergene enr ichment  is  
negligible. The feldspar porphyry s tocks  a r e  thought  t o  be  
coeval  with Eocene Mount Nansen Group volcanic rocks  which 
ou tc rop  t o  t h e  west. 

The Tad occurrence ,  20 km nor thwest  of t h e  Cash 
deposit ,  was  explored by International Mine Services  Ltd. in 
1969 and 1970. According t o  Craig  and Milner (1975) two  
mineralized zones w e r e  found. One consis ts  of t r a c e s  of 
molybdenite in qua r t z  veins cu t t i ng  propylit ically a l t e r ed  
q u a r t z  rnonzonite and t h e  second consists of disseminated 
galena  and sphaler i te  in breccia ted  and argil l ically a l t e r ed  
q u a r t z  rnonzonite porphyry. 

The Klazan occu r rence  is 8 km southeas t  of t h e  Cash 
deposit. Drilling by At las  Explorations Ltd. in 1970 in t h e  
a r e a  of a d is t inc t  gossan zone in tersec ted  a q u a r t z  vein 
stockwork with associa ted  quar tz-ser ic i te  a l t e r a t ion  in f ine  
grained feldspar porphyry of Ter t iary  age. Py r i t e  and t r a c e s  
of chalcopyrite,  rnolybdenite, sphaleri te,  and galena  occu r  
disseminated in the  feldspar porphyry. T races  of molybdenite 
can  be  seen in t h e  qua r t z  vein stockwork. Two significant 
sec t ions  were  encountered by t h e  drilling, one  14 m averaging 
0.17 per c e n t  copper and t h e  o ther  3 m averaging 0.16 per 
c e n t  copper and 0.408 per c e n t  molybdenum (Pilcher and 
McDougall, 1976). 

At  t h e  Revenue property,  13 km southeas t  of t h e  
Klazan occurrence ,  Ter t iary  (Eocene?) feldspar porphyry and 
re la ted  zones of breccia  in t rude  schist  and gneiss of t h e  
Yukon Metamorphic Complex and rnonzonite of Mesozoic age .  
Chalcopyr i te  is sparsely disseminated in ser ic i t ized  feldspar 
porphyry and breccia  and t r aces  of rnolybdenite occur  in 
qua r t z  veins. Drilling by Kaiser Resources Ltd.  in 1970 
located  very low g rade  mineralization (0.02 t o  0.05 per c e n t  
copper)  with slightly higher grades  cen t r ed  near t h e  western  
margin of a large  breccia  zone in t h e  feldspar porphyry (Craig  
and Laporte,  1972). Supergene enr ichment  has been 
negligible. 

On t h e  southeas t  side of kiount Freegold,  a Ter t iary  
complex of quartz-feldspar porphyry, rhyoli te porphyry, and 
rhyolite breccia  in t rudes  Mesozoic granodior i te  and horn- 
blende syenite.  Py r i t e  and arsenopyr i te  with t r a c e s  of 
chalcopyr i te  occur  along f r ac tu re s  and a r e  d isseminated  in 
highly ser ic i t ized  rhyolite breccia  and associa ted  wall rocks. 
Drilling by Rayrock Mines Ltd. in 1975 encountered  minor 
gold and silver va lues  (Sinclair et al., 1976). 

A t  Gran i t e  Mountain, chalcopyr i te ,  minor pyrite,  and 
pyrrhot i te  and sparse  molybdenite occur  d isseminated  and 
aion hairline f r ac tu re s  in weakly a l tered  monzoni te  (Findlay, 
19698. The  mineralization is  widespread, occurr ing  over  a n  
a r e a  330 by 330 m, but  is relatively low grade ,  averaging 
approximate ly  0.1 per c e n t  combined copper  and molybderlum 
(Pilcher and McDoclgall, 1976). 

At  Mount Cockfield, a quartz-feldzrzr porphyry s tock 
of probable Ter t iary  a g e  is  weakly a l t e r ed  and c u t  by q u a r t z  
veinlets which ca r ry  spa r se  chalcopyr i te  and molvbdenite 
(Craig  and Laporte,  1972). Drilling by United Keno Hill 
Mines Ltd. in 1970 indicated very low grade  mineralization 
averaging 0.03 per c e n t  c o  per and 0.013 per c e n t  molyb- P .  denum over more  than 2 km ( P ~ l c h e r  and McDougall, 1976). 

The Maloney Creek  property is s i t ua t ed  in t h e  southern- 
most  par t  of t h e  Dawson Range. Pyr i te ,  chalcopyr i te ,  and 
molybdenite a r e  present along f r ac tu re s ,  in qua r t z  veins and 
disseminated in schist  and gneiss of t h e  Yukon Metamorphic 
Complex and in porphyrit ic intrusive rocks of Ter t iary  
(Eocene?) age. Ser ic i te  a l te ra t ion  accompanies  t h e  minerali-  
za t ion .  Minor potassic a l te ra t ion  occurs  locally and consists 
mainly of potassium feldspar envelopes along qua r t z  veins and 
magne t i t e  in narrow veinlets.  Western [vlines Ltd.  drilled t h e  
property in 1976 and found t h e  mineralization t o  be  very low 
grade ,  averaging less than 0.1 per cen t  combined copper and 
molybdenum (Morin e t  al., 1977). Supergene enr ichment  
appears  t o  have been negligible. 

Ruby and Nisling Ranges  

The Alaskite Creek  occu r rence  is in t h e  Ruby Range, 
23 km e a s t  of Kluane Lake. The proper ty  i s  underlain mainly 
by Nisling Range a l a sk i t e  which has  been d a t e d  a t  50 t o  
60 m.y. (Ternpelman-Kluit and Wanless, 1975). The principal 
rock type  is a medium t o  coa r se  grained leucograni te  which is  
intruded by porphyrit ic phases of similar composit ion.  Molyb- 
den i t e  occurs  locally as coa r se  ro se t t e s  in thick (up t o  2 c m )  
qua r t z  veins and, t o  a lesser ex t en t ,  on  "dry" f r ac tu re s  
cu t t i ng  t h e  leucogranite.  This s ty l e  of mineralization is 
similar t o  t h a t  found a t  t h e  Adanac  deposi t  near  Atlin, British 
Columbia and t h e  host  rocks  a r e  identical .  I t  i s  noteworthy 
t h a t  this t ype  of mineralization - c o a r s e  rnolybdenite ro se t t e s  
in qua r t z  veins - was considered economically insignificant 
prior t o  t h e  discovery of Adanac. 

On t h e  proper ty  in t h e  Nisling Range, Nisling 
Range a laski te  in t rudes  q u a r t z  monzoni te  of mid-Cretaceous 
a g e  and Yukon Metamorphic  Complex rocks. Mineralization 
consists of chalcopyr i te  and molybdeni te  in q u a r t z  veins and 
disseminated in qua r t z  rnonzonite; cha l copyr i t e  with pyr i te  
and pyrrhot i te  in breccia  zones  in qua r t z i t e ;  and, locally, 
molybdenite ro se t t e s  in qua r t z  veins in qua r t z i t e .  Drilling by 
Imperial  Oil Enterpr ises  Ltd.  in 1971 encountered  sparse  
mineralization in t h e  q u a r t z  monzoni te  (Craig  and Milner, 
1975; Pilcher and McDougall, 1976). 

Sain t  Elias Mountains 

The Cork occurrence ,  s i t ua t ed  20 km wes t  of Burwash 
Creek  in t h e  Kluane Ranges  southwest  of t h e  Shakwak Faul t ,  
has been described by Craig  and Lapor te  (1972). I t  is cent red  
on a s tock or dyke of qua r t z  l a t i t e  porphyry which intrudes 
Permian sediments  and Ordovician o r  younger volcanics. 
Py r i t e  and chalcopyr i te  occur  d isseminated  and along 
f r ac tu re s  in weakly a l t e r ed  porphyry and in t h e  adjacent  
skarn  and hornfelsic sedimentary  and volcanic rocks; molyb- 
den i t e  is present  along f r a c t u r e s  in t h e  porphyry. The 
mineralization g rades  0.23 per  c e n t  copper  and 0.0054 per  
c e n t  molybdenum over  66 by 100 m (Pilcher and McDougall, 
1976). Al tera t ion  minerals in t h e  porphyry a r e  ser ic i te ,  
kaol in i te  and s o m e  hydrothermal  bioti te.  The a g e  of t h e  Cork 
porphyry and re la ted  minera l iza t ion  has been da t ed  at 26 ? 
0.3 m.y. (Christopher et al., 1972). The be l t  of Ter t iary  
volcanic and intrusive rocks  which conta ins  t h e  Cork occur-  
r ence  ex t ends  through t h e  St.  Elias Mountains i n to  adjacent  
Alaska (Muller, 1967) and o the r  occu r rences  m a y  b e  present  
along it. 

The  Trudy occur rence  south  of Beaver Creek  consists of 
pyr i te ,  chalcopyr i te ,  and t r a c e s  of molybdenite along 
f r a c t u r e s  in a weakly a l t e r ed  s tock ranging in composit ion 
f rom q u a r t z  monzoni te  t o  q u a r t z  d io r i t e  (Pilcher and 
McDougall, 1976). The  a g e  of t h e  s tock is  probably 
Cretaceous;  q u a r t z  rnonzonite hosting porphyry minerali-  
za t ion  a t  Ca r l  Creek  and Horsfeld i n  nearby Alaska has been 
da t ed  a t  11 1 m.y. (Hollister  et al., 1975). 



Whitehorse Area  

The Alligator occurrence ,  45 km south of Whitehorse, 
consists of sparse pyrite,  chalcopyrite,  and molybdenite in 
qua r t z  veins associated with f au l t  and f r a c t u r e  zones in 
granodiorite of probable Cre t aceous  a g e  (Craig and Milner, 
1975; Pilcher and McDougall, 1976). The Skukum occurrence ,  
60 km south of Whitehorse, consists of pyr i te  and chalcopy- 
r i t e  disseminated in a weakly a l t e r ed  breccia  at t h e  con tac t  
be tween  Cretaceous  granodiorite and Skukum Group volcanic 
rocks  of Ter t iary  a g e  (Findlay, 1969; Pilcher and McDougall, 
1976). Minor amounts  of f rac ture-contro l led  copper  and 
molybdenum sulphides occur along t h e  Whitehorse Copper 
Belt  wes t  of Whitehorse, but  t hese  appea r  t o  be  r e l a t ed  t o  t h e  
skarn  deposits  of t he  Whitehorse Copper Belt  and a r e  not  
considered porphyry occurrences.  

Big Salmon Range  

The Red Mountain occurrence  is  80 km east of 
Whitehorse in t h e  Big Salmon Range of t h e  Pelly Mountains. 
Pyr i te ,  molybdenite and t r a c e s  of chalcopyr i te  occur  in a 
q u a r t z  vein stockwork cu t t i ng  strongly ser ic i t ized  q u a r t z  
fe ldspar  porphyry considered by Mulligan (1963) t o  be  
Te r t i a ry  in age. The occu r rence  is marked by a spectacular  
gossan 300 by 200 m developed over a l t e r ed  porphyry 
containing up t o  5 per c e n t  pyr i te  but only low grade  
molybdenum mineralization (less than 0.05 per c e n t  molybde- 
n i te)  was  observed in diamond drill c o r e  f rom t h e  property.  
The q u a r t z  feldspar porphyry appears  t o  have a l imited 
distribution and the re  a r e  no o the r  porphyry prospects in t h e  
a r ea .  

Nisutlin Pla teau 

The Mung occurrence  is 180 km e a s t  of Whitehorse in 
t h e  Nisutlin Plateau.  I t  consists of chalcopyr i te ,  molybde- 
n i t e  and pyr i te  in quar tz  veins and f r ac tu re s  in an  intrusive 
breccia  which has been partial ly a l t e r ed  t o  chlor i te ,  epidote  
and undetermined clay minerals (Cra ig  and Milner, 1975; 
Pilcher and McDougall, 1976). The breccia  is pa r t  of a smal l  
s tock or dyke of granodiorite probably re la ted  t o  grani t ic  
rocks of t h e  Cassiar Batholith t o  t h e  southeas t  mapped a s  
Jurass ic  and/or Cre taceous  by Poole e t  al. (1960). 

Summary 

Porphyry prospects occur throughout southern  Yukon 
but a r e  concentra ted  primarily within a northwest-trending 
be l t  in t h e  Dawson Range. Other  be l t s  may be  present  in t h e  
Kuby and  Nisling Ranges o r  in t h e  Saint  Elias Mountains, bu t  
t h e r e  a r e  t oo  f e w  occurrences  known in t hese  a r e a s  t o  def ine  
any such belts. Within t h e  Dawson Range, t h e  major i ty  of 
occu r rences  a r e  associated with small ,  ep izonal  intrusions 
considered t o  be  subvolcanic f eede r s  fo r  t h e  Mount Nansen 
Group o r  Casino volcanic rocks (Tempelman-Kluit, 1974). 
Mineralization is  usually present  in t h e  a l t e r ed  intrusive rocks  
but  may a lso  be  present  in t h e  intruded country  rocks,  e i t he r  
older,  unre la ted  intrusive o r  me tamorph ic  rocks, o r  coeval  
volcanic rocks. Quar tz-ser ic i te  a l t e r a t ion  is common  t o  
many of t h e  occurrences,  but  potassic a l t e r a t ion  appea r s  t o  
occur  only in t h e  higher g rade  deposits. The a g e  of t h e  
Dawson Range deposits  is  probably Eocene although only 
Mount Nansen (Eocene) and Casino ( la tes t  Cre t aceous )  have  
been d a t e d  radiometrically.  O the r  porphyry occu r rences  in 
t h e  southern'  Yukon range in a g e  f rom l a t e  Ol igocene (Cork) 
t o  a s  old a s  Jurass ic  (Mung). 

Although exploration t o  d a t e  has  resul ted  in t h e  
discovery of only one  deposit  of near-economic proportions 
(Casino), porphyry occurrences  in southern  Yukon have  many 
f e a t u r e s  in common with economic  porphyry deposi t s  in 
Brit ish Columbia.  However, many of t h e  known occurrences  
a r e  poorly documented and cannot  be  properly assessed a t  t h e  

present t ime. The re la t ive ly  r ecen t  discovery of t h e  Cash 
deposit  suggests t h a t  t h e  full  potent ia l  fo r  porphyry copper 
and molybdenum deposits  in southern  Yukon has  no t  y e t  been 
realized and t h a t  much exploration remains  t o  be  done. 
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Abstract 

Dawson, K.M. and Dick, L.A. ,  Regional Metallogeny of the Northern Cordillera: Tungsten and 
base metal-bearing skarns in southeastern Yukon and southwestern Mackenzie; Current 
Research, Part A, Ceol. Surv. Can., Paper 7 8 - l A ,  p. 287-292, 1978.  

In 1977,  2 5  tungsten and base metal-bearing skarns were examined in the first phase of  a 
regional study. A four-fold classificaion is proposed, based mainly on ore element assemblages: 
I-W, Cu (Zn, Mo); 11-W, Mo (Zn, Pb, Cu); 111-Zn, Pb (W, Cu, Ag); and IV-Zn, Pb, Ag (Cu, Bi, Sn). 
The skarn groups show common silicate mineral assemblages, morphology, and regional 
distribution in relation to host and intrusive rocks. 

Introduction 

Twenty- f ive  t u n g s t e n  and b a s e  meta l -bear ing  s k a r n s  
w e r e  examined  in 1977 a s  t h e  f i r s t  p h a s e  of a Ph.D. t h e s i s  
s t u d y  by t h e  junior a u t h o r ,  and a s  o n e  a s p e c t  of a cont inu ing  
s t u d y  of t h e  reg iona l  m e t a l l o g e n y  of t h e  n o r t h e r n  Cord i l le ra  
by t h e  sen ior  a u t h o r .  Skarn d e p o s i t s  and o c c u r r e n c e s  in  
s o u t h e a s t e r n  Yukon and  s o u t h w e s t e r n  Mackenzie  w e r e  
s e l e c t e d  f o r  s tudy  pr imar i ly  on t h e  bas i s  of t h e i r  e c o n o m i c  
and  geologica l  s ign i f icance ,  a l though a c c e s s  t o  t h e  p r o p e r t i e s  
and ava i lab i l i ty  of d r i l l  c o r e  and o t h e r  d a t a  w e r e  a l s o  
i m p o r t a n t  cons idera t ions .  Addi t iona l  skarn  d e p o s i t s  f r o m  
e l s e w h e r e  in  t h e  n o r t h e r n  C o r d i l l e r a  will b e  s tud ied  in 1978,  
and ,  in c o m p a n y  wi th  r e l a t e d  l a b o r a t o r y  s t u d i e s  in  progress ,  
t h i s  will al low a m o r e  r igorous t r e a t m e n t  of p e t r o g r a p h y ,  
minera logy ,  and g e n e s i s  t h a n  i s  p r e s e n t e d  in t h i s  r e p o r t .  

Regional Setting 

Skarn  d e p o s i t s  w e r e  examined  in t h e  fol lowing a r e a s :  
Macmi l lan  Pass ,  South Nahanni -F la t  River ,  Tillei L a k e ,  
Hyland River ,  F r a n c e s  River ,  and Rancher ia .  Depos i t  
loca t ions  a r e  p l o t t e d  on t h e  a c c o m p a n y i n g  m a p  (Fig.  55.1), 
t h e  b a s e  geology f o r  which w a s  e x c e r p t e d  f r o m  t h e  p r e -  
l iminary  T e c t o n o s t r a t i g r a p h i c  Map of t h e  Canadian  Cord i l le ra  
(Geological  Survey  of C a n a d a ,  in prepara t ion) .  

Most  d e p o s i t s  s tud ied  a r e  l o c a t e d  wi th in  t h e  Se lwyn 
Fold B e l t  in s o u t h e r n  Yukon and Mackenzie ,  b u t  t h e  d e p o s i t s  
n e a r  R a n c h e r i a  o c c u r  in t h e  n o r t h e r n  O m i n e c a  C r y s t a l l i n e  
Belt .  Skarns  in t h e  f o r m e r  a r e a  a r e  hos ted  by upper  
P r o t e r o z o i c  t o  Devono-Mississippian miogeoc l ina l  s e d i -  
m e n t a r y  r o c k s  - mainly in te rbedded  s h a l e  and c a r b o n a t e .  
T h e s e  r o c k s  m a y  h a v e  b e e n  essen t ia l ly  cont iguous  w i t h  
s imi la r  rocks  in t h e  l a t t e r  a r e a  p e r i p h e r a l  t o  t h e  C a s s i a r  
ba thol i th  pr ior  t o  la rge-sca le  d e x t r a l  m o v e m e n t s  on  s e v e r a l  
t r a n s c u r r e n t  f a u l t s  in C a s s i a r  and  O m i n e c a  m o u n t a i n s  
(Gabr ie l se  and Dodds,  1977;  Gabr ie l se ,  p e r s .  c o m m . ,  1977). 

P lu tons  and  a s s o c i a t e d  s k a r n  d e p o s i t s  in Selwyn Fold 
B e l t  l i e  t o  t h e  w e s t  of a major  t e c t o n i c  h inge  l ine  def ined  by 
t h e  w e s t e r l y  sha l ing  o u t  of Lower  P a l e o z o i c  c a r b o n a t e  r o c k s  
(Gabr ie l se  and R e e s o r ,  1974, p. 130). As  a group  t h e  p l u t o n s  
a r e :  a l l  Ear ly  t o  m i d - C r e t a c e o u s  a g e ;  no tab ly  d i s c o r d a n t  t o  
reg iona l  s t r u c t u r a l  t r e n d s ,  w i t h  s t e e p l y  dipping c o n t a c t s ;  
p redominant ly  q u a r t z  m o n z o n i t e s  w i t h  b i o t i t e  m o r e  a b u n d a n t  
t h a n  hornblende ;  and e m p l a c e d  i n t o  re la t ive ly  u n m e t a -  
morphosed r o c k s  t h a t  show well-developed c o n t a c t  
m e t a m o r p h i c  aureo les .  

S p a t i a l  re la t ionsh ips  b e t w e e n  p l u t o n  and s k a r n  v a r y  
f r o m  proximal  t o  d i s ta l .  Skarns  m a y  o c c u r  as:  xenol i ths  and  
s c r e e n s  wi th in  p lu tonic  b o r d e r  phases;  semi-concordant  bodies  

deve loped  in  c a l c a r e o u s  rocks  i m m e d i a t e l y  a d j a c e n t  t o  t h e  
p lu tonic  c o n t a c t ;  essen t ia l ly  c o n f o r m a b l e  u n i t s  m a n y  t e n s  t o  
hundreds  of m e t r e s  a w a y  f r o m  t h e  c o n t a c t ;  and ,  d i s c o r d a n t ,  
f r a c t u r e - c o n t r o l l e d  vein and r e p l a c e m e n t  bodies  t h a t  m a y  b e  
many k i l o m e t r e s  removed f r o m  e x p o s u r e s  of g r a n i t i c  rock .  In 
gran i t ized  and m i g m a t i t i c  t e r r a n e  s k a r n s  m a y  d e v e l o p  in 
c a l c a r e o u s  b e d s  a d j a c e n t  t o  c o n f o r m a b l e  g r a n i t i c  bodies,  
wi thout  a p p a r e n t  s p a t i a l  o r  t e m p o r a l  re la t ionsh ip  t o  
d i s c o r d a n t  p lu ton ic  o r  hypabyssa l  rocks.  

In s tudying  t h e s e  s k a r n  d e p o s i t s  in  t h e  f i e l d ,  w e  noted  
and c o m p a r e d  t h e i r  v a r i a b l e  individual  c h a r a c t e r i s t i c s  wi th  
t h e  o b j e c t i v e  of def in ing  i n h e r e n t  t r e n d s  of poss ib le  reg iona l  
m e t a l l o g e n i c  s ign i f icance .  An i n i t i a l  c o m p a r i s o n  of o r e  
e l e m e n t  a s s e m b l a g e s  only,  read i ly  showed t h a t  a l l  b u t  t w o  
d e p o s i t s  could  b e  c lass i f ied  i n t o  f o u r  c o h e r e n t  groups,  a s  
i l l u s t r a t e d  in T a b l e  55.1. F u r t h e r  c o m p a r i s o n s  on t h e  bas i s  of 
h o s t  rock a g e  and l i thology,  d e g r e e  of reg iona l  m e t a -  
morphism,  and h y d r o t h e r m a l  a l t e r a t i o n  of a s s o c i a t e d  p lu tons  
re inforced  t h e  in i t i a l  groupings.  As  shown in F i g u r e  55.1, 1 9  
of t h e  22 d e p o s i t s  fal l  wi th in  d e f i n i t e  z o n e s  r e l a t e d  t o  t h e  
a b o v e  c l a s s i f i c a t i o n  and a l s o  t o  t h e  reg iona l  geology.  A 
d e g r e e  of hos t  rock  a n d / o r  p l u t o n i c  c o n t r o l  on  s k a r n  
minera logy  i s  e v i d e n t  in t h e  reg iona l  d i s t r ibu t ion  of t h e s e  
g r o u p s  of  depos i t s .  

Group I - W, Cu (Zn, Mo) skarns 

A. G e n e r a l  c h a r a c t e r i s t i c s  

T h e  group  of d e p o s i t s  in  which s c h e e l i t e  and  
c h a l c o p y r i t e  a r e  t h e  main  o r e  m i n e r a l s  inc ludes  m o s t  of t h e  
e c o n o m i c a l l y  s ign i f ican t  d e p o s i t s  s tud ied  in  1977. T h e s e  
s k a r n s  a r e  a s s o c i a t e d  wi th  a n  a r c u a t e  b e l t  of s m a l l  d i s c o r d a n t  
p lu tons  and a r e  hos ted  by mainly L o w e r  C a m b r i a n  and 
younger  o u t e r  shelf  c a r b o n a t e - s h a l e  s e q u e n c e s .  The  Lower  
and  m i d - C r e t a c e o u s  p lu tons  a r e  c h a r a c t e r i s t i c a l l y  q u a r t z  
monzoni tes ,  b u t  g r a n o d i o r i t e  f o r m s  p a r t  of m a n y  of t h e  l a r g e r  
bodies  (Gabr ie l se  and R e e s o r ,  1974,  Fig.  9). P l u t o n s  m a y  b e  
loca l ly  m e g a c r y s t i c ,  b u t  e x t e n s i v e  a r e a s  of e v e n - t e x t u r e d  
medium gra ined  rocks  a r e  c o m m o n .  Group I s k a r n s  t e n d  t o  
d e v e l o p  p r e f e r e n t i a l l y  in  t h e  f i r s t  th ick  and r e l a t i v e l y  p u r e  
l i m e s t o n e  b e d s  a b o v e  t h e  P r o t e r o z o i c  c l a s t i c s .  Hos t  r o c k s  a r e  
n o t  reg iona l ly  m e t a m o r p h o s e d ,  b u t  e x t e n s i v e  t h e r m a l  
a u r e o l e s  of p y r i t i c  and b i o t i t i c  h o r n f e l s  a r e  deve loped  in  
p e l i t i c  r o c k s  p e r i p h e r a l  t o  m o s t  s tocks .  T h e  c o m m o n  
morphology of a \V, C u  skarn  i s  a m o r e  o r  l ess  c o n c o r d a n t  
body loca l ized  s o m e  t e n s  t o  hundreds  of m e t r e s  a b o v e  a 
shallowly d ipping  in t rus ive  c o n t a c t .  D y k e s  and i n t r u s i v e  
aphophyses  r a r e l y  c u t  up th rough t h e  s k a r n t m e t a s e d i m e n t  
s e q u e n c e .  

' Q u e e n ' s  Univers i ty ,  Kingston,  O n t a r i o  



B. Ore  mineralogy 

With t h e  exception of one f e rbe r i t e  occur- 
rence  at Mactung, scheel i te  is  t h e  only tungsten  
mineral  present  in Group I skarns. Scheel i te  
commonly occurs  a s  anhedra l  t o  subhedral  grains 
with blue-white f luorescence,  unevenly dis- 
seminated  in dark  green calc-si l icate skarn. 
Skarn, hornfels,  and intrusive rocks may be  c u t  
by scheeli te-bearing vein le ts  of quar tz ,  quar tz-  
tourmaline,  and quartz-calc-si l icates.  Fine 
grained disseminations of scheel i te  in b io t i te  
hornfels occur  locally a t  Mactung. 

Chalcopyrite occurs  with scheel i te  in a l l  
deposits ,  in a less abundant and more  e r r a t i c  
distr ibution.  W:Cu ra t ios  a t  Mactung and 
Cantung range f rom 6:l t o  7:l. In genera l ,  t h e  
Group I skarns conta in  g r e a t e r  amounts  of copper  
than t h e  o the r  t h r e e  groups. 

Brown sphaler i te  is  associated with some  
scheel i te  at Can tung  and m, and in t h e  fo rmer  
occu r rence  locally a t t a i n s  significant grade.  
Minor occurrences  of sphaler i te  a t  Mactung a r e  
peripheral  t o  tungsten-bearing skarn. 

Small quartz-molybdenite ve in le ts  a t  
Mactung,, Cantung, and Lened ei ther  c u t  skarn 
and p e l ~ t ~ c  hornfels o r  occupy greisened zones in 
ad j acen t  intrusive rocks. 

Py r rho t i t e  i s  abundant  in a l l  W, Cu  skarns, 
and tends  t o  increase  wi th  increasing tungsten  
con ten t  at Mactung and Cantung. Py r i t e  is  
subordinate  t o  pyrrhot i te  in t hese  two  deposits ,  
and a t  Mactung is  localized in and nea r  f au l t s  
t h a t  c u t  pyrrhoti te-bearing skarn (Dick, 1976). 

C. Sil icate mineralogy 

Pyroxene (diopside-hedenbergite) and 
ga rne t  a r e  t h e  main  calc-si l icate minerals 
accompanying scheeli te-chalcopyrite.  Actinoli te,  
bioti te,  quar tz ,  chlor i te ,  epidote ,  vesuvianite,  
and wollastonite a r e  subordinate but  locally 
extensive.  In addit ion anor th i te ,  apa t i t e ,  
cl inozoisite,  and sphene a r e  reported f rom 
Mactun skarn by Dick (1976), and f rom Can tung  
d 1 9 7 6 ) .  

Bioti te-actinoli te skarns,  which occur  only 
with t h e  Group I deposits ,  a r e  well developed in 
t he  "Eft-zone orebody a t  Cantung and less 
abundant a t  Mactung and x. Wollastonite 
occurs  in t h e  ' cher t  ore '  a t  Cantung and locally 
a t  Mactung and Bailey, but not  in association 
with sulphides, and only rarely with scheeli te.  
Garnet-rich por t ions  of skarns  occur  in 
association with c a l c i t e  and vesuvianite. Garnet -  
r ich skarns  tend t o  b e  de f i c i en t  in pyrrhot i te ,  and 
vice-versa. 

D. Mineral deposi t s  

A t  Mactun l imestone-shale breccias  of 
+' probable Cam rlan a g e  form a skarn zone t h a t  

hosts t h e  Lower O r e  Zone and t h e  lowest of 
t h ree  horizons of t h e  Upper Ore  Zone (Harris,  
1977). Peli t ic c l a s t s  have  been a l tered  t o  very 
f ine  grained calc-si l icate hornfels devoid of 
W mineralization.  Most scheel i te  occurs  in 
hedenbergit ic pyroxene-almandine-rich g a r n e t  
skarns  t h a t  may have  undergone local  re t rograde  
a l t e r a t ion  t o  ac t inol i te -b io t i te  and clinozoisite-  
plagioclase (Dick, 1976). Scheel i te  a l so  occurs  in 
q u a r t z  veinlets in hornfe ls  and intrusive rocks  
and rare ly  a s  f inely disseminated gra ins  in b io t i t e  
hornfels. 

Miles 2E _ 0 , 20 A 0  60 8.0 1YO 
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Location map of tungsten and base  metal-bearing skarns  examined 
in 1977. Geologic base f rom preliminary Tectonost ra t igraphic  Map 
of t h e  Canadian Cordillera (Geol. Surv. Can., in preparation). 

A t  Cantung, mineralized skarn  has  formed in  t h e  
massive, relatively pure  Lower Cambrian 'Ore limestone', 
and in t h e  underlying 'Swiss Cheese  Limestone'  (Blusson, 
1968, p. 28). In t h e  l a t t e r  unit, ' cher t  ore '  occurs  in lenses 
and pods of skarn within sil iceous hornfels. Scheelite- 
qua r t z  veinlets t h a t  c u t  intrusive rock commonly a r e  
greisen-bordered. The open p i t  orebody, on the  upper 
l imb of an  overturned ant ic l ine  (Cummings and Bruce, 
1977, Fig. 2) i s  mainly a garnet-pyroxene skarn with 
disseminated pyrrhotite-scheelite-chalcopyrite and many 
quartz-bioti te veins. The 'El-zone orebody, on the  lower 
l imb (Cummings and Bruce, 19771, i s  a garnet-pyroxene- 
massive pyrrhot i te  skarn t h a t  gives way locally t o  
biotite-amphibole (ac t inol i te / t remol i te)  skarn. Quar tz  
veining in the  'E' zone is rare ,  pyr i te  is  found only in 
f au l t  zones, and sphaler i te  is  locally abundant.  

A t  the  Bailey prospect of Canada Tungsten, two 
types  of skarn a r e  developed ad jacen t  t o  a con tac t  
between Cretaceous  granodiorite and Devono- 
Mississippian crystall ine l imestone (Unit  7, Gabrielse, 
1967): a py roxene-pyrrhotite-scheelite-chalcopy r i t e  
skarn c lose  t o  t h e  con tac t ,  and a garnet-pyroxene- 
scheelite-minor magnet i te  skarn severa l  me t re s  t o  tens  
of me t re s  higher in t h e  section. An underlying quar tz-  
b iot i te  schist  unit  conta ins  abundant disseminated 
pyrrhotite.  Both l imestone and granodior i te  a r e  a l tered 
along thei r  mutual contact .  

The Lened prospect  of Union Carbide i s  a 
conf ormable,  mainly garnet-py roxene-pyrrhoti te skarn 
developed in Cambro-Ordovician 'Wavy banded' l imestone 
a t  i t s  c o n t a c t  with underlying Upper Proterozoic(?) 
phylli te (Blusson et al., 1968). The W, Cu-bearing skarn 
occurs  in isoclinally folded beds adjacent  t o  and 
shallowly underlain by a megacrys t ic  qua r t z  monzonite 
t h a t  i s  greisened locally and con ta ins  minor amounts  of 
molybdenite. Higher in t h e  sect ion,  si l ty l imestone beds 
within graptol i t ic  Road River shales  a r e  a l tered t o  
garnet-pyroxene skarn adjacent  t o  grani t ic  apophyses. 

Group I1 - W, Mo (Zn, Pb, Cu) skarns  

A. General  character is t ics  

This group of deposi ts  in which scheel i te  
predominates  over  molybdenite is  typified by two 
contiguous prospects,  t h e  Woah and TaJ, discovered in 
1977 near  Tillei Lake by Welcome North Mines Ltd. 
Including an older occurrence ,  t h e  Tanya, these  th ree  
skarns occupy a l inear bel t  of s c reens  and xenoliths t h a t  
extends  fo r  60 km along t h e  nor theas tern  margin of t h e  
Mount Billings Batholith. A four th  Group I1 skarn, t h e  
Mid-Nite occurrences owned by Rayrock Mines Limited, 
i s  nei ther  a xenolith nor located in t h e  Tillei Lake zone, 
but occurs a t  t h e  nor theas tern  c o n t a c t  of t h e  Cassiar 
Batholith. I t  i s  however included in t h e  group by vi r tue  of 
similar mineralogy and host rocks. 

The intrusive rock in t h e  vicinity of t he  Tillei 
Lake skarns i s  mainly hornblende granodiorite,  however 
major qua r t z  monzonitic and minor qua r t z  d ior i t ic  phases 
were  noted. Adjacent t o  t h e  con tac t ,  granodiorite i s  
foliated,  sheared, chlorit ized and conta ins  abundant 
smal l  maf i c  xenoliths. Intrusive c o n t a c t s  vary f rom sharp  
a t  Woah t o  more  di f fuse  a t  3 and Tanya, where a 
complex zone of lit-par-lit migmat i tes ,  sills and con- 
formable  grani t ic  boudins borders t h e  pluton. The qua r t z  
monzoni te  c o n t a c t  a t  Mid-Nite i s  sharp,  bu t  t h e  border 
phase  conta ins  abundant angular xenoliths of hornfels. 

The original composition of t h e  mineralized 
screens  in t h e  Tillei Lake be l t  probably was  l imestone, 
severa l  beds of which se rve  a s  marke r s  in t h e  folded, 
dominantly g r i t t y  phylli tes of t h e  Upper Proterozoic  
'Grit  Unit' in t h e  a r e a  (Blusson, 1966). Regional 



Table 55.1 

A comparison of some characteristics of 22 skarn deposits 

Group Ore Element Host rock age, Regional Alteration 
Assemblage lithology Metamorphism of pluton 

Examples 

I W, Cu (Zn, Mo) € to D carbonates, Relatively Border phases argillized; Mactung (I), Clea (21, 
interbedded shale unmetamorphosed locally greisened, Lened (3), Cantung (41, 

terrane tourmalinized Bailey (17) 
- - -  - - - - - - - - 

I1 W, Mo (Zn, Pb, Cu) Late P limestone Woah (71, Tai (8), 
xenoliths, screens Plutons Tanya (91, Mid-Nite (22) 

I11 Zn, Pb (W, Cu, Ag) Late P limestone beds Metamorphosed Relatively Nar (51, Narchilla (6) 
in quartz-biotite schist Unaltered Zeus (101, Chap ( I  I), 

Ron (121, FirTree (13), 
Blackjack (14), Max (15) 
Glenna-Miko (16) 

IV Zn, Pb, Ag DM carbonates, inter- Atom (191, Bom- 
(Cu, Bi, Sn) bedded shale Munson (20), Bar (21) 

metamorphic grade and intensity of migmatization i n  this 
Schist-gneiss belt decrease northeastward away from the 
batholithic contact. Some marble and l imy schist beds in  
contact with the Mount Billings Batholith developed no skarn, 
whereas others in  contact with and up to several tens of 
metres above the contact host small base metal skarns 
notably devoid of tungsten (Fig. 55.2). A lithologically similar 
and probably equivalent sequence of Upper Proterozoic to  
Lower Cambrian quartz-biotite schist and interbedded marble 
hosts tungsten skarns a t  Mid-Nite (Poole e t  al., 1960). 

Anomalous radioactivity of three to  f ive times back- 
ground was noted i n  two exposures of rusty-weathering grey 
andalusite schist separated by 37 km, on the Woah and 
Narchilla claims, within similar 'Grit Unit' sequences of grey 
micaceous phyllite, quartzite and marble. 

B. Ore and silicate mineralogy 

Skarns formed i n  screens and xenoliths i n  Ti l lei Lake 
belt are mainly coarse grained, brown-weathering, foliated 
assemblages of garnet-quartz-pyroxene-scheelite. Actinolite, 
epidote, wollastonite, and vesuvianite occur locally. Skarns 
are generally low in  sulphides, although several occurrences 
of pyroxene-pyrrhotite-py rite-chalcopy r i te -phaer i te  were 
noted. Skarn bodies may be cut by veins of coarse grained 
quartz-garnet-scheelite-molybdenite and/or quartz- 
magnetite-actinolite-chalcopyrite. A t  m, a southeasterly 
striking set of the latter assemblage shows anomalous 
radioactivity. Pronounced foliation in  skarn may represent 
either re l ic t  textures that were developed i n  the host prior t o  
engulfment by the intrusion, or syn- to postmineralization 
shearing and recrystallization i n  the border phase. 

Small, essentially concordant skarns relatively rich i n  
sulphides and base metals and deficient in  tungsten are 
developed in  folded calcareous interbeds in  quartz-biotite 
schist adjacent to  the batholithic contact. As shown in  
Figure 55.2, base metal skarn morphology includes concordant 
bodies adjacent to  conformable granitic boudins and sills, 
semi-concordant skarns a t  or near plutonic contacts, and 
discordant skarns adjacent to  dykes. Occurrences may contain 
varying proportions of pyrrhotite, sphalerite, galena, 
magnetite, and chalcopyrite in  relatively fine grained 
pyroxene-garnet-amphibole-epidote skarn. 

Skarns on Nite claims are a sulphide-deficient 
assem blage of garnet-pyroxene-quartz-wollastonite that are 
interbedded wi th quartz-biotite schist. Minor amounts of 
molybdenite accompany scheelite, which may fluoresce either 
blue-white or yellow. With the exception of late-stage 
sphalerite-pyrite-opaline silica veins, quartz veining is  

negligible. Minor scheelite was noted i n  local wollastonite- 
rich skarn although most tungsten occurs wi th pyroxene and 
quartz interst i t ial to coarse grained garnet. Similar garnet- 
pyroxene skarns on the nearby = claims contain 
disseminated scheelite and sphalerite. 

Group I11 - Zn, Pb (W, Cu, Ag) skarns 

A. General characteristics 

Group 111-Zn, Pb skarns are developed i n  calcareous 
beds within a bel t  of relatively high grade metamorphic and 
migmatit ic rocks bordering the northern and eastern flanks of 
the Mount Billings Batholith. Nine occurrences examined i n  
1977 are included i n  this group, and numerous others are 
known i n  southeastern Yukon. The deposits are typically 
concordant bodies, a few metres thick and up to  hundreds of 
metres long that are developed i n  relatively thin marble and 
calcareous schist beds of the Upper Proterozoic 'Grit  Unit'. 
Like the concordant Zn, Pb(Cu) skarns of the Ti l lei Lake belt 
depicted i n  Figure 55.2, these deposits are commonly 
localized i n  beds draped around conformable leucogranite 
boudins and sills within a broad zone ranging from a few 
hundred metres to  two or three kilometres from the 
batholithic contact. In addition, Zn, Pb skarns may be 
developed at the plutonic contact (e.g. the Chap occurrence) 
or a t  some distance from a contact i n  the apparent absence 
of conformable granitic bodies, as a t  the Nar and Narchilla 
skarns. 

B. Ore and silicate mineralogy 

Almost a l l  Group 111 skarns are an assemblage of 
pyroxene, epidote, and pyrrhoti te with only minor amounts of 
garnet, usually associated wi th calcite. Nar and Narchilla are 
the exceptions, having no epidote but abundant garnet. 
Magnetite forms an important constituent of half of the Zn, 
Pb skarns studied. Actinolite, wollastonite, and vesuvianite 
are either rare or absent. Brown sphalerite is more abundant 
than galena, the average Zn:Pb rat io being about 5:3. Values 
i n  silver up t o  17 ozlton have been reported f rom one of the 
deposits (Max), but average values for about half of the 
known Zn, Pb skarns are 1-2 oz/ton. Scheelite, usually 
associated wi th chalcopyrite, is a minor constituent of a l l  but 
two (i.e. Ron and Max) of the Zn, Pb skarns examined. 

Group 111 skarns i n  the Hyland River-Tyers River area 
display a notable similarity i n  morphology and mineralogy 
that  apparently reflects the continuity of their host rocks. 
Epidote-rich, garnet-deficient skarns hosted by epidotized 
schist are characteristic of this group of deposits, and quite 



d i s t i n c t  f r o m  skarn  minera l  assemblages  of Groups  I and 11. 
Hyland R i v e r  a r e a  skarns ,  e a c h  wi th  c o n s i d e r a b l e  s t r i k e  
length ,  a r e  al igned in  a n  a r c u a t e  b e l t  a b o u t  45 k m  long t h a t  
e x t e n d s  f r o m  s e v e r a l  s m a l l  o c c u r r e n c e s  n o r t h  of t h e  Ron t o  
t h e  Max (Fig.  55.1). Skarns  in t h e  b e l t  a r e  hos ted  by 
c a l c a r e o u s  beds  wi th in  a 6 t o  10 km-wide inl ier  of ' G r i t  Uni t '  
sch is t ,  q u a r t z i t e  and phyl l i t e  which i s  enclosed by t h e  Mount  
Billings Bathol i th .  Most  skarns  a r e  local ized by a d j a c e n t  
c o n f o r m a b l e  s y n m e t a m o r p h i c  l e u c o g r a n i t e  boudins, s i l ls ,  and 
augen-shaped lenses,  n o t  by proximi ty  t o  a b a t h o l i t h i c  
c o n t a c t  t h a t  may b e  3 k m  a w a y ,  and n o t  by d i s c o r d a n t  
g r a n i t i c  dykes .  A s y n m e t a m o r p h i c  pre-ba thol i th ic  a g e  of 
skarn  d e v e l o p m e n t  i s  ind ica ted ,  h o w e v e r  d i f f e r e n c e s  in a g e ,  if 
a n y ,  b e t w e e n  t h e  reg iona l  m e t a m o r p h i c  e v e n t  and t h e  t i m e  of 
ba thol i th ic  e m p l a c e m e n t  h a v e  n o t  y e t  been d e t e r m i n e d .  

Group IV - Zn, W, Ag (Cu, Bi, Sn) skarns 

A. G e n e r a l  c h a r a c t e r i s t i c s  

T h e  f o u r  d e p o s i t s  t h a t  w e r e  examined  in t h e  C r e s c e n t  
L a k e  a r e a  35  k m  n o r t h w e s t  of R a n c h e r i a  c o n t a i n  a c h a r -  
a c t e r i s t i c  Zn,  Pb,  Ag o r e  e l e m e n t  a s s e m b l a g e  i n  m a g n e t i t e  
and  tourmal ine- r ich  skarns .  R o c k s  hos t ing  t h e  s k a r n s  a r e  a 
s e q u e n c e  of Devono-Mississippian c h e r t ,  a rg i l l i t e ,  l i m e s t o n e  
and q u a r t z i t e  t h a t  i s  t h e r m a l l y  m e t a m o r p h o s e d  t o  s i l i ceous  
hornfe l s  and l a m i n a t e d  c a l c - s i l i c a t e  hornfels .  The  s e q u e n c e  i s  
under la in  by a th ick  Lower  P a l e o z o i c  success ion  of c a r b o n a t e  
and  s h a l e  t h a t  f o r m s  a n  e l o n g a t e ,  p a r t l y  fau l t -bounded  
s e p t u m  s e p a r a t i n g  l e u c o c r a t i c  g r a n i t e s  of t h e  Seagul l  
Ba thol i th  f r o m  b i o t i t e  q u a r t z  monzoni tes  of t h e  C a s s i a r  
Bathol i th  t o  t h e  n o r t h e a s t  (Poole  e t  al., 1960). Bar and A t o m  
skarns  o c c u r  a t  t h e  n o r t h e r n  c o n t a c t  of a d i o r i t i c  and q u a r t z  
d i o r i t i c  p h a s e  of C a s s i a r  Bathol i th ,  w h e r e a s  t h e  Bom and 
Munson o c c u r r e n c e s ,  5 k m  t o  t h e  south ,  a r e  a s s o c i a t e d  w i t h  a 
m i a r o l i t i c  g r a n i t e  p h a s e  of Seagul l  Batholi th.  T h e  a g e  of t h e  
Seagul l  Ba thol i th  i s  Ear ly  C r e t a c e o u s  (92-98 m.y., 
Wanless e t  al., 1972,  p. 30) c o n t e m p o r a n e o u s  wi th  t h e  C a s s i a r  
Bathol i th  (Poole  e t  al., 1960). 

B. O r e  and s i l i c a t e  minera logy  

All  Group  lV s k a r n s  a r e  a n  a s s e m b l a g e  of g a r n e t -  
epidote-actinolite-pyroxene g e n e r a l l y  r ich i n  m a g n e t i t e  and  
d e f i c i e n t  in  pyr rhot i te .  S p h a l e r i t e ,  g a l e n a ,  c h a l c o p y r i t e ,  and  
a r s e n o p y r i t e  a r e  t h e  m o s t  c o m m o n  m e t a l l i c  minera l s ,  and 
only t r a c e s  of s c h e e l i t e  w e r e  observed .  The  Bar  and  A t o m  a r e  
Zn-rich s k a r n s  t h a t  c o n t a i n  l e s s e r  a m o u n t s  of P b  and C u  and  
r e p o r t e d  minor va lues  of Ag,  Sn,  and  Bi, a l though n o  m i n e r a l s  
of t h e  l a t t e r  g roup  of e l e m e n t s  w e r e  recognized  in hand 
spec imen.  The  hos t  c a l c - s i l i c a t e  and q u a r t z - b i o t i t e  s c h i s t s  
m a y  b e  ch lor i t i zed ,  ep idot ized  a n d / o r  tourmal in ized  a d j a c e n t  
t o  s k a r n  depos i t s ,  w h e r e a s  d i o r i t e  border  p h a s e s  a r e  c r o w d e d  
w i t h  x e n o l i t h s  b u t  r e l a t i v e l y  u n a l t e r e d .  T h e  Bom and Munson 
a r e  c h a r a c t e r i z e d  by e q u a l  p ropor t ions  of g a l e n a  and 
s p h a l e r i t e  in mass ive  pyroxene-pyrrhotite-chalcopyrite- 
a r s e n o p y r i t e  s k a r n  t h a t  m a y  g r a d e  l a t e r a l l y  t o  c a l c a r e o u s  
g a r n e t - p y r o x e n e  s k a r n  a n d  c o n t a i n  s p h a l e r i t e  w i t h  t r a c e s  of  
s c h e e l i t e  and molybdeni te .  In addi t ion ,  C o w e r  (1952) 
iden t i f ied  s t a n n i t e ,  s t a n n i f e r o u s  ludwigi te  ((Mg Fe)?  I:(: 111 ),.I, 
p y r a r g y r i t e ,  and  t e t r a h e d r i t e ,  a c c o u n t i n g  f o r  t h e  r e p o r t e d  
a s s a y s  of 5 t o  6 o z / t o n  Ag and  0.1 t o  0.3% Sn. 

T h e  R a n c h e r i a  Zn, Pb,  Ag s k a r n s  r e p r e s e n t  only o n e  of 
many t y p e s  of skarn ,  ve in  and  r e p l a c e m e n t  o c c u r r e n c e s  
r e l a t e d  t o  t h e  C a s s i a r  Bathol i th  (Mulligan, 1975) and  
t h e r e f o r e  c a n n o t  b e  cons idered  r e p r e s e n t a t i v e .  However ,  
s o m e  a s p e c t s  of t h e  o c c u r r e n c e s ,  p a r t i c u l a r l y  t h e  Sn,  Be, Bi, 
Mo and F-bear ing  m i n e r a l  a s s e m b l a g e s ,  m a y  b e  c h a r a c t e r i s t i c  
of s k a r n s  a s s o c i a t e d  wi th  t h e  Seagul l  Ba thol i th  (Mulligan, 
1977,  p. 77). Regional  and  l o c a l  c h a r a c t e r i s t i c s  of addi t iona l  
s k a r n s  in t h e  Cass ia r  Bathol i th  reg ion  will b e  s tud ied  in 1978. 

Other Occurrences 

T w o  skarns  t h a t  w e r e  e x a m i n e d  in  1977  a n d  d o  n o t  
c o r r e l a t e  wi th  any  o t h e r s  in t h e  c l a s s i f i c a t i o n  s c h e m e  g iven  
in T a b l e  55.1 a r e  t h e  Max W (vs. s e v e r a l  Max Zn P b  
o c c u r r e n c e s )  and  Hundere .  T h e  Max, p r e s e n t l y  being mined by 
T u r n e r  T u n g s t e n  Corp., c o n s i s t s  of t w o  smal l ,  high g r a d e  
W d e p o s i t s  in a z o n e  of G r o u p  I11 b a s e  m e t a l  skarns  
(Fig. 55.1). Severa l  d i s c o r d a n t  g r e i s e n - p e g m a t i t e  z o n e s  a r e  
deve loped  in P r o t e r o z o i c  b i o t i t e  s c h i s t  and m a r b l e  a d j a c e n t  
t o  c o n f o r m a b l e  c o a r s e  gra ined  l e u c o g r a n i t e  bodies.  C o a r s e  
gra ined  s c h e e l i t e  i s  unevenly  d i s s e m i n a t e d  i n  a su lphide- f ree  
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Figure  55.2. Ideal ized s e c t i o n  showing s e v e r a l  t y p e s  of s k a r n  d e p o s i t s  (i.e. WOAH, TAI, e tc . )  in t h e  Til lei  L a k e  a r e a ,  
F r a n c e s  L a k e  s h e e t  105HI14. 



greisen assemblage of quar tz-muscovi te-epidote-calci  te- 
apati te-sphene.  Located in t h e  Frances  River a r e a  (Fig. 55.11, 
t h e  Hundere is t h r ee  s epa ra t e  replacement- type  skarns  
developed in contor ted  l imestone  beds adjacent  t o  a north- 
south f a u l t  zone  t h a t  c u t s  Lower Cambrian  phylli te (Dawson, 
1964). Small  high-grade lenses of red-brown sphaler i te  and 
argent i ferous  galena occur within zones of ac t inol i te -  
hedenbergite-garnet skarn tha t  a r e  c u t  by vuggy quar tz-  
f luor i te  veins. Although a smal l  apl i te  dyke is  t he  only 
associa ted  intrusive rock, Hundere skarns  may be  re la ted  t o  a 
shallowly buried pluton sa te l l i t ic  t o  t h e  Mount Billings 
Batholi th 20 km t o  t h e  north. 

Conclusions 

In summary,  t h e  impor tant  regional cha rac t e r i s t i c s  of 
t h e  four  groups of skarns recognized in th is  study are:  

Group I W, Cu skarns,  t h e  most  significant economically,  
a r e  associated with an  a r c u a t e  belt  of smal l  
Cre t aceous  plutons in southeas tern  Yukon and 
southwestern  Mackenzie. Host rocks a r e  t h e  f i r s t  
thick l imestone  beds, usually Lower Cambrian,  t h a t  
o r c u r  above a relatively unmetamorphosed Upper 
Proterozoic  c l a s t i c  snccession. 

Group 11 W, Mo skarns,  a recently recognized type ,  a r e  
developed mainly in Upper Proterozoic  l imestone  
sc reens  in border phases of t h e  Mount Billings 
Batholith. Scheel i te  aqd s i l ica tes  display 
cha rac t e r i s t i c  fo l i a t e  t ex tu re s  in t hese  garnet-rich,  
sulphide-deficient skarns. 

Group 111 Zn, Pb(W) skarns,  found only in  relatively high 
g rade  metamorphic  ter rane ,  a r e  localized in thin, 
continuous ca lcareous  beds in Upper Proterozoic  
metasediments ,  ad j acen t  t o  small, con fo rmab le  
leacograni te  bodies. The s t r a t i fo rm morphology and 
d i s t ance  f rom discordant intrusive c o n t a c t s  support  
a synmetamorphic  age  of mineralization.  

Group IV Zn, Pb, Ag skarns  t h a t  occur  in Devono- 
Mississippian me ta sed imen t s  adjacent  t o  t h e  
Cassiar Batholi th a r e  relatively rich in epidote,  
magnet i te ,  and tourmal ine  and de f i c i en t  in 
scheel i te .  The assemblage of minerals t h a t  conta ins  
Sn, Be, Bi, Mo and F may be  cha rac t e r i s t i c  of 
skarns associated with t h e  Seagull  phase  of t h e  
Cassiar Batholith. 

Some general  observations on skarn mineral  assemblages  
studied t o  d a t e  are:  

a. Although t h e  large  W, Cu skarns  conta in  pyrrhot i te ,  t h e  
association of py r rho t i t e  with scheel i te  may no t  be  
essential  fo r  economic  W concentra t ions .  

b. Biotite-rich skarns occur only with W ,  Cu  (Group I) 
mineral  assemblages.  

c. Scheel i te  occurs  with many di f ferent  ca lc-s i l ica te  and 
bio t i t ic  skarn  mineral  assemblages.  

d. Garnet-rich skarns generally conta in  scheel i te ,  whereas  
base  me ta l  skarns a r e  low in g a r n e t  (as well a s  W) r e l a t i ve  
t o  W, Cu and W, Mo skarns. 

e. Wollastonite-bearing skarns d o  not  conta in  base  meta ls ,  
and only rarely conta in  scheeli te.  

f. Epidote-rich skarns  a r e  common  only in regionally 
metamorphosed ter rane .  
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Abstract 

Lydon, John W., Observations on some lead-zinc deposits of Nova Scotia; Current Research, 
Part A, Geol. Surv. Can., Paper 78- lA ,  p. 293-298, 1978. 

On the basis of selected criteria, several genetic types of lead/zinc mineralization can be 
recognized in Nova Scotia. Within Carboniferous rocks, dispersed lead and/or copper mineraliza- 
tion, most commonly occurring near the Windsor-Horton contact, is probably the result of 
fractional precipitation of metals by the local reduction of slowly circulating groundwaters. 
Mineralization in the lower part of the Windsor Group, characterized by a barium-iron 
association, probably represents deposition on the sea floor from reduced hydrothermal solutions 
mobilized by tectonic activity, whereas mineralization at about the same stratigraphic level 
characterized by a zinc-lead-low iron association probably represents early t o  late diagenetic 
deposition within carbonates from reduced solutions mobilized by the compaction o f  the 
sedimentary succession. Deposits in rocks of  lower Paleozoic or greater age, include the deposit 
at Stirling which is of the volcanogenic massive sulphide type, and zinc-iron mineralization in 
highly metamorphosed carbonates of the George River Group which may represent original 
synsedimentary concentrations. 

Introduction 

During t h e  1977 field season, t h e  author  spent  t h r e e  
weeks in Nova Scotia examining lead/zinc deposits. Some of 
these  a r e  used t o  i l lus t ra te  how some of t h e  cr i ter ia ,  outlined 
elsewhere in this volume (Lydon, 19781, can be  used in a 
reconnaissance study t o  emphasize some genetically 
significant similarit ies and di f ferences  between o re  deposits,  
and so provide a foundation for  fur ther  work. The field work 
also gave the  author the  opportunity t o  make first-hand 
comparisons between the  lead/zinc mineralization in Nova 
Scot ia  and similar mineralization in Western Europe. 

The ten  deposits (Fig. 56.1) se lec ted for t he  purpose of 
illustration, probably cover  the  t ime  span of metallogenic 
episodes in Nova Scot ia  (Zentilli, 1977). The observations 
noted he re  a r e  selective,  and a r e  not offered a s  comple te  
descriptions of . t h e  deposits. More a t t en t ion  is given t o  t h e  
Walton, Brookfield and Smithfield deposits,  for  which argu- 
men t s  a r e  presented for  a possible genet ic  model, whereas 
remarks  on t h e  other  deposits a r e  confined t o  some general  
observations. Although some  of these  observations or  in ter -  
pre ta t ions  may not  b e  new t o  those  a c t i v e  in t h e  a rea ,  most 
s eem t o  have escaped mention in t h e  l i tera ture .  The 
terminology used is  t h a t  defined or  implied by Lydon (1978). 

Walton - Brookfield - Smithfield Group 

The Walton, Brookfield and Smithfield deposits a l l  
occur  within a ca rbona te  horizon below t h e  evapor i tes  in t h e  
lower p a r t  of t he  Windsor Group, and a l l  a r e  character ized by 
a barium-iron me ta l  association with s t ruc tu res  and t ex tu res  
suggesting rapid deposit ion on or  near  t h e  surface  of t h e  
lithosphere. 

A t  Brookfield, cycl ic  sedimenta t ion uni ts  consisting of 
ba r i t e  and s ider i te  a r e  exposed over  a ver t ica l  thickness of 
about  10 m. Each unit is  composed of a basal, f i ne  grained 
ba r i t e  o r  in ter laminated ba r i t e  and s ider i te  layer  overlain by 
a layer consisting of pr ismat ic  ba r i t e  in a s ider i te  matrix.  The 
ba r i t e  prisms a r e  usually smal ler  (1-5cm) and t h e  
ba r i t e s ide r i t e  r a t io  usually g rea te r  a t  t he  top of t h e  
sedimentation unit than in the  cen t r a l  p a r t  of t he  unit, where  
t h e  ba r i t e  prisms may a t t a in  lengths of over 20 c m  
(Figs. 56.3, 56.4). This ver t ica l  division is applicable t o  a l l  t h e  
sedimentation units, although the  re la t ive  development of 
each division may vary. Although prisms of bar i te  extend 
downwards in to  the  l amina ted 'kye r  of t he  same  unit, they d o  
not  appear  t o  extend upwards in to  the  laminated layer of t he  

overlying unit. A sedimentary  unit  may b e  between 10 c m  and 
1.5 m thick, each individual unit maintaining a cons tan t  
thickness over t h e  e x t e n t  of t h e  exposure. Within t h e  10-m 
ver t ica l  exposure of t h e  mineralization, t he re  a r e  th ree  
horizons of argil laceous sediment  which a r e  parallel  t o  t h e  
laminations of t h e  basal divisions of t h e  units and t o  t h e  
con tac t s  between t h e  units themselves,  which adds  support  t o  
the  in terpre ta t ion of t h e  sedimentary  na tu re  of t h e  
bar i te ls ider i te  mineralization. 

The t ex tu res  shown by this mineralization a r e  in ter -  
preted a s  having resulted f rom the  periodic discharage of 
hydrothermal solutions in to  a local topographic basin of t h e  
sea  floor. The f ine  grained, laminated layer is  regarded a s  
t h e  accumulated precipi ta te  formed by the  initial, rapid 
degeneration of the  hydrothermal solution a s  i t  mixed with 
and displaced t h e  ambient  solution of the  basin. The ambient  
solu.tion may have been normal sea  water  or remnant  
hydrothermal brine from a previous discharge pulse, t h a t  may 
have been a t  any s t age  of degeneration i.e. possessed physico- 
chemical  proper t ies  t h a t  were  in termedia te  between those  of 
the  hydrothermal reservoir and those  of t he  discharge 
environment - in this c a s e  t h a t  of normal s e a  water .  The 
amount  of precipi ta te  produced by each discharge pulse was  
no doubt  proportional not only t o  t h e  quantity of discharge 
bu t  also t o  t h e  degree  of disequilibrium between t h e  
discharging hydrothermal solution and t h e  ambient  solution. 

The pr ismat ic  ba r i t e  layer  i s  interpreted a s  having 
crystall ized within a dominantly s ider i t ic  mud t h a t  was  
deposited a s  a resul t  of t h e  progressive degeneration of t h e  
brine pool. The concentra t ion of ba r i t e  nucleation c e n t r e s  at 
t h e  sediment-water in ter face ,  a s  ref lec ted by t h e  g r e a t e r  
number  of ba r i t e  c rys t a l s  a t  t h e  top  of t h e  sedimenta t ion 
units, suggests t h a t  t h e  combined flux of barium and sulphate  
ions was g rea te r  at t h e  su r face  than deeper  within t h e  
sediment,  a s i tuat ion which could have  arisen by downward 
diffusing sulphate  ions meet ing with barium ions being carr ied  
upwards by t h e  dewater ing of t h e  underlying precipi ta tes .  A t  
some  horizons, a massive t o  nodular ba r i t e  layer  occurs  
between t h e  pr ismat ic  division of one unit and t h e  laminated 
division of t h e  overlying unit, and may represent  ba r i t e  
precipi ta ted  above t h e  water-sediment in t e r f ace  f rom 
solutions discharged during t h e  compact ion of t h e  underlying 
precipi ta tes .  The prismatic ba r i t e  is  reminiscent of t h e  
porphyroblastic se leni te  of some  evapor i te  successions 
(Petti john, 1957, p. 4791, and also, in a very general way, t h e  
textura l  relationships of t h e  barite-siderite beds can  b e  



I. Walton 
2. Brookfield 
3. Smithfield 
4. Gays  River 
5. Jubilee 

6. Silvermine 
7. Lake Enon 
8. Stirling 
9. Lime Hill 

10. Meat  Cove 

Figure 56.1. Generalized geological map, exclusive of igneous rocks, of pa r t  of Nova Scot ia  showing t h e  locations of mineral 
deposits mentioned in the  t ex t .  

compared t o  those of some  ul t ramafic  rocks where spinifex of sediments  of t h e  lower Windsor Group, probably during t h e  
t ex tu re  overlies cumula te  texture .  However, a t  Brookfield Triassic. The complexity of t he  deposit ,  induced primarily by 
the  bar i te  prisms/plates show a preferred orientation t h a t  is post-Windsor t ec ton ic  events  and groundwater  circulation 
consistently inclined in the  same  direction with respect  t o  the  (Boyle op. cit .) ,  precludes any def in i te  ca tegor iza t ion of the  
bedding, in con t ra s t  t o  the  sub-perpendicular orientation of deposit  a s  a single type. However, i t  is  noteworthy t h a t  t he  
spinifex texture .  This f e a t u r e  may in p a r t  b e  a compact ion s t ruc tu re  of t h e  deposit  on a gross s c a l e  i s  strikingly similar 
 heno omen on. t o  t h a t  of o the r  deposi ts  fo r  which t h e r e  i s  more  conclusive 

The mineralization at: Smithfield is no t  exposed a t  t h e  
surface .  The bulk of t h e  mineralization on the  dumps f rom 
the  underground workings consists of a m d a n g e  of f ine  
grained pyrite,  black calcareous/sil iceous mater ia l ,  
sphalerite,  galena and f r agmen t s  and smal l  crys ta l  c lus ters  of 
bar i te .  The m6lange commonly has  a planar fabr ic  
(Fig. 56.5a), especially where  the  rock consists only of pyr i te  
and limestone. Colloform textures  in the  f ine  grained pyr i te  
a r e  also common (Fig. 56.513). Pyrite,  sphalerite,  galena and 
ba r i t e  infill f r ac tu res  in all  rock types  and also apparent  
cavi t ies  on t h e  convex s ide  of some  colloform s t ruc tu res  in 
t h e  pyrite.  In t h e  writer 's  experience,  such t ex tu res  a r e  
common in sulphide deposi ts  which have been rapidly pre- 
c ip i ta ted  a t  t h e  Jithospheric surface ,  including those  of 
volcanogenic affi l iation, but in the  absence of knowledge on 
t h e  s t ruc tu re  of t h e  Smithfield deposit ,  i t  is  not possible t o  
determine whether the  observed mineralization represents  
rapid deposition a t  t h e  lithospheric surface  or within large  
cavi t ies  near  t h e  surface.  

The Walton deposit  consists of juxtaposed bar i te ,  
s ider i te  and sulphide mineralization. The geology, geo- 
chemis t ry ,  mineralogy and textura l  f ea tu res  of this deposit  
have been described in deta i l  by Boyle (1972), who concluded 
t h a t  t h e  deposit  formed by replacement  and fracture-fi l l ing 

evidence for  deposiiion at t h e  lithosphere's su r face  and with 
which the re  a r e  no spatially associated evaporites.  Amongst 
t hese  may be  cited the  Mogul "A" and "8" - Magcobar 
deposits a t  Silvermines, Ireland (Coomer and Robinson, 1976); 
t he  Meggen deposit ,  Germany (Gasser,  1974; Krebs, 1972); 
and t h e  Fuenteheridos deposit ,  Spain (author's observations). 
In a l l  cases,  a ba r i t e  deposit  occurs  la tera l ly  t o  and a t  a 
slightly d i f f e ren t  s t ra t igraphic  e levat ion f rom a dominantly 
pyr i t ic  sulphide body. 

The Walton, Brookfield and Smithfield deposits l ie on 
t h e  same  s t ruc tu ra l  l ineament,  defined by the  outcrop 
pa t t e rns  of Carboniferous and older rocks (Fig. 56.1). Such a 
configuration suggests t o  t h e  wri ter  t h a t  t h e  l ineament  
indicates  a zone  of basement  weakness with a prolonged 
history of s t ruc tu ra l  instability, and may represent  one of t h e  
f au l t  systems, o f t en  with a strike-slip motion, t h a t  were  
ac t ive  throughout the  Lower Carboniferous both in Marit ime 
Canada and t h e  British Isles (Belt, 1968; Webb, 1968;Leeder,  
1976). In th is  respect ,  t hese  deposits may b e  comparable  t o  
t h e  Silvermines and Tynagh deposits of Ireland, which appear  
t o  have been deposited in tec tonical ly  induced basinal 
s t ruc tu res  along ac t ive  f au l t  zones,  s imi lar  in na tu re  and 
origin t o  those  described by Kingma (1958) in New Zealand. I t  
is  presumed t h a t  t h e  f au l t  zones ac t ed  a s  channelways for  
movement  of hydrothermal solutions. 
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deposits plot within these fields. 

3 
Bulk chemical composition of some Nova Scotian 
deposits, based on available information 

Figure 56.2. Comparison of t h e  meta l  ratios of some  Nova 
Scotian deposits with those of o ther  deposits 
(Lydon, 1978). Numbers refer  t o  those deposits 
indicated on Figure 56.1. 

The chemistry of t he  sulphide body a t  Walton appears  
t o  be anomalous (Fig. 56.2) in t h a t  i t  contains relatively too  
much copper and possibly too much lead for  a synsedimentary 
deposit  of a low-medium tempera tu re  geothermal  regime, 
based on the  thermochemical  calculations of Lydon (1977) and 
comparison with the  bulk chemical  compositions of o the r  
deposits of this type. Perhaps the  copper,  and possibly the  
lead, enr ichment  is a post main-ore event ,  and related t o  
those  processes which have produced a copper and/or lead 
enr ichment  a t  t he  Windsor-Horton con tac t  throughout Nova 
Scot ia  (Binney and Kirkham, 1974, 1975). This l a t e  s t age  
introduction of copper,  and t o  some ex ten t  lead, would b e  
consis tent  with the  paragenet ic  relationships observed by 
Boyle (1972). 

In summary; t h e  similar fundamental character is t ics  of 
a l l  t h ree  deposits suggest t h a t  they a r e  of t h e  s a m e  genet ic  
type, having been deposited in similar discharge environments 
f rom hydrothermal solutions t h a t  were  generated in mineral- 
ogically similar reservoirs of about t h e  s a m e  t empera tu re  and 
mobilized at t h e  s a m e  t i m e  by probably t h e  s a m e  mechanism. 
If this is co r rec t ,  then t h e  absence of a sulphide deposit  a t  
Brookfield would b e  anomalous. 

Gays  River  - Jubllee 

Although, texturally qui te  d is t inct  (Fig. 56.5c, 56.5d), 
t hese  t w o  deposits have  severa l  character is t ics  in common. 
They appea r  t o  b e  chemically similar,  having zinc-lead-low 
iron compositions, which indicates  t h a t  t h e  hydrothermal 
solutions f rom which they were  deposited, based on thermo- 
chemical  calculations,  were  probably more  sulphur-rich, more  
oxidized, and probably slightly less ac id  and lower 
t empera tu re  than t h e  hydrothermal solutions responsible fo r  
t h e  mineralization of t h e  Walton-Brookfield-Smithfield group. 
At both Gays  River and a t  Jubilee t h e  mineralization appears  
t o  have  been relatively rapid within an  aquifer,  but  a t  t h e  
s a m e  t i m e  slow enough t o  have allowed t h e  f rac t ional  

precipitation of sphaler i te  and galena. At Gays River,  t he  
depositional space  seems t o  have been afforded by the  
primary and early d iagenet ic  porosity of t h e  host carbonate ,  
which suggests deposition c lose  t o  t h e  su r face  of t he  
l i thosphere and possibly coeval with t h e  overlying evaporites 
(MacLeod, 1975). In con t ra s t  t o  the  deposits a t  Walton and 
Smithfield,  t he  ores  a t  Gays River d o  not  appear  t o  be  
associated with faul ts  (Hannon and Sco t t ,  1975). A t  Jubilee,  
t h e  exposed mineralization appears  t o  infill t he  spaces 
between and in p a r t  t o  replace,  l imestone f r agmen t s  of a 
breccia.  However, on such a small  s ca l e  i t  cannot  be 
determined whether t h e  rock is a n  intrali thosphere tec tonic  
breccia  associated with faulting or  a sedimentary  breccia ,  
such a s  a talus breccia  occurring a t  t h e  foo t  of a fault-line 
scarp.  The reasons for  t h e  localization of t h e s e  t w o  deposits 
i s  not known, bu t  i t  may b e  significant t h a t  both Gays  River 
(MacEachern and Hannon, 1974) and Jubi lee  (Greg Isenor, ora l  
comm., 1977) occur  on t h e  flanks of ant i form s t ructures ,  
which may have had some  influence in d i rec t ing t h e  flow of 
t h e  hydrothermal solutions in t h e  Windsor Limestone aquifer 
contained between relatively impermeable  c l a s t i c  rocks 
below and evapor i tes  above. 

Dispersed Lead and Copper  Mineralization i n  
Carboniferous Rocks 

There  a r e  numerous occurrences  of lead and/or copper  
mineralization in Carboniferous rocks throughout Nova 
Scotia,  particularly c lose  t o  t h e  Windsor-Horton c o n t a c t  
(Binney and Kirkham, 1974, 1975; Binney, 1975a, b). A 
preliminary theoret ica l  consideration of th is  lead-copper 
association suggests t h a t  i t  is  probably a result  of t h e  
reduction of initially metal-undersaturated, oxidized solutions 
(which con t ra s t s  with t h e  initially reduced na tu re  of most 
ore-forming hydrothermal solutions) leading t o  t h e  f rac t ional  
precipitation of t h e  meta ls .  The solutions responsible for  
mineralization of this type  a r e  probably "normal", slowly 
circulating groundwaters,  a lbei t  probably containing 
anomalous amounts  of me ta l  and already somewhat  reduced 
re la t ive  t o  equilibrium with the  a tmosphere ,  f rom which t h e  
me ta l s  a r e  fractionally precipitated by react ion with reducing 
agents ,  such a s  pyrite,  na tura l  gas  or carbonaceous  mater ia l ,  
within or  adjacent  t o  the  aquifer.  Such a mechanism has  been 
proposed by Kirkham (1973) for  t he  origin of his 
"Kupferschiefer" and "Red Bed" types  of deposi ts  in general,  
and by Binney (1975a) for  t he  Lake Enon mineralization, 
though this locality may b e  locally anomalous in t h a t  

C y c l i c  

Sedimentat ion 

Units 

nodular  - m a s s i v e  
b a r i t e  layer 

p r i s m a t i c  b a r i t e  
in  s i d e r i t e  m a t r i x  
l a y e r  

l a m i n a t e d  b a r i t e  
w i t h  s i d e r i t e  layer 

Figure  56.3. Illustration of t h e  textura l  types  and cycl ic  
sedimenta t ion of t h e  Brookfield barite-siderite 
deposit .  Note  t h a t  t h e  ba r i t e  s ider i te  r a t io  i s  
usually higher in t h e  upper p a r t  (Pu) of t h e  
pr ismat ic  ba r i t e  layer  (PI than  in t h e  lower p a r t  
(PI). 
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Figure 56.4 

relatively significant quantit ies of zinc accompany the  copper 
and lead mineralization. The Silvermine deposit ,  consisting 
mainly of galena, the  bulk of which occurs in Pennsylvanian 
sandstone, may represent an  unusually high concentra t ion,  
both in t e rms  of grade and tonnage (Northern Miner, March 
1977), of sulphide mineralization of this type. 

Stirl ing 

Only dump mater ia l  was available for  inspection a t  t h e  
old Mindimar mine at Stirling. Two dominant types  of 
sulphide mineralizaiton appear  t o  exist. One consists of f ine  
grained, massive, commonly laminated, pyrite,  sphalerite,  
ga lena  and chalcopyrite,  and t h e  other  of quar tz-carbonate  
vein(?) material ,  which in many specimens conta ins  sulphides, 
and which appears  t o  c u t  host rocks and t h e  massive 
sulphides. The primary sphalerite-chalcopyrite association 
suggests deposition from a hydrothermal sys tem of a higher 
t empera tu re  type than those discussed above, while t h e  f ine  
grained, laminated and massive nature  of t he  o re  suggests 
rapid deposition a t  t he  lithospere's surface.  The deposit  is 
hosted by the  volcanic rocks of t he  Bourinot Group, assigned 
a Cambrian age  by Weeks (19541, but considered possibly of 
Hadrynian age  by Poole (1974). 

The deposit  has been described a s  a replacement  and 
f r ac tu re  filling in a shear zone (Watson, 1954; Keating, 1960), 
but  i t s  bulk chemical  composition, o r e  textures  and geological 
se t t ing indicate that ,  consis tent  with t h e  opinion of Poole 
(19741, i t  is a volcanogenic massive sulphide deposit. 

Meat Cove - Lime Hill 

The Meat Cove deposit  has  been described a s  a c o n t a c t  
metasomat ic  replacement  of l imestones of t h e  George River 
Croup by sphalerite-pyrite-pyrrhotite mineralization 
(Keating, 1960). Cha t t e r j ee  (1976) regards t h e  sphaler i te  
mineralization a s  resulting f rom the  final s tages  of hydro- 
thermal  activity associated with a syenite intrusion. Although 

a )  Photograph showing some 
cyc l i c  sedimenta t ion units of 
t h e  Brookf ield barite-sideri  te 
deposit .  Symbols fo r  textura l  
types  a r e  t h e  s a m e  a s  for  
Figure  56.3. Note  t h e  c a m e r a  
lens  cap  in t h e  upper l e f t  for  
scale.  

b) Close-up of t h e  a rea  in- 
d ica ted in 56.4a. 

skarn mineralization is present ,  and sphaler i te  i s  commonly 
incorporated in to  this mineralization a s  well a s  being present  
a s  small ,  discordant,  massive veins, most of t h e  sphalerite 
appears  t o  form an  in tegra l  p a r t  of t h e  crys ta l  mosaic and 
foliation of t h e  highly metamorphosed ca rbona te  rock, and 
would appear  t o  predate  the  metamorphism and foliation (see 
Fig. 56.5e). Judging f rom dril lhole sect ions  and o the r  docu- 
ments  in the  assessment fi les of t he  Nova Scot ia  Depar tmen t  
of Mines, most of t he  zinc mineralization is in an  elongate 
tabular  mass  parallel t o  t h e  compositional layering in the  host 
carbonate .  

The author  was  s t ruck by t h e  similarity of t h e  
mineralization a t  Meat  Cove t o  t h a t  of some  smal l  iron-zinc 
deposi ts  in Cambrian ca rbona tes  of southern  Spain and 
Portugal where  t h e  Cambrian is  transgressed by Hercynian 
metamorphic  zones  t h a t  vary in g rade  f rom lower greenschist  
t o  upper amphibolite. In t h e  lower g rade  metamorphic  zones  
i t  is  readily appa ren t  t h a t  t h e  s t r a t i fo rm iron-zinc (either 
pyrite-sphalerite or  pyrite-magnetite-sphalerite) i s  a par- 
t icular  fac ies  of more  widespread iron-barium-zinc-lead- 
copper synsedimentary mineralization, though in high grade 
metamorphic  zones,  where they have been recrystall ized and 
remobilized, thei r  primary f ea tu res  a r e  not easily recog- 
nizable. The geological se t t ing of these  Iberian deposits is a 
p la t form adjacent  t o  the  ac t ive  r i f t  sys tem,  within which 
volcanogenic massive sulphide deposits occur.  If t he  minerali- 
za t ion a t  Meat Cove, and similar mineralization a t  Lime Hill, 
a r e  indeed comparable  t o  t h e  Iberian mineralization, then not 
only "the possibility t h a t  t h e r e  may have been a primary 
concentra t ion in t h e  l imestones themselves" (Keating, 1960, 
p. 481, but  also t h e  possibility of a similar regional geological 
se t t ing,  should perhaps mer i t  consideration. 

Summary 

All t h e  zinc-lead deposi ts  in rocks of Carboniferous 
a g e  a r e  t h e  products of low t empera tu re  hydrothermal 
sys tems (< 200°C) ; h a t  were  ac t ive  during t h e  Carboniferous.  
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The mobilization of the  solutions in some cases  was probably 
tectonically induced, possibly a s  t rue  seismic pumping or  by 
t h e  f r ac tu re  release of geopressured reservoirs (Walton, 
Brookfield, Smithfield); in o ther  cases  (Gays River, Jubilee), 
a s  suggested by Hannon and S c o t t  (19751, solutions may have 
been mobilized by burial compaction of Lower Carboniferous 
or  older sediments  and t h e  consequent la tera l  and upward 
migration of these expelled solutions was no doubt along 
convenient zones of relatively high hydraulic conductivity,  
such as the  Windsor Limestone aquifer or a f r ac tu re  zone. 

The volcanogenic massive sulphide deposit  a t  Stirling 
ref lec ts  t he  exis tence  of a higher t empera tu re  geothermal  
regime in this a rea  during the  lower Paleozoic. If t he  Meat 
Cove and Lime Hill deposits a r e  comparable  t o  the  iron-zinc 
deposits of t h e  Cambrian in Spain and Portugal,  they could 
represent t h e  product of a lower temperature ,  p la t form type 
of hydrothermal system operat ive  during t h e  t ime  of deposi- 
t ion of thei r  George River host, which has been regarded a s  
Helikian by Schenk (1 971) and Wiebe (1972). 
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Abstract 

Lydon, John W . ,  Some criteria for categorizing hydrothermal base metal deposits; Current 
Research, Part A, Ceol. Surv. Can., Paper 7 8 - l A ,  p. 299-302, 1978. 

Analogies with modern hydrothermal systems provide some criteria which may be useful 
for categorizing lead-zinc-copper ore deposits. The bulk chemical composition, particularly the 
ratio of the metals, reflects the temperature and mineralogy of the hydrothermal reservoir. 
The primary geometric and mineralogical structure of the ore deposit and the primary textures 
o f  the ores reflect the mechanism of mobilization of the hydrothermal solutions and the 
physical and chemical nature of the depositional environment. These criteria ref lect  the 
fundamental controls of the ore forming process and provide a basis for distinguishing between 
the basic genetic features of an ore deposit and those features which are only fortuitous 
associations. 
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S o m e  Character is t ics  of  Modern Hydrothermal Systems 

The essential  f ea tu res  of a hydrothermal system, 
considered e i ther  in t e rms  of the  rock units involved or  in 
t e rms  of the  physico-chemical na tu re  or changes of.  t he  
solutions involved, a r e  i l lustrated in Figure 57.1. The 
generation of a hydrothermal solution requires i)  a hea t  
source; ii) an  aquifer unit which a c t s  a s  a reservoir for  t h e  
heated solutions; and iii) an  overlying c a p  rock unit  which 
prevents hea t  dissipation by mass t ransfer  of t h e  heated 
solutions f rom the  aquifer unit, thus allowing the  mainte- 
nance of elevated temperatures  within the  reservoir over an  
extended t i m e  period. 

Temperature  of Hydrothermal System 

A ver t ica l  geothermal  profile through t h e  heated pa r t  
of a hydrothermal sys tem generally shows a n  increase  in 
t empera tu re  with depth,  which is usually c lose  t o  t h e  solution 
boiling curve  through t h e  cap  rock unit, but is relatively 
constant  through the  aquifer unit (White, 1968). Typically, 
e a c h  sepa ra t e  hydrothermal sys tem has  i t s  own character is t ic  
reservoir temperature ,  which is dependent on i t s  depth below 
su r face  and i t s  tec tonic  environment  (McNitt, 1970) - 
generally,  hydrothermal sys t ems  in a r e a s  of ac t ive  volcanism 
have  t h e  highest t empera tu res  (>200°C), those  associated 
with ac t ive  faulting have in t e rmed ia t e  temperatures ,  while 
those in a platform environment have t h e  lowest tempe-  
ra tures  ( <  1 20°C). 

Figure 57.1 Schemat ic  representa t ion of a hydrothermal 
sys tem.  

Chemical Composition of Thermal Waters 

The major ca t ionic  composition of thermal  waters  is 
determined by solution-mineral equilibria in t h e  reservoir 
(Ellis and Mahon, 1964, 1967), this phenomenon being s o  
consistent t h a t  t h e  major ca t ionic  ra t ios  of t h e  solution can  
be used a s  geothermometers  t o  indicate  the  reservoir 
t empera tu re  of t h e  hydrothermal sys tem up t o  about  350°C 
(White, 1970). It is also probable t h a t  t he  pH, pOn ,  p C 0 2 ,  and 
pS2 of the  thermal  water  within t h e  reservoir a r e  also 
controlled by solution-mineral equilibria, while major anionic 
species,  fo r  example  chloride, a r e  probably dependent upon 
provenance, such a s  conna te  waters,  availabil i ty of evapor i tes  
fo r  dissolution, magmat i c  chloride etc. 

Flow of Thermal Waters 

The movement of thermal  waters  f rom the  reservoir 
usually requires s o m e  form of cross-stratal  permeabili ty,  
which in most modern geothermal  a reas  is provided by 
f r a c t u r e  zones (McNitt, 1970). The mechanism of movement  
may b e  thermal  convection or conceivably ar tes ian  flow, both 
of which a r e  essentially c i rcula tory  sys t ems  i.e. requiring a 
recharge  of fluid displaced f rom t h e  reservoir,  or  by a 
dec rease  in porosity of t he  aquifer zone, which does not 
necessarily require recharge  and hence may be considered a s  



non-circulatory systems. H reduction in porosity may be  
achieved by compaction due t o  increase in burial depth or by 
t ec ton ic  stress.  In this connection, t h e  seismic pumping 
model (Sibson e t  al., 1975; also s e e  Dandurand et al., 1972) in 
which pore solutions a r e  expelled f rom t h e  focus  of shallow 
ear thquakes  by the  collapse of a d i la tant  zone, mer i ts  
emphasis. The r a t e  of flow of the  thermal  waters  is likely t o  
be dependent on local conditions, but generally a mechanism 
such a s  seismic pumping would be  expected t o  cause  the  most 
rapid flow, thermal  convection an in termedia te  r a t e ,  and 
compaction due t o  burial t he  slowest migration of thermal  
waters .  However, in all cases  i t  is probable t h a t  flow within 
the  channelways of transportation is very rapid compared t o  
those  in the  reservoir zone, and therefore  the  residence t ime  
of the  solution is too short  and the  e f f ec t ive  water:rock ra t io  
t o o  large  t o  allow any appreciable change in t h e  solution as 
t h e  result  of in teract ion with the  wall rocks. Thus, during t h e  
t ime  of migration, t h e  thermal  solution maintains t h e  
chemical character is t ics  i t  acquired in the  reservoir zone, a 
phenomenon which accounts  for t h e  successful use of 
chemical  composition of surface  discharge waters  a s  an  
indicator of subsurface reservoir t empera tu res  (White, 1970). 

Discharge of Thermal Waters 

Eventually, the  thermal  waters  will be discharged f rom 
t h e  restrictions of t h e  channelways of transportation. This 
zone of discharge may be  a t  t h e  l i thospheric su r face  or where  
t h e  channelways of t ranspor ta t ion in tersect  another  aquifer  
unit. In the  zone of discharge the  na tu re  of t h e  the rma l  
wa te r s  will change by progression towards physico-chemical 
equilibrium with the  environment of discharge. These 
changes may be  brought about  by mixing with local solutions, 
react ion with wall rock, loss of some  components a s  a gaseous 
phase, etc. In any  speci f ic  discharge environment,  although 
all  processes of equilibriation a r e  probably operative,  only 
one process is likely t o  be  dominant. The discharge locale,  or  
t he  s i t e  where the  hydrothermal solution degenerates  f rom 
the  init ial  physico-chemical cha rac te r  of i t s  reservoir,  is  
considered t o  be the  s i t e  of deposition of hydrothermal o r e  
deposits in o re  forming systems. 

Precipitation of Dissolved Constituents 

Nucleation of crystals from an aqueous solution usually 
follows a r a t e  law in which t h e  number of nuclei formed per 
unit  volume per unit t i m e  is highly dependent on t h e  degree  
of supersaturation of t h e  solution (Nielsen, 1964). At high 
degrees  of supersaturation, which may be brought about  by 
rapid physico-chemical changes in the  discharge environment,  
t h e  nucleation r a t e s  may be s o  g rea t  t h a t  most of t h e  excess  
dissolved mass i s  precipitated a s  crys ta l  nuclei, result ing in a 
very f ine  grained or  gel-like precipitate.  A t  lower degrees  of 
supersaturation, crys ta l  growth r a t e s  may exceed nucleation 
ra tes ,  resulting in a coarser  grained precipi ta te .  In a 
multicomponent sys tem,  particularly in t h e  case  where  
di f ferent  cations a r e  competing for  a l imited supply of t he  
s a m e  anionic radical,  t h e  d i f ference  in nucleation and growth 
r a t e s  of t h e  d i f ferent  crystall ine phases may b e  g r e a t  enough 
t o  allow a f rac t ional  precipitation, even though t h e  solution is 
s a tu ra t ed  with respect  t o  all  crystall ine phases. Thus t h e  
path  and r a t e  of t h e  degeneration of t h e  hydrothermal 
solution through physico-chemical space  may de te rmine  not 
only t h e  texture ,  but also t h e  chemis t ry  and paragenet ic  
relationships of t he  precipitate.  Equating t h e  degree  of 
supersaturation of t h e  solution with t h e  degeneration r a t e ,  
depositional phenomena may be analyzed in t e r m s  of t h e  
degeneration r a t e s  of a hydrothermal system and i t s  flow 
r a t e s  through the  discharge zone (see Fig. 57.3). 

'Reduced solutions' a s  used here is  defined a s  those solutions 
species (HpS(aq), HS-or S--1 is greater  than t h e  ac t iv i ty  of t h e  

O r e  Deposits and Hydrothermal Systems 

Within the  con tex t  outlined above, hydrothermal o r e  
deposits could be genetically cha rac te r i zed  in t e rms  of i) t he  
t empera tu re  and mineralogical na tu re  of t he  hydrothermal 
reservoir; ii) t h e  mechanism of mobilization of t h e  hydro- 
thermal  solutions and t h e  na tu re  of t he  channelways of 
transportation; and iii) t h e  na tu re  and s i t e  of t he  degene- 
ration of the  hydrothermal solution. However, s ince  these  
pa ramete r s  cannot b e  di rec t ly  observed when examining o re  
deposits, i t  is suggested t h a t  some  insight in to  these  
fundamental controls of t h e  process of mineralization can be  
obtained by consideration of t h e  following parameters ,  which 
a r e  observable or deducible f rom field work. 

vq Zn-Cu Group 
Range of bulk chemical 

composition of hydrothermal i\& Zn-Pb Group ore deposits.  About 90% of 

deposits plot within these fields. 

Calculated range of metal ratios possible 

in reduced, HCI- H2S aqueous solutions. 

Figure 57.2 Comparison of the  range of Cu-Zn-Pb ra t ios  of 
hydrothermal o re  deposits, based on 195 bulk 
compositions, with t h e  range of ca lcula ted  
sa tura t ion ra t ios  in HCI-H2S aqueous solutions. 

Bulk Chemical Composition of O r e  Deposit 

The range of Cu-Zn-Pb ra t ios  shown by the  bulk 
chemical  composition of hydrothermal o re  deposits corres- 
ponds very closely t o  t h e  ranges, ca lcula ted  f rom thermo- 
dynamic da ta ,  of t h e s e  me ta l  ra t ios  t h a t  a r e  likely in natura l  
metal-saturated, reduced' ,  aqueous solutions containing chlo- 
rine and sulphur species  (Lydon, 1977). The consistency of 
the  me ta l  ra t ios  of o re  deposits formed in similar environ- 
ments  suggests t h a t  most hydrothermal o r e  deposits represent  
t h e  to t a l  precipitation of the  me ta l  load of a hydrothermal 
sys tem,  and t h e  correspondence of these  ra t ios  t o  those of 
s a tu ra t ed  solutions suggests t h a t  t h e  me ta l  con ten t s  of ore- 
forming hydrothermal sys tems,  l ike t h e  major ca t ionic  consti-  
tuents  of modern hydrothermal systems, a r e  determined by 
solution-mineral equilibria in the  hydrothermal reservoir 
(Lydon, op. cit.). Thus t h e  bulk chemis t ry  of t h e  o re  deposit 
r e f l ec t s  t h e  physico-chemical conditions of t h e  hydrothermal 
reservoir which, a s  pointed o u t  above, depends mainly on i t s  
t ec ton ic  environment (or geothermal  regime) and t h e  wall- 
rock mineralogy of t h e  reservoir rocks. As shown in 
Figure 57.2 most hydrothermal o re  deposits in this system can 
be  classified a s  belonging t o  a zinc-copper group or a zinc- 
lead group, which in very  general  t e r m s  can  be equated t o  
higher temperature ,  feldspar-mica buffered hydrothermal 

in which the  ac t iv i ty  of t h e  dominant reduced sulphur aqueous 
dominant oxidized sulphur aqueous species  (HS0,,- or  SO,+--). 



reservoirs and lower temperature ,  clay buffered hydrothermal 
reservoirs respectively. The relatively lead-rich deposits 
probably incorporate a degree  of f rac t ional  precipitation. 

Timing and Location of Mineralization 

Most hydrothermal sys tems do not contain sufficient 
me ta l  t o  become ore-forming systems. The enrichment of 
meta ls  in hydrothermal solutions seems t o  be favoured by a 
high e f f ec t ive  rock:water ra t io  i.e. noncirculatory systems, 
which allows the  a t ta inment  of high meta l  concentrations in 
t h e  solutions, and by a concommitant  metamorphism of the  
reservoir rocks during hydrothermal solution generation, 
which faci l i ta tes  t h e  leaching of the  meta ls  from their  host 
minerals. The energy for t h e  mobilization of the  thermal  
solutions is most readily available in areas  of s teeply  inclined 
geotherms for convective flow e.g. volcanic centres ;  along 
a c t i v e  f au l t  zones for seismic pumping; or when a sedimen- 
t a ry  pile reaches t h e  requisite burial depth for  compactional 
expulsion. A knowledge of t h e  geological history of an  a rea ,  
with particular regard t o  thermal  and t ec ton ic  events ,  is  
necessary t o  determine t h e  most favourable s i t e s  and t i m e  
periods of o re  solution generation, migration, and deposition. 
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concentrated fine-grained 
p o l ~ m e t a l l l e  elongated 
mineralization polymetallic 
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Figure 57.3 Possible e f f e c t s  of t h e  degeneration r a t e  and 
flow r a t e  of a hydrothermal solution on t h e  grain 
size,  degree  of chemical  dispersal  and degree  of 
chemical  zonation of t h e  precipi ta te .  

S t ruc tu re  of Deposit 

'Structure '  is used he re  in t h e  sense  of t h e  archi tec tura l  
f ramework and would include not only t h e  primary geome- 
t r ica l  form of t h e  volume of mineralization bu t  also t h e  
chemical/mineralogical zonation of t h e  deposit. The 
s t ruc tu re  of t h e  deposit  r e f l ec t s  t h e  na tu re  of t h e  discharge 
environment,  which in turn largely determines  t h e  path  and 
r a t e  of degeneration of the  hydrothermal solution through 
physico-chemical space,  and also t h e  types  of depositional 
t raps  which a r e  necessary for t he  conta inment  and preser- 
vation of the  mineral precipitates.  Generally,  deposition a t  
t h e  l i thospheric surface  gives rise t o  geometrically simple 
(e.g. tabular t o  cone-shaped), simply zoned deposits with well 
defined con tac t s  with barren rocks, whereas deposit ion within 
t h e  l i thosphere gives rise t o  deposits which r e f l ec t  t h e  shape 
of the  aquifer and the  na tu re  of i t s  porosity (i.e. f r ac tu re  
intergranular etc.), and hence complex geometr ica l  shapes, 
complicated zonation pat terns ,  and gradational con tac t s  with 
barren rocks can be expected. 

Texture  of Ores  

Primary t ex tu res  a r e  small  s c a l e  f e a t u r e s  which r e f l ec t  
t h e  local depositional and  l a t e r  history of t h e  mineralization. 
Textures  can b e  expected t o  be  variable within a single 
deposit  reflecting t h e  local variations both in degeneration 
r a t e s  of t h e  hydrothermal solution and t h e  local  mechanism, 
r a t e  and s i t e  of mineral precipitation. Thus i t  is  bes t  t o  
consider deposits in t e rms  of dominant textura l  types  ra ther  
than t h e  complete  range of textura l  types. 

Primary textures ,  like t h e  s t ruc tu re  of t h e  deposit, 
ref lec t  t h e  nature  of t h e  discharge environment and therefore  
one would expect  a corre la t ion between t h e  two. For 
example ,  degeneration of a hydrothermal solution is likely t o  
be most rapid a t  t h e  l i thospheric surface ,  and hence fine 
grained, polyminerallic aggregates  a r e  more  typical of the  
massive, well defined, s t ructura l ly  simple,  synsedimentary 
deposits, whereas the  coarsely crystall ine,  monominerallic, 
vug or fracture-fi l l ing ores,  reflecting slower degeneration 
r a t e s ,  a r e  more  typical of t h e  structurally complex epigenetic 
deposits. Since primary t ex tu res  a r e  so  susceptible t o  
modification, of ten  t o  t h e  point of obliteration, by post- 
deposit ional processes such a s  metamorphism or l a t e r  miner- 
alizing episodes, i t  would be  unwise t o  base a gene t i c  model 
of a deposit  solely on this smal l  s ca l e  evidence. 

Categorization of Hydrothermal Ore Deposits 

The fundamental f ac to r s  t h a t  produce di f ferences  
among hydrothermal o r e  deposits a r e  i) t h e  t empera tu re  and 
mineralogy of t h e  hydrothermal reservoir rocks, which deter-  
mine t h e  chemis t ry  of t h e  deposit ,  and ii) t h e  physical na tu re  
and physico-chemical environment of t h e  s i t e  of discharge, 
which determines  t h e  primary s t ruc tu re  of t h e  deposit  and 
t h e  primary t ex tu res  of t h e  ores. Two implications of this 
a r e  t h a t  t he  major o r e  e l emen t  association of a hydrothermal 
deposit  is not re la ted  t o  the  distribution of t h e s e  e l emen t s  in 
t h e  source  rocks, and the  chemical  cha rac te r i s t i c s  of a 
deposit  a r e  not directly re la ted  t o  i t s  host rocks. 

The hydrothermal reservoir and discharge environment 
a r e  not  interdependent,  and in theory, a comple te  spect rum 
of o r e  deposit  types,  with all  possible combinations of t he  
various fea tures ,  should be possible. However,  t he re  is no 
doubt t h a t  ce r t a in  types  of deposits a r e  more  common than 
others  e.g. few porphyry zinc deposits compared t o  many 
porphyry copper deposits. The prevalence of ce r t a in  types  
appears  t o  be  t h e  logical ou tcome  of t h e  interdependence of 
t h e  major geological processes. For example,  in t h e  platform 
environment hydrothermal sys tems tend t o  be of t h e  lower 
t empera tu re  type, ref lec t ing t h e  lower geothermal  gradients 
of th is  t ec ton ic  domain. In th is  geological se t t ing t h e  
dominant lithologies a r e  clay,  ca rbona te  and sandstone, 
ref lec t ing t h e  t ec ton ic  stabil i ty of t h e  area .  Low tempe-  
ra ture ,  clay-buffered, reduced, aqueous solutions can  only 
give rise t o  a zincllead dominant association in meta l -  
s a tu ra t ed ,  reduced solutions. In t h e  p la t form environment,  
aquifers  with t h e  highest hydraulic conductivit ies a r e  usually 
carbonate ,  and t o  some  e x t e n t  sandstone, lithological units. 
The combination of these  f ac to r s  thus  explains why t h e  
Mississippi Valley type  is t h e  prevalent  epigenet ic  base  me ta l  
deposit  in t h e  platform environment.  

I t  would be  unwise t o  a t t e m p t  a s t r ingent  classification 
of o r e  deposits on theoret ica l  grounds alone because,  f rom 
the  pract ica l  point of view, inclusion of a l l  possible types  
sheds no light on t h e  re la t ive  probabilities of thei r  occurrence  
and hence their  priority a s  exploration t a rge t s ,  whereas  
classifications based on possibly erroneous in terpre ta t ions  of 
genesis, may lead t o  omission of a type  and thus preclude i t s  
consideration a s  an  exploration target .  In this regard,  
descr ip t ive  classifications of o re  deposits have g r e a t  useful- 
ness in providing s tandards  for comparison, because i t  is 
probable t h a t  deposits with similar character is t ics  have been 
formed by similar processes. 



In describing o r e  deposits  i t  is desirable t o  distinguish 
between those  f ea tu re s  or character is t ics  which a r e  directly 
re la ted  t o  t h e  fundamenta l  processes of o re  format ion f rom 
those f ea tu re s  which may only be  t h e  for tu i tous  associations 
of a speci f ic  location,  or of negligible consequence t o  a n  o r e  
deposit  t ype  in general .  Because t h e  one  cha rac t e r i s t i c  t h a t  
most o re  deposits  of lead ,  zinc and/or copper have in common 
is t h e  f a c t  t h a t  they were  prec ip i ta ted  f rom hydrothermal  
solutions, i t  is suggested t h a t  c r i t e r i a  based on t h e  cha rac -  
te r i s t ics  of t h e  hydrothermal sys tem have t h e  mos t  funda- 
men ta l  significance.  Based on t h e  points outl ined above, i t  is  
fu r the r  suggested t h a t  t h e  bulk chemical  composit ion,  part i-  
cularly t h e  me ta l  ra t ios  of t h e  orebody, t h e  pr imary s t r u c t u r e  
of t h e  o r e  deposit ,  and t h e  primary t ex tu re s  of t h e  o re s  a r e  a 
d i r ec t  consequence of t h e  chemical  and physical charac-  
te r i s t ics  of t h e  hydrothermal sys tem,  and a r e  t he re fo re  
impor tant  c r i t e r i a  for  categorizing hydrothermal  o r e  
deposits. 
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Abstract 

Rimsaite, J., Layer Silicates and clays in the Rabbit Lake Uranium deposit, Saskatchewan; Current 
Research, Part A, Geol. Surv. Can., Paper 78-IA, p. 303-315, 1978. 

In the Rabbit Lake uranium deposit, primary minerals are partly to  completely altered to  
phyllosilicates, and locally replaced by secondary carbonates, oxides and borates. Brightly coloured, 
stained and bleached phyllosilicates determine the colour o f  host rocks, thereby producing red; green, 
black, grey and white alteration zones. The chemical, mineralogical and petrological studies o f  the 
phyllosilicates and their host rocks were made in an attempt to  determine the relationship between 
different phyllosilicate groups associated with primary and secondary mineralizations, superimposed 
alterations, and the following geological events: retrograde metamorphism following Hudsonian 
orogeny; brecciation; faulting; uranium and sulphide-arsenide-selenide mineralization; and 
weathering. The most intensive alterations were observed along fractures and faults, and in breccias 
and surface alteration zones. It was found that phyllosilicates in high grade ore are poorly 
crystallized, with the degree o f  structural destruction being directly related to  the uranium content 
o f  the ore. 

Introduction scapolite-tourmaline schists and gneisses and diopside-bearing 

This paper d e s c r i b ~ s  methods and procedures used t o  
study uranium m.ineralization in argil l i t ized rocks containing 
paorly cry stall in^^ phases (phyllosilicates) in the Rabbit  Lake 
uranium d c p ~ s i t ,  Saskatchewan. The mineralogical and 
chemical  properties of phyllosilicates associated with pitch- 
blende and secondsry uranyl-bearing ore  m i n ~ r a l s  a t  Rabbit  
Lake a r e  described and a t t e m p t s  t o  co r re l a t e  progressive 
a l tera t ion of the  various phyllosilicate assemblages with the  
type and environment of a l tera t ion in t h e  deposit  vicinity a r e  
made. 

This study is an  extension of previous studies of mineral 
assemblages in the  Rabbit Lake uranium deposit (Rimsai te ,  
1977b) and is partly based on a paper presented t o  the  Clay 
Minerals Society in 1977 (Rimsaite,  1977a). 

More detailed research in to  o ther  a spec t s  of this work, 
such a s  the t empera tu res  and ages  of successive a l tera t ion 
and mineralization a r e  being conducted by J. Hoeve of the  
Saskatchewan Research Council with his work on s table  and 
radiogenic isotopes, and fluid inclusions (Hoeve and 
Sibbald, 1976). 

Phyllosilicate-rich Host  Rocks of Uranium Deposits and 
Relationships to Local  Petrology 

Phyllosilicates a r e  common hosts of some Australian 
and Canadian uranium depos.its. The carnot i te  in the  
Murchinson dis t r ic t  of Western Australia (Mann, 1974) occurs  
in smectite-l.i.ned cavi t ies  in ca lcre te .  Vein type uranium 
deposits in the  Alligator River a r e a  of Northern Australia a r e  
in chlorite and/or sericite-rich layers  (Eupene, 1976; Mosher, 
1976; Pedersen, 1976). In the  Rabbit  Lake uranium deposit, 
Saskatchewan, the  high grade o r e  is  in rocks a l t e red  t o  
assemblaaes of chlorite.  mica and montmor.illonite-like 

L, 

aggregates  derived f rom metasediments.  Uranium 
mineralization is in breccia ted  zones where primary minerals 
a r e  hydrated and a l tered t o  phyllosilicates. The recognition 
of original metasediments  is possible only by rarely preserved 
textures  and remnant  apat i te ,  coa r se  grained tourmaline,  
recrystall ized t i tanium minerals and quartz.  The t ec ton ic  
and petrochemical evolution of the  Hidden Bay a r e a  south- 
west of Wollaston Lake was studied by Wallis (1971) who 
distinguished th ree  major tec tonic  episodes and six meta-  
morphic events ,  followed by re t rograde metamorphism a t  t he  
close of the  Hudsonian orogeny. Under high grade 
metamorphic and a n a t e c t i c  conditions, marine shales and 
l imestones of Aphebian age  were  recrystall ized t o  cordierite- 
diopside-tremolite-hornblende-biotite-microcline-plagioclase- 

marbles t h a t  were  a l tered t o  hydrous phyllosilicates during 
subsequent re t rograde metamorphism. Diopside, dolomite 
and act inol i te  a r e  major suppliers of magnesium, whereas  
disintegrating scapolite,  microcline and plagioclase released 
sili.ca, alumina, calcium and alkalis. Chlorit ized bioti te and 
phlogopite supplied alkalis, iron, magnesium, silj.ca and 
t i tanium. Feldspars a r e  commonly replaced by a mosaic of 
fine grained qua r t z  and mica-chlorite intergrowths.  T o  study 
thei r  progressive a l tera t ion and origin, t h e  following five 
morphological types  of phyllosilicates, PS-I t o  V, were  
distinguished on the  basis of preserved textures  of t he  
original host: 

Type PS-I - coarse  grained chlorit ized biot i te  flakes > 5 0 ~  m 
in d i ame te r  (Figs. 58.la,  58.2); 

Types PS-I1 and 111 - flaky (PS-11) and fibrous (PS-111) 
aggregates  pseudomorphously replacing and retaining the  
general  habit  of t h e  host and generally <50  > I 0  p m in diam- 
e t e r  (Figs. 58. la  t o  58.ld);  

Type PS-IV - groundmass phyllosilicates tha t  have lost 
outlines of the  original host mineral(s), (Figs. 58.le,  58.lf);  

Type PS-V - clays  proper, having par t ic le  s ize  of < 2  y m 
(Fig. 58.4a). 

Phyllosil icate aggregates  usually consist  of in tergrowths  of 
two  or  more morphological types  and a r e  seldom mono- 
mineralic. Transitions f rom type PS-I t o  PS-I1 and PS-JJI a r e  
i l lustrated in Figures 58 . l a  and 5 8 . 1 ~  and chemical changes 
from metamorphic  host through pseudomorphs PS-11 t o  phyllo- 
s i l ica te  groundmass PS-IV a r e  given in Table 58.1. 

Discussion of Mineralogy and Chemist ry  of Phyllosil icate 
Types  PS-I to PS-V i n  Different  Al tera t ion Environments 

Phyllosil icates type  PS-I(Figs. 58.1,58.2, Table58.2, 1-1 t o  10-1) 

These a r e  bioti tes and phlogopites a l tered t o  chlorite 
during re t rograde metamorphism (Table 58.2, Column 4; I). 
They a r e  bleached, or depleted in iron and stand out a s  
"micaceous" patches  in green, grey or  beige a l t e red  rocks in 
t h e  pit. A t  the  f i rs t  s t ages  of re t rograde a l tera t ion,  t h e  
replacing chlor i te  contains remnants  of t he  b iot i te  host 
(Rimsaite,  1975, Example IVb). The s a m e  biot i te  f lake  may 
a l t e r  locally t o  muscovite and t o  Fe-, Mg-, or  Al-rich 
chlor i te ,  depending on adjacent  mineral and micro-environ- 
menta l  d i f ferences  (for example ,  in Table 58.2, 1-1 t o  5-1 a r e  
a l l  f rom the  same  flake). In drill co re  samples unaffected by 
surface  weathering, chlor i te  replacing phlogopite is pale 
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Figure 58.2 

Photomicrograph (top) shows a coarse  flake of 
chlorit ized bioti te impregnated along (001) 
f r ac tu res  with uraniferous compound containing 
ca .  70% U 3 0 s ,  and X-ray scanning images 
showing distribution of Mg and U in the  flake.  
Electron microprobe analysis by G.R. Lachance. 

XRD DEGREES 28(CuKa) 

45" 40" 35' 30" 25" 20° 15" 10" 5' 2.5" 

SPACINGS 1 GSC 

JR-14. Gneiss a l tered t o  qua r t z i t i c  rock coated with red iron 
oxides (as  t h a t  f rom the  co re  in Fig. 58.5f). 

JR-68. Radioactive bands composed of red stained' mica-chlorite- 
tourmaline in tergrowths  f rom banded quartz-chlorite 
schist. X R D  pa t t e rn  is weak, indicating the  presence of 
poorly crystall ine chlorite,  carbonate  and t r aces  of 
vermiculit ic mica  and pitchblende. 

JK-70. F rac tu re  con tac t  between a l tered pitchblende and red 
fragments.  The f r ac tu re  is  filled with quar tz ,  ca l c i t e  
veinlets and poorly crystall ine phyllosilicate type  PS-IV. 

JR-72. Altered and silicified pitchblende, minor qua r t z  and 
"metarnict" phyllosilicate. 

JR-73 and 74. Poorly crystall ine green-grey groundmass phyllosilicates 
type  PS-IV separated f rom pitchblende JR-72. 

Figure 58.3. X-ray d i f f r ac tomete r  cha r t s  of radioactive breccias  f rom 
oxidation zones: JR-14 is  f rom the  surface  pit and five 
fractions: JR-68, 70, 72-74, concentra ted  f rom a drill co re  
of red breccia  a t  t he  c o n t a c t  with a l tered pitchblende, a r e  
f rom a depth  of 187 f e e t  (62 m), Table 58.3. 



Table 58.1 

Chemical changes* during a l tera t ion of feldspar and tourmaline t o  phyllosilicate 
pseudomorphs (PS-type 11) and t o  groundmass aggregates  (PS-type IV) 

Specimen 

I .  ~ i c i o c l i n e  NM Anatexis ' 6 3 . 7  18.0 0.00 0 .0  0 .0  5 . 8  0 . 7  0.2 I 
Rock** Type and Environment 

of alteration*" 

2. Ser ic i te ,  PS-I1 I I 1. Retrograde 48.9 36.2 0 .01 0 . 3  0 . 3  9 . 3  0 . 3  0 .2  

3. Seric.-Chlor., PS-I1 11 11 44.1 29.5  0.08 2 . 3  10.4 4 . 0  0 . 2  0 . 3  

4. Seric.  -Chlor., PS-IV I, 11 42 .8  29.4 0.00 2 .0  12.2 2.3 0.2 0 .3  

5 .  Tourmaline yellow M , M " ~  Boron metasomat ism 35.2 28.2 1 .3  4 . 9  10.9 0.02 1 .8  2.2 

6 .  Pseudomorphs,  PS-I1 I, I .  Ret rograde 42 .5  31.4  0 . 1  3 .2  3.4 1 .8  0 . 5  1 .4  

7. Groundmass,  PS-IV , I I I 38.4 19.1  0.02 10 .8  13.0  2 . 5  0 .6  0 . 8  

8 .  Tourmaline white NIIIr VIII. Oxidation 35.8  36.4 0.0 0 .3  9 . 8  0.0 1.0 0 .0  - 

Weight per cen t  

S i O i  Al2O3 TiO; I-eOX** M gO . K 2 0  N a l O  C a 0  

* Electron microprobe analyses by M .  Bonardi and A.G. Plant using an  energy dispersive spec t romete r  (Lachance and 1 Plan t .  1973) .  
1Ib IIr ** Mineralization of host rocks: mineralized ( M ) ;  secondary mineralization, "black ore" ( M  ) ,  "red ore" (M ); 

unmineralized rocks (NM) ,  fo r  abbreviations and deta i ls  s e e  final section of t e x t .  

I*** Total  iron reported a s  FeO.  1 

green in colour and shows the  following chemical changes 
compared t o  the  host: A1 remains almost unchanged or 
slightly increases; Si and F e  slightly decrease;  Ti, K and Na 
a r e  to ta l ly  removed and Mg oxide substantially increases 
f rom 21.5 wt. per c e n t  in phlogopite t o  32.5 wt. per  c e n t  in 
chlorite (Rimsaite,  1977b, Table 44.2, 21 t o  24). In red rocks 
from an  oxidizing environment chlorit ized micas a r e  bright 
orange, red or deep green. They re ta in  high iron and a r e  
commonly overgrown by red t o  opaque iron oxides and 
expanding c lays  PS-V (compare iron-rich chlor i tes  in 
Table 58.2, 3-1, 7-1, 8-1 and Fig. 58.3). In t h e  weathering- 
bleaching environment t h e  chlor i te  loses i t s  green colour with 
decreasihg iron content ,  whereas  A1 increases relatively,  
substi tuting for Fe ,  Mg and Si (Table 58.2, 9-1 and 10-1). 
Coarse grained phyllosil.icates of type PS-1 a r e  common a t  the  
c o n t a c t  of plagioclase-pyroxene gneisses and dolomite 
marbles. They a lso  form pockets of chlorit ized mica  
aggregates  and mica-chlorite patches  in mica-rich layers  in 
scapolite-microcline-bearing gneisses and in quartz-feldspar 
pegmatites.  In mineralized rocks, coarse  grained chlorit ized 
mica flakes a r e  impregnated along (001) cleavage planes 
within uranium compounds and a r e  thus important hosts for 
uranium (Fig. 58.2). Because the  chlorit ization 'process 
involves l iberation of silica, substantial  si l ica is f r eed  and 
under favourable conditions recrystall izes t o  form local 
silicified zones. 

These form a s  a result  of re t rograde metamorphism and 
hydration and pseudomorphously replace coarse f lakes  of 
chlorit ized bioti te type PS-I, scapolite,  feldspar,  pyroxene 
and amphibole (Figs. 58.1a t o  58.ld). Two examples  a r e  given 
in Table 58.1 t o  i l lustrate the  chemical  changes involved in 
the  a l tera t ion of feldspar and tourmaline t o  medium grained 
flaky aggregates  PS-11. For the  former,  a l t e ra t ion  of 
microcline t o  sericite-chlorite pseudomorphs of t ype  PS-I1 in 
banded feldspar-diopside-mica gneisses involves substantial  
losses of Si, K and Na, and relative gains of Al, Ti, Fe ,  Mg 
and H 2 0  (Table 58.1, 1-31, The microcline is the  supplier of 
Si, A1 and K t o  sericite,  but Ti, F e  and Mg a r e  probably 
l iberated f rom associated decomposed ferromagnesian 
minerals and adjacent  dolomite bands. 

Alteration of orange-yel.low tourmaline t o  phyllosilicate 
in mineralized rock (Fig. 44.4 in Rimsaite,  1977b) involves 
losses of Ti, Mg, Na, K (B) and gains of Si and Al, indicating 
t h a t  some  chemical  components  a r e  derived f rom the  host, 
while t h e  o thers  a r e  introduced f rom the  associated decom- 
posing minerals. Phyllosil icate pseudomorphs of type  PS-I1 
(Table 58.2, 11-11 t o  15-11] a r e  common in unmineralized, 
partly a l t e red  rocks that  st i l l  re ta in  their  original textures.  
In the  banded scapolite-microcline-diopside gneisses, scapo- 
l i t e  and feldspar a r e  partly a l t e red  t o  flaky sericite-chlorite 
in tergrowths  of type  PS-11, whereas  diopside, t remol i te ,  
ac t inol i te  and bioti te bands have a l tered domi.nantly t o  
fibrous ta lc ,  chlor i te  and se r i c i t e  aggregates  of t ype  PS-111, 
some of which have high SiOl con ten t  (>50 wt. per cent),  
reflecting the  composition of parent  feldspar,  scapolite and 
act.inolite. The phyllosilicate pseudomorphs of type  PS-I1 and 
PS-111 have also been observed in a l tered marbles and 
carbonate  veins replacing feldspar and diopside grains. 

Alteration of coa r se  grained minerals t o  fine- or 
medium-grained aggregates  of type  PS-I1 and I11 involves a 
marked increase in surface  a r e a  and a decrease  in specific 
gravity with increasing hydration and hydroxyl content .  In 
mineralized rocks these  phyllosilicates a r e  impregnated with 
minute  specks of U, Ti, Co, Ni, Pb, U-C, and B compounds 
(Fig. 58 .1~) .  As a result  of increased surface  a r e a  and 
porosity, they apparently a c t e d  a s  an  absorbent fo r  perco- 
lating aqueous solutions and caused precipitation of ore- 
forming ions. The secondary radiating tourmaline (Table 1,8 
and Fig. 44.li in Rimsaite,  1977b) also crystall izes in phyllo- 
s i l ica te  aggregates  of t ype  PS-I1 f rom B-bearing solutions 
t rapped in qua r t z  in ters t ices  t h a t  were  filled with a l tered 
micaceous  minerals. 

The colour of t he  phyllosilicate pseudomorphs is usually 
pale green because they a r e  composed dominantly of silica, 
a lumina and magnesia and have low t o  moderate  iron and 
t i tanium content.  Rarely,  Fe-rich var ie t ies  replacing bioti te,  
pyroxene and amphibole produce green layers and patches  in 
a l t e red  gneisses, marbles and pegmatites.  Phyllosil icate 
aggregates  impregnated with minute specks of opaque 
sulphides, selenides, arsenides or U-C compounds give a black 
coloration t o  f r ac tu re  surfaces  and walls in the  pit. 
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a. Photomicrograph showing replacement  of radio- b. Autoradiograph of polished thin sec t ion  in Figure 58.4a 
ac t ive  compounds by white clay along f r a c t u r e s  showing the  relationship between various radioactive 
(white net) ,  and blister-like swellings of mont- compounds and nonradioactive clay (white). The 
moril lonite in polished thin section.  Secondary intensity of grey ,  or blackening of t he  autoradiograph, 
uranium o re  f rom the  pit  (GSC 202203-L). var ies  with uranium con ten t  in t he  aggregates  (GSC 

203226-F). 

Figure 58.4. Fine grained intergrowths of orange "O", yellow "Y" and green "G" uranyl-bearing compounds with white 
montmoril lonit ic c lays  "C". 

Groundmass Phyllosil icates,  Type PS-IV (Figs. 58.lf and 58.6, 
Table 58.2: 19-IVPo 33-IV) 

The transit ion f rom pseudomorph aggrega te s  t o  texture-  
less  groundmass is i l lustrated in Figure  58.le. Chemical  
d i f ferences  between t h e  flaky pseudomorphs replacing micro- 
c l ine  and tourmal ine  and the i r  groundmass a r e  shown in 
Tables 58.1, 4 and 7. With gradational loss of t he  original 
pseudomorphous textures ,  phyllosilicates of t ype  PS-IV lose 
chemical  integrity with t h e ~ r  parent  minerals.  Depending on 
the i r  origin and subsequent a l te ra t ion ,  t h e  phyllosilicates 
show varying mineralogical  and chemical  compositions. 
Chlor i te  is t he  main component  in aggregates ,  followed by 
mica,  serpent ine  and t a l c  t h a t  locally grade  t o  smec t i t e  and 
kaolinite-bearing clays. Much of t h e  ma te r i a l  is poorly 
crys ta l l ine  or "metamict".  Poorly crystall ine,  g reen  grey 
phyllosilicates of type  PS-IV a r e  common hosts for "black 
uranium ore". They have a modera te  iron and magnesium 
con ten t ,  Al equal t o  t h e  sum of F e  and Mg, and modera t e  
si l ica which increases in more silicified samples.  The 
phyllosilicates f rom the  high grade ore  zones a r e  nearly 
amorphous t o  X-rays ("metamict") with s t ruc tu ra l  des t ruct ion  
apparent ly  being a f ac to r  bearing on uranium con ten t  of t h e  
o re  (Figs. 58.3 and 58.6 and Table 58.3). Their  X-ray pa t t e rns  
a r e  usually dominated  by well-crystallized q u a r t z  and carbon- 
a t e  impurit ies (Fig. 58.3), whereas  weak and diffuse ref lec-  
t ions of in tergrowths  resembling chlor i te ,  glauconite,  
hydromica and montmoril lonite a r e  hardly distinguishable 
f rom t h e  background. These  X-ray pa t t e rns  become  slightly 
s t ronger  a f t e r  h e a t  t r e a t m e n t s  of t h e  agg rega te s  (Fig. 58.6). 

Slickensided su r f aces  and f r a c t u r e  fillings conta in  
chlorite-l ike minerals with modera t e  t o  high iron content ,  and 
l a t e  f r ac tu re s  a r e  filled with serpentine-like,  low-alumina 
colloform aggregates  t h a t  may possibly be related t o  l a t e  
bas ic  dykes in t h e  area.  

The colour of phyllosilicates of t ype  PS-IV is similar t o  
t h a t  of types  PS-11 and 111 but var ies  with t h e  presence of 
uranophane, tourmal ine  and/or iron oxide crusts.  Uranium- 
bearing phyllosilicates a r e  brown, green,  orange or yellow in 
ordinary daylight and greenish brown t o  opaque in t r ansmi t t ed  
light. The  colour of irradiated phyllosilicates ad j acen t  t o  
strongly radioacti.ve minerals is sim.ilar t o  t h a t  in discoloured 
pleochroic halos surrounding radioactive inclusions in micas. 

Phyllosil icates of Type PS-V, or C lays  (Figs. 58.4, 6 ,  7, 8; 
Table 58.2, 34-V t o  3g-V) 

Clays  a r e  common const i tuents  in f r a c t u r e  fillings, in 
gouge, and in weather ing zones at t h e  surface .  They a l so  
form white cappings around secondary  uranium ore. Clays  
crys ta l l ize  a s  a result  of fur ther  hydration and breakdown of 
groundmass phyllosil icates of t ype  PS-IV with which they  a r e  
commonly intergrown. Su r face  c lays  washed in to  t h e  pit  
conta in  iron oxides and abundant chips of qua r t z  and 
carbonate .  These  red mobile su r f ace  clays impregnate  
f r a c t u r e s  in breccias  thereby contaminat ing  older rocks  in t h e  
pit. Fine grained argil l i t ized roclts host and ul t imate ly  
replace  secondary uranyl-bearing o re  minerals (Fig. 58.4). 
The common c lay  minerals in specimens  examined f r o m  t h e  
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a.  Photomicrograph taken in semi-transmitted/-  b. An autoradiograph of t h e  above section showing strongly 
ref lec ted l ight showing light-grey reflecting pitch- radioactive pitchblende (black), disseminated uraniferous 
blende, in the  upper field and f rac tures ,  in a specks (grey) and moderate ly  radioactive patches  or 
groundmass of yellow and green phyllosilicates uraniferous phyllosilicates (light grey) (GSC 203226-E). 
containing remnants of disintegrating orange tour- 
maline (Table 58.1) and quar tz ,  and semi-transparent 
uraniferous phyllosilicate type PS-IV (Table 58.1 ). 
Detai ls  of pitchblende bands and of host rock a r e  
i l lustrated in a previous paper (Rimsaite,  1977a, 
Figs. 44.3a and b, p. 243, and 44.4f, p. 245). 

Figure 58.5. Polished thin section of black uranium ore. 

weathered zones in the  pit  and in  drill co res  are,  i n  order of 
decreas ing abundance: chlorite,  glauconite, hydromica, 
montmoril lonite and kaolinite. The main changes  involved in 
argil l i t ization a re  increases in surface  a rea ,  hydration ( t o  
30 wt.  per cen t  H 2 0 ) ,  gradational losses of Mg, Fe,  Ti  and U, 
and, in l a t e  s tages  of a l tera t ion and bleaching, fur ther  losses 
of iron and potassium from montmoril lonite interlayers.  

In the  ear ly  s tages  of a l tera t ion,  greenish montmoril-  
lonite replacing orange and yellow uranyl-bearing ore  
minerals, contains 4 wt. per c e n t  K20. Afte r  fur ther  hydra- 
t ion, t he  potassium decreases  with decreasing iron con ten t  
and the  montmorillonite loses green colour (Table 58.2, 37-V 
and 38-V). In weathered and bleached rocks, clay consists 
mainly of hydrous silica and alumina compounds. Some iron, 
lead and uranium may be present  in t h e  s t ruc tu re  of t h e  clay 
minerals, probably in the  interlayer,  or as f r ac tu re  coat ings  in 
secondary uranyl-bearing minerals,  such a s  zippeite,  bayleyite 
and uranophane. In some montmoril lonitic c lays  the  lead 
con ten t  exceeds  or equals t h a t  of uranium (Table 58.3, JR-33 
and JR-34). In such samples,  lead is probably in secondary 
lead minerals associated with iron oxide crusts.  

Depending on the  abundance and distribution of iron, 
uranium-bearing minerals, ana ta se  and tourmaline,  t h e  clays 
a r e  varicoloured. All c lays  contain qua r t z  f r agmen t s  and 
r emnan t s  of coarser  grained phyllosilicates. They a r e  
t ransected by numerous f r ac tu res  filled with carbonate  and 
goethi te  and locally contain qua r t z  and carbonate  minerals 
coa ted  with hemat i t e  which produce white and red coloration 
of the  rock. Depletion of iron and bleaching is probably 
caused by organic ac ids  in percolating aqueous solutions, 
analogous t o  bleaching react ions  observed in l a t e r i t e s  and 
bauxi te  (Hill, 1977). 

Fine grained grey c lays  in breccias a r e  hard and consist  
mainly of chlorite.  They possibly represent bleached and 
a l t e red  rocks of t he  regolith. The less compact  c las t ic  
surface  c lays  and f ine  grained f r ac tu re  fillings exposed t o  
surface  weathering a r e  more  hydrated than t h e  compac t  
f r agmen t s  and grade t o  montmor.illonite. Radioactive 
minera ls  present  in l a t e  f r ac tu res  a r e  mainly coff in i te  in 
ca rbona te  and qua r t z  veinlets and uranophane in carbonate  
and goethi te  filled veinlets. The coloform uranophane 
crys ta l l izes  along t h e  walls whereas siliceous goethi te  fills 



BLACK ORE RED ORE 
CRYSTALLINITY vs %U308 

XRD DEGREES 20(CuK,) XRD DEGREES 20(CuKa) 
20" 15* 10' 5"2.5* 20" 15' 10" 5"2.5* 20' 15' 10' 5O2.5" 20' 15' lo0 5'2.5" 

2.98 4.44 8.85 17.6 35.34 2.98 4.44 8.85 17.6 35.34 2.98 4.44 8.85 17.6 35.34 2.98 4.44 8.85 17.6 35.34 

SPACINGS % SPACINGS % SPACINGS % SPACINGS Gsc 

GLYCOL AND HEAT TREATED PHYLLOSILICATES 

Figure 58.6. X-ray d i f f r ac tome te r  pa t terns .  The two  columns a t  l e f t  show t h e  relationship 
between crystall inity and uranium con ten t s  of t h e  samples;  RKp-10 (Fig. 58.5) is  
strongly radioactive and consists of poorly crys ta l l ine  phyllosilicates, Type PS- 
IV t h a t  produce weak mica,  ch lo r i t e  and montmoril lonite reflections.  Samples  
JR-45 and JR-7 a r e  less radioactive and b e t t e r  crystall ized.  Shown in t h e  third 
column a r e  uranyl-bearing compounds masuyite-uranophane with decreas ing 
lead/uranium ra t ios  f rom orange aggrega te  JR-23, through yellow JR-26 t o  
green JR-29 (note shi f t  of peaks and decreas ing in tens i t ies  in hea t ed  samples). 
In t he  four th  column a t  r ight,  a r e  associa ted  whi te  and pink montmorillonit.ic 
c lays  JR-33 and JR-34 t h a t  c o a t  and replace  the  uranyl-bearing aggregates ;  a l l  
f rac t ions  were  concen t r a t ed  f rom the  s a m e  specimen i l lus t ra ted  in Figure  58.4. 
O the r  d a t a  and symbols a r e  a s  i n  Figure  58.8. 

t h e  cen t r a l  portion of the  f rac ture .  Goethi te  and kaolinite 
agg rega te s  a r e  commonly poorly crys ta l l ized  o r  amorphous  t o  
X-rays. Chlor i te  and micaceous  minerals have unusual 
composit ions,  t h e  dominant var ie t ies  being enriched in silica, 
alumina and magnesia. 

Summary and Conclusions 

Distribution and proper t ies  of secondary phy l losil icates 
were  studied in mineralized and unmineralized rocks f rom 
d i f f e r en t  a l te ra t ion  environments  at t h e  Rabbit  Lake  uranium 
deposit .  Five morphological types  a r e  distinguished. Their  
chemical  and mineralogical properties and distribution in nine 
a l t e r a t ion  environments  in mineralized and unmineralized 
rocks  a r e  summarized. 

Based on samples examined during th is  work, t h e  main 
r e su l t s  c a n  be  summarized a s  follows: 

1. As a resul t  of superimposed f rac tur ing ,  hydration and 
redistribution of e l emen t s ,  metamorphic  rocks and 
minera ls  have been a l t e r ed  t o  rocks resembling clays 
and sediments.  

2. Coa r se  grained and medium grained phyllosil icate 
pseudomorphs of t ype  PS-I, I1 and 111 re ta in  t h e  genera l  
out l ine  and t ex tu re  and in pa r t  chemical  cha rac t e r  of 
t h e  hos t  assemblages.  They consist  of chlor i te ,  mica  
and t a l c  in tergrowths  and in mineralized rocks  a r e  
impregnated  with U, As, Co,  Ni, Pb,  S, Se,  C and Ti 
compounds. They a r e  impor tant  ca r r i e r s  of ore  



Figure 58.7a. Bleached rocks a l tered t o  hydrous phyllosilicates and in par t  replaced by secondary carbonates  and silica. Par t ly  
bleached red co re  at top  lef t ;  argil l i t ized gneiss and white clay,  phyllosilicate type PS-V, lef t ;  and porous a l tered 
rock formed in a surface  s t r eam as a resul t  of picked out  clay par t ic les  by s t reaming water ,  left .  

Figure 58.7b. Black bands of speckled pitchblende (UP) and coff in i te  (CQ) in quartz-montmoril lonite host (QM), Figure  58.8 and 
Table 58.3 3R-40 and JR-53. 

minerals in low grade ore. Chemically the  aggregates  
consist mainly of silica, alumina and magnesia, and 
contain moderate  t o  low iron and potassium content .  

3. Further  disintegration and in teract ions  between phyllo- 
si l icate pseudomorphs of types  PS-I, I1 and I11 result  in 
progressive disintegration of the  original t ex tu re  and 
t h e  format ion of texture less  phyllosilicate groundmass 
(type PS-IV) t h a t  can be  distinguished f rom a textura l ly  
similar assemblage of sedimentary  origin by t h e  pres- 
ence  of remnant  apat i te ,  tourmaline,  quar tz ,  recrystal-  
l ized ana ta se  pseudomorphs, and r a re  feldspar. The 
groundmass phyllosilicates of type  PS-IV have similar 
chemical  composition t o  t h a t  of pseudomorphs, but  
show less variation in individual samples. In high grade 
"black uranium ore" the  phyllosil.icates a r e  poorly 
crystall ine or "metamict" and a r e  composed of inter- 
growths of chlorite,  glauconite and hydromica having a 
prominent expanding component.  React ions  between 
the  phyllosilicate matr ix  and remobilized uranium 
following fracturing and brecciation, result  in the  
format ion of U-bearing phyllosil.icates. 

4. Clays  of type PS-V form in f r ac tu res  and breccias  
a f f ec t ed  by weathering and radioactivity of adjacent  
uranium ore  a s  a result  of s t ructura l  and chemical  
breakdown of metamorphic  minerals and o the r  
secondary phyllosilicates. They consist  of fine grained 
aggregates- of chlorite,  .glauconite, hydromica,-mont- 
morillonite. kaolinite and a l l o ~ h a n e  t h a t  usuallv conta in  
remnants  off the  coarser  gai;ed hosts (PS-I, i1, I11 and 
IV), qua r t z  chips and F e  and Ti oxides. They host and 
gradationally replace uranyl-bearing secondary ore  
minerals, and in the  advanced s tages  of hydration and 
a l tera t ion,  they consist dominantly of silica, alumina 
and water.  

5. In high grade ore,  groundmass phyllosil.icates of type 
PS-IV a r e  poorly crystall ized with s t ructura l  destruction 
being a f ac to r  of uranium con ten t  in the  ore.  
Montmor.illonitic clays replacing secondary uranium 
mineral aggregates  in the  pit a r e  relatively well 
crystall ized, although some kaolinite-like phases a r e  
amorphous t o  X-rays. 

6 .  Uranium-bearing and associated phyllosilicates in high 
grade o re  may easily be  overlooked on X-ray powder 
pa t t e rns  because of thei r  poor crystall inity and crys ta l  
s t ruc tu re  destroyed by s t rong radiation. The amorphous 
or  "metamict"  U-bearing aggregates  can be identified 
and studied by comparing autoradiographs with t h e  
opt ica l  proper t ies  of moderate ly  radioactive aggregates  
removed f rom the  rock and studied in oil immersion 
mounts. Their chemical compositions can be deter-  
mined by e lec t ron mj.croprobe and thermogravimetr ic  
analyses. 

7. Red iron oxide coatings on qua r t z  and phyllosilicate 
surfaces  along f r ac tu res  and in marbles a r e  a t t r ibuted 
t o  precipitation reactions similar t o  those in the  
format ion of " ter ra  rosa" in karst .  This may involve 
precipitation of iron and other  oxides from aqueous 
solutions as a result  of d i f ferences  in redox potential. 
Remobilization, bleaching of red rocks, and removal of 
iron following reduction of hemat i t e  t o  goethite,  i s  
probably due t o  increased act iv i ty  of organic ac ids  in 
percolating solutions. Uranium can  be present  in 
oxidation zones in uranyl-bearing compounds. 

Analytical  Methods and Procedures  

Prepara t ion of samples 

Hand specimens from the  Rabbit  Lake pit  and co re  
samples were  examined under a binocular microscope t o  study 
the  relationship between a l tered and mineralized a reas  



TG 8 DTA XRD DEGREES 28(CuK,) 

TEMPERATURE oc SPACINGS 8 GSC 

XRD, TGBDTA OF RADIOAC'TIVE AND ASSOCIATED MINERALS 
X R D  S a m p l e s  

N = u n t r e a t e d  

G = g l y c e r a t e d  

JR-53  C f ,  d > 3.3 = Black-green  c o f f i n i t e  in 
q u a r t z  and  g l a u c o n i t e -  
l ike pa leoc lay  f r o m  t h e  
  it. 

3000C and 5000C = 'pecimens heated at 3000C JR-53, d < 3.3 = Poorly c r y s t a l l i z e d ,  g l a u c o n i t e -  and  5 0 0 ° C  o n e  hour. l ike  pa leoc lay  s e p a r a t e d  f r o m  
3R-38 = Black q u a r t z  c o a t e d  wi th  p i tchblende .  t h e  c o f f i n i t e  f r a c t i o n ,  d > 3.3. 

JR-40 = Bands of shiny p i tchblende ,  c o n t a m i -  JR-53  "clay" 7 C l a y  f r a c t i o n  s e p a r a t e d  f r o m  t h e  
n a t e d  by q u a r t z .  g lauconi te - l ike  pa leoc lay  c o n t a i n -  

ing  expanding  l a y e r s  a n d  
JR-43  = C o r r o d e d  p i tchblende  p a r t l y  r e p l a c e d  kaol in i te .  

by q u a r t z .  

Figure58.8. T h e r m o g r a v i m e t r i c  (TG, 6OC/rnin), d i f f e r e n t i a l  t h e r m a l  (DTA, 10°C/min)  a n d  X-ray 
d i f f r a c t i o n  a n a l y s e s  (XRD,  Ni- f i l t e red  Cu-rad ia t ion  a t  45kV and  16mA) of r a d i o a c t i v e  and  
a s s o c i a t e d  minera l s .  LO1 = weight  loss on  ignit ion.  



(Figs. 58.7a and 58.7b). The mineralized and phyllosilicate- 
r ich f ragments  were separa ted  f rom less a l te red  rock by hand 
picking, and fur ther  concentra ted  by heavy liquid, isodynamic 
separa tor ,  cent r i fuge  and sedimentation procedures 
(Rimsaite,  1967). The se t t l ing  t ime  for  t he  fine clay and 
colloidal part icles,  refer red  t o  here a s  "clay1', was f rom two  
weeks t o  one month. 

Mineral identification 

The phyllosilicate intergrowths were  examined in oil 
immersion mounts under t h e  microscope in t he  ref rac t ive  
index range f rom 1.34 t o  1.74. Fine grained f rac t ions  were  
analyzed by an  X-ray d i f f r ac tome te r  in na tura l  condition 
("Nu), glycerated condition ("G"), and a f t e r  heating a t  300°C 
and 550°C for  one hour (Figs. 58.3, 58.6, 58.8). Selec ted  
samples  were  studied by thermogravimetr ic  (TG) and  differ-  
en t i a l  thermal  analyses (DTA) at heating r a t e s  of 6"C/min 
and IO°C/min, f rom room t empera tu re  t o  1200°C (Fig. 58.8). 
Opt ica l  studies in oil immersion mounts were  useful for  t h e  
de t ec t ion  of poorly crys ta l l ine  or "metamict"  phases which 
canno t  be  identified by t h e  conventional XRD powder 
method, and were  thus  commonly overlooked in t h e  past. 

Polished thin sec t ions  and autoradiographs 

The re l ic t  original t ex tu re s  and t h e  relationships 
between phyllosilicate-rich groundmass and t h e  o r e  minerals 
were  determined in polished thin sec t ions  which allows 
simultaneous study of opaque o re  minerals in ref lec ted  l ight 
and of t ransparent  minerals in t ransmit ted  light (Fig. 58.5a). 
Special  techniques,  such a s  oblique illumination and par t ly  
crossed nicols, were  used t o  study semi- t ransparent  brightly 
coloured ores and amorphous aggregates .  

The distribution of strongly,  moderately,  and weakly 
radioactive substances was  studled jn autoradiographs of t he  
s a m e  polished thin sec t ions  (Figs. 58.413 and 58.5b), uslng a 
photographic fi lm exposed t o  r a d ~ a t i o n  f rom one hour t o  t h ree  
weeks,  depending on the  uranium con ten t  of t h e  samples.  

Elec t ron microprobe and chemical  analyses 

The relationship between phyllosilicates and uranium- 
bearing compounds was studied by an  e lec t ron microprobe in 
X-ray scanning images (Fig. 58.2). Chemical  composit ions of 
f resh  and a l tered  minerals and chemical  changes  accompany- 
ing progressive hydration and a l tera t ion  of minerals and rocks  
were  determined by quant i ta t ive  e l ec t ron  microprobe 
analyses  (Lachance and Plant ,  1973), and by rapid chemical 
and spect rographic  analyses (Tables 58.1, 58.2, 58.3). 

Abbreviations 

The following abbrevia t ions  a r e  used in Tables and 
Figures: 

Fo r  minerals: a l t .  = a l t e r ed ;  Chlor. = chlor i te ;  Montm. = 
montmoril lonite;  Pitchbl. = pitchblende; PS = phyllosilicates; 
Q, Q tz ,  Q t z i t e  = quar tz ,  qua r t z i t e ;  U = uranium-bearing, 
uraniferous;  F e  = iron, iron bearing,  iron oxide. 

For  mineralization of host  rocks: NM = unmineralized rock, 
U3O8 ~ 0 . 1 4  wt.  'per cen t ;  M = mineralized rock, U s 0 8  >0.14 
wt. per cen t ;  MI1 = secondary mineralization; M I I ~  = second- 
a r y  "black uranium ore" (coffinite,  pitchblende rims, t ype  P- 
V ,  U-C compounds); MIIr = secondary,  coloured,  uranyl- 
bearing o re  (minerals bayleyite,  masuyite,  uranophane, 
zippeite). 

Acknowledgments 

This work was  supported by DTA and TG analyses  by 
W.S. Bowman of CANMET, X-ray identifications of minerals 
by A.C. Roberts,  emission spect rographic  analyses by 

P.G. BClanger, G. Bender and K. Church, and rapid chemical 
analyses by G.R. Lachance  and the  s taf f  of t he  Analytical  
Chemis t ry  Section,  Geological Survey of Canada.  Electron 
microprobe analyses were  provided by M. Bonardi, 
G.R. Lachance and A.G. Plant and prepara t ion  of photo- 
graphic p la tes  and autoradiographs was done by Jeanne  White 
and the  s taf f  of t h e  Photographic Section,  Geological  Survey. 
Drawings were  prepared by the  s taf f  of t h e  Cartography 
Section.  The ass is tance  of these  persons is gratefully 
acknowledged. Gulf Minerals Canada Limi ted  and Uranerz 
Canada  Limited a r e  thanked for the i r  helpful co-operation 
and guidance a t  t h e  minesite.  

Re fe rences  

Eupene, G.S. 
1976: The Ranger  I uranium deposit ;  in Mining 

C e n t r e s  of Nor thern  Australia,  Ed. Ryan, G.R., 
Excursion Guide No. 49AC, 25th  Int. Geol. 
Congr., Sydney, Australia,  p. 3-5. 

Hill, V.G. 
1977: Syngenet ic  and diagenet ic  changes  in J ama ican  

bauxites;  Jo in t  CMS and ICSOBA Meeting, 
Kingston, J ama ica ;  Tech. Prog. Abstr. , p. 15. 

Hoeve, J. and Sibbald, T.I.I. 
1976: Rabbi t  Lake  uranium deposit ;  Proc.  Symposium 

10 Nov. 1976: "Uranium in Saskatchewan", 
Sask. Geol. Soc., Spec. Publ. No.3,  Ed. 
Dunn, C.E., p. 331-354. 

Lachance ,  G.R. and Plant ,  A.G. 
1973: Quant i ta t ive  e lec t ron microprobe analysis using 

a n  energy dispersive spec t rome te r ;  in Repor t  of 
Activit ies,  P a r t  B, Geol. Surv. Can., Pape r  73- 
1 0 ,  p. 8-9. 

Mann, A.W. 
1974: Chemical  ore  genesis models for  precipitation 

of ca rno t i t e  in ca l c r e t e ;  CSIRO, Minerals Res. 
Lab., Div. Mineral., Rep. No. FP. 7,  18 p. 

Mosher, D.V. 
1976: The Jabiluka uranium deposit ;  in Miming Cen t r e s  

of Northern Australia,  Ed. Ryan, G.R., 
Excursion Guide No. 49AC, 25th  Int. Geol. 
Congr., Sydney, Australia,  p. 5-9. 

Pedersen,  C.P. 
1976: The Koongarra uranium deposit ;  in Mining 

C e n t r e s  of Northern Australia,  Ed. Ryan, G.R., 
Excursion Guide No. 49AC, 25th  Int. Geol. 
Congr., Sydney, Australia,  p. 9-13. 

Rimsai te ,  J. 
1967: Studies of rock-forming micas;  Geol. Surv. 

Can., Bull. 149, p. 9-13, 23. 

1975: Natural  a l te ra t ion  of mica and react ions  
between released ions in mineral  deposits;  Clays 
Clay Miner., v. 23, p. 247-255. 

1977a: Layer  s i l ica tes  (and clays) in t h e  Rabbit  Lake 
uranium deposit ,  Saskatchewan,  Canada;  Jo in t  
CMS and ICSOBA Meeting,  Kingston, J ama ica ,  
Tech. Prog. Abstr. p. 8-9. 

1977b: Mineral assemblages a t  t h e  Rabbi t  Lake 
uranium deposit ,  Saskatchewan; in Repor t  of 
Activit ies,  P a r t  B, Geol. Surv. Can., Paper  77- 
18 ,  p. 235-246. 

Wallis, R.H. 
1971: The geology of t h e  Hidden Bay a rea ,  

Saskatchewan;  Sask. Dep. Min. Resour., 
Rep. 137. 





BRECCIAS AND URANIUM MINERALIZATION IN THE WERNECKE MOUNTAINS, 
YUKON TERRITORY - A PROGRESS REPORT 

Projec t  750069 

R.T. Bell 
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Abstract 

Bell, R.T., Breccias and uranium mineralization in the Wernecke Mountains, Yukon Territory - 
A progress report; Current Research, Part A,  Ceol. Surv. Can., Paper 78- lA,p .  317-322, 1978. 

Uranium mineralization occurs associated with breccia columns and diatremes in 
Precambrian strata in Wernecke Mountains. These strata show weak uranium mineralization in 
black pelites. Breccias show general chemical enrichments in Fe, K ,  Ni, Co, Ti,Ba, Cu, and U .  
The breccias developed in a dilational tectonic regime and later were modified by reverse 
faulting. Development of the breccias probably coincided with deposition of the early 
Hadrynian Rapitan Group. 

Introduction 

In 1975 i t  was  recognized t h a t  various breccias  in t h e  
Wernecke Mountains were  in ter re la ted ,  widespread, and by 
t h e  end of t h e  summer  of 1976, t h a t  t hese  were  except ional ly  
abundant and mainly discordant t o  t h e  s t r a t a .  Copper ,  
cobal t ,  and iron mineralization have long been recognized in 
local  breccias  (Gross, 1965; Laznicka,  1977; Norris, 1975). 
Recognition of uranium mineralization in t h e  b recc i a s  by 
Archer,  Ca th ro  and associa tes  provided a st imulus for  c loser  
examinat ion  (Blusson, 1976; Bell and Delaney, 1977; Archer e t  
al., 1977). Several  conclusions require modification a s  a 
resul t  of c loser  f ield examinat ions  in 1977. This r epo r t  
summar i zes  t hese  new d a t a  and presents  a model  fo r  
discussion. Continuing s t r a t i g raph ic  s tudies  by G. Delaney, 
University of Western Ontario,  with support  of t h e  
Depa r tmen t  of Indian Affairs and Northern Development and 
t h e  Geological  Survey of Canada and co-operation f rom 
industry,  will provide, along with more  deta i led  mapping, t h e  
pecessary  background for  a more  comprehensive  
understanding. 

Stratigraphy 

The breccias  (Fig. 59.1) c u t  a sequence  of drab,  grey  
and black peli tes and f ine  grained a ren i t e s  (Units A and B, 
Bell and Delaney, 1977) and carbonates  (Unit C ,  ibid.) 
previously thought t o  be  8000 m thick.  Work during t h e  pas t  
summer  (Delaney, pers. comm., 1977) indica tes  t hese  may b e  

14 000 m and perhaps a s  much a s  18 000 m thick.  Previously 
these  rocks were  refer red  t o  a s  t h e  Wernecke succession 
(Archer et al., 1977). 

Pa t ches  of a n  upper succession of carbonates ,  
informally called t h e  Mackenzie succession (Archer e t  a]., 
19771, were  indicated t o  be  unconformably on t h e  Wernecke 
succession between locations 6a  and 6b (Fig. 59.1). Work th is  
summer  indica ted  at leas t  p a r t  of this,  if no t  al l ,  comprise  
over turned panels of uni t  C. F igu re  59.2 i l lus t ra tes  th is  at 
location 6a. Earlier speculations t h a t  some  of t h e  breccias  
were  re la ted  t o  unconformities a r e  thus  unfounded. This 
par t icular  s t ruc tura l  relationship (younger s t r a t a  on t h e  
hanging wall of thrus t  faul ts )  is  due  t o  r eve r se  faul t ing  
react iva ted  on previously developed normal  faults .  

The supposed presence  of volcanics in uni t  B (Bell and 
Delaney, 1977; Morin, 1976) and s t ra tabound syndeposit ional 
breccias  were  found t o  be  false.  Felsi te-l ike rocks were  
originally f ine  grained sed imen t s  variously a l t e r e d  by alkali 
and  ca rbona te  metasomat ion.  Parenthet ica l ly  mos t  jasper 
and a l l  h e m a t i t e  "iron format ion"  in t h e  wall rocks  ad j acen t  
t o  t h e  breccias  and in breccia  f r agmen t s  a r e  probably due  t o  
h e m a t i t e  metasomat ism.  Greenstone  f r agmen t s  were  t r aced  
t o  sills and dykes interfingering within t h e  b recc i a  complexes.  
In par t icular ,  those  with a vesicular t e x t u r e  have  been  t r aced  
t o  intrusions just south of Fairchild Lake. These  intrusions 
a r e  heavily carbonat ized  and chlorit ized; t h e  vesicular-like 
t e x t u r e  may in par t  be  due  t o  rapid degassing of t h e  cooling 
intrusives.  

A U OCCUR 
w COPPER 
co COBALT 

18 Kilomstra + 12 Miles 

I 
SCALE + 

Figure 59.1 Location map, breccias  and uranium mineralization in Wernecke and Ogilvie mountains. Single copper  
mineralization occurrences  (CU) a r e  indica ted  a s  a possible locat ion  of breccias.  
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Sketch Map: Structural and stratigraphic relationships a t  Slats Creek. 



breccia pipes. Rarely concordant  breccias  may be  purely 
t ec ton ic  and re la ted  t o  compressional faulting. However, 
detailed mapping is inconclusive and incomplete at t h e  
present t ime.  

( a )  S t r a t i g r a p h i c  i n t e r v a l  l ike ly  t h i c k e r  

t h a n  i n d i c a t e d  

U n i t s  A a n d  C t h i c k e r  than i n d i c a t e d  

Phases B and C depic t  t h e  progressive development of 
sha t t e r  columns (Cilmour, 1977) likely produced by hydraulic 
stoping due t o  ascending fluids f rom a deep-seated, possibly 
upper mant le  source  accompanied by maf i c  t o  in termedia te  
thole i i t ic  intrusive sheets.  These sha t t e r  columns and 

Geochemistry of S t r a t a  and Breccias 

Preliminary s t ra t igraphic  geochemistry (Fig. 59.3) on 
samples collected in 1976 suggests t h a t  t he re  is some 
stratabound uranium and copper enr ichment  of t he  black 
shale. 

Comparison of t h e  chemis t ry  of this sui te  of rocks f rom 
the  s t ra t igraphic  column with a su i t e  systematically collected 
f rom t h e  interlayered breccia-sediment-greenstone complex 
a t  Slats Creek (Fig. 59.2) shows significant chemical  enrich- 
ments  in Fe,  K ,  Ni, Co, and Ba in order of decreasing 
intensity, and weak spot ty  enr ichments  in Ti, Cu, and U. 
Other  analyses of I1  specimens f rom 7 sepa ra t e  breccia  
bodies show most have  Ni, Co, U, and Cu enrichment.  
Molybdenum results a r e  no t  y e t  avai lable  but  i t  is expected 

Cu Z n  F e U 

intrusions would follow f r ac tu res  established in Phase  A. 
Figure 59.3 geochemistry of the Wernecke Softening and disintegration of country  rocks by fluids and 

Succession. For lithostratigraphic see upwards thrusting of t h e  breccias would produce t h e  var ie ty  
and Delaney (1977). of plastic,  semi-plastic,  and b r i t t l e  f ea tu res  observed in these  

r 

rocks. S i m u l t a ~ e o u s l y  during these  s t ages  the  rising fluids 
Lustrous phyllites, un i t  Ab and would produce a var ie ty  of me tasomat i c  e f f e c t s  (alkali, 

Delaney, 1977) Occur jus t  west Of Lake On the hemat iza t ion,  carbonat iza t ion)  on both t h e  developing sha t t e r  
hanging wall of a shallow-angle (thrust?) faul t .  Accordingly columns and on wall rocks. In  addition these fluids could 
this requires a reappraisal  of t h e  significance of unit Ab. progressively leach some  U, Cu, and perhaps F e  f rom units A 

Finally, concordant breccias,  a lmost  always with a and 8, reducing them t o  bleached phyllites, and redeposit  
homolithic nature  proved t o  b e  l a t e ra l  concordant aphophyses these  me ta l s  higher in t h e  wall rocks and t h e  column. These 
of discordant homolithic breccia  columns and heterol i th ic  breccias  tend t o  be homolithic perhaps because t h e  proposed 

C 
1 
I 

L 
1 they will show Mo enr ichment  in t h e  breccias  because soil 

geochemical sampling shows dis t inct  Mo and C u  anomalies 

I- over  breccias. 

- M These d a t a  on t h e  s t ra t igraphic  geochemistry a r e  based 
6n a single, incomplete  composi te  sect ion through t h e  

a Wernecke succession. These resul ts  will be fully presented 
and discussed when specimens  f rom more  widespread sect ions  
with improved s t ra t igraphic  control  a r e  analyzed. 

The greenstone sills and dykes  within t h e  breccias  a r e  

I 

considerably a l t e red  but  a rep resen ta t ive  composition based 
on analysis of 5 samples  is: S i 0 2  - 50.60%, A1203 - 14.5096, 
F e 2 0 s  - 9.40%, FeO - 4.20%, MgO - 6.4%. C a O  - 1.50%, 
N a 2 0  - 1.30%, K 2 0  - 5.80%, T i02  - -1.14%, P 2 0 5  - 0.20%, 
MnO - 0.09%, S - 0.15%, C 0 2 -  2:20%, H2OT - 2.80%. Minor 
e lements  show ranges a s  follows: Zn - 17 t o  58 ppm, Cu - 3 
t o  13 pprn, Pb - 2 t o  4 ppm, Ni - 26 t o  91 pprn, C O  - 19 t o  
I l l  ppm, U -16 t o  6.6 pprn. Some but  not all  greenstone 
shows a subophitic texture .  

1230 
c u5 Model for  Breccia Development 

Figure 59.4 i l lus t ra tes  a proposed sequence of even t s  
for  t he  development of breccia  complexes  in t h e  Wernecke 
Mountains. Phases A t o  D represent  a dilational t ec ton ic  
regime. 
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r 
c o r e  of t h e  Wernecke Mountains is dominated by these  t rends  
and coincides with breccia  and mineralization trends. In t h e  
Ogilvie Mountains north and eas t -nor theas t  t rends  were  
identified. 

Phase A depic ts  normal fault ing with s t ra t igraphic  
separa t ions  a s  much as 3000 m with local development of 
micro  breccias. These f au l t s  a r e  west-northwest dominantly 
and north t o  north-northwest with s o m e  evidence fo r  l e f t  
l a t e ra l  movements on t h e  l a t t e r .  The dra inage pa t t e rn  in t h e  



Figure 59.4 Sketches i l lustrating a model for  development of breccia  columns and dia t remes in Wernecke Mountains. 

process is non-explosive, t h e  columns likely did not vent  a t  these  breccia  complexes. In addition a case  could be  made 
t h e  surface ,  and ver t ica l  movement of f r agmen t s  was for  correlating par t  of Unit  C (Bell and Delaney, 1977) which 
minimal. Large domains of uniform metasomat i c  e f f e c t s  is c u t  by t h e  breccias,  with t h e  L i t t l e  Dal Format ion in t h e  
would develop. Fluidization s t ructures  a r e  evident in t h e  Mackenzie Mountains. Perhaps  t h e  breccias  developed a t  
most intensely hematized zones (Fig. 59.5d). severa l  ages. 

Phase  D il lustrates t h e  development of explosive 
breccia  pipes and dykes superimposed on fr'actures previously 
established. As noted by Gilmour (1977) rounded f r agmen t s  
present  in such breccias  suggests t h a t  they vented effect ively  
a t  t h e  surface.  Many exotic-appearing f r agmen t s  a r e  of 
various previously metasomat ized and bleached wall  rock and 
breccia ,  mixed with pulverized sha t t e red  and abraded 
unal tered wall rock. Magnet i te  or  s ider i te  is  commonly 
present  and t h e  breccias a r e  commonly accompanied by 
bar i te-magnet i te  dykes. Some of these  pipes may have 
undergone carbonate  and/or hemat i t e  metasomat ism although 
seve re  a l tera t ion tends  t o  mask whether an  individual phase is  
a s h a t t e r  column or  a breccia  produced by explosive gas  
drilling. These explosive breccias  have sharp,  upwards-bent 
c o n t a c t s  (see Bell and Delaney, 1977, Figs. 8.3 and 8.5). 

Phase  E depic ts  t h e  change t o  compressive tec tonics  
and development of reverse  faulting along zones  of previously 
normal  movements and explains t h e  development of mecha- 
nically consis tent  thrus t  faul t  relationships with younger 
s t r a t a  on t h e  hanging wall such a s  near locations 6a,  6b, 8 and 
10 in Figure 59.1 (see  also Fig. 59.2). 

Earlier, Archer e t  al. (1977) suggested 1500 m.y. a s  t h e  
likely d a t e  for breccia  formation. This is  t h e  result  of a K/Ar 
d a t e  on biot i te  flakes in a breccia .  However, t h e  coincidence 
of moderate  t o  extensive hematization in &I breccia  
complexes and more  impressively of complete ly  hemat ized 
phases such a s  a t  Bear River (loc. I ,  Fig. 59.1; Gross, 1965) 
and near  Caribou River in t h e  Richardson Mountains (Norris, 
1975), with the  nearby Rapitan (Hadrynian) iron-formation 
suggests an  interdependence and hence similar age.  Gross 
(1965) ear l ier  drew this conclusion although in a d i f ferent  
context .  Eisbacher's (1977) p ic ture  of dilational t ec ton ic s  fo r  
t h e  Rapi tan  Group fu r the r  adds  t o  t h e  c a s e  fo r  an  ear ly  
Hadrynian a g e  fo r  t h e  dilational phase in t h e  development  of 

Mineralization 

Uranium mineralization of t h e  branner i te  t ype  (BP 
style) occurs  in t h e  breccias  throughout t h e  Wernecke 
Mountains and at a s i t e  of hemat i t i c  breccias  in t h e  
Richardson Mountains described by Norris (1975). The 
chemis t ry  (anomalous Ti, Co, Ni, Fe ,  and reported r a r e  
ear ths)  and accompanying hemat i te ,  alkali  and ca rbona te  
metasomat ism suggest a deep sea ted  source. Coincidental  
with this, t h e  dilational t ec ton ic  and d ia t r eme  environment 
suggests this a r e a  and s ty l e  of mineralization (Miguta, 1976) 
t o  be  ideal t o  test Gabelman's ideas  (1977a, b) concerning 
taphrogenic uranium concentration. 

Pitchblende or  uraninite type  mineralization occurs 
primarily a t  f ive locali t ies,  (eg. Fig. 59.1, locs. 3, 5, 9) four of 
which a r e  demonstratably close t o  t h e  sub-Phanerozoic 
unconformities and may be  due a t  leas t  in par t  t o  la terogene 
processes (surface  leaching f rom t h e  Wernecke succession and 
breccias  and downward percolation of ground waters  in to  
porous breccia  pipes). A t  two  of these  locations (Fig. 59.1: 
locs. 3 and 5; Fig. 59.6) disperse f r agmen t s  of previously 
mineralized sediments  were  found indicating t h a t  significant 
mineralization may have occurred before  t h a t  phase of 
brecciation. This lends c redence  t o  t h e  ear l ier  inference  
(Bell and Delaney, 1977) (Fig. 59.3, this repor t )  t h a t  black 
shale  mineralization is present  in t h e  Wernecke assemblage. 
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Figure 59.6 Autoradiographs of breccia  f rom s i t e  3, c l a s t s  outlined. Specimens 
cour tesy  of Eldorado Nuclear Limited.  
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Abstract 

Froese, E., The graphical representation of mineral assemblages in biotite-bearing granulites; 
Current Research, Part A,  Geol. Surv. Can., Paper 7 8 - l A ,  p. 323-325, 1978. 

At constant pressure, temperature, and chemical potential of water, and in the presence 
of quartz, magnetite, ilmenite, and plagioclase of fixed composition, phase relations in 
granulites may be represented in the  AKFM tetrahedron, using components defined a s  follows: 
A = A1203 3- ( N a 2 0  + CaO + K20), K = K20 ,41203, F = FeO - (FenO3+ TiOz), M = MgO. In 
many granulites, biotite is a stable phase. In, such rocks, a subdivision of the biotite 
composition surface, a s  plotted inside the AKFM tetrahedron, may be used to portray 
compatible mineral assemblages. 

Octhopyroxene is the  diagnostic mineral of the granulite 
facies or regional hypersthene zone (Winkler, 1976); it  occurs 
in a variety of rocks ranging in composition from pelitic to 
basic. Phase relations in such rocks involve a t  least ten 
components: 5 0 2 ,  TiO2, A1203, FenO3, FeO, MgO, CaO, 
Na20, K20, and H20. These may be rearranged a s  follows: 

H z 0  

Si02 

Na20.AI203 

Ca0.AI2O3 

A = A1203 - (Nan0 + CaO t K20) 

K = K20'A1203 

F = FeO - (Fen03 + Tion) 

!bl = MgO 

M=MgO 

constant P,TpH20 / 

+quartz 

+plagioclase of 
constant cornposit ion 

+ ilmenite I 
Figure 60.1. Some minerals of high-grade gneisses and gran- 

ulites represented in the  AKFM tetrahedron. 

If the chemical potential of a component is fixed, the 
amount of this component does not a f fec t  the phase relations 
and it can be omitted in a graphical representation. Geo- 
metrically this corresponds to a projection from polydimen- 
sional space through this component. The presence of quartz, 
magnetite, and ilmenite determines the chemical potentials 
of SiOn, FezO3-FeO, and TiOn*FeO. The chemical potential 
may also be fixed by having the  component present in a phase 
of constant composition. Therefore, plagioclase of a speci- 
fied composition together with quartz determines the 
chemical potential of Na~O*A1203and CaO-A1203. Thus in 
rocks containing quartz, magnetite, ilmenite, and plagioclase 
of constant composition, phase relations may be represented 
in the tetrahedron AKFM a t  any given pressure, temperature, 
and chemical potential of H 2 0  (Fig. 60.1). 

Eskola (1915) initiated the subsequently widespread use 
of graphical methods of representing mineral assemblages. 
He projected, in effect ,  through plagioclase of constant 
composition in the construction of his AKF diagram by 
defining A = A1203 - (K20 + Nan0 + Ca0). The success of 
the  AFM projection for muscovite-bearing rocks (Thompson, 
1957) and Korzhinskii's (1959) t reatment  of mineral equilibria 

A=AI,O,-(Na,O+CaO+Kp) +plagioclase of 
F=FeO -(Fe,O,+TiO,l Constanl composition 

+ K feldspar 
M=MaO 

+ magnetite 

A\ u\ cordierite 

biotite b 
lo clinopyroxene 

Figure 60.2. Mineral assemblages in gneisses and granulites 
from the  Westport area, stable in the presence 
of K feldspar (Reinhardt and Skippen, 1970). 



A 

A = AI,O,-(No,O+CoO) 

F = Fe0-lFe,O,+T10,1 + plogroclase of 
constant cornpositlon 

+ magnet~te 

led bmll le  stable 

ppled K feldspar stable 

to clinopyroxene 

Figure 60.3. Postulated phase relations among minerals not 
containing K 2 0  at t h e  grade of metamorphism 
indicated by mineral assemblages in 
Figure 60.2. 

provided fu r the r  incentives t o  t h e  quest  for  suitable represen- 
ta t ions  of mineral compatibil i t ies.  Thus t h e  plagioclase 
projection became incorporated in a variety of d iagrams 
(Green, 1960; Froese ,  1963, 1969, and 1973; Reinhardt,  1968; 
Robinson and Jaffe ,  1969; Reinhardt and Skippen, 1970; Stout ,  
1972). Several of these  papers also make use of a projection 
through magnet i te ,  or through both magnet i te  and i lmenite.  

In rocks bearing K feldspar, phase relations may be 
projected through K feldspar onto a suitable projection plane, 
e.g. t h e  AFM f a c e  of t h e  AKFM tetrahedron. For example,  
Reinhardt and Skippen (1970) used this method t o  por t ray  
mineral assemblages i n  gneisses and granulites from t h e  
Westport a r e a  (Fig. 60.2). On t h e  o the r  hand, phase relations 
among minerals not containing K 2 0  m a y  be  conve'niently 
shown on t h e  AFM f a c e  of t he  AKFM te t rahedron (e.g. 
Froese,  1969; Robinson and Ja f fe ,  1969). A t  the  g h d e  of 
metamorphism ref lec ted by t h e  assemblages in Figure 60.2, 
t he  AFM f a c e  is expected to  be a s  shown in Figure 60.3. This 
diagram includes anthophylli te and cummingtonite,  minerals 
which cannot  be seen in a projection f rom K feldspar. The 
F/M ra t io  is shown increasing in the  order hornblende- 
cummingtonite-anthophylli te,  consistent with the  observa- 
tions of Stout (1972). Phase relations involving bioti te and K 
feldspar can be indicated in Figure 60.3 in t h e  following 
manner. As noted by Albee (1965), t h e  introduction of a new 
component,  in this c a s e  K20*A1203., will in general give rise 
t o  only one additional phase, in this case ei ther  b iot i te  or K 
feldspar. This f e a t u r e  has been shown in Figure 60.3. Only 
along t h e  boundary between assemblages with b iot i te  and 
those  with K feldspar,  a r e  both biot i te  and K feldspar 
present.  This boundary must lie in two-phase fields so  t h a t  
t h e  number of coexisting phases represented in t h e  AKFM 
te t rahedron does not exceed four. 

The appearance of orthopyroxene does not lead t o  t h e  
immediate  elimination of hydrous minerals; instead granulites 
commonly contain bioti te and hornblende (Winkler, 1976). In 
such rocks, another  method of depicting phase equilibria, a t  
leas t  in a qual i ta t ive  manner,  may prove useful (Froese,  1969, 
1972). Four-phase assemblages in the  AKFM te t rahedron,  
which include bioti te,  a r e  represented by subte t rahedra  
having one apex on t h e  biot i te  composition surface.  

A+ 
M+ F 

Figure 60.4. Mineral assemblages in bioti te-bearing rocks 
f rom Figures 60.2 and 3 shown on t h e  biot i te  
composition surface.  

Similarly, three-phase assemblages subtend a I/ne and two- 
phase assemblages an  a rea  on t h e  biot i te  composi'tion surface.  
Consequently, a subdivision of t h e  b iot i te  composition 
surface ,  a s  seen f rom t h e  AFM f a c e  of t h e  AKFM t e t r a -  
hedron, may be  used t o  por t ray  mineral compatibil i t ies.  The 
bioti te composition surface  is t runcated along bevelled edges  
(see also Ushakova, 1972) f rom which t i e  l ines extend towards 
K feldspar which, in th i s  view, is  hidden behind t h e  biot i te  
composition surface.  Because t h e  con ten t  of K component is  
nearly constant  in bioti tes,  t h e  var ia t ion in composition is 
adequate ly  given by t h e  re la t ive  amoun t s  of components A, F, 
and M. Due t o  the  small  amount  of component  A, it is best  t o  
choose co-ordinates M/(F+M) and A/(F+M); this allows an 
exaggeration of t h e  A/(F+M) axis. Using this method, those  
mineral assemblages of Figures 60.2 and 60.3 which include 
biot i te  a r e  shown in Figure 60.4. 

It is hoped tha t  graphical methods  discussed in this note  
will be helpful in studying mineral compatibil i t ies in granu- 
l i tes  and deducing react ions  which might const i tu te  a 
pet rogenet ic  grid. This in turn would provide a b e t t e r  
undersranding of t h e  boundary between t h e  granul i te  f ac i e s  
and rocks of lower metamorphic  grade,  which, a t  present,  i s  
based simply on t h e  f i rs t  appea rance  of orthopyroxene, 
regardless of rock type  and specific react ions  (Winkler, 1976). 
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Abstract 
Luternauer, John L. and Swan,Davis, Kitmat .%Submarine Slump Deposit(s): A Preliminary 
Report; Current Research, Part A, Geol. Surv. Can., Paper 78-lA, p. 327-332, 1978. 

Side-scan sonar records coupled with echo-sounding, sedimentologic and photographic 
evidence served as a basis for identifying submarine slump deposits on the floor o f  the northern 
Kitimat Arm, British Columbia. Preliminary examination of data suggests that at least two 
distinct submarine slides have coalesced to form a continuous deposit some 4-5 km in length 
and as much as 2 km wide. 

Introduction Field Activities 

The Geological Survey of Canada conducted a survey 
in the  northern Ki t imat  A.rm of Douglas Channel (Fig. 61.1) 
August 12-17, 1977 t o  de te rmine  the  a rea l  ex ten t  and 
c h a r a c t e r  of sea-floor deposits which have been generated by 
submarine  slope failure. There  i s  considerable demand f o r  
information on the  behaviour of local submarine landslides 
because  of t h e  damage they can  (or could) inflict  d i rec t ly  o r  
indirectly,  on existing por t  facil i t ies,  on a proposed major oil 
po r t  terminal,  and on the  sea-floor environment.  

One such slide occurred on April 27, 1975. I t  appears  
t o  have s t a r t ed  in t h e  vicinity of Moon Bay (Figs. 61.2 and 
61.3) and displaced an  es t imated 2.3 million m3 of mater ia l  
(Golder Assoc., 1975; Bell and Kallman, 1976). Major f ac to r s  
contributing t o  fa i lure  were: 

1. t h e  presence of sof t ,  moderately sensit ive marine clay 
near  shore,  and beneath t h e  sloping s e a  bottom, 

2. excess  pore  pressure within t h e  c lay ,  and 

3. a n  implied f ac to r  of safe ty  only very slightly g rea te r  
than 1.0 under normal conditions along this segment  of 
t h e  west  shore  of Ki t imat  Arm (Golder Assoc., 1975). 

The s l ide ,  genera ted a "seawave" described a s  being 
8 m high, which caused an an es t imated $600 000.00 damage  
t o  t h e  Northland Navigation wharf (Fig. 61.3) and other  
coas t a l  s t ruc tu res  (Golder Assoc., 197j). 

Seventy-three bot tom sediment  samples and 1 5  shor t  
co res  were  recovered using a Dietz-Lafond grab and an 
Alpine d a r t  corer ,  respectively (Fig. 61.2). Approximately 
160 km of s ide  scan sonar and echo-sounding t rackl ine  were  
obtained. These a r e  concentra ted  within t h e  heavily sampled 
zone shown in Figure  61.2 although t w o  lines extend another  
2-3 km t o  t h e  south, parallel  with t h e  axis  of t h e  inlet. 
Navigation was accomplished with a Marconi Mini-Ranger. 
Most of t h e  side scan lines were  run along c i rcular  a rc s  
centred a t  one of two  shore t ransmit ters .  The error  in 
position fixing is es t imated t o  be  less than 5 m in any 
direction. Bottom coverage by t h e  side scan sonar was a s  
g r e a t  as 400 p e r  c e n t  in a r e a s  of complex morphology t o  
ensure  precise  delineation of bo t tom features .  

Figure61.2.  Bottom sediment  sampling stations.  Do t s  
represent Dietz-Lafond grab sampling sites 
while open c i rc les  indicate  Alpine gravity 
coring sites.  The dot ted  l ine marks t h e  seaward 
e x t e n t  of t ida l  f lats.  

Figure 61 .I. Index map. 
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Composi te  photograph of t h e  1975 sub- 
aer ia l  landslide s i t e  on t h e  western  shore  
of t h e  nor thern  Ki t ima t  Arm (Fig. 61.2). 
Photograph f a c e s  nor th-nor thwest  with 
Moon Bay (Fig. 61.2) l e f t  of c e n t r e .  

Figure 61.4 

Side scan sonar  and echo-sounding t r ack -  
lines run August 12,  1977, in t h e  nor thern  
Ki t imat  Arm.  Numbers i nd ica t e  sequent ia l  
position fixes.  
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Figure 61.7 

/ Bottom photograph showing relativley 
j undisturbed sediment  a t  t h e  base  of t h e  inlet  
, wall. Field of view is  1-2 m. Photograph by 

R. Hoos. 

Preliminary Observations 

The side scan sonar device  very effect ively  distinguished t h e  
predominant submarine morphological features.  These a r e  evident on t h e  
i l lustrated records obtained along a t rackl ine  running approximately 
southwest-northeast  across  t h e  head of t h e  inlet  (Fig. 61.4, Fixes 36-49, 
and Figs. 61.5 and 61.6). 

A bedrock outcrop is  recognizable along t h e  mid-section of t h e  
slope (Fix 37, Fig. 61.5). From that lpoint  downslope t o  Fix 39 on t h e  side 
scan record the  sea  floor appears  t o  have subdued relief only. Sediment 
samples obtained on this slope consist  of dense,  plastic,  f i ne  grained 
mater ia l  (probably Pleistocene marine  muds). A photograph of th i s  su r face  
(Fig. 61.7) reveals  t h e  presence of numerous organisms, suggesting t h a t  
this p a r t  of t he  sea  bed may not have been a f f ec t ed  by t h e  1975 slumping. 
At the  base of t h e  slope t h e  sediment surface  very abruptly becomes 
hummocky, and appears  t o  be  crossed by l inear f ea tu res  generally aligned 
with t h e  axis of t h e  channel.  Photographs of t he  su r face  he re  (Figs. 61.9A 
and B) reveal  isolated blocks of mater ia l  a s  well a s  sharply c re s t ed  ridges. 
A sect ion of relatively smooth sea-bed is  evident just north-northeast  of 
Moon Bay. Beyond this t h e  f loor  of t h e  inlet  i s  again hummocky, indicating 
t h a t  a t  leas t  two submarine slides may have occurred in this a rea ;  one 
originating in the  vicinity of Moon Bay, and a second f rom the  Ki t imat  
River de l t a  slope. Beyond the  second hummocky patch and up t h e  d e l t a  
slope t h e  sea  floor again appears  t o  b e  smoother.  This sect ion of record 
probably represents  relatively undisturbed fo rese t  deposi ts  (scarred 
possibly by ships' anchors  being dragged over t h e  bottom). 

A preliminary compilation of the  side scan and echosounding 
records suggests t h a t  a t  leas t  two distinct slump deposits have coalesced 
t o  form a continuous deposit  some 4-5 km in length and a s  much a s  2 km 
wide. Our findings conf i rm and complement  those  of Bornhold (1977) who 
defined t h e  down-inlet l imi t  of local slump deposits. Fur ther  processing Figure 61.8 

of co res  and surficial  sediment  samples and t h e  prepara t ion of a s ide  scan Generalized representa t ion of t h e  e x t e n t  of 
sonar  mosaic of t he  a r e a  will allow us t o  more  precisely de l inea te  t h e  slump deposi ts  on t h e  floor of northern 
ex ten t  and cha rac te r  of t h e  slump deposits. Fur ther  information on t h e  Ki t imat  Arm, a s  determined f r o m  t h e  s ide  
thickness of slump deposi ts  should be obtained f rom planned high scan sonar and echogram records obtained 
resolution seismic surveys and deeper  coring. August 12-17, 1977. 
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RECONNAISSANCE O F  THE MARINE GEOLOGY O F  MAKKOVlK BAY, LABRADOR 

David J.W. piper1 and R.J. luliuccil 
Atlantic Geoscience Cen t re ,  Dar tmouth 

Abstract 

Piper, David J . W .  and Iuliucci, R .J . ,  Reconnaissance of the marine geology of Makkovik Bay, 
Labrador; Current Research, Part A ,  Geol.  Surv. Can.,  Paper 7 8 - l A ,  p. 333-336, 1978. 

The results of a reconnaissance study designed t o  develop a model of Holocene 
sedimentation in a typical Labrador fiord are presented. Six sediment types  can be identified. 
These ref lect  the history of the bay from i t s  inception during a mid-Quaternary glaciation t o  
the present. 

Introduction Rock 

Makkovik Bay is  a 25-km-long inlet  on t h e  cen t r a l  
Labrador coas t  a t  55ON. I t  i s  a glacially excavated fiord cu t  
into Precambrian metamorphic  and igneous rocks. The geo- 
morphology of the  bay is  i l lustrated in Figure 62.1, which 
shows bathymetr ic  contours a t  20-m intervals,  compiled f rom 
Canadian Hydrographic Service field sheets.  Rocky shoals and 
islands in the  Approaches protect  t h e  bay from open ocean 
swell, and f rom large icebergs. Water depths  in t h e  Outer  Bay 
reach 80 m;  in t h e  Inner Bay, t h e r e  a r e  several s epa ra t e  
basins 40 t o  60 m deep. Rivers dra in  in to  t h e  head of t h e  main 
bay, and a lso  in to  t h e  head of Makkovik Harbour. The bay i s  
f rozen over f rom December  t o  J u n e  of each year.  

The principal purpose of this study was t o  make a 
deta i led  reconnaissance of a typical coas t a l  inlet  in Labrador,  
in t h e  hope t h a t  a generalized model of Holocene sedimenta- 
tion could b e  develGped, which could then be  applied t o  o the r  
Labrador bays. The marine  geology of Labrador coas t a l  in le ts  
i s  virtually unknown (Piper e t  al., 1975; Grant,  1975). A model 
has been developed in Nova Scot ia  applicable t o  a subsiding 
coas t l ine  where  the  principal sediment supply is  from 
drumlins (Piper and Keen, 1976). In contras t ,  t h e  Labrador 
coas t  is  s t i l l  isostatically rising, and glacial  t i l l  is  
unimportant a s  a sediment  source.  

Methods 

The survey was  carr ied  out  in a way similar t o  previous 
smal l  boat  s tudies  in Nova Scot ia ,  using a rented 32-foot 
fishing boat.  A Kelvin-Hughes, 14 kHz, model MS26G sounder 
was used t o  de te rmine  wa te r  depth  and t o  obtain shallow 
seismic penetra t ion in muddy sediments.  A Varian M-50 
magnetometer  was used. Samples were  obtained by Dietz-  
LaFond snapper and a 2"ID corer.  Loss of t h e  co re r  
prevented a full  coring program. Lack of a reverse  gea r  on 
the  boat  l imited our investigation of shallow water.  
Navigation was by sextant  sights onto known points on land, 
and by comparison of bathymetry  with the  Hydrographic 
Service field sheets .  

Bottom Ref l ec to r  Types 

Four types  of bot tom ref lec tors  a r e  recognized on 
MS26 profiles,  and can be  identified by sampling a s  follows: 

(a) Rock. This gives a sharp  reflection on MS26 records. I t  
character is t ica l ly  fo rms  an irregular high relief s e a  
floor. 

Most of t h e  shoreline of Makkovik Bay is  rocky, with 
small  pocket  beaches. The principal rock-free coas t a l  a r eas  
a r e  a t  t h e  head of Fords Bight and Makkovik Bay, and along 
pa r t s  of t he  centra l  and eas tern  Inner Bay. Shoal a reas  in t h e  
Approaches t o  the  bay a r e  of rock, with smal l  patches of 
shelly sand or gravel in depressions. Most shoals in the  Outer  
Bay have a c o r e  of rock, but  a r e  overlain,  a t  l ea s t  in par t ,  by 
grey c lay .  Rock shoals a r e  r a re r  in the  Inner Bay, t h e  most 
conspicuous being t h e  line f rom North Head t o  Gull Island. 

Different ia l  glacial erosion of bedrock i s  probably 
responsible for  some  major physiographic fea tures ,  such a s  
t h e  l ine of deep wa te r  basins extending north f rom Wild 
Bight. 

Sediments  

The results of deta i led  textura l  analysis, combined 
with t h e  in terpre ta t ion of MS26 profiles,  allow 6 sediment  
types  t o  be  distinguished. Their distribution i s  shown in 
Figure 62.2. 

1. Dark mud is found in ponded basins throughout the  bay. 
The s i l t  content  of t he  mud is variable. I t  is rich in 
organic m a t t e r  and well bioturbated. The minimum depth 
a t  which dark mud occurs in the  approaches i s  about 
60 m ,  but in the  shel tered Inner Bay muds occur in 
wa te r s  a s  shoal a s  20 m. 

2. In places,  t h e  dark  mud grades  in to  sil ty sands in 
shallower water ,  bu t  generally a zone of gravelly sandy 
mud lies between t h e  basinal muds and nearshore  sands. 
Shor t  co res  show t h a t  t h e  gravel  is  frequently con- 
cen t r a t ed  at t h e  sediment  surface ,  suggesting winnowing 
of finer sediment.  In some  cores,  thin, gravel-rich beds 
a r e  a lso  found below t h e  surface .  The MS26 profiles 
suggest  th is  i s  a zone of sediment  'bypassing, with l i t t l e  
n e t  deposition. The gravels  a r e  probably ice-rafted.  

3. Well sorted sands a r e  found in t h e  nearshore zone. In t h e  
lower energy a reas  of the  bay - in Inner Bay, Makkovik 
Bay and Fords Bight - t he  LWM is marked by a boulder 
barr icade developed a t  t he  l imi t  of shore-fast  ice.  
Seaward of this, sediment  is  frequently of bimodal s ize  
distribution, with boulders and cobbles in a f ine  sand 
matr ix .  Seawards, t h e  boulders and cobbles usually 
become  less  common, and t h e  sand finer,  passing in to  a 
coa r se  silt. 

In t h e  Ou te r  Bay and approaches,  boulder barricades 
(b) Sand and gravel. These a lso  give a sharp  ref lec t ion on 

MS26 records,  but  form a much smoother  bot tom than a r e  less well developed. Nearshore sands a r e  more  
unimodal, and in shallow wa te r  may b e  of coa r se  or  

rock. medium grade. In deeper  water ,  coa r se  s i l t s  occur. - 
(c) Dark mud. This fo rms  a smooth acoustically t r anspa ren t  ' 4. In the Approaches of the bay, well sorted medium and bot tom,  with r a re  internal reflectors.  c o a r s e  sands and ~ e b b l e  and cobble  gravels. somet imes  
(d) Grey clay. This is  also acoustically t ransparent ,  but with much commiAuted shell  materival, a r e ' c o m m o n  in 

generally appears  internally s t ra t i f ied .  The su r face  is smal l  pockets  and basins in the  o therwise  wave-swept, 
generally irregular and erosional. b a r e  rock, shoals. 

' ~ e ~ a r t m e n t s  of Geology and Oceanography, Dalhousie University, Halifax, N.S. 



C a p e  S t r a w b e r r y  
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Figure 62.1. Bathymetry of Makkovik Bay. Contours a t  20-m intervals based on Canadian Hydrographic Services field sheets.  

5 .  Sands (often gravelly and ra ther  poorly sor ted)  occur  a t  
t h e  margins of the  rocky shoals in the  Approaches t o  t h e  
bay. They a r e  generally thin enough t o  be penetra ted  by 
t h e  MS26 profiler,  and overlie t he  grey clay unit. They 
appear  t o  be a lag concentra te .  

6. The light grey clay found in many pa r t s  of Makkovik Bay 
is  not a contemporary  deposit. In many a reas  i t  i s  a t  
present  being eroded. MS26B profiles of t he  grey clay 
show prominent subbottom ref lec tors  which a r e  
frequently t runcated a t  t h e  present  s e a  floor. 

In the  shoals e a s t  of Jacques  Island, in t h e  Approaches, 
t h e  grey clay fo rms  a f l a t  basin floor at a depth  of about  
50 m, through which rise t h e  rocky shoals. In th is  a rea ,  t h e r e  
i s  no evidence t h a t  t h e  unit i s  eroded; but  in t h e  deeper  wa te r  
f a r t h e r  south and in Wild Bight, t h e  su r face  of t h e  grey c l ay  
appears  irregular and erosional. The su r face  of t h e  grey c l ay  
a l so  appears  erosional throughout t h e  r e s t  of Makkovik Bay. 
The most  spectacular  example  is  t h e  narrow 40-m-deep 
channel c u t  through a grey clay shoal between Gull  Island and 
Long Point. Grey clay outcrops on t h e  low t ide  t e r r a c e  in 
southwestern Fords Bight, and at t h e  mouth of Makkovik 
Brook. In many areas ,  a thin veneer  of sandy sediment  
overlies the  grey clay. 

Only a f ew uncontaminated samples of t he  grey clay 
unit  have been obtained. These suggest t ha t  this lithology 
consists of a l ternat ing thin beds of grey clay and sil ty mud 
with only small  amounts  of sand. The surface  of t he  grey c lay  
unit  is generally bioturbated. Samples from the  Approaches 
conta in  a normal marine foraminifera1 assemblage. 

Surficial Deposits on Land 

Outcrops of surficial  sediment  a r e  r a re ,  being 
res t r ic ted  t o  brooks, r a re  coas ta l  bluffs, and ar t i f ic ia l  

exposures c lose  t o  Makkovik. Raised beaches a r e  common on 
t h e  exposed shoreline of t he  Ou te r  Bay and Approaches. 
Generally they a r e  only recognizable up t o  10 m above 
present  s ea  level; t he  highest raised beaches a r e  less  than 
30 m above present  s e a  level. Till has been seen in only one 
outcrop in Halibut Brook. It appears  much less impor t an t  than 
s t ra t i f ied  d r i f t  a s  a source  of sediment  t o  the  bay. 

St ra t i f ied  sands and gravels  a r e  well exposed a t  
Burntwood Point,  a t  t he  mouth of Makkovik Brook, and in a 
large  pi t  be tween Ranger Bight and Makkovik. The fo rmer  
t w o  outcrops  comprise  sands with r a r e  gravels dipping a t  20" 
t o  30'. The Ranger  Bight outcrop is  more  complex. The lower 
p a r t  of t h e  sequence consists of gravels  dipping 10" t o  20°, 
and becoming f iner  and sandier upwards. Some higher gravels  
have a r a t h e r  low dip, and t h e  sequence i s  in places overlain 
by horizontally bedded, sands and gravels. This gravelly 
succession i s  unconformably overlain by well  sor ted ,  f ine  sand 
with r a r e  "floating" pebbles and s o m e  cross-bedding. 

In a l l  t h r e e  outcrops  t h e  s teeply  dipping beds appear  t o  
b e  Gilbert-type del tas ,  bui l t  ou t  i n to  a body of probably f resh  
o r  brackish water .  The foreset - topset  transit ion seen at 
Ranger  Bight, which occurs  a t  about  35 m above p resen t  s e a  
level,  marks  t h e  approximate  wa te r  level  a t  t h e  t i m e  t h e  
de l t a s  formed. I t  s eems  most reasonable t h a t  t hese  de l t a s  
developed during deglaciation a t  a t i m e  when s e a  level  was 
35 m above i t s  present  level, b u t  m o r e  deta i led  work on land 
is  needed t o  substant ia te  this suggestion. 

The grey clay unit of Makkovik Bay may represent  t h e  
bo t tomse t  unit of t h e  Gilbert-type del ta .  Volumetrically, t h e  
fo rese t  sands and gra.vels appear  more  important  than e i the r  
glacial t i l l  or modern de l t a  deposits,  and a corresponding 
importance  of synchronous f ine  sediment  can be expected.  
Grey c lay  appears  t o  be  overlain by fo rese t  sand a t  t h e  mouth 



Figure 62.2. Surficial distribution of sediment  types within Makkovik Bay. Full deta i l s  in t e x t  I: dark mud, 2: veneer of gravelly 
sandy mud; 3: nearshore sand prism; 4: coa r se  sands and gravels among rocky shoals; 5: veneer of sand and gravel. 

of Makkovik Brook, in a manner similar t o  t h a t  found in l a t e -  
Glacial  Gilbert-type del tas  on t h e  north shore  of t he  Minas 
Basin, Nova Scot ia  (Swift and Borns, 1967). 

A Model of Development of the Bay 

The basic erosional form of t h e  bay probably d a t e s  
f rom one of t h e  extensive mid Quaternary  glaciations. The 
las t  glaciation probably caused only minor erosion, and locally 
deposited very thin tills. 

A t  the  t i m e  of deglaciation, s e a  level  stood 35 t o  40 m 
higher than a t  present.  The rapid supply of glacial  det r i tus  

a : deglaciotion produced Gilbert-type de l t a s  a t  t h e  margin of t h e  fiord,  with 
gravelly topsets,  s t e e p  sandy foresets ,  and grey c l ay  bot tom- 
s e t s  (Fig. 62.3). Ice-rafting deposited s o m e  coarser  sediment  
in t h e  bot tomsets .  In t h e  Approaches t o  t h e  bay, t h e  
bot tomset  c lays  filled topography t o  a level  about  50 m below 
present  s ea  level.  In this open wa te r  a r e a ,  t he re  were  normal 
mar ine  salinities. In the  more  res t r ic ted  wa te r s  of t he  Inner 

35 m lowering Bay, c loser  t o  t h e  sediment  source,  conditions were  probably 
of sea level brackish. Bot tomset  clays locally occur  above present  s e a  

level. 

Since th i s  t ime,  s e a  level has probably fallen 
continuously d u e  t o  i sos ta t ic  rebound. The rivers have not  
supplied large  amoun t s  of sediment  t o  t h e  bay, because  of 
thei r  irregular thalwegs,  although sma l l  s t r eams  draining 

tidal scour; mud across  de l t a i c  sands and gravels have built  up significant 
in some basins modern del tas .  However, t he  bo t tomse t  grey clay unit has 

b: present clearly been eroded, and this erosion has probably supplied 
most  of t he  modern sediment t o  t h e  bay. The mud has 

Figure 62.3. Model of postglacial  development of Makkovik accumulated in t h e  basins, while the  smal l  amounts  of sand 
Bay. and gravel  have been concentra ted  a s  a su r face  lag. 

Nearshore sands a re ,  at l eas t  in pa r t ,  der ived f rom erosion of 
surficial  deposi ts  on land. 



Erosion of the  grey clay unit has  been principally by 
t idal  scours. Deep basin-like depressions a r e  found close t o  
bedrock constrictions.  As s e a  level fell, t h e  t idal prism 
became  more  and more  res t r ic ted ,  and in consequence, 
erosion of t h e  so f t  sediment  occurred. 

The contemporary distribution of sediment  i s  similar 
t o  t h e  model proposed by Swift  (1976) f o r  sediment-poor 
coas t a l  zones. A thin nearshore sand prism passes offshore 
in to  a zone of no net  sedimentation which i s  scoured c lean by 
longshore currents  during storms. 
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DISSOLVED CHROMIUM SPECIES IN COASTAL WATERS 

Project  750083 

R.E. Cranston 
At lant ic  Geoscience Cen t re ,  Dar tmouth 

Abstract 
Cranston, R.E., Dissolved chromium species in coastal waters; Current Research, Part A, Geol. 
Surv. Can., Paper 78-1A. p. 337-339, 1978. 

A precise and accurate technique for determining the major species of chromium in 
natural waters has been developed. The results for samples from two fiords in British Columbia 
and from the northeast Pacific Ocean confirm general thermodynamic theory regarding the 
distribution o f  major species. Biological processes can alter the dissolved Cr distribution by 
reducing Cr (VI)  t o  C R  (111) and by taking up Cr from surface waters which is subsequently 
released at depth when the detritus decomposes. 

h t roduc t ion  Because of t he  s t rong a b s o r ~ t i o n  character is t ics  for 
C r  (III), co-precipitation t ech i iques  have been used t o  remove 

A problem facing Illarine geochemists is C r  from large of water (Chuecas and Riley, 1966). 
t h a t  of identifying chemical  speciation of elements.  In order 
t o  study and t o  predict  t he  f a t e  of an e lement ,  t h e  major Pankow et al. (1976) used cat ion and anion exchange resins t o  

species  have t o  be identified and quantified. One  e lement  of d i f f e ren t i a t e  between C r  (111) and C r  (VI) in river samples,  but  
thei r  lowest  concentra t ions  were  much higher compared t o  in t e re s t  i s  chromium (Cr) which is  present i n  various fo rms  in those found in normal seawater. Differential pulse polar- natura l  waters;  these  fo rms  depend on the  local concentra-  

tions of o ther  ions, compounds and particles.  ography has been used t o  de te rmine  C r  (VI) in fresh water  
with a detect ion l imi t  about 100 t imes  above seawater  

I t  i s  t h o u ~ h t  t h a t  C r  exis ts  in t w o  major oxidation concentra t ions  (Crosmun and Mueller, 1975). 
states (IIj and ~ 1 ) w i t h  t h e  major species  being c ; ( o H ) ~ ~ H ~ o +  In th is  work t h e  co-precipitation method using Fe(OH)3 and C r O i  respectively (Elderfield, 1970). A t  natura l  seawater  to collect Cr (111) was chosen as the method after searching conditions (pE = 12.5, pH = 8.1) t h e  thermodynamically s t ab le  t h e  l i t e r a tu re  and trying solvent ext ract ion techniques. The form is  CrO;(Fig. 63.1), however significant amounts  of major drawback seemed t o  be tha t  nearly a l l  iron sources Cr (''0 have been found in waters used for the co-precipitation had large C r  background 1975)' This may be partly due to contamination. This was not the case for ferrous ammonium peculiari t ies of the analytical  techniques used by di f ferent  sulphate (Baker Chemical Co.). This ferrous salt could be workers. In addition, kinetics may be a significant f ac to r  converted to Fe(OH)3 by adding N H r O H  and shaking the s ince  react ions  involving t h e  C r  (111) ligand a r e  known t o  be  tion for a day to oxidize the ferrous iron. The resulting ferric slow (Mertz,  1969). iron recovered C r  (111) s tandard additions well. 

Biological ac t iv i ty  can  cause  apparent  nonequilibrium 
conditions tha t  a l t e r  t he  re la t ive  abundance of the  various 
f o r m s  of t r a c e  metals.  Since C r  exis ts  in t h e  t r ivalent  s t a t e  
in biochemical sys tems (Mertz,  19691, i t  i s  possible t h a t  
localized C r  (111) anomalies could ar ise  as a resul t  of t he  
excre t ion of body fluids. Biologic ac t ion can  also concen t ra t e  cr ( n M )  

many t r a c e  me ta l s  by physical and chemical  uptake. The o .5 I 1.5 2 - 
distribution of copper in ocean wa te r s  has  been accounted fo r  I /  

0 
0 

a s  su r face  depletion by biological processes and enr ichment  in 
bot tom waters  as the  hard pa r t s  of the  det r i tus  dissolve on 

e0 --. \ 

sinking t o  the  s e a  floor (Boyle and Edmond, 1975). -. 
Other  natura l  pa ramete r s  may control  t h e  species of 

C r  found; these  include t h e  na tu re  and mixing of fresh water ,  
t h e  na tu re  and concentra t ion of suspended m a t t e r  and Cr (V I  1,. ,*' 
dissolved organic ma t t e r .  Results f rom investigations of these  
pa ramete r s  will be  discussed a t  a l a t e r  date .  e' 

/ 
I , 

-4 
O2 ZONE 

Analytical  Method ,*-&' 
Variation in analytical  techniques account  for  a sig- 

n i f icant  portion of t h e  variance reported in t h e  l i t e r a tu re  
dealing with C r  speciation (Brewer, 1975). The shortcomings 0 DC-- 

1 
of these  various methods has led t o  discrepancies and the  
absence of reliable deep-ocean profiles of chromium in 
published form. Solvent ext ract ion techniques have been used H 2 S  ZONE 
t o  se l ec t  C r  (111) (Chau et al., 1968) and C r  (VI) (Jan and 
Young, 19761, bu t  in order t o  quantitatively e x t r a c t  each 
species,  t h e  pH of the  sample  had t o  be reduced t o  6 and 3.5 
respectively.  From the  pE-pH diagram (Fig. 63.1) i t  is  
appa ren t  t h a t  such lowering of the  pH changes  the  200 - 
equilibrium of the  sys tem and may resul t  in C r  (VI) being 
reduced t o  C R  (111). Figure 63.1. pE-pH Relationships for  C r  species.  



In f u r t h e r  e x p e r i m e n t s ,  i t  was  found t h a t  by adding  
NHr OH t o  t h e  Fe(NH4)2(S04 j: atid ir l lmediately adding  t h i s  
so lu t ion  t o  a sample ,  bo th  C r  (111) and C r  (VI) could  b e  
r e c o v e r e d  quant i ta t ive ly .  I t  a p p e a r s  t h a t  t h e  ox ida t ion  of 
F e  (11) t o  F e  (111) r e d u c e s  t h e  C r  (VI) t o  C r  (111) and  resu l t s  in  
q u a n t i t a t i v e  t o t a l  co-prec ip i ta t ion .  

T h e  f inal  p r o c e d u r e  a d o p t e d  t o  o b t a i n  q u a n t i t a t i v e  
d a t a  on  C r  (111) and  C r  (VI) requi red  s e l e c t i v e  co-prec ip i ta t ion  
of C r  (111) a n d  t h e n  a co-prec ip i ta t ion  of t o t a l  Cr .  This  was  
accompl i shed  by adding  1 m l  of 0.01 M Fe(OH)3 a t  pH 8 t o  
140 m l  of aqueous  s a m p l e  in order  t o  s c a v e n g e  C r  (111). T o  
r e c o v e r  bo th  C r  spec ies ,  1 m l  of 0.01 M Fe(OH)2 a t  pH 8 and  
t h e  requi red  NHsOH w a s  added t o  140  m l  of sample .  T h e  
s a m p l e s  w e r e  f i l t e r e d  th rough 0.4 q m  Nuclepore  f i l t e r s  a f t e r  
shaking  f o r  2 hours. The  Fe(OH)3 was dissolved f rom t h e  
f i l t e r  w i t h  6 M H C I  and  ana lyzed  by a t o m i c  absorp t ion  
s p e c t r o s c o p y  using a h e a t e d  g r a p h i t e  f u r n a c e .  

Addit ions of C r  (111) and  C r  (VI) h a v e  been  m a d e  t o  
s e a w a t e r  s a m p l e s  t o  t e s t  t h e  a c c u r a c y  and  s p e c i f i c i t y  of t h e  
method .  The  fol lowing t a b l e  c o n t a i n s  t h e  r e c o v e r y  
e f f i c i e n c i e s  f o r  1 0  addi t ions .  

R e c o v e r y  Ef f ic iency  
(per  c e n t  C Std.  Dev.) 

Spec ies  Sought  F e  Type  C r  (111) added  C r  (VI) added  

C r  ( t o t a l )  Fe(OH12 9 3  C 8 91 ? 8 

C r  ( p a r t i c u l a t e )  n o n e  8 + 11 O C O  

Both C r  t y p e s  w e r e  r e c o v e r e d  by t h e  Fe(OH)2 addi t ion .  Only 
C r  (111) s t a n d a r d  addi t ions  w e r e  r e c o v e r e d  by t h e  Fe(OH)3.  
P a r t i c u l a t e  m a t t e r  m a y  c o l l e c t  s o m e  C r  (111) if enough 
p a r t i c l e s  a r e  p r e s e n t .  Ef f ic ienc ies  a r e  less  t h a n 1 0 0  p e r  c e n t  
d u e  t o  adsorp t ion  t o  t h e  wal l s  of t h e  c o n t a i n e r s  and t o  t h e  
f i l t r a t i o n  e q u i p m e n t .  

T r i p l i c a t e  s e a w a t e r  s a m p l e s  f r o m  a f iord and  t h e  
n o r t h e a s t  P a c i f i c  h a v e  b e e n  ana lyzed  t o  d e t e r m i n e  t h e  
precision of t h e  overa l l  m e t h o d .  T h e  a v e r a g e  a b s o l u t e  
prec is ion  (1 s t d .  dev.) i s  C 0.07 qM. R e s u l t s  a r e  inc luded  in t h e  
fol lowing t a b l e  f o r  I 1  s e t s  of t r i p l i c a t e s .  

Mean Std .  Dev.  
C r  Type  A v e r a g e  C o n c .  ( k  s t d .  d e v .  of m e a n  

(Q M) f o r  I I s e t s ,  in  q m )  

C r  ( to ta l )  2.60 0.12 C 0.08 

C r  ( p a r t i c u l a t e )  0.12 0.05 C 0.04 

A d e t e c t i o n  l i m i t  of 0.02 q M  C r  in a 0.5 L s a m p l e ,  o r  1 p a r t  
p e r  t r i l l ion w a s  ob ta ined .  

R e s u l t s  

T h e  C r  method  w a s  t e s t e d  on  t w o  c r u i s e s  dur ing  Ju ly ,  
1977  onboard t h e  R/V T.G. Thompson of t h e  Univers i ty  of 
Washington. T h e  f i r s t  c r u i s e  w a s  designed t o  s tudy  t h e  a n o x i c  
n a t u r e  of Saanich  In le t ,  Bri t ish Columbia  and t o  c o m p a r e  i t  t o  
J e r v i s  Inlet ,  a n  oxidizing f iord.  T h e  second c r u i s e  w a s  off  t h e  
c o a s t  of Washington S t a t e ,  sampl ing  t h e  w a t e r  c o l u m n  a t  
shelf  d e p t h s  of 100  m t o  o f f s h o r e  d e p t h s  e x c e e d i n g  3000 m .  
T h e  Saanich  d a t a  (Fig. 63.2) i n d i c a t e  t h a t  C r  (VI) i s  t h e  
p r e d o m i n a t e  s p e c i e s  in o x g e n a t e d  w a t e r s ,  whi le  C r  (111) i s  
d o m i n a n t  in reduc ing  w a t e r s  (i.e. t h e  su lphide  z o n e ,  Fig.  63.1) 
a s  is  p r e d i c t e d  thermodynamica l ly .  A l i n e a r  regress ion  
ana lys i s  was  applied t o  t h e  c h e m i c a l  d a t a  f r o m  3 s t a t i o n s  in 
t h e  region of redox  cross-over.  T h e  resu l t ing  e q u a t i o n  
ind ica ted  t h a t  a p p r o x i m a t e l y  1 m o l e  of C r  (111) i s  oxidized by 
I m o l e  of oxygen  (r = 0.73, n = 17, p > 99.9%). 

In J e r v i s  In le t ,  C r  (VI) w a s  d o m i n a n t ,  e x c e p t  f o r  
2 s a m p l e s  in  t h e  t o p  50 m ,  w h e r e  f r e s h w a t e r  r u n o f f ,  dissolved 
o r g a n i c  c a r b o n ,  and  biological  a c t i v i t y  m a y  a f f e c t  t h e  redox  
couple .  For  t h e  d e e p  P a c i f i c  s a m p l e s ,  C r  (VI) d o m i n a t e s ,  w i t h  
a s m a l l  C r  (111) peak  a t  7 5  m (Fig. 63.3). C r  (111) should b e  
u n d e t e c t a b l e  in o x y g e n a t e d  w a t e r s ,  h o w e v e r ,  o u t  of 
108  o x y g e n a t e d  f io rd  and  open  P a c i f i c  s a m p l e s ,  31 of t h e  
C r  (111) r e s u l t s  w e r e  g r e a t e r  t h a n  1 0  p e r  c e n t  of t h e  t o t a l  C r .  
A m a j o r i t y  of t h e m  o c c u r r e d  in  t h e  sha l low w a t e r  f r o m  t h e  
f i o r d s  o r  t h e  c o n t i n e n t a l  shelf .  I t  i s  s u g g e s t e d  t h a t  s o m e  
m e c h a n i s m s  r e l a t e d  t o  sha l low,  near -shore  w a t e r s  a r e  caus ing  
a r e d u c t i o n  of a por t ion  of t h e  C r  (VI). 

C o r r e l a t i o n  c o e f f i c i e n t s  w e r e  o b t a i n e d  f rom 
suppor t ing  d a t a  in  a n  a t t e m p t  t o  d e s c r i b e  t h i s  observa t ion .  A 
s ign i f ican t  c o r r e l a t i o n  (p > 99.9%) f o r  C r  (111) p a i r e d  wi th  
n i t r i t e  has  b e e n  obta ined( r  = 0.43, n = 82). S u r f a c e  a n o m a l i e s  
of n i t r i t e  (NO;) in oxygena+ted w a t e r s  a r e  a t t r i b u t e d  t o  
z o o p l a n k t o n  e x c r e t i o n  of NH4 which i s  ox id ized  in i t i a l ly  t o  
n i t r i t e ,  t h e n  t o  n i t r a t e  (Riley a n d  C h e s t e r ,  1971). I t  i s  
t h e r e f o r e  s u g g e s t e d ,  by t h e  c o r r e l a t i o n ,  t h a t  t h e  a n o m a l o u s  
C r  (111) i s  a l s o  r e l a t e d  t o  t h e  z o o p l a n k t o n  e x c r e t i o n .  C r  (VI) 
m a y  b e  t a k e n  up by p lankton ,  r e d u c e d  t o  C r  (111) d u e  t o  t h e  
r e d u c i n g  n a t u r e  of t h e  b i o c h e m i c a l  c y c l e  and  r e l e a s e d  as 
C r  (111) in  e x c r e t e d  m a t t e r .  

A n o t h e r  n o t e w o r t h y  r e s u l t  f o r  t h e  P a c i f i c  d a t a  i s  t h a t  
t h e  C r  ( t o t a l )  va lues  a p p e a r  t o  i n c r e a s e  w i t h  d e p t h .  This  
d i s t r ibu t ion  m a y  b e  d u e  in p a r t  t o  s u r f a c e  d e p l e t i o n  by 
b io logica l  u p t a k e  and e n r i c h m e n t  in b o t t o m  w a t e r s  a s  t h e  
d e t r i t u s  dissolves.  If t h i s  d o e s  o c c u r ,  t h e  d a t a  should 
c o r r e l a t e  wi th  d e p t h  and n u t r i e n t  va lues ,  s i n c e  t h e  d e e p  
o c e a n  c o n t a i n s  t h e  dissolved r e m a i n s  of m a n y  y e a r s  of 
p r o d u c t i o n  and i s  g r e a t l y  e n r i c h e d  in  s i l i c a t e ,  p h o s p h a t e  and 
n i t r a t e .  F o r  4 s t a t i o n s  w i t h  d e p t h s  g r e a t e r  t h a n  2000 m ,  t h e  
fo l lowing  c o r r e l a t i o n  c o e f f i c i e n t s  w e r e  ob ta ined .  

D e p t h   PO^-^ SiOt, -' N 03- 

C r  ( t o t a l )  0.78 0.52 0.74 0.51 

P H 

F i g u r e  63.2. C r  s p e c i e s  i n  S a a n i c h  In le t ,  Ju ly ,  1977. 



All of t h e  coeff ic ients  a r e  highly significant (p>  99.9%, n = 42). 
C r  co r r e l a t e s  most  strongly with depth  and si l ica and 
somewhat  less with phosphate and n i t r a t e  da t a .  It is  
t he re fo re  suggested t h a t  a portion of t h e  C r  var iance  c a n  b e  
explained by organism up take  a t  t h e  su r f ace  and i t s  
subsequent re lease  a t  dep th  a s  t h e  de t r i t u s  decomposes.  The 
preference  f o r  t he  Cr-silica corre la t ion  suggests t h a t  t h e  
major  t ype  of biota involved may be  silicious in nature.  

Conclusion 

A major drawback in chromium geochemistry f o r  
na tura l  wa te r s  has  been t h e  lack of reliable methods. A 
precise  and a c c u r a t e  method t o  analyze  natura l  wa te r s  has 
been presented .  The major advantage  of t h e  method over  
most  o the r s  i s  t h a t  both fo rms  of C r  a r e  col lec ted  at the i r  

na tura l  pH and analyzed by t h e  s a m e  procedure ,  with a 
minimal problem due  t o  blanks. A de t ec t ion  l imi t  f o r  0.5 L of 
sample  is  0.02 nM (1 p a r t  per trillion). Average values fo r  
t h e s e  ocean  w a t e r s  a r e  2.3 qM f o r  C r  (VI), 0.17 qM f o r  
C r  (1111, and 0.12 OM fo r  C r  (particulate).  

Natura l  distr ibutions of C r  (Ill) a r e  a f f e c t e d  by 
reducing conditions such as those  occurr ing  in a n  anoxic  fiord,  
with a major i ty  of C r  (VI) be ing reduced t o  C r  (111) when H2S 
is present .  Biological ac t iv i ty  appea r s  t o  reduce  s o m e  C r  (VI) 
and re lease  i t  via excre ted  mater ia l .  Elsewhere,  t h e  dominant  
form of C r  i s  C r  (VI), a s  is  predic ted  by thermodynamic  
calculations.  In addit ion t o  reducing s o m e  C r  (VI), biological 
processes appear  t o  r emove  C r  f rom su r f ace  wa te r s  and 
r e l ea se  i t  in t h e  deep  ocean  a s  t h e  biomass decomposes.  

Fu r the r  work i s  cu r r en t ly  being ca r r i ed  o u t  t o  
d e t e r m i n e  t h e  f o r m  and migra t ion  pathways  of C r  species  in 
an  es tuary  and in t h e  ea s t e rn  tropical  Paci f ic ,  whe re  a n  
in tense  oxygen minimum may reduce  C r  (VI). Labora tory  
exper iments  will also be  carr ied  ou t  t o  study redox and 
adsorption kinetics,  a s  well a s  t h e  e f f e c t  of dissolved organic  
m a t t e r  on  C r  speciation.  
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Abstract 

Yorath, C.J., Currie, R.G., T i f f in ,  D.L., and Cameron, B.E., Submersible operations on the Canadian 
Pacific Continental Margin, Report 11; Current Research, Part A, Geol. Surv. Can., Paper 78-lA, 
p. 341-349, 1978. 

The primary purpose of this project was to  evaluate the submersible Pisces N as a vehicle for 
conducting reconnaissance geological mapping on the Canadian Pacific continental shelf. Equipped 
with an improved sampling and communications system in addition to an underwater compass and 
acoustic navigation system, the submersible was used to conduct several traverses across a belt of 
stratigraphically and structurally complex terrain. Realizing i ts  limitations, it is concluded that the 
vehicle can be used as an ef fect ive mapping tool. 

Introduction 

In May and June 1977, the authors participated in  

continental shelf and slope adjacent to northern Vancouver 
Island (Fig. 64.1). The primary purpose of the project was to 
evaluate the Pisces  IV submersible as a vehicle for conducting 
reconnaissance mapping on the continental shelf over areas 
where bedrock exposure was known. The testing of an 
underwater acoustic navigation system, underwater magnetic 
compasses, a new sampling system and improved underwater 
communication system were cr i t ical  to  the project. 

BOTTOM GRAB SAMPLE LOCATION 

SUBMERSIBLE DIVE TRACK 

C] OUTCROP AREA 

SEISMIC LINES 

BATHYMETRIC CONTOURS IN METRES 

Location map for dive sites, bottom grab 
samples and seismic lines on the continental 
shelf and slope off Vancouver Island. 

128'40' 128"ZO' 128'00 



Figure 64.2 

Submersible sampling system. The jaws of 
the  mechanical a r m  a r e  positioned above the  
s tacked sample ne t s  housed in a flexible 
container.  The "T" handles for each net  a r e  
below the  wrist of t he  arm. The large  
sample s torage net  is mounted on a rigid 
meta l  f r ame  below the  cen t r e  viewport. 

Survey Technique 

Preliminary t o  the  field season, maps were  prepared 
i l lustrating regions of bedrock outcrop a s  deduced f rom the  
examination of echogram profiles obtained by the  Canadian 
Hydrographic Service and seismic profiles recorded by t h e  
Geological Survey over the  study area .  Regions of complex 
topography, underlain by bedrock, occur a s  two  broad belts. 
The f i rs t  extends  f rom the southern boundary of the  map-area 
t o  off Cape Sco t t  and is the a rea  across which all the 1977 
dives were conducted. The second region occurs a s  a ser ies  
of broad a r c s  extending southward from Sco t t  Islands 
(Fig. 64.1). 

In addition t o  the echograms and seismic records, 
magnet ic  data  were examined, which, in conjunction with the  
known geology of northern Vancouver Island (Muller et al., 
1974) permit ted  a preliminary interpretation of the  offshore 
geology. Field shee t s  of t he  region were  const ructed at a 
scale  of 1:20 000 upon which was superimposed t h e  Loran-C 
grid and bathymetry.  

Based upon t h e  previous year's experience (Yorath 
et al., 1977) the  sample  recovery and s torage sys tem was 
substantially modified. What was needed was  a way of 
collecting an  optimum number of samples and storing them on 
the  submersible in such a way tha t  following the  dive, e a c h  
sample could be positively identified and re la ted  by number 
t o  t ape  recorded and wri t ten  notes. The sys tem (Fig. 64.2) 
included a series of individually numbered, nested sample 
nets ,  each  mounted on a meta l  right with a 'IT" handle, and 
s tacked in a flexible container.  Following the  collection of a 
sample with the mechanical a rm,  the  sample was dropped into 
the  uppermost net inside the  flexible container.  The 
mechanical a rm would then grab the  "TI' connection and l i f t  
t h e  ne t  containing the  sample  out of the container.  The 
number of the  ne t  was  recorded visually through the  view 
por ts  and, for s torage during the  dive, t he  ne t t ed  samples  
were  dropped in to  a second larger net  a t t ached  t o  a rigid 
me ta l  f r ame  which was  positioned under t h e  forward end of 
t h e  submersible. Although minor problems such a s  fouling of 
t h e  nets  in the  flexible conta iner  and tear ing of the  s torage 
ne t  on rough sea  floor were  encountered, t he  sys tem worked 
satisfactorily and needs  l i t t l e  fur ther  modification. 

Submarine mapping with a submersible requires a 
reliable navigation sys tem both for accura t e  mapping and 
safety.  This was accompl.ished by installing an underwater 
magnet ic  compass and acoust ic  navi.gation system. The 

Figure 64.3. Underwater magnet ic  compass  binnacle (top) 
and acoust ic  navigation transponder (below) 
mounted on the  fiberglass cove of the  
submersible. 

magnet ic  compass, obtained f rom Digicourse Inc. consists of 
a sensor, housed in a water-t ight binnacle, and mounted on 
t h e  "sail'' of the  submersible (Fig. 64.3), and a digital display 
mounted inside the  personnel sphere. The compass  was 



Figure 64.4. Compressed sketch of the seaward face of the outcrop belt illustrating geometry of the transponder arrow (metal 
floats not shown). The irregular rock masses represent the morphology of the belt a t  some of the dive locations. 



corrected by a standard "swinging" method until a maximum 
variation of 2" was obtained using correct ing magnets  in the  
binnacle. 

The success of the  project  great ly  depended upon the  
underwater acoust ic  navigation system. This sys tem,  pro- 
vided by Mesotech Systems Ltd. of Vancouver, consists of an  
ar ray of four,  bottom moored, 18 kHz transponders,  and an  
interrogation and display console mounted inside the  submers- 
ible. The position of the submersible within the  transponder 
ar ray,  determined by the interrogator,  was obtained by 
measuring the range (in metres)  t o  each of the  transponders 
within reception range of the submersible (maximum range 
approximately 3 km). The transponders were anchored by 
weights and suspended about 20 m above the  sea  bot tom by 
spherical meta l  floats. This allowed t h e  transponders t o  be 
positioned above the  height of most predicted rock pinnacles, 
thus eliminating loss of signal under normal c i rcumstances  
(Fig. 64.4). If the  locations of the  transponders were  
accurate ly  determined, t he  measured ranges could be  used t o  
ca lcula te  the  submersible's position within 10 m. 

To determine the  position of the  transponders a survey 
method similar t o  tha t  described by Heckman and Abbott  
(1973) was used. After  placing the transponders a t  pre- 
se lec ted positions, slant ranges t o  each were measured f rom a 
number of surface  locations within the  array. This was done 
by lowering the  submersible's hull-mounted interrogation 
transducer (Fig. 64.3) in to  the  water  while Pisces  IV was 
positioned on the  launch deck of the  mothership Pandora 11. 
The resul tant  multiple s lant  ranges obtained permit ted  a 
number of equations t o  be  wri t ten  relating t h e  ship's position 
t o  the  transponder locations. The s e t  of equations was then 
solved i teratively for  the  ship's locations in a manner t h a t  
minimized the  di f ference  between calcula ted  and observed 
ranges. This procedure was then inverted keeping the  
ca lcula ted  ship's position fixed and adjusting the  transponder 
locations, including depth,  according t o  the  same  cr i ter ia .  It 
took between 50 and 100 i tera t ions  and approximately 
15 minutes using a Canon SX 100 programmable ca lcula tor  t o  
determine the  relative transponder locations within ? 20 m. 
The geographic position of t h e  transponder ar ray was de te r -  
mined f rom Loran-C readings on t h e  mothership. 

Loran-C is  a long-range (1500 km) radio aid t o  naviga- 
t ion t h a t  provides excel lent  repeatabili ty and geographic 
accuracy. Although the  Loran-C network on the  west  coas t  
has  ye t  t o  be fully calibrated, resul ts  f rom the  east coas t  
(Eaton, 1975) indicate tha t  in t h e  hyperbolic mode, a position 
repeatabili ty of 250 m and a geographic accuracy of -+ 1200 m 
or be t t e r  may be expected. A limited amount  of calibration 
was performed a t  Winter Harbour, Por t  Alice, and Por t  
Harding during the  project.  A t  these  locations the  geographic 
accuracy was + 200 m and the  repeatabili ty was ? 100 m. 

The observed Loran-C readings were conver ted  t o  
la t i tude  and longitude using an i tera t ive  algorithm similar t o  
t h a t  of Grant  (1973) a s  Loran-C navigation cha r t s  at sui table  
scales  were  not available a t  t he  t ime  of the  cruise. An 
es t ima te  was  made of the  ship's position, t he  d is tance  t o  the  
mas te r  and slave s ta t ions  was determined and theoret ica l  
Loran-C readings were  calculated. These values were  
compared with the  observed readings and the  ship's location 
was adjusted until the  theoret ica l  and observed readings 
agreed t o  within a specified degree of tolerance. The 
conversion from Loran-C t o  geographic co-ordinates took 
f rom 3 t o  5 minutes depending upon the  accuracy of the  
original e s t ima te  and the  to lerance  l imits t o  the  solution. T o  
simplify the  calculations in determining transponder locations 
the  geographic co-ordinates were  converted t o  UTM co- 
ordinates. The to t a l  e r ro r  in submersible locations is thought 
t o  be ? 250 m. 

Diving Operat ions  

A to t a l  of e leven dives were  carr ied  out,  nine of which 
were  across  the  outcrop be l t  on the  inner shelf and t w o  were  
s t ra t igraphic  ascents  of t h e  cont inenta l  slope (Fig. 64.1). An 
ancillary bot tom sampling program was conducted following 
daily diving operations or  when rough seas  prevented diving. 

The launch positions of many of the  shelf dives were  
se lec ted where the  f l a t ,  gravel  and sand covered sea  floor 
in tersected the  seaward and landward f aces  of t he  outcrop 
belt .  On a number of occasions, comple te  t raverses  across  
the  outcrop belt  were  precluded by the  rapid (4 hour) draw- 
down of the  submersible's 28 volt  ins t rument  power system; 
this required an additional dive within the  ar ray,  following 
ba t t e ry  charging, usually undertaken in the  opposite 
direction. 

During each  dive, geological and other  observations 
were  recorded on a c a s s e t t e  t a p e  recorder.  A t  s ta t ion s tops  
ranges t o  each transponder,  t i m e  and depth were  recorded in 
wri t ten  form. This information was passed t o  Pandora I1 by 
underwater  telephone where  t h e  t rack and s ta t ion positions 
were  plotted on the  1 :20 000 field sheets.  Video t ape  
recording with voice imprint was maintained throughout t h e  
length of each dive. One hundred and seventy-eight 70 mm 
colour photographs and thirty-six 35 mm colour photographs 
were  taken. It is  unfor tunate  t h a t  the  photographs included 
in this repor t  can not be shown in colour; a g rea t  deal of 
information is  excluded a s  a result .  

The operation is considered t o  have been very success- 
ful. Geological mapping can  be  done with a submersible given 
a reliable underwater and su r face  navigation sys tem and 
e f f ec t ive  sub-to-ship communications.  Geologjcal con tac t s  
can  be  observed, thei r  local a t t i t u d e s  mapped and deforma- 
t ion s t ruc tu res  including joints, f au l t s  and folds can be  
examined. Small sca le  geomorphic f ea tu res  and modern 
sedimentary  processes including sand wave development can  
b e  observed and their  important  descriptive pa ramete r s  
recorded. 

There a re ,  however,  a number of problems t o  be 
overcome. 

I. Geological observations through t h e  small  view por ts  
of a submersible under conditions of l imited visability 
(Maximum 30 m) a r e  necessarily very local in ex ten t .  The 
observer i s  unable t o  obtain a regional view of t h e  ter ra in  in 
t h e  manner of many geological operations on land. One's 
concept  of t h e  regional geology the re fo re  i s  obtained through 
the  compilation of a large  number  of shor t  t r ave r ses  across  
a reas  of variable s t ra t igraphic  and s t ructura l  complexity.  As 
such it is not unl.ike geological mapping in the  dense t r ee -  
covered ter ra in  of t he  Canadian Shield. 

Insofar a s  the  a im of this project is t o  complete  a 
reconnaissance geological map of the  cont inenta l  shelf and 
slope, t he  m a t t e r  of scale  is important .  The field mapping 
sca le  has  been chosen at 1:20 000 within the  l imi ts  of which 
t raverses  will, on the  average,  b e  about  6 t o  10 km apar t .  I t  
i s  presently intended t h a t  t h e  publication scale  will b e  
1:250 000 t o  conform with present  mapping on land. 
However, t he  geological accuracy  of the  product will more  
closely approximate  a sca l e  of 1:500 000. 

2. Although the  sampling sys tem was successful in 
obtaining 24 bedrock samples during the  9 shelf dives, t h e  
sampling procedure is  very t i m e  consuming (up t o  one half 
hour t o  obtain a single sample). In order t o  obtain in si tu 
samples with a mechanical a r m  of l imited s t rength  and 
maneuverabili ty,  highly f r ac tu red  exposures were  sought. 
The rocks, commonly hard, dense volcanics, rarely break 
easily o r  i n to  s izes  convenient for  t he  mechanical a rm and 
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t he  s ize  of t he  nets. A considerable amount  of searching was 
necessary a t  each station t o  obtain a recoverable sample. 
Fur thermore ,  some difficulty in stabilizing the  submersible 
was of ten  encountered due t o  the  presence of strong bottom 
cur ren t s  that  shifted the boat on the  sea  bottom. To 
overcome this, water  had t o  be pumped into the  submersible 
t o  increase i t s  bottom weight, this adding t o  the  sampling 
t ime. 

3. Underwater,  rocks of varying composition look much 
alike, part.icularly in the  map-area where basic volcanics, 
greywackes and metamorphic rocks, a l l  in complex s t ructura l  
juxtaposition, display the  same  dark colours and resistance t o  
chemical  and mechanical weathering. Although di f ferences  
in  internal s t ruc tu re  a r e  recognizable (bedded vs massive 
units), subtle d i f ferences  in topographic expression were  used 
in an  empirical  way t o  record di f ferent  rock units. The 
surface  colour of t he  rocks is the  product of many factors ,  
which in addition t o  composition, include the  e f f e c t  of 
chemical weathering and the  amount  and type of organic 
cover.  Fur thermore ,  a rock of given composition will have a 
substantially d i f ferent  surface  colour for  t h a t  pa r t  exposed t o  
the  sea  compared t o  tha t  portion in con tac t  with a subst ra te ,  
be i t  sof t  sandy bottom or  bedrock. In the  project a rea ,  a l l  
rocks examined and collected (including volcanic, meta-  
morphic and sedimentary) possess a mot t led  dark brown and 
orange-brown colour where they were  exposed t o  the  sea. 
Their undersides exhibit a variety of colours but a r e  mostly 
black. Considerable experience and close a t t en t ion  t o  subt le  
d i f ference  in topographic expression will play a n  important  
role in pract ica l  mapping. Moreover, a relationship may exis t  
between rock composition and t h e  amount  and type of organic 
cover;  if so, th is  could offer  an  additional and valuable 
empir ica l  tool. 

4. Selective verbal and wri t ten  recording of geological 
and other  observations is inadequate for  the  recovery of a l l  
the  information needed t o  compile a geological map. 
Pa ramete r s  such a s  t ime, course,  depth,  and position should 
be  frequently recorded in digital form so a s  t o  f r ee  the  
observer t o  make a s  complete  a description of the  geological 
and morphological edifice a s  possible. To faci l i ta te  this t he  
following is planned for  fu ture  operations; 

(a) Time and the  digital  display of the  magnet ic  
compass  will be reproduced on the  video tape.  

(b) It is hoped t h a t  a microprocessor based, precision 
acoust ic  navigation system will be developed whereby 
a l l  bot tom navigational information will be  recoverable  
both in rea l  t ime  on each  vessel and following t h e  dives. 
Such a sys tem would provide maximum survey 
eff ic iency and safety.  

(c)  The newly acquired PHAS (Por table  Hydrographic 
Acquisition System) hardware will be used t o  digitally 
record t ime,  depth ,  course and position information a s  
well a s  o ther  d a t a  of value, f rom the  navigation system. 

Physiography and Geology 

The compilation of geological observations fo r  t h e  1977. 
diving operation is  not yet  complete ,  thus, a n  in terpre t ive  
map  i s  not included. Compilation will incorporate a l l  
navigation, seismic, magnetic,  ba thymetr ic  and geological 
d a t a  pertaining t o  the  area.  During the  1977 cruise  of 
CFAV Endeavour (see Tiffin et al., 1978) severa l  careful ly  
se lec ted seismic profiles were  obtained over t h e  dive s i t e s  
and outer  cont inenta l  shelf. These also will be incorporated 
i n t o  the  interpretation. The final product fo r  t he  initial 
phase of this project  is not expected until follow.ing the  1978 
season when i t  is hoped t h a t  much needed additional 
information on the  geology of the  region will be obtained. A 
few general observations may be of in teres t .  

The continental  shelf adjacent  t o  northern Vancouver 
Island is approximately 20 km wide and is terminated by a 

s t eep  cont inenta l  slope. The shelf is divided into an  inner and 
outer  portion by a regionally persistent break in slope t h a t  
t rends  in a locally sinuous manner parallel with the  coas t ,  
about  I1 km distant.  The flexure occurs  a t  an  average depth  
of about 170 m throughout the  map-area. The outer  shelf 
slopes gently seaward a t  0.75", is generally f l a t ,  and 
in tersects  the  cont inenta l  slope a t  a sharp  break t h a t  occurs  
a t  about  210 m. The outer  pa r t  of t he  inner shelf slopes 
seaward at 1.20°, is f la t  t o  gently undulating and is 
in ter rupted on i t s  landward side, approximately 5 km from 
shore, by a northwestward trending bel t  of irregular and 
rough topography. The belt ,  f rom Cape  Sco t t  t o  Quatsino 
Sound, is about  37 km long and continues southwards beyond 
the  map-area. A t  i t s  northern end i t s  inner and ou te r  l imi ts  
a r e  defined by s t e e p  c l i f fs  which border f la t ,  gently sloping 
a r e a  floor, .however, t o  the  south the  belt  is believed t o  
expand a lmost  t o  the  coas t  of Vancouver Island. South of 
Quatsino Sound the  bel t  fur ther  broadens a s  Brooks Peninsula 
is  approached. The average depth of t h e  bel t  is about  100 m 
with local internal relief of up t o  50 m a s  expressed by 
irregular valleys and ridges. 

Figure 64.5 i l lustrates a seismic profile t ha t  t r ave r ses  
the  cont inenta l  shelf and upper slope; i t s  location is shown on 
Figure 64.1. The bel t  of irregular topography, included a s  
pa r t  of t he  inner shelf ,  t he  shelf f lexure,  and ou te r  shelf 
l imits a r e  shown. Beneath t h e  ou te r  shelf and outer  pa r t  of 
t he  inner shelf is  a seaward thickening wedge of Lower 
Miocene (Tiffin et al., 1972) t o  Upper Pliocene clastics,  pa r t s  
of which a r e  volcanogenic (Yorath  et al., 1977). This 
succession unconformably overlies Lower Cre taceous  grey- 
wacke and feldspathic sandstone on the  cont inenta l  slope 
which probably a r e  equivalents of t he  Longarm Formation- 
Queen Char lo t t e  Group-Pacific Rim Complex in terval  of t h e  
west coas t  of Vancouver Island and Queen Char lo t t e  Islands 
(Muller e t  al., 1974; Sutherland Brown, 1968). The Ter t iary  
c las t ic  succession appears  t o  thin t o  a zero-edge a t  t he  
seaward l imit  of the  bel t  of irregular topography which is  
supported by outcropping volcanic, plutonic metamorphic  and 
minor sedimentary  rocks of presumed pre-Tertiary age. I t  i s  
presently unknown if th is  thinning is  due t o  s t ra t igraphic  
condensation towards  a deposit ional edge  or  whether t h e  z e r o  
l imit  i s  erosional. Some se ismic  profiles tend t o  support  t h e  
fo rmer  because ref lec tors  within t h e  unit beneath  t h e  outer  
pa r t  of t h e  inner shelf a r e  parallel  with t h e  sea floor. 
However, it appears  for tu i tous  t h a t  a depositional edge  of 
Upper Ter t iary  rocks would coincide with t h e  seaward l imi t  
of uplifted older rocks tha t  underlie t h e  bel t  of irregular 
topography. No information is  available on t h e  age  and 
stratigraphy of t h e  succession underlying t h e  sea  floor inshore 
of the northern end of the  belt ,  however,  south of Brooks 
Peninsula (south of t he  map-area), rocks of La te  Eocene and 
younger age  outcrop along t h e  shore6 of Vancouver Island 
(Shouldice, 1971; Je le tzky,  1975; Cameron,  1971, 1972, 1973, 
1975). Within the  fault-bounded valleys and canyons of the  
outcrop belt ,  no  s t r a t a  similar t o  tha t  exposed on the  
cont inenta l  slope were  observed. 

The outcrop bel t  of irregular topography consists of 
ext remely complex morphology comprising s teep,  narrow, V- 
shaped t o  commonly f la t -bot tomed valleys and canyons and 
irregular,  anastomosing and hummocky ridges, pinnacle hills 
and mesas. Local relief is commonly in  t h e  order of 20 m but  
some  hill tops stand 50 m above t h e  nearby f la t ,  gent ly  
sloping shelf. 

The ou te r  pa r t  of the  inner shelf, adjacent  t o  the  
outcrop bel t  i s  underlain by a var ie ty  of surficial  mater ia ls  
including moderate ly  well sorted gravels  (Fig. 64.6), si l t  and 
fine sand, mixed comminuted, allochthonous carbonate  shell 
hash, sand and boulders (Fig. 64.7) and boulders and e r r a t i c s  
(Fig. 64.8) t h a t  increase  in s ize  and angularity towards  the  
outcrop belt. The carbonate  hash, sand and fine gravels a r e  
commonly moulded in to  linear t o  curvilinear,  symmetr ica l  
sand waves (Figs. 64.9-64.11) t h a t  trend generally parallel  



Figures 64.6 t o  64.14 

64.6. Well sorted sea-floor gravels  adjacent  t o  the  64.12. 
seaward edge of the  outcrop be l t  a t  dive s i t e  P- 
77-9. 

64.7. Mixed carbonate  shell hash, sand, and boulders 64.13. 
a t  dive s i t e  P-77-5. 

64.8. Boulders and e r r a t i c s  adjacent  t o  the  outcrop 
bel t  a t  dive s i te  P-77-4. The octopus in the  
cen t r e  of the  photo is  about  2 rn across. 64.14. 

64.9-64.11. Carbonate  shell hash, sand, and fine gravel  sand 
waves a t  dive s i t e  P-77-6. 

Narrow, landward ri.sing canyon a t  dive s i t e  P- 
77-9. Valley floor underlain by carbonate  shell  
hash. 

Carbonate  shell hash wave, t ransverse  t o  valley 
axis  at dive site P-77-5. The sand wave sharply 
in t e r sec t s  the  ver t ica l  valley wall in t h e  upper 
left-hand corner.  

Corals,  bryozoa, molluscs, serpulid worms and 
echinoids covering massive volcanics a t  dive 
site P-77-6. Rock fish in  lower right-hand 
corner.  



Figures 64.15 t o  64.22 

64.15. Rhyodacite flows overlying massive andesitic 64.17-64.20. Examples of narrow "grabens" on a mesa 
basalts (Bonanza volcanics) a t  dive s i te  P-77-9. surface a t  dive s i te  P-77-1 I. 

64.16. Small fold i n t e r r u ~ t e d  bv an axial  lane faul t  a t  64.21. Rock fish school a t  dive site P-77-11. 
dive s i te  P-77-11.' The iocks a r e  ;hyodacites of 64.22. Sea anemones on massive andesitic basalt  a t  
the  Bonanza Volcanics (Lower Jurassic). dive s i te  P-77-9. 



with the  coas t  of Vancouver Island and the  t rend of t h e  
outcrop belt .  The outcrop bel t  rises steeply f rom the  
adjacent  gently sloping sea  floor. Access t o  i t s  in ter ior  is 
locally provided by flat-bottomed, landward rising and 
narrowing valleys t ha t  a r e  underlain by angular t o  rounded 
boulders, cobbles and carbonate  shell hash (Fig. 64.12). The 
ca rbona te  sediments in these  valleys a lso  a r e  commonly 
moulded in to  sand waves, t he  t rends  of which remain parallel  
t o  t he  regional trend of t he  belt  and t raverse  t h e  axes  of t he  
valleys t o  sharply in t e r sec t  t h e  s t e e p  bounding valley walls 
(Fig. 64.13). The carbonate  components  a r e  provided by 
corals,  bryozoa, molluscs, serpulids, foramini fera  and echin- 
oids which abound on the  irregular and scoriaceous rocks of 
t h e  valley walls and pinnacles (Fig. 64.14). 

The outcrop belt  i s  composed of volcanic, plutonic, 
metamorphic  and minor sedimentary  rocks. The succession 
occurs  closely offshore f rom a n  extens ive  ter ra in  underlain by 
t h e  Lower Jurassic Bonanza Volcanics, Lower Cre t aceous  
Longarm Format ion greywacke and pre-Cretaceous  West 
Coas t  Crystall ine Complex metamorphic  rocks (Muller e t  al., 
1974). Polished surfaces  of samples  col lec ted  in t he  bel t  
appea r  macroscopically similar t o  some  of t h e  components  
t h a t  comprise  these  terrains.  The bulk of t he  samples  
col lec ted  appear  t o  be  representa t ive  of t he  andes i t ic  basa l t s  
and rhyodaci tes  of t he  Bonanza Volcanics. The l a t t e r  type  
locally display i lmenite mineralization in smal l  stockwork 
type  vein le ts  and irregularly distr ibuted inclusions. Through- 
o u t  most  of t h e  northern and cen t r a l  pa r t  of t h e  dive a r e a  t h e  
andes i t ic  basalts  a r e  massive, s t ruc ture less  and highly 
jointed. These a r e  overlain by gently t o  s teeply  dipping 
rhyodacite flows (Fig. 64.151, samples  f rom which reveal  
complex folds possibly induced during the  t ime  of emplace-  
ment.  The succession i s  commonly broken by numerous  
f r a c t u r e s  ranging f rom abundant  minor ver t ica l  joints t o  
f au l t s  with possible substantial  displacements.  The  t r ends  of 
t he  faul ts ,  some  of which show slickensides, varied f rom 
parallel  t o  t he  trend of t h e  outcrop belt  t o  those  which 
t raversed th is  trend a t  high angles. Folds, of fse t  by faul ts ,  
we re  observed in t h e  rhyodacite sequence  (Fig. 64.15). 

A t  one  locali ty on t h e  f l a t  su r f ace  of a n  extens ive  mesa  
which occurs  a t  a cons tant  depth  of 100 m, long, mostly 
l inear t o  locally curvil inear,  s t e e p  sided, narrow, f la t -  
bot tomed grooves a r e  impressed in to  rocks believed t o  be 
rhyodacite.  Near t h e  edge of t h e  mesa  t h e  grooves  a r e  
colinear wi th  t h e  s t r ike  of t w o  s e t s  of s teeply  dipping joints 
t h a t  were  observed in t h e  ver t ica l  c l i f fs  bounding t h e  mesa. 
Toward t h e  c e n t r e  of the  mesa  t h e  grooves develop a var ie ty  
of trends,  the i r  str iking geometry  becomes subdued, and the i r  
local  relief diminishes. The cen t r a l  valleys of these  small  
grabens  a r e  covered with a th in  veneer  of ca rbona te  shell  
hash. Although the i r  origin i s  uncer ta in  they appea r  t o  be  
t ec ton ic  r a t h e r  than erosional. Figures 64.17 t o  64.20 
i l lus t ra te  t h e  cha rac t e r i s t i c s  of some of these  fea tures .  

The outcrop bel t  is  the  feeding a r e a  of many types  of 
bo t tom feeding fish including ling cod and severa l  types  of 
rock fish (Fig. 64.21). Beyond t h e  be l t  these  fish were  
virtually absent ;  t h e  only fish observed t h e r e  were  sma l l  r a t  
fish. The higher (shallower) regions of t h e  ou tc rop  be l t  a r e  
commonly covered with severa l  types  of bot tom a t t ached  
organisms including brilliant pink cora ls  and fo re s t s  of s ea  
anemones  (Fig. 64.22). The co ra l s  and anemones  tended t o  be 
most  abundant  on t h e  massive, s t ruc ture less  andes i t ic  basalts. 
Such relationships and o the r s  may prove t o  be  valuable in 
fu ture  mapping. 

Two deep  dives t o  700 m were  conducted on the  
cont inenta l  slope (Fig. 64.1). The purpose of t hese  dives was 
t o  obta in  addit ional s t ra t igraphic  and bios t ra t igraphic  infor- 
mat ion f r o m  t h e  Upper Te r t i a ry  sec t ion  examined in  1976 
(Yorath et al., 1977). Uncompleted s tudies  of one  of t h e  
sec t ions  sampled tend t o  confirm the  age  of t h e  upper pa r t  of 
t he  succession a s  L a t e  Pliocene. One of t h e  sec t ions  (Dive P-  
77-10) was  very poorly exposed. Substant ia l  quant i t ies  of 

par t icula te  m a t t e r  in t h e  wa te r  in addit ion t o  downslope 
movement  of sediment  on t h e  bot tom suggest  th is  a r e a  t o  be 
a n  ac t ive  pa r t  of t h e  cont inenta l  slope. 
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Abstract 

Luternauer, J.L., Swan, D., and Linden, R.H., Sand Waves on the Southeastern Slope of Roberts 
Bank, Fraser River Delta, British Columbia; Current Research, Part A, Geol.  Surv. Can., 
Paper 78-IA, p. 351-356, 1978. 

The sand wave patch within a 4 km2 segment of the Fraser Delta slope o f f  a major port 
development was surveyed with side scan sonar and conventional echo sounder. A mosaic was 
prepared of  the acquired side scan records. Local currents 3 m above the bottom were 
monitored for a period of 94 days. The sand waves generally have sinuous crests which become 
increasingly disjointed and lobate toward the east .  The overall wave-crest orientation on the 
western part of the survey area is normal to  the dominant tidal current flow direction. 
Maximum wave heights appear to increase from 2 t o  3 m and wave lengths increase from 
approximately 15 to 30 or more metres west to  east,  respectively. On the basis of  limited 
current observations, it is suggested that current velocities are high enough t o  permit general 
sediment motion a t  least 10 per cent of the time and that this contributes to a net westerly 
transport of sand. 

Introduction Radar position fixes were taken every f ive minutes during the 

Since anomalous, hummocky zones on the Fraser Delta 
slope were f i rs t  identified and mapped from echograms 
(Luternauer, 1976b), further studies have been undertaken t o  
define their character in  greater detail and explain their 
origin. Particular attention has been centred on the southern- 
most hummocky patch (Fig. 65.1): a) because of i t s  proximity 
t o  existing port  facilit ies and proposed new port  develop- 
ments, and b) because proposed Department of Public Works 
training of the main channel of the Fraser River may alter 
the sediment budget of this part of the slope. It became 
apparent from a single side scan sonar record, that the 
hummocks represent sand waves (Luternauer, 1977). The 
orientation of these waves strongly suggests that they are 
being generated by t idal currents. Additional investigations 
have been carried out to determine (a) the areal variation i n  
sand wave morphology over the sand wave zone, (b) why sand 
waves are generated on only parts of the Roberts Bank delta 
slope when sediment mean grain-size is not significantly 
dif ferent i n  adjacent hummocky and essentially featureless 
parts of the slope (Luternauer, 1976a) and (c) what is the 
frequency of near-bottom current velocities high enough to  
transport local sediment? 

Field Activit ies 

In order to resolve these questions the following 
operations were carried out: 

Current monitoring 

A t  the request of the Geological Survey of Canada the 
Canadian Hydrographic Services placed two Aanderaa current 
meters on the sea-floor within the sand wave patch and to  the 
west of i t on a relatively smooth part of the slope. The device 
moored over the sand waves recorded 4 observations per hour 
for a tota l  of 94 days, from January 28, 1977, to  May 11, 
1977. The meter was buoyed 3 m above i t s  anchoring weight 
which was moored a t  a depth of 77 m (Fig. 65.1). 
Unfortunately, the second meter was not recovered and thus 
a comparison of the current regime over adjacent parts of the 
slope s t i l l  cannot be made. 

Side scan sonar and echo-sounding 

A detailed side scan sonar and echo-sounding survey 
was made of the sand wave patch using the Canadian 
Hydrographic Services ship Richardson on January 20, 1977. 

course-of the survey. A rough estimate of the accuracy of 
these fixes was made by taking a range-bearing measurement 
for one target and a range for  a second target. The mean 
difference i n  locations calculated using range-range and 
range-bearing was 143 m for 13 test locations. No determina- 
tion could be made of the precise location of the side scan 
fish streaming behind the vessel, thus the f i x  marks on the 
side scan record indicate only approximately the part  of the 
sea-floor being scanned. 

Data Processing 

Data acquired by the current meter was processed a t  
the Insti tute of Ocean Sciences, Patricia Bay. Frequency per 
cent determinations of both current velocity and direction 
were calculated from the data summaries (Fig. 65.2). 

Before the side scan record mosaic could be 
constructed an along-trace scale factor had t o  be calculated 
by simply dividing the recording paper advance speed by the 
ship speed. Since a mosaic consists of several tracklines, the 
average ship speed is used to  calculate an average along- 
trace scale factor. A l l  records are then cut a t  f ix  marks and 
arranged on a Northing-Easting grid wliich has been scaled 
appropriately. Although this procedure leads t o  overlapping of 
some records and gaps between the f i x  positions i n  others, the 
assembled mosaic (Fig. 65.4) does give a far clearer impres- 
sion of the nature of the sand wave f ield than has been 
previously available. Echograms obtained along the second 
and eighth tracklines are also displayed to present a north- 
south prof i le view of the sand wave patch (Fig. 65.3). 

Results and Discussion 

The southeastern foreslope o f f  Roberts Bank is 
blanketed by a continuous field of sand waves. The zone 
displaying highest rel ief (Fig. 65.1) is about 2 k m  wide and 
extends from 65-95 m depth. The largest features occur 
within the eastern half of this zone, most commonly a t  
approximately 80-85 m depth. Echograms obtained during the 
side scan survey indicate that sand wave amplitudes increase 
f rom about 1-2 m i n  the western part  of the surveyed area t o  
about 3 m i n  the eastern section. Records obtained i n  1974 
suggested that .  the amplitude of these waves can be as great 
as 5 m (Luternauer, 1976a, b). 



Figure 65.1. Index map. Area off Roberts Bank enclosed by dashed line represents segment of slope for which side scan sonar 
record mosaic compiled. Star indicates s i t e  where current meter was moored. Slope relief (exclusive of canyons) 

' March-April 1974. 
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Figure 65.3. Representa t ive  echograms obtained along second and eighth tracklines of side scan mosaic  
(Fig. 65.3). 





Figure 65.4 

Side scan sonar mosaic of area enclosed by dashed line on 
Figure 65.1. 

M E T E R S  



7 -. - - - - - - - , -- The sands within t h e  sand wave ~ a t c h  have mean 
s izes  ranging f rom 1.6 t o  2.2 phi and a;e relatively well 
sorted (0.5 t o  0.7 phi) (samples col lec ted in 1974 and 
1977). Published modifications of t h e  c lass ic  Sundborg 
sediment  threshold velocity d iagrams (Allan, 1965) and 
work carr ied  out  by Sternberg (1971) in t idal channels  
having sediment  mean d iame te r s  equivalent t o  t h e  
coarses t  sediments  within t h e  pa tch  of sand waves 
suggests t h a t  genera l  sediment motion probably occurs  a t  
l ea s t  10 pe r  c e n t  of t he  t ime  when cu r ren t  velocit ies 
exceed 40 c m / s  (Fig. 65.2). I t  must be  s t ressed,  however,  
t h a t  reasonably precise  determinat ions  of sediment  thres- 
hold velocit ies will probably require  t h a t  (a) c u r r e n t  
velocit ies b e  measured no higher than I m above t h e  sea- 
floor and (b) t h e  e f f e c t  of bed roughness and non-uniform 
flows on the  t ranspor t ive  capac i ty  of t idal flows b e  more  
reliably defined (Miller e t  al., 1977). Fur ther  studies may 
also require side scan sonar monitoring of specific sand 
waves so  t h a t  changes  in geomet ry  accompanying varia- 
tions in t idal cu r ren t s  can  be  recognized. In addition, 
determinat ion of t h e  na tu re  of subsidiary high frequency 
wave f o r m s  associa ted  with larger  sand waves may help 
establish t h e  re la t ive  importance  of suspension and bed- 
load t ranspor t  in t h e  genesis of t h e  sand wave t e r r a in  - 
(McCave, i971). 

Conclusions 

The sand waves on t h e  southeas tern  slope o f f  
Rober ts  Bank, Fraser  Del ta  have generally sinuous wave 
c r e s t s  which become increasingly disjointed and lobate  
towards  t h e  east. The overall  wave c r e s t  orientation on 
t h e  western  p a r t  of t h e  surveyed a r e a  is normal t o  t h e  
dominant  t idal  cu r ren t  flow direction. Maximum wave 
heights  appea r  t o  increase  f rom 2 t o  3 m and wave lengths  
increase  f rom approximately 1 5  t o  30 o r  more  me t re s  
west t o  eas t ,  respectively.  On t h e  basis of our l imited 
cu r ren t  observations,  i t  is  suggested t h a t  c u r r e n t  
velocities a r e  high enough t o  pe rmi t  genera l  sediment  
motion a t  leas t  10 pe r  c e n t  of t h e  t ime  and t h a t  t h i s  
contr ibutes  t o  a ne t  westerly t r anspor t  of sand. 

Figure  65.5. Segment  of echogram obtained on July 22, 1976. 
Trackline is  oriented west-east  and l ies on eas t e rn  
portion of dashed a rea  in Figure 65.1. Steep slopes on 
sand waves continued t o  f a c e  west in sp i t e  of t h e  f a c t  
eastwardly ebbing t ide  had been running fo r  5 hours 
a t  t i m e  record acquired. 

The side scan mosaic (Fig. 65.4) c lear ly  reveals  t h a t  
t h e  cha rac te r  of t h e  sand waves changes f rom west t o  east. In 
t h e  western  sect ion wavelengths a r e  approximately 15 m and 
wave  c r e s t s  have a recognizable north-south orientation. The 
wave pa t t e rns  become more  irregular t o  t h e  eas t ,  and 
wavelengths appear  t o  be  approximately tw ice  those of waves 
in the  western sect ion (wavelengths a r e  misrepresented on 
t h e  echograms in Figure  65.3 which display depths  across  t h e  
width of sand lobes and not normal t o  t h e  wave front).  

The general  north-south orientation of t h e  wave c r e s t s  
c lear ly  r e f l ec t s  t h e  dominantly east-west d i rec t ion of t idal  
c u r r e n t  flow (Fig. 65.2). The slightly higher frequency of 
flows towards  t h e  west  suggests  t h a t  t h e r e  i s  n e t  t ranspor t  of 
sediment  in t h a t  direction. Studies in t h e  North Sea  have  
suggested (McCave, 1971) t h a t  a symmet r i c  wave fo rms  
prevail where such ne t  t ranspor t  is  occurring and t h a t  t hese  
f ea tu res  d o  not reform with a reversal  of t idal flow. An 
echogram (Fig. 65.5) obtained on July 22, 1976 along a west-  
e a s t  trackline across t h e  eas tern  half of t he  high relief zone 
in Figure  65.1 exhibited a series of asymmetr ic  sand wave 
forms. Well-defined, west-facing, s t eep  slopes of t hese  waves 
s t i l l  a r e  evident a f t e r  t h e  t i de  had been running to t h e  e a s t  
f o r  over  5 hours. Any continuous d r i f t  of sediment  t o  t h e  
west  c a n  only lead t o  t h e  r e t r e a t  of t h e  slope unless sediment  
i s  replenished by mater ia l  supplied f rom t h e  F rase r  River. 
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Abstract 

Herzer, R.H., Submarine canyons and slumps on the continental slope o f f  southern Vancouver Island; 
Current Research, Part A, Geol. Surv. Can., Paper 78-lA, p. 357-360, 1978, 

Seismic profiles over part o f  the Continental slope o f f  Vancouver Island indicate that submarine 
slides as well as submarine canyons have been instrumental in creating the present slope morphology. 
The canyons, which appear to have formed adjacent to  Pleistocene ice fronts and structural lows near 
the shelf edge, follow courses on the slope which are at least partly controlled by major tectonic 
structures. Slump features, which may or may not be part o f  the same slide, can be traced 
continuously down-slope for 30 k m  from the shelf edge to  a tectonically dammed sediment pond on 
the continental slope. 

Introduction where  compression and t ranscurrent  faul t ing cause  seve re  and 
rapid deformation. Growing folds, diapirs and s teep,  faul ted  The is an environment where marine scarps  prevail (e.g. Lewis, 1971a; Barr,  1974). In other  cases,  sedimenta t ion and s t ructura l  deformation commonly in teract .  where  slopes l ie within p la te  boundaries, t h e  slope is gent le ,  In many cases  the  slope lies on a convergent p la te  boundary 

Figure 66.1. Locality map  showing the  t r acks  run in 1977. Solid l ines - 3.5 kHz profiles. Dashed lines - a i r  gun and 3.5 kHz 
profiles. Contour interval 200 m (100 m on the  cont inenta l  shelf). 
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k i l o m e t  r e s  

Figure 66.2. Air gun profile of t h e  cont inenta l  slope between 
Fa the r  Char les  and Loudoun canyons showing 
the  mid-slope plateau with ponded, deformed 
sediments.  Slumping is evident on the  conti-  
nental  slope above the  plateau. The ver t ica l  
sca le  is in seconds,  two-way t ime. 

depositional and s t ructura l ly  simple.  Flexure is  gen t l e  and 
ver t ica l  and is due mainly t o  sediment  or ice loading and t o  
varying glacio-eustatic sea  level pressure. 

In both cases ,  however, t h e  slope morphology is pro- 
foundly shaped by t h e  down-slope t ransfer  of sediments  due 
t o  t he  force  of gravity.  Submarine canyons have long been 
known t o  be  a common f e a t u r e  of cont inenta l  slopes, and,  
with t he  advent  of seismic reflection profiling, slope failure 
by slumping has been found t o  be a common phenomenon a s  
well. 

Most submarine canyons were  formed by submarine  
processes. Such canyons a r e  thought  t o  form wherever  coa r se  
sediment  is supplied in suff ic ient  quant i ty  t o  a submarine  
slope. Canyons have thus  formed off r iver mouths  (e.g. 
Heezen e t  al., 1964; Reimni tz  and Gut ier rez-Est rada ,  1970), 
off beaches  and headlands where coarse  sediment  of t he  
l i t t o r a l  dr i f t  is  d i rec ted  offshore (e.g. Shepard and Dill, 1966; 
D ie t z  e t  al., 1968), and on t h e  edge of t h e  cont inenta l  shelf 
where  coarse  sediment  i s  car r ied  over by s t rong t ida l  and 
o the r  cu r r en t s  (Herzer ,  1977). Many canyons t h a t  a r e  
isolated on the  outer  shelf, f a r  f rom modern sources  of 
mobile coarse  sediment ,  have been re la ted  t o  fossil r iver and 
beach sys tems t h a t  opera ted  during glacially lowered sea  
levels (e.g. Ewing e t  al., 1963; Herzer ,  1977). The courses  of 

many submarine canyons a r e  controlled by geologic s t ruc tu re s  
(e.g. Buffington, 1964; Martin and Emery, 1967). 

Submarine sl ides have been repor ted  l e s s  f requent ly  in 
t h e  l i te ra ture .  Most have been discovered on low-angle 
slopes such a s  de l t a  f ronts  and prograding cont inenta l  
margins, where  t ec ton ic  e f f e c t s  a r e  minimal and t h e  
ref lec tors  a r e  sufficiently gently dipping t o  be  seen on 
se ismic  ref lec t ion  profiles (e.g. Heezen and Drake,  1964; 
Uchupi, 1967; Lewis, 1971b; Herzer,  1973 and 1977; Normark, 
1974). These  s tudies  have shown t h a t  (a) sliding on t h e  
cont inenta l  slope c a n  t a k e  place on ex t r eme ly  gent le  
gradients  - l o  or less  (Lewis, 1971b; Herzer ,  1973 and 1977); 
(b) a single slide can  occupy a n  enormous  a r e a  t ens  of 
k i lometres  across  (Uchupi, 1967; Normark, 1974; Herzer ,  1973 
and 1977), (c)  t h e  slide t e r r a in  i s  f requent ly  compl ica ted  by 
corras ional  f ea tu re s  - sea  valleys and submarine  canyons 
(e.g. Uchupi, 1967; Herzer ,  1977), and (d) submarine  sliding is 
a n  in tegra l  pa r t  of t h e  process of progradat ion  on some  
cont inenta l  slopes (Herzer ,  1977; King and Young, in press). 
On s t e e p  cont inenta l  slopes, sl ides a r e  not  o f t en  de t ec t ed  
because  of t h e  l imi ta t ions  of seismic ref lec t ion  profiling, ye t  
if t he  slope is composed of so f t  or par t ly  consolidated 
sediment ,  sliding will undoubtedly have occurred.  

In view of t h e  present  program of geological  mapping of 
t h e  western  cont inenta l  margin of Canada,  uti l izing submers- 
ibles a s  well a s  s tandard  dredging and sampling techniques,  it 
i s  desirable t o  know specifically where t h e  sec t ion  has been 
displaced by sliding, and t o  know t h e  re la t ive  ages  of such 
in terac t ing  geomorphic f ea tu re s  a s  slides, down-cutt ing 
submarine  canyons, growing folds o r  diapirs,  and  ac t ive  
faul ts .  The present s tudy is designed a s  a f i r s t  a t t e m p t  t o  
examine  t h e  in t e r ac t ion  of up-building fo rces  (folding and 
fault ing) and  downgrading fo rces  (submarine canyon erosion 
and submarine  sliding) on a portion of t h e  cont inenta l  slope 
west  of Vancouver Island. 

During two  cruises  on CFAV Endeavour in t h e  nor theas t  
Pac i f i c  Ocean (one conducted  by t h e  Geological  Survey of 
Canada,  and t h e  o the r  by Ea r th  Physics Branch) 405 km of 
3.5 kHz  profiles and 224 km of air-gun se ismic  ref lec t ion  
profiles were  run over an  a r e a  of cont inenta l  slope west  of 
Barkley Sound (Fig. 66.1). 

Se t t i ng  

The s t ruc tu re  of t h e  con t inen ta l  slope has  been 
described e lsewhere  (Tiffin et al., 1972; Barr ,  1974). The 
slope i s  underlain by a se r i e s  of appa ren t  f a u l t  blocks which 
t rend roughly parallel  with t he  cont inenta l  margin. They 
formed in response t o  oblique subduction of t h e  Juan  de  Fuca  
P l a t e  beneath  t h e  American P l a t e  (Seely e t  al., 1974; Kulm 
and Fowler,  1974), and a r e  thought  t o  be  composed largely of 
a c c r e t e d  Cascad ia  Basin sediments.  Halfway down t h e  slope, 
a p la teau has  been c r e a t e d  where  s ed imen t s  have  been ponded 
agains t  a major  uplif ted block or e n  echelon se r i e s  of blocks 
(Fig. 66.2). The ponded sediments  a r e  underlain by a ser ies  of 
smal ler  uplif ted blocks and a r e  themselves  being deformed. 

Three  canyons l ie within t he  a r e a  - Clayoquot Canyon, 
Fa the r  Char les  Canyon and Loudoun Canyon (Fig. 66.1). 

Observat ions  

Submarine  Canyons 

The courses  of t he  t h ree  submarine  canyons a r e  
apparent ly  a f f ec t ed  by t h e  plateau and t h e  ridge t h a t  c r ea t ed  
it. The courses  of F a t h e r  Char les  and Loudoun canyons a r e  
more  or less  s t r a igh t  down-slope,' but  a r e  displaced la tera l ly  
t o  a smal l  deg ree  by t h e  uplift. Clayoquot  Canyon is 
similarly displaced but appea r s  t o  have t w o  possible ou t l e t s  
f rom t h e  mid-slope plateau.  One is north of and the  o ther  
south  of a high on t h e  ridge behind which t h e  mid-slope 
sed imen t s  a r e  ponded. I t  i s  not known which, if e i t he r ,  of t h e  
ou t l e t s  is ac t ive .  



The axes  of t he  t h ree  canyons a r e  generally V-shaped 
where  the i r  gradients  on the  cont inenta l  slope a r e  s teep ,  
indicating a lack of significant sediment  fill. Where 
Clayoquot Canyon crosses t he  mid-slope p la teau,  t h e  canyon 
cross-section appears t o  change t o  t h a t  of a leveed fan  
valley. This suggests tha t  a t  leas t  some of t he  sediments  
filling t h e  basin a r e  turbidites.  

The origins of t he  submarine canyons a r e  a lso  being 
investigated.  A buried extension of t h e  g lac ia ted  t roughs  off 
Barkley Sound has been t r aced  in seismic profiles t o  a 
te rminus  9 km from the  shelf edge.  Fa the r  Char les  and 
Loudoun canyons occur a t  the  shelf edge adjacent  t o  th is  
terminus.  Buried canyon heads underlie t he  shelf around the  
present  head of Fa the r  Char les  Canyon, indicating t h a t  it has 
had a history of changing loci  of sediment  input and t h a t  i t  i s  
n o t  t he re fo re  simply a young, modern canyon. These  t w o  
canyons thus may have originated during the  Ple is tocene  
when debris-laden mel twater  was supplied t o  t h e  shelf edge 
and upper slope from shelf-wide ice lobes emanat ing  f rom 
Barkley Sound. 

Around the  head of Clayoquot Canyon, no  buried 
channels have been found, and seismic profiles show no 
evidence  of glacial  scouring of t he  Ple is tocene  sediment  on 
t h e  outer  shelf. Instead, t he  sediments ,  including Ple is tocene  
s t r a t a ,  a r e  gently folded and the  ref lec tors  a r e  smooth  and 
apparent ly  conformable.  The head of t he  canyon is located  
where  a la rge  syncline in tersec ts  t h e  shelf edge,  suggesting 
t h a t  t h e  position of th is  canyon is re la ted  mainly t o  t ec ton ic  
r a the r  t han  glacial  factors.  Coarse  sediment ,  moving along 
t h e  shelf or along a Ple is tocene  beach near  t h e  present  shelf 
edge ,  would likely have spilled over t he  shelf edge where  i t  i s  
indented  by a s t ructura l  low. Likewise, a s t ruc tu ra l  low 
would channel  sediment-laden glacial  me l twa te r  f rom t h e  i ce  
f ron t  t o  t h e  cont inenta l  slope. 

Submarine Slides 

All avai lable  se ismic  profiles over t he  cont inenta l  slope 
were  scrut in ized fo r  evidence  of sliding. Between Fa the r  
Char les  and Loudon canyons, a large  slump was  found t o  
extend f rom t h e  edge of t h e  cont inenta l  shelf ,  down t h e  upper 
cont inenta l  slope t o  t he  mid-slope plateau - a d is tance  of 
30 km. The slump, which is of unknown width, i s  composed of 
imbr ica ted ,  down-dropped blocks (Fig. 66.2). 

The mid-slope basin fill is thus  a l so  par t ly  composed of 
slumped ma te r i a l  shed d i rec t ly  f rom the  slope. Because  t h e  
basin i s  underlain by growing s t ruc tu re s  which may be  f au l t  
blocks, t ight  folds or diapirs, t he  mid-slope sedimentary  
sequence,  including turbidites,  slumped mater ia l ,  i c e - r a f t ed  
and  pelagic mater ia l  will a l l  be  ult imately tec tonica l ly  
uplif ted and deformed. A g r e a t  deal  of t h e  accoust ica l ly  
opaque ma te r i a l  underlying t h e  slope may include such 
sediments,  a s  well a s  acc re t ed  Cascadia  Basin sediments .  

In view of t he  g r e a t  length of t he  slump and i t s  location 
on a r a the r  narrow ridge separa t ing  two canyons,  t h e r e  a r e  
t h r e e  possible in terpre ta t ions  of i ts  morphology and origin: 
a )  I t  may be  a long, thin sl ide t h a t  has  developed independ- 
ent ly  of t h e  canyons by progressive slumping of t h e  
cont inenta l  slope, in wh.ich case  i t s  a g e  would be  unre la ted  t o  
t h a t  of t he  canyons; b) I t  may be  a ser ies  of smal l  slumps t h a t  
have slid la tera l ly  i n to  the  canyons due t o  erosional over- 
s teepening of t he  canyon walls, in which case  t h e  slumping 
would post-date t h e  format ion of t h e  canyons; c )  I t  may be  
pa r t  of a huge slump with a width of t h e  s a m e  o rde r  of 
magnitude a s  i t s  length, in which c a s e  t h e  vague, 
amphi theat re- l ike  depression in which Fa the r  Cha r l e s  and 
Loudoun canyons a r e  found is a slump scar ,  and in which case  
also, t h e  slump would probably predate  t h e  canyons and would 
perhaps  have contr ibuted  t o  t he i r  origin. 

Conclusions 

Where grain-by-grain sedimenta t ion ,  t ec ton ic  deforma-  
t ion and  gravi ty  sliding a r e  taking p lace  together ,  t h e  
s t ra t igraphy,  revealed on scarps  and exposed submarine 
canyon walls, will be ex t r eme ly  complex. The in terac t ion  
between t ec ton ic  deformat ion and large-scale gravi ty  sliding 
repor ted  on th is  pa r t  of t he  cont inenta l  slope i s  probably not 
unique and may prove t o  be t h e  rule ra ther  than t h e  exception 
fo r  t h e  r e s t  of t h e  cont inenta l  slope off t h e  West C o a s t  of 
Canada. Fu r the r  research  may reveal  t h e  a g e s  of t h e  canyons 
and of t he  slump discussed in th is  paper,  and t h e  e x t e n t  of 
large-scale slumping on o ther  pa r t s  of t h e  cont inenta l  slope. 
This should help t o  lay some  of t he  groundwork for  la ter  
s t ra t igraphic  s tudies  in th is  region. 

Acknowledgments 

The author  is gra teful  t o  Drs. D.L. Tiffin and 
R.D. Hyndman who provided t i m e  on the i r  c ru lses  for  these  
seismic l ines t o  be run. The ass is tance  of t h e  off icers  and 
c rew of CFAV Endeavour and of t he  sc ient i f ic  personnel on 
board i s  grea t ly  apprecia ted .  

Re fe rences  

Barr, S.M. 
(974: S t ruc tu re  and t ec ton ic s  of t h e  cont inenta l  slope 

wes t  of southern  Vancouver Island; Can. J. 
Ea r th  Sci., v. 11, p. 1187-1199. 

Buffington, E.C. 
1964: St ructura l  cont ro l  and precision ba thymet ry  of 

La  Jolla Submarine Canyon; Marine Geol., v. I ,  
p. 44-58. 

Dietz,  R.S., Knebel, H.J., and Somers ,  L.H. 
1968: Caya r  Submarine Canyon; Bull. Geol. Soc. Am., 

V. 79, p. 1821-1828. 

Ewing, J . ,  LePichon, X., and Ewing, M.  
1963: Upper s t r a t i f i ca t ion  of Hudson Apron region; J. 

Geophys. Res., v. 68,  p. 6303-6316. 

Heezen, B.C., Menzies, R.J., Schneider,  E.D., Ewing, M., and 
Granell i ,  N.C.L. 

1964: Congo Submarine Canyon; Am. Assoc. Pet .  
Geol. Bull., v. 48, p. 1126-1 149. 

Heezen, B.C. and Drake,  C.L. 
1964: Grand Banks Slump; Am. Assoc. Pe t .  Geol. 

Bull., V. 48, p. 221-233. 

Herzer ,  R.H. 
1973: Uneven submarine topography south  of Mernoo 

Gap - t h e  resul t  of volcanism and submarine 
sliding; New Zealand J. Geol. Geophys., v. 18, 
p. 183-188. 

1977: L a t e  Quaternary  geology of t h e  Canterbury  
cont inenta l  t e r r ace ;  unpubl. Ph.0.  thesis,  
Victoria University of Wellington, New Zealand, 
286 p. 

King, L.H. and Young, I.F. 
Paleocont inenta l  slopes of E a s t  Coas t  
Geosyncline (Canadian At lant ic  Margin); Can. J. 
Ea r th  Sci. (in press) 

Kulm, L.D. and Fowler, G.A. 
1974: Oregon cont inenta l  margin s t r u c t u r e  and s t ra t i -  

graphy: a t e s t  of t h e  imbr ica te  t h rus t  model; in 
The Geology of Cont inenta l  Margins, 
C.A. Burke and C.L. Drake,  eds.; Springer- 
Verlag, New York, p. 261-284. 

Lewis, K.B. 
1971a: Growth r a t e  of folds using t i l ted  wave-planed 

surfaces:  coas t  and cont inenta l  shelf ,  Hawke's 
Bay, New Zealand; in R e c e n t  Crus ta l  
Movements;  Roy. Soc. New Zealand Bull., v. 9,  
p. 225-231. 



Lewis, K.B. (cont'd.) 
1971b: Slumping on a cont inenta l  slope inclined a t  l 0 -  

4'; Sedimentology, v. 16, p. 97-1 10. 

Martin, B.D. and Emery, K.O. 
1967: Geology of Monterey Canyon, California; Am. 

Assoc. Pet .  Geol. Bull., v. 51, p. 2281-2304. 

Normark, W.R. 
1974: Ranger Submarine Slide, northern Sebastian 

Vizcaino Bay, Baja California,  Mexico; Bull. 
Geol. Soc. Am., v. 85, p. 781-784. 

Reimnitz,  E. and Gutierrez-Estrada, M. 
1970: Rapid changes in the  head of the  Rio  Balsas 

Submarine Canyon System, Mexico; Marine 
Geol., v. 8,  p. 245-258. 

Seely, D.R., Vail, P.R., and Walton, G.G. 
1974: Trench slope model; in The Geology of 

Continental  Margins, C.A. Burke and 
C.L. Drake, eds.; Springer-Verlag, New York, 
p. 249-260. 

Shepard, F.P. and Dill, R.F. 
1966: Submarine Canyons and other  Sea  Valleys; Rand 

McNally, Chicago, 381 p. 

Tiff in, D.L., Cameron, B.E.B., and Murray, J.W. 
1972: Tectonics and deposit ional history of t he  con- 

t inenta l  margin off Vancouver Island, British 
Columbia; Can. J. Ear th  Sci., v. 9, p. 280-296. 

Uchupi, E. 
1967: Slumping on the  cont inenta l  margin southeas t  of 

Long Island, New York; Deep-Sea Res., v. 14, 
p. 635-639. 



THE PRAIRIE CREEK EMBAYMENT AND ASSOCIATED SLOPE, SHELF AND BASIN DEPOSITS 
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Abstract 

Morrow, D.W., The Prairie Creek Embayment and associated slope, shelf and basin deposits; 
Current Research, Part  A, Geol. Surv. Can., Paper 78-lA, p. 361-370, 1978. 

In Late Silurian t o  Early Devonian t ime a large north-trending re-entrant developed along 
the shelf-to-basin transition in the Virginia Falls map-area (NTS 95FL This embayment is filled 
with a distinctive suite of slope-deposited sediments in a sequence that  is markedly thinner than 
the surrounding contemporaneous shallow water, shelf carbonates. The name Prairie Creek 
Embayment is applied t o  this feature because Prairie Creek traverses and drains most of the 
embayrnent area. Diagnostic slope deposits in the embayment include megabreccia sheets  
containing large blocks up to 5 rn across, weakly graded polymictic conglomeratic debris flows 
0.5 t o  2.0 m thick and fine grained, graded allodapic carbonate sheets less than 0.5 m thick. 
Both the embayment and the  surrounding shelf a r e  underlain by an eastward-extending tongue of 
Road River shale. 

The junction of the thin embayment slope facies  and the surrounding shelf facies  became 
the preferred s i te  fo r  faulting during Tertiary deformation in the Virginia Falls map-area. 

Introduction 

The study-area (Fig. 67.1) is in the southern Mackenzie 
Mountains and is contained entirely within the Virginia Falls 
map-area (95F), which is  traversed by the South Nahanni 
River. This area was included in Operation Mackenzie, a 
Geological Survey of Canada reconnaissance mapping project 
conducted during the  summer of 1957 and which resulted in 
the  publication of several GSC papers with accompanying 
maps. One of these reports deal t  specifically with the geology '2 
of the Virginia Falls map-area (Douglas and Norris, 1960). 
Douglas and Norris (1976) subsequently compiled a revised 
geologic map of the Virginia Falls map-area in which a 
predominantly carbonate Silurian-Devonian shelf sequence in 
the north and east  passes south and west t o  a basinal shale 
sequence. A slight revision in this boundary between shelf and 
basinal deposits was presented by Cook (1977). The reader is 
referred t o  these publications, particularly Douglas and 
Norris (1960 and 1976), for  a description of the existing 
formal stratigraphy of the Virginia Falls area. 

This report describes and delineates a major north- 
trending embayment in the facies boundary between the  
Silurian-Devonian shelf and basin deposits of the Virginia 
Falls map-area (Fig. 67.1). This ernbayment, herein termed 
the Prairie Creek Ernbayment, is filled with a distinctive 
suite of slope-deposited sediments and is defined by the 
extent  of these deposits. Previously, these deposits were 
referred to  as  basin deposits (Cook, 1977) and were not 
differentiated from the more typically basinal Silurian- 
Devonian shales in the  southwest part of the Virginia Falls 
map-area (i.e., map-unit OSD of Douglas and Norris, 1976). 
The name Prairie Creek Embayment is  applied because this 
large creek traverses and drains most of the embayment area. 

Measured sections in and around the Prairie Creek 
Ernbayment a r e  shown in Figure 67.1. Some of these 
measured sections have been projected t o  a restored east- 
west cross-section of Upper Silurian-Devonian sediments 
across the embayment (Fig. 67.2). Lithologically uniform 
facies a re  numbered (Fig. 67.2) t o  facilitate discussion of 
lithostratigraphic relationships. These facies correspond t o  
formations and map-units or parts of the formations and map- 
units of Douglas and Norris (1976). 

Basin and Slope Deposits 

Facies 4 (Fig. 67.2) is composed of a uniform succes- 
sion of very thin, smooth and planar bedded t o  laminated, 

light brownish grey weathering shaly calcilutite (Fig. 67.3). 
Typically, facies 4 is an almost varve-like uninterrupted 
succession of black t o  silvery grey, argillaceous laminae 
alternating with very thin, dark grey, slightly pyritic 
calcilutite beds. This suggests tha t  facies 4 accumulated 
under anoxic conditions in quiet water,  possibly below wave 

Figure 67.1. Map of report-area in t h e  Virginia Falls area, 
Northwest Territories, with locations of 
measured sections. Boundary between Devonian 
shelf and slope sequences outlining the Prairie 
Creek Ernbayment is shown. Major faults also 
a r e  shown (from Douglas and Norris, 1976). AB 
is the line of section for Figure 67.2. 



SHELF - <-PRAIRIE CREEK EMBAYMENF-SHELF 
A h 

SECTION 1 

/I I Facies 

F i g u r e 6 7 . 2 .  S t r a t i g r a p h i c  c ross -sec t ion  a c r o s s  t h e  P r a i r i e  C r e e k  
E m b a y m e n t .  Lithological ly un i form f a c i e s  a r e  n u m b e r e d ,  and 
t h e  p r e d o m i n a n t  l i thologies a r e  ind ica ted  on t h e  c ross -sec t ion .  
In t h e  r e c e n t  map (1378A) compi led  by Douglas  and Norr i s  
(1976), f a c i e s  1 and 2 a r e  mapped a s  t h e  S o m b r e  and Carnse l l  
f o r m a t i o n s ,  respec t ive ly ;  t h e  s e q u e n c e  of f a c i e s  3 and  4 i s  
mapped a s  p a r t  of t h e  D e l o r m e  F o r m a t i o n ;  t h e  f a c i e s  
s e q u e n c e  4, 5, and 6 i s  mapped  a s  OSD undivided;  and f a c i e s  7 i s  
mapped a s  e i t h e r  a basinward ex tens ion  of t h e  S o m b r e  
F o r m a t i o n  o r  of t h e  A r n i c a  F o r m a t i o n .  F a c i e s  5 c o n t a i n s  
a b u n d a n t  c a r b o n a t e  d e b r i s  f low d e p o s i t s  f o r m e d  of c o a r s e  
f r a g m e n t s  w h e r e a s  f a c i e s  6 and 7 c o n t a i n  a b u n d a n t  f i n e  gra ined  
m a s s  f low depos i t s .  

I 

base.  The  t o p  of f a c i e s  4 w a s  used a s  a d a t u m  in c o n s t r u c t i n g  F i g u r e  67.1 
b e c a u s e  t h i s  f a c i e s  e x t e n d s  a c r o s s  t h e  e n t i r e  a r e a  and  under l ies  b o t h  t h e  pre-  
dominant ly  shelf  s e q u e n c e  of f a c i e s  1, 2, and 3 and t h e  s l o p e  s e q u e n c e  of 
f a c i e s  5, 6,  and 7. The  u p p e r  p a r t  of f a c i e s  4 in s e v e r a l  p l a c e s  c o n t a i n e d  t h e  
Middle Silurian g r a p t o l i t e s  Monograptus  sp i ra l i s  and M. pr iodon  ident i f ied  by 
B.S. Norford and A.C. Lenz .  

I 

The ,,!. . ,ly c a l c i l u t i t e  of f a c i e s  4 g r a d e s  a b r u p t l y  upward  t o  t h e  br igh t  
o r a n g e  w e a t h e r i n g ,  t h i n  bedded ,  m o d e r a t e l y  r e c e s s i v e  and d o l o m i t i c  s i l t s t o n e s  
and sands tones  of f a c i e s  5 (Figs. 67.4 and 67.5). T h e  o r a n g e  w e a t h e r i n g  co lour  
i s  caused  by smal l  a m o u n t s  of l imoni te  t h a t  c o a t s  individual  sand and s i l t  
g ra ins .  No cross-bedding w a s  observed in t h e s e  s e d i m e n t s  which w e r e  
c o m m o n l y  f inely lamina ted  and p l a t y ,  a l though smal l  r ipp le  m a r k s  o c c u r r e d  
on  s o m e  bed s u r f a c e s .  C o n g l o m e r a t i c  c a r b o n a t e  d e b r i s  f lows  a r e  s c a t t e r e d  
th roughout  f a c i e s  5 (Fig.  67.4) in t h e  t h i c k e r  s e c t i o n s  on t h e  e a s t  s i d e  of t h e  
P r a i r i e  C r e e k  E m b a y m e n t  (Fig. 67.2). T h e s e  f lows  r a n g e  in t h i c k n e s s  f r o m  
0.5 m t o  a t  l e a s t  10 m th ick .  

1 

Thinner d e b r i s  f lows  a r e  c rude ly  graded  wi th  f r a g m e n t s  t h a t  a r e  
s t rongly  or ien ted  p a r a l l e l  t o  bedding (Fig. 67.6). Abundant  c r ino id ,  c o r a l  and 
brachiopod f r a g m e n t s  a s  well  a s  e l o n g a t e ,  s l ightly rounded,  g r e y  c a l c i l u t i t e  
f r a g m e n t s  o c c u r  in t h i n n e r  d e b r i s  f lows (Fig. 67.6). Beds under ly ing  t h e s e  
f lows  a r e  sl ightly c o n t o r t e d  (Fig. 67.6). 

4 shaly c o l c ~ l u t ~ t e  

Y 

Thicker  d e b r i s  f low b r e c c i a s  in f a c i e s  5 a r e  very  c o a r s e l y  f r a g m e n t a l  
and display a c h a o t i c  i n t e r n a l  f a b r i c  in which individual  b locks  h a v e  n o  
p r e f e r e n t i a l  o r i e n t a t i o n  (Fig. 67.7). The  lack  of co lour  c o n t r a s t  b e t w e e n  
f r a g m e n t s  and m a t r i x  which c a u s e s  d i f f icu l ty  in  d i scern ing  t h e  fu l l  ou t l ines  of 
f r a g m e n t s  in  t h e s e  mass ive  b r e c c i a  bodies  (Fig. 67.7) i s  unlike t h e  s t r o n g  
c o n t r a s t  b e t w e e n  f r a g m e n t s  and m a t r i x  in t h i n n e r  d e b r i s  f lows  (Fig.  67.6). 
T h e  lack  of c o n t r a s t  b e t w e e n  m a t r i x  and b r e c c i a  in  l a r g e r  b r e c c i a  m a s s e s  
m a y  i n d i c a t e  t h a t  t h e y  h a v e  undergone  a re la t ive ly  s h o r t  d i s t a n c e  of 
t r a n s p o r t .  

F i g u r e  67 .3  

C o l u m n a r  s e c t i o n  I ( a t  C a t h e d r a l  Mountain)  
shown on  F i g u r e s  67.1 and 67.2. Thin bedded t o  
l a m i n a t e d ,  d r a b ,  g r e y  and  b r o w n  sha le -  
c a l c i l u t i t e  c o u p l e t s  c o n s t i t u t e  f a c i e s  4 in  t h e  
l o w e r  p a r t  of t h e  sec t ion .  F a c i e s  3 in t h e  u p p e r  
p a r t  of t h e  s e c t i o n  i s  f o r m e d  of c o u p l e t s  of 
g r e y  foss i l i fe rous  c a l c i l u t i t e  and b r i g h t  yel low 
o r  p ink-weather ing  a r g i l l a c e o u s  m a t e r i a l .  
S m a l l  cora l -bear ing  b i o h e r m s  o c c u r  n e a r  t h e  
t o p  of f a c i e s  3 in  t h i s  and s o m e  o t h e r  sec t ions .  
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Figure 67.4. Columnar section 5 (near Prairie Creek) shown on Figures 67.1 and 67.2. This also shows the  facies sequence 4, 5, 6, 
and 7 like that  a t  locality 7. Facies 5 is very thick in this and other sections along the east  side of the Prairie Creek 
Embayment. 



SECTION 7 

Figure 67.5 

Columnar section 7 (south end of Manetoe 
Range) shown on Figure 67.1. This shows 
t h e  complete  sequence of fac ies  4, 5, 6, 
and 7 (Fig. 67.2) tha t  is  mapped a s  OSD 
undivided (shales, l imestones and sand- 
stones) by Douglas and Norris (1976). This 
sect ion is  similar t o  the  one a t  locali ty 3 in 
t h e  cross-section on Figure 67.2. 

Facies 

Some of these  pod-shaped breccia  masses originally may have been 
mud mounds or small  bioherms tha t  slumped a shor t  d is tance  e n  rnasse. 
Lenticular bioherms f rom I t o  10 m thick and many t ens  of me t re s  broad 
were  observed in fac ies  5 in many sections (Fig. 67.4). These bioherms 
provided some local relief on the  ancient  s ea  floor in t h e  Pra i r ie  Creek  
Embayment.  Some of the  thin debr is  flows may have been init iated off t h e  
flanks of these  mounds. 

Facies  6 and 7 occur  in succession above f ac i e s  5 in t h e  Pra i r ie  Creek 
Embayment.  Both of t hese  fac ies  a r e  thicker on t h e  west  side of t h e  
embayment  unlike t h e  underlying f ac i e s  5 which i s  markedly th icker  on t h e  
e a s t  side. Facies 6 i s  formed of interbedded pink-weathering shale  and 
sil tstone and thin t o  thick bedded, graded, f ine  grained wackestone and 
grainstone turbidites and some  coa r se  grained crinoidal debr is  flows 
(Fig. 67.5). These ca rbona tes  commonly a r e  dolomitized toward t h e  
northern p a r t  of t he  embayment .  Facies 7 is  formed entirely of allodapic or  
transported carbonates  similar t o  those in fac ies  6. Pink shale  in tervals  
become less abundant upward and t h e  upper c o n t a c t  of fac ies  6 occurs where  
t h e  pink shale  disappears and the  section continues upward a s  massive dark  
grey carbonate  (Fig. 67.5). Graded beds in these  f ac i e s  display very planar 
con tac t s  and a slight but noticeable uniform grain imbrication (Figs. 67.8 
and 67-91, indicating t h a t  these  s t r a t a  may have been deposited a s  turbidites.  
They a r e  similar t o  the  a l l d a p i c  carbonate  sheets  described by Cook e t  al. 
(1972) a s  turbidites derived from the  Devonian Miet te  reef and shoal 
complex in Alberta.  

A spectacular  cliff  exposure along t h e  South Nahanni River at 
locali ty 26.(Fig. 67.1) has  been observed f rom a helicopter only, but  appea r s  
t o  show more  proximal ca rbona te  rnegabreccia and b recc ia  shee t s  i n  those  
f ac i e s  (Fig. 67.10). Some of t h e  thicker shee t s  appea r  t o  have  scoured o r  
pushed so f t  sediments  aside t o  form dis t inct  channel  shapes  (Fig. 67.11). 
Large, apparently stranded blocks a r e  common in th i s  exposure (Fig. 67.1 1). 
These deposits a r e  believed t o  be  similar t o  t h e  megabreccia  shee t s  
extending basinward several kilometres from t h e  Miet te  reef complex in 
Alber ta  (Cook et al., 1972). 

Shelf and Slope Deposits 

On the  west side of t he  Prairie Creek Embayment,  t h e  shaly 
l imestones of fac ies  4 g rade  upward t o  fac ies  3 (Figs. 67.2 and 67.3). This 
fac ies  weathers  bright yellow, orange or  pink in con t ra s t  t o  t h e  dull brown t o  
grey weathering of rocks underlying facies  4, and is composed of very thin 
beds of yellow or pink argil laceous mater ia l  rhythmically interbedded with 
thin,  slightly nodular beds of slightly crinoidal, da rk  t o  medium grey 
calc i lu t i te  (Fig. 67.12). Some nodules may have  been formed during 
in t e r s t r a t a l  slip and shearing between beds (Fig. 67.12). However, t h e r e  i s  



Figure 67.6. Coarsely conglomeratic limestone debris flow deposit that is characteristic of those that are interbedded with the 
orange siltstones and sandstone of facies 5. Lithified calcilutite clasts, coral, crinoid and brachiopod fragments 
constitute these crudely graded deposits. This bed occurs in section 5 (see Figs. 67.1, 67.2, 67.41, and is 465 rn above 
the base of facies 5. GSC 199334. 



l i t t l e  o the r  evidence  t o  indica te  t h a t  t hese  deposi t s  Relationship of Li thofacies  to Map-Units o f  
accumulated  on a pronounced slope. Possibly they may have  Douglas and Norr is  (1976) 
formed below wave base  on gen t l e  slopes leading up t o  t h e  
edge  of t he  Pra i r ie  Creek Embayment.  Similar Devonian 
sediments  in t he  Rhenohercynian Geosyncline of West 
Germany were  in terpre ted  t o  have accumulated  on gen t l e  
slopes adjacent  t o  submarine highs (Tucker,  1973). 

In many a reas  beds near t he  top  of fac ies  3 a r e  very 
fossil iferous with a diverse fauna of brachiopods, cora ls ,  
amphiporids,  tr i lobites and gastropods,  in some places smal l  
bioherms I t o  5 m thick a r e  common (Fig. 67.3). This probably 
indica tes  t h a t  f ac i e s  3 i s  an  upward-shoaling sequence,  an  
impression t h a t  i s  reinforced by t h e  f a c t  t h a t  t h e  shallow 
water ,  shelf carbonates  of fac ies  I and 2 d i rec t ly  over l ie  
f ac i e s  3. Facies  2 (Camsell  Formation) i s  a l ight yellow, si l ty 
dolomite  sequence  of repet i t ive  cycles  of subtidal ,  dark  grey ,  
vuggy dolomite  grading upward t o  in ter t ida l  light grey  and 
yellow s i l ty  dolomite  lamini te  displaying mudcracks and 
fenes t ra l  fabr ic  whereas fac ies  1 (Sombre Formation) i s  a 
light t o  medium grey,  shallow-water dolomite  sequence.  

Facies  1 and 2 a r e  ident ica l  t o  t h e  Sombre  and Camsel l  
format ions ,  al though t h e  Camsel l  Format ion had n o t  
previously been recognized in t h e  Arnica  Thrus t  p l a t e  where  
i t  i s  shown a t  locali ty 2 on Figure  67.2. Facies  3 i s  mapped a s  
t h e  uppermost pa r t  of t h e  OSD (Ordovician,  Silurian and 
Devonian undivided) map-unit  west  of t h e  Tundra Thrust  
Fau l t  along t h e  e a s t  side of t h e  Pra i r ie  Creek  Embayment .  On 
t h e  hanging wall of t h e  Tundra Thrust  i tself  th is  f ac i e s  is  
mapped a s  pa r t  of t he  Delorme Format ion.  Facies  4, 5, and 6 
a lso  a r e  mapped a s  pa r t  of t h e  OSD map-unit  everywhere  
wes t  of t h e  Tundra Thrust  Faul t .  However,  where  f ac i e s  4 and 
5 a r e  present  along t h e  southern  extens ion of t h e  Tundra 
Thrust  p l a t e  they have  been mapped a s  p a r t  of t h e  De lo rme  
Formation.  Facies  5 and 6 a l so  have  been mapped a s  Sombre  
Formation and f ac i e s  7 as Arnica  o r  Sombre  Formation.  

These  observat ions  sugges t  t h a t  s o m e  reorganiza t ion  
of t h e  s t ra t igraphic  nomenc la tu re  would b e  des i rable  t o  
emphasize  t h e  c o n t r a s t  be tween t h e  d is t inc t ive  widespread 
and mappable  slope deposi t s  in t h e  Pra i r ie  Creek  Ernbayment 
and t h e  surrounding shelf and basin deposi t s  (Fig. 67.2). 
Possible fac ies  6 and 7 could b e  given s e p a r a t e  format ional  
names.  However,  f ac i e s  5 is  not  confined ent i re ly  t o  t h e  
Pra i r ie  Creek Embayment  a s  i t  underlies t h e  shelf sequence  

Along t h e  northern p a r t  of t h e  Tundra Thrust  on t h e  
west  side of t he  Pra i r ie  Creek Embayment ,  fac ies  3 fo rms  t h e  
base  of t h e  exposed section.  But, in t h e  southern pa r t ,  th is  
fac ies  is  underlain by fac ies  5 which, in turn ,  is  underlain by 
facies 4 (Fig. 67.2). 

Figure 67.7. Very coarse ly  f r agmen ta l  debris flow breccia  in f ac i e s  5 in sec t ion  13 (see  Fig. 67.1). This chao t i c  breccia ,  which 
has  a f ab r i c  t h a t  is only par t ly  fragment-supported r e s t s  on laminated ,  slightly argi l laceous  ca lc i lu t i te .  Some 
f r agmen t s  of t h e  underlying l imestone  occur  in breccia.  GSC 199336. 
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on t h e  e a s t  side of t h e  embayment  (Fig. 67.2). Also, this 
f ac i e s  i s  similar t o  t h e  orange-weathering sil tstones and 
ridge-forming limestones of t h e  Delorme Formation in t h e  
Whittaker Anticline (Douglas and Norris, 1961) only 40 km 
north of t he  t ip of t he  Prairie Creek Embayment.  This may 
indicate  t h a t  facies 5 has  a regional ex ten t  northward beyond 
the  Prairie Creek Embayment although i t  is  not known 
whether the  "ridge-forming . . . dolomites and limestones" 
(Douglas and Norris, 1961, p. 10) in t h e  orange sil tstones of 
t h e  Delorme Formation exposed on Whittaker Anticline a r e  
debr is  flows or  not. 

Facies 4 probably is best  regarded a s  being a tongue of 
the  Road River Formation. I t  is  contiguous with t h e  Upper 
Ordovician to  Lower Devonian shale of t he  Road River 
Formation mapped by Gabrielse e t  al .  (1973) in the  adjoining 
F la t  River map-area immediately west of t h e  Virginia Fal ls  
map-area. 

Development  of the Pra i r i e  Creek Embayment  and its 
Subsequent St ructura l  History 

A north-trending depression developed in the  Virginia 
Falls map-area during Middle Silurian t ime  and i t s  axis 
coincided with t h e  thickest pa r t  of fac ies  5. This depression 
or  trough in which t h e  sediments  of fac ies  5 accumulated may 
have  extended northward in to  t h e  adjoining Root River map- 
area .  In Early t o  Middle Devonian t ime,  an  expansion of t h e  

a r e a  of shallow shelf carbonate  deposit ion defined t h e  
boundaries of t h e  Pra i r ie  Creek Embayment  and confined i t  
t o  t h e  Virginia Falls map-area. During th i s  t ime,  t h e  axis of 
deposition moved slightly westward toward t h e  c e n t r e  of t h e  
Pra i r ie  Creek Embayment.  

Following deposition of fac ies  I and 7, shale  of t he  
Funeral Formation was deposited over sediments  of t he  
Pra i r ie  Creek Embayrnent and over much of the  adjoining 
shelf and t h e  Pra i r ie  Creek Embayment  ceased t o  exist  a s  a 
well-defined feature .  

Ter t iary  faul t ing may have been localized along t h e  
junction of the  ca rbon te  shelf ( fac ies  1, 2, and 3 ,  Fig. 2)  and 
the  much thinner,  si l ty and shaly slope deposits ( fac ies  5, 6, 
and 7) t o  cause  the  coincidence of this f ac i e s  transit ion with 
major thrus t  faults.  The east-dipping Tundra Thrust appears  
t o  have been init iated along t h e  eas t e rn  boundary whereas  t h e  
west-dipping Manetoe Thrust appears  t o  have formed along 
t h e  western boundary of t h e  Pra i r ie  Creek Ernbayment. The 
northward convergence of these  f au l t s  probably ref lec ts  t h e  
original northward narrowing and terminat ion of t h e  Pra i r ie  
Creek Embayrnent (Fig. 67.1). The thin sequence of slope 
sediments in the  embayment  probably has  been overridden 
somewhat  by both the  Tundra and Manetoe Thrust faul ts  so  
t h a t  the  original breadth  of t h e  embayrnent  may have been 
considerably g rea te r  than i t  now appears.  

Figure 67.8. Medium t o  dark  grey, mass  flow deposits ( turbidite?) with sharp  planar c o n t a c t s  and formed of f ine  grained de t r i t a l  
ca rbona te  f r agmen t s  and crinoid ossicles, location 96 m above t h e  base  of fac ies  7 in sect ion 7 (see  Figs. 67.1, 
67.5). GSC 199335. 



Figure 67.9. A close-up view of the beds shown in Figure 67.8. Beds a r e  noticeably graded and the  grains 
display a gentle imbrication to  the right or northeast. GSC 199331. 

. - ... 

Figure 67.10. 

View of the south-facing cliff on the 
South Nahanni River a t  locality 26 
(Fig. 67.1). The cliff f a c e  shown i s  about 
300 t o  400 m high. The light beds appear 
t o  be debris slides or  flows between dark 
grey shaly beds. This sequence i s  assigned ~ 

tentatively t o  facies 7. GSC 199333. 



F
ig

ur
e 

67
.1

1.
 

A
 c

lo
se

-u
p 

of
 

th
e 

de
br

is
 s

li
de

s 
an

d 
fl

ow
s 

sh
ow

n 
in

 F
ig

ur
e 

67
.1

0.
 

A
rr

ow
s 

po
in

t 
to

 l
ar

ge
 c

ar
bo

na
te

 b
lo

ck
s 

th
at

 a
re

 m
or

e 
th

an
 a

 f
ew

 m
et

re
s 

ac
ro

ss
. 

G
SC

 1
99

33
2.

 



3. A tongue of M ~ d d l e  Sllurian Road R ~ v e r  sha l e  
extends  eas tward  Into t h e  nor theas t  p a r t  of t h e  
V l rg ln~a  Falls  map-area and ~ r n m e d l a t e l y  underlies 
sediments In t h e  Pra l r le  Creek  Embayment  and in 
t h e  surrounding contemporaneous  shelf  sequence.  

4. Recogn~ t lon  of pa r t  or all of t h e  Upper S l lu r~an-  
Lower D e v o n ~ a n  sequence  a s  a s e p a r a t e  formation 
In t h e  P r a ~ r ~ e  Creek Embayment  probably 1s 
des i rable  and may be  named by Morrow and Cook 
(pers. comm.). 

1*4.k3' , .,f , " t \  "' 5. The junction of t h e  thln, par t ly  te r r lgenous  Upper 
L Sl lur~an-Lower  Devonlan sequence  In t h e  P r a l r ~ e  
'?' Creek  Embayment  with the '  th icker ,  surrounding 

"1 shelf  ca rbona te  succession provided a locus for  
s t r e s s  concentra t ion  during Te r t i a ry  deformat ion 

I with t h e  resul t  t h a t  t h e  Manetoe  and Tundra 
Thrus t  f au l t s  largely conform t o  t h e  conf igura t ion  
of t h e  ernbay ment .  

''1 Refe rences  

Figure  67.12. Bright yellow, si l ty,  argil laceous bands interbedded with 
da rk  grey,  slightly fossil iferous ca l c i l u t i t e  in f ac i e s  3, 
220 m below t h e  top  of fac ies  3 at sec t ion  2 ( s ee  
Figs. 67.1, 67.2). Penecontemporaneous  in t e r s t r a t a l  sl ip 
may have  caused t h e  f ragmenta t ion  of p a r t s  of some  
calc i lu t i te  beds. GSC 199337. 

Conclusions 

I. The Pra i r ie  Creek Embayrnent is  defined by a d is t inc t ive  
sui te  of Upper Silurian t o  Lower Devonian slope-deposited 
shales, s i l t s tones  and ca rbona te s  t h a t  form a sequence  
only half as thick ("1000 m)  a s  t h e  surrounding con tem-  
poraneous shelf sequence  (>2000 m thick) in t h e  Virginia 
Falls  map-area. 

2. Diagnostic slope deposi t s  cons is t  of conglomerat ic ,  weakly 
graded,  polymict ic  ca rbona te  debr is  flows 0.5 t o  2.0 m 
thick,  thick (up t o  15  m) ca rbona te  megabreccia  s h e e t s  
t h a t  conta in  very large  blocks ("5 m across), and f ine  
grained, graded,  al lodapic (turbidit ic)  ca rbona te  sheets .  
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Abstract 

Cecile, M.P., Report on Road River stratigraphy and the Misty Creek Embayment, Bonnet Plume 
(106B), and surrounding map-areas, Northwest Territories; Current Research, Part A, Geol. Surv. 
Can., Paper 78-lA, p. 371-377, 1978. 

In the Bonnet Plume map-area the Road River Formation is divided into four units ranging in 
age from Lower to Middle Cambrian to late Early Silurian. These units are correlated partly with 
adjacent lower Paleozoic shelf strata. Using the 'shale-out' line, thickness variations and 
paleocurrents, the Road River Formation is shown to  have been deposited in a major embayment, 
which numerous anomalies suggest is fault controlled. Basic volcanic t u f f s  are interstratified with 
upper Road River units. Bedded barite occurs in three Road River units. Sphalerite and galena were 
found in association with transitional facies, volcanic tuf fs  and pyrobitumen. 

Introduction within t h e  same  t ime  range of,  in ascendinn s t ra t igraphic  - .  

During the  1977 field season a s t ra t igraphic-  order,  t h e  Mount Cap, Saline River,  ~ r a n k l i n - ~ o u n t a t n , ' a n d  
Mount Kindle formations,  a l l  units of t h e  carbonate  shelf; and 

Of the lower Road River  sub-Frankl,in Mountain, sub-Mount Kindle and sub-saline Formation was initiated in the Mackenzie Mountains 
(Fig. 68.1). The main purpose of this study was: t o  def ine  River unconformities (see  Aitken e t  al., 1973, and Norford 

and Macqueen, 1975). A Franklin Mount Format ion ' transit ion s t ra t igraphic  units within the  Road River Formation; t o  to shale-basin facies,, recognized by Aitken and Cook (1975) r e l a t e  these  units t o  the  adjacent  homotaxial lower Paleozoic  can be divided into two units. carbonate ;  t o  delineate the  position of the  carbonate-shelf t o  
shale-basin transitions; t o  "nderstand f rom these d a t a  the  The da ta  presented here a r e  based on 22 measured 
locus and nature  of Road River deposition; and t o  co r re l a t e  sect ions  within the  Bonnet Plume and surrounding map-areas,  
Road River s t ra t igraphic  units with o ther  lower Paleozoic  basinward f rom and along t h e  southwestern par t  of t he  
successions in the  Canadian Cordillera. Mackenzie Arch (Fig. 68.1 ). 
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Previous Geological Work 

The name  Road River Formation was proposed by 
Jackson and Lenz (1962) for  a succession of Siluro-Ordovician 
graptol i t ic  shales and carbonates.  The type section i s  located 
a t  the headwaters  of the  Road River in the  Richardson 
Mountains 250 krn northwest of t he  Bonnet Plume map-area.  
The name Road River Formation was introduced into the  
Bonnet Plume a r e a  by Aitken et al. (1973) and by Blusson 
(1974). Aitken et al. (ibid., p. 33) found Road River s t r a t a  t o  
range f rom Middle Cambrian t o  Early Ordovician in age. 
Blusson (ibid.) mapped a s  Road River Formation shales,  
argil laceous l imestones,  che r t s  and volcanic rocks t h a t  were  
underlain by the  Lower Cambrian Sekwi Formation and 
overlain by Siluro-Devonian carbonates.  Blusson (1974), and 
Aitken and Cook (1975) identified t h e  carbonate-shelf t o  
shale-basin transit ion trending along a northwest line through 
t h e  northeastern Bonnet Plume map-area and the  south- 
western  Mount Eduni map-area (106A). 

St ra t igraphy 

Introduction 

In the  Bonnet Plume and surrounding map-areas the  
Road River Formation can be divided in to  four units ranging 
in age  f rom Lower t o  Middle Cambrian t o  l a t e  Early Silurian 
o r  younger Silurian. These units a r e  hornotaxial with, and fa l l  

Road River Formation 

The Road River Format ion can be divided into four 
mappable units which, in ascending s t ra t igraphic  order,  are:  
a lower shale  unit (RRs); a yellowish weathering argil laceous 
l imestone unit (RRal); a shale-chert  unit (RRc)  and an  upper 
unit of sooty,  grey, thin bedded limestones (RRI) (Fig. 68.2). 
In ters t ra t i f ied  with the  R R c  unit a t  Sections 34, 36, 40, 46, 
53, 55 (Fig. 68.1) and with the  RRI unit  a t  Sect ions  40, 49 a r e  
basic volcanic lapilli tuffs,  f ine  grained tuffs,  and volcanic 
breccias.  

Shale unit (RRs) 

In a l l  but one sect ion (36, Fig. 68.1) the  base of t he  
Road River Format ion consists of 200 t o  800 m of shale  and 
argil laceous l imestone, known a s  t h e  R R s  unit. This unit  can 
be subdivided in to  a lower shale suc,cession and an upper 
shale-argillaceous l imestone succession (Fig. 68.2). In 
Section 45 only the  basal sub-unit is present  and is  overlain by 
1600 m of qua r t z  sandstone-shale and qua r t z  sandstone- 
s i l t s tone flysch, followed by 600+ m of shale-argillaceous 
l imestone rhythms. The R R s  c a n l o t  be  subdivided a t  
Section 41. 

The RRs  is  in sharp con tac t  but  conformable  with the  
Lower Cambrian Sekwi Formation. The RRs  unit contains 
Middle Cambrian t r i lobi tes  in basin-edge sect ions  (Sec. 31; 
W.H. Fr i tz ,  pers. comm.; s e e  a lso  Aitken et al., 1973, p. 77, 
Sec. U7) and Lower Cambrian t r i lobi tes  (Olenellids) in deeper 
basin sect ions  (Secs. 44, 45, Fig. I). Fr i tz  (1976) believed 
t h a t  t he  Sekwi-Road River boundary i s  djachronous and in the  
Bonnia-Olenellus zone. 

Argjllaceous l imestone unjt (RRal) 

The RRs  is conformably overlain gradationally by 400 t o  
800 m of very  thin and thin bedded yellowish weathering 
argil laceous limestone. This unit, designated RRal,  is 
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Figure 68.2 

LEGEND 

G R A Y  S O O T Y  L  I M E S T O N E S  

SHALY D O L O M I T E  

SHALY L I M E S T O N E  
( y e l l o w  weather ing)  

CALCAREOUS SHALE 

SHALE 

BASIC V O L C A N I C  TUFFS 

CHERT 

I N T R A F O R M A T I O N A L  
BRECCIA OR CONGLOMERATE 

U N I T S  O F  THE ROAD RIVER FM. 

T R A N S I T I O N A L  M O U N T  
KINDLE FM. 

U N C O N  F O R M I  TY 
F E E D I N G  TRAILS 
CROSS L A M I N A E  
SLUMPS 
BARITE 

Illustration of a typical, complete Road River 
section compared to an actual section at 
Location 44. Section 44 also illustrates the 
transitional Mount Kindle facies and the 
anomalous abundance of breccias in the RRal 
unit. Total thicknesses of the Road River 
units vary from 700 to 3100 m (see Fig. 68.1). 
The upper part of Section 44 is supplemented 
by data from D.W. Morrow. 
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H a l i t e  

0 Soandstone 

Figure 68.3 

Cross-section of the  nor theas t  Misty 
Creek  embayment  showing the  relation- 
ship between basinal Road River units 
and format ions  and unconformities 
southwest and nor theas t  of the  
Mackenzie Arch. Da ta  nor theas t  of t h e  
Mackenzie Arch adap ted  f rom Aitken 
et al. (1973). 

undivided although in some sections the  presence of thin beds 
of clean l imestone produces in places a prominent resistant 
in terval  (e.g. Fig. 68.2). 

RRal rocks have all the  character is t ics  of a slope 
facies: including slumps, in s i tu  slump breccias,  carbonate-  
c l a s t  conglomerates and breccias,  t ra ins  of ripple-drift c ross  
laminae, lensed and scoured bedding, Other  character is t ics  
of the RRal,  t ha t  also may be slope fea tures ,  a r e  the  
presence of abundant feeding t ra i l s  and beds of biosparite. 

The RRal unit was identified in a l l  basinal sections, 
excep t  for Sections 36 and 45. The age of this unit  presently 
is unassigned. 

Grey l imestone unit (RRI) 

The uppermost unit of the  Road River Formation, 
designated RRI, is  a 100- t o  300-m succession of thin bedded, 
grey, sooty l imestone with minor in tercala t ions  of black 
che r t ,  shale and yellowish argil laceous limestone. In 
Sections 40 and 49 volcanic tu f f s  a r e  in ters t ra t i f ied  with t h e  
RRI unit. The basal con tac t  of the  RRI rocks is defined 
arbi t rar i ly  a s  the  f i rs t  occurrence ,  in thick succession, of 
grey,  thin bedded, sooty l imestone above t h e  R R c  unit. The 
upper l imit  is a sharp  con tac t  with t h e  Siluro-Devonian 
Delorme and Arnica formations.  

'The RRI unit was identified only in cen t r a l  and 
southwestern basinal sections. This unit was not found a t  

Chert-shale unit (RRc)  Sections 31, 36, and 44, although a 300 m succession of thin 
bedded shaly dolomite at the  t o p  of Sect ion 44 (Fig. 68.2) is the RRal unit are 200 500 considered a transit ional equivalent t o  th is  unit  (see following of interstratif ied black che r t ,  siliceous shale, shale  and 

argil laceous l imestone rhythms, and thin bedded argil laceous section). 

limestone. Commonly in t e r s t r a t  if ied with these  rocks, but In Sections 46 and 53 th is  unit is chaotically slump- 
not restricted t o  this unit, a r e  basic lapilli tuffs,  tuf faceous  folded over 100- t o  250-m s t ra t igraphic  intervals.  The unit 
sediments  and, in Sect ion 40, volcanic breccias. The lower contains,  in Sections 41 and 55, a monomict ic  breccia  t h a t  is 
con tac t  of this unit. t h e  R R c  unit. is  defined arbi t rar i lv  a s  a s  much a s  60 m thick. 
t h e  base of t he  f i r s t  ;hick succession of shale, che r t ,  or shHle- The RRI l imestones commonly have in ters t ra t i f ied  

limestone rhythms,  the RRal  biosparites and crinoidal biosparites,  a s  well a s  both  reworked 
succession' The may be Or gradational' and in situ favositid, halysitid and cup corals, and articulate 
This unit i s  undivided. b rach io~ods .  Within a thin shale  succession -200 m above the  

Basal shale successions f rom t h e  RRc  unit a r e  typically base of ;he RRI unit, Sections 34 and 49 conta ined Monograptus 
graptoli t ic.  From the  numerous graptoli te assemblages spiralis indicating t h a t  a t  leas t  pa r t  of this unit is  l a t e  Early 
col lec ted the  most common forms a r e  te t ragrapt ids ,  which Silurian in age. 
indicate a Lower t o  early Middle Ordovician a g e  fo r  t he  
shale. Transit ional Facies 

Associated with t h e  R R c  unit in three  sect ions  (34, 49, Along the  southwestern margin of t he  Mackenzie Arch, 
53) is a succession of qua r t z  sandstone, arenaceous  l imestone, of  a l l  the  lower Paleozoic s t r a t a  homotaxial  with the  Road 
and carbonate-clast  orthoconglomerate.  River Formation, only the  Franklin Mountain and Mount - 

Kindle formations,  e a c h  overlying a n  unconformity,  a r e  The R R c  unit was  identified in all  basinal sections present. Both formations have a zone of transitional facies excep t  31 and 45. This probably i s  due t o  erosion of the  upper where massive, thick bedded, shelf dolomite becomes thin  p a r t  of Section 45 and t h e  transit ional nature  of the  upper 
par t  of Section 31. bedded and shaly southwestward toward t h e  basin. 



Through the northeastern part of the study-area the 
Franklin Mountain Formation is the f irst to  'shale-out' 
whereas the Mount Kindle Formation continues as massive 
dolomite southwestward for another 20 to  30 km to where it 
rests directly on units of the Road River Formation 
(Figs. 68.1, 68.3). The extension of the Mount Kindle 
Formation basinward was recognized by Aitlten et al. (1973). 
In  the northwestern part of the study-area this trend is 
completely reversed with the Mount Kindle Formation 
'shaling-out' before the Franklin Mountain Formation. 

Part of the Franklin Mountain 'shale-out' involves a 
mixture of transitional Franklin Mountain and Road River 
units. Within this belt various combinations of the four Road 
River units are missing. 

The Franklin Mountain Transition 

The transitional Franklin Mountain rocks can be divided 
into two belts trending parallel to  the basin edge. In the f irst 
basinward belt (Secs. 42 and 32) the Franklin Mountain 
Formation consists of two units. The lower unit i s  150 m of 
thick bedded, grey, crystalline dolomite similar to  rocks of 
the Franklin Mountain Formation on the Mackenzie Arch. 
The upper unit i s  250 m of medium to  thin bedded shaly 
dolomite with minor amounts of black chert and some slump 
folds. In the second belt the upper shaly dolomite of the 
Franklin Mountain Formation persists but overlies various 
combinations of the lower three Road River units, wi th thick 
intervals and biohermal-like mounds of massive dolomite. 

The Mount Kindle Transition 

Massive, thick bedded dolomites, with coral biostromes 
in places, continue basinward of the Franklin Mountain 'shale- 
out'. A sub-Mount Kindle unconformity with sharp boundary 

. marked by ferruginous breccia can be traced across the two 
Franklin Mountain transitional belts, but not into the basin. 

Transitional Mount Kindle sections were found a t  
locations 44 and 58 (Fig. 68.1). A t  section 44 (Fig. 68.2) the 
Mount Kindle Formation is replaced by 300 m of brownish, 
thin bedded, shaly dolomite. This dolomite overlies the RRs, 
RRal and RRc units of the Road River Formation and is 
overlain by the Devonian Arnica Formation and is, therefore, 
homotaxial with the RRI unit. A t  Section 58, thick bedded 
Mount Kindle dolomite conformably overlies grey limestone 
of the RRI unit. This is  the reverse situation t o  the Franklin 
Mountain transition where massive dolomite continues basin- 
ward, a t  the base of the transition unit, and is interstratified 
wi th Road River units i n  the second transition belt. 

The Mount Kindle Formation does not extend basinward 
of Sections 44 and 58. Because the Mount Kindle Formation 
is  homotaxial with the RRI  unit, because both have similar 
coral assemblages (the Mount Kindle Formation has favositid, 
halysitid and cup corals (see Norford and Macqueen, 1975)), 
and because both are partly late Early Silurian i n  age (see 
Norford and Macqueen, 1975), i t  is  probable that a large part 
of the RRI  is the direct basin equivalent of the Mount Kindle 
Formation. 

The Road River Transition 

Units of the Road River Formation i n  the second 
Franklin Mountain transition belt show considerable strati- 
graphic variation. This variance wil l  be discussed section by 
section from the northwest t o  the southeast. 

A t  Section 41 (northwest) the RRs unit is present but 
undivided and interstratified wi th dolomite, the RRal unit is 
replaced by 100 m of massive crystalline dolomite, and the 
RRc and RRI units are present. A t  Section 31 the RRs unit is 
present but contains a sub-unit of massive dolomite and shaly 
dolomite between the lower shaly and upper rhythmic sub- 
units, the RRal unit i s  present, and shaly dolomite (Franklin 
Mountain transitional unit) occupies the same interval as the 

RRc unit, and the RRI is missing; the entire section is 
unconformably overlain by the Mount Kindle Formation. 
Section 36 is the most anomalous section in  this belt. The 
base of this section has been dated by F r i t z  (1976, p. 2 and 
20) as Early Ordovician and it rests directly on the Lower 
Cambrian Sekwi Formation. This section is similar to, and in  
part time equivalent with, the RRc unit. Rocks a t  this 
section are interstratified shale-argillaceous limestone 
rhythms, shaly dolomite wi th thin beds of black chert, 
arg,illaceous limestone, graptolitic shale (wi th tetragraptids), 
and volcanic tuff.  The top of Section 36 comprises 60 m of 
grey, massive dolomite overlain unconformably by the Mount 
Kindle Formation. The RRs, RRal and RRI  units are missing 
a t  this section. A t  Section 54, 300 m of thin bedded 
argillaceous limestone rests directly on the Sekwi Formation 
which is, i n  turn, overlain by 200 m of thin bedded shaly 
dolomite which i.s unconformably overlain by the Mount 
Kindle Formation. Section 54 may be an intertransition from 
the f irst to  the second Franklin Mountain transition belt 
where the upper shaly dolomite persists but the basal massive 
dolomite changes laterally t o  limestone before becoming 
completely basinal. 

Comparison of the Lower Paleozoic Shelf and Basinal 
Successions 

Shelf sedimentary rocks homotaxial with the Road 
River Formation, northeast of the Mackenzie Arch, are the 
Mount Cap, Saline River, Franklin Mountain and Mount Kindle 
formations. These contain a sub-Mount Kindle unconformity 
and, near the Mackenzie Arch, a sub-saline River 
unconformity (Fig. 68.3). These formations and unconform- 
ities are described by Aitken e t  a]. (1973) and w i l l  be referred 
t o  only when comparisons are necessary. 

On the southwest side of the Mackenzie Arch, within 
the study-area, the Road River Formation is homotaxial wi th 
the Franklin Mountain and Mount Kindle Formations and sub- 
Franklin Mountain and sub-Mount Kindle unconformities 
(Fig. 68.3). 

On the southwest side of the Mackenzie Arch the 
Franklin Mountain Formation consists generally of 150 to  
300 m of grey, massive, thick bedded, crystalline, vuggy 
dolomite. A t  a few locations the base of the Franklin 
Mountain Formation is a sub-unit comprising red quartz 
sandstone, shales, siltstone and dolomite; this sub-unit is 
known as the basal Franklin Mountain red beds (Aitken e t  al., 
1973). On the southwest side of the Mackenzie Arch the 
Mount Kindle Formation consists of a single unit of dark grey, 
thick bedded, crystalline dolomite, containing, in  places, 
coral biostromes. The coral biostromes are present a t  the top 
of Section 36, throughout Section 43, and are either rare or 
missing in other sections. 

The Frankl.in Mountain Formation is dated as Late 
Cambrian to  Early Ordovician and possibly younger; the 
Mount Kindle Formation is dated as Late Ordovician to  Early 
Silurian and possibly younger (see Norford and 
Macqueen, 1975). 

The f irst basin to  shelf correlation, discussed in the 
section on 'Mount Kindle transition', i s  the equivalence of 
part of the RRI  unit wi th the Mount Kindle Formation 
(Fig. 68.3). This provides an upper correlation lim.it. Below 
this the RRc unit which, in part is Lower to  early-Middle 
Ordovician, must be equivalent t o  parts of the Franklin 
Mountain Formation. Quartz sandstone and carbonate-clast 
orthoconglomerate from the middle of the RRc unit at 
Sections 34, 49, 43 (these rocks are 10-30 m thick) are 
thought tentatively t o  be depositional equivalents of the sub- 
Mount Kindle unconformity. I f  this i s  so, rocks from the 
upper RRc would be equivalent to  strata at the base of the 
Mount Kindle Formation. The RRal unit cannot be correlated 
unt i l  fossil collections from this unit are examined in the 
laboratory. The RRs unit, where dated, is older (Lower t o  



Middle Cambrian) than the  Franklin Mountain Format ion and 
is, therefore ,  a probable depositional corre la t ive  of t he  Mount 
C a p  Formation, nor theas t  of the Mackenzie Arch, and the  
sub-Franklin Mountain unconformity southwest of the 
Mackenzie Arch. The Mount C a p  Formation, which i s  dated 
as Lower t o  Middle Cambrian, i s  similar t o  the  R R s  unit in 
t h a t  i t  consists of "dark grey t o  black pyrit ic shales, and thin 
bedded micrit ic limestones" and differs in tha t  it contains 
glauconitic sandstones (Aitken e t  al., 1973, Table I ,  p. 6). 
The 1600 m of a l ternat ing qua r t z  sandstone and shale  or 
si l tstone and shale  flysch a t  Section 45, which were  deposited 
on Lower Cambrian shales, a lso  may be depositional equiva- 
lents of the  sub-Franklin Mountain unconformity. 

Volcanism 

Figure 68.1 i l lus t ra tes  the  l imits of basic volcanism 
within the  Bonnet Plume study-area.  Volcanic rocks a r e  
predominantly lapilli size or finer grained tuffs.  These tuffs  
a r e  poorly s t ra t i f ied ,  i n  places containing l imestone, 
argil laceous l imestone or shale  clasts,  and a r e  of basic 
composition. In some sections these  tuff beds a r e  graded and 
a r e  interbedded with typical Road River sedimentary rocks. 

Volcanic rocks a r e  interbedded with s t r a t a  of Early t o  
ear ly  Middle Ordovician and l a t e  Early Silurian age. 

Section 40 shows evidence of the most extensive and 
continuous volcanism occurring through 900 m of s t r a t a .  This 
includes about 60 m of coarse  volcanic breccia.  Section 40, 
therefore ,  must b e  located close t o  a volcanic centre .  This 
hypothesis is supported by the  distribution of volcanic tu f f s  in 
a semicircle around Section 40, and by the  presence of a 
diabase dyke and numerous sills a t  the  same  section. In o ther  
sect ions  dykes were  not recognized, and only a few sills were  
observed. A few thin amygdaloidal flows? were  in ters t ra t i -  
fied with volcanic tu f f s  a t  Section 53. 

Because of their  basinal position, in ters t ra t i f  ication 
with Road River rocks, and thei r  crude s t ra t i f ica t ion,  t h e  
volcanic tu f f s  appear  t o  have been deposited in submarine 
environments. However, t h e  predominance of f ragmental  
mater ia ls  of basic composition, suggests the probability of 
subaerial  exposure, perhaps very close t o  the  sea  surface  
where  basic lavas a r e  likely t o  be quickly chilled and 
explosively fragmented. 

The Misty Creek  Embayrnent 

The position of the  Franklin Mountain and Mount Kindle 
'shale-outs' and the  tremendous thickening of equivalent or 
older Road River s t r a t a ,  outlines a northwest-trending lower 
Paleozoic depositional embayment ,  herein named the  Misty 
Creek Embayment (Fig. 68.1). Misty Creek is  a geographical 
f ea tu re  in t h e  southwestern Bonnet Plume map-area. 

Initially the  nor theas t  side of t he  Misty Creek  
Embayment is fixed by the  f i rs t  be l t  of transit ional Frankl.in 
Mountain Formation; this f e a t u r e  i s  extended by t rac ing map- 
units of Blusson (1971, 1974; map-areas 106B, 105P) and 
Aitken and Cook (1975; 106A, B). The ear ly  southwest  margin 
of the embay ment  i s  positioned between massive, thick 
bedded Franklin Mount Formation dolomite,  measured a t  
Mount Macdonald (Sec. 501, and a thin Road River succession 
a t  Section 46. This margin i s  positioned along a nor thwest  
t rend between a 60 km long bel t  of northwest trending lower 
Paleozoic carbonates  mapped by Blusson (1974) around Mount 
Macdonald and outcrops of Road River Formation s i tuated t o  
t h e  northeast  of this belt. The northwestern margin of t he  
Misty Creek embayment  i s  defined by a thin succession of 
Road River s t r a t a  at Section 41 and by a t raverse  sect ion 
across  the  southern ex t r emi t i e s  of map-area 106F. This 
t raverse  established tha t  typical Franklin Mountain 
Formation rocks replace the  Road River Format ion just 
northwest of Section 41. In map-area 106F t h e  Franklin 
Mountain Formation consists of approximately 400 m of very  
vuggy, very crystall ine,  extensively silicified massive 

dolomite. The Franklin Mountain Format ion has  been mapped 
by Norris (1975) across the  en t i r e  106F map-area. 

The t r ace  of the  Mount Kindle equivalent (RRl  unit) 
bas.in a r e a  i s  defined by t h e  'shale-out' along t h e  nor theas tern  
par t  of t h e  study-area. In t h e  southwest  a t  Mount Macdonald, 
homotaxial  with the  Mount Kindle Format ion,  i s  a transit ional 
fac ies  consisting of 200 m of crackle-breccia ted  l imestones 
overlain by 100 m of massive dolomite with halysitid and 
favosit id corals. The t r a c e  of t he  Mount Kindle shale-out i s  
placed through th is  sect ion and assumed t o  t rend northwest.  
The Mount Kindle 'shale-out' in the  nor thwest  i s  defined by 
map-units of Norris (1975, 106F). Norris mapped the  Mount 
Kindle Format ion through most  of 106F map-area. In the  
southeas tern  106F map-area Road River s t r a t a  conformably 
overlie t h e  Franklin Mountain Format ion and a r e  homotaxial  
with t h e  Mount Kindle Formation. These Road River s t r a t a  
were  found on a t raverse  sect ion t o  be the  RRI unit, basinal 
equivalent t o  the  Mount Kindle Formation. 

The a r e a  defined by Mount Kindle basinal equivalents 
shows a southwest and nor thwest  shi f t  in the  position of the  
Misty Creek  Embayment.  

An important  cr i ter ion in  defining t h e  embayment  i s  t he  
g r e a t  changes in thickness of basinal sedimentary  rocks. 
Variations in thickness a r e  shown in Figure 68.1. Thicknesses 
range f rom 885 m in the  transit ional zones t o  in excess  of 
2800 m a t  Section 45 and 3100 m a t  Section 53, located at the  
basin c e n t r e  (Fig. 68.3). 

The geometr ic  configuration of t h e  Misty Creek 
Embayment  i s  ref lec ted by paleocurrents  (Fig. 68.1). All 
paleocurrent measurements  excep t  those a t  Sect ion 45, a r e  
f rom ripple-drift c ross  laminae within t h e  RRal  unit. 
Paleocurrent  indicators a t  Sect ion 45 a r e  f rom ripple cross 
laminae within t h e  flysch succession. 

St ructura l  deformation in the  Misty Creek  Ernbayment 
is predominantly open folding, with a f ew northeast-directed 
th rus t  faults,  most  occurring along t h e  zone of transition. 
The e f f e c t  of crus ta l  shortening on the  embayment  is  
thought,  therefore ,  t o  be minimal. 

Faul t  control  of t he  Misty Creek  Embayrnent - 
A combination of severa l  f ac to r s  suggests t h a t  t h e  

Misty Creek  Embayment  was produced and controlled by 
extension faults.  These f ac to r s  are:  I )  t he  geomet ry  of the  
embayment ;  2) rapid 'shale-out' of shelf ca rbona tes  on a l l  
sides; 3) rapid increase  in  Road River Format ion thicknesses 
requiring sub-Road River Format ion slopes of 6 t o  8" (see  
Fig. 68.3); 4) s t ra t igraphic  anomal ies  in the  Road River 
transit ion zone, where,  for  instance,  t he  en t i r e  basal two  
units of t he  Road River Format ion a r e  missing at Sect ion 36; 
5) t h e  confinement of 1600 m of Road River flysch t o  
Section 45; 6) extensive  slumping of,  and presence of thick 
breccias  within the  RRI unlt (Secs. 41, 46, 53, 55); 7) basic 
volcanism in the  basin cen t r e ;  8) persistence of the  Misty 
Creek  Ernbayment during deposit ion of Mount Kindle basinal 
equivalents;  and 9) presence of numerous slump folds, in s i tu  
slump breccias,  and debris flows in the  RRa l  unit a t  
Section 44 proximal t o  the  Franklin Mountain transit ional 
bel ts  (Fig. 68.2). However, fu r the r  work will b e  needed, 
especially in transit ional zones,  t o  prove faul t ing is 
associa ted  with deposit ion of rocks in t h e  Misty Creek  
Embayment.  

Economic Geology 

Both secondary and primary bedded bar i te  were  identi- 
fied a t  four localities. Megacrysts of bar i te  were  found 
sca t t e red  in sedimentary  beds a t  t he  base of t h e  RRI unit in 
the  southeas t  pa r t  of map-area 106F. Megacrysts  of bar i te  
forming sedimentary  layers  in ters t ra t i f ied  with argil laceous 
l imestone were  observed in the  middle R R s  unit a t  
Section 44. Local accumulat ions  of megacrystall ine barite 



nodules were  found with t he  R R c  unit  a t  Sect ion  55. Very 
coa r se  crystall ine bar i te  was  found in a single vug within t h e  
Mount Kindle Format ion a t  Section 54. 

Bedded bar i te  occurs within t h ree  of the four Road 
River units ranging in age f rom Lower t o  Middle Cambrian  t o  
l a t e  Early Silurian and is not confined, therefore ,  t o  a 
particular s t ra t igraphic  or t i m e  unit. 

Galena and sphaler i te  

Small  amounts  of sphaleri te were  found in f r ac tu re  
fillings over a 10-m s t ra t igraphic  in terval  a t  the  base of t he  
Road River Formation,  Sect ion  36. One vug-filling of 
sphaler i te  was  found in t he  Mount Kindle Format ion a t  
Sect ion  58. A s t r ing  of vugs lined with galena (- parallel  t o  
bedding) was  observed in t h e  Mount Kindle Format ion a t  
Section 31. The mineralization,  a t  Sect ion  31, is associa ted  
with more extensive galena-sphaleri te occurrences  in Siluro- 
Devonian carbonates  a t  the  s ame  location (see Ceci le  and 
Morrow, 1978). Three  a r e a s  of Silurian t o  Devonian 
carbonates ,  located  within 40 km nor thwest  of Sect ion  31, 
have been s taked by Welcome North f o r  Zn-Pb mineralization 
(Dawson, 1975). 

It is in teres t ing  t h a t  these  mineral  occurrences  and 
associated occurrences  of pyrobitumen a r e  located  in t h e  
a r e a  of t he  Franklin Mountain transit ion fac ies ,  and c lose  t o  
a n  a r e a  of volcanic rocks (Fig. 68.1). 

Conclusions 

The Road River Format ion in t he  Bonnet Plume and 
surrounding map-areas can be divided into four units. In 
ascending s t ra t igraphic  order  t hese  units a re :  a shale- 
dominated  succession (RRs); argil laceous l imestone (RRal);  
in ters t ra t i f ied  che r t ,  shale and argil laceous l imestone (RRc);  
and a succession of sooty grey  l imestone (RRI). Some of t h e  
RRs  unit rocks conta in  Lower t o  Middle or Middle Cambrian  
tr i lobites.  The R R c  unit includes shale  with Lower t o  ear ly  
Middle Ordovician graptol i tes ,  and the  RRI unit includes a 
minor shale  succession with l a t e  Early Silurian graptoli tes.  
With these  partial  ages,  and because  t h e  Mount Kindle 
Formation extends  basinward f r o m  t h e  Franklin Mountain 
Format ion 'shale-out', preliminary corre la t ions  with shelf 
s t r a t a  can  be  made. The RRI unit  is, en t i re ly  or in par t ,  a 
basinal equivalent of the  Mount Kindle Formation; t he  R R c  
uni t  is  corre la ted  with par t  of t h e  Franklin Mountain 
Formation; t h e  RRal  i s  unassigned; and t h e  RRs  i s  corre la ted ,  
ent i re ly  or in pa r t ,  with t h e  sub-Franklin Mountain uncon- 
formi ty  and the  Lower t o  Middle Cambrian  Mount C a p  
Format ion (nor theas t  of t he  Mackenzie Arch). 

The t r a c e  of t he  Franklin Mountain 'shale-out', Road 
River thicknesses, and paleocurrent  t rends  outl ine a north- 
west-trending embayment ,  t h e  Misty Creek  Embayment .  
During deposit ion of basin equivalents  t o  t he  Mount Kindle 
Formation,  t he  position of t he  Misty Creek  Ernbayment is 
shifted t o  the  southwest  and northwest.  

Road River s t ra t igraphy is compl ica ted  by associa ted  
basic volcanic rocks  within t h e  R R c  and RRI units, 1600 m of 
flysch in a nor thwest  section,  and missing units in t rans i t ional  
belts. These  and o the r  f ac to r s  such a s  basin geometry ,  

extens ive  slumping and breccia t ion  of t h e  RRI unit  suggest  
probable f au l t  cont ro l  of t h e  Misty Creek  Embayment .  

A volcanic c e n t r e  is  s i tua ted  in t h e  southeas tern  pa r t  of 
t he  basin area .  

Bedded bar i te  deposits  were  found in t h ree  Road River 
units  of d i f f e r en t  ages. Galena,  sphaler i te  and pyrobitumen 
occu r rences  were  observed in t rans i t ional  sediments ,  a t  t h e  
edge  of t h e  a r e a  of basin volcanic rocks. 
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Abstract 

Gibson, D.W.,  The Kootenay-Nikanassin lithostratigraphic transition, Rocky Mountain Foothills of 
west-central Alberta; Current Research, Part A,  Geol. Surv. Can., Paper 78-lA, p. 379-381, 1978. 

Two poorly exposed but complete sections of the Kootenay and seven sections of the 
Nikanassin Formation (two complete and f ive partial) were examined and described in detail 
between Clearwater River and the Cadomin-Mountain Park area of west-central Alberta. 
Preliminary results indicate that in the vicinity of North Saskatchewan River, lithostratigraphic 
facies variations occur progressively from south t o  north between the two Kootenay Formation 
sections, and from south t o  north between the Kootenay sections and those of the Nikanassin 
Formation. The North Saskatchewan River would serve, therefore, as a distinct east-west 
geographical boundary in the Rocky Mountain Foothills and Front Ranges, for the nomenclatural 
transition between the two partly or wholly equivalent formations. Low volatile bituminous coal 
in seams up to  0.8 m thick was recorded in the Nikanassin Formation at Wapiabi Creek. 
Northward, in the vicinity of Cadomin and Mountain Park, coal seams are thinner and rarely 
exceed 0.1 m in thickness. Coal seams were not observed in the two Kootenay sections north of 
Red Deer River. 

Introduction Kootenay Format ion 

During 1975 and 1976, a detailed s t ra t igraphical  and 
sedimentological study of t h e  Jura-Cretaceous  Kootenay 
Formation was undertaken by t h e  wri ter ,  in the  Foothills and 
Front  Ranges of t h e  southern Canadian Rocky Mountains of 
Alber ta  and British Columbia (Gibson, 1976a, b). The 
investigation demonstra ted  t h a t  t h e  t h r e e  l i thostratigraphic 
units previously recognized by Newmarch (1953) and Jansa  
(1972) were  valid, could be  recognized a t  most locali t ies,  and 
were  t raced northward f rom t h e  United S t a t e s  border a t  l ea s t  
a s  f a r  a s  t h e  Red Deer-Clearwater River a r e a  of Banff 
National Park (Fig. 69.1). The th ree  units were  informally 
named, in ascending order,  Basal Sandstone member ,  Coal  
Bearing member,  and Elk member.  In 1977, par t  of t he  
summer  field season was  spent  in examining and describing in 
deta i l  two complete  sect ions  of t h e  Kootenay Formation a s  
well a s  two  complete  and five par t ia l  sec t ions  of t h e  
Nikanassin Formation. The Nikanassin is a rock s t ra t igraphic  
unit  recognized in t h e  Front  Ranges and Foothills of west-  
cen t r a l  Alberta,  and is considered equivalent or  par t ly  
equivalent t o  t h e  Kootenay Formation. The Nikanassin was  
studied in order t o  outline any similarit ies or d i f ferences  in 
lithology, coal s eam concentra t ion and distribution, f lora  and 
fauna, and paleoenvironments between i t  and t h e  Kootenay 
Formation. It was ant ic ipated t h a t  t h e  study would reveal 
also whether the  th ree  members of t h e  Kootenay Formation 
could b e  recognized in t h e  Nikanassin Formation and, 
accordingly, b e  extended northward beyond t h e  Red Deer- 
C lea rwa te r  River area.  In addition i t  was  hoped t h a t  a 
convenient and pract ica l  geographic locali ty could be found, 
where  the  Kootenay nomencla ture  could be discontinued if 
necessary,  i n  favour of t h e  long-standing Nikanassin nornen- 
c l a t u r e  used in t h e  Rocky Mountain Foothills and Front  
Ranges of west-central  Alberta.  It is with these  objectives 

Two comple te  but  poorly exposed sect ions  of inter- 
bedded sil tstone, sandstone, mudstone and shale  of t h e  
Kootenay Formation were  examined a t  Cutoff  Creek (Sec. I ,  
Fig. 69.11, a tr ibutary of C lea rwa te r  River ,  and Gap  Lake 
(Sec. 2, Fig. 69.11, a locali ty south of North Saskatchewan 
River near  Nordegg. The format ion a t t a ined  a thickness of 
54 m and 40 m respectively,  with only t h e  lower Basal 
Sandstone, and t h e  middle Coal Bearing members  present.  
The upper Elk member  may have been erosionally removed 
during development of t h e  pre-Cadomin Formation uncon- 
formity,  or t h e  member  may be  absen t  due t o  a general  west 
t o  eas t  sedimentary thinning. 

The field study revealed t h a t  l i thos t ra t igraphic  f ac i e s  
d i f ferences  were  present  between t h e  t w o  locali t ies,  particu- 
larly within t h e  more  res is tant  sandstone units. For example,  
a t  Cutoff Creek t h e  Basal Sandstone member  consists of a 
cliff-forming succession of medium light grey, f ine- t o  
coarse-grained, moderate ly  well  indurated, quar tzose  sand- 
s tone  22 m thick. A t  Gap Lake 42 km t o  t h e  northwest 
(Fig. 69.1) t h e  Basal Sandstone is st i l l  cliff-forming but  i s  
f iner grained, lighter grey,  more  siliceous, and consequently 
b e t t e r  indurated. I t  is  24 m thick. The overlying Coal 
Bearing member,  because  of t h e  high concentra t ion of less 
well indurated sil tstone, mudstone and shale,  is  poorly 
exposed a t  both localities. Very f ine-  t o  medium-grained 
sandstone which is cha rac te r i s t i c  of t h e  member ,  protrudes 
above grass and partially ta lus  covered slopes a s  res is tant  
units. They follow a grain s i ze  and compositional t rend 
similar t o  t h a t  noted in the  underlying Basal Sandstone 
member,  becoming finer grained, more  siliceous and be t t e r  
indurated toward Nordegg and t h e  North Saskatchewan River 
area .  

t h a t t h e  following brief s t ra t igraphic  summary is presented. Coal is a common and cha rac te r i s t i c  component of t h e  
A more  comprehensive repor t  on the  Kootenay and Nikanassin Coal  Bearing member  in o ther  a reas  of southwestern Alberta 
format ions  and t h e  l i thofacies transit ion, will be  submit ted  at and southeas tern  British Columbia; however, i t  was not  
a l a t e r  date .  observed a t  e i the r  sect ion locality. Because of t h e  many 

covered intervals in t h e  Coal Bearing member  of these  two  
Kootenay sections,  one is not ce r t a in  whether  coal  is  present  
or  not. A t  Limestone Mountain 14 km southeas t  of Cutoff 
Creek (Fig. 69.1) a complete ly  exposed sect ion of t h e  
Kootenay Coal Bearing member  was examined in 1976. This 
sect ion does not  contain coal  and, therefore ,  t h e  sect ions  
along s t r ike  at Cutoff Creek and Gap Lake also may be  
barren of coal. 



. NORDEGG 

1. Cutoff Ck 
2. Gap Lake 
3. Dutch Ck 
4. Thompson Hwy S c a l e  
5. Wapiabi Ck (L) 
6. Wapiabi Ck (U)  Kilometres 

7. Mackenzie Ck 0 10 20 - 
8. McLeod River 
9.  Prospect Ck 

T h e  Kootenay  F o r m a t i o n  is  c o n f o r m a b l y  and  a b r u p t l y  
underlain by in te rbedded  s i l t s t o n e ,  s h a l e  and  minor  s a n d s t o n e  
of t h e  "Passage  Beds" of t h e  J u r a s s i c  F e r n i e  F o r m a t i o n .  I t  is 
over la in  unconformably  by s a n d s t o n e  and c o n g l o m e r a t e  of t h e  
C a d o m i n  F o r m a t i o n  of t h e  Bla i rmore  Croup .  

Nikanassin Formation 

T h e  Nikanassin F o r m a t i o n  in t h e  Cadomin-Nordegg  a r e a  
(Fig. 69.1) c o m p r i s e s  a n  i n t e r s t r a t ~ f i e d  s e q u e n c e  of m e d i u m  
t o  d a r k  grey  t o  yel low-brown w e a t h e r i n g  s i l t s t o n e ,  sands tone ,  
muds tone ,  s h a l e  a n d  minor  th in  s e a m s  of c o a l  in t h e  t h i c k e r  
m o r e  w e s t e r l y  sec t ions .  T h e  f o r m a t i o n  r a n g e s  in m e a s u r e d  
th ickness  f r o m  a m i n i m u m  of a p p r o x i m a t e l y  53 m at  D u t c h  
C r e e k  ( sec t ion  i n c o m p l e t e )  n e a r  Nor th  S a s k a t c h e w a n  River  
(Sec.  3, Fig. 69.1), t o  a m a x i m u m  of 4 8 8  m a t  M a c k e n z i e  
C r e e k  e a s t  of Mounta in  P a r k  (Sec. 7, Fig.  69.1). T h e  
predominant  l i thology of t h e  f o r m a t i o n  is  t h e  s i l t s t o n e ,  which  
is  d a r k  grey ,  v e r y  sandy ,  carbonaceous-arg i l laceous ,  a n d  
commonly  c o n t a i n s  b iogenic  m o t t l i n g  a n d  s m a l l  sand-fi l led 
burrows.  T h e  m u d s t o n e  a n d  s h a l e  a r e  d a r k  g r e y ,  c a r b o n a -  
c e o u s  and  c o n t a i n  a v a r i a b l e  c o n c e n t r a t i o n  of v e g e t a l  m a t t e r  
which  is  conf ined  main ly  t o  t h e  upper  half of t h e  f o r m a t i o n .  
S a n d s t o n e  is  c o m m o n  as individual  beds  a n d  t h i c k  un i t s ;  t h e  
f o r m e r  commonly  a s s o c i a t e d  with t h e  s i l t s t o n e  a s  th in  t o  
medium beds,  o r  as t h i n  t o  t h i c k  l e n t i c u l a r  t o  wavy 
lamina t ions .  T h e  t h i c k e r ,  i so la ted  s a n d s t o n e  uni t s  a r e  of t w o  
m a i n  t y p e s ,  a n d  in t h e  Cadomin-Nordegg  a r e a  c a n  b e  used t o  
subdivide t h e  f o r m a t i o n  i n t o  t w o  poorly d e f i n e d  uni t s .  T h e  
s a n d s t o n e  in t h e  l o w e r  half a n d  l o w e r  t w o  t h i r d s  of t h e  
f o r m a t i o n  a t  Wapiabi  a n d  M a c k e n z i e  c r e e k s  r e s p e c t i v e l y  
c o m p r i s e s  f i n e  t o  v e r y  f i n e  g r a i n s  of q u a r t z  and ,  accord ingly ,  
is  well  indurated.  I t  is  a t y p i c a l  of t h a t  in  t h e  K o o t e n a y  t o  t h e  
s o u t h  of N o r t h  S a s k a t c h e w a n  R i v e r  a n d  r e s e m b l e s  t h a t  in t h e  
"Passage  Beds" of t h e  F e r n i e  F o r m a t i o n  b e t w e e n  Nordegg  a n d  
Cadomin .  In c o n t r a s t ,  t h e  conspicuous  s a n d s t o n e  u n i t s  
compr is ing  t h e  upper  p a r t  of t h e  Nikanassin a r e  m e d i u m  g r e y ,  
commonly  c o a r s e r  g r a i n e d  ( ranging  f r o m  f i n e  t o  m e d i u m  
gra ined)  and ,  in  p l a c e s  c o n t a i n  i n t r a f o r m a t i o n a l  s i l t s t o n e -  
s h a l e  c l a s t s .  T h e s e  s a n d s t o n e  uni t s  c lose ly  r e s e m b l e  t h o s e  of 
t h e  K o o t e n a y  F o r m a t i o n  in s o u t h w e s t e r n  A l b e r t a  and  south-  
e a s t e r n  British Columbia .  

C o a l  is u n c o m m o n  in  t h e  Nikanassin F o r m a t i o n  of t h e  
s tudy-area ,  a n d  l ike  t h e  c o a r s e r  g r a i n e d  s a n d s t o n e  i s  conf ined  
t o  t h e  upper  half t o  o n e  t h i r d  of t h e  f o r m a t i o n .  F o r  e x a m p l e ,  
a t  Wapiabi  C r e e k  (Fig. 69.1) only t w o  s e a m s  0.8 a n d  0.7 m 
th ick  w e r e  e n c o u n t e r e d .  T h e  c o a l  w a s  hard ,  blocky,  a n d  
c l a s s e d  as low v o l a t i l e  bi tuminous.  A t  M a c k e n z i e  C r e e k  t o  
t h e  n o r t h  (Fig. 69.1), t h e  t h i c k e s t  s e a m  r e c o r d e d  w a s  0.1 m 
a n d  o c c u r r e d  1 7 8  m be low t h e  c o n t a c t  w i t h  t h e  C a d o m i n  
F o r m a t i o n .  Near  Mounta in  P a r k  in  a r i v e r  bank  e x p o s u r e  
a long  McLeod R i v e r ,  a t h i n  l e n t i c u l a r  ' s e a m  of c o a l  0.4 m 
t h i c k  w a s  r e c o r d e d  9 m b e l o w  t h e  C a d o m i n  c o n t a c t .  

Unlike t h e  K o o t e n a y  F o r m a t i o n ,  c l i f f - f o r m i n g  s a n d s t o n e  
g e n e r a l l y  d o e s  n o t  f o r m  a conspicuous  f a c i e s  a t  t h e  b a s e  of 
t h e  Nikanassin F o r m a t i o n .  I t  o c c u r s  on ly  at l o c a l i t i e s  n e a r  
Nordegg  in t h e  v ic in i ty  of  Nor th  S a s k a t c h e w a n  River .  F o r  
e x a m p l e ,  in a highway e x p o s u r e  a p p r o x i m a t e l y  1 6  k m  w e s t  of 
Nordegg  t h e  l o w e r  22 m of t h e  Nikanassin c o n s i s t s  of v e r y  
f i n e  t o  f i n e  gra ined ,  a r g i l l a c e o u s  s a n d s t o n e  w i t h  th in  
r e c e s s i v e  i n t e r b e d s  a n d  p a r t i n g s  of b lack  s h a l e  and  s i l t s tone .  
T h e  b a s a l  s a n d s t o n e  c o n c e n t r a t i o n  does ,  h o w e v e r ,  d e c r e a s e  
n o r t h  a n d  n o r t h w e s t w a r d  t o w a r d  C a d o m i n  a n d  Mounta in  P a r k ,  
w i t h  i n t e r b e d d e d  s i l t s t o n e  a n d  s h a l e  b e c o m i n g  increas ing ly  
m o r e  common.  A t  M a c k e n z i e  C r e e k  a n d  l o c a l i t i e s  n e a r  
C a d o m i n  (Fig. 69.1) t h e  b a s e  of t h e  Nikanassin c o n s i s t s  of a 
t h i c k  success ion  of i n t e r b e d d e d  s a n d s t o n e ,  s i l t s t o n e ,  a n d  
s h a l e ,  s imi la r  in a p p e a r a n c e  t o  s t r a t a  of t h e  underlying 
"Passage  Beds" of t h e  F e r n i e  F o r m a t i o n .  

F igure  69.1 L o c a t i o n  of m e a s u r e d  sec t ions .  
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The con tac t  of t h e  Nikanassin Formation with t h e  
underlying "Passage Beds" of t h e  Fernie  Formation is 
conformable  and distinct a t  some  locali t ies,  and gradational 
a t  others.  Where t h e  con tac t  is  abrupt ,  near  Nordegg and 
Wapiabi Creek (Fig. 69.1), i t  is placed a t  the  f i rs t  continuous 
occurrence  of sandstone devoid of any interbedded s i l t s tone 
or silty shale. Where the  con tac t  is gradational,  a s  in t h e  
Cadomin, Mountain Park and Mackenzie Creek areas ,  t h e  
con tac t  is  placed a t  a point where sandstone fo rms  more  than 
half of t h e  beds within t h e  interbedded sequence of sand- 
stone, s i l t s tone and shale  at the  base  of t h e  Nikanassin and 
t h e  top  of t h e  Fernie  formations.  

The Nikanassin is erosionally overlain a t  a l l  observed 
sect ions  by quar tz i t ic  sandstone and conglomerate  of t h e  
Cadomin Formation. 

Kootenay-Nikanassin Nomenclature Transit ion 

From t h e  foregoing brief discussion on l i thostratigraphy 
and f ac i e s  variations in t h e  Kootenay and Nikanassin forma-  
tions, i t  is  apparent  t ha t ,  because of t h e  northward change in 
grain s ize  and composition of t h e  sandstones, t h e  general  lack , 
of or poor development of coal seams, and the  general 
absence of t h e  Basal Sandstone member  in t h e  Nikanassin 
Formation, s t r a t a  of both format ions  d i f fer  f rom each  other  
in the  vicinity of North Saskatchewan River. The s t ra t i -  
graphic d i f ferences  or fac ies  changes a r e  re la ted  probably t o  
a di f ference  in depositional environments. Most s t r a t a  of t h e  
Kootenay Formation south of t h e  river have been in terpre ted 
a s  cha rac te r i s t i c  of in terdel ta ic  beach-barrier island, del ta ic ,  
and alluvial plain depositional environments (Gibson, 197613). 
S t r a t a  of t h e  Nikanassin Formation a r e  tenta t ively  inter- 
pre ted  a s  being more  typical or  cha rac te r i s t i c  of a lower 
de l t a  plain o r  de l t a  f ron t  depositional environment.  I t  i s  
evident,  therefore ,  t h a t  t he  North Saskatchewan River could 
se rve  a s  a convenient east-west geographical boundary in t h e  
Rocky Mountain Foothills and Front Ranges for t he  nomen- 
c la tura l  transit ion between t h e  two  formations.  S t r a t a  south 
of the  river between- the  Cadomin and Fernie  format ions  
would be  called t h e  Kootenay Formation, whereas  s t r a t a  
north of t h e  river between the  same  format ions  would be 
called t h e  Nikanassin Formation. Prior t o  t h e  wri ter ' s  study 
of t h e  Kootenay and Nikanassin formations,  no region or local 
a r e a  had eve r  been suggested o r  designated a s  appropr ia te  f o r  
t h e  nomenclatural  transition. 
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Abstract 

Cook, Donald G. and Aitken, James D., Twitya Uplift: A pre-Delorme phase of the Mackenzie 
Arch, Current Research, Part A, Geol. Surv. Can., Paper 78-lA, p. 383-388, 1978. 

Pre-Delorme Formation (pre-Late Silurian) uplift and resultant erosion of Mount Kindle 
and Franklin Mountain formations occurred along a tectonic arch herein named the Twitya 
Uplift.  The arch is marked by a pre-Delorme paleo-inlier of Precambrian and Lower Cambrian 
rocks surrounded by strata of the Franklin Mountain Formation. Within the inlier strata initially 
unconformably overlain by Upper Cambrian basal beds of the Franklin Mountain Formation are 
today unconformably overlain by the Upper Silurian to Lower Devonian Delorme Formation. 

The arch is at least 100 km long and 40 km wide where i t  is defined in Mount Eduni map- 
area (106A). It may extend another 200 krn to the southeast along the Plateau Thrust plate into 
Glacier Lake map-area (95M), but its actual extent southeast of  Mount Eduni map-area cannot 
be determined because the Delorme and younger formations are missing in the critical area due 
to Pleistocene and Recent erosion. 

Twitya Uplift can be considered a pre-Late Silurian phase of  Mackenzie Arch. 

Over most of t h e  Mackenzie Mountains t h e  Upper 
Silurian t o  Lower Devonian Delorme Formation overlies t h e  
Mount Kindle Formation or  i t s  equivalent t he  Whittaker 
Formation (see  Aitken and Cook, 197413; Aitken, Cook and 
Yorath,  in press; Blusson, 1971, 1974; Gabrielse, Blusson and 
Roddick, 1973). In Mount Eduni map-area (106A), however,  a 
pre-Delorme (pre-Late Silurian) arch,  herein named t h e  
Twitya Uplift, c a n  b e  delineated whereon Delorme Format ion 
rocks unconformably overlie s t r a t a  older than Mount Kindle 
Formation over an a rea  tha t  is a t  leas t  100 km long and 
40 km wide. The wri ters  (Cook and Aitken, 1971) f i r s t  
described the  uplift a s  a pre-Devonian f ea tu re  which they 
considered t o  be a northern extension of t h e  Redstone Arch 
described by Gabrielse (1967). In a l a t e r  paper  on t h e  geology 
of Carcajou Canyon map-area (96D) t h e  wri ters  (Aitken and 
Cook, 1976) again referred t o  t h e  anomalous unconformable 
relationships in the  adjacent  Mount Eduni map-area. In a brief 

Stratigraphy 

Stratigraphy used he re  i s  summarized in Table  70.1, 
and is essentially t h a t  of Aitken and Cook (1974a) with 
additional subdivisions within map-unit H5 resultin f rom 
recent  s tudies  by Aitken (19771, and Aitken e t  a1. (1978 .  

Some additional informat ion on t h e  Delorme 
Format ion is  perhaps justified. In Mount Eduni map-area a 
t r ipa r t i t e  subdivision is  recognized. Basal beds of thin and 
medium bedded sandy and silty dolomite  locally grading t o  
dolomitic sandstone and s i l t s tone grade upward t o  a middle 
subdivision of pale  grey,  commonly laminated,  medium and 
thick bedded micro-crystall ine dolomite.  This grades,  in turn,  
t o  an  upper subdivision which is  sandy and sil ty dolomite  
much like t h e  basal beds. The De lo rme  thins nor theas tward t o  
where  i t  has  been included f o r  mapping purposes in t h e  Arnica 
and Bear Rock format ions  by Aitken and Cook (1974a). 

discussion they raised two  possibilities: one, t h a t  abrupt  
changes  in s t ra t igraphic  position of t h e  base  of t h e  Delorme At  t h e  present  level of reconnaissance study, t h e  

Twitya Uplift does  not  appear  t o  have a f f ec t ed  sedimentary  Formation f rom one side of a fau l t  t o  another  could be  
facies in  the Delorme. This suggests that the uplif t  was explained by t ec ton ic  juxtaposition of d i f ferent  pa r t s  of a n  

erosional bevelled succession overlain by Delorme Formation, a lmost  complete ly  peneplained s o  t h a t  essentially no topo- 

o r  two, t h a t  t h e  abrupt  changes across  f au l t  t r aces  were  d u e  graphic high existed at t h e  t i m e  t h e  Delorme was  being 

t o  pre-Delorme faulting and erosional truncation of t h e  f a u l t  deposited.  Detailed s tudies  of t h e  Delorme and younger 
format ions  current ly  being carr ied  ou t  by D.W. Morrow of t h e  blocks. The analysis presented here  strongly supports a model 

of gent le  epeirogenic uplift and erosion across  a be l t  which Geological Survey of Canada should shed light on t h e  f ac i e s  

subsequently was severely compressed and horizontally e f f ec t s ,  if any, result ing f rom t h e  exis tence  of t h e  uplift. 

shor tened during ~ a r a m i d e -  deformation. The possibility of Tdtya Uplift significant Pre-Delorme faulting i s  virtually eliminated. 

The sub-Delorme (pre-Late Silurian) unconformity (see 
Fig. 70.1) cu t s ,  in a shor t  d is tance ,  f rom rocks a s  young a s  t h e  
L a t e  Ordovician t o  Early Silurian Mount Kindle Format ion t o  
rocks a s  old a s  the  Helikian(?) rusty sha le  subunit of Aitken 
(1977). Consequently,  an  erroneous f i rs t  impression gained in 
t h e  field i s  t h a t  g r e a t  localized uplift  accompanied by deep  
erosion occurred in pre-Delorme time. If, however, t h e  sub- 
Delorme unconformity i s  considered in conjunction with t h e  
sub-Franklin Mountain Format ion (pre-Late Cambrian) uncon- 
formity (Fig. 70.2) i t  becomes appa ren t  t h a t  t h e  "deep" 
erosion is, in f a c t ,  due  simply t o  removal of Mount Kindle and 
Franklin Mountain formations with resul tant  exhumation of 
the  sub-Franklin Mountain sequence in a paleo-inlier 
surrounded by Mount Kindle and Franklin Mountain 
formations.  

Twitya Uplift i s  i l lustrated bes t  by a De lo rme  
Format ion subcrop map  of Mount Eduni map-area (Fig. 70.1). 
In t h e  a r e a  of t h e  uplift  both t h e  Mount Kindle and t h e  
Franklin Mountain format ions  have been removed by erosion 
in pre-Delorme t ime  t o  form a paleo-inlier of Precambrian 
and L o w e r  Cambrian format ions  surrounded by Upper 
Cambrian Franklin Mountain Formation. Within the  inlier t h e  
Delorme overlies a .southwestward-dipping wedge of s t r a t a  
with format ions  a s  old a s  Helikian rusty sha le  subunit  and a s  
young a s  Lower Cambrian Sekwi Formation. Because t h e  
subcrop map (Fig. 70.1) has  no t  been palinspastically 
co r rec t ed ,  s t ra t igraphic  c o n t a c t s  a r e  closely spaced along t h e  
nor theas tern  side of t h e  uplift  where  they have been 
" t e l e ~ c o p e d ' ~  by displacement  on the  Pla teau and re la ted  
thrusts.  



130' An understanding of t h e  uplift  i s  650 
fac i l i ta ted  by considering another  subcrop 
map, t h a t  of t h e  Franklin Mountain 
Formation (Fig. 70.2). Because Mount 
Eduni map-area lies ent i re ly  on t h e  
southwest flank of Mackenzie Arch a s  i t  
existed during t h e  Early and Middle 
Cambrian (see Fig. 70.3); t he  Upper 
Cambrian  basal Franklin Mountain 
Format ion overlies successively younger 
s t r a t a  southwestward (Fig. 70.21, f rom 
Helikian(?) upper p a r t  of t h e  Kather ine  
Group in t h e  nor theas t  co rne r  of t h e  map- 
a r e a  t o  t h e  Lower Cambrian Sekwi 
Formation in t h e  southwest  pa r t  of t h e  
map-area. Again, because  t h e  map has no t  
been palinspastically adjusted t h e  
c o n t a c t s  a r e  spaced closely near Pla teau 
Thrus t  d u e  t o  "telescoping" by younger 
displacements.  

In t h e  a r e a  of t h e  paleo-inlier along 
Twitya  Uplift  t h e  pre-Franklin Mountain 
geology is  unknown, and t h e  pre-Delorme 
configuration i s  shown instead.  Sig- 
nificantly,  t h e  pre-Franklin Mountain 
t rends  a r e  not  grea t ly  d i f ferent  f rom t h e  
pre-Delorme trends.  Clearly,  t h e  younger 
phase of erosion did no t  grea t ly  modify 
t h e  distribution of pre-Franklin Mountain 
s t ra t igraphic  units. This leads t o  t h e  
impor t an t  conclusion t h a t  pre-Delorme 
erosion removed very l i t t l e  more  than t h e  
Mount Kindle and t h e  Franklin Mountain 
format ions  and essentially exhumed t h e  
old unconformity.  Needless t o  say some  
erosion of t h e  older uni ts  had t o  occur  in 
t h e  a r e a  of t h e  inlier, and t h e  localized 
erosion t o  t h e  level of t h e  rusty sha l e  
subunit  may well have  occurred a t  t h a t  
t ime.  1300 

Southeastward Ex ten t  of Twitya  Uplift  F igure  70.1. The Twitya Arch a s  outlined by De lo rme  Format ion subcrop. 

The uplift  must extend t o  t h e  southeas t  in to  Sekwi in termi t tent ly  emergen t  and shifted basinward or shoreward 
Mountain (105P) and Wrigley Lake (95L) map-areas,  but and longitudinally along t h e  b e l t  f rom period t o  period. 
canno t  be  outlined precisely t he re  because  Devonian rocks Mackenzie Arch, then,  i s  a compos i t e  f e a t u r e  comprising a 
a r e  missing due  t o  Ple is tocene  and Recen t  erosion in t h e  family of re la ted  but temporally s e p a r a t e  upl i f t s  including 
c r i t i ca l  a r e a  (see maps of Blusson, 1971; Gabrielse e t  al., Redstone  Arch. In t h a t  con tex t  Twitya  Uplift  marks  t h e  pre-  
1973). Where i t  occurs  t o  t h e  southeas t ,  t h e  De lo rme  L a t e  Silurian ax i s  of Mackenzie  Arch (note  t h e  n e a r  
Format ion invariably overlies t h e  Upper Ordovician and coincidence  of t h e  uplift  with Gabrielse 's  Redstone  Arch on 
Lower Silurian Whi t taker  Format ion (equivalent of Mount Fig. 70.3). However,  because  i t  i s  reasonably well  defined 
Kindle), but  present-day distribution of Whittaker and geographically and temporally,  t h e  wr i t e r s  f ee l  t h a t  t h e  pre-  
De lo rme  (Fig. 70.3) pe rmi t s  ext rapola t ion  of Twitya Uplift  L a t e  Silurian uplift  wa r ran t s  a n  individual name,  i.e. Twitya 
f o r  some 200 km southeastward f rom t h e  south boundarv of U ~ l i f t .  r a the r  than t h e  more  genera l  name.  Mackenzie  Arch. , , " 
Mount Eduni map-area,  and well i n to  Glacier Lake map-area Pre-Franklin Mountain(?) Faults (95L). Present  distr ibution of Lower. Middle, and Upper 
Cambrian s t r a t a ,  however,  (Fig. 70.3) s;ggests t h a t  t h e  upiift  The const ruct ion  of t h e  Franklin Mountain subcrop 
may not  extend more  than 100 km in to  Wrigley Lake map- map  (Fig. 70.2) con t r ibu te s  fu r the r  t o  our  understanding of a 
area .  I t  may be  t h a t  t h e  uplift  did extend along t h e  back of s e t  of an t eceden t  f au l t s  descr ibed by Aitken and Cook 
t h e  Pla teau Thrust  P l a t e  (see  Fig. 70.3). If so, t h e  presence  of ( 1 9 7 4 ~ ) .  The  ab rup t  changes  in Franklin Mountain s t r a -  
t h e  epeirogenic a r ch  may have  localized t h e  init iat ion of t igraphy ac ros s  individual f au l t s  recognized by Ai tken and 
P la t eau  Thrust .  Conversely,  of course ,  t h e  uplift  could b e  Cook a r e  more  c lear ly  documented in t h e  subcrop map.  
in terpre ted  t o  nose ou t  abruptly,  only a f e w  ki lometres  south  
of Mount Eduni map-area.  Laramide  rejuvenation of t h e s e  f au l t s  resulted in 

consistently r ight - la tera l  movemen t s  (see  Ai tken and Cook, 

Relationship of Twitya  Uplift  to Mackenzie  Arch 1 9 7 4 ~ 1 ,  and no a t t e m p t  has been made  in Figure  70.2 t o  
r emove  t h e  e f f e c t s  of those  d isplacements .  In sp i te  of t ha t ,  

Gabrielse (1967) outlined t h e  Redstone  Arch (see  o r  perhaps because  of i t  t h e  o f f se t s  of pre-Franklin Mountain 
Fie. 70.3). a ~ o s i t i v e  t ec ton ic  e l emen t  which in t e rmi t t en t lv  marke r s  i s  inconsis tent  in sense. 
a f ~ e c t e d " s e d ~ r n e n t a t i o n  f rom L a t e  Proterozoic  t o  ~ i d d l k  In t h i s  map, n o  c l e a r  p a t t e r n  of f a u l t  d isplacement  i s  time' The name "Redstone Arch" appears to have apparent, however, the  offsets mapped generally are con- 
been superseded by the name "Mackenzie Arch" by s is tent  with a n  in t e rp re t a t i on  of t h e  f a u l t s  a s  normal  faul ts .  Douglas et al. (1970) apparent ly  a s  a b lanket  t e r m  f o r  a 
broad, a r cua t e ,  generally posit ive bel t ,  t h e  axis  of which was  



GYPSUM SUBUNIT (Note 2) LITTLE DAL GROUP 
(see Aitken et al., this publication) 

GRAINSTONE SUBUNIT (Note 2) 

MUD-CRACKED SUBUNIT and 
BASINAL SEQUENCE undivided (Note 2) 

KATHERINE GROUP, upper division 

Note 1. Mapped as Little Dal Formation by Aitken and Cook, 1974, includes 
Redstone and Coppercap Formations. 

Note 2. Subdivisions of map-unit H5 follow Aitken, 1977 

Sub-Franklin Mountain Formation geological contact 
Sub-Delorme Formation geological contact 
Pre-Franklin Mountain Fault (solid circle on 
apparent downthrown side) 

Locality at which Franklin Mountain Formation 
overlies indicated older strata 
~ o c a l i t ~  at which Delorme Formation overlies 
indicated older strata 
Sub-Delorme zero-edge of Franklin Mountain Formation 



Table 70.1. Table of Formations 

2 
FORMATION AND 

MAXIMUM THICKNESS, 

in metres 

DELORME FORMATION 270 

LITHOLOGY 

Dolomite, partly sandy, silty, argillaceous; marine 

:: 
Ei 
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H a: 
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Unconformity 

Unconformity 

L 
u 

z' - 
9 
H 
z 
2 

RAPITAN 

GROUP 

1920 

MOUNT KINDLE FM 320 

Middle Division: Diamictite; dolomite-clast conglomerate; 
limestone; marine and(?) nonmarine 

Lower Division: Conglomerate, pebbly mudstone, red 
argillite, sandstone; marine and(?) nonmarine 

SHEEPBED FORMATION 

2020 

KEELE FORMATION 

520 

Dolomite, fossiliferous, siliceous; minor chert; marine 

Unconformity 

Shale, brown, dark grey; minor siltstone; dolomite local 
at top; marine- 

Dolomite, limestone, quartzite, shale, conglomerate; 
marine (?) 

Upper Division: Argillite, siltstone, sandstone, minor 
conglomerate, pebbly mudstone, limestone at base 

e: 
2 
2 

a: 
W 
a 
a = 

FRANKLIN MOUNTAIN 

FORMATION AND 

ROAD RIVER FORMATION 

460 

Basal red beds of sandstone, red shale, conglomerateoverlain 
by very finely crystalline dolomite, finely- to medium 
crystalline dolomite, partly stromatolitic; marine 

Changes south westward to Road River Formation: black shale, 
limestone, dolomite, minor sandstone; marine; includes 
Middle Cambrian rocks to southwest 

Unconformity 

PC 
W z= 
o 
a 

SEKWI FORMATION 

790 

Dolomite and limestone, partly argillaceous and sandy, 
minor shale and sandstone; marine 

Conformable Contact 

BACKBONE RANGES 

FORMATION 

800 

Sandstone and quartzite, minor dolomite and sha1e;mainly 
marine 



Table 70.1 (cont'd) 

- 

z 
0 
N 

2 

E 

'ERIOD 
OR 

EPOCH 

FORMATION AND 
MAXIMUM THICKNESS, 

in metres 
LITHOLOGY 

- 
z 

z s  
g 
cl 

3 

!3 
o 
8 
Y 
8 

5 

Unconf ormi ty 

Upper Carbonate 
700+ 

3 
o 
8 

Dolomite and limestone, partly sandy, silty, and 
argillaceous; minor shale; marine 
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.$ e 

w 
k l m  

8 *  2 
& 
2 

Conformable Contact 

Upper quartzite 
subunit 

430 

Lower 
subunit 

240 

Conformable Contact 

Sandstone, quartzose, mostly thin-bedded 

Shale, dark grey; minor quartzite; orange stromatolitic 
dolomite 

Rusty 
subunit 

230 

Shale, greenish grey, with purple intervals; dolomite; 
sandstone; rusty weathering overall; marine 

Conformable Contact 

 GYPS^ 
subunit 

530 
Gypsum, white with red intervals minor gypsiferous shale 

Conformable Contact 

Grains tone 
subunit 

270 

Dolomite, oolitic, cryptalgal, molar tooth, minor chert; 
platy to flaggy dolomite at top 

Conformable Contact 

sequence 

400 

Shale, red, olive, grey, with limestone nodules, alternating 
with intervals of limestone-shale rhythmite; stromatolitic 
reefs 

Conformable Contact 

Mttdcracked 
subunit 

60 

Shale, dark-grey, red; sandstone, mainly thin-bedded; 
mudcracks, prominent ripple marks 

Conformable Contact 



Refe rences  

Figure 70.3. Potent ia l  l imit  of Twitya  Uplift. The uplift  is  
well defined in Mount Eduni map-area where  
Delorme Format ion unconformably overlies 
older s t r a t a .  To  t h e  southeas t  in t h e  hanging 
wall of p la teau thrus t ,  Delorme and younger 
rocks have been eroded away by modern 
erosion. The generalized present-day zero-edges 
of se lec ted  units outl ine t h e  potent ia l  a r e a  
within which t h e  a r ch  could be  ext rapola ted  
southeastward.  
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A NEW OSTRACODE GENUS FROM UPPER PERMIAN ROCKS IN ARCTIC CANADA 
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Insti tute of Sedimentary and Petroleum Geology, Calgary 

Abstract 

Kozur, H .  and Nassichuk, W.W. ,  A new ostracode genus from Upper Permian Rocks in Arctic 
Canada; Current Research, Part A, Geol. Surv. Can., Paper 78- lA,  p. 389-392, 1978. 

Boreokirkbya oertlii n. gen., n. sp. from the Upper Permian Trold Fiord Formation in 
northern Ellesmere Island is the first Permian ostracode to be described from Arctic Canada. 
The Trold Fiord Formation on Ellesmere Island has been dated as early Kazanian (Wordian) 
mainly on the basis of boreal brachiopod assemblages. Boreokirkbya oertlii sho~vs affinities 
with tethyan species and may refine currently ambiguous Upper Permian biostratigraphic 
relationships between Tethyan and Boreal realms. Mandibular and antennal muscle scars and 
shell morphology of Boreokirkbya indicate that the Kirkbyocopina belongs in the Podocopida. 

Introduction 

Euryhaline ostracodes a r e  distributed widely in all  
Permian s tages  in t h e  Soviet  Union and have been employed 
with particular success, along with ce r t a in  groups of "small" 
foraminifers,  t o  subdivide and co r re l a t e  t h e  Kungurian and 
Kazanian stages.  The l a t t e r  s t ages  a r e  character ized by 
lagoonal and marine  sediments,  evapor i tes  and ter res t r ia l -  
lagoonal beds; faunas  indicative of "normal" marine environ- 
m e n t s  a r e  relatively rare. In North America,  however, 
os t racodes  have been employed only secondarily for marine 
biostratigraphy but hopefully thei r  importance  and t h e  impor- 
t a n c e  of o ther  l i t t l e  studied groups such a s  ca lcareous  
foraminifers and conodonts will increase a s  Permian biostra- 
t igraphy becomes increasingly refined. Ostracodes  a r e  known 
t o  occur  only sporadically in most  mar ine  Permian rock 
successions in Arct ic  Canada and none have been described 
previously. This paper describes t h e  new kirkbyid genus 
Boreokirkbya which is associated with Boreal faunal e lements  
in t h e  Trold Fiord Formation on El lesmere  Island. The genus 
is important  f rom a morphological point of view because i t  
displays mandibular and antennal muscle scars  which support  
t h e  view t h a t  t h e  suborder Kirkbyocopina does indeed belong 
in t h e  Order Podocopida a s  was suggested by Kozur (1972a). 
Additionally, however,  Boreokirkbya seems  to  be re la ted  t o  
os t racodes  of t h e  Tethyan realm and may ult imately throw 
new light on current ly  ambiguous relationships between Upper 
Permian s t r a t a  in ' tethyan'  and 'boreal' regions. 

St ra t igraphy and Faunas  

The Trold Fiord Formation was defined by Thorsteinsson 
(1974) a s  a succession of sandstone, conglomerate  and minor 
l imestone deposited ra ther  widely in  eas tern ,  southern and 
northern par ts  of t h e  Sverdup Basin. The type section (195 m 
thick) is on the  north side of t h e  CaTon Fiord, northern 
Ellesmere Island (Thorsteinsson and Tozer,  1971). The 
format ion a t t a ins  a maximum thickness of about 400 m in t h e  
"Sawtooth Mountains" of western  Ellesmere Island, approxi- 
mate ly  48 km southwest of t h e  type section. The Trold Fiord 
Formation is equivalent t o  t h e  Degerbols Formation, a suc- 
cession of ca rbona te  rocks in interior regions of t h e  Sverdrup 
Basin. I t  is equivalent also to  the  Tahkandit  Formation in 
Alaska and t h e  Ogilvie Mountains a r e a  of t h e  Yukon, and t o  
an  unnamed unit of c las t ic  rocks in t h e  Richardson Mountains 
f a r the r  north in the  Yukon (Bamber and Waterhouse, 1971). 

'The os t racode described in this repor t ,  Boreokirkbya 
oertl i i ,  was found near the  middle of t he  Trold Fiord 
Formation, 0.2 km along s t r ike  t o  t h e  north of t h e  type  
section (Fig. 71.1). There,  t he  format ion is 102 m thick. I t  
r e s t s  conformably on calcareous  sandstones of t he  Roadian 
Assistance Formation and is, in turn ,  overlain by sandstones 
of the Lower Triassic Bjorne Formation. The Trold Fiord 
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Figure 71.1 Index map showing os t racod occurrences  a t  GSC 
locali t ies C-32499 and C-32503 in the  Upper 
Permian Trold Fiord Formation. 

Formation fo rms  a ra ther  prominent cues t a  in the  type a r e a  
and i t s  greenish weathering cha rac te r  is  in sharp  con t ra s t  
with yellow- and red-weathering, relatively more  resistant 
sandstone of t h e  overlying Bjorne Formation. The Trold Fiord 
is composed mainly of fine grained, glauconitic,  ca lcareous  
sandstones t h a t  a r e  thinly bedded with irregular,  'wavy1 
bedding planes; f ine grained chert-pebble conglomerates  
occur a t  four levels and minor s i l t s tone and sandy limestone 
beds occur  throughout t h e  formation. Near t h e  middle of t h e  
formation, s o m e  sandstone beds, which probably a r e  channel 
deposits,  a r e  lenticular,  cross-bedded and extensively 
burrowed. On a regional scale ,  t h e  Trold Fiord Formation 
clearly ref lec ts  an  interval of transgression; progressively 
older beds a r e  overstepped shoreward. Recurring conglo- 
mera te s  in t h e  type  a r e a  probably r e f l ec t  episodes of more  
rapid transgression ra ther  than local uplift. In t e rms  of a 
biologically or iented depositional model proposed by Kozur 
(1972131, deposition probably occurred in wa te r  of f luctuat ing 
salinity between depths of 10 and 30 m with a moderate  t o  
high level of wave energy. 

Brachiopods a s  well a s  f enes t r a t e  and ramose bryozoans 
occur  abundantly throughout t h e  Trold Fiord Formation in t h e  
type  a rea ;  ammonoids, gastropods,  pelecypods and soli tary 
cora ls  a r e  relatively rare .  Ost racodes  described in this repor t  
were  recovered f rom residues f rom glauconitic sandy lime- 
s tones  dissolved in ace t i c  acid.  Most specimens a r e  preserved 
as fragmentary  glauconitic s te inkerns  which a re ,  fo r  t h e  most 
part ,  unidentifiable,  but a f ew t h a t  a r e  be t t e r  preserved by 
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dolomitization and silicification a r e  identified herein a s  a 
new kirkbyid, Boreokirkbya oer t l i i  n. gen., n. sp. This, and 
other  unidentified ostracode species a r e  associated with a 
diverse fauna of ca lcareous  and agglut inated foraminifers,  
bryozoans and minute,  immstu re  gastropods and brachiopods. 
Representa t ives  of t h e  l a t t e r  t h ree  groups a r e  silicified but  
foraminifers a re  preserved a s  steinkerns. Scales of bony fish 
and sharks a r e  present  also. 

Fossils in the  Assistance Formation beneath the  Trold 
Fiord Formation north of Caiion Fiord indicate  a Roadian age. 
The ammonoid Daubichites fo r t i e r i  (Harker), which has  i t s  
t y p e  locali ty in t h e  type  section of t h e  Assistance Formation 
on Devon Island, was identified by Nassichuk (1975) f rom 
4 3  m above the  base of t h e  Assistance directly beneath  t h e  
type  sect ion of t h e  Trold Fiord Formation. Conodonts 
recovered f rom this s a m e  horizon were  identified by Kozur 
and Nassichuk (1977) a s  Gondolella idahoensis Youngquist, 
Hawley and Miller and an  unnamed species  in termedia te  
between G.  idahoensis and G. nankingensis Cheng. Kozur and 
Nassichuk (ibid.) indicated a l a t e  Roadian age;  t h a t  is l a t e s t  
Chihsian t o  early Kubergandinian in t h e  Tethyan scale.  

The a g e  of the  Trold Fiord Formation in t h e  Sverdrup 
Basin was summarized by Thorsteinsson (1974), who c i t ed  
brachiopod da ta  provided by R.E. Grant  and J.B. Waterhouse,  
cora l  d a t a  by E.W. Bamber and ammonoid d a t a  f rom 
Nassichuk et al. (1966) t o  conclude t h a t  t h e  format ion is of 
Guadalupian (Wordian, Capitanian undiferrentiated) age.  
Waterhouse (1976) suggested t h a t  brachiopod d a t a  f rom the  
Trold Fiord throughout t h e  basin indicated t h e  presence of a 
single zone of ear ly  Kazanian (Wordian) age.  Waterhouse (in 
Thorsteinsson, 1974) identified t h e  following brachiopods 
collected between 18 and 30 m above the  base  of t he  type 
section: 

Tharnnosia (Thuleproductus) n. sp. A 

Spiriferella sp. 

?Kuvelousia sphiva Waterhouse 

Neospirifer cf .  N. s t r ia toparadoxus  (Toula) 

The following, considerably more  diversified brachiopod 
fauna was  identified by Waterhouse (pers. comm., 1971) f rom 
near t h e  base of t h e  Trold Fiord Formation nearly 5 km north 
of t he  type  section. 

Streptorhynchus kempei Anderson 

Waagenoconcha wirnani Freder icks 

Kuve lws ia  sphiva W a terhouse  

Tharnnosia sp. 

Yakovlevia greenlandica (Dunbar) 

Stenoscisma spitzbergiana (Stepanov) 

Pterospirifer a l a tus  (Sower by) 

Spiriferella keilhavii (von Buch) 

Neospirifer striatoparadoxus (Toula) 

The Trold Fiord os t racode fauna is clearly younger than 
Koadian os t racode faunas  described f rom Texas  by Sohn 
(1954). It resembles  os t racode faunas  f rom t h e  upper 
Kazanian of the  northern Kussian Pla t form and f rom t h e  
lower Zechstein of Germany. Foraminifers in t h e  Trold Fiord 
appear  t o  indicate  c lose  af f in i t ies  with post-Wordian t h a t  is, 
Capitanian or  younger species  in Tethyan regions of Germany, 
Hungary (Biikk Mountains), Yugoslavia and elsewhere.  Thus, 
i t  is clear t h a t  additional studies of foraminifers,  os t racodes  
and also conodonts a r e  required t o  c lar i fy  relationships 
between t h e  Trold Fiord Formation and sequences  in t h e  
Urals established largely on the  basis of boreal brachiopod 
assemblages. 

Sys t ema t i c  paleontology 

Subclass OSTRACODA Latre i l le ,  1806 

Superorder PODOCOPAMORPHES Kozur, 1972 

Order PODOCOPIDA Sars,  1866 

Suborder KIRKBYOCOPINA Grundel, 
1969 emend. Kozur. 1972 

Remarks  

Kozur (1972a) tenta t ively  assigned t h e  Kirkbyocopina t o  
t h e  Podocopida. This assignment was made on t h e  basis of 
muscle scars  in Scrobicula scrobicula ta  Jones,  Kirkby and 
Brady, 1884 a s  described by Gramm and Pokner (1972). Those 
scars ,  which include adductor  muscle  and numerous re la ted  
secondary sca r s  a s  well a s  antennal  scars,  showed t h a t  
Scrobicula clear1 y is re la ted  t o  t h e  Podocopida. Scrobicula, 
however,  had only been assigned t en ta t ive ly  t o  t h e  Kirkbyo- 
copina and s o  relationships between t h e  Kirkbyocopina and 
t h e  Podocopida were  known t o  be speculative.  The presence 
of mandibular and antennal  muscle  s c a r s  and t h e  shell  
morphology of Boreokirkbya, which has  a l l  t h e  cha rac te r i s t i c s  
of a kirkbyacean os t racode,  supports assignment of t he  
Kirkbyocopina t o  t h e  Podocopida. 

Superfamily KIRKBYACEA Ulrich and Bassler, 1906 

Family KIRKBYIDAE Ulrich and Bassler, 1906 

Genus Boreokirkbya n. gen. 

Type species 

Boreokirkbya oer t l i i  n. sp. 

Diagnosis 

Large. Carapace  e longa te  rectangular.  End margins 
almost equally round. One broad marginal r im; somet imes  a 
second smaller marginal ridge is developed. Large smooth 
kirkbyan pi t  in t h e  midlength. Ret icula t ions  of t h e  l a t e ra l  
su r face  slight; small  tuberc les  present.  Rim and ventra l  
surface  smooth. Hinge consists of a terminal  expanded 
groove in t h e  l e f t  valve and a corresponding ridge and 
cardinal  t ee th  in t h e  r ight  valve. Mandibular and antennal  
s c a r s  present.  

Distribution 

Trold Fiord Format ion,  Arct ic  Canada. 

Included species  

Boreokirkbya oer t l i i  n. sp. and Boreokirkbya n. sp. 

Discussion 

Kirkbya Jones,  1859 has  an  a c u t e  posterior cardinal 
angle  and a proportionately smaller kirkbyan pit. Knightina 
Kel le t t ,  1933 has  no terminal  tee th .  Knightina? c u e s t a f w m a  
Sohn, 1954, is  similar t o  t h e  new genus, bu t  possesses 3 
marginal ridges, t h e  innermost of which consists of a row of 
hollow tubes. 

Boreokirkbya oer t l i i  n. sp. 

P l a t e  71.1, f igures 1-4 

Derivatio nominis 

In honour of Dr. H.J. Oertl i ,  Pau. 



Figures 

I. external  view of right valve of holotype, GSC 53138, x20. 

2. in ternal  view of right valve of holotype, x20. 

3. upper view of right valve of holotype, x20. 

4. external  view of lef t  valve of paratype, GSC 53139, x20. 

P la t e  71.1 Boreokirkbya oer t l i i  n. gen., n. sp. f rom t h e  Trold 
Fiord Formation on northern Ellesmere Island 
(GSC loc. C-32499). 

Description 

Carapace  large,  e longate  and rectangular in la tera l  
view. Grea te s t  length a t  mid-height. Dorsal margin s t ra ight .  
End margins almost equally rounded or  anter ior  margin 
somewhat  more  broadly rounded. Ventral l a t e ra l  view 
s t ra ight  or  slightly concave, ventra l  margin concave. Broad 
dorsal area .  Posterior slope of shoulder r a the r  s teep.  
Anterior and ventral  slopes of shoulder vary somewhat  with 
individuals, but a r e  always considerably less s t e e p  than t h e  
posterior slope. Lateral  surface  with small  reticulations.  
Kirkbyan pi t  large,  somewhat  rimmed, shallow, ref lec ted on 
inside of valve a s  smooth knob. Two small  tuberc les  a r e  
si tuated anter ior  t o  t h e  kirkbyan pit. Marginal r im broad and 
shallow, smooth. Ventral su r face  also smooth t o  very faintly 
pit ted.  Hinge a s  for t he  genus. Groove and corresponding 
ridge seem t o  be  crenula ted,  but  t h e  s t a t e  of preservation 
does  not allow a precise description of this crenulation. A t  
t h e  adductor muscle scar ,  s i tuated in t h e  kirkbyan pit, a s  well 
a s  a t  t he  mandibular and antenna1 muscle scars ,  secondary 
sca r s  cannot generally be  observed clearly.  The mandibular 
scar ,  however,  probably consists of more  than one secondary 
scar .  

Comparisons 

A second species,  which we have not described because 
of t h e  f ragmentary  na tu re  of specimens but  which we have 
designated Boreokirkbya n. sp., occurs  in association with 
Boreokirkbya oertlii. Boreok~rkbya  n. sp. d i f fers  f rom B. 
oertl i i  in t h a t  t h e  fo rmer  has  a smal ler  bu t  higher marginal 
rim and a distinct second marginal r idge between t h e  
marginal rim and the  margin. 

Occurrence  

The type locali ty of Boreokirkbya oertl i i ,  GSC locali ty 
C-32499, is  43.5 m above t h e  base  of t h e  Trold Fiord 
Formation, north of the  Ca'Zon Fiord,  northern Ellesmere 
Island (Lat.  80°43'N, Long. 85'40'W; Textfig.  I). The species 
is a lso  known t o  occur  sl ightly higher in t h e  s a m e  sect ion in 
GSC locali ty C-32503, 49.5 m above t h e  base  of t h e  Trold 
Fiord. 

Type specimen 

Holotype GSC 53138 and para type GSC 53139. 
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SUBSURFACE STRATIGRAPHY, CONODONT ZONATION, AND ORGANIC METAMORPHISM O F  THE LOWER 
PALEOZOIC SUCCESSION, BJORNE PENINSULA, ELLESMERE ISLAND, DISTRICT O F  FRANKLIN 

Projects 750017 and 680101 

Ulrich Mayr, T.T. Uyeno, and C.R. Barnes1 
Institute of Sedimentary and Petroleum Geology, Calgary 

Abstract 

Ulrich Mayr, Uyeno, T.T., and Barnes, C.R., Subsurface stratigraphy, conodont zonation, and organic 
metamorphism of the Lower Paleozoic succession, Bjorne Peninsula, Ellesmere Island, District of 
Franklin; Current Research, Part A, Ceol. Surv. Can., Paper 78-lA, p. 393-398, 1978. 

Strata  penetrated by two wells (Panarctic Tenneco e t  al. CSP Eids M-66 and Panarctic ARCO e t  
al. Blue Fiord E-46), located a t  southern Bjorne Peninsula in southwestern Ellesmere Island, range in 
age from late  Early Devonian to Early Ordovician (Eids to  Copes Bay formations). In terms of 
conodont zonation, this span is from Faunas 7-8 of Klapper e t  al. (1971) t o  Fauna L) of Ethington 
Clark (1971). An organic metamorphism study, based on conodonts, has been initiated only in the 
Canadian Arctic Islands, and no firm conclusions can be drawn a t  this time. The study does suggest, 
however, that in a rock that  has been assessed as  a mature hydrocarbon source by geochemical 
analyses, the values of the conodont colour alteration index (CAI) may be higher in terrigenous 
sediments than in carbonates. 

Introduction 

Two wells, Panarctic Tenneco e t  al. CSP Eids M-66 and 
Panarctic ARCO e t  al. Blue Fiord E-46, located in the  
southern part of Bjorne Peninsula in southwestern Ellesmere 
Island (Fig. 72.11, a r e  under study. The rocks encountered in 
these wells were deposited in a marginal zone of a Siluro- 
Ordovician carbonate platform. The wells penetrated a 
sequence ranging from the Lower Devonian t o  Lower 
Ordovician, from the Eids t o  Copes Bay formations 
(Fig. 72.2). 

In this account, description of formations and discussion 
of their stratigraphic relationships a re  by Mayr; biostrati- 
graphic and colour alteration studies of the Siluro-Devonian 
conodonts a r e  by Uyeno, and of the Ordovician conodonts by 
Barnes. The final part on organic metamorphism and source 
rock potential is a joint responsibility of the three authors. 

We a r e  grateful t o  Anita C. Harris of the U.S. 
Geological Survey, Washington, for providing a se t  of 
standards of conodonts of different CAI values. 
R. Thorsteinsson and T.G. Powell, both of I.S.P.G., provided 
us with graptolite identifications, and geochemical analyses, 
respectively. Three of the participants of the wells, 
Panarctic Oils Ltd., Petro-Canada Exploration Inc., and 
Tenneco Oil and Minerals, Ltd., provided us with bulk samples 
forconodontsudy. 

Stratigraphy 

Both wells were spudded in the Eids Formation, which 
consists of calcareous, dolomitic. and micaceous siltstone. A 
gradient in grain size appears to 'be present between the two 
wells, because the siltstone in the Eids 9-66 well is 
interbedded with subordinate very fine grained sandstone, 
whereas the  siltstone in the Blue Fiord E-46 well is generally 
argillaceous. The contact with the underlying Cape Phillips 
Formation is gradational and was drawn a t  a colour change 
from light t o  dark grey. 

Only the Blue Fiord E-46 well [in the  interval 60-1300 
f t  (18.3-396.2 m)] yielded stratigraphically useful conodonts 
from the Eids Formation; a form transitional between 
Pandorinellina exigua philipi (Klapper) and P. exigua exigua 
(Philip). Such a form was reported previously from the Road 
River Formation a t  Royal Creek, Yukon Territory (Klapper, 
1969, p. 17, PI. 5, figs. 1-7). The Royal Creek occurrence 
suggests an assignment of this form to Faunas 7 and 8 of 
Klapper e t  al. (1971, Fig. I), or the Polygnathus dehiscens 

Fauna of Weddige and Ziegler (1977, p. 70), of la te  Early 
Devonian (Emsian) age. The informal faunal units of Klapper 
e t  al. (1971) a r e  currently being given zonal terms (see 
Klapper and Johnson, 1977, p. 1051). This transitional form 
of Pandorinellina exigua, together with P. cf .  P. expansa 
Uyeno and Mason, a r e  present in a sample collected by 
R. Thorsteinsson from the  Eids Formation a t  its type area 
(GSC Ioc. 57730; McLaren, 1963, p. 317; see Collins, 1969, 
p. 32, 33, 36 for locality details). Pandorinellina exigua 
(Philip) and Polygnathus inversus Klapper and Johnson were 
reported by Weyant (1975) from the lower member of the  
Blue Fiord Formation a t  i ts  type area (McLaren, 1963, 
p. 319), and may be assigned to Fauna 9 of Klapper e t  al. 
(1971, Fig. I )  or the Polygnathus latiscostatus Fauna of 
Weddige and Ziegler (1977, p. 71). 

At Sor Fiord, t o  the southeast of the study-area 
Polygnathus dehiscens was reported from the Eids Formation 
(Klapper and Johnson, 1975, Fig. 4) and, therefore, is of 
similar age t o  the Eids Formation in the E-46 well. 

The stratigraphic relationship between the  Eids and 
Cape Phillips formations is not known, but may be resolved by 
palynomorph identifications in progress. 

The Cape Phillips Formation [ top  a t  271 f t  (82.6 m), 
M-66; 1576 f t  (480.4 m), E-461 overlies and laterally 
replaces the Siluro-Ordovician carbonates of the Read Bay 
and Allen Bay formations. It is in the order of 500 m 
(1500 f t )  thick and consists of calcareous and silty, very dark 
grey shale. Interbeds of dark brown lime mudstone and 
skeletal wackestone a re  present in the lower part of the 
formation in the  Eids M-66 well. 

Graptolites a t  a depth of 1720 f e e t  (524.3 m) in the Eids 
M-66 well (?Stromatograptus sp. indet. and Monograptus sp. 
indet., R. Thorsteinsson, pers. comm., 1977) indicate a latest 
Llandoverian or earliest Wenlockian age for the lower part of 
the formation in the  northern part of the  study-area. The age  
assignment based on graptolites is corroborated by conodont 
dating. Pterospathodus celloni (Walliser) and Astropentagna- 
thus irregularis Mostler in the  1740 t o  1860 foot (530.4- 
566.9 m) interval indicate the  P. celloni Zone of Walliser 
(1964) [=~criodella inconstans Zone of Aldridge (1972)) . 
This zone correlates with the Cs subdivision of the Upper 
Llandovery Series (Aldridge, 1972, p. 153, Tables 1-4; Klapper 
and Murphy, 1975, p. 7), and constitutes a part of the 
Telychian s tage of Cocks et al. (1970). "Neoprioniodus" 
planus Walliser occurs in the interval from 1830 to 1980 feet  
(557.8-603.5 m) and suggests an early Silurian age (Fig. 72.2). 
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Figure 72.2. Conodont zonation of the s t ra ta  encountered in the  two wells studied herein. 
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A single conodont f ragment  was obtained f rom the  Cape 
Phillips Formation in the  Blue Fiord E-46 well, but was 
unidentifiable. 

In the  Eids M-66 well, t h e  Allen Bay Formation is 
148.1 m (486 f t )  thick [top a t  1980 f t  (569.4 m)] . In t h e  
Blue Fiord E-46 well, t n e  Siluro-Ordovician carbonates  a r e  
1164.3 m (3820 f t )  thick [top a t  281 1 f t  (856 m)] and include 
the  Allen Bay and Reao Bay formations.  The Allen Bay 
Formation in the  Eids M-66 well comprises carbonates  of 
relatively deep water  origin. They consist of dark  brown-grey 
l ime mudstone and very  finely crystall ine dolomite with 
abundant f ragments  of Pseudogygites sp. A similar very dark 
unit, although completely dolomitized and silicified, forms 
the  lower par t  of t he  carbonates  in the  Blue Fiord E-46 
well [top a t  6030 f t  (1837.9 m)]  . This unit is overlain by 
carbonates,  consisting of interbecided bioclastic l imestone and 
dark coloured calcareous  shale  and argil laceous lime mud- 
s tone [top a t  5030 f t  (1533.1 m)] . These probable slope 
carbonates  a r e  overlain by 490.7 rn (1610 f t )  of very pale  
coloured, medium and finely crystall ine dolomite [top a t  
3420 f t  (1042.4 m)] . The extensive dolomitization of this 
unit hinders facies in terpre ta t ion,  but it is possible that  the  
unit represents a reefoidal platform margin. Reefs  a r e  known 
from outcrops on Svendsen Peninsula (Mayr, 1974; McCill, 
1975). The uppermost unit of t h e  Silurian carbonates  forms a 
transit ion zone t o  t h e  overlying Cape Phillips Formation and 
consists of dolomitic, si l ty and argil laceous l ime mudstone. 

Ozarkodina excava ta  excava ta  (Branson and M?hl) in 
t h e  Read Bay-Allen Bay unit of t he  Blue Fiord we11 [2700- 
2900 f t  (823.0-883.9 m) interval] is a long-ranging form, 
extending f rom Middle Silurian (Kockelella patula  Zone) 
through Lower Devonian (Klapper in Ziegler, 1973, p. 226). In 
t h e  interval f rom 3300 t o  3400 f e e t  (1005.8-1036.3 ) is 
Ozarkodina cf.  0. n. sp. B of Klapper (in Klapper and Murphy, 
1975), a form identical t o  tha t  i l lustrated by Uyeno (1977, 
p. 214, PI. 41.1, figs. 7, 8) f rom the  upper par t  of t he  Cape 
Storm Formation a t  ea s t e rn  Cornwallis Island. There i t  
cannot  b e  dated precisely, but occurs just below an  interval 
carrying conodonts of probable Polygnathoides siluricus Zone 
(about mid-Ludlow; Walliser, 197 1, Text-fig. 1 ). Astropentag- 
na thus  irregularis occurs  in t h e  5800 t o  5900 foot  (1767.8- 
1798.3 m) interval,  indicating the  P. celloni Zone (see  
discussion under Cape Phillips Formation),  and is corre la ted  
with the  1740 t o  1860 foot  (530.4-566.9 m) in terval  of t h e  
Eids M-66 well (Fig. 72.2). "Neoprioniodus" planus ranges 
f rom 5600 t o  6400 f e e t  (1706.9-1950.7 m) in t h e  E-46 well and 
suggests an  early Silurian age. 

Below the  2030-foot (618.7 m) level in the  Eids M-66 
well a r e  conodonts assignable to  Fauna 12 of Sweet e t  al. 
(1971) of La te  Ordovician age  [late Maysvillian t o  
Richmondian; Barnes (197411 . 

The Irene Bay Formation top a t  2466 f t  (751.6 m), M- 
66; 6631 f t  (2021.1 m), E-46 is about  70 m (230 f t )  thick and 
i t s  lithology is variable. I t  is typical in the  Eids M-66 well, 
where  it consists of variably argil laceous l ime mudstone and 
calcareous  shale. In the  Blue Fiord E-46 well, however, t he  
format ion consists of coarsely and medium crystall ine,  
euhedral,  white dolomite. The argil laceous mater ia l  is  
preserved a s  green intercrystall ine matrix.  The upper 
boundary in t h e  Blue Fiord well is based on a colour change 
f rom dark  t o  light in t h e  cut t ings  samples and a very small  
deflection in the  gamma ray log. 

Conodonts from the  upper part  of t he  format ion in the  
Eids M-66 well [above 2570 f t  (783.3 m)] a r e  assignable t o  
Fauna 12, a s  in t h e  overlying Allen Bay Formation (Fig. 72.2). 

The Thumb Mountain Formation [top a t  2704 f t  
(824.5 m), M-66; 6856 f t  (2089.7 m), E-461 is 404.5 m 
(1328 f t )  thick in the  Eids M-66 well. The lower par t  consists 
of lime mudstone with dolomitic mottl ing (Core  1 of Eids M- 
66 well), whereas t h e  upper par t  consists of ?crypta lgal  l ime 
mudstone in the  Eids well and of medium and coarsely 
crys ta l l ine  dolomite in t h e  Blue Fiord well. 

Several intervals in the  Eids M-66 well yielded cono- 
donts. The interval f rom 3110 t o  3430 f e e t  (947.9-1045.5 m) 
contained conodonts belonging t o  Fauna 8 (Sweet et al., 
19711, whereas  in t h e  lower par t  of t h e  format ion a t  3910 
f e e t  (1 191.8 m), t h e  conodonts a r e  assignable t o  Fauna 6 o r  7. 
This faunal range is well within t h e  age  range of the  Thumb 
Mountain Formation (Fig. 72.2) which is f rom Fauna 7 t o  I I ,  
Blackriveran to  early Maysvillian (Caradocian t o  early 
Ashgillian) according t o  Nowlan (1976). 

Also assigned tenta t ively  t o  t h e  Thumb Mountain 
Formation, on t h e  basis of similarity in lithology, is t h e  upper 
pa r t  of t h e  in terval  below 7683 f e e t  (2341.8 m) in t h e  Blue 
Fiord E-46 well. The interval between 8410 and 8900 f e e t  
(2563.4 and 2712.7 m), however, conta ins  e l emen t s  of 
Fauna 12 which suggest correlation of this interval with the  
Allen Bay and Irene Bay formations.  A t  present,  t h e  t r u e  
s t ra t igraphic  position of the  sequence below t h e  7683-foot 
(2341.8 m) level in t h e  E-46 well is  not  known. It probably is 
a complexly faulted and folded, perhaps even over turned,  
unit ,  which contains sl ices of Thumb Mountain, Irene Bay and, 
possibly, Allen Bay formations.  

The Bay Fiord Formation [top a t  4032 f t  (1229.0 m), M- 
661  is 658.9 m (2162 f t )  thick. The lower pa r t  comprises  
aphanocrystall ine dolomite  interbedded with shale  and 
anhydrite.  The thin middle p a r t  [4700-4845 f t  (1432.6- 
1476.8 m)] conta ins  dolomitic,  probably mot t led ,  l ime mud- 
s tone with abundant fossil fragments.  The upper par t  consists 
of dolomite and minor l imestone and anhydrite.  

Conodonts were  obtained f rom severa l  levels within t h e  
Bay Fiord Formation in t h e  Eids M-66 well, ranging f rom 4540 
f e e t  (1383.8 m) at i t s  highest pa r t  [with conodonts of Fauna 6 
or  7 of Sweet  et al. (1971)] t o  6160 f e e t  (1877.6 m) a t  t h e  
lowest (with Fauna 2 or 3). The lowest level is only a short  
distance above t h e  lower formational boundary. The age of 
the  formation, therefore ,  is from ear ly  Blackriveran (early 
Caradocian, l a t e  Middle Ordovician) t o  l a t e  Whiterockian 
(early Llanvirnian, ear ly  Middle Ordovician) (Fig. 72.2). This 
range is identical  with t h a t  repor ted  by Nowlan (1976) based 
on outcrop sections.  

The Eleanor River Formation [top a t  6195 f t  
(1887.9 m), M-661 is 519.1 m (1703 f t )  thi-ck and consists of 
dolomite and l imestone. The middle par t  of t he  format ion is 
argil laceous and conta ins  subordinate interbedded shale  and 
anhydrite.  

In t e r m s  of conodonts,  t he  format ion has  a slightly 
d i f ferent  age  range than has been recorded f rom elsewhere in 
t h e  Arct ic  Islands (Barnes, 1974; Nowlan, 1976) on Grinnell 
Peninsula and cen t r a l  ea s t e rn  Ellesmere Island. In the  Eids 
M-66 well, the  range is f rom F a u n a 2  or  3 [6210 f t  
(1892.8 m)] t o  Fauna E or  1 [(7900 f t  (2407.9 m)] (Ethington 
and Clark,  1971; Sweet  et al., 1971). This is a range f rom 
about  l a t e  Whiterockian (early Llanvirnian, ear ly  Middle 
~ r d o v i c i a n )  t o  l a t e  Canadian ( l a t e  Arenigian) (Fig. 72.2). 

On comparing the  age  span of the  Eleanor River 
Formation in t h e  Eids M-66 well with t h a t  repor ted  f rom 
outcrops,  i t  is noted t h a t  t h e  upper l imi t  is  approximately t h e  
same.  However, conodonts of Fauna D (Ethington and Clark,  
1971) (about middle Arenigian or  middle Early Ordovician) 
have been repor ted  in t h e  oldest  pa r t  of t he  format ion in 
outcrops (Nowlan, 1976). 

The Baumann Fiord Formation [top a t  7897 f t  
(2407.0 m), M-661 is 516.0 m (1693 f t )  thick and i t s  t h r e e  
members  (Kerr,  1967) c a n  be  distinguished by t h e  anhydr i te  
con ten t  of t h e  formation. Member A [top at 8402 f t  
(2560.9 m)] consists of very finely crys ta l l ine  dolomite,  
interbedded with anhydr i te  and various types  of l imestone, 
including pelletoidal grainstone. Member B [top a t  8146 f t  
(2482.9 m)] comprises l ime mudstone, whereas  member  C is 
similar t o  member  A, but  appears  t o  conta in  more  
argil laceous material .  



Member  B yielded conodonts  belonging t o  Eth ington  and 
Clark ' s  (1971) Fauna  D which is of middle  Arenig ian  (about  
middle  Ear ly  Ordovician) a g e  (Fig. 72.2). 

The  C o p e s  Bay F o r m a t i o n  is p r e s e n t  be low 9590 f e e t  
(2923.0 m) in t h e  M-66 well  and  is m o r e  t h a n  429.8 m 
(1410 f t )  th ick .  The  lower p a r t  cons is t s  of v a r i a b l e  l i m e s t o n e  
wi th  subord ina te  beds of c a l c a r e o u s  s a n d s t o n e  a n d  s i l t s tone ,  
w h e r e a s  t h e  upper p a r t  c o m p r i s e s  f ine ly  c r y s t a l l i n e  or  
aphanocrys ta l l ine  d o l o m i t e  and  l ime muds tone .  Cored  
i n t e r v a l s  show ripple cross-beds,  b io turba t ion  and  possibly 
mudcracks .  No conodonts  w e r e  found in t h e  C o p e s  Bay 
F o r m a t i o n .  

Organic metamorphism study (conodont colour alteration) 

Epste in  e t  al. (1977) a r r a n g e d  t h e  conodonts  of d i f f e r e n t  
co lours  in a n  order  of increas ing  darkness ,  g rouped  t h e m  
a c c o r d i n g  t o  s imi la r i ty  in darkness ,  and  t h e n  ass igned  e a c h  
s e t  a va lue  of colour a l t e r a t i o n  index (CAI). They  demon-  
s t r a t e d  t h a t  t h e  co lour  c h a n g e s  a r e  t i m e  and  t e m p e r a t u r e  
d e p e n d e n t ,  a n d  t h a t  t h e  d i f f e r e n t  co lours  of conodonts ,  
t h e r e f o r e ,  c a n  b e  used a s  a too l  t o  assess  organic  m e t a m o r -  
phism. T h e  conodont  CAI  va lues  w e r e  c o r r e l a t e d  wi th  
v i t r i n i t e  r e f l e c t a n c e  a n d  f i x e d  c a r b o n  ranges.  Using t h e  
Appalachian  basin a s  t h e i r  t e s t  model ,  t h e y  found t h a t  a CAI  
v a l u e  of 1.5 co inc ides  w i t h  t h a t  l eve l  of o r g a n i c  m e t a m o r -  
phism a b o v e  which t h e r e  is n o  known c o m m e r c i a l  oi l  a n d  
c o n d e n s a t e  production.  

T h e  relatLonship b e t w e e n  t h e  CAI  and  t h e  d e g r e e  of 
o r g a n i c  m e t a m o r p h i s m  m a y  be  r e l a t e d  a s i d e  f r o m  being 
d e p e n d e n t  on  t e m p e r a t u r e ,  t o  var ia t ions  in t h e  hos t  rock  a n d  
t h e  h i s tory  of burial. For  t h e s e  reasons ,  Epstein e t  al. (1977, 
p. 15) l i m i t e d  t h e i r  s t u d y  t o  o n e  rock type ,  n a m e l y  l i m e s t o n e ,  
in o r d e r  t o  e l i m i n a t e  t h e  unknown e f f e c t  of hos t  r o c k  t e x t u r e  
a n d  compos i t ion  on  t h e  co lour  a l t e r a t i o n  of conodonts .  

I t  should b e  no ted ,  a l so ,  t h a t  Eps te in  et al .  (1977, p. 24) 
h a v e  s t r e s s e d  t h a t  t h e  upper  t h e r m a l  l imi t s ,  i n f e r r e d  f r o m  
c o n o d o n t  C A I  values,  f o r  oi l  p roduct ion  f o r  d i f f e r e n t  s t r a t i -  
g r a p h i c  in te rva ls ,  a r e  n o t  t h e  s a m e  e v e r y w h e r e .  This  f a c t o r ,  
in  addi t ion  t o  t h e  lack  of in format ion  c o n c e r n i n g  t h e  
re la t ionsh ip  b e t w e e n  C A I  a n d  t h e  s o u r c e  rock  p o t e n t i a l  
resu l t ing  f r o m  o r g a n i c  hydrocarbon  ana lyses ,  h a v e  led t h e  
a u t h o r s  t o  a s tudy ,  now in progress ,  t o  i n v e s t i g a t e  w h a t  t h e s e  
re la t ionsh ips  may be,  if t h e r e  a r e  any ,  in  t h e  lower  P a l e o z o i c  
r o c k s  of t h e  A r c t i c  Islands. 

In t h e  Eids M-66 wel l ,  t h e  i n t e r v a l  f r o m  3 0  t o  1410 f e e t  
(9.1-429.8 m) (Eids and  t h e  upper p a r t  of C a p e  Phil l ips 
f o r m a t i o n s )  h a s  yielded conodonts  wi th  a C A I  v a l u e  of 2 
(Fig. 72.1). The  in te rva l  f r , sm 1480 t o  18/50 f e e t  (451.1 - 
566.9 m) yielded conodonts  w i t h  a CAI  va lue  of 2-2.5 and  t h e  
i n t e r v a l  f r o m  1890 t o  1980 f e e t  (576.1-603.6 m), C.41 valup of 
3. Th: c h a n g e  f r o m  t e r r i g e n o u s  sccl iments t o  c a r b o n a t e s  a t  
1980 f e e t  (603.5 m) co inc ides  approximate!y wi th  a r e v e r s a l  
of t h e  CAI  v a l u e  t o  2, bu t  be low t h a t  i t  i n c r e a s e s  gradua l ly  t o  
3 at 5300 f e e t  (1615.4 m )  a n d  t o  4 a t  8000  f e e t  (2438.4 m). 

In t h e  Blue Fiord E-46 well ,  conodonts  f r o m  t h e  Eids  
F o r m a t i o n  [60-1300 f t  (18.3-396.2 m) in te rva l ]  h a v e  a CAI  
v a l u e  of I. Conodonts  f r o m  t h e  C a p e  Phil l ips 
F o r m a t i o n  [2700-2800 f t  (823.0-853.4 m)] a n d  t h e  R e a d  Bay- 
Allen Bay f o r m a t i o n s  [2800-6400 f t  (853.4-1950.7 m)] h a v e  a 
C A I  v a l u e  of 2. F r o m  t h e r e  t h e  s a m e  C A I  v a l u e  c o n t i n u e s  
downward  through t h e  Cornwal l i s  Group  t o  t h e  b o t t o m  of t h e  
wel l  (Fig. 72.1). 

T h e  o r g a n i c  s o u r c e  rock  poten t ia l ,  based  on  t h e  yield of 
liquid hydrocarbons  a s  a p e r c e n t a g e  of t h e  t o t a l  o r g a n i c  
c a r b o n  (T.G. Powell ,  pers .  comm. ,  1977), h a s  b e e n  p l o t t e d  on  
F i g u r e  72.1. O n e  n o t e s  t h a t  t h e r e  is no  obvious  d i r e c t  
re la t ionsh ip  b e t w e e n  t h e  C A I  and s o u r c e  rock  poten t ia l .  
D i f f e r e n c e s  in t h e  c h a r a c t e r i s t i c s  of t h e  hos t  rock  a p p e a r  t o  
a f f e c t ,  in vary ing  a m o u n t ,  t h e  d e g r e e  of c o n o d o n t  co lour  
a l t e r a t i o n .  In t h e  t e r r i g e n o u s  s e d i m e n t s  of t h e  C a p e  Phil l ips 

a l t e r a t i o n .  In t h e  t e r r i g e n o u s  s e d i m e n t s  of t h e  C a p e  Phil l ips 
F o r m a t i o n ,  for  e x a m p l e ,  t h e  CAI  v a l u e  m a y  g o  a s  high a s  3 in 
t h e  m a t u r e  zone .  

In c a r b o n a t e s ,  t h e  c o r r e l a t i o n  b e t w e e n  t h e  CAI  a n d  
s o u r c e  rock  p o t e n t i a l  is  a l s o  var iab le .  In t h e  dominant ly  
l i m e s t o n e  s e q u e n c e  of t h e  Eids M-66 wel l ,  a CAI  v a l u e  of 2 
f a l l s  i n t o  t h e  o v e r m a t u r e  z o n e ,  c o r r o b o r a t i n g  t h e  conc lus ions  
of Eps te in  e t  al. (1977), bu t  in t h e  d o l o m i t e  s e q u e n c e  of t h e  
Blue Biord E-46 well ,  a CAI  v a l u e  of 2 is  p r e s e n t  in a n  
i n t e r v a l  which h a s  b e e n  assessed  a s  m a t u r e .  

In s u m m a r y ,  a n  o r g a n i c  m e t a m o r p h i s m  s tudy ,  based on  
c o n o d o n t  CAI  va lues ,  h a s  been  i n i t i a t e d  only in t h e  C a n a d i a n  
A r c t i c  Islands, s o  no  f i r m  conc lus ions  c a n  be  drawn.  It 
a p p e a r s ,  however ,  t h a t  in a rock  t h a t  h a s  b e e n  assessed  a s  a 
m a t u r e  hydrocarbon  s o u r c e  by g e o c h e m i c a l  ana lyses ,  t h e  
va lues  of t h e  conodont  CAI  m a y  be  higher in t e r r i g e n o u s  
s e d i m e n t s  t h a n  in c a r b o n a t e s .  
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LIGNITE DEPOSITS IN THE BONNET PLUME FORMATION, YUKON TERRITORY 

Project  770047 

Darrel  G.F. Long 
Insti tute of Sedimentary and Petroleum Geology, Calgary 

Abstract 

Long, D.G.F., Lignite deposits in the Bonnet Plume Formation, Yukon Territory; Current Research, 
Part A, Ceol. Surv. Can., Paper 78-lA, p. 399-401, 1978. 

Lignite deposits occur in intimate association with conglomeratic rocks o f  alluvial fan and 
braided stream facies in both the upper (Paleocene) and lower (Albian) parts of the Bonnet Plume 
Formation. Conglomerate and associated coal in the upper (Paleocene) part of the formation may be 
correlated tentatively over 15 km, between the type section on Wind River and exposures on the south 
bank of the Peel River. Two previously unreported low grade coal seams in the (Albian) conglomerate 
sequence at the base of the formation may extend laterally more than 10 km along the strike with 
little to no surficial cover. The occurrence o f  these thick (4.5 and 9.0 m) seams in the lower part of 
the formation, and the possible extension o f  the Paleocene lignite seams in the upper part o f  the 
format.ion, suggest that the area underlain by coal in the Bonnet Plume Basin may be significantly 
greater than previously indicated. 

Introduction 

The Bonnet Plume Formation is a thick (1500 m+), 
predominantly c las t ic  sequence, of Cretaceous  and Ter t iary  
ages,  which occupies a s t ructura l  depression known a s  the  
Bonnet Plume Basin (Norris and Hopkins, 1977), located in the  
Wind River map-area (106E) (Norris, 1975) of northern Yukon 
Territory.  The s t ructura l  f ramework and the  prior history of 
investigation of this successor basin has been described in 
detail  in a preliminary report  by Norris and Hopkins (1977). 
Stratigraphic and paleontological da t a  a r e  given in papers by 
Mountjoy (1967) and Rouse and Srivastava (1972). Surficial 
geology is  described by Hughes (1972). 

unit KTbp). The lower (conglomeratic) pa r t  of t he  format ion 
is now recognized e a s t  of t he  Bonnet Plume River. Jurassic 
or Lower Cre taceous  shales and sandstones, older than the  
Bonnet Plume Formation were  recorded in the  e x t r e m e  
southwest corner  of the  Bonnet Plume Basin. Accurate  
dat ing of these  older rocks may lead t o  a be t t e r  understand- 
ing of the  t iming of t ec ton ic  even t s  which a f f ec t ed  the  
Bonnet Plume Basin. 

Paleocurrent  observations in the  Bonnet Plume 
Format ion (Fig. 73.2) indicate a well defined basin configura- 
tion during deposition of the lowermost,  conglomerat ic  
fac ies ,  and may ind.icate tha t  the  nor theas tern  margin of the  
basin was breached during deposition of the  uppermost s t r a t a .  
Conglomerat ic  rocks in the  lower par t  of the  format ion were 
deposited on wet alluvial fans,  and in braided rivers. 
Sandstone and conglomerate  in the  upper par t  of the 
format ion were  deposited principally in high gradient braided 
s t reams,  with the associated sil tstones,  mudstones and coals 
probably being deposited in adjacent  lacustrine,  paludal and 
overbank-floodplain environments.  No evidence was found to  
support  Norris and Hopkins' (1977) conjecture  tha t  t he  dip of 
t he  s t r a t a  might possibly represent the initial dip of foreset  
beds; hence the  thicknesses of s t r a t a  reported by Mountjoy 
(1967) probably a r e  valid. 

Observations 

Minor changes in the basin configuration, suggested by 
Norris (1975), a r e  indicated in Figure 73.2. These changes 
include an extension of the  Bonnet Plume Formation north of 
the  Peel R.iver, and a slight reduction in the a rea  of outcrop 
of the formation eas t  of Bonnet Plume River near i t s  junction 
with the  Peel River. 

Norris and Hopkins (1977) recognized two  mappable 
units within the  Bonnet Plume Formation: a lower conglom- 
e r a t i c  unit, with minor sandstone and shale  ( thei r  unit I Kbp), 
and an  upper unit of sandstone shale  and conglomerate  ( thei r  

Coal S e a m s  

The thick (4-11 m) seams  in the  upper- 
most (Paleocene) s t r a t a  of t he  Bonnet Plume 
Formation were  sampled in detail ,  and will be 
repor ted  on la ter .  In both sect ions  (106E17, 
106E18) exposed along the  south bank of Peel  
River, t he  coal-bearing s t r a t a  a r e  found in 
in t imate  association with pebble and cobble 
conglomerate  and conglomerat ic  sandstone. 
As a similar association of coal  s eams  with 
conglomerat ic  s t r a t a  is seen in the  uppermost 
par t  of t he  type  sect ion (106E16, exposed on 
t h e  Wind River) a general  corre la t ion of s t r a t a  
can be  made between these  th ree  sections,  
indicating the  possibility of a more  widespread 
distribution of coal deposits in t h e  upper 

Figure 73.1 

Lower of the t w o  coal seams exposed on the  
small  c r ee l  immediately south of section 
106E9, showing sharp  con tac t  between the  coal 
and overlying smal l  pebble conglomerate  (GSC 
photo 199330). 



Figure 73.2. Geology (modified a f t e r  Norris and Hopkins, 1977) and paleocurrents,  of t h e  Bonnet Plume 
Basin. For deta i ls  of geology see  Norris (19751, Norris and Hopkins (1977). Numbers a r e  
section locations mentioned in Norris and Hopkins (1977). Black arrows indicate inferred 
paleocurrents in the lower par t  of the  Bonnet Plume Formation, and open arrows indicate  
paleocurrents in the upper par t  (Hrl = Rapitan Fm., d iamict i te :  Hr2 = Rapitan Fm., 
mudstone dolomite; CDr = Road River Fm.). Paleocurrent observations, e a s t  of the  Knorr 
f au l t  zone based on only one observation, and a r e  not considered significant.  

Bonnet Plume Format ion than has been indicated previously. thick, and correspond t o  units 9 and 14 respectively of sect ion 
Several thin coal seams (1-150 c m )  of doubtful la tera l  106E9 (Norris and Hopkins, 1977, p. 17-18). Both seams  form 
continuity were recorded in the  lower par t  of Norris and the  upper pa r t  of fining upward cycles,  which begin with 
Hopkins' (1977) unit KTbp (Bonnet Plume Formation, upper conglomerat ic  mater ia l  and a r e  overlain abruptly by conglom- 
part). e r a t e  of t he  overlying cycle  (Fig. 73.1). A recessive interval,  

corresponding t o  the-upper  seam,  can  be t raced along s t r ike  strata were recorded in the lowermost (northwest-southeast)  on a i r  photographs over 10 km of 
(Albian) conglomerate  par t  of the  Bonnet Plume Formation, outcrop, with little or no surficial cover. The lateral 
in a between I1ltyd Creek and Wind River, continuity and concentration of coaly material this 

the of NOrris and recessive interval require testing by trenching or shallow 
section 106E9. The seams  a t  this location a r e  4.5 and 9.0 m boreholes. The upper seam may correlate with a 5m+ thick 



seam exposed on Illtyd 
Pet rographic  deta i l s  of 
r e ~ o r t e d  at a l a t e r  da te .  

Conclusions 

Creek  3 km t o  the  north-northeast .  
these  coals  and coaly s t r a t a  will be  

Coal s eams  a r e  conspicuous in both the  upper and lower 
pa r t s  of t he  Bonnet Plume Formation,  hence  no par t  of t he  
format ion should be excluded in any fu tu re  coal exploration 
program. The coal seams were deposited in small  lakes or 
swamps, and owe the i r  preservation t o  rapid progradation of 
conglomerat ic  fluvial sequences which may have occurred in 
response t o  contemporary  t ec ton ic  ac t iv i ty  (cf. Eisbacher,  
1977; Heward, 1977; S t ee l  e t  al., 1977). 
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POSTGLACIAL DIATOM STRATIGRAPHY O F  A LAKE BASIN O F  THE EASTERN ARCTIC SHIELD 
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T.W.D. ~ d w a r d s '  
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Abstract 

Edwards, T.W.D., Postglacial diatom stratigraphy o f  a lake basin o f  the Eastern Arctic Shield; 
Current Research, Part A, Geol. Surv. Can., Paper 78-lA, p. 403-407, 1978. 

The diatom stratigraphy of  a sediment core from a lake in southeastern Keewatin records a 
succession of environments of  deposition from estuarine to  lagoonal and finally to lacustrine 
conditions. This is believed to represent the emergence of the lake from Hudson Bay due to isostatic 
uplift in the last 5000 years. Micropaleontological evidence of marine origin o f  much of  the sediment 
fill of the lake basin supports conclusions drawn by earlier researchers. 

The dominant taxa of the modern oligotrophic lake diatom assemblage are Fragilaria construens, 
F. pinnata, and species o f  Melosim. 

introduction in 1975 (Shilts et al., 1976). Samples  for  t h e  present  study 

Preliminary investigations of the  d ia tom s t ra t igraphy of were  obtained f r o m  a 194-cm core 'col lec ted   by'^.^. l lass en 
Yandle Lake,  Dis t r ic t  of Keewatin,  Northwest Terr i tor ies  during the  1976 field season. 

(61°53'N, 9 6 0 3 0 ' ~ )  (Fig. 74.1) have  been carr ied  o u t  (Edwards, During the  1977 field season opera t ions  were  carried 
1977). The lake  basin was  t h e  focus  of a n  intensive program o u t  by t h e  author  in association and co-ordination with 
of subbottom profiling, g rab  sampling, and Livingston coring J.D. Adshead f r o m  a base c a m p  on an  unnamed l ake  south of 

- -  - . -- 

&r Lee (1959, F I ~  ?I. 
6 0 5 10 16 

Figure 74.1. Location of Yandle Lake,  Dis t r ic t  of Keewatin,  N.W.T. 

' Depar tmen t  of Geological  Sciences,  Queen's University, Kingston. 



2 0
 

OR
Gf
IN
lC
 

-E
N

7
 

D
lA

~
o

c
y

 A
B

U
N

D
M

C
E

 

(W
E

1 
G

H
T

 
P

E
R

C
E

N
T 

(F
R-

UL
ES

 
FE

R 
&
 

D
R

Y
 S

E
M

M
E

N
T

) 

V
A

L
U

E
5

 
N

O
T
 

S
T

R
A

T
(6

m
P

H
Y

 
O

F
 

Z
O

N
E

 
1
 

S
O

M
E

W
H

A
T

 
G

E
N

M
A

L
I~

E
D

 O
L(

E
 

X
, 

S
U

R
C

lT
y

 O
F

 
O

IA
I-

C
W

S
, 

-
 

0
 

%
 

I
D

0
 

F
ig

ur
e 

74
.2

. 
D

ia
to

m
 s

tr
at

ig
ra

ph
y 

of
 Y

an
dl

e 
L

ak
e 

co
re

. 
Ja

gg
ed

 l
in

e 
a

t 
14

8-
cr

n 
de

pt
h 

in
di

ca
te

s 
a 

br
ea

k 
in

 t
h

e 
co

re
 t

ub
e 

w
hi

ch
 w

as
 i

nc
ur

re
d 

in
 t

ra
ns

it
. 



~ a v l c u l s  am htbola CL.  
Y a m p R ~ i s  

Nau~culs  ? heufleri 6f74~. 

D~plonets sp 

~ y n e d m  ulna 
V. lang~sslma (w.sM)BRUN 

P~nnulwto. abeu'4nsls   PAN^ 
Ross v. aLje*sIs 

Ptnnulsna ncuor ( K U ~  
WQK V. mstor 

Melaskm ?amencans Wki 
emend. HUSTW 

cydote(la atomus HLLX 

~ u n o t ~  a pprserupta 
V. tnFlqka GRUN . 

bplonets 51nn1ca MY> C L  

Y f ~ n m c a  

Reuroslgqa sp. 

@+dotello, ? mdos~rotdes 

Melos~ra spp. 
~ r n g t ( a r ~ a  b w ~ d r d a  GRUN 

v b r e v ~ h a t a  

I RnnJsna rUp&s HhNTE 
v r u p d n s  

€&notla fsllax A CL. 
v fallex 

~ a v ~ r u L .  pelhculoss &2i0.-.)(ii~ 

HlUE u. P+~~CU~OS~A 

N ~ V I C U ~ ~  UI~I&[C\ (KC=) KC=. 
cud. v,H. u. wndula 

%nedm. ? w p e h s  
Y mene ht-tqna MUN 9 

5/nedm dememme GRuN- 
y d~rnerwtxe 

? Ne~d~uvn tumescehs (&RUN) CL. 
v. tutnescens 

EUVIO~IO. s e r m  
v dladema (CHRI) PATR 

I I 
b l l  

+ lo 0 EPm crn 

a I DIATOM ZONES 



Ferguson Lake (620401N, 97OOO'W). Scuba diving techniques 
were used extensively to allow observation and photography 
of underwater features and to collect samples and sediment 
cores. This material is to be util ized in  a study of siltation 
and siltation processes in lakes of Keewatin as part of 
Integrated Environmental Impact Study, Arctic Islands 
Pipeline Project (AIPP-8), Department of Fisheries and 
Environment. The project constitutes a major segment of the 
author's Master of Science research program at Queen's 
University, Kingston. 

Yandle Lake is situated east of the Keewatin Ice Divide 
a t  an elevation of "1 10 m above sea level. The l im i t  of most 
recent marine submergence passes approximately 10 km to 
the southwest of the lake at an altitude of about 170 m (Lee, 
1959). Re-emergence of Yandle Lake is estimated to have 
occurred approximately 5000 years B.P. (W.W. Shilts, 1977, 
pers. comm.). Three sediment types of glacial, marine, and 
lacustrine origin have been recognized in the basin (Shilts 
e t  al., 1976). Their distribution was mapped using subbottom 
profil ing and data based on the examination of more than 100 
grab samples. 

T i l l  apparently underlies most of the lake basin and 
covers much of the surrounding terrain. T i l l  is overlain by 
material described as massive (marine?) silty clay. In the 
deep basins within the lake (8 to  16 m depth) both of these 
sediments may have a thick cover of laminated (marine?) 
silty clay. In  shallow areas (less than 4 m) and i n  the shore 
zone the bottom consists of sand or sand and boulders derived 
from wave washing of the t i l l ,  or t i l l  and/or marine silty clay 
with frost heaved stones and well developed rib and trough 
patterns (Shilts and Dean, 1975). Lake sediment of gel-like 
consistency covers most areas; it ranges in thickness from 
less than I cm nearshore to greater than I m i n  offshore 
basins. The gel is a st i f f  to watery, flocculant material which 
is believed to be the 'modern' (postmarine phase) lake 
sediment. The core was collected from the central basin of 
the lake in water depth of 8 m. It penetrated two sediment 
units - a lower, mottled, grey clayey si l t  and an overlying 
thickness of brown gel. The si l t  unit shows faint banding in  x- 
radiographs, and i t  is apparently equivalent to  the laminated 
marine silty clay. (See Shilts e t  al. (1976) and Adshead (1978) 
for further discussion of sediment composition.) 

Diatom Stratigraphy 

Figure 74.2 illustrates the diatom stratigraphy of the 
core and the zonation drawn on this basis. Zone I consists of 
the lower 124 cm of the clayey si l t  unit. The sediment i n  this 
zone has extensive worm burrows, especially i n  the interval 
from 90 to  130 cm. The diatom assemblage is sparse, 
dominated by Cyclotella bondanica Eulenst. wi th Synedra 
affinis Kutz v. obtusa Hustedt subdominant. Fragments 
bearing coarse costae reminiscent of Stephanopyxis spp. or 
other marine diatoms are present. The zone is believed t o  
represent sedimentation i n  an estuarine environment. This 
conclusion is supported by: 1) the predominance of the cool 
freshwater taxon C. bodanica in  association wi th 2) the 
marine or brackish water taxon S. aff inis v. obtusa and 3) the 
physiographic situation of the lake basin immediately prior to  
the emergence of Yandle Lake at which time the basin 
formed part of a bay into which Maguse River drained. 

The upper 20 cm of the clayey si l t  unit, Zone 11, is 
characterized by the decline of the major taxa of Zone I and 
the appearance and rise to dominance of species of Melosira, 
notably M. undulata (Ehr.) Kiitz., M. distans (Ehr.) Kutz., and 
M. distans v. l i rata f. seriata 0. Miiller. The characteristic 
brackish water diatom Nitzschia frustulurn v. perpusilla 
(Rabh.) Crun. also marks this interval. Cyclotella bodanica 
declines upwards relative to  the other taxa. The sediment 
within the upper 10 cm of Zone I1 is transitional i n  diatom 
composition to  the overlying gel, although it resembles Zone I 
i n  texture, and the distinct sedimentological break is a t  the 
top of the zone. It is proposed that this interval represents a 

lagoonal period during which Yandle Lake basin was separat- 
ing from Hudson Bay and the marine connection with the 
Maguse River estuary was becoming ever more restricted. 
The introduction of a richer f lora containing both a 
freshwater and a distinct brackish water component suggests 
the stabilization of the water body and the beginnings of a 
lacustrine environment. 

Zone 111 includes the entire lake gel sediment unit of the 
uppermost JO cm of the core. A tota l  of 62 taxa were 
recorded, of which 13 were found t o  be continuous throughout 
the interval. The lower boundary of the zone is marked by 
the introduction of 13 new taxa. The dominant taxa are 
species and varieties of Fragilaria and Melosira, F. pinnata 
Ehr., F. construens v. venter (Ehr.) Grun., F. construens v. 
subsalina Hustedt, and M. distans v. l i rata f. seriata 0. Muller. 
The diatom stratigraphy suggests that productivity has been 
increasing steadily since cessation of marine influence 
although the lake is st i l l  highly oligotrophic. 

Summary 

Three distinct depositional environments have been 
recognized f rom the Yandle Lake core wi th the aid of diatom 
stratigraphy. In  chronological order these (and their 
sediments) are I )  estuarine (clayey silt), 2) lagoonal (clayey 
silt), and 3) lacustrine (diatomaceous lake gel). These form a 
prograding sequence of facjes recording the change in 
sedimentation within a lake basin that emerged from Hudson 
Bay approximately 5000 years ago. As reported by Shilts 
et al. (1976), the thickness of the true lacustrine sediment is 
variable, and the estuarine or lagoonal sediments from the 
bottom of large parts of the lake. 

Major taxonomic references used in the study were 
Hustedt (19301, Huber-Pestalozzi (1942), and Patrick and 
Reimer (1966). Also of considerable value were Rawson 
(19561, Lund (1962), Bradbury (1974), Remane (1971), 
Hutchinson (1967), and Sheath and Munawar (1974). 
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Un glacier avec un e'coulement re'gional vers l'est a occupe' la re'gion gtudie'e, tel que le 
montrent la configuration de la dispersion des  erratiques, les orientations des  stries glaciaires e t  
les trames de ti l l .  Par la suite,  la morphologie du secteur ouest, les  Hautes-Terres, a e't6 
rnodifike par le passage d'un lobe glaciaire dont 116coulement s'effectuait  vers  le nord-nord-est. 
Dans les Basses-Terres, lfe'v&nement 6quivalent serait une progression des  glaces vers  le nord- 
nord-ouest. C e t t e  hypothhse explique la prbence  de se'diments rythrniques lacustres dans la 
vallBe de la Sgvogle, r6sultant du blocus de la valle'e de  la Miramichi Nord-Ouest. L'altitude de 
la submersion marine dans la r6gion varie entre 125 e t  250 pieds. Lfampleur de la d6formation 
glacio-isostatique place l'altitude relative de la phase lacustre de la valle'e de  la S6vogle 6 235 
pieds, avec un exutoire vers  le nord B 260 pieds. 

Introduction 

Au cours de I'dtk 1977, les travaux de  cartographie h 
I'intkrieur des lirnites de la c a r t e  N.T.S. 21P ont  perrnis d e  
cornpldter le lev6 des ddp6ts glaciaires e t  post-glaciaires de 
l a  region de  Bathurst. Ces  travaux ont  dtd  entrepris au  dkbut 
d e  l'etd 1976; I'ensemble des  rdgions accessibles d e  l a  feuille 
topographique 21P (dchelle 1:250 000) a dtd  visitd. Quelques- 
uns des aspects de I'histoire glaciaire de  la region ont k t e  
ddcrits dans un rapport antdrieur (Gauthier e t  Corrnier, 1977); 
on cornpl i te  ici c e t t e  discussion par I'apport d1d16ments 
nouveaux e t  en suggdrant quelques hypothises de  travail. 

Pendant les dtks  1976 e t  1977, une dvaluation des 
ressources granulaires a dtk rnende par l e  min i s t i r e  des  
Ressources naturelles du ~ouveau-Brunswick (Barnett  et a]., 
1977). Les ca r t es  N.T.S. suivantes i. I'dchelle 1:25 000 ont kt6  
publi6es: 21P/13 (Brinsrnead, 1977) e t  12P/12 (Finarnore, 
1977). Des travaux sirnilaires sont en cours d e  rddaction pour 
les rdgions des feuilles topographiques 21 P/5, 21 P/4 et 
210116. Une dvaluation de la qualitd des tourbes e t  de  l a  
dimension des tourbi5res es t  dgalernent supportde par l e  
rnCme MinistGre, dans l a  r&gion c 8 t i i r e  de  l a  c a r t e  21P 
(Korpijaakko e t  al., 1977). 

Direction d e  1'6coulernent glaciaire 

~ t u d e  d e  l a  dispersion des erratiques 

Trois sources de roches de lithologies distinctives ont 
d tk  utilisdes pour baser les dtudes de  dispersion des erratiques 
glaciaires. Ces  sources sont localisdes h l a  f igure  75.1. Les 
cornptages d'erratiques ont kt& rdalisds au cours des  travaux 
de  cartographie e t  cornpldtds au besoin par des cornptages 
subsdquents, localisds dans des rdgions clefs. 

Le stock granitique du l ac  Antinouri (21P113) rnontre 
une dispersion des erratiques de granite vers I'est, conform&- 
rnent l a  direction des s t r ies  glaciaires dans l e  rnCrne 
secteur.  C e t t e  dispersion prksente des valeurs de  concen- 
tration de  5% de  rnatkriel granitique h I'intdrieur des  tills de  
fond e t  d'ablation e t  des ddp6ts de con tac t  glaciaire, h une 
distance de 8 krn de l a  source. Aucun transport vers l e  nord 
et vers I'ouest n'a et& observd. 

Les granodiorites de  stock du l ac  Nigadoo (21P112) 
fournissent un syst6rne de  dispersion plus difficile i. inter- 
prkter. Des proportions irnportantes de granodiorites (>5% ) 

sont prksentes au nord e t  a I'ouest du lac Nigadoo. Ces  
observations sont contradictoires celles du lac Antinouri, oh 
l e  transport se fa i t  prdfdrentiellement vers I'est. Elles sont 
kgalement en opposition a v e c  l e  registre des s t r i e s  glaciaires 
de  c e  secteur,  qui indique un dcoulement glaciaire vers I'est. 
Ces  anomalies semblent refldter la p r b e n c e  d'intrusions 
inconnues autour du secteur  du lac  Nigadoo. I1 e s t  possible 
cependant qu'un mouvernent vers I'ouest ant6rieur au 
rnouvernent vers I'est (Gauthier e t  al., 1977, tableau 76.1) soit 
responsable de  c e t t e  dispersion. Les dvidences d'un dcoule- 
ment vers I'ouest sont prdservdes localement dans l e  registre 
des  s t r ies  des  rkgions environnantes. I1 n'en derneure pas 
rnoins que la dispersion principale des erra t iques  s 'est  
effectude vers I'est. 

Le dyke d e  diabase d e  Caraquet  (car te  21 P/ l  I)  reprk- 
sente  une source d'erratiques distinctive dont la dispersion 
par I'action glaciaire s 'est  f a i t e  tant  vers I'ouest que vers 
I'est. C e t t e  dualitd d e  l a  dispersion ref lkte  l a  cornplexitd d e  
I'activitd glaciaire dans l a  rkgion des Basse-Terres et suggire  
I'existence de  deux directions opposdes de  I'dcoulernent 
glaciaire. 

Compilation des  s t r i e s  glaciaires 

A l'intdrieur de  l a  rdgion des Basses-Terres, i. cause de  
l a  faible rdsistance a I'erosion des  g r k ,  t r i s  peu d e  surfaces  
d e  polis glaciaires on t  pu &re observdes. Les s i t e s  de  polis 
glaciaires sont rares  pour deux raisons. D'une par t ,  la faible 
rdsistance rnicanique du grks ne perrnet pas toujours au 
glacier d e  ddvelopper une surface d'drosion unique, mais 
forrne plut6t une zone d e  roche f racturde e n t r e  l a  roche saine 
e t  l e  till. D'autre par t ,  la rndtdorisation physique ddtruit  
rapidernent par kcaillement les affleurernents de  ~ r k s  'polis 
qui sont exposds e n  surface. Chaque s i t e  i I'interieur des 
Basses-Terres est indiqu6 h l a  figur: 75.1. Qua t re  s i tes  d e  
polis glaciaires ont  des  s t r i e s  orientees vers I'est; les au t res  
s i tes  striks (six) de  c e t t e  rCgion indiquent un dcoulement 
glaciaire vers l e  nord et l e  nord-ouest. C e t t e  direction 
d'kcoulement glaciaire semble Ctre relike au dernier glacier 
dans la rkgion, c a r  les trarnes de  till e t  1es ddp6ts rnorainiques 
frontaux suggkrent une mCrne direction d'kcoulernent. C e  
rnouvement glaciaire, associd au dernier glacier, e s t  distinct 
de  celui observd I'intdrieur des  Hautes-Terres. C e  
contras te  sera  soulignd plus loin, A la lurnigre d'une hypothise 
d e  rndcanisrne glaciaire. 

l Ddpartement de  Gkologie, University of Western Ontario N6A 5B8 
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Trames  d e  t i l l  

Une 6tude d e  la  t y m e  d e  till d'une sect ion expos6e l e  
long d e  la  cb te  e s t  de I'ile LarnGque sugg6re clairernent que 
I'dcouIement glaciaire s'est f a i t  vers  l e  nord-ouest. 
L'irnbrication des cailloux e s t  par t icul i i rernent  bien 
ddveloppde b 11int6rieur du till dtudid e t  permet  de  dkter-  
miner avec  sGretd l e  sens d e  1'6coulement glaciaire. Une 
a u t r e  compilation dont les rdsultats sont rnoins clairs,  dans  la 
rdgion d e  Paquettevil le,  corrobore l a  compilation d e  1'Ile 
LarnGque. C e s  observations sont  cornparables au  relev6 d e  l a  
direction des  s t r ies  glaciaires orientdes vers le  nord-ouest, 
dans  l a  m&me r6gion. 

Sbdimentation glacia i re  

Dans les Hautes-Terres, l e  r e t r a i t  du dernier glacier a 
laiss6 des  dvidences rnorphologiques abondantes  d e  I 'activitd 
glaciaire.  Une garnrne varide d'dvidences, te l les  les forrnes 
fuselkes, l e s  chenaux d'eau de  fonte,  les  complexes rnoraini- 
ques  frontaux, sugggrent l e  r e t r a i t  d'un glacier ac t i f  dans  
c e t t e  rdgion. Dans plusieurs secteurs  de  la  rdgion des  Basses- 
Te r re s  on rencontre  des  sediments  glaciaires qui t6moignent 
d e  la  presence d'un glacier non act i f  b son s t ade  final. C e s  
ddp6ts ont  gdndralernent une apparence rnorphologique 
indefinie; l a  presence d e  ket t les ,  d e  kames, d e  zones ma1 
drainkes e t  marecageuses reprPsentent les Cldrnents les plus 
caract6r is t iques  d e  c e s  unitks. A l l intdrieur des  Basses- 
Terres,  les  d6pbts glaciaires demeurent  abondants, mais  les  
fo rmes  de con tac t  glaciaire sont plus rares  e t  fragrnentaires;  
l e s  forrnes d'irosion macroscopiques sont  absentes.  Le  bilan 
glaciaire de  la  rigion des  Basses-Terres d t a i t  plus faible,  
provoquant localernent I'apparition d e  zones d e  s tagnat ion 
glaciaire,  a u  cours d e  la  pdriode du r e t r a i t  des  glaces. 
L'expression, glaciaire des  Basses-Terres, ref lk te  l 'influence 
d'une rdgion topographique uniforme et e l l e  con t ra s t e  a v e c  l a  
sddirnentation glaciaire dynarnique des  r6gions accidentdes  
des  Hautes-Terres.  

Les sidirnents d'origine glacia i re  sont  prdsents sur 
I'ensernble de  la  p6ninsule. Les iles Miscou e t  Larn6que sont  
marqu6es  par l a  prdsence d'un t i l l  d e  fond compact ,  s i l teux et 
rougedtre.  Le  long de  la  c a t e ,  en  au tan t  que les  ddpbts 
g lacia i res  sont  accessibles,  on re t rouve un till de  fond 
r e f l6 t an t  les  caractdr is t iques  du g r i s  d e s  Basses-Terres. I1 
n'y a pas de  doute  pour I'auteur que l 'ensernble d e  la  pdninsule 
a d t 6  recouver t  par l e s  glaciers,  contra i rement  aux interprd- 
ta t ions  de  Chalrners (1895, p. 97). La presence d'un till d e  
fond compac t  sur l e s  fles M~scou  e t  Larnique Gle Shippegan 
d e  Chalrners) e s t  commune. Le long des  c8 te s  6rod6es par 
par la  rner e t  dans les excavations rCcentes, c e  till apparai t  
a u  sommet  du roc  fragmentd, duquel il se dissocie par l e  
ca rac t i t r e  si l teux d e  la ma t r i ce  et la  compaction du ddpbt.  
La diversitd lithologique des  par t icules  dans le  till e s t  un 
a u t r e  c a r a c t 6 r e  qui supporte 11id6e d'une origine allochtone du 
d i p a t .  Le  till e s t  gdneralernent recouver t  d'une couver ture  
d e  ddp6ts rnarins sableux. 

Submersion marine  post-glaciaire 

Les dvidences de  la submersion marine  post-glaciaire 
son t  perceptibles sur I'ensernble des rdgions cbt ieres  etudides,  
quoique les  s6diments reli6s h cet dvenement  soient souvent 
prdsents en quant i td  res t re in te .  I1 e s t  ggndralernent difficile 
d e  dkterminer  la  l imi te  maximale  d e  submersion marine  pour 
l a  rigion. Les 6vidences proviennent d'observations rnorpho- 
logiques associkes h un changernent textura l  des ddp6ts 
glaciaires.  Un bris d e  pente  continu re l ie  h I'apparition d'un 
t i l l  d e  fond rernanid (changernent d e  s t ruc tu re  e t  d e  t ex tu re )  
const i tue  I'association ddcisive d'kldrnents l a  plus f rkquente  
pour ddterrniner I 'al t i tude maxirnale d e  l a  submersion marine  
d'un secteur .  De telles observations sont rares,  rnais elles 
pe rme t t en t  ndanrnoins d e  ddfinir l a  position d e  la met- post- 
g lac ia i re  pour I'ensernble de  l a  pdninsule dtudiCe. Les s i t e s  
caract6r is t iques  sont  localisks h l a  f igure  75.1 

La lirnite rnaxirnale de  submersion marine  e s t  t r a c e e  sur 
la  figure 75.1. A par t i r  d e  c e t t e  compilation, une synthkse  
des  donnkes e s t  pr6sentde la  f igure  75.2. On t r a c e  sur  cette 
c a r t e  les isobases de  l 'arnplitude de  I'drnergence h par t i r  des 
indications locales d e  I'altitude maximale  d e  I'invasion marine  
post-glaciaire. C e t t e  interpolation perrnet d e  dkfinir 
I'arnpleur re la t ive  du ddsdquilibre glacio-isostatique post- 
glaciaire. 
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Figure 75.2 lsobases d e  la  dkforrnation glacio-isostatique 
t r a c e e s  par t i r  d e  I'evaluation d e  I'arnplitude d e  
la submersion marine  post-glaciaire de  la  rdgion 
6tudide. Lignes pointillees: lirnite d e  l a  rdgion 
dtudide; lignes en  t i re ts :  isobases d e  la  d6for- 
rnation isostatique, valeurs exprim6es en pieds; 
points: valeurs (en pieds) d e  la  submersion post- 
g lac ia i re  mar ine  rnaximale. 

L a c  proglaciaire d e  l a  Miramichi Nord-Ouest 

Dans l a  rkgion des  Hautes-Terres,  uri lobe tardiglaciaire 
est responsable d e  l a  major i t6  des  fo rmes  sddimenta i res  
glaciaires (eskers e t  complexes  rnorainiques) e t  des  forrnes 
d'drosion glacia i re  pr6sentes.  La largeur du lobe est d'environ 
30 rn. Du cat6 ouest ,  son extension rnaximale semble  
s'associer avec  une sdrie de  chenaux d'eau de  fon te  parallkles 
i l a  direction d e  116couJernent glaciaire;  du cat6 est, l e  lobe 
occupe les  rkgions infdrieures h une a l t i tude  d e  500 pieds (la 
l igne d e  niveau d e  500 pieds est or ientde  nord-sud et passe du 
cat6 ouest  dlAllardville). C e  lobe a occup6 l a  vallde d e  l a  
Nkpisiguit (Cauthier e t  Corrnier, 1977) e t  son f ron t  a r6gress.6 
graduellement vers l e  sud, i 11int6rieur du bassin d e  drainage 
d e  la  Mirarnichi Nord-Ouest. Le  r e t r a i t  dans la  vallde d e  la  
Miramichi Nord-Ouest e s t  h I'origine d'un rnkcanisrne de  
ddglaciation int6ressant.  Une s6quence d e  sediments  
rythrniques h I'intkrieur d e  la  vallde d e  la  Sdvogle (h 1.8 rn de  
son embouchure), ddcouver te  par Shaw (19361, est associge au  
r e t r a i t  du lobe prdci t i .  La sdquence d e  sddirnents rythmi- 
ques, d'une hauteur  exposde de  4.3 rn, e s t  cornposke d'une 
quant i td  minimale  d e  370 couple ts  silteux-argileux et silteux- 
sableux; chaque ,couplet a une dpaisseur rnoyenne de  1.1 crn. 
C e s  sediments  lacust res  grano-classes sont  des  varves. La 
skquence e s t  d'origine l acus t r e  et ndcess i te  pour s a  mise e n  
place l e  blocus d e  la  sect ion d'aval de  la  Mirarnichi Nord- 



Ouest. Au moment  oh ce l a c  proglaciaire exis ta i t ,  son seul 
exutoi re  logique s e  trouvait  dans  la  projection vers l e  nord du 
coude de  la  Mirarnichi Nord-Ouest, h une a l t i tude  d'environ 
260 pieds. C e  coude e s t  une relique rnorphologique qui 
r e f lk t e  I'inversion du drainage, i l a  f in  d e  l a  pdriode du blocus 
glaciaire.  Les dvidences rnorphologiques du dkversoir vers l e  
nord sont perceptibles sur les  photographies adriennes c a r  les 
reliques de  c e  systkrne de  drainage contr6lent  la  position du 
drainage actuel .  Le  drainage actuel  de  la  Miramichi Nord- 
Ouest s e  f a i t  vers le  sud, e n  conformitd  avec  l a  pente  
rdgionale. 

Des sediments  d e  con tac t  glaciaire,  fluvio-glaciaires et 
glacio-lacustres sont  prdsents i l ' interieur du bassin d e  l a  
Mirarnichi Nord-Ouest, au nord de  la  Sdvogle. Les s t ruc tu res  
sddirnentaires observkes montrent un dcoulement fluvial vers 
le nord. Des ter rasses  partiellernent prdservdes ref lk tent  
I'environnement ~Cdirnenta i re ,  a u  moment  oh l e  r e t r a i t  
graduel du lobe glaciaire forrnait  une plaine alluviale progla- 
ciaire.  

D6finies h partir  des valeurs d e  I'arnplitude de  l a  
submersion marine  post-glaciaire, les isobases d e  I'amplitude 
re la t ive  d e  l a  ddforrnation glacio-isostatique d e  l a  f igure  75.2 
perrnet tent  d e  d6terrniner I'altitude re la t ive  du plan d'eau 
dans la  rkgion de  la  rivigre Sdvogle par rapport  h I 'al t i tude de  
I'exutoire. C e t t e  d i f fdrence e s t  d e  J'ordre d e  25 pieds, c e  qui 
r epor t e  l e  niveau lacust re  au  moment  d e  son exis tence  h une 
a l t i t ude  re la t ive  d e  235 pieds, dans  l a  rdgion d e  l a  r iv isre  
Sdvogle, avec  un exutoi re  plus a u  nord h une a l t i t ude  re la t ive  
d e  260 pieds. ~ ' d t e n d u e  du lac  proglaciaire e t  l a  position d e  
son exutoire vers l e  nord sont rnontrdes h la  f igure  75.1. 

A la  lurnikre d e  I ' interprdtation du mode d e  ddglaciation 
suggdr6, un problkrne important  r e s t e  h rdsoudre. I1 s 'agi t  d e  
la  possibilite de  I'influence d e  deux masses glaciaires dis- 
t inc tes  h I'dpoque d e  l a  ddglaciation h I'intdrieur d e  chacune 
d e s  unit6s morpho log i~ues  d e  l a  rkgion, les  Hautes-Terres et 
l e s  Basses-Terres. A I'intdrieur d e  l a  rkgion d e s  Hautes- 
Terres ,  deux directions d'dcoulernent g lac ia i re  inddpendantes 
dorninent: lldcoulernent rdgional vers I'est, suivi ,dlun 
mouvernent vers 1e nord, contr616 par l a  topographie regio- 
nale. Dans les  Basses-Terres, des  dvidences diffuses 
suggkrent la  prdsence d'une direction d e  I'dcoulernent glaci- 
a i r e  vers I'est dgalernent, alors que la  rnajoritd des  observa- 
tions indiquent la prksence d e  glaces s'dcoulant vers l e  nord- 
nord-ouest. Le mouvernent rdgio,pal vers 1'est e s t  prdsent sur 
I'ensernble de  la  r6gion dtudiee; il reprdsente  l a  phase  
glacia i re  principale du Wisconsin supkrieur dans  l a  rdgion 
nord-est du Nouveau-Brunswick. C e  rnouvement e s t  prdc<dk 
d'autres dont les dvidences sont partiellernent pr6servees 
(Gauthier e t  al., 1977, tableau 76.1). Les rnouvements 
glaciaires vers le  nord-nord-est dans les Hautes-Terres e t  
vers  l e  nord-nord-ouest dans  les  Basses-Terres se ra i en t  
corrdlatifs,  et marquent  l e  s t ade  terminal  d e  l 'histoire 
g lacia i re  d e  la  pkninsule. L'interrelation e n t r e  ces deux 
directions d'dcoulernent g lac ia i re  e s t  la  question qui a 
engendrk la  presente discussion. 

A l 'intdrieur des  Basses-Terres, il ex i s t e  l a  possibilitd d e  
l a  presence d'un masse  d e  glace  dont  l'dcoulernent s e r a i t  
inddpendant d e  celui des  g laces  des  Hautes-Terres. C e t t e  
si tuation derneure hypothdtique; le  principal problkrne 
confront6  ici consiste h ddfinir I 'extension vers l e  sud d'un 
glacier  des Basses-Terres. Les kvidences connues plus a u  sud 
(esker d e  ~ e s p r e s ,  dkcr i t  par Kingston et Brinsmead (1974); 
P r e s t  (19721, rdgion d e  Kouchibouguac; observations d e  s t r i e s  
pa r  I'auteur, rdgion d e  Rogersville) indiquent un dcoulernent 
glaciaire vers I'est. Contra i rement  aux dvidences 5 I'intdrieur 
d e  l a  rdgion dtudike, l e  f ront  rnorainique d e  Paquettevil le,  l a  
dispersion des  er ra t iques  d e  diabase, les  t r ames  d e  t i l l  et l a  
rnajoritk des  s t r i e s  glaciaires sugg6ren;t l a  prksence d'une 

masse  glacia i re  dans  les Basses-Terres dont  la  direction 
d'dcoulernent e s t  conflictuelle avec  ce l l e  dans les Hautes- 
Terres.  Du res te ,  l 'hypothkse d e  c e t t e  masse glaciaire 
inddpendante fournit  une base  in tdressante  pour expliquer l e  
blocus du drainage d e  l a  Miramichi Nord-Ouest et l a  
format ion du l ac  glaciaire. C e  problgme derneure e n  suspens; 
la  solution qu'on y appor tera  au ra  un impac t  important  sur l e  
modkle de  dbglaciation de  la  region d e  la  pdninsule nord-est 
du Nouveau-Brunswick. 
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Abstract 
Bourne, J.H., Ashton, K.E., Goulet, N., Helmstaedt, H., Lalonde, A., amd Newman, P., Portions of 
the Natashquan, Musquaro and Harrington Harbour map-sheets eastern Grenville Province, 
Quebec - A preliminary report; Current Research, Part A, Geol. Surv. Can., Paper 78-lA, p. 413-418 

Twenty thousand km2  in the Grenville Province o f  eastern Quebec were mapped during the 
summer o f  1977. Four main groups of rocks were recognized: (1) basement gneiss complex; 
(2) metasedimentary rocks (possibly correlative with the Wakeham Group t o  the west); (3) anorthosite 
suite; ( 4 )  late intrusive rocks. The metamorphic grade of the first three groups is upper amphibolite 
t o  granulite. Four sets of folds were mapped within the region; the last two are late and are not 
fabric forming. No showings of  economic interest were found. 

Introduction 

During t h e  summer  of- 1977 t h e  ea s t e rn  halves of shee t s  
12N (Natashquan River), 12K (Musquaro) and most  of t h e  
western  half of 123  (Harrington Harbour) were  investigated 
on a reconnaissance scale.  The c e n t r e  of t h e  a r e a  (Fig. 76.1) 
is  approximately 235 km eas t -nor theas t  of t h e  town of Havre 
St -Pier re ,  Quebec. 

In ea s t e rn  Quebec  and adjacent  Labrador,  t h e  width of 
t h e  Grenville Province,  measured perpendicular t o  t h e  
Grenville Front ,  is abou t  450 km. The width of t h e  a r e a  
mapped, measured in t h e  s a m e  manner,  i s  about  200 km. This 
a r e a  thus  provides an  excel lent  oppor tuni ty  t o  s tudy a cross- 
sec t ion  through t h e  e n t i r e  southern half of t h e  Grenville 
Province. 

The amount  and quali ty of exposures vary  widely within 
t h e  region. Excellent exposures a r e  present  along t h e  coas t  
and up t o  roughly 20 km inland. The zone  between 20 and 
40  km inland is  cha rac t e r i zed  by low sc rub  and good outcrop 
(about 10 per  c e n t  of t o t a l  area).  A t  g r e a t e r  d is tances  t h e  
a r e a  is ,treed and ou tc rop  quickly drops off t o  less than 1 per 
cen t .  Exposure is par t icular ly  poor in t h e  northern and 
cen t r a l  portions of shee t  12N, where g lac ia l  sand coverage  is 
extensive.  

Description of the units 

Twenty-one units a r e  described in t h e  sec t ion  t h a t  
follows. Some occupy too  small  a n  a r e a  t o  be  shown on t h e  
accompanying ske t ch  map  (Fig. 76.2). These  have been 
indicated with an  as ter isk  on Figure 76.2 (legend). 

The rocks a t  l ac  Rouvel a r e  very complex lithologically. 
A t  leas t  f ive  phases a r e  easily discerned in outcrop. The 
most  abundant  phase is a light g rey  fo l ia ted  quar tzofe lds-  
pa th i c  gneiss poor in m a f i c  minera ls  (about  5 t o  10 per cen t )  
which makes  up about  6 5  per c e n t  of t h e  unit. The  remainder  
consists of 10 per  c e n t  amphiboli te,  5 per c e n t  q u a r t z  pods, 
and 20 per c e n t  pink and white pegmat i t e  of var iable  
composit ion and grain size. The composit ion of t h e  main unit  
is itself variable;  angular f r agmen t s  of a more  maf ic  bulk 
composit ion a r e  commonly  included in t h e  predominant l ight 
g rey  phase. 

The  l ight g rey  uni t  has  wha t  has  been ca l led  a 
"porphyroclasticl'  t ex tu re .  This resul ts  f rom t h e  presence  of 
pa le  pink agg rega te s  of potash fe ldspar  which def ine  ovoid- 
shaped lenses up t o  30 m m  x 10 mm in size. Their  genera l  
appea rance  sugges ts  t h a t  they were  originally potash feldspar 
porphyroblasts which have subsequently been deformed.  

Unit  2 - Grey gneiss 

The g rey  gneiss complex ex tends  f r o m  l a c  Musquaro t o  
e a s t  of l ac  Cauchy and includes numerous  phases. The 
essent ia l  cons t i tuent  of t h e  complex is  a medium grained, 
grey bioti te-plagioclase gneiss which fo rms  approximate ly  
half of t h e  unit. The gneiss is  genera l ly  homogeneous and 
equigranular;  however,  potash fe ldspar  porphyroblasts a r e  
locally present.  Pegmat i t e  and ap l i t e  dykes  a r e  common in 
t h e  gneiss, with pegmat i t e s  usually m o r e  abundant t han  
apli tes.  Nebulous schlieren of f ine  gra ined g ran i t i c  ma te r i a l  
were  also observed in t h e  grey gneiss. Unit  2 locally conta ins  
a s  much a s  20 per c e n t  amphiboli te or fo l ia ted  b io t i te  schist ,  
p r e sen t  a s  e longated  layers  or schlieren.  

Unit  1 - Grani t ic  gneiss 

A large  pa r t  of t h e  cen t r a l  portion of t h e  map-area Unit  3 - l a c  Mack complex 

comprises  a very complex unit of migmat i t i c  gneissic rocks. A complex of granitoid rocks of syeni t ic  composit ion 
The c o m ~ o s i t i o n  of t hese  rocks is var iable  and while no one  was  encountered  across  t h e  northern oor t ions  of shee t  12N. 
a r e a  can 'be  t aken  a s  a t ype  locali ty,  t h e  rocks exposed a t  l ac  This uni t  is cha rac t e r i zed  by d is t inc t ive  rusty pink weather ing 
Rouvel (60°27'W, 50°52'N) a r e  representa t ive  of t h e  unit a s  a feldspars,  a homogeneous na tu re  (no q u a r t z  veins, amphiboli te 
whole. inclusions, composit ional layering), and large  grain size.  

Feldspar phenocrys ts  of up t o  10 c m  x 7 c m  a r e  present.  
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Figure 76.1. Location of t h e  field a r ea .  

The homogeneous na tu re  of this unit over  considerable 
a r eas ,  coa r se  grain size,  and lack of composit ional layering, 
suggests an  igneous parentage .  

Unit  4 - Goyelle q u a r t z  monzoni te  

A homogeneous q u a r t z  monzonite unit is  exposed on t h e  
shores  of lac  Goyelle. 

Among t h e  f e a t u r e s  distinguishing th is  f rom o the r  
granitoids in t he  a r e a  is t h e  presence of aggregates  with a 
maximum diameter  of 40 mm, composed essentially of f ine  
grained potash feldspar crys ta ls  with some qua r t z .  Another 
cha rac t e r i s t i c  f e a t u r e  of t h e  Goyelle qua r t z  monzonite is t h e  
presence  of large amoun t s  ( 5  per c e n t )  of euhedral  magne t i t e  
c rys t a l s  up t o  5 mm in d i ame te r  randomly distributed 
throughout t h e  rock. 

As a whole, t h e  unit is qu i t e  homogeneous, and conta ins  
only minor pink pegmat i t e  dykes  up t o  20 c m  th ick  and q u a r t z  
veins. Very smal l  maf ic  schlieren,  composed e i the r  of b io t i te  
or hornblende, a r e  also present.  These a r e  generally less than 
15 c m  in length and represent  less than 1 per c e n t  of t h e  
outcrop. 

The Goyelle q u a r t z  rnonzonite shows a comple t e  grada-  
t ion f rom massive t o  well fo l ia ted  varieties.  In most ca ses  
t h e  foliation is expressed by an  elongation of t h e  potash 
feldspar aggregates.  

The origin of t h e  Goyelle qua r t z  monzonite is unknown. 
The feldspar agg rega te s  may be deformed igneous 
phenocrysts. 

Unit  5 - Charnocki t ic  gneisses 

The dominant rock t y p e  of t he  coas ta l  a r e a s  of map- 
shee t  125 f rom Mkcatina Island t o  Etarnamiou is  a massive t o  
fo l ia ted ,  homogeneous grani t ic  rock, averaging 15 t o  20 per 
c e n t  qua r t z  and approximate ly  5 per c e n t  mafics.  It usually 
weathers  buff t o  yellow pink. Fresh surfaces  a r e  e i ther  pink 
o r  a pale t o  medium green. Green colours a r e  believed t o  be  
re la ted  t o  t h e  local  a t t a inmen t  of granuli te f ac i e s  me ta -  
morphic conditions, al though no orthopyroxene was  positively 
recognized in t h e  field. 

The rocks range f rom a homogeneous g ran i t i c  ma te r i a l  
through those  containing a f ew  rnafic xenoliths and/or 
schlieren t o  those  containing > 20 per c e n t  rnafic rocks a s  

layers  and xenoliths. Several  outcrops  were  e i t he r  wholly 
amphiboli te or contained amphibol i te  bands f rom 4 t o  7 m 
wide. These a r e  well-foliated rocks showing c l ea r  layering, 
caused by variations in gra in  size,  maf i c  con ten t  and t ex tu re  
of t h e  weathered surface .  

No def in i te  conclusions c a n  be  made  a s  t o  t h e  origin of 
th is  unit. The presence  of qua r t z i t e s  in ter layered with t h e  
rocks of this unit  suggests a me ta sed imen ta ry  origin. 

The mineralogy and bulk composit ion of t hese  rocks 
suggests a corre la t ion  between th is  unit and t h e  meta-arkoses  
and impure meta-quar tz i tes  of unit  6 .  The major d i f ference  
between t h e  t w o  uni ts  appea r s  t o  be  t h e  superposed me.ta- 
morphisrn. Rocks of uni t  6 a r e  upper arnphiboli te facies,  
whereas  t h e  green colour of unit  5 sugges ts  exposure t o  
granul i te  f ac i e s  conditions. 

Unit 6 - Pink meta-arkose/ impure  me ta -qua r t z i t e  

A very thick sequence  of meta-arkose  and impure  
(feldspathic) me ta -qua r t z i t e  is exposed along t h e  coas t  
be tween Wapitagun Sound and Washicoutai Bay. These  rocks 
extend a considerable d i s t ance  inland, being par t icular ly  well 
exposed in t h e  vicinity of l a c  Coacoachou. The coas t a l  
exposures  can  b e  subdivided in to  two  sub-units, namely: 

1 )  a very c lean fe ldspathic  rneta-quartzite.  This sub- 
unit is a lmost  devoid of rnafic minerals.  The weathered and  
fresh su r f aces  a r e  both pink. The weathered surface ,  in 
par t icular ,  has a well indurated appearance .  The essent ia l  
minerals a r e  qua r t z  and potash fe ldspar ,  with lesser amounts  
of plagioclase. 

2) a "granit ic gneiss" which has  been in t e rp re t ed  a s  a 
rneta-arkose. The rnafic minera l  is b io t i te ,  present  in 
amoun t s  of approximate ly  5 per  cen t .  Q u a r t z  is  about  30 per  
c e n t  and potash fe ldspar  predominates  over  plagioclase. 
Inland, t he  hilltop exposures  of this sub-unit have  rusty 
s t r eaks  resulting f rom weather ing of t h e  b io t i te  so  t h a t  even  
though t h e  rnafic con ten t  is smal l  t h e  fo l ia t ion  d i rec t ion  is 
easily seen.  

Both sub-units have  a f a in t  composi t ional  layering. 
They g rade  in to  one  ano the r  over  a d i s t ance  of 3 m, so  t h e r e  
is  no  doubt t h a t  t hey  a r e  closely re la ted .  

The relationship of t h e  rocks  of th is  uni t  t o  t h e  o t h e r  
units  of t h e  a r e a  is problematical .  To t h e  e a s t  t h e  rocks  a r e  
apparent ly  intruded by t h e  Wapitagun Pluton. The con tac t  
be tween the  two  is not  exposed. The two  uni ts  lie on opposite 
s ides  of a heavily wooded valley. Foliation measurements  in 
both groups of rocks sugges t  t h a t  a "conformable" con tac t  
would be  observed. T o  t h e  wes t  t hese  rocks  appea r  t o  be  t h e  
lowest exposed unit  of t h e  paragneiss su i t e  exposed along t h e  
sho res  of lac  Washicoutai  and l a c  d'Aune, underlying a 
dis t inc t ive  garnet-sillirnanite-bearing marke r  horizon and 
occupying t h e  c o r e  of a domal  s t ruc tu re .  The  basement  t o  
th is  unit has not been definit ively recognized. 

The coas ta l  exposures  described above apparent ly  g rade  
in to  more  argil laceous rocks t o  t h e  north and nor theas t .  A 
typical  example  of t h e  l a t t e r  su i t e  is exposed along t h e  shores  
of l ac  Triquet. Here  t h e  rocks  a r e  m o r e  rnafic-rich, and  
commonly  conta in  arnphiboli te horizons. Amphiboli te 
horizons a r e  r a r e  in c o a s t a l  exposures,  al though one  unit ,  
f r o m  10 t o  30 m thick,  was  t r aced  f o r  over  30 km. In 
addit ion,  t h e  lac  Triquet rocks conta in  q u a r t z i t e  and r a r e  
garnet-si l l imanite horizons. In summary,  t h e  l ac  Triquet 
rocks a r e  lithologically more  variable and on t h e  ave rage  
more  mafic-rich than  t h e  coas t a l  rocks. Traverses  in 
be tween the  two  a r e a s  show t rans i t ional  rock types.  I t  is 
possible t h a t  t hey  r e f l e c t  a n  original  var ia t ion  in sedimentary  
facies.  The possible relationship between th is  uni t  and unit  5 
h a s  a l ready been discussed. 



Figure  76.2. Simplified geological sketch  m a p  of t h e  region. Units indicated with 
a n  as ter isk  a r e  t o o  smal l  t o  be shown. Scale  1:l 000 000. 



T h e  th ickness  of t h e  m e t a - a r k o s e / f e l d s p a t h i c  m e t a -  
q u a r t z i t e  un i t  is unknown, s i n c e  t h e  s t r u c t u r a l  p a t t e r n  of t h e  
a r e a  is v e r y  complex .  It is unlikely t o  e x c e e d  1500 m. 

Unit 7 - P e l i t i c  gneiss  

O u t c r o p s  of garnet-sillimanite-biotite gne iss  a r e  
s c a t t e r e d  th roughout  t h e  a r e a  s tud ied .  In m o s t  loca l i t i es  t h e  
un i t  is  th in  and  o c c u r s  a s  layers  or  l enses  in q u a r t z o f e l d -  
s p a t h i c  gne isses  of u n c e r t a i n  bu t  p resumably  m e t a s e d i -  
m e n t a r y  origin.  T h e  b e s t  exposures  a r e  along t h e  s o u t h  s h o r e  
of l a c  Washicoutai  w h e r e  i t  l ies  i m m e d i a t e l y  a b o v e  uni t  6. 
Megascopic  e x a m i n a t i o n  s t rongly  sugges ts  t h e  p r e s e n c e  of 
c o r d i e r i t e  in t h e  l a c  Washicoutai  a r e a .  In t h e  l a c  Noi rc la i r  
a r e a ,  c o r d i e r i t e  has  b e e n  c o n f i r m e d  by X-ray d i f f rac t ion .  
Garnet-cordierite-potash fe ldspar -b io t i t e -quar tz  is t h e  
d i a g n o s t i c  m e t a m o r p h i c  m i n e r a l  a s s e m b l a g e  of t h i s  unit .  

Unit  8 - Q u a r t z i t e  

O r t h o q u a r t z i t e  is  exposed  in t h e  e x t r e m e  s o u t h w e s t e r n  
c o r n e r  of t h e  map-area ,  a long  t h e  s e a  c o a s t  b e t w e e n  
C o a c o a c h o u  Bay and  l a c  Washicoutai .  It is i n t e r l a y e r e d  w i t h  
t h e  m e t a - a r k o s e  a n d  i m p u r e  m e t a - q u a r t z i t e s  of u n i t  6 a n d  is  
of v a r i a b l e  thickness.  In t h i s  a r e a ,  t h e  w e a t h e r e d  s u r f a c e  is 
w h i t e  t o  l ight  g rey .  On t h e  f r e s h  s u r f a c e  i t  is  usually l ight  
grey.  It c o n s t i t u t e s  a n  ins ign i f ican t  p ropor t ion  of t h e  
m e t a s e d i m e n t a r y  rocks  exposed  a long  t h e  c o a s t .  

Unit 9 - Marble l skarn  

Marble  is b e s t  exposed  b e t w e e n  t h e  t o w n s  of 
G e t h s d m a n i  a n d  Bluff Harbour ,  a s  well  a s  on  t h e  s h o r e s  of 
l a c  Rober t son  and  l a c  P lamendon,  t h e  las t  t w o  be ing  l o c a t e d  
in t h e  e x t r e m e  n o r t h e a s t e r n  c o r n e r  of t h e  a r e a  mapped .  It 
c o m p r i s e s  only a v e r y  s m a l l  p a r t  of t h e  m e t a s e d i m e n t a r y  
r o c k s  of t h e  m a p - a r e a  and  is  a s s o c i a t e d  wi th  q u a r t z i t e ,  
garnet-sillimanite-biotite gne iss  a n d  m e t a - a r k o s e ,  a n d  
amphibol i te .  T h e  e s t i m a t e d  th ickness  of t h e  m a r b l e  un i t  in 
t h e  l a c  Rober t son  a r e a  is 50  m a n d  in t h e  G e t h s k m a n i  a r e a ,  
3 0  m. 

Uni t  10 - C o n g l o m e r a t e  

P o l y m i c t i c  c o n g l o m e r a t e  w a s  e n c o u n t e r e d  in t w o  o u t -  
c rops ,  o n e  on  t h e  c o a s t  in t h e  G e t h s k m a n i  a r e a ,  t h e  o t h e r  o n  
l a c  Musquaro.  Both a r e  thought  t o  r e p r e s e n t  on ly  minor  
unconformi t ies .  In bo th  o u t c r o p s  rounded boulders  of g r a n i t i c  
m a t e r i a l  exhib i t  a p lanar  fo l ia t ion  which is  a t  a n  a n g l e  t o  t h e  
fo l ia t ion  s e e n  in t h e  mat r ix .  This  s u g g e s t s  t h a t  t h e  fo l ia t ion  
of t h e  boulders  is  o lder  t h a n  t h a t  of t h e  c o n g l o m e r a t e ,  a n d  is  
t h e r e f o r e  e v i d e n c e  of a n  e a r l i e r  per iod  of d e f o r m a t i o n .  

Unit  1 I- P a r a g n e i s s  ( u n d i f f e r e n t i a t e d )  

O u t c r o p s  of highly d e f o r m e d ,  inhomogeneous,  f i n e  
g r a i n e d  g r a n i t i c  m a t e r i a l  w e r e  found a t  many loca l i t i es .  T h e  
assoc ia t ion  of t h i s  un i t  w i t h  r o c k s  of known m e t a s e d i m e n t a r y  
origin s u g g e s t s  t h a t  t h e s e  rocks  may a l so  h a v e  a s e d i m e n t a r y  
p a r e n t a g e .  T h e  l a r g e s t  a r e a  of t h i s  un i t  is exposed  s o u t h  of 
l a c  Washicoutai  b e t w e e n  t h i s  l a k e  and  t h e  n o r t h  s h o r e  of l a c  
Couil lard.  It f o r m s  t h e  u p p e r m o s t  p a r t  of t h e  s t r a t i g r a p h i c  
s e q u e n c e  of t h e  l a c  Washicouta i  a r e a .  In t h i s  reg ion  t h e  
u n d i f f e r e n t i a t e d  paragne isses  a r e  g r a n i t i c  in compos i t ion  and  
a r e  g a r n e t i f e r o u s  th roughout .  Uni t  I 1  c o n t a i n s  n u m e r o u s  
sch l ie ren  of amphibol i t i c  m a t e r i a l  para l le l  t o  i t s  fo l ia t ion .  In 
o n e  loca l i ty ,  which cons is t s  of a m i g m a t i t e  composed  of 
medium pink g r a n i t i c  m a t e r i a l  and  a w h i t e  leucosome,  t h e  
l e u c o s o m e  is  cord ie r i te -bear ing .  G a r n e t  is a l so  found in t h e  
s a m e  outcrop .  

Uni t  1 2  - Porphyr i t i c  g r a n i t e  

P o r p h y r i t i c  pink t o  g r e e n  g r a n i t i c  rock  is well  exposed  
in and  n o r t h w e s t  of t h e  Tdte la - la -Bale ine  a r c h i p e l a g o .  It is 
f o l i a t e d  a n d  r a n g e s  f r o m  g r a n i t e  t o  q u a r t z - s y e n i t e .  The  
fo l ia t ion  is  t h e  resu l t  of t h e  subpara l le l  o r i e n t a t i o n  of 4 x 
5 c m  d e f o r m e d  pink p h e n o c r y s t s  of po tass ium fe ldspar .  T h e  
g r e e n  p a r t s  of t h i s  un i t  h a v e  r e s u l t e d  f r o m  loca l  m e t a m o r -  
phism t o  g r a n u l i t e  fac ies .  T h e  c o n t a c t  w i t h  t h e  sur rounding  
u n i t s  is  c o n f o r m a b l e  and sharp .  

Uni t s  13-16 - A n o r t h o s i t e  s u i t e  

T h e  a n o r t h o s i t e  s u i t e  of r o c k s  is  t h e  m o s t  poorly 
exposed  of t h e  major  units .  It o u t c r o p s  in t h e  s o u t h e r n  a n d  
c e n t r a l  por t ions  of s h e e t  12N w h e r e  i t  is  l a rge ly  c o v e r e d  by 
a n  e x t e n s i v e  sand plain a n d  e n d  mora ine .  O u t c r o p s  of 
u n i t s  1 4  a n d  1 5  a r e  g e n e r a l l y  highly w e a t h e r e d .  

T h e  f o u r  main  m a s s e s  of a n o r t h o s i t e  ( u n i t l 3 )  
e n c o u n t e r e d  a r e  a l l  i d e n t i c a l  in a p p e a r a n c e .  They  a r e  w h i t e  
t o  l igh t  g r e y  r o c k s  c o n t a i n i n g  less  t h a n  10 p e r  c e n t  m a f i c  
minera l s ,  typ ica l ly  a n  a l t e r e d  g r e e n  pyroxene ,  and  h a v e  b e e n  
d e f o r m e d  t o  vary ing  d e g r e e s .  T h e  d e f o r m a t i o n  a p p e a r s  m o s t  
i n t e n s e  n e a r  t h e  marg ins  of t h e  mass i f s  a n d  d e c r e a s e s  
t o w a r d s  t h e i r  cores .  This  d e f o r m a t i o n  i s  m a n i f e s t e d  by f ine ,  
hair- l ike w h i t e  s t r e a k s  in t h e  p lag ioc lase  gra ins ,  which  o f t e n  
a r e  p a r a l l e l  t o  t h e  c l e a v a g e  d i r e c t i o n s  in t h e  p lag ioc lase .  
Where  t h e  d e f o r m a t i o n  is  m o s t  in tense ,  t h e  rock  is  whi te .  

T h e  a n o r t h o s i t e  mass i f s ,  prior  t o  t h e  d e f o r m a t i o n a l  
e v e n t ,  w e r e  a p p a r e n t l y  f i n e r  g r a i n e d  n e a r  t h e i r  m a r g i n s  t h a n  
in t h e i r  cores .  T h e  a v e r a g e  d i a m e t e r  of t h e  p lag ioc lase  
g r a i n s  n e a r  t h e  marg in  is  a b o u t  2 c m .  H o w e v e r ,  e v e n  h e r e  
v e r y  la rge ,  d a r k  g r e y  p lag ioc lase  c r y s t a l s  a r e  s c a t t e r e d  
t h r o u g h o u t  t h e  rock.  T h e s e  a r e  u p  t o  10 c m  a c r o s s  and  m a y  
original ly h a v e  been  e v e n  la rger .  T h e  a c t u a l  m a r g i n  of t h e  
a n o r t h o s i t e  is gneissic.  

T h e  t e r m  "charnocki te"  (un i t  14) is used h e r e  in a 
g e n e r a l  s e n s e  t o  r e f e r  t o  gran i to id  r o c k s  and  gne iss ic  
e q u i v a l e n t s  which a r e  s p a t i a l l y  r e l a t e d  t o  t h e  a n o r t h o s i t e  
masses ,  a n d  which c o n t a i n  g r e e n  f e l d s p a r s  a n d  or thopyroxene .  
M e m b e r s  of t h i s  un i t  which  sur round t h e  l a c  Hakluyt  
a n o r t h o s i t e  m a s s  a r e  m e d i u m  g r a i n e d ,  e q u i g r a n u l a r  (non- 
porphyr i t i c )  g reen ish  c o l o u r e d  rocks.  In s o m e  o u t c r o p s  t h e y  
a r e  homogeneous ,  bu t  e x h i b i t  a s t r o n g  fo l ia t ion  d e f i n e d  by t h e  
p r e f e r r e d  o r i e n t a t i o n  of s t r e a k e d  o u t  a g g r e g a t e s  of m a f i c  
minera l s .  In o t h e r  o u t c r o p s  a d i s t i n c t  compos i t iona l  l a y e r i n g  
i s  p r e s e n t .  

T h e  m a i n  a r e a  of t h e  c h a r n o c k i t i c  r o c k s  is  in t h e  w e s t -  
c e n t r a l  por t ion  of s h e e t  12N, w h e r e  t h e y  a r e  a s s o c i a t e d  w i t h  
t h e  d i s t i n c t i v e  "mot t led"  a e r o m a g n e t i o  p a t t e r n .  T h e  rock  
t y p e s  r a n g e  f r o m  a pink q u a r t z  s y e n i t e  a u g e n  gne iss  t o  
g r e e n i s h  r o c k s  of q u a r t z  m o n z o n i t e  t o  q u a r t z  d i o r i t i c  
compos i t ion .  

T h e  a n o r t h o s i t i c  g a b b r o  uni t  (un i t  15) c o n s i s t s  of r o c k s  
of g a b b r o i c  compos i t ion ,  usually 30  t o  40  per  c e n t  m a f i c  
minera l s ,  which  a r e  s p a t i a l l y  r e l a t e d  t o  t h e  a n o r t h o s i t e .  T h e y  
a r e  found  wi th in  t h e  a n o r t h o s i t e  m a s s i f s  a s  w e l l  a s  a r o u n d  t h e  
m a r g i n s  of t h e s e  mass i f s .  

T h e  g a b b r o i c  m a s s  a t  l a c  M o n t c e v e l l e s  (60°37'W, 
51°08'N) is  i r regular  in s h a p e  a n d  is  s e p a r a t e d  f r o m  t h e  
a n o r t h o s i t e  t o  t h e  e a s t  by b o t h  g r a n i t e  a n d  m a n g e r i t e .  
B e c a u s e  t h e  g a b b r o  a n d  t h e  a n o r t h o s i t e  a r e  n o t  d e m o n s t r a b l y  
a s s o c i a t e d  a t  t h i s  p a r t i c u l a r  loca l i ty ,  t h e r e  i s  s o m e  doubt  a s  
t o  w h e t h e r  t h i s  p a r t i c u l a r  g a b b r o  should be  cons idered  a 
m e m b e r  of t h e  a n o r t h o s i t e  su i te .  

T h e  f o l i a t e d ,  pink w e a t h e r i n g ,  augen-bear ing  a d a m e l l i t e  
of un i t  16 r e p r e s e n t s  t h e  e a s t e r l y  c o n t i n u a t i o n  of a m a s s  
d e s c r i b e d  by Bourne  e t  al .  (1977). In t h i s  a r e a  t h e  m a s s  is n o t  
s p a t i a l l y  r e l a t e d  t o  a n o r t h o s i t e ,  a n d  n o  f o l i a t e d  d i o r i t e  w a s  
e n c o u n t e r e d .  



An a t t e m p t  was made t o  co r r e l a t e  rock types  of 
units  13-16 with aerornagnetic d a t a ,  with t he  following 
results. 

In a r eas  where  magnet ic  intensity is  low (56 000 
gammas  o r  less) t h e  rock is anor thos i te  sensu s t r i c t0  (less 
than 10 per cen t  maf i c  minerals), or syenit ic granitoids of 
uni t  3. The major lows are :  

a )  t h e  l a c  Hakluyt low along t h e  ea s t e rn  border of t h e  
map-area, 

b) t he  l ac  Maryen low, southwest of t he  lac  Hakluyt 
low, 

c )  t h e  Etamamiou River low located e a s t  of l a c  
Montcevelles in t h e  southern pa r t  of sheet  12N. 

Lows (a) and (c)  a r e  associated with anorthosite.  No outcrops  
were  found in t h e  a r e a  of (b). 

Immediately ad j acen t  t o  t h e  l ac  Hakluyt low and 
enveloping i t  on a l l  sides is a s t r s n g  l inear ae romagne t i c  high 
whose associated outcrops  a r e  gabbroic (unit  15). 

Some dis tance  f rom t h e  anor thos i te  lows the re  is a zone  
which conta ins  anor thos i t ic  rocks but  is predominantly green 
feldspar-bearing "charnockitic" rock. This zone  is  cha rac -  
te r ized  by t h e  mot t led  ae romagne t i c  pa t tern .  

L a t e  intrusive rocks  

Unit 17  - Gabbro 

One small  intrusive mass of gabbrofdiorite was  
encountered  in t h e  nor thern  par t  of sheet  12N, where  i t  is  
associa ted  with an  aerornagnet ic  high. Although i t  f o rms  a 
roughly circular,  high hill, i t  is  poorly exposed. It is a 
massive rock in which blades of plagioclase up t o  20 x 3 m m  
a r e  s e t  in a matr ix  of greenish,  a l t e r ed  maf ic  minerals and 
pinkish a l t e r ed  plagioclase. The colour index of t h e  outcrop 
var ies  slightly f rom place t o  place,  but averages  about  50 per  
cen t .  

In thin section,  successive a l tera t ion  r ims of green 
hornblende, pale blue-green hornblende and finally chlorite,  
have developed about  t h e  primary pyroxenes. 

Unit 18a  - Cauchy q u a r t z  monzoni te  

The Cauchy qua r t z  monzonite is well exposed on t h e  
shore of l ac  Cauchy. The intrusion is ovoid-shaped with a 
long axis of approximate ly  10 km;  i t  consists of a massive t o  
very poorly fo l ia ted  potash feldsparphyric q u a r t z  monzonite.  
The unit lies cdmplete ly  within t h e  grey  gneiss complex. A t  
t h e  con tac t ,  t h e  grey gneiss appears  somewhat  d i f ferent  f rom 
elsewhere,  probably because of local  metamorphic  or metaso-  
ma t i c  e f f e c t s  re la ted  t o  t h e  intrusion. The unit ,  al though 
r a the r  homogeneous, conta ins  a f e w  o the r  phases. Among 
these  a r e  pink pegmat i t e  dykes  5 c m  t o  1 m thick,  a l a sk i t e  
dykes up t o  2 m thick,  and very minor hornblende-rich 
schlieren or xenoliths up t o  10 c m  in length. 

Unit 18b - Wapitagun Pluton 

The Wapitagun Pluton is exposed along both t h e  
northern and southern shores of Wapitagun Sound, which is on 
t h e  coas t  in t h e  southeas tern  co rne r  of shee t  12K/lE. The 
rock consists of two  dis t inc t  phases: a )  a porphyrit ic,  
foliated,  pink qua r t z  monzoni te  and b) a porphyrit ic,  fo l ia ted  
grey and whi te  qua r t z  diori te.  In t h e  f i rs t  t h e  phenocrysts 
a r e  pink potash feldspar up t o  5 x 2 c m ,  but most commonly 
abou t  2 x I cm. They a r e  set in a groundmass of c o a r s e  
grained pink material .  In t h e  second phase t h e  groundmass is  
medium grained and t h e  phenocrysts of plagioclase a r e  
usually round, a s  opposed t o  rec tangular ,  and a r e  commonly  
4 c m  in d iameter .  

The shape  of t h e  pluton resembles  a pear,  with t h e  axis  
of t he  pear north-south. The g rey  phase is apparent ly  a 
marginal phase which envelops t h e  pink phase on t h e  
southern,  ea s t e rn  and western  margins of t h e  pluton. The 
pink phase occupies  t h e  c o r e  of t h e  southern,  bulbous pa r t  of 
t h e  complex, a s  well a s  a l l  of t h e  more  narrow nor thern  
portion. 

Unit 18c  - Musquanousse g ran i t e  

This mass  outcrops  in t h e  e x t r e m e  southwest  co rne r  of 
t he  map-sheet.  Claveau (1950, p. 23-24) named i t  t h e  
Musquanousse mass and described i t  a s  a microper th i te  
grani te .  

Unit  18d - Robertson g ran i t e  

The Robertson g ran i t e  is exposed along t h e  shores of l a c  
Robertson in t h e  e x t r e m e  no r theas t  corner  of t h e  map-area.  
I t  co r r e l a t e s  well with a n  aerornagnet ic  high. The  f ie ld  d a t a  
indica te  t h a t  th is  mass  is no t  r e l a t ed  t o  t h e  Mut ton Bay 
syeni te  (Davies, 1965) in sp i t e  of t h e  s imi lar i ty  of t he i r  
ae romagne t i c  expressions and geographic proximity. The 
t e r m  "granite" i s  used he re  in t h e  broad sense. 

Unit  19  - Olomane Pluton 

The Olomane Pluton is a porphyrit ic adame l l i t e  
extending along t h e  western  boundary of t he  nor thern  half of 
t h e  area .  In t h e  e x t r e m e  north,  i t  is  bounded by a major  f a u l t  
zone  and e lsewhere  i t  abu t s  agains t  anor thos i te- re la ted  
manger i te .  Its grain s i ze  var ies  f rom medium t o  coarse ,  but 
la rge  (up t o  15 rnm) pink and g rey  feldspar phenocrysts a r e  
common. Both plagioclase and potash fe ldspars  make up t h e  
phenocrysts. The rock was  descr ibed by Bourne, et al. (1977) 
a s  "hornblende adamellite". 

Accessory minerals include f luor i te  and m e t a m i c t  
(allanite?) minerals.  Opalescent  blue q u a r t z  is also present  in 
many of t h e  samples. 

Inclusions of quar tzofe ldspathic  gneiss (unit I?) w e r e  
found in t h e  pluton. 

Unit  20 - Magnet ic  q u a r t z  monzoni te  

Two smal l  plutons of q u a r t z  monzoni te  wi th  a s t rong 
magnet ic  s ignature  were  encountered .  These rocks a r e  
massive and apparent ly  post-tectonic.  Con tac t s  with t h e  
surrounding rock types  a r e  no t  exposed. The field appea rance  
of t hese  rocks  sugges ts  t h a t  t h e y  a r e  re la ted  t o  intrusive rock 
units mapped in t h e  ad j acen t  a r e a  t o  t h e  west  (Bourne, e t  al., 
1977), of which t h e  l ac  l a  GalissoniGre pluton is  t h e  t ype  
example .  Similar smal l  c i rcular  magnet ic  anomal ies  of t h e  
t ype  associa ted  wi th  t hese  plutons a r e  seen on t h e  aeromag-  
ne t i c  maps  of shee t  13C t o  t h e  immed ia t e  nor th  of shee t  12N. 
The  rock types  associa ted  wi th  t hese  anomal ies  were  mapped 
by Stevenson (1967) a s  "granite". 

Unit  21 - Diabase 

An eas t -west  t rending swarm of d iabase  dykes  crosses  
t h e  west -cent ra l  portion of shee t  12N and is continuous wi th  
a swarm of similar t rend t o  t h e  wes t  of t he  map-area.  They 
post-date a l l  o t h e r  rock types  p re sen t  in t h e  area .  

Metamorphism 

With t h e  except ion  of l a t e r  intrusive rocks (units 17 t o  
21) a l l  rocks  encountered  in t h e  a r e a  have  been me tamor -  
phosed t o  upper amphibol i te  o r  granul i te  f ac i e s  conditions. 
The g rade  is highest  in t h e  e x t r e m e  southeas t  portion of t h e  
a r e a  in t h e  vicinity of Harrington Harbour and along t h e  coas t  



between Etamamiou and Mgcatina. Many of the  quartzo- 
feldspathic rocks within this a rea  have the  distinctive green 
colour commonly associated with granulite fac ies  metamor-  
phism although no orthopyroxene was positively recognized in 
the  field. Throughout the  remainder of t h e  a rea  the  
metamorphic grade appears  t o  be no lower than upper 
amphibolite facies. Primary muscovite was  not encountered 
in quartzofeldspathic gneisses. Migmatites a r e  common in 
t h e  quartzofeldspathic rocks. In t h e  ex t r eme  southwestern 
portion of the  map-area near  lac  Washicoutai, and f a r the r  
nor theas t  in the  vicinity of lac  Noirclair, garnet-cordierite- 
si l l imanite assemblages a r e  present. 

S t ructura l  geology 

The complex deformation shown by most rocks of t h e  
a r e a  resulted f rom superposition of at leas t  t h ree  and locally, 
of four s e t s  of structures.  Bedding (So) in supracrustal  rocks 
is generally obliterated. Marker horizons a r e  scarce ,  and 
could not be t raced across a reas  of significant s ize  on this 
scale  of mapping. Early folds of bedding (F1)  have been 
recognized locally on the  mesoscopic scale. A planar fabr ic  
(SI)  is re la ted  t o  these  Fl folds  and can also b e  seen a s  ear ly  
schistosity in mafic layers which a r e  folded by generally 
isoclinal F2 folds. Axial planar t o  t h e  mesoscopic and 
microscopic F2 folds is t he  major planar anisotropy of t h e  
a r e a  (Sz), a foliation defined mainly by platy quartzofeld- 
spathic  minerals and bioti tes,  but locally also developed in 
t h e  gneissosity. This planar fabric pervades supracrustal  a s  
well a s  many of the  plutonic rocks. The ear l ier  planar 
fabrics,  a s  well a s  remnant bedding, a r e  generally transposed 
parallel  t o  S2. In peli t ic rocks of the  lac  Triquet a r e a  the  S 2  

fabr ic  deforms garnet  porphyroblasts which had overgrown 
t h e  S1 fabric.  Sillimanite is present in small  inclusions 
parallel  t o  S1 within the  garnets ,  but occurs also a s  larger 
porphyroblasts parallel  t o  52, indicating tha t  i t  was s table  
during the  formation of both S2 and 5 2 .  5 2  is deformed by 
two la ter  s e t s  of folds, F3 and FL,. The relatively t ight  Fg folds 
have shallow plunges and upright axial surfaces  which s t r ike  
e a s t  t o  northeast .  FL, folds a r e  more open, have shallow 
plunges t o  the  north,  and crudely northwest-trending axial  
surfaces.  Those se t s  of main folds, Fs  and Fk, impinge upon 
one another t o  gene ra t e  spectacular in ter ference  pat terns  
which a r e  recognizable on many airphotos of the  southern 
par t  of the  area .  Many of these in ter ference  pat terns  a r e  
domes or basins of t he  type 1 pat tern  of Ramsay (1967); 
o thers  a r e  mushroom pat terns  ( type 2 of Ramsay, 1967). Both 
pa t t e rns  a r e  complicated by in ter ference  with the  ear l ier  Fp 
folds. Neither F3 nor FL, folds a r e  associated with a penetra-  
t i ve  planar fabric.  The only fabrics observed in the  field a r e  
a weak ca t ac l a s t i c  fabr ic  or f r ac tu re  cleavage; both a r e  
localized in t h e  hinge a r e a s  of these  folds. 

In terpre ta t ion 

The following preliminary in terpre ta t ion is based 
exclusively on t h e  field work. 

The f i rs t  four units a r e  considered collectively t o  
comprise t h e  "basement" t o  the  remaining units. The one 
piece  of evidence supporting this assertion consists of a 
boulder of what  is  in terpre ted a s  par t  of t h e  Goyelle fo l ia ted  
quartz-monzonite (unit 4) which is found a s  a cobble in t h e  
conglomerate  of t h e  metasedimentary  su i t e  (unit 10). The 
cobble itself is  foliated and this planar foliation is a t  a 
considerable angle  t o  t h e  la ter  foliation formed in t h e  
surrounding conglomerate.  

Units I t o  16 inclusive have been a f f ec t ed  by an upper 
amphibolite t o  granulite f ac i e s  metamorphic  event .  The 
s t ruc tu res  observed in the  field postdate  this metamorphic  
episode, since in all  caszs  the  highest g rade  minerals observed 
in the  outcrop (sil l imanite + K-spar, ga rne t  + cordier i te ,  e tc . )  
have been a f f ec t ed  by every  phase of folding in the  a rea .  
Evidence for  all  ear l ier  s t ruc tu res  has  been c o ~ n p l e t e l y  
eradicated by thee F 1  and/or F2 fold even t s  which, a s  
mentioned above, postdate  the  granul i te  f ac i e s  mineralogy. 

Units 17 t o  21 a r e  a l l  post-granulite f ac i e s  intrusive 
rocks. Unit 17 appears  t o  have been metamorphosed t o  t h e  
greenschist  f ac i e s  conditions, whereas  uni ts  19 t o  21 inclusive 
have complete ly  escaped any metamorphic  event.  No d a t a  
a r e  presently available for t h e  rocks of unit 18 in th is  regard.  
The porphyrit ic quartz-monzonite (unit  20) is  identical  t o  t h e  
rocks of unit  8 mapped by Bourne,e t  al. (1977). 

The relationship between t h e  metasedimentary  rocks 
mapped this summer and t h e  Wakeham Group rocks 
immediately t o  t h e  west,  remains  unclear.  The rocks exposed 
on lac Durocher immediately nor thwest  of l ac  Goyelle a r e  
very  similar t o  those of unit  6 in t h e  l a c  Washicoutai area .  
Stable  muscovite + quar t z  and t h e  presence of f ibrol i t ic  
si l l imanite on l ac  Durocher, a s  opposed t o  ga rne t  + cord ie r i t e  
+ pr ismat ic  si l l imanite on l ac  Washicoutai, suggests  t h a t  t h e  
metamorphic  g rade  falls off t o  t h e  northwest.  The Wakeham 
Group rhyolites and qua r t z i t e s  a r e  located nor thwest  of l a c  
Durocher. It is  t he re fo re  possible t h a t  t h e  me tased imen ta ry  
rocks mapped he re  a r e  t h e  higher grade equivalents of t h e  
Wakeham Group. However, t h e  Wakeham rocks have been 
intruded by a large  volume of gabbroic  mater ia l ,  and these  
gabbros a r e  not '  found outside t h e  Wakeham outcrop a r e a  
(Bourne, e t  al., 1977). The comple te  lack of gabbroic 
mater ia l  in the  metasedimentary  rocks  suggests t h a t  t h e  t w o  
a r e  not equivalent.  The problem with the  fo rmer  hypothesis 
is t o  explain t h e  lack of gabbro in t h e  me tased imen ta ry  suite.  
The problem with the  l a t t e r  is t h a t  a boundary between t h e  
two supposedly di f ferent  groups has so f a r  not been 
recognized. 
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URANIUM MINERALIZATION AT THE BASE OF THE WINDSOR GROUP, 
SOUTH MAITLAND, NOVA SCOTIA 

Pro jec t  760045 

B.W. Charbonneau and K.L. Ford 
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Abstract 

Charbonneau, B.W. and Ford, K.L., Uranium mineralization at the base of the Windsor Group, 
South Maitland, Nova Scotia; Current Research, Part A, Geol. Surv. Can., Paper 78-lA, p. 419-425 

Field investigations of airborne gamma-ray spectrometric anomalies were carried out in 
the Windsor-Truro area of Nova Scotia during the summer of 1977. One anomaly, near South 
Maitland was found to relate to  uranium concentrations in Pembroke Formation limestone 
conglomerate (breccia). Results of this work indicate or suggest the favourability of the base of 
the Windsor Group for uranium mineralization. 

During 1976 gamma-ray spec t rome t ry  surveys were  
flown over  southern Nova Scot ia  (Geol. Surv. Can., Geo- 
physical Series Map 351216; Open Files 466, 467, 468). The 
survey covering t h e  Kennetcook 1:50 000 sca l e  map s h e e t  
over  t h e  Windsor basin just west  of Truro,  Nova Scotia,  and  
extending a s  far  north a s  Minas basin, is shown by out l ine  A 
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on Figure 77.1 which i s  a compilation of t h e  geology in t h e  
a r e a  as  published in 1965 by t h e  Nova Scot ia  Depa r tmen t  of 
Mines. This a i rborne  gamma-ray spec t rome t ry  survey was  
published by t h e  Geological  Survey of Canada  in September  
1977 a s  Open Fi le  467 and contained in t h e  re lease  were  
init ial  results  of a ground s tudy m a d e  during t h e  summer  of 
1977 (Charbonneau and Ford, 1977). 
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Figure 77.1 Geology of t h e  Truro-Windsor basin a r e a  
as well a s  a r e a  of gamm.3 spec t rome t ry  
survey A, and a r e a s  of i n t e r e s t  fo r  
uranium in terpre ta t ion  (B, C). 
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Figure 77.2 Airborne gamma-ray spec t rome t ry  survey Kennetcook a r e a  eU/eTh r a t io  and e U  ppm. 





General Discussion Table 77.1 

Examination of the  Kennetcook airborne spec t romete r  
survey results (Fig. 77.2) revealed t h e  presence of severa l  
a r e a s  exceeding 2 ppm equivalent uranium. Ratios greater  
t han  0.5, i.e. more  than twice  t h e  ave rage  crus ta l  eU/eTh 
ratio,  a r e  evident. Such an increase  in equivalent uranium 
along with t h e  increase in eU/eTh ra t io  may suggest a zone of 
uranium m'neralization. Three of t hese  anomalies co r re l a t e  
with t h e  base  of t h e  mar ine  Mississippian Windsor Group 
which overlies continental  Horton Group sandstone and sha le  
a s  mapped in t h e  a r e a  (Weeks, 1948; Stevenson, 1959). Area  
B on Figure 77.1 locates  this area .  This correlation was 
particularly evident between Five Mile River and Noel Lake 
and t h e  relationship of eU/eTh ra t io  anomalies t o  t h e  
Windsor-Horton con tac t  can b e  seen more  clearly in Area  B 
on Figure 77.3. 

In order to  understand the  significance of these  
fea tures ,  an  anomaly was  investigated in t h e  Five Mile River 
a r e a  just west of South Maitland, where  access  was reason- 
able,  t h e  su r face  relatively undisturbed, and some  outcrop 
was exposed along the  river and adjacent slopes. The location 
of this anomaly, which is on t h e  south limb of a syncline, can  
be  seen on Figure 77.1 a s  the  small  rec tangle  inside Area  B 
and just west  of South Maitland. Profile anomalies over  t h e  
mineralization (Fig. 77.4) a r e  not particularly strong, because  
of relatively poor exposure. 

Figure 77.5 shows the  location of ground gamm.3-ray 
spec t romet ry  and scinti l lometry t raverses  (50 m s ta t ion 
spacing) which were  made in August, 1977. The approximate  
location of t h e  2 pprn equivalent uranium contour f rom t h e  
airborne survey is also drawn on Figure 77.2. The uraniferous 
rocks were  res t r ic ted  t o  a relatively thin horizon, composed 
of t h e  Pembroke Formation l imestone conglomerate  and 
breccia ted  Macumber Formation laminated carbonate  (Weeks, 
1948; Stevenson, 1959). Since no consensus exists a s  t o  t h e  
absolute  c r i t e r i a  for separa t ing breccia ted  Macumber 
Format ion f rom Pernbroke conglomerate  (pers. comm., 
P. Giles, N.S. Dep. Mines) t h e  t w o  units have been grouped a s  
basal Windsor on Figure 77.5. In this a rea  i t  would appear  
t h a t  t h e  mineralized rocks lie between t h e  Horton sandstone 
and shales  (which had uniformly low uranium content  in this 
a rea )  and t h e  evapor i t ic  sequences  above t h e  Pembroke- 
Macumber which a r e  again uniformly low. The mineralized 
horizon appeared in all  exposures to  b e  grey to  grey brown. 
Character is t ica l ly  a fe t id  smell  was noticed when t h e  rocks 
w e r e  s t ruck with a hammer. 

Radioactive spots  with scinti l lometer readings 
exceeding 200 ur,  or approximately 10 t imes  t h e  ave rage  
regional su r face  values of about 20 ur (units of radioelement 
concentra t ion;  IAEA, 1976), were  noted a t  eight locali t ies in 
a zone  about  100 m wide and about  t w o  km long. The na tu re  
of t h e  uranium concentra t ions  i s  spot ty  bu t  t h e  distribution of 
t h e  (U) symbols on Figure 77.5 shows the  enr ichments  a r e  
stratigraphically res t r ic ted  t o  the  basal  Windsor. All of t h e  
(U) symbols indicated a r e  on bedrock. Equivalent uranium 
values determined by in s i tu  gamma-ray spect rometry  were  
above 100 ppm a t  two  locali t ies near t h e  western  ex t r emi ty  
of t h e  anomaly a t  (U) I and (U) 2. The uranium minerali-  
za t ion is bes t  exposed a t  locali ty (U) I in a cross-section c u t  
by a c reek  flowing in to  Five  Mile River. More highly 
radioact ive  mater ia l  than t h e  above can  be  found in f loa t  
slabs near  locali ty (U) 1. Sample ma te r i a l  f rom (U) I ,  gave  a 
laboratory  gamma-ray spec t romet r i c  analysis of 150 pprn 
equivalent uranium and sample  mater ia l  f rom locali ty (U) 2 
gave  a resul t  of 425 ppm equivalent uranium. The ave rage  of 
four  uranium determinations by neutron act ivat ion f o r  
samples  f rom locality (U) 1 was 32 ppm and fo r  locali ty (U) 2 
t h e  average was 135 ppm (also four analyses). The di f ference  
between t h e  radiometr ic  and e lementa l  uranium values 
indicates  significant disequilibrium in t h e  uranium decay 
se r i e s  in this uranium occurrence. 

SAMPLE U 2 

Element - PPM 

690 
6629 

18 
23 

115 
18 
-- 
171 
135 (Neutron Activation) 
425 (Radiometr ic)  

Table 77.1 is a typical analysis of meta ls  f rom t h e  
mineralized zone. Only uranium and lead probably of 
radiogenic origin a r e  present  in anomalous concentrations.  In 
addition a phosphate analysis was < 0.04% suggesting t h a t  t he  
uranium was not present in phosphate minerals. 

Minor radioact ive  increases t o  about  60 ur were  noted 
in overburden near Hardwood Lands in t h e  southeas t  corner of 
t h e  Kennetcook map-area (C  on Figure 77.1). Anomalies with 
eU/eTh ra t ios  >0.5 a r e  shown on Figure 77.3. The a r e a  is 
underlain by rocks of Middle-Upper Windsor age.  This 
suggests t ha t  uranium concentra t ions  may exist  higher in t h e  
section than t h e  basal Windsor. Airborne anomalies similar in 
appearance t o  t h e  basal Windsor anomalies a r e  a lso  found 
over t h e  Ordovician Meguma Group (Fig. 77.1) as can  be seen 
by comparing Figures 77.1 and 77.2. 

Large airborne anomalies which exist  in t h e  Uniacke 
shee t  t o  the  south (Geol. Surv. Can., Open File 468) appear t o  
r e l a t e  t o  t h e  presence of muscovite-bioti te bearing ( two 
mica) granitoids. This type  of lithology in o the r  par ts  of 
Canada o f t en  has  a high radioactivity and a high eU/eTh 
r a t i o -  for example  north of Yellowknife, Northwest 
Territories.  The Uniacke granitoids could be source  mater ia l  
for uranium concentra t ions  in t h e  basal Windsor Group or  t h e  
source  could be in overlying evapor i te  sequences (Dunsmore, 
1977). A t raverse  of th i r teen s ta t ions  across t h e  small  
granitoid body t o  the  south marked with an  arrow indicated 
uranium con ten t s  of 6 ppm with uranium/thorium of 
approximately 2. 

Mineralogy 

An autoradiograph of t h e  mineralization using a ten-day 
exposure can  be  seen on P l a t e  77.1. The conglomerate  c las ts  
a r e  rimmcd by increased radioactivity (light). As well ce r t a in  
clouded a reas  suggest dispersed uranium enrichment.  
Uranium mineral species were  not  identified by e lec t ron 
microprobe and scanning e l ec t ron  microscope analyses. 
Fur thermore ,  microprobe investigation Of highly radioact ive  
spots indicated by t h e  autoradiograph showed no appreciable 
uranium concentration. Presumbly these  spots  represent 
concentra t ions  of uranium daughter nuclides, and the  uranium 
is dispersed in t h e  rock. 

Summary 

Only exhaustive examinat ion of t h e  basal Windsor and 
Upper Horton Group rocks will permit  an  assessment of 
uranium potential  of this horizon. 

However, t h e  importance  of ra ther  small  anomalies in 
uranium and uranium/thorium ra t io  must be  emphasized in 
in terpre t ing a i rborne  gamma-ray spec t romet r i c  maps  in 
sedimentary  environments.  For example,  potentially 
significant U-Cu mineralization has  already been reported in 
Paleozoic rocks of the  March Formation in the  Ot tawa-  
St. Lawrence Lowlands (Charbonneau et al., 1975a, b). 
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Figure  77.4 Airborne radiometr ic  prof i le  over t h e  South Maitland anomaly.  
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Figure 77.5 Location of ground gamma ray spect rometry  and scinti l lometry t raverses  made with 50 m s t a t ion  spacing plotted on 
geology map. Location of t h e  2 ppm e U  airborne contour  and t h e  uranium enr ichment  locations a r e  also indicated. 
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l'his paper defines three uranium subprovinces in Saskatchewan and describes the main types of 
deposits that characterize each. Vein deposits of the Beaverlodge-type characterize the Beaverlodge 
subprovince, disseminated mineralization in sediments the Wollaston uranium subprovince, and vein 
deposits o f  the unconformity-type the Athabasca subprovince. Two other types of uranium deposits in 
Saskatchewan, pegmatite and sandstone, are also described. 

Introduction 

'The area of Saskatchewan underlain by Precambrian 
rocks is a uranium-bearing province surpassed in importance 
in  Canada only by the area of the Huronian Supergroup in  
Ontario. This province, for convenience termed the 
Saskatchewan Uranium Province, is not here considered to 
include the area east of the Needle Falls Shear Zone because 
this area, although containing several radioactive pegmatites 
(Fig. 78.5), is regarded as being outside the main uranium 
geochemical area of Saskatchewan. 

This paper defines the uranium subprovinces named 
above and gives the characteristics of the main uranium 
deposit types of Saskatchewan. 

Uranium Subprovinces of Saskatchewan 

Beaverlodge Subprovince 

The Beaverlodge Uranium Subprovj.nce is essentially the 
Beaverlodge (Uranium City) Mining area (Tremblay, 1972). It 
is an area of granitized, mylonitized and altered metasedi- 
ments (Fig. 78.2), and extends t o  the south to  the Gunnar 
Mine area, to the east to  Oldman River area, t o  the west to 
Black Bay region and to  the north to  the area of Hab and 
Virgin lakes. I t  is the classic region for vein uranium deposits 
herein called the Beaverlodge-type. These deposits are 
generally mineralogically simple (Tremblay, 1958, p. 494) and 
are characterized by pitchblende fracture fillings. These 
epigenetic deposits have grades averaging between 0.03 and 
0.4% U308. The minerals commonly present with pitchblende 
are hematite, chlorite, and calcite, along wi th minor pyrite, 
chalcopyrite, galena, quartz and feldspar. A crude metal 
zoning is suggested locally, particularly by titanium, 
vanadium, copper and selenium (Robinson, 1955, p. 78). Some 
deposits have a more complex mineralogy (Rob~nson, 1955) 
and carry arsenides and selenides of copper, cobalt and 
nickel. 

The Saskatchewan Uranium Province comprises three 
uranium subprovinces, several smaller and less important 
uranium-bearing districts and large barren areas. The 
subprovinces are referred to  as the Beaverlodge Uranium 
Subprovince, the Wollaston Uranium Subprovince and the 
Athabasca Uranium Subprovince (Fig. 78.1). Each sub- 
province is characterized by several widely distributed 
uranium occurrences, some of which are economic, and by the 
predominance of mainly one type of uranium deposit. The 
smaller districts are represented mainly by pegmatite 
deposits and, in general, are less well known. The pegmatites 
of Charlebois Lake area are i n  such a district. 

The Beaverlodge Subprovince also contains local 
syngenetic uranium accumulations, mainly uraninite and 
monazite, in uneconomic concentrations in granitized 
remnants of country rocks and in  granite and pegmatitic 
areas (Robinson, 1955). These accumulations, are regarded as 
the source of the uranium of the vein deposits (Tremblay, 
1970). The uranium of the veins is assumed to have been 
mobilized several times and to  have been transported i n  
hydrothermal solutions (Tremblay, 1972, p. 221; Beck, 1977). 
These solutions are regarded as the end product of granitiza- 
t ion associated with the metamorphism of the Hudsonian 
Orogeny. There was a further uranium concentration 
probably during the Grenville Orogeny when the mylonitized 
granitized rocks along the major fault zones were intensely 
shattered. 

Wollaston Subprovince 

50 Miles 

Figure 78.1. Subdivisions of the Saskatchewan Uranium 
Province. Three subprovinces and a distr ict are 
shown. 

Wollaston uranium subprovince comprises the part of 
the Wollaston Lake Belt that adjoins the Needle Falls Shear 
Zone on the east (Fig. 78.1). A t  Key Lake it is 60 k m  wide. 
Northeast of Key Lake it is made up almost entirely of 
Apheb.ian metasediments whereas at its southern end the 
metasediments are intermixed wi th granitic material and 
represent less than half of the belt (Fig. 78.3). Uranium 
mineralization occurs mainly as disseminations i n  the meta- 
sediments and is probably syngenetic. Deposits in this 
subprovince are mainly uraninite and pitchblende 



Figure 78.2 

Geology of most of the Beaverlodge uranium sub- 
province. The localization of the main deposits is 
also given. Rocks interpreted to  corre la te  with the 
Fay Complex a re  shown in the  Gunnar a rea  and in the  
a r e a  southwest of Boom Lake fault .  

disseminations but  also include minor pitchblende veins. The 
disseminations comprise uranium t h a t  was deposited with the  
sediments  and recrystall ized when the  rocks were  deformed 
and metamorphosed. The uranium in veins c a m e  f rom t h e  
disseminations in the metasediments  and was deposited when 
the  rocks were metamorphosed. The uranium con ten t  of t he  
disseminat.ions is generally less than one pound per ton. Most 
deposits a r e  small. In addition t o  uraninite and pitchblende 

they have minor or t r a c e  amounts  of pyrite,  chalcopyrite 
graphite,  carbon, molybdenite and arsenopyrite.  A few 
deposits a r e  phosphoritic. The disseminations a r e  within t h e  
source  a r e a  of t h e  Helikian Athabasca  Format ion and a r e  the  
likely source  of t h e  uranium of the  deposits re la ted  t o  the  
Athabasca sandstone unconformity. In addition t o  the  
disseminated deposits the  Wollaston Subprovince contains 
local radioactive pegmatites.  
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Athabasca Subprovince 

The Athabasca Uranium Subprovince comprises 
essentially the a rea  underlain by the  Athabasca sandstone 
(Fig. 78.1). However, because of the  g r e a t  local thickness (up 
t o  1500 m) of the  Athabasca Sandstone this subprovince 
should probably b e  limited for  practical  purposes t o  a narrow 
zone at t h e  periphery of the Athabasca Formation and t o  any 
a reas  of thin sandstone within the Athabasca Basin. This 
subprovince is character ized by vein-type uranium deposits 
t h a t  a r e  termed here 'unconformity-type' t o  distinguish them 
f rom the  veins of t he  Beaverlodge. In the  former ,  t h e  
uranium mineralization appears  t o  be  localized by t h e  
position of the  unconformity a t  t he  base of t he  Athabasca 
sandstone and not by major faul ts  like the  veins of t h e  
Beaverlodge-type. 

The uranium deposits of the Athabasca Subprovince 
range from small t o  large and show low t o  high grade 
mineralization. Pitchblende and coff in i te  a r e  the  main 
uranium minerals. Their origin is controversial  but  it is 
assumed t h a t  the  uranium removed f rom the  source rock and 
taken into solution, was  transported and precipitated in the  
weathered zone probably a f t e r  the  deposition of the  
Athabasca Formation. This interpretation is  supported by the  
f a c t  t h a t  some uranium is found also in the  overlying 
Athabasca Sandstone. However it is possible t h a t  t he  
uranium in the  overlying sandstone is remobilized f rom an  old 
deposit  along the  Athabasca unconformity. Alteration along 
t h e  unconformity appears  t o  be  of two  types. The f i rs t  is 
character ized by regolithic clay deposits probably formed by 
weathering under low temperature  conditions prior t o  the  
deposition of the  Athabasca Sandstone. The second is 
character ized by a mineral association (mainly chlor i te  and 
sericite) formed a t  somewhat higher t empera tu re  and super- 
imposed on the  low temperature  clay alteration. This second 
a l tera t ion also a f f ec t s  the  Athabasca sandstone. Dating of 
the  mineralization (Knipping, 1974; Tapaninen, 1975) and of 
rocks strongly a f f ec t ed  by the  second a l tera t ion (Geol. Surv. 
Can., Geochronology Laboratory) in company with s tudies  of 
liquid inclusions (Litt le,  1974; Pagel, 1975) suggest t h a t  t h e  
uranium mineralization may be re la ted  mainly t o  the  higher 
t empera tu re  a l tera t ion.  

As shown on Figure 78.3, there  a r e  several radioactive 
pegmat i tes  t o  the  e a s t  of the  eas t e rn  l imits of the  
Saskatchewan Uranium Province. These occur in the  a r e a  
extending f rom Lac La Ronge in the  south t o  Reindeer Lake 
in the  north and e a s t  of the  Needle Fal ls  Shear zone. These 
pegmat i tes  a r e  probably re la ted  t o  the  pegmat i tes  of Group A 
described below, but because t h e  variety of uranium deposits 
found northwest of the  Needle Falls shear zone does not 
appear t o  be present in this a rea ,  it .is not included in the  
Saskatchewan Uranium Province. 

Types of Uranium Deposits 

Type examples  of vein deposits of the  Beaverlodge 
subprovince (Figs. 78.2, 78.4) particularly those in the  
immediate  a rea  of Uranium Ci ty  and the  Eldorado mine a r e  
those of the Fay-Ace-Verna mines of Eldorado Nuclear Ltd. 
at Beaverlodge, Saskatchewan (Tremblay, 1972). These 
deposits have the  following characterist ics:  

I. They a r e  related t o  f au l t s  of crus ta l  dimension, such 
a s  the St. Louis, Boom Lake and St. Mary's channel faults.  In 
general  these f au l t s  extend t o  g rea t  depth,  c u t  a reas  of 
granitized rocks and a r e  represented by wide zones  of 
rnylonitized and breccia ted  rocks t h a t  commonly have been 
closely f rac tured over wide areas ,  suggesting t h a t  t he  f au l t s  
were  ac t ive  a t  in tervals  over a long time. 

2. The uranium is found along subsidiary f r ac tu res  
within the major faul t  zones. Uranium also occurs  over 
narrow zones in the  rocks adjacent  t o  the  f r ac tu res ,  

particularly in the  breccia ted  par ts  of the  f au l t  zones where 
uranium also replaces par t  of the  breccia ted  matr ix  near 
f r ac tu res  and extends  a s  disseminations in to  the  f r agmen t s  of 
t he  breccia.  The mechanism of precipitation of uranium 
along f r ac tu res  and in openings in t h e  breccia  is in terpre ted 
a s  vein filling of open spaces  (Robinson, 1955, p. 49). 
Commonly the re  i.s accompanying evidence of re t rograde 
metamorphism. 

3. The deposits occur within or near speci f ic  lithologies 
bes t  exemplified by the  Fay Complex succession. This 
succession has  been mapped (surface  and underground) a t  t h e  
Eldorado Mine as a thinly bedded mixture  of white t o  pink 
feldspathic metaquar tz i te ,  black t o  grey me tape l i t e s  and dark 
green basic tuffs.  Similar assemblages a r e  believed t o  be 
present near o ther  deposits such a s  the  Rix, Gunnar and Lake 
Cinch but since the  rocks a r e  grani t ized,  strongly cataclas t ic-  
ally deformed, and a l tered,  t h e  l i thologies a r e  not easily 
recognized. An apparent  preference  of uranium fo r  
feldspathic qua r t z i t e  and other  highly a l t e red  rocks of t he  
assemblage may be  due t o  t h e  tendency for  these  rocks t o  
f r ac tu re  more  readily than the  pel i tes  and tuffs  and i t  is 
apparent  t h a t  f rac tur ing in the  rocks of this complex was  the  
main mechanism for localization of the  uranium m.inerals. 
Although some members  of t he  Fay  Complex succession a r e  
possible source  rocks (Tremblay, 1970) these  uranium deposits 
a r e  considered epigenet ic  and not s t ra tabound (Sassano, 1972) 
since they occur  mainly along f rac tures .  

4. The uranium occurs where red hemat i t i c  and dark 
green chlorit ic a l tera t ions  accompanied by white carbonate ,  
a r e  present in the  rocks. This a l tera t ion is  locally s o  intense 
a s  t o  obl i tera te  the  original na tu re  of t he  rocks. Feldspathi-  
za t ion and sil icification a r e  a lso  common but a r e  not a s  
diagnostic of uranium mineralization a s  chlorit ization, 
hemat i t iza t ion and carbonatization. The white clay argil l ic 
a l tera t ion,  which is so  cha rac te r i s t i c  of the  vein deposits of 
the  unconformity-type described below, is absent  in the  
Beaverlodge-type deposits or is present  only in very  local 
a r e a s  such a s  along the  Crackingstone River f au l t  southwest  
of Lake Cinch and along t h e  Donaldson Lake Fau l t  (Trueman 
and Fortuna, 1976, p. 380). Al tera t ion is assumed t o  be  
re la ted  t o  retrogression associated with the  deformation and 
the  action of hydrothermal solutions accompanying the  
uranium mineralization. 

5. I t  i s  possible t h a t  vein deposits of t h e  Beaverlodge- 
type a r e  re la ted  t o  the  Tazin-Martin unconformity at t h e  
base of t he  Mart in  Format ion s ince  most  of t h e  vein deposits 
occur  a t  or near t h e  t r a c e  of t he  unconformity (Langford, 
1977, p. 30). Fur thermore ,  many of the  deposits do not 
extend more  than a few f e e t  or a f ew hundreds of f e e t  below 
t h e  present surface  which is locally the  unconformity plane 
i tself .  'However, although t h e  unconformity may be  a 
contributing e lement ,  t he  St.  Louis and other  major f au l t s  a r e  
regarded a s  the  main controll ing f a c t o r  in  the  localization of 
these  deposits. The f e w  deposits in t h e  Beaverlodge a r e a  t h a t  
exhibit a spatial  relationship t o  the  unconformity a r e  those in 
the  Eagle Shaf t  a r ea ,  on Umisk Island in Beaverlodge Lake 
and in the  West Fay a r e a  of the  Eldorado mine workings. 
However, these  deposits a r e  small  and represent  only a minor 
pa r t  of t h e  to t a l  uranium mineralization of the  Beaverlodge 
a rea .  The Tazin-Martin unconformity is  a secondary channel- 
way along which t h e  uranium-bearing solutions could have 
c i rcula ted  (Tremblay, 1972, p. 197). This s t ructura l  relation- 
ship suggests t h a t  some of the  deposits a r e  l a t e r  than the  
unconformity and possibly l a t e r  than the  deposition of most 
of the  Martin Formation. This suggests also t h a t  t h e  
1140 m.y. d a t e  (Tremblay, 1972; Koeppel, 1968) is possibly 
the  main period of uranium mobilization in the  Beaverlodge 
subprovince. Major o re  zones extend t o  1500 m depth.  

The layer of de t r i t u s  found locally a t  the  base of the 
Martin Format ion in the  Beaverlodge a rea  is the  result  of 
mainly mechanical action. Thus, th is  det r i tus  layer is not of 
t he  s a m e  type  of 'paleosol' (Langford, 1977, p. 29) a s  t h a t  



Figure 78.4. Map showing the localization of vein deposits of the  Beaverlodge type and their  concentra t ion in the  Beaverlodge 
subprovince. The vein deposits of the unconformity-type and a sandstone deposit a r e  also shown. 

found a t  t he  base of the  Athabasca Formation. Accordingly, 
this f ea tu re  cannot  be used t o  establish a genet ic  relationship 
t o  the Tazin-Martin unconformity in the  same  manner a s  the  
deposits of the  unconformity-type a r e  re la ted  t o  the  
unconformity a t  t he  base of the  Athabasca Formation. 

The presence of Martin rocks a t  or near the  St.  Louis 
Faul t  within the  workings of the  Fay-Ace-Verna mine of the  
Eldorado property a t  Beaverlodge was suggested by Sassano 
(1972), Smith  (1974) and L i t t l e  e t  al. (1972). These a reas  of 
assumed Martin rocks a r e  a t  a depth of 1000 t o  2000 f e e t  and 
the  rocks were described a s  conglomerate and conglomeratic 
arkose  and a basic volcanic rock. These rocks were assumed 
t o  represent remnants  of Martin rocks along the  plane of the  
Tazin-Martin unconf ormity,  suggesting t h a t  the  present plane 
of the  St.  Louis f au l t  corresponds in position a lmost  t o  the  
plane of the  Tazin-Martin unconformity. This assumption led 
Smith (1974) t o  s t a t e  tha t  the mineralization in the  
Beaverlodge a r e a  was  always found within 200 m of the  
unconformity. A study of six thin sect ions  of these  rocks by 
the  present wri ter  suggests t ha t  they a r e  ca t ac l a s t i c  and not 
c las t ic  and t h a t  t he  volcanic rock is  probably a l a t e  gabbro 
dyke and not a flow. This view is a lso  supported by the  
observation tha t  the  assumed remnants  of Martin rocks a r e  
always re la ted  t o  the  plane of the  St. Louis f au l t  which dips 
consistently a t  55 degrees  to  the  southeas t  in this a rea ,  and 
t h a t  along the  St. Louis faul t  as along all  the  o ther  major 
faul ts  in the  Beaverlodge a r e a  the re  a r e  wide zones of 
mylonitized and brecciated rocks. 

6. Pitchblende is  the  main uranium mineral in the  
Beaverlodge-type deposits. Secondary yellow uranium 
minerals a r e  rare  but were noted a t  several  places near the  
surface  outcrops of the deposits. Only in the  Gunnar mine 
were  they repor ted  at g rea te r  dep ths  (about 300 m). 
Brannerite occurs rarely. Copper,  vanadium, selenium and 
t i tanium occur in minor or t r a c e  amounts.  A crude zoning is 
suspected f rom t h e  distribution of the  above e l emen t s  in o re  
zones tha t  have large horizontal and ver t ica l  extensions. 
However, a def in i te  general zoning pa t t e rn  has not yet  been 
established for  the  area.  

7. The deposits a r e  of t w o  main ages  1780 i 20 m.y. 
and 1140 + 50 m.y. (Koeppel, 1968; Tremblay, 1972). The 
1780 m.y. age  is regarded a s  the  main age  of mineralization 
in the  Beaverlodge subprovince (Tremblay, 1972). However, 
d a t e s  obtained on the  unconformity-type deposits in t h e  
Athabasca Subprovince suggest t h a t  the  1140 m.y. age  may 
have been a lso  an  important  period of mobilization. This may 
be  t rue  for  t he  en t i r e  Saskatchewan Uranium Province. 

8. Based on liquid inclusion, s table  isotope and petro- 
graphic studies,  emplacemen t  t empera tu res  of t he  Fay-Ace- 
Verna pitchblende were  reported by Sassano (1972) a s  varying 
from a maximum of 440" + 30°C t o a  minimum of 80' * 10°C. 
This conf i rms results previously published by Robinson 
(1955, p. 100). 



Figure 78.5. Map showing the  localization of radioactive pegmat i tes  and of the  deposits defined here a s  disseminated 
mineralization in sediments.  

9. The rocks in the  vicinity of the deposits have 
undergone retrograde metamorphism to  the  greenschist  fac ies  
and this is also regarded a s  an important consideration in the  
development of the uranium deposits of the  Beaverlodge- 
type. As noted ear l ier ,  retrogression is believed t o  be  related 
t o  ca taclas t ic  deformation and t o  the action of hydrothermal 
solutions tha t  accompanied the  formation of the  deposits. 

B. Dikseminated Mineralization in Sediments 

This type of deposit character izes  uranium mineraliza- 
t ion of the Wollaston Subprovince. The uranium is regarded 
a s  having been deposited with the  sediments tha t  contain it 
and thus the  deposits a r e  considered syngenetic. However, it 
is assumed that  a f t e r  deposition much of the uranium was 
taken into solution, and redeposited elsewhere in the  section. 
This is  suggested by the  presence of minor veins and seams of 
uranium mineralization and by seemingly enriched a reas  in an  
otherw.ise slightly mineralized horizon. 

Examples of disseminated deposits include the  
Duddridge showing i.n the  Sandfly Lake a rea  a t  t he  south end 
of the  Wollaston Subprovince, t he  Raven and Horseshoe 
deposits south of Rabbit  Lake toward the  north end of the  
subprovince, t he  Burbridge showing (Beck, 1977) and several 
o the r  minor occurrences.  ~ i ~ u r e s  78.3 and 78.5 show the  
location of the  known uranium deposits of this type. 

The following f ea tu res  a r e  d i agn0s t . i~  of these  deposits. 

I .  The uranium occurs in well layered metamorphosed 
rocks tha t  were originally probably mainly arkoses,  sand- 
stones,  feldspathic sandstones and lirriestones. The l a t t e r  a r e  
now mainly ca lcs i l ica te  rocks and marbles but  thei r  original 
sedimentary  nature  i s  st i l l  recognizable. 

2. The urani.um is generally res t r ic ted  t o  a specific 
horizon or t o  a f ew beds within a succession or t o  a particular 
fac ies  of these  horizons and beds. The uranium concentra-  
tions of economic in teres t  a r e  similarly res t r ic ted  t o  specific 
horizons and sect ions  of the  succession. In general,  uranium 
concentra t ions  a r e  er ra t ica l ly  distributed but most  a r e  in 
conformable  lenses,  or less commonly in irregular bodies and 
blebs of various s izes  within the  mineralized horizons. The 
uranium-bearing rocks a r e  normally black t o  dark grey 
carbonaceous  f ac i e s  of qua r t z i t e  or  q u a r t z  feldspar rocks. 
Less commonly they a r e  l ight green, calc-sil icate-bearing 
quar tz i tes ,  calc-sil icate rocks of various compositions or 
phosphorous-bearing beds. Locally they a lso  appear  a s  
lenticular bodies of quar tzofe ldspathic  rocks in peli t ic hori- 
zons  or in carbonate  rocks. The l a t t e r  grade locally in to  the  
conformable  pegmat i t e  t ype  deposits found in metapel i tes  
(see l a t e r  discussion of pegmatites). The re  a r e  a lso  a few 
beds  of radioactive quartz-pebble conglomerates  t h a t  a r e  
generally high in thorium and low in uranium (Money et al., 
1970). The radioactive pa r t s  of these  conglomerates  a r e  
smal l  and lenticular.  



3. The uranium occurs as uraninite, a s  finely dissemi- 
nated sooty pitchblende and a s  veins of yellow secondary 
uranium minerals. The uraninite is distributed intersti t ially 
amongst  the  other rock-forming minerals. Pitchblende 
appears  t o  have formed contemporaneously with uraninite but 
some may be slightly la ter  a s  elongated grains resembling 
hair-line fracture-fi.llings a r e  present locally. The yellow 
mineral is much l a t e r  and occurs mainly along c leavage and 
schistosity planes. I t  may be, in part ,  a phosphate a s  
tyuyamunite has been identified f rom the  s a m e  deposits. The 
uraninite and pitchblende a r e  believed t o  have formed f rom 
uranium derived f rom the rocks tha t  contain them.  Since 
most of the  uranium has remained in i t s  source rock, the 
uranium concentrations a r e  regarded a s  syngenetic. In a 
genera l  way these deposits resemble the  stratabound 
Colorado Pla teau type. Their grade is  generally less than one 
pound Us08 per ton but locally reaches  five pounds per ton. 

4. Other  minerals occurring in the  deposits include 
pyrite,  chalcopyrite,  galena, and locally bornite and molyb- 
denite.  Like the  uranium minerals these  appear  t o  have 
formed when the rocks were metamorphosed but since they 
a lso  occur  a s  disseminations along schistosity planes, they 
may have been in par t  remobilized with la ter -s tage  
mineralization. 

The unconformity-type deposits t ha t  a r e  character is t ic  
of the  Athabasca Uranium Subprovince occur a t  or near the  
unconformity a t  the  base of the  Athabasca Format ion and a r e  
held t o  be genetically related t o  this unconformity and t o  the  
a l tera t ion processes t h a t  operated along i t  (Derry,  1976). 
They a r e  a variant of the general vein type of deposit  but  
they differ from those of the  Beaverlodge-type mainly by 
thei r  c lose  relation in space  t o  the  Athabasca unconformity 
and by the  presence of the  ubiquitous clay-white alteration. 
Included in this group a r e  the  Maurice Bay deposit ,  some of 
t h e  deposits a t  Cluff Lake, t he  Key Lake deposits and some 
of the  deposits in the  general Rabbit  Lake area.  The type 
deposits a r e  those a t  Cluff Lake and Key Lake. Figure 78.3 
and 78.4 show thei r  distribution. The following is cha rac te r -  
i s t i c  of this deposit type. 

I. The uranium occurs a t  the  unconformity between 
basement  rocks and the  overlying Helikian Athabasca 
sandstone. The mineralization is generally confined, in 
s t ra t igraphic  distribution, t o  within a few tens  of me t re s  t o  a 
f e w  hundred me t re s  of t he  unconformity. However,  i t  may 
show fairly extensive horizontal distribution. Thus, t h e  
overall  horizontal ex ten t  of the  Car tne r  and Dei.lmann ore- 
bodies a t  Key Lake reaches  about  2.7 km in a northeast-  
southwest  direction but  thei r  maximum width is less than 
110 m (Dahlkamp and Tan, 1977). 

2. The deposits a r e  associated with well defined f au l t s  
t h a t  a r e  present in basement rocks and have a f f ec t ed  the  
overlying sandstone through brecciation and mylonitization 
and have caused ver t ica l  o f f se t  of t he  unconformity plane. 
The f au l t s  a r e  more pronounced in basement rocks than in the  
Athabasca  Sandstone and probably they f i rs t  developed in the  
basement  and were l a t e r  react ivated a f t e r  t h e  deposition of 
the  sandstone. In some instances i t  seems t h a t  t he  l a s t  
movement  on the  faul t  was la ter  than the  mineralization 
because  t h e  o re  zones a r e  locally brecciated. 

3. The unconformity-type deposits a r e  found both in 
basement  rocks and in the  Athabasca  Sandstone but  t he  bulk 
of t he  mineralization is in t h e  fo rmer  and in some  deposits i t  
i s  ent i re ly  in basement rocks. In rare  cases  the  reverse is  
t r u e  and the  mineralization is  ent i re ly  within the  Athabasca  
Formation. It s eems  possible t h a t  mineralization in t h e  
sandstone is in par t  due t o  remobilization of uranium from 
basement  deposits. 

4. Where deposits occur in the  basement  the  host rocks 
a t  t he  unconformity a r e  generally strongly a l t e red  t o  form a 
c lay  white regolithic zone (Hoeve and Sibbald, 1976). The 
a l tera t ion appears  t o  be  s t rongest  a t  the  unconformity and is 
a lso  locally intense along f au l t s  in basement  rocks where i t  
decreases  gradually with depth.  However, mineralization is 
not always present where the a l tera t ion is s t rongest  and most 
extensive.  

5. In the  vicinity of the  deposits t he  Athabasca 
Sandstone is also locally intensely a l t e red  t o  a white clay-like 
mass  of chlor i tes  and micas  for  a few cen t ime t re s  t o  a few 
me t re s  above the  unconformity. Thus it seems t h a t  some 
a l tera t ion is  l a t e r  than the  Athabasca  Formation. However, 
since the  a l tera t ion does  not a lways  show i ts  s t rongest  
development a t  t he  unconformity it may be of a d i f ferent  
origin f rom the  ear l ier  weathering a l tera t ion noted in i tem 4 
above. The l a t e  a l tera t ion a lso  locally a f f e c t s  t he  basement  
rocks t o  g rea t  depth  and is superimposed on the  regolithic 
a l t e ra t ion  in t h e  basement.  It a lso  extends  locally into the  
Athabasca Sandstone for a f ew hundred m e t r e s  above t h e  
unconformity.  The cause  of the  l a t e  a l tera t ion is still not 
known but i t s  mineral association suggests a t empera tu re  of 
format ion higher than t h a t  of t h e  ear ly  a l tera t ion.  Based on 
fluid inclusions studies on Athabasca Sandstone samples f rom 
Cluff Lake and Rumple Lake, t he  t empera tu re  of formation 
was  probably in t h e  range of 60°C t o  260°C (Pagel,  1975). 
The chlor i te  and the  micas  representing this a l tera t ion a r e  
l ight greenish white and magnesium rich (Rimsai te ,  1977). 

6. The uranium does  not s eem t o  be everywhere  
res t r ic ted  in location and distribution t o  any speci f ic  horizon 
o r  lithology within a particular s t ra t igraphic  succession. 
However, commonly t h e  basement  rocks t h a t  a r e  mineralized 
a r e  graphitic or l ie stratigraphically near a graphi t ic  horizon. 
Such graphi t ic  rocks represent  zones  where faulting could 
have developed more  readily than e lsewhere  a s  any  movement  
would be more readily accommodated by graphi t ic  rocks than 
by the  other  commonly associated arkoses  and granitoid 
rocks. It is possible t h a t  where  only ca rbona te  or c a l c  
s i l ica te  rocks were  present they were  the  controll ing f ac to r s  
of uranium localization. The presence of amphibolite was  
suggested a s  possibly important  in localizing uranium a t  Key 
Lake (Dahlkamp and Tan, 1977) and is suggested for  some of 
t h e  Cluff Lake deposits. It is  possible also t h a t  the  clay of 
the  a l tera t ion zone was  an added ca t a ly t i c  a t t r ac t ion  for  
uranium mineralization in these  deposit-types. 

7. The mineralogy of the  known deposits ranges f rom 
complex t o  simple, and the  distribution of const i tuent  
e l emen t s  is variable and e r r a t i c .  Pitchblende and coff in i te  
a r e  the  main uranium minerals,  but  secondary yellow, red and 
green uranium minerals  a r e  present locally. Copper,  
selenium, nickel, gold, si lver,  a rsenic  and tellurium may be 
locally present in significant concentra t ions  but  generally 
they occur in . trace amoun t s  only. 

8. On the  evidence available t o  da te ,  all  of the  deposits 
a r e  about  t h e  s a m e  age, t h a t  is, around 1100 m.y. (Tapaninen, 
1975; Li t t le ,  1974; and Knipping, 1974). 

D. Uraniferous Pegmat i t e s  

Uraniferous pegmat i t e s  of Saskatchewan (Fig. 78.5) a r e  
normally medium- t o  coarse-grained and grani t ic  t o  
pegmat i t ic  in character .  They may be  e i the r  conformable  or  
discordant.  Included in  this ca tegory of deposits a r e  some of 
t h e  mineralized pegmat i tes  or qua r t z  feldspar rocks mapped 
with mineralized calc-sil icate rocks in some  areas.  The 
uranium in these  rocks is partly in veins suggesting t h a t  i t  i s  
in pa r t  rernobilized uranium. Radioact ive  pegmat i tes  occur 
a t  severa l  places in t h e  Precambrian of Saskatchewan but  t h e  
larges t  concentra t ion is in the  Charlebois Lake a rea  e a s t  of 
Lake Athabasca.  O the r  occurrences  a r e  known in the  Lac La 
Ronge a r e a  and in  t h e  Mudjatik River a r e a  south of t h e  
Athabasca basin. The grade of uraniferous pegmat i tes  is 
generally low and ave rages  less than one pound per ton and 



mineralized a r e a s  a r e  of irregular s ize  and shape  and show 
e r r a t i c  distribution. The uraniferous pegmat i t e s  of 
Saskatchewan have been classified in two main groups by 
Sibbald (1975): Group A, coa r se  pegrnati tes re la ted  t o  t he  
Archean basement  rocks; and t h e  younger Group B pegmat i t e s  
re la ted  t o  the  zones of pe l i t ic  rocks in t he  Aphebian 
succession. The pegmat i tes  of Charlebois Lake,  Middle 
Foster  Lake and F raze r  Lake a reas  belong t o  t he  Group B 
ca t egory  (Sibbald, 1975, p. 128). 

The pegmat i te  deposits  of Group A (Sibbald, 1975) a r e  
most widespread and they account  fo r  most of t he  airborne 
radioact ive  anomalies.  Uranium occurs  in massive t o  faintly 
foliated grani te  a s  well a s  in pegmat i te5  t h a t  form pa r t  of t he  
Archean basement  gneiss complex. The uraniferous pegma- 
t i t e s  a r e  of various dimensions and the i r  distr ibution in 
basement  rocks is e r r a t i c .  The pegmat i t ic  pa r t s  of t he  
uraniferous grani tes  form layers,  lenses and patches  and they 
a r e  generally more  strongly radioactive than t h e  g ran i t e  hosts 
(Sibbald, 1975). Since the  pegmat i t e s  occur  only in  basement  
grani tes  and grani t ic  gneisses t o  which they a r e  closely 
related in composition, they a r e  regarded a s  t he  a n a t e c t i c  
f rac t ions  of the  basement grani t ic  rocks. It is  assumed t h a t  
uranium was  concentra ted  f i r s t  in f rac t ions  of t h e  grani t ic  
gneisses and subsequently fu r the r  concentra ted  in t h e  pegma- 
t i t i c  phase. In general  t h e  pegmat i t e s  of Group A a r e  
typically coarse  grained and a r e  not a s  a group re la ted  t o  a 
single la rge  intrusive grani te  body. However a f e w  of t he  
radioact ive  pegmat i t e s  within th is  group a r e  much coarser  
grained, show some di f ferent ia t ion ,  and have a more  complex 
mineralogy than typical  Group A pegmat i tes .  They a r e  also 
transgressive and they may represent  a d i f ferent  group 
re la ted  t o  an intrusive Hudsonian grani te  not recognized yet. 

The pegmat i te  deposits  of Group B a r e  r e s t r i c t ed  t o  
a r e a s  of Aphebian rocks and a r e  particularly common  near 
t h e  base of the  Aphebian succession such a s  a t  Charlebois 
Lake. They generally form concordant  layers and lenses but  
local  examples  a r e  discordant with t h e  country  rocks. These  
pegmat i t e s  a r e  generally much more  variable in gra in  s ize  
and composit ion than the  pegmat i t e s  of Group A. They a r e  
usually interlayered with metapel i tes  and locally resemble 
meta-arkoses and me taqua r t z i t e s  of the  Aphebian succession. 
They a r e  believed t o  be  metasediments ,  possibly fe ldspathic  
me taqua r t z i t e s  transformed by metamorphism in to  medium- 
t o  coarse-grained grani te  and pegmat i t ic  grani te .  The 
pegmat i t ic  fac ies  normally occur  a s  irregular bodies within 
t h e  granite.  The uranium con ten t  of these  pegmat i t e s  is 
generally low and is probably due  t o  original syngenet ic  
accumulat ions  of uranium in t h e  metasediments  remobilized 
and concentra ted  in t he  pegmat i t ic  phases during recrys ta l -  
lization. In t he  a r e a s  of uraniferous Group B pegrnat i tes  
marble or other carbonate  rocks  a r e  usually present  in t h e  
Aphebian succession in addit ion t o  peli te and qua r t z i t e  
(Mawdsley, 1958). The pegmat i t e s  a r e  apparent ly  not  
mineralized where t he  ca rbona te  rocks a r e  miss.ing. Some 
mineralized pegmat i tes  associa ted  with mineralized 
carbonate  rocks have been mapped a s  remobilized basemen t  
rocks  (Sibbald, 1975). Uraninite i s  t h e  main uranium mineral  
of both  Group A and Group B pegmat i t e s  and in genera l  
uraninite is found mainly in t he  pa r t  of t he  pegmat i t e s  or 
pegmat i t ic  grani te  bodies t h a t  a r e  high in b io t i te  and grey t o  
black q u a r t z  (Mawdsley, op. cit.). O the r  accessory  minera ls  
present  include muscovite,  molybdenite, pyr i te  and 
pyrrhoti te.  

E. Sandstone-Type 

These  deposits  a r e  known only in t h e  unmetamorphosed 
basal  sandstones of t h e  Athabasca  Formation.  Although they 
may possibly occur also a t  higher s t ra t igraphic  local i t ies  
within t he  Athabasca Format ion th is  has not ye t  been 
demonst ra ted .  The known deposits  show s imi lar i t ies  t o  t h e  
Colorado Pla teau type  and a r e  represented on S t e w a r t  and 
Johnston islands by pitchblende c e m e n t  in grey  t o  black 

glassy or thoquar tz i te  (Beck, 1969). The  occu r rences  a r e  
small ,  discont.inuous and lenticular.  Tiny pitchblende veins 
a r e  a lso  present in t he  immed ia t e  vicinity of t he  pitchblende- 
cemen ted  qua r t z i t e  occurrences.  The veins probably 
represent  remobilized uranium deposited subsequent  t o  t he  
urani ferous  cemen t .  The veins and cemen t ing  pitchblende 
may represent  mater ia l  transported through t h e  unconformity 
and deposited in an environment  of heavy m e t a l  concentra-  
t ions  a s  suggested by t h e  presence  of magnet i te .  If so, th is  
t ype  of occurrence  could be  near-surface ev idence  of much 
larger  uranium deposits  exist ing in t he  basemen t  below. 
Conversely,  i t  is possible t h a t  t h e  uranium was  not  deposited 
a t  t he  unconformity merely because  the  conditions t he re  
were  not  su i table  fo r  uranium concentra t ions .  The  group of 
deposi t s  described previously a s  disseminated mineralization 
in sediments  a r e  probably in par t  re la ted  t o  th is  type  of 
deposit  but because they occur  in older metamorphosed rocks 
they have been considered a s  a s epa ra t e  deposit  type.  
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Abstract 

Tremblay, L.P., Notes on possibilities f o r  additional uranium deposits in Saskatchewan; Cur ren t  
Research, P a r t  A, Geol. Surv. Can.,  Paper  78-1A, p ,  ,137-439, 1978. 

Uranium potential  in Saskatchewan is  mainly associa ted  with t h e  St. Louis f au l t  and 
o the r  major f au l t s  nor th  of Lake Athabasca,  t he  Athabasca unconformity below the  Athabasca 
sandstone, and, a r e a s  of metasediments  and cove r  rocks  where because of reducing conditions a t  
t h e  t ime of deposition sandstone-type deposits or  disseminations in sediments  could have 
formed.  

This repor t  considers briefly t h e  possibilities fo r  
undiscovered deposits in Saskatchewan in the  light of t h e  
distribution, geological character is t ics  and assumed mode of 
origin of t he  known uranium deposits. The uranium sub- 
provinces of t he  Precambrian rocks of Saskatchewan a r e  
defined and the  f ea tu res  t h a t  a r e  diagnostic of t h e  types  of 
uranium deposits of t he  various subprovinces a r e  described in 
Tremblay (1978). 

Deposits associated with major f au l t s  (Beaverlodge-type) 

Possibilities for  additional vein deposits of t h e  
Beaverlodge type appear  good north of Lake Athabasca,  
particularly in the  Beaverlodge and Stony Rapids l inear be l t s  
a s  defined by Beck (1969) and in proximity t o  their  possible 
extensions fo r  shor t  d is tances  t o  t h e  south and southwest  
beneath t h e  Athabasca sandstone toward the  Carswell  
s t ructure .  These be l t s  a r e  within t h e  Tazin Belt, north of 
Lake Athabasca  (Fig. 79.1). Others  occur west of t h e  lake in 
t h e  Chipewyan belt .  All t h e  l inear be l t s  a r e  character ized by 
wide mylonite and brecciated zones which probably represent  
faul ts  of crus ta l  dimension. Figure 79.2 shows t h e  location of 
known major faul ts  in the  a r e a  north and west of Lake 
Athabasca.  These f au l t s  s e rve  t o  outline some  of t h e  t ec ton ic  
e lements  of Figure 79.1. The St. Louis faul t  is  an example  of 
such a major f au l t  zone and is  t h e  main control  of 
mineralization in t h e  Beaverlodge-Uranium City area .  I t  
seems likely t h a t  o the r  similar zones north and west  of Lake 
Athabasca t o  the  west of t he  Black Lake faul t  could also be  
important  o re  controls.  Thus, i t  i s  suggested t h a t  they should 
be  investigated t o  determine relationships similar t o  those  
along t h e  St .  Louis f au l t  with respect  t o  la te ,  closely-spaced 
fracturing, a l tera t ion,  type  and degree  of metamorphism, 
position re la t ive  t o  source  rock, rock associations and 
s t ra t igraphic  position in t h e  Tazin succession. The 
possibilities fo r  Beaverlodge-type deposits in o ther  pa r t s  of 
Saskatchewan, particularly south of Lake Athabasca and i r ~  
the  Wollaston uranium subprovince a r e  not considered good 
because of d i f f e ren t  tec tonic  sett ings.  This a r e a  i s  
character ized by a duct i le  type  of deformation (Sibbald e t  al., 
1976) in con t ra s t  t o  t h e  a r e a  north of Lake Athabasca where  
uranium mineralization appears  t o  have been associated with 
b r i t t l e  deformat ion (Tremblay, 1972). 

Deposits associated wi th  unconformity (Unconformity-type, 
Beaverlodge-type) 

If a gene t i c  relation exis ts  between t h e  unconformity 
a t  t h e  base  of t he  Athabasca Formation and the  
unconformity-type uranium deposits along i t ,  t h e  possibilities 
of finding other  similar deposits in Saskatchewan seem 
excel lent  within t h e  a r e a  overlain by t h e  Athabasca  sand- 
stone. This i s  t h e  a r e a  of t he  Athabasca basin of Figure 79.1. 
Logical p laces  t o  prospect  fo r  th is  t ype  of deposit  in t h e  
Athabasca Uranium Subprovince a r e  in a reas  where t h e  
unconformity is  s t i l l  recognizable in outcrop, i s  exposed in 

section and is  likely preserved in t h e  subsurface.  In general,  
this t a r g e t  embraces  the  107 000 k m 2  tha t  t h e  Athabasca 
sandstone covers.  

I t  i s  known t h a t  t he  unconformity was developed under 
s t rong chemical  weathering conditions, a s  d e e p  weathered 
zones accompanied by thicl< regoliths a r e  present  locally 
along t h e  unconformity.  If t he  regolith i s  preserved along t h e  
unconformity i t  must have been buried shortly a f t e r  i t s  
format ion and th i s  si tuation has  been identified in a number 
of places. Most of the  known deposits along the  unconformity 
a r e  associated with these  regolithic zones,  s o  t h e  f i r s t  t a r g e t  
In prospecting for additional deposits of this t ype  is t o  
de te rmine  t h e  distribution and thickness of t hese  a l tera t ion 
zones along the  unconformity.  However, since the  thickness 
of t h e  sandstone is  more  than 1500 m in t h e  c e n t r e  of t he  
Athabasca basin, possible t a rge t s  in t h e  interior a reas  a r e  
inaccessible. Therefore  reasonably access ible  t a rge t s  for  
unconformity-type deposits a r e  l imited t o  a reas  where t h e  
sandstone cove r  i s  less than about 200 m, or  a reas  within t h e  
sandstone where  major f au l t  zones a r e  present .  If t hese  f au l t  
zones a r e  found i o  ca r ry  minor uranium mineralization i t  may 
suggest t h a t  they could extend t o  mineralized basement  and 
t h a t  t h e  uranium represents  the  su r face  indication of uranium 
a t  depth.  

Figure 79.1. Tectonic  subdivisions of Precambrian rocks in 
Saskatchewan and Alber ta  west  of longitude 
104"W. 
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Figure 79.2. Major known fau l t s  north and west  of Lake Athabasca.  

If t h e  gene t i c  re la t ion  supposed above between t h e  
Athabasca  unconforrnity and unconformity-type uranium 
deposi t s  i s  valid i t  would appea r  t ha t ,  by analogy, o t h e r  
unconformities could b e  likely p laces  t o  look fo r  s imi lar  
uranium deposi t s  even  if they formed a t  d i f f e r en t  t imes .  Two 
o the r  unconformities a r e  known in Saskatchewan t h a t  may 
war ran t  investigation on this basis. These  a r e :  t he  Archean- 
Aphebian unconformity a t  t h e  base of Aphebian rocks  in t h e  
Wollaston Subprovince; and t h e  Tazin-Martin unconformity at 
t h e  base  of Martin rocks  in t h e  Beaverlodge Subprovince. The 
t r a c e  of t h e  Tazin-Martin unconformity is  outlined on 
Figure 78.2 and t h a t  of t h e  Archean-Aphebian unconforrnity 
on Figure 78.3. The Archean-Aphebian unconformity i s  
marked by a thin unit  of graphi t ic  me tape l i t e  a t  t h e  base of 
t h e  Aphebian succession lying above Archean g ran i t i c  
gneisses and t h e  Tazin-Martin zone  i s  marked locally by a 
th in  layer of angular,  l i t t l e  displaced basemen t  de t r i t u s .  
Where these  two unconformities a r e  observed some  d i s t ance  
away f rom t h e  Athabasca  sandstone they d o  no t  show t h e  
typical  whi te  a l t e r a t ion  associated with t h e  mineralized 
zones of t h e  Athabasca  unconformity.  This sugges ts  t h a t  t h e  
a l tera t ion  conditions were  no t  t h e  s a m e  along t h e  t h r e e  
unconformities,  and thus  conditions fo r  t h e  format ion of 
uranium deposits  of t h e  t ype  found along t h e  Athabasca  
unconformity may not  have  been present  along t h e  o the r  two  
unconformities.  However,  s ince  i t  is known t h a t  some  of t h e  
vein type  deposi t s  in t h e  Beaverlodge Subprovince a r e  
s t ruc tura l ly  re la ted  t o  t h e  Tazin-Martin unconformity,  
addit ional deposi t s  of th is  t ype  may possibly b e  found in 
association with all  t h r e e  unconformities.  

Other rne tapel i te  uni ts  higher in t h e  Aphebian succes-  
sion behave in t h e  s a m e  way a s  t h e  basal  graphi t ic  unit  when 
they  l ie  along t h e  Athabasca  unconformity.  They might  t hus  
have  been involved in t h e  development  of t h e  regoli th and i t s  
accompanying mineralization in t h e  s a m e  way a s  t h e  basa l  
graphi t ic  unit. On th is  basis o ther  graphi t ic  units  of t h e  
Aphebian succession might warrant  investigation.  

Sandstone-type deposits 

The possibil i t ies f o r  sandstone-type deposi t s  s e e m  
b e t t e r  in rocks of t h e  Athabasca  Format ion and in those  of 
t he  Martin Format ion than in rocks of t h e  Tazin Croup and 

other  Archean supercrus ta l  rocks. Sandstone-type deposi t s  
c a n  b e  of two  types: those  of t h e  roll-front Wyoming type  
where  uranium was  introduced a f t e r  deposit ion of t h e  
sediments ;  and, t hose  of t h e  Colorado P la t eau  t y p e  where  t h e  
uranium was  deposited penecontemporaneously  with t h e  
sediments  within a closed sys tem.  The roll f ron t  t ype  is  not  
likely t o  be  present  in t h e  Archean rocks  because  of t h e  
c l ima t i c  conditions in Archean t i m e  nor i s  i t  likely in t h e  
Aphebian rocks  because  of t h e  r e s t r i c t ed  reducing 
environments.  This t y p e  of deposi t  may  however ,  occur  in t h e  
more  porous Martin and Athabasca  format ions  if reducing 
conditions were  present .  Reducing environments  a r e  
suggested by green beds interbedded with red beds in t h e  
upper s i l t s tone  uni t  of t h e  Mart in  Format ion.  Based on 
avai lable  evidence ,  reducing condi t ions  appea r  t o  have  been 
s c a r c e  in t h e  Athabasca  Formation.  Thus i t  is  risky t o  
e s t i m a t e  t h e  potent ia l  of t h e s e  two  format ions  t o  con ta in  
sandstone-type deposi t s  analogous t o  t h e  Wyoming type.  

Colorado P la t eau  type  deposi t s  could b e  expected  in 
a r e a s  of Archean rocks  and in rocks  of t h e  Martin and 
Athabasca  fo rma t ions  only if t h e  rocks  in t he i r  respect ive  
source  a r e a s  a r e  in p a r t  uranium-bearing,  and provided t h a t  
t h e  conditions f o r  t h e  concen t r a t ion  of uranium in these  
format ions  existed locally. These  f e a t u r e s  a r e  not  known fo r  
t h e  Archean rocks and in gene ra l  t h e  hypothesis i s  n o t  
regarded a s  promising f o r  t h e s e  rocks  because  of t he i r  
antiquity.  The hypothes is  however holds m o r e  promise  f o r  t h e  
Martin and Athabasca  format ions .  In t h e  l a t t e r  c a s e  t h e  
source  a r e a  f o r  t h e  Martin Format ion includes t h e  
Beaverlodge uranium-bearing a r e a  t o  t h e  no r theas t  and t h a t  
fo r  t h e  Athabasca  Format ion i s  t h e  Wollaston Lake  be l t  t o  
t h e  southeas t  which conta ins  d isseminated  uranium in 
Aphebian metasediments .  As examples ,  t h e  S t e w a r t  Island 
occu r rence  and those  on Johnston Island in Athabasca  
sandstone  on Lake Athabasca  have  been  regarded a s  sand- 
s t m e  deposi t s  of th is  t ype  (Tremblay, 1978). The S t e w a r t  
Island occu r rence  i s  of i n t e r e s t  a s  values up t o  1.05% U 3 0 e  
ove r  2 112 m have  been repor ted  (Beck, 1969). Deposi ts  of 
th is  t ype  probably occur  a l so  in Aphebian rocks  along t h e  
Wollaston Lake  be l t  but  because  they  a r e  metamorphosed 
they have  been described a s  d isseminated  mineralization in 
s ed imen t s  (Tremblay, 1978) and the i r  potent ia l  is  fu r the r  
discussed below. 



Disseminated uranium mineralization 

Disseminated mineralization i n  sediments is known in  
several areas in Saskatchewan and the possibilities for 
additional deposits of this type seem generally good, 
particularly in  the Wollaston Uranium Subprovince where 
subeconomic deposits are already known. However, from the 
available information it seems likely that such deposits w i l l  
be small and of low grade. Typically they occur in 
carbonaceous, black, glassy quartzite, carbonaceous grey t o  
black feldspathic gneiss, calc silicate rocks of various 
composition, or arkoses and impure quartzites. It seems 
probable that most deposits of this type wi l l  be found in  
Aphebian successions and i n  stratigraphically high successions 
i n  Archean rocks such as the Tazin Group. 
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80. AN EXPERIMENTAL FLUME STUDY ON THE FORMATION OF TRANSVERSE RIBS 
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Abstract 

McDonald, B.C., and Day, T.J. ,  An experimental flume study on the formation o f  transverse ribs; 
Current Research, Part A, Geol. Surv. Can., Paper 78- lA,  p. 441-451, 1978. 

Transverse ribs constitute a distinctive bed form occupying the r i f f le  portion o f  shallow streams 
with coarse alluvial beds. Ribs occur in a series of regularly spaced pebble, cobble, or boulder ridges 
extending across the channel and oriented transversely to  current direction. They are widespread on 
braided alluvial plains and in high gradient, single channel streams where they result in a stair-step 
arrangement forcing water to flow through a series o f  regularly spaced cascades. 

Similar bed forms have been formed experimentally with pebbles in a laboratory flume. The 
pebbles are transported by supercritical flow and accumulate in a transition zone containing a 
hydraulic jump where the flow reverts to subcritical. Water waves in the transition zone are 
deformed by pebbles accumulating under them, until the waves collapse in an upstream direction and 
restabilize at a discrete distance upstream. Bed form spacing is a function of slope and Froude 
number of the supercritical flow upstream from the jump. Individual "ribs" form in seconds and 
subsequently are rendered inactive in a subcritical flow field as the hydraulic jump steps farther 
upstream. 

It is possible that transverse ribs may be useful to geologists as an indication o f  paleoflow 
conditions. 

Introduction the i r  oresence  in small  s t reams.  Transverse ribs form stonv 

The occurrence  of this peculiar but d is t inc t ive  bed 
form,  occurring a s  a ser ies  of regularly spaced pebble, cobble,  
or boulder ridges oriented transversely t o  the  current  
d i rec t ion  and occupying the  riff le portions of channels 
(Fig. 80.1), appears  t o  be widespread. These f e a t u r e s  have 
been named "transverse ribs" by McDonald and Banerjee 
(1970, 1971). At  about the  s ame  t ime  they were  repor ted  by 
Boothroyd (1970) on the  Sco t t  Glacier outwash plain in south- 
cen t r a l  Alaska and have been discussed recent ly  in g rea t e r  
de ta i l  by Boothroyd and Ashley (1975). 

Transverse ribs a r e  not res t r ic ted  t o  outwash plains but  
a r e  a common fea tu re  of many s t r e a m  beds cha rac t e r i zed  by 
coarse  gravelly alluvium. They have been observed in 
numerous locations in the  Canadian and Colorado Rockies. 

r idges across  the  channel which resul t  in a s ta i r -s tep  
a r r angemen t  forcing wa te r  t o  flow through a ser ies  of 
regularly spaced cascades  (Figs. 80.2a, 80.2b). In all c a ses  
where t ransverse  ribs were  observed, t h e  larges t  c las ts  in t he  
s t r e a m  bed seemed t o  occur  in t he  rib i tself .  

Intrigued by t h e  potent ia l  of t ransverse  ribs t o  e x e r t  a 
s t rong influence on channel development  and sedimenta t ion  
pa t t e rn ,  and also by the  possibility of identifying t h e m  in the  
geologic record a s  a useful envi ronmenta l  indicator,  i t  was  
decided t o  inves t iga te  exper imenta l ly  t h e  mechanics  of the i r  
format ion.  Field study had provided documenta t ion  of the i r  
configurations,  but t he  fo rma t ive  process was  obscure.  

This paper summarizes  field cha rac t e r i s t i c s  of trans- 
verse  ribs and Dresents e x ~ e r i m e n t a l  evidence  t h a t  t ransverse  

1. Banerjee (wri t ten  comm., 1971) repor ts  the i r  widespread ribs can  be f o r k e d  under a "stepping" hydraulic jump. 
occurrence  in s t r eams  in t he  Himalayas; W.A. Van Wie Field Characteristics of Transverse Ribs 
(wri t ten  comm., 1971) repor ts  the i r  presence on alluvial fans  
in southern ~ e " a d a ;  and 'numerous d o ~ ~ e a ~ u e s  have reported This portion of t he  paper is  presented  t o  fac i l i ta te  

d i r ec t  comparison of field d a t a  with exper imenta l  results .  

Figure 80.1 

Transverse ribs on P e y t o  outwash plain. 
Ribs b i furca te  near  pebbly channel bank, on 
which 50-cm shovel rests.  Flow was  f rom 
right t o  l e f t  (GSC 201 959-A). 

l Program Branch, Treasury Board, P l ace  Bell Canada,  O t t awa ,  Ontar io ,  K I A  0R5. 



Figure 80.2a. Transverse ribs marked by regularly spaced 
cascades  along No-See-Um Creek,  Alberta.  
Slope of reach = 0.07 12 (GSC 157709). 

Field measurements of transverse ribs were made in the  
Canadian Rockies ( I )  on the braided outwash plain about  2 km 
below Pey to  Glacier,  (2) on the  braided North Saskatchewan 
River about 30 km downstream from Saskatchewan Glacier,  
and (3) on No-See-Um Creek - a high gradient,  single 
channel, mountain s t ream near the Peyto  outwash plain. 
Other  da ta  and observations were abs t rac ted f rom Boothroyd 
and Ashley's (1975) studies of the Sco t t  and Yana outwash 
plains in Alaska and f rom Judd and Peterson's (1969) study of 
rough, high gradient s t r eams  in Colorado, Utah, and New 
Mexico. 

Field character is t ics  of transverse ribs t h a t  must be  
explained satisfactorily by any proposal of origin are :  

( I )  ribs occur a s  regularly spaced ridges of coarse  
c las ts  and commonly comprise the  coarses t  c las ts  in the  
channel; 

(2) ribs a r e  oriented transversely t o  current  flow in 
riffle portions of channels; 

(3) rib c re s t s  a r e  generally s t ra ight ,  although a 
tendency was noted for  gent le  convexity downchannel 
a t  points of channel expansion; 

(4) c r e s t s  a r e  continuous over long dis tances  re la t ive  t o  
rib width, and the re  is a tendency for  the  c r e s t  t o  
b i furcate  near channel edges  where pebbly bars form 
the  banks; 

(5) commonly a marked grain s ize  sorting has  occurred 
with coarser  c las ts  concentra ted  in the ribs, and silty 
laminae, on which the  s tones  rest ,  being exposed in the 
inter-rib zones. Less commonly, however, ribs occur a s  
stony ridges with no obvious grain size d i f ference  
between rib and inter-rib zones: 

Figure 80.2b. Transverse ribs marked by regularly spaced 
cascades  along Cache  la  Poudre River in the  
Rocky Mountains west of For t  Collins, 
Colorado. 

(6) c l a s t s  in the ribs have their  a-axes oriented trans- 
versely t o  the  flow, i.e., parallel  with the  rib t rend,  and 
the  a-b planes dip upst ream;  

(7) width and spacing of ribs increase with increasing 
s tone size;  

(8) maximum channel dep th  in the  ribbed reaches  is 
only about  twice  a s  large  a s  the  larges t  b-axes of s tones  
in  t h e  ribs; and 

(9) slope and s ize  of bed mater ia l  a r e  primary f ac to r s  
in  spacing. 

In addition, i t  was noted t h a t  interrelationships between 
pa ramete r s  a r e  defined more  clearly where  d a t a  f rom 
dif ferent  locali t ies a r e  considered separa te ly  (Fig. 80.3). The 
t w o  No-See-Um Creek measurements  l ie on the  extended 
regression line for the  d a t a  f r o m  the  nearby P e y t o  outwash 
plain, whereas  the  North  Saskatchewan River d a t a  fa l l  on a 
d i f ferent ,  though well defined, line. Not only does  this 
encourage the  view t h a t  t he  larger  scale,  s ta i r -s tep  cascades  
on No-See-Um Creek represent  the  same  phenomenon a s  
t ransverse  ribs on the  P e y t o  outwash plain, but  t h e  d i f ference  
between these  s i tes  and the  North  Saskatchewan River s i tes  
suggests t h a t  some other  variable,  perhaps pebble shape, also 
influences rib development.  

Possible Forma t ive  Process  

The formation of transverse ribs has never been 
observed in the  field because these  f ea tu res  a r e  formed 
during high flows. Boothroyd (1970) f i rs t  suggested tha t  ribs 
were re l ic t  antidunes. Although this mechanism remains the 
favoured one (e.g. Boothroyd and Ashley, 1975; Church and 
Gilbert ,  1975; Judd and Peterson,  1969), definit ive 
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Figure 80.3. Transverse r ib spacing vs. average maximum b- 
axes of pebbles for field sites studied i n  Alberta 
and Alaska. 

experimental work has yet to  be done. Day (1976) observed 
that rib-like features forming as antidunes in coarse gravel 
(2-90 mm) were degraded under steady flows. Also, Koster 
(1976) observed in-phase pebble accumulation under a train of 
standing waves; Judd and Peterson (1969) suggested this as a 
possible mechanism of transverse r ib formation. 

The experimental study reported herein was undertaken 
by the senior author during 197 1, well before explanation was 
directed towards antidune formation in the upper flow 
regime, a mechanism that has yet t o  be proven. It is d i f f icul t  
to transfer the formative mechanism described herein 
(moving hydraulic jump) to natural channels; however, this 
mechanism can result i n  ribs with properties very similar to  
those found in  the field, and therefore the results may be an 
important example of different processes resulting in similar 
sedimentary features. 

Laboratory Experiments 

Apparatus 

Experiments were performed in the tiltable, open 
channel, recirculating, sedimentation flume of the Geological 
Survey of Canada, described by McDonald (1972). The main 
channel, not including the headbox, is 18.3 m long, 0.76 m 
wide, and 0.6 m deep. The channel floor is made of aluminum 
plate, but the walls are plate glass, permitting observation of 
processes i n  the channel. Rails mounted on the channel walls 
support an instrument carriage on which is clamped a point 
gauge for measuring features i n  the channel. Water slope is  
determined using a combination of the point gauge measure- 
ments and a conventional level. Discharge, Q, is measured 
by manometers connected to orifice plates mounted in each 
of the two return pipes. Precision of the measurements is 
indicated with the parameter in the table of experimental 
data. 

Pebbles used in  these experiments were naturally worn 
rock fragments occurring i n  a local glaciofluvial deposit.' 
Two size ranges of pebbles were used throughout; their grain 
size distributions, sorting, and shape factors are summarized 
in Figure 80.4. In order to spare the pump impellers from 
unnecessary wear, pebbles were fed i n  at the upstream end of 
the open channel and were trapped in  a screen basket a t  the 
downstream end. 

Description of Experiments 

After several unsuccessful attempts to produce rib 
features similar to  fie1.d observations (e.g., placing pebbles 

across sand beds; and f low over a gravel bed), suitable bed 
forms finally were generated from the following procedure. 
Channel slopes were set sufficiently high that "shooting", or 
supercritical, flow existed in the channel and resulted in 
relatively high pebble transport rates. A t  a point down- 
stream, the supercritical flow reverted to  subcritical flow by 
passing through a transition zone containing a hydraulic jump. 
(A brief discussion of the hydraulics is presented in  a 
subsequent section.) Pebbles transported by the flow were 
deposited in well defined transverse concentrations when they 
encountered the deeper and slower subcritical flow. 
Successive transverse ribs (Fig. 80.5), strikingly similar t o  the 
well defined bed forms observed i n  r i f f l e  reaches in  the field, 
were deposited by the hydraulic jump "stepping" rapidly 
upstream i n  an episodic fashion, described in  detail in the 
following section. Pebbles in the bed forms had an evident 
upstream dip of their a-b planes, with a-axes parallel to the 
crests of the ribs, although these details were not measured. 

Initially, pebbles transported down the channel were 
supplied by erosion f rom the pebble bed art i f icial ly placed 
near the headbox. Subsequently i t  was found more convenient 
to  establish supercritical flow in  the pebble-free channel, 
force a hydraulic jump near the downstream end, and then 
trigger the formation of the ribs by manually feeding pebbles 
into the f low near the upstream end of the channel. 

Crests of the ribs were oriented at right angles to  the 
flow direction as long as the pebble supply rate was roughly 
uniform across the channel. In  cases where the pebble feed 
was uneven, the transition zone from supercritical to sub- 
cr i t ical  flow was oriented obliquely to  the channel axis and 
was located farthest upstream in the zone of highest pebble 
supply rate. This resulted i n  pebbles shifting obliquely 
downstream along the front of the transition zone. The 
ribbed pebble bed that eventually accumulated tended t o  be 
thicker on the side towards which the pebbles migrated, i.e., 
on the side that initially had the lower pebble supply rate. 

The numerical data on which this report is based were 
obtained during 16 runs each for the large and small pebbles 
by pre-setting channel slope (So) t o  0.0100, 0.0124, 0.01 45, 
and 0.0200, and for each channel slope running discharges of 
9.9, 15.9, 21.2, and 28.3 litres/s. Measurements i n  the 
transition zone were taken during formation of the ribs, and 
measurements on the pebble bed that was deposited behind 
the stepping jump were taken after the run had been stopped. 

Experimental Results 

A Process of Transverse Rib Formation 

The hydraulic jump and transition zone. Hydraulic 
jumps have received much attention from engineers because 
of their use as dissipators of energy in  flow-control structures 
such as dam spillways. The subject is adequately treated, for 
purposes of the present discussion, in  standard texts (cf. 
Chow, 1959; Henderson, 1966). 

Supercritical flow is defined as flow i n  which Froude 
number (F =,&, where V is the mean velocity, g is accelera- 
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tion due to gravity, and y is the mean flow depth) exceeds unity. 
This is a direct function of water velocity and water depth, 
but these parameters are dependent on channel slope and 
roughness, channel dimensions, and discharge. Transition 
f rom supercritical f low (F>1) t o  subcritical flow (F< I )  usually 
i s  accompanied by the formation of a hydraulic jump. This is 
a turbulent stationary surge, or abrupt shock-wave front, on 
the water surface downstream from where the abruptly 
increased water depth exceeds cr i t ical  depth and the velocity 
i s  subcritical. Much energy is dissipated i n  turbulence i n  a 
hydraulic jump, and form of the jump, length of the jump, and 
rat io of downstream to  upstream water depths a l l  can be 
related t o  the Froude number of the supercritical flow 
entering the jump. 



The supercr i t i ca l - subcr i t i ca l  t r a n s i t i o n  zone ,  typ ica l  of channel ,  posi t ioned by s e t t i n g  t h e  t a i l g a t e  t o  c r e a t e  a pool a t  
one  in which pebbles a r e  a c c u m u l a t i n g  t o  f o r m  t r a n s v e r s e  t h e  d o w n s t r e a m  end  of t h e  channel .  P e b b l e s  a r e  t r a n s p o r t e d  
r ibs,  is shown in F igure  80.6a, and  a def in i t ion  s k e t c h  is  g iven  d o w n s t r e a m  by uni form s u p e r c r i t i c a l  f low w h e r e  w a t e r  s lope  
in  F igure  80.6b. The  position of t h e  c r i t i c a l  d e p t h  l ine e q u a l s  bed slope.  
( c . D . ~ . )  i s  shown, i.e. t h e  d e p t h  t h a t  will g ive  F = 1' fo r  t h e  
par t icu la r  d i scharge  i l lus t ra ted .  S u p e r c r i t i c a l  f low e x i s t s  
w h e r e  t h e  w a t e r  s u r f a c e  is be low t h i s  l ine,  a n d  subcr i t i ca l  
f low e x i s t s  where  t h e  w a t e r  s u r f a c e  l i es  a b o v e  t h i s  line. 

S u p e r c r i t i c a l  f low e n t e r i n g  t h e  t rans i t ion  zone  is 
d e f l e c t e d  upward by t h e  pebbles on t h e  bed.  The  pebble 
accurnula t ion  f u n c t i o n s  a s  a broad-cres ted  wei r  t h a t  o f f e r s  
r e s i s t a n c e  t o  t h e  f low and locally d e c r e a s e s  t h e  bed slope. A t  
t h e  s a m e  t i m e ,  however ,  because  t h e  pebble  a c c u m u l a t i o n  is 
p e r m e a b l e  and because  i t  increases  in  he ight  at a re la t ive ly  
low a n g l e  (angle of repose  for  t h e  pebbles), t h e  ve loc i ty  
c h a n g e  i s  gradual .  This  p e r m i t s  s u p e r c r i t i c a l  f low t o  pass  
smooth ly  i n t o  subcr i t i ca l  f low in  a s t a n d i n g  wave ,  wi thout  
passing through a hydraulic  jump. F r o u d e  numbers  a s  low a s  
0.45 have  been  c a l c u l a t e d  under t h e  c r e s t  of t h e  s tanding  
wave.  O n  t h e  d o w n s t r e a m  side of t h e  pebble accurnula t ion ,  
t h e  bed s lope  i s  e f f e c t i v e l y  increased .  T h e  a c c e l e r a t i n g  f low 
passes  smooth ly  back  t o  supercr i t i ca l .  Soon a f t e r  f low d e p t h  
b e c o m e s  less  than  c r i t i c a l  d e p t h ,  t h e  f low passes  through a 
hydrau l ic  jump wi th  e n e r g y  d iss ipa ted  in in tense  t u r b u l e n c e  a t  
t h e  breaking  f r o n t .  Flow in t h e  r e a c h  d o w n s t r e a m  f r o m  t h e  
jump r e m a i n s  subcr i t i ca l .  

F o r m a t i o n  of t r a n s v e r s e  ribs. T h e  s e q u e n c e  of f o r m a -  
t ion  of t r a n s v e r s e  -r ibs - i s  d e t a i l e d  in six success ive  s t a g e s  
(Fig. 80.7). The i l lus t ra t ion  is based  on a c t u a l  m e a s u r e m e n t s  
in t h e  f l u m e  dur ing  run 20-6 ( V I  = 93.0 c m / s ;  y l  - 2.2 c m ;  F l =  
2.0). The  s e q u e n c e  begins wi th  a hydraul ic  jump in t h e  

PEBBLES 
PARAMETER L A R G E  S M A L L  

The pebbles  s t o p  moving ( s t a g e  I )  just d o w n s t r e a m  f r o m  
t h e  jump b e c a u s e  t h e  subcr i t i ca l  w a t e r  ve loc i ty  t h e r e  d o e s  
n o t  provide a d e q u a t e  t r a c t i v e  f o r c e  f o r  t r a n s p o r t a t i o n .  A s  
t h e  pebbles  a c c u m u l a t e  and f o r m  a r idge  under  t h e  jump 
( s t a g e  2) ,  t w o  th ings  happen:  ( I )  t h e  s i m p l e  hydrau l ic  jump 
c o n f i g u r a t i o n  i s  d e f o r m e d  in to  a t r a n s i t i o n  z o n e  cons is t ing  of 
a s t a n d i n g  wave  fo l lowed by a hydrau l ic  jump, t h e  hydrau l ics  
of which have  b e e n  discussed br ie f ly  in c o n n e c t i o n  w i t h  
F i g u r e  80.6a, b; and  (2) pebbles  c o n t i n u e  t o  a c c u m u l a t e  under  
t h e  s t a n d i n g  w a v e  in a zone  of f low s e p a r a t i o n  behind t h e  
in i t i a l  a c c u m u l a t i o n .  Pebbles  rol l  a c r o s s  t h e  i n i t i a l  r idge  and  
a r e  packed  a g a i n s t  i t s  d o w n s t r e a m  e d g e  by a b a c k  e d d y  in t h e  
z o n e  of f low s e p a r a t i o n .  T h e  s t a n d i n g  w a v e  grows  in 
a m p l i t u d e  a s  pebbles  a c c u m u l a t e  under  it (e.g. s t a g e  3). T h e  
s t a n d i n g  w a v e  is higher t h a n  t h e  c r e s t  of t h e  a s s o c i a t e d  
hydraul ic  jump by a n  a m o u n t  a p p r o x i m a t e l y  e q u a l  t o  t h e  
h e i g h t  of t h e  pebble  a c c u m u l a t i o n .  T h e  c r e s t  of t h e  s t a n d i n g  
w a v e  is l o c a t e d  sl ightly d o w n s t r e a m  of t h e  pebble  a c c u m u l a -  
t ion .  As  pebbles  a c c u m u l a t e  b e n e a t h  t h e  f r o n t  wave ,  t h e  
c r e s t  of t h i s  w a v e  and  t h e  c r e s t  of t h e  jump a r e  d i sp laced  
sl ightly d o w n c u r r e n t .  The  m a x i m u m  a m p l i t u d e  t h a t  c a n  b e  
sus ta ined  by a s t a b l e  wave  on  t h e  w a t e r  s u r f a c e  l i m i t s  t h e  
upward  g r o w t h  of t h e  s tanding  wave .  T h e  s t e e p n e s s  of t h e  
s t a n d i n g  wave  u p s t r e a m  f r o m  i t s  c r e s t  a t  po in t  of b r e a k i n g  i s  
s e e n  f r o m  F i g u r e  80.7, s t a g e  4,  t o  be  a b o u t  0.29 (wave  
h e i g h t l w a v e  length).  Descending  f low d o w n s t r e a m  f r o m  t h e  
c r e s t  p inches  off t h e  zone  of f l o w  s e p a r a t i o n  on  t h e  
d o w n s t r e a m  s ide  of t h e  pebble r idge.  When t h e  z o n e  of f low 

s e p a r a t i o n  is  ful l  of pebbles  ( s t a g e  4), a l l  pebbles  

I I MEDIAN SITE d50 1 9.2 m m  1 5.6 mm 1 

- 

- 

- 

- 

- 

I I $84 - '16 $ DEVIATION = 

being  f e d  i n t o  t h e  s t a n d i n g  w a v e  rol l  o v e r  t h e  
pebble  r idge  and on d o w n s t r e a m .  By t h i s  t i m e  t h e  
c r e s t  of t h e  wave  is l o c a t e d  d i r e c t l y  a b o v e  t h e  
mid-point ,  and  high-point, of t h e  r idge.  P e b b l e s  
moving through t h e  s t a n d i n g  w a v e  c a u s e  t h e  down- 
s t r e a m  s ide  of t h e  wave  t o  f l a t t e n ,  f o r c i n g  t h e  
w a v e  t o  b r e a k  u p s t r e a m  as a t u r b u l e n t  hydrau l ic  
jump. T h e  jump "steps" rap id ly  u p s t r e a m  and re -  
s t a b i l i z e s  ( s t a g e  5 )  a d i s t a n c e  a p p r o x i m a t e l y  e q u a l  
to* u p s t r e a m  of i t s  posi t ion in s t a g e  1, and  t h e  
c y c l e  begins  again.  In s t a g e  6 t h e  hydrau l ic  jump 
h a s  b e e n  d e f o r m e d  a g a i n  i n t o  a t r a n s i t i o n  z o n e  w i t h  
a s t a n d i n g  w a v e  fo l lowed by a hydraul ic  jump. A s  a 
n e w  t rough  w i t h  s u p e r c r i t i c a l  f low deve lops  o v e r  
t h e  f o r m e r  pebble  a c c u m u l a t i o n ,  t h e  pebbles  a r e  
rol led back  a d i s t a n c e  of 4 t o  a s u b c r i t i c a l  posi t ion 
under  t h e  new jump. T h e  a c c u m u l a t i o n  h e r e  i s  a 
t r u e  t r a n s v e r s e  rib. S i n c e  t h e  pebbles  r e m a i n  in 
s u b c r i t i c a l  f low, t h e y  a r e  n o t  s u b j e c t e d  a g a i n  t o  a 
t r a c t i v e  f o r c e  c a p a b l e  of t h e i r  wholesa le  
t r a n s p o r t a t i o n .  

L 
I l l 1  I I I I I  1 1 1 1 I  I I I I I -- 

100 10 ' COREY SHAPE FACTOR = & 0 . 6 1  0 . 5 5  

Figure  80.4. Grain-size d i s t r ibu t ions ,  sor t ing ,  a n d  s h a p e  f a c t o r s  of pebbles  used i n  e x p e r i m e n t s .  
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Figure 80.5a 

Transverse ribs generated in the  sedimentation 
flume channel, looking upstream; small pebbles 
used; Q = 13.9 11s; So = 0.0124 (CSC 201 910-A). 

Figure 80.5b 

Transverse ribs formed in run 21-9; flow from 
right t o  lef t  (GSC 20 19 10-D). 

Figure 8 0 . 5 ~  

Transverse ribs preserved a s  ridges on a pebble 
bed; dark areas  a re  troughs between ridges; 
looking upstream af ter run 20-13 (CSC 201910-C). 



The process of pebble accumulation followed by the 
hydraulic jump stepping upstream to a new location taltes 
place in seconds. Cycles measured during a typical run in  the 
laboratory averaged 23 s per rib, but ranged from 14 t o  30 s. 
Thus ribs do not represent an equilibrium bed form as 
formerly suspected (McDonald and Banerjee, 1971), but rather 
they result from unsteady, rapidly varied flow and become 
progressively younger in an upstream direction. Successive 
stepping of the hydraulic jump in  an upstream direction 
leaves the reach mantled by transverse ribs (Fig. 80.8). 
Passive surface-water waves are in phase with the transverse 
ribs and tend to  be about twice the amplitude of the ribs. 

This points out the dual importance of sediment feed 
and flow conditions to the formation of transverse ribs. The 
depth and velocity of the incoming supercritical flow deter- 
mines the depth and velocity of the subsequent subcritical 
flow. But in order for transverse ribs t o  form and be 
preserved, the cri t ical tractive force required for entrain- 
ment and transportation of pebbles in the ribs must be 
intermediate between the tractive forces provided by the two 
flow conditions, and rate of pebble supply t o  the jump must 
be sufficient for the jump t o  step upstream. 

Interrelationship of Variables 

Parameters that can be measured in a natural reach 
Importance Of rate' Formation Of trans- containing transverse ribs are r ib spacing, r ib  width, r ib 

verse ribs; and the d is t inc t ivenessx the individual ribs, is height, bed slope, and pebble size and shape. I f  bank height 
to a degree On the rate that pebbles are to can be measured, it wi l l  provide an upper limit for yn. The the standing wave. The relationship is summarized 

objective here is to examine interrelationships of these qualitatively in Figure 80.9. For the hydraulic jump to step parameters, as measured in the laboratory, with the flow 
upstream more pebbles must enter the standing wave from parameters that prevailed during transverse r ib formation, in 
the 'pstrearn side than leave it On the downstream side, order to permit estimation of the paleof]ow conditions. otherwise the pebble budget in the wave is negative, and the 
wave shifts gradually downstream. As long as the pebble Details of the process (Fig. 80.7) indicate that height 
budget under the front wave is positive, ribs can form, but and width of the pebble accumulation under the standing 
they become increasingly indistinct as the budget becomes wave at stage 4 might be related to the dimensions of the 
more highly positive. I f  the pebble budget is very high, standing wave and incoming flow. I t  is these measurements 
upstream migration of the standing wave is a continuous of height and width that are reported in  the table of 
process, and a uniform bed of pebbles is deposited in i ts wake. 

zohe with a front standing wave, under which 
pebbles are accumulating, and a trailing 
hydraulic jump; f low is r ight to  left;  run 21- 
16; 10-cm grid on glass panel (GSC 201910-E). 

Figure 80.6b (below) 

Definition sketch of transition zone where 
pebbles accumulate. See text for discussion. 

Key: 

C.D.L. =crit ical depth 
line 

y 1 ,  V 1  =water depth 
and velocity, 
respectively, 
in upstream 
supercritical 
sect ion 

Y 2  =water depth 
in  downstream 
subcritical 
section 

So =bed slope 

L =length of 
hydraulic 
jump 

X =length of 
standing 
wave 



experimental  d a t a  (Table 80.1). Because the  pebbles a r e  re- 
entrained during s tage  5, however,  rib height a s  measured in 
the  field will be related more to  pebble size than t o  flow 
conditions during rib formations.  T o  a lesser e x t e n t  this also 
will be  t rue  of rib width measured in the  field, although rib 
width would still be related t o  the volume of pebbles tha t  
accumulated beneath the standing wave before it collapsed 
upstream. Only in the  most clearly defined ribs, however, 
can rib width be measured in the  field with any precision. 

Rib spacing appears  f rom the  process t o  be a useful 
field measure,  insofar a s  it i s  determined by the  dimensions 
of the  water  surface waves in the  transit ion zone. I t  was 
found that ,  over the conditions tes ted ,  rib spacing is most 
d.irectly related t o  the  full width (L + A) of the  transit ion zone 
(Fig. 80.10), where 

rib spacing = 0.60 (L + A) + 3 .3 .  

Rib spacing is also strongly re la ted  individually t o  L, A ,  and the  
spacing of wave cres ts  in the  transit ion zone. Because the 
dimensions of the standing wave a re  closely re la ted  t o  (L + A ) ,  
width of the  pebble accumulation beneath the  standing wave 
just a s  the wave breaks also is related t o  the  width of the  
transit ion zone (Fig. 80.1 1) by 

width of pebble accumulation = 0.34 (L + A) + 2.0. 

Neither bed slope nor pebble size a f f ec t s  the relationships 
shown in Figure 80.1 1. 

Presently no sa t is fac tory  theory exis ts  for  calculating 
the  length,  L, of a hydraulic jump. However, consistent 
relationships a re  found if L is incorporated in a dimensionless 
quant i ty  by dividing it by a re la ted  water  depth,  and then this 
quantity is plotted against  the  Froude number, F A ,  of the  
incoming supercrit ical  flow (cf.  Chow, 1959, p. 428). The 
relationships a r e  increasingly dependent on bed slope a s  
values of FI increase. Rib spacing, divided by yl  t o  form a 

I v 
T. S T A G E  I I 

I APPROX. HORIZ. SCALE 1- 
25 cm 

I I 

Figure 80.7. Process of transverse rib format ion by stepping 
hydraulic jump. See  t e x t  for discussion of the  
various 

Figure 80.8. Series of ribs "fossilized1' in subcrit ical  f low field a s  hydraulic jump migra t e s  upst ream.  

SUBCRITICAL FLOW F<l 

I metre 

TRANSITION 

ZONE IVHERE RIBS A R E  
BEING FORMED IN 
HYDRAULIC JUMP. 

POOL, WITH ESSEN- 
TIALLY HORIZONTAL 
I$ATER SURFACE CON- 
TROLLED BY THE OUT- 
LET FROM THE POOL 
AND NOT RELATED TO 
BED CONFIGURATION. 

SUPERCRITICAL 
FLOW F s l  

STABLE R I B S  IN RIFFLE ACROSS IVHICH THE HYDRAULIC JUMP HAS 
MIGRATED I N  AN UPSTREhV DIRECTION. PEBBLES CChVPRISING THE R I B S  
A R E  NOT I N  TRAYSPORT. WATER-SURFACE IVAVES A R E  PASSIVE FORMS 
RESULTING FROM THE PRESENCE OF RIBS ON THE BED AND A R E  IN PHASE 
WITH BED TOPOGRAPHY. 



T
ab

le
 8

0.
1 

E
xp

er
lr

ne
nt

al
 d

at
a 

R
un

1 
So

 
Q

 
y1

2 
v I

 
F

1 
y

z2
 

L
 

X 
he

ig
ht

 o
f 

w
id

th
 o

f 
R

ib
 

M
ax

. 
nu

m
be

r 
d

is
ti

n
ct

 
li

tr
es

ls
 

cm
 

cm
/s

 
cm

 
cm

 
cm

 
pe

bb
le

 
pe

bb
le

 
sp

ac
in

g4
 

ri
bs

 i
n 

si
ng

le
 

ac
cu

m
u

la
ti

o
n

3
 

ac
cu

m
u

la
ti

o
n

3
 

c m
 

se
ri

es
 

c
m

 
c

m
 

E
st

im
at

ed
 P

re
ci

si
on

 
1

.
0

 
i.

0
5

 
r 

0.
1 

r 
2 

?
 1

 
r 

10
%

 
r 

10
%

 
?

 0
.5

 
-
 

I. 
S

m
al

l 
pe

bb
le

s 20
-1

 
0.

01
00

 
9.

9 
1

.8
5

 
69

.8
 

1.
64

 
4

.5
 

5 
13

.5
 

2.
1 

10
 

14
.4

 
9 

20
-2

 
0.

01
00

 
15

.9
 

2.
39

 
8

6
.8

 
1.

79
 

6
.0

 
6 

21
 

2.
2 

12
 

1
8

.8
 

12
 

20
-3

 
0.

01
00

 
21

.2
 

2.
83

 
9

7
.7

 
1.

86
 

8
.2

 
9 

26
 

2
.5

 
13

 
27

.3
 

8 
20

-4
 

0.
01

00
 

28
.3

 
3

-4
1

 
10

8.
2 

1.
87

 
9

.5
 

9 
29

 
2

.9
 

13
 

28
.8

 
8 

20
-5

 
0.

01
24

 
9

.9
 

1.
70

 
75

.9
 

1.
86

 
n.

m
.' 

5 
10

 
2

.6
 

8
.5

 
16

.9
 

11
 

20
-6

 
0.

01
24

 
1

5
.9

 
2

.2
3

 
9

3
.0

 
1.

99
 

n
.m

. 
7 

19
 

2
.7

 
I I

 
1

8
.0

 
8 

20
-7

 
0.

01
24

 
21

.2
 

2
.5

8
 

10
7.

2 
2

.1
3

 
n

.m
. 

I1
 

25
 

3.
2 

12
 

24
.2

 
8 

20
-8

 
0.

01
24

 
2

8
.3

 
3.

07
 

12
0.

2 
2

.1
9

 
n

.m
. 

I3
 

2 9
 

3
.5

 
15

 
35

.3
 

8 
20

-9
 

0.
01

45
 

9
.9

 
1

.5
3

 
8

4
.4

 
2

.1
8

 
4

.7
 

8 
1

8
.5

 
n

-r
n

. 
10

 
17

.1
 

14
 

20
-1

0 
0.

01
45

 
15

.9
 

2.
02

 
10

2.
7 

2.
31

 
6

.8
 

I I
 

23
 

n
.m

. 
14

.5
 

2
4

.4
 

4 
20

-1
1 

0.
01

45
 

2
1

.2
 

2.
31

 
11

9.
7 

2.
52

 
8

.0
 

15
 

29
 

n
-r

n
. 

18
 

32
.0

 
3 

20
-1

2 
0.

01
45

 
28

.3
 

2.
79

 
13

2.
3 

2
.5

3
 

n
.m

. 
1

8
 

34
 

n
. m

. 
22

 
33

.0
 

3 
20

-1
3 

0.
02

00
 

9
.9

 
1.

51
 

8
5

.5
 

2.
22

 
4.

6 
12

 
n

.m
. 

2.
9 

11
 

17
.6

 
13

 
20

-1
4 

0.
02

00
 

15
.9

 
1.

96
 

10
5.

8 
2.

41
 

n.
rn

. 
1

4
.5

 
n.

rn
. 

3
.8

 
14

 
20

.4
 

8 
20

-1
5 

0.
02

00
 

21
.2

 
2.

16
 

12
8.

0 
2

.7
8

 
n

.m
. 

16
 

n
. r

n.
 

4.
1 

13
.5

 
27

 .O
 

3 
20

-1
6 

0.
02

00
 

2
8

.3
 

2.
67

 
13

8.
2 

2.
70

 
n

.m
. 

21
 

2 3
 

4
.6

 
20

.5
 

33
.0

 
2 

11
. 

L
ar

g
e 

pe
bb

le
s 

21
-1

 
0.

01
00

 
9.

9 
1.

92
 

67
.2

 
1.

55
 

4.
0 

5 
17

 
2

.5
 

9 
14

.6
 

8 
21

-2
 

0.
01

00
 

15
.9

 
2.

38
 

87
.1

 
1.

80
 

5.
2 

5 
15

 
2.

8 
I I

 
1

9
.3

 
8 

21
-3

 
0.

01
00

 
21

.2
 

2.
85

 
97

.0
 

1.
84

 
6

.9
 

7 
22

 
2

.8
 

15
 

19
.9

 
8 

21
-4

 
0.

01
00

 
28

.3
 

3.
34

 
11

0.
5 

1
.9

3
 

9
.5

 
9 

31
 

3.
0 

16
 

25
.1

 
7 

21
-5

 
0.

01
24

 
9

.9
 

1.
59

 
81

.2
 

2
.0

6
 

3.
6 

4 
13

 
2

.8
 

7 
1

2
.7

 
7 

21
-6

 
0.

01
24

 
1

5
.9

 
2

.2
1

 
9

3
.8

 
2.

02
 

6
.2

 
9 

2 
1 

2
.9

 
13

 
1

8
.5

 
10

 
21

-7
 

0.
01

24
 

21
.2

 
2

.6
5

 
10

4.
3 

2
.0

5
 

6
.3

 
10

 
22

 
3.

1 
1

2
.5

 
2

3
.6

 
10

 
21

-8
 

0.
01

24
 

2
8

.3
 

3.
10

 
11

9.
1 

2.
16

 
9

.5
 

15
 

32
 

3
.3

 
1

4
.5

 
3

0
.6

 
5 

21
-9

 
0.

01
45

 
9

.9
 

1.
77

 
72

.9
 

1.
75

 
4

.6
 

9 
13

 
1.

8 
7 

15
.3

 
21

 
21

-1
0 

0.
01

45
 

15
.9

 
2.

24
 

9
2

.6
 

1.
98

 
6

.7
 

I I
 

22
 

1
.8

 
13

 
17

.0
 

9 
21

-1
1 

0.
01

45
 

21
.2

 
2.

47
 

1
1

1
.9

 
2

.2
8

 
8

.6
 

15
 

27
 

3.
0 

17
 

22
.6

 
7 

21
-1

2 
0.

01
45

 
28

.3
 

2.
92

 
12

6.
4 

2.
36

 
9

.5
 

18
 

32
 

3.
2 

19
 

26
 .O

 
5 

2
1

-1
3

0
.0

2
0

0
 

9
.9

 
1.

56
 

8
2

.8
 

2.
12

 
4.

9 
9 

14
 

3.
1 

8 
13

.4
 

18
 

2
1

-1
4

0
.0

2
0

0
 

1
5

.9
 

1
.9

1
 

10
8.

6 
2

.5
1

 
7

.1
 

15
 

19
 

3.
4 

11
 

26
.2

 
10

 
21

-1
5 

0.
02

00
 

21
.2

 
2

.3
3

 
11

8.
7 

2
.4

8
 

9
.4

 
15

 
2 8

 
4.

1 
16

 
27

.7
 

8 
21

-1
6 

0.
02

00
 

2
8

.3
 

2
.7

3
 

13
5.

2 
2

.6
1

 
9

.5
 

18
 

2 8
 

4
.7

 
20

 
4

2
.1

 
5 

'A
ll

 r
un

s 
cz

rr
ie

d
 o

u
t 

a
t 

w
at

er
 t

em
p

er
at

u
re

 =
 2

1 
?

 
1°

C
. 

2
y

1
 a

nd
 y

2 
re

p
re

se
n

t 
av

er
ag

es
 o

f 
2-

4 
m

ea
su

re
m

en
ts

. 
'A

S
 

m
ea

su
re

d 
b

en
ea

th
 s

ta
nd

in
g 

w
av

e 
a

t 
st

ag
e 

4 
(s

ee
 F

ig
. 

80
.9

). 
'R

ib
 

sp
ac

in
g 

is
 a

v
er

ag
e 

va
lu

e 
fr

o
m

 a
s 

m
an

y 
ri

bs
 a

s 
co

ul
d 

be
 m

ea
su

re
d 

(a
s 

m
an

y 
a

s 
21

) 
af

te
r 

th
e 

ru
n 

w
as

 s
to

pp
ed

. 
'n

.m
. 
-
 n

o
t 

m
ea

su
re

d.
 



Figure 80.9. Qualitative relationship of pebble supply r a t e  t o  transverse rib development.  
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dimensionless number, which is  re la ted  t o  (L + A )  a s  shown in 
Figure 80. LO, is re la ted  t o  the  Froude number a s  follows: 

0 10 20 30  4 0 5 0  6 0  0 

rib spacing = 5.7 F I  - 2.2 
Y l  

I 1 

for  the  range of conditions examined. I t  is not a f f ec t ed  by 
pebble size. Grea te r  slopes have resulted in higher Froude 
numbers, but the  da ta  for d i f ferent  slopes cluster evenly 
about  the  general trend, suggesting t h a t  slope is not a 
significant variable a t  these  relatively low Froude numbers. 

No r i b s  

Rib spacing, through i t s  dependence on (L + A), can  be  
re la ted  t o  y l .  The relationship (Fig. 80.12) is strongly slope 
dependent.  Rib spacing and yl values measured a t  a given 
discharge and channel slope for  each of the  two  pebble s izes  
were  averaged t o  produce the  points on which Figure 80.12 is 
based. The slope of the  lines indicates t h a t  r ib spacing 
increases more rapidly with y, a s  the bed slope becomes 
greater .  

w e l l  developed I p o o r l y  deve loped  1 "O ribs; 

r i b s  I r i b s  con t inuous  I p e b b l e  bed 

For bed roughness values other than those for aluminum 
pla te  used in this experiment,  the  location of the curves  i.n 
Figure 80.12 would change. However, t h e  roughness values of 
aluminum plate and of silty-clay laminations commonly 
observed underlying transverse ribs in t h e  field a r e  probably 
similar (Manning's n=0.013 according t o  tables in Chow, 1959). 

I I 

Figure 80.12. Transverse rib spacing vs. ups t ream depth  a t  
particular slopes. 
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RIB SPACING ( c m )  

Figure 80.13. Transverse r ib spacing vs. r ib height at 
particular slopes. 

The relationships among rib spacing, r ib height, and 
channel slope are shown in Figure 80.13. The main observa- 
t ion is that for a constant grain size distribution, larger 
slopes are associated wi th higher and more closely spaced 
ribs. Judd and Peterson (1969) observed a similar relationship 
i n  high gradient streams. 

Other general relationships for the range of conditions 
examined in  the experiment can be summarized as follows: 

( I )  r ib spacing averages about 7.25 (varies from 5 to  10) 
times the height of the pebble accumulation under the 
standing wave as the wave breaks; 

(2) the pebble accumulation beneath the standing wave 
a t  the breaking point of the wave is 3 to  7 times wider 
than i t  is high; 

(3) the hetght of the pebble accumulation as the 
standing wave breaks is 1 t o  2 times y 1 ; and 

(4) transverse ribs formed easily at F1 values between 
1.6 and 2.5, but distinct ribs were di f f icul t  to preserve 
in  the few runs where F1 exceeded about 2.5. 

In  the case of uneven pebble supply causing the jump to  
be oriented obliquely to  the flow, wi th pebbles tending to  
"pile up1' on one side of the channel, y2 varies from one side 
of the channel to  the other. This does not influence r ib 
spacing, but r ib heights preserved in the subcritical flow f ield 
are lowest where y, is lowest, presumably in response to  a 
relatively high bed shear stress there. 

The experiments indicate conclusively that transverse 
ribs can form in association with a hydraulic jump where 
supercritical flow reverts to subcritical flow. The ribs 
formed by step-wise upstream migration of the jump do not 
represent an equilibrium bed form, but rather the ribs become 
younger upstream. The process satisfactorily explains 
characteristics of ribs observed in  the field. 

Conclusions and Summary 

Transverse ribs are bed forms that are common in 
shallow streams carrying coarse alluvium. Experiments in a 
laboratory sedimentary flume indicate that ribs may form in 
the transition zone where supercr i t ical flow reverts to 
subcritical flow. Ribs were formed in the laboratory 
sequentially by a step-wise upstream migration of a hydraulic 
jump. Formation of individual ribs takes place in seconds, 
after which the ribs are "fossilized" in a subcritical flow 
field. The process would be observed only fortuitously in  the 
field, during a short lived and transitory supercritical flow 
event. As observed in a reach, they do not represent an 
equilibrium bed form, but rather they were formed quickly 
under former conditions of rapidly varied flow. Development 
of distinct ribs a t  given bed slope and flow conditions is 

partially dependent on the calibre of sediment fed into the 
hydraulic jump and on the rate of sediment transport. 
Spacing of transverse ribs is dependent on the dimensions of 
the water waves in the transition zone; these dimensions are 
related in  turn through bed slope to  depth and velocity of the 
incoming supercritical flow and to  depth of the succeeding 
subcritical flow. Formation of transverse ribs in a stream 
increases bed roughness in that reach and exerts an influence 
on eddy generation and local turbulence. 

More data need to be gathered, from both f ield and 
laboratory, regarding the following: ( I )  the effect, i f  any, of 
pebble shape on r ib dimensions; (2) the ef fect  of various 
particle size mixes, that are supplied t o  the hydraulic jump, 
on characteristics of the deposit; (3) the distribution of 
transverse ribs in active streams both on beds that have been 
subjected to  exceptionally large discharges and in the 
geologic record; (4)the frequency and controls of 
supercritical flow events in natural channels; and ( 5 )  the 
importance of supercritical flow for transport of the larger 
particles in  a given stream. 
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Abstract 

Day, Terry  J., Spatial  asymmetry  of a dispersing t r ace r  mass; Current  Research,  Pa r t  A, Geol Surv. 
Can., Paper  78-IA, p. 453-458, 1978. 

During t h e  course of a longitudinal dispersion exper iment  in a meandering gravel  channel (Banks 
Island, Northwest Territories), twelve partial  or  complete  descriptions of a distance-concentration 
distribution were  determined. These d a t a  indicate  t h a t  fo r  large  times, t h e  distance-concentration 
curve is distinctly asymmetric,  with a tail  of t r ace r  concentra t ion extending upstream. This 
a symmet ry  is  considered to  b e  consistent with the  theory t h a t  t r ace r  inater ia l  is  re ta ined in, t hen  
subsequently slowly re leased f rom,  fluid t r aps  distributed along t h e  flow boundary. 

Introduction 

The field experiment was  undertaken with t h e  purpose 
of assessing t h e  longitudinal dispersion of t r ace r  par t ic les  in a 
meandering s t ream.  These measurements  a r e  par t  of a ser ies  
required t o  determine relationships between channel and flow 
pa ramete r s  and dispersion characterist ics.  As theoret ica l  
approaches a r e  l imited in application t o  natura l  channels,  
field measurements  a r e  required. 

The mean longitudinal motion of an  initially concen- 
t r a t ed  mass  of t r ace r  (or contaminant),  and i t s  determining 
mechanisms, has been t h e  focus  of considerable sc ient i f ic  
study. The common theoretical  approach has been based on 
Taylor's (1954) analysis for  dispersion in pipe flow. For 
sufficiently large t imes,  Taylor showed tha t  

C = 81-' exp - ( x - u t ) ' / 4 ~ ~ t  

where  C is t h e  mean cross-sectional concentration, B is a 
constant  proportional t o  the  amount  of dispersing mater ia l ,  t 
is  t i m e  f rom initiation, x is  d is tance  downstream, Kx is t he  
longitudinal dispersion coeff ic ient ,  and u is t he  mean cross- 
sect ional  velocity. A t  a fixed t i m e  the  concentra t ion 
distribution along the  channel described by equation ( I )  is 
Gaussian. The assumption made for  this Gaussian distribution 
and for  t h e  necessary constant  value of Kx is uniform, s teady 

flow with a constant  mass  balance of t r a c e r  mater ia l .  Under 
these  conditions, and a f t e r  sufficiently large t ime ,  t h e  
velocity of a par t ic le  becomes a s ta t ionary  random function 
because the  s ta t i s t ica l  properties of t he  flow a r e  the  same  a t  
any  longitudinal position, and a par t ic le  contained within a 
uniform cross-section samples  all  par ts  of t h e  cross-section. 
The t i m e  required fo r  this Gaussian shape t o  develop is 
t e rmed  t h e  convect ive  period (Fischer, 1966). When t h e  fluid 
par t ic les  have entered t h e  second, or final, period the  
advection of the  dispersing cloud proceeds at a r a t e  equal  t o  
t h e  velocity of t he  flow (i.e. linear advection),  while t h e  
symmet r i c  spreading of t h e  cloud about  t h e  mean position 
proceeds a s  the  square  root of t ime  or distance.  

The duration of t h e  convect ive  period in open channel 
flows can be compared by computing Fischer's (1966) 
dimensionless t ime  pa ramete r ,  t, where  

d is flow depth,  u, is shear  velocity,  and R is a cha rac te r i s t i c  
length ( taken a s  one half t h e  flow width for  c e n t r e  injection). 
Fischer s t a t ed  t h a t  t '  = 0.4 is a reasonable pract ica l  cr i ter ion 
for  t he  end of the  convect ive  period. Chatwin's (1972) 
cr i ter ion of t' > 1.0 is much more  stringent.  He had shown 
ear l ier  t h a t  Fischer's laboratory work had not extended over 
sufficiently large  t imes,  a s  t h e  measured t ime-concentration 

Table 81.1 

Summary of t e s t  d a t a  

Sampling Downstream Flow Flow Mean Shear Tracer  
Si te  Distance Width Area  Velocity Velocity Variance 

(km) (m) (m2)  (m/s) (m/s) (min2) 





curves  were  not Gaussian (Chatwin, 1971). Chatwin also 
showed t h a t  t h e  results of Taylor's pipe flow exper iments  
produced a Gassian curve. Sayre (1968) numerically solved 
Aris' (1956) moment  equations t o  show t h a t  although t h e  
approach to  a Gaussian distribution was relatively slow, the  
var iance  rapidly satisfied t h e  Taylor predictions t h a t  t h e  
increase of variance and distance was  proportional t o  t ime. 

1 x 1 6  
LO 10.0 100.0 

DISTANCE (km)  
Figure 81.2 Longitudinal variance trend of the  t r ace r  cloud. 

Downstream dis tance  is measured f rom point of 
injection. 

The asymmetr ic  concentra t ion distributions measured in 
Fischer's open channel exper iments  a r e  common t o  open 
channel studies. Many explanations for this shape have been 
advanced. Both Elder (1959) and Sullivan (1971) considered 
t h e  laminar sublayer to  play a role in producing skewness. 
Hays (1966) and Thackston andSchnelle,  (1970) showed how 
trapping t h e  t r ace r  mater ia l  in dead zones can  a f f e c t  t h e  
shape of t h e  concentra t ion distribution. Fischer (1966) 
dismissed both t h e  laminar sublayer and t h e  dead zone 
concepts  in preference  for t h e  view t h a t  skewness develops 
during the  convective period when the  t r ace r  par t ic les  adopt 
t h e  form of t h e  velocity profile. Day (1975) showed t h a t  a 
t r ace r  cloud dispersing along rough channels maintains a 
persistent asymmetry  when measured over t i m e  a t  a fixed 
distance.  Nordin and Sabol (1974) presented similar d a t a  for  
a wide var ie ty  of rivers. Day and Wood (1976) showed t h a t  a 
persistent a symmet ry  is  cha rac te r i s t i c  of the  self-similarity 
(Jinear spreading and a constant  dimensionless shape of t h e  
t ime-concentration curve)  of dispersion in some natura l  
channels. Valentine and Wood (1977) showed t h a t  t hese  
deviations could be explained in t e r m s  of a Sta t ionary  eddy 
s t ruc tu re  adjacent  t o  the  bed and t h a t  t he  presence of these  
fluid t r aps  could delay arr ival  of t h e  f inal  period. 

A problem in determining t h e  shape of concentra t ion 
distributions in natura l  channels resul ts  f rom using t h e  
technique of placing one or more  probes a t  a fixed cross- 
section and measuring par t ic le  concentra t ion a s  a function of 
t i m e  (t)  a s  t h e  cloud passes the  probe. From equation (I)  i t  
can be seen t h a t  t he  graph of C a g a i ~ s t  t is not symmet r i c  
about  t h e  peak because of t h e  f a c t o r  t 'In the  exponential  
and t-1/2 multiplying t h e  exponential .  Portions of t h e  cloud 
passing t h e  probe f i rs t  a r e  younger than those t h a t  pass later.  

Table 81.2 

Time and concentra t ion d a t a  for  spat ia l  concentra t ion pa t t e rn  

* Time refers  t o  t h a t  elapsed f rom injection in hours, and concentra t ion is in ppb. 
** No samples  taken. 

Sampling Downstream 
S i t e  Distance 

(km) 

Time and Concentration Data* 

6.25 6.50 6.75 7.00 7.25 7.50 7 .7j  8.00 8.25 8.50 8.65 9.00 



DOWNSTREAM DISTANCE (km) 
Figure 81.3. Distance concentra t ion d a t a  for t h e  twelve  spat ia l  sampling sites.  

x c  
Figure 81.4. Composite nondimensional plot of t h e  twe lve  spat ia l  samples. 
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Figure 81.5 

Definition sketch for nondimensionalizing t h e  t r ace r  dimensions. C-  is the 
t' peak concentration, Xf i s  t h e  midpoint (C 12) on t h e  leading or down- 

p .  s t r eam edge of t h e  t racer ,  Xt is  t he  midpolnt on the  trail ing or upst ream 
edge,  and X is t h e  d is tance  between t h e  t w o  points. To nondimen- 
sionalize a %stance-concentration curve, a l l  concentra t ion values can  be  
divided by C p a n d  a l l  d is tance  co-ordinates by a t ime  parameter  
representing t h e  dimensions (Xc) and t h e  position of t h e  t r a c e r  f rom 
injection (say Xf). 

DISTANCE 

Experimental d a t a  

The t r ace r  t e s t  was undertaken on July 19, 1975 in an  
unnamed river on Banks Island, Canadian Arct ic .  Archipelago. 
The location of t h e  river is approximately 73" 12'N, 119O29'W 
(mid reach). Four l i t res  of Rhodamine WT 20% were  injected 
in to  t h e  river, and t h e  resul tant  pa th  of t h e  t r ace r  cloud was  
followed over 14.8 km. An aer ia l  photograph of the  t e s t  
reach and sampling s i t e s  is shown in Figure 81.1. The river 
has  a well developed meander pat tern ,  a gravel  bed, and a 
d is t inct  pool and riffle sequence. The longitudinal slope is 
approximately 0.0012. Discharge during t h e  18.5 hour 
sampling period was about 4 m 3 / s  (determined f rom five cur-  
r e n t  meter ing sites,  one  at each  main sampling s i t e  (1-5) over  
a nine hour period). 

A t  s i tes  I t o  5 (Fig. 81.1) t h e  passing t r a c e r  cloud was 
sampled over t ime. The distances and hydraulic measure- 
men t s  (based on current  metering) for  these  s i tes  a r e  listed in 
Table 81.1. Si tes  a t o  h were  positioned fo r  spatial  sampling 
(Table 81.1) which began a t  6.25 hours a f t e r  injection and 
continued a t  qua r t e r  hour intervals for 2.75 hours 
(12 samples) until 9 hours a f t e r  injection. All samples were  
taken just below the  surface  in what was considered t o  be the  
c e n t r e  of flow. 

Discussion of resul ts  

The longitudinal spreading of the  t r ace r  cloud through 
t h e  t e s t  reach is shown in Figure 81.2 where  t h e  t r ace r  
var iance  (measured over t ime  a t  a fixed distance) is plotted 
agains t  distance. These data ,  l isted in Table  81.1 a r e  bes t  
f i t t ed  with an  equation of 

where  at2 is t he  variance,  and ot  t he  s tandard deviation, 
measured over t ime  for  a fixed distance. Equations (3)  and 
(4) explain 98% of t h e  variance. The exponent in equation (4) 
indicates  t h a t  t he  r a t e  of spreading is near t o  t h a t  r a t e  
required for Taylor's analysis. This exponent is  also 
considerably lower than t h e  mean value of 1.0 determined by 
Day (1975) for  a wide range of natura l  channels. The mean 
t r ave l  t ime  of t h e  t r ace r  cloud was  0.20 m/s, similar t o  t h e  
mean cross-sectional velocity (mean of column 5, Table 81.1) 
of 0.21 m/s. 

Concentration d a t a  for t he  ten  spat ia l  sampling s i tes  
a r e  listed in Table 81.2 and a r e  p lot ted  in Figure 81.3. 
Location of the  peak concentra t ion a t  7.85 km (s i te  c )  for  t h e  
f i rs t  t h r e e  sampling periods is due t o  t h e  wide spacing of t h e  
s i t e s  and not t o  a s ta t ionary  or slowly advect ing t r a c e r  cloud. 
As dispersion continued t h e  dimension of t h e  cloud increased 
s o  t h a t  t he  widely spaced sampling s i t e s  produced a be t t e r  
description. By 7.0 hours;  definition of t h e  t r a c e r  had 
improved and t h e  asymmetr ic  shape emerged and was 
maintained a t  all  subsequent sample  t imes.  The downstream 
or leading edge of the  t r ace r  cloud rises s teeply  t o  t h e  peak. 
Along t h e  upst ream or  trail ing limb, concentra t ions  decl ine  
more  gradually, forming a long tail .  This ta i l  is bes t  defined 
in t h e  waves sampled at 7.75, 8.0, and 8.25 hours but also is 
evident  in all  but  t h e  f i r s t  wave. 

A nondimensional comparison of t h e  asymmetr ic  shape 
among the  twelve  spat ia l  samples,  based on pa ramete r s  
defined in Figure 81.5, is given in Figure 81.4. Even with t h e  
s c a t t e r  i t  is evident  t h a t  t h e  a symmet r i c  shape of t h e  t r a c e r  
cloud maintained a consistent form over the  2.7.5 hour 
sampling period. Some of th is  s c a t t e r  resul ts  f rom poor 
definition of the  peak concentration. 

These spat ia l  descriptions were  measured within the  
usual cr i ter ia  of t he  final period. Calculation of Fisher's 
convect ive  length equation (2) indicates  a d is tance  about 
3.9 km (t' = 0.4) 

I t  is  unfor tunate  t h a t  these  d a t a  a r e  insufficient t o  
assess t h e  spat ia l  dynamics of t h e  t r a c e r  cloud a s  i t  t r ave l s  
through the  t e s t  reach. The l imited results,  however,  a r e  
important  because they appear  t o  be  t h e  f i rs t  spat ia l  
descriptions in natura l  channels, and the  t r a c e r  cloud is shown 
t o  maintain a distinct asymmetry  downstream from where  
conventional methods e s t ima te  t h a t  a Gaussian shape should 
develop. The most  likely cause  of th is  pers is tent  asymmetry  
is t h e  trapping and subsequent slow re lease  of tagged 
par t ic les  f rom dead or slowly moving zones along t h e  flow 
boundary. Although dead zones appear  t o  delay the  a t t a in -  
men t  of t h e  Gaussian shape, they do not ,  in th i s  case,  appear  
t o  increase t h e  dispersion r a t e  a s  much a s  found by Day 
(1975) for  rou h, high gradient  natura l  channels o r  by Beltaos 
and Day ( 1 9 7 4  for a large meandering river. 
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SOME PHYSICAL AND CHEMICAL PROPERTIES OF TILL DERIVED FROM 
THE MEGUMA GROUP, SOUTHEAST NOVA SCOTIA 

Project 690095 

W.E. Podolak and W.W. Shilts 
Terrain Sciences Division 

Abstract 
Podolak, W.E. and Shilts, W.W., Some physical and chemical properties of till derived from the 
MegumaGroup, soutneast Nova Scotia, Current Research, Part A, Geol. Surv. Can., Paper 78-lA,  p. 459-464 

Samples were collected from selected stratigraphic sections and other exposures of Quaternary 
sediments in southeastern Nova Scotia in order to make a preliminary assessment of the value of till 
sampling to  enhance interpretation of results of a proposed lake sediment sampling project. Analyses 
of the samples indicated weathering o f  economically important indicator minerals t o  depths of more 
than 2 m. Trace element concentrations showed significant regional variations both within a till type 
and among some of the major till types. These results confirm the premise that the extensive 
sampling program carried out by Nova Scotia Department of Mines should provide data essential t o  
the proper interpretation of the results of regional lake sediment sampling. 

A till sampling program was begun by t h e  Nova Scotia 
Depar tment  of Mines in 1977 in order to  enhance in terpre ta-  
t ion of results of a planned regional geochemical lake 
sediment sampling program. Modern lake sediments were  
col lec ted in 1977 over folded Paleozoic sedimentary rocks 
and granitic intrusions of t h e  Meguma Group in southern Nova 
Scotia,  e a s t  of Halifax. 

At the  beginning of t h e  program, the  authors visited the  
study a r e a  briefly t o  sample  selected t i l l  exposures and t o  

o f fe r  suggestions based on dr i f t  sampling work elsewhere in 
t h e  Appalachians (Shilts, 1973a, b, 1975, 1976; Shilts and 
McDonald, 1975; Gran t  and Tucker, 1976). Profile samples 
were  col lec ted through sections a t  Hartlen Point (near  
Halifax), a t  Ecum Secum, along Musquodoboit River, and a t  
Cooks Cove; several individual samples  were  col lec ted else- 
where (Fig. 82.1). A number of geochemical and geotechnical 
t e s t s  were  performed on these  samples  in order  I )  to 
i l luminate the  d i f ferences  in physical and chemical  properties 
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Figure 82.1. Location of samples and generalized bedrock geology modified f r o m  Weeks (1965). 
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among t h e  various l i t h o l o ~ i c a l  types  of till described by Grant Techniques 
(1963i  and Pres t  e t  al. (1972);  -2) t o  define primary Gertical 
sedimentological and s t ra t igraphic  variations in proper t ies  in The t r a c e  e l emen t  con ten t  of t h e  c lay  (< 2 ~ )  f rac t ions  

sect ions  through one or more  till sheets;  and 3 )  t o  def ine  t h e  and t h e  f ine  sand-sized heavy mineral (specific gravity,  
s.g. > 3.3) f rac t ions  were  analyzed for a l l  till samples. and of weathering of the more labile Analyses were carried out by Bondar-Clegg and Co., Ltd. components of the  various types  of till. This l a t t e r  study is using hot,  mixed acid leach and a tomic  absorption and particularly important in t h e  extensive a reas  of red t i l l  where  fluorescence techniques. In addition to the chemical tests, the primary hematitic colour tends to mask the weight percentages of the fine sand+ized heavy mineral and iron oxidelhydroxide deposits t h a t  usually indicate  magnet ic  f rac t ions  were  measured, and comple te  grain s ize  weathering. distributions (< 2 mm >2 p )  and At terberg  l imits were  
ca lcula ted .  
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Figure 82.2. Vertical  variations of se lec ted chemical  and physical parameters ,  Har t len  Point and 
Ecum Secum sections. 



Previous work 

The tills of Nova Scotia were  f i rs t  seriously studied by 
Grant  (1963) who found t h a t  severa l  types  of t i l l  or re la ted  
sediments could be found a t  t he  surface  in southern Nova 
Scotia. In a reas  underlain by slates,  quar tz i tes ,  and grani t ic  
rocks of the  Meguma Croup, Grant  noted the  occurrence  of 
several significant and distinct types  of t i l l  among which h e  
described I )  qua r t z i t e  till; 2) grani te  till; 3) s l a t e  till; 4) red 
(clay) till; 5 )  compact  grey t i l l  underlying red till; and 
6 )  Bridgewater conglomerate.  Grant noted t h a t  t h e  f i rs t  
t h ree  types  contained c las ts  eroded predominantly f rom 
quar tz i te ,  granite,  or s l a t e  of t h e  Meguma Group with very 
l i t t le exot ic  det r i tus  f rom outside i t s  outcrop a rea ;  fur ther-  
more, t he  distribution of these  local t i l l  types  was confined 
largely to outcrop a reas  of t he  rock tha t  provided t h e  
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2 --,-_- 

E 
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dominant lithology with l i t t le ,  but predictable,  over lap  on to  
rock types down ice. The red t i l l  was found t o  replace ,  
overlie, or underlie t he  f i r s t  t h ree  types  of till in many a reas  
and occurred particularly commonly a s  drumlins in fields. 
The compac t  grey till was  found t o  underlie red t i l l  in some 
exposures and was in terpre ted to  have been deposited during 
an ear l ier  glacial s t ade  than the  surface  tills. Grant  
described t h e  Bridgewater conglomerate  a s  a till-like t o  
s t ra t i f ied ,  iron and manganese cemented gravel,  containing 
abundant s l a t e  f ragments  and e r r a t i c s  from outside t h e  s l a t e  
ter rane .  It was  described a s  a glaciofluvial unit t h a t  was 
older than any of t h e  t i l l s  because i t  always was  found 
di rect ly  on s l a t e  bedrock and/or under till. However, because 
of the  presence of e r r a t i c s  t h a t  could only have been 
t ranspor ted  by glacier,  Grant  ruled out  ear l ier  in terpre ta t ions  
t h a t  described t h e  Bridgewater conglomerate  a s  a preglacial  
f luvial deposit. 
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Figure 82.3. Vertical  variations of se lec ted chemical  and physical parameters ,  Musquodoboit 
River and Halfway Cove sections. 



In the  brief reconnaissance, most of the  t i l l  types  t h a t  
Grant (1963) described were  noted, both in sections t h a t  h e  
studied and in new exposures. The authors noted, a s  did 
Grant,  t ha t  some of the  loose, coarse  textured tills a r e  
difficult  t o  place in e i ther  the  lodgment or ablation 
classifications. 

Two exposures of iron cemented s la te  till t ha t  overlies 
loose quar tz i te  t i l l  and, possibly, red till were  found near and 
eas t  of Halfway Cove on the  south shore of Chedabucto Bay. 
In cementat ion,  texture ,  and c las t  composition, this mater ia l  
closely resembles the  sediment t h a t  Grant described a s  
Bridgewater conglomerate.  The occurrence  of the  cemen ted  
t i l l  may be due to  the  presence of a permeable t i l l  with 
abundant pyrit iferous s l a t e  f ragments  in a topographic si tua- 
tion where  presently undefined local groundwater conditions 
lead to  t h e  character is t ic  cementat ion.  

At Hartlen Point,  south of Dartmouth, a sect ion 
described by Grant  (1963) a s  red till overlying grey compac t  
till was examined. A boulder layer, which Grant described a s  
a possible lag deposit separating two tills of d i f ferent  glacial  
stades,  was found not t o  be  confined t o  the  contact ,  but  t o  
occur considerably above the  base of t he  red t i l l  in some  
places (Fig. 82.4). 

Results 

Although the  sampling was designed to  provide prelimi- 
nary t r ace  e lement  da ta  on various types of t i l l ,  some other  
parameters ,  such a s  texture ,  At terberg  limits, and magnet ic  
mineral content ,  have been determined. These l a t t e r  
mineralogical and physical properties help give an impression 
of the  variations of properties evident in the  field. In 
addition, they can support t he  in terpre ta t ion t h a t  composi- 
t ional d i f ferences  implied by t r a c e  e lement  variations a r e  
re la ted  to  till provenance rather than to  local hydromorphic 
fac tors .  The t r a c e  e lements  reported here were  se lec ted 
because they might reasonably be  expected t o  b e  associated 
with various types  of base me ta l  or  radioactive minera l  
occurrences  thought likely to be  present in the  a rea .  
Figures 82.2 and 82.3 show the  variations in se lec ted t r a c e  
e lement  concentra t ions  and in some o the r  properties for four 
ver t ica l  sect ions  through one or more  t i l l  sheets.  

Trace  e lements  

Copper Copper concentra t ions  range f rom 40-60 pprn 
and show l i t t le  variation in the  clay fraction of most samples,  
with the  exception of two samples of qua r t z i t e  till f rom a 
borrow pit  in Mushaboom (138-188 ppm), qua r t z i t e  t i l l  
samples f rom Liscomb (176 P P ~ )  and Sherbrooke (136 pprn), 
and t h e  only sample of iron cemented till from Halfway Cove 
(206 ppm). 

In t h e  heavy mineral f rac t ion copper con ten t s  a r e  
generally low (6-50 ppm) in a l l  but t h e  samples col lec ted f rom 
depths  g rea te r  than 3 m below the  surface.  At depths  of 
more than 2 m a t  Hartlen Point t he  lower grey t i l l  conta ins  
228-296 pprn Cu, and t h e  upper till conta ins  444-726 ppm 
(Fig. 82.4). In a wave c u t  cliff of red t i l l  a t  Ecum Secum, Cu 
in the  heavy minerals in the  top 2 m of the  section ranges 
f rom 12-40 pprn but t he  lowermost samples,  near and below 
s e a  level, conta in  213-502 ppm. 

Lead Lead in the  clay f rac t ion ranges f rom 20-40 pprn - 
in all  samples except  for t he  qua r t z i t e  t i l ls  a t  Liscomb 
(74 ppm) and Sherbrooke (51 ppm), red t i l l  over Triassic 
bedrock a t  Cooks Cove (56 ppm) and iron cemen ted  t i l l  a t  
Half way Cove (2 1 I ppm). 

In t h e  heavy mineral f rac t ion lead is more  variable, 
a t ta in ing levels a t  Har t len  Paint of 260-536 ppm in t h e  upper 
t i l l  and 228-296 pprn in t h e  lower till; a t  Ecum Secum lead 
concentra t ions  a r e  a s  high a s  354 pprn in a sample about 2 m 
below the  surface.  Samples of red till f rom Musquodoboit 
River (77-135 ppm) and a sample  of qua r t z i t e  t i l l  f rom 
Stil lwater (122 ppm) have e levated lead values. Other  
samples generally have lead concentra t ions  of 12-50 pprn in 
the  heavy mineral fraction. 

Zinc Zinc in t h e  clay f rac t ion of most t i l l  samples  
r a n g e s m  120-170 pprn excep t  for a sample of red till f rom 
over Triassic bedrock a t  Cooks Cove (91 ppm), t h e  iron 
cemen ted  t i l l  a t  Halfway Cove (68 ppm), two  samples  of 
qua r t z i t e  t i l l  f rom Mushaboom (65-92 pprn), and t h e  upper 
sample a t  Ecum Secum (91 ppm). The higher background 
values of zinc a r e  similar t o  those for tills from the  s la te-  
grani te-quar tz i te  t e r r anes  of t h e  Quebec Appalachians. 

In heavy minerals, zinc concentra t ions  a r e  uniformly 
low (7-67 ppm) excep t  for t he  lowest two samples a t  Ecum 
Secum (184-1135 ppm) and the  lower (291-382 ppm) and upper 
(265-1070 ppm) ti l l  a t  Hartlen Point 

c o b a l t  Cobalt  shows l i t t le  variation in clay f rac t ions  
(20-40- excep t  in the  iron cemen ted  till, which has  
8 5  pprn Co. In t h e  heavy mineral f rac t ion,  cobal t  is  enriched 
in the  lowermost sample  a t  Ecum Secum (119 ppm) and in t h e  
lower grey t i l l  a t  Hartlen Point (121-141 ppm). 

Nicl<el There  is l i t t le  variation in nickel in t h e  c lay  
f rac t ion of a l l  samples  col lec ted (33-69 ppm). In t h e  heavy 
mineral fraction, Ni is enriched in t h e  lower Ecum Secum 
samples (69-133 pprn), in the  lower till a t  Hartlen Point (198- 
233 pprn), and in the  lower par t  of t he  upper till a t  Har t len  
Point (70-115); all o the r  samples  have a low con ten t  of Ni 
(10-46 ppm). 

Chromium Chromium is uniformly low (10-22 ppm) in 
t h e  heavy mineral f rac t ion f rom which magnet ic  minerals 
were  removed. 

Molybdenum Molybdenum is uniformly low (1-4 ppm) in 
clay f rac t ions  of most tills excep t  for t he  iron cemen ted  till 
a t  Halfway Cove (20 ppm) and one sample  at Mushaboom 
(12 ppm). 

Manganese Manganese in t h e  clay f rac t ion of these  t i l ls  
commonly occurs  in t h e  1000-3000 ppm range, a relatively 
high concentra t ion for t i l l  t h a t  has  not been intensely 
weathered. Exceptionally high values of 11 220 and 5790 ppm 
were  recorded for the  red till on Triassic rocks a t  Cooks Cove 
and in t h e  iron cemen ted  till, respectively.  An exceptionally 
low Mn concentra t ion (134 ppm) was  found in t h e  clay 
f rac t ion of t h e  lowest Ecum Secum sample.  In contras t ,  a 
concentra t ion of 10 520 pprn Mn was found in the  heavy 
mineral f rac t ion of t h e  lowest Ecum Secum sample,  whereas  
most o ther  heavy mineral s epa ra t e s  ranged f rom 1000- 
4000 ppm. 

Cadmium All but four samples  ( three  a t  I ppm, one at 
3 p p m m n c e n t r a t i o n s  of 2 ppm Cd in t h e  clay fraction. 
In heavy mineral fractions,  Cd is not  de t ec t ab le  in many 
samples and varies f rom 1-4 pprn in the  rest ,  with two  
exceptions - lowermost Ecum Secum sample  (8 .ppm) and 
lowermost red t i l l  a t  Hartlen Point (6 pprn). 

Uranium In t h e  Clay f rac t ions  uranium is less than 
3 pprn excep t  in the  qua r t z i t e  till samples a t  Mushaboom (4.2- 
8.5 pprn), in t h e  upper grani te  t i l l  samples  on Musquodoboit 
River (6.4-9.0 ppm), and in the  uppermost pa r t  of t h e  lower 
grey t i l l  a t  Hartlen Point. 

In t h e  heavy mineral f rac t ion,  uranium is less than 
3 pprn excep t  for  t he  two  upper Musquodoboit River samples  
(4.3-4.5 ppm), t h e  upper p a r t  of t h e  lower t i l l  a t  Hartlen 
Point (6.5 ppm), and the  Mushaboom samples (5.6-13.0 pprn). 



Figure 82.4. Hartlen Point section.  Dashed l ine marks  con tac t  of upper red till and lower grey  till. Note 
boulder pavement  above c o n t a c t  within red till. (GSC photo  203215-C) 

Iron Iron con ten t s  in t h e  c lay  f rac t ion  a r e  mostly 
b e t w e K 4  and 5% t h e  red t i l ls  containing no more  iron than 
others.  The iron cemen ted  till conta ins  12.6% iron, and two 
of t h e  t h r e e  Mushaboom samples  conta in  only 3% iron. 

In t he  heavy minera l  f rac t ion ,  iron concentra t ions  a r e  
less than 5% excep t  in t h e  Ecum Secum sect ion  (5-12%, top  
t o  bottom), in t h e  lower t i l l  a t  Hartlen Point (9.4-12.4%), and 
t h e  lower pa r t  of t h e  upper till a t  t h e  s a m e  s i t e  (6.8-8%). 

Texture,  A t t e rbe rg  limits, magnet ic  mineral  per cen t ,  
and heavy mineral  per c e n t  These  pa rame te r s  a r e  
summarized for t h e  sec t ions  in Figures 82.2 and 82.3, and a r e  
mostly self-explanatory.  ~ a ~ n e f i c  minerals a r e  present in 
f a r  g rea t e r  amounts  (7-12%) in t h e  heavy minera l  f r ac t ion  of 
t h e  lower t i l l  a t  Har t len  Point than in t h e  upper till (4-5%). 
At  Ecum Secum they comprise up t o  20% of t h e  heavy 
fraction.  A t t e rbe rg  l imits a r e  fairly typica l  f o r  Appalachian 
lodgment tills; t hey  a r e  dist inctly d i f f e r en t  in t h e  two  t i l l s  at 
Hartlen Point,  and t h e  uppermost sample  in t he  solum a t  
Ecum Secum has  a high liquid limit. 

Heavy minera ls  were  examined briefly under a binocular 
m-icroscope. Compared t o  t i l ls  f rom t h e  western  
Appalachians and in o the r  a r e a s  of Laurent ide  glaciation,  t h e  
var ie ty  of heavy minera ls  in any given sample  is very  l imited,  
one,  two, or t h ree  species predominating.  Very f e w  heavy 
mineral  species  were  observed other  than those expected  t o  
occur  in t h e  local  bedrock. In t i l ls  containing high amounts  of 
Cu, Pb, Zn, Co, and F e  in heavy minera l  s epa ra t e s  a t  Har t len  
Point and a t  Ecum Secum,  abundant unoxidized f r agmen t s  of 
pyr i te  and, possibly, o the r  sulphides were  observed. Evidence 
of sulphides was  not  observed in o the r  samples  excep t  fo r  
r a r e  pseudomorphs of l imoni te  a f t e r  pyrite.  

Discussion 

While t he re  a r e  severa l  potentially in teres t ing  aspects  
t o  t he  mineralogical  and t r a c e  e l emen t  distr ibutions of t hese  
f e w  samples,  i t  is expected  t h a t  t h e  extens ive  t i l l  sampling 
program under taken by Nova Scot ia  Depa r tmen t  of Mines will 
provide many answers based on f a r  more  data .  However, a 
f e w  preliminary observations regarding s t ra t igraphy,  a r e a l  
var ia t ions  of pa rame te r s ,  provenance,  and weather ing c a n  be  
made here ,  bearing in mind t h a t  they a r e  based on very f e w  
samples. 

Areal variation 

Areal  var ia t ions  of pa rame te r s  a r e  re la ted  closely t o  
t h e  various types  of t i l l ,  which in t u rn  a r e  re la ted  t o  bedrock 
character is t ics .  The red till, however,  which der ives  i t s  
colour and many o the r  components  f rom outside t h e  Meguma 
basin, shows considerable var ia t ion  f r o m  s i t e  t o  si te.  This 
var ia t ion  is thought t o  be  re la ted  t o  local  components  added 
t o  t h e  till during i t s  transport .  The high levels of cadmium 
and z inc  in t h e  lowermost  Ecum Secum ti l l  sample  may 
indica te  a nearby source  of sphaler i te ,  for  example.  
Q u a r t z i t e  till appears  t o  be  enriched in copper and lead,  
probably ref lec t ing  a homogenization of zones  in t h e  
Goldenville (quar tz i te)  Format ion t h a t  a r e  rich in t hese  
e lements .  The Mushaboom qua r t z i t e  till samples  and t h e  
Musquodoboit g ran i t e  t i l l  samples  a r e  enr iched in uranium, 
suggesting t h a t  t i l l s  and derived postglacial  sediments  on o r  
down ice  f rom a r e a s  underlain by g ran i t e  might have e levated  
uranium con ten t s  (grani te  comprises  23-30% of t he  coa r se  
c l a s t s  in t h e  Mushaboom samples). The a r e a l  var ia t ions  
sugges ted  by these  f ew  samples  s eem t o  be  potentially 



significant and when more accurate ly  outlined by the  till 
sampling program, should be used rigorously in evaluating 
other  types  of geochemical anomalies. 

St ra t igraphic  variations 

Variations of pa ramete r s  t h a t  may occur  where  two  
types  of till a r e  exposed a t  one s i t e  a r e  well i l lustrated by t h e  
Hartlen Point and Musquodoboit River si tes.  At these s i tes  
nearly all  parameters  measured vary significantly between 
ti l ls  (Figs. 82.2 and 82.3). It should be emphasized tha t  these  
d a t a  do not indicate t h a t  these  sites record two  episodes of 
glaciation but may merely ref lec t  two facies  (i.e., subglacial 
and engjacial)  or shifts in ice flow direction during the  s a m e  
glaciation. Although the re  a r e  no known outcrops of maf ic  
rocks near or up i ce  f rom Hartlen Point, t h e  relatively high 
r a t io  of Co-Ni-Fe t o  o the r  t r a c e  e l emen t s  somet imes  is 
associa ted  with t i l ls  with maf i c  rocks in thei r  source  areas .  
This e lement  association s tands  in contras t  t o  t h e  Cu-Pb-Zn 
association in heavy minerals in t h e  upper till, an association 
more  typical of sedimentary  sulphide mineralization. 

As in the  Appalachians of southeastern Quebec (Shilts, 
1975, 1976), destruction of the  more  labile components 
(sulphides, carbonates,  e tc . )  takes  place t o  considerable 
depths and is ref lec ted most sensitively by radical t r a c e  
e l emen t  decreases  and by the  disappearance of sulphide 
f r agmen t s  upward in t h e  sand-sized heavy mineral fractions.  
The transit ion f rom unweathered t i l l  upward in to  progres- 
sively more  weathered t i l l  is well demonstra ted  in t h e  
profiles of heavy mineral chemis t ry  of t h e  red t i l l  a t  Hartlen 
Point and a t  Ecum Secum. The upward decreases  of Cu, Pb, 
Zn, Co, Fe,  Mn, and Cd in heavy minerals correspond with the  
disappearance of the  abundant sulphide f r agmen t s  found in 
t h e  deeper,  unweathered till samples. At all o ther  sections 
and sample sites t h e  heavy mineral f rac t ion appears  to  have 
been stripped of labile components by weathering. 

These observations confirm observations made else- 
where  in t h e  Appalachians (Shilts, 1976) - t h a t  labile com- 
ponents, which include many important  indicators of 
mineralization, a r e  destroyed t o  depths  of severa l  me t re s  
below t h e  surface.  Also, a s  observed elsewhere,  t h e  clay- 
sized portion of t h e  t i l ls  f ixes a portion of the  ca t ions  
released by weathering, with t h e  result t h a t  concentra t ions  of 
ce r t a in  cations increase slightly in the  clay f rac t ions  of tills 
t h a t  have been weathered. The compositional changes caused 
by the  e f f ec t s  of weathering a r e  superimposed on 
compositional variations re la ted  to  varying bedrock sources. 

Summary 

Weathering of t i l ls  in Nova Scotia has  destroyed many 
labile components (sulphides) t o  depths  of 2 m or  more  below 
t h e  surface.  The clay-sized f rac t ion of t h e  t i l ls  probably is 
bes t  t o  analyze for comparat ive  purposes because I )  i t  is not 
a f f ec t ed  by textura l  variations in the  matr ix  of t h e  widely 
varying types of till; 2) i t  is t he  f rac t ion most likely t o  
become par t  of lake sediments or t o  r e a c t  with organic and 
o the r  components t h a t  contr ibute  t o  lake sediment ,  and 3) i t  
probably scavenges ca t ions  released by weather ing of labile 
components,  a s  has  been found elsewhere (Shilts, 1975). The 
e f f e c t s  of weathering a r e  superimposed on stratigraphic,  
sedimentological, and a rea l  variations and must b e  understood 
in order  t o  understand regional and ver t ica l  compositional 
data .  

Mapping of the  distribution of types  of till and thei r  
t r ace  e l emen t  geochemistry is essential  t o  t h e  in terpre ta t ion 
of  d a t a  obtained on sediments  derived f rom t h e  various types  
of t i l l  terrain.  It is  particularly important  t o  map t h e  
distribution of t h e  iron cemented t i l l  because  of i t s  high 
con ten t  of severa l  ca t ions  scavenged by i t s  iron-manganese 
rich matrix.  

Maps of a rea l  variations of chemical  and mineralogical 
parameters  and variations of those pa ramete r s  in profile 
sampling of s t ra t igraphic  columns, along with soils maps and 
maps and information supplied by Grant  (1963), should be 
carefully in tegra ted in to  the  regional lake sediment  sampling 
program. 
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II : SCIENTIFIC AND TECHNICAL NOTES 

SURFICIAL GEOLOGY AND TERRAIN EVALUATION, 
SOUTHERNYUKON 

R.W. Klassen, E. Thorsteinsson, and O.L. Hughes 
Terrain Sciences Division, Calgary 

The purpose of this project  is  t o  prepare  a surficial  
geology inventory t o  be  available a s  background d a t a  fo r  
pipeline, hydroelectric,  and highway engineering construction, 
mining exploration, land use planning, and ter ra in  sensit ivity 
rating. 

A preliminary classification of surficial  mater ia ls  and 
landforms of p a r t s  of t h e  Whitehorse (105D), Teslin (105C), 
Wolf Lake (105B), and Watson Lake(l05A) map-areas was 
prepared f rom aer ia l  photographs. D a t a  resulting f rom field 
reconnaissance during t h e  1977 field season will b e  used f o r  
modification of the  preliminary classification and fo r  char-  
ac ter iza t ion of t h e  surficial  materials.  Surficial  geology 
maps, a t  a scale  of 1:100 000 f o r  a reas  bordering Alaska 
Highway and a scale  of 1:250 000 fo r  the  remainder of t he  
studied a rea ,  a r e  currently in preparation. 

The a rea  covered is divisible in to  two parts:  (1) an  a r e a  
of mountainous uplands and glacia ted  valleys comprising p a r t s  
of t h e  Boundary Ranges, Yukon Pla teau,  and Cassiar 
Mountains glaciated during l a t e  Wisconsin t ime  by i c e  tha t  
flowed generally t o  t h e  nor thwest  and (2) a n  in termontane 
lowland, t h e  Liard Plain, t h a t  was glaciated by southwesterly 
flowing ice. 

In t h e  fo rmer  area ,  t h e r e  is  a broadly consis tent  
pa t t e rn  of distribution of surficial  deposits according t o  
topographic position. Glaciolacustrine and glaciofluvial 
deposits a r e  widespread on the  floors of t h e  larges t  valleys. 
Steep, light-coloured bluffs, which stand out sharply along 
Yukon, Takhini, and Teslin rivers, a r e  mostly in glacio- 
lacust r ine  sil t ,  although glaciofluvial sand and gravel a r e  
closely associated with sil t  in the  pit ted a reas  and pre- 
domina te  within the  sca t t e red  kame,  esker,  and me l twa te r  
channel complexes somewhat higher up t h e  valley sides. 
Morainic, glaciofluvial, and colluvial deposits and landforms 
commonly veneer  the  valley sides up t o  some  150 t o  300 m 
above the  valley bottoms, excep t  for  thick blankets of t i l l  
and/or coarse ,  poorly sor ted ,  glaciofluvial sand and gravel  
t h a t  form channel dissected benches along pa r t s  of t h e  sides 
of large  valleys and around the  confluences with their  
t r ibutary  valleys. The smal ler  tr ibutary and alpine valleys 
generally a r e  bottomed by morainic debris and sca t t e red  
pa tches  of glaciofluvial deposits. In places lacust r ine  sil t  and 
clay veneer  the  bottoms. The valley sides typically a r e  
veneered w i t h  colluvium and morainic debris. The highest 
surfaces  a r e  glacially sculptured bedrock with a thin man t l e  
of soliflucted glacial deposits and f ros t  riven bedrock. 

The Liard Plain i s  mostly a t i l l  plain marked by 
southeas t  trending drumlinoids. Pa r t s  of t h e  plain a r e  
underlain by glaciolacustrine and glaciofluvial deposi ts  t h a t  
a r e  mos t  extensive  in t h e  southeas t ,  bordering Liard River. 

The most visible evidence of postglacial  processes in 
th i s  region a r e  t h e  channels of t h e  major rivers deeply incised 
in glacial  dr i f t .  Sca t t e red  fields of postglacial  dunes,  now 
stabilized by vegetation, occur  in sandy glaciolacustrine and 
glaciofluvial deposits in t h e  large  valleys. Thermokars t  
depressions occur a s  roughly c i rcular  or  oval ponds rimmed by 
banks 2 t o  5 m high in p a r t s  of low relief glaciolacustrine sil ts  
in t h e  large  valleys. The presence of freshly collapsed banks 
bordering some  depressions indicates t h a t  melting of ground 
i c e  continues today. Solifluction t e r r aces  and lobes in 
colluvium and morainic debr is  a r e  common along slopes in t h e  
alpine a reas  above the  t ree l ine  a s  a r e  alluvial fans  where  
smal l  V-shaped gulleys m e e t  g lac ia ted  valleys. A t  lower 
elevations soil c r eep  is  ac t ive  on moderate ly  s t e e p  bedrock 
slopes veneered with colluvium and/or morainic debris. 
Slumping occurs  in sect ions  of t h e  lower Liard Valley bot tom 
where  the  river banks a r e  in glaciolacustrine sil t  and clay. 

Evidence fo r  multiple glaciation was found along 
s t r e t ches  of Liard River  and i t s  tr ibutaries.  Two tills, 
overlying and separa ted by s t ra t i f ied  sediments,  were  seen in 
several sections.  The bes t  sect ion measured was along Tom 
Creek severa l  miles upst ream from the  conf luence with Liard 
River (60°13'45"N, 129°00'25"W). Here  t h e  olive grey su r face  
till, about  5 m thick, i s  separa ted f rom a n  older, dark  grey t i l l  
of about  the  same  thickness by s t ra t i f ied  sediments  including 
a bed of fossiliferous, organic clay about  1.5 m thick. A wood 
bearing sand underlies t h e  older till. Samples have been 
submit ted  fo r  radiocarbon dat ing and identification of fossils. 
A similar,  but  less  accessible,  s t ra t igraphic  succession was 
measured along Liard River about  40 km t o  t h e  northwest.  
Wood col lec ted by W.H. Poole in 1952 (GS-412) f rom a lower 
sand (now covered)  yielded a radiocarbon a g e  of g r e a t e r  than 
40 100 yea r s  B.P. (Dyck e t  al., 1966). Fur ther  study will 
provide information on t h e  na tu re  of t h e  two  nonglacial 
in tervals  recorded by t h e s e  s t r a t a ,  particularly t h e  l a s t  one  
which previously was not recognized in this p a r t  of t he  
Cordilleran Region. 
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THE TIDAL REGIME AND SEDIMENTATION PATTERNS Preliminarv Geolorrical Observations 
IN JOHNSTONE STRAIT, BRITISH COLUMBIA 
- A PRELIMINARY REPORT 

R.E.  hornso on' and J.L. Luternauer 
Regional and Economic Geology Division, Vancouver 

Introduction 

A joint project was init iated during the  summer of 1977 
by personnel of t h e  Ocean Physics Division and Canadian 
Hydrographic Services based a t  t he  Ins t i tu te  of Ocean 
Sciences and t h e  Marine Geology Group a t  t h e  Vancouver 
off ice  of t h e  Geological Survey. The object of t he  project is 
t o  determine t h e  ex ten t  t o  which t h e  distinctive oceanogra- 
phic processes in 'Johnstone S t r a i t  a r e  ref lec ted in t h e  local 
sediment  distribution. The results of th is  study also will 
contr ibute  t o  t h e  on-going offshore resource mapping 
program of t h e  Geological Survey. 

Johnstone S t r a i t  is a long, const r ic ted  par t  of t h e  Inland 
Waterway between nor theas tern  Vancouver Island and t h e  
mainland of British Columbia through which vigorous t idal 
currents  flow. Along t h e  axis of t h e  a rea  examined (Fig. I )  
water  is shallowest (68 m) over the  sill-like f e a t u r e  off 
western  Hardwicke Island. The s e a  floor slopes gradually 
f rom the  base  of this f ea tu re  t o  the  deepest  par t  of t h e  s t r a i t  
(512 m) off t h e  western end of West Crac ro f t  Island. From 
the re  the  basin gradually shoals t o  155 m a t  the  westernmost 
sampling site.  

Prior t o  this investigation t h e  most detailed study of 
t h e  sediment distribution in this a r e a  consisted of t h e  
examination of 10 co re  and/or grab samples collected along 
t h e  length of t h e  s t r a i t  (Cockbain, 1963) who found that :  
"sand occurs a t  t h e  eas tern  and western  ends of Johnstone 
Stra i t ;  in the  centra l  portion t h e  sediment  is varied but sandy 
mater ia l  predominates". Intensive oceanographic studies of 
t h e  a r e a  which were  init iated in 1976 have consisted of 
current  monitoring and measurement  of water  proper t ies  
(Huggett  et al., 1976; Thomson, 1976, 1977). 

Field Procedures 

Field ac t iv i t ies  for  this joint project were  performed 
during t h e  period 21 through 25 July,  1977 when 110 surficial  
sediment sampling s ta t ions  were  occupied. Where no sample  
was  obtained on t h e  f i rs t  drop with t h e  Shipek sampler  a t  
l ea s t  one other  a t t e m p t  a t  recovery was made. Oceanogra- 
phic information was acquired f rom STD and Niskin bo t t l e  
surveys and f rom moored current  meters .  The en t i r e  survey 
was performed with the  CSS Parizeau. 

Cockbain (1963) correct ly  described t h e  Johnstone 
S t r a i t  s ed imen t s  a s  being sand-rich in general  and muddy 
along t h e  centra l  par t  of t h e  study a rea .  Cur ren t  investi- 
gations have fur ther  established t h a t  gravels abound a t  t h e  
eas tern  reaches  of t he  sampled a r e a  and shell  debris 
const i tu tes  a major pa r t  of many of t h e  sediments,  especially 
along t h e  western  par t  of t h e  s tudy area .  On t h e  whole, t h e  
cha rac te r  of t he  sediments suggests t ha t  t he  basin has been 
sediment-starved since the  r e t r e a t  of t he  las t  lobes of 
Pleistocene glaciers. This is probably due  t o  t h e  relatively 
low discharge of Vancouver Island rivers draining in to  t h e  
s t r a i t  and t o  t h e  f a c t  t h a t  sediment  discharged f rom mm3inland 
rivers has largely been ponded within t h e  in le ts  or  bays 
fringing t h e  s t ra i t .  

Detailed grain s ize  analysis of t h e  coarser  sediments  on 
t h e  floor of Johnstone S t r a i t  will identify a reas  most  likely 
being reworked by oceanographic processes, and what ,  if any, 
is t h e  principal direction of sediment  transport .  Side-scan 
sonar, surveys may be  required t o  de te rmine  t h e  composition 
of t h e  s e a  floor at s i t e s  where  no sample  was  recovered 
(boulder patches,  rock surfaces  swept  c lean of sediment)  or  t o  
bring t o  l ight any sediment  wave fo rms  t h a t  may have  
developed. 
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SOME ORIENTATION SURVEYS FOR URANIUM 
MINERALIZATION IN PARTS O F  THE ATLIN AREA, 
BRITISH COLUMBIA 

S.B. Ballantyne, D.R. Boyle, W.D. Goodfellow, I.R. Jonasson, 
and B.W. Smee 
Resource Geophysics and Geochemis t ry  Division 

Introduction 

In August 1976 se lec ted  t e s t  s i t e s  in t h e  Atlin, British 
Columbia (104N) a r e a  were  visited on two  occasions with a 
view t o  assessing the  geochemical  response in rocks and 
surficial  mater ia ls ,  viz., s t r eam wa te r s  and sediments,  t o  
known U, Mo, W, and Pb-Zn occurrences  (Fig. I). These  
s tudies  were  designed t o  assist  in t h e  development of a 
Federal-Provincial reconnaissance geochemical  survey t o  be  
carr ied  o u t  in July 1977. A t  t h e  t i m e  of writing, t h i s  Uranium 
Reconnaissance Program survey has been completed  and 
cove r s  NTS map shee t  104N a t  a n  ave rage  density of one  
s t r e a m  sediment  and wa te r  s ample  per 12.5 km2. Fur ther  de-  
tai led geochemical  studies were  carr ied  out  concurrent  with 
t h e  regional survey by D.R. Boyle and S.B. Ballantyne. 

Figure 2 shows t h e  geology of p a r t  of t he  Atlin map- 
a r e a  (Map 1082A, Aitken, 19591, t oge the r  with mineralization 
occurrences  and sample  locat ion  s i t e s  at which geochemical  
samples  were  col lec ted  in t h e  study a rea .  The main geological  
f ea tu re s  of i n t e r e s t  t o  this work were  t h e  Jurass ic  grani tes  
(Coast  Intrusions), t h e  Surprise Lake a laski tes  of Cre t aceous  
a g e  and t h e  basal  sediments  underlying Ter t iary  olivine 
basa l t s  near  Ruby Mountain. Because of t h e  presence  of a 
minor uranium showing in volcanics of t h e  C a c h e  Creek  
Group near  Deep Bay (Atlin Lake) some  a t t en t ion  was given 
t o  t hese  rocks e lsewhere  in t he  a r e a  where  they a r e  a l so  
known t o  host  Pb-Zn sulphide occurrences.  

A number of W occurrences  (Fig. 2) a r e  lknown in t h e  
Coas t  Intrusives and Surprise Lake a laski tes  and in skarris 
near  a laski tes ;  some  of these  occurrences  also conta in  
molybdenite.  Mo occurrences  (Fig. 2) a r e  present in t h e  s a m e  
host  rocks, t h e  Adanac deposit  being t h e  bes t  known of t hese  
in t he  headwaters  of t h e  Ruby Creek  dra inage  sys tem 
(Aitken, 1959). 

Some Pb-Zn showings (Fig. 3) occur  in greens tones  of 
t h e  Cache  Creek Group. A smal l  productive operation f o r  Pb 
and Ag is presently being worked by Atlin Silver Mines 
nor theas t  of MacDonald Lake. 

Uranium minera l iza t ion  near  Deep  Bay (Hussellbee 
Proper ty)  i s  cha rac t e r i zed  by high radioactivity in a n  
amphibolized skarn zone adjacent  t o  a grani t ic  body (Holland, 
1953). Red jasper, pyr i te ,  f luor i te  and galena  a r e  also present  
and t w o  representa t ive  samples  repor ted  assays of 0.014% 
and 0.07% U S O ~ ;  0.16% and 0.17% T h o 2  (Holland, 1953). 

Uranium mineralization,  in t h e  form of t h e  coppe r  
uranylarsenate ,  (zeuner i te)  and lead uranylsil icate,  (kasolite), 
occurs  within t h e  Surprise Lake a laski te  body, in silicified 
shea r  zones  conta in ing pr imary and secondary sulphides of 
Cu,  Pb, and Mo. A se lec ted  assay f rom these  occurrences  
(Cracker  Creek - Purple Rose) f rom Holland (1955) repor ted  
0.088% U308 and 0.1 1% Tho*.  

Resul ts  

Table  1 gives t h e  analyses of w a t e r  samples  f o r  Zn, U, 
and F; pH was a lso  determined.  Table 2 i s  presented in two  
p a r t s  because  essentially d i f f e r en t  methods  of analyses were  
used. The 3000 ser ies  samples  were  analyzed mainly by 
a t o m i c  absorption methods (a.a.s.1, whereas  t h e  1000 se r i e s  
samples  were  analyzed mainly by emission spectrography. 

Only resul ts  fo r  U a r e  d i rec t ly  comparab le  f o r  s amples  f rom 
t h e  s a m e  s t r e a m  sites.  Spectrographic d a t a  give to t a l  
anlayses compared with s t rong acid par t ia l  a t t a c k s  for  a.a.s. 
methods.  Dif ferences  a r e  particularly obvious fo r  Zn, Cu, and 
Pb da t a .  The 1000 ser ies  samples only were  analyzed f o r  K, 
As, Sb, and to t a l  F and the  3000 se r i e s  only were  analyzed 
f o r  W. 

Table 3 presents  mainly spect rographic  d a t a  fo r  some 
rock samples  col lec ted  in t h e  Deep  Bay a r e a  (9000 ser ies)  and 
near  radioact ive  zones a t  Surprise Lake  (5000 series).  D a t a  
f o r  K have been added t o  th is  t ab l e  because  of t h e  
contribution K makes  t o  t h e  t o t a l  radioact iv i ty  measured a t  
t he se  sample  s i tes .  

Discussion 

The highest  levels of uranium in both sed imen t s  and 
w a t e r s  were  observed over t h e  s a m e  a r e a s  of t h e  Surprise 
Lake alaskite.  Uranium values in w a t e r s  draining th i s  intru- 
sion a r e  not particularly high, but compared with a normal 
background f o r  t h e  a r e a  of 0.02 ppb they  a r e  commonly  10 t o  
20 t imes  (or more)  g rea t e r .  pH values measured in wa te r s  
draining t h e  a laski te  bodies were  typica l  of those  observed in 
g ran i t i c  t e r r a n e  (around 7.2 t o  7.5). In con t r a s t ,  pH of wa te r s  
draining t h e  grani tes  of t h e  Jurass ic  Coas t  Intrusions were  
commonly around 8.2, values more  typical  of pH controlled by 
t h e  leaching of carbonate-bearing rocks  than  granites.  
Elevated levels of carbonate ,  and a l so  fluoride,  may  perhaps  
explain t h e  presence  of some  high U in t hese  wa te r s  in t h e  
absence  of matching s t r e a m  sediment  anomalies.  Waters  f rom 
a small  s t r e a m  draining grani tes  and a laski tes  just north of 
Surprise Lake  (location 3006) showed low absolute  levels  of 
dissolved U in sp i t e  of t h e  f a c t  t h a t  t h e  underlying rocks  were  
found t o  conta in  up t o  33  ppm U (Table 3). The w a t e r  is, 
however,  anomalous for U a t  about  15 t imes  background, a s  
well a s  fo r  dissolved F at around 3 t i m e s  background. 

Fluorine may prove t o  be  very useful in de l ineat ing  
uraniferous a r e a s  because  of t h e  appa ren t  association of 
f luor i te  with U, Mo, and W minera l iza t ions  in a laski t ic  bodies. 
Inspection of d a t a  f rom Table  I indica tes  t h a t  F is highest in 
a r e a s  where  U i s  highest .  Re fe rence  t o  Tables  2 and 3 shows 
t h a t  F is abundant  in t h e  a l a sk i t e  and in s t r e a m  sed imen t s  
derived mechanically f rom i t .  Similar observations have  been 
made  fo r  Cre t aceous  alkaline intrusive bodies of t h e  
Tombstone Mountains, Yukon, by Goodfellow and Jonasson 
(1977) and in t h e  grani t ic  and syeni t ic  t e r r a n e  of t h e  
Okanagan region of British Columbia  by S.B. Ballantyne and 
D.R. Boyle. 

F igure  1. Index map. 
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D a t a  in Tables  2 a  and 2b d e m o n s t r a t e  a c o n s i s t e n t  
c l u s t e r i n g  of e l e v a t e d  va lues  of U, Mo, W, and Pb;  As  and  F 
a l s o  a p p e a r  t o  group wi th  t h e s e  e l e m e n t s .  T h e s e  re la t ionsh ips  
a r e  r e f l e c t e d  in t h e  minera logy  of known uran i fe rous  
showings.  

An i n t e r e s t i n g  U anomaly  in  bo th  w a t e r s  and s e d i m e n t s  
was  found in s t r e a m s  draining t h e  vicini ty of t h e  At l in  S i lver  
Mines p r o p e r t y  w h e r e  Ag-rich g a l e n a  and su lphosa l t s  a r e  t h e  
i m p o r t a n t  o r e  minera l s .  These  d e p o s i t s  l i e  in rocks  of t h e  
C a c h e  C r e e k  Group (Fig. 2) which a l so  hos t  t h e  Husse l lbee  
showing a t  D e e p  Bay. F u r t h e r  a t t e n t i o n  should b e  paid t o  
t h e s e  rocks  a s  possible hos t s  of u ran ium minera l iza t ion .  

Of t h e  o t h e r  t r a c e  and minor  e l e m e n t s  s tud ied ,  Pb,  Zn,  
and C u  ind ica ted  t h e  proximi ty  of b a s e  m e t a l  sulphides n e a r  
MacDonald L a k e  b u t  t h e  cont r ibu t ion  of c o n t a m i n a t i o n  in  t h e  
d r a i n a g e  d u e  t o  mining a c t i v i t y  h a s  n o t  b e e n  gauged .  T h e s e  
s a m e  m e t a l s  w e r e  a l s o  a n o m a l o u s  in t h e  h e a d w a t e r s  of Ruby 
C r e e k  and a r e  l ikely a s s o c i a t e d  wi th  Mo-W rich s k a r n s  in t h e  
a r e a .  

Ni a n o m a l i e s  a p p e a r  t o  h a v e  or ig ina ted  f r o m  p e r i d o t i t e  
and  gabbro ic  rocks  in t h e  Boulder and Ruby C r e e k  a r e a s .  
Values up t o  400 p p m  Ni w e r e  r e c o r d e d  in  s t r e a m  s e d i m e n t s  
in  assoc ia t ion  with p e r s i s t e n t  C r  l e v e l s  in e x c e s s  of 125 p p m ,  
t h e  upper  l i m i t  of t h e  s p e c t r o g r a p h i c  m e t h o d  used in t h i s  
work.  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  f e r r u g i n o u s  p r e c i p i t a t e  
f r o m  t h e  c a r b o n a t e d  spr ing  in At l in  v i l l age  i s  a l s o  enr iched  in  
Ni. This  spr ing  i s  l o c a t e d  in g a b b r o s  of t h e  At l in  Intrusions.  

T a b l e  I 

Analy t ica l  d a t a :  W a t e r s  

Sample L o c a t i o n  

A t l i n  s p r i n a  s t r m .  
Ruby Ck. t r i h .  
Ruby Ck. t r i b .  
Ruby Ck. t r i b .  
m i n o r  s t r e a m  
m i n o r  s t r e a m  
Rou lde r  Ck. 
B o u l d e r  Ck. t r i b .  
B o u l d e r  Ck. t r i  b. 
B o u l d e r  Ck. t r i b .  
B o u l d e r  Ck. hdw. 
B o u l d e r  Ck. hd~ir. 
B o u l d e r  Ck. hdw. 
A t l i n  s n r i n q  
B lackbea r  Run Ck. 
4 J u l y  Ck. 
B u r n t  Ck. 
T e l e q r a ~ h  Ck. 
I n d i a n  Ck. 
Gl a c i  e r  Ck. 
Basecamn Ck. 
H i t c h c o c k  Ck. 
Ruby Ck. hdw. 
Ruby Ck. hdw. 
Ruby Ck. hdn. 
Ruby Ck. t r i b .  
Ruby Ck. t r i b .  
B o u l d e r  Ck. t r i b .  
Rou lde r  Ck. t r i h .  
B o u l d e r  C r .  
O t t e r  Ck. 
A t l i n  S i l v e r  
C r a t e r  Ck. 
4 J u l y  Ck. t r i h .  
4 J u l y  Ck. 
B u r n t  Ck. 
T e l  eoranh Ck. 
Basecamn Ck. 
H i  t c h c o c k  

Comments 

dun l  . 1005 

d u n l .  1008 

d u p l  . 1007 
dun l  . 1006 

d u p l  . 1  O l f l  
d u n l .  1015 

d u p l .  1016 
d u p l .  1017 

d u p l .  3003 
d u p l .  301 1  
dun l  . 301 0  
d u n l .  3008 

d u ~ l  . 3019 
d u p l .  3020 
d u p l .  3024 
dup l .  3025 

Zn was  d e t e r m i n e d  by a t o m i c  a b s o r p t i o n  s p e c t r o m e t r y  fol lowing i t s  
e x t r a c t i o n  by A P D C  i n t o  methyl i sobuty lke tore .  

U w a s  d e t e r m i n e d  by a f l u o r o m e t r i c  m e t h o d .  

F was  d e t e r m i n e d  by ion-specif ic  e l e c t r o d e .  
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Table 2 

(a) Analytical  data :  S t r eam Sediments  (ppm) 

Sample Locat ion Zn Cu Pb Ni  Ag %Fe Ba Mo W U Commen t s  

A t l i n  Spring stream 3002 
Ruby Ck. t r i b .  3003 
Ruby Ck. t r i b .  3004 
Ruby Ck. t r i b .  3005 
minor stream 3006 
minor stream 3007 
Boulder Ck. 3008 
Boulder Ck. t r i b .  3009 
Boulder Ck. t r i b .  3010 
Boulder Ck. t r i b .  3011 
Boulder Ck. hdw. 3012 
Boulder Ck. hdw. 3013 
Boulder Ck. hdw. 3014 
A t l i n  sp r i ng  ppte. 3015 
Blackbear Run Ck. 3017 
4 Ju ly  Ck. 3018 
Burnt  Ck. 301 9 
Telegraph Ck. 3020 
Ind ian Ck. 3022 
G lac ie r  Ck. 3023 
Basecamp Ck. 3024 
Hi tchcock Ck. 3025 

downstream from carbonated sp r i ng  
minor stream i n  a l a s k i t e  
minor stream i n  a l a s k i t e  
minor stream i n  a l a s k i t e  
d ra in i ng  a l a s k i t e ,  gabbro. High r a d i o a c t i v i t y .  
d ra in i ng  gabbro 
d ra in i ng  a l a s k i t e  and gabbro known W shows. 
d ra in i ng  gabbro 
d r a i n i n g  greenstone, gabbro 
d ra in i ng  a l a s k i t e  
d r a i n i n g  a lask i t e ,  W shows nearby 
d ra in i ng  a l a s k i t e ,  Mo-W shows nearby 
d ra in i ng  a l a s k i t e ,  W shows nearby 
fer rug inous ppte a t  sp r i ng  source 
dra ins  Coast gran i tes .  
d ra ins  Coast gran i tes ,  considerable g l a c i a l  deposits.  
d ra ins  Coast g ran i t es  
dra ins  Coast g ran i t es  
dra ins  Coast g ran i t es  
dra ins  Coast g ran i t es  
dra ins  Coast g ran i t es  
dra ins  Coast g ran i t es  

U was determined by a delayed neutron act ivat ion method. 

W was determined by a color imetr ic  method following sample  fusion. 

O the r  e l emen t s  were  determined by a tomic  absorption spec t romet r i c  methods  
following sample  digestion in a strong ho t  HNOS- HCI solution. 

(b) Analytical  data :  St ream Sediments  (ppm) 

- - -- 

Sample Locat ion Zn Cu Pb Ni Ag XFe Ba Mo XK U As Sb F Comments 

Ruby Ck. hdw. 1001 
Ruby Ck. hdw. 1002 
Ruby Ck. hdw. 1003 

Ruby Ck. t r i b  1004 
Ruby Ck. t r i b .  1005 
Boulder Ck. t r i b  1007 
Boulder Ck.. 1008 
O t te r  Ck. 1009 
Crater Ck. 101 1 
4 Ju l y  Ck. t r i b .  1012 
4 Ju l y  Ck. 1013 
Burnt  Ck. 1014 
Telegraph Ck. 1015 
Basecamp Ck. 1016 
Hitchcock Ck. 10'17 

>20 2.6 35.9 113 6 325 near Adanac Mo 
>20 2.6 19.6 24 2 325 near Adanac-Mo 

4 1.9 21.2 132 13 1200 dra ins  Cache Creek volcs, Ter t .  o l i v i n e  
basa l t .  

d ra ins  Te r t .  01 i v i n e  b a s a l t  
d r a i n i n g  a lask i t e ;  c. f .  3003 
d r a i n i n g  gabbro; c . f .  3010 
d ra in i ng  gabbro and a lask i t e ;  c . f .  3008 
g l a c i a l  ma te r i a l ,  d ra ins  Au p lacers  
dra ins  gran i tes ,  A t l i n  S i l v e r  Mine area 
d r a i n i n g  Coast g ran i t es  
d r a i n i n g  Coast gran i tes ;  
d r a i n i n g  Coast gran i tes ;  c . f .  3019 
d r a i n i n g  Coast gran i tes ;  c . f .  3020 
d ra in i ng  Coast g ran i t es ;  c . f .  3024 
d ra in i ng  Coast gran i tes ;  c . f .  3025 

U was determined by a delayed neutron act ivat ion method. 

As and Sb were  determined by flameless a tomic  absorption spect rometry .  

F was determined by ion specific e lec t rode following fusion of sample.  

Other  e lements  were  determined by quant i ta t ive  emission spectrography (D.C. arc). 
Upper l imi ts  of t h e  method fo r  Ni, Pb, Mo, and Ba were  125, 100, 20, and 1500 ppm 
respectively. 

A number of o ther  e l emen t s  were  sought in these  samples  including C r ,  V, Be, La, Y,  K ,  
Mn. However d a t a  proved t o  be fea ture less  excep t  fo r  C r  which exceeded 150 ppm in a l l  
but samples 1001 and 1002, Be which reached 16 ppm in samples  near  Adanac. Analyses 
were  by D.C. a r c  spectrography. 



Analytical  da t a :  rocks (ppm) 

Sample Number Zn Cu Pb Ni Ag % F e  Ba Mo U As Sb F %I< Comment s  

a )  Location 3006 near  Surprise Lake  

500 1 71 6 20 2 0 .1  1 . 3  

b )  Location near  U showing, Deep  Bay 

900 1 55 96 1 11 0 . 1  1 . 2  

118 0 . 5  12 .0  12 1 2470 2 . 6  C r e t a c e o u s p o r p h .  
grani te ;  F e  s ta ined 

579 0 .5  10.5 1 0 1120 2.9 Cre t aceous  f ine  g r .  
g r an i t e  

205 0 . 5  25.4  1 1 1270 3 .7  Cre t aceous  g reen  
a laski te ;  smoky q t z .  

274 0 . 5  3 3 . 4  I 0 806 2 .9  Cre t aceous  green 
a laski te ;  smoky q t z .  

> 1 5 0 0 1 . 2  1 . 9  0 0 189 0 .7  c h e r t , C a c h e C r e e k  
group ( Penn . ) 

>I500 3 . 5  1 . 9  7 0 I 8 9  1 . 9  amphibol i te ,  C a c h e  
Creek  group 

> i500  1 . 1  4 .0  4 0 222 2.7 g r a n i t e ,  Coas t  
Intrusives ( J u r  . ) 

U was determined by a delayed neutron ac t iva t ion  me thod .  

As and Sb were  determined by f lameless  a tomic  absorption spec t rome t ry .  

F was determined by ion-specific e l ec t rode  following fusion of sample .  

O the r  e l emen t s  were  determined by quant i ta t ive  emission spect rography ( D . C .  a r c )  

Finally, t h e  Ba levels in s t r eam sediments  c lear ly  
distinguish between sed imen t s  derived f rom Coast  Range 
g ran i t e s  and Cre t aceous  a laski tes  (Tables 2a and 3); values 
a r e  approximate ly  tw ice  a s  high in t h e  l a t t e r .  Similarly, t h e  K 
c o n t e n t s  of sediments  derived f rom a l a sk i t e  a r e  high 
compared with those  f rom Coast  Range granites.  These 
f a c t o r s  suggest  a n  increased alkalinity f o r  t h e  Cre t aceous  
a laski te  body over t h a t  of t h e  Jurass ic  granites.  

Conclusions 
The  geochemical  response in t h e  Atlin a r e a  t o  mineral- 

ization conta in ing any of F, U, Mo, W ,  Pb, Ag, Zn, and Ni i s  
positive. S t r eam sediments  a r e  useful fo r  de l ineat ing  occur-  
rences  of t hese  e lements .  Water  samples  a r e  e f f ec t ive  in 

Re fe rences  

Aitken, J.D. 
1959: Atlin Map Area,  B.C. (104N); Geol. Surv. Can., 

Memoir 307, 89 p .  

Goodfellow, W.B. and Jonasson, I.R. 
1977: Geochemical  d is t r ibut ion  of uranium, tungsten  and 

molybdenum in t h e  Tombstone  Mountains 
batholi th,  Yukon; in Repor t  of Activit ies,  P a r t  B; 
Geol. Surv. Can., Pape r  77-IB, p. 37-45. 

Holland, S.S. 
1953: Hussellbee Uranium Repor t  of Minister of Mines, 

B.C.; p. 79-81. 

locating uraniferous zones when using 60th U and associated 1955: Purple  Rose  and Fisher  Repor t  of Minister of 
F. For  f u t u r e  work P b  and Mo could be  added t o  t h e  l i s t  of Mines, B.C.; p. 7-9. 
e l emen t s  t o  be  analyzed. 



GALENA-SPHALERITE MINERALIZATION NEAR 
PALMER LAKE, NORTHWEST TERRITORIES 

M.P. Ceci le  and D.W. Morrow 
Insti tute of Sedimentary and Petroleum Geology, Calgary 

Introduction 

Significant sphalerite and galena mineralization was 
discovered in Ordovician t o  Devonian carbonates  a t  one 
locality near  Palmer  Lake during s t ra t igraphic  and sedimen- 
tological field studies (1977) of Paleozoic s t r a t a  in the  
Mackenzie Mountains, Northwest Territories.  This minerali- 
za t ion is located within 40 km of th ree  o the r  occurrences  in 
carbonates  of the same  age. Sphalerite was also discovered in 
t h e  Road River Formation 25 km south-southeast of this 
mineralization. 

Stratigraphy and Location 

The mineralization is located a t  64'32' and 129'53' 
(7156000N; 455500E in U.T.M. co-ordinates), 5 km north of 
t he  Mountain River, and will herein be  referred t o  a s  the  
Mountain River occurrence  (Fig. 1). Coarsely crystall ine 
sphaler i te  and galena occur sporadically in vugs t h a t  a r e  
scat tered in Ordovician t o  Devonian dolomites of t he  Mount 
I<indle, Delorme, and Arnica formations; and a s  massive 
sphaler i te  and minor galena in veins cut t ing t h e  Delorme 
Formation (Figs. 2-5). All t h r e e  formations overlie t he  
Cambrian t o  Ordovician Road River and transit ional ( t o  basin) 
Franklin Mountain Formations,  on t h e  nor theas tern  edge  of 
t h e  lower Paleozoic Misty Creel< Embayment,  just north of an  
a r e a  of Ordovician and Silurian volcanic tuffs  (Cecile,  1978). 
Within 4 km of Mountain River th ree  claim groups with Zn-Pb 
mineralization in Silurian t o  Devonian carbonates  have been 

D l  = Landry OSk = Mount Kindle 
Da = Arnica CSK = Sekwi 
SDd = Delorme ORr and OSRr = Road River 

Figure  I .  Location of t h e  Mountain River occurrence  with 
sketch showing distribution of mineralized units 
between two east-dipping thrus t  faults.  The 
dot ted  line is t h e  line of section for  Figure  2. 
Geology adapted f rom Aitken and Cook (1974). 

staked by Welcome North (Dawson, 1975). The Mountam 
River mineralization occurs  adjacent  t o  outcrops  of t h e  lower 
Cambrian Sekwi Formation t h a t  have been s taked,  in t h e  
pas t ,  for zinc and sphalerite mineralization. 

In ascending s t ra t igraphic  order  t h e  s t ra t igraphy of t h e  
Mountain River occurrence  is: 75 m of vuggy, medium 
crystall ine,  thick bedded, dark  and light grey dolomites  of the  
Mount Kindle Formation which r e s t  unconformably on transi-  
t ional shaly dolomites of t h e  Franklin Mountain Formation; 
150 m of vuggy thick bedded, massive, light grey,  biostromal 
dolomite,  and 50 rn of yellow and orange silty dolomite  and 
sandstone which r e s t  unconformably on t h e  Mount Kindle 
Formation and together  cons t i tu t e  t h e  Delorme Formation; 
125 m of thick bedded petroliferous brown-grey dolomite 
interbedded with medium light grey beds of t h e  Arnica 
Formation which l i e  conformably on t h e  Delorme Format ion 
(Fig. 2). 

Description of t h e  Mountain River  Mineralization 

The Mountain River mineralization occurs  a s  
secondary sphalerite and galena in vugs or veins. Most vug 
mineralization is in t h e  lower biostromal Delorme Format ion 
(Fig. 3). Regionally, biostromal dolomites  a r e  a typical  within 
s t r a t a  of t h e  Delorme Formation. In t h e  Arnica Formation 
mineralization is a lso  associated with vuggy bios t romal  beds 
(Fig. 4) bu t  i s  widely sca t t e red .  Some Arnica bios t romes a r e  
mineralized exclusively with galena whereas  o the r s  a r e  
mineralized exclusively with sphalerite.  In the  Mount Kindle 
Format ion galena fillings occur  in a s e t  of vugs trending 
subparallel  t o  t h e  bedding. 

Vein mineralization was only observed cu t t ing  rocks of 
the  Delorme Formation (Fig 5). Mineralized veins a r e  filled 
with 10 t o  100 c m  of coarsely crystall ine dolomite  in sharp 
planar con tac t  with 5 t o  10 c m  of reddish yellow, massive 
sphaler i te  both surrounded by discontinuous pods and veins of 
galena. 

Veins trend west-northwest-east-southeast and appear  
t o  be  en  echelon. Trends a r e  perpendicular t o  t h e  deposit ional 
slope of t h e  older Misty Creek Embayment  (Cecile,  1978). 
Because veins occur  over  transit ional fac ies  of t h e  embay-  
men t  this trend may re l a t e  t o  dilational f rac tur ing caused by 
di f ferent ia l  compact ion of thick basinal shaly s t r a t a  and 
adjacent  thin shelf ca rbona te  s t r a t a .  However th is  trend i s  
also subparallel t o  thrus t  f au l t s  in the  transit ion zone and 
may instead r e l a t e  t o  post-thrusting s t r e s s  relaxation. 

Small amounts  of pyrobitumen were  found in t h e  Road 
River Format ion near  t h e  Mountain River occurrence ,  and in 
t h e  Mount Kindle and Franklin Mountain format ions  10 km 
southwest  and north of t h e  Mountain River occurrence ,  
respectively.  Ca lc i t e  f r ac tu res  filled with sphaler i te  were  
found a t  t h e  base of the  Road River Format ion 25 km south- 
southeas t  of t h e  Mountain River occurrence  (64'20'N and 
129'40'W). 

The Mountain River occurrence  has many of the  
f ea tu res  of o the r  Rocky Mountain Zn-Pb showings, according 
t o  t h e  cha rac te r i s t i c s  of Rocky Mountain Zn-Pb deposits 
listed by Macqueen (1976, p. 72-73). Fea tu res  in common are :  
t he  mineralization is hosted in porous dolomites;  bitumen 
occurs  in associated rocks; mineralization occurs  a s  open- 
space  fillings, mineralization occurs  with a pla t form 
carbonate  t o  basinal shale f ac i e s  change; and t h e  host rocks 
a r e  unmetamorphosed. The Mountain River occurrence  di f fers  
with t h e  typical Rocky Mountain showing in that :  i t  occurs 
over  a large  s t ra t igraphic  range (Fig. 2); i t  has  vein 
mineralization; and i t  i s  a t  leas t  spatially associated with 
basic volcanic tuffs.  
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Origin 

Figure 3. Galena-filled vugs (arrows) in sucrosic white 
biostromal Delorrne dolomite,  64 rn above the  base 
of t he  Delorme Formation. CSC 199327. 

An assessment of presently avai lable  d a t a  favours  a 
Mississippi Valley type origin, t h a t  is, defluidization of 
adjacent  shaly Road River rocks, with fluid migration in to  t h e  
overlying porous carbonates  d i rec ted through compact ion 
produced f r ac tu res  over the  Road River transit ional zone. 
D a t a  supporting th is  hypothesis are :  I) t h e  Misty Creek 
Ernbayment is  filled with black, organic-rich, pyrit iferous 
shales and basic volcanic rocks, providing an  excel lent  source  
of metals;  2) t h e  Road River Format ion has  sphaler i te  
mineralization in t h e  s a m e  a rea ;  3) mineralization occurs  
above transit ional sediments of t he  Misty Creek Embayment  
and has  vein fillings t h a t  a r e  compa t ib l e  in trend with those  
expected f rom fractur ing d u e  t o  d i f ferent ia l  compact ion;  
4) mineralization occurs in vugs and veins and must have been 
moved by secondary fluids; 5) t h e  presence of pyrobitumen in 
associated carbonates  suggests accumulat ion of organic 
m a t t e r  in t h e  same  rocks. 

,Some other  origins tha t  must be  considered but  for  
which hard d a t a  a r e  lacking, a r e  hydrothermal  fluids of 
Columbian or  Laramide a g e  and sub-c re t aceous  
karstif ication. 
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DIATOMACEOUS ARCTIC LAKE SEDIMENTS 

J.D. Adshead 
Terrain Sciences Division 

Introduction 

A study was undertaken t o  examine by e lec t ron micro- 
scopy the  fine f rac t ions  (clay and silt) of sediments f rom an  
eas t e rn  Arctic lake. The composition and properties of t he  
f ine  f rac t ions  a r e  of in teres t  in relation t o  t h e  distribution of 
t r a c e  meta ls  among the  various par t ic le  s ize  fractions of 
weathered tills (Shilts, 1975) and in relation t o  lake  deposits 
derived f rom glacial  sediments. This work is pa r t  of a 
program designed t o  provide a framework of mineralogical 
and compositional d a t a  on sediments f rom a rc t i c  lakes and 
watersheds,  most particularly (1 ) t o  produce baseline infor- 
mation for potential  construction act iv i t ies  and (2) t o  develop 
d a t a  in support of environmental geochemistry s tudies  or 
geochemical prospecting programs. This repor t  describes 
e lec t ron microscope observations made on selected glacial 
and nonglacial sediments col lec ted f rom t h e  Yandle Lake 
basin (Fig. I) .  

Previous studies of t h e  lake  wa te r  chemistry and 
bot tom sediment parameters  of Yandle Lake and other  lakes 
in the  same  a r e a  have been reported by Shilts and Dean 
(1975), Klassen (197J), Klassen et al. (1975), and Shilts et al. 
(1976). Gelatinous muds or gels cover a large  part  of the  
floor of Yandle Lake, although these  sediments  rarely exceed 
1 m in thickness and appear t o  be  absent  or very thin over 
shallow a reas  and along t h e  margins of t he  lake (Shilts et al., 
1976). Lake gel is  underlain by clayey s i l t  of probable marine 
origin (Shilts e t  al., 1976). The mechanical properties of t h e  
ge l  and marine clayey sil t  (MCS) a r e  distinctive; in particular,  
t h e  MCS is less watery  and more  dense and compac t  (plastic) 
than t h e  gel. 

Electron micrographs f rom t h e  present study have 
revealed that  t he  gels contain moderate  t o  high amounts of 
amorphous silica in the  form of d ia tom frustules and 
f r agmen t s  of frustules. In contras t ,  e l ec t ron  micrographs of 
t h e  MCS samples show an absence of d ia tom mater ia l ,  excep t  
fo r  ext remely r a re  f r agmen t s  which may be due t o  contami- 
nation during laboratory processing or due t o  admixing of 
small  amounts  of gel  with underlying MCS during sampling. 
In a co re  f rom a cen t ra l  basin in Yandle Lake, Edwards (1978) 
repor ts  t ha t  frustules a r e  rare ,  but a r e  present,  in t h e  coarser  
f rac t ions  of sediment thought t o  co r re l a t e  with MCS. 

Samples and. Methods 

Seven samples f rom t h e  Yandle Lake basin, including 
f ive  bot tom sediments ( th ree  gels and two marine clayey 
sil ts)  and two land samples (t i l ls  f rom near t h e  edge  of the  
lake), were  se lec ted fo r  a pilot study of sediment  properties. 
Bulk samples and se lected par t ic le  s ize  f rac t ions  isolated 
f rom t h e  bulk samples were  prepared fo r  various analyses, 
including: e lec t ron microscopy, X-ray diffraction, major and 
minor e lement  determinations,  and isotope and r a re  ea r th  
analyses. The results of t h e  e lec t ron microscopy a r e  reported 
herein for four of t he  samples (Table 1). Preliminary X-ray 
s tudies  have been completed and will be  reported separately; 
chemical  determinat ions  a r e  in progress. Details of t h e  
sample  preparation a r e  outlined in this repor t  because of t h e  
problems t h a t  have been encountered by laboratory personnel 
in dispersing lake gels for routine f rac t ionat ion and 
geochemical  analysis. 

Yo ndle 

L a k e  

GEL A - x  < 
graylrh M C S  brown) IIT \ 

(brown) 

M C S =  Marine 'claysy 

silt 

M I L E S  
0 
I 0 ' KM 

Figure I. Location of samples,  Yandle Lake. 

Bulk sediment  was gently agi ta ted  in deionized wa te r  
fo r  one hour, followed by centr i fugat ion t o  remove soluble 
salts.  Several ten-second ultrasonic t r ea tmen t s  were  then 
employed t o  disaggregate the  centr i fuge cake. Fractionation 
was  e f f ec t ed  by t h r e e  or more  separa t ions  a t  t h e  boundary of 
each  par t ic le  s ize  class of in teres t .  Fract ions  included <0.1, 
0.1-2, 2-20, 20-62, and 62-2000 p m fractions.  

Specimens for  transmission e lec t ron microscopy (TEM) 
were  prepared on Formvar coated grids onto  which a l ight 
fi lm of carbon was  evaporated prior t o  deposition of c lay  
suspension. Specimens were  examined on a PHILIPS 300 
transmission e l ec t ron  microscope operated a t  100 KV. Silt 
par t ic le  s ize  f rac t ions  were  prepared for  scanning e l ec t ron  
microscopy (SEM): dried sediments were  subjected t o  very 
l ight grinding a f t e r  which powders were  pressed onto  double 
s t ick  tape .  A very  light film of carbon was  then evaporated 
on the  specimen surface ,  followed by gold. Specimens were  
examined on a CAMECA MEB/07 e l ec t ron  microscope 
operated a t  20 KV. 

Resul ts  and Discussion 

Descriptions of t h e  gels and marine  c layey s i l t s  a r e  
given in Figures 2 t o  13. Diatom frus tules  and f r agmen t s  of 
d ia tom t e s t s  ranging downwards f rom about  10 Dm to  par- 
t ic les  < I  p m  a r e  abundant in GEL I (olive grey), and amor-  
phous silica may account  for  more  than half of t h e  < 2 p m  
equivalent spherical d iameter  (e.s.d.) f rac t ion.  Diatom debris 
i s  less abundant in GEL I1 (brown), and combined clay and 
nonclay minerals may comprise half of t h e  0.1-2 1.1 m (e.s.d.1 
f rac t ion and appear  t o  account  for  more  than half of t h e  
f ines t  f rac t ion (<0.1 m). Estimation of amorphous sil ica by 
a se lec t ive  dissolution procedure is in progress. 
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Figure 2 

Gel I, olive grey, Transmission Electron Micro- 
graph of t h e  < 2  urn (e.s.d.1 fraction. Pennate  
diatom frustules and f ragments  of d ia tom t e s t s  
a r e  the  dominant const i tuents  of t he  < 2  p m (e.s.d.1 
fraction. 

g-Il.A+.-. -- . 

k 

s ize  f r agmen t s  of d ia tom frustules.  

Figure 4 

Gel I, olive grey, Scanning Electron Micrograph of 
t h e  2-20 u m  (e.s.d.1 fraction. A pennate d ia tom 
is shown. Diatom debris de t ec t ab le  by SEM was 
ext remely r a re  in t h e  2-20 and 20-62 1~ rn (e.s.d.1 
fractions.  No cen t r i c  d ia toms were  observed by 
SEM in t h e  sil t  f rac t ions  of this sample. Air dried 
sediment  was subjected t o  l ight grinding prior t o  
examination. 



Figure 5 

Gel  11, dark greyish brown, Transmission 
Electron Micrograph of the  0.1-1 u m (e.s.d.) 
fraction. Pennate diatom frustules and f rag-  
ments  of diatom t e s t s  a r e  common. Diatom 
debris is noticeably less abundant in the  <2 p m 
(e.s.d.1 f rac t ion of this brown gel (11) than in 
t h e  olive grey gel (I). The <0.1 u m  (e.s.d.) f r ac -  
t ion of gel 11 appears to  have a lower content  
of d ia tom debris than t h e  0.1-1 and 1-2 urn 
fractions.  

Figure 6.  

Gel 11, dark greyish brown, Scanning Electron 
Micrograph of t h e  5-20 p m (e.s.d.1 fraction. 
Centr ic  d ia toms a r e  a common const i tuent  of t he  
sil t  f rac t ions  of this sample.  The sediment  has 
been subjected to  light grinding. 

Figure 7 

Gel 11, dark greyish brown, Scanning Electron 
Micrograph of the  5-20 m (e.s.d.1 f rac t ion 
showing f ragments  of c e n t r i c  diatoms. 



Figure 8 

Gel 11, dark greyish brown, Transmission Electron 
Micrograph of the  <0.1 ).I rn(e.s.d.) fraction. Diatom 
debris is only a minor component of this fraction. The 
par t ic le  in the  c e n t r e  of t h e  micrograph may represent  
a d ia tom fragment  (see Crawford, 1977, Fig. 22 for 
micrograph of immature  valve which shows similar 
structure).  The f ragment  appears  t o  have undergone 
partial  dissolution e i ther  prior t o  collection of t h e  
sample or during processing. 

Figure 9 

Gel I, olive grey, Transmission Electron Micrograph 
of the  0.1-2 urn (e.s.d.1 fraction. High magnifica- 
tion of the  broken surface  of a d ia tom fragment.  
Small lath-shaped par t ic les  of uncertain composi- 
tion, generally less than 0.5 u m in length,  a r e  a t r a c e  
component of this sample.  

Micrograph of - the  0.1 -2 m (e.s.d.1 fraction. Diatom 
debris is absent. The only dia tom mater ia l  observed in 
this sample by e i ther  transmission or scanning e lec t ron 
microscopy was a f ragment  of a centr ic  diatom in t h e  
2-20 u m(e.s.d.1 fraction. 

F ~ g u r e  10 

Marlne Clayey S ~ l t  I, brown, Transrnlsslon Electron 



Figure 11 

Marine Clayey Silt I, brown, Transmission Electron 
Micrograph of the  0.1-2 p m (e.s.d.1 fraction. High 
magnification micrograph showing apparent  scroll  
s t ructure ,  possibly due to  expansible clay,  which is a 
common component of t h e  clay mineral sui te  of t he  
mar ine  clayey s i l t  samples (unpublished data). 

Figure 13 

I I Figure 12 

1 Marine Clayey Silt  I, brown, Transmission Electron 
Micrograph of t h e  0.1-2 p m (e.s.d.1 fraction. Lath- 
shaped particles,  similar in appearance t o  the  one 
shown, a r e  very  sparsely distributed through t h e  
sample.  The pa r t i c l e  shown appears  t o  be  a 
serpent ine  mineral, based on i t s  e lec t ron diffraction I .  pat tern .  

Marine Clayey Silt  
Micrograph of the < 2  
graph il lustrates the  
second MCS sediment 

11, brown, Transmission Electron 
u rn  (e.s.d.) f rac t ion.  This micro- 
absence of d ia tom debris in the  
examined. 



Table I 

Description of samples 

Sample Sample Colour (Wet) 

GEL 1 (199) Olive grey 412 5Y 
(Munsell Char ts ,  
1975 ed.) 

GEL I1 (77) Dark greyish brown 
412 lOYR 

MCS I (87A2) Brown 513 IOYR 

MCS I1 (75) Brown 513 lOYR 

TILL I(122)  

"63-2000 y m: 2-63 y m: < 2 y  m 

Conclusions 

Per cen t  Water Depth 
Sand:Silt:Clay* 

Electron microscope observations on several gels and 
marine clayey sil ts  f rom Yandle Lake indicate:  

I .  Diatom debris is absent in the  marine clayey s i l t  
samples  examined, excep t  for ext remely r a re  f r agmen t s  
which dould have resulted e i ther  f rom very low concentra-  
tions of d ia toms or from sample contamination a t  the  t ime  of 
sediment collection or during subsequent processing of the  
samples. 

2. Lake gels, which overlie t h e  mar ine  clayey silts, have a 
moderate  t o  high content  of amorphous silica in the  form of 
d ia tom frustules and f ragments  of d ia tom t e s t s  in the  < 2 m 
(e.5.d.) fraction. Diatom debris in this f rac t ion consists of 
pennate  d ia tom frustules,  generally less than 10 urn maximum 
dimension, and f ragments  of d ia tom frustules which range 
downward in s ize  to  less than 1 y m. 

3. Centr ic  diatom fragments  a r e  a common const i tuent  of 
t h e  f ine  sil t  f rac t ion of t h e  brown gel f rom t h e  southern par t  
of Yandle Lake but were  not observed by SEM in t h e  olive 
grey gel f rom the  northeast  a rm of the  lake. Details of t he  
d ia tom stratigraphy of the  lake gel deposits in d i f ferent  pa r t s  
of the  lake basin might clarify these  preliminary 
observations. 
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PROGRESS IN HELlKlAN STRATIGRAPHY, MACKENZIE 
MOUNTAINS 

J.D. Aitken, D.G.F. Long, and M.A. Semikhatov' 
Institute of Sedimentary and Petroleum Geology, Calgary 

Fieldwork 

Fieldwork devoted to Precambrian stratigraphy in 
Mackenzie Mountains in  1977 was for the following periods: 
Aitken - 10 weeks; Long - 7 weeks; Semikhatov - 3 weeks. 

Results 

Two sections of map-unit H I  (Aitken et al., 1973) were 
measured and described. The more complete of these wil l  
serve as a type section when the unit is given formational 
status. A t  the type section (lat. 62" 12'30", long. 130°42'00"), 
map-unit H I  i s  410 m thick, and consists of three distinct 
members. The basal member, with base covered, is recessive 
and poorly exposed. It consists of flaggy to  platy, laminated, 
very finely crystalline dolomite, in part silty and sandy, that 
weathers brownish orange, with interbeds of dolomitic shale. 
The second member of massive, resistant, grey weathering 
dolomite is dominated by stromatolite biostromes and 
bioherms up to 5 m high. The third, or upper member is well 
bedded and resistant, and conslsts of grey weathering 
dolomite that is mainly thick bedded cryptagal laminite, 
alternating with subordinate beds of quartz sandstone and 
minor shale. In this member, silicification of dolomite to 
pale grey to  black chert increases upward, and chert is very 
conspicuous near the top. The contact with the overlying 
Tsezotene Formation is exposed at a single locality, and 
appears conformable. 

The stromatolite assemblage of map-unit H I  has not 
previously been reported elsewhere in Mackenzie Mountains. 
The second member contains Canophyton, Jacutophyton, 
Baicalia and extraordinary bioherms consisting of Stratifera 

Figure I. Location map, measured sections of Tsezotene 
Formation and Katherine Group. 

'Geological Institute of the Academy of Sciences of the USSR, 

forming roof-shaped ridges of high relief. The upper member 
contains Svetliella. 

Tsezotene Formation and Katherine Group 

Fieldwork for a publication on the stratigraphy and 
sedimentology of this mainly clastic succession was 
completed. A twofold subdivision of the Tsezotene 
Formation was found to be applicable on a regional scale 
(from Cranswick River to Coates Lake), (Fig. I). The lower 
member is dominated by grey argillaceous rocks and the 
upper member by varicoloured argill ite, sandstone, and minor 
carbonate. A locally developed stromatolitic carbonate 
member is present between these two members in  the vicinity 
of Mount Eduni. Collectively the Tsezotene Formation is a 
coarsening upward sequence, representing gradual basin 
fil l ing, or shallowing, on which is imposed a large number of 
smaller-scale cycles reflecting local shoaling i n  the form of 
tidal flat, lagoonal and barrier island and biohermal 
development. 

The predominantly arenaceous Katherine Group is  
divisible regionally into three units of formational rank 
(Fig. 2) which can be traced into the type section of the 
Tigonankweine Formation (Gabrielse e t  al., 1973). As the 
term "Katherine Group1' is now in common use for these rocl<s 
in  the area north of the Wrigley Lake map-area, it is 
preferable to  retain this name for the group, rather than raise 
"Tigonankweine" to  group status. North of Wrigley Lake the 

- - - - -  
K7 Large+small scale cross-strat. 

- - - - pink+white, fine sst.(vf -c ). 
Grey shales,siltstone,carbonate 

n. K 6  and minor sst. Two d~st~nctive 
stromatolitic horizons. 
Large scale cross-stratified 

K5 f ine + very f ine sandstone. 

Purole and maroon shales, . - 
- - - - -  K4 sst:,(tr.) carbonate. 

Large scale cross-stratif ied 
- - - - -  K3 f ine+very f ine sandstone. 

~2 Ca rbonate,mudstone,ripple - _  laminated verv fine+f ine SSt. 

Large +small scale cross- 
strat i f ied, white +pink, f i ne  

K1 sandstone; ripple laminated 
in t op  100-200 metres ; 
local thick mudrocks. 

- - -  - 
Varicoloured(red,green,grey) 

LL TR mudrocks,sandstone and 
carbonate; stromatolite 

W bioherms(local)near base. 

Drab-grey mudrocks, 
TG si l tstone, minor sandstone 

N and ( tr.) carbonate. 
W 

V) 1100metres. 
I- - - - - -  

Figure 2. Subdivision of Tsezotene Formation and Katherine 
Group. 

Moscow. 
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Figure 4. Location map, measured sec t ions  of L i t t l e  Dal 
Group. 

lower format ion of t he  Kather ine  Group is divisible in to  five 
d is t inc t ive  members.  Of these ,  only the  upper t w o  can be  
t r a c e d  in to  t he  t ype  sec t ion  of t he  Tigonankweine with any 
ce r t a in ty .  The group is  in terpre ted  t o  have originated a s  a 
resul t  of a complex in terac t ion  of marine and fluvial 
processes,  with sandstone members  representing,  in par t ,  t he  
deposi t s  of rapidly prograding fluvial-deltaic complexes,  
which advanced a t  leas t  four  t imes  over  shallow mar ine  
sands,  shales and carbonates .  The des t ruct ive  phase of each  
of t hese  major progradations is  marked by extens ive  ripple 
laminated  sandstones o r  la rge  sca le  cross-stratif ied mar ine  
sand sheets ,  which are ,  in turn ,  overlain by argil laceous rocks 
wi th  or without carbonates .  

L.ittle Dal Group and Map-unit H5 

The regional validity (from Cranswick River t o  C o a t e s  
Lake)  of informal, mappable subdivisions suggested in 1976 
(Aitken, 1977a) was  conf i rmed (Figs. 3 ,  4). Clear ly ,  i t  is  
des i rable  now t o  recognize the  en t i r e  post-Katherine/  
Tigonankweine, pre-Redstone River succession a s  t he  L i t t l e  
Dal Group. 

Aitken (ibid.) was  mistaken in his conjec ture  t h a t  t he  
t ype  sec t ion  of the  L i t t l e  Dal Format ion (Gabrielse e t  al., 
ibid.) conta ined only t h e  Pla teau Thrus t  Shee t  assemblages  
described below. In f a c t ,  i t  contains,  in s t ra t igraphic  
cont inui ty  above t h e  type  Tigonankweine (Kather ine)  
Format ion,  t h e  following sub-units established a s  subdivisions 
of map-unit H5  bu t  equally appropr ia te  a s  subdivisions of a 
L i t t l e  Dal Group (Fig. 4): "Basinal sequence", "Grainstone 
sub-unit", "Gypsum sub-unit", and "Rusty shale  sub-unit". The 
"Gypsum sub-unit" i s  covered along t h e  line of t h e  t ype  
section,  but i s  exposed both  nor th  and south  of t h e  line. 

A t  t h e  type  section,  t h e  unit overlying t h e  "Rusty shale" 
is  t h e  uni t  inappropriately r e f e r r ed  t o  a s  "Li t t le  Dal, sensu 
s t r ic to"  by Aitken (1977a). This unit i s  b e t t e r  r e f e r r ed  t o  a s  
t h e  "Upper carbonate  sub-unit", pending a formal  revision of 
nomencla ture .  

The original part i t ion of t h e  t ype  L i t t l e  Dal Format ion 
in to  lower and upper members  (Cabrielse e t  al., 1973, P a r t  11, 
Sec. 2) was  done a t  a level  t ha t ,  al though i t  approximates  t h e  

base of t he  "Grainstone sub-unit" is by no means  a s  obvious a 
c o n t a c t  as, for  ins tance ,  t h e  base or t o p  of e i t h e r  t h e  gypsum 
o r  t h e  rusty shales. Fu r the rmore  t h e  basis fo r  parti t ion,  
mainly weathering colour,  is  not one  t h a t  can  be  successfully 
applied regionally. Therefore  i t  is  understandable t h a t  
"Upper" and "Lower" L i t t l e  Dal have been mapped wrongly 
over  wide a r e a s  in Wrigley Lake and Glacier  Lake  map-areas. 
For ins tance ,  t h e  prominent carbonate  unit above t h e  P l a t eau  
Faul t  is  t he  "Upper ca rbona te  sub-unit" of th is  repor t ,  but is  
mapped a s  "Lower L i t t l e  Dal", whereas  in o the r  local i t ies  t o  
t h e  nor theas t ,  "Upper L i t t l e  Dal" i s  mapped where  only t h e  
lower pa r t  of t he  format ion is  preserved (ibid.). 

"Flying-out" t h e  P l a t eau  Fau l t  in Wrigley Lake and 
Glacier Lake map-areas  (Gabrielse et al., 1973) conf i rms 
t h a t ,  a s  in Mount Eduni and Bonnet Plume Lake  map-areas 
(Aitken and Cook, 1974), t he  f au l t  follows the  "Gypsum sub- 
unit", seen t o  ou tc rop  in t e rmi t t en t ly  a t  t h e  base  of t h e  
P l a t eau  Thrus t  Shee t  until t h e  thrus t  begins t o  d i e  out  
southward between Redstone  and South Redstone  rivers. The 
dark  brown weathering,  mainly c l a s t i c  fo rma t ion  near  t he  
base  of t h e  thrus t  sheet ,  mapped a s  Tigonankweine Format ion 
by Gabrielse e t  al. (ibid.), is in f a c t  t h e  "Rusty shale  sub- 
unit", some 1200 m s t ra t igraphica l ly  higher. Thus, t h e  
P l a t eau  thrus t  shee t  conta ins  no format ion older t han  t h e  
"Gypsum sub-unit" of map-unit H5 (Aitken, 1977a). 

Fur ther  examinat ion  of s t roma to l i t e  r ee f s  in t h e  
"Basinal sequence" yielded evidence  of t h e  following: 

a. The reefs,  during the i r  period of a c t i v e  growth, had 
relief of a t  leas t  severa l  t ens  of m e t r e s  up to ,  possibly, 
one  hundred m e t r e s  above t h e  floor of t h e  basin. 

b. The const i tuent  s t roma to l i t e s  grew in large  pa r t  
subtidally,  in a "low-energy" environment .  Minimum 
wa te r  dep th  of 1 5  m is established locally f o r  shee t s  of 
S t r a t i f e r a ;  t h e  small ,  wall-less, i r regular ly  ac t ive-  
branching columnar  s t roma to l i t e s  t h a t  domina te  in t h e  
reef co re s  probably grew a t  g rea t e r  depths.  

c. Wherever t h e  deposit ional t ops  of r ee f s  a r e  
preserved, t hey  a r e  f l a t  o r  stepped. These  f l a t  su r f aces  
appear  t o  have developed in a n  ag i t a t ed  and probably 
shallow subt ida l  environment.  

d. The r ee f s  have no gene t i c  connect ion  with 
contemporaneous ,  regionally pers is tent  s t roma to l i t e  
b ios t romes  in t h e  southeas tern  e x t e n t  of t he  "Basinal 
sequence". These  biostromes,  whose nor thwestern  
terminat ion  may be  t aken  t o  s epa ra t e  "basin" f rom 
"platform" environments ,  a r e  fully developed in t he  
t ype  sec t ion  of t h e  L i t t l e  Dal Formation.  

Undoubted fossil metaphytes ,  in associa t ion  with 
Chuar ia ,  were  col lec ted  a t  four  widely separa ted  locali t ies,  
f r o m  t h e  upper pa r t  of t h e  "Basinal sequence" of map- 
uni t  H5. 

Redstone  River and Coppercap Format ions  

The Redstone  River  and Coppercap format ions  were  
found (contrary  t o  a previous repor t  by Aitken (1977b)) t o  be  
p re sen t  over wide a r e a s  in f ron t  of P l a t eau  Faul t ,  in 
s t ruc tu ra l  panels be tween  Hay Creek  and C a c h e  Creek,  f r o m  
Twitya  River  t o  abou t  129O40' wes t  longitude. 

A panel of s t r a t a  occurring immedia te ly  e a s t  of Keele 
River  and nor th  of l a t i t ude  63"55', i n  Wrigley Lake  map-area,  
mapped a s  "Upper L i t t l e  Dal - Redstone  River  - Coppercap 
(?)I' by Gabrielse et al. (1973), was  found t o  consist  instead of 
t h e  following sequence  of sub-units of map-unit H5 (i.e. 
equivalents  of t h e  t ype  L i t t l e  Dal): "Basinal sequence", 
"Grainstone sub-unit", "Gypsum sub-unit", and locally,  "Rusty 
shale  sub-unit" (Aitken, 1977a), overlain by t h e  Cambro-  
Ordovician Franklin Mountain Formation.  



Stromatol i te  Biostratigraphy Refe rences  

The ef fec t iveness  of intrabasinal  corre la t ion  on the  
basis of s t romatol i tes  was  demonst ra ted ,  a s  follows (all 
taxonomic determinat ions  a r e  on a preliminary,  i.e., field, 
basis): 

The s t romatol i te  assemblage of map-unit HI  (see above) 
is unique within t he  region. 

The s t romatol i te  assemblages of all  units  f rom the  
upper division of t he  Kather ine  (Tigonankweine) Group t o  t h e  
lower pa r t  of the  "Upper carbonate  sub-unit" of t he  type 
L i t t l e  Dal (see above) a r e  dominated consistently by Baicalia. 
Above the  lower third,  more  or less, of t he  "Upper carbonate  
sub-unit" ("Litt le Dal s.s." of Aitken, 1977a), t he  f i r s t  Boxonia 
and Cyrnnosolen consistently appear.  These, with Parrnites,  
Jurusania,  cf. Minjaria and some  Baicalia, cha rac t e r i ze  t h e  
upper two  thirds of t h e  sub-unit. Corre la t ion  l ines based on 
th is  change in s t roma to l i t e  assemblages parallel  lithologic 
corre la t ions  based on such unmistakable format ions  a s  the  
"Gypsum sub-unit", and a r e  confirmed by geological  maps 
p ,~bl ished and in manuscript .  

The changes  in s t roma to l i t e  assemblages described 
above a r e  recognized in Riphaean (Upper Proterozoic)  s t r a t a  
of the  Soviet  Union, where they a r e  considered t o  be  
significant with regard t o  geological  age.  Thus, t h e  presence 
of Svetl iel la in map-unit HI suggests a basal  Middle Riphaean 
a g e  (1350 + 50 m.y.; s ee  Semikhatov, 1974, Fig. 14). 
Similarly,  t he  appearance  of Boxonia and Cyrnnosolen above 
Baicalia-dominated assemblages is taken by many Soviet  
geologists t o  mark t h e  base of t h e  Upper Riphaean (950 * 50 
m.y., ibid.). 
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CORRELATION OF HELIKIAN STRATA, MACKENZIE 
MOUNTAINS - BROCK INLlER - VICTORIA ISLAND 

J.D. Aitken, D.G.F. Long and M.A. Semikhatov'  
1 n ~ t i : ~ : t e  of Sedimentary and Pet ro leum Geology, Calgary  

Field and Labora tory  Investigations 

Aitken and Long spent  t he  f i rs t  week of June  re- 
examining the  Precambrian succession of Brock Inlier, before 
continuing the i r  investigations in Mackenzie Mountains 
(Fig. 1). John Park (Ear th  Physics Branch) accompanied them 
f o r  t h e  f i rs t  t h r ee  weeks, t o  sample  t h e  succession for  
pa leomagnet ic  investigations. 

Semikhatov spent  t h e  period f rom July  25 t o  August 13  
with t he  par ty  in Mackenzie Mountains (see preceding note  
"Progress in Helikian St ra t igraphy,  Mackenzie Mountains"), 
where he familiarized himself with t he  Precambrian  succes- 
sion and sampled t h e  s t roma to l i t e  assemblages. 

Mackenzie Mountains 

The oldest  format ion exposed in t h e  f ron ta l  Mackenzie 
Mountains, map-unit HI (Aitken e t  al., 1973) conta ins  t he  
s t roma to l i t e s  Conophyton, Jacutophyton,  SvetLiella, Baicalia 
and a dist inctive development of S t r a t i f e r a  wi th  roof-like 
ridges (Table 1). This assemblage  is  unknown a t  Brock Inlier 
and Victoria Island. On t h e  basis of s tudies  in t h e  USSR, t h e  
presence  of Svetl iel la suggests a basal Middle Riphaean age ,  
1350 ? 50 m.y. 

S t roma to l i t e s  of t he  Tsezotene  Format ion,  known f rom 
one member  only, were  not  examined. 

S t roma to l i t e  assemblages  f rom the  upper division of t he  
Kather ine  Group and map-unit H5 (Aitken, 1977) a r e  
dominated  by Baicalia and similar but unbranched s t romato-  
l i t e s  (Table I). A possible Inzer ia  occurs  in unit  K6 of t h e  
Upper Kather ine  (Aitken e t  al., 1978) and passively branching 
wall-less fo rms  in t h e  "Basinal sequence" of map-unit H5. 
S t roma to l i t e  r ee f s  in th is  "Basinal sequence" (ibid.) a r e  
dominated  by small ,  irregularly active-branching, wall-less 

On re turn  t o  Calgary ,  Semikhatov made a preliminary forms.  
examinat ion  of s t romafol i tes  col lec ted  this year  f rom Brock The dominance of Baica l ia  persists  upward through 
Inlier, and those col lec ted  by Aitken f rom Victoria Island about the lower third of the ,,Upper carbonate sub-unitll in 1975. (Aitken e t  al.. 1978: i n a ~ ~ r o ~ r i a t e l v  r e f e r r ed ' t o  a s  "Li t t le  Dal 

Resul ts  Format ion,  shnsu s'trictldll by ~ i t i e n ,  1977). Higher in t h e  
sub-unit, Boxonia and Gymnosolen appear .  These  two  groups, 

A consis tent  succession of s t roma to l i t e  assemblages  in wi th  Jurusania ,  c f .  Minjaria, P a r m i t e s  and s o m e  Baicalia 
t h e  t h ree  regions (Fig. I )  suggests corre la t ions  differing in cha rac t e r i ze  t he  upper two  thirds of t he  sub-unit. The  
p a r t  f rom those  proposed by Jef ferson and Young (1977) and overlying Redstone  River and Coppercap format ions  lack well 
Young (1977a7 b). organized columnar s t romatol i tes .  

Table  1 

I 

1 Coppercap Fm. (carbonates) not present 

Corre la t ion  of Helikian format ions  between Mackenzie Mountains and Victoria Island 
w 
z Dl  
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& 2 m I 
2 2 

R E G I O N  

MACKENZIE MOUNTAINS BROCK INLIER VICTORIA ISLAND 
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Reynolds Point Fm. 
(except basal clastics) 

Redstone River Fm. (red beds, conglomerate, not present Kilian Fm. (red beds, evaporites, 

m 
0, 
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3 

Mud-cracked subunit 
(sandstone, shale) 

2 .! evaporites) minor carbonates) 

Upper carbonate subunit 
' ("Little Dal s.s.") not present Wynniatt Fm. (mainly carbonates) 
(mainly carbonates) 

Rusty shale subunit 
(mainly clastics) Map-unit P5 (Cook and Aitken, Minto Inlet Em. 

1969) (evaporites, elastics) (evaporites, fine elastics) 
Gypsum subunit 

r Katherine Group 
(mainly sandstone) 

i 

u.4 
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F c p  

Map-unit P3 (ibid.) 
(sandstone, quartzite) 

Reynolds Point Fm. 
(basal sandstones only) 

u a 

ard 

&s 

Glenelg Pm. 
(upper sandstones only) 

Grainstone subunit 
(mainly carbonates) Map-unit P4 (ibid. ) 

Basinal sequence (carbonates, (mainly carbonates) 
fine elastics) 

Tsezotene Em. (mainly clastics) 

Correlation of lower formations unresolved 

Map-unit P2 (ibtd.) 
(carbonates) Glenelg Fm. 

Map-unit P1 (ibid. ) 
(cherty dolomites) 

(mainly shale) 
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Figure 1. Index map. Exposures of Precambrian rocks shown 
in black. 

The appearance of Boxonia and Gymnosolen is taken by 
many Soviet geologists t o  mark the  base of t he  Upper 
Riphaean (950 + 50 m.y.; s ee  Semikhatov, 1974, Fig. 14). 

Brock lnlier 

The Brock lnlier contains two carbonate-dominated 
formations,  designated "P2" and "P4" by Cook and Aitken 
(1969). The lower "P2" is character ized b j  Colonella and 
Baicalia. The upper "P4" is ext remely s t romatol i t ic  and 
character ized throughout by Baicalia and similar bu t  
unbranched columns, comparable  t o  those t h a t  occur  in 
biostromes present a s  tongues in the  "Basinal sequence" of 
map-unit H5 in Mackenzie Mountains (Aitken, 1977). 

Victoria Island 

The lowest s t romatol i tes  reported f rom the  Shaler 
Group a r e  Basisphaera and Inzeria, f rom a unit of che r ty  
dolomite within the  Glenelg Formation (Young and Jefferson,  
1975). Conophyton a lso  occurs in the  Glenelg Format ion 
(C.W. Jefferson, pers. comm., 1977). 

A t  the  top  of the  Glenelg, lnzer ia  appears  with Baicalia 
in a regional biostrome. 

The Reynolds Point Formation is dominated by Baicalia. 
Here  a lso  occurs a small, irregularly active-branching wall- 
less form similar t o  the  principal reef-buil.ders of the  "Basinal 
sequence" of map-unit H5. This i s  the  "finger s t romatol i te"  
of Young and Jefferson (ibid.). 

The Wynniatt Format ion contains Baicalia in i t s  lower 
part ,  bu t  Boxonia occurs in the  format ion a s  low a s  300 m 
above the  base. 

St romatol i tes  col lec ted f rom the  Kilian Format ion have 
not yet  been identified. 

Summary 

Three distinct s t romatol i te  assemblages can be 
recognized through preliminary field studies. The lowest, 
cha rac te r i zed  by Conophyton, Jacutophyton,  and Svetliella,  is  
known only from the base of the  Mackenzie Mountains 
succession. It i s  succeeded by an  assemblage, cha rac te r i zed  
by t h e  dominance of Baicalia and passively branching, wall- 
less forms, t ha t  occurs in Mackenzie Mountains, Brock Inlier 
and Victoria Island. The third assemblage, found near  t h e  top  
of the  Mackenzie Mountains and Victoria Island successions, 
is character ized by Boxonia and Gymnosolen. 

Correlation of the  boundary between the  Baicalia- 
dominated and t h e  Boxonia-Gymnosolen assemblages supports ' 
a straightforward correlation, based on gross lithology, for 
t h e  top  of the  principal sandstone format ion in e a c h  region 
and the  succeeding format ions  (Table I). Corre la t ion of 
lower formations i s  not yet  c lear .  

Re fe rences  

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

Formation and a revision of Proterozoic  map- 
unit 'H5'; in Repor t  of Activit ies,  P a r t  A, Geol. 
Surv. Can., Paper  77-IA, p. 131-135. 

Aitken, J.D., Macqueen, R.W., and Usher, J.L. 
1973: Reconnaissance s tudies  of Proterozoic  and 

Cambrian s t ra t igraphy,  lower Mackenzie River 
a r e a  (Operation Norman), Dis t r ic t  of Mackenzie; 
Geol. Surv. Can., Pape r  73-9. 

Aitken, J.D., Long, D.G.F., and Semikhatov, M.A. 
1978: Progress in Helikian stratigraphy; Note in  Cur ren t  

Research, P a r t  A, Geol. Surv. Can., Paper  78-IA. 

Cook, D.G. and Aitken, J.D. 
1969: Geology, Erly Lake, Dis t r ic t  of Mackenzie; Geol. 

Surv. Can., Map 5-1969 (with descriptive notes). 

Gabrielse, H., Blusson, S.L., and Roddick, 3.A. 
1973: F la t  River,  Glacier  Lake and Wrigley Lake map- 

a r e a s  (95E,L,M), Dis t r ic t  of Mackenz.ie and Yukon 
Terr i tory;  Geol. Surv. Can., Mem. 366. 

Jefferson,  C.W. and Young, G.M. 
1977: Use of s t romatol i tes  in regional lithological 

corre la t ions  of Upper Proterozoic  successions of 
t he  Amundsen Basin and Mackenzie Mountains, 
Canada (Abstract);  Geol. Assoc. Can., Program 
with Abstracts,  v. 2, p. 26. 

Semikhatov, M.A. 
1974: St ra t igraf ia  i geokhronologia Proterozoia ;  Acad. 

Sci. USSR, Trudy, No. 256; "Nauka", Moscow. 

Young, G.M. 
1977a: St ra t igraphic  corre la t ion and provenance of Upper 

Proterozoic  rocks of Brock Inlier, Dis t r ic t  of 
Mackenzie, N.W.T. (Abstract);  Geol. Assoc. Can., 
Program with Abstracts ,  v. 2, p. 57. 

1977b: St ra t igraphic  corre la t ion of upper Proterozoic  
rocks of northwestern Canada; Can. J. Ea r th  Sci., 
V. 14, p. 1771-1787. 

Young, G.M. and Jefferson,  C.W. 
1975: L a t e  Precambrian shallow wa te r  deposits, Banks 

and Victoria Islands, Arct ic  Archipelago; Can. J.  
Ear th  Sci., v. 12, p. 1734-1748. 



CHARACTERISTIC MAGNETIZATION O F  SOME MIDDLE 
PLEISTOCENE SEDIMENTS FROM THE MEDICINE HAT 
AREA O F  SOUTHERN ALBERTA 

R.W. Barendregtl  and A. MacS. Sta lker  
Terrain Sciences Division 

Introduction 

This paper  repor ts  on t h e  resul ts  of a n  exploratory 
s tudy of t h e  paleomagnet ic  cha rac t e r i s t i c s  of some  river and 
lake  deposits  found in southeas tern  Alberta.  The study was 
conducted  a t  Mitchell  Bluff (Stalker,  1969, p. 20-23), which 
l ies along t h e  southeas t  bank of South Saskatchewan River  
about  8 k m  nor th-nor theas t  of Medicine Hat ,  Alberta.  
Samples  were  col lec ted  f rom t h e  lower p a r t  of t h e  bluff at i t s  
e a s t  end, in NW1/4 sec .  33, tp.  13, rge. 5, W 4th mer .  (58'8'N, 
1 10°37'30"W). Barendregt col lec ted  and analyzed t h e  samples,  
and Sta lker  studied t h e  s t ra t igraphy and chronology. 

Laboratory fac i l i t ies  were  provided by Woodward- 
Clyde Consul tants  of San Francisco,  California. The au tho r s  
express  the i r  thanks t o  Dr. D. Packer  of t h e  Paleomagnet ics  
Laboratory a t  Woodward-Clyde Consultants,  San Francisco,  
and t o  Dr.  J.H. Fos ter ,  Geological  Survey of Canada, f o r  
providing much useful discussion about in terpre ta t ion  of t h e  
resul ts  and f o r  cr i t ica l ly  reading t h e  manuscript .  

S t ra t igraphy 

The sequence  of deposi t s  sampled fo r  t h e  paleo- 
magnet ic  studies is  indicated in Figure  1. They included uni ts  
MBC and MBD of Sta lker  (1969) and units E, F, and G of 
S t a lke r  and Churcher  (1972). 

The lowest 7 m of t h e  exposure consis ts  largely of 
greyish blue, f i ne  s i l t  and c lay ,  which i s  finely laminated  and 
interbedded. The top  m e t r e  consis ts  of buff,  f ine  sand. These  
ma te r i a l s  were  deposited in a l ake  t h a t  may have  formed 
when glac iers  advancing f r o m  t h e  nor theas t  blocked t h e  
ances t r a l  South Saskatchewan River.  The laminae  show 
remarkably  l i t t l e  disturbance,  and if they represent  year ly  
deposit ion along t h e  lines of varves,  a s  is  probably t h e  ca se ,  
t h e  deposi t s  were  laid down a t  a r a t e  of a lmost  1.5 m m  p e r  
y e a r  near  t h e  base  and 1 mrn p e r  yea r  near  t h e  top. The main 
body of si l t  and clay gives no indications of any in ter rupt ions  
in deposit ion o r  of erosional intervals,  al though these  canno t  
be  ruled out. If such a r e  absent ,  deposit ion of t hese  beds 
probably took about  5000 years.  There  likely a r e  hiatuses in 
t h e  sandy, t op  m e t r e  of t h e  unit, part icularly about  0.5 m 
f rom t h e  top where  a thin gravel  band probably r ep re sen t s  a 
lag  deposit  developed through erosion and sorting of some  of 
t h e  s i l t  and c lay  by a slow s t ream.  

The lower deposi t s  a r e  overlain by I1  m of sand, f o r  
t h e  mos t  p a r t  strongly c ros s  and channel  bedded (Fig. I). Most 
of this sand is  coa r se  and conta ins  g r i t  and pebble bands, and 
so  i t  is no t  su i table  f o r  pa leomagnet ic  studies.  However, t w o  
bands of f iner,  horizontally bedded mater ia l ,  about  7 and 9 m 
above t h e  base  of t h e  unit, we re  sampled (samples S and TI. 

The coa r se  sand i s  overlain by 6 m of buff s i l t  and f ine  
sand. This unit ,  which fo rms  a near-vertical  cl iff  face ,  
conta ins  s ca t t e r ed  pieces of wood and near i t s  c e n t r e  is  
c rossed by a 1 m thick pea ty  band. Sample  U c a m e  f r o m  t h e  
top  m e t r e  of this unit ,  which consis ts  mostly of f inely 
laminated ,  brown s i l t  and clay,  and which also probably 
r ep re sen t s  varves. This f i ne  ma te r i a l  is  covered by abou t  
0.5 m of lag gravel,  t h e  remnant  of fluvial erosion of t i l l  and 
outwash f r o m  t h e  f i r s t  Laurent ide  g lac ier  t o  overrun t h e  
region. This lag ma te r i a l  conta ins  t h e  f i r s t  s tones  f rom t h e  
Canadian Shield brought in to  t h e  a r e a  by t h a t  glacier.  

l ~ a n  Francisco S t a t e  University, California 

Much of t h e  section,  and par t icular ly  i t s  lower pa r t ,  
conta ins  s ca t t e r ed  bones. These  were  studied in de t a i l  by 
Dr. C.S. Churcher ,  Depa r tmen t  of Zoology, University of 
Toronto,  who concluded t h a t  most  of t h e  deposi t s  were  of 
Early Yarmouth age,  o r  perhaps l a t e  Kansan f o r  t h e  lowest  
p a r t  of t h e  sec t ion  (Stalker and Churcher ,  1972, p. 112). 

Paleomagnet ic  resul ts  

Al together  125 dr ive  c o r e  samples  were  col lec ted  f rom 
a 24 m thick sec t ion  a t  t he  horizons indicated in Figure  1. As 
t h e  samples  were  taken manually, only those  deposi t s  t h a t  a r e  
above t h e  level of South Saskatchewan River could be 
sampled; t h e  sec t ion  and sample  s i t e s  a r e  refer red  t o  by 
height above river. At  t h e  t i m e  of investigation r iver  level  
was about 4 m below t h e  irr igation pump on t h e  Mitchell  
homestead,  a sho r t  d i s t ance  f a r t h e r  downst ream.  

Declination,  inclination, and remanent  intensity 
(moment) w e r e  measured a t  t h e  s i t e s  indicated in Figure  I .  
The resul ts  given in Figure  1 a r e  t h e  ave rages  of ( t h e  number) 
N specimens f rom separa te ly  or iented  dr ive  cores  a t  each of 
t h e  l e t t e r ed  horizons. Where N i s  less  t han  5 t h e  resul ts  of 

H S I T E  a950 
MATERIAL N INCLINATION DECLINATION 

- N - 
r n *  m a  
0 . 0 . 9 0 . 0 .  

MOMENT 
(emu/cm3) 

a t  
300 O E R S T E D  

DEMAGNETIZATION 

H = height  in m e t r e s  above  level of South 
Saskatchewan River (note  change  of s ca l e  a t  7 m); 

S i t e  A = sampling horizon r e fe rence  l e t t e r ;  

N = number  of separa te ly  oriented dr ive  c o r e  
specimens; 

1395' = radius (in degrees)  of 95% zone of confidence.  

F igure  I .  Inclination, declination,  and moment  ( remanent  
intensity) of t h e  lower p a r t  of Mitchell  Bluff East. - 
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ce r t a in  specimens were  re jec ted because  they were  strongly 
divergent from the  c lus ter  of results a t  t ha t  horizon. The 
radius (in degrees) of t he  95% zone of confidence (1x95) also is 
given for  each horizon. Pilot  specimens f i r s t  were  measured 
fo r  natura l  r emanen t  magnetism (N.R.M.) and were  
remeasured a f t e r  demagnet iza i tons  of 25, 50, 100, 200, 300, 
400, 500, 600, 800 and 1000 oersteds.  The character is t ic  
magnetization was found t o  be  of a single component and well 
represented by t h e  direction of t h e  remanent  magnetization 
a f t e r  300 oersted demagnetization. The remaining samples  
were  measured fo r  N.R.M. and were  remeasured a f t e r  
demagnetizations of 100, 300, and 600 oersteds.  Clus ter  
s ta t i s t ics  for each of these  s teps  confirmed the  choice of 
300 oers teds  a s  bes t  representa t ive  of t h e  character is t ic  
direction. Abrupt directional changes  d o  not  occur in t h e  
inclination profile; however,  t he re  is  a shi f t  in the  declination 
profile a t  point J. Negative inclinations were  not found. 

Remanent  intensity (moment) f luctuates  in a some- 
what cyclic fashion between sample  locations C and L and 
then remains r a the r  stable.  This may re f l ec t  a change in t h e  
s t rength  of t he  geomagnet ic  field but  more  likely is a change 
in the  magnetic mineral consti tuents,  corresponding t o  a 
change in par t ic le  s i ze  distribution and orientation. 

Only a few exploratory samples were  collected and 
analyzed a t  points S, T, and U. The top pa r t  of t he  section 
(points R t o  U) will b e  sampled more thoroughly a t  a l a t e r  
da t e .  

In terpre ta t ion and discussion 

Most of these  mid-Pleistocene sediments  consist  of 
f ine  mater ia l  deposited under quiet  water  conditions, and 
they proved t o  b e  very sui table  for  t h e  study. Such sediments  
o f fe r  much promise fo r  fur ther  work towards  paleomagnetic 
'correlation. The major problem lies in the  difficulty of 
determining the  positions of any interruptions in deposition or  
erosion intervals t h a t  may b e  present.  

The 24 m sect ion examined was considered t o  have 
been deposited before  any Laurentide glacier had reached t h e  
a r e a  and so was considered to  consist  solely of mater ia l  
picked up from the  local Cretaceous  bedrock or else brought 

by e a s t  flowing rivers f rom . the  Rocky Mountains or t he  
Foothills. Such mater ia l  generally has  a weak natura l  
remanent  magnet ic  intensity;  thus  t h e  s t rength  of t h e  
intensity found in samples A t o  R was  a surprise. I t  may 
resul t  f rom a large,  bu t  previously unrecognized, component  
of shield mater ia l  introduced a s  outwash f rom a Laurentide 
glacier t h a t  blocked South Saskatchewan River t o  form t h e  
proglacial lake  in which the  sediment  was  deposited. On t h e  
o the r  hand, i t  may represent  a l a rge  c o n t e n t  of fresh volcanic 
ash  t h a t  fe l l  o r  was washed in to  t h e  lake  during deposit ion of 
the  sediment.  A third possibility is t h a t  preglacial  s t r eams  
brought in mater ia l  f rom an a r e a  containing much magnet ic  
mater ia l ,  such a s  the  Sweet  Grass  Bu t t e s  a r e a  near  t h e  
Montana-Alberta border. None of these  explanations,  
however, is  wholly sa t is fac tory .  Evidently t h e  supply of 
strongly magnet ic  mater ia l  had much lessened during deposi- 
tion of t h e  beds tha t  supplied samples S and T; those  beds 
consist  chiefly of mater ia l  f rom t h e  local  Cre taceous  beds 
and f rom t h e  foothil ls  and Rocky Mountains f a r the r  west. 

Conclusion 

These mid-Pleistocene sediments  have a strong, single 
component  cha rac te r i s t i c  magnetization. This implies t h a t  a 
more  extensive paleomagnet ic  sampling program might 
provide detailed la tera l  corre la t ions  for  this section. Such 
detailed s t ra t igraphic  work is important  t o  resolve a large  
number of faunal relationships in t h e  area .  
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URANIUM IN THE HELIKIAN OF THE NORTHERN 
CANADIAN CORDILLERA - A PRELIMINARY 
ASSESSMENT 

R.T. Bell 
Regional and Economic Geology Division 

Fairly d i r ec t  corre la t ion and t rac ing through the  
Mackenzie Mountains could be made, but  broader,  more  
e legant  correlations a r e  now becoming possible because of 
t h e  detailed s t ra t igraphic  s tudies  by Aitken (1975, 1977), 
Aitken et al .  (1978), and Eisbacher (1976) of the  Geological 
Survey, and by Delaney, Jefferson,  and Young of the  
University of Western Ontario. 

An important  barrier t o  correlation is the  Knorr f au l t  
Fraser et (1970) demonstrated a very general sys tem separa t ing the  Mackenzie Mountains ih the  eas t ,  and 

correlation of Helikian successions in  the  Cordillera with the  the Wernecke, Ogilvie, and British mountains in the west, in 
Helikian basins, largely dominated by continental  red beds, of that there is a distinct break in lithologies. 
the Canadian and suggested were Once 'Oexten- The past t w o  summers field experience leads the author  t o  
sive but  now a r e  separa ted by post-Helikian epiorogeny believe t h a t  a corre la t ion of L i t t l e  Dal Format ion with Unit  2 
f ea tu res  such a s  the  Slave Arch and Peace  River Arch. Their of Green (1972; see also Bell and Delaney, 1977) in the suggestion t h a t  t he  Cordilleran Helikian rocks a r e  eugeosyn- Wernecke and Ogilvie mountains may be possible. Young,s clinal does  not appear  t o  be  valid. Figure I ,  based in  pa r t  on (1977, s e e  Figure 18, columns 1 and 2) corre la t ion fu r the r  
thei r  paper, i l lustrates the distribution of Helikian and suggests to the author that unit of Green (1972) includes the probable Helikian rocks and pertinent paleocurrent data ' .  l a t e ra l  peli t ic equivalent of t he  Tsezotene and 

- -- - - - - 

'Pa leocurrent  direction in Mackenzie Mountains by D.G.F. Long (pers. comm.). 
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Tigonankweine-Katherine units. Shaley s t r a t a  in t h e  British 
Mountains in northernmost Yukon resemble those of the  
Ogilvie and Wernecke mountains but t h a t  is  a l l  t h a t  may be 
s t a t e d  on t h a t  mat ter .  

Corre la t ion  f rom t h e  Mackenzie Mountains t o  t h e  
Rocky Mountains is tenuous. Strikingly similar lithologies and 
environments  of deposition occur in pre-Aida rocks of 
nor theas tern  British Columbia and in  t h e  Helikian of t he  
Mackenzie Mountains. The s a m e  can  be  said (Bell, 1968) 
regarding correlation f rom nor theas tern  t o  southeas tern  
British Columbia and t h e  Belt  or Purcell  succession there .  

Implications 

Uranium mineralization (Fig. I )  is present within sand- 
stones,  peli tes,  volcanics and a t  unconformities related t o  
Helikian basins of t he  Canadian Shield. Uranium mineraliza- 

with copper i s  reported f rom t h e  Belt-Purcell  
:Ge:F$R. Morton, pers. comrn.). Uranium rnineralization 
i s  present in dark shales of t he  Wernecke and Ogilvie 
mountains (Bell, 1978). I t  i s  therefore  concluded t h a t  t h e  
Helikian rocks in t h e  Cordil lera provide a f e r t i l e  ground f o r  
explora t ion  of th is  commodity.  Three  s t ra t igraphic  t a r g e t s  
a r e  suggested: 

1) Texas  s ty l e  uranium sandstone mineralization in 
sandstones in environments  above mar ine  wave base 
(beach, bar,  lagoon del ta ic)  with par ts  of t he  
Tigonankweine, Tsezotene ,  Katherine,  Tuchodi and 
Chischa format ions  being favourable;  

2) Black shale  uranium mineralization with pa r t s  of 
Green's unit 1 Tsezotene ,  lower Aida and Tetsa  
format ions  being favourable;  

3)  Copper-bearing shale  (Kuperschiefer)  with pa r t s  of 
Green's unit  2, L i t t l e  Dal, Coppercap, Tuchodi, George  
and Chischa format ions  perhaps being favourable.  
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PRELIMINARY SUBDIVISIONS O F  THE MALTON GNEISS 
COMPLEX, BRITISH COLUMBIA 

V.E. Chamberlain1, R. St. J. Lamber t l  and J.G. Holland2 
Regional and Economic Geology Division 

The Malton Gneiss was mapped and defined by Campbell  
(1968) a s  a 1000 km2 mass of amphibolite fac ies  gneiss crop- 
ping ou t  in the mountains southeast  of Valemount, B.C. 
(centred on 52'35'N and 119"W). As mapped by Campbell  
(op. cit.), the  bulk of the  Gneiss lies t o  the  west of t he  Rocky 
Mountain Trench (Fig. I ) .  Two outcrops however, a r e  shown 
e a s t  of t he  Trench: one in the  Bulldog Creek a r e a  (approx. 
4 km2)  and one a t  The Cherr ies  (approx. 80 krn2). The pres- 
e n t  studies were  init iated in  part  t o  determine how fa r  the 
gneiss eas t  of the Trench can truly be equated with tha t  on 
the  west,  and so t o  place some limits on movement along the  
Trench. 

Reconnaissance of the  most accessible pa r t s  of t he  
Malton Gneiss (in the  Canoe Mountain a rea  t o  the west of the 
Trench) has  revealed a t  l ea s t  four geochemically and petro- 
logically distinct units - all  of igneous character .  These 
units (labelled I t o  4), a r e  shown in Figure 2 where  yttrium 
versus niobium contents  of the  rocks a r e  plotted.  These 
particular t r ace  e lements  were chosen a s  pa ramete r s  because 
they  a r e  relatively iner t  during metamorphism and because 
they appear t o  be diagnostic of each unit. Group 1 consists of 
"mafic" hornblende and hornblende-biotite tonal i te  and 
diorite gneiss with high potassium contents.  These rocks 
occur near the  top  of Canoe Mountain, and again near the  
foot ,  where they have been intruded by the  leucocrat ic  
alkaline gneissic sheets  of group 3. Gneiss of group 4 forms a 

(as mapped by Campbell, 1968) 

0 2 4 6 8 1 0  - 
Kilometres 

Figure I. Map showing location and outcrop of Malton 
Gne iss. 

subset of alkaline grani te  gneiss with h.igher y t t r ium contents  
than that  of group 3. Group 4 gneiss also occurs  a s  intrusive 
shee t s  into maf ic  gneiss of group 1 and reconnaissance of the  
remainder of t he  Complex shows tha t  it a lso  occurs  else- 
where. Gneiss of group 2 occurs a s  isolated outcrops on 
Canoe Mountain. I t  appears  t o  underlie upper group 1 gneiss 
conformably and form par t  of the  same  s t ructura l  sequence. 
Group 2 gneiss is non-alkaline grani t ic  and tonal i t ic  of ten  
garnetiferous,  with character is t ica l ly  low yt t r ium and 
niobium con ten t s  and with Y/Nb ra t ios  of about  2. 

Rb-Sr isotopic analyses of these suites of rocks suggest 
l a t e  Proterozoic  ages  for  gneiss of groups 1, 3 and 4 and an 
Archean age for  some group 2 gneiss; however there  is 
considerable sca t t e r  of t he  data ,  and in terpre ta t ion is beyond 
the  scope of this note although preliminary U-Pb isotopic and 
petrographic studies on bulk zircons f rom group 2 gneiss 
roughly confirms the  Rb-Sr age.  

Preliminary geochemical and petrographic work on a 
fu r the r  200 samples of gneiss f rom less accessible par ts  of 
t he  Malton Gneiss, including those outcrops on the  eas t e rn  
side of the Rocky Mountain Trench, has  revealed tha t  t he  
a r e a  may be divided in to  four geographical regions, which 
appear  t o  have a geological basis. 

I. The Malton Range, extending f rom Canoe Mountain 
in the  north t o  Clemina in the  south. Over this region, t h e  
fourfold division of gneiss established on Canoe Mountain 
seems  t o  hold, with group I occupying most  of t he  higher 
ground. 

2. Northern Monashee Mountains, immediate ly  south of 
t he  Malton Range and extending f rom C l e m ~ n a  In the  north t o  
Lempriere  in the south. Over this region t h e  rocks a r e  ra ther  
v a r ~ e d .  Some a r e  s i m ~ l a r  t o  those found on Canoe Mountain 
but K-feldspar porphyrit ic gneiss of granodiorit ic and granitic 
na tu re  a r e  prominent near Mount Albreda. 

3. The Bulldog Creek a rea ,  e a s t  of t he  trench, is 
comparatively poorly exposed, but a l imi ted  number of 
samples show considerable geochemical and petrological 
similarity t o  units 1 and 2 of the  Canoe Mountain a rea ,  
although strongly sheared. Felsic gneiss of types  3 and 4 has  
not yet  been identified. Identity with the  Canoe Mountain 
block seems  t o  be t h e  most likely solution. 

4. The gneissic rocks on The Cherries,  separa ted f rom a 
massive muscovite psammite  unit of Miet te  Croup schist  by 

'Mohc' gne~ss 
12 0 'Felsic' gnwsss + Alkolme gneiss 

Figure 2. Yt t r ium and niobium contents  of Malton Gneiss. 
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mylonitic schist ,  d o  not  conta in  any units which can  be  
co r r e l a t ed  petrologically or geochemically with those  west of 
t he  Trench. A general  similari ty of appearance  i s  caused by 
the  occurrence  of maf ic  hornblende-gneiss shee t s  in both 
a r eas ,  but  t h e  average  fe ls ic  gneiss of The Che r r i e s  appears  
t o  be  metasedimentary  in  origin with a petrography and 
chemis t ry  re la ted  t o  arkose  o r  arkosic qua r t z i t e ,  not  very 
dissimilar f rom those in t he  Miet te  Group. Preliminary Rb-Sr 
work a l so  suggests lack of identi ty with t he  Malton Gneiss. 
Indications are ,  therefore ,  t h a t  The Cherr ies  gneiss and 
Malton Gneiss proper a r e  not  t r u e  correlatives.  

In conclusion, t h e  Malton Gneiss appears  t o  be  a meta-  
igneous shield-type rock. Corre la t ives  a r e  probably bes t  
sought t o  t he  south and southeas t  ra ther  than t o  t he  north and 
nor theas t .  

Re fe rences  

Campbell ,  R.B. 
1968: Canoe River, British Columbia;  Geol. Surv. 

Can., Map 15-1967. 

Wheeler, J.O., Campbell ,  R.B., Reesor,  J.E., and 
Mountjoy, E.W. 

1972: St ructura l  s ty le  of the  southern  Canadian 
Cordil lera;  Field Excursion XOI-AOl, XXlV Int. 
Geol. Cong., Montreal ,  1972. 



THE EFFECT OF BOTTOM-FAST ICE 
ON THE STAGE-DISCHARGE RELATIONSHIP 

P.A. Egginton 
Terrain Sciences Division 

Jntroduction 

As par t  of an  environmental monitoring program of 
bridge crossing s i t e s  along Mackenzie Highway, observations 
have been made on breakup, highwater,  and backwater  
events,  and s t ream stabili ty on rivers in t h e  For t  Norman- 
Wrigley area ,  Northwest Terr i tor ies  (Egginton, 1976; Egginton 
and Day, 1976, 1977). 

The rivers in this a r e a  have a nival regime. The 
precipitation accumulated over t h e  seven winter months is 
released in the  spring in a period of a few weeks. The 
balance of t h e  flow is sustained throughout t h e  season by 
mel t  f rom a reas  of high elevation and by summer storms. In 
the  study a r e a  i t  is suspected t h a t  t he  highest discharges (i.e., 
design floods) on t h e  rivers a r e  reached a s  t h e  result  of a 
combination snowmelt-precipitation event ;  these  floods likely 
occur  in t h e  early spring (Jasper and Anderson, 1977). Flood 
s t age  is an  important  design consideration a s  i t  is used t o  
ca lcula te  flood discharge, flood velocity, and expected scour. 
The spring flood is dominant,  and, a s  such, t h e  e f f e c t  of 
bottom-fast  i ce  on t h e  stage-discharge relationship is of 
considerable interest .  

Ice and S tage  

In the  study a r e a  pre-freezeup discharge in s t r eam 
basins of less than 1000 km2 character is t ica l ly  drops t o  less 
than 1 m3/s ,  and excep t  for deep pools, the  rivers commonly 
f r e e z e  t o  t h e  bottom. Bottom-fast  i ce  therefore  is l imited t o  
low flow channels and is a t  maximum thickness in pool 
sequences where ice depths may exceed 1.5 m. 

Figure 3 shows a pool section of Li t t le  Smith Creek 
(Profile I )  as i t  was viewed on April 18, 1976. Much of the  
snow had mel ted  f rom t h e  flood plain and only t h e  low flow 
channel remained snow and ice covered when flow com- 
menced. Using a bench mark sys tem installed along t h e  river 
i t  was possible t o  survey severa l  cross-sections during 
breakup. Two t ransects  were  run across Profile 1 in l a t e  
April, revealing t h e  presence of a degrading shee t  of bottom- 
f a s t  i ce  (Fig. 1). Bottom-fast  i ce  was  found in a l l  pools 
sampled in l a t e  April 1976 in the  lower Li t t le  Smith Creek 
basin. 

APRIL 2 9  

Figure I .  Transects,  Profile 1, L i t t l e  Smith  Creek,  April 29 
and 30, 1976. During both t ransects  t h e  bed was  
i c e  covered. The profile change over t i m e  results 
f rom t h e  degradation of bottom-fast  ice. 

The e f f e c t  of bot tom-fas t  ice  on t h e  stage-discharge 
relationship is i l lustrated by two  profiles on Li t t le  Smith 
Creek (Fig. 2). In both cases  t h e  lower and l a t e r  discharges 
(i.e., discharges occurring a f t e r  May 10) plot a s  a s t ra ight  line 
on semi-logarithmic paper. The larger,  ear l ier  f lows occurred 
at higher s t age  elevations than might b e  expected purely on 
the  basis of an  extension of t h e  low flow relationship, a s  the  
i ce  ef fect ively  e levated t h e  bed. It is possible at higher 
discharge values, for t h e  sect ions  studied, t h a t  s t a g e  does  not 
vary a s  a simple semi-logarithmic function of discharge.  I t  is 
impossible, however, t o  discern t h e  e f f e c t  of (non-ice) 
channel shape on the  relationship because  of t h e  overriding 
influence of t h e  bot tom-fas t  ice. 

A portion of t h e  s t a g e  record, Profile 1, L i t t l e  Smith 
Creek,  is shown in Figure 4. According t o  this record, river 
s t age  and presumably discharge decreased f rom April 29 
onward. It was determined f rom s t age  da ta  a t  o the r  'non-ice' 
stations,  however, t h a t  peak annual s t r eam discharge was 
reached on t h e  night of May 2, 1976 (cf. Fig. 4). The 
recorded s t age  decline a t  Profile 1 merely  ref lec ts  t h e  
degradation of anchor ice  through t ime  which effect ively  
lowers t h e  s t r eam bed. 
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Figure 2. Stage-discharge relationships for  two  profiles on 
Li t t le  Smith Creek,  1976. The higher s t age  
discharge readings (open triangles) were  taken 
when bottom-fast  i ce  was  visible on t h e  bed. The 
lower stage-discharge readings (solid tr iangles) 
were  taken under 'non-ice' conditions. 
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Figure 3. Ice conditions a t  Profile I on Li t t le  Smith Creek,  April 18, 
1976. The line positions t h e  surveyed t r ansec t s  shown in 
Figure 2. CSC 203165-C. 

On a larger scale,  t he  en t i r e  flood plains of t h e  study 
s t r eams  commonly a r e  snow covered in ear ly  spring, and t h e  
initial flow may be  over the  snow. Figure 5 shows a portion 
of the  Li t t le  Smith Creek flood plain tha t  remained covered 
with an  ice-crusted snow layer throughout the  1977 spring 
flood. The e f f e c t  of t h e  snow on the  stage-discharge 
relationship can b e  expected t o  be  similar t o  t h a t  of bottom- 
f a s t  ice; however, t h e  snow usually does not persist  through- 
out  t h e  ent i re  flood period. 

The t ime  distribution of the  spring flood may limit  t h e  
ex ten t  t o  which snow and bottom-fast  i ce  modify t h e  s tage ,  
discharge,  and hydraulic relationships of a s t ream.  It is 

3 0 1  2 3 4  
APR. MAY 

Figure 4. S t age  record for  Profile I ,  Li t t le  Smith  Creek,  
1976. The maximum yearly discharge was  reached 
on the  night of May 2 in spi te  of a declining s t a g e  
record f rom April 29 onwards. This irregularity 
resul ts  f rom river flow over a degrading bed of 
bottom-fast  ice. 

expec teb  t h a t  those s t r eams  with peaked spring flood 
hydrographs (i.e., t h e  spring , flood passes 
quickly) a r e  influenced by snow and bottom-fast  
ice  to  a greater  degree  than s t r eams  with less . . 
peaked floods because snow and bottom-fast  i ce  
d o  not persit  through long duration floods. 

The presence of bottom-fast  i ce  in a 
section, through breakup, has several 
implications: 

( I )  The s t r eam may be competent  t o  transport  
large  mater ia l  enter ing the  reach because of 
t h e  low frictional resistance of t h e  ice  t o  
mater ia l  moving over i t .  

(2 )  The bed may be  protected f rom t h e  high 
erosive velocit ies associated with higher 
discharges. 

( 3 )  A st ream flowing over a layer of bottom- 
. ,  

f a s t  ice  maintains a higher s t age  than a t  similar , , 

discharge under non-ice conditions. Thus, in 
ce r t a in  reaches,  and under ce r t a in  i ce  condi- 
tions, a flood may occur  a t  higher elevations 
than expected on t h e  basis of flood magnitude 
alone. 

( 4 )  The extension of the  s t age  records derived Figure 5. Snow and remnant  debris remaining on t h e  flood plain of L i t t l e  
under non-ice conditions in such sections,  or t h e  Smith  Creek a f t e r  t h e  passage of t h e  1977 spring flood. The snow 
use of t h e  slope a r e a  method (using highwater he re  is approximately 0.6 m deep  and covers 50 per c e n t  of t h e  
marks), t o  determine peak discharge, may lead a c t i v e  flood plain. GSC 2-27-77. 
t o  erroneously high results. For example,  t h e  
1976 peak discharge calculated using the  slope 
a r e a  method and t h e  highwater marks a t  
Profile 1, Li t t le  Smith Creek, was  56.5 m3/s,  
whereas  t h e  a c t u a l  peak flow was  25.2 m3/s.  
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AN APPARATUS FOR THE MEASUREMENT OF 
RlVER STAGE 

P.A. Egginton 
Terra in  Sciences Division 

Evaluation 

S tage  readings a r e  a c c u r a t e  t o  t h e  nea re s t  0.6 m m  ( the  
thread spacing on t h e  f l oa t  runner). The  r eco rde r  functions 
well even when s t r eam depth  i s  less  t han  3 c m .  The recorder  
proved very useful on s t r eams  where  only maximum and 
minimum s t age  records  were  required. The major  benef i t s  of 
t h e  a p p a r a t u s  a r e  i t s  portabil i ty,  accu racy ,  and low cost .  I t s  To  f ac i l i t a t e  s t r e a m  gauging in r e m o t e  a r e a s  where  a i r  major  drawback i s  t h a t  t h e  ins t rument  i s  n o t  a u t o m a t i c  and o r  genera l  t ranspor ta t ion  i s  l imited,  severa l  low c o s t  (less requires manual resetting of the maximum and minimum 

than  $30 each),  l ight weight,  por table  plexiglass s t age  floats, 
recorders ,  su i table  for  carrying in back packs,  were  
const ructed .  

Each s t age  recorder  consis ts  of a plexiglass st i l l ing 
well, f loats,  two  f loa t  runners,  a n  input tube,  and a plywood 
base  (Fig. 1). The bas ic  f r a m e  is a 0.5 c m  thick,  7.5 c m  I.D. 
plexiglass tube,  1.25 m in length. Each f loa t  cons is ts  of t w o  
lengths  of thin walled plexiglass tubing, one  2.5 c m  in 
d i ame te r  and t h e  o the r  1.25 c m  in d i ame te r .  They a r e  sealed 
a t  both ends, one  inside t h e  o ther .  

The f loa t s  and f loa t  runners a r e  c r i t i ca l  t o  t h e  
opera t ion  of t h e  appara tus .  A sketch  enlargement  of t h e  
minimum wa te r  level recorder  (Fig. 1 )  shows t h a t  t h e  f l oa t  
slides on an  aluminum rod c u t  with a bu t t r e s s  thread (15.7 
th reads  t o  t he  cent imetre) .  The s ta in less  s t ee l  spring pe rmi t s  
t h e  f loa t  t o  slide f ree ly  down t h e  rod in response t o  w a t e r  
level decline;  however, when t h e  wa te r  level  rises, t h e  spring 
jams agains t  t h e  thread and t h e  minimum s t a g e  i s  recorded. 
The maximum wa te r  level recorder  d i f f e r s  f rom t h e  minimum 
recorder  only in t ha t  t h e  f l oa t  runner and f loa t  a r e  inverted 
in t h e  stilling well. S t age  i s  read re la t ive  t o  a s ca l e  mounted 
on t h e  outside of t h e  well. 

Installat ion and Operat ion  

The ups t ream end of t h e  input t ube  i s  covered by a 
porous c lo th  and i s  buried by boulders in a smal l  depression in 
t h e  s t r eam bed less than 10 m f rom t h e  ins t rument  (Fig. 2). 
The d is tance  i s  no t  cr i t ica l ,  bu t  i t  should b e  smal l  enough t o  
p reven t  t h e  format ion of a i r  bubbles within t h e  t ube  and 
should be  l a rge  enough t o  ensure  adequa te  head and w a t e r  
levels in t h e  recorder .  Higher wa te r  levels a r e  read more  
easily and comfor tably .  Rocks a r e  placed on t h e  plywood 
base  t o  support  t h e  recorder  and smal l  guy ropes may be  
used. In ce r t a in  ca ses  i t  may be des i rable  t o  s e t  up t h e  
recorder  outside of t h e  s t r e a m  bed. 

Figure  2. The maximum-minimum wa te r  level  recorder  
installed on a s t eep  s t r eam.  Note  t h e  location of t h e  
open end of t h e  input  t u b e  s o m e  7 m upst ream f r o m  
t h e  recorder.  The  input  t u b e  i s  positioned t o  ensu re  
adequa te  head (H) in t h e  well. GSC 203165-F. 
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Figure 1. Line d iagram il lustrating the  maximum-minimum s t age  recorder .  The enlargement  shows t h e  minimum wa te r  lever  recorder.  
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RECONNAISSANCE PALEOMACNETISM OF THE The stabili ty of t h e  N R M  was t e s t ed  by partially demag- 
ORDOVICIAN ROBERTS ARM CROUP VOLCANICS, netizing t w o  specimens f rom each s i t e  in a l ternat ing mag- 
NEWFOUNDLAND ne t i c  f ie lds  (AF) of s tepwise  increasing in tens i ty  up t o  500 oe. 

The intensity decay curves  (Fig. 2A) suggest good stabil i ty for 
E.3. Schwarz and H.H. Bostock s o m e  samples over t h e  whole coercivity range a f f e c t e d  by t h e  
Regional and Economic Geology Division t r e a t m e n t  (e.g. 72-2, 68-2) while o thers  (e.g. 59-2, 55-2) 

showed t h e  presence of l a rge  low coerc ivi ty  components.  The 
direction of many specimens turned away f rom the  present  

Introduction local field direction indicatinn t h e  removal of a recent lv  

Oriented drill cores  (5  or 6) were  col lec ted a t  each  of 29 acquired component (e.g. 77-2,-63-6 on Fig. 28). However,  a 
in the Roberts Arm Group basic volcanics, used for number of were not 

paleomagnetic investigation. The Rober ts  Arm Group occurs a f f e c t e d  by t h e  AF t r e a t m e n t ,  and the  angle  between t h e  t w o  

essentially in two s teeply  dipping f au l t  blocks (Bostock, '1976). --+- 
The objectives of this study were  t o  co r re l a t e  between the  1.0 r0=T\ b. 
blocks using magnetostratigraphy and t o  der ive  a pole \ ,  "\ 
position for comparison with pole positions obtained by others  
(e.g. Deutsch and Rao, 1977) for  lower Paleozoic  rocks f rom 
eas t e rn  Canada. 

A 
The southern faul t  block consists of a northwest-facing JN 

homocline of basic pillow lavas, large  lenses of pillow 
breccia,  some  che r t  and greywacke interbeds,  and small ,  
probably synvolcanic intrusive gabbroic bodies (Fig. 1). It is 
separa ted f rom the  northern block by a northeast-trending \ 
f a u l t  of unknown displacement.  The nor thern  block is of --‘-.68-2 
similar lithology and s t ruc tu re  but also includes a grani t ic  
pluton, t h e  Sunday Cove grani te ,  which is intrusive into pillow 
lavas and is thought t o  have been t h e  source  of felsic lavas \ 

and breccias  which form volcanic cen t r e s  in t h e  upper par t  of 
t h i s  block. Opaque grains in these  volcanics a r e  commonly 
a l tered to  leucoxene-like mater ia l  but s ca t t e red  magnet i te  'l-• 72-5 
grains  a r e  also observed (up t o  0.2 mm). The general  geology \ 

and location of most sampling s i tes  a r e  indicated on Figure I. 

'k 
Remanen t  Magnetization I ~ * - t - - - + - - - 4 5 9 - 2  

Two cylindrical specimens  were  c u t  f rom each of t h e  5 or  0 100 200 300 400 500 Fj$ 
6 co res  col lec ted a t  each site.  Determination of t h e  Natural  
Remanent  Magnetization (NRM) showed t h a t  t he  within-core N 

and within-site ag reemen t  in intensity is good but  varies 
great ly  from s i t e  t o  s i t e  ( ~ O - ~ t o  lo-? emu/g). Within-core 
directions,  however, d i f fer  by an average of 20°, and t h e  
within-site s ca t t e r  was large  fo r  all  bu t  a f e w  sites.  

49'32' 
0 Ki lomet res  

H A L L S  B A Y  

Figure 2. E f fec t  of A F  t r e a t m e n t  up t o  500 o e  (100, 150, 200, 
250, 300, 400, 500) on intensity (A) and di rect ion 
(B) of magnet iza t ion of t e s t  specimens. The 

56'03 ' ssOsl numbers indicate  s i t e  followed by c o r e  number. 
Figure I. Geological map showing t h e  sect ion sampled Open c i rc les  and do t s  indicate  respectively upward 

within the  Rober ts  Arm Group (modified f rom and downward north-seeking directions.  Equal a r e a  
Bostock, 1976). Sample s i t e s  a r e  indicated. s tereographic  projection. 
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(South) "+ : 

Figure 3. Specimen directions for the  South block (A) and the  North block (B). Triangles and c i rc les  indicate  respectively 
directions a f t e r  200 and 300 o e  demagnetization. Open and closed symbols indicate  respectively north-seeking 
directions in the  upper and lower hemispheres. The dashed line indicates t h e  approximate  g r e a t  c i r c l e  path along 
which magnet ic  directions tend t o  r o t a t e  away f rom t h e  present  local geomagnet ic  field direction indicated by x. 

t e s t  specimens did not dec rease  (e.g. 59-2, 59-5, 72-2, 73-4 on 
Fig. 2B). This observation and the  very high within-core and 
within-site s ca t t e r  render the  results (with possible exception 
of 59 and 72) unacceptable for detailed paleomagnetic 
analysis. For this reason, all o the r  specimens were  t r e a t e d  in 
fields of 200, 250, and 300 oe ,  and the  individual specimen 
directions were  plotted in Figure 3A and B t o  s e e  if t h e  d a t a  
allowed a qualitative in terpre ta t ion.  

The d a t a  for  both t h e  South f au l t  block (Fig. 3A) and t h e  
North block (Fig. 3B) suggest t he  presence of t w o  components 
( I )  North-down in t h e  approximate  direction of t h e  local 
field, and (2) east-southeast-up. In addition t h e  relatively 
coherent  si tes,  72 and 73, col lec ted in the  village of Rober ts  
Arm (2 miles eas t  of t he  map-area,  Fig. I )  show a concentra-  
t ion of directions toward south-southeast  and up. Flows at 
these  s i tes  s t r ike  090 and dip 85 degrees  south whereas  those 
along t h e  sample  sect ion s t r ike  045 and dip mostly about  75 
degrees  southeast  through both f au l t  blocks. Consequently,  
this south-southeast-up direction can be  brought i n t o  coinci- 
dence with t h e  east-southeast  direction by unfolding (rotation 
around strike). This implies t h a t  t h e  east-southeast-up 
direction is older than t h e  folding (probably Acadian). 
Correction for the  t i l t  of t he  blocks yields a genera l  east- 
southeast-down (30" )  direction if t h e  low inclinations a r e  
regarded a s  hybrids containing an appreciable young compo- 
nen t  directed north-downwards, resulting in a markedly 
s t reaked distribution. The general  east-southeast-down 
di rect ion is similar t o  t h e  well-defined directions l isted by 
Deutsch and Rao (1977) for nearby volcanics and sediments  of 
ear ly  Paleozoic age. 
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OCCURRENCES OF DISRUPTED BEDROCK ON THE 
GOULBURN GROUP, EASTERN DISTRICT OF MACKENZIE 

R.N.W. DiLabio 
Terra in  Sciences Division 

Reconnaissance fl ights in a fixed-wing a i r c r a f t  were  made 
in l a t e  July 1977 t o  observe  t h e  surficial  geology of NTS map- 
a r e a s  76 E, F, G, J, K, L, 86 H, and I. Areas  of highly 
disrupted bedrock were  noted  in t h e  southwestern pa r t  of t h e  
Tinney Hills map-area (Fig. I) .  Such disruptions have been 
noted  e lsewhere  on the  perennially f rozen pa r t s  of t h e  
Canadian Shield and cons t i t u t e  one  s ty l e  of bedrock heaving 
t h a t  could be  a hazard t o  genera l  or pipeline construction.  

The most common types  of disruptions a r e  cra ter - l ike  
depressions, 1 t o  6 m in d i ame te r ,  with e levated  rubble rims 
(Fig. 3). Most c r a t e r s  occur  on glacial  e r ra t ic- l i t te red  
bedrock surfaces ,  but a f e w  occu r  on bedrock su r f aces  in t h e  
shallows of small  lakes. Pervasively f r ac tu red  bedrock 
(Fig. 4) is  an  associated f e a t u r e  in places. The f r ac tu re s  
resemble  f ros t  cracks,  but  t hey  may mimic  jointing. 

The disruptions observed in 1977 occur  on gent ly  dipping 
beds  of t he  Burnside River and Quadyuk format ions  of t h e  
Goulburn Group (Fig. I). The rock types  t h a t  could be  
involved a r e  quar tz i te ,  subarkose,  quartz-pebble conglomer- 
a t e ,  a renaceous  dolostone, doloarenite,  s t roma to l i t i c  carbon- 
a t e s ,  and c las t ic  ca rbona te s  (Campbell  and Ceci le ,  19761, but 
i t  is not  known if t h e  disruptions a r e  res t r ic ted  t o  ce r t a in  of 
t h e  rock types. Similar occu r rences  of c r a t e r s  have  been 
observed in t h e  Dis t r ic t  of Keewat in  by Shilts et al. (1976) on 
vertically dipping qua r t z i t e s  of t h e  Hurwitz Group near  Ca r r  
Lake  (Fig. 5). F.W. Chandler (pers. comm., 1977) observed 
conical  heaves  of horizontally shee t ed  grani t ic  rocks  (Fig. 6) 
near  McQuoid Lake, Dis t r ic t  of Keewatin.  

Figure 2. Schemat i c  diagram of t he  development  anci 
collapse of a heave  in bedrock. Diagram A shows 
heaving and f r ac tu r ing  of a bedrock s lab  pushed up 
by a n  ice  lens. Diagram B shows mel t ing  of t h e  
i ce  lens a f t e r  f rac tur ing  and sliding of t h e  heaved 
slab. Diagram C shows cen t r a l  c r a t e r  surrounded 
by a rim of rubble produced by sliding and 
subsidence of t h e  broken rock. 
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Figure 1. 
Location map showing a r e a s  of disrupted bedrock 
in t h e  southwestern  pa r t  of t h e  Tinney Hills map- 
a r e a  (76 J). Black c i r c l e  = a r e a  of cra ters .  X = 
a r e a  bf f rac tured  bedrock. Areas  B and Q a r e  
underlain by Burnside River  and Quadyuk forma-  
tions (Campbell  and Ceci le ,  1976). Figure 3. High-angle aer ia l  view of c r a t e r s  on Burnside River Forma- 

t ion  rocks. Most have collapsed t o  fo rm rimmed c ra t e r s ,  but 
a f e w  show conical  shapes. Scale  bar is about  50 m long. 
(GSC 203266-8) 
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Flgure 4. Hlgh-angle a e r ~ a l  vlew of f r ac tu red  Burnside Rlver  Format101 
rocks. Scale  bar i s  about  50  m long. (GSC 203266) 
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Figure 5. Low-angle aer ia l  view of c r a t e r s  on Hurwi tz  Group qua r t z i t e s  
near  C a r r  Lake, ea s t e rn  Dis t r ic t  of Keewatin.  Field of view 
in c e n t r e  of photo is  about  100 m wide. (GSC 203266-D) 
Photo  by W.W. Shilts. 

The c r a t e r s  in bedrock appear  t o  occur  
preferent ia l ly  on relatively thickly bedded or 
sheeted  hard rocks, but i t  is not known why only 
smal l  pa r t s  of t h e  outcrop a r e a s  of bedded, hard 
rock units a r e  suscept ib le  t o  this t ype  of failure.  It 
is hypothesized t h a t  a c r a t e r  develops by t h e  
format ion of a conical  heave  of bedrock over  an  i ce  
lens. Frac tur ing  of t h e  overlying rock c r e a t e s  slabs 
t h a t  slip t o  t h e  base  of t h e  cone. Ul t imate ly  t h e  
ice  lens is exposed and mel ts ,  forming a c r a t e r  with 
an  e levated  rim of rubble heaved f rom t h e  c e n t r e  
of t h e  cone (Fig. 2). Such f e a t u r e s  a r e  tenta t ive ly  
considered t o  be  analogous t o  t h e  open sys tem type  
of pingos (Miiller, 1959). The c r a t e r s  form a s  a 
resul t  of f ro s t  heave  caused by t h e  development  of 
i ce  lenses  on bedding o r  sheet ing  planes. It is  
possible t h a t  local  t he rma l  and/or groundwater  
conditions govern the i r  distr ibution.  
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Figure 6. Conical  heave  of horizontally shee t ed  grani t ic  rock near  
McQuoid Lake, ea s t e rn  Dis t r ic t  of Keewat in .  Hammer  is 
40 c m  long. (GSC 203266-E) Photo by F.W. Chandler.  



QUALITATIVE RATES O F  FROST HEAVING IN GNEISSIC 
BEDROCK ON SOUTHEASTERN BAFFIN ISLAND, 
DISTRICT O F  FRANKLIN 

A.S. Dyke 
Terrain Sciences Division 

There a r e  a t  leas t  two  approaches t o  the  problem of 
establishing r a t e s  of f ros t  heaving: ( 1 )  the  study of ac t ive  
processes - e.g., detailed levelling and relevelling of a 
number of small  study s i tes  t o  measure short  t e r m  r a t e s  of 
movement of bedrock blocks, and (2) t h e  rnorphostratigraphic 
approach, by which a s ta t i s t ica l  study is  made of the  amounts  
of block displacement on a number of morphologic units of 
known age. Both a r e  probably necessary and fruitful. The 
purpose of this note is t o  point out t he  potential  of using the  
s t ra t igraphic  method, t o  suggest a rough research design, and 
t o  warn against  possible misinterpretations of d a t a  col lec ted 
f rom a reas  (such a s  the Arct ic  Islands pipeline route) where 
t h e  s t ra t igraphic  f ramework has  not been deciphered. 

Table I 

Summary of the  weathering properties of t he  
morphostratigraphic units in the  

Clearwater  Fiordlwestern Penny Ice Cap, a r e a  

Morphostratigraphic *ge Weathering 
Unit (years) 

Inner Penny moraine 400 Glacial  polish and s t r i ae  
well preserved. Surface  
of boulders and bedrock 
incompletely oxidized. 

Ou te r  Penny moraine 

Ranger moraine 

Pre-Ranger t e r r a in  

4500 Glacial  polish and s t r i ae  
well preserved. Minor 
f ros t  heaving. Complete  
oxidation and vegeta- 
t ion cover. 

8700 Minor f ros t  heaving. 
Glacial  grooves common 
but most polish and 
s t r i ae  destroyed. 

20 000 Felsenmeer.  
40 000 Few macropits 1 1 0  c m  

deep. Glacial polish and 
s t r i ae  destroyed. Few 
grooves remaining. - INXER PENNY END MORAINE 400 B.P.  

INNER PENNY EfORAINE 
(MORPllOSTRATIGRAPHIC UNIT) - OUTER PENNY END MORAINE 4500 B.P. 

OUTER PENNY MORAINE 
(MORPHOSTRATIGRAPkiIC UNIT) 

RANGER END MORAINE 8700 B.P. 

RANGER MORAINE 
(MORPHOSTRATIGRAPHIC UNIT) 

PRE-RANGER TERRAIN 
(MORPHOSTRATIGRAPHIC UNIT) 
20 000 - 40 000 B.P. 

Rupturing and dislocation of bedrock masses by f ros t  
heaving is a type of weathering. Quaternary  s t ra t igraphers  
have used d a t a  on di f ferent ia l  surface  rock weathering a s  a 
means  of re la t ive  age-dating morphostratigraphic units in 
many a reas  of the  world. The writer has used this technique 
in studying t h e  surficial geology and glacial  chronology of 
southwestern Cumberland Peninsula, Baffin Island (Dyke, 
1977). The rationale is  a s  follows: degree  of weathering, just 
a s  degree  of soil development,  i s  a function of c l imate ,  
parent  mater ia l  (structure,  lithology), topography (drainage), 
organisms, and t ime. If s i tes  a r e  se lec ted in such a way t h a t  
t he  f i r s t  four variables a r e  held roughly constant ,  then degree  
of weathering is  a function of the  length of t ime  t h a t  the  
parent  material ,  be i t  a bedrock outcrop or till c las t ,  has  been 
exposed t o  the weathering processes. 

Figure 1. A map of  morphostratigraphic units and t h e  major end moraines marking thei r  boundaries in t h e  Clearwater  Fiord/ 
western  Penny Ice C a p  a rea ,  Baffin Island, Northwest Territories.  Ages and weathering proper t ies  of t he  units a r e  
given in Table 2. 
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Table 2 

Qualitative grani t ic  gneiss weathering r a t e s  on southwestern Cumberland Peninsula 
(8, A5, e t c .  a r e  weathering zone designations) 

Weathering Zone 
and Accomplished 

I Duration of Weathering 
I I I I I 

One of the  most conspicuous di f ferences  between 
juxtaposed morphostratigraphic units on Baffin Island l ies in 
t h e  varying degrees  of f ros t  rupturing and dislocation of 
bedrock. Figure 1 shows four morphostratigraphic units in 
t h e  a rea  between the western lobe of the  Penny Ice C a p  and 
t h e  head of Cumberland Sound. Con tac t s  between the  units 
a r e  defined by major end moraines, and units a r e  named a f t e r  
t he  moraines tha t  form their  boundaries. 

rn 

Table I summarizes  the weathering properties of e a c h  
unit shown on the  map, and they a r e  discussed below in oroer 
of age. Methods of assigning absolute ages  a r e  discussed in 
Dyke (1977). The Inner Penny end moraine lies only 3 km 
f rom the ac t ive  margin of the ice cap. Ice r e t r ea t ed  f rom 
the  moraine about 400 years  ago, s o  bedrock behind i t  has  
been exposed t o  subaerial weathering for  less than 400 years. 
Most outcrops a r e  glacially polished and finely s r r ia ted  and 
show no sign of dislocation due t o  f ros t  heaving. 

Ice re t r ea t ed  f rom the  Outer  Penny end moraine about  
4500 years  ago. Polish and s t r i ae  a r e  well preserved on most 
outcrops. Most outcrops have not been disturbed by f ros t  
heaving; those tha t  have, show dislocations of only a few 
cent imetres .  

V) 

4 

Ice recession f rom the  Ranger end moraine commenced 
8700 years  ago. There  is a striking increase  in t h e  amount  of 
bedrock disruption behind this moraine a s  compared t o  the  
younger unit mentioned above', but the  glacially moulded 
surface,  displaying grooves and more  rarely s t r iae ,  is  st i l l  
easily recognized. 

Terrain beyond the  Ranger end moraine has  been 
exposed t o  subaerial weathering for some 20 000 t o  40 000 
years. There  the  original glacially moulded bedrock surface  
rarely is preserved. On the  contrary ,  bedrock blocks 
commonly exhibit I m or more of dislocation by f ros t  
heaving, or the whole bedrock surface  is mantled by 
felsenmeer.  

d 
4 

Similar d i f ferences  in weather ing between morpho- 
s t ra t igraphic  units were  observed in  o ther  pa r t s  of t he  study 
a rea .  These observations a r e  summarized in Table 2 which 
gives q u a l ~ t a t i v e  r a t e s  of weathering of grani t ic  gneiss. It is 
concluded t h a t  5000 t o  10 000 years  a r e  required t o  produce 
minor disruption of gneissic bedrock ter ra in ,  and 20 000 years  
or  more  a r e  required t o  produce fe lsenmeer  in this area .  

> I00  000 y 

The purpose of the  work described above was merely t o  
determine whether weathering di f ferences  exis ted  between 
t h e  various morphostratigraphic units. Hence, l i t t l e  e f f o r t  
was made t o  col lec t  quant i ta t ive  data .  I t  is  obvious, 
however,  t h a t  a reas  tha t  have a variety of ages  of ter ra in  a r e  
well suited t o  the study of weathering ra tes .  The quantifica- 
t ion of f ros t  heaving simply requires study s i t e s  within each  
morphostratigraphic unit where  various pa ramete r s  can  be 
measured (e.g. amount  of upthrust  of blocks re la t ive  t o  
adjacent  in si tu glacially planed surfaces ,  percentage of joint 
blocks exhibit ing displacement,  etc.). As  the  duration of 
weathering is relatively well known, t h e  t i m e  control  is 
provided. 

500 y 

20-40 000 y 

Sufficient denudation t o  produce tors. 
Extensive grusif ication of bedrock and 
boulders. 
Frequent occurrence  of macropits. 

Whereas, regional s t ra t igraphies  can provide the  basic 
f ramework for design of field research, s tudies  t h a t  a r e  done 
without knowledge of the  local Quaternary  s t ra t igraphy or  in 
a r e a s  where  t h e  s t ra t igraphic  f ramework has  not been 
deciphered, may lead t o  erroneous interpretations.  The most 
obvious danger i s  t ha t  of interpreting older terra.ins (those 
much disturbed by 1 f r o s t  heaving) a s  being relatively more  
sensit ive t o  the  process than adjacent  younger terrains.  

I 

Par t ia l  surface  oxidation. 

Complete  surface  oxidation. 

Minor surface  crys ta l  removal as indicated by 
destruction of s t r i ae  and polish. 
Minor disruption by f ros t  heaving. 

Sufficient crys ta l  removal t o  destroy a lmost  
a l l  s t r i ae  and grooves. 
Either major disruption by f ros t  heaving or  
felsenmeer cover.  
First  appearance of macropits and surface  
grusif ication of bedrock. 

60 000 y 

Refe rence  

Increased frequency of macropi ts  and more  
common surface  grusification of bedrock. 

Dyke, A.S. 
1977: Quaternary  geornorphology, glacial  chronology, 

and c l imat ic  and sea-level history of south- 
western Cumberland Peninsula, Baff in Island, 
Northwest Territories,  Canada; unpubl. Ph.D. 
thesis, University of Colorado, Boulder, 184 p. 



BEDFORM MOVEMENT STUDlES BY REMOTE SENSING Studv Area  
BALLOON TECHNIQUE IN MINAS BASIN, BAY O F  FUNDY 

Bernard F. Long and J.R. Belangerl 
At lant ic  Geoscience Centre ,  Dar t  mouth 

Introduction 

Studies t o  determine the  sediment t ranspor t  r a t e s  in the 
in ter t idal  and subtidal zones a r e  in  progress in the  Minas 
Basin, Nova Scotia (Fig. 1). The hydrodynamic, morphologic, 
and sedimentary f ac to r s  a re  being evaluated in this macro- 
t idal  environment.  Long (1977) a t t e m p t e d  t o  determine sand 
t ranspor t  r a t e s  and directions using a radioactive t racer .  His 
results,  however, indicated t h a t  i t  i s  necessary t o  distinguish 
between bedload transport  and bedf orm movement.  These 
two  movements a r e  largely due t o  two  di f ferent  hydro- 
dynamic  parameters:  waves and tidal cu r ren t s  (Long, in 
prep.). This in teract ion of processes produces a rapid 
variation of sand bar topography which is  i l lustrated by the  
burying of a cu r ren t  me te r  stand by 40 c m  of sediment 
between October  27 and November 12, 1976 (Figs. 2a,  b). The 
sand bar morphology evolved f rom a planar surface,  with no 
ripples in October 1976 (Fig. 3a) t o  small  megaripples in April 
1977 (Fig. 3b) and finally, t o  very high megaripples (amplitude 
= 1 m, wavelength = 3 m) in June 1977 (Figs. 3c,  d). 

The a im of the  present project i s  t o  t e s t  a new method 
of relating bedform movement and hydrodynamic conditions. 
The method consists of correlating measured t idal cu r ren t s  
with daily a i r  photo coverage of bedform movements obtained 
f rom a camera  suspended under a t e the red  tropospheric 
balloon. In the  next phase of the  program ( ~ c t o b e r  and 
November 1977), a sys temat ic  daily a i r  photograph survey of 
the  sand bar is planned t o  obtain quant i ta t ive  e s t ima tes  on 
t h e  bedform movement. 

Figure I. Bathymetry  of study a rea  in Minas Basin. The 
exper iment  s i te  is  located adjacent  t o  Economy 
Point in t h e  in ter t idal  area .  

The study a r e a  i s  t h e  in ter t idal  f l a t s  south of Economy 
Point (Fig. I), a t  t h e  juncture of the  Minas Basin and the  
Cobequid Bay. In this a r e a  the  t idal range of the Bay of 
Fundy i s  amplified by resonance. The maximum spring range 
is  17.7 m (Canadian Hydrographic Service,  1966). The Minas 
Basin is 77 krn long and up t o  31 km wide (Pelletier and 
McMullen, 1972). However, t he  marine passage between 
Minas Basin and Cobequid Bay t o  the  south of Economy Point 
i s  only 8.25 km wide. The in ter t idal  zone in th is  a r e a  is 
1.25 km wide on the .  north shore  (Economy Point) and 0.75 km 
on the  south shore (Cape Tenny). The per imeter  is  bordered 
by friable, Triassic sandstone cliffs which a r e  eroding a t  a 
r a t e  of 0.5 m/year (Amos and Joice ,  1977). 

Along the  south shore the  thickness of sediment  in t h e  
intertidal zone is minimal (At lant ic  Tidal Power Programming 
Board, wri t ten  comm., 1969), but on the  north shore a large  
sand bar complex up t o  5 m thick i s  present  between t h e  cliff 
and the  10 m isobath. Three  di f ferent  generations of 
bedforms a r e  developed on the  surface  of this sand bar 
complex: -ripples, dunes or megaripples,  and sand waves 
(Klein, 1970). Klein (1970) measured mean bedform move- 
ment  r a t e s  of 0.25 m/t idal  day, and Dalrymple (1977) 
measured r a t e s  of 0.2 m/ t idal  cycle  (0.4 m/ t idal  day) during 
neap t ide and 1.2 m/ t idal  cycle  (2.4 m/ t idal  day) during spring 
tide. Each of these  measurements  a r e  at only one location. 
The major goal of t h i s  study i s  t o  consider changes over t h e  
en t i r e  Economy Point sand bar sys tem by using a r emote  
sensing balloon. 

Equipment 

The equipment is composed of t w o  major parts: 

- t he  c a m e r a  and accessor ies  
- t h e  balloon and logistic equipment  

The camera  is  a motorized 70 mm Hasselbad type 500 EL/M. 
A 50 mm wide angle lens covers a ground a rea  of 90 000 m 2  
f rom an  a l t i tude  of 300 m. For t h e  best  resolution with 
precision t o  10 c m  on the  sand bar,  a balloon a l t i tude  of 
150 m is recommended. KODAK Plus X (ASA 125) Black and 
White film was used. The camera  is centred above fixed 
marks  and a radio-linked r emote  sys tem controlled the  
shut ter .  The c a m e r a  is placed inside a protect ive  box and 
suspended 15 m below the  tropospheric balloon. The balloon, 
which has a volume of 12 m3 ,  i s  manufactured by ZODIAC 
ESPACE and is inflated with helium g a s  (Fig. 4)  t o  a pressure 
suitable t o  t h e  wind conditions. If t h e  connection l ine breaks, 
a security valve, fixed on the  f ront  part  of the  balloon 
(Fig. 5b) automat ica l ly  opens. The 1000 m connecting line is 
made of high s t rength  (330 kgf), low density (2 g/m) "Kevlar" 
cable. The cable  is fixed t o  a winch mounted on a n  a l l  t e r r a in  
vehicle, type  A.T.V. ARGO (Figs. 5 a  and b) which moves t h e  
system on the  sand bar. 

I t  is possible t o  photograph a 1200 m by 600 m a r e a  with 
th is  equipment  in one hour. Each of the  36 square  f r a m e s  
covers  an  a r e a  of 1300 m 2 .  There  i s  a 50 per cen t  overlap 
between images. If the  overlap were  only 30 per cen t ,  t he  
a r e a  photographed can  be  increased t o  1900 m with a ground 
resolution of 0.2 m. A movable ground scale  consisting of 
two  black and white planks (0.5 m on side) connected by 5 m 
of cable  (one scale  of 6 m) provides ground control for each  
image. 

For a be t t e r  resolution during the  next phase of t he  
project,  KODAK AERO Color Negative No. 2445 will be used. 

Atlantic Oceanographic Laboratory,  Depar tment  of Fisheries and t h e  Environment, Dartmouth. 
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Figure 4. The tropospheric balloon is inflated with helium 
gas. The operator  controls the heliuin pressure in Figure 5a. Remote  sensing balloon before  t h e  operation. 
the  balloon (BIO 442 1-02). The camera ,  supported by an  opera tor ,  (1) is  

f ixed on t h e  tropospheric balloon. A winch (2) i s  
on t h e  ATV (BIO 442 1-08). 

Figures 2 a  and b (top left)  

Variation of the  topography and t h e  morphology of the  sand 
bar between October  27 (Fig. 2a,  BIO 4129-02) and 
November 12, 1976 (Fig. 2b, BIO 415039). During this period 
40 c m  of sediment were  deposited. 

Figures 3 a  t o  d (lower lef t )  

a. October  27, 1976 - A system of large sand waves covers  
the  sand bar (BIO 4 1502 1). 

b. April 15, 1977 - A sys tem of small  megaripples is Figure5b. Remote  sensing balloon a f t e r  t h e  survey. The 
superimposed on a system of large sand waves (BIO 4386-03). opera tors  disconnect a secur i ty  line (1). The 

secur i ty  valve i s  on the  f ron t  pa r t  of t he  balloon 
c. June  1, 1977 - A system of large megaripples is (2). In t h e  foreground an  Anderra cu r ren t  me te r  

superimposed o n a  system of small  sand waves (BIO 4444-03). is  fixed on a support  (3). The camera  (4) is  in the  
protect ion box (BIO 442 1-27). 

d. June 1, 1977 - Detail of megaripples. A boulder s i tuated 
at the  l e f t  and bottom pa r t  of the  photo is I m wide 
(BIO 4444-24). 
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Table I 

Wavelength measurements between peak amplitudes 
a t  Sta t ion A 

May 15, 1977 May 16, 1977 

Cres t  of North of Cres t  of North of 
Location sand bar Cres t  sand bar C r e s t  

(metres)  (metres)  (metres)  (metres) 

bed-f orm 2.6 

wavelengths 2 . 0  

2 .0  

2 .0  

2 .6  

2 . 0  

1 . 3  

2 .6  

2.0 

2 . 6  

Wavelength 
Average 2.17m 4.57m 3 . l m  6.35m 

0 lkm - - - - - -  

Figure 7. Location of the measurement  s i tes  on East  Sand 
Bar of Economy Point. 0 is t he  low t ide  line. The 
contours above low tide a r e  in me t re s  ( a f t e r  Klein, 
1970). 

Table 2 

Measurement of megaripple wavelengths and bedform m ~ g r a t i o n  r a t e s  a t  Station B. 
An e r ro r  of + 0.2 m m  of reading on the  image i s  equal t o  + 0.15 m in t h e  field. 

The reference  point used for the  determination of the  bedform movement 
is the  support  of t he  current  me te r  (Fig. 7c) 

May 15, 1977 May 16, 1977 

Distance f rom Wavelength Distance f rom Wavelength Bedform Migration 
Reference of Reference Point of R a t e  

Point t o  Megaripples t o  Cres t  of Megaripples (metres tday)  
Cres t  of (metres)  Megaripples (metres)  

Megaripples (metres)  
(metres)  



Table  3 conta ins  t h e  resul ts  of t h e  wavelength measurements .  

Wavelength measurements  a t  S ta t ion  C 
No measurements  of bedf orm migration r a t e  a r e  
available f rom this s i te  because  t h e  fixed points used 

May 15, 1977 May 16, 1977 
during t h e  survey were  not  d e t e c t a b l e  on  t h e  images. 

Sand Wave Megar ipple Sand Wave Megaripple 
Conclusion 

In sc ient i f ic  t e rms ,  t h e  expe r imen t  was  not  a 
comple t e  success  because  bedform migration could be  
ca lcula ted  only on one s i te .  However,  in technica l  
t e r m s  the  exper iment  was  successful  by demonst ra t ing  
t h e  feasibil i ty of a remote-sensing balloon application 
f o r  t h e  study of bedform migration.  In October-  
November 1977, t h e  r e m o t e  sensing exper iment  will be  
conducted in conjunction with radioact ive  t r a c e r  
expe r imen t s  and continuous recording cu r r en t  and 
meteorologica l  meters .  This mu l t ipa rame te r  survey 
will provide comple t e  documenta t ion  of t he  sediment  
movement  on Economy Point  sand bar. 

4.14 m 3 .7  m 3 .0  m 3 . 8  m Refe rences  

5 .4  m 4 . 7  m 3 . 6  m 3 . 8  m Amos, C.L. and Joi.ce, G.H. 
1977: The sediment  budget of t h e  Minas Basin, 

Mean ..A18 m ....... 4 .5k0 .15  m ........... 118 m ........... 4 . 1 k 0 . 1 5  m Bay of Fundy, N.S.; Bedford Ins t i tu te  of 
Oceanography, D a t a  Ser ies  Bi-D-77-3/June 
1977. 

Resul ts  Canadian Hydrographic Service  
During the  f i rs t  study, two  photo-surveys of t he  sand 1966: Bay of Fundy, d a t a  repor t  on t ida l  and current  

bar were  obtained on May 15th  and 16th. Three d i f ferent  survey, 1965; Bedford Ins t i tu te  of Oceanography, 
s i t e s  were  se lec ted  fo r  analysis (Fig. 7) corresponding t o  Repor t  Series166-2-D, August 1966. 
t h ree  d i f ferent  levels of hydrodynamic energy. On each  s i t e  
the  mean wavelength of t he  d i f ferent  bedforms was Dalrymple,  R.W. 

1977: Sediment dynamics  of macrot ida l  sand bars,  Bay determined.  of Fundy; Unpublished Ph.D. thesis,  McMaster 
Si te  A (Figs. 6a ,  b and 7) is located on the  c r e s t  of a University. 

sand bar in a n  a r e a  where t he  flood-tidal cu r r en t s  a r e  
dominant (Klein, 1970; Dalrymple, 1977). Two ser ies  of Klein, G. d e  V. 

wavelength measurements  were  obtained f rom t h e  photo- 1970: Depositional and dispersal  dynamics  of in ter t ida l  
sand bars;  J .  Sed. Petrol., v. 40, p. 1095-1127. graphs. The f i r s t  was  on the  c r e s t  of t h e  sand bar  and t h e  

second a t  100 m t o  t he  north of the  c r e s t  on the  slope. The Long, B.F. 
results  a r e  tabula ted  in Table 1. 1977: Determinat ion  of sediment  t r a n s ~ o r t  r a t e  in t h e  

S i t e  B (Figs. 6c,d and 7) is located  on t h e  north pa r t  of 
t h e  sand bar near a t idal  channel 300 m f rom s i te  A. A t  this 
location,  t he  resul tant  cu r r en t  vector  iis 5 km/d t o  t he  west  
(Long. in prep.) and t h e  maximum cu r ren t  m e e d  is I m/ s  

Minas Basin, Nova Scotia:  preli;inary resul ts  of 
t he  f i rs t  t r ace r  expe r imen t  using radioisotopes;  in 
Repor t  of Activit ies,  P a r t  B, Geol. Surv. Can., 
Pape r  77-IB, p. 85-92. 

during spring t ide  and 0.65 rn/s during neap t ide:  Klein (1970) Long, B.F. 
and Dalrymple (1977) show the  dominance of ebb flow fo r  th is  Sediment  t ranspor t  in t h e  in ter t ida l  a rea .  
s l te .  In this a r e a  an  ave rage  measurement  of bedform Corre la t ions  be tween  bedload movemen t  and 
movement  was  de t e rmined  t o  be  1.9 ? 0.3 m/d (see Table  2). hydrodynamic fac tors .  (in prep.) 

The third s i te ,  C (Figs. 6e ,  f and 7) is  located on t h e  Pel le t ie r ,  B.R. and McMullen, R.M. 
west par t  of Eas t  Sand Bar. In this a r ea ,  a parallel  sand wave 1972: Sedimenta t ion  pa t t e rns  in t h e  Bay of Fundy and 
sys tem (1 18 m mean  wavelength) is superimposed on mega- Minas Basin; in Tidal Power,  Ed. Gray,  T.J., 
ripples with a mean  wavelength of 4 m (Figs. 6e ,  f). Table  3 Gashus,  O.K., Plenum Publishing Company,  p. 153- 

187. 



COMPILATION TECHNIQUES EMPLOYED IN 
CONSTRUCTING THE MAGNETIC 
ANOMALY MAP O F  CANADA 

P.H. McGrath, E.L. Haley, D.A. Reveler,  
and C.P. ~ e t o u r n e a u '  
Resource Geophysics and Geochemis t ry  Division 

The Magnetic Anomaly Map of Canada (1255A) is one of 
a ser ies  of regional compilation maps published at t h e  s ca l e  
of 1:5 000 000 by t h e  Geological Survey of Canada. It was  
f i rs t  presented by L.W. Morley, A.S. MacLaren and 
B.W. Charbonneau a t  t h e  Canadian  Centennia l  Conference  on 
Mining and Groundwater Geophysics at Niagara Falls  during 
October ,  1967, published in 1968, and updated in 1971 and 
1977. 

Source  of D a t a  

From 1948 t o  1962 t h e  Geological  Survey of Canada 
flew, compiled and published ae romagne t i c  surveys a t  t h e  
s ca l e  of one mile t o  one  inch. Photographic reductions t o  t h e  
four-mile sca le  of two  deg ree  eas t -west  and one  deg ree  
north-south compilations of t he  one-mile map shee t s  were  
a lso  published (16 one-mile sheets  per four-mile sheet). In 

1959 t h e  f i rs t  con t r ac t  was  le t  t o  Spar tan  Air Services  f o r  
comple t e  outs ide  production of ae romagne t i c  surveys. To 
d a t e  approximate ly  8250 one-mile m a p  s h e e t s  have  been 
published under t h e  auspices of t h e  Fede ra l  Government ,  and 
t h e  Federal/Provincial  Aeromagnet ic  Cost-Sharing Rgree-  
m e n t  which c a m e  in to  e f f e c t  in 1962. F rom t i m e  t o  t i m e  t h e  
Geological Survey has also acquired exist ing d a t a  which were  
brought t o  Survey car tographic  s t anda rds  and published. 
Many individuals, in par t icular  E.E. Ready and P.J. Hood, 
have made major contributions toward t h e  acquisit ion and 
production of th is  material .  D a t a  were  a lso  given by At lant ic  
Richfield Company, Bethlehem S tee l  Company, Dominion 
Gulf Company, Imperial Oil Ltd., Mobil Oil Ltd. and t h e  
Newmount Mining Company. S e a  magne tome te r  d a t a  in t h e  
southeas tern  Gulf of St. Lawrence ,  t h e  Grand Banks of 
Newfoundland and t h e  Scotian Shelf were  contr ibuted  by t h e  
Geological  Survey's At lant ic  Geoscience  Cen t r e ,  Dar tmouth ,  
Nova Scotia.  The ae romagne t i c  survey con t r ac to r s  involved 
in t he  approximate ly  9 million k i lometres  of flying and d a t a  
compilation were  Aero  Photo  Inc., Canadian  Aero  Services  
Ltd., Geo te r r ex  Ltd., Hunting Survey Corporation,  Lockwood 
Survey Corpora t ion ,  Spar tan  Air Services  Ltd., Spar tan  Aero  
Ltd., Kenting Ear th  Science,  and Survair  Ltd. The various 
individual ae romagne t i c  surveys employed in t h e  compilation 
a r e  shown in Figures 2. 3. and 4. 

C A N A D A  

Figure I. Tota l  Intensity (F) Map of Canada  for  1965.0. The dashed l ines 
a r e  t h e  secular  var ia t ion  in t h e  t o t a l  geomagnet ic  field. 

Waterloo University, Waterloo, Ontario.  

From: Scientif ic and Technical  No te s  
in Cur ren t  Research,  P a r t  A; - 
Geol. Surv. Can., Pape r  78-1A. 



Figure 2. Aeromagnetic surveys in eastern Canada employed in the 
compilation of the Magnetic Anomaly Map Of Canada. 

Survey Area Boundaries R e l a t i v e  To ta l  F i e l d  Surveys 

Survey Years 

Geologica l  Survey of Canada 

Federal P r o v i n c i a l  Cost Shar ing 

A t l a n t i c  Geoscience Centre 

Canadian Hydrographic Serv ice  

Absolute To ta l  F i e l d  Surveys 

Nat iona l  Aeronau t i ca l  Es tab l  ishment 

P r i v a t e  Companies 

P r o v i n c i a l  Governments 



C.A.S. 0 

H.S.C. 0 
K.E.S. 0 

Figure 3. Aeromagnetic surveys in western Canada employed in the 
compilation of the Magnetic Anomaly Map of Canada. 

Kero  Photo  I n c .  

Aero Surveys L t d .  

Canadian Aero S e r v i c e  L t d .  

Geo te r rex  L i m i t e d  

H u n t i n g  Survey C o r p o r a t i o n  L t d .  

K e n t i n g  E a r t h  Sc iences L t d .  

L.S.C. 0 
N.S.C. n 

S.A.S. n 

Lockwood Survey C o r p o r a t i o n  L t d .  

Northway Survey C o r p o r a t i o n  L t d .  

Royal  Canadian A i r  Fo rce  

Spa r tan  Aero L t d .  

Spa r tan  A i r  S e r v i c e s  L t d .  

S u r v a i r  L td . ,  Ottawa 



Figure 4. Aeromagnet ic  surveys in northern Canada employed in the  
compilation of the  Magnetic Anomaly Map of Canada. 

Compilation Procedures 

The Magnetic Anomaly map was an outgrowth of the  
sys t ema t i c  colouring of t h e  four-mile aeromagnet ic  maps. A 
distintive banding, apparent  on the  coloured maps, was  caused 
by t h e  dominating e f f e c t  of t h e  main geomagnet ic  field which 
has  i t s  origin in the  earth 's  core. The general  band pa t t e rn  
was  similar t o  t h a t  shown by t h e  contours found on the  to t a l  
f ield (F) map for 1965.0 (solid lines in Fig. I )  published by t h e  
Dominion Observatories Branch (now the  Ea r th  Physics 
Branch). It was  decided t o  produce a 200 gamma magnet ic  
anomaly map  of Canada by subtract ing t h e  core-generated 
component  of t he  geomagnet ic  field f rom t h e  ae romagne t i c  
d a t a  using values derived f rom the  F map. This procedure 
avoids the  production of a map which would have been 
dominated by a large beehive-like anomaly some  9000 
gammas  in amplitude, and which would have obscured t h e  
magnet ic  deta i l  re la ted  t o  crus ta l  geology. 

S tep  I 

The initial ac t iv i ty  in t h e  compilation was  t o  obtain t h e  
to t a l  magnet ic  field (F) m a p  (Fig. I )  which was  published at 
t h e  one inch t o  100 mile sca l e  for  epoch 1965.0. The 1000 
gamma contours shown on t h e  F map were  subdivided in to  100 

g a m m a  intervals,  and t h e  map  was  recontoured taking c a r e  t o  
maintain smooth changes  in magnet ic  gradient.  Using t h e  
resul tant  map, t o t a l  f ield values were  in terpola ted for  all  of 
t h e  four-mile ae romagne t i c  map  shee t  corners,  e a c h  map  
being two  by one degrees  in e x t e n t  in t h e  eas t -west  and 
north-south di rec t ions  respectively.  Secular variation values 
(dashed lines in Fig. 1) were  also obtained a t  t h e  s a m e  points, 
and a l l  of these  values were  tabulated. 

S tep  2 

All t h e  re levant  aeromagnet ic  maps  a t  t h e  one-inch t o  
four mile scale  were  assembled. Initially t h e  compilation 
commenced in nor thern  Manitoba in t h e  c e n t r e  of t h e  
geomagnet ic  high (Fig. 1) using ae romagne t i c  map  d a t a  
obta ined by Canadian Aero Service  during t h e  period 1961 t o  
1963 with a f luxgate  magnetometer .  The background map 
values a r e  in the  order of 2500 gammas,  being re la t ive  t o  an  
arbi t rar i ly  assigned value a t  a base s ta t ion within the  survey 
area .  Secularly co r rec t ed  F values (in this c a s e  t o  1962) were  
ca lcula ted  f rom t h e  tabula ted d a t a  derived f r o m  t h e  F m a p  
(Step 11, and recorded on t h e  corners  of t h e  respect ive  four- 
mi le  map  sheets.  The positions of t he  in tersect ions  of each  
100 gamma F contour  with the edges  of e a c h  map were  



Figure 5. Map il lustrating graphical separa t ion procedure employed in deriving t h e  -200, ze ro  and + Z O O  
gamma contours displayed on t h e  Magnetic Anomaly Map of Canada. 

determined by linear interpolation along the  various map 
edges  using the  F values obtained a t  t he  adjacent  map 
corners. Then s t ra ight  lines were  drawn across  each  map  
sheet  joining points of equal  F value. In this manner 100 
gamma F contours which represent  t h e  main geomagnet ic  
field co r rec t ed  to  1962.0 were  represented on each four-mile 
aeromagnet ic  map sheet .  The value of each F contour  was 
wri t ten  beside i t  on t h e  map  margins in black pencil. 

Next i t  was necessary t o  determine the  base level 
d i f ference  between the  re la t ive  to t a l  f ield (fluxgate) ae ro -  
magnet ic  m a p  d a t a  ( ~ 2 5 0 0  gammas)  and t h e  absolute to t a l  
field F map (F= 60 000 gammas). This d i f ference  was  found by 
visually determining t h e  ave rage  background level  of t h e  
f luxgate  d a t a  along one of the  F field lines. This background 
represents  t h e  gamma value which t h e  aeromagnet ic  ano- 
mal ies  seem to be  placed in. It was  assumed t h a t  t h e  
d i f ference  between the  given F field line value and t h e  
background f luxgate  value along this s a m e  line represented 
t h e  change in base level between the  two  s e t s  of contour map 
data .  For convenience, t he  d i f ference  value obtained was  
subtracted f rom each  of t h e  F field lines and the  resul t  
recorded in brown pencil beside the  respect ive  field lines on 
each  four-mile aeromagnet ic  map. The s a m e  procedure 
would be  followed had the  original survey d a t a  been obtained 
using a proton precession magnetometer .  In t h e  l a t t e r  c a s e  
t h e  survey would be an  absolute  one, and t h e  di f ference  

between i t  and t h e  F field would approach or be equal t o  
zero.  Finally values 200 gammas  above and below those  
shown in brown on each  m a p  shee t  were  recorded in blue and 
r ed  pencil respectively fo r  every  F contour.  

S t ep  3 

The nex t  operation, a modification t o  t h e  procedure 
described in S tep  2, was  only applied where  t h e  compilation 
w a s  moving f rom one  survey a r e a  (for example,  t he  1961-63 
Canadian Aero Service survey in northern Manitoba - s e e  
Fig. 2) in to  an  immediate ly  adjacent  survey area .  Proceeding 
according t o  S tep  2, t h e  F field lines were  t ransferred a t  100 
gamma intervals on to  e a c h  four-mile map shee t  in t h e  
adjacent  survey area .  Corresponding F lines may not join 
across  the  survey boundary because of differing secular 
correct ions  in t h e  t w o  survey areas.  Next, instead of 
determining t h e  base level d i f f e rence  between a given F line 
and t h e  corresponding aeromagnet ic  survey d a t a  as in S tep  2, 
t h e  d i f ference  between the  two adjacent  surveys was 
obtained by performing an  edge analysis along t h e  common 
boundary. Level d i f ferences  between t h e  t w o  surveys were  
obtained in a reas  of low magnet ic  gradient. If necessary a 
secular  correct ion was  determined by l inear interpolation 
f r o m  t h e  neares t  map  corners  and applied t o  t h e  respect ive  
differences.  If t h e  base level d i f ference  between t h e  t w o  
surveys  was  zero,  t hen  t h e  values shown in red, brown and 



Figure 6 .  Aeromagnetic coverage of the  th ree  editions of t h e  Magnetic Anomaly Map of Canada 
released in t k  years 1968, 1971, and 1977. 

blue in t h e  compiled survey a r e a  were  carr ied  di rec t ly  over 
on to  t h e  corresponding F lines in t h e  new survey area .  
However, if for example  t h e  base  level in the  new survey a r e a  
was  50 gammas below t h a t  in t h e  previously compiled a rea ,  
then all  of t he  values shown in red, brown and blue must have 
50 gammas  subtracted f rom each  of them before  they a r e  
t ransferred onto the  corresponding F field contours in t h e  
new survey area.  This modified procedure is considered t o  
yield results superior t o  t h a t  described in S tep  2 because  of 
possible deviations of t h e  F field model f rom t h e  rea l  core-  
genera ted magnet ic  field component.  In addition, problems 
such a s  gradients or warps between the  base levels along t h e  
common join of adjacent surveys may become apparent.  In 
t h e  l a t t e r  case  exot ic  modifications t o  the  compilation 
procedures may be  required. However unless one has  access  
t o  independent magnet ic  d a t a  in t h e  vicinity of such a 
troublesome boundary, i t  is impossible t o  determine which of 
t h e  t w o  surveys is in er ror .  

S t ep  4 

Four colours and th ree  contours  (-200, ze ro  and t200  
gammas) a r e  displayed on t h e  Magnetic Anomaly map. The 
following procedure was  employed t o  sepa ra t e  these  contours 
from t h e  aeromagnet ic  map  data .  First ,  a point (A, Fig. 5) 
was located where aeromagnet ic  and F field contours  of equal 
value in tersected.  On t h e  four-mile compilation shee t s  t h e  
brown values on t h e  F contours  were  used in compiling t h e  
z e r o  contour;  red  and blue values for  t h e  -200 and t200  
gamma contours  respectively.  In Figure 5, t h e  F58 000 
gamma contour represents  the  F field value derived f rom t h e  
1965.0 map of / ~ a n a d a  (Step I). The equivalent value shown 
of 2300 gammas  isi t h e  background value of t h e  f luxgate  
magnetometer  map d a t a  along t h e  58 000 g a m m a  F line, and 
would be  recorded in brown pencil on  t h e  four-mile compila- 
t ion sheets.  Startifig a t  point A (Fig. 5 )  a line was  drawn 
which initially followed t h e  respect ive  aeromagnet ic  survey 
contour  away f rom t h e  in tersect ion point. As t h e  aeromag- 
ne t i c  contour  begins t o  devia te  away f rom i t s  corresponding 



valued F line, for example towards an  F line of lower value, 
then t h e  drawn line gradually migrates  towards lower 
aeromagnet ic  map contours until i t  approaches a t  point B an  
aeromagnet ic  contour of value 100 gammas less than t h a t  a t  
point A. Point B is a second intersection point of aeromag-  
net ic  and F contours of equal value only in this case  the  value 
is  100 gammas  less than at point A. The procedure continues 
until a l l  contours have been separated. Keeping with our  
convention, t he  -200, zero  and + Z O O  gamma contours a r e  
t raced on t h e  four-mile compilation sheets  in red, brown and 
blue. 

S tep  5 

The resultant red, brown and blue contours on the  four- 
mile aeromagnet ic  compilation sheets  were  t raced on to  a 
large  overlay of car tographic  mater ia l  on which the  map 
corners  had previously been marked. The overlay was then 
reduced photographically t o  a sca l e  of one inch t o  twenty  
miles, and a print of t he  reduction was  coloured using four 
colours and t h e  200 gamma contour  interval. Next a copy of 
t h e  1:5 000 000 Lambert Conformal Conic projection base  
map of Canada was obtained in four sections on s table  
ma te r i a l  at the  scale  of one inch t o  twenty  miles. When t h e  
base map was overlain on t h e  coloured 20-mile magnet ic  
reduction, slight differences were  noted resulting f rom t h e  
Universal Transverse Mercator Projection used in t h e  
preparation of t h e  aeromagnet ic  maps. Reference points 
f rom the  base  map were  t ransferred onto  a second s table  base 
overlay, and using a best  f i t  technique within each  National 
Topographic System quadrangle, a second copy of the  
magnet ic  map  at t h e  20-mile scale  was  prepared. During this 
t rac ing t h e  complicated magnet ic  anomaly pa t t e rns  on t h e  
coloured map were  generalized taking in to  account legibility 
and t h e  requirements of t h e  photomechanical car tographic  
procedures t h a t  followed in t h e  production of t h e  colour 
publications. This second overlay was photographically 
reduced t o  t h e  1:5 000 000 scale  and submit ted  to t h e  
Geological Information Division for preparation for  publica- 
tion. Information regarding this process may be obtained by 
contact ing t h e  Superintendent of Cartography, Geological 
Survey of Canada, Ot tawa.  

Figure 1 is an  i l lustration showing t h e  coverage of t h e  
th ree  editions of t he  map which were  released in t h e  years 
1968, 1971 and 1977. Note t h a t  some of t h e  a reas  were  
recompiled fo r  subsequent editions. 

Util ization and Conclusions 

There a r e  th ree  major applications for t h e  Magnetic 
Anomaly map. First  a s  an  index, t h e  map presents  a n  
overview of magnet ic  coverage in Canada. Second, i t  
presents the  major pat terns  produced by t h e  continental  rocks 
in t h e  Canadian landmass. As such i t  enables  a person t o  
observe the  regional magnet ic  pat terns ,  and then go back t o  
t h e  larger  sca l e  aeromagnet ic  maps for t he  f ine  details,  and 
in this sense  does  not in any way replace  t h e  original data .  
The map may be used both a s  an  aid in the  in terpre ta t ion of 
regional geological f ea tu res  in the  basement  rocks (MacLaren 
and Charbonneau, 1968) a s  well  a s  t o  help in planning more  
detailed investigations. Lastly and probably t h e  g rea te s t  
a s se t  of t h e  map  is i t s  use a s  a vehicle or medium t o  initially 
s t imula t e  comparisons of magnet ic  d a t a  with o ther  types  of 
geoscientific information. 

Finally a f ew comment s  concerning t h e  method of 
production. The compilation of the  map has  been an ongoing 
if somewhat  sporadic ac t iv i ty  s ince  i t s  inception in 1967. 
Most of t h e  magnet ic  d a t a  used in t h e  compilation a r e  
available in map form only and a s  analog records. The 
digit ization of these  d a t a  would b e  a massive undertaking. 
Hence the  production of the  third edition of t h e  map during 
1977 was  constrained to  follow procedures defined ten  years 

ear l ier  when the  f i rs t  edit ion was compiled. Only l imited 
access  t o  t h e  more  recent ly  developed rapid d a t a  handling 
and t r e a t m e n t  techniques used by modern compute r s  and 
re la ted  equipment was possible. However in spi te  of these  
const ra in ts  a s  well  a s  t h e  additional financial  and manpower 
l imitations imposed on t h e  project,  t h e  resul tant  map  is an  
entirely adequate  end product with regard t o  the  resources 
expended. However, i t  is cer ta in ly  a desirable goal  t o  
produce a Magnetic Anomaly map by subtract ing t h e  
International Geomagnet ic  Reference Field (ICRF) f rom t h e  
aeromagnet ic  m a p  d a t a  ra ther  than a model (Fig. 3) of t h e  
core-generated magnet ic  field which is res t r ic ted  t o  the  
Canadian region. The ICRF was defined in October  1968, 
subsequent t o  t h e  re lease  of t h e  f i rs t  edit ion of t h e  Magnetic 
Anomaly map. Also i t  would be useful t o  obtain aeromag- 
ne t i c  d a t a  f rom a ser ies  of cross  country  flights. These d a t a  
would be  a useful r e fe rence  with which t o  f ac i l i t a t e  a more  
reliable joining together  of t he  numerous individuals magnet ic  
surveys employed in t h e  compilation of t h e  Magnetic 
Anomaly Map of Canada. 

The compilation fo r  eas t e rn  Canada was  based both on 
published and unpublished maps  by R.T. Haworth of t h e  
Atlantic Geoscience Centre ,  and on a compilation map by 
P.J. Hood. 

A significant contribution t o  t h e  production of t h e  
present edit ion of t h e  Magnetic Anomaly Map of Canada was 
made by t h e  Cartographic sect ion,  especially J.G. Roberts, P. 
Debain, G.J.3. Barbary, E. Maahs, R.E. Saffin,  T.L. Papps, 
J.A.Y. P ra t t ,  and N. Buck and t h e  en t i r e  photomechanlcal 
unit. 
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OBSERVATIONS ON SLOPEWASH PROCESSES 
IN AN ARCTIC TUNDRA ENVIRONMENT, 
BANKS ISLAND, DISTRICT O F  FRANKLIN 

A.G. ~ e w k o w i c z ' ,  T.J. Day, and H.M. French'  
Terrain Sciences Division 

A reconnaissance study, aimed a t  an understanding of the  
hydrologic and geomorphic importance  of slopewash processes 
in  an a r c t i c  permafros t  region, was  undertaken a t  Thomsen 
f ly  camp,  north-central  Banks Island (73O14'N; 119O32'W), 
between May 25 and July 28, 1977. 

Slopewash embodies two se t s  of processes: (a) surface  
wash, t he  downslope transport  of weathered mater ia l  over t h e  
ground surface  by running water  and (b) subsurface wash, t he  
group of processes associated with wa te r  moving within t h e  
regolith. Although slopewash processes have been repor ted  
fo r  most c l imat ic  zones (e.g. Carson and Kirkby, 1972, p. 188- 
230; Young, 1972, p. 62-74), t he re  is  a lack of q u a n t ~ t a t i v e  
measurement  from permafros t  regions (French, 1976, p. 141). 
I t  is generally agreed,  however,  t h a t  due t o  the  sparse  
vegeta t ion cover, slopewash is potentially most important  in 
semiarid regions. The f ew quant i ta t ive  measurements  
avai lable  for permafros t  regions support  this assumption; 
values of sediment transport  of up t o  18  g / m 2 l y  were  repor- 
t ed  by Jahn (1961) f rom melting snow on Spitsbergen; 
Wilkinson and Bunting (1975) concluded tha t  0.03 me t r i c  
tons/y of sediment was transported by 68 rills over a 450 m 
wide slope on Devon Island. 

Field Methods 

Three s i tes  of varying slope, aspect ,  topographic position, 
and microrelief were  se lec ted in the  immediate  vicinity of 
Thomsen fly camp (Fig. I). S i te  character is t ics  a r e  presented 
in Table I. At each s i te ,  a runoff plot was delimited, and a 
surface  wash (overland flow) col lec tor  was installed a t  t h e  
downslope exi t  t o  the  plot. The col lec tor  consisted of a 
copper t rap  box, open upslope, with an  ou t l e t  pipe .connected 
t o  a calibrated collecting pan by a length of flexible tubing. 
Subsurface wash (throughflow) was measured by t h e  installa- 
t ion of a series of gu t t e r s  placed horizontally within t h e  
ac t ive  layer a t  depths varying between 5 and 50 cm.  Each 
gu t t e r  was connected by flexible piping t o  collecting contain- 
e r s  downslope. Suspended sediment  in t h e  runoff was 
analyzed by field f i l t ra t ion using an  Ostrem f i l ter  pump and 
by the  reweighing of f i l ter  papers in t h e  laboratory.  Solute 
concentra t ions  in t h e  overland flow w e r e  measured in the  
field using a portable conductivity me te r ,  giving values in 
microhms/cm3 which then were  transformed in to  mg/L of 
CaC03 .  

A number of complementary  supporting procedures a lso  
were  undertaken. Measurements of snowpack densit ies 
enabled initial water  equivalents of t h e  snowpack t o  be  
ca lcula ted ,  and t h e  depths,  densit ies,  and spatial  ex ten t s  of 
t h e  snowpacks were  recorded a t  intervals throughout t h e  
ablation period. Net radiation and a i r  t empera tu res  were  
monitored continuously throughout the  study. Precipitation 
was  recorded a t  s i t e  1 by an au tomat i c  tipping bucket  rain 
gauge, and four  nonrecording rain gauges were  installed at 
t h e  other  two sites. Evaposublimation f rom t h e  snow and 
evapotranspiration f rom the  ground surface  were  not record- 
ed adequately.  

Overland flow was monitored a t  s i t e  1 between May 28 
and June 5, a t  s i t e  2 between June  5 and 19, and at s i t e  3 
between June 20 and July 27. Throughflow was monitored a t  
s i t e  I between June  1 and July 17, and at s i t e  3 between June  
20 and July 27. 
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Results 

Overland Flow_ 

There  was  a c l ea r  correlation between n e t  radiation, a i r  
t empera tu re ,  and overland flow at s i t e  I (Fig. 2) fo r  t h e  
period May 30 t o  June 2, during which t i m e  two  hydrographs 
were  obtained. Total  overland flow was 0.974 m3which con- 
s t i tu ted  only 9.4% of the  original water  equivalent of t he  
snowpack on t h e  plot (10.33 rn3). Thus, a significant amount  
of snow abla ted without causing surface  runoff. 
Fur thermore ,  t h e  response of overland flow t o  snowmelt  was  
not of a s imple  l inear na tu re  s ince  a l ag  period was  apparent .  
The low runoff coeff ic ient  probably was  re la ted  t o  the  local 
weather  conditions of May 25 t o  31, when overcas t  conditions 
prevailed and amounts  of incoming solar radiation were  small;  
me l t  probably occurred a s  a resul t  of turbulent h e a t  trans- 
fers ,  mostly in t h e  form of sublimation. The t h r e e  consecu- 
t i ve  days of sunshine, and high radiation and a i r  t empera tu re  
values, caused melting suff ic ient  t o  exceed  t h e  evaporat ive  
and subsurface losses and for  overland flow t o  occur.  
Regression of overland flow against  ne t  radiation using a 
number of lag t imes  revealed a lag of 2.5 hours to  be  t h e  
most appropriate,  explaining 66% of t h e  variability. 

slopewash s i t e s  \ major breaks  of slope 

base c a m p  @ g ravel  and sand cappings - s t r e a m s  Q Thomsen River t e r r a c e  
r emnan t s  

, , e ephemeral  s t r e a m s  boundary between 
/'- Thomsen River alluvial 

lowlands and dissected 
upland t e r r a in  

0 tundra ponds 0 sand plain 

Figure I. Location of slopewash s i tes ,  Thomsen fly camp,  
nor th-centra l  Banks Island. A - General  location. 
B - Detailed location. 

of O t t awa ,  O t t awa ,  Ontario.  

From: Scientific and Technical Notes 
in Current Research, Part A; - 
Geol. Surv. Can., Paper 78-1A. 



temper 
0 C 

- measured 
, , - estimated 

Overland flow rate 
l i t res lmin.  1.0- 

(smoothed by 
30minute running 

means) 

T i m e  

Figure 2. Overland flow, ne t  radiation and a i r  t empera tu res  a t  s i t e  1, May 30 - June  2, 1977. 

A t  s i t e  2 snowmelt already had occurred when measure- 
ment  commenced, but  t he  bulk of t h e  snowbank (127 m 3 )  re- 
mained. In all, twelve  hydrographs were  obtained by June  17 
when snowmelt-derived overland flow ceased. As a t  s i t e  1, 
t h e r e  was  a c lear  corre la t ion between overland flow, prevail- 
ing weather  conditions, and t h e  wa te r  supply present in t h e  
remaining snow. A typical day i l lustrating t h e  influence of 
n e t  radiation and a i r  t empera tu res  was  J u n e  I 1  (Fig. 3) .  A 
lag of th ree  hours occurred between peak ne t  radiation and 
a i r  t empera tu re  values. Overland flow, however,  commenced 
approximately t w o  hours prior t o  peak n e t  radiation and 
eventually peaked f ive  hours la ter ,  reaching a maximum of 
13.85 L/min (30 minute  running mean). Overland flow 
represented 52.9% of the  es t imated changes  in wa te r  equiva- 
l en t  t h a t  occurred on the  plot during t h e  day. The lag  t i m e  
between ne t  radiation and overland flow was  a t t r ibuted t o  t h e  
ver t ica l  and horizontal movements of water  in the  snowbank 
combined with the  flow of water  over t h e  ground surface  of 
t h e  collector.  With t h e  use of Rhodamine dye t h e  ave rage  
ground surface  water  velocity was es t imated a t  1.32 cm/s .  
Using th is  value, only four teen minutes  ou t  of t h e  t h r e e  hour 
t i m e  lag  on June 11 could be  a t t r ibu ted  t o  t h e  t i m e  taken fo r  
wa te r  t o  pass over the  ground su r face  f rom the  snow f ron t  t o  
t h e  collector.  Thus, t h e  majority of t h e  t i m e  l ag  was  
associa ted  with the  passage of water through the  snowbank. 

Although snowmelt i s  thought t o  b e  t h e  major source  of 
water  for  overland flow in the  High Arct ic ,  summer precipi- 
t a t ion  also may influence overland flow. Storm precipitation 
of 6.25 mm in five hours was recorded in t h e  hydrograph 
obtained f rom s i t e  2 on June  15 (Fig. 4). Analysis of this 
information enabled s o m e  assessment t o  be  made of t h e  
hydrologic importance  of such events  a s  regards overland 
flow. The hydrograph (Fig. 4) was sepa ra t ed  by regression 
agains t  lagged n e t  radiation in to  runoff thought t o  resul t  
f r o m  snowmelt (i.e. 'base flow') and t h a t  derived f rom the  
s torm.  The runoff due t o  t h e  s torm tota l led  640 L, giving a 
s to rm runoff coeff ic ient  of 26.4%. 

It might b e  assumed t h a t  t he  plot source  a r e a  for  su r face  
runoff result ing f rom s torm rainfall  would consist of t he  
snowbank itself  and t h e  sa tu ra t ed  a r e a  between i t  and t h e  
overland flow collector.  On J u n e  1 5  t h e s e  sect ions  of t h e  
plot accounted fo r  85% of i ts  area .  As t h e  runoff coeff ic ient  
was  less than one  third this figure,  i t  follows t h a t  rain fall ing 
on the  snowbank failed t o  cause  runoff and/or t h a t  t he  wa te r  
was  'lost' e i t he r  as evaporation or  a s  increased throughflow. 
The rapid response,  t i m e  of runoff t o  precipitation at t h e  
beginning of the  s torm and the  equally rapid fall-off a t  t he  
end suggest t h a t  most water  i s  s tored in  t h e  snowbank ra the r  
than passing through, thus  confirming ear l ier  observations. 

Throughflow 

Throughflow was recorded at s i t e s  I and 3;  however, 
in terpre ta t ion is t en ta t ive  in view of t h e  considerable 
disturbance caused by the  installation of the  gutters.  
Fur thermore ,  throughflow is  more  complex in na tu re  because,  
in addition t o  supply fac tors ,  i t  is  influenced by permeabili ty 
and hydraulic gradients.  Another compl icat ing f ac to r  is  t he  
seepage of water  d i rec t ly  beneath t h e  su r face  organic m a t  
which tends  to  blur t h e  distinction between overland flow and 
throughflow. 

At s i t e  I, throughflow a t  an  ave rage  depth of 5 c m  was 
recorded contemporaneously with overland flow. Maximum 
throughflow values ranged between 150 t o  250 cm3/min  and 
were  of the  s a m e  order of magnitude a s  overland flow per 
unit  width of slope. Throughflow ceased  one  day a f t e r  t h e  
cessation of overland flow. This suggests t ha t  t h e  input t o  
throughflow from ac t ive  layer m e l t  was  negligible and t h a t  on 
well drained upland s i tes  both overland and throughflow a r e  
of l imited occurrence  and duration. 



Table I 
Character is t ics  and dimensions of slopewash s i tes ,  Thomsen fly c a m p  

Topographic Aspect Length Average  Area  Slope Mater ia l  Vegetation 
Position (m) Width (m2) ((jt::&,. .:es) Cover  

(m) (%) 

Si te  1 Interfluve SE 28.7 5.2 149.6 5 Sandy 10-20 
Gravels  

S i t e  2 Valleyside NW 54.1 7.2 387.5 5 Silty 60-80 
Slope Colluvium 

Si te  3 Valleyslope SE 18.8 1.4 26.6 I4  Silty 100 
Slope Colluvium 
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1116 1216 
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Figure 3. Response of overland flow t o  n e t  radiation and a i r  
t empera tu re s  a t  s i t e  2, June  11-12, 1977. To 
s imula te  overland flow the  following formula  was 
used: overland flow = 0.573R + 1.815, where  Rn is 
lagged 3 hours, N = 76, and r2"= +O.K9. 

temperature 
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lntenslty 
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Figure 4. Relationship between s to rm rainfall  and overland 
flow a t  s i t e  2, June  15, 1977. To s imu la t e  overland 
flow the  following fo rmula  was  used: overland 
f low = 0.06R + 0.48, where  Rn i s  lagged 2 hours, 
N = 25, and r e  = +0.55. 



Table 2 
Amounts of suspended solids in overland flow and denudation e s t ima tes  

Time Period Mean Concentration Standard Tota l  Flow Denudation Estimate*" 
( P P ~ )  Deviation Volume* 

----- (l i tres) - 
Si te  1 May 28 - 130 15.4 964 0.92 g /m2/y  

June 5 

Si te  2 June 5 - 
31~!-:e 19 

Si te  3 June 20 - 
July 27 

* Include simulated values where ac tual  d a t a  a r e  missing. 
** Denudation Est imate  = (Total  Flow Volume x Mean Concentration (ppm)/Plot Area). 

A t  s i t e  3, throughflow measurements  were  made  approxi- 
ma te ly  150 m downslope f rom the  runoff plot. Continuous 
throughflow a t  an average depth of 6 c m  was recorded 
between June 22 and June  30 (Fig. 5 ) .  A steeply falling 
hydrograph pat tern  emerged with a maximum flow of 94 c m 3  
/min recorded on June 22. The decline in the  hydrograph was 
a t t r ibu ted  t o  a reduction in t h e  supply of water  derived f rom 
the  snowbank a s  i t  progressively ablated. By June  27 the  
snowbank had disappeared. The r ise  a f t e r  June  27 presumably 
was re la ted  t o  6.5 mm of precipitation. An earlier precipita- 
t ion event  of 8.25 m m  on June  23, however,  did not 
significantly a f f e c t  t he  hydrograph. This probably was a 
resul t  of t he  very di f ferent  magnitudes of throughflow being 
measured on the  two  occasions. 

Throughflow was monitored a t  s i t e  3 a t  a depth of 31 c m  
between June  23 and July 27. Amounts were small ,  however, 
with a maximum flow of 0.41 cm3/min  recorded. The hydro- 
graph pat terns  did not appear t o  be  diurnal, in contras t  t o  
over and flow and throughflow a t  shallower depths;  instead, a 
r i se  over several days was followed by a slow decline. This 
may be  re la ted  e i ther  t o  t h e  progressive downward movement 
of t h e  f ros t  table  and i t s  associated ac t ive  layer water  table  
o r  t o  the  slow downslope movement of snowmelt-derived 
water.  

Sediment Transport  

Sixty-six samples of overland flow obtained f rom a l l  t h ree  
plots were  analyzed for suspended solids; values ranged f rom 
98 to  175 ppm (mean values a r e  given in Table 2). Es t imates  
of overall  slope denudation were  computed for  s i t e s  I and 2. 
A t  s i t e  3 i t  was not thought valid to  under take  similar 
computat ions  because t h e  majority of snowmelt had occurred 
prior t o  instrumentation. The value of 10.04 g / m 2 / y  r~!;i.\ined 
fo r  s i t e  2 is  similar t o  t h a t  recorded by Jahn (1961). The 
lower value for s i t e  I r e f l ec t s  the  great ly  reduced slopewash 
ac t iv i ty  a t  t h a t  si te.  I t  is  assumed a t  both  s i t e s  t h a t  t h e  
annual slopewash act iv i ty  ' w a s  confined t o  the  period of 
measurement.  These values, however,  do  not necessarily 
represent  t o t a l  denudation since no account is made of o ther  
sediment  inputs and outputs  t o  t h e  slope, notably of an  eolian 
nature .  

Throughflow samples  were  not analyzed fo r  suspended 
solids because i t  was f e l t  t h a t  t he  degree  of disturbance 
associated with the  installation of t h e  equipment would have 
significantly a f f ec t ed  results.  

Solute concentra t ions  were  determined fo r  sixty of t h e  
overland flow samples.  At s i t e  1 an  ave rage  equivalent value 
of 127 ppm of CaCOsgav-. a denudation e s t i m a t e  of 0.82 g/m2. 
At. :.ite 2, although an average equivalent value of only 
26 ppm of CaCOswas obtained, t h e  g rea te r  flow a t  t h a t  s i t e  
gave  a denudation e s t ima te  of 2.38 g /m2 .  

Time 

Figure 5. Throughflow hydrograph obtained a t  s i t e  3, June  
22-28, 1977. 



Conclusions References  

In general,  the  amount  of slopewash recorded was small  
compared to  the  to t a l  amount  of moisture originally available 
on the  runoff plots. Therefore,  a t t en t ion  must b e  focused 
upon the  other means of moisture removal f rom t h e  plots, 
notably evaporation and sublimation. 

The overland flow da ta  for  June 15 a t  s i t e  2 indicates,  by 
the  low runoff coefficient,  t h a t  Hortonian overland flow, 
where  infil tration capaci ty  is exceeded, a s  a resul t  of rainfall 
did not occur.  Furthermore,  a t  s i t e  1 no flow whatsoever was 
recorded at tha t  t ime. These observations support  t h e  
concept  of partial  a r e a  contribution t o  runoff in permafros t  
areas .  

Finally, t he  study reinforces the  belief t h a t  slopewash 
processes in a r c t i c  tundra environments may be of consider- 
able  geomorphic importance ,  particularly a t  snowbank loca- 
tions where nivation processes tradit ionally have been 
regarded a s  being very potent.  
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THE SURFACE TEMPERATURE O F  AN ICE-RICH Sur face  Tempera tu re s  
MELTING PERMAFROST EXPOSURE, 
CARRY ISLAND, NORTHWEST TERRITORlES 

J. Ross ~ a c k a y '  
Terrain Sciences Division 

Permafros t  may be exposed t o  summer melting in many 
a r c t i c  a r e a s  a s  a result  of a natura l  o r  ar t i f ic ia l  disturbance.  
If t he  ter ra in  is s t eep  and permafros t  ice-rich, s ca rp  r e t r e a t  
typically produces an  amphitheatre-shaped depression with a 
s t eep  headwall  and mudflows downslope f rom t h e  headwall. 
Such f e a t u r e s  a r e  variously refer red  t o  a s  re t rogress ive  thaw 
flow slides, thaw slumping, ground-ice slumps, thermocirque ,  
and so  forth.  The headwall  r e t r e a t s  upslope f rom ac t ive  layer 
slumping, ablation of t h e  exposed permafros t  surface ,  and 
water  erosion. The processes involved a r e  of prac t ica l  
concern  t o  northern const ruct ion  and a knowledge of t h e  
su r f ace  t empera tu re  is re levant  t o  r emote  the rma l  sensing of 
t h e  environment.  The purpose of th is  no te  is t o  discuss 
results  of radiometer  su r f ace  t empera tu re  measurements  of a 
thawing headwall  developed in ice-rich permafros t  a s  
measured on a typical  bright sunny day a t  Gar ry  Island, 
Northwest Terri tories.  Although d a t a  fo r  only one  day a r e  
given, o ther  measurements  have  shown similar results. 

Field S i t e  

The thawing permafros t  headwall, where  su r f ace  tem-  
pe ra tu re  was  measured,  is shown in Figure 1. The headwall  
r e t r ea t ed  ac t ive ly  f rom 1963 t o  1971 a t  a r a t e  of abou t  6 m/y 
but  has been inact ive  s ince  (Kerfoot and Mackay, 1972, 
Fig. 3 ;  Mackay, 1966, Figs. 5 and 6). As t h e  ice  con ten t  of 
t h e  main scarp  averaged nearly 300 per c e n t  (weight of wa te r  
t o  dry soil), t h e  6 m/y of r e t r e a t  involved t h e  mel t ing  of 
about  5 m/y of ice. 

The su r f ace  t e m p e r a t u r e  measu remen t s  were  m a d e  with 
a Stoll-Hardy HL4 r ad iome te r  (Williams Development 
Company, West Concord,  Mass.: r ad iome te r  head a p e r a t u r e  
of 1.5 c m ;  20' field of view; response t ime  abou t  0.1 s ;  
accu racy  of about  O.I°C; a silver sulphide f i l t e r  with a 
3 micron cutoff was  a t t ached  t o  t h e  r ad iome te r  head; Stoll 
and Hardy, 1952). The  su r f ace  t empera tu re s  ( ~ a b l e ' l  and 
Fig. 2) were  taken f rom a d is tance  of 3 c m  with t h e  melting 
permafros t  su r f ace  in bright sunshine. O the r  readings were  
made f rom a g rea t e r  d is tance  (e.g. 1 t o  5 m) and  a lso  in t h e  
shade. It should be  noted t h a t  a radiometer  measures  t h e  
su r f ace  radiation t empera tu re ,  which in t h e  c a s e  of wa te r  
or ig inates  in t h e  upper 20 t o  30 microns (Gates ,  1961). 
A t t empt s  t o  measure  t h e  subsurface  t e m p e r a t u r e  with a 
thermis tor  probe were  unsuccessful,  because  when t h e  probe 
was  inserted in to  a smal l  hole dri l led below t h e  f rozen 
surface ,  en t ry  of me l twa te r  made t h e  reading unreliable. 
Subsurface  t empera tu re s  were  taken,  however,  a t  t hose  s i t e s  
where  a f ew  c e n t i m e t r e s  of thawed ma te r i a l  al lowed 
subsurface  measurements .  

Table  I 

Su r f ace  t empera tu re s ,  a s  measured with a radiometer ,  for  a 
thawing, ice rich permafros t  su r f ace  exposed t o  br ight  sunshine 

Mater ia l  Tempera tu re  Range 
(O°C)  

Clear  ice ;  c l ea r  ice  with s c a t t e r e d  mud 
pel le ts  

Film of wa te r  over  ice  o r  muddy i ce  
Film of mud over  i ce  or muddy ice  
Muddy w a t e r ,  flowing 
Muddy i ce  f a c e ,  l i t t l e  w a t e r  
Mudf low,  moving 
Organic m a t t e r ,  f rozen a f e w  m m  below 

su r f ace  
Severa l  mm mud over  i c e  

Figure 1. Thawing headwall  of i ce  rich pe rmaf ros t  a t  Ga r ry  Island, Nor thwest  Terri tories.  
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Figure 2. Radiometer  surface  t empera tu re s  for  t h e  thawing 
headwall  shown in Figure 1 a s  measured on a 
bright,  c a l m  day, August 15, 1965. The subsurface  
measurements  were  wi th  a thermis tor  probe. 

Data  fo r  August 15, 1965 a r e  shown in Figure 2 and  in 
Table I for  t h e  1000 h t o  1530 h period when t h e  headwall  
was  in bright sunshine, t h e  a i r  t empera tu re  ranged f rom 16°C  
t o  23"C, and the re  was no wind. All su r f ace  t e m p e r a t u r e s  
were  well above O°C. The lowest t empera tu re s  (Table  I )  
were  for c l ea r  i ce  lenses, usually with l i t t l e  included soil. 
The  i ce  lenses were  covered,  a t  t h e  most,  with a thin f i lm of 
water .  When t h e  wa te r  f i lm g rew sufficiently th ick  t o  f low 
down t h e  sca rp  f a c e ,  warmer  mud quickly was  incorpora ted  
in to  t h e  wa te r  and then t h e  t empera tu re  increased rapidly. 
Ice with many mud pellets and soil inclusions regis tered  a 
much higher t empera tu re  t han  c l ea r  ice.  The t e m p e r a t u r e s  
of organic  m a t t e r  and of viscous mudflow debris o f t en  
exceeded t h e  ambient  a i r  t empera tu re .  

F igure  2 shows t h a t  t h e  su r f ace  t empera tu re  increased 
rapidly a s  muddy water  flowed downslope. The amoun t  of 
wa te r  flowing f rom s i t e  2 t o  3 (Fig. 2) was  so  sl ight t h a t  a 
velocity e s t i m a t e  was  usually impract ica l .  The t i m e  t aken  
fo r  flow f rom s i t e  3 t o  5 was  usually less t han  15 s and  f rom 
s i t e  5 t o  6 less t han  30  s. Therefore ,  a su r f ace  t e m p e r a t u r e  
warming of 5°C or more  o f t en  occurred  in less than a minute  
a s  muddy water  flowed f rom s i t e  3 t o  6. Subsurface  
measurements  a t  s i tes  4, 5, and 6 ,  however,  showed t h a t  t h e  
warming usually was  confined t o  a thin su r f ace  skin, because  
a t  a dep th  of 1 c m  t h e  t e m p e r a t u r e  was  a s  much a s  1 0 ° C  
colder t han  a t  t h e  su r f ace  (Figs. 2 b  and 2c). 

Conclusions 

The radiometer  su r f ace  t empera tu re  measu remen t s  of a 
thawing headwall  in high ice-content  permafros t  on a bright 
August day show t h a t  a l l  t e m p e r a t u r e s  were  well  above  0 ° C  
including t h a t  of lens ice  covered by only a th in  fi lm of 
wa te r .  The su r f ace  t empera tu re  rose  with an  increase  in t h e  
soil content .  As water  flowed downslope and ent ra ined mud 
en  route ,  su r f ace  t empera tu re s  increased rapidly: a r i se  of 5" 
t o  10°C o f t en  occurred  in less t han  one  minute.  When t h e  
flow was  thick enough (e.g. 1 c m  o r  more)  s o  t h a t  subsurface  
t empera tu re s  could be  measured,  however,  a d i f f e r ence  of up  
t o  12°C exis ted  between su r f ace  and subsurface  t empera -  
tures.  The implication of t h e  preceding for  t h e  modelling of 
ablation s tudies  is evident ,  because  of 0°C or near  0°C 
surface  t empera tu re .  canno t  be inferred for  a thawing 
permafros t  f ace ,  even when only a thin w a t e r  f i lm is present ,  
and, moreover ,  t h e  t e m p e r a t u r e  will vary  f rom t o p  t o  bottom. 
The above O°C t empera tu re s  of thawing permafros t  su r f aces  
also should be  considered in evaluat ing  some  r e m o t e  sensing 
techniques  which have been used in t h e  pas t  in an a t t e m p t  t o  
map thawing permafros t  exposures.  
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Figure  2. View looking across  t h e  snow fence  s i t e  on March 19, 1975. Note  t h a t  only t h e  tops  of t h e  1.2 m-high 
snow fences  prot rude ,  and some  p a r t s  a r e  complete ly  under  t h e  snow. No i c e  wedges within t h e  field 
of view of t h e  photograph cracked.  

THE USE OF SNOW FENCES TO REDUCE ICE-WEDGE winter  ground tempera tures .  A t  Ca r ry  Island, Nor thwest  
CRACKING, GARRY ISLAND, NORTHWEST TERRITORIES Territories,  ice-wedge cracking has  been studied s ince  1967 

a t  t h r ee  s i t e s  with a na tura l  snow cover  (Mackay, 1974), and 
J. Ross Mackay' i t  has become  evident  t h a t  c rack f requency is  inversely 
Terrain Sciences Division related t o  snow dep th  (Fig. 1). Consequently,  in 1974 t w o  

snow fences  were  installed a t  Ca r ry  Island t o  s e e  if excess  
snow would reduce  or prevent  ice-wedge cracking. This no te  

Ice wedges a r e  widespread in Arct ic  Canada. Ice- summarizes  t h e  resul ts  of t h e  snow fence  exper iment  fo r  t h e  
wedge cracking c a n  cause  problems in nor thern  const ruct ion .  period 1974-1977. 
In t h e  U.S.S.R. ice-wedge cracking has c r ea t ed  excessive 
deformat ions  of buildings and has  ruptured underground 
communicat ion  cables .  Ice-wedge c racks  belong t o  t h e  In t h e  summer  of 1974, t w o  wooden s l a t t ed ,  30 m-long 
ca t ego ry  of thermal  contrac t ion  c racks  which resul t  f rom low snow fences ,  1.2 m high, were  installed nea r  an  ice-wedge 
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exper imenta l  s i t e  on Car ry  Island (Mackay, 1974, his Fig. 3, 
Si t e  C) where  d a t a  on ice-wedge cracking were  avai lable  
s ince  1967. The f ences  were  supported by s t ee l  pipes 
anchored in holes drilled in to  permafros t .  Where possible, t h e  
bo t toms  of t h e  f ences  were  raised about  20 c m  off t h e  
ground, but locally,  t h e  fences  touched t h e  ground because  of 
topographic irregulari t ies.  The snow fences  were  placed about  
20 m a p a r t  and oriented nor theas t -southwest ,  a t  r ight  angles 
t o  t h e  prevail ing winter  winds (Fig. 3). Twenty-four snowpoles 
also were  dr iven in to  t h e  ground. In order  t o  de t e rmine  where  
ice-wedge cracking occurred ,  25  "breaking cables" of f ine  
copper  wire were  buried in t h e  ac t ive  layer  of t he  ice-wedge 
troughs (Fig. 3; Mackay, 1974, p. 1367-1370). Previous 
exper ience  had shown t h a t  such f ine  wires usually broke if an  
ice  wedge cracked and did no t  break if t h e  i ce  wedge did no t  
crack.  

Resul ts  

In t h e  winters  of 1974 t o  1977, t h e  addit ional snow 
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a r e a  reached about  50 t o  80 c m .  By mid-March, t h e  snow 
MEAN SNOWCOURSE (March 31) DEPTH I N  CM dep ths  along t h e  f ences  ranged f rom about  1.2 t o  1.5 m, and 

snow dep ths  midway between t h e  f e n c e s  averaged about  1 m 
Figure I .  The relationship between mean snow cove r  fo r  a (Fig. 2)- The snow was windblown and hard packed,  with a 

snowcourse (Mackay and MacKay, 1974) and c r a c k  dens i ty  of 0.35 t o  0.45 glcm" In 1974-75 none of t h e  
frequency for  100 ice-wedge cross-sections a t  25 breaking cab le s  broke; in 1975-76 cab le s  31, 32. 40. and 51) 
Gar ry  Island, N.W.T. broke; and in 1976-77 cab le s  31 and 32 broke.  
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Figure 3. Diagram of t h e  snow fence  s i t e  showing t h e  
locations of t h e  ice wedges, breaking cables,  and 
snowpoles. 

In t h e  t h r e e  year  period 1974-1977, t h e  only signs of 
ice-wedge cracking,  along some  80 l inear  m e t r e s  of i ce  
wedges,  was  a t  t h e  periphery of t h e  snow f e n c e  accumulat ion  
a r e a  (breaking cables  31, 32, 40, and 50) where  snow dep ths  
were  f a r  less than in t h e  cen t r e .  Thus, t h e  snow fences  
ef fec t ive ly  prevented  ice-wedge c rack ing  excep t  f o r  t h e  
sparser  snow dep th  a r e a s  at the,  ends  of t h e  fences .  The 
prevention or reduction of cracking c a n  be  a t t r i bu t ed  t o  t h e  
insulation e f f e c t  of snow, which reduced t h e  ampl i tude  of t h e  
ground t e m p e r a t u r e  and keeps  i t  wa rmer  t han  t h e  undisturbed 
s i t e  would o therwise  be. 

Conclusion 

The  f requency of ice-wedge c rack ing  a t  Garry  Island, 
Northwest Terr i tor ies ,  and presumably in o the r  a r c t i c  a r e a s  is  
dependent ,  t o  a considerable ex t en t ,  on t h e  snow cover .  A t  
Gar ry  Island when t h e  snow cove r  on t h e  ground approaches  
1 m,  i ce  wedges rare ly  c r ack .  Snow f e n c e s  o r  o the r  means  of 
insulation may be  used t o  prevent  ice-wedge cracking.  By 
inference ,  shel tered  a r e a s  of d e e p  snow probably have  f e w  o r  
no  a c t i v e  i c e  wedges. The  cracking of i c e  wedges canno t  be  
fo recas t  solely f rom a knowledge of winter  a i r  t empera tu re s .  
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AN ACTIVE RETROGRESSIVE THAW FLOW SLIDE O N  Table  I 
EASTERN MELVILLE ISLAND, DISTRICT O F  FRANKLIN Headwall r e t r e a t  of re t rogress ive  t h a w  flow slide,  

Tingmisut Lake,  Melville Island, Northwest Terr i tor ies  
J.A. Heginbottom 
Terra in  Sciences Division 

During field work on eas t e rn  Melville Island in July  
1977, two  ac t ive  retrogressive thaw flow slides were  noted in 
t h e  lower valley of t he  s t r e a m  draining 'Tingmisut Lake 
(75'56'N, 107O54'W). The sl ides were  on e i the r  side of t h e  
s t r e a m  valley, in slumped and f ros t  riven ma te r i a l  of t h e  
Canyon Fiord Formation,  about  1.5 km f rom t h e  lake  and an  
equa l  d is tance  f rom t h e  sea  a t  \Yeatherall Bay. Figure I 
shows t h e  slide a r e a  on t h e  southwest  side of t h e  valley. 
Figures 2 and 3 and Table 1 all  r e l a t e  t o  t h e  sl ide on, t h e  
no r theas t  side of t h e  valley, which was  examined in  some  
deta i l .  

The slide was first  visited on t h e  morning of July 17, 
1977, and a s e t  of marker  pegs was installed around t h e  uphill 
edge  of t h e  slide area .  The pegs were  30 c m  lengths  of 2 c m  
d iame te r  birch dowel. Distances between pegs and f rom t h e  
pegs t o  t h e  edge  of t h e  slide a r e a  were  measured t o  t h e  
nea re s t  c e n t i m e t r e  using a s t ee l  tape.  The bowl o r  basin of 
t h e  sl ide was  roughly c i rcular  in shape,  with a d i ame te r  of 
approximate ly  45 rn. The side and backwalls were  50 t o  
250 c m  high. Exposed in t h e  backwall was a layer of thawed 
soil ,  75 t o  100 c m  thick,  overlying massive i c e  wi th  d i r t  bands 
at leas t  2 m thick. The headwall  was r e t r ea t ing  actively.  
Near t h e  foot  of t he  headwall  t he  floor of t h e  basin was a 
mass  of liquid mud with f r e e  wa te r  on t h e  surface .  This mud 
was  moving slowly downhill, draining and drying a s  i t  did so. 
Fa r the r  out  f rom t h e  headwall t he  water  was  flowing in t h e  
c e n t r a l  pa r t  of t he  slide zone, with bands of dried mud on 
e i t h e r  side. 

Headwall r e t r e a t  was mainly by mel t ing  of t h e  exposed 
mass ive  ground i ce  and t h e  continual falling away of t h e  
t hawed  soil above a s  individual crumbs t o  clods of soil, r a the r  
than a s  coherent  blocks. Clods of soil fal l ing on to  t h e  icy 
g lac is  slid down i t  and dissolved in to  t h e  liquid mud of t h e  
basin floor. 

D a t e  and t i m e  Line and dis tances  (m) 
of survey P Q R S T 

17 July 1977, 1210h 18.67 16.61 15.00 13.59 14.12 

21 July 1977, 1615h 17.94 16.13 14.22 13.18 13.69 

Dif ferences  (m/100 h) 0.73 0.48 0.78 0.41 0.43 

Mean r a t e  of headwall  
r e t r e a t  (m/100 h) 

The absolute  a g e  of t h e  t w o  s l ides  is not  known. They 
a r e  not  visible a s  d i sc re t e  f e a t u r e s  on t h e  1959, 1:60 000 
sca l e  aer ia l  photographs. Examination of t hese  photographs 
(A16763-54 and -55) shows t h a t  t h e  valley of th is  s t r e a m  i s  
marked by numerous landslide s ca r s  of various ages. 

Similar f e a t u r e s  t o  t hese  s l ides  have been described 
f rom t h e  Mackenzie De l t a  a r e a  (Mackay, 1963; Kerfoot  and 
Mackay, 19721, f rom Banks Island (French and Egginton, 
1973), and f rom Ellef Ringnes Island (Lamothe  and St-Onge, 
1961). 

The slide was  examined again  on t h e  af ternoon of Ju ly  
21, 1977, and t h e  d is tances  f rom t h e  pegs t o  t h e  headwall  
were  remeasured.  From these  t w o  s e t s  of measurements  
(Table I )  t h e  amoun t  of headwall  r e t r e a t  was  determined.  In 
t h e  100 hours be tween t h e  t w o  s e t s  of measurements ,  t h e  
amoun t  of r e t r e a t  was  between 40 and 80 cm.  During th is  
t ime,  t h e  a i r  t empera tu re ,  measured at t h e  c a m p  a t  
Tingmisut Lake,  ranged f r o m  + I  t o  +13OC with an  ave rage  of 
+6.5OC. There  was only a t r a c e  of precipitation.  

The mean  r a t e  of r e t r e a t  of 0.57 m/100 h compares  well 
with values repor ted  by Kerfoot  and Mackay (1972) fo r  "mud 
slumps" on Garry  Island in t h e  Mackenzie  De l t a  and by French 
(1974) f rom eas t e rn  Banks Island. Ker foo t  and Mackay 
surveyed a l a rge  mud s lump on Gar ry  Island nine t i m e s  
between June  1964 and August 1971. In 1964, 1965, and 1971 
they  visited i t  tw ice  each  summer ,  and r e t r e a t  r a t e s  in 
metres /100 hours c a n  be  derived f r o m  t h e  d a t a  t hey  present.  

*long the sides the there were cracks The mean rate was 0.28 m/lOO h, whereas the maximum r a t e  
in t h e  ground surface  severa l  dec ime t r e s  f rom t h e  edge. As was 0.46 m,lOO French surveyed two llslumps,, in the 
t h e s e  walls were  not  r e t r ea t ing  ac t ive ly ,  i t  was  not  c lear  .Thornsen River-Johnson Point area of Banks Island in  1972 
when, how, o r  why t h e s e  c r acks  had developed. 

Figure I 

Ret rogress ive  thaw flow slide on 
the  southwest  side of a valley 
(July 17, 1977). 

From: Scientif ic and Technical Notes 
in Current Research, Part A; - 
Ceol .  Surv. Can., Paper 78-1A. 



Figure 2 

Deta i l  of headwall  of a slide on 
t h e  no r theas t  s ide  of a valley. 
See Figure 3 fo r  t h e  location of 
the  a r e a  shown (July 17, 1977). 
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and 1973. Mean r e t r e a t  r a t e s  ca lcula ted  f rom his d a t a  a r e  
0.43 m/100 h for  1972 and 0.56 rnI100 h for  1973. The 
minimum r a t e  was  0.22 and t h e  maximum 1.08 m/100 h. 

It is hoped t o  revisi t  t he se  f e a t u r e s  in t h e  fu tu re  and t o  
make  fu r the r  measu remen t s  on the i r  r a t e  of development.  
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AN EXAMPLE O F  COMPUTER SOLUTIONS T O  
GROUNDWATER FLOW AND SLOPE STABILITY PROBLEMS 

D.A. Proudfoot and P.B. Fransham 
Terrain Sciences Division 

Introduction 

The natural  heterogeneity of soil and rock lithologies 
renders the  manual solution of groundwater flow and slope 
stabil i ty problems both t ime  consuming and tedious. Com- 
puter  solutions are ,  in most cases,  ef f ic ient  and generally 
more  accurate .  For the  purpose of groundwater studies and 
slope stabil i ty analysis, four computer  programs have been 
obtained. The groundwater flow program (UNSAT2) was 
developed by Neuman e t  al .  (1974) and is capable  of solving 
fo r  both sa tura ted and unsatura ted flow. The other  th ree  
programs, dealing with slope stabil i ty analysis, were  compiled 
by Fredlund (1976). The main analysis program (SLOPE), used 
for  calculating fac tors  of safe ty ,  has  many options making i t  
versa t i le  yet  maintains a simple d a t a  input. Two supple- 
mentary  programs (SLOPE1 and SLOPE21 a r e  used for 
description and graphical presentation of the  slope geometry  
and results of t he  stabil i ty calculations. 

An integral par t  of a slope stabil i ty calculation is t he  
estimation of pore pressures along the  potential  failure 
surface.  Pore  pressures can  be obtained through field 
monitoring of p iezometers  or by mathemat ica l ly  simulating 
t h e  groundwater flow. Either method can be used 
independently; however, a combination of field measurements  
and numerical simulation is by far  the  best approach. Where 
i t  is necessary t o  perform many stabili ty calculations over a 
var ie ty  of geological si tes,  i t  may not be  pract ica l  t o  
instrument every  potentially unstable slope with piezometers.  
An a l ternat ive  is t o  use a numerical approach and to  input t he  
ca lcula ted  pore pressures directly into the  stabil i ty calcula- 
tions. For this purpose UNSAT2 has  been modified s o  t h a t  
t h e  pore pressures a r e  output  in a fo rma t  compatible with the  
input t o  t h e  program SLOPE. To il lustrate the  potential  of . 

t h e  four programs, a n  example  of a slope stabil i ty analysis 
using UNSATZ and SLOPE is presented. The results of t h e  
stabil i ty calculations have been plotted using SLOPE1 and 
SLOPE2 and have been included in this report .  

Description of hypothet ica l  slope 

To show t h e  in teract ion of t h e  four programs (Fig. I )  in 
analyzing a slope stabil i ty problem, a hypothetical  slope was 
used. The slope is 20 m high and is a t  an  angle  of 30". The 
stratigraphy consists of a basal layer of f rac tured bedrock, 
overlain by fissured sensit ive clay,  and capped by a layer of 
fine, well sorted sand. Normally t h e r e  would be a vegetation 
cover ;  however, for t h e  purposes of this example  i t  has not 
been included. An external  body of wa te r  (i.e., a river o r  
lake) covers the  slope t o  a depth of 5 m above the  toe.  
Values of t he  hydraulic conductivity,  porosity, and specific 
s to rage  were  assumed for each  s t ra t igraphic  unit (Table I). 

The program UNSATZ is capable of simulating actual  
c l imat ic  conditions; for t he  purpose of this example  mean 
monthly precipitation values were  used. Evapotranspiration 
is t he  volume of water  which can be ex t r ac t ed  from the  soil 
by t h e  combined e f f e c t  of transpiration of vegeta t ion and 
evaporation f rom the  soil. This value has been calculated and 
subtracted f rom t h e  monthly precipitation t o  give an  approxi- 
m a t e  value of t h e  potential  flux of water  across the  
infil tration-evaporation boundary. In some cases  the  
potential  infil tration will exceed t h e  infil tration capaci ty  of 
t h e  soil. Water t h a t  does not en te r  t he  dynamic groundwater 
regime will be lost through runoff. The pore pressures in t h e  
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Hydraulic properties of t h e  soil layers  
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Conductivity Conductivity % 
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N SLOPE S T R B I L I T Y  R N R L Y S I S  * 
ORTE*JULY 29 RUN NUMBER-RUN 2 P R O J E C T - S E T T I N G  R  SUBMERGENCE TO 25M MFlX PORE PRESS 

SCf lLE I N  METERS 

E F F E C T I V E  STRESS R N R L Y S I S  1 WATER 
S T b P L I F I E D  B I S H O P  METHOD O U N I T Y E I G H T = 9 . 7 9  N/cu.H 

COHESION = 0 . 0 0  KPA 

Figure  2. SLOPE1 plot of t h e  problem geomet ry ,  c r i t i ca l  fa i lure  c i rc le ,  t r i a l  c e n t r e  
locations, and soil descriptions.  
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Figure 3. Finite e l emen t  mesh used for  t h e  problem slope analysis example .  



INFILTRATION-EVAPORATION BOUNDARY 
0 

METRES 

- ------------------ -------- --- 
BEDROCK 

Figure 4. Plot of t h e  equipotential  lines for  t he  problem slope analysis example  using 
mean pore pressure values. 
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Figure 5. SLOPE2 plot of t he  t r ia l  c e n t r e  locations with the  minimum fac to r  of s a fe ty  
recorded for  each centre .  Contoured by hand. 



example were  modelled for a period corresponding t o  one 
year. Mean, maximum, and minimum pore pressures were  
ca lcula ted  for each node of the  finite e lement  mesh (Fig. 3). 
The mean pore pressure values were  used in contouring 
equipotential  lines (Fig. 4 )  and also a r e  used a s  input t o  the  
stabil i ty analysis. Correlation of pore pressures measured in 
t h e  field with those t h a t  were  calculated indicates t h a t  t he  
f in i te  e lement  method is a useful tool for obtaining e s t ima tes  
of pore pressures where field da ta  is lacking. The results of 
t he  correlation and an indepth study of the  groundwater 
regime in the  Ot tawa Valley a r e  par t  of t he  second author 's  
Ph.D. thesis. 

The search for a minimum factor  of safe ty  was made 
using a grid of points a s  cen t r e s  for tr ial  failure arcs.  A t  
each of t h e  trial  centres ,  a series of d i f ferent  radii was used 
so tha t  f ac to r s  of safe ty  were  ca lcula ted  for essentially all  
potential  failure surfaces. Figure 2 shows t h e  problem 
geometry,  the  trial  c e n t r e  locations, and the  crit ical  fa i lure  
a rc ,  together  with some engineering properties corresponding 
t o  the  d i f ferent  soil layers. The bedrock is assigned a unit 
weight of -1.0, which indicates t h a t  t he  layer is  sufficiently 
strong t h a t  a tr ial  failure c i rc le  will not  pass through t h e  
bedrock. Figure 5 gives the  minimum factor  of safe ty  for  
each  trial  centre .  Contouring of Figure 5 was done manually 
and shows t h a t  t he  minimum fac to r  of safe ty  for  t h e  slope 
has a x-co-ordinate of 19.0 m and a y-co-ordinate of 60.0 m. 
The minimum fac to r  of safe ty  of 1.080 indicates t h a t  t h e  
slope is only marginally stable under the  groundwater 
conditions simulated by UNSAT2 and the  s t rength  pa ramete r s  
assumed for  t h e  d i f ferent  soil layers. 

Program Description 

This section describes some of the  options available in 
t h e  programs and also t h e  modifications which were  made t o  
optimize the  programs for the  computer  available a t  Energy, 
Mines and Resources. 

UNSAT2 

UNSAT2 solves the  problem of nonsteady flow of water  
in saturated-unsaturated porous media by a Galerkin type  
f in i te  e lement  approach. The program is capable  of handling: 
1) irregular boundaries; 2) varying degrees  of local anisotropy; 
3) uptake of wa te r  f rom the  soil by plant roots, allowing fo r  
d i f ferent  species of plants t o  simulate more closely ac tua l  
field conditions; and 4) axisymmetr ic  flow t o  a partially or 
fully penerrating well. 

In this example  a f in i te  e lement  mesh consisting of 147 
e lements  and 161 nodal points was used (Fig. 3) .  Both 
quadrilateral  and triangular e lements  can be used. The mesh 
is drawn so  a s  t o  give t h e  maximum density of nodal points in 
t h e  cr i t ica l  a r e a s  close to  t h e  c re s t  of t he  slope and a lower 
concentration of nodes in a reas  where the  likelihood of a 
slope failure occurring is remote.  I t  is not necessary t o  input 
a l l  node and e lement  descriptions a s  data .  The program will 
genera te  a l l  t he  intervening nodes and e lements  within a soil 
type. It is necessary t o  input only boundary nodes and 
e lements  and also those e lements  tha t  a r e  tr iangular.  A 
criterion of t h e  mesh design is t h a t  t he  ver t ica l  lines a r e  
continuous f rom one side of t he  problem t o  the  o ther .  The 
maximum number of nodes along any one ver t ica l  line is 
directly re la ted  t o  t h e  s ize  of t h e  computer  memory needed 
t o  solve the  problem. Therefore,  in order for t he  program t o  
run efficiently,  t h e  number of nodes in t h e  ver t ica l  d i rec t ion 
should be  kept t o  a minimum. 

UNSATZ initially was  wri t ten  for  use on an IBM 370-165 
computer.  Modifications t o  t h e  original program have been 
made t o  convert  t he  program to  run on a CDC CYBER 70 
Model 74 computer  and t o  allow t rue  dynamic field length  
modification. This e l iminates  the  need t o  recompile t h e  main 

program when running problems of d i f ferent  s izes  and allows 
t h e  program t o  run with minimum cen t ra l  memory storage. 
Provision also has been made t o  s to re  the  nodal point co- 
ordinates,  t h e  nodal number,  and t h e  mean, maximum, 
minimum, and standard deviation of the  pressure head for 
each  nodal point. These s t a t i s t i c s  may be generated fo r  any 
desired t ime  span. The f i le  in which the  s t a t i s t i c s  a r e  saved 
can be catalogued and used a s  input t o  o the r  programs 
requiring pore pressure data .  

A planned fu tu re  enhancement  t o  the  program is a 
subroutine which will plot t h e  problem geometry ,  including 
soil boundaries and properties,  and t h e  pore pressures a t  t he  
nodal points. Provisions also will be  made t o  contour  
equipotent ia l  lines f rom t h e  pore pressure grid. 

SLOPE 

The computer  program SLOPE offers  six d i f ferent  
methods of slope stabil i ty analysis. Each method employs 
slightly d i f ferent  s ta t i s t ics  in deriving the  f ac to r  of s a fe ty  a s  
well a s  d i f ferent  assumptions which render t h e  problem 
determinant  (Fredlund, 1974). Because t h e  f a c t o r  of s a fe ty  
obtained is dependent on the  method of analysis, th is  program 
affords  t h e  user t h e  option of ca lcula t ing t h e  f a c t o r  of s a fe ty  
by severa l  d i f ferent  methods,  allowing comparisons of t h e  
various results. 

One option allows t h e  generation of the  information 
necessary t o  plot t he  slope geometry ,  c r i t i ca l  c i rc le ,  and grid 
of radius cen t r e s  (SLOPEI, Fredlund, 1976). Also t h e  grid 
c i rc le  cen t r e s  can be requested and plotted with t h e  
corresponding f ac to r s  of s a fe ty  and/or slip c i r c l e  radii  
(SLOPE2, Fredlund, 1976). 

Local knhancemen t s  and modifications have been made 
t o  t h e  SLOPE program t o  f ac i l i t a t e  i t s  implementat ion and 
operation on the  CDC CYBER 70 Model 74 computer .  
Modifications t o  t h e  SLOPE program have dras t ica l ly  reduced 
the  cen t r a l  memory requirements.  Fur ther  debugging output  
was added at cr i t ica l  points in t h e  program t o  a ide  with 
program verification and e r ro r  de t ec t ion  and now is con- 
trolled by an  input parameter .  Options t o  have t h e  output  in 
e i the r  English or SI units and t o  have soil descriptions p lot ted  
through SLOPE1 along with t h e  soil pa ramete r s  have been 
included. Programs SLOPE1 and SLOPE2 have been combined 
t o  allow intermixed SLOPE1 and SLOPE2 d a t a  t o  be plotted 
in one run. 

A planned enhancement  t o  t h e  slope analysis sys tem is 
the  abili ty t o  plot and contour  t h e  POR5 (pore pressure) grid 
f rom the  SLOPE program; th is  subroutine will be  t h e  s a m e  
routine t o  be  implemented with UNSATZ. The program will 
be converted locally for use with the  CDC SEGLOAD util i ty,  
allowing fu r the r  cen t r a l  memory reduction. In conjunction 
with co re  reduction, an  in teract ive  graphics input-output 
option is planned whereby a user can  sketch his problem 
geometry  di rec t ly  on a C R T  (cathode ray tube)  and have t h e  
cr i t ica l  slip c i rc le  plotted immediate ly .  
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AN EFFICIENT, LOW COST, AEOLIAN SAMPLING SYSTEM 60 micron screening. The liner f i t s  in to  t h e  base of the  
sampler  loosely, t o  inhibit jamming by sand. An O-ring 
(Precision No. 153) forms a seal a t  t h e  top. A string was glued 
t o  t h e  top of t h e  l iner t o  f ac i l i t a t e  removal.  Small  f ins may 
be  glued a t  t he  base of t he  unit t o  prevent  shifting when in 
place.  The c o s t  of mater ia ls  for  each  unit  i s  less than $14. 

P.S. Rosen 
Atlantic Geoscience Cen t re ,  Dar tmouth 

Introduction The aluminum pins a r e  1 m long; and - 3 2  c m  wide 
(1/8"). A washer (1/4" opening) loosely slides on th is  shaft .  A system for  monitoring t h e  to ta l  aeolian t ranspor t  in 

a coasta l  sand dune environment was developed and field 
tes ted .  An aeolian t r ap  was modified and enlarged f rom a 
device  described by Leatherman (1976). This sampler proved 
e f f ec t ive  fo r  both unidirectional and multidirectional 
sampling over  e i the r  short-  or long-term intervals.  
Concurrently,  small  d iameter  pins se t  in ar rays  around t h e  
samplers  give an  accura t e  measurement  of dune or beach 
deflation and accre t ion.  

Discussion 

The sampler unit i s  buried t o  t h e  level of t h e  slits. The 
narrow sli t  is  oriented in the  d i rec t ion t o  be sampled. The 
screening provides maximum possible flow-through of wind, 
while trapping all  sand-sized mater ia l  in the  liner. The 
screening on t h e  l iner allows rain wa te r  t o  drain,  and prevents  
bouyancy from ground water .  The units may be placed in s e t s  
of four t o  provide multidirectional sampling. The large  s l i t s  
leave a small  solid surface  in the  direction of sampling. 
Resis tance  and scour a r e  thus minimized. Wind scour around 
the  sampler is  reduced fu r the r  by tamping the  sand around 
t h e  unit  when i t  i s  buried. 

Specifications 

The body of each sampler unit (Fig. 2) consists of a 
106 c m  length of Schedule 40 PVC sewer pipe (10 c m  I.D.). 
Two sli ts ,  6.3 c m  and 9.8 c m  wide, extend 45 c m  down from 
the  top of the  tube. The larger sl i t  is  covered with 60 micron 
screening, while the  o the r  serves  a s  an  ent ry  fo r  sediment.  
The base  is  covered with window screening. A 60 c m  liner 
(9.5 c m  O.D.) of c l ea r  p las t ic  i s  capped a t  one  end with 

Figure 1 

A. Se t s  of sampllng unlts arranged llnearly 
a t  t h e  base  and c r e s t  of a sand dune. T h ~ s  
arrangement  provldes measurements  of 
offshore-onshore, and longshore trans- 
por t  In both env~ronment s .  

I 
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A s e t  of sampling units arranged in a 
square pa t t e rn  on an overwash area.  The 
scarecrow p reven t s  in ter ference  by 
seagulls. 
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The liner provides two  advantages :  

Figure 2. The aeolian t ranspor t  sampler.  

- A ' s t ra t igraphic '  record of t h e  var ia t ions  in t r anspor t  is  
preserved in t h e  liner. 

- Emptying t h e  uni t  i s  e f f ic ient ,  as t h e  l iner  c a n  b e  
pulled up, and replaced with another  wi thout  
disturbing t h e  sampler .  Deta i led  sampling c a n  a lso  be  
made by measuring t h e  d i s t ance  down t h e  l iner t o  t h e  
sediment  surface .  In th is  way, t h e  posit ion of sedi- 
menta t ion  uni ts  in t h e  l iner , i s  known, and c a n  be  
corre la ted  with prec ise  wind and wea the r  d a t a .  

The to t a l  capaci ty  of t h e  t r a p  i s  .075 mg/ l inea r  m e t r e  
of beach. Although a single s t o r m  c a n  move th is  much 
mater ia l ,  t h e  uni ts  never  were  complete ly  filled in non-storm 
in tervals  up t o  one  month.  

The samplers  o f t en  accumulated  significant volumes of 
amphipods and o t h e r  fauna. Hence,  seagulls repeatedly  
damaged t h e  uni ts  in t h e  spring nes t ing  season. They only 
a t t acked  uni ts  in unvegeta ted  areas .  This problem was  
c i rcumvented with scarecrows of flagging tape .  The use of 
similar uni ts  for  biologic sampling should be  considered.  

The sampler  s e t s  were  p laced in a l inear  p a t t e r n  on 
l inear  f ea tu re s ,  such a s  dune  c r e s t s  and dune  bases. In open 
a reas ,  they were  placed in a square  p a t t e r n  (Fig. IA,  IB). 

The aluminum pins were  placed in t r ansec t s  and a r r ays  
in t h e  vicinity of each  s e t  of samplers.  The  pins g a v e  
concommi t t an t  records  of dune  and beach  e levat ion  changes.  
The pins were  initially half buried,  with t h e  washers resting 
a t  t h e  surface .  A sequence  of de f l a t i on  and acc re t ion  is 
recorded by burial of t h e  washer. The  pins caused no  visible 
res is tance  t o  wind flow. 

An a c c u r a t e  measurement  of t o t a l  ae6l ian  t r anspor t  in 
t h e  longshore, and shore-normal d i rec t ions  and result ing 
e levat ion  changes  can  be obtained ef f ic ient ly  with th is  
sampling sys tem.  

R e f e r e n c e  
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BOTTOM SEDIMENTS - VICINITY O F  JUAN DE FUCA In 1976, R.D. Hyndman measured very  high values on 
AND EXPLORER RIDGES, NORTHEAST PACIFIC OCEAN hea t  flow profiles made in the  vicinity of nor theas t  Juan d e  

Fuca Ridge (Hyndman et al., in press). High resolution 
D.L. Tiffin, B.D. Bornhold, C.J.  Yorath, R.H. Herzer,  subbottom profiles taken concurrently over  t h e  h e a t  flow 
and G.C. Taylor' d r i f t  profiles by Geological Survey of Canada and University 
Regional and Economic Geology Division, Vancouver of  Washington indicated t h a t  in at leas t  one  a r e a  peaks in 

hea t  flow (17.6 h.f.u.) coincided with sediment mounds 
apparent ly  formed above normal f au l t s  in t h e  oceanic  

Introduction basement.  c o m ~ a r a b l e  t o  hvdrothermal sediment  mounds 

During August 1977, t h e  authors undertook a sediment 
coring cruise on CFAV Endeavour t o  the  region traversed by 
Explorer and Juan de  Fuca ridges in t h e  nor theas t  Paci f ic  
Ocean (Fig. I) .  The purpose of t he  cruise was t o  obtain 
regional information on sediment types  within deep  .water 
basins associated with these  ridges, and t o  examine t h e  
sediments  for possible mineralization through hydrothermal 
enrichment.  

found near  t h e  'Galapagos rif; zone and other  oceanic a reas  
(Williams e t  al., 1974; Craig,  1966; Bischoff, 1969; Backer and 
Schoell, 1972; Bostrom and Peterson,  1966; Dymond e t  al., 
1973; Piper et al., 1975; Cronan, 1976; Bischoff and 
Rosenbaur, 1977; Corliss e t  al., in press). Under conditions of 
ac t ive  oceanic c rus t  generation, hydrothermal circulation of 
s ea  water  within the  c rus t  (Lister,  1972) brings dissolved 
minerals t o  the  s e a  floor which a r e  precipi ta ted  in both the  

oceanic  basal ts  and in t h e  supra-adjacent 
sediments  (Andrews and Fyfe,  1976; Fryer 
and Hutchison, 1976). 

Table 1 

List of co re  locations, lengths and water  deptt  
To evaluate  the  mineral potential  of 

sediments  adjacent  t o  p l a t e  sutures  of t h e  
nor theas t  Paci f ic  Ocean,  two  coring cruises 

Core  No. Water Depth 'Core Length Lat i tude 
me t re s  cen t ime t re s  

I 3015 
2 30 30 
3 2650 
4 2540 
5 2690 
6 1805 
7 2070 
8 2550 
9 2350 

10 2465 
I I No Recovery 
12 3240 
13 3260 
14 3170 
I5  2760 
16 2855 
17 2845 
18 2830 

were  made  in 1977.   he f i rs t ,  conducted 
by t h e  Depar tment  of Geology a t  t h e  
University of British Columbia,  
concen t ra t ed  i t s  e f fo r t s  in t h r e e  small  
basins, one close t o  the  nor theas tern  end of 
Juan d e  Fuca Ridge where  t h e  highest hea t  
f lux values were  obtained and two o the r s  a t  
t h e  nor theas tern  end of Explorer Ridge. 
The second cruise,  conducted by t h e  
Geological Survey was more regional in 
scope and was  designed t o  eva lua te  severa l  
basins over a broader a r e a  of t he  ridges and 
t o  obtain background sediment  information. 

Navigation for t h e  Geological Survey 
of Canada cruise  was  accomplished by t h e  
use of Loran-C, t h e  land based s ta t ions  
which began t ransmit t ing ear l ier  in 1977. 
Loran-C readings were  recorded every  f ive  
minutes  during d a t a  recording periods, cor-  
responding t o  each  213 mile at t h e  reduced 
ship's speed. Navigational precision was  
excel lent  (es t imated t o  be within 30 m 
repeatabili ty) which allowed for  precise  
reposit ioning over c o r e  sites.  

21A No Recovery 
2 1 8  3215 
22 3260 
23 3235 

3245 
3480 
3280 
3165 
3725 
3695 

No Recovery 
3230 
3290 
2775 
2445 
2500 
2605 
2540 

A 3.5 kHz  high resolution subbottom 
profiling sys tem was  used t o  obtain shallow 
seismic profiles along predetermined t r acks  
across  the  region (Fig. 1). Magnetic d a t a  
were  also col lec ted concurrently.  
Following completion of each overnight 
line segment ,  favourable co re  locations 
were  se lec ted on t h e  flanks of ,  and within, 
narrow and broad basins of sedimentary  
a reas  bounded by ridges and seamounts  
(Fig. 2). Loran-C co-ordinates for each  
co re  s i t e  se lec ted were  recovered f rom t h e  
navigation. 

2565 223 48" 07.34 129" 10.47 Upon recovery, e a c h  c o r e  was  spli t ,  
2700 11 5 48" 11.14 1290 23-50  subsampled for geochemical analysis, 
2680 102 48" 14 .54  1290 30.98 described with t h e  aid of binocular micro- 
2820 28 1 48' 17 .16  1290 36.49 scope, and photographed on board ship. 
2475 5 3  48" 27.15 1280 39.4 1 Af te r  examination and since cruise  comple- 
2440 10 1 48" 27.77 128" 36.83 tion the  co res  have  been placed in cool 
2425 134 48" 28.42 128" 32.56 s to rage  (4°C) while subsamples collected 

fo r  geochemical analysis were  frozen. 

l Ins t i tu te  of Sedimentary  and Petroleum Geology, Calgary.  
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T h e  m o s t  s t r ik ing  a s p e c t  of t h e  s e d i m e n t s  of t h e  reg ion  
is  t h e i r  d e g r e e  of un i formi ty  a c r o s s  a v e r y  broad a r e a .  With 
t h e  e x c e p t i o n  of t h e  w e s t e r n m o s t  c o r e s  (28 a n d  29) t h e  
s t r a t i g r a p h y  is  genera l ly  r e p r e s e n t e d  by f o u r  units :  a n  upper-  
m o s t  g r e y  unit ,  fol lowed by a d a r k  brown layer ,  a t rans i t ion  
un i t ,  a n d  a b o t t o m  medium t o  d a r k  g r e y  unit .  T a b l e  1 l i s t s  
c o r e  number ,  loca t ion ,  w a t e r  d e p t h  and  l e n g t h  f o r  e a c h  c o r e  
a n d  T a b l e  2 l is ts  t h e  th icknesses  of e a c h  uni t  f o r  t h e  c o r e s  
ob ta ined .  

T h e  u p p e r m o s t  u n i t  c o m p r i s e s  m e d i u m  g r e y ,  w a t e r  
s a t u r a t e d ,  s o f t ,  s i l t y  l u t i t e  t h a t  v a r i e s  in t h i c k n e s s  f r o m  z e r o  
t o  2 7  c m  t h i c k  (Table  2). O t h e r  c o m p o n e n t s  of t h i s  un i t  
inc lude  f ine ly  d i s s e m i n a t e d  o p a q u e  minera l s ,  d i a t o m s ,  a n d  
f o r a m i n i f e r a .  This  l a y e r  h a s  r a r e l y  b e e n  r e p o r t e d  in  c o r e s  
c o l l e c t e d  in d e e p  w a t e r  f r o m  o t h e r  a r e a s  of t h e  e a s t e r n  
P a c i f i c  Ocean .  

Underlying t h e  "upper g r e y  unit"  w i t h  c o m m o n l y  s h a r p  
b u t  local ly convolu ted  and  i n t e r d i g i t a t e d  c o n t a c t  is  t h e  "dark 

T a b l e  2 

Thickness  of c o r e  u n i t s  in c e n t i m e t r e s  

R e m a r k s  

Obsidian s a n d  in C u t t e r  

No r e c o v e r y  

Basa l t  p e b b l e s  in 4 

No r e c o v e r y  

Foramini fe ra1  o o z e  un i t  4 
F o r a m  l u t i t e  a n d  o o z e  un i t  4 
No r e c o v e r y  

Uni t s  n o t  m e a s u r e d  

Double  p e n e t r a t i o n  

I = Upper g r e y  uni t  
2 = Dark  brown uni t  
3 = Trans i t iona l  un i t  
4 = Medium a n d  d a r k  g r e y  uni t  

NR = Not  r e p r e s e n t e d .  

A = 1200 Ib. Alp ine  c o r e r  

B = B o o m e r a n g  c o v e r  





Figure 2. 

A 3.5 kHz high resolution profile over a portion of l ine 2 extending f rom 
approximately 129O40'W t o  129O05'W. The profile shows obvious 
di f ferences  with t h e  known bathymetry.  After  obtaining t h e  profile, 
co re  locations were  chosen and relocated using Loran-C. Vertical 
twoway t ravel  t ime  of 0.2 s corresponds t o  approximately  150 rn in 
wa te r  depth.  West is  t o  t h e  right hand side. 

Figure 3. A 3.5 kHz high resolution se ismic  profile over line 6, Juan d e  
Fuca Ridge. Several  faul ts  a r e  obvious in t h e  profile. Core  
number 42 w a s  obtained on t h e  small  sediment mound over 
which high hea t  flow was  measured in 1976. West is t h e  right 
hand side. 



brown unit". This layer consists of commonly very dark 
reddish brown, relatively sof t ,  grain t o  locally matr ix  
supported, fine grained, well sorted,  c lear ,  angular qua r t z  
si l t ,  finely disseminated opaque minerals and r a re  fora- 
minifera.  The dark colour is seen in t h e  matr ix  and s ta ined 
sil t .  The unit varies in thickness f rom 0.5 t o  46 c m  (Table 2). 

Beneath the  "dark brown unit" and in commonly sharp  
but locally gradational con tac t  with i t  is t h e  "transit ional 
unit". The interval,  ranging in thickness f rom ze ro  t o  69 cm,  
comprises commonly banded olive green and olive brown, 
moderately firm, matr ix  supported, f locculated, si l ty luti te.  
The colour and macrolithology appear  t o  be transit ional with 
t h e  overlying "dark brown unit". 

The lowermost "medium t o  dark grey unit" underlies t h e  
"transitional unit" with gradational contact .  It comprises 
medium t o  dark grey, f i rm t o  s t i f f ,  matr ix  supported, 
commonly intensely flocculated (in d iscreet  zones) si l t  and 
sil ty luti te.  Disseminated foraminifera  occur throughout and 
a r e  commonly abundant in local thin layers. The unit  is  
generally banded dark and light grey. Some of the  layering is 
due t o  t h e  flocculated zones but some is caused by t h e  
presence of fine t o  medium graded sand and silt. The sand 
layers appear  to  be composed of terrigenous areni tes  and 
opaque minerals. The na tu re  and composition of t h e  
remaining silt-sized components in this and the  overlying 
units is unknown but i t s  c lar i ty  and angularity a r e  suggestive 
of a volcanic source. A thick (415 m) unit of L a t e  Miocene t o  
L a t e  Pliocene clastics,  par t  of which is volcanogenic, is 
present beneath the  outer  cont inenta l  shelf and slope 
adjacent  t o  northern Vancouver Island (Yorath et a1.,1977). 

The westernmost cores  (28 and 29) contained substant ia l  
amounts  of foraminifera1 ooze  in thei r  lower sections. 

The co res  did not conta in  any obvious macroscopic 
indications of hydrothermal mineralization. Very finely 
crystall ine pyr i te  may be present  in the  dark brown and 
transit ional units of some  cores.  A botryoidal mineral t h a t  
may be an oxide is present in the  lower medium t o  dark brown 
unit  of co res  13  and 38 and c lus ters  of what appear  t o  be  
meta l l ic  grains a r e  widely sca t t e red  throughout t h e  transi-  
t ional and underlying unit of co re  42. The l a t t e r  co re  was of 
t h e  Boomerang type and was  col lec ted in an  a r e a  across 
which t h e  3.5 kHz record indicated t h e  presence of a possible 
the rma l  vent (Fig. 3). Geochemical s tudies  of samples  f rom 
al l  co res  will provide useful information per t inent  t o  t h e  
realization of the  mineral potent ia l  of t h e  region. 

The wri ters  express thei r  thanks  t o  t h e  Geological 
Survey of Canada technical  personnel 1.1. Frydecky, 
D.A. Seemann, and L. Simpson, and s tudent  ass is tants  
G. Beland, G.E. Myrfield, and J.P.T. Davis for  thei r  
compe ten t  support  both prior t o  and during t h e  cruise.  We 
also thank E.P. Fleischer, t h e  capta in  and c rew of CFAV 
Endeavour for their  assistance and enthusiasm in completing 
t h e  ship board work. 
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THE TYPE SECTION O F  THE LOWER JURASSIC 
BORDEN ISLAND FORMATION, BORDEN ISLAND, 
ARCTIC ARCHIPELAGO, CANADA 

R.A. Rahmani and 3.T. Tan' 
Insti tute of Sedimentary and Petroleum Geology, Calgary 

Introduction 

The writers,  in the  summer of 1977, measured and 
described t h e  type section of the  Lower Jurassic Borden 
Island Formation a t  t h e  Oyster  Creek a r e a  of southern Borden 
Island, Arct ic  Archipelago (Fig. I ) .  Rocks assigned t o  the  
Borden lsland Formation a r e  natural  gas  reservoirs in t h e  
southwestern p a r t  of Sverdrup Basin, but t he  relationship of 
t he  rocks there  to  the  type locality of the  formation is 
problematical.  

H.R. Balkwill, A. Embry, and L.V. Hills made con- 
s t ruct ive  comment s  on t h e  report ,  and their  suggestions a r e  
gratefully acknowledged. 

The name Borden Island Formation was given by Tozer 
and Thorsteinsson (1964, p. 121), t o  ". . . about  200 f e e t  of 
glauconitic sand with hard red ferruginous bands and grey 
phosphatic nodules", exposed in the  Oyster Creek a rea  of 
southern Borden Island. I t  was dated a s  Sinemurian (early 
Early Jurassic) on the  basis of t h e  ammoni te  Arie t i tes  sensu 
l a to  sp. indet.  (GSC loc. 35322) collected form loose f rag-  
men t s  near Oyster  Creek. Tozer and Thorsteinsson (1964) a l so  
recognized a thinner Borden Island Formation in northwestern 
Melville Island and suggested tha t  t he  formation is over- 
stepped by younger rocks on p a r t s  of Pr ince  Patrick lsland 
and the  Sabine Peninsula of Melville Island. The format ion has  
been mapped also along t h e  eas tern  margin of Sverdrup Basin 
in Axel Heiberg Island (Tozer in Thorsteinsson and Tozer,  
1970, p. 579). Frebold (1975) reported l a t e  Sinemurian t o  l a t e  
Pliensbachian ammoni tes  from beds mapped a s  the  Borden 
lsland Formation on Pr ince  Patrick Island., Melville Island, and 
Axel Heiberg Island. 

The Borden Island Formation is  considered a basin- 
marginal sandy f ac i e s  because i t  has not  been recognized in 

the  axial  pa r t s  of t he  Sverdrup Basin. Tozer (in Thorsteinsson 
and Tozer,  1970, p. 579) suggested t h e  possibility t h a t  t h e  
lower beds of t he  Savik Format ion a r e  of Sinemurian age  and 
a r e  the  basinal equivalents of t h e  Borden Island sandy beds. 
More r ecen t  lithological and biostratigraphical evidence lends 
support  t o  Tozer 's  suggestion. 

Location and quality of exposures 

In t h e  Oyster Creek a r e a  (Fig. 1, Sec. A), t h e  Borden 
Island Formation measured approximately 75 m thick (Fig. 2, 
Sec. A). A second incomplete  sect ion was measured a lso  on 
t h e  eas tern  side of Piper Bay, approximately 5 km west of t he  
Oyster Creek sect ion (Figs. 1, 2, Sec.  B). Exposures of t h e  
Borden Island Formation throughout Borden lsland a r e  
relatively poor except  for  a f e w  ferruginous sandstone beds 
t h a t  cap t h e  hills. The near horizontal  dips (normally less  than 
t w o  degrees), t h e  sof tness  of t h e  rocks and t h e  very low, 
rolling topography made the  task of measuring and describing 
t h e  format ion difficult .  

Lower and upper c o n t a c t s  

A t  Oyster  Creek, t h e  Borden Island Format ion l ies 
disconformably on the  Schei Point Format ion (Karnian). A t  
Section A (Fig. 21, t h e  con tac t  was chosen a t  an  abrupt 
lithological change between a brown (weathering l ight grey), 
f i ne  grained sandstone bed containing animal burrows, and 
medium t o  light brown sandy mudstone t h a t  is  covered with a 
lag  of f r agmen t s  of dusky red sandy ironstone and ferruginous 
animal burrows. 

The upper con tac t  of t h e  Borden lsland Format ion is  
conformable  probably with t h e  lower p a r t  of t h e  Savik 
Formation, and was picked a t  t h e  abrupt  lithological transi-  
tion between brown glauconitic sandstone beds and t h e  
overlying brown t o  light brown plas t ic  clay and mud bed 
(Fig. 2, Sec. A). 

Description 

From field observations t h e  type Borden Island 
Formation consists of 75 m of interbedded mud (about 31%), 
s i l t  (about 19%), sand and sandstone (about 50%) (Fig. 2). The 

b e p a r t m e n t  of Geology, University of Calgary, Calgary.  
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Figure 1 

Map of western Arct ic  Islands 
showing location of t h e  type  sec- 
tion of Borden Island Formation. 
Insert  map shows sect ions  A and B. 
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mud weathers  brown t o  light grey and is  brown-grey t o  
medium brown in wet ,  fresh cuts.  In places i t  is  occasionally 
sandy and covered with a lag of dusky red f ragments  of sandy 
ironstone and ferruginous animal burrows. Fragments  of 
whitish phosphatic nodules were  found on one sandy mud bed 
20 m above t h e  base  of t he  Borden Island Formation. A s i l t  
bed, 14 m thick and 22 m above t h e  base, weathers  brown- 
grey and is  medium brown in fresh cuts .  The sand of the  
Borden Island Formation is quartzose,  weathers  brown- t o  
light grey and is  light brown to  yellow-brown in fresh cuts .  
The sand ranges from very fine t o  f ine  grained, i s  variably 
argil laceous,  commonly glauconitic and usually i s  covered 
with abundant f r agmen t s  of dusky red sandy ironstone and 
ferruginous animal burrows and wood remains. A dis t inct ive  
2.5 m thick sand bed, 40 m above t h e  base of t h e  Borden 
Island Formation, of t he  Oyster  Creek sect ion (Fig. 2, 
Sec. A), yielded ammonoid and crus tacean remains in greyish 
brown phosphatic concretions.  Similar ammonoid and 
crus tacean specimens were  found a s  f loat  in nearby c reeks  
and their  source is believed t o  be this sand bed. This bed 
weathers  brown and is  yellowish brown in fresh cuts .  It is  
quartzose,  very f ine  t o  f ine  grained and glauconitic. The top 
of this bed i s  covered with a veneer  of dusky red f r agmen t s  of 
sandy ironstone tha t  may represent  t h e  remnant  of a hard 
ferruginous sandstone bed. In the  eas tern  Piper Bay sect ion 
(Fig. 2, Sec. B), th is  fossiliferous sand bed was not found. 
However, a t  approximately the  s a m e  s t ra t igraphic  level, a lag 
of crustacean-bearing concretions was found and, down-slope 
from this (down section), a lag of ammonoid-bearing concre-  
t ions also was found. Perhaps these  fossiliferous concret ions  
have been weathered out  f rom a sand bed stratigraphically a t  
t h e  s a m e  level a s  t h e  fossiliferous sand bed of Section A 
(Fig. 2). A ledge-forming marker  unit, in both sections,  
comprises  2 t o  3 m of sandstone, about  45 t o  50 m above t h e  
base  of t h e  formation (Fig. 2, bed labelled Marker 1). This 
unit is composed of two  sandstone beds. The lower of these  
t w o  beds is massive, dusky red, ferruginous, very f ine  t o  f ine  
grained quar tzose  and probably glauconitic sandstone con- 
taining ferruginous wood remains. The upper bed weathers  
buff yellow and is  l ight grey t o  light yellowish brown on f resh  
surfaces,  ca lcareous  and is  very f ine  t o  f ine  grained. I t  i s  
thinly s t ra t i f ied ,  glauconitic and contains in-place animal 
burrows (e.g. Ophiomorpha, Teichichnus , and horizontal  
grazing t r aces )  and wood remains. 

The lag of dusky red sandy ironstone and ferruginous 
animal burrows tha t  forms a veneer on the  Borden Island 
Format ion is likely derived f rom lenticular hard bands of 
dusky red, ferruginous sandstone, some  of which is  s t i l l  
exposed. 

Some of t h e  ammoni t e  specimens found in t h e  Oyster  
Creek sect ion a r e  identical  t o  specimens collected previously 
f rom the  same  a rea  by Elf Oil Exploration and Production 
Canada Ltd., and dated by Frebold (1975, p. 3, PI. 3,  figs. l a -  
c )  a s  l a t e  Sinemurian (T. Poulton, pers ,  comm.). 

Depositional environment  

In terpre ta t ion of t h e  environment of depositon of t h e  
Borden Island Formation sediments  in t h e  type a r e a  is 
hampered by t h e  poor exposure and paucity of sedimentary  
s t ructures .  The overall  a r rangement  of lithologies (Fig. 2) 
suggests a cyclicity of depositional environments.  A t  l eas t  
t h r e e  such cycles were  observed in the  Oyster  Creek sect ion 
and two  cycles in the  eas tern  Piper Bay section. The cycles  
have  an  overall  coarsening-upward trend of grain s ize  f r o m  
mud a t  t h e  lower p a r t  of each  cyc le  to. sandlsandstone at t h e  
top. 

The presence of ammoni tes ,  crus taceans ,  animal  
burrows (Ophiornorpha, Teichichnus and horizontal grazing 
t races)  and glauconi te  in the  sand and sandstone a t t e s t  t o  
depositon under shallow-marine environments,  mos t  probably 
in t h e  middle t o  lower shoreface  (sublit toral ,  subtidal, shelf)  
rea lms of Howard (1972, Fig. 4, p. 221) and closely cor- 
responding t o  a transit ion between t h e  Skolithos and Cruziana 
Ichnofacies of Seilacher (1967, Figs. 2, 3). The muds probably 
were  deposited in deeper  offshore conditions. The coarsening- 
upward cycles indicate  upward shoaling of depositonal su r face  
due t o  migration of the  sand bars (or  sand waves). Indicators 
of subaerial  deposit ion were  not  found, excep t  perhaps fo r  t h e  
presence of ironstone bands, if  this at a l l  cons t i tu t e s  evidence 
fo r  syndepositional and not  postdepositonal emergence.  

We suggest  t h a t  t h e  Borden Island Format ion of t h e  
western  Arct ic  Islands passes eastward in to  basinal Lower 
Savik shale  and the  l a t t e r  grades into the  eas tern  p a r t  of 
Sverdrup Basin t o  upper Heiberg Formation/Borden Island 
Formation de l t a i c  and marine  sands (Pliensbachian and older). 
Early Jurassic paleogeography thus  fea tured a d e l t a  in t h e  
eas t e rn  Arc t i c  Islands (uppermost HeiberglBorden lsland 
sands), and a normal mar ine  shelf in t h e  cen t r a l  islands (lower 
Savik :~rgil laceous sediments), and a shallow regime in t h e  
western  islands where  t h e  Borden Island sandwaves were  
formed. Source of t h e  Borden Island sand may have been t h e  
re-working of local underlying sand and/or sand dispersed 
laterally along basin margin by longshore currents;  The shoals 
where these  sandwaves were  deposited may have been a 
manifestation of t h e  Sverdrup Basin nor thwest  r im of 
Meneley et al: (1975). 
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PERMIAN STRATIGRAPHY AT PIPER PASS, NORTHERN 
ELLESMERE ISLAND, DISTRICT OF FRANKLIN 

Andrew D. Miall 
Ins t i tu te  of Sedimentary and Petroleum Geology, Calgary 

Introduction 

For two  days in June ,  1977 t h e  wri ter  studied t h e  Permian 
rocks  exposed a t  t h e  southern end of Piper Pass  (Fig. I )  a s  a 
contribution toward t h e  regional mapping projec t  led by 
H.P. T re t t i n  and U. Mayr (Mayr, 1976). 

These rocks were  included originally in map-unit 13 of 
Chr is t ie  (1964) a s  "Permian t o  Jura-Cretaceous".  Mapping 
during 1977 indicated t h a t  map-unit 1 3  occurs  in t h r e e  areas:  

1. North of the  main Hazen Thrust  Faul t ,  Permian s t r a t a  
r e s t  unconforrnably on t h e  Grant  Land Format ion (Cambrian  
and/or Ordovician, according t o  Tre t t in ,  1971) and a r e  t h e  
youngest rocks present in t h e  area .  

2. A second thrus t  f a u l t  has  been mapped south of t h e  main 
Hazen Thrust. Between the  two faul ts  is an  a r e a  1 t o  8 krn 
wide underlain by a s teeply  dipping t o  over turned Permian t o  
Lower Cretaceous  section,  including t h e  unit  described in this 
repor t  (also including map-unit 10C of Chr is t ie ,  1964). 

3. South of t he  two faul ts  map-unit 13 includes an  a r e a  of 
Mesozoic outcrop, no t  shown on Figure I .  

The detailed s t ruc tu ra l  geology of t h e  t h rus t  be l t  in th is  
a r e a  will be  repor ted  on elsewhere.  

- - - - - - - - 
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Figure 1. Report-area,  showing locat ion  of s t ra t igraphic  
sec t ions  A and B. 

Figure  2. St ra t igraphic  sec t ions  A and B through t h e  Permian rocks a t  
(r ight)  P iper  Pass. Both sec t ions  c o m m e n c e  at t h e  base  of t h e  

Permian. The rose diagram a t  l e f t - cen t r e  r ep re sen t s  
55 cross-bed or ienta t ion  measu remen t s  m a d e  on herr ingbone 
cross-s t ra t i f ica t ion  in t h e  67-75 m in terval  of sec t ion  A. 
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Thickness and Lithology Correlation 

Two sections through t h e  Permian rocks exposed north of 
t h e  main Hazen Thrust were described and measured in detail  
(Fig. 2). Both sections commenced a t  t he  unconformable 
con tac t  of t h e  Permian with the  Grant Land Formation. The 
thicker of the  two sections to ta ls  380 m, with an  es t imated 
100 m of poorly exposed section present,  but  not measured, 
above the  highest stratigraphic level reached. 

The dominant lithology throughout is sandstone, which 
generally is f ine to  medium grained, white t o  pale grey, 
c r e a m  t o  pale buff or  brown weathering. Small pyr i te  nodules 
and small  pebbles of white vein quar tz  and black che r t  a r e  
common locally. Spirophyton t r aces  a r e  abundant,  and some  
units contain numerous t r ace  fossils (Fig. 3). Trace fossil 
types  include simple ver t ica l  tubes up t o  18 c m  long 
(Asterosoma-type), "knobbly"-walled tubes  (Ophiomorpha- 
type) and meniscus-filled burrows (Diplocraterion-type). 
Most of t he  sandstone is massive, bedding being very faint.  
However, in section A the  interval between 67 and 75 m 
conta ins  abundant high-angle herringbone cross-stratif ication 
(Fig. 4). Low-angle ( < 5 " j  c-ross-bed s e t s  rarely a r e  present 
elsewhere in this section, and ripple marks  and small  trough 
s e t s  were  recorded a t  a f ew levels in section B. 

In section B brachiopod debris is c o m m ~ n ,  in some  places 
forming a sandy brachiopod coquina. Several intervals of 
dark grey fissile claystone containing coaly plant f ragments  
a r e  present  in section A. 

Lithologically these  rocks a r e  similar both t o  the  Sabine 
Bay Formation (Lower Permian) and t o  t h e  Trold Fiord 
Formation (Upper Permian). Regional mapping indicates  t h a t  
they probably should be  assigned t o  the  Trold Fiord, bu t  
formal  designation must  awa i t  a deta i led  examination of t h e  
brachiopod collection. Differences between the  Piper Pass 
rocks and the  type  Trold Fiord described by Thorsteinsson 
(1974) include a much g rea te r  thickness in the  repor t -area  
and an absence of the  distinctive green weather ing common 
in a reas  f a r the r  south. 

Depositional Environment and Paleogeography 

The presence of abundant brachiopods in sect ion B and 
of herringbone and low-angle cross-bedding in section A 
indicate a marine origin for t h e  Piper Pass  rocks. Herring- 
bone cross-bedding is found in a r e a s  cha rac te r i zed  by bimodal 
or  polymodal current  d i rec t ions  such a s  those  influenced by 
waves or tides. There  a r e  various causes  of low-angle cross- 
bedding, but a common one is t he  slow progradation of beach 
surfaces  under the  influence of waves in a foreshore  or  inner 
shoreface  environment (intertidal t o  shallow subtidal). T race  
fossils of t he  type shown in Figure 3 a r e  common in marine 
(intertidal toshallow subtidal)  environments.  Coquina 
deposits a r e  typically shallow subtidal in origin. 

Figure 3.  Trace fossils, 146-156 m interval  of section B. Visible a r e  Spirophyton and numerous ver t ica l  tubes. 
Note pencil for  scale. CSC 199326. 



Figure 4. Herringbone cross-stratif ication, 67-75 m interval of section A. Five s e t s  a r e  present,  showing 
a l t e rna te  southwesterly and nor theas ter ly  or ienta t ions  (set  next  t o  t o p  of hammer handle is  20 c m  
thick). GSC 199325. 

Detailed environmental in terpre ta t ions  a r e  hindered by 
t h e  lack of obvious cyclicity or repeated f ac i e s  associations 
in these  rocks, and by the  marked contras t  between the  
sequences  present in t h e  t w o  sections. There  a r e  general  
similarit ies with the  shallow shelf sandstone deposits 
described by Goldring and Bridges (1973) and Brenner and 
Davies (1974). Shoreline and barrier environments commonly 
g e n e r a t e  coarsening-upward sequences (Davies e t  al., 1971), 
and these  a r e  absent  in Piper Pass, with t h e  possible 
exception of the  75 to  115 m interval in section A. In this 
in terpre ta t ion t h e  thin shale  unit a t  75 t o  77 rn would b e  
in terpre ted a s  an offshore deposit, containing transported 
plant material .  However, i t  could represent  a lagoonal 
deposit  originally formed landward f rom a coas t a l  barrier 
island. The underlying sandstone unit contains abundant 
herringbone cross-stratif ication which could represent  a 
foreshore,  inner shoreface,  or t idal de l t a  environment within 
a barrier system. 

Fifty-five cross-bed orientation measurements  were  
made  on t h e  herringbone cross-stratif ication (Fig. 2). The 
distribution of readings is strongly bimodal about  a northeast-  
southwest  axis, which is parallel  t o  the  present-day s t ructura l  
grain,  and also parallels t h e  in terpre ted axis of t h e  Sverdrup 
Basin during Carboniferous-Permian t ime  (Throsteinsson, 
1974). Two possible in terpre ta t ions  of t h e  d a t a  a r e  offered: 

I .  The cross-bedded sandstone represents the  deposits 
of a t idal  de l t a  formed during ebb and flood through an  
inlet  in a barrier sys tem.  In this case  the  cu r ren t  modes 
likely would b e  or iented perpendicular t o  t h e  local 
coastl ine.  In view of regional paleogeographic consider- 
ations,  this in terpre ta t ion does not s eem very plausible. 

2. Cross-bed or ienta t ions  were  caused by strong, off -  
shore, reversing t idal cu r ren t s  such a s  occur  a t  t h e  
present day in narrow seaways, for example  the  English 
Channel and t h e  Malacca Stra i t .  The relatively narrow 
(less than 100 km) outcrop bel t  of t h e  Carboniferous- 
Permian rocks t h a t  extends  northeastward through 
northern El lesrnere  Island may re f l ec t  an  original 
paleogeography consisting of a narrow linear seaway, in 
which c a s e  evidence of strong reversing t idal  cu r ren t s  
might well be  expected.  Based on this hypothesis, t h e  
lithologic con t ra s t s  between sect ions  A and B could 
r e f l ec t  narrow fac ie s  bel ts  parallel t o  a shoreline t h a t  
deepened toward the  northwest (sandier in shallow 
coas t a l  environments  and more  calcareous  in t h e  open 
sea). 

References 
Brenner, R.L. and Davies, D.K. 

1974: Oxfordian sedimenta t ion in western  interior United 
Sta tes ;  Am. Assoc. Pet.  Geol. Bull., v. 58, p. 407- 
428. 

Christie,  R.L. 

1964: Geological reconnaissance of nor theas tern  Ellesmere 
Island, Dis t r ic t  of Franklin (120, 340, par ts  of); Geol. 
Surv. Can., Mem. 331. 

Davies, D.K., Ethridge, F.G., and Berg, R.K. 

197 1 : Recognition of barrier environments;  Am. Assoc. 
Pet.  Geol. Bull., v. 55, p. 550-565. 



Goldring, R. and Bridges, P. 

1973: Sublit toral  sheet  sands; J. Sediment.  Petrol., v. 43, 
p. 736-747. 

Mayr, U. 

1976: Upper Paleozoic succession in t h e  Yelverton a rea ,  
nor thern  Ellesmere Island, Dis t r ic t  of Franklin; in 
Repor t  of Activit ies,  Pa r t  A, Geol. Surv. Can., 
Paper  76-IA, p. 445-448. 

Thorsteinsson, R. 

1374: Carboniferous and Permian s t ra t igraphy of Axel 
Heiberg Islana and western  El lesmere  Island, 
Canadian  Arc t i c  Archipelago; Ceol. Surv. Can., 
Bull. 224. 

l ' ret t in,  H.P. 

197 1 : Geology of lower Paleozoic  format ions ,  Hazen 
P la t eau  and southern  Gran t  Land Mountains, 
El lesmere  Island, Arc t i c  Archipelago; Geol. Surv. 
Can., Bull. 203. 



AN UPDATE O F  SUBSURFACE INFORMATION, 
CRETACEOUS ROCKS, TROUT LAKE AREA, 
SOUTHERN NORTHWEST TERRITORIES 

G.K. Williams 
Insti tute of Sedimentary and Petroleum Geology, Calgary  

Introduction 

In t h e  pas t  two  decades,  about  sixty-five wells have 
been drilled through Cretaceous  rocks in the  vicinity of Trout 
Lake, southern Northwest Terr i tor ies  (Fig. 1). The near- 
surface  samples of most of t hese  wells have been examined 
recent ly  by the  writer;  Reasons for  undertaking this project 
were: 1) t o  provide more  information on dr i f t  thickness, 
Cretaceous  facies ' changes,  pre-Cretaceous geology and 
geography, etc., and 2) t o  s tandardize  the  nomenclature.  

Revised markers a r e  presented in Table 1. The main 
change is t h e  abandonment of any a t t e m p t  t o  subdivide t h e  
For t  St. John Group in to  formations,  a s  can  be  done in 
outcrop t o  the  west;  ra ther  a s e t  of markers  within the  group 
is identified and corre la ted ,  with a s  much consistency a s  
possible, across the  map-area (Figs. 2, 3). A ser ies  of maps 
based on the  revised markers  i l lustrates some aspects  of 
Cre taceous  history (Figs. 4-8). 

Discussion of lithology, formations,  marke r s  

Basal Cretaceous  and/or upper Paleozoic sandstone 

A sandstone, up t o  50 m thick, occurs in f ive  wells in 
t h e  cen t r a l  par t  of t he  map-area (Fig. 4). I t  lies on the  
eroded surface  of t h e  Mississippian F le t t  Formation; i t  is Figure I. Index map. 
overlain by the  Fort  St. John shale. 

] Douglas 6 Norris,  19591 Douglas, 1959, 1974 1 This paper 1 Thompson, 1977 1 
1 SE Yukon, SW N.W.T. su r face  ( subsurface ( NEBC subsurface I NW Alta.  subsurface I 

S p i r i t  River Fm. Garbutt Fm. 

T r i a s s i c  ? Paleozoic 

Figure 2. Nomenclature and approximate  surface  t o  subsurface correlation, Trout Lake and adjoining areas .  

From: Scientific and Technical Notes  
in Current  Research, P a r t  A; - 
Geol. Surv. Can., Paper  78-1 A. 



Revised Cretaceous markers 

Wells are listed geographically according to the Y.T. and N.W.T. 
Grid Survey System. Wells drilled before this system was intro- 
duced have been given a section-unit designator, e.g. Briggs 
Tetcho Lake No. 1 is identified as L-26; on the maps these 
older wells are differentiated by heavier type. 

Grid Well Name Location 

Atkinson et al. Island R. 5-44 
Union Pan Am Trainor K-70 
Union Pan Am Trainor K-30 
Pan Am A-1 Island R. 0-29 
Imperial Island R. No.1 
H.B. Pan Am S. Island R. M-41 
H.B. Amoco S. Island R. M-52 
H.B. Petitot C-60 
Shell Trout L. 0-41 
Banner et al. Little Growl N-11 
Home Signal C.S.P. Celibeta No. 6 
Home Signal C.S.P. Celibeta No. 5 
Home Signal C.S.P. Celibeta No. 2 
Oome et al. Celibeta C-77 
U. Gas. C.S.P, et al. S. Celibeta 
Home Signal C.S.P. Celibeta No. 1 
Canada Southern Celibeta N-39 
Home Signal C.S.P. Celibeta No. 7 
Texaco N.F.A. Bovie L. No. 1 
Can S'thn, et al. N. Beaver R. YT 
Pan Am Beaver R. YT G-01 

Union Pan Am Trainor 0-72 
Union Pan Am Trainor E-35 
Union Pan Am Trainor H-28 
Union Pan Am Trainor L. C-39 
Atkinson Union Island R. G-42 
Oome et al. Island R. E-56 
I.O.E. Amoco Bovie M-05 
Texaco Bovie L. 5-72 

Atkinson et al. Trainor L. F-48 
Union Pan Am Trainor L-59 
Pan Am et al. A-1 Island R. 0-12 
Atkinson C.S.P. Trout L. M-51 
Atkinson et al. Trout L. H-57 
McDermott et al. Trout L. A-45 
Gobles et al. Celibeta K-01 
Gobles et al. Celibeta D-66 
I.O.E. Chevron Celibeta D-31 
I.O.E. et al. Arrowhead L-49 
B.A. Tex. Arrowhead B-76 
Amoco Pointed Mountain P-24 

Briggs Tetcho L. No. 1 60°35' 120'35' 
Atkinson et al. Island R. 1-63 60'32' 120°56' 
Dome et al. Trout L. M-73 60'32' 121°29' 
Imperial Sun Arrowhead Aurora M-47 ' 60'36' 122"38' 
B.A. Texaco Arrowhead N-02 60°31' 123O01' 
Amoco B-1 East Flett H-13 60'32' 123'17' 

U.O.H.L. Trout R. 0-80 
Shell Union Pan Am Tetcho 5-12 
Dome et al. Trout L. H-45 
Murphy B.O.C. Muskeg R. No. 1 
Imperial Sun Arrowhead 1-46 
Imperial Sun Netla Raven F-73 
Imperial Sun Netla C-07 

Briggs Trout R. No. 3 
Briggs Trout R. No. 4 
Briggs Trout R. No. 6 
Briggs Trout R. No. 2 
Briggs Trout R. No. 5 
Briggs Trout R. No. 1 
Scurry et al. Corm L. 1-49 
Murphy B.O.C. Arrowhead R. No. 1 
Horn River et al. Cormack C-65A 
Amoco Murphy Cormack N-33 
Murphy et al. Netla M-31 

61°10' 

< means 

Amoco Decalta A - 1  Poplar R. G-32 61'01' 121°21 ' 
a t  a shallower depth than. All depths are in feet. 



Table 1 (cont.) 

Banff 
Banff 
F l e t t  
F l e t t  
F l e t t  
F l e t t  
F l e t t  
F l e t t  
F l e t t  
F l e t t  
Banff 
Banff 
Banff 
Banff 
Banff 
Banff 
F l e t t  
Fantasque 
Fantasque 
T r i a s s i c  
T r i a s s i c  

Banff 
Banff 
Banff 
Banff 
F l e t t  
F l e t t  
F l e t t  
Fantasque 

Banff 
Banff 
Banff 
F l e t t  
F l e t t  
F l e t t  
F l e t t  
F l e t t  
F l e t t  
F l e t t  
F l e t t  
Fantasque 

Banff 
Banff 
Banff 
Banff 
C l e t t  
F l e t t  

Exshaw 
Banff 
Banff 
Banff 
Banff 
Banff 
Banff 

Kotcho 
Kotcho 
Kotcho 
Kotcho 
Kotcho 
Kotcho 
Kotcho 
Banff 
Kotcho 
Kotcho 
Kotcho 

Kotcho 



west 

Murphy B.O,C.  Muskeg K. No, 1 

east 
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Figure  3. Typical  well logs, Cre t aceous  markers.  





Kllomatns 25 0 25 50 
w 

75 I Kilornelrss 

qs * Limit of Cretaceous (present on ticked side) I - -  

..-- Miles 20 20 40 M i l a  

o"'" Well location, thickness of isopached interval in feet 

.. .... ...:.. . ....,.,.,.,:. ...:.:. :.:.:. Distribution of Dunvegan Fm. Figure 5 ::. . . ..: 
Thinning rate of isopached interval in feet per mile Isopachs, Fish Scale marker to base of Cretaceous 

(excluding basal Cretaceous and/or upper Paleozoic 

- -  Trace of Fish scale marker, outcrop or pre-Drift subcrop sandstone). 

,,OoOC Isopach, in feet 

Ulamlm 25 
w - 0 25 50 75 Kllometru 

** * ' Limit of Cretaceous (present on ticked side) 
I 

I .  I 
Y l l u  20 20 40 Ml la  

Well location, thickness of isopached interval, in feet 

&temp sections. ~tott, 1960 Figure 6 

"1 Eastern depositional limit of Scatter sand 
I 

Isopachs, Scatter marker (west) or Radioactive marker 3 
(east) to base of Cretaceous (excludina basal Cretaceous . . 

*Thinning rate of isopached interval in feet per mile 
- 

and/or upper Paleozoic sandstone). 

'3 Isopach, in feet 
%\ 



Kilomalies 25 
l - r  

0 25 75 Kllometres 
1 

*- * * Limit of Cretaceous (present on ticked side) I - -  I 
Mlles 20 ' 0 20 40 Miles 

Too Well location, marker elevation relative to sea level, in feet 
'1, Eastern depositional limit of Scatte~ sand 

\ Inferred basement faults 
\ 

Main faults, eastern part of disturbed belt 

Figure 7 

'Structure contours on Sca t t e r  marker  (west)  or  Radio- 
*. act ive  marker 3 (east)  and occurrence  of oil s ta in  in '. Trace of Scatter marker, outcrop or pre-Drift subcrop 

(Top of Scatter ~ m .  west of 123") Sca t t e r  sandstone. 

4 Oil stain in Sc.atter ss 
'.,%~tructure contour, in feet, datum sea level 

K i l m ~ l n a  25 - - 0 25 50 75 Kllornntra 

*- * * r 

Limit of Cretaceous (present on ticked side) I - - I 
Mi la  20 0 ' 20 40 M I I s  

well location Figure 8 

.---- Trace of Sikanni marker, outcrop or pre-Drift subcrop 'Rough indication of sandstone/sil tstone or shale  ra t io  of 
(,TOP of Sikanni Fm. west of 123") a 200-foot interval below t h e  Sikanni marker;  and 

A P  Oil stain, porosity, in Sikanni ss porosity or oil s ta in  in Sikanni sandstone. 



Where seen in cores,  this unit consists of poorly sorted 
qua r t z  sandstone and medium grey, sandy shale. Coal  occurs  
a s  grains, a s  large det r i ta l  chunks, and a s  veinlets. From well 
samples the re  a r e  indications t h a t  c h e r t  pebbles occur a t  t he  
top  of t h e  unit. Glauconite grains occur,  but  a r e  rare.  In one 
well (M-051, carbonate  occurs in t h e  well samples, whether 
f rom pebbles or from beds cannot be  determined. 

Three  other  wells have anomalous lithologies a t  t h e  
base of t h e  Cretaceous  (Fig. 4): che r t  pebbles in shale in K-  
18; very  f ine  grained, ca lcareous  sandstone in 0-80 (both wells 
lie nor theas t  of Trout Lake); and pebbly sandstone in M-52 
south of Trout Lake. 

Fort  St.  John Croup 

Figure 2 shows t h e  relationship of this group t o  
format ions  mapped in outcrops west of t he  Liard River. 

Except  for t h e  transit ion beds (described separately),  
t h e  For t  St. John Croup consists of marine shale, mostly silty 
or sandy, and marine sandstone, mostly shaly and silty. From 
west t o  e a s t  across the  map-area, t h e r e  is a gradual dec rease  
in t h e  sand plus si l t  t o  shale ra t io ;  Figure 8 il lustrates the  
pat tern .  

Sandstones of t h e  For t  St.  John Group a r e  medium t o  
light grey, depending on the  amount  of clay matrix,  very f ine  
t o  f ine  grained, quartzose,  and commonly glauconitic. Only 
rarely a r e  the  sandstones clean; usually they have some sil t  
and clay matrix.  Although sandstone layers a r e  most common 
a t  o r  below t h e  Sikanni and Sca t t e r  markers,  they also occur  
elsewhere throughout t h e  group. 

The shale  of t h e  For t  St. John Group (except t h a t  of t h e  
transit ion beds) is medium to  dark grey, usually si l ty;  in the  
west i t  is commonly sandy and glauconitic. Fissile clay-shale 
is  rare ,  usually found only toward t h e  base  of t h e  section. 

Throughout the  For t  St. John Croup, t he  following 
occur:  ironstone, Inoceramus prisms, bentonite,  fish debris, 
carbonaceous debris, and a substance t h a t  looks like coal but 
(as i t  is most common in t h e  radioactive shales) may be  a 
form of bitumen. Except for ironstone, t h e  above occur  only 
in t r ace  amounts.  Fish debris is more  common in t h e  
radioactive shales which a r e  o therwise  not noticeably 
di f ferent  f rom nonradioactive shale. 

The Sikanni and Sca t t e r  markers  correspond approxi- 
mate ly  (determined f rom intervals) with t h e  tops of those  
format ions  in outcrop. Both of these  a r e  mechanical log 
markers  (Fig. 3) but,  in western wells, they also can be  
de tec t ed  in samples: a change downward f rom silty or sandy 
shale t o  fairly clean sandstone. Unlike the  tops, t h e  bases of 
t hese  sandy units a r e  gradational t o  more  shaly beds, no 
consistent marker can be t raced between wells, hence the  
futi l i ty of a t t empt ing  to  apply format ion names. 

The Sikanni marker can be t r aced ,  with reasonable 
cer ta in ty ,  across the  map-area; in the  eas t ,  however, it is 
de t ec t ab le  only on t h e  sonic log (Fig. 3) a s  a change t o  a more  
silty shale. The Sca t t e r  marker cannot  be  t raced across  the  
map (Fig. 61, because west of Trout Lake i t  disappears. 

In nor theas tern  British Columbia, t he re  a r e  four wide- 
spread radioactive markers  (Thompson, 1977). The upper, or  
No. 4 marker,  is  t h e  widespread Fish Scale  horizon which 
marks t h e  Lower/Upper Cretaceous  boundary (Cleddie, 1954). 
Three of t he  four radioactive markers  can be  followed in to  
t h e  Northwest Terr i tor ies  (Fig. 2). Nos. I and 4 can  be t r aced  
throughout the  map-area; No. 3 can be followed only a short  
distance west of Trout Lake (Fig. 6). Radioactive marker  
No. 3 and t h e  Sca t t e r  marker occur  at approximately t h e  
same  s t ra t igraphic  level; t he  western  limit of t h e  former  and 
t h e  eas tern  l imit  of t h e  l a t t e r  appear t o  coincide. 

Radioactive marker No. I occurs near but usually not a t  
t h e  base of t h e  For t  St. John Group; t h e r e  is  usually a thin 

layer of nonradioactive shale between this marker  and the  
eroded Paleozoic surface.  Samples near  t h e  basal c o n t a c t  
commonly show sca t t e red  qua r t z  grains, up t o  coa r se  grained, 
in the  shale;  in many wells this interval contains t r a c e s  of a 
siliceous, g r i t t y  rock which appears  t o  be  composed of 
corroded radiolaria (J.H. Wall, pers. comm., 1976). 

Transition beds 

This interval,  a t  t h e  top of t h e  For t  St. John Group, is 
character ized by very poor samples.  In most instances,  t h e  
cut t ings  resemble balls of dried drilling mud - possibly an  
indication t h a t  t h e  rock is highly bentonitic.  The original 
sediment  appears  t o  have been a mixture  of clay,  s i l t  and 
sand. The dominant lithology is a poorly consolidated 
claystone-sil tstone mixture,  usually dull g rey  in colour but  
ranging through shades of brown, red,  grey t o  sooty-black; t h e  
l a t t e r  is carbonaceous.  Sandstone beds a r e  usually very  f ine  
t o  f ine  grained, quar tzose ,  and shaly but  t r aces  of coarser  
sandstone, of t he  Dunvegan type, also occur  in t h e  upper par t  
of t h e  transit ion beds. ' T h e  following occur  a s  t races :  
ironstone, cone-in-cone l imestone, coal ,  sor ted  quar tzose  
sandstone, glauconite.  

The transit ion beds a r e  up t o  200 m thick. They 
probably a r e  nonmarine in par t .  The basal con tac t  apparent ly  
is  gradational and is picked at t h e  change, downward, t o  
medium grey shale. The basal c o n t a c t  does  not  occur  a t  a 
consistent s t ra t igraphic  level. 

The designation of these  transit ion beds in t h e  Schedule 
of Wells, 1921-1971 (DIAND, 1973a) has not been consis tent ;  
a l l  or par t  have been repor ted  variously as For t  St. John 
Group, t h e  Sully Formation or  a s  t h e  Dunvegan Formation. 
These beds have more  in common with t h e  For t  St. John 
Group than with t h e  Dunvegan Formation. 

Three small  outcrops  were  found on t h e  hills southwest 
of Trout Lake by Hage (1945); they have no t  been revisited,  
a t  least  by Geological Survey geologists. Judging f rom thei r  
elevations re la t ive  t o  nearby wells, these  outcrops lie within 
t h e  transit ion beds. Hage (pers. comm., 1976) recal led  t h a t  
these  outcrops were  fairly dark shale and shaly sandstone 
with a mar ine  aspect .  

Dunvegan Formation 

The cha rac te r i s t i c  lithology is an  immatu re  sandstone. 
The colour is usually light grey with a sa l t  and pepper 
appearance,  but  may be  various shades  of red. The sor t ing is 
poor, grains range f rom sil t  t o  coa r se  sand, with r a r e  
granules. Rounded grains a r e  scarce .  Up t o  30 per c e n t  of 
t h e  grains a r e  non-quartz: feldspar,  che r t ,  shale,  s i l t s tone 
(commonly red) and coal.  The matr ix  is  a ca lcareous  clay-silt 
mixture.  Interbedded shales a r e  varicoloured, f rom red t o  
black; t h e  l a t t e r  a r e  carbonaceous.  

Dri f t  thickness 

In the  highlands around Trout Lake, t h e  dr i f t  is in t h e  
order  of 150 ? 60 m thick; in one well  e a s t  of t h e  lake  t h e r e  
a r e  335 m of dr i f t .  Like t h e  Horn Pla teau (Williams, 1977a), 
t h e  pre-glacial Trout Lake highlands may have been capped 
by sandstone, but  glaciation has  des t royed most of t h e  cap-  
rock. 

Significance of marker changes 

The age  of the  Cel ibeta  s t ruc tu re  
(near Lat. 60°00'N, Long. 122°00'W; Figs. 4-8) 

In some  wells on the  c r e s t  of t he  Cel ibeta  s t ruc tu re ,  
markers  in t h e  Schedule of Wells 1921-1971 (DIAND, 1973a) 
indicate  tha t  Cre taceous  rocks overlie t he  Banff shale.  This 
implies t h a t  much of t h e  s t ruc tu ra l  growth predated t h e  sub- 
Cre taceous  unconformity. The author  found no Cre taceous  



rocks in any of these  wells; in a l l  wells drilled on the  c r e s t  of 
t h e  s t ruc tu re ,  t h e  Banff shale  is overlain by th ick  drift .  
Cre taceous  and Paleozoic rocks a r e  folded in close s t ruc tura l  
concordance  (Williams, 1977b). The main folding was  post- 
Early Cretaceous ,  probably during Laramide deformation.  

Extent  of t h e  Dunvegan Formation 

By defining t h e  lower c o n t a c t  of t h e  Dunvegan 
Formation a s  t h e  base of a sequence composed predominantly 
of l i thic sandstone,  t h e  a r ea l  e x t e n t  of th is  format ion is 
reduced to  a patch southeas t  of Trout  Lake and a smal ler  
pa tch  northwest of t he  lake (Fig. 5) .  Most of t he  high land 
around Trout  Lake is composed of glacial  dr i f t .  The  a r e a  
shown a s  Dunvegan Formation by Douglas (1958, 1973) and 
Douglas and Norris (1959, 1974) coincides approximately wi th  
t h e  ex t en t  of t he  transit ion beds of t h e  Fo r t  St .  John Group. 

Some observations on Cre t aceous  deposit ional history 

Figure 4 is a pre-Cretaceous  geological  map. This 
erosion su r f ace  must have been a near ly  fea ture less  plain on a 
south-dipping homocline. Surface  rocks ranged f rom Upper 
Devonian in t h e  north t o  Triassic in t h e  southwest.  Although 
not indicated by Figure 4, th is  homocline is ' a c tua l ly  t h e  
southern  flank of a s t ruc tu ra l  high whose axis lies along t h e  
Liard River. North of la t i tude  61°00'N, t h e  pre-Cretaceous  
subcrop t rend of Paleozoic format ions  i s  north-south. 

The ra ther  insignificant layer of shale  below radioact ive  
marker  No. I conta ins  t h e  surviving record of a l a rge  pa r t  of 
Early Cre t aceous  history. As indicated on Figure 2, th is  
in terval  expands t o  include t h e  thick Bullhead Group t o  t h e  
south and wes t  (Thompson, 1977). Not f a r  e a s t  of t h e  map- 
a r e a ,  radioactive marker  No. 1 overlies a basal Cre t aceous  
q u a r t z  sandstone,  similar t o  and possibly an  extension of t h e  
McMurray Formation.  North of t h e  map-area  in t h e  Horn 
Plateau,  Martin Hills and Ebbutt  Hills, t he re  a r e  up t o  75  m 
of shale  below t h e  lowest radioact ive  marker.  

The above c a n  be  in terpre ted  a s  simple onlap onto  a 
pre-Cretaceous  topographic high. An a l t e rna t ive  hypothesis, 
perhaps  more  in accord  with t he  lithology and fac ies ,  is a s  
follows. The Trout  Lake  a r e a  was  pa r t  of a much larger  
tec tonica l ly  s t ab l e  a r e a  which, al though flooded by t h e  Early 
Cre t aceous  sea ,  remained a s tarved basin. To t h e  west,  rapid 
subsidence coincided with rapid c l a s t i c  deposition. Through- 
o u t  t h e  Early Cretaceous ,  t h e  s ea  bot tom sloped t o  t h e  ea s t .  
In th is  hypothesis, t h e  ea s t e rn  Trout  Lake a r e a  was  a lways  
under relatively deep  water .  

Isopachs of t h a t  pa r t  of t h e  Fo r t  St. John Group below 
t h e  Fish Scale marker (Fig. 5) show a regular pa t t e rn  of west  
t o  east thinning. Although no  quan t i t a t i ve  f ac i e s  analysis was  
a t t empted ,  i t  is obvious t h a t  t h e  f ac i e s  s t r i ke  was  abou t  
north-south, and t h a t  t he  sand source  was  in t he  west.  A 
c rude  f ac i e s  map  (Fig. 8) i l lus t ra tes  t h e  pat tern .  The lower 
For t  St. John sandstone units shale  ou t  f i r s t ,  for example  
sandstones  below t h e  Sca t t e r  marker  shale  ou t  west of Trout 
Lake (Fig. 6) whereas  t h e  Sikanni marker  extends  across  t h e  
map-area.  Although this pa r t  of t h e  sequence  is ent i re ly  
marine,  t h e  pa t t e rn  is of west t o  east regression. 

Although the re  is  not  suff ic ient  cont ro l  t o  cons t ruc t  an  
isopach map, t h e  upper pa r t  of t h e  Fo r t  St. John Group does  
no t  appear  t o  thin eas tward  t o  t h e  s ame  ex ten t .  This is 
probably because t h e  transit ion beds, in par t  a t  leas t ,  a r e  t h e  
t ime  equivalent of t h e  lower par t  of t h e  Dunvegan 

Formation - t h e  prodeltaic f ac i e s  of t h e  Dunvegan con- 
g lomerates  and sandstone.  Thus, t h e  Fo r t  St. John Group 
includes progressively younger beds f rom west  t o  ea s t .  The 
transit ion beds-Dunvegan Format ion a r e  a continuation of t h e  
west t o  e a s t  regression. 

There  a r e  some  f e a t u r e s  i l lus t ra ted  by t h e  maps  which 
may or may no t  be  fortuitous.  Note  t h e  coincidence  of 
isopach thicks (Fig. 6 )  with synclines (Fig. 7). Note  also t h a t  
t h e  distribution of t h e  basal  Cre t aceous  and/or upper 
Paleozoic sandstone (Fig. 4)  coincides  roughly with a syncline 
(Fig. 7). These  coincidences sugges t  (although they d o  n o t  
establish) t h a t  t h e  present  s t r u c t u r e  is par t ly  inherited f r o m  
ancient  s t ruc tu ra l  trends,  and t h a t  t hese  exe r t ed  a very mild 
influence on Cre t aceous  sedimenta t ion .  
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Introduction 

granitoid rocks similar t o  those  studied by Tempelman-Kluit  
and Currie.  Analyses were  made by t h e  following methods.  

Zn, Cu,  Pb, Mo and Ba: quant i ta t ive  D C  a r c  
spect rography 

A very in teres t ing  paper by Tempelman-Kluit  and W,F: color imetry  and ion e lec t rode ,  respectively,  
Cur r i e  (1977) orovides considerable basic ~ ~ e o c h e m i c a l  d a t a  on following t o t a l  decomposit ion of sample  by fusion - , 
abundance of uranium in t h e  Nisling k a n g e  a laski te  and 
re la ted  rocks. By way of comment ,  we offer  some fur ther  

- 
Th: X-ray f luorescence  (powder) 

- .  
geochemical  d a t a  on uranium and ce r t a in  accessory or U 1 :  s t rong ni t r ic  ac id  a t t a c k ,  f luorometr ic  finish 
rndicator e l emen t s  in these  s ame  rocks and f rom similar 
su i tes  elsewhere.  Ce r t a in  a spec t s  of t he  paper require 
clarif ication.  We shall ooint  out  t hese  and discuss t hem in 

- 
U P :  to ta l  U by delayed neutron ac t iva t ion  analysis. 

I t  is c l ea r  t h a t  U values found a r e  qu i t e  dependent on 
tu rn  because the  c o n c l u i o n s  drawn by Tempelman-Kluit  and t h e  analyt ica l  method employed. It is d i i f icul t  t o  compare  
Cur r i e  may be a f f ec t ed  significantly by them.  t h e  d a t a  of Table 1 with those  of t h e  au tho r s  because  we do 

no t  know how U was  determined. Moreover,  comparisons 
Discussion with d a t a  provided by one of us (B.W.S.) a r e  also in doubt 

because  most  of t h e  Nor th  American d a t a  quoted  derive f r o m  
.].he f i rs t  omission we note  is t he  absence  of any a f e w  samples  of unknown weathering history, with U 

description of analyt ica l  methods, part jcularly fo r  uranium. determined by neut ron ac t iva t ion .  Those f rom Japan  were  
I t  i s  qu i t e  impor tant  t o  know whether  analyses followed analyzed by methods  unknown. 

Sample 

104N 
104N 
104N 
104N 
104N 
105F 
105F 
105F 
105F 
105K 
105F 
115P 
115P 
115P 
115P 
115P 
115P 
115P 
1155 
1155 
1155 
1155 
1155 
1155 
1155 
l l6B 
116B 
116B 
116B 
116B 
116B 
116B 
116B 
116B 
116B 

Number 

765001 
765002 
765003 
765004 
769005 
752022 
752023 
752024 
752025 
752014 
752019 
752089 
752091 
761001 
761002 
761003 
761004 
761005 
752095 
752096 
752097 
752098 
752099 
761001 
761003 
765002 
765003 
765004 
765005 
765006 
765007 
765008 
765009 
765010 
765014 

Rock u n i t  Zone 

GRNT 8 
GRNT 8 
ALSK 8 
ALSK 8 
GRNT 8 
Q ZFP 8 
SYNT 8 
SYNT 8 
SY NT 8 
GRNT 8 
GRNT 8 
GRNT 8 
GRNT 8 
GRNT 8 
GRNT 8 
GRNT 8 
GRNT 8 
GRNT 8 
ALSK 7 
ALSK 7 
ALSK 7 
ALSK 7 
ALSK 7 
MNZN 7 
MNZN 7 
MN ZN 7 
MNZN 7 
MNZN 7 
MNZN 7 
SY NT 7 
SY NT 7 
SY NT 7 
SYNT 7 
TNGT 7 
TNGT 7 

Table I 

Eas t  ing 

594100 
594100 
594100 
594101) 
563800 
635000 
635000 
635000 
635000 
589200 
635000 
373400 
372900 
372900 
372900 
372900 
372900 
372900 
611100 
611200 
611300 
610900 
610800 
628000 
628000 
617850 
617850 
617460 
616950 
616620 
614750 
614752 
614752 
614752 
616180 

. Trace  e l emen t  d a t a  for  some  granitoid rocks. (ppm) 

Northing Zn Cu Pb Mo I4 F Th U1 U2 Locat ion 

S u r p r i s e  Lake, A t l i n .  
S u r p r i s e  Lake, A t l i n .  
S u r p r i s e  Lake, A t l i n .  
S u r p r i s e  Lake, A t l i n .  
Deep Bay, A t l i n .  
McConnell Ck. P e l l y  Mts. 
McConnell Ck.. P e l l y  Mts. 
McConnell Ck., P e l l y  M t s .  
McConnell Ck., P e l l y  Mts. 
M t .  Mye 
M t .  Mye 
Ura, Clear  Creek 
Ura, C lea r  Creek 
Ura, Clear  Creek 
Ura, Clear  Creek 
Ura, C lea r  Creek 
Ura, C lea r  Creek 
Ura, Clear  Creek 
K l o t a s s i n  Rive r  
K l o t a s s i n  River  
Klo tass in  River  
K l o t a s s i n  Rive r  
Klo tass in  River  
d r i l l  coreq266 f e e t  
d r i l l  core,984 f e e t  
Tombstone Mts . 
Tombs tone Mts . 
Tombstone M t s  . 
Tombs tone Mts . 
Tombs tone M t s  . 
Tombs tone M t s  . 
Tombs tone Mts . 
Tombs tone Mts . 
Tombstone M t s .  
Tombs tone Mts . 
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A second consideration not d.iscussed by the authors 
concerns the weathering history of the "surface rock samples1' 
studied. Much of the area from which these samples came is 
underlain by unglaciated terrain. Our own observations made 
in the Klotassin River area confirm that deep leaching of the 
alaskitic rocks therein has taken place. The ef fect  on al l  
trace metal levels is  quite pronounced. 

Table I includes a few examples of leached alaskite 
(1153). U levels are low and there is l i t t le  difference 
between partial and total determinations indicating that 
much of the easily leached U, e.g., perhaps that associated 
with fluorite, micas or sulphides, has been removed as the 
host minerals were destroyed by weathering. 

The usefulness of subtle comparisons of mean U levels 
for plutonic rocks and volcanic rocks is also in question since 
small differences measured in weathered rocks may merely 
ref lect differences in mineralogy and leachability. Thus 
there is some doubt that U levels measured in  an^ surface 
rock samples from unglaciated terrain ref lect original 
composition no matter what analytical method might be 
employed. 

Analyses of two samples of unweathered quartz 
monzonite from dr i l l  core have been added to Table 1. It is 
of interest to  note that the rat io of tota l  U t o  extractable U 
is not a l l  that different from other examples in the Table.. 
However, there are too few samples here to  be of real use in 
interpretation. 

We have presented data for a number of other alaskites, 
granites and syenites from glaciated terrain for comparison. 
It is probable that these specimens are considerably "fresher" 
than those from the N~sl ing Range. Certainly samples from 
the Tombstone Mountains and At l in were observed to be quite 
fresh. We make no comment here on the effects of 
weathering on other metals, however comparison with data 
published by Jonasson and Goodfellow (1976) w i l l  yield some 
interesting relationships. 

Finally we would point out that attempts to  assess a 
given rock unit i n  terms of i t s  potential as .a host for U 
mineralization must be made with caution given the doubts 
which can be cast on the value of geochemical data at hand. 
We agree with Tempelman-Kluit and Currie that the Nisling 
Range alaskite should be regarded as a source of U which 
could be redeposited elsewhere. Moreover we would add that 
there is also a good chance of forming zones of supergene 
enrichment within the body of the intrusive itself. The fact 
that U continues to  be mobile is reflected i n  anomalous levels 
i n  stream and spring waters percolating through the alaskite 
body (Jonasson and Gleeson, 1976). We consider that the 
combined use of water, sediment and rock sampling may lead 
to the detection of easily leached supergene U 
mineralization. 
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We welcome the discussion of. Goodfellow, Jonasson and 
Smee and are gratified they agree wi th our conclusion 
concerning the uranium possibilities of the Nisling Range 
alaskite. Our failure to specify the analytical technique used 
for our uranium determinations was a serious oversight as 
their discussion demonstrates. Our uranium analyses were by 
neutron activation with delayed neutron counting and were 
done at the laboratory of the Atomic Energy Commission in 
Ottawa. Our results should therefore be compared wi th the 
"U2" analytical values quoted by Goodfellow, e t  al. and give 
similar values to the samples they analyzed. Comparison of 
our results with the North American data was therefore valid. 

Goodfellow, Jonasson and Smee observe that we did not 
discuss the weathering history of the rocks of the rocks and 
point out that the unglaciated and weathered nature of the 
rocks of the Klotassin River region implies deep leaching and 
removal of a large proportion of the original uranium. We 
refrained from discussing the weathering history because i t s  
relationship to  the degree of uranium leaching is not 
understood and because the glacial history and physiographic 
development is detailed elsewhere (Tempelman-Kluit, 1974). 
We caution Goodfellow e t  al. i n  equating deep weathering 
wi th deep leaching. The "freshness1' of a rock sample is no 
guarantee that i ts uranium has escaped leaching. Similarly 
derivation of samples from glaciated or unglaciated regions 
bears no simple relationship t o  the completeness or depth to  
which the rocks are leached of uranium. This is  il lustrated by 
their own data using one of their criteria, namely the rat io of 
tota l  uranium to  partial uranium. For their 9 samples from 
the unglaciated part of Yukon this rat io is 1.8 ? 0.5 and for 
their 15 samples from the glaciated part 2.0 ? 0.8 (we neglect 
the outlier from Mt. Mye); statistically indistinguishable. 

We do not necessarily disagree wi th the conclusion that 
rocks in Klotassin River area are deeply leached of uranium, 
but we do disagree that their "own observations confirm the 
deep leaching of the alaskitic rocks...". Their analyses of 5 
surface specimens and 2 of d r i l l  core f rom depths of 266 and 
984 feet in the alaskite have similar U concentration 
excepting the sample from 266 feet. This suggests only that 
the rbcks are either a l l  leached equally to  a depth of 984 feet 
or that a l l  have escaped leaching equally. 

Goodfellow, Jonasson and Smee also state that i n  the 
"few examples of leached alaskite (1 15 3). U levels are low 
and there is l i t t le  difference between part ial and total 
determinations...". In  rocks from which uranium is  naturally 
leached the rat io tota l  t o  part ial uranium should increase 
progressively, not decrease as they imply, and the difference 
should also increase. This suggests for example that sample 
752019 from Mt. Mye has been more effectively leached than 
the samples from the Klotassin River. 

We consider the differences in  mean uranium levels of 
the various rock units significant for the very reasons 
Goodfellow e t  al. distrust them. Namely, they reflect 
differences i n  mineralogy and leachability i n  the rocks. 

This discussion emphasizes the problems i n  interpreting 
uranium geochemical data and that more e f fo r t  must be 
focussed on interpreting the results rather than on acquiring 
more data. 
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