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INTRODUCTION 

The fundamental role of the Geological Survey of Canada is t o  provide a comprehensive 
inventory and understanding of Canada's geological framework so that any activity that depends 
on geology is supplied with the necessary information. The principal aims are to supply 
geoscientific information necessary: 

- to facilitate the discovery of mineral and energy resources. 
- to evaluate the energy and mineral resources available to Canada. 

- to identify geological hazards. 

- to determine the capability of the landmass to withstand various types of use 
particularly in response to resource development and the disposal of wastes thereby 
assisting in conserving our natural environment. 

The Geological Survey's work forms part of three EMR programs. In 1978-79 the bulk o f  
the Sltrveyfs work is in the Geological Services Activity of the Earth Science Services Program 
whose objective is t o  "ensure the availability of geological information, technology and 
expertise concerning the description, understanding and evolution of the structure, composition, 
properties and processes o f  the earth's surficial deposits, crust and upper mantle, necessary for 
the identification of  the resource base of Canada and the e f fec t ive  exploitation of mineral and 
energy resourcesff. 

Although the resources (dollars and man-years) assigned by the Geological Survey to the 
Energy and Mineral Programs are small compared to those assigned to the Earth Science 
Services Program, the information provided by the latter is critical to the success of the other 
two. Regional geological information is necessary before oil, gas, coal, uranium and mineral 
resource evaluations can be undertaken. Information on land stability must be in hand before 
pipelines can be planned and thus is essential when estimates of future supply are made. The 
geological environment of mineral and energy resources and the ways in which they 
accumulated must be understood before precise estimates of metallic mineral potential can be 
made. 

The Energy Program is designed to ensure the availability and to promote ef fect ive use of 
the mineral resources available to  Canada. As part of this program the Geological Survey 
participates in preparing assessments of oil and gas, coal and uranium resources. 

The Mineral Program is designed to ensure adequate supply and to promote e f fec t ive  use 
of the mineral resources of Canada. The Geological Sltrvey provides much of  the information 
needed to facilitate the exploration and exploitation of such resources and to encourage their 
orderly development. 

The Geological Survey of Canada is a branch of the Science and Technology Sector, 
Department of Energy, Mines and Resources. It currently has 780 man-years comprising 725 
permanent staff of which 345 are university graduates with 195 holding doctorate degrees, 
mainly geologists, geophysicists and geochemists. The Geological a r v e y  is the most 
decentralized branch of  the department, having units in Ottawa; Dartmouth, Nova Scotia; 
Calgary, Alberta; and Vancouver and Patricia Bay, British Columbia. The branch is currently 
organized into 7 divisions based on major functions and to a lesser extent on geography. 

Institute of Sedimentary and Petroleum Geology, Calgary, Alberta provides up-to-date 
information on the sedimentary basins of western and Arctic Canada. These areas contain most 
o f  Canada's oil, natural gas, and coal resources. It is also responsible, primarily, for making 
national assessments of petroleum and coal resources and for studying the nature and 
occurrence of these commodities. 

Atlantic Geoscience Centre, Dartmouth, N.S., is concerned with studying all aspects of 
the marine geology of the Atlantic, and the central and eastern Arctic offshore areas and for 
providing the petroleum potential assessment for the Atlantic offshore. 

Regional Economic Geology Division, Ottawa and Vancouver, is responsible for all aspects 
of the bedrock geology of Canada, excluding the Western Canada and Arctic sedimentary basins. 
Work in the Precambrian Shield and Appalachian regions is based in Ottawa whereas studies of 
Cordilleran geology are centred in Vancouver. A marine geology unit of the Cordilleran 
Subdivision at the Pacific Geoscience Centre, Patricia Bay, B.C., is responsible for studying the 
bedrock and unconsolidated sediments of the Pacific and Western Arctic offshore areas. The 
division is also concerned with establishing the conditions under which metallic mineral deposits 
occur and for describing and assessing their potential abundance and probable distribution. 

Resource Geophysics and Geochemistry Division, based in Ottawa, provides geophysical 
and geochemical information needed for the exploration and evaluation of Canada's uranium and 
mineral resources. National systematic surveys such as the Federal-Provincial Uranium 
Reconnaissance Program (started in 1975) and the Federal-Provincial Aeromagnetic Program 
(active since 1961) are the responsibility of this division. As part of a national commitment the 
division undertakes the development, testing, calibration and standardization of geophysical and 
geochemical technology. Most of the Geological Srvey 's  external activities (e.g. CIDA) are 
managed by this division. 



Terrain Sciences Division, based largely in Ottawa, is concerned with the surficial geology 
of Canada. It undertakes systematic surveys as well as more detailed studies. An important 
part of the work is the assessment of the occurrence and magnitude of natural terrain hazards 
and the capability of the landmass for use. Engineering and environmental geology 
investigations are also undertaken by this division. 

Geological Information Division, based in Ottawa, is responsible for the communication of 
results of the scientific work of the Geological Survey in the form of  reports, maps, charts, and 
data released to users and potential users; the maintenance of the scientific library and 
associated data systems as an earth science information base; and the provision o f  geoscience 
information to the public. In support of these objectives the division maintains capabilities and 
facilities in scientific editing and information, cartography, and the library. 

Central Laboratories and Administrative Services, based in Ottawa, provides chemical, 
mineralogical and technical support, mainly to Ottawa-based units, and the co-ordination of 
administrative, financial and personnel services. 

The senior branch management s ta f f  is in Ottawa as are the Branch Program and 
Evaluation Office, the Data Systems Group and Special Projects related t o  national and 
international activities. 

The reports and notes that make up this publication all contribute t o  one or more of the 
departmental programs and are planned and carried out by the various divisions. The variety,of 
topics reflects the wide range of subjects studied as part of the Geological Survey's program but 
Decause this publication is issued three times each year no single volume is likely to cover the 
full range of activity. 

Public interest and attention was drawn to  one aspect of the Geological Survey's work 
when the branch was asked to participate in "Operation Morning Light" - the recovery of the 
remains of the Soviet satellite Cosmos 954 which disintegrated over northern Canada on 
January 24, 1978. Report 24 describes the results of the search carried out by various Canadian 
and United States organizations. 

The nature and distribution of uranium deposits must be understood i f  reliable estimates 
are to  be made of Canada's resources of  this source of energy. Reports 21 and 23 describe the 
geology of deposits in Cape Breton and in the district of Mackenzie. Report 22 presents results 
of a study designed to assist in understanding the formation of uranium deposits and Report 8 
gives results of a radiometric survey carried out near North Bay, Ontario. 

As part of its contribution to the discovery of mineral resources the Geological Survey 
carries out studies of new exploration techniques. Indeed it has a leading role in developing 
geophysical and geochemical methodology. Reports 7 and 18 give results of two such studies. 

In order to investigate and map the geology and near surface structure of rocks on the 
eastern continental shelf, studies such as those reported in reports 3 and 19 are carried out. 
This work is facilitated by geophysical studies some of which have been the subject of earlier 
reports. The continental margins are assuming an increasing importance in the search for oil 
and gas resources. A fuller understanding of the geology o f  these areas is essential for making 
more accurate estimates. 

Information on bedrock and surficial geology is obtained through systematic surveys. &ch 
information is basic to many of the activities carried out by the Geological S r v e y .  Mineral and 
energy resources cannot be evaluated unless the regional geological framework is understood. 
Potential damage to  the environment cannot be assessed unless the nature of the surficial 
materials is known. Report 2 presents the interim results of a study of a part of the Canadian 
Shield in the district of Keewatin. The area was mapped on a reconnaissance scale in the early 
1950's but much more information is needed concerning the structure and stratigraphy of the 
metasedimentary and metavolcanic rocks and their relationships to  the gneissic rocks. Such 
information contributes t o  an understanding of  the presence or absence o f  mineral deposits from 
certain geological associations. Report 20 describes the surficial geology o f  an area west o f  
Montreal. The results will be useful t o  those responsible for planning urban growth as well as t o  
those involved in environmental matters. The study is part of a continuing study of the surficial 
deposits of the Ottawa Valley Lowlands designed t o  map, describe and explain the 
unconsolidated deposits and landforms of the area in order t o  provide the geological and terrain 
information pertinent to land use planning, agriculture, urban and industrial development, 
forestry and engineering construction. 

The addition of a flDiscussion and  communication^'^ section to "Current Research, Part A" 
in January 1978 has been well received. Contributions are welcome and, subject .to editorial 
acceptibility, will be published in the first issue following their receipt. A note to  Contributors 
accompanies Part 111 of this publication. Manuscripts for inclusion in this volume were accepted 
until April 18. 

Ottawa, May 1, 1978 R.G. Blackadar 
Chief Scientific Editor 
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I : SCIENTIFIC AND TECHNICAL REPORTS 

OCCURRENCE O F  A LARGE PHYLLOCARlD CRUSTACEAN O F  LATE DEVONIAN- 
EARLY CARBONIFEROUS AGE FROM YUKON TERRITORY 

Projec t  720072 

M.J. Copeland and W.D. Ian ~ o l f e '  

Abstract 

Copeland, M.J. and Rolfe, W.D. Ian, Occurrence of a large phyllocarid crustacean of  Late Devonian- 
Early Carboniferous age from Yukon Territory; Current Research, Part B, Geol. Surv. Can., 
Paper 78- lB,  p. 1-5, 1978. 

Two specimens of a large archaeostracan phyllocarid (Dithyrocaris? sp.) are reported from 
unnamed strata of Famennian-Early Mississippian age in northeastern Yukon Territory. The 
morphology of the carapace is unknown, but, for the first t ime,  the presence of eight thoracic somites 
and seven pretelson abdominal somites can be demonstrated for a rhinocaridid, as well as the area 
originally occupied by anal integument, beneath the telson head. 

Introduction 

Through the  cour tesy  of Mr. John Senyk, Canadian 
Fores t ry  Service,  two fossil phyllocarid specimens  were  
submit ted  for examination.  These archaeost racans  occur in 
t h r e e  pieces of rock, one  showing a telson with furca l  r ami  
(PI. 1.1, fig. 2) 6 inches  (15 c m )  long and two  comprising t h e  
'part1-of t h e  anter ior  and t h e  'counterpart '  of t h e  posterior of 

another  specimen 17.5 inches  (44.5 c m )  long (PI. 1.1, fig. I). 
Neither specimen is i n t ac t ,  but t h e  larger  individual, if 
complete ,  would have  been about  27 inches  (69.5 cm)  in 
length, making i t  one  of t h e  larges t  phyllocarids y e t  reported.  

LEGEND 

QUATERNARY 
Q Undif ferent ia ted  fluviati le and lacus t r ine  clay,  

si l t ,  sand and gravel.  

CRETACEOUS 
Upper and Lower Cretaceous  

K Sandstone,  s i l t s tone  and shale  (includes Eagle 
Plain Formation).  

JURASSIC 
Upper Jurass ic  (mainly) 

u J  Sandstone,  s i l t s tone  and l imestone  (includes 
s t r a t a  of possible L a t e  Triassic age). 

PERMIAN and CARBONIFEROUS 
P-C  Undif ferent ia ted  unnamed shale,  H a r t  River, 

E t t r a in  and Jungle  Creek  formations.  

DEVONIAN 
Upper Devonian 

uD Unnamed sandstone,  s i l t s tone  and shale,  
par t ly  coeval  with t h e  Imperial  Formation.  

Middle and/or Lower Devonian 
m D  Unnamed sil tstone,  shale  and l imestone.  

DEVONIAN, SILURIAN, ORDOVICIAN and 
CAMBRIAN 

Lower Devonian, Silurian, Ordovician, and Upper 
Cambrian  Road River Formation 

6 D r  Shale, l imestone,  che r t  and breccia  
conglomerate .  

Upper and Middle Cambrian  
6 Undifferent ia ted  shale,  s i l t s t one  and 

sandstone.  
Figure 1.1. Geological  map  of Eagle River a r e a  (1 16 I), 

Yukon Terr i tory ,  showing t h e  s t ra t igraphic  and Geology by D.K. Norris (unpubl.). Based on field 
s t ruc tu ra l  s e t t i ng  of GSC Ioc. C-46794 f rom observations by D.K. Norris, E.W. Barnber, 
which t h e  t w o  phyllocarid specimens  were  J.A. Je le tzky,  E.W. Mountjoy, B.S. Norford, 
recovered.  A.W. Norris and G.R. Turnquist. 

' ~ u n t e r i a n  Museum, The University,  Glasgow, Scotland. I 



The specimens were  obtained by Mr. Senyk from debris 
a t  t he  base of a forty foot  high (12 m) road c u t  near 
milepost 230 along the  southeast  side of Dempster Highway 
a t  66021130"N, 136'45'W, 6.8 miles (12 km) southwest of 
Eagle River Crossing, Yukon Territory (GSC loc. C-46794). 
They a r e  from a light brown s i l t s tone bed t h a t  contained 
other ,  uncollected, fossil remains. 

D.K. Norris, Geological Survey of Canada, provided the  
accompanying map (Fig. I .  1) and following s t ra t igraphic  
information: 

"The locality is on the  west flank of 
Richardson Anticlinorium adjacent  t o  Eagle Fold 
Belt" (Fig. 1.1). "There, near the  nose of south- 
plunging Tut t le  Anticline, t h e  fresh bedrock 
exposures along Dempster Highway appear t o  l ie 
in termedia te  in s t ra t igraphic  position between 
dark grey shale with thin, resistant interbeds of 
f ine  grained sandstone (GSC loc. C-29996) on the  
west flank of the  anticline,  and dark grey, ea r thy  
weathering mudstone (GSC loc. C-29998) on t h e  
e a s t  flank. According t o  W.W. Brideaux (Internal 
Report ,  1974) t h e  shale a t  loc. C-29996 contains 
spores, of ten  highly carbonized, of La te  Devonian, 
probably Famennian age. The mudstone a t  loc. C- 
29998 contains abundant,  moderately well 
preserved spores of Early Carboniferous age ,  
according t o  D.C. McGregor (Internal Report ,  
1974). If field mapping is co r rec t  and t h e  
paleontological ages  a r e  representative,  
therefore ,  t he  roadside exDosures containin2 t h e  
phyl locar~ds  may be  no o ~ d k r  than L a t e  ~ e v & i a n ,  
Famennian, and no younger than Early 
Carboniferous". 

The specimens a r e  preserved a s  f la t tened impressions. 
In order t o  reconst ruct  t he  f igure  of t he  larger individual 
(GSC 47803) the  photographic negat ive  of t h e  'counterpar t '  
(B) of t h e  specimen (PI. 1.1, fig. I )  was  reversed t o  obtain an  
image conforming in orientation with t h a t  of t h e  anter ior  
'part' (A). Several inches of overlap occur  between t h e  t w o  
pieces of rock, permitt ing reliable determination of thei r  
re la t ive  -?sitions. A reconstruction based on this photo- 
graphic toration is shown in Figure 1.2. 

The smaller specimen containing a telson and furcal  
rami in ventral  a spec t  (GSC 47804) was cu t  along t h e  do t t ed  
lines shown on P la t e  1.1, f igure  2. Samples (A,,  B1) were  
submit ted  t o  D.C. McGregor and T.T. Uyeno, Geological 
Survey of Canada, for  palynological and conodont analyses 
respectively. Neither sample  provided identifiable micro- 
fossils, conodonts were  absent,  and palynological preparations 
revealed only the  presence of much macerated plant debris. 

Discussion 

The presence of the  median dorsal p l a t e  of t h e  ca rapace  
in specimen GSC 47803 conf i rms t h e  assignment of t hese  
specimens t o  t h e  Archaeost raca  but  does  not permit  e x a c t  
determination of thei r  gener ic  identity within t h e  
Rhinocarididae. Such identification depends primarily on 
ca rapace  shape and the  nature  of surface  ornamentat ion - 
character is t ics  mostly lacking here.  Even so, comparison 
with o ther  fossil c rus taceans  would seem t o  indicate  t h a t  
these  a r e  ext remely variable character is t ics  on which t o  base 
generic relationships. The specimens described he re  a r e  
ext remely large, possibly slightly longer than Heber tocar is  (= 
?Dithyrocaris) wideneri  Stumm and Chilman (Kesling and 
Chilman, 1975, p. 157) f rom t h e  Middle Devonian Silica 
Formation of Ohio. Both species have typical,  s t r i a t e  
posterior abdominal ornamentat ion and the  furcal r ami  a r e  
proximally broad (PI. 1.1, fig. 2; Kesling and Chilman, 1975, 
PI. 35). Restoration of H. (= ?D.) wideneri  indicates t h a t  a t  

a - abdominal somi te  m - mesola tera l  ca r ina  
c - ca rapace  of ca rapace  

c r  - ca rapace  rim p - pereiopods 
d - median dorsal p l a t e  s - posteroventral  spine 
f - furcal  ramus of ca rapace  
t - telson 

Figure 1.2. Dithyrocaris? sp. (GSC 478031, length 44.5 cm. 



Plate 1 .l. Dithyrocaris? sp. (scale in centimetres) 

Figure I.  Photographic reconstruction of GSC 47803.  

Figure 2. Ventral view of telson and furcal rami, showing hole formerly occupied by 
anal integument, GSC 47804.  



l e a s t  p a r t  of t h e  proximal c o n s t r i c t i o n  in wid th  of t h e  f u r c a l  
r a m i  could  b e  s e e n  in dorsal  view if t h e  r a m i  w e r e  preserved  
in l a t e r a l l y  e x t e n d e d  position. It is possible t h a t  g e n e r a l  s i z e  
and  o r n a m e n t a t i o n  of t h e  f u r c a l  r a m i  m a y  prove  of c e r t a i n  
s p e c i f i c  t a x o n o m i c  value.  Notwi ths tanding  Bowman (1971) 
t h e  te rminology  of R o l f e  (1969) h a s  b e e n  a d h e r e d  t o  for  
t e l son  and  f u r c a .  

As previously observed  (Rol fe ,  1969, p. R312) " R e c e n t  
L e p t o s t r a c a  a r e  d i f f e r e n t i a t e d  mainly by t h e i r  l i m b  s t r u c t u r e ,  
and  if found  fossi l  t h e y  would b e  s e p a r a t e d  i n t o  only t w o  
g e n e r a  on t h e  basis  of c a r a p a c e  form...". Taxonomic  grouping 
based  o n  body divisions and  a s s o c i a t e d  a p p e n d a g e s  will 
probably a l s o  p r o v e  valid for  dividing t h e  A r c h a e o s t r a c a ,  but  
t h e  d e g r e e  t o  which t h e s e  c r i t e r i a  m a y  be  applied will depend  
on  t h e  d i scovery  of suf f ic ien t ly  well  p reserved  m a t e r i a l .  T h e  
i m p o r t a n c e  of t h e  p r e s e n t  co l lec t ion  r e s t s  in t h e  f a c t  t h a t  
t w o  t a g m a t a  w i t h  s o m e  a p p e n d a g e s  c a n  b e  dist inguished in 
t h e  t runk  of a n  individual rhinocaridid (PI. 1.1, f ig.  1). F r o m  

s p e c i m e n  GSC 47803 i t  is possible t o  d e t e r m i n e  (Fig.  1.2) with 
s o m e  a c c u r a c y  t h e  pos te r ior  1 6  of t h e  probable  22 s o m i t e s  
compr is ing  t h e  body divisions of a n  a r c h a e o s t r a c a n  - 
8 t h o r a c i c ,  7 pre te l sona l  abdomina l  a n d  t e l s o n  w i t h  f u r c a l  
r a m i .  Such  a success ion  of body divisions, though a n t e r i o r l y  
i n c o m p l e t e ,  is  c o m p a t i b l e  wi th  t h a t  of m o d e r n  phyllocarids 
bu t  is t h e  f i r s t  re l iab le  d e m o n s t r a t i o n  for  a s p e c i e s  of t h e  
Rhinocar id idae  (c f .  Rol fe ,  1969, f ig.  122). No a p p e n d i c u l a t e  
p r e - t h o r a c i c  s o m i t e s  a r e  preserved  a s  t h a t  por t ion  of t h e  
s p e c i m e n  is  missing. The  8 t h o r a c i c  s o m i t e s  a r e  d e t e r m i n a b l e  
by t h e  p r e s e n c e  of pa i red  l a m e l l a r  pere iopods  1-7 on  t h e  l e f t  
s i d e  a s  i l lus t ra ted  and  2-8 on  t h e  r igh t  s ide,  in proximi ty  t o  
t h e  median  dorsal  p la te .  T h e  c o m p l e t e  s t r u c t u r e  of t h e  
thoracopods ,  however ,  is  unknown. T h e r e  a r e  s e v e n  d i s t i n c t  
p re te l son  abdomina l  s o m i t e s ,  a l though t h e  f i v e  m o s t  a n t e r i o r  
s o m i t e s  a r e  s o m e w h a t  obscured  by t h e  median  dorsa l  p la te .  
Dis t inc t ion  of t h i s  abdomina l  s e g m e n t a t i o n  would be  much 
f a c i l i t a t e d  if pleopods w e r e  p r e s e n t ,  bu t  n o n e  is p reserved .  

F igure  1.3. R e c o n s t r u c t i o n  o f  Dithyrocaris paradoxides ( D e  Koninck), VisGan, Belgium, showing  dorsa l ,  v e n t r a l  a n d  r igh t  l a t e r a l  
v iews  of c a r a p a c e ,  p re te l son  s o m i t e  a n d  t e l s o n  w i t h  f u r c a l  r a m i .  (The pos te r ior ly  c o n v e r g e n t  s t r i a e  h a v e  b e e n  
o m i t t e d  by t h e  a r t i s t  f r o m  t h e  v e n t r a l  s u r f a c e  of t h e  pre te l son  somi te . )  T o t a l  l ength ,  c. 1 3  c m  ( a f t e r  Rol fe ,  1969). 



The telson is long and thin, about two thirds the  length of t he  
furcal  rami  (PI. 1.1, fig. 2) and bears a strong median carina.  
For t h e  f i r s t  t i m e  in any rhinocaridid i t  is  possible t o  
demonstra te  (PI. 1.1, fig. 2) t h e  ape r tu re  on t h e  ventra l  
surface  of t h e  telson head, formerly  occupied by t h e  anal  
integument (Rolfe,  1969, p. R303, fig. 126). A similar 
ape r tu re  may be  detected on Heber tocar is  (= ?D.) wideneri in 
the  ventral  aspect  of the  telson shown in Stumm and Chilman 
(1969, P1. 6, fig. 4). The furcal  rami a r e  s tout ,  broad, 
tapering distally, with 7 s t rong longitudinal ribs. The exter ior  
ribs commence  proximally on t h e  ramus, whereas t h e  interior 
ribs a r e  progressively shorter and commence  distally up t o  
one third along t h e  length of t he  furcal ramus, leaving t h e  
proximal interior surface  of each ramus relatively 
unornamented. 

The following approximate measurements  (in centi-  
metres)  of Dithyrocaris? sp. have been derived f rom 
examination of specimens GSC 47803, 47804 and extrapola- 
tion f rom published figures of Heber tocar is  (= ?D.) wideneri: 

Pre thorax (including cephalon and 
anter ior  par t  of t he  ca rapace )  ............. ca.  18.5  

Thorax ........................................ 9 
Abdomen ...................................... 23.5  

segment  1 ............... 2.0 
2 ............... 2.75 
3 ............... 2.25 
4 ............... 2 .75  
5 ............... 3 . 7 5  
6 ............... 4.50 
7 ............... 5.50 

Telson f rom anter ior  of telson head 
t o  t i p  of furcal  ramus ............... 18.5  

- 
69.5  

If these approximations a r e  valid, t he  median ca rapace  length 
(with rostrum) would b e  35.5 cm,  with t h e  exser t  portion of 
t h e  abdomen (by analogy with Nahecaris,  ca.  las t  4112 
somites) being 34 cm,  giving a to t a l  body length of 69.5 cm.  
This considerably exceeds  the  length of Heber tocar is  (Stumm 
and Chilman, 1969, p. 64) and is perhaps the  largest  rhino- 
caridid known. I t  is slightly shor ter  than the  largest  
archaeost racan,  Schugurocaris, which a t t a ins  75 c m  (Rolfe,  
1969, p. R297), but larger than known specimens of 
Schugurocaris? cornwallisensis (Copeland) of Silurian a g e  
f rom t h e  Canadian Arc t i c  (Copeland, 1960, 1971). 

Remarks  

The genera  of Rhinocarididae require revision on a 
worldwide basis. Until this has  been done t h e  erect ion of new 
genera  may be unwarranted. Heber tocar is  Stumm and 
Chilman, 1969 may only be based on old ins tars  of 
Dithyrocaris cf .  D. neptuni (sensu Stumm and Chilman, 1969, 
p. 60) - t h e  cuspate  ornamentat ion of t h e  ca rapace  is 
reminiscent of t h a t  which appears  only on what a r e  inter- 
pre ted  a s  old individuals of Cerat iocar is  papilio (Rolfe,  1962, 
p. 916, PI. 132, fig. 5-7). Also, large,  old individuals of 
Montecaris show proliferation of ca rapace  ornament  (Rolfe,  
in Brunton, Miles and Rolfe, 1969, p. 81). It would b e  - 
expected t h a t  a range of smaller instars representing 
immatu re  s tages  of these  large  individuals would be  found. 
The posteriorly convergent s t r i ae  of t he  pretelson sornite of 
Hebertocaris appeati t o  be  on the  ventral  surface  (Stumm and 
Chilman, 1969, PI. 6,  fig. 2) not on t h e  dorsal su r face  (ibid., 
cf .  text-fig. 3, text-fig. 1, 2 and corresponding plates), a s  in 
most Dithyrocaris species  and many other  phyllocarids, and 

this removes one purportedly distinctive f e a t u r e  (Fig. 1.3). 
The spinose rostra1 and ?median dorsal p la tes  and t h e b r o a d ,  
weakly s t r i a t ed  furcal  r ami  a r e  perhaps dis t inct ive  enough t o  
warrant  re tent ion of t h e  genus Hebertocaris,  bu t  these  
f ea tu res  require reviewing over t h e  en t i r e  Dithyrocaris 
species complex before  thei r  significance, gener ic  or other- 
wise, can be interpreted. Mesothyra Hall (b Hall and Clarke,  
1888) has of ten  been similarly regarded a s  a d i sc re t e  genus, 
but  i t  only di f fers  from Dithyrocaris in having a tubercle,  or 
hinge node, at t h e  junction of t h e  ca rapace  valves (Rolfe, 
1962, p. 9171, and in having less prominent ridges on t h e  
caudal  furca.  The internal se ta t ion of t h e  furcal  ramus of 
Mesothyra is of questionable diagnostic significance a s  the  
type species of Dithyrocaris shows bases of s e t a e  in a similar 
position. It was for this reason t h a t  Mesothyra was  placed in 
synonymy with Dithyrocaris (Copeland, 1967; Rolfe, 1969, 
p. R321; and previous authors), and why Di thyrocar is  is used 
he re  in such an  omnibus sense. 
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Abstract 

Tippett, Clinton R., and Heywood, W.W., Stratigraphy and structure o f  the northern Amer group 
(Aphebianl, Churchill Structural Province, District of Keewatin; 5 Current Research, Part B, Geol. 
Surv. Can., Paper 78-1 B, p. 7-1 1, 1978. 

Aphebian supracrustal rocks of the Amer group, exposed in a west-southwest trending 
synclinorium, have been subdivided into seven informal lithological units. They were deposited on a 
basement complex of probable Archean age. Discontinuous basal feldspathic sandstone and muscovite 
schist are overlain by orthoquartzite which locally may be differentiated into basal red, middle white 
and upper grey divisions. Above i t ,  a thin, impure and commonly iron-rich clastic unit is followed by 
a pervasively crossbedded pink feldspathic quartzite. These lower clastic units are separated from 
the overlying clastic assemblage by a dolomitic limestone unit containing abundant laminae o f  cherty 
orthoquartzite. The carbonate unit is transitional upwards into a pelitic unit in which beds o f  impure 
brown carbonate alternate with slates and phyllites. The highest and thickest unit is a complex red 
sandstone-siltstone-phyllite assemblage which contains scattered beds o f  calcareous sandstone and 
carbonate pebble to boulder conglomerate. 

The lower Amer group is affected by thrusts producing slices of lower Amer group rocks and 
thin slivers of basement rocks. The dolomitic limestone unit appears to have acted as a plane o f  
de'collement within the sediments as it locally forms soles of thrust faults and contains recumbent 
isoclinal folds and boudins, in contrast to the adjacent, apparently rigidly translated quartzite slices. 
Upright folding, which, in the central part of the belt may be related to thrusting, was followed by a 
phase of  subvertical compression producing a subhorizontal crenulation cleavage. The latest phase o f  
deformation resulted in a set of northwest-southeast normal faults which have systematically reduced 
the exposed width o f  the southwest plunging Amer group. 

Metamorphic grade increases towards the south and west. To the east the orthoquartzite 
contains kyanite-bearing quartz veins, to the west both kyanite and sillirnanite are present in quartz 
pebble conglomerate in the basal part of the supracrustal section. 

Introduction 

The a rea  of Keewatin discussed in this paper (66H N1/2) 
was  covered by reconnaissance mapping in 1954 (Wright, 
1955). This mapping defined a bel t  of metasediments  
dominated by orthoquartzites,  which was corre la ted  with the  
Hurwitz Group. More detailed sys temat ic  work on the  overall  
s t ruc tu re  and stratigraphy of t h e  Amer group began with the  
1:250 000 mapping of the  Amer Lake map a r e a  in 1976 
(Heywood, 1977). This paper presents the  stratigraphy of t h e  
Amer Group and an interpretation of the  s t ructura l  com- 
plexities of t h e  area .  

Stratigraphy 

Basement Complex 

The Amer group overlies a heterogeneous assemblage of 
rocks collectively referred to  a s  the  basement complex. This 
heterogeneity,  together  with locally observed discordance of 
t rends  between the  lowermost unit of the  Arner group and the  
basement complex suggests an unconformable relationship. 
The basement  is chiefly a composite of four rock associat-  
ions, namely: 

3.  layered mafic  schists containing variable combina- 
t ions of hornblende, plagioclase, ga rne t  and biot i te  (as  small  
pods within the  granitoid rocks along t h e  northern margin); 
and 

4. dark  grey t o  orange, thinly t o  moderately layered 
biotite-hornblende schists and paragneisses with minor ca r -  
bonate,  amphibolite and iron format ion (along the  western 
end of the  northern margin). 

Locally, a distinct decrease  in grain s ize  was noted in 
some  granitoids near the  basement-cover contact .  There  the  
rocks a r e  red, very f ine  grained and contain nebulous biot i te  
wisps and qua r t z  pod schistosity. Minor muscovite is present  
in some basement rocks near the  contact .  The basement- 
cover con tac t  is generally well defined, however,  in many 
places the  relations a r e  obscured by metamorphism and 
deformation. 

Basement rocks of types 2 and 3 a r e  in tercala ted  with 
the  Arner group on the  north side of the  bel t  along thrus t  
faul ts  which c u t  t h e  basement  and may be  t raced back t o  t h e  
main basement  exposures along t h e  f au l t  traces.  In one a r e a  
a thrust  sl ice of basement  varies f rom type 2 t o  type  3 along 
strike.  

1. t h e  assemblage of m e t a m o r ~ h o s e d  in termedia te  t o  
maf i c  volcanogenic ropks, u l t ramafic  iocks,  and dior i te  (along 

The Amer rou t h e  southern r n a r ~ i n ) ;  - - 

2. granitoid rocks including l ineated augen gneisses The Amer  group consists of seven units exposed along 

(mainly along t h e  southeast  and e a s t  margins) and medium t h e  northern margin of t he  bel t  (Fig. 2.1). In general  t w o  

grained granodiorit ic t o  grani t ic  gneisses (along t h e  east, thick c las t ic  subdivisions a r e  present.  The transit ion between 

nor theas t  and north margins); t hem is a ser ies  of somewhat  variable thin units (Fig. 2.2). At 
higher grades  of metamorphism and greater  degrees  of 
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Feldspathic Sandstone- 
Siltstone-Slate Unit 

Slate Unit 

Dolomitic Limestone Unit 
Crossbedded Feldspathic 

Quartzite Unit 
Impure Clastic Unit 

Orthoquartzite Unit 

Feldspathic Sandstone- 
Muscovite Schist Unit - 

BASEMENT COMPLEX 

Figure 2.2. Stratigraphic column of the  Amer group. Unit  
thicknesses not t o  scale.  

higher grades of metamorphism and g rea te r  degrees  of 
deformation in t h e  west,  f iner deta i ls  a r e  lost  bu t  t he  overall  
sequence is similar. 

I. Basal feldspathic sandstone and muscovite schist  
unit (0-30 m). The lowest unit of the  Amer group is a 
somewhat discontinuous assemblage of slightly muscovitic 
schist  layered on a scale  of 1 mm to 2 m, averaging 5-30 cm. 
Grain s ize  ranges from 0.5 t o  4 mm, and averages  1 mm. 
Boudinaged and tightly folded medium to  coarse  grained 
qua r t z  veins a re  common. Along the  southern margin of t he  
bel t  several  tens of metres  of quar tz  and, more  rarely,  
grani te  and mafic  .pebble conglomerate  occur  within t h e  basal 
unit. Where thrus t  faul ts  have penetra ted  the  basal section 
of the metasediments,  the  zone of schistose qua r t z i t e  is 
expanded by the  development of a pervasive f r ac tu re  
cleavage. 

2. Or thoquar tz i te  unit (400-1000 m). Light grey t o  
white or thoquar tz i te  forms the  most prominent unit of the  
Amer group. Grain  s i ze  averages  0.5 t o  I m m  although some  
lenses along the  southern margin conta in  granules and pebbles 
a s  much as  1 c m  in d iameter .  Laterally discontinuous and 
sparsely distributed lenses of pebble conglomerate  a s  much a s  
20 m thick consist predominantly of medium grained vein 

quar tz  pebbles and cobbles f rom 1 t o  10 c m  in diameter.  
Mafic chips a r e  locally present in the  lenses. Bedding is 
poorly defined and, where recognizable, takes  the  form of 
fa in t  colour laminations f rom I t o  10 c m  thick. Plane  bedded 
subunits containing r a re  cu r ren t  ripples dominate  with 
scat tered 10 t o  20 cm thick crossbeds present  near the  top of 
the  unit. 

Colour variations locally useful in t h e  subdivision of t h e  
unit ,  a r e  present along t h e  northern edge of t h e  be l t  bu t  f ade  
out  to the  eas t  and west.  Blotchy t o  uniformly coloured, 
reddish to  mauve qua r t z i t e  is overlain by white qua r t z i t e  
which is capped by grey quar tz i te .  Elsewhere,  greenish and 
brownish variations a r e  present. 

3. Impure c las t ic  unit (5-20 m). The or thoquar tz i te  
unit  is  overlain by a thin but laterally continuous unit  which 
commonly contains a large  amount  of iron in t h e  form of 
oxides, sulphides or silicates. Along t h e  northern margin i t  is 
usually a fine grained, massive to  flaggy, dark grey t o  black 
bioti te si l tstone or sandstone with some  zones of s in tery  
pyrit iferous s l a t e  or red hemat i t ic  garnet i ferous  siltstone. 
The underlying qua r t z i t e  passes rapidly into th is  unit with 
local development of a pyrit iferous qua r t z i t e  or dark grey 
qua r t z i t e  interbedded with peli te on t h e  scale  of 5 t o  10 mrn. 

Along t h e  southern margin, t h e  interval between t h e  
upper and lower c las t ic  subdivisions is marked, a t  leas t  
locally, by a distinctive red conglomerate  or breccia.  This 
unlayered mixture  is made up of a very  f ine  grained red shaly 
matr ix  with angular t o  subangular c l a s t s  of fine grained 
qua r t z i t e  comprising 10 t o  95 per cen t  of t h e  rock, ranging 
f rom matrix s i ze  up t o  50 c m  and averaging 1 to  2 c m  in 
d iameter .  Vugs in t h e  rock contain mill imetre-sized crys ta ls  
of specular hemat i te .  Bounding lithologies a r e  commonly 
white or thoquar tz i te  and thinly laminated red mudstone. The  
f a c t  t h a t  it outcrops below the  qua r t z i t e  in several places 
near t h e  southern margin would seem to  eliminate t h e  
possibility mentioned by Bell (1969) t h a t  i t  is a basal member 
of t h e  Helikian Dubawnt Group. It may be  a faul t  m6lange of 
the  white or thoquar tz i te  and the  thinly laminated red 
mudstone, or i t  could equally well be  a breccia ted  qua r t z i t e  
recemented with -a red mudstone matr ix  near  the  t ime  of 
deposition. 

4. Crossbedded feldspathic qua r t z i t e  unit (10-30 m). 
The second unit  in t h e  transit ion between lower and u m e r  
c l a s t i c  subdivisions is typically a pink feldspathic quar;z'ite 
with an average grain size of 0.5 to  I rnm,containing 5 t o  8 
per cen t  unimodal pink, white and orange feldspar grains 
whose concentra t ion defines compositional layering. The unit  
is pervasively crossbedded on the  scale  of 10 t o  30 c m  and, 
where  t h e  impure c las t ic  unit is absent ,  may appear  t o  b e  
gradational t o  the  slightly crossbedded upper par t  of t he  
or thoquar tz i te  unit. In t h e  c e n t r e  of t h e  bel t ,  a s  exposed 
along the  "medial fault", t he  unit contains 3 t o  5 c m  black 
laminations which a r e  probably corre la t ives  of peli t ic in ter -  
beds present along the  southern margin. As well, cross- 
bedding in the  centra l  zone is poorly developed, probably 
transit ional t o  t h e  plane bedded assemblage to  t h e  south. 
Towards t h e  wes t  t h e  unit becomes more  heterogeneous,  such 
t h a t  north of Amer Lake the  unit is a mixture of strongly 
crossbedded feldspathic quar tz i te ,  pink nonfeldspathic quar t -  
z i te ,  red quar tzose  schist  and qua r t z i t e  with r a re  0.5 t o  
20 c m  muscovite lenticles.  

5. Dolomitic l imestone unit (30-50 m). Light buff 
weathering, f ine  grained dolomitic l imestone occurs above 
the  feldspathic quar tz i te  but does not appear t o  b e  grada- 
tional with i t .  Thin, f ine grained qua r t z i t e  layers 0.1 mm to  
1 m thick comprise  5 t o  80 per cen t ,  and average 35 per cen t  



of the  unit. They a r e  clustered into quartzite-dominated and 
dolomite-dominated bands on the  outcrop scale,  however, 
t he re  does not appear to  be  any consistent regional variation 
in relative proportions. Although more or less continuous, 
qua r t z i t e  layers a r e  extensivelv boudinaged and/or isoclinally 
folded by the  intense deformation localized in the  unit. 
Locally abundant pre- and post-tectonic qua r t z  veins may 
represent remobilized silica f rom the  qua r t z i t e  layers. At 
one location, ca lc i t ic  and dolomitic marble  interlayered on 
t h e  scale  of 3 to  5 c m  were  observed. The bulk of t he  unit is 
an  a l ternat ion of monomineralic dolomite and qua r t z  layers 
with minor amounts  of metamorphic  minerals such as 
t remol i te ,  diopside, phlogopite, t a l c  and calc i te .  Schistose 
tremolite-phlogopite layers a r e  abundant along t h e  t r aces  of 
thrus t  faults.  

The dolomite unit is most abundant along the  northern 
margin; i t s  relative absence t o  t h e  south may ref lec t  t ec ton ic  
control  ra ther  than original distribution. Pale  red t o  pink 
carbonate  associated with the  red laminated mudstone, 
however,  may be equivalent t o  the  main dolomitic unit, 
suggesting a fac ies  change t o  the  south. The unit  passes 
upwards into the  overlying peli tes with an increase in 
micaceous and c las t ic  components. 

6. Sla te  unit (50-300 m). The s l a t e  unit is t he  
uppermost unit of t h e  transit ion between t h e  upper and lower 
c las t ic  subdivisions. Along the  northern margin i t  is generally 
a dark grey to  black, locally pyritiferous, s l a t e  to  phyllite 
containing a variable comDonent (usuallv 20 t o  30 Der cen t )  of 
boudina&d dark chocolat& brown-weathering carbonate  beds 
1 t o  30 c m  thick. T o  the  south thinly laminated red and grey 
s l a t e s  and mudstones may b e  equivalent t o  th i s  unit. The 
transit ion to the  overlying unit occurs with the  appearance of 
mill imetre to  me t re  thick beds of pink feldspathic detri tus.  

7. Feldspathic sandstone-sil tstone-slate unit  (3000 m +). 
This upper unit is  a heterogeneous assemblage of c l a s t i c  rocks 
arranged in lensoidal fashion, within which subunits a r e  of ten  
distinguishable along a singlr, t raverse  but in which corre la-  
tions between adjacent  t ra  .:ses a r e  difficult .  There does 
not appear to be a regional pat tern  to the  distribution of the 
dominant pink, red and grey feldspathic sandstone, orange t o  
green sil tstone, and grey to black s l a t e s  although 
unrecognized folding in the  co re  of the  synclinorium where  
t h e  unit is exposed, a s  well  a s  poor outcrop, may account  for 
the  apparent  lack of order. In the  northern half of the  a rea ,  
overall  impressions a r e  of a dominantly feldspathic sandstone 
middle subunit grading into more peli t ic rocl<s both above and 
below. To the  south,  t h e  laminated mudstones g rade  upward 
in to  a fine to  locally medium grained feldspathic sandstone 
which is t h e  highest unit exposed. 

Compositional layering in the  dominantly feldspathic 
par t  of t h e  unit apparent ly  mimics the  overall  na ture  of t h e  
unit with abundant pinch and swell structures.  Beds range 
f rom 1 mm t o  2 m, average 20 t o  30 c m  thick and contain 
fa in t  colour laminations measureable in millimetres. 
Sedimentary s t ruc tu res  include r a re  cu r ren t  ripples, sand- 
s tone dykes, small  s ca l e  ripples, and a t  least  one large  scale  
crossbed 2 m  thick. Commonly a web of s la ty  wisps 
consti tuting 20 per cen t  of the  rock encloses cent imetre-  
sized pods of red sandstone. Elsewhere these  isolated wisps 
def ine  bedding even in sandstones containing less slate.  

Light pink, slightly f r iable  ca lcareous  feldspathic sand- 
s tone beds 1 c m  t o  I rn in thickness form 5 t o  10 per  cen t  of 
t he  outcrops of this unit and locally exhibit graded bedding 
and basal scours. In some places purplish weathering 
calcareous sandstone beds contain blocks of buff dolomitic 
l imestone a s  large  a s  25 by 50 c m ,  averaging 5 by 10 cm,  a s  
well  a s  blocks of possibly more  locally derived calcareous  

feldspathic sandstone. The resemblance of the  dolomitic 
blocks to  the  dolomitic l imestone unit (division 5) suggests 
t h a t  t h e  l a t t e r  was being eroded during deposition of t h e  
upper unit. I t  is not  known whether t h e  upper c las t ic  
subdivision is separa ted f rom t h e  t rans i t ional  units by an  
unconformity or,  a l ternat ively ,  whether  t h e  slumping of 
carbonate-rich det r i tus  of this unit occurred from a 
contemporaneous ca rbona te  accumulation. 

Structural Geology 

Geometry  

The Amer group is exposed in a complexly faulted west-  
southwest-plunging synclinorium outlined by t h e  high-standing 
or thoquar tz i te  unit which encloses a t ightly folded core  
(Fig. 2.1). The basement  complex and t h e  lower units of t h e  
Amer  group, up t o  and including t h e  dolomitic l imestone unit, 
have been in tercala ted  by means  of thrus t  fault ing around t h e  
margins of the  synclinorium, producing an exaggerated 
qua r t z i t e  outcrop width. Reasons for  this in terpre ta t ion 
follow: 

- Rock types  which occur  in the  basement  complex away 
f rom t h e  Amer group a r e  present  within t h e  ortho- 
qua r t z i t e  unit along distinctive concordant  valleys 
which may be  t raced back in to  t h e  basement  complex 
proper. In one case  the  transit ion between two  
basement  types  along a single l ineament  was observed. 
Basement exposures a r e  consistently thin,  suggesting 
thrust ,  r a the r  than normal f au l t  control.  

- Colour variations in the  o r thoquar t z i t e  unit a r e  
repeated in t h e  s a m e  order  above each  exposure of 
basement.  The symmetry  expected in folding is not 
present  in the  rnonoclinally dipping sequence. 

- Muscovite schist  and minor fe ldspathic  sandstone of t h e  
basal  unit consistently occur  above t h e  basement  slices. 

- Slivers of dolomitic l imestone occur  along these  linea- 
ments ,  below t h e  basement  exposures,  or  simply within 
t h e  or thoquar tz i te  unit, suggesting t h a t  the  l imestone 
has ac t ed  a s  a plane of de t achmen t  within the  sedi- 
mentary  sequence. This hypothesis is supported by t h e  
isoclinal folding and extensive  boudining of t h e  
ca rbona te  as opposed t o  t h e  re la t ively  undeformed 
adjacent  or thoquar tz i te .  

Figure 2.1 shows the  t r aces  of t h e  thrus t  faults,  a s  
presently in terpre ted.  Correlation across  t h e  major cross- 
faul ts  is difficult  in view of the  d i f ferences  in levels exposed. 

The major eas t -nor theas t  medial  f au l t  in t h e  eas t -  
cen t r a l  p a r t  of t h e  be l t  s epa ra t e s  a syncline cored with 
medium grained fe ldspathic  sandstone t o  t h e  south f rom a 
complexly folded schistose assemblage t o  t h e  north. I t  is 
probably a thrust  f au l t  a s  i t  places south-dipping red basal 
qua r t z i t e  over t h e  uppermost units of t h e  Amer group. This 
f au l t  appears  to  pass in to  a fold closure along t h e  s t r ike  t o  
t h e  wes t  and to  merge  with o the r  th rus t s  t o  t h e  east 
(Fig. 2.1). 

Thrusting involving t h e  more  compe ten t  basal units may 
b e  corre la t ive  with t h e  upright t o  north-northwest verging, 
doubly plunging folds af fect ing rocks of a l l  units in t h e  c e n t r e  
of t h e  synclinorium, especially t o  t h e  west.  Poles to 
qua r t z i t e  bedding def ine  a single c lus ter  t o  t h e  e a s t  bu t  
broaden t o  form a g r e a t  c i r c l e  whose pole corresponds to 
mesoscopic fold hinges in t h e  west.  An increasing s c a t t e r  of 
th is  g r e a t  c i rc le  ref lec ts  increasingly variable fold plunges. 
The generally low plunges of t he  folds of this genera t ion 
produce an isoclinal a spec t  due to  the  low angle  of 
in tersect ion between thei r  hinges and t h e  ground. 



Given i t s  overa l l  west-southwest plunge, t h e  Amer 
group synclinorium should logically broaden t o  t h e  west.  This 
tendency is counterac ted  by what a r e  here  considered t o  be  
normal faults  which trend roughly northwest,  repeatedly  
narrowing the  width of t h e  bel t  a t  t h e  present level of erosion 
and exposing t h e  lower units of t h e  group. The faul ts  may be  
hinged in t h e  cen t r a l  or southern pa r t  of t h e  bel t  or t h e  
medial  faul t  may pos tdate  them a s  of fse t  along t h e  southern 
margin is minimal. Sense of o f f se t  appears  to  be sinistral  
along the  south-dipping northern margin. Normal faul t  
movement with t h e  southwest side up implies nor theas t -  
dipping f au l t  surfaces.  Conjugate joints observed along one 
f au l t  confirm this in terpre ta t ion .  

Fabrics 

Pervasive jointing is character is t ic  of t he  basal  units  of 
t h e  group along t h e  northern margin excep t  near t h e  
basement where a penet ra t ive  subhorizontal  schistosity is 
present.  Along t h e  southerri margin a shallow t o  modera t e  
south-southeast-dipping schistosity crosscuts  both  basement  
and cover.  Its relationship to  major s t ruc tu re s  is unknown 
although i t  could be  axial  planar t o  t he  regional synclinorium. 
Folds in t h e  cen t r a l  pa r t  of t he  belt  have strong axial  planar 
schistosity in s la ty  layers which is  locally re la ted  t o  trans- 
position of layering. The expression of th is  phase in 
carbonate-rich units in t he  feldspathic sandstone-sil tstone- 
s l a t e  unit  is pressure solution producing a ribbed appea rance  
whose intersection with bedding suggests crossbedding a t  f i r s t  
glance.  Crenulations of all t h e  above ment ioned fabr ics  a r e  
locally developed with a continuous range f rom ver t ica l  t o  
horizontal  axial  planes being consistently perpendicular t o  t h e  
older fabric. If thrus t ing  and upright folding a r e  re la ted ,  
t hese  crenula t ions  may b e  simply a l a t e  t ec ton ic  relaxation 
fea ture .  They a r e  most strongly developed in t he  cen t r a l  pa r t  
of t h e  belt  whe re  they have a subhorizontal  or ienta t ion  of 
axial  planes and consistently plunge gently t o  t he  west-  
southwest.  

The relationship of recumbent  isoclinal folds and 
extens ive  boudinage in t h e  dolomitic l imestone  t o  thrus t ing  is  
inferred.  

A pervasive fabr ic  developed in both basement  complex 
and cover along t h e  nor thern  margin is a shallow schistosity 
and qua r t z  f la t tening f ab r i c  (averaging 165125SW) usually a t  
25" t o  bedding (averaging 100/25SW) producing a down-dip 
intersection l ineation (averaging 220/20SW) plunging 10 t o  
40" t o  t he  southwest.  This is colinear with a diverse 
assemblage  of b io t i te ,  quar tz ,  feldspar and hornblende 
mineral  and pebble elongations. The f ab r i c  expresses itself a s  
a "f rac ture  c leavage"  in t h e  quar tz i tes .  The relationship t o  
major s t ruc tu re s  i s  unknown. 

Metamorphism 

Diagnostic minera l  assemblages a r e  poorly developed in 
rocks of t h e  Amer  group. 

Sky blue kyani te  blades up t o  1 x 1.5 x 0.1 c m  occur  in 
qua r t z  veins and in qua r t z i t e  along t h e  nor thern  margin of t h e  
bel t .  In t h e  westernmost  exposures  and just nor th  of Arner 
gake,  muscovite-tourmaline-K fe ldspar-quar tz  pegmat i t e s  
crosscut  t h e  basal  Amer group. Locally they a r e  
accompanied by si l l imanite in t h e  basa l  units .  One qua r t z  
pebble conglomerate  conta ins  s i l l imani te  in pebbles and 
matr ix  and kyani te  in veins, while o the r s  conta in  both kyan i t e  
and si l l imanite in t h e  matrix.  The coexis tence  of kyani te  and 
si l l imanite under conditions of granitoid anatexis  is  
significant in t ha t  it implies pressures whose origins, whether  
s t ra t igraphica l ly  or tec tonica l ly  produced, a r e  enigmat ic .  

In t e r m s  of t h e  sequence  of de fo rma t ion  and me tamor -  
phism, t h e  peak of minera l  growth appea r s  t o  have  pos tdated  
t h e  major deformations.  Boudins of qua r t z i t e  in t h e  
l imestone a r e  r immed with t r emol i t e  and ca l c i t e  and ga rne t s  
in basement  sl ices overgrow t h e  pene t r a t i ve  schistosity.  
Minor boudinage of t r emol i t e  ro se t t e s  and crenulation of t h e  
schistosity outside t h e  ga rne t s  a r e  t h e  only evidence  of post- 
metamorphic  deformat ion.  

Conclusions 

The Amer group is made up of two  dominantly c l a s t i c  
sequences,  s epa ra t ed  by a t rans i t ional  ser ies  of thin but 
d is t inc t ive  lithologies. S t ra t igraphic  repet i t ion  and involve- 
men t  of basement  rocks along t h e  nor thern  margin of t h e  b e l t  
has been in terpre ted  in t e r m s  of thrus t  faulting. Sinistral  
nor thwest  faul ts  a r e  in terpre ted  a s  northeast-dipping normal  
faul ts  with southwest-sides-up-movement repeatedly  
const r ic t ing  t h e  west-southwest-plunging Amer  Lake 
synclinorium. As a result ,  progressively higher grades  of 
metamorphism in t h e  basal  uni ts  a r e  exposed. 
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The dolomitic l imestone  unit  a t  low grade  is  made  up of 
a l te rnat ing  layers of dolomite  and qua r t z  which a t  higher 
grade  produce t remol i te-ca lc i te  reac t ion  zones  along t h e  
dolomite-quartz in ter faces .  Phlogopite is commonly present 
a s  a disseminated phase throughout t he  area .  To the  west ,  
and particularly near  crossfaul ts ,  diopside replaces  q u a r t z  in 
t h e  c e n t r e  of boudins. Ta l c  is  locally developed. 
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Geological-geophysical investigations were undertaken from C.S.S. Hudson in 1977 in the Scott 
Inlet and the Cape Dyer - Frobisher Bay areas of the Baffin Island shelf. 

The walls of the Scott lnlet submarine trough consist mainly of more or less flat lying strata, 
whereas strata forming i ts  floor have been folded and faulted. A structural high appears to  underlie 
the outer part of the south wall. A calcareous concretion of late Eocene age was recovered by 
dredging across benches on the trough wall. A persistent oil slick in the area may be caused by 
seepage from the rock formations. 

Bedrock geology o f  the southeastern Baffin Island shelf was further defined by geophysical 
profiling and the recovery between Curnberland Sound and Frobisher Bay of shallow drill cores of 
Precambrian gneiss and limestone of probable Ordovician age. 

Introduction 

Geological and geophysical investigations of t he  bed- 
rock underlying the  cont inenta l  shelf adjacent  t o  the  e a s t  
coas t  of Baffin Island were  concentra ted  in 1977 in t h e  
vicinity of Scot t  Inlet, where an  oil slick possibly f rom a 
natura l  seep was repor ted  by Loncarevic and Falconer (19771, 
and a t  various locali t ies between C a p e  Dyer and Frobisher 
Bay. The cruise t racks  and stations occupied a r e  indicated in 
Figures 3.1 and 3.2. This work was  undertaken from CSS 
Hudson during cruise  77-027 a s  par t  of an on-going program 
to  determine the  ex ten t ,  age ,  physical properties,  and 
s t ructura l  framework of the  main bedrock units of t h e  
cont inenta l  shelf in this region. Reconnaissance da ta  on the  
surficial  sediments of t h e  shelf ,  and underway geophysical 
d a t a  and sof t  sediment samples en  route  across Baffin Bay 
f rom Thule, Greenland, and on two t racks  across  Davis St ra i t ,  
were  also obtained. This repor t  deals  with the  bedrock 
studies on t h e  Baffin Island shelf which were  t h e  primary 
obiectives of t he  cruise.  

magnet ic  and gravity profiling in conjunction with collection 
of bedrock samples principally by shallow corehole drilling, 
and t o  a lesser ex ten t ,  by dredging. The drilling was done 
with t h e  Bedford Ins t i tu te  of Oceanography underwater 
e l ec t r i c  rock c o r e  dril l  (Fowler and Kingston, 19751, which 
c u t s  a 25 m m  d iamete r  c o r e  and pene t r a t e s  t o  a maximum of 
6 m below t h e  seafloor.  The drilling procedure was  similar t o  
t h a t  used in th is  a r e a  (MacLean et al., 1977; in press). 

Samples of consolidated and semiconsolidated rock 
considered representa t ive  of t he  underlying mater ia l  were  
recovered a t  six locali t ies,  f ive by drilling, and one by 
dredging (Fig. 3.2; Table 3.1). Rock f ragments  obtained a t  
o ther  locali t ies were  all  judged to  be  f rom e r ra t i c s  in the  
overburden. Failure t o  obtain bedrock cores  a t  other drill 
s i tes  resulted f rom severa l  fac tors :  (1) numerous e lec t r ica l  
and mechanical problems with t h e  drill t h a t  limited both 
penetration and number of drilling a t t e m p t s  a t  severa l  
stations; (2) difficulty in retaining co res  of semiconsolidated 
material:  (3) l imited bedrock ~ e n e t r a t i o n  a t  some locali t ies 

The studies of t he  continental  shelf geology were  due to f ragments  jamming in t h e  co re  barrel;  and 
(4) generally fairly thick overburden and the  inherent diffi- 

carr ied  ou t  by means of continuous seismic ref lec t ion (655 c m 3  culties in positioning the dr i l l  on the pr ime target area. air  gun source),  Huntec deep tow high resolution seismic,  

Table 3.1 

1977 bedrock sample  station* d a t a  

Water Seafloor 
Sta t ion Location depth  penetration Resul ts  

long. (m) (cm) 

9 7 1 ' 19.5'N 70°22. 1'W dredged interval 658-475 m calcareous  concretion 
recovered 

25 64'01.4'N 63'55.9'W 197 41 4 370 c m  bioti te gneiss 
co re  

26A 63'39.5'N 63"38.11W 37 3 35 4 8 3  c m  limestone c o r e  

27 63'35.5'N 63'47.3'W 21 9 11 3 15 c m  semiconsolidated 
sandstone c o r e  

2 8 63'1 1.8'N 63O00.9'W 179 27 7 100 c m  limestone c o r e  

2 9 62'58.3'N 63°00.8'W 182 54 4 108 c m  garnet  gneiss cor 

I * Drill s ta t ions ,  except  No. 9 which was a dredge s ta t ion.  I 



Figure 3.1. Tracks along which data were collected on cruise 77-027, CSS Hudson 
September 18 - October 13, 1977. 



Figure 3.2. Geological stations occupied during cruise 77-027. 



s t r a t a  exposed a t  t he  seafloor. Work in this a rea  in 
1977 was directed to  obtaining additional d a t a  on 

ECTIMV MAGNETIC, GRAVITY, geological conditions a s  a prelude t o  more  extensive 
IGH RESOCUTION SEISMIC 

GRAVITY, WGNETIC 
s tudies  planned for 1978. - LINE OF SECTIMV The Sco t t  Inlet submarine trough extends  across 

DREDGE SAMRE LOCALITY t h e  shelf in a northeasterly direction and represents  a 
S OBSERVED RISING seaward continuation of Sco t t  Inlet fiord (Fig. 3.3). 
CONTOUR (METRES) Water depths in t h e  trough reach more  than  800 m, and 

i t  has  some 700 m relief. The shores of Sco t t  Inlet 
consist  principally of precipitous cliffs rising several 
hundred metres  f rom the  sea.  Lfiken and Hodgson 
(1971) reported and discussed the  morphology of Scot t  
Inlet and the  submarine trough. The Sco t t  Inlet fiord 

71° (and trough) a re  considered to  have been carved by 
30' glacial  erosion possibly along a pre-existing drainage 

sys tem a s  suggested by For t ier  and Morley (1956) and 
Ives and Andrews (1963). 

Sco t t  Island and the  c l i f fs  t h a t  form the  shores of 
Sco t t  Inlet a r e  composed of a gneissic complex of 
Archean or Aphebian age (G.D. Jackson, pers. comm., 
1978). Quaternary  marine sediments form a narrow 
coasta l  lowland fringe to  the  north of Sco t t  Inlet and 
less extensively to  the  south. Offshore,  t h e  walls of t h e  
submarine trough consist  mainly of t runcated beds of a 
more  of less f l a t  lying sedimentary  sequence (Fig. 3.4 
and 3.5) excep t  t h e  outer  1 5  km of the  south wall where 
a s t ructura l  high with associated posit ive gravity and 

g- magnet ic  anomalies occurs.  A 100 milligal (F.A.) 
gravity low occurs over the  centra l  and inner par t  of 
t he  trough. Hood and Bower (1973) and Jackson e t  al .  
(1977) identified a sedimentary  basin a t  leas t  6 km 
deep, and probably s t ructura l ly  controlled,  along this 
sect ion of the  shelf on t h e  basis of aeromagnet ic  and 
se ismic  refraction data .  S t r a t a  forming t h e  floor of t he  
trough a r e  folded and contain faul ts  (Fig. 3.5). Data  

Figure 3.3. Index map  of Sco t t  Inlet a r ea  showing bathymetry ,  f rom a f ew profiles suggest t h a t  disturbed s t r a t a  
t r acks  along which geophysical d a t a  were  collected in possibly extend beneath  t h e  Younger f l a t  lying s t r a t a  of  
1977, dredge sample  location, and locali ty where  hydro- t h e  walls, a s  for  example  along the  northern Part  of 
carbon particles were  seen coming t o  surface.  profile C-D (Fig. 3.5) where  an  angular unconformity 

appears  to  exist  between the  beds of t he  lower par t  of 
Strong currents ,  particularly between Cape  Dyer and the  wall and f l a t  lying s t r a t a  higher in the  section. 
Frobisher Bay caused the  ship to  lose station and drilling to  Regionally, however, these relationships have not ye t  been 
b e  terminated on two occasions. unusually severe  ice  well identified. 
conditions prevented carrying o u t  a planned reconnaissance of 
p a r t s  of t h e  shelf between Sco t t  Inlet and Cape  Dyer and Dredging of the  south wall between 658 m and 475 m 

seriously hampered work f rom Cape  Dyer t o  Cumberland water depth  (Fig- 3-4), yielded a boulder sized dark grey 

Sound where  drilling and towing of  geophysical equipment ca lcareous  concretion composed mainly of f ine  grained 
were impractical in an ice-bound area that in places ca l c i t e  together  with some 'angular silt-to-sand sized qua r t z  
seaward for nearly 110 km from the  coas t .  grains and minor o ther  de t r i t a l  components.  Some sponge and 

a few other  fossil f ragments  a r e  present,  mainly replaced by 
Sate l l i te  navigation and Loran-C sys tems were  used fo r  sparry  ca lc i te ,  but in general  t he  rock contains few macro- 

navigational positioning. fossils. L.F. Jansa  (pers. comm., 1978) believes t h e  presence 
of fer roan sparry ca l c i t e  replacing skele ta l  grains indicates 

Scott Inlet area t h a t  t h e  concretionary mater ia l  was  influenced in la ter  
d iagenet ic  s tages  by format ion wa te r s  derived f rom 

The occurrence  of an  oil slick in t h e  vicinity of t h e  argil laceous s t ra ta .  The sample  mater ia l  might t he re fo re  be  
submarine trough seaward f rom Sco t t  Inlet was  observed on associated with a shaly sequence. 
t w o  occasions in 1976 (Loncarevic and Falconer,  1977) and 
again in 1977 on September 5, 6 ,  and 22. More extensive Examination of seismic profiles suggests t h a t  litho- 
traversing of the  a r e a  in 1977 revealed tha t  the  ex ten t  of the  logical variations among the  s t r a t a  forming the  walls of the  
slick was  g rea te r  than t h e  l imited observations in 1976 had trough may be expected. For example,  the  rocks of t he  lower 
indicated. Its observed ex ten t  on September 5 and 6 is shown portion of the  South wall On profile A-6 (Fig. 3.4) g ive  rise t o  
by Levy (19781, who gives results of chemical  studies of t h e  Stronger ref lec t ions  of seismic energy than those  higher in 
hydrocarbon material .  The slick was  recognizable f rom a t h e  sequence and also fo rm benches on t h e  trough wall.   his 

vessel only during calm sea conditions. persistence in suggests t h a t  harder and more  res is tant  rocks occur  along the  

time and space indicates that it originates from a source in lower sect ion of t h e  wall in th is  a r e a  with apparent ly  so f t e r  

this area and observations of hydrocarbon particles and gas (and possibly thinner bedded) mater ia l  higher in the  Section. 
bubbles rising to  the  surface  (Loncarevic and Falconer,  1977; inferences drawn by Jansa the 
L ~ ~ ~ ,  1978) support this. ~h~ compos~ t~on  of the slick, its possibility of the  l imestone being in association with shale 
wide extent and the lack of known man-made causes suggest appear  compatible with this t en ta t ive  in terpre ta t ion f rom the  
i t  may be caused by natura l  seepage of hydrocarbons f rom seismic data. 



On the  basis of a study of dinoflagellates in t h e  sample,  
C.L. Williams (pers. comm., 1978) considers t h e  rock t o  be  of 
l a t e  Eocene age.  Some Senonian species  also were  identified 
but  t he i r  presence is a t t r i bu t ed  t o  reworking of mater ia l  f rom 
older  s t r a t a .  

The lithological and faunal  composition of t h e  rock 
suggest  t h a t  deposition took place  in a ner i t ic  environment.  

The neares t  known occurrence  of Eocene s t r a t a  on t h e  
adjacent  land is some  330 km t o  the  north on Bylot Island a t  
t he  northern end of Baffin Island where a thin sequence of 

high. This suggests t h a t  th is  a r e a  is a source  of t h e  slick 
mater ia l ,  but if a s  suspected ,  t h e  hydrocarbons or ig inate  
through natura l  seepage f r o m  seabo t tom s t r a t a ,  o the r  source  
a r e a s  may exist .  The  t runca t ed  beds forming t h e  trough walls 
and t h e  folded and apparent ly  faul ted  s t r a t a  of t h e  floor 
present  numerous oppor tuni t ies  for  e scape  of f luids o r  gasses  
should these  be  present  in t h e  rock format ions .  Possible 
def lec t ions  due  t o  t ida l  cu r r en t s  ac t ing  on a s t r eam of 
par t ic les  rising through t h e  wa te r  column must  also b e  
considered in a t t empt ing  t o  r e l a t e  s e a  su r f ace  observat ions  
with seabed geology. 

rnolasse type sediments is preserved in northwest-southeast  
trending grabens (Jackson e t  al., 1975; Jackson and Occurrence  of t h e  slick nor th  of t h e  S c o t t  Inlet trough 

Davidson, 1975). (Levy, 1978) is also significant because  w a t e r  cu r r en t s  along 
the  coas t  a r e  southbound. Sources of t he  slick t h e r e f o r e  may 

The locali ty some  15 km from t h e  seaward end of the  also exis t  elsewhere on t h e  shel f ,  for  example ,  seaward f rom 
south wall where Loncarevic and Falconer (1977) and Levy Buchan Gulf where a submarine trough i s  c u t  in to  t h e  shelf 
(1978) observed blobs and bubbles coming t o  surface  (Fig. 3.3) 87  km northwest of Sco t t  Inlet. 
is approximately coincident with t he  flank of t he  s t ruc tura l  

Figure 3.4. Prof i le  A-B (see  Fig. 3.3 fo r  location). Seismic ref lec t ion  record across  Sco t t  Inlet submarine trough 
i l lustrating t h e  shape  of t h e  trough and t h e  s t ra t igraphic  sequence  through which i t  has been cut .  The 
s t rong se ismic  ref lec tors  in t h e  lower pa r t  of t h e  south  wall approximate ly  22-26 k m  along t h e  profile 
apparent ly  a r e  associa ted  with more  res is tant  s t r a t a  t h a t  form benches  on t h e  trough wall  at th is  
locality. The ver t ica l  bar  slightly t o  t h e  r ight  of c e n t r e  indica tes  t h e  approximate  in terval  dredged. 
The se ismic  ref lec t ion  d a t a  appear  t o  support  Lpken and Hodgson's (1971) in terpre ta t ion  t h a t  t h e  
narrow ridge at t h e  top  of t h e  south  wall is  a l a t e r a l  moraine.  The ver t ica l  exaggera t ion  is 
approximate ly  23 times.  



C a p e  D y e r  - Frobisher  Bay a r e a  Dri l l  s t a t i o n  25, w h e r e  a 3 7 0  c m  c o r e  of b i o t i t e  gne iss  

Volcanic rocks  o c c u r  in a n a r r o w  d iscont inuous  b e l t  t h a t  
e x t e n d s  n o r t h w e s t w a r d  f r o m  C a p e  Dyer  f o r  8 5  k m  a long  t h e  
c o a s t  of e a s t e r n  Baf f in  Island ( C l a r k e  and  Upton,  1971). 
MacLean  e t  a l .  (1978) r e p o r t e d  on o f f s h o r e  b a s a l t  o c c u r r e n c e s  
s o u t h e a s t  of C a p e  Dyer on t h e  basis  of a pe t ro log ica l  s tudy  of  
c o r e  s a m p l e s ,  and s e i s m i c  and m a g n e t i c  d a t a .  E x i s t e n c e  of 
b a s a l t  o f f shore  in th i s  a r e a  previously had been infe r red  by 
G r a n t  (1975) and Hood and Bower (1973, 1975). Addi t iona l  
geophys ica l  d a t a  acqui red  in 1977 f u r t h e r  d e f i n e  t h e  c o n t a c t  
b e t w e e n  t h e  vo lcan ics  and t h e  s e d i m e n t s  adjoining t h e m  t o  
s e a w a r d .  A 12.5 c m  c o r e  of d a r k  g r e y ,  f i n e  gra ined  b a s a l t  
w a s  r e c o v e r e d  a t  a loca l i ty  152  km s o u t h e a s t  of C a p e  Dyer  
(Fig.  3.2, S tn .  218)  w h e r e  t h e  p r e s e n c e  of b a s a l t  w a s  in fe r red  
f r o m  geophys ica l  d a t a ,  bu t  i t  is n o t  c l e a r  w h e t h e r  or  no t  t h e  
s a m p l e  w a s  in s i tu .  The rock uni t s  c loser  t o  shore  b e t w e e n  
C a p e  Dyer a n d  Cumber land  Sound w e r e  inaccess ib le  f o r  
sampl ing  and  geophys ica l  profi l ing d u e  t o  ice.  

w a s  r e c o v e r e d ,  is  s i t u a t e d  just  w e s t  of t h e  boundary  w i t h  
P a l e o z o i c  s t r a t a  at t h e  s o u t h  s ide  of t h e  e n t r a n c e  t o  
C u m b e r l a n d  Sound. On t h e  e a s t e r n  s i d e  of t h e  boundary  a n d  
44 k m  t o  t h e  south ,  s t a t i o n  26-A yielded a n  8 3  c m  c o r e  of 
g r e y  l i m e s t o n e  composed  of f i n e  c r y s t a l l i n e  c a l c i t e .  A c o r e  
of d a r k  brown m i c r i t i c  l i m e s t o n e  w a s  ob ta ined  at s t a t i o n  28  
just n o r t h  of t h e  boundary wi th  t h e  P r e c a m b r i a n  g n e i s s e s  of 
t h e  b a s e m e n t  high (Fig.  3.6). This  rock c o n t a i n s  radio-  
l a r i a c a s t s  and f inely d i s s e m i n a t e d  o r g a n i c  m a t e r i a l  and  
c lose ly  r e s e m b l e s  rocks  s a m p l e d  previously 22 k m  t o  t h e  w e s t  
descr ibed  by J a n s a  (1976) a n d  M a c L e a n  e t  al. (1977). On t h e  
basis  of l i thologic,  s e i s m i c  and  m a g n e t i c  s i m i l a r i t i e s  t h e  
l imes tone  rocks  f r o m  s t a t i o n s  26A and  28 a r e  cons idered  p a r t  
of t h e  middle  l a t e  Ordovic ian  s e q u e n c e  c o r e d  previously 
e a s t  and s o u t h e a s t  of C a p e  Murchison (MacLean  e t  al., 1977). 
Ordovic ian  s t r a t a  a r e  a l s o  t h o u g h t  t o  o c c u r  in t w o  s m a l l  
s t r u c t u r a l  depress ions  in t h e  b a s e m e n t  s o u t h e a s t  of Lady 
Frankl in  Island on t h e  basis  of s e i s m i c  and  m a e n e t i c  d a t a .  " 

Addi t iona l  c o r e h o l e  dri l l ing and  geophys ica l  profi l ing The  P r e c a m b r i a n  r o c k s  of t h e  b a s e m e n t  high e x t e n d i n g  w e r e  c a r r i e d  o u t  on  t h e  shelf  b e t w e e n  Cumber land  Sound a n d  through Monumental and Lady Franklin islands are now Frobisher  Bay t o  f u r t h e r  d e f i n e  t h e  rock  uni t s  under ly ing  t h a t  considered, on the basis of a core of garnet-biotite gneiss a r e a  and  r e s u l t s  f r o m  t h e s e  s t u d i e s  a r e  i n c o r p o r a t e d  in t h e  r e c o v e r e d  at s t a t i o n  2 9  a n d  c o m p l e m e n t a r y  s e i s m i c  and geological map (Fig. 3-6)' The new data extend and refine magnetic data, to c o n s t i t u t e  the  bedrock eastward to the  i n f o r m a t i o n  p r e s e n t e d  e a r l i e r  on  t h i s  a r e a  by MacLean  et a l .  boundary with the Mesozoic-Cenozoic strata that lap on them (1977). T a b l e  3.1 s u m m a r i z e s  t h e  dr i l l  s t a t i o n  d a t a .  

F igure  3.5. P r o f i l e  C-D ( s e e  Fig. 3.3 f o r  locat ion).  S e i s m i c  r e f l e c t i o n  r e c o r d  a c r o s s  p a r t  of S c o t t  Inlet  s u b m a r i n e  
t rough  i l lus t ra t ing  folded and probably  f a u l t e d  s t r a t a  in  t h e  f loor  of  t h e  t rough  and f l a t t e r  lying s t r a t a  
higher on  t h e  walls. T h e  v e r t i c a l  e x a g g e r a t i o n  is  a p p r o x i m a t e l y  1 9  t i m e s .  



t o  seaward. Lacking sample  control  MacLean et al. (1977) 
previously had tenta t ively  mapped the  eas tern  pa r t  of this 
Precambrian a rea  simply a s  Ordovician or earlier.  

A small  sample of semiconsolidated sandstone with 
scat tered gravel f ragments  was recovered f rom the  cut t ing 
head of a piston corer  a t  station 32 (Fig. 3.2) off t he  e t r ance  
to  Frobisher Bay, 59 km southwest of a locality where similar 
sediment  was drilled in 1976 (MacLean and Falconer,  1977). 
Foraminifera in the  sample  were  studied by F.M. Gradstein 
who (pers. comm. 1978) considers the  mater ia l  t o  b e  of 
Pliocene-Quaternary age  and deposition t o  have occurred in a 
normal salinity open marine environment. Gradstein 
corre la tes  t h e  foraminifera1 assemblage in the  sample  with 
the  uppermost assemblage in wells drilled on the  Labrador 
Shelf (Gradstein and Williams, 1976). The sample locality is  
underlain by a sequence of apparently regularly bedded s t r a t a  
t h a t  dip gently seaward a t  an angle of about 2' and a t t a in  a 
thickness of 600 m or more a t  t he  core  station. Difficulty 
has  been experienced in obtaining sa t is fac tory  samples  of this 
mater ia l  with the  drill and this has  been a t t r ibuted mainly t o  
the  s t r a t a  being poorly lithified, though the  thickness of 

surficial  cover  is  also a fac tor .  As a consequence, i t  is 
uncer ta in  whether or not  t h e  mater ia l  recovered by t h e  piston 
corer  is representa t ive  of t h e  s t r a t a  seen on t h e  seismic 
records t o  underlie t h a t  locality. 

In view of the  foregoing, a s  well  a s  analogies drawn 
with lithological and paleontological d a t a  f rom t h e  Labrador 
Shelf (McWhae and Michel, 1975; Gradstein and Williams, 
1976; Gradstein,  pers. comm. 1978) and a sample  of l a t e  
Albian-Cenomanian age  recovered a t  a drill s ta t ion off 
Cumberland Sound (MacLean and Falconer,  1977), t h e  
sequence of sedimentary  rocks on t h e  outer  pa r t  of t he  
southeas tern  Baffin Island shelf (Fig. 3.6) is thought t o  b e  
mainly of Cenozoic a g e  and occurrences  of Mesozoic s t r a t a  
a t  t he  bedrock surface  a r e  thought t o  b e  more  localized. 

A short  co re  of semiconsolidated sandstone similar t o  
mater ia l  in the  bottom of the  piston co re  from s ta t ion 32 was  
recovered f rom a thin layer covering the  older rocks a t  
station 27 e a s t  of Brevoort Island. 

Figure 3.6. Geological map  of the  cont inenta l  shelf seaward f r o m  Hall Peninsula, southeas tern  Baffin Island. This 
extends  and updates  information in Figure 3 of MacLean et al. (1977). Solid dark a r e a s  on inset map  
indicate  known on-shore occurrences  of Ordovician rocks (including undivided Ordovician-Silurian 
s t r a t a )  in t h e  Baffin Island region. 
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VISUAL A N D  CHEMICAL EVIDENCE F O R  A NATURAL S E E P  A T  S C O T T  INLET, 
BAFFlN ISLAND, DISTRICT O F  F R A N K L l N  

E.M. ~ e v y '  

Abstract 

Levy, E .  M . ,  Visual and chemical evidence for a natural seep at Scott Inlet, Baffin Island, District of 
Franklin; jg Current Research, Part B, Geol. Surv. Can., Paper 78-1B, p. 21-26, 1978.  

A visual reconnaissance of the sea surface o f f  Scott Inlet in 1977 demonstrated the presence of 
slicks in an area where they were observed in 1976,  although their extent was very much greater than 
previously thought. An extensive hydrochemical investigation was carried out, and elevated 
concentrations of dissolved and/or dispersed petroleum residues both at the surface and in the water 
column provided strong evidence for natural seepage of petroleum from the seabed. 

In t roduc t ion  w e r e  idea l  f o r  visual o b s e r v a t i o n  of t h e  sea s u r f a c e .  With 

O n  t w o  occas ions  during t h e  1976  C S S  Hudson c r u i s e  t o  
t h e  A r c t i c ,  w h a t  a p p e a r e d  t o  be  oi l  s l i cks  w e r e  observed  in 
t h e  vicini ty of H e c l a  and  Gr iper  Bank off S c o t t  In le t ,  Baffin 
Island (Loncarev ic  and  F a l c o n e r ,  1977) (Fig. 4.1). W a t e r  
s a m p l e s  w e r e  t a k e n  f r o m  t h e  s u r f a c e  and  a t  d e p t h s  of 5 0  a n d  
300  m ,  a n d  a s a m p l e  of t h e  sl ick w a s  c o l l e c t e d  by swabbing  
t h e  s e a  s u r f a c e  w i t h  cheesec lo th .  D i r e c t  high t e m p e r a t u r e  
g a s  c h r o m a t o g r a p h i c  ana lys i s  of a s c r a p i n g  of t h e  m a t e r i a l  o n  
t h e  c h e e s e c l o t h  r e v e a l e d  a broad  s p e c t r u m  (140 t o  3 5 0 ° C )  of 
a l i p h a t i c  hydrocarbon  peaks  pro t rud ing  f r o m  a n  unreso lved  
enve lope .  This is typ ica l  of t h e  c h r o m a t o g r a m s  obta ined  by 
t h i s  p r o c e d u r e  f o r  par t ia l ly  w e a t h e r e d  c r u d e  oils. Al though 
m o r e  vo la t i l e  c o m p o u n d s  m i g h t  h a v e  b e e n  p r e s e n t  in t h e  
s a m p l e ,  t h e y  would n o t  h a v e  b e e n  d e t e c t e d  under t h e s e  
a n a l y t i c a l  condit ions.  .In addi t ion ,  t h e  u l t r a v i o l e t  a b s o r b a n c e  
r a t i o  (2.72) w a s  in t h e  r a n g e  of t h o s e  found  f o r  a v a r i e t y  of 
c r u d e  oils and t h e  l i g h t e r  residual  fue l  o i l s  (Levy,  1972a). T h e  
w a t e r  s a m p l e s  c o n t a i n e d  f luoresc ing  s u b s t a n c e s  (pr imar i ly  
a r o m a t i c  hydrocarbons)  a s  m e a s u r e d  by f l u o r e s c e n c e  s p e c t r o -  
photomet r ;  (Levy,  1977a) in concen;rat ions e q u i v a i e n t  t o  
3 3  t o  8 9 0  p g  L-' of Bunker C f u e l  oi l  f r o m  t h e  Arrow a t  t h e  
s u r f a c e  and 2 t o  7.6 p g  L-' in t h e  w a t e r  co lumn.  O n  t h e  
basis  of t h e  background leve ls  previously observed  o n  t h e  
S c o t i a n  Shelf a n d  in t h e  Gulf of S t .  L a w r e n c e  (Levy,  1971,  
1972b; Levy  and  Walton,  1973), t h e  c o n c e n t r a t i o n s  in t h e  
w a t e r  co lumn a n d  par t icu la r ly  t h o s e  at t h e  s u r f a c e  a t  S c o t t  
Inlet  w e r e  very m u c h  higher t h a n  would h a v e  been  a n t i c i p a t e d  
for  s u c h  a r e m o t e  a r e a  and s u g g e s t e d  t h a t  t h e  e l e v a t e d  
c o n c e n t r a t i o n s  w e r e  t h e  c o n s e q u e n c e  of a loca l  s o u r c e  on  t h e  
seabed .  

In addi t ion  t o  t h e  i n f o r m a t i o n  o b t a i n e d  f r o m  t h e  1976  
c ru ise ,  f l o a t i n g  p e t r o l e u m  res idues  w e r e  c o l l e c t e d  n e a r  S c o t t  
Inlet  in 1971  dur ing  a s t u d y  of t h e  d i s t r ibu t ion  of t a r  in t h e  
Nor th  A t l a n t i c  (Levy  and  Walton,  1976). This w a s  o n e  of on ly  
f o u r  a r e a s  t h r o u g h o u t  t h e  E a s t e r n  A r c t i c  w h e r e  f l o a t i n g  
res idues  w e r e  e n c o u n t e r e d ,  bu t  t h e  possible s ign i f icance  of 
t h e s e  o b s e r v a t i o n s  w a s  no t  a p p r e c i a t e d  a t  t h e  t i m e .  
Subsequent ly ,  t h e s e  o t h e r  a r e a s  - t h e  e n t r a n c e  t o  L a n c a s t e r  
Sound n o r t h  of Bylot  Island, t h e  n o r t h e r n  Labrador  S e a ,  a n d  
t h e  Labrador  Shelf - h a v e  a t t r a c t e d  t h e  a t t e n t i o n  of t h e  oil 
indus t ry  f o r  t h e i r  p o t e n t i a l  a s  p e t r o l e u m  r e s o u r c e  regions.  In 
a n y  e v e n t ,  t h e  sl ick observed  off  S c o t t  Island in  1976  a n d  t h e  
f l o a t i n g  res idues  c o l l e c t e d  in 1971  s u g g e s t e d  t h a t  t h e  s o u r c e  
in th i s  a r e a  had been  a c t i v e  f o r  a n u m b e r  of years.  B e c a u s e  
of t h e  possibi l i ty t h a t  th i s  s o u r c e  m i g h t  b e  s u b m a r i n e  s e e p a g e  
of p e t r o l e u m  f r o m  t h e  s e a b e d ,  a n d  n o t  m e r e l y  t h e  c o n s e -  
q u e n c e  of s o m e  a n t h r o p o g e n i c  input ,  a m o r e  d e t a i l e d  visual  
reconnaissance  of t h e  a r e a  a n d  a m o r e  e x t e n s i v e  hydro- 
c h e m i c a l  s u r v e y  w a s  c a r r i e d  o u t  in 1977.  

F ie ld  O b s e r v a t i o n s  ( S e p t e m b e r  5-6, 1977) 

B e c a u s e  of i c e  condit ions,  Hudson  a p p r o a c h e d  t h e  S c o t t  
Inlet  a r e a  f r o m  t h e  n o r t h e a s t  (Fig. 4.2) under  condi t ions  t h a t  

e x c e l l e n t  l igh t ing  a n d  only a v e r y  l igh t  b r e e z e ,  d a m p i n g  of 
cap i l la ry  w a v e s  by s u r f a c e - a c t i v e  s u b s t a n c e s  w a s  read i ly  
d e t e c t e d .  An e x t e n s i v e  sl ick w a s  s igh ted  a t  1537  G M T  a n d  
photographs  w e r e  t a k e n  b e f o r e  c ross ing  t h e  boundary  
(Fig. 4.3). T h e  sl ick w a s  v i r tua l ly  cont inuous  f o r  9 k m  a long  
t h e  ship's t r a c k  a n d  e x t e n d e d  in a n o r t h w e s t - s o u t h e a s t  
d i r e c t i o n  a s  f a r  as i t . w a s  possible t o  see .  W a t e r  s a m p l e s  w e r e  
c o l l e c t e d  f o r  t h e  d e t e r m i n a t i o n  of sa l in i ty ,  oxygen ,  dissolved 
'pe t ro leum residues ' ,  vo la t i l e  hydrocarbons ,  a lka l in i ty ,  
n u t r i e n t s ,  a n d  s t a b l e  i so topes  of c a r b o n  a n d  oxygen.  T h e  
s u r f a c e  micro layer  w a s  s a m p l e d  w i t h  a s t a i n l e s s  s t e e l  s c r e e n  
s a m p l e r  ( G a r r e t t ,  1965) whi le  b o t t o m  s e d i m e n t s  w e r e  
c o l l e c t e d  w i t h  a Shipek g r a b  a n d  f l o a t i n g  p a r t i c u l a t e  m a t t e r  
w a s  c o l l e c t e d  w i t h  a n e u s t o n  n e t .  While t h e s e  o p e r a t i o n s  
w e r e  underway,  t w o  s h o r t  e x c u r s i o n s  w e r e  m a d e  in  t h e  ship's 
l aunch  f o r  a c loser  inspec t ion  of t h e  sl ick.  A t  o n e  l o c a t i o n  i t  
had  t h e  a p p e a r a n c e  of a n  oi ly f i l m  w i t h  i r i d e s c e n t  in te r -  
f e r e n c e  co lours  and  a s m a l l  p a t c h  of f ' c h o c o l a t e  mousse" w a s  
observed .  S a m p l e s  w e r e  c o l l e c t e d .  A t  a n e a r b y  l o c a t i o n  g a s  

F i g u r e  4.1. Map of E a s t e r n  A r c t i c .  

' ~ t l a n t i c  O c e a n o g r a p h i c  L a b o r a t o r y ,  Bedford  I n s t i t u t e  of O c e a n o g r a p h y ,  D a r t m o u t h ,  N.S., C a n a d a  B2Y 4A2. 
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Figure  4.2. Map of Sco t t  Inlet  region ship's t r ack  and location of slick observed in September  1977. 

bubbles were  observed t o  b e  erupt ing through t h e  s e a  surface ,  nor theas t  of Hecla  and Griper Banks extended between t h e  
and samples of su r face  wa te r  were  collected. Shortly edge  of t h e  i ce  field and Station 25, a d is tance  of about  
a f t e rwards  a l ight wind arose,  and l ight conditions changed 40 km. Its width, or  i t s  extension beyond t h e  i ce  and north of 
slightly s o  tha t  i t  was  difficult  t o  observe the  slick from t h e  Sta t ion 25, was  not determined. 
launch. However, i t  was  sti l l  plainly visible f rom Hudson. An In order t o  establish whether t h e  slick-forming mater ia l  
almost continuous slick extended between Sta t ions  20 and 21 was entering the coastal waters via Scott Inlet from a source in an  undetermined dis tance  t o  t h e  northwest and southeast .  on land, Scott Island was circumnavigated. However, no watch was Ina in ta ined  were observed in Scott Inlet, nor was there any other 
conditions for observing t h e  slicks deter iora ted and finally i c e  evidence of a terrestrial source for the slick-forming was  encountered. The  ship did not  g e t  ou t  of t h e  i c e  until material (levy, 1977b). 1041 GMT on September  6. An almost continuous slick t o  t h e  



The Hudson l e f t  t he  a r e a  in l a t e  afternoon of 
September 6 and proceeded in a northerly direction. At tha t  
t ime  the re  was sufficient ripple on the  water  t ha t  slicks were  
not observed. Towards evening, however, t h e  breeze  aba ted  
and t h e  ship passed through an a r e a  of continuous slick which 
was a t  leas t  40 km long. 

Unfortunately,  t ime  was not available t o  map out  in 
more  detail  t he  ex ten t  of t he  slick or t o  loca te  the  source  (or 
sources?) of t h e  slick-forming material .  Nevertheless, this 
reconnaissance not only confirmed t h e  presence of slicks in 
t h e  Scot t  Inlet a r ea  a s  observed during 1976 but also 
demonstra ted  tha t  t he  slick a rea  is much more  extensive than 
previously believed. In view of t h e  southward currents  in this 
region, t h e  slick observed on t h e  northward passage f rom 
Sco t t  Inlet suggests t h a t  t he re  might b e  a number of o ther  
sources  on the  Baffin Shelf. 

Analytical  Resul ts  

Qualitative. The ex t r ac t s  from t h e  surface  microlayer 
samples collected in the  Scot t  Inlet a r e a  were  combined and 
analyzed by high-temperature gas  chromatography using a 
procedure developed for  t h e  analysis of t a r  balls and o the r  
high-boiling petroleum residues (Column: 2 m x 3 mm stain- 
less s tee l ,  3% Dexsil-300 on 100-120 Chromosorb W; 
Temperature  program: 6"C/min t o  350°C; Levy e t  al., 1973). 
The chromatogram revealed t h e  presence of a broad spect rum 
of sa tura ted hydrocarbon peaks protruding f rom a n  unresolved 
envelope. Such chromatograms a r e  typical of c rude  .oils 
which have undergone weathering in the  mar ine  environment.  
Since the re  was no indication of e i ther  a narrow range of 
speci f ic  hydrocarbons or of an  odd-carbon preference, t h e  
slick-forming mater ia l  is not of recent  biosynthetic origin. 
Although this analysis is  not capable  of unequivocally 
identifying t h e  nature  of the  slick-forming mater ia l ,  i t  does 
provide strong evidence t h a t  t he  slick originates f rom 
petroleum which is seeping f rom t h e  seabed. A submarine  
trough extends  seaward f rom t h e  fiord at Scot t  Inlet  across 
t h e  Baffin Island cont inenta l  shelf and, a s  shown by t h e  
seismic records (MacLean, 19781, t h e  s t r a t a  exposed on t h e  
walls and floor of this trough provide geological conditions 
favourable for seepage t o  occur. Similar bathymetr ic  
conditions a r e  present  at Buchan Gulf and a t  some of t h e  
fiords f a r the r  south. These would seem also  t o  be  potential  
s i tes  of seepage of petroleum from t h e  seabed. 

Ouantitative.  A to t a l  of 5 5  samples  was  collected f rom 
t h e  wa te r  column a t  Sta t ions  20 t o  27 in t h e  environs of Sco t t  
Inlet (Fig. 4.2). These samples were  ex t r ac t ed  with carbon 
te t rachlor ide  on board Hudson and subsequently analyzed by 
f luorescence spect rophotometry  (Levy, 1977a) a t  t he  Bedford 
Ins t i tu te  of Oceanography. The d a t a  (Table 4.1) demons t r a t e  
tha t ,  al though t h e  concentra t ions  of dissolved and/or 
dispersed petroleum residues' a t  most of t h e  locations and 
depths  sampled in the  Scot t  Inlet a r e a  were  a t  t he  background 
level2  measured for  Eastern  Arct ic  wa te r s  in 1977, concen- 
t ra t ions  at some  sampling s i tes  were  very much higher. 
These 'anomalies' were  well beyond t h e  exper imenta l  vari- 
abil i ty and were  not observed elsewhere in the  region 
surveyed in 1977. Fur ther ,  t he re  was no correlation between 

t h e  concentra t ion anomalies in t h e  Sco t t  Inlet  samples  and 
depth, salinity, dissolved oxygen, or o ther  chemical 
parameters  measured on the  same  sample  of water .  'This 
would be expected if seepage was occurring sporadically f rom 
t h e  exposed s t r a t a  on t h e  walls of t h e  submarine canyon with 
t h e  sporadic injections of petroleum being swep t  along by t h e  
water  movements a t  t h e  same  t ime  as  they were  rising under 
t h e  force  of thei r  own buoyancy. The variability in the  
concentra t ion da ta ,  then, represents  t h e  s ta t i s t ica l  chance  of 
captur ing in a 5-li tre sampler,  a t  a ce r t a in  depth  and at a 
particular ins tant  in t ime,  one or more  of these  d iscre te  and 
non-homogeneously distributed injections of oil. 

Concentra t ions  of oil in t h e  su r face  microlayer 
(Table 4.2) a s  sampled by t h e  screen technique and analyzed 
by fluorescence spect rophotometry  in t h e  Sco t t  Inlet  a r e a  
were  22 t o  42 p g  L-' (ar i thmet ic  mean 30.2 p g  L-') excep t  
in seven a reas  where  del ibera te  a t t e m p t s  were  made t o  
sample  t h e  slick-forming mater ia l  when concentra t ions  
ranging f rom 85.7 t o  1726 p g  L-' (ar i thmet ic  mean 424 p g  L-') 
were  encountered. The sample  with t h e  highest concentra-  
tion of oil was taken from a small  patch of thin "chocolate 
mousse" floating on the  surface.  The concentra t ion in the  
surface  microlayer at one location in Sco t t  Inlet  was 14.6 p g  
L-' and this provides fur ther  evidence t h a t  t h e  slick which 
was present offshore was not  derived f rom a source  in t h e  
inlet  i tself .  By way of comparison the  surface  microlayer 
concentra t ions  throughout Baffin Bay, with the  exception of 
values a t  t h e  en t r ance  t o  Lancaster  Sound and in the  slick off 
Sco t t  Inlet, were  3.5 t o  11.4 p g L-' (ar i thmet ic  mean 7.0 p g 
L-'). It is notable also t h a t  t h e  concentra t ions  in t h e  su r face  
microlayer in Baffin Bay were  about  an  order of magnitude 
higher than those in t h e  water  column below and t h a t  this is 
well  within t h e  range of enr ichment  f ac to r s  repor ted  for  
surface-act ive  organic substances  in t h e  ocean 
(Maclntyre,  1974). 

Although a large  number of water  samples were  
col lec ted throughout t h e  Eastern  Arc t i c  and analyzed ship- 
board for  l ight hydrocarbons (C1-Cs), t h e  d a t a  have not  y e t  
been processed. In addition, grab samples of surficial  bot tom 
sediments  were  collected and f rozen but t h e  chemical  
analyses have not  y e t  been completed. 

Conclusions 

On t h e  basis of t he  field observations and the  analytical  
d a t a  which resulted f rom the  1977 Hudson cruise  t o  the  
Eastern  Arctic,  t h e  following conclusions may be  drawn: 

- Slicks were  present  off Sco t t  Inlet  during ear ly  
September  1977 in the  same  general a r e a  where they 
were  observed in 1976. However, in 1977 the  slick 
covered a much more  extensive  area .  

- Existing observations and analyt ica l  d a t a  indicate  
t h a t  t he  source  of t h e  slick is seepage of petroleum 
from the  seabed. However, a detailed compositional 
analysis of t h e  slick-forming mater ia l  remains t o  be  
done. 

- The presence of extensive slicks t o  the  north of 
Sco t t  Inlet during 1977 suggests t h a t  t he re  may be  
o the r  locations where  seepage occurs. 

' All concentra t ions  of dissolved and/or dispersed petroleum residues a r e  expressed in t e r m s  of Bunker C fuel oil  taken f rom t h e  
tanker ,  Arrow, which grounded off Nova Scotia in 1970. This oil has  been used a s  the  reference  mater ia l  throughout our 
s tudies  of petroleum in the  North At lant ic  (Levy, 1971, 1972b; Levy and Walton, 1973) and ensures t h a t  our d a t a  remain 
internally consistent and intercomparable.  

This background level is taken a s  t h e  geometr ic  mean of t h e  cpncentra t ions  of dissolved and/or dispersed petroleum residues 
measured in 563 wa te r  samples col lec ted a t  46 s ta t ions  and a t  all  standard oceanographic depths throughout the  northern 
Labrador Sea, Davis St ra i t ,  Baffin Bay, Lancaster  Sound, Jones  Sound and Smith Sound in 1977. Samples from Sco t t  Inlet were  
no t  included. Because t h e  distribution of t h e  d a t a  very closely approximates  a lognormal distribution, t h e  geometr ic  mean 
(0.46 p g  L-'1 i s  a m o r e  appro r i a t e  measure  of cen t r a l  tendency than t h e  a r i thme t i c  mean (0.70 u g  L-'1. The 95% confidence 
ranges a r e  0.43 t o  0.49 p g  L-P and 0.60 t o  0.80 p g  L-' fo r  t h e  geometr ic  and a r i thme t i c  means  respectively. Whichever 
approach is taken, t h e  general  background level in Eastern  Arc t i c  wa te r s  during 1977 was appreciably less than I p g  L-'. 
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T a b l e  4.2 
T a b l e  4 . 1  

C o n c e n t r a t i o n s  of p e t r o l e u m  res idues  in t h e  
w a t e r  co lumn a t  S c o t t  Inlet  ( S e p t e m b e r  1977)  

C o n c e n t r a t i o n s  of p e t r o l e u m  r e s i d u e s  in 
t h e  s u r f a c e  m i c r o l a y e r  a t  

S c o t t  In le t  ( S e p t e m b e r  1 9 7 7 )  

S t a t i o n  D e p t h  C o n c e n t r a t i o n  
( m )  

S t a t i o n  C o n c e n t r a t i o n  
( I J g  L- '1  

* S a m p l e s  c o l l e c t e d  f r o m  launch .  1 
F u t u r e  Work 

B e c a u s e  of t h e  p o t e n t i a l  e c o n o m i c  a n d  e n v i r o n m e n t a l  
i m p o r t a n c e  of n a t u r a l  s e e p a g e  of p e t r o l e u m  on  t h e  Baf f in  
Island shelf  a n d  s i n c e  t h e  s e e p  provides  a n a t u r a l  l a b o r a t o r y  
f o r  a s t u d y  of t h e  long t e r m  e f f e c t s  of c h r o n i c  inputs  of 
p e t r o l e u m  i n t o  a n  A r c t i c  m a r i n e  e n v i r o n m e n t ,  a mult idisci-  
pl inary c h e m i c a l ,  biological  a n d  geologica l /geophys ica l  
i n v e s t i g a t i o n  of t h e  S c o t t  In le t  s e e p  a n d  a n  e x p l o r a t o r y  
s u r v e y  of t h e  Buchan  Gulf region a r e  be ing  planned f o r  t h e  
1 9 7 8  f ie ld  season .  A t t e m p t s  will b e  m a d e  t o  m a p  t h e  sl ick 
a r e a s  m o r e  fu l ly  a n d  t o  l o c a t e  t h e  s o u r c e  o r  s o u r c e s  of t h e  
s l ick- forming  m a t e r i a l s ,  t o  o b t a i n  a s u f f i c i e n t  s a m p l e  f o r  
d e t a i l e d  c h e m i c a l  a n a l y s e s  by m o d e r n  a n a l y t i c a l  t e c h n i q u e s  
including c o m p u t e r i z e d  g a s  c h r o m a t o g r a p h y - m a s s  s p e c -  
t r o m e t r y ,  t o  c o l l e c t  a n d  a n a l y z e  t h e  g a s e s  which a r e  e s c a p i n g  
f r o m  t h e  s e a  s u r f a c e  in s o m e  a r e a s ,  a n d  t o  g a t h e r  m o r e  
e x t e n s i v e  c h e m i c a l  d a t a  c o n c e r n i n g  t h e  c o n c e n t r a t i o n s  of 
pe t ro leum-der ived  s u b s t a n c e s  in t h e  w a t e r  co lumn,  on  t h e  s e a  
s u r f a c e  and  in t h e  sur f ic ia l  b o t t o m  s e d i m e n t s .  T h e  biology 
p r o g r a m  will f o c u s  on  long t e r m  s u b l e t h a l  e f f e c t s  of 
p e t r o l e u m  on  t h e  physiology of A r c t i c  phytoplankton  and  
zooplankton  a n d  higher m a r i n e  o r g a n i s m s  and  on  t h e  e f f e c t s  
in c a r b o n  f luxes .  S t u d i e s  of p r i m a r y  product ion  under  A r c t i c  
condi t ions  will a l s o  b e  c a r r i e d  out .  T h e  geology/geophys ica l  
p r o g r a m  will b e  a c o n t i n u a t i o n  of t h e  s t u d i e s  of t h e  Baf f in  
Island c o n t i n e n t a l  shelf  a l r e a d y  under  w a y  (MacLean ,  1978). 
T o g e t h e r ,  t h e s e  inves t iga t ions  should provide  m u c h  m o r e  
c o m p l e t e  i n f o r m a t i o n  concern ing  n a t u r a l  s e e p a g e  on  t h e  
Baf f in  Island shelf  a s  well  a s  a n  a p p r e c i a t i o n  of t h e  
e n v i r o n m e n t a l  c o n s e q u e n c e s  of e x p l o r a t i o n  a n d  product ion  of 
o i l  in t h e  A r c t i c .  

A c k n o w l e d g m e n t s  

G r a t e f u l  a c k n o w l e d g m e n t  is m a d e  t o  C a p t a i n  D. D e e r ,  
o f f i c e r s  a n d  c r e w  of CSS Hudson, a n d  m e m b e r s  of t h e  
s c i e n t i f i c  c o m p l e m e n t  for  the i r  co-opera t ion  a n d  a s s i s t a n c e  
in c a r r y i n g  o u t  t h e  f ie ld  p r o g r a m ,  t o  J. M o f f a t t  a n d  
D. C o n r a d  f o r  t h e i r  t e c h n i c a l  e x c e l l e n c e  in p e r f o r m i n g  t h e  
l a b o r a t o r y  ana lyses ,  t o  R. Belanger  f o r  his photographic  
s u p p o r t  bo th  dur ing  t h e  c r u i s e  and  a f t e r w a r d s ,  and  t o  
B. M a c L e a n  a n d  R. Pockl ing ton  f o r  c r i t i c a l l y  rev iewing  t h e  
manuscr ip t .  



References 

G a r r e t t ,  W.D. 
1965: Col lec t ion  of s l ick-forming m a t e r i a l s  f r o m  t h e  s e a  

s u r f a c e ;  Limnol. Oceanogr. ,  v. 10,  p. 602-605. 

Levy,  E.M. 
1971: T h e  p r e s e n c e  of p e t r o l e u m  res idues  of f  t h e  e a s t  

c o a s t  of Nova Scot ia ,  in t h e  Gulf of S t .  L a w r e n c e  
a n d  t h e  S t .  L a w r e n c e  River ;  W a t e r  Res. ,  v. 5,  
p. 723-733. 

1972a: T h e  ident i f ica t ion  of p e t r o l e u m  p r o d u c t s  in t h e  
m a r i n e  e n v i r o n m e n t  by absorp t ion  s p e c t r o -  
p h o t o m e t r y ;  W a t e r  Res. ,  v. 6 ,  p. 57-69. 

1972b: Evidence  for  t h e  recovery  of t h e  w a t e r s  off t h e  
E a s t  C o a s t  of Nova  S c o t i a  f r o m  t h e  e f f e c t s  of a 
major  oil spi l l ;  W a t e r ,  Air  and Soil Po l lu t ion ,  v. 1, 
p. 144-148. 

1977a:  F l u o r e s c e n c e  s p e c t r o p h o t o m e t r y :  p r inc ip les  and  
p r a c t i c e  a s  r e l a t e d  t o  t h e  d e t e r m i n a t i o n  of dis-  
solved/dispersed p e t r o l e u m  res idues  in s e a  w a t e r ;  
BIO R e p o r t  Series/BI-R-77-7, J u l y  1977. 

1977b: S c o t t  In le t  slick: a n  A r c t i c  oil seep? ;  Spill 
Technology N e w s l e t t e r ,  N o v e m b e r / D e c e m b e r ,  
1977. 

Levy,  E.M. and  Walton,  A. 
1973: Dispersed and  p a r t i c u l a t e  p e t r o l e u m  res idues  in 

t h e  Gulf of S t .  L a w r e n c e ;  J. Fish.  Res .  Bd. Can., 
v. 30,  p. 251-257. 

1976: High s e a s  oi l  pollution: p a r t i c u l a t e  p e t r o l e u m  
res idues  in t h e  Nor th  A t l a n t i c ;  J. Fish.  Res.  Bd. 
Can., v. 33,  p. 2781-2791. 

Levy ,  E.M., Webber,  L.R., and  M o f f a t t ,  3.D. 
1973: A m e t h o d  f o r  high t e m p e r a t u r e  g a s  c h r o m a t o -  

g r a p h i c  a n a l y s e s  of p e t r o l e u m  residues;  J. 
C h r o m a t o g r a p h i c  Sci., v. 1 I ,  p. 591-593. 

Loncarev ic ,  B.D. a n d  F a l c o n e r ,  R.K. 
1977: An oil  s l i ck  o c c u r r e n c e  off  Baf f in  Island; in 

R e p o r t  o f  Act iv i t i es ,  P a r t  A, Geol .  Surv. Can. ,  
P a p e r  77- IA,  p. 523-524. 

MacIn tyre ,  F. 
1974: C h e m i c a l  f r a c t i o n a t i o n  a n d  s e a - s u r f a c e  micro-  

l a y e r  processes ;  in T h e  S e a ,  ed .  E.D. Goldberg,  
v. 5,  p. 245-299. 

M a c L e a n ,  B. 
1978: Mar ine  geologica l -geophys ica l  inves t iga t ions  of 

t h e  S c o t t  In le t  and  C a p e  Dyer -Frobisher  Bay a r e a s  
of t h e  Baf f in  Island C o n t i n e n t a l  Shelf in 1977; in 
C u r r e n t  R e s e a r c h ,  P a r t  B, Geol .  Surv. Can. ,  
P a p e r  78- L B, rep .  3. 



INTERNAL CORRELATIONS AND THICKNESS TRENDS, JURASSIC BUG CREEK FORMATION, 
NORTHEASTERN YUKON AND ADJACENT NORTHWEST TERRITORIES 

Pro jec t  750067 

T.P. Poulton 
Ins t i tu te  of Sedimentary  and Pet ro leum Geology, Calgary 

Abstract 

Poulton, T.P., Internal correlations and thickness trends, Jurassic Bug Creek Formation, northeastern 
Yukon and adjacent Northwest Territories; & Current Aesearch, Part B, Geol. Surv. Can., 
Paper 78-1B, p. 27-30, 1978. 

The Jurassic Bug Creek Formation and equivalent parts of the Kingak Formation t o  the 
northwest, considered together, form a clastic package that thickens more or less regularly, and 
becomes more argillaceous, northwestward from the contemporaneous Aklavik Arch. A small uplift 
was present in the vicinity of White Mountains in Early or early Middle Jurassic time. It was 
overstepped by Middle Jurassic sandstones, which also transgressed southward beyond the  limits of 
Lower Jurassic sediments. Except for the basal sandstone member which occurs only locally, the  f ive 
members of  the Bug Creek Formation at its type section, together with two others not present there, 
can be recognized throughout most of the northern Richardson Mountains. 

This repor t  presents  a summary of t h e  results  obtained 
following t w o  seasons (1975, 1976) of f ield work in nor thern  
Richardson Mountains. Deta i led  descriptions of s t ra t igraphic  
sec t ions ,  formal  naming of ce r t a in  of t h e  units, and docu- 
menta t ion  of t h e  paleontological  da t ing  of t h e  units and the i r  
envi ronmenta l  in terpre ta t ion  a r e  in preparation.  The 
addit ional regional d a t a  support  and e l abo ra t e  on t h e  results  
of t h e  preliminary repor t  on t h e  Lower and Middle Jurass ic  
rocks  by Poulton and Callomon (1976). 

The  Jurass ic  rocks  of nor thern  Richardson Mountains 
(Fig. 5.1) a r e  a ser ies  of interbedded sandstones and 
argil laceous rocks  comprising: t h e  Bug Creek  Format ion 
(mainly sandstone) and i t s  western  argil laceous equivalent,  
t h e  Kingak Formation; t h e  lower pa r t  of t h e  Husky Format ion 
(shale); t h e  Porcupine River Formation (sandstone); and t h e  
lower pa r t  of t h e  Nor th  Branch Format ion (mainly sandstone) 
(Fig. 5.2). 

The Husky Format ion is in part  t h e  ea s t e rn  argil laceous 
equivalent of t he  Porcupine River Format ion t o  t h e  west  and 
i t  is overlain by t h e  Nor th  Branch Format ion in t h e  vicinity of 
t h e  North Branch of Vittrekwa River,  approximate ly  70 km 
south  of McDougall Pass  (Je le tzky,  1967, 1975, 1977). 

The Bug Creek  Format ion represents  t h e  arenaceous,  
relatively thin, southern  and eas t e rn  f ac i e s  of a sedimentary  
sequence  which thickens and becomes shalier t o  t h e  north and 
west  (Je le tzky,  1967, 1975; Poulton and Callomon, 19761, 
where  i t  was  originally described a s  t h e  Kingak Format ion in 
nor theas tern  Alaska (Leffingwell ,  1919; D e t t e r m a n  et al., 
1975). Tongues of t h e  Kingak Formation extend in to  t h e  
nor thern  Richardson Mountains, where  two  of t hem were  
included a s  argil laceous members  of t h e  Bug Creek  Format ion 
in i t s  original description by Je l e t zky  (1967). The  corre la t ion  
of t hese  argil laceous tongues  with t h e  members  of t h e  Bug 
Creek  Format ion and t h e  fossil occu r rences  o n  which t h e  
corre la t ions  largely a r e  based a r e  shown in Figures  5.2 
and 5.5. The  Bug Creek  Format ion is in terpre ted  t o  represent  
two  major de l ta ic  lobes which prograded nor thward and 
westward  in to  t h e  Beaufort-Mackenzie Basin f rom t h e  
Aklavik Arch (Je le tzky,  1967). The sandstone  portions of 
t hese  del ta ic  complexes  a r e  t h e  upper sandstone  member  and 
t h e  lower of t h e  two  units t h a t  J e l e t zky  (1967) originally 
ca l led  toge the r  t h e  i n t e rmed ia t e  sandstone  member .  An 
unconformity within t h e  i n t e rmed ia t e  sandstone  member  a t  
i t s  t ype  locali ty a t  Bug Creek  is now known t o  s e p a r a t e  
d i f ferent  sandstone  units: t h e  one  above of Bajocian age ,  and 
t h e  o ther  below, of Ear ly  Jurassic,  possibly Pliensbachian a g e  

J 
Figure  5.1 

Index map, nor thern  Richardson Mountains and 
vicinity. Locations of s t ra t igraphic  cross-sections A 
(Fig. 5.2) and B (Fig. 5.31, and s t r a t i g raph ic  sec t ions  
I t o  6 of cross-section B a r e  shown. Isopachs, in 
me t r e s ,  a r e  for  t h e  Bug Creek  Format ion and equiva- 
l en t  p a r t s  of t h e  Kingak Format ion t o  t h e  west.  The 
Jurass ic  manifes ta t ion  of t h e  White Mountains Uplift 
is  indica ted  by closely spaced contours  north of 
McDougall Pass. The e f f e c t  of t h e  Aklavik Arch on 
t h e  Jurass ic  rocks  is expressed most  strongly southeas t  
of t h e  dashed line. 
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Figure 5.2. Generalized east-west s t ra t igraphic  cross-section A of Jurassic rocks, northern Richardson Mountains and as 
fa r  west a s  Bonnet Lake (see Fig. 5.1). Terminology for t h e  members of t h e  Bug Creek Format ion follows 
Je le tzky (1967). The numbers on t h e  diagram indicate occurrences  of diagnostic ammonites,  most of which 
were  identified by H. Frebold, or Buchia species,  identified by J.A. Je le tzky.  Those in brackets  a r e  
ext rapola ted in to  the  cross-section f rom nearby localities. The fossils and thei r  ages  a r e  shown in Figure 5.5; 
a summary of the  biostratigraphic d a t a  is given by Poulton (in press). 

(Poulton and Callomon, 1976). The argil laceous middle 
Kingak tongue of Toarcian and Early Bajocian a g e  occurs 
between these  two sandstone units in sections north and west 
of Bug Creek ,  in the  basinward succession off t he  Aklavik 
Arch.. The upper, Bajocian, par t  of t h e  in termedia te  
sandstone is a thin, laterally persistent unit (Fig. 5.1) inter- 
pre ted  t o  be  t h e  basal unit of a southeasterly transgressive 
sea. The upper par t  of t he  Bug Creek Formation (sandstone- 
s i l t s tone and upper sandstone members  of J e l e t zky  (1967)) 
extends  considerablv f a r the r  southward than d o  t h e  lower 
units of t h e  Bug c r e e k  Formation, overstepping Paleozoic 
rocl<s f rom McDougall Pass southward beyond Mount Millen. 
They a r e  fluvial in character  in their  southern development 
(Je le tzky,  1967). Most of t h e  sandstones a r e  well cemen ted ,  
and two  major sandstone units, t h e  upper sandstone member  
and lower pa r t  of t he  in termedia te  sandstone member ,  most 
commonly a r e  hard, resistant orthoquartzites.  This cha rac te r  
reduces the  potential  for hydrocarbon discovery in t h e  Bug 
Creek Formation. 

The southeastward thinning of the  Bug Creek Formation 
indicated in Figures 5.1 and 5.2 appears  t o  have been 
accomplished both by original depositional thinning and by 
removal of pa r t  of t he  succession a t  t he  unconformity within 
t h e  formation. The thinning, together with lithological, and 
t o  a lesser extent ,  paleontological fac ies  variations, indicates  
appro'ach t o  shorelines and sediment source  a r e a s  t o  t h e  
southeast  in Jurassic t ime. The exposures a t  Jurass ic  Butte,  
for  example,  a r e  therefore  unusually thin, rich in sandstone 
and conglomerate,  and lack cer ta in  of t h e  members  developed 
in more  complete ,  basinward successions. The Jurass ic  Bu t t e  
outcrops a r e  instructive,  nevertheless,  because they  reveal 
t he  short  la tera l  d is tance  over which thinning and disappear- 
ance  of units onto  Aklavik Arch t ake  place (Fig. 5.3). 

The Bug Creek Format ion fo rms  most of t h e  main bluff 
of Jurassic Bu t t e  itself and is also exposed in t h e  small  spurs 
extending eas tward in to  Mackenzie Delta. The lower con tac t  
of t he  Bug Creek Formation with underlying Permian beds is 
difficult  t o  locate  precisely in t h e  f a c e  of Jurassic But te  
proper, partly because fossils have not been found there.  It is 
tenta t ively  placed a t  a conspicuous angular unconformity,  
both below and above which pebble-bearing sandstones  occur.  
The basal sandstone member  of t h e  Bug Creek Formation 
he re  is unusuallv thin (1.5 m). 

The Upper Permian sandstone unit t h a t  outcrops  in the  
Aklavik Range t o  the  north and west is absent  on t h e  spurs 
1 t o  2 km (approx.) e a s t  of Jurassic But te  and t h e  Bug Creek 
Format ion res ts  d i rec t ly  on red Permian(?) conglomerate  
beds. The  con tac t  is a f au l t  in some  exposures. The basal 
sandstone of t h e  Bug Creek Formation is thicker (7.5 m 
approx.) here.  The unconformity,  above which l ie probable 
Bajocian beds of t h e  in termedia te  sandstone member ,  is 
probably located just above (west of) a 0.3 m thick (approx.) 
hard red sandstone bed which formed an  erosion-resistant 
su r face  near  the  preserved top of t h e  g rey  s i l t s tone member.  
Belemnites and Inoceramus, together  with cher t -argi l l i te  
pebbles, fossil wood and glauconite,  cha rac te r i ze  t h e  lower 
beds of t he  in termedia te  sandstone member  here. The bluff- 
forming sandstones of t h e  upper sandstone member ,  which 
c a p  Jurassic But te  proper, may be missing on the  spurs t o  t h e  
e a s t  due  t o  a faul t  t h a t  juxtaposes lower beds of t h e  
sandstone-siltstone member  agains t  younger Upper Jurassic 
or  Lower Cretaceous  rocks (Jeletzky, 1967). 

A small  syn-Jurassic uplift  in t h e  vicinity of White 
Mountains has  resulted in apparent  removal of t h e  lower par t  
of t he  Bug Creek Formation (Fig. 5.4) below the  unconformity 
within i t  (Poulton and Callomon, 1976). The  northward 



East spur 

Jurassic 
Butte 

Huskv Formation - - - - -- 
upper . . 

- - -- - 
sandstone - siltstone member 

--  

unnamed conglomerate 

0 sandstone 

0 siltstone 

argillaceous rocks 

conglomerate 

bioturbation 

[XI not exposed 

Figure 5.3 

Stratigraphic cross-section, Jurassic 
Butte area. The terminology for 
the Jurassic Bug Creek Formation 
follows Jeletzky (1967) who first 
described the formation, including 
the section on a spur east of 
Jurassic Butte. 

H u s k y  Forma f i o n  

Figure 5.4 

East-west stratigraphic cross-section B, showing correlation of the members 
of the Bug Creek Formation and equivalent part of Kingak Formation, and 
the White Mountains Uplift (location shown on Figure 5.1). 
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Pl iensbachian , 

E. s p .  c f .  E. arcticwn 1 I I 

3 Oxynoticeras oxynotwn, Cleviceras sp .  
Sinemurian Arctoai temceras je le tzkyi  ~ 

( I Hettangian psilocems sp .  cf. P. johnstoni 
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F igure  5.5. Summary of diagnostic Jurass ic  macrofossil  
occurrences  and t h e  ages  t hey  indica te  based on 
corre la t ions  with nor thwestern  Europe and east- 
e r n  Greenland. Numbers r e f e r  t o  fossil occur-  
rences  shown in Figure  5.2. 

extension of this uplift does not  appear  t o  be  a s  g r e a t  a s  
Poulton and Callomon (1976) suggested,  however, unless i t  
was  expressed in, but subsequently eroded f rom,  t h e  c o r e  of 
t h e  present  C a c h e  Creek  Uplift  which appears  t o  b e  o f f se t  by  
lef t - la tera l  movement  nor thwestward  f rom t h e  White 
Mountains Uplift  (D.K. Norris, pers. comm.). Rela t ive ly  th ick  
Jurass ic  sec t ions  between Whlte Mountains and McDougall 
Pass  indica te  t h a t  t h e  White Mountains Uplift  was  not 
continuous with t h e  Aklavik Arch a s  previously s t a t e d  
(Poulton and Callornon, 1976). The precise na tu re  of t h e  
boundaries of t h e  White Mountains Uplift  in t h e  Jurassic 

remains  unknown. They a r e  in terpre ted  a s  s t e e p  f au l t s  
bounding a horst  because  of t h e  shor t  d is tance  sepa ra t ing  t h e  
essentially d i f f e r en t  successions ad j acen t  t o  and  within t h e  
uplift  a r ea .  S t eep  post-Jurassic faul ts  t h a t  m a y  be  primarily 
t ranscurrent  in s ty le  (Norris and Yorath,  in press) may  have 
had significant ver t ica l  d isplacement  a s  well (Young e t  al., 
1976, Fig. 27). There  is no evidence  within t h e  Jurass ic  rocks 
of s lope  deposits  adjacent  t o  t h e  uplift  o r  of sediment  
t r anspor t  away f rom it .  

The  subdivisions of t h e  Jurass ic  rocks  shown in 
Figures 5.2 and 5.3 a r e  not  easily recognizable  in t h e  
southwestern  pa r t  of t h e  a r e a ,  be tween Bell and  Porcupine 
rivers (Fig. 5.1). This is due  in par t  t o  t h e  lack  of d is t inc t ive  
sandstone  members  in t h e  basinward successions, and in pa r t  
t o  complexity which may be  due  t o  t h e  e f f e c t s  of t h e  Aklavik 
Arch, a s  a t  Porcupine River near  i ts  conf luence  with Bell 
River,  or of landmass source  a r e a s  f a r t h e r  west  (see 
J e l e t zky ,  1975). 
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Abstract 

Sweet, A.R., Palynology of the lower part, type section, Tent Island Formation, Yukon Territory; 
Current Research, Part B ,  Geol. Surv. Can., Paper 78-lB, p. 31-37, 1978. 

An assemblage of pollen, megaspores and fungal spores is described from f i f teen  samples o f  the 
Cuesta Creek Member and three outcrop samples of the Mudstone Member of the Tent Island 
Formation. The overall character of the assemblage and the presence of Aquilapollenites conatus and 
Wodehouseia spp. indicate a Maastrichtian age. 

Introduction obtained f rom t h e  l a t t e r .  Therefore  the  numbers  of speci- 
mens  given in Figure 6.1 a r e  disproportionately high fo; t he  

The Of this paper is record and describe larger  t axa  and a r e  given only t o  r e f l ec t  t h e  re la t ive  scarcity 
pollen and spores from the  Cues ta  Creek Member and basal of identifiable specimens. 
6 m of the  Mudstone Member of t he  Tent Island Formation a t  
the i r  type  locality in the  northwestern bank of Big Fish River palynological Assemblage near  i t s  junction with Boundary Creek, northern Yukon 
(68"30'301'N, 136"23'50f1W). The Cuesta  Creek Member was In addition t o  t h e  t axa  l isted in Figure  6.1, o the r  
proposed by Young (1975) for a succession of sandstones, probably indigenous palynomorphs in the  basal pa r t  of t h e  
c o n ~ l o m e r a t e s  and mudstones in the  basal m art of t h e  Tent Ten t  Island Formation include: b isaccate  ~ o l l e n  (dominant): " 
Island Formation. The member  comprises the  same  s t r a t a  a s  pollen of the  Cupressaceae-Taxodiaceae complex; 
Unit I of Holmes and Oliver (1973). The con tac t  between the  Pulcheripollenites sp. 1 .  6.1, fig. 20, PI. 6.2, fig. 5), 
Cuesta  Creek Member and the  underlying Boundary Creek Ulrnipollenites sp., miscellaneous t r icolpate  (PI. 6.2, fig. 6,7), 
Formation is not exposed a t  t he  type locality (Young, 1975). 
The wri ter  es t imated this con tac t  t o  be about 4 m below the  
base  of t he  exposed sect ion a t  a slight change in slope. The 
Cues ta  Creek Member lies conformably below t h e  Mudstone 
Member of t he  Tent Island Formation. 

Figure 6.1 i l lustrates the  l i thostratigraphic succession 
a t  t h e  type locality based on the  writer 's  field work of 1975 
when he and D.C. Hope measured the  Cuesta  Creek Member 
a s  106.5 m thick. This agrees  closely with Young's (1975, 
p. 54, 55) measurement of equivalent units a s  110.6 m. 

Rouse and Srivastava (1972), McIntyre (1974), 
Doerenkamp e t  al. (1976) and Wilson (1977) have described 
palynological assemblages t h a t  a r e  relevant t o  this study by 
vi r tue  of their  ages  and their  proximity t o  t h e  Yukon Coasta l  
Plain. 

Method 

The pollen and spores in the  Cues ta  Creek Member and 
contiguous s t r a t a  a r e  poorly preserved (PI. 6.1, 6.2) because 
of thermal  a l tera t ion (organic matura t ion)  or weathering, and 
possibly also because of an  unfavourable depositional environ- 
ment.  Fi f teen to  20 g of rock were  processed for  miospores 
and an additional 100 g for  megaspores. The acid insoluble 
organic residues were  oxidized in Schulzels solution a t  room 
tempera tu re  for 8 t o  48 hours, then for 3 t o  5 minutes in 
Schulzels solution a t  100°C. 

The observed number of specimens of biostratigraphic- 
ally significant species is listed in Figure 6.1. These numbers 
a r e  based upon the  comple te  scanning of a t  leas t  six 
22 x 40 mrn coverslips per sample  containing representa t ive  
size-fractions of residue up t o  t h e  plus 45 urn s ize  fraction. 
In addition, up t o  4 slides per  sample  were  examined from a 
plus 45 urn s ize  fraction obtained from the  megaspore 
preparations.  All but 4 of t h e  specimens of Wodehouseia 
sp. A, one half of t he  recorded number of Aquilapollenites cf .  
A. s en tus  Srivastava 1969, and most of t he  megaspores a r e  Figure 6.1. Char t  of se lec ted pollen, rnegaspores and fungal 

spores showing s t ra t igraphic  occurrences.  



monocolpate (Liliacidites sp., PI. 6.2, fig. 4) and triporate 
pollen; species of Cicatricosisporites, Deltoidospora, 
Laevigatosporites, Lycopodiumsporites, Stereisporites, 
Taurocusporites and Zlivisporis (PI. 6.2, fig. 10); fungal spores 
(PI. 6.2, fig. 14-17) and miscellaneous dinoflagellates. Also 
encountered were single specimens of Ovoidites tigneolus 
(Potonik) Thomson and Pflug 1953 (PI. 6.2, fig. 8) and 
Operculites sp. (PI. 6.2, fig. 19); several of Schizophacus 
parvus (Cookson and Dettmann) Pierce 1976 (PI. 6.2, fig. 9), 
Palambages sp. and Pediastrum sp. (PI. 6.2, fig. 20); and many 
specimens of Horologinella sp. (PI. 6.2, fig. 21) showing a 
wide range of morphological variation. 

Reworked palynomorphs in the basal part of the Tent 
Island Formation include Early Devonian and Carboniferous 
miospores; probable Permo-Triassic s t r ia te  bisaccate pollen; 
Early Cretaceous dinoflagellates (W.W. Brideaux, pers. 
comm., October, 1977); and a typical Late Albian to  
Cenomanian assemblage of megaspores including Arcellites 
disciformis Miner emend. Ellis and Tschudy 1964, A. 
reticulatus (Cooltson and Dettmann) Potter 1963 and 
Balmeisporites holodictyus Cool<son and Dettmann 1958. A 
few specimens of Bacutriletes sp., Erlansonisporites sp., and 
Costatheca sp., which may or may not be reworked, were also 
recovered. 

Pollen Grains 

Aquilapollenites cf.  A. amicus Srivastava 1968 

Plate 6.1, figure 4 

Remarks. Two specimens similar t o  A. amicus were 
observed. The figured specimen lacks sculpturing on its 
equatorial projections, perhaps reflecting its poor s t a t e  of 
preservation. Aquilapollenites amicus occurs in the  lower 
part of the Edmonton Group of Alberta (Srivastava, 1970) and 
in the Frenchman Formation (upper Maastrichtian) of 
Saskatchewan (unpublished data). 

Aquilapollenites cf. A. attenuatus Funkhouser 1961 

Plate 6.1, figure 6 

Remarks. The sparsely spinose, isopolar t o  subisopolar 
aquiloid grains encountered in this study are  comparable with 
A. attenuatus in their pattern of spine distribution, their 
relatively large size and their prominent endexinal thicken- 
ings. Similar forms were referred t o  A. asper Mchedlishvili 
1961 and A. aucellatus Srivastava 1969 in McIntyre (1974). 
Aquilapollenites of this general type range from the 
Campanian t o  the top of the Maastrlchtian (Tschudy and 
Leopold, 1970). 

Aquilapollenites bertillonites Funkhouser 196 1 

Plate 6.1, figures 2 and 3 

Occurrence. Hell Creek and Lance formations of mid- 
continental USA, Maastrichtian (Tschudy and Leopold, 1970); 
Frenchman Formation (Maastrichtian) of Saskatchewan 
(unpublished data). 

Aquilapollenites conatus Norton 1965 

Plate 6.1, figure I 

Remarks. Because of the reduced s tr iae on the equatorial 
projections, the specimens seen in this study a r e  bet ter  
referred t o  A. conatus than to another otherwise similar 
species, A. parallelus Tschudy 1969, from undifferentiated 
Upper Cretaceous s t ra ta  in Alaska. 

Occurrence. Upper portion of the Hell Creek and Lance 
formations of midcontinental USA, middle to  upper 
Maastrichtian (Tschudy and Leopold, 1970); between the 
'mauve shale' (Battle Formation) and Nevis coal seam (lower 

part of the Scollard Formation; Gibson, 19771, of Alberta, 
upper Maastrichtian (Srivastava, 1970); and the upper 
Maastrichtian of the Alaskan North Slope (Wiggins, 1976, 
p. 54). 

Heteropolar, spinose forms of Aquilapollenites 

Plate  6.1, figures 7-9 

Remarks. In some specimens from the Cuesta Creek 
Member, the diameter of the major polar dome approaches 
that  of the equatorial projections (of t h e  A. pulcher 
Funkhouser 1961 type; PI. 6.1, fig. 7, 81, whereas in others the 
diameter of the major polar projection greatly exceeds that  
of the equatorial projections (of the A. quadrilobus type; 
PI. 6.1, fig. 9). Because of taxonomic confusion and differ- 
ences in interpreting species within this group, a reliable age 
range for individual species is often difficult to  extract  from 
literature. Tschudy and Leopold (1970) indicate that  hetero- 
polar forms of Aquilapollenites range throughout the 
Campanian and Maastrichtian. 

Plate 6.1 

Figures xlOOO unless otherwise stated. (ISPG 1059-2) 

Figure 1. Aquilapollenites conatus Norton 1965: C- 
47074, GSC Type No. 48961. 

Figures 2, 3. Aquilapollenites bertillonites Funkhouser 
1961: equatorial view, C-47072, GSC Type 
No. 48962; polar view, C-47080, GSC Type 
No. 48963, respectively. 

Figure 4. Aquilapollenites cf. A. amicus Srivastava 
1968: C-47083, GSC Type No. 48964. 

Figure 5. Aquilapollenites reticulatus (Mchedlishvili) 
Tschudy and Leopold 1970: C-47090, GSC 
Type No. 48965. 

Figure 6. Aquilapollenites cf. A. a t tenuatus 
Funl<houser 1961: C-47085, GSC Type 
No. 48966. 

Figures 7-9. Heteropolar, spinose forms of 
Aquilapollenites: C-47083, GSC Type 
No. 48967; C-47085, GSC Type No. 48968; 
C-47080, GSC Type No. 48969, respectively. 

Figures 10, 11. Aquilapollenites cf.  A. sentus Srivastava 
1969: C-47083, GSC Type No. 48970; C- 
47084, GSC' Type No. 48971, respectively. 
Both x500. 

Figures 12, 13. Aquilapollenites sp. A: C-47083, GSC Type 
No. 48972; C-47081, CSC Type No. 48973, 
respectively. 

Figure 14. Mancicorpus cf.  M. gibbus Srivastava 1968: 
C-47076, GSC Type No. 48974. x500. 

Figures 15-19. Cranwellia spp.: C-47077, GSC Type 
No. 48975; C-47087, GSC Type No. 48976; 
C-47085, GSC Type No. 48977; C-47087, 
GSC Type No. 48978; C-47084, GSC Type 
No. 48979, respectively. Figure 19, x500. 

Figure 20. Pulcheripollenites sp.: C-47076, GSC Type 
No. 48980. 

Figure 21. Proteacidites auratus Srivastava 1969: C- 
47073, GSC Type No. 48981. 

Figure 22. Orbiculapollis sp.: C-47074, GSC Type 
No. 48982. 

Figures 23-26. Expressipollis spp.: C-47079, GSC Type 
No. 48983; C-47080, GSC Type No. 48984; 
C-47080, GSC Type No. 48985; C-47081, 
GSC Type No. 48986. 





Aquilapollenites reticulatus (Mchedlishvili) 

Tschudy and Leopold 1970 
Orbiculapollis sp. 

Plate 6.1, figure 22 
Plate 6.1, figure 5 

Remarks. Only a single specimen referrable to this species 
was seen. 

Occurrence. This species has been widely reported from 
upper Campanian t o  upper Maastrichtian s t rata  (Tschudy and 
Leopold, 1970). In Saskatchewan it  ranges into the base of 
the Ravenscrag Formation of Paleocene age (unpublished 
data). 

Aquilapollenites cf. A. sentus Srivastava 1969 

Plate 6.1, figures 10, 11 

Remarks. The size (polar axis 68.5 (80) 95.6 1~ m long; equa- 
torial diameter including projections 63 (83.5) 106 p m; equa- 
torial projections 16 (27.6) 34.7 p m long) and the constriction 
of the polar projections immediately above the equatorial 
region (PI. 6.1, fig. 11) in some specimens a r e  much the same 
a s  in A. sentus. However, the  spines of A. sentus a r e  
considerably larger (4-7 p m  long, 1.5-3.5 pm wide a t  base) 
than those observed in A. cf.  A. sentus (1-4.5 p rn long, 0.8- 
1.2 um wide). Srivastava (1970) reports A. sentus as  
occurring in the lower and middle parts of the Edmonton 
Group (Horseshoe Canyon Formation) of Early and Middle 
Maastrichtian age. 

Aquilapollenites sp. A. 

Plate  6.1, figures 12, 13 

Remarks. Iso- t o  subisopolar grains with a relatively short 
polar axis and numerous spines distributed over the entire 
surface a re  referred to  this species. 

Cranwellia spp. 

Plate 6.1, Figures 15 t o  19 

Remarks. Over twenty specimens of striate, tricolp(or)ate 
pollen were encountered exhibiting variation in size and 
shape. One striate, tetracolpate specimen, possibly 
Cranw edmontonensis Srivastava 1966, was recorded 
(PI. 6.1, ...g. 18). Cranwellia has frequently been reported 
from Campanian to Maastrichtian s t rata  but is also known to 
range into the Tertiary and may have affinity with the extant 
genus Elytranthe (Srivastava, 1966). 

Expressipollis spp. 

Plate  6.1, figures 23-26 

Remarks. Several specimens, all poorly preserved, a r e  refer- 
rable t o  Expressipollis. These include forms having affinity 
with the Expressipollis accuratus Chlonova 1961 complex of 
Felix and Burbridge (1973) (PI. 6.1, fig. 23) and possible 
specimens of Expressipollis ocliferius Chlonova 1961 (PI. 6.1, 
fig. 26). Although the identity of these species is uncertain, 
the recognition of Expressipollis indicates that  the Cuesta 
Creek flora probably has affinities with the floras described 
from the lower Eureka Sound Formation (Felix and Burbridge, 
19731, the upper shale member of the  Kanguk Formation 
(Doerenkamp e t  al., 1976) and the Mason River Formation of 
the  Horton River Section (Mclntyre, 1974). 

Mancicorpus cf. M. gibbus Srivastava 1968 

Plate 6.1, figure 14 

Remarks. All observed specimens a r e  badly preserved. 
Mancicorpus gibbus is known from s t ra ta  below the 'mauve 
shale' (Battle Formation) of Alberta (Srivastava, ,1970) and 
has been observed in the Frenchman Formation of 
Saskatchewan (unpublished data). Both occurrences a r e  
Maastrichtian. 

Occurrence. Orbiculapollis has been widely reported in the 
Upper Cretaceous boreal floral complex of western Siberia 
and Arctic Canada (Doerenkamp e t  al., 1976). 

Proteacidites auratus Srivastava 1969 

Plate 6.1, figure 21 

Occurrence. Lower t o  middle part of the Edmonton Group of 
Alberta, Maastrichtian (Srivastava, 1970); Bonnet Plume 
Formation of northeastern Yukon Territory, ~Maastrichtian 
(Rouse and Srivastava, 1972). 

Wodehouseia spinata Stanley 196 1 

Plate 6.2, figure I 

Remarks. Fourteen specimens gave a size range of 44 (50) 
57 p m (long equatorial, pollen b axis) by 30 (35) 40 p m (polar, 
pollen c axis), a fifteenth specimen, 68 x 48 p m, resembled 
the  smaller specimens in all but size. 

Plate 6.2 

Figures xlOOO unless otherwise stated. (ISPG 1059-1) 

Figure I .  Wodehouseia spinata Stanley 1961: C-47087, 
GSC Type No. 48987. 

Figures 2, 3. Wodehouseia sp. A: C-47076, GSC Type 
No. 48988; C-47080, GSC Type No. 48989, 
respectively. Both x500. 

Figure 4., Liliacidites sp.: C-47081, GSC Type 
No. 48990. 

Figure 5. Pulcheripollenites sp.: C-47074, GSC Type 
No. 48991. 

Figures 6, 7. Tricolpate pollen: C-47087, GSC Type 
No. 48992; C-47072, GSC Type No. 48993, 
respectively. 

Figure 8. Ovoidites ligneolus (Potoni6) Thomson and 
Pflug 1953: C-47086, GSC Type No. 48994; 
x500. 

Figure 9. Schizophacus parvus (Cookson and 
Dettmann) Pierce 1976: C-47076, GSC Type 
No. 48995. 

Figure 10. Zlivisporis sp.: C-47075, GSC Type 
No. 48996. 

Figures 11-13. Styx spp;: G-47081, GSC Type No. 48997; 
C-47090, GSC Type No. 48998; C-47080, 
GSC Type No. 48999. Figure 11, x500. 
Figures 12 and 13, x400. 

Figure 14. Fusiforrnisporites sp.: C-47086, GSC Type 
No. 49000. 

Figure 15. Pesavis sp.: C-47074, GSC Type No. 49001. 

Figure 16. Fungal spore: C-47081, GSC Type 
No. 49002. 

Figure 17. Pluricellaesporites sp.: C-47088, GSC Type 
No. 49003; x500. 

Figure 18. Azollopsis massula: C-47090, GSC Type 
No. 49004, x500. 

Figure 19. Operculites sp.: C-47086, GSC Type 
No. 49005. 

Figure 20. Pediastrum sp.: C-47076, GSC Type 
No. 49006; x500. 

Figure 2 1. Horologinella sp.: C-47081, GSC Type 
No. 49007. 
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Occurrences. Wodehouseia spinata  occurs  widely in s t r a t a  
ranging f rom Maastrichtian t o  Paleogene in a g e  (for known 
occurrences  s e e  Wiggins, 1976). Adjacent t o  t h e  Cues ta  
Creek type section i t  is abundant in the  upper Maastrichtian 
of t he  Alaskan North Slope and southern Alaska, with 
specimens locally occurring in the  Paleocene of the  Alaskan 
North Slope (Wiggins, 1976). It f i rs t  occurs  51.8 m above the  
base of McIntyre's H3 division in t h e  Horton River Section, 
Dis t r ic t  of Mackenzie (Mclntyre, 1974) and is known also 
from t h e  CVI zone (CVlc subdivision) and CVlI zone in the  
shale  member of t he  Kanguk Formation, Banks Island 
(Doerenkamp e t  al., 1976) and f rom the  Zone 2 of the  Bonnet 
Plume Formation of northeastern Yukon Territory (Rouse and 
Srivastava, 1972). 

Wodehouseia sp. A. 

P la t e  6.2, figures 2, 3 

Description. Based on 30 specimens - Long equatorial ,  pollen 
b axis 66 (89.5) 1 12 p m, S.D. 1 1.8 p m; polar, pollen c axis 50 
(70.8) 98 m, S.D. 11.8 m. Pollen grain with a 3-zoned 
sculpture pattern: aper ture  region re t icula te ,  devoid of 
apicula te  sculptural  e lements  except  for a single spine or 
cone s e t  on the  distal  side of each colp (observed on two  
specimens); centra l  body-flange transit ion region f imbria te  or  
with relatively fine,  radially oriented plicae, and lacking 
prominent apicula te  sculpture;  outer  flange-flange meridian 
region re t icula te ,  with prominent 5 t o  9 y m long, 1.5 t o  3 p m 
wide a t  base,  apicula te  sculptural  e lements  projecting above 
t h e  general ektexinal surface  and beyond the  flange margin. 
Apiculate e lements  a r e  generally spinose, some a r e  bacula te  
with blunt terminations.  The dis tance  between colpi is  30 p m  
(one specimen), which if typical of t h e  population would imply 
t h a t  t h e  colpi were  inserted in from the  ends of t he  grain 
approximately one third length of long equatorial  axis. The 
inner outline of t he  flange on some specimens (PI. 6.2, fig. 3)  
suggests t h a t  t he  cen t r a l  body is dumbbell shaped. The f lange 
is const r ic ted  a t  t h e  terminus of t he  long equatorial  axis. 

Remarks. The terminology above is t ha t  of Wiggins (1976). 
Wodehouseia sp. A probably is a new species or subspecies but 
is not formally named because of i t s  poor preservation. 

Four previously described taxa,  Wodehouseia f imbr ia t a  
Stanley 1961, W. firnbriata subsp. cons t r i c t a  Wiggins 1976, W. 
excelsa  (Samoilovitch) Wiggins 1976, and W. ves t iv i rgata  
Wiggins 1976 sha re  with Wodehouseia sp. A a relatively large  
s tze  and a 3-zoned sculpture pat tern  with a f imbria te  medial 
zone. Of t h e  four listed above only W. firnbriata subsp. 
cons t r i c t a  and W. ves t iv i rgata  have, like Wodehouseia sp. A, 
a conspicuously const r ic ted  flange in t h e  equatorial  region. 
The density and length of the  apicula te  e lements  in t h e  outer  
flange-flange meridian zone in Wodehouseia sp. A a r e  more  
similar t o  those i l lustrated for W.  vestivirgata,  whereas t h e  
mostly spinose form of the  sculpture elements,  t h e  spacing of 
t h e  colpi and the  probable dumbbell shape of t h e  centra l  body 
a r e  similar t o  those of W. f irnbriata var. const r ic ta .  
Wodehouseia ves t iv i rgata  is known from t h e  upper 
Maastrichtian and W. f irnbriata subsp. cons t r i c t a  f rom the  
upper Maastrichtian to  lower Paleocene of the  Alaskan North 
Slope (Wiggins, 1976). 

Megaspores 

Styx spp. 

P la t e  6.2, figures 11-13 

Remarks. The several specimens of Styx recovered appear  t o  
represent  a t  l ea s t  t h r e e  species,  Styx minor Norton 1967, 
Styx canadensis (Srivastava and Binda) Sweet  1978, and a 
rugula te  form possibly of t he  Styx r a r a  (Kondinskaya) 
Srivastava 1971 type. Most reported occurrences  of Styx a r e  
confined to  the  Upper Cretaceous.  

Azollopsis subg. Azollopsis 

P la t e  6.2, f igure 18 

Remarks. One massulae with multibarbed giochidia 
character is t ic  of subg. Azollopsis was recovered. This 
subgenus ranges in a g e  from Campanian t o  ?Eocene (Sweet 
and Hills, 1974). 

Fungal Spores 

Fusiformisporites sp. 

P l a t e  6.2, f igure 14 

Occurrence. Elsik (1976) considers t h e  range of  
Fusiformisporites t o  be  f rom mid-Paleocene t o  Recent .  

Pesavis sp. 

P l a t e  6.2, f igure 1 5  

Remarks. This form of conidiospore was given t h e  p re l in -  
inary name P. "parva" by Jansonius (1976). It may be 
conspecific w ~ t h  th" specimen in Elsik and Jansonius (1974, 
PI. I ,  fig. lo),  f rom Paleogene s t r a t a  of t he  Mackenzie delta.  

Age Interpre ta t ion 

The maximum a g e  of t h e  Cues ta  Creek Mernb,zr is 
inferred to  be  Maastrichtian based on the  combined occul-- 
rence  of Wodehouseia spinata,  Wodehouseia sp. A and 
Aquilapollenites conatus.  I f  one accep t s  t h a t  the  pollen 
spect rum represents  an  indigenous assemblage, t h e  probable 
minimum a g e  can be  determined a s  l a t e  Maastrichtian based 
on t h e  cha rac te r  of t h e  to t a l  assemblage and in particular t he  
occurrence  of a relatively diverse assembl3ge of aquiloid 
pollen together wlth Cranwellia,  Expressipollis and Styx. 

The occurrence  of Pesavis and Fusiformisporites mrght 
be considered indicat ive  of a Paleocene age. This in terpre ta-  
t ion- would require t h a t  much of t h e  recovered pollen be  
considered reworked. The relatively poor docu.nentation t h a t  
is currently available for  t he  to ta l  s t ra t igraphic  ranges of 
fungal spores weakens the  argument  for a Paleocene age. 

The assemblages from Zone 2 of t h e  Bonnet Plume 
Formation (Rouse and Srivastava, 19721, f rom Division H3 of 
t h e  "pale shale zone" (Mclntyre, 19741, and f rom t h e  shale 
member  of t h e  Kanguk Formation (Doerenkamp e t  al., 1976) 
all bear similarit ies t o  t h a t  in t h e  lower Tent Island 
Formation. The l a t t e r  assemblage has in common with the  
Zone 2 assemblage of the  Bonnet Plume Formation spinose, 
heteropolar and spinose, isopolar aquiloid pollen, Cranwellia,  
Pulcheripollenites, Proteacidi tes  au ra tus  and Wodehouseia 
spinata.  However, Expressipollis and Orbiculapollis were  not 
repor ted  by Rouse and Srivastava (1972). 

The middle par t  (51.8-125 m) of Mclntyre's (1974) 
Division H 3  conta ins  a closely comparable  f lo ra  t o  t h a t  in the  
lower Tent  Island Formation. This interval encompasses t h e  
upper par t  of t h e  Lower Member and t h e  lower pa r t -  of t h e  
Middle Member of t he  Mason River Formation (Yorath e t  a]., 
1975). Doerenkamp e t  al. (1976) compared their  CVlc 
subzone f lora  f rom t h e  upper pa r t  of t he  shale member of the  
Kanguk Formation with t h a t  of t h e  middle pa r t  of McIntyre's 
Division H3 defined above. In common with these  Kanguk and 
Mason River assemblages, t h a t  f rom t h e  lower Tent  Island 
Formation contains Wodehouseia spinata,  Wodehouseia sp. A 
which bears some mOrphologic similarity t o  W. f imbria ta  s.l., 
Expressipollis spp., Orbiculapollis sp., and an assemblage of 
aquiloid pollen t h a t  encompasses a variety of morphotypes. 
Hence i t  is probable t h a t  t h e  exposed par t  of t h e  Cues ta  
Creek Member at i t s  t ype  locali ty and t h e  base of t h e  
Mudstone Member, or t h e  lower Tent  Island Formation, is 
corre la t ive  with a horizon a t  leas t  51.8 m above the  base of 
t he  Mason River Formation and with some  portion of the  
upper pa r t  of t h e  shale  member  of t h e  Kanguk Formation. 



Acknowledgments  

T h e  a u t h o r  thanl<s S. P icker ing  for  e x t r a c t i n g  palyno- 
morphs  f r o m  unpromising s a m p l e s  and  E. O I K e e f e  f o r  
p rocess ing  t h e  m e g a s p o r e  samples .  T h e  c a p a b l e  f ie ld  
a s s i s t a n c e  of D.C. Hope  is g r a t e f u l l y  acknowledged  a s  a r e  t h e  
he lpfu l  discussions with F.G. Young on t h e  s t r a t i g r a p h y  of t h e  
Yukon c o a s t a l  plain. W.W. Br ideaux  obliged w i t h  a c r i t i c a l  
read ing  and W.A.M. J e r k i n s  w i t h  a c o n s t r u c t i v e  d i ssec t ion  of 
t h e  paper .  

R e f e r e n c e s  

Doerenkamp,  A., J a r d i n e ,  S., and  Moreau ,  P.  
1976: C r e t a c e o u s  and T e r t i a r y  pa lynomorph  a s s e m b l a g e s  

f r o m  Banks Island and  a d j a c e n t  a r e a s  (N.W.T.); 
Bull. C a n .  P e t .  Geol., v. 24, p. 372-417. 

Elsik, W.C. 
1976: Microscopic  Fungal  r e m a i n s  and  C e n o z o i c  palyno- 

s t r a t i g r a p h y ;  Geosc i .  Man., v. 15,  p. 115-120. 

Elsik, W.C. and  Jansonius,  J. 
1974: New g e n e r a  of P a l e o g e n e  funga l  spores ;  Can .  J .  

Botany ,  v. 52, p. 973-958. 

Fe l ix ,  C.J. and  Burbridge,  P.P. 
1973: A M a e s t r i c h t i a n  a g e  m i c r o f l o r a  f r o m  A r c t i c  

C a n a d a ;  Geosci .  Man., v. 7, p. 1-29. 

Gibson,  D.W. 
1977: Upper C r e t a c e o u s  and  T e r t i a r y  coa l -bear ing  

s t r a t a  in t h e  Drumhel le r -Ardley  region,  R e d  Deer  
River  Valley, A l b e r t a ;  Geol .  Surv.  Can., P a p e r  76- 
35,  p. 41. 

Holmes ,  D.W. and Ol iver ,  T.A. 
1973: S o u r c e  and depos i t iona l  e n v i r o n m e n t s  of t h e  

Moose C h a n n e l  F o r m a t i o n ,  N o r t h w e s t  Ter r i to r ies ;  
Bull. Can .  P e t .  Geol., v. 24,  p. 435-478. 

Jansonius,  J. 
1976: P a l e o g e n e  funga l  s p o r e s  and  f r u i t i n g  bodies  of t h e  

C a n a d i a n  A r c t i c ;  Geosc i .  Man., v. 15,  p. 129-132. 

Mcln tyre ,  D.J. 
1974: Palyrlology of a n  Upper  C r e t a c e o u s  s e c t i o n ,  

Hor ton  R i v e r ,  D i s t r i c t  of Mackenzie ,  N.W.T.; 
Geol .  Surv. Can. ,  P a p e r  72-14, p. 1-56. 

Rouse ,  G.E. and  S r i v a s t a v a ,  S.K. 
1972: Pa lynologica l  zona t ion  of C r e t a c e o u s  a n d  Early 

T e r t i a r y  r o c k s  of t h e  Bonnet  P l u m e  F o r m a t i o n ,  
n o r t h e a s t e r n  Yukon,  C a n a d a ;  C a n .  J .  E a r t h  Sci.,  
V. 9, p. 1163-1 179. 

Sr ivas tava ,  S.K. 
1966: Upper  C r e t a c e o u s  microf lora  ( M a e s t r i c h t i a n )  f r o m  

Scol la rd ,  A l b e r t a ,  C a n a d a ;  Pol len  Spores ,  v. 8 ,  
p. 497-552. 

1970: Pol len  b ios t ra t ig raphy  a n d  pa leoecology  of t h e  
Edmonton  F o r m a t i o n  (Maes t r ich t ian)  A l b e r t a ,  
C a n a d a ;  Pa leogeogr .  P a l e o c l i m a t o l .  Pa leoecol . ,  
v. 7,  p. 221-276. 

S w e e t ,  A.R. and  Hills, L.V. 
1974: A d e t a i l e d  s t u d y  of t h e  genus  Azollopsis; Can .  J .  

Botany,  v. 52,  p. 1625-1642. 

Tschudy,  B.D. a n d  Leopold,  E.B. 
1970: Aqui lapol len i tes  (Rouse)  IFunkhouser - S e l e c t e d  

R o c k y  Mountain i a x a  and  t h e i r  s t r a t i g r a p h i c  
ranges ;  Geol .  Soc.  Am., Spec .  P a p e r  127,  p. 113- 
167. 

Wiggins, V.D. 
1976: Fossil O c u l a t a  pollen f r o m  Alaska ;  Geosc i .  Man., 

v. 15,  p. 51-76. 

Wilson, A.M. 
1977: Pa lynology  of t h r e e  s e c t i o n s  a c r o s s  t h e  u p p e r m o s t  

C r e t a c e o u s - P a l e o c e n r  boundary  in t h e  Yukon 
T e r r i t o r y  a n d  D i s t r i c t  of Mackenzie ,  C a n a d a ;  
unpub. M.Sc. thesis ,  Dep. Geol .  Sci.,  Univ. 
S a s k a t c h e w a n .  

Y o r a t h ,  C.J., Balkwill, H.R., and  Klassen ,  R.W. 
1975: Frankl in  Bay and  Malloch Hill map-areas ,  D i s t r i c t  

of Mackenzie ;  Geol .  Surv. Can., P a p e r  74-36, 
p. 1-35. 

Young, F.G. 
1975: Upper  C r e t a c e o u s  s t r a t i g r a p h y ,  Yukon C o a s t a l  

P la in  and  n o r t h w e s t e r n  M a c k e n z i e  D e l t a ;  Geol .  
Surv.  Can . ,  Bull. 249, p. 1-83. 





EVALUATION OF He AND Rn GEOCHEMICAL URANIUM EXPLORATION TECHNIQUES 
IN THE "KEY" LAKE AREA, SASKATCHEWAN 

Introduction 

Project 720067 

W. Dyck, R.A. Campbell, and J.C. Pelchat 
Resource Geophysics and Geochemistry Division 

Abstract 

Dyck, W., Campbell, R.A., and Pelchat, J.C., Evaluation of He and Rn geochemical uranium 
exploration techniques in the I1Key" Lake area, Saskatchewan; &I Current Research, Part B, Geol. 
Surv. Can., Paper 78-lB, p. 39-44, 1978. 

To determine the strength and extent of various geochemical signals, particularly those 
of He and Rn, emanating from t h e '  U deposits in the "Key" Lake, Saskatchewan area several 
drillhole waters, detailed lake bottom water samples, and 100 lake water samples from 
an 800 km2 area surrounding "Key" Lake were collected, and analyzed in the field 
laboratory for  He, Rn, 0 2 ,  Fh, pH and conductivity. 

Generally the lakes a re  shallow (less than 10 m) and well mixed in the summer a s  indicated by 
near equilibrium 0 2  values and uniform temperatures down to 7 t o  10 m. Mixing has resulted in small 
values fo r  the dissolved gases Rn and He and much lower values (up t o  a fac tor  of 8) in the summer 
than in the winter under the ice. 

Regional Rn and He values, determined in the field, ranged from 0 to 293 picocuries/L (pc/L) 
and 43 to 92 std nanolitres/litre (nL/L) respectively, with background values of about 1 pc/L f o r  Rn 
and 43 nL/L f o r  He. By comparison, waters f rom drillholes into the main ore zone yielded up t o  
300,000 pc/L Rn and 20,000 nL/L He. 

The semidetailed and detailed follow-up confirmed two anomalous Rn areas, one a t  l'Zimmerll 
Lake and the other a t  "Seahorse" Lake. On these scales of exploration both He and Rn in lake waters 
detected the radioactive boulder fields and the ore below several of the lakes. Concentrations were 
relatively low. Rn seemed more stable and gave larger contrasts than He but took longer t o  measure. 

The recently discovered high grade U deposits a t  "Key" 
Lake, Saskatchewan (Dahlkamp and Tan, 1977) provide 
excellent sites for the testing of U exploration techniques. 
Although drilling has already caused some disturbance of the 
natural environment a t  "Key" Lake, it is important that  a s  
many tests as  possible are  carried out prior t o  mining, for it 
has been the authors experience that  mining activities have a 
profound effect  on the distribution of elements in the 
surficial environment. 

To determine the usefulness of He, Rn and U in lakes 
and groundwaters, in particular He for U exploration, a series 
of tests were designed and carried out during the 1977 field 
season in the "Key" Lake area. For logistic reasons the 3 man 
Geological Survey of Canada party joined a University of 
Regina team which was carrying out detailed geochemical 
studies in the "Key" Lake area under the direction of 
Dr. Parslow. The main objectives of the field tests were: 
(1) to see what kind of He signal could be observed in the 
waters over the ore deposits relative t o  barren country; (2) to  
test  a semiportable He analyzer under field conditions; and 
(3) t o  compare Rn, U, and He levels obtained in the summer 
t o  those in the winter under the ice. To evaluate the 
effectiveness of the He method relative to  the Rn and U 
methods of prospecting, lake waters and sediments were also 
collected for Rn and U analysis a t  selected sites. This report 
describes in surnmary form the actual field work carried out, 
the preliminary analytical results obtained in the field 
laboratory, and presents some tentative conclusions. 

Field Investigations 

The field investigations can be divided into 5 inter- 
related tests:- 

I. Regional lake water and sediment survey 
2. Semidetailed lake water follow-up 
3. Detailed lake water follow-up 
4. Seasonal comparison of lake waters 
5. Drillhole water tes ts  

1. Regional lake water and sediment survey 

About 400 lake sites within an 800 km2 r~sctangle in the 
southwest corner of map sheet 74 H were sampled by 
helicopter during the period of June 10-20, 1977. The sample 
area surrounded the "Key" Lake ore deposits and was bounded 
by U.T.M. co-ordinates 6 352 700N-442 500E; 6 352 700N-478 
500E; 6 300 000N-442 500E and 6 300 000N-478 5000E. 
(Fig. 7.1) From each of these sites two lake sediment 
samples, one for the Geological Survey of Canada and one for 
the  University of Regina, one lake surface water and one lake 
bottom (I m from the bottom) water were collected. In 
addition two lake bottom waters were collected from every 
fourth site for analysis in the field laboratory. The sediment 
samples were collected in an Ekman dredge and contained in 
two 450 mL plastic bags. A \Vildco acrylic water sampler was 
used t o  collect the  lake bottom waters. The bottom water  
collected a t  each s i te  was poured into a 200 mL aluminum 
container and the water collected a t  every fourth site was 
poured into two 300 mL glass bottles. The surface water 
samples were collected by hand in 220 mL plastic bottles. 

To check on the sampling and analytical accuracy one 
blank (distilled water), one control reference (multi-trace 
element standard) and one duplicate were inserted in every 
group of 17 samples collected during the regional lake water 
survey. 

2. Semidetailed lake water follow-up 

A semidetailed lake water follow-up was performed in 
two areas where interesting Rn results were obtained during 
the regional lake water and sediment survey. Altogether 57 
lake water sites were sampled using helicopter and boat 
support between June 20 and 23, 1977. Fourteen samples 
were collected in a 5 km2 area a t  "Zimmer" Lake and 33 
water samples were collected in a 15 km2 area a t  "Seahorse" 
Lake (Fig. 7.2). At each site a water sample was collected 
1 m from the bottom using a Wildco acrylic water sampler 



and two 300 mL glass bot t les  were filled. These  samples 
were  analyzed in t he  field laboratory and a t  t h e  Geological 
Survey geochemistry labora tory  in Ot tawa.  

3. Detailed lake  water  follow-up 

From June 22-25, 1977, ninety-six s i t e s  were  sampled in 
a detailed lake  bot tom wa te r  follow-up t o  t h e  regional and 
semidetailed surveys. These samples were  col lec ted  by boat  
along 13 t raverses  in four lakes (Fig. 7.3). These particular 
t raverses  were picked e i ther  because of their  relative 

Scale I:IW.O>m 0 
0 

I 0  I )  1 I l n  

position t o  t h e  t w o  orebodies [Gaer tner  and Deilmann) o r  
because of interesting results  obta ined during t h e  
semidetailed survey. All the  lines were  run in a nor thwest  
direction with 3 lines (20 s i tes)  on "Karl Ernst" Lake, 4 lines 
(27 s i tes)  on "Dieter" Lake,  3 lines on "Key" Lake (37 s i tes)  
and 3 lines on "Upper Seahorse" Lake  (12 si tes).  The lake  
t r ave r se s  were  positioned 100 m a p a r t  and t h e  samples  were  
col lec ted  a t  30 m intervals.  At each  s i t e  t w o  300 mL glass 
bo t t l e s  were  filled with wa te r s  col lec ted  I m above t h e  lake  
bot tom by t h e  Wildco acrylic wa te r  sampler .  The samples  
were  then analyzed in t h e  field labora tory  and in t he  O t t a w a  
laboratory.  
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Figure 7.1. He and Rn in lake  bo t tom wa te r  samples  f rom regional survey. 



Figure 7.2. He and Rn in lake  bot tom wa te r  samples  f rom 
semideta i led  survey. 

4. Seasonal comparison of l ake  wa te r s  

Eighty-six lake  wa te r  samples f rom 36 s i tes ,  4 well 
water  samples f rom 2 s i t e s  and I s t r eam water  sample  were  
col lec ted  between J u n e  28-30, 1977. These s i t e s  were  chosen 
t o  coincide with s i t e s  sampled in March of 1977. The 86 lake  
w a t e r  samples were  col lec ted  by boat  in 8 lakes within a 
16 k m 2  a r e a  of t he  Uranerz  c a m p  a t  "Key" Lake, t h e  s t r eam 
wa te r  from a s t r eam be tween  l l ~ o u r g l a s s "  and "Upper 
Seahorse" lakes, and t h e  well waters  were  col lec ted  f rom 2 
wells located in t h e  Uranerz  camp.  In t h e  lake and s t r eam 
wa te r  sampling an  acryl ic  Wildco depth  sampler  was  used t o  
co l l ec t  45 samples  (top, bot tom,  middle) f rom 15 sites,  40 
samples  ( top  and bot tom) f rom 20 s i t e s  and 2 samples  
(bot tom) f rom 2 si tes.  The top  samples  were  col lec ted  1 m 
f rom the  surface ,  t h e  bot tom samples I m f rom t h e  lake  
bot tom and the  middle sam,ples were  col lec ted  halfway 
between the  surface  and lake  bot tom.  For each sample  th ree ,  
300 m L  glass bot t les  were  filled for  analysis in t h e  field and 
in O t t awa .  

5. Drillhole water  t e s t s  

On June 27, 27 wa te r  samples  were  col lec ted  f rom 10 
holes drilled for hydrological studies. On July 4, 35 samples  
were  col lec ted  f rom 7 U erplora t ion  drillholes in o r  near  U 
mineralization.  The samples  were  taken at a rb i t r a ry  
in tervals  of from 15 rn t o  20 rn. Maximum depths  
encountered  were: 59 m for  hydrological holes and 98 m for  
exploration holes. From each s i te  two 300 mL glass bo t t l e s  
were  filled for  analysis in t h e  field and in O t t awa .  

Field Laboratory 

The field labora tory  was  s e t  up in a 25 foot  t ra i le r  
which was  t rucked in to  t h e  "Key" Lake a r e a  over  a winter  
road f rom La Ronge during t h e  winter  of 1976-77. The 
mobile laboratory was  equipped with a heat ing  sys tem,  a 
wa te r  supply sys tem a radiophone and an a i r  conditioner.  
Electrici ty was  genera ted  by two por table  genera tors ;  a 
gasoline driven MacCulloch and a diesel  driven Koeler. 

In t h e  field labora tory  t h e  wa te r  s amples  were  analyzed 
fo r  He, Rn, pH, Eh, conduct iv i ty  and 0 2 .  H e  was  analyzed 
wi th  a n  Alcate l  ASM 10 helium leak d e t e c t o r  while radon was  
determined by degassing a 120 mL aliquot in to  a ZnS ce l l  and 
measuring the  alpha par t ic le  emanat ion  r a t e  with a Rn 
coun te r  (Dyck and Pelchat ,  1977; Dyck, 1968). 

General Geology 

The "Key1' Lake a r e a  is at t h e  southeas tern  margin of 
t h e  Athabasca  basin a t  t h e  c o n t a c t  be tween  t h e  Athabasca  
Format ion and the  crys ta l l ine  basement .  In t h e  southeas tern  
pa r t  of t h e  study a r e a  Aphebian me ta sed imen t s  (gneiss and 
schists)  of t h e  Wollaston Group l ie  unconformably on a n  
Archean basemen t  of fo l ia ted  g ran i t i c  and charnocki t ic  rocks. 
In t h e  nor th  t h e  Aphebian and Archean rocks  a r e  uncon- 
forrnably overlain by t h e  poorly exposed Athabasca  Format ion 
consist ing of sandstones,  gr i t s  and conglomerates  
(Ramaekers ,  1975). The basement  rocks and those  of t h e  
Athabasca  Formation a r e  a lmost  complete ly  covered by up t o  
90 m of g lac ia l  deposi t s  (eskers, kames,  outwash sands  and 
various tills). The main s t ruc tu ra l  f e a t u r e s  in t h e  "Key1' Lake 
a r e a  a r e  t h e  pre-to-post Athabasca  faul ts .  These  basemen t  
f au l t s  trend northeast-southwest and one  of these  f au l t s  is 
associa ted  with t he  mineralization a t  "Key" Lake. 

To d a t e  two orebodies have been discovered a t  "Key" 
Lake; t h e  Gaer tner  and Deilmann orebodies (Fig. 7.1). The  
Gae r tne r  orebody is 1500 m in length,  80  m thick and ranges  
in width f rom 10 t o  40 m while t h e  Deilmann orebody has  a 
minimum length of 800 m ,  a width of 10 t o  100 m and a depth  
of 150 m. Dahlkamp and Tan (1977) repor t  grades  of up t o  
45% U3O8 and 45% Ni in t he  Gae r tne r  orebody and up t o  
20% UsOs and 25% Ni in t he  Deilmann orebody. The U-Ni 
mineralization consis ts  of U oxides and s i l i ca t e s  and nickel 
sulphides and arsenides  and is found in both  t h e  Athabasca  
Format ion and t h e  underlying gneiss c lose  t o  t he i r  
unconformable con tac t .  

Resul ts  and Discussion 

As s t a t e d  in t h e  introduction,  t h e  main  purpose of th is  
s tudy was  t o  t e s t  t h e  H e  method of prospect ing  fo r  U. 
However, for  purposes of comparison and in order  t o  obta in  a s  
much background d a t a  a s  possible on wha t  may well prove t o  
be  one  of Canada's  r ichest  U deposits ,  t h e  regional survey 
included also c e n t r e  lake  su r f ace  wa te r  and c e n t r e  lake  
sediment  samples.  These  semples  a s  well  a s  t h e  H e  analyses 
of 400 l ake  bot tom w a t e r  samples  awa i t  processing. But t h e  
99 addit ional lake  bo t tom wa te r  samples  taken a t  eve ry  
fou r th  s i t e  during t h e  regional survey were  analyzed in t h e  
field labora tory  and a r e  discussed here ,  a s  a r e  t h e  
semideta i led  and deta i led  lake  wa te r  field da t a .  It should be  
s t ressed he re  t h a t  t h e  authors  do  not recommend such a wide 
sample  density (1 s i t e /&  k m 2 )  for  routine H e  and Rn surveys 
fo r  U exploration.  The reason fo r  this set of 99  samples  was  
mainly t o  obta in  a background reading f r o m  t h e  a r e a  and t e s t  
t h e  recent ly  assembled H e  analyzer  (Dyck and Pelchat ,  1977). 
Even a t  such wide spacing two  a r e a s  with higher than 
background Rn values were  outlined. One in t he  "Zimmer" 
Lake  a r e a  where  up t o  292 pc/L were  found re la t ive  t o  about  
I pc /L  for background and t h e  o the r  in a smal l  lake  1.5 k m  
ndr thwes t  of ".Seahorse" Lake  were  45 pc/L were  found. The 
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o n e  "Seahorse" L a k e  s i t e  chosen  for  th i s  survey  had only 
1 2  pc /L  e v e n  though t h e r e  is o r e  s o m e  50 m be low th i s  lake.  
T h e  4 5  pc /L  va lue  in t h e  s m a l l  shal low lake  w a s  c o n f i r m e d  in 
t h e  semide ta i led  follow-up. I t  is in an a r e a  of th ick  
overburden  and s a n d s t o n e  c o v e r  but  a p re l iminary  geologica l  
m a p  (Ray ,  1976) shows a nor th-south  t rending  f a u l t  under  t h i s  
l ake .  The  s e m i d e t a i l e d  follow-up a l so  c o n f i r m e d  Rn in 
"Zimmer"  L a k e  and  "Seahorse" L a k e  wi th  t h e  h ighes t  va lue  of 
8 1 6  p c / L  in t h e  south  end of "Seahorse" Lake .  It is t h o u g h t  
t h a t  t h e s e  Rn va lues  r e f l e c t  p r imar i ly  t h e  r a d i o a c t i v e  boulder 
t r a i n  in t h e  a r e a .  

Only f o u r  of t h e  99 reg iona l  s i t e s  conta ined  higher t h a n  
background He values;  background in t h i s  c a s e  being t h e  
equi l ib r ium va lue  d e t e r m i n e d  by t h e  H e  c o n t e n t  of t h e  a i r  and 
t h e  solubil i ty of He in w a t e r  a t  t h e  prevail ing t e m p e r a t u r e  
and  pressure .  This va lue  is  a b o u t  45 nL/L (Weiss, 1971). For 
t h i s  work ca l ib ra t ion  c u r v e s  for  t h e  He a n a l y z e r  used in t h e  
f ie ld  g a v e  a va lue  of 4 3  nL/L.  T w o  of t h e  high H e  s i t e s  w e r e  
in t h e  "Zimmer" L a k e  a r e a  and  t w o  in t w o  a d j a c e n t  l a r g e r  
lakes  a b o u t  12 k m  n o r t h w e s t  of "Key" Lake.  H e r e  t h e  h ighes t  
va lue  of 96  nL/L w a s  observed ,  bu t  ne i ther  of t h e s e  s i t e s  had 
much a b o v e  background R n  values.  Most  likely t h e s e  va lues  
r e f l e c t  a s t r u c t u r a l  f e a t u r e  wi th  groundwater  influx,  for  t h e  
w a t e r  had also a higher t h a n  background c o n d u c t i v i t y  
(25 micromhos /cm vs a 1 0  m m h / c m  background).  As e v i d e n t  
in F igure  7.2 no  H e  read ings  a b o v e  equil ibrium w e r e  observed  
in "Zimmer"  L a k e  s a m p l e s  t a k e n  in t h e  s e m i d e t a i l e d  fol low- 
up e v e n  though a l l  t h e  s a m p l e s  had a n o m a l o u s  R n  and t w o  
s i t e s  sampled  in t h e  reg iona l  survey  had higher t h a n  back-  
ground H e  and Rn. P e r h a p s  a f e w  windy d a y s  b e t w e e n  t h e  
t w o  sampl ing  t i m e s  had d e p l e t e d  t h e  e x c e s s  dissolved H e  but  
n o t  Rn. Also Rn is a b l e  t o  build up quicker  t h a n  H e  t o  
d e t e c t a b l e  levels .  However ,  "Seahorse", "Karl  Erns t"  a n d  
"Die te r"  lakes  g a v e  a pos i t ive  H e  response  dur ing  t h e  
s e m i d e t a i l e d  survey .  

In F igure  7.3 t h e  d e t a i l e d  l a k e  b o t t o m  t r a v e r s e s  a r e  
shown. The  t r a v e r s e '  loca t ions  and s i t e  spac ings  w e r e  
ob ta ined  by e s t i m a t i n g  d i s t a n c e s  f r o m  poin ts  on s h o r e  and 
h e n c e  a r e  very a p p r o x i m a t e .  Over  t h e  o r e  z o n e  in "Karl  
Ernst"  L a k e  up t o  7 3  pc /L  R n  and  95  nL/L H e  w e r e  observed .  
With a l l  t h e  dri l l ing in t h i s  l a k e  o n e  would e x p e c t  much h igher  
v a l u e s  t h a n  t h a t  f r o m  c o n t a m i n a t i o n  a lone .  T h a t  c o n t a m i n a -  
t ion plays only a s m a l l  p a r t  is e v i d e n t  f r o m  t h e  "Key" L a k e  
H e  and R n  va lues  o v e r  t h e  o r e  z o n e ;  t h e y  a r e  v i r tua l ly  z e r o  
e v e n  though dri l lholes p u n c t u r e  t h e  o r e  zone .  While t h e  d e p t h  
of  l akes  i s  be l ieved  t o  play a r o l e  in cont ro l l ing  H e  and  R n  
c o n c e n t r a t i o n s  i t  d o e s  n o t  a p p e a r  t o  b e  a s t r o n g  f a c t o r  when  
a t e m p e r a t u r e  g r a d i e n t  ex is t s .  N o t e  t h e  a b s e n c e  of b o t h  H e  
and  Rn f r o m  t h e  t w o  n o r t h e r n  t r a v e r s e s  in "Die te r"  L a k e  in  
s p i t e  of t h e  f a c t  t h a t  s o m e  of t h e s e  s i t e s  w e r e  a m o n g  t h e  
d e e p e s t  (up t o  20 m )  of a l l  t h e  d e t a i l e d  s i tes .  These  s i t e s  a l s o  
i n d i c a t e  t h a t  nonminera l ized  p a r t s  of t h e  o r e  bear ing  c o n t a c t ,  
p resumed t o  c o n t i n u e  f r o m  "Karl  Ernst"  L a k e  through 
"Die te r"  L a k e  t o  "Key" Lake ,  d o  n o t  p r o d u c e  H e  and  Rn a s  d o  
t h e  dri l led,  minera l ized  p a r t s .  The  higher t h a n  background 
H e  and  Rn va lues  in t h e  s o u t h e r n  p a r t  of "Dieter" L a k e  a r e  
probably produced  by t h e  o r e  under  "Karl  Erns t"  L a k e  a n d  
g r o u n d w a t e r  moving f r o m  "Kar l  Ernst"  L a k e  t o  "Die te r"  Lake .  

T h e  d e t a i l e d  t r a v e r s e s  at t h e  south  end of "Seahorse" 
L a k e  yielded u p  t o  428 pc /L  R n  a n d  6 0  nL/L He. This  p a r t  of 
t h e  l a k e  r e a c h e s  a d e p t h  of  only 4 m so  t h a t  H e  e s c a p e  will b e  
m o r e  pronounced .  T h e  re la t ive ly  high Rn leve ls  s u g g e s t  t h a t  
t h e  s o u r c e  is  nearby .  No dri l l ing w a s  e v i d e n t  here .  Most  
likely a c o n c e n t r a t i o n  of r a d i o a c t i v e  boulders  n e a r  t h e  
s u r f a c e  g ives  r i s e  t o  t h i s  a n o m a l y ,  s imi la r  t o  t h e  o n e s  in  t h e  
"Zimmer"  L a k e  a r e a .  

T h e  w i n t e r - s u m m e r  c o m p a r i s o n  t e s t s  will b e  d e s c r i b e d  
in d e t a i l  e l sewhere .  Q u a l i t a t i v e l y  speaking  both  R n  a n d  H e  
leve ls  in t h e  lakes  w e r e  s ign i f ican t ly  lower  in t h e  s u m m e r  
t h a n  in  t h e  win te r .  For  e x a m p l e  R n  and H e  v a l u e s  i n  t h e  t w o  

"Karl  Erns t"  L a k e  b o t t o m  s i t e s  in t h e  w i n t e r  under  t h e  i c e  
w e r e  147 and 1 8 3  pc /L  a n d  137 a i d  152  nL/L,  respec t ive ly .  In 
t h e  s u m m e r  t h e  s a m e  s i t e s  g a v e  29 and  1 9  p c / L  and  65  and  
76  nL/L,  respec t ive ly .  T h e  reduc t ion  in  t h e  Rn c o n c e n t r a t i o n  
a t  f i r s t  g l a n c e  a p p e a r s  much m o i e  d r a s t i c  t h a n  t h e  H c  d r o p  
b u t  w i t h  a s u b t r a c t i o n  of t h e  He c o n t r i b u t i o n  of a t m o s p h e r i c  
a i r  of 42 t o  45  nL/L o n e  c a n  s e e  t h a t  t h e  n e t  H e  is  reduced  by 
a f a c t o r  of 4. T h r e e  f a c t o r s  may expla in  t h i s  s u m m e r - w i n t e r  
c o n t r a s t  namely  t e m p e r a t u r e ,  w a t e r  l eve l  and  f low,  and  wind 
a c t i a n .  Wind a c t i o n ,  in s u m m e r  w a s  probably  t h e  m o s t  
d o m i n a n t  f a c t o r  in s t i r r i n g  up t h e  w a t e r  t h u s  prohib i t ing  t h e  
build ~p o f  a g rad ien t .  T h e  lack of a g r 3 d i e n t  in l a k e s  less  
t h a n  7 m d e e p  w a s  q u i t e  e v i d e n t  f r o m  t h e  c o n s t a n t  t e m p e r a -  
t u r e  and 0 2  c o n t e n t  b e t w e e n  s u r f a c e  and b o t t o m  lake  
s a m p l e s  in t h e  s u m m e r .  However ,  t h e  spring run-off di lut ion 
e f f e c t  of t r a c e  e l e m e n t  c o n c e n t r a t i o n s  may a l so  b e  
i m p o r t a n t .  This f a c t o r  should b e c o m e  e v i d e n t  when  ionic 
s p e c i e s  a r e  m e a s u r e d .  T h e  g e n t l e  re l ie f  p r e c l u d e s  e x t e n s i v e  
upwell ing of g r o u n d w a t e r s  th rough f a u l t s .  Regiona l  move- 
m e n t  is e s t i m a t e d  t o  b e  a b o u t  3 m / y e a r  in a n o r t h e a s t e r l y  
d i r e c t i o n  e v e n  though t h e  sandy overburden  c o n t a i n s  a b o u t  
25% voids. Hence ,  g r o u n d w a t e r s  d o  n o t  c o n t r i b u t e  
s ign i f ican t ly  t o  t h e  dissolved g a s  c o n t e n t  of t h e  lakes .  This 
lack  o f  c o m m u n i c a t i o n  b e t w e e n  t h e  g r o u n d w a t e r  a n d  l a k e  
w a t e r  r e g i m e s  is  a l so  e v i d e n t  f r o m  t h e  a b s e n c e  of U, Rn and 
He in  "Key" L a k e  e v e n  though p a r t  of o n e  orebody l ies  
d i r e c t l y  u n d e r n e a t h  i t .  Also, t h e  mining c a m p  wel l s  h a v e  a 
c o n d u c t i v i t y  of 30 m i c r o m h o s / c m  a s  c o m p a r e d  t o  1 0  in t h e  
l a k e  which is  a b o u t  100 m e t r e s  away.  

Dril lhole Samples 

By f a r  t h e  h ighes t  Rn and  H e  va lues  w e r e  o b t a i n e d  f r o m  
,water  s a m p l e s  f r o m  dri l lholes.  T h e  r e s u l t s  f r o m  t w o  of t h e s e  
ho les  a r e  shown in F i g u r e  7.4. The  h ighes t  v a l u e s  of a b o u t  
300  000  p c / L  Rn and  2 0  0 0 0  nL/L H e  w e r e  o b t a i n e d  a t  t h e  
b o t t o m  of ho le  1061 which p e n e t r a t e s  t h e  m a i n  o r e  zone  a t  
a b o u t  50  m.  Hole  1161 shows only a s m a l l  g a m m a  r a y  signal  
b e t w e e n  90 and  9 5  m .  C o n t r a r y  t o  e x p e c t a t i o n  t h e  R n  
c o n c e n t r a t i o n  is lower  in t h e  minera l ized  z o n e  t h a n  in t h e  
s a n d s t o n e  above  i t .  H e  b e h a v e s  a s  e x p e c t e d  in b o t h  holes. 
T h e  l o w e s t  Rn and  H e  va lues  e n c o u n t e r e d  in t h e  dri l lholes 
w e r e  300 p c / L  and  43 n L / L  and  c a n  b e  t a k e n  a s  t y p i c a l  n e a r  
s u r f a c e  g r o u n d w a t e r  background values.  None  of t h e  holes 
t e s t e d  g a v e  background va lues  for  R n  and  H e  co inc identa l ly .  
However ,  m o r e  tests, m u c h  f a r t h e r  f r o m  o r e  a r e  needed  t o  
e s t a b l i s h  typ ica l  background va lues  f o r  t h e s e  g a s e s  in 
g r o u n d w a t e r s  of t h e  A t h a b a s c a  sands tones .  O n e  i n t e r e s t i n g  
a n d  c l e a r  c o r r e l a t i o n  f r o m  t h e  dr i l lho le  d a t a  e m e r g e s ;  low o r  
equi l ib r ium H e  va lues  cor respond t o  high 0 2  va lues ,  ind ica t ing  
t h e  s t r o n g  e f f e c t  a t m o s p h e r i c  c o n t a c t  h a s  on  t h e  c o n c e n t r a -  
t i o n  of t h e s e  t w o  g a s e s  in w a t e r .  This c o r r e s p o n d e n c e  is 
much less  e v i d e n t  w i t h  R n  and 0 2  resu l t ing  i n  poor cor respon-  
d e n c e  b e t w e e n  H e  and  Rn in s o m e  ins tances .  No 
minera log ica l  d a t a  w e r e  a v a i l a b l e  f r o m  t h e s e  ho les  when th i s  
r e p o r t  w a s  p r e p a r e d  s o  a c o m p a r i s o n  b e t w e e n  U in t h e  ground 
and  H e  o r  R n  in t h e  w a t e r  is n o t  possible a t  t h i s  t ime .  A 
rough compar i son  b e t w e e n  t h e  g a m m a  r a y  logs  and  R n  or  H e  
shows a r a t h e r  d i f f u s e  c o r r e s p o n d e n c e  sugges t ing  c o m p l e x  
g r o u n d w a t e r  f low p a t t e r n s  and R a ,  Rn,  a n d  H e  migra t ion .  
Work is  cont inu ing  in t h e  hope  of l ea rn ing  s o m e t h i n g  a b o u t  
t h e s e  p a t t e r n s  and es tab l i sh ing  usefu l  c r i t e r i a  and  p r o c e d u r e s  
f o r  p rospec t ing .  

T h e  high pH and  c o n d u c t i v i t y  va lues  h a v e  doubt less  
r e s u l t e d  f r o m  t h e  a d d i t i v e s  in t h e  dri l l ing mud which  w a s  s t i l l  
p r e s e n t  in a l l  h o l e s  a s  a g e l  when s a m p l e d .  T h e  sl ightly 
h igher  pH and  c o n d u c t i v i t y  va lues  observed  in t h e  l a k e s  w h e r e  
dr i l l ing  had t a k e n  p l a c e  a r e  probably a l s o  d u e  t o  t h e s e  
addi t ives .  T h e  high 0 2  a n d  Eh in  ho le  1161 r e l a t i v e  t o  t h a t  in 
h o l e  1061 m a y  b e  d u e  t o  t h e  f a c t  t h a t  ho le  1161 w a s  
c o m p l e t e d  s e v e r a l  d a y s  and  hole  1061 s e v e r a l  w e e k s  b e f o r e  



Figure 7.4. H e  and Rn pro!iles of t w o  drillholes 
in mineralized ground. 

sampling. The highly reducing environment  in t he  main o r e  
zone may also be a f ac to r  in this cont ras t .  It is tempt ing t o  
ascr ibe  the  higher t empera tu re  in hole 1061 t o  t he  nearness 
of t he  main o re  zone. However,  an equally likely explanation 
is t he  f a c t  t ha t  lake water  f rom "Seahorse" Lake moves 
through t h e  ground pas t  1061 in to  "Karl Ernst" Lake. Lake 
wa te r s  a t  t h e  t i m e  of sampling were  about  17°C down t o  a 
dep th  of 7 t o  10 m depending on t h e  s i ze  of t h e  lake.  

Conclusions 

Barring possible contamination a s  a result  of drilling, 
t h e  U ore  deposits  and the  radioactive boulder f ields in t h e  
"Keyq Lake area ,  Saskatchewan give rise t o  He and Rn 
anomalies in lake bot tom wa te r  samples,  part icularly when 
studied in de ta i l .  "Key" Lake i t se l f ,  even though underlain by 
U ore,  gives virtually z e r o  He and Rn signals suggesting a 
r a the r  t ight  seal  be tween o re  and lake  bottom. The 
anomal ies  generally a r e  subt le  and absolute  concentra t ions  
low, hence good equipment and compe ten t  opera tors  a r e  
essential .  

The He analysis fac i l i ty ,  s e t  up during the  winter ,  was  
t e s t ed  for t he  first  t ime  under t rue  field conditions and found 
t o  perform well, de t ec t ing  re la t ive  He concentra t ions  of 
5 nL/L and producing up t o  120 analyses per man  day. 
Although H e  measurements  a r e  more d i f f icul t  than Rn 
measurements  they a r e  more  quickly performed with t h e  
procedures and equipment adapted  by t h e  Geological  Survey. 

The presence o f  highly anomalous He and Rn in drillhole 
waters  in and near U ore  zones suggest  t ha t  the i r  routine 
measurement  during exploratory drilling may indicate 
proximity and thereby increase  the  probability of de t ec t ing  a 
deposit .  

The t e s t s  a s  car r ied  o u t  during t h e  summer  revealed  no 
obvious advantage  of t h e  He method over  t h e  Rn me thod  f o r  
U prospecting. In f a c t ,  Rn con t r a s t s  be tween background and 
anomaly were  generally higher and Rn anomalies more  
dispersed than He. The generally weaker He signal in lake  
bottom wa te r s  indicates i t s  g rea t e r  mobility and i t s  mode of 
occurrence  suggests t h a t  He in lakes is more  sui table  for  
detailed prospecting f o r  U mineralization.  However, in 
winter under t h e  ice, l ake  bot tom wa te r  samples  f rom "Key" 
Lake itself had anomalous He but no anomalous -Rn. This, 
plus t he  f a c t  t h a t  no anomalous U is found in th is  lake, 
suggests t h a t  under t h e  conditions prevailing at th is  l ake  H e  
is t he  one t r ace r  t h a t  is mobile enough t o  en t e r  t h e  l ake  and 
accumula t e  under t he  ice.  
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p. 45-48, 1978. 

A car-borne total count scintillometer survey conducted in the North Bay region of the 
Grerwille Structural Province did not detect any anomalies greater than 1.5 times background in the 
paragneisses. I t  has been suggested that such gneisses could be metamorphic equivalents of Huronian 
sediments such as those that host uranium deposits at Elliot Lake and Agnew Lake. Furthermore, the 
different paragneiss units did not differ in terms of their radiometric expression as measured by the 
total count scintillometer although in situ measurements suggested that such differences do exist. 
More detailed work is recommended in the coarse clastic metasediments adjacent t o  the Grenville 
Front. An anomaly related t o  a shear zone and probably t o  alkalic intrusive activity was found in 
Springer township. 

Introduction 

A reconnaissance radiometr ic  survey by car-borne 
sc int i l lometer  was  conducted in t h e  North Bay - Sturgeon 
Falls a r e a  of t he  Grenville Province (par ts  of NTS 31F and 
411). The a r e a  is bounded t o  t h e  north by t h e  Grenville Front  
and t o  t h e  south by Highway 17 (Fig. 8.1). The object ive  of 
this study was  t o  survey the  metasediments  within this pa r t  
of t he  Grenville St ructura l  Province for radiometr ic  
anomalies. 

Twenty-three t raverses  totall ing about 560 km were  
completed over an a r e a  of approximately 5000 km2 (Fig. 8.1). 
The geology of the  a rea  is covered by Ontario Depar tment  of 
Mines and Northern Affairs compilation maps 2216 (North 
Bay - 1 inch t o  2 miles) and 2271 (Burwash - I inch t o  
2 miles); preliminary maps P678 (Tomiko West - 1 inch t o  
1 rnile), P679 (Tomiko East  - I inch t o  I mile) and P844 
(River Valley - I inch t o  1 mile). Ontar io  Geological Survey 
compilation map  2361 (Sudbury-Cobalt - I inch t o  4 miles) 
was  used a s  a base map. 

The  original sc in t i l lometer  t r aces  of t r ave r ses  and 
corresponding 1:50 000 topographic sheets  with t r ave r se  d a t a  
a r e  with t h e  authors  in Ot t awa  a t  601 Booth St. and a r e  
available for  viewing. 

General  Geology 

Metasedimentary gneisses, t h e  most abundant rocks of 
t h e  s tudy area ,  have been subdivided in to  t h r e e  principal 
types  (OGS Map 2361). These are:  

( I )  b io t i te  gneiss derived f rom greywacke, si l tstone, 
immatu re  sandstone and minor ca lcareous  s i l t s tone 
and sandstone; 

(2) qua r t z  feldspathic gneiss including muscovitic 
quar tzose  and feldspathic gneisses derived f rom 
or thoquar tz i te ,  subarkose,  alurninous claystone, 
arkose  and ferruginous arkose and; 

( 3 )  gneissic coarse  c las t ic  metasediments  derived f rom 
pebbly t o  bouldery coarse  grained greywacke, 
immatu re  sandstone, arkose, and minor 
conglomerate.  

Lumbers (ODMNA Map P678) notes  t h a t  gneissic me ta -  
conglomerates  within t h e  coa r se  c las t ic  metasediments  
occurr ing near  t h e  Grenville Front  unconformably over l ie  t h e  
Early Precambrian rocks in t h e  Grenville Province  and fo rm 

t h e  basal par t  of t h e  metasedimentary  sequence in t h e  
Grenville; Felsic plutonic rocks ranging in composition f rom 
g ran i t e  t o  granodiorite and in a g e  f rom Early t o  L a t e  
Precambrian and rocks of t h e  L a t e  Precambrian anor thosi te  
su i t e  in t rude t h e  paragneisses of t h e  s tudy a r e a  (Fig. 8.1). 

Roscoe (19691, Lumbers (1971) and o the r s  have proposed 
t h a t  ce r t a in  paragneisses of t h e  Grenville may be  meta-  
morphic equivalents of basal Huronian sediments  t h a t  host 
uranium mineralization a t  Elliot  Lake, Agnew Lake and 
within t h e  Cobalt  Embayment.  Several  uranium showings 
occur  near  t h e  study a r e a  in basal Huronian sediments  just 
north of t h e  Grenville Front (Fig. 8.1). Eas t  of t raverse  I in 
Vogt Township uranium and gold occur  in quartz-pebble 
conglomerate  and qua r t z i t e  unconformably overlying Archean 
greenstone and iron-formation (Thomson, 1960). West of 
Traverse  I in Pardo Township uranium occurs  in basal quar tz-  
pebble conglomerate  (Thomson, 1960). Uranium and gold 
mineralization occurs nor theas t  of t h e  s tudy a r e a  in t h e  
vicinity of Hunters Point,  Quebec and is within a band of 
me taqua r t z i t e  in Grenville gneisses (Roscoe, 1969). Similar 
muscovitic and qua r t zose  gneisses outcrop near  t h e  eas t e rn  
boundary of t h e  s tudy a r e a  (Lumbers, 1971). Also occurring 
within t h e  Grenville Province  of t h e  s tudy a r e a  is a 
uraniferous pegmat i t e  (just nor th  of t h e  end of Traverse  6). 

Method 

Equipment used during t h e  survey included a Nuclear 
Enterpr ises  Model NE970 t o t a l  count  sc int i l lometer  and an  
Esterline-Angus Model AW c h a r t  recorder  mounted in a 4- 
wheel dr ive  l ight truck. The  sc int i l lometer  conta ins  a 
phosphor de tec to r  measuring six inches in d i ame te r  by t h r e e  
inches in thickness. It was placed unshielded in t h e  middle of 
a vehicle a s  f a r  above t h e  road a s  practically possible. A 
t i m e  constant  of 0.5 second, t h e  shor tes t  and most sensit ive 
available on t h e  sc int i l lometer ,  a range se t t i ng  of 0-400 
counts per second, sui table  for recording up t o  f ive  t imes  
background, and a c h a r t  speed of th ree  inches per minute,  
equivalent t o  six inches per mile a t  th i r ty  miles per hour, 
were  used throughout t h e  work. Traverse  speeds were  held a s  
constant  a s  possible averaging 25  miles per  hour on paved 
highways and less than 5 miles per hour on back roads. 
Fiducial  points, r e fe rence  mileages ,  outcrop lithologies and 
comment s  on speed and type  of ter ra in  were  t a p e  recorded 
while on t r ave r se  and l a t e r  t ranscr ibed on to  t h e  scintil- 
l ome te r  t races .  All anomal ies  were  checked by running a 
mini t raverse  in both di rec t ions  over  t h e  anomaly and by 
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Table 8.1 

Summary of TV-1 readings in counts per minute* where  T I  = t o t a l  counts,  
T2 = counts due t o  U and Th, and T3 = counts  due t o  Th 

r R o c k  Type Township Traverse T I  T2 4 
Biotite gneiss Springer 

French 

Mulock 

Biotite gneiss 

Bioti te gneiss 

Quar t z  feldspar 
gneiss French 

Coarse  c las t ic  
metasediment  Gibbons 

Mixed gneiss McLaren 

Springer 

Mulock 

Sisk 

Gneissic grani te  

Grani te  

Quar t z  monzonite 

Feldspar porphyry 
dyke Springer 

Shear zone Springer 

*After background correct ion fo r  Tp and T3 leading t o  T p t  and TsI t h e  counts due  t o  U equal T2'-3.5T3'; 
t h e  counts due t o  Th equal T3I. I 

BrQlk Creek on Highway 64 in Springer Township (Loc. B, 
Fig. 8.1). Radioactivity was  found t o  be  associa ted  with a 
northerly trending mylonitic shear zone and a northeasterly 
trending hemat i t i c  feldspar porphyry dyke both of which 
crosscut  t h e  gneissic intrusion. Bioti te gneiss and minor 
amphibolite a t  t h e  south end of the  roadcut gave TV-I 
readings of T I  - 1500, T2 = 60, and T3 = 20. TV-I readings 
on gneissic g ran i t e  not immediately near the  shear zone or 
t h e  dyke were  T1 - 3000, Tp - 200 and T3 - 45. In contras t ,  
readings on t h e  s teeply  eas ter ly  dipping shear  zone, which 
conta ins  hemat i t e  and ca rbona te  were  T I  - 9500, T p  - 650, 
T3 - 150 and readings on the  steeply westerly dipping 10 m 
thick dyke were  T1 = 7500, Tp - 600 and T3 = 125. 

ground followup using a McPhar TV-I gamma-ray spec- 
t rometer .  This instrument contains a 1.25 by 1.0 inch sodium 
iodide crystal .  TV-1 readings were  all taken on relatively f l a t  
outcrop surfaces  (27~ geometry). 

Results 

Background readings over metasediments  of t h e  s tudy 
a r e a  varied f rom 60 t o  90 counts  per  second a s  measured by 
t h e  car-borne scinti l lometer.  No readings g rea te r  than 
1.3 t imes  local background were  found in t h e  paragneisses 
t raversed by the  survey. The two  g rea te s t  readings in such 
rocks were  about 1.2 t imes  t h e  local background and occurred 
in roadcuts of gneissic metaconglomerate  (ODMNA 
Map P678) along Highway 11 in Sisk Township just north of 
t h e  Marten River bridge. Examination of t h e  car-borne 
scinti l lometer t r aces  revealed no consistent d i f ferences  in 
background among the  th ree  principal metasedimentary  rock 
types. Generally t r aces  over dr i f t  covered ter ra in  were  
indistinguishable f rom t r aces  over outcrop, particularly where  
t h e  outcrops were  f l a t  lying. 

Higher than background TV-1 readings were  also found 
t o  b e  associa ted  with severa l  relatively f l a t  lying outcrops of 
Mulock g ran i t e  in Mulock Township (Loc. C, Fig. 8.1) although 
background fluctuations on the  car-borne scinti l lorneter t r a c e  
masked this phenomenon. TV-I readings were  T I  = 3500, T2 = 
225 and T3 = 35 which compare  t o  a background on nearby 
d r i f t  of T I  = 1500, T t  = 100 and Tg = 15. 

Readings' taken on outcrop by t h e  TV-I throughout t h e  
course  of t h e  work (Table 8.1) suggest t h a t  d i f ferences  in 
background may exist  between t h e  principal metasedimentary  
rock types  even though such di f ferences  were  not apparent  in 
t h e  scinti l lometer traces.  The readings indicate background 
ranges in t h e  metasediments  a s  follows: T I  = 1500-3500, T2  = 
60-200 and T3 = 20-35. Biot i te  gneiss seems t o  have a lesser 
background than e i ther  t h e  quartz-feldspar gneiss or  t h e  
gneiss derived f rom coarse-clastic sediments.  

Discussion 

In t h e  planning s t ages  for this work i t  was  believed t h a t  
indications of anomalous uranium and thorium con ten t  might 
be de tec t ed  in the  Crenville metasediments  of t he  study' area.  
The t w o  t a rge t s  were  t h e  gneissic coarse  c l a s t i c  rocks along 
t h e  Grenville Front  and t h e  muscovitic t o  quar tzose  gneisses 
nor theas t  of North Bay. An apparent  lack of anomalies in 
these  rnetasediments suggests t h a t  abnormal amounts  of 
uranium and thorium if present in Huronian conglomerates  
and sandstones before  the  Grenville orogeny, were  e i ther  lost 
during metamorphism and de'formation or concentra ted  in 
g ran i t e  and/or pegmat i t e  derived f rom anatexis  of t h e  
sediments.  

A roadcut  through qua r t z  monzonite in Sisk Township 
immediate ly  south  of t h e  Marten River bridge on Highway I I 
gave  readings of about  125 counts  per second on t h e  car-  
borne scinti l lometer (Loc. A, Fig. 8.1). Ground followup by 
TV-I gave readings on outcrop of T I  = 8000, T p  = 425 and T3 = 
100. Thus, t he  radiometric expression of the  qua r t z  monzo- 
n i te  was about  two t o  th ree  t imes  t h e  regional background of 
t h e  rnetasediments.  

The g rea te r  than regional background readings asso- 
c i a t ed  with the  qua r t z  monzonite in Sisk Township r e f l ec t  a 
g red te r  background in these  intrusive rocks and may not 
indicate  anomalous concentra t ions  of uranium with respect  t o  
typical  grani t ic  rocks. The shear zone in Springer Township 
(Loc. B) resembles  radioact ive  shear zones  associated with 

Significant radioactivity was  de tec t ed  in a roadcut of 
gneissic g ran i t e  in con tac t  with b iot i te  gneiss just south  of 

'All TV-I readings in t h e  t e x t  a r e  not  adjusted f o r  background. 



alkalic complexes in the  Chapleau a r e a  (Ruzicka, 1978). The 
porphyry dyke may also be  genetically re la ted  to  the  intrusion 
of an  alkalic complex. Lumbers (1971, p. 53, 85) notes t h a t  a 
drillhole put down in granitic rocks about one ki lometre  west  
of Locality B revealed a wide zone of a l tered and shat tered 
feni t ic  rock containing carbonate  veins but no radioactivity.  
He suggested the  presence of a small alkalic complex in t h e  
a r e a  or a l ternat ively  t h a t  t he  veins and fenitization could be  
only one of several localized zones of shat ter ing and 
fenitization within a regional r i f t  system. 

It was previously s t a t ed  tha t  visual examination of the  
car-borne scinti l lometer t r aces  indicates t h e  th ree  principal 
metasedimentary rock types  have similar backgrounds. If this 
conclusion is valid then i t  is possible t o  s t a t e  tha t  radiometric 
expression a s  measured by a to ta l  count  car-borne scintil- 
lometer  of t h e  type  used in this survey cannot b e  used a s  an  
aid t o  geological mapping of metasediments  in t h e  study area .  
However, TV-I readings taken on a number of metasedi- 
mentary  outcrops suggest t h a t  a t  leas t  local d i f ferences  in 
background do  exist  and t h a t  these  can be  de tec t ed  by in si tu 
measurements.  

It is important  t o  recognize tha t  t he  essentially 
negative results of t he  survey may be  because background 
fluctuations over a r e a s  of dr i f t  and over outcrop were  
generally g r e a t  enough t o  mask subt le  d i f ferences  in back- 
ground t h a t  may indeed exist .  Different positioning of t h e  
scinti l lometer,  t h e  use of a longer t ime  constant  t o  smooth 
o u t  t he  t races ,  or t h e  placement of a lead shield beneath t h e  
de tec to r  t o  reduce t h e  influence of road building mater ia l  
might have been useful. Several t raverses  a t  different,  speeds 
and with d i f ferent  se t t ings  of the  t ime  constant were  made 
over t h e  Sisk Township qua r t z  monzonite in an  e f f o r t  t o  
determine which conditions lead t o  t h e  most in terpre table  
scinti l lometer response. The results of this indicate t h a t  t h e  
placement of t h e  scinti l lometer,  t he  speed of t h e  t raverse  
and t h e  t ime  constant  employed during t h e  survey were  
adequate.  

Limitations 

Two significant l imitations a f f e c t  t he  in terpre ta t ion of 
results f rom this survey. These a r e  t h e  lack of roads in l a rge  
par ts  of the  study a r e a  and the  predominance of dr i f t  cover in 
t h e  a reas  tha t  were  traversed. At least  80 per cen t  of the  
to t a l  traversing was  done over drift .  

A fur ther  l imitation inherent in all  car-borne radio- 
me t r i c  surveys r e l a t e s  t o  the  complexity of f ac to r s  which 
contr ibute  t o  the  scinti l lometer t race .  Random f luctuat ions  
in source  radioactivity,  variations caused by di f ferent  
d is tances  between t h e  source  and detector ,  changes  in 
geometry  of source  with respect  t o  the  de tec to r ,  variable 
radioactivity in t h e  roadbed, differing thicknesses of over- 
burden and even contras ts  in weather  must b e  considered 
when a t t empt ing  t o  co r re l a t e  radiometr ic  expression with 
bedrock lithology. 

Conclusions 

Differences in background radiation among the  meta-  
sedimentary  rock types  of t h e  s tudy a r e a  were  not sufficient 
t o  b e  de tec t ed  by this t o t a l  count  car-borne survey. 
Anomalous radioactivity was not found in t h e  paragneisses 
but was de tec t ed  in Springer Township in rocks probably 
associated with alkalic intrusive .activity.  Felsic intrusive 
rocks in Sisk and Mulock townships were  found t o  possess 
backgrounds g rea te r  than t h e  metasediments.  

Recommendations 

The g rea te s t  car-borne sc int i l lometer  readings in meta-  
sediments which could perhaps be inzerpreted a s  small  
anomalies occurred in gneissic coarse  c las t ic  rocks just north 
of t h e  Marten River bridge. Ground followup in these  
metasediments  which geologically may be  t h e  most favour- 
able  for  t he  occurrence  of uranium is strongly recommended. 
Such followup was not done during this survey. 

A more  detailed radiometr ic  survey involving in si tu 
measurements  on outcrops of t h e  s tudy a r e a  is also recom- 
mended. The readings f rom such a study should be  more  
in terpre table  than those of this survey because the  number of 
complicating fac tors  would be great ly  reduced. Such a survey 
would be  particularly useful if a t h r e e  threshold scintil- 
lometer  or equivalent instrument were  used. 

Exploration for uranium in t h e  coa r se  c las t ic  metasedi- 
men t s  along t h e  Grenville Front might be  warranted if i t  can 
b e  established t h a t  t hese  rocks have a g rea te r  background 
radioactivity than the  other  Grenville metasediments.  
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Abstract 

Rimsaite, J., Mineralogy of radioactive occurrences in the Grenville Structural Province: A 
preliminary report; & Current Research, Part  B, Geol. Surv. Can., Paper 78-1B, p. 49-58, 1978. 

Metamorphic and pegmatitic types of uranium mineralization in the Bancroft area, Ontario 
and in the Mont-Laurier - Cabonga area, Quebec were visited during the field season in 1977. 
Four types of occurrences were identified on the basis of uranium/thorium ratios and ra re  ear th 
element content: (1)prospects containing predominantly uranium; (2) those containing both 
uranium and thorium close to l : l , ra t io;  (3) radioactive showings containing predominantly 
thorium; and (4) those having abundant rare  earths minerals, in addition t o  uranium and thorium. 
Preliminary results on uranium distribution between radioactive pegmatites, their host rocks, and 
some rock-forming minerals indicate that  the uranium, thorium and rare  earths a re  present 
mainly in radioactive minerals, such as  uraninite, uranothorite, betafite,  allanite, radioactive 
titanite and cyrtolite. Although micas and amphiboles commonly host radioactive minerals, the 
uranium content in structures of the rock-forming minerals is insignificant, ranging from 0.4 t o  
7.7 ppm. The principal differences between the occurrences in Ontario and Quebec a r e  the higher 
metamorphic grades and the presence of calcite, fluorite, anhydrite as  well a s  abundant heavy 
minerals and albite in mineralized rocks of the Bancroft area, Ontario. 

Introduction 

The radioactive occurrences were examined in the field 
(Fig. 9.1 and 9.2) and representative specimens were 
collected for mineralogical laboratory studies in an at tempt 
to  determine favourable environmental conditions for 
uranium mineralization in the Grenville Structural Province. 
The 15 occurrences visited in the Mont-Laurier - Cabonga 
radioactive area, Quebec, a r e  between Mont St. Michel 
(46'47'N, 750201W) and Pond Lake (47"N, 74'45'W) NTS areas 
31 J/14E, W and 31 JI15W and include the following prospects 
(Fig. 9.1): PP-I and PP-2, Pond Lake prospect; NL, cleared 
and bulldozed areas north of Norman Lake; JMV-I t o  4, four 
properties owned by Johns-Manville Co., west and north of 
Patibre (Axe) Lake; TD, TDN-I and TDN-2, three properties 
owned by the Mont-Laurier Uranium Mines Ltd. eas t  of 
Ligvre River, between Patibre Lake and Tom Dick Creek; 
RFR, radioactive pegmatite east  of L i k e  River trending in 
northeasterly direction across the road to La Force Lake; G, 
two prospects drilled by Gulf Minerals Ltd. in La Force Lake 
area, southeast of Patibre Lake; H-50, radioactive Hanson 
Lake zone, and RPL occurrences of the principal rock types 
were examined in Pierre Lake area. 

Former mining properties and the operating Madawaska 
uranium mine (45"N, 7S0W) were visited in the Bancroft area,  
Ontario (NTS area 31F/4) and include the following sampling 
localities (Fig. 9.2): 

"A" Faraday granite that hosts Madawaska mine a t  i t s  
southern margin was examined in roadcuts and blastings 
along highway500, 1.5km and 3.5km north of 
Bancroft; 

"B" Bicroft mine; 
l lCl~  Cardiff mine; 

"Dlt Dyno mine; 
tlE11 Radioactive granite and granite pegmatite south of 

Madawaska mine were examined in roadcuts along 
highway 28; 

"F" Madawaska uranium mine (former Faraday mine); 

"GHtl Greyhawk mine; 

''1" Mafic rocks and crystalline limestone, cut  by granite, 
exposed along highway 28 west of Bancroft; 

"SC" Silver Crater  mine. 

This report describes geological setting, mineralogical 
characteristics of principal rock units, preliminary results on 
the  distribution of uranium in radioactive pegmatites and 
surrounding rocks (Table ?.I), and relative abundance of the 
heavy fraction in selected rocks (i.e. with a specific gravity 
greater  than 3.3, Table 9.2). 

Geological Setting and Mineralogical Characteristics of 
Radioactive Showings and Surrounding Rocks 

Mont-Laurier - Cabonga area, Quebec 

Parts  of the area were studied by Allen (1971), 
Tremblay (19741, and Kish (1977). The principal rock types 
were collected for this study following the lithological- 
stratigraphic subdivision provided by Kish (1977) on his 
preliminary geological map, DPV 487 (Fig. 9.1). The principal 
rock units and their mineralogical characteristics determined 
in thin sections of the collected rocks a r e  as follows. 

Unit 1: Grey and pink gneiss of Patibre Formation 
underlies paragneiss of the Grenville Group and thereby 
represents the oldest pre-Grenville metamorphic rocks in this 
area. Samples collected west of Patibre Lake a r e  composed 
of leucocratic gneiss with melanocratic, hornblende-rich 
clusters. The leucocratic gneiss comprises cataclast ic  quartz, 
twinned albite, clouded by fine grained alteration products, 
interstitial microcline, and rare  disseminated chloritized 
biotite. The melanocratic portions consist of pleochroic dark 
green t o  pale brown hornblende that  is intergrown with partly 
altered biotite, blue-green tourmaline, and titanite. The 
mafic minerals a re  disseminated in fairly fresh, medium 
grained mosaic of plagioclase, quartz, and minor microcline. 
Accessory minerals a r e  apatite,  t i tanite, rare  radioactive 
allanite, and zircon. The characteristic features a r e  narrow 
bands of potassic feldspar overgrown on partly chloritized 
biotite (as in Rimsaite, 1967a, PlateIII,  Fig. VII-21). 
Leucocratic gneiss near Pierre Lake contains less than one 
per cen t  rnafics. I t  is composed of medium grained mosaic of 



microcline, quar tz ,  and plagioclase, r a r e  disseminated biot i te  
laths,  zoned t i tani te ,  and allanite.  The radioactive t i tani te ,  
a l lani te  and small  zircon crys ta ls  produce prominent black 
halos in biotite. The intersti t ial  plagioclase has a l t e red  
cen t r e s  tha t  a r e  overgrown by c lear  a lb i te  rims. 

Unit 2: Banded paragneiss of t he  Grenville Group 
(La Force  Formation) i s  made up of well-sorted c las t ic  and 
chemical  sediments.  These include quar tz i tes ,  calc-sil icate 
rocks, marble,  bioti te gneiss, arkose,  and white me ta -  
morphosed pegmatite.  Rocks representing various members  of 
La Force  Formation were  examined in most of t h e  
mineralized a reas  (Fig. 9.1). The lower qua r t z i t e  members a r e  
exposed in showings north of Norman Lake and bands of 
crystall ine ca l c i t e  in JMV-3 prospect.  The qua r t z i t e  exibi ts  
local variations in mineralogical composition. I t  consists 

predominantly of irregular strained qua r t z  in tergrowths  and 
variable quant i t ies  of feldspar and disseminated l a ths  of 
brown biotite. Some biot i te  la ths  a r e  par t ly  a l t e red  t o  
chlor i te  and replaced by muscovite. Feldspar grains a r e  
clouded by a l tera t ion and locally overgrown by c l ea r  a lb i t e  
rims. The qua r t z i t e  adjacent  t o  mineralized U-Mo-bearing 
pegmat i te  a t  t h e  3MV-I prospect contains irregular bands of 
rounded, probably det r i ta l ,  plagioclase grains t h a t  a r e  clouded 
by a l t e r a t ~ o n  and par t ly  replaced by whi te  mica. Quar t z i t e s  in 
Norman Lake a r e a  f o r m  prominent ridges and consist  pre- 
dominantly of ca t ac l a s t i c  recrystall ized qua r t z  and minor 
in ters t i t ia l  bioti te.  Accessory minera ls  include r a r e  
disseminated apa t i t e ,  sphene, and zircon. 

The whi te  metamorphic  pegmat i tes  (2f) contain 
xenoliths of b iot i te  gneiss t h a t  vary in abundance, s ize ,  and 

0 Kilometres 
5 

, , I l l  
I I 
0 

Miles 
3 

Figure 9.1. Sketch m a p  showing radioact ive  occurrences  and locat ion of samples in t h e  Pa t ib re  Lake a rea ,  60 km nor th  of Mont- 
Laurier,  Quebec (af ter  L. Kish, 1977, map  DPV-487, and Tremblay, 1974). 
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P l u t o n i c  Rocks 

G r a n i t e ,  migmat i te ,  
gneiss,  pegmat i te  

gne iss ,  pegmati t e  

Nephal ine pegmat i te ,  pc gneiss' 

Gabbro, pyroxeni  t e  
amphi bol i t e  

Sediments 

C r y s t a l l i n e  l imestone ,  
skarn 

I) P:ir?gnriss, a rkose ,  
a r g i l l i t e  

SAMPLING LOCALITIES 
( *  mine c losed)  

A. Faraday g r a n i t e  
Road cuts  Highway 500 

B. B i c r o f t *  
C. C a r d i f f *  
D. Dyno* 
E .  Road cuts .  Highway 2 8  
F. Faraday (Madawaska) mine 

G,H. Greyhawk* 
I. Road cuts .  Highway 2 8  

SC. S i l v e r  C r a t e r *  

Figure 9.2. Geological sketch map  showing location of samples  in t h e  Bancroft  a r ea ,  Ontar io  (af ter  On ta r io  Depar tment  of Mines, 
Map 1957b, Haliburton-Bancroft area ,  Ontario). 

degree  of resorption. The radioactivity of t h e  pegmat i tes  i s  
er ra t ic ,  t h e  most  radioactive spots  being associated with 
remnant  gneiss and f rac tures .  The f r ac tu res  a r e  probably 
contaminated with secondary radioact ive  minerals containing 
remobilized uranium. The leucocrat ic  portions of t h e  peg- 
m a t i t e  consist  of recrystall ized ca t ac l a s t i c  qua r t z  and 
per th i t ic  microcline with variable quant i t ies  of a lb i t ic  plagio- 
c l a se  and biotite. The large,  porphyroblastic minerals a r e  
surrounded by medium grained graphic intergrowths of 
quar tz ,  a lb i te ,  and f resh  microcline. The gneissic xenoliths 
a r e  commonly f iner  grained than the  host pegmat i te  and 
contain more  abundant rnafic minerals. The bioti te varies in 
colour f rom greenish brown in less resorbed xenoliths t o  
pleochroic reddish brown t o  straw-yellow in recrystall ized 
xenoliths. Accessory minerals a r e  more abundant in xenoliths 
and include green pleochroic tourmaline,  graphite,  uraninite,  
uranothorite,  t i t an i t e ,  allanite,  zircon, cyr to l i te ,  and locally 
minor sulphides, molybdenite, pyrite,  and chalcopyrite.  The 
radioactive minerals produce prominent pleochroic halos in 
bioti te.  Ti tani te ,  allanite,  apa t i t e ,  uranothorite,  and uraninite 
occur usually in groups a t ,  t he  edges of bioti te la ths  or  singly 
in quar tz  and albite.  Radioactive minerals in feldspar and 
qua r t z  a r e  surrounded by radiating f r ac tu res  t h a t  a r e  
commonly fi l led by red and black a l tera t ion products. 

Unit 3: Metagabbro was  observed in radioact ive  
prospect JMV-I and near  P ie r r e  Lake, RPL. I t  occurs  a s  
dense, very  hard bands, commonly associated with coa r se r  
grained maf i c  orthogneiss of unit 4. In thin sect ion t h e  black 
metagabbro of unit 3 appears  granular and fresh. I t  is  
composed of 40 pe r  c e n t  maf i c  metamorphic  minerals,  
including subhedral green hornblende, minor bioti te,  and  
opaque grains t h a t  a r e  uniformly disseminated in a 
leucocrat ic  groundmass. The leucocrat ic  minerals a r e  mainly 
lamel lar  plagioclase (as in Rimsaite,  1967a, P la t e  I, Figs. 11-4 
and  5) and minor qua r t z  t h a t  crys ta l l izes  in f rac tures .  The 
rock contains abundant f ine  grained a p a t i t e  and r a r e  radio- 
ac t ive  zircons stirrounded by dark  pleochroic halos in bioti te.  

Unit 4: Hornblende-plagioclase orthogneiss varies in 
grain size,  texture ,  and  biot i te  content .  Mineralogically t h e  
orthogneiss is similar t o  metagabbro, but rnelanocratic and 
leucocrat ic  pa r t s  of t h e  rock a r e  less evenly distributed than 
in t h e  metagabbro of unit 3 .  The bioti te-rich variety of t h e  
orthogneiss contains abundant sphene and locally graphic 
intergrowths of hornblende and quar tz ,  in addition t o  minerals 
observed in t h e  metagabbro. 

Unit 5: Feldspar porphyry col lec ted near P ie r r e  Lake, 
RPL, exhibits a seriate-porphyroblastic t ex tu re  and marked 
variations in grain size.  Coarse  grained porphyroblasts of 
microcline-perthite a r e  surrounded by medium grained 
rnyrmekitic quartz-albite intergrowths,  c lear  rnicrocline, and 
brown biot i te  bands. Apatite,  radioact ive  sphene, a l lani te ,  
and zoned zircon a r e  associated with bioti te.  

Unit 6 :  Pink grani te  and pegmat i t e  were  observed in 
severa l  radioact ive  prospects,  including PP-I ,  JMV-4, TDN-2, 
and H-50. They occur a s  small  bodies commonly within 
paragneiss of La Force  Formation. Pink pegmat i tes  consist  of 
coarse  grained strained quar tz ,  ant iper th i t ic  albite,  less 
abundant microcline, bioti te,  and  f ine  grained myrmeki t ic  
quartz-albite intergrowths. Biot i te  is  locally replaced by 
minor muscovite and carbonate ,  and conta ins  prominent 
pleochroic halos surrounding zircon, a l lani te ,  t i t an i t e ,  and  
uranothorite.  The an t ipe r th i t e  i s  a l t e red  t o  patches  of f ine  
grained se r i c i t e  and unidentified specks  t h a t  g ive  t h e  rock a 
pink appearance. 

Unit 7: Grey grani te  intrudes and replaces gneiss of 
unit I along f r ac tu res  in sampling location R P L  north of 
P ie r r e  Lake. This rock i s  f ine  t o  medium grained microcline 
g ran i t e  containing minor clouded a lb i t e  grains, overgrown by 
c l ea r  rims, and minor disseminated green-brown bioti te.  The 
biot i te  is  intergrown with sphene, allanite,  apa t i t e ,  and 
muscovite. 
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Table  9.2 

Abundance of heavy mineral  f rac t ion  (specific gravi ty  >3.3) in s e l ec t ed  rocks  

Uranium Analysis Location Description of rock Weight of Sieve f r ac t ions  Weight of s i eve  Weight of heavy 
No. from Table 9.1 (Fig. 9.1, 9.2) rock g rams  */ f rac t ion  g rams  f r ac t ion  g r a m s  

Area  North of Mont-Laurier 

9 PP-2 White pegmat i t e  (unit 2f) 4000 1 1000 3.5 
2 150 (0 .5  
3 350 < O .  5 
4 1000 

10 JMV-1 Migmat i te ,  fe ldspathic  pa r t  6000 I 1000 2.5 
2 200 <0 .5  
3 500 <0.5 
4 800 

11 JMV-1  Migrnatite, rnicaceous pa r t  6000 I 800 6.0 
2 200 <o. 5 
3 300 <0.5 
4 500 

25 JMV-I Pink pegmat i t e  2200 1 500 1 .O 
2 150 <0.5 
3 200 <0.5 
4 400 

2 6 JMV-I Mo-bearing pegmat i t e  2500 I 500 3.0 
2 200 (0 .5  
3 250 1 0 . 5  
4 500 

Bancrof t Area  

I F Gneissic host rock 6000 I 1500 33.0 
(mine )  2 300 4.0 

3 1000 8.0 
4 1500 

23 A Migmat i te ,  fe ldspathic  pa r t  8000 1 3000 9.0 
(Faraday 2 500 <O. 5 
g ran i t e )  3 100 <0 .5  

4 
2 2 A Migmat i te ,  melanocra t ic  5000 I 

pa r t  2 500 3.0 
3 500 1.0 
4 1200 

24 A P e g m a t i t e  in g ran i t e  8000 1 3000 200. 
2 300 11. 
3 500 12. 
4 1000 

2 F Gran i t e  pegmat i t e  4000 I 1000 3. 
(mine )  2 100 <O. 5 

3 300 <O. 5 
4 1000 

3 F Metasomat ic  pegmat i t e  3000 I 500 1.5 
2 180 <0 .5  
3 300 < 0.5 
4 800 

4 F Massive pegmat i t e  I 500 3.0 
2 200 <o .  5 
3 150 < O .  5 
4 500 

5 F Purple  pegmat i t e  3500 1 850 120. 
2 300 9. 
3 200 4. 
4 900 

6 F Radioact ive  pegmat i t e  2200 I 900 300. 
2 200 40. 
3 600 100. 
4 500 

13 B O r e ,  feldspar and maf ics  4500 I 500 250. 
2 200 8 .  
3 300 5. 
4 * 1000 

Sieve f rac t ions  ( m e s h )  1: (-100 t o  200); 2: (-200 t o  250); 3: (-250 t o  325); 4: (-325) 
corresponding gra in  size: 150-75 y m; 75-60 y rn; 60-45 y rn; <45 y rn 



Figure 9.3. Showing high grade  r a r e  e a r t h  and uranium o r e  f rom t h e  Bancrof t  a r e a  (F). The o r e  is  
composed of a l lani te  (dark prisms); cy r to l i t e  (pale grey  zoned grains); t i t an i t e  (grey,  wedge- 
shaped crystals);  tourmal ine  (dark poikil i t ic pa tches  in t h e  lower field,  c e n t r e  of t h e  
photograph); and minor b io t i te  in a lb i t e  groundmass. This specimen conta ins  23  440 ppm U, 
Table  9.1, analysis 27. (GSC 203226-L) 

,3 mm, 

Figure 9.4. Autoradiograph of high g rade  o r e  in Figure  9.3, showing distribution of weakly radioact ive  a l l an i t e  (pale 
grey  prisms) and strongly radioact ive  uranini te  and uranothor i te  (black spots). (GSC 203226-4) 
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Figure 9.5. 

,100 ym, 

Figure 9.6. 

Zoned cyr to l i te  composed of isotropic and 
anisotropic bands containing black radioactive 
inclusions. 

Showing deta i ls  of o r e  in  Figure  9.3. Allanite 
with inclusions of zircon, uranini te  and 
uranothor i te  (dark grey prism with whi te  and 
black inclusions, right); black euhedral 
uraninite (centre)  and zoned cyr to l i te  
containing black specks of uranini te  (left)  in 
f r ac tu red  a lbi te  (white groundmass). 

All rocks examined in thin sections exhibit  ca t ac l a s t i c  
textures ,  followed by recrystall ization and replacements  of 
minerals. The main di f ference  between the  rocks is in t h e  
con ten t s  of maf i c  minerals,  potassic and sodic feldspars,  and 
accessory minerals. 

According t o  Kish (1977) rocks of uni ts  I t o  5 a r e  
folded, faul ted  and a f f ec t ed  by regional metamorphism of 
amphibolite facies.  Radioact ive  mineralization occurs  pre- 
dominantly in white pegmatites,  feldspathic and bioti te- 
bearing quar tz i tes ,  in b iot i te  paragneiss of La Force  
Format ion of unit 2, and in pink pegmat i tes  t h a t  a r e  probably 
r e l a t ed  t o  pink grani tes  of unit 6. In bulldozed areas ,  t h e  

uranium is present  mainly in uraninite crystals.  The 
radioactive be l t s  having predominantly uranium 
mineralization include the  Pond prospects,  PP-I and 2; 
properties owned by Johns-Manville Co. north of 
Pa t ib re  Lake, JMV-1 t o  3;  white  pegmat i tes  north of 
Tom Dick creek,  TDN-2, and prospects  north of 
La F o r c e  Lake, G ,  in Figure  9.1; 

(2) whi te  pegmat i tes  containing relatively f resh  inclusions 
of b iot i te  gneiss and approximately equal average 
concentra t ions  of uranium and thorium. These include 
prospects  in Tom Dick a rea ,  TD and TDN-I (Fig. 9.1) 
and 

radioact ive  'pegGatites a r e  c leared of glacial  deb& and (3) radioact ive  pegmat i tes  associated with pink grani tes  of exposed t o  weathering. The exposed surfaces  of feldspar-rich unit 6 containing more  thorium than  uranium. These rocks a r e  a l t e red  t o  f ine  grained white clay crusts.  were  examined in prospects JMV-4 and in Hanson zone, . . 
Three types of radioact ive  mineralization have been H-50. 

distinguished by sc int i l lometer  readings in t h e  field: 
'The uranium and thorium con ten t s  and Th/U ra t ios  ('1 white pegmatites and quartz-felds~ar-biotite gneiss determined by Tremblay (1974, Table 111) for  pink pegmatite containing more uranium than thorium. In these rocks show considerable variations. The thorium con ten t s  range 



from 75 pprn t o  5000 ppm, t h e  uranium contents  f rom 16 pprn 
t o  2300 pprn, and Th/U ratios vary f rom 1.1 t o  8.1 fo r  t he  
nine repor ted  determinations.  Uranium concentrations,  
determined by neutron act ivat ion in t h e  present study 
(Table 9.1) a r e  comparable  with those reported by Tremblay 
(1974, Table 111). The lowest concentrations were  found in the  
metagabbro, 1.4 ppm U, and the  highest in pink pegmat i te ,  
690 pprn U, and in white pegmat i te ,  1360 pprn U. 

In an  a t t e m p t  t o  increase  uranium concentra t ion by 
separa t ing light minerals, heavy mineral fractions were  
prepared f rom a few selected rock samples (Table 9.2). 
Preliminary resul ts  in Table  9.2 indicate  low heavy mineral 
con ten t s  in the  se lec ted rocks f rom PP-2 and JMV prospects. 
The bes t  recovery of heavy minerals was in t h e  coarser,  150- 
75 p m fract ion,  and the  highest concentration of heavy 
minerals (0.75%) was obtained from a melanocratic portion of 
a migmat i t ic  xenolith in  a white pegmatite.  Mineralogical 
and chemical  studies of t h e  heavy f rac t ions  a r e  not  yet  
completed. 

Bancrof t Area ,  Ontario 

Mineralogical studies of r a re  and radioactive minerals 
in pegmat i tes  and skarns enclosed in, and surrounding, g ran i t e  
and syeni te  bodies in the  Bancroft  a r ea  commenced over 
50 years ago (Ellsworth, 1932). General geology and numerous 
mining properties in t h e  a r e a  have been described by Hewit t  
(1957) and Sat ter ly  (1957), and summarized in geological 
m a p  1957b Haliburton-Bancroft area ,  Ontario, by t h e  Ontar io  
Depar tment  of Mines. Results of isotopic age  determinations 
on micas and uranium- and thorium-bearing minerals have 
been in terpre ted by Robinson (1960). Detailed isotopic s tudies  
of pleochroic halos in micas and f luor i te  a r e  being conducted 
by R.V. Gen t ry  using an  ion probe on specimens f rom the  
Bancroft  a r e a  in order t o  fu r the r  investigate polonium 2 1  'PO 

decay t o  2 0 6 ~ b ,  (Gentry,  1974, and pers. comm.). 

The radioactive occurrences  visited and sampling 
locali t ies of t he  principal ores  and rock types in th is  s tudy a r e  
shown on Figure 9.2. Mineralogical and petrological char- 
ac ter is t ics  of samples representing rock units on t h e  
geological map 1957b of the  Haliburton-Bancroft a r ea ,  were  
studied in thin sections. Results a r e  a s  follows: 

Unit 2: Paragneiss,  arkose,  and argil l i te a r e  associated 
with crystall ine l imestone (unit 3) and occur as rims and 
bands between g ran i t e  and syeni te  bodies. The bioti te- 
hornblende gneiss col lec ted in t h e  Madawaska uranium mine 
near  t h e  s h a f t  a t  t h e  seventh  level consists of 50 per c e n t  
maf i c  minerals evenly disseminated in quartz-feldspar 
matrix.  The predominant feldspar is  oligoclase. It i s  medium 
grained, fresh,  and exhibits lamellar twinning. Minor 
microcline fi l ls  in ters t i t ia l  spaces  between biot i te  and 
oligoclase. Q u a r t z  i s  less abundant than oligoclase. Locally 
quart; and oligoclase exhibit  undulatory extinction and s t r a in  
ef fects .  The rnafic minerals,  in decreasing order of 
abundance, a r e  green pleochroic hornblende, brown bioti te,  
cordierite,  and irregular opaque grains of magne t i t e  t h a t  
crystall ize along grain boundaries of bioti te and hornblende. 
Accessories a re  commonly associated with rnafic minerals 
and include abundant a p a t i t e  and sphene. Sphene commonly 
occurs  in intergrowths with magnetite.  Euhedral zircon and 
smal l  prisms of a p a t i t e  a r e  s c a t t e r e d  in feldspar and quar tz .  
This rock contains 2.2 wt.  per cen t  of heavy minerals in the  
150-75 p m fract ion (Table 9.2). The uranium con ten t s  in t h e  
whole rocks and in hornblende and biot i te  concentra tes  a r e  
3.6, 1.2 and 3.3 ppm U (Table 9.1). Paragneiss in roadcuts  of 
highway 28 conta in  abundant in ters t i t ia l  ca l c i t e  and minor 
fluorite,  in addition t o  quar tz ,  feldspars,  hornblende, b iot i te  
and accessory t i tani te ,  a p a t i t e  and zircon. 

Unit 3: Crystall ine l imestone was examined in Cardiff 
mine, C; in Silver C r a t e r  mine, SC; in Madawaska mine, F; 
and in roadcuts along highway 28, I, (Fig. 9.2). In Madawaska 
mine, xenoliths o r  patches  of coa r se  grained ca l c i t e  and 
anhydrite occur locally in pegmatites.  The crystall ine lime- 
s tone  in Cardiff  mine consists of ca lc i te ,  purple fluorite,  
phlogopite, and locally contains radiating whi te  amphibole, 
green euhedral apat i te ,  and honey-yellow chondrodite. The 
f luor i te  appears  mottled purple and whi te  and shows a pale 
discoloration along f r ac tu res  and grain boundaries. 
Crystall ine l imestone in roadcuts,  I, conta ins  rusty patches 
and bands of s i l ica te  impurit ies t h a t  a r e  composed pre- 
dominantly of phlogopite surrounded by sphene and abundant 
accessories,  a p a t i t e  and pyrite. Rusty l imonitic s ta ins  a r e  
a t t r ibuted t o  decomposing pyrite.  At t h e  con tac t  with grani te  
and pegmat i te ,  crystall ine l imestone is  a l tered t o  skarn and 
locally contains diopside and disseminated uranium and r a re  
ea r ths  minerals. Radioactive marbles a r e  pink and contain 
rusty-red halos surrounding radioact ive  minerals.  

Unit 4: Gabbro, pyroxenite, amphibolite,  and other 
maf i c  metamorphic  rocks were  examined in roadcuts  along 
highway 28 between Madawaska uranium mine and Bancroft, 
underground in t h e  Madawaska mine, and along southern  edge 
of Faraday granite. Fine grained dense rocks in roadcuts 
occur as black bands and shee t s  resembling diabase dykes. 
The black metadiabase  contains 60 pe r  c e n t  maf i c  minerals 
disseminated in plagioclase groundmass. The rnafic con- 
s t i t uen t s  a r e  disintegrating pyroxene surrounded by blue- 
green amphibole. The rock contains accessory carbonate ,  
t i tani te ,  epidote,  and opaque grains consisting mainly of 
magnet i te ,  minor pyrite,  and pyrrhotite.  The hornblendites 
consist  of 90 pe r  cen t  hornblende interbanded with 10 per  
c e n t  magnet i te .  In thin section hornblende crys ta ls  appear 
pale green, granular,  subhedral t o  euhedral and vary from 
50 p m t o  400 p m in diameter .  Bands of coa r se  grained and 
f ine  grained amphibolite a r e  separa ted by thin seams  of 
opaque magnet i te .  Hornblende crys ta ls  adjacent  t o  magnet i te  
s t r eaks  a r e  filled with opaque specks thereby appearing dark 
green or  mottled grey. Accessory minerals include abundant 
a p a t i t e  and minor ca rbona te  in f ine  grained hornblende bands. 
Bright green spinel and/or ga rne t  occurs  in in tergrowths  with 
magnet i te ,  and orange-red iron oxides produce reddish s ta ins  
along f rac tures .  Metagabbro di f fers  f rom melanocrat ic  
hornblendite by segregations of maf i c  minerals and 
leucocrat ic  portions consisting of plagioclase and minor 
quartz.  The metagabbro conta ins  r emnan t s  of pyroxene 
enclosed in amphibole, abundant t i t an i t e ,  apa t i t e ,  and locally 
bioti te.  All gradations f rom evenly grained melanocrat ic  
rocks t o  coa r se  grained patdhy and banded white-black rocks 
have been observed. Some melanocrat ic  rocks resemble  
migmat i tes  consisting of a l ternat ing dark  and whi t e  bands. 
Melanocrat ic  rocks a r e  common xenoliths in g ran i t e  and 
syeni te  pegmatites.  In radioactive pegmatites,  maf i c  minerals 
such a s  hornblende and biot i te  f rom partly-resorbed xenoliths 
a r e  common hosts fo r  uraninite and uranothorite.  

Unit  6: Nepheline pegmat i t e  and gneiss occur  west of 
Cheddar  grani te  in association with metagabbro and syenite.  

Unit 7: Syenite rocks a r e  associated wi th  g ran i t i c  rocks. 
They also occur in crystall ine l imestone and along t h e  
margins of grani t ic  bodies. Syenite rocks consist 
predominantly of sodic feldspars and a r e  important  hosts for 
uranium ore. Specimens of radioactive albite-rich pegmat i tes  
were  col lec ted in Bicroft  and Madawaska mines (uranium 
analyses 13 and 27 in Table  9.1). The radioact ive  syeni t ic  
pegmat i tes  a r e  medium t o  coa r se  grained and consist 
essentially of a lb i te ,  minor quar tz ,  and in ters t i t ia l  
microcline. They contain variable amoun t s  of carbonate ,  
anhydrite,  and maf i c  xenoliths t h a t  locally make  up 60 per 
c e n t  of t h e  rock. Quant i t ies  of heavy accessory  minerals 



apparently increase  with increasing con ten t  of radioactive 
minerals. In mineralized rock f rom Bicroft  mine, heavy 
minerals reach 50 wt.  per c e n t  in 150-75 p m fract ion,  analysis 
No. 13 in Table 9.2. In high grade ore ,  a lb i te  and qua r t z  a r e  
f rac tured,  exhibiting cha rac te r i s t i c  curved c racks  and radial  
f r ac tu res  surrounding radioact ive  inclusions t h a t  a r e  coa ted  
with reddish brown c rus t s  giving the  rock a brownish 
appearance. The partly-resorbed maf i c  xenoliths consist  of 
recrystall ized bright green amphibole, pleochroic reddish 
brown bioti te,  abundant t i t an i t e ,  apa t i t e ,  allanite,  cyr to l i te ,  
and locally fluorite.  In uranium-rare ea r ths  ore ,  heavy 
accessory minerals can exceed in abundance ferromagnesian 
minerals, hornblende, and bioti te.  The bioti te,  hornblende, 
allanite,  and cyr to l i te  a r e  common hosts fo r  uranium and 
thorium minerals. A specimen representing high g rade  r a re  
earth-uranium ore  i s  i l lustrated in Figures 9.3 t o  9.6. I t  
consists of brownish f r ac tu red  a lbi te  (50 per cent),  minor 
in ters t i t ia l  quartz,  and rnicrocline (5 per cent),  abundant 
heavy minerals (40 per cen t )  including allanite,  t i t an i t e ,  
zoned cyr to l i te ,  uraninite,  thorianite,  uranothorite,  and local 
segregations of bioti te,  tourmaline,  apa t i t e ,  f luor i te  and 
calc i te .  The bioti te i n  the  high grade o re  contains inclusions 
of euhedral uraninite and has an  uncommon s t ruc tu ra l  
formula: 

Octahedral  layer: ( ~ i  , O ~ F ~ ~ + . ~ F ~ ~ + ~ . Z B M ~ B . I  zMn.0 6 ~ i . s ~ n . o  1 )  

Tetrahedral  layer: (Si6..16All ..ezTi.oz) 

Interlayer: ( N a - o s C a , o 2 ~ 1  .8sBa&Cs.o 1Rb ,06)  

Oxygen and hyrdoxyl group: 0 2  0..5OH1.2 9Fl.7 (Rimsaite,  1967b, 
P la t e  VIII, Figs. 8, 9, Table VI). 

As can be  seen f rom t h e  complex formula,  t h e  b iot i te  
contains relatively high concentra t ions  of f e r r i c  iron, l i thium, 
rubidium (5000 pprn), and fluorine in i t s  s t ructure .  The bioti te 
apparent ly  crystall ized from highly di f ferent ia ted  residual 
pegmat i t ic  liquids, enriched in rubidium, l i thium, and 
fluorine. Note t h a t  t h e  fluorine content  in b iot i te  exceeds  
t h a t  of hydroxyl. The dark  green tourmaline locally fo rms  
large  in ters t i t ia l  poikilitic masses enclosing and replacing a l l  
minerals. The presence of tourmaline porphyroblasts suggest 
boron metasomat ism during the  final s tages  of pegmat i t ic  
ac t iv i ty .  The enclosed uraninite in allanite and associated 
boron act iv i ty  in the  Bancroft  a r e a  a r e  similar t o  those  
observed in the  Mary Kathleen deposit in Australia 
(Hawkins, 1976). 

Unit  8: Granitized gneiss grading t o  grani tes  and 
pegmat i tes  a r e  t h e  most abundant rocks in t h e  Bancrof t  area .  
They a r e  closely associated with syenites forming c i rcular  
bodies in orthogneisses and metasediments.  Migmat i t ic  
gneisses and granitized metasediments  were  examined in 
roadcuts  and t renches  along highway 500 north of Bancroft ,  
location A, and in t h e  Madawaska mine, F. Migmat i t ic  
gneisses consist  of a l ternat ing thin melanocrat ic  and 
porphyroblastic leucocrat ic  bands. The melanocrat ic  bands 
a r e  composed of green pleochroic hornblende and biot i te  in 
quartz-plagioclase groundmass. Locally, hornblende forms 
poikiloblastic porphyroblasts. The bioti te commonly replaces  
hornblende and contains dark  pleochroic halos surrounding 
zircon inclusions. The Ieucocrat ic  portions consist of coa r se  
grained ca t ac l a s t i c  quar tz ,  clouded plagioclase, less abundant 
rnicrocline, partly-resorbed greenish bioti te,  and epidote.  
Abundant t i tani te 'and a p a t i t e  crys ta l l ize  along t h e  transit ion 
zone between melanocract ic  and leucocrat ic  bands. The 
plagioclase, partly clouded by f ine  grained secondary 
minerals, produces the  pink appearance of leucocrat ic  bands. 
The melanocrat ic  bands a r e  more  radioactive than t h e  
leucocrat ic  bands, and t h e  hornblende contains less uranium 
than t h e  associated biot i te  (Table 9.1, analyses 22, 23, 47, and 
48, and corresponding uranium values 7.1, 2.8, 1.7, and 

3.0 pprn U). The uranium is probably associa ted  with heavy 
mineral f rac t ion which i s  more  abundant  in melanocrat ic  
bands (Table 9.2, analyses 22 and 23, and corresponding heavy 
f rac t ions  1 per c e n t  and 0.3 per cent).  The pegmat i t i c  grani te  
consists predominantly of microcline pe r th i t e  and variable 
proportions of plagioclase, quar tz ,  and maf i c  xenoliths. 
Feldspars a r e  deformed and exhibit  in ter rupted twinning and 
patchy; recrystall ized replacement  t e x t u r e s  (as  in Rimsaite,  
1967a, P la t e  11, Figs. V-13, and V-14). Grani tes ,  grading t o  
coa r se  grained pegmat i tes  a r e  important  hosts t o  uranium 
rnineralization in the  Madawaska mine. They di f fer  in 
proportions of quar tz ,  microcline,  albite,  carbonate ,  
anhydrite,  melanocrat ic  xenoliths, and uranium-thorium 
con ten t s  (from 31.4 ppm U t o  16920 ppm U, analyses 2 t o  6 in 
Table  9.1). The uranium con ten t  apparent ly  increases  with 
increasing abundance of a lb i te ,  melanocrat ic  xenoliths, and 
heavy mineral f rac t ion (Table 9.2, analyses  2 t o  6). The 
uranium-rich pegmat i te  (analysis 6, Tables  9.1 and 9.2) 
conta ins  more  than 5 0 v o l u m e  pe r  c e n t  hornblende 
interbanded with pink s t r eaks  of coa r se  grained t i tani te ,  
anhydrite,  apa t i t e ,  abundant cyr to l i te ,  heterogeneous 
uranothorite,  and euhedral  uraninite enclosed in reddish 
a l t e ra t ion  rims. The reddish colour of grani t ic  and syenitic 
rocks in t h e  Bancroft  a r e a  i s  probably r e l a t ed  t o  partial  
a l t e ra t ion  of ferromagnesian minera ls  and magne t i t e  in 
recrystall ized xenoliths. Quartz-rich residual pegmat i t e  and 
me tasomat i c  pegmat i t e  containing abundant  ca l c i t e  and 
anhydr i te  contain only 119 ppm U and 31.4 ppm U; anhydrite 
and associated hornblende conta in  0.6 ppm U and 2.3 ppm U 
(Table 9.1, analyses 2, 3, 49, and 50). 

Summary 

Specimens representing principal rock types  and 
uranium rnineralization in an  a r e a  nor th  of Mont-Laurier, 
Quebec,  and in t h e  Bancroft  a r e a ,  Ontario,  were  col lec ted for  
laboratory  studies in an  a t t e m p t  t o  de te rmine  favourable 
environments for  uranium mineralization. Preliminary results 
based on thin section study and 50 neutron act ivat ion analyses 
f o r  uranium in se lec ted minera ls  and rocks indicated the  
following di f ferences  and similarit ies between t h e  radioact ive  
occurrences  examined in Ontar io  and Quebec. 

The uranium mineralization occur s  mainly in grani t ic  
and syenitic pegmat i tes  containing variable quantit ies of 
melanocrat ic  xenoliths. The mineralized pegmat i tes  t h a t  
contain dominantly uranium in an  a r e a  nor th  of Mont Laurier,  
Quebec,  a r e  white. They a r e  composed predominantly of 
qua r t z  and microcline and conta in  variable quant i t ies  of 
bioti te-rich xenoliths, plagioclase, t r a c e  amoun t s  of heavy 
minerals,  and very  e r r a t i c  distribution of uraninite and 
uranothorite.  Only a f ew specimens  col lec ted in Bear Lake 
locali ty,  JMV-3, containing marked quant i t ies  of heavy and 
radioact ive  minerals, including zoned cyr to l i te ,  resembled t h e  
U, Th, r a re  ea r ths  pegmat i tes  of t he  Bancrof t  area .  
According t o  t h e  preliminary m a p  by Kish (19761, t he  
uraniferous whi te  pegmat i tes  occur  in a s t ra t igraphical ly  
lower unit  2 than t h e  pink g ran i t e  and r e l a t ed  pink pegmat i tes  
(unit 6) which conta in  more  thorium than uranium. 

The radioactive occurrences  in t h e  Bancrof t  a r e a  
include g ran i t e  and syeni te  pegmat i tes  and closely associated 
skarns. The pegmat i tes  a r e  pink t o  reddish and contain 
xenoliths of crystall ine l imestone, anhydrite,  and hornblende- 
rich rocks. The presence of partly-resorbed and recrystall ized 
l imestone apparent ly  resulted in t h e  abundance of Ca-rich 
minerals,  t i t an i t e ,  a p a t i t e  and a l lani te  and skarn-like 
mineralization. The uranium mineralizaton in t h e  Bancroft  
a r e a  i s  re la ted  t o  l a t e  grani t ic  and syeni t ic  ac t iv i ty  (rock 
units 7 and 8) t h a t  also produced me tasomat i c  skarn rocks and 
fluorite-rich veins in t h e  surrounding crys ta l l ine  limestone. 
The surrounding l imestones might possibly account  for t he  
presence of Si-deficient, Na-rich syeni t ic  rocks t h a t  provided 



favourable environments fo r  crystall ization of r a r e  e a r t h s  and 
radioactive minerals in the  Bancroft  area .  The presence of 
remnant  pyroxene and abundant hornblende indicate  a g r e a t e r  
abundance of original melanocrat ic  rocks in t h e  Bancrof t  a r e a  
than in the  a rea  north of Mont-Laurier. The leucocrat ic  rocks 
examined in Quebec conta in  b iot i te  partly replaced by 
chlor i te  and muscovite thereby inferring e f f e c t s  of re t ro-  
grade metamorphism. The a rea  north of Mont-Laurier is 
character ized by potassium-rich rocks, whereas  t h e  Bancrof t  
a r e a  represents  a sodium-rich province. Chemical  analyses of 
these  specimens a r e  being made. They may indicate  more  
distinct d i f ferences  between mineralized and common rocks 
in the  uraniferous bel t  north of Mont-Laurier, Quebec, and in 
t h e  Bancroft  a r ea ,  Ontario. 
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GEOLOGY AND COAL RESOURCES O F  THE TERTIARY SEDIMENTS, 
QUESNEL-PRINCE GEORGE AREA, BRITISH COLUMBIA 

Project 760056 

Peter S.W. Graham 
Institute of Sedimentary and Petroleum Geology, Calgary 

Abstract 

Graham, Peter,  S.W., Geology and coal resources of the Tertiary sediments, Quesnel-Prince George 
area, British Columbia; 5 Current Research, Part B, Geol. Surv. Can., Paper 78-lB, p. 59-64, 1978. 

Coal occurs in both the upper and lower members of the Oligocene-Miocene Fraser River 
Formation which outcrops along the Fraser River from Prince George to  Alexandria Ferry, 38 km 
south of Quesnel, British Columbia. Deposition of sediments was controlled by an ancient south- 
flowing river system which drained a more subdued terrain under wetter and warmer conditions than 
those that presently prevail. Thicker coal seams, up to 21.9 m thick, are  restricted to  the lower 
Fraser River Formation. The coal is  Subbituminous "B" to "Cfl in rank, contains many clay partings 
and has an inherently high ash content. Potentially economic areas  a re  restricted t o  south of 
Quesnel. 

Introduction and Rouse (1963), McCallum (1969) and Pie1 (1971, 1977). 
Information for this study has been taken mainly from 

Brit ish many scattered published and unpublished reports, supported by field 
Tertiary sedimentary basins occur in which coal or coaly observations of the writer. material has been recorded. The Geological Survey of 
Canada, in co-operation with the ~ r l t i s h  ~ o l u m b i a  
Department of Mines and Petroleum Resources, has initiated General Geology 
a study of some of these basins. This paper discusses geology Figure 10.1 summarizes the geology as  interpreted by and coal resource potential in the Quesnel and Lay (19&0), McCallum (1969) and others. Recent work on the Prince George, an area of more immediate economic interest. palynology, vertebrate remains and potassium argon dating by Previous work in this area has been done by Dawson (18771, and R~~~~ (19631, piel (1971) and . ~ ~ ~ k i ~ ~  (written Reinecke (19201, Cockfield (1932), Lay (1940, 19411, Mathews cornme) has solved most of the tirne stratigraphic problems 

Figure 10.1 

Table of formations 

Group Members& Thickness Members - Facies Members 1 Age 1 or formation 1 (Lay 1940) 1 (McCallum 1969) This Report ' 
Lithology I 

15 m Not Studied Olivine basalt,  

, 2 y - n o  Group ? p e r  
(Tipper 1960) Volcanics Volcanics andesite 

Early Pliocene Diatomite 50 m Tertiary C Claystone, siltstone, 
to  Late Miocene Member Upper sandstone, diato- 

maceous clavs. 

Fraser River 
Miocene 

Formation 

-1 (Reinecke 1920) 

Early Oligocene 

Channel 

UNCONFORMITY 

Gravel 
Member 150' m 

1 UNCONFORMITY 

Channel 
Tertiary B 

Off 

Australian 360' m 
Member 

Fraser minor coal 

River 
stone, occasional 

Arkose Lower Fraser Claystone, siltstone, 
Tertiary A Gritty clay l i v e r  1 sandstone, con- 

Gravel Formation glomerate, coal 

I UNCONFORMITY 1 

Eocene Unit 4 
(Tipper 1959) 

Chert ,  argillite, lime- 
stone, greenstone, 
minor greywacke and 
conglomerate 

Penn-Permian 

Lower 
Lavas 

59 

Cache Creek 
Group 

(Tipper 1959) 

Lower 
Lavas 600' m Andesite, related tuffs 

and breccias, minor 
conglomerate and sand- 
stone 

Early Tertiary 
Volcanics 



122'32' I 2z022' which were  due t o  poor bedrock exposure and t h e  lithologic 
530001 530001 similarity of units. A fur ther  s t ra t igraphic  problem is t h e  angular 

unconformity described by Lay (1940) within t h e  Ter t iary  sedi- 
mentary  sequence. The present study deals mainly with t h e  coal 
resource potential  of t he  Ter t iary  sediments.  Revision of the  
s t ra t igraphic  nomenclature is current ly  being undertaken by Rouse 
and Mathews of the  University of British Columbia. Tenta t ively ,  
t he  Fraser River Formation is t rea ted informally a s  upper and 
lower units separa ted by t h e  unconformity. 

The lower Fraser  River Formation, which is  t he  main coal- 
bearing par t ,  consists of a t  leas t  360 m of c lays tone with lesser 
amounts  of sandstone, conglomerate  and coal. Individual lithologic 
beds a r e  commonly thin. Vertically they contain evidence of rapid 
changes  in depositional environment.  Generally sandstones a r e  thin 
bedded, medium to  coarse  grained and occur in fining-upward 
sequences. Thicker sandstone-conglomerate sequences a r e  also 
present but  do not appear to  be  associated with the  coal-bearing 
pa r t s  of the  formation. They may represent  main channel f ac i e s  
whereas  the  coal-bearing sequences may represent  off channel  o r  
floodplain facies.  Coals occur  in severa l  par ts  of t h e  lower Fraser  
River Formation and have been reported up t o  21.9 m thick 
(Fig. 10.2, loc. 4). These coal  zones  commonly conta in  many c lay 
partings. Both t h e  coal  beds and the  clay partings a r e  lenticular 
over  short  distances.  

From palynological evidence, Pie1 (1971) and Hopkins (wri t ten  
communication, 1978) have concluded tha t  a large  and varied floral  
assemblage was present  during deposition of the  lower Fraser River 
Formation in early Oligocene t ime. The flora observed was  
predominantly f rom angiosperms, conifers  with non-bladdered 
pollen grains, ferns  and lower plants, t h e  t axa  of which indicate  a 
humid, warm t empera te  paleocl imate  (Hopkins, wr i t t en  
communication). 

Regionally, t he  lower Fraser River Formation is res t r ic ted  to  
the  present Fraser River Valley f rom Quesnel t o  Alexandria Ferry,  
38 km fa r the r  south (Fig. 10.2, loc. 1). However, two  other  possible 
occurrences  have been reported. Interbedded sandstones,  con- 
g lomerate ,  claystones and "thin beds of lignite" outcrop on Haggith, 
Brodman and Tabor creeks,  10 km south of Pr ince  George 
(McCallum, 1969). This succession has  been dated by Rouse and 
Pie1 ( i ~  McCallum, 1969) as ear ly  Oligocene. Another succession of 
sandstones and sil tstones of possible Oligocene a g e  was  found on 
t h e  Blackwater River 60 km northwest of Quesnel. Although coal  
was  not found in place,  i t  was observed a s  debris in the  creek.  

A minor tec tonic  event  prior t o  the  deposition of the  upper 
Fraser River Formation caused t i l t ing of the  coal  measures.  Dips 
of up t o  55 degrees  have been reported (McCallum, 1969, p. 9) but 
a r e  more commonly less than 20 degrees.  

The upper Fraser  River Format ion 
consists of at leas t  200 m of massive 
conglomerates  and sandstones grading up t o  
si l tstones,  c lays tones  with occasional d ia to-  
maceous  clay, and coal. Separating t h e  upper 

U P P E R  F R A S E R  and lower units is  an angular unconformity 
R I V E R  F M .  recognized by Lay (1940) a t  Big Bend, 11 km 

> > > > > > > >  nor th  of Quesnel. The upper unit cha rac te r -  
> > > > > > > >  L O W E R  F R A S E R  istically dips less than 5 degrees.  It is poorly 

indurated which makes  i t  a lmost  indistinguish- 

>>>>>>>>  ab le  f rom some  interglacial  sediments  located 
>>>>>>>>  in t h e  region. 

C A C H E  C R E E K  Most exposures of t h e  upper unit  of t h e  
>>>>>>>>>  
>>>>>>>>>  format ion a r e  located on the  Fraser  River 

L O C A T I O N  & between Pr ince  George and Quesnel. I t  has  also 
2 R E F E R E N C E  N O .  been observed in the upper reaches  of 

Australian Creek (Fig. 10.2, loc. 4) and may 
cover a considerable a rea  west of t he  Fraser  
River. 

52'3 7 '  

122'32' 1~2'22~ 

Figure 10.2. Generalized geology map, Quesnel area .  Modified 
a f t e r  Tipper (1959). 



The upper unit was deposited during a much cooler 
period than the  lower unit a s  indicated by a d ramat i c  increase  
in the  conifer population (Mathews and Rouse, 1963; Piel, 
197 1, 1977). These authors  have assigned a mid-late Miocene 
age  for  t he  upper Fraser River Formation. 

Coal seams have been recorded in the  upper unit and 
excep t  in one place a r e  very thin, dirty and discontinuous 
(Reinecke, 1920; Laurence, 1953). On t h e  Nechako River 
20 krn west of Prince George, however, Lay (1941, p. 35) 
described two coal  seams 1.5 and 1.8 m thick. The age of 
these  coals has not been well  established and may prove t o  be  
Oligocene and, hence, within the  lower unit. 

Environments of Deposition 

Tipper (1959) and McCallum (1969) s t a t e  t h a t  deposition 
of sediments  was  f rom a north-flowing river sys tem;  however,  
Lay (1940) had previously shown convincing evidence for a 
southerly flow direction a f t e r  Eocene t ime. Lay's in terpre ta-  
tion was confirmed by the  present author 's  observations of 
pebble imbrication. The upper Fraser  River Format ion was  
deposited by an  ances t ra l  r iver which drained a relatively 
subdued terrain.  The river sys tem occupied a valley along t h e  
trend of the  present Fraser River Valley in this area .  South 
of Quesnel, la tera l  river migration apparently did not exceed 
6 km. Relatively humid conditions in t h e  early Oligocene 



may have been responsible for t h e  abundance of local paludal 
and lacustrine conditions in the  overbank areas.  Occasional 
flood conditions could have caused t h e  thin, fining-upward 
sandstone units. This type  of environment should lead t o  
rapid fac ies  changes both perpendicular and parallel t o  the  
direction of s t r eam flow. Subsequent t o  t h e  deposition of t h e  
lower unit, mild tectonism caused local t i l t ing of the  s t r a t a  
before erosion and final deposition of the  upper Fraser River 
Formation. Clasts in the  conglomerate  of the  upper unit a r e  
predominantly composed of older quar tz i tes  and metamor-  
phosed material  ( ~ e i n e c k e ,  1920) which indicates that  t he  
reactivation of the  river system occurred a f t e r  a period of 
tectonism ra ther  than volcanism. Because of cooler c l imat ic  
conditions and the  higher fluvial energy regime in the  upper 
unit ,  major peat accumulation would not be expected.  

A short  period of volcanism occurred during and a f t e r  
deposition of the  upper unit (McCallum, 1969, p.19). 
Subsequently, the  river was re-established and c u t  a deep 
channel  through the  upper and lower units of t he  Fraser River 
Formation prior t o  Pleistocene glaciation (Fig. 10.2). 

Deposition of fluvial sediments  along t h e  present  Fraser  
River has  occurred sporadically s ince  ear ly  Oligocene t ime. 
This could indicate  t h a t  t h e  Fraser  River f au l t  zone 
recognized f a r the r  south by Tre t t in  (1961) and o the r s  
continues into t h e  study a rea  and runs c lose  t o  t h e  present 
river channel. Reactivation of t h e  f au l t  zone must have 
occurred f rom l a t e  Eocene t o  early Oligocene and a lso  f rom 
mid-Oligocene t o  mid-Miocene t ime. This is  indicated by t h e  
angular unconformities separa t ing t h e  sedimentary  units. 

Areas  of Economic Interes t  

Except for two thick coals reported by Lay (1941, p. 35) 
west of Pr ince  George, all  o ther  major seams reported occur 
south of Quesnel. These occurrences  have been divided into 
four sepa ra t e  a reas  and a r e  discussed individually. 

I. Red Cliff 

A cliff of reddish clays is located immediately south of 
t h e  Quesnel townsite and was a l tered by t h e  burning of an  
underlying coal  seam. A ser ies  of holes drilled by t h e  British 

Figure 10.4 

Coal s eam da ta ,  Quesnel, B.C. 

Coal  Interval % % % 
Location Thickness between Moisture Volatile Fixed Ash % Sulphur k c a l l k g  Refe rence  

Of Data (metres)  seams Mat ter  Carbon 

I .  ~ l e x a n d r i a '  outcrop 1 .07 0 .6  6.93 39 .7  39 .7  13.7  
Ferry 1.22 0.46 5.1 38.2 38.5  18.2  

1 .22 3.4 38 .8  36 .8  21.0  

B.C.  Rep.  Ministe 
1924, p. A127 1 

2.  Doyle's outcrop min. 33.9  23.4 27.2  15.5 0 . 6  3300 C a n .  Dep. Mines 
Ranch 2.4 Tech.  Surv. Rep .  

Analyses 1940 
-- - . .- - . .. - . . . . . - .. -- - -- .- - -- - - - - . 1 

outcrop min. 
2.4 

B.C. ,  Rep. Minister 
1931, p .  A172 1 

2. Doyle's 7 ~ o t a r ~ ~  3.2 t o  45.8 19.3  18.5  16.4  0.23 2547 Yoon, 1972 
Ranch Test  holes 13.2 0 49.3 51.7 30.2' Lakes,  1930 

I DDH net  coal  

3. Australian Adit 1 .13 
Creek 

Reinecke , - 1 9 2 7 /  

4.  DDH 3 diamond- 4 .2  141.7 
drill hole 21.9 

Lakes ,  1930 

5 .  Howard's outcrop 1 .3  
Ranch 

B.C. Rep. Ministe 
of Mines, 1924, 
P. A127 r 

6 .  Red Cliff 15 auger 18 ne t  
holes B .C .  30 gross 
Dep. of 
Highways 

B .C .  Dep. Highways 
unpub. rep .  on 
Plywood Hill Slide 

7 .  Quesnel 3 ro tary  
holes B.C.  
Dep. of 
Highways 

B. C .  Dep. Highways, 
unpub. r ep .  on 
Quesnel Bridge 1958 

Numbers represent  locations on Figure I. ' Ash calcula ted  on a moisture f r e e  basis. 

Analysis averaged. f rom 8 samples. Dry ash f r e e  analysis ca lcula ted  using t h e  Pa r r  Formula. 

Analysis on an "as Received" basis. 



Columbia Depar tment  of Highways (Fig. 10.2, loc. 61, 560 m 
southwest of this cl iff ,  penet ra ted  a possible 30 m coal  zone  
containing an ave rage  of 60 per c e n t  coal  by volume. Fur ther  
evidence of a major coal  zone  at leas t  1 8  m thick was  found 
in a wa te r  well 800 m e a s t  of t h e  drillholes. These  th ree  
points give an  approximate  regional dip of 5 degrees  north.  
At  location 7 (Fig. 10.2), t h r e e  shallow holes were  drilled for  
bridge pilings, and penet ra ted  a s eam ranging f rom 2 t o  6 m 
thick. A dip of 16 degrees  southwest  was calculated here.  
From additional surface  evidence an east-west trending 
syncline is  proposed (Fig. 10.2). The a r e a  between location 6 
and Dragon Lake should have t h e  highest  potential  fo r  near-  
su r f ace  coal. 

2. West ~ u s t r a l i a n  Creek 

Master Exploration Ltd. (Yoon, 1972) drilled a ser ies  of 
ro tary  holes of which 7 pene t r a t ed  a major coa l  zone  on t h e  
wes t  bank of t h e  Fraser  River wes t  of Australian Creek  
(Fig. 10.2, Area  I). Results of t h e  drilling (see Fig. 10.3) 
showed th is  zone  t o  ave rage  75 per  c e n t  coal  and 25 per c e n t  
clay partings. Fur thermore  t h e  zone is lenticular,  ranging 
f rom 3.4 m (net )  t o  13.2 m (net )  over  a d is tance  of 500 m. 
Measured, Indicated, and Inferred Resources have been 
ca lcula ted  (by t h e  wri ter )  at 4, 10 and 14.5 million tonnes, 
respectively.  Calculations were  based on Cordil leran coa l  
pa rame te r s  established by t h e  Depa r tmen t  of Energy, Mines 
and Resources (EMR Rep. EP77-5). Erosion by t h e  preglacial  
channel  res t r ic ts  t h e  seam almost  ent i re ly  t o  t h e  west  bank 
of t h e  Fraser  River. The coal  measures  have been folded in to  
a southwest-plunging syncline with dips on t h e  l imbs of 
approximate ly  10 deg rees  (see Fig. 10.3). 

3. Eas t  Australian Creek  

A diamond-drill hole, 4 km e a s t  of Area I ,  penet ra ted  
two major coal  zones 4.2 and 21.9 m thick (Fig. 10.2, loc. 4). 
Records  show t h a t  this coal  conta ins  numerous clay partings 
similar t o  coals  in t h e  o ther  areas .  Measured su r f ace  dips 
range f rom 15 t o  25 deg rees  nor theas t ,  which should bring t h e  
lower, thicker s eam nearer  t o  t h e  su r f ace  f a r the r  southwest.  
However, t h e  s eam may have been t runcated  and partial ly 
removed prior t o  t h e  deposition of t h e  upper Fraser  River 
Formation.  

4. Alexandria Fe r ry  

An outcrop located  just south  of t h e  old Alexandria 
Ferry  (Fig. 10.2, loc. I )  conta ins  s eve ra l  thin coa l  s eams  and 
one  major coal  zone  with 3.5 m coa l  in a 4.7 m thick in terval  
and dipping 15 degrees  south (B.C. Depar tment  of Mines, 
1924, p. A126). Immediately e a s t  of this outcrop is  a deeply 
incised preglacial  channel which e l iminates  t h e  economic  
potent ia l  of much of t h e  area .  There  is, however,  a smal l  
a r e a  t o  t h e  east and south  of t h e  Alexandria Ferry  crossing 
which may b e  underlain by a major c o a l  seam.  

Coal Rank and Qual i ty  

Several  coal  analyses have been previously repor ted  and 
a r e  summarized on Figure  10.4. According t o  t h e  P a r r  
Formula  (ASTM, 1973, p. 561, t h e  coa l  ranks  Subbituminous 
"B" t o  "C" on a mois ture  mineral  m a t t e r  f r e e  basis. 
Excluding t h e  c l ay  partings,  t h e  coal  cont inues  t o  display an 
inherently high ash con ten t ,  averaging between 20 and 30 per  
c e n t  on a moisture-free basis. Although rank and quali ty a r e  
low, they a r e  comparable  t o  t h e  coal  s eams  a t  H a t  Creek  
200 km fa r the r  sou th  (Church, 1977). 

Conclusions 

The mid-Tertiary sediments  in t h e  Quesnel-Prince 
George  a r e a  can  be  divided in to  t w o  dis t inc t  s t ra t igraphic  
units  of which t h e  lower has  g r e a t e r  economic  potential .  
Coal  s eams  a r e  lenticular and high in ash. Some of t h e  
subsurface  d a t a  presently available a r e  of dubious quali ty and 
fur ther  dri l l  hole information is required t o  b e t t e r  de t e rmine  
t h e  s t ra t igraphy and obta in  more  a c c u r a t e  coal  resource  
information.  
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SOME WENLOCKIAN (SILURIAN) OSTRACODA FROM SOUTHWESTERN DISTRICT O F  MACKENZIE 

Project 720072 

M. J. Copeland 
Regional and Economic Geology Division 

Abstract 

Copeland, M.J., Some Wenlockian (Silurian) Ostracoda f rom southwestern  Dis t r ic t  of 
Mackenzie; in ~ u r r e n ' t  Research, Pa r t  B, Geol. Surv. Can., Paper 78-18, p. 65-72, 1978. 

A widespread ostracode fauna representa t ive  of the Ural-Cordilleran subprovince has  
been repor ted  f rom northwestern Canada. This fauna was previously presumed of l a t e  
Wenlockian? or  early Ludlovian? t o  Gedinnian age  but,  based on the  complete  faunal  
assemblage, is now demonstra ted  to  be  undoubtedly a s  old a s  Wenlockian and possibly ear ly  
Wenlockian. 

Introduction cosmopolitan l a t e  Silurian - ear ly  Devonian Ural-Cordilleran 

Lenz (1968, 1972, 1977) and others  have shown t h a t  
brachiopod, tr i lobite,  graptol i te  and conodont faunas  may b e  
used with varying degrees  of reliability t o  determine t h e  age  
of diverse early Paleozoic c las t ic  and carbonate  rock 
sequences in southern Yukon Terr i tory  and southwestern 
District  of Mackenzie. Ost racodes  a r e  also good s t ra t igra-  
phic markers throughout this a r e a  (Berdan and Copeland, 
1973; Copeland, 1974, 1977) but thei r  usefulness in corre-  
lation with ostracode faunas  elsewhere is l imited because 
many t axa  a re  new and no standard Paleozoic os t racode 
zonation exists. International zonation may not be possible, 
because, unlike some of the  previously mentioned fossil 
groups, many Paleozoic os t racode faunas  demonstra te  a high 
degree of provincialism (Copeland and Berdan, 1977). This 
permits detailed local correlation but usually not zonation on 
worldwide or continental  bases. Provincialism of many ea r ly  
Paleozoic ostracode faunas  may resul t  f rom fac ie s  control  
(Berdan. 1977) but also mav be  due  t o  t h e  shallow ~ l a t f o r m  
ben tho i i c  adapta t ions  of m k  rapid1 y evolving leperhiticopid 
and palaeocopid l ineages (Copeland, i n  press) - groups t h a t  
did not,  fo r  t h e  most  par t ,  survive t h e  Paleozoic. Failure of 
t hese  ostracodes t o  adapt  t o  even modera t e  environmental 
changes may have caused rapid ext inct ion of t axa  before  
thei r  extensive distribution could be a t ta ined.  

One of the  most widespread early Paleozoic os t racode 
faunas appears  t o  have existed in t h e  northern hemisphere 
during the  l a t e  Silurian and ear ly  Devonian within the  Ural- 
Cordilleran subprovince (Boucot and Johnson, 1973). This w a s  
suggested earlier (Copeland, 1977, fig. 8) but t h e  t i m e  of 
inception of this os t racode fauna was questionable due  t o  lack 
of associated fauna on which t o  base  exac t  correlation. Lenz 
(1977) recently presented evidence fo r  t h e  occurrence  of 
Wenlockian faunas  in eas tern  Selwyn Basin based on brachio- 
pods, tr i lobites and conodonts f rom t w o  collections which a lso  
conta in  silicified ostracodes.  These collections a r e  f rom 
calcareous s t r a t a  6 miles (10 km) e a s t  of Avalanche Lake 
(62'23'N; 127"03'W), 300-330 f e e t  (90-99 m )  and 675-685 f e e t  
(225-228 m) below t h e  top  of a sect ion transit ional between 
the  Whittaker and Road River formations.  Thirty brachiopod 
t a x a  occur in t h e  stratigraphically higher collection (300- 
330 f t )  and Lenz (1977, p. 1524) s t a t e s  that  "the overall  
brachiopod evidence suggests a Wenlockian age ,  an a g e  
consistent with t r i lobi te  faunas". The stratigraphically lower 
interval (675-685 f t )  contains only 6 brachiopod genera but 
has coriodonts suggestive of "the amorphognathoides Zone of 
l a t e  Llandoverian and ear ly  Wenlockian age. In view of t h e  
presence of Atrypel la  and Janius  i n  t h e  fauna,  an  ear ly  
Wenlockian a g e  is tenta t ively  suggested". Based on previ- 
ously known occurrences  of similar os t racodes  f rom north- 
western  Canada, only a l a t e  Wenlockian? t o  ear ly  Ludlovian 
a g e  could b e  assigned t o  these  Avalanche Lake collections. 
Considering t h e  faunal evidence presented by Lenz, however,  
a Wenlockian assignment is  probable. This implies tha t  t he  

os t racbde fauna was  of longe; dura t ion in northwestern 
Canada than previously known, with severa l  gene ra  in  t h e  
Avalanche Lake collections appear ing ear l ier  t han  the i r  
Ludlovian Uralian counterpar ts  repor ted  by Abushik (1 968) 
and Abushik and Modzalevskaya (1973). 

As more  evidence becomes available i t  i s  probable t h a t  
zonation of th is  os t racode fauna will become refined and 
more  exac t  ages  may be assigned t o  s t ra t igraphic  units 
containing this assemblage. At present  i t  appears  t h a t  a 
t en ta t ive  faunal progression of Beyrichia (Ekyrichia) lenzi  n. 
sp. (Wenlockian - ear ly  Ludlovian), B. (B.) henningsrnoeni 
McCill (Ludlovian) and B. (6.) a rc t igena  Martinsson 
(Cedinnian) may prove of s t ra t igraphic  importance  throughout 
northwestern and Arc t i c  Canada. 

Table 11.1 

Occurrence  of Wenlockian ostracodes,  Avalanche Lake 
and Delorme Range, Dis t r ic t  of Mackenzie 

Localit ies 
Ostracode Species Avalanche Lake Delorme Range 

300-330 675-685 C-47-150 C-47-100 

*Ludvigsenites? sp. X 
+ Treposella sp. X ? 
*Beyrichia (Beyrichia) 

lenzi X X X 
+Yukonibolbina sp. c f .  

Y. plana X 
+Cornikloedenina 

lorangerae  
*Retisacculus? sp. X 
Alaskabolbina sp. X 

+Berdanopsis ursensis X 
*'Ctenobol binat 

rnackenziensis X 
'Aparchites' sp. X 

+Undulirete 
mackenziensis X X X 

+Liburnella sp. c f .  L. 
a m  bigua X X X 

+Processobairdia 
delormensis X X X X 

+Acanthoscapha 
subnavicula X X X 

+Cadmea a c u t a  X X X 
+Cooperat ia  lacrirnosa X X X 
+Silenis proteus  X X 
* Arcuar ia  avalanchensis X 

Ockerella? sp. X X 
*Anti janusella spinosa X 

Camdenidea?  sp. X ? 

* species described he re  
+ species described in Copeland, 1977 



Collections similar t o  those from the Avalanche Lake 
Section i n  Selwyn Basin were obtained from calcareous strata 
of upper Whittaker and lower Delorme formations i n  Root 
Basin t o  the east (Copeland, 1977). These basins are 
separated by Redstone Arch, a positive structural feature 
that was transgressed intermittently during the early Paleo- 
zoic and served as a southward-trending barrier separating 
the deeper, open ocean Selwyn Basin from the shallower, 
possibly restricted Root Basin embayment. Lenz (1974, 
p. 1125) considered brachiopods from the uppermost 
Whittaker Formation of Root Basin as late Wenlockian or 
early Ludlovian. There, the Whittaker Formation is con- 

Whittaker formations rocks some 300 feet (90 m) below the 
Whittaker-Delorme contact (Lenz, pers. comm.). I f  correla- 
tion based on ostracode fauna from these two sections is 
accepted, the Whittaker-Delorme contact at  Avalanche Lake 
i n  eastern Selwyn Basin would appear to  be somewhat younger 
than that same contact i n  Delorme Range of Root Basin. 

Systematic Paleontology 

Subclass Ostracoda Latrielle, 1806 

Order Archaeocopida Sylvester-Bradley, 1961 
formably overlain by lower beds of the Delorme Formation Family Beyrichonidae? Ulrich and Bassler, 1931 
and the age of their contact may be equated approximately 
with the W enlockian-Ludlovian boundary. In eastern Selwyn Genus Ludvigsenites Copeland, 1974 
Basin, however, contact of the Whittaker and Delorme Ludvigsenites? sp. 
formations with the Road River Formation is highly diachro- 
nous, clastic strata of the Road River Formation to  the Plate li.1, fig.3 
southwest lying i n  juxtaposition with carbonate rocks of both 
the Whittaker and Delorme formations to  the northeast. 
Correlation between these continental slope and platform 
rock sequences of Selwyn Basin may only be effected 
paleontologically and the Ostracoda seem to present one 
potential faunal solution to  this problem. 

Twenty-one ostracode species have been recovered 
from the two Avalanche Lake collections: 20 from the upper 
300-330 foot interval and 4 from the lower 675-685 foot 
interval. Eleven of these species were reported previously 
(Copeland, 1977) i n  strata of late Wenlockian? to  late 
Ludlovian age. Of the stratigraphic sections reported 
therein, greatest similarity exists between ostracode fauna of 
the 300-330 foot interval a t  Avalanche Lake and those 5 feet 
(1.5 m) above and 45 feet (13.5 rn) below the conformable 
Whittaker-Delorme contact 75 miles (120 km) t o  the north- 
east i n  Root Basin at  localities C-47-150 and C-47-100 of 
Section V I  i n  Delorme Range (Table 11.1). The Avalanche 
Lake collection i n  Selwyn Basin occurs i n  Road River and 

Description. Valve elongate, postplete, wi th long, straight 
hingeline. Bilobate, S2 straight, long, deep, near mid valve. 
Anterior lobe with near marginal anterior hooklike process 
slightly below dorsum, and prominent, hemispherical node 
anterior of S2. Posterior lobe inflated, wi th prominent 
posteriorly directed posterodorsal tubercle obscuring 
posterior end of hinge i n  lateral view. 

Length of right valve, 5.6 mm, height 3.0 mm. 

-. GSC 54764. 

Occurrence. Avalanche Lake loc. 300-330, Wenlockian. 

Remarks. This specimen differs from L. mackenziensis, the 
type species, i n  having a vertical instead of inclined 52, a 
prominent node on the anterior lobe anterior of S2 and the 
posterior tubercle higher on the posterior lobe. The shell is 
etched so that the surface texture of the valve and the 
possible presence of an 'eye tubercle' are unknown. 

PLATE 11.1 

(A l l  specimens from locality 300-330, except figure 12) 

Figures 1, 2. 'Ctenobolbina' mackenziensis n. sp. l e f t  lateral views of two tecnomorphic? 
valves, x 40 and x 20, GSC 54762, 54763. 

Figure 3. Ludvigsenites? sp., right lateral view of a valve, x 10, GSC 54764. 

Figures 4, 5. Retisacculus? sp., right and l e f t  lateral views of two valves, x 40, GSC 54765, 
54766. 

Figure 6. Udulirete mackenziensis Copeland, right lateral view of a valve, x 40, GSC 
54767. 

Figure 7. Treposella sp., right lateral view of a valve, x 40, GSC 54768. 

Figure 8. Berdanopsis ursensis Copeland, right lateral view of a tecnomorphic valve, x 
40, GSC 54769. 

Figures 9, 10, 13. Alaskabolbina sp., l e f t  lateral, ventral and right lateral views of three valves, 
x 40, GSC 54770-54772. 

Figure 11. Yukonibolbina sp. cf. Y. plana Copeland, l e f t  lateral view of a valve, GSC 
54773. 

Figure 12. Berdanopsis royalensis? Copeland; right lateral view of a broken hetero- 
morphic valve, x 20, loc. CH-27-770, GSC 54774. 

Figures 14-23. Beyrichia (Beyrichia) lenzi n. sp., a l l  figures x 20. 14, right. lateral view of a 
tecnomorphic valve, paratype, GSC 54775; 15, r ight lateral view of a 
heteromorphic valve, holotype GSC 54776; 16, ventral view of a heteromor- 
phic carapace, paratype GSC 54777; 17-19, l e f t  lateral views of three 
tecnomorphic valves, paratypes GSC 54778-54780; 20, r ight lateral view of a 
tecnomorphic valve, paratype GSC 54781; 21, ventral view of a right 
heteromorphic valve, paratype GSC 54782; 22, l e f t  lateral view of a 
tecnomorphic valve, paratype GSC 54783; 23, r ight lateral view of a 
tecnomorphic valve, paratype GSC 54784. 





This specimen and those  of t h e  type  species  were  
recovered from s t r a t a  near  the  continental  shelf-continental  
slope deposits in ter face .  Both may represent a deeper marine 
os t racode fauna t h a t  is presently unknown. The occurrence  
of a Wenlockian archaeocopid is of importance as i t  extends 
t h e  range of t h e  Archaeocopida from t h e  Middle Ordovician 
(Esbataottine Formation) in to  the  Middle Silurian. 

Order Palaeocopida Henningsmoen, 1953 

Family Beyrichiidae Matthew, 1886 

Genus Beyrichia M'Coy, 1846 

Subgenus Beyrichia (Beyrichia) M'Coy, 1846 

Types. Holotype, GSC 54776, paratypes,  GSC 54775, 54777- 
54784. 

Occurrences. Avalanche Lake, loc. 300-330; Sect ion VI, locs. 
C-47-100, C-47-150; Section VI I I ,  loc. 5-2-795 (Copeland, 
1977, p. 20). 

Remarks. This species appears  most nearly similar t o  6. (6.) 
halliana Martinsson of t h e  Upper Visby-Slite beds of Gotland. 
6. (B.) halliana however, has  more  pronounced and discre te  
dorsal cusps, t h e  anter ior  lobe is not dissected by a non 
tubercula te  furrow continuous posteriorly with t h e  syllobial 
groove, t h e  crumina is ventrally s t r i a t e  not  t ube rcu la t e  a s  in 
8. (B.) lenzi and t h e  marginal s t ruc tu re  i s  a ridge, not 
dent icula te  a s  in B. (6.) lenzi .  

Beyrichia (Beyrichia) lenzi n. sp. 

P l a t e  11.1, figs. 14-23 Genus Ret isacculus  Martinsson, 1962 

Beyrichia (Beyrichia) sp. 1. Copeland, 1977, p. 20, pl. I, Retisacculus? sp. 

figs. 5, 6. PI. 11.1, figs. 4, 5 

Description. Medium sized Beyrichia species,  pronouncedly Description. Valves semicircular in la tera l  view, hingeline 
tubercula te  with more  numerous and undiferrentiated larger straight about five,sixths g rea te s t  length,  f r e e  margin evenly 
tubercles on the  ventral part  of t he  valve, separa ted f rom the  curved. Velar flange smooth,  narrow. Anterior and posterior 
less tubercula te  dorsal par t  of t h e  valve by t h e  non lobes evenly inflated,  no evidence of L2, both lobes united 
tubercula te  syllobial groove and non tubercula te  furrow broadly beneath thin,  shallow S2 which lies in dorsal third of 
between t h e  anter ior  lobe and anteroventra l  field. Anterior valve. Both lobes extending dorsally above t h e  hinge with 
lobe and syllobium cuspate,  connected beneath  S2 without suggestion of dorsal cr is tae .  Surface uniformly re t icula te  
lobular differentiation. Preadductorial  lobe pustulose, broad, excep t  for thin S2. Only tecnomorphs known. 
low, feebly di f ferent ia ted  f rom anterior lobe. Adductorial 

Types. GSC 54765, 54766. sulcus shor t ,  in dorsal half of valve. Heteromorphic velum a 
low, tubercula te  ridge with one  major row of supravelar Occurrence. Avalanche Lake, loc. 300-330, Wenlockian. 
spines, tecnomorphic velum tubercula te  with t w o  or  more  
rows of randomly distributed supravelar tubercles. Hetero- Remarks-  These tecnomorphic  specimens a r e  treposell ine in 

appearance and seem t o  be  most  closely allied with Ret isac-  
m O r ~ h i c  crumina globular, with low culus because of the obsoJescence of the preadduc- 
tubercles or pustules, in anteroventra l  field. Marginal ridge torial lobe. R. mmmatatvr and semicolonatur, the 
tubercula te .  

median sulcus of Ret isacculus  sp. is  very shallow and thread 
Length of holotype, GSC 54776, 2.5 mm, height 1.5 mm; like,  only one re t icule  wide and about a s  deep  a s  the  

length of Paratype, GSC 54775, 2.2 mm,  height 1.3 mrn; surrounding reticulae.  Until heteromorphic specimens  a r e  
length of paratype, GSC 54780, 2.3 mm,  height 1.4 m m .  found, t he  exac t  position of th is  species is  in doubt. 

PLATE 11.2 
(All specimens  f rom locali ty 300-330) 

Figures 1-4. 

Figures 5-7. 

Figure 9. 

Figure 10. 

Figures 1 1, 12. 

Figure 13. 

Figures 14, 23. 

Figure 15. 

Figures 16-18. 

Figures 19, 20. 

Figures 8, 21, 22. 

Arcuaria avalanchensis n. sp., a l l  figures x 20. 1, right in ter ior  view of a 
valve, para type GSC 54785; 2, 3,  r ight l a t e ra l  views of t w o  carapaces ,  
holotype GSC 54786, para type GSC 54787; 4, dorsal  view of a carapace ,  
para type GSC 54788. ' 

Cadrnea a c u t a  Copeland, a l l  f igures x 20. 5, r ight  in ter ior  view of a valve, 
GSC 54789; 6, 7, l e f t  and right la tera l  views of t w o  carapaces ,  GSC 54790, 
54791. 

Camdenidea?  sp., l e f t  la tera l  view of a valve, x 20, GSC 54793. 

Libumella sp. c f .  L. ambigua (Lundin), la tera l  view of a ca rapace ,  x 20, GSC 
54794. 

Acanthoscapha subnavicula Abushik, dorsal view of a ca rapace  and l e f t  la tera l  
view of a valve, x 40, GSC 54795, 54796. 

Ockerella? sp., l e f t  la tera l  view of a valve, x 40, GSC 54797. 

'Aparchites' sp., l a t e ra l  and in ter ior  views of t w o  valves, x 20, GSC 54798, 
54807. 

Coopera t i a  lacr imosa Copeland, right l a t e ra l  view of a ca rapace ,  x 20, GSC 
54799. 

Processobairdia delormensis Copeland, a l l  f igures x 20. 16, dorsal view of a 
ca rapace ,  GSC 54800; 17, 18, l e f t  and right la tera l  views of t w o  valves, GSC 
54801, 54802. 

Libumella sp. c f .  L. arnbigua (Lundin), la tera l  views of t w o  valves, x 40, GSC 
54803, 54804. 

Antijanusella spinosa n. sp., a l l  figures x 20. 8, l e f t  l a t e ra l  view of a valve, 
para type GSC 54792; 21, 22, right la tera l  and dorsal views of t w o  carapaces ,  
para type GSC 54805, holotype GSC 54806. 





~ a m i l ;  HolJinidae Swartz ,  1936 Family I<rallsellidae Berdan, 1961 

Genus Ctenobolbina Ulrich, 1890 Genus Antijanusella n. gen. 

'Ctenobolbina' mackenziensis n. sp. 

PI. 11.1, figs. 1, 2 

Description. Valves preplete;  hingeline s t ra ight ,  four-fifths 
g rea te s t  length. Cardinal angles abrupt,  obtuse. Anterior 
margin broadly curved, confluent with venter;  posterior 
margin more  narrowly rounded. 

Bisulcate, S I  indistinct,  joined t o  prominent S2 dorsal of 
large ,  hemispherical L2. S2 narrow, inverted comma-shaped, 
s i tuated near mid valve. L3 broad, low. Domicilium surface  
covered with minute papillae. 

Velar frill prominent, broadest anteriorly and antero-  
ventrally,  produced in to  well developed posteriorly d i rec ted,  
hollow posteroventral  spine  and narrowing considerably across 
t h e  posterior par t  of t h e  valve a s  a low ridge curved parallel 
with t h e  posterior margin. Velum of presumed tecnomorphic 
valves slightly flaring laterally.  Subvelar field channeled t o  
smooth marginal ridge. Presumed heteromorph unknown. 

Length of holotype, GSC 54762, 1.6 m m ,  height 0.9 mm. 

Types. Holotype, GSC 54762, para type,  GSC 54763. 

Occurrence. Avalanche Lake, loc. 300-330, Wenlockian. 

Remarks. This species is  most similar t o  Ordovician species 
such a s  'Ctenobolbina' punc ta t a  Ulrich t h a t  lack an a l a t e  
process on the  domicilium. Those Ordovician species have a 
less pronounced preadductorial  node, 52  is generally deeper 
and may extend a s  a shallow furrow t o  t h e  velum on s o m e  
species. 

Order Podocopida Miiller, 1894 

Farnily Bairdiocyprididae Shaver,  1961 

Genus Arcuar ia  Neckaja,  1958 

A r c w r i a  avalanchensis n. sp. 

PI. 11.2, figs. 1-4 

Description. Valves somewhat bairdiid in la tera l  view, dorsum 
highly arched,  g rea t e s t  height near mid length of valve. 
Hinge shor t ,  at g rea te s t  height,  about  one-fifth g rea te s t  
length of valve. Posterodorsal slope s t ra ight  t o  slightly 
convex, meet ing posteroventral  slope at slight angulation. 
Ventral margin gently curved, sl ightly convex in both valves 
in anter ior  half. Anterior margin narrowly rounded. Right 
valve with a dorsal protuberance t h a t  overreaches l e f t  valve 
a t  hinge; lef t  valve completely overlapping right valve except  
along hinge. 

Circular adductorial  muscle sca r  visible on valve 
anter ior ,  somewhat  anter ior  of mid length and ventra l  of mid 
height; a t  about height of posterior angulation. Surface 
smooth. 

Length of holotype, GSC 54786, 2.60 mm, height 
1.50 mrn; length  of paratype, GSC 54787, 2.45 mm, height 
1.30 mm. 

m. Holotype, GSC 54786, para types ,  GSC 54785, 54787, 
54788. 

Occurrence. Avalanche Lake, loc. 300-330, Wenlockian. 

Remarks. A. avalanchensis is  larger  but very similar in 
la tera l  view and a g e  t o  A. delormensis Copeland, 1977. The  
present species has a pronounced dorsal protuberance on the  
right valve in t h e  position of t h e  smooth dorsal overreach of 
A. delormensis. 

Type species Antijanusella spinosa n. sp. 

Included species Spinobairdia? sp. Copeland, 1977 

Diagnosis. Subtriangular janusellid l ike os t racodes  with L/R 
f r e e  marginal overlap and R /L  dorsal overreach. Right  valve 
with a pronounced spine a t  apex of dorsum. Both valves 
posteriorly acuminate.  

Discussion. Antijanusella i s  similar t o  o ther  gene ra  of the  
Krausell idae only in t h a t  both valves a r e  distinctly d i f ferent  
and t h e  l e f t  valve overlaps the  right valve ventrally. Unlike 
Krausella and Janusella however, both valves of Antijanusella 
a r e  acuminate  posteriorly, t he  l e f t  valve extending past  the  
right valve. As exemplified by t h e  type  species,  t h e  
morphology of Antijanusella is  fundamentally opposite t o  t h a t  
of Janusella both in reversal  of g rea t e s t  posterior 
acurnination and occurrence  of t h e  dorsal spine. Consider- 
ation of Spinobairdia? sp. Copeland, 1977 a s  an  antijanusellid 
is possibly questionable a s  t h a t  species is  based on an 
incomplete right valve which, however, bears a prominent 
dorsal spine. 

&. Wenlockian, ?Pridolian. 

Antijanusella spinosa n. sp. 

PI. 11.2, figs. 8, 21, 22 

Description. Subtriangular-bairdiid in la tera l  view, g rea te s t  
height slightly anter ior  of mid length,  g rea t e s t  length in 
ventra l  half of valve. Hingeline shor t ,  a t  apex of dorsum, 
antero- and posterodorsal slopes s t ra ight ,  inclined, anter ior  
margin compressed, narrowly curved t o  s t ra ight  venter ,  
posterior margin acuminate  in both valves. Le f t  valve 
overlapping right along f r e e  margin,  r ight valve overreaching 
lef t  dorsally and produced into a strong, dorsally directed 
spine. Surface  smooth. 

Length of holotype, GSC 54806, 2.1 mm, height 1.4 mm; 
length of paratype, GSC 54805, 1.9 mm, width of ca rapace  
0.7 mm. 

Types. Holotype, GSC 54806, paratypes,  CSC 54792, 54805. 

Occurrence. Avalanche Lake, loc. 300-330, Wenlockian. 
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LOWER PALEOZOIC CHITINOZOA AND ACRITARCHA FROM NEWFOUNDLAND 

Introduction 
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Martin, F., Lower paleozoic Chitinozoa and  Acr i tarcha f rom Newfoundland; @ Cur ren t  Research, 
P a r t  B, Ceol. Surv. Can., Paper  78-lB, p. 73-81, 1978. 

Palynomorphs were recovered f rom samples  col lec ted principally f rom Upper Cambrian and  
Ordovician s t r a t a  in western  and eas t e rn  Newfoundland. Samples  f rom cen t ra l  Newfoundland 
volcanic bel t  were  barren. Palynomorphs a r e  identified and r e l a t ed  t o  previously described f o r m s  
f rom Europe, North Africa and North America.  

In t h e  course of two field seasons (1975; 19761, 
105 samples  intended for  chit inozoan and ac r i t a rch  study 
were  col lec ted in Newfoundland f rom rocks ranging in age  
from Middle Cambrian t o  Silurian, though principally La te  
Cambrian t o  Ordovician. For t h e  purposes of this repor t  t h e  
subdivision of Newfoundland in to  th ree  pa r t s  - Western 
Pla t form,  Cen t ra l  Volcanic Mobile Belt and Avalon 
Platform - proposed by Williams (1964) is  followed 
(Fig. 12.1, 12.2). 

Western Pla t form 

Por t  au  Por t  Peninsula 

GSC Loc. 92983 and 94410. Long Point Group, Winterhouse 
Formation; old quarry immediate ly  southeas t  of t h e  fishing 
huts near  t h e  west  end of Clam Bank Cove, 750 m northwest 
of Lourdes. Both samples a r e  f rom jointed, slickensided, dark 
grey-green mudstone and sha le  which a r e  over turned t o  the  
northwest.  Loc. 92983 is  f rom t h e  s t ra t igraphical ly  youngest 
I m of s t r a t a  ( that  is, in t h e  lowest par t  of t h e  quarry); 
Loc. 94410 is  f rom a level 2.5 m s t ra t igraphical ly  older.  The 
s t r a t a  a r e  in  t h e  higher par t  of t h e  Winterhouse Formation a s  
defined by Bergstrom et al .  (1974) and l i e  above t h e  213 m 
(700 f t )  omit ted  f rom their  sect ion by those  authors  (op. cit., 
p. 1630). 

The present co"ections relate Only Port Port GSC Loc. 92987. Table Head Formation; shale  in e a s t  side of Peninsula, Cow Head Peninsula and the  Table Point a rea ;  excavation fo r  the more northerly of the two fuel  tanks 
microfossil iferous locali t ies and s t ra t igraphic  horizons a r e  s i tuated west  of road No. 59 leading t o  Fox lsland River,  and listed below by a r e a  but  discussion of t h e  microfossils i s  not  

km north-northeast of Port au Port The rocks subdivided. Few t axa  of Chitinozoa and Acr i tarcha a r e  correspond to part of the Table Head Formation as present (Fig' 12'3)' The latter' than the described for  i t s  type  a r e a  by Whittington (1965, p. 286); the  particularly resemble  those  of t h e  Baltic region. locali ty was  noted by Kay (1967). 

I I I 

COW HEAD - 
NEW WORLD ISLAND 50" 

CENTRAL VOLCANIC MOBILE B E L T  

Km PENINSLnA SALMONIER 
BROOK 

58' I 56' 54* 

GSC Loc. 94409. Clam Bank Formation, lower par t ;  headland 
a t  west end of Clam Bank Cove, 850 m nor thwest  of Lourdes. 
The horizon is  possibly in Bed 2 of t h e  measured sect ion given 
by Schuchert  and Dunbar (1934, p. 106); t h e  locali ty was  
noted also a s  "Stop 6-5" by Poole and Rodgers (1972, p. 96). 
The succession he re  i s  inverted and t h e  sample  is  f rom a level 
1 m 40 stratigraphically above t h e  base of Bed 2. On t h e  basis 
of thei r  finding Carnarocrinus,  Schuchert  and Dunbar (1934, 
p. 104) assigned an  Early Devonian age  t o  t h e  Clam Bank 
Formation; Boucot (1969, p: 477) suggested t h a t  it belongs t o  
the  PFidoli Series,  highest S~ lu r i an .  

GSC Loc. 94417. Humber Arm Sequence. The sample  is from 
che r ty  l imestone on t h e  nor th  side of t h e  smal l  bay about 
300 m south of Black Point, t h e  northern ex t r emi ty  of East  
Bay and s i tuated 5.5 km north-northeast  of Por t  au  Por t  
Village. The horizon i s  probably in Bed 5 of Schucher t  and 
Dunbar (1934, p. 921, and t h e  locali ty i s  "Stop 6-3" of Poole 
and Rodgers (1972, p. 94). For additional notes s e e  Morris and 
Kay (1966). 

Cow Head Peninsula 

The a r e a  is  s i tuated about  190 km nor theas t  of 
Por t  au  P o r t  and t h e  s t ra t igraphy has been described by 
Kindle and Whittington (1958) whose numbered l i thostrati-  
graphic  uni ts  a r e  employed in t h e  following account .  

GSC Loc. 94384. Cow Head Group; lowest third of bed 11. 
The sample  is  f rom a ca lc i lu t i te  1 t o  2 m below the  
conglomerate  of bed 12, on t h e  e a s t  side of The Ledge and 
near  t h e  base  of t h e  cliff. 

Figure 12.1. Sketch-map of Newfoundland, showing location 
of collecting areas.  

' ~ n s t i t u t  Royal des  Sciences Naturelles de  Belgique, 
rue  Vautier, 31, B - 1040 Bruxelles 



AGE 

Figure 12.2. Geographic and s t ra t igraphic  distribution of samples containing chitinozoa and/or 
acr i tarchs .  Leiospheres and undeterminable chitinozoa and/or ac r i t a rchs  a r e  no t  
taken in to  account.  Numbers in t h e  Geographic Location column re fe r  t o  t h e  
following: 

1. Bergstrorn et al., 1974; 9. Localit ies along road 352, between 4.2 km 
2. Riley, 1962; and 15.45 km south of southern l imi t  of 

Co t t r e l l s  Cove village, Notre  Dame  Bay. 
3. Units 6-14 of Kindle and Whittington, Unit  0 2  of Williams, 1967; 

1958; 
10. Hutchinson, 1962, Jenness,  1963, Dean, 

4. Whittington and Kindle, 1963; 1976; 

. 

5. Schucher t  and Dunbar, 1934; 

6, Units 2-5 of Horne, 1976; 

11. Hayes, 1915, Rose, 1952, Dean and 
Martin, in press; 

Pridoli 
(= U.Silurian) 

Caradoc (& 
?u.~shgill) 

Caradoc 

Llanvirn - 
~landeilo 

Arenig - 
Llanvirn 

Tremadoc - 
Arenig 

Tremadoc 

Tremadoc - 
Llanvirn 

Llanvirn - 

Tremadoc - 
Arenig 

7. Cobbs Arm Limestone of Bergstrorn et al., 12. North bank of Salmonier Brook, c. 200 m 

1974; e a s t  of i t s  in tersect ion with t h e  
Marystown - St .  Lawrence road and 4 km 

8. Unnamed argil l i tes of Bergstrom et al., nor thwest  of Burin (see Hutchinson, 1962 
1974, p. 1651, fig. 9; fo r  genera l  notes, following unpublished 

work by T.N. Walthier). 
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Figure 12.2 (cont'd) 

z U 
H Z  

CSC Loc. 94386. Cow Head Croup; top of bed 9 and I m 
below the  conglomerate  of bed 10 on the  west side of The 
Ledge. The rock i s  dark  shale  containing numerous, well- 
preserved graptoli tes.  

C S C  Loc. 94387. Cow Head Croup; sha le  in basal portion of 
bed 9; west s ide  of The Head. 
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Table Point,  also known a s  Table Head, is  a headland 
s i tuated about  50 km north-northeast  of Cow Head. The 
sect ion was  described by Schuchert  and Dunbar (1934, p. 58, 
63) and redescribed by Whittington and Kindle (1963, 
particularly Fig. 11, whose terminology is  followed here. 
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GSC Loc. 94400. Top pa r t  of lower Table Head Formation. 
The sample  is  f rom a massive, nodular l imestone in the  
highest portion of bed 8, t h e  t o p  of which fo rms  Table Point 
i tself .  
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GSC Loc. 94403. Middle Table  Head Formation; dark  shales 
41 m above t h e  con tac t  with t h e  lower Table  Head 
Formation. South side of Table  Point. 

CSC Loc. 94408. Upper Table Head Formation. Dark shales in 
t h e  gully on t h e  shore a t  t h e  north end of the  "Beach Gravels" 
shown. by Whittington and Kindle (1963). The locali ty i s  not 
access ible  a t  high t ide.  
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Discussion 

Many samples f rom the  Green Poin 
Head Formation and Cow Head Group 
larvae  and f r agmen t s  of Graptoli thina a s  
(PI. 12.1, fig. 5). 

t Formation, Table 
contain abundant 

well  a s  leiospheres 

Shales of t he  Green Point Formation which outcrop in 
t h e  foot of t he  cliff a t  Tea  Cove, on the  southeas t  side of the  
southwestern end of Long Point and 2.5 km eas t  of Lourdes 
(see Riley, 1962, p. 16 for deta i ls  of section), contain only 
dispersed leiospheres and larvae  of dendroid graptoli tes.  The 
large  number and good preservation of these  suggest t h a t  t h e  
absence of chit inozoa and non-leiospherid acr i tarchs  i s  a 
pr imary feature .  

Sampling was carried out  in the  St.  George Formation 
a t  two  sections: ( I )  southeast  and southwest  of The Gravels, 
close t o  Por t  au Por t  (respectively f rom Beds 27 and 7 of 
Schuchert  and Dunbar, 1934, p. 47); and (2) t he  shore section 
immediately north of Table Point (Beds 21 and possibly 16 of 
Schuchert  and Dunbar, 1934, p. 58). These samples were  
barren of palynomorphs. 

In t h e  Cow Head Group at Cow Head Peninsula, beds 9 
and 11 of Kindle and Whittington (19581, a t t r ibuted by them 
t o  the  Arenig Series on the  basis of graptoli te evidence, 
yielded fairly numerous chitinozoa. GSC Loc. 94387, in the  

basal pa r t  of bed 9, f rom which Te t r ag rap tus  approximatus  
(Nicholson) i s  recorded, conta ins  Conochitina chydea  Jenkins, 
1967 and numerous Rhabdochitina u s i t a t a  Jenkins 1967. The 
uppermost pa r t  of bed 9 (GSC Loc. 943861, s t a t ed  t o  conta in  
Tetragraptus  quadribrachiatus (Hall), yielded R. us i t a t a  and, 
moreover,  numerous Arnphorachitina sp. R. us i t a t a  i s  present 
t o  the  exclusion of all o ther  t axa  in t h e  lowest third of bed I1  
(GSC Loc. 94384), from which Tetragraptus  f ru t icosus  (Hall) 
i s  recorded. 

Conochitina chydea and Rhabdochitina u s i t a t a  a r e  
known t o  range f rom t h e  Llanvirn t o  t h e  Caradoc  Series in 
Shropshire (Jenkins, 1967) and a r e  recorded f rom t h e  Table  
Head Formation of Por t  au  Por t  Peninsula and a t  t h e  sect ion 
between Three  Rock Point and Cape  Cormorant ,  southwest of 
Lourdes (Neville, 1974). The genus Amphorachitina Poumot ,  
1968 is  found in t h e  Tremadoc and lower Arenig Series of t he  
Algerian - Tunisian Sahara. 

The Table  Head Formation a t  i t s  t ype  locali ty Table 
Point, where i t  has  been corre la ted  with t h e  lower Llanvirn 
Series on t h e  bases of graptol i tes  and t r i lobi tes  (Whittington 
and Kindle, 1963) and conodonts (Fbhraeus, 1970), conta ins  
some  blackish chitinozoa, usually incomplete  and showing 
lines of f r ac tu re  (GSC Locs. 94400, 941r03, 94408). They a r e  
assigned t o  Lagenochitina c f .  L. bal t ica  Eisenack, 193 1, 
Desrnochitina cf .  D. lata Schallreuter,  1963 sensu Nevil.le, 

Figure 12.3. Distribution cha r t  fo r  chit inozoa and ac r i t a rchs  in t h e  Western Pla t form,  showing number of specimens per sample.  
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1974 and Conochitina chydea. These t axa ,  a s  well a s  
Rhabdochitina turgida Jenkins, 1967, a r e  be t t e r  preserved in 
the  middle Table Head Formation which outcrops t o  t h e  north 
of Por t  au Por t  (GSC Loc. 92987) and i s  dated a s  ear ly  
Llanvirn (Whittington, 1965, p. 268; 1968). The chitinozoa 
recorded above a r e  among those described by Neville (1974) 
f rom the  Table Head Formation exposed on the  northwest 
coas t  of Por t  au Por t  Peninsula and they give no additional 
precision t o  the  s t ra t igraphic  d a t a  already known for  these  
outcrops.  In West Shropshire C. turgida  i s  known from t h e  
Llanvirn and Llandeilo Series (Jenkins, 1967). 

In the  strongly faulted rocks on t h e  eas t  side of East 
Bay, one sample  (GSC Loc. 94417) f rom the  Humber Arm 
sequence provided some acr i tarchs;  all  a r e  referred t o  
Peteinosphaeridium micranthum (Eisenack, 1959) and P. cf.  P. 
nanofurcatum Kjellstrom, 197 1. 

The holotypes of both these  species c a m e  from the  
Ordovician of the  Baltic region; the  f i r s t  is  f rom the  "Unterer 
Glaukonitkalk B2I1, the  age  of which is  s t a t ed  t o  be Arenig, 
and t h e  second is  f rom t h e  Viru "Series", which has been 
corre la ted  with t h e  Zone of Glyptograptus tere t iusculus  (now 
equated with the  lower Llandeilo Series). 

A t  the  west end of Clam Bank Cove, Por t  au Por t  
Peninsula, the  upper par t  of the  Winterhouse Formation 
(Unit G, Area  3 of Fahraeus,  1973, p. 1829), which lies 
stratigraphically below a reddish, palynologically barren 
ser ies  of conglomerates (the succession here  is  inverted), 
contains chit inozoa and acr i tarchs ,  both of which a r e  
relatively well preserved and translucent.  More than 213 m 
(700 f t )  below this horizon Riva (in Bergstrom e t  al., 1974, 
p. 1631) recorded Cl imacograptus  cf.  C. manitoulinensis 
Caley, 1936, on t h e  basis of which he suggested th i s  portion 
of the  Winterhouse Formation t o  be of Cincinnatian a g e  (i.e., 
highest Caradoc to  Ashgill in t e rms  of the  British s tandard 
succession). A recent  account  (Dean, In press) of t he  
stratigraphy and tri lobites of the  Long Point Group suggests 
t h a t  t he  Winterhouse Formation may  be  no younger than 
Barneveld in age ,  and t h a t  a large  s t ra t igraphic  break 
sepa ra t e s  t h e  rocks f rom those  of t he  overlying Clam Bank 
Formation. The two palynologically productive levels (GSC 
Loc. 92983 and 944101, which according t o  Bergstrom e t  al .  
(1974, fig. 7) would thus be of an age  equivalent t o  t h e  
Pleurograptus l inearis Zone or  Dicellograptus complanatus  
Zone, conta in  similar chitinozoa. The assem blage, d i f ferent  
f rom t h a t  known from the  D. complanatus  Zone of Anticosti  
Island (Achab, 1977), indicates a Caradoc ra ther  than an 
Ashgill age. I t  contains the  following, listed in order  of 
decreasing frequency: Hercochitina af f. H. downiei Jenkins, 
1967, Kalochitina multispinata Jansonius, 1964 and 
Ancyrochitina a la t icornis  Jenkins, 1967. Elsewhere H. downiei 
is  known only f rom t h e  Onnian Stage,  higher Caradoc Series,  
of South Shropshire (Jenkins, 1967). Kalochitina multispinata 
is  described from the  Meaford and Dundas format ions  of L a t e  
Ordovician age ,  in Ontar io  (Jansonius, 1964) and i s  abundant 
in  some  levels of t he  Viola Limestone and Sylvan Shale of 
Oklahoma (Jenkins, 1969; 1970), s t r a t a  assigned, respectively,  
t o  t h e  Caradoc and Ashgill Series; i t s  frequency is variable in 
t h e  Trenton and Utica groups in the  cen t r a l  par t  of t h e  
St.  Lawrence Pla t form (author's unpublished data). In South 
Shropshire Ancyrochitina a la t icornis  occurs  abundantly f rom 
t h e  Longvillian S tage  t o  t h e  Actonian S tage  of t h e  Caradoc  
Series .(Jenkins, 1967). One damaged specimen has  been 
recorded f rom the  Table Head Formation of the  Por t  au Por t  
Peninsula (Neville, 1974) and the  species may be locally 
abundant in the  Trenton Group around Montreal (author 's  
unpublished data).  The acr i tarchs  f rom t h e  upper par t  of t h e  
Winterhouse Formation d o  no t  permit  a precise  a g e  
assessment.  Multiplicisphaeridium bifurcatum Staplin et al., 
1965 is  known from the  Middle Ordovician of Anticosti  Island 
(Trenton Group, Staplin et al., 1965, p. 182) and Gotland 

(Viruan1'Series", Kjellstrom, 19711, a s  well as f rom t h e  
Caradoc and ?Ashgill Series of Belgium (Martin,  1974). 
Goniosphaeridium polygonale (Eisenack) Eisenack, 1969 and 
Pete inosphaer id ium breviradiatum(Eisenack) Kjellstrom, 197 1 
a r e  long ranging species  in t h e  Ordovician and Silurian of 
Europe (Martin, 1974). In addition P. breviradiatum is found 
in the  Chazy, Trenton and Utica groups of t he  cen t r a l  
St. Lawrence Pla t form (author 's  unpublished data).  Only one  
specimen of Actipilion aff.  A. druggii  Loeblich, 1970 was  
found in t h e  Winterhouse Formation; t h e  types  of t h i s  species  
were  described f rom t h e  Sylvan Shale of Oklahoma. 

According t o  Boucot (1969, p. 477) t h e  Clam Bank 
For,ma:ion probably represents  the  Piidoli Series,  t h e  topmost 
subdivision of t h e  Silurian, a conclusion based upon 
brachiopod evidence. The lower pa r t  of t h e  format ion at 
Clam Bank Cove (GSC Loc. 94409) conta ins  spores,  t h e  alga 
Tasrnanites and very r a re  acr i tarchs .  Among the  las t  named, 
Micrhystridium s te l la tum Deflandre,  1945 is particularly long 
ranging and has been reported from Ordovician t o  ear ly  
Mesozoic sediments  (Martin, 1969; Lister,  1970). The genus 
Onondagaella Cramer ,  1966 is  recorded f rom upper Silurian 
and Lower Devonian rocks (Playford, 1977). 

Cen t ra l  Volcanic Mobile Belt  

The samples,  a l l  of Ordovician age ,  f rom th i s  region 
were  obtained f rom locali t ies at New World Island, Gander 
Bay and Notre  Dame  Bay (for list of locali t ies s e e  Fig. 12.2). 
None yielded determinable  Chitinozoa or  Acritarcha. 

Avalon P la t fo rm 

This region has  yielded t h e  most productive samples. 
At Bell Island, Conception Bay (Fig. 12.1) th ree  successive 
acr i tarch assemblages,  of Tremadoc t o  Arenig age ,  were  
found in the  upper par t  of t h e  Bell Island Group and t h e  
exposed portion of the  Wabana Group as interpre ted by Rose  
(1952; Dean and Martin, in press). T h e  t w o  l a t t e r  groups 
contain few macrofossils with t h e  exception of inar t icula te  
brachiopods, which may be locally abundant;  t he  youngest 
outcrops of t h e  Wabana Group conta in  r a re  graptol i tes  and 
tri lobites indicating an Early Arenig age. 

A t  Random Island, Trinity Bay (Fig. 12.1) progressive 
changes  in t h e  composition of ac r i t a rch  assemblages permit  
t h e  recognition of six microfloras (Martin, in prep.) in t h e  
Manuels River,  Elliott  Cove and Clarenville formations.  The 
l a t t e r  have been a t t r ibu ted  respectively t o  the  Middle 
Cambrian, Upper Cambrian and Lower Tremadoc Series, 
principally upon t h e  evidence of t h e  t r i lobi tes  (Hutchinson, 
1962; Jenness,  1963; Dean, 19761, though t h e  precise location 
of t h e  Cambro-Ordovician boundary is not  yet  known. The 
numerous ac r i t a rch  t axa  from t h e  Avalon Pla t form show 
affinit ies with those  f rom Shropshire, Bohemia, Belgium and 
southwestern  France. 

Palynological Notes  

CHITINOZOA 

Genus Amphorachitina Poumot,  1968 

Arnphorachitina sp. 

P l a t e  12.1, f igure  23 

Figured specimen. GSC No. 56684. 

Remarks.  The specimens  vary in length f rom 450 t o  600 p m. 
They di f fer  f r o m  Amphorachitina conifundus Poumot,  1968 in 
having a more  distinct ora l  tube. The ogival shape of the  
oboral pole distinguishes the  genus f rom Lagenochitina 
Eisenack, 193 1. 



Plate  12.1 

Figures 1, 2, 4, 9, 15, 18. Rhabdochitina usitata Jenkins, 1967. Fig. I: GSC 56661, GSC 
Loc. 94384, x 110. Figs. 2, 4, 9, 15, 18: GSC Loc. 94387, x 100. Fig. 2: GSC 56662. Fig. 4: 
GSC 56663. Fig. 9: GSC 56664. Fig. 15: GSC 56665. Fig. 18: GSC 56666. 

Figure 3. Actipilion aff. A. druggii Loeblich, 1970. GSC 56667, GSC Loc. 92983, x 500. 

Figure 5. Graptoloid sicula and leiosphere; there is  no evidence of biological connection between 
the  two. GSC 56668, GSC Loc. 92987, x 100. 

Figures 6, 8. Desmochitina cf. D. lata sensu Neville, 1974. Fig. 6: GSC 56669, GSC Loc. 94400, 
x 200. Fig. 8: GSC 56670,'GSC Loc. 92987, x 200. 

Figures 7, 17, 24. Hercochitina aff. H. downiei Jenkins, 1967. Fig. 7: aboral part, GSC 56671, GSC 
Loc. 92983, x 1100. Fig. 17: GSC 56672, GSC Loc. 92983, x 200. Fig. 24: GSC 56673, GSC 
LOC. 94410, x 200. 

Figure 10. Rhabdochitina turgida Jenkins, 1967. GSC 56674, GSC Loc. 92987, x 100. 

Figure 11. Ancyrochitina alaticornis Jenkins, 1967. GSC 56675, GSC Loc. 94410, x 200. 

Figure 12. Goniosphaeridiurn polygonale (Eisenack, 1931). GSC 56676, GSC Loc. 92983, x 200. 

Figures 13, 19, 21. Kalochitina multispinata Jansonius, 1964. GSC Loc. 94410. Fig. 13: 
GSC 56677, x 200. Fig. 19: GSC 56678, x 200. Fig. 21: detail  of the ornamentation, 
GSC 56679, x 2800. 

Figure 14. Conochitina chydea Jenkins, 1967. GSC 56680, GSC Loc. 94408, x 200. 

Figure 16. Peteinosphaeridium cf. P. nanofurcatum Kjellstrorn, 197 1. GSC 5668 1, GSC 
LOC. 94417, x 500. 

Figure 20. Peteinosphaeridium micranthum (Eisenack, 1959). GSC 56682, GSC Loc. 94417, x 500. 

Figure 22. Lagenochitina cf. L. baltica Eisenack, 1931. GSC 56683, GSC Loc. 94403, x 100. 

Figure 23. Arnphorachitina sp. GSC 56684, GSC Loc. 94386, x 50. 

Figure 25. Peteinosphaeridium breviradiaturn (Eisenack, 1959). GSC 56685, GSC Loc. 944 10, x 500. 
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Genus Hercochi t ina  Jenkins, 1967 

Hercochi t ina  af f .  H. downiei Jenkins, 1967 

P l a t e  12.1, f igures 7, 17, 24 

Figured specimens. GSC No. 56671 (PI. 12.1, fig. 7), 
GSC No. 56672 (PI. 12.1, fig. 17), GSC No. 56673 (PI. 12.1, 
fig. 24). 

Remarks. Length of t h e  t e s t  varies f rom 130 t o  225 y m; tha t  
of the  somewhat  compressed and of ten  broken ornamentat ion 
is up t o  22 urn. The processes a r e  arranged in f rom about  10 
t o  15 longitudinal rows, and thei r  distal  ext remit ies  a r e  
interconnected on t h e  s a m e  row, f r ee  from those la tera l ly  
adjacent  To them;  they do not form a reticulum as  in 
Acanthochitina rashidi Jenkins, 1970. Although t h e  
dimensions and proportions of the  t e s t  and the  number of 
longitudinal rows of processes agree  with t h e  diagnosis of 
Hercochitina downiei, t h e  specific a t t r ibut ion is considered 
dubious because of t h e  Newfoundland mater ia l ' s  less 
developed ornamentation, which a t ta ins  a length of up t o  59 p m 
in t h e  Shropshire specimens. 

The ora l  tube  is  more  distinct and cylindrical than in 
both Acanthochitina rashidi and Kalochitina multispinata 
Jansonius, 1964. The specimen of K. mul t ispinata  figured by 
Jenkins (1970, text-fig. 6d) shows an e x t r e m e  example  of 
variation of the  ornamentat ion which is very  f a r  f rom t h a t  of 
typical representatives.  The longitudinal disposition of t h e  
ornamentat ion recalls t ha t  of Hercochitina aff .  H. downiei 
but t h e  rows a r e  closer together  and t h e  spines shorter.  
Hercochitina crickmayi Jansonius, 1964 is  larger  and bears  
more  numerous longitudinal rows of processes. 

Genus Rhabdochitina Eisenack 1931 

Rhabdochitina us i ta ta  Jenkins, 1967 

P la t e  12.1 , f igures  1, 2 , 4 ,  9, 15, 18 

1967 Rhabdochitina us i t a t a  Jenkins,  p. 468, PI. 74, figs. 13- 
15, 20; PI. 75, fig. 1. 

1974 Rhabdochitina us i t a t a  Jenkins, Neville, p. 202, PI. 7, 
figs. 12, 13, 16-18. 

Figured specimens. GSC No. 56661 (PI. 12.1, fig. I), GSC 
No. 56662 (PI. 12.1, fig. 2), GSC No. 56663 (PI. 12.1, fig. 4), 
GSC No. 56664 (PI. 12.1, fig. 9), GSC No. 56665 (PI. 12.1, 
fig. 151, GSC No. 56666 (PI. 12.1, fig. 18). 

Remarks. Size variation is  continuous and a l i t t l e  more  
important  than previously described. Tota l  length = 270 t o  
760 p m. Mucro rarely observed; wall  always smo6th. 

ACRITARCHA 

Genus Actipilion Loeblich, 1970 

Actipilion aff .  A. druggii Loeblich, 1970 

P l a t e  12.1, f igure 3 

Figured specimen. GSC No. 56667. 

Remarks.  A single specimen f rom the  Winterhouse Formation 
lacks  the  wall ornamentat ion of t h e  type species, which 
comes f rom t h e  Sylvan Shale of Oklahoma. The 
character is t ics  of t h e  proximal p a r t  of t h e  processes a lso  
permit  t h e  following Ordovician species f rom t h e  Baltic 
region t o  be assigned t o  Actipilion: A. ( b ~ t i s ~ h a e r i d i u r n )  
la t i radia tus  (Eisenack, 1959, p. 195) n. comb. and A. 
(Baltisphaeridiurn? 'constrictus (Kjellstrom, 197 1, p. 22) n. 
comb. 

Genus Goniosphaeridium Eisenack, 1969 

Goniosphaeridium polygonale (Eisenack, 193 1) 

P la t e  12.1, f igure  12 

1931 Ovum hispidum polygonale Eisenack, p. 113, PI. 4, 
figs. 16-20; PI. 5, fig. 18. 

1969 Goniosphaeridium polygonale (Eisenack, 1931 ), Eisenack, 
p. 257. 

Figured specimen. GSC No. 56676. 

Remarks.  All t h e  specimens  have numerous processes, t h e  
distal  ends of which a r e  filled with an  undetermined opaque 
substance, a s  shown by Eisenack (1963, PI. 19, fig. 2). 
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COMPUTER PROCESSING OF GAMMA-RAY LOGS: ITERATION AND INVERSE FILTERING 

Project  740085 

John G. Conaway and P.G. Killeen 
Resource Geophysics and Geochemistry Division 

Abstract 

Conaway, John G., and Killeen, P.G., Computer processing of gamma-ray logs: Iteration and inverse 
filtering; & Current Research, Part B, Geol. Surv. Can., Paper 78-lB, p. 83-88, 1978. 

For nearly two decades an iterative computer technique has been used for processing gamma- 
ray logs to determine the distribution of uranium along a borehole. Recently an inverse filter 
technique has been developed for the same application. Analysis o f  the iterative technique shows 
that it  approaches theoretical equivalence with the inverse filter technique as the number of 
iterations increases. In tests  with gamma-ray borehole logs with a sampling interval o f  10 cm  there 
was little difference in the results produced by the two methods. In practice a sampling interval 
shorter than 10 cm should be used to  improve resolution and reduce aliasing errors. In this case a 
smoothing filter is required with both techniques to  reduce the high-frequency noise. 

The inverse filter technique generally requires less than 5 per cent as much computing t ime as 
iteration, and may be accomplished using an 'open-ended' algorithm, thereby making possible on-line 
processing o f  the data using a minicomputer or microprocessor, concurrent with the logging of the 
borehole. 

t h e  amplitude spect rum of t h e  GIR (Fig. 13;2b) f l a t ,  as shown 
in Figure 13.2a. 

Introduction where the  symbol * denotes  convolution (see e.g. Kanasewich, 
1973, for a discussion of convolution). In the  frequency An i tera t ive  computer  technique for  determining radio- domain this is expressed as element  concentra t ions  f rom gamma-ray borehole logs has . ............................ been in routine use in t h e  United S ta t e s  since i t  was  f i rs t  Cb) - G(w) S(w) ( 2 )  

introduced by Sco t t  et al. (19611, and Sco t t  (1962; 1963). 
Recent ly  an  inverse f i l ter  technique has  been presented by 
Conaway and Killeen (in press) which is intended fo r  t h e  s a m e  

GEOLOGY RADIOELEMENT GAMMA-RAY INTENSITY 
purpose - determining radioelement concentrations from CONCENTRATION 
gamma-ray logs. A number of questions regarding the  two 

Inverse Filtering 

techniques immediately present themselves: Are the  results 0 
from the  two  methods equivalent? Which is more  ef f ic ient?  
What a r e  the  advantages  and disadvantages of each?  The 
answers to  these  questions can be obtained f rom theoret ica l  
considerations, computer  studies,  and t e s t s  with gamma-ray 
borehole logs. 1 

F i rs t  a brief review of the  theory is necessary. 
Consider t h e  case  of an  infinitesimally thin radioadtive o re  
zone embedded in a thick sequence of barren rock 
(Fig. 13.la). The function expressing t h e  distribution of 2 
radioactive mater ia l  with depth  is an impulse or  'spike' 
(Fig. 13.1 b) having a f l a t  amplitude spect rum (Fig. 13.2, 
curve  a). This is the  desired output  of a gamma-ray logging 
sys tem in the  presence of a thin ore zone - a spike 
proportional in height t o  the  ore  grade. The ac tua l  output  3 
which would be obtained under noise-free conditions using a 
point-detector would resemble Figure 1 3 . 1 ~ .  This curve,  - 
called the  geologic impulse response or GIR (Conaway and E 
Killeen, in press), has  an  amplitude spect rum similar t o  

4 -  Figure 13.2, cu rve  b. 

The purpose of computer  processing of the  raw d a t a  is 
t o  conver t  t h e  geologic impulse response (Fig. 1 3 . 1 ~ )  in to  the  
spike (Fig. 13.lb) within t h e  l imitations imposed by noise. In 
o the r  words, in the  ideal c a s e  the  d a t a  a r e  processed t o  make 5 

Figure 13.1 
- 

Representing the  geologic impulse response function (a) Geologic column showing an infinitesimally thin 

(Fig. 1 3 . 1 ~ )  by the  symbol s(z), t he  relationship between the  radioactive o r e  zone sandwiched between two  thick 

noise-free gamma-ray log c(z), and the  distribution of barren zones, a 'geologic impulse' of radioactive ore. 

- 

- 

- 

- 

, 

- 

radioactive mater ia l  aiong a borehole, g(z), i s  given by (b) Plot of radioelement concentration with depth 

c(z) = g(z) * s(z) ( I ) corresponding t o  Figure 13. l a .  ............................ 
(c) Noise-free response of a point-detector t o  the  thin 

o r e  zone, t h e  'geologic impulse response'. 

n 



where C(w), G(w) and S(w) a r e  the  Fourier transforms of f(z), 
g(z), and s(z), respectively. Thus in t h e  frequency domain the  
distribution of radioactive mater ia l  i s  given by 

Letting 

then in the  space  domain 

where  t h e  inverse f i l ter  f(z) is  t h e  Fourier t ransform of F b ) .  

In the  special  ca se  of t he  infinitesimally thin ore  zone 
(Fig. 13.1) 

C(w) = S(w) 

Therefore,  f rom equation (3) 

In theory, then, t he  f l a t  spect rum of the  impulse has  been 
recovered by inverse fi l tering, in the  absence of noise. 

The I tera t ive  Algorithm 

The hear t  of the  computer  program given by Scot t  
(1962), a s  well a s  of the  modern counterpar t  of t h a t  program, 
is an i tera t ive  algorithm which, in i t s  simplest  form, is  shown 
in the  flow cha r t  given in Figure 13.3. The s t e p  enclosed in 
t h e  dashed box, t h a t  of s e t t i ng  negative grade values equal t o  
ze ro  will b e  ignored for  t h e  present.  Let t ing t h e  contribution 
of the  i th  s t e p  in the  i tera t ion t o  the  value of g(z) b e  given by 
bi(z), f rom t h e  flow cha r t  we have: 

initial s t a t e  bo(z) = c(z) 

contribution of b l (z)  = C(Z) - c(z)*s(z) 
first  i te ra t ion 

contribution of  b2(z) = C(Z) - ~c(z)*s(z) + c(z)*s(z)*s(z) 
second i tera t ion 

contribution of b3(z) = C(Z) - ~c(z)*s(z) 
third i tera t ion + 3c(z)*s(z)*s(z) - c(z)*s(z)*s(z)*s(z) 

Expressing this in the  frequency domain, where the  contribu- 
tion of  the  i th s t e p  in the  i tera t ion is Bi(w), 

Bo(w) = C(w) 

B ~ ( w )  = C(w) - C(O) S(w) 

In general  terms,  then 

..... . . Bi(u) C(w) [I - ~(w)] where i 0,1,2 n 

Thus, in the  frequency domain the  processed log a f t e r  n 
i terations,  Cn(w), is given by 

It can b e  shown t h a t  t h e  se r i e s  

converges t o  l/S(w) a s  n becomes large,  for a l l  values of S(w) 
such tha t  

0 6 1 1 - S(w) ( < 1 ........................ ( 6 )  

(see e.g. Sokolnikoff and Sokolnikoff, 1941). As can  b e  seen 
f rom Figure 13.2b, t h e  condition given by equation (6) will b e  
valid. Thus, a f t e r  many i tera t ions  t h e  value of Gn(w)approaches 

which is identical  to equation (3). Thus i t  has  been shown 
t h a t  the  inverse fi l ter technique and the  i t e r a t ive  technique 
for processing gamma-ray logs a r e  theoret ica l ly  equivalent 
operations.  

Referr ing once again t o  t h e  flow cha r t  for  t h e  i t e r a t ive  
algorithm (Fig. 13.3) consider the  s t e p  shown in t h e  dashed 
box, t h a t  of se t t ing negat ive  o r e  grade values equal  t o  zero.  
As will b e  shown more  fully la ter ,  t he  i tera t ion process 
amplifies high frequencies while exer t ing relatively l i t t l e  
e f f e c t  on low frequencies.  Thus, the  sca t t e r  in the  i tera ted  
ore  grade values is g rea t e r  than the  sca t t e r  in gamma-ray 
counts.  This means tha t  some  of the  processed ore  grade 
values may be  negative; however, t h e  mean grade over a 
given zone will b e  correct .  The a c t  of s e t t i ng  negat ive  grade 
values equal t o  z e r o  introduces s t a t i s t i ca l  bias, causing the  
mean calcula ted  grade over the  zone t o  b e  erroneously high. 
In general this is a small  e f f e c t ,  bu t  s ince  this s t e p  in the  
processing of t h e  log is unnecessary and invalid, i t  should be  
eliminated. 

Figure  13.2 

(a) Amplitude spect rum of a spike (Fig. 13.lb). 

(b) Amplitude spect rum of the  noise-free geologic 
impulse response (Fig. 1 3 . 1 ~ ) .  Two hor izonta l  axes  
a r e  shown for  convenience. The lower one, spat ia l  
frequency (f), is  given by f = w/2a. The upper sca l e  i s  
ca l ibra ted  in sampling in terval  (Az), t o  make  i t  easy 
t o  study t h e  ampl i tude spec t r a  in relation t o  t h e  
Nyquist frequency f for  various sampling intervals,  

1/2Az. y h e  amplitude spec t rum is a plot 
:!yiifi;de a s  a function of spat ia l  frequency (f); 
t h e  upper horizontal  axis,  Az, is provided for 
r e fe rence  only. Note  especially the  significant 
amount  of energy a t  frequencies higher than t h e  
Nyquist frequency for  Az = 10 c m  (dashed line). 
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Figure 13.3. Flow c h a r t  fo r  t h e  i t e r a t i ve  algorithm used fo r  

de termining o r e  grade  values f rom a gamma-ray 
log. The pa rame te r s  used are :  

N - t h e  number of i t e r a t i ons  t o  be  performed.  

O P  - t h e  digit ized sys tem impulse response function 
determined in a model borehole. 

RAWLOG - t h e  a r r ay  containing t h e  raw gamma-ray log. 

GRADE - t h e  a r r ay  containing t h e  approximate  g rade  
values being i t e r a t ed .  

DIF - defined in flow cha r t .  

DMAX - maximum value of DIF. 

DCUT - assigned cutoff  value of DMAX t o  s top  pro- 
cessing before  N i te ra t ions  have been reached. 

Figure 13.4. Amplitude spect rum of t h e  t heo re t i ca l  inverse 
opera tor  (curve  a )  and of t h e  3-point approxi- 
m a t e  inverse opera tors  for  sampling in tervals  of 
I c m  (b), 3 c m  (c), 5 c m  (dl, and 10 c m  (el. 

Figure 13.5. Amplitude spect rum of t h e  noise-free geologic 
impulse response (shown in Fig. 13.2b) a f t e r  
application of t he  theore t ica l  inverse opera tor  
(a), and approximate  inverse opera tors  cor-  
responding t o  sampling in tervals  of I cm(b), 3 c m  
(c), 5 c m  (d), and 10 c m  (e). 

Iteration and Inverse Filtering in Practice 

The problem of developing an  inverse f i l t e r  opera tor  for 
processing gamma-ray logs may be  approached f rom many 
directions.  Perhaps  t h e  simplest  solution has  beer) presented 
by Conaway and Killeen (in press), based in pa r t  on ear l ie r  
work by Czubek (1971) and Davydov (1970). Here  t h e  GIR is 
approximated by t h e  function 

where  t h e  constant  a is most  easily de termined in a model 
borehole.  This function has  been found t o  provide a 
reasonable f i t  t o  t h e  exper imenta l ly  de termined response 
function with Geological  Survey of Canada gamma-ray 
logging equipment.  The ampl i tude  spect rum of t h e  theore t ica l  
inverse opera tor  is shown a s  curve  a in Figure 13.4. This 
t heo re t i ca l  inverse opera tor  may be  approximated by a simple 
3-point opera tor  given by 



Figure 13.6. Amplitude spect rum of geologic impulse response 
with noise, a f t e r  application of theoret ica l  
inverse opera tor  (a), and approximate inverse 
opera tors  corresponding t o  sampling intervals of 
I c m  (b), 3 c m  (c), 5 c m  (d), and 10 c m  (e). 

The amplitude spec t r a  for  this opera tor  for sampling in ter -  
vals  Az = 1, 3, 5, and 10 c m  a r e  also shown in Figure 13.4 as 
curves  b through e, respectively. 

If t he  assumed shape of t h e  GIR represents  a good 
approximation in a given case, then t h e  noise-free amplitude 
spect rum of the  GIR processed with t h e  e x a c t  inverse 
opera tor  would resemble Figure 13.5 curve  a .  The approxi- 
m a t e  inverse operator would produce spect ra  resembling 
curves b through e, depending on the  sampling interval.  The 
e f f e c t  of noise on the  processed amplitude spect rum is shown 
in Figure 13.6 curves a through e. Two points a r e  immedi- 
a t e ly  apparent:  ( I )  The operator  performance improves a s  Az 
decreases  (Fig. 13.5) and (2) a low-pass f i l ter  will be  required 
if a sampling in terval  much shor ter  than 10 c m  is used 
(Fig. 13.6). It can b e  seen f rom Figure 13.2, curve  b t h a t  a 
significant amount  of-  information may b e  present at 
frequencies higher than t h e  Nyquist frequency fo r  Az = 10 c m  
(ver t ica l  dashed line). Thus, t o  reduce errors  due t o  aliasing 
of this high frequency information a sampling interval-  shor ter  
than 10 cm' should b e  used. 

In the  case  of t he  i tera t ive  processing technique, 
Figure 13.7 curve  a shows the  noise-free amplitude spect rum 
of the  GIR; curves  b through h show the  shape of the  
spect rum a f t e r  1, 2, 5, 10, 15, 20, and 30 i tera t ions ,  
respectively. Similarly, Figure 13.8 shows the  i t e r a t ive  
results with a noise level identical  t o  t h a t  used in producing 
Figure 13.6. Here  i t  can b e  seen once  again t h a t  a smoothing 
f i l ter  is  needed fo r  sampling in tervals  significantly less 
than Az = 10 cm. Although i t  may seem at f i rs t  t h a t  t h e  
noise level of t h e  processed log may b e  controlled sufficiently 
by stopping a f t e r  fewer  i tera t ions  when processing d a t a  
obtained a t  smaller sampling intervals,  in f a c t  this technique 

Figure 13.7. (a) Amplitude spec t rum of t h e  noise-free 
geologic impulse response. The o t h e r  curves  
show t h e  ampl i tude spect rum of t h e  GIR a f t e r  
1 i tera t ion (b), 2 i tera t ions  (c), 5 i tera t ions  (d), 
10 i tera t ions  (e), 1 5  i tera t ions  (f), 20 i tera t ions  
(g), and 30 i tera t ions  (h). 

does not give results a s  good a s  those  which may be  obtained 
by using more  i tera t ions  and a smoothing f i l ter .  This l a t t e r  
technique gives more  accura t e  information a t  low frequencies 
and a be t t e r  cutoff a t  higher frequencies.  

Two examples  a r e  presented t o  i l lus t ra te  some  of t h e  
points discussed above. Figure 13.9a shows a portion of a 
digitally recorded gamma-ray log run at v = 3 rn/min with 
sampling in terval  A t  = 2 s ( Az = 10 cm). The log was  pro- 
cessed i tera t ively  (10 i terations) and is plot.ted a s  
Figure 13.9b. The inverse f i l tered log (approximate opera tor)  
is given a s  Figure 1 3 . 9 ~ .  Figures 13.9b and 1 3 . 9 ~  have been 
plotted on a scale  of gamma-ray intensity ra ther  than ore  
grade t o  fac i l i ta te  comparison of t h e  3 curves.  The 
ag reemen t  between the  two  processed logs, while not exact ,  
is very close. In order t o  process the  raw gamma-ray log 
(Fig. 13.9a), which has approximately 160 gamma-ray 
readings, t h e  i tera t ive  technique required on the  order  of 
14 500 multiplication operations and 1 8  000 additions or  
subtractions.  The inverse f i l t e r  method required only about  
500 multiplications and 500 additions. Thus in th is  c a s e  
inverse f i l ter ing is  more  ef f ic ient  by a fac to r  of abou t  30 in 
t e rms  of computat ion t ime. 

As a second example,  consider t h e  gamma-ray log 
shown in Figure 13.10a. This log is f rom the  s a m e  sect ion of 
the  borehole a s  Figure 13.9, but  run a t  a speed of 1 m/min 
with A t  = 2 s ( A z  = 3.3 cm), thus giving similar counting 
s t a t i s t i c s  to  Figure 13.9. Figure 13.10b shows t h e  i tera ted  
log a f t e r  10 i terations.  This processed log is ra ther  noisy, and 
a smoothing f i l ter  should be used. The program, a s  i t  s tands  
now does  not have a .provision for  smoothing, s ince  i t  has  
tradit ionally been used with a sampling in terval  of 10-15 cm.  
Figure 1 3 . 1 0 ~  shows the  deconvolved and smoothed log 
produced using a 9-point combined smoothing and approxi- 
m a t e  inverse opera tor  (see Conaway and Killeen, in press). 
The resolution here  is somewhat  b e t t e r  than in Figure 13.9, 
where  Az = 10 cm. To process t h e  log shown in Figure 13.10 
t h e  inverse f i l ter  technique required about 4500 multiplica- 
t ions and a similar number of additions, while t h e  i t e r a t ive  
technique, even without smoothing, required about  135 000 
multiplications and 145 000 additions or subtractions.  Once 
again this represents  a d i f ference  in computat ional  efficiency 
of abou t  30:l in favour of inverse filtering. Figure 13.10b can 
b e  smoothed t o  give results similar t o  Figure 13.10c, if a 
sui table  smoothing routine is incorporated in to  t h e  computer  
program. Selection of a sui table  length of smoothing 
operator  of a given type  is a m a t t e r  requiring some  
experience.  This decision is perhaps  bes t  made on t h e  basis 



Figure 13.8. 

(a)Ampli tude spectrum of t h e  
geologic impulse response with noise 
a s  in Figure 13.6. The other  curves 
show the  amplitude spectrum of t h e  
GIR a f t e r  1 iteration (b), 2 iterations 
(c), 5 iterations (d), 10 iterations (e ) ,  
I 5  iterations (f), 20 i tera t ions  (g), and 
30 iterations (h). 
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Figure 13.10 

(a) Raw gamma-ray log f rom the  s a m e  o re  zone a s  in Figure 13.9; 
logging velocity v = 1 m/min, sampling in terval  Az = 3.3 cm.  

(b) The log shown in (a) processed i te ra t ive ly  using 10 i terations.  

(c) The log shown in (a) processed with t h e  approximate  3-point 
inverse opera tor .  

of studies of t h e  repeatibil i ty of severa l  processed logs 
obtained in t he  s a m e  borehole under t he  s a m e  conditions. 
The bes t  smoothing opera tor  will be  t he  shor tes t  one which 
st i l l  produces results  of accep tab le  repeatibil i ty.  

Conclusions 

It ha s  been demonst ra ted  t h a t  t h e  i t e r a t i ve  and inverse  
f i l t e r  techniques fo r  processing gamma-ray borehole logs a r e  
theore t ica l ly  equivalent operations.  From t h e  example  log 
with a sampling in terval  Az = 10 c m  (Fig. 13.9) i t  is c l e a r  
t ha t ,  while t he  approximate  inverse f i l t e r  and t h e  i t e r a t i ve  
technique with 10 i te ra t ions  give very similar results ,  t h e  
inverse f i l te r  method is many t imes  more  ef f ic ient  computa-  
tionally. From t h e  amplitude spec t r a  and t h e  example  log 
with Az = 3.3 c m  (Fig. 13.10) i t  can  be  seen t h a t  a sampling 
in terval  less than 10 c m  should be  used for improved 
resolution and t o  reduce  aliasing er rors ;  a smoothing f i l te r  is 
required with e i t he r  method fo r  t h e  shor ter  sampling 
intervals.  
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Abstract 

Hubert ,  C. and Be'land, J., Stratigraphy of the  Upper Ordovician-Lower Silurian sequence in the  
Aroostook-Matape'dia anticlinorium, Gasp6 Peninsula, QuBbec; & Current  Research, P a r t  B, Geol. Surv. 
Can., Paper  78-1B, p. 89-90, 1978. 

The s t ra t igraphic  sequence i s  a s  follows: a uni t  of mudstone a t  t he  base  i s  overlain by ribbon 
limestone, followed upward by a thick assemblage of dominantly ca lcareous  flysch and  finally by more  
ribbon limestone. The s t r a t a  a r e  deformed by t w o  s e t s  of superimposed folds, or iented north- 
nor thwest  and north-northeast  respectively. 

Introduction 

This repor t  is  a preliminary report  of an  ongoing 
s t ra t igraphic  and s t ructura l  study in t h e  Upper Ordovician - 
Lower Silurian s t r a t a  of t he  west-central  p a r t  of t h e  
Aroostook - MatapCdia anticlinorium in t h e  Gasp6 Peninsula 
(Fig. 14.1). The s t r a t a  a r e  dominantly calcareous and some  
have the  character is t ics  of flysch deposits. The rocks show 
two  phases of deformation. 

The purpose of t he  study is  t o  synthesize t h e  petro- 
logic and t ec ton ic  d a t a  in order  t o  establish t h e  regional 
se t t ing of these  rocks in the  Appalachian orogen. Towards 
this goal, sequences of s t r a t a  exposed along more  than 60 km 
of roadcuts and riverbanks in the  vicinity of t he  town of 
Matapddia have been examined in detail  during t h e  summer of 
1977. 

St ra t igraphy 

Four s t ra t igraphic  units have been thus f a r  recognized 
in the  ~ a t a p d d i a  area .  The oldest  unit consists of thin t o  

medium bedded, dolomitic and calcareous,  greenish grey 
mudstone, and minor l imestone. The l imestone is  a si l ty,  
blue-grey calc i lu t i te  and occurs  a t  irregular intervals 
throughout t h e  unit in subunits 1 t o  20 m thick. Graptol i tes  
col lec ted by J.P.A. Noble in 1976 indicate  t h a t  t h e  lower pa r t  
of t he  unit is  of Upper Hirnantian ( l a t e s t  Ordovician) a g e  
(J. Riva, pers. comm. 1977). 

Upwards the  mudstone unit grades in to  a blue-grey 
micr i t ic  ribbon limestone in beds, 2 t o  10 c m  thick, separa ted 
by a thin, dark  grey shale. 

Overlying t h e  ribbon l imestone unit is  a very  distinc- 
t i ve  unit approximately 3100 m thick. I t  consists of si l ty and 
sandy limestones with minor greenish grey fe ldspathic  sand- 
s tone  and l i th ic  conglomerate.  The l imestones a r e  medium 
bedded calc is i l t i te  and calcareni te ,  with 20 t o  50 per  c e n t  
de t r i t a l  quar tz ,  feldspar and minor igneous, sedimentary  and 
metamorphic  rock fragments.  In some  beds, allochthonous 
f r agmen t s  of pelmatozoan, bryozoan, brachiopod, t r i lobi te  
and os t rocode cons t i tu t e  t h e  bulk of t h e  transported f rac t ion 
of t h e  limestone. The fe ldspathic  sandstone, medium t o  f ine  
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Figure 14.1 General  geology of t h e  Aroostook-Matap6dia anticlinorium near  Matapkdia, Qudbec. 
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grained, occurs  mainly in t h e  lower th i rd  of t h e  unit ,  in beds 
10 t o  30 c m  thick, s c a t t e r e d  throughout t h e  l imestone. Small  
lenses of l i thic conglomerate  fi l l  wash-out channels a t  
irregular intervals throughout t h e  unit. These lenses, 
generally less than 10 c m  thick, vary  in width f rom 4 c m  t o  
3 rn. The conglomerates a r e  composed of small  pebbles and 
granules of rock f r agmen t s  which, in decreasing order of 
abundance, a r e  carbonate ,  sandstone, fossil debris, che r t ,  
volcanic, s e r i c i t e  and bioti te schists,  amphibolite and, 
possibly, serpentinite.  This sui te  of rock f r agmen t s  strongly 
suggests that  mater ia l  for  this unit was derived f rom a nearby 
source  similar in parent-rock content  t o  tha t  of t he  Taconian 
orogen. Most beds of conglomerate,  sandstone and l imestone 
display a Bouma sequence of turbidite s t ructures  with graded 
bedding, parallel  lamination, cross  and/or convolute lamina- 
tion, and an upper division with parallel  lamination. Wash-out 
channels, f l u t e  and groove c a s t s  a r e  relatively common on t h e  
sole  of t h e  beds. Paleocurrent observat ions  (Fig. 14.2) 
indicate  tha t  t h e  mater ia l  was t ranspor ted  f r o m  t h e  south  and 
southeast ,  probably f rom t h e  Miramichi anticlinorium. 
Ostrocodes col lec ted in t h e  upper p a r t  of this unit by 
P.J. Lespdrance and C. Hubert ,  indicate  an  Upper Llandovery 
a g e  (M.J. Copeland, pers. cornm. 1977). 

I The uppermost unit consists of thin and medium 
bedded, blue-grey micr i t ic  l imestone a l ternat ing with a thin, 
dark  grey shale. 

Numerous fe ls ic  dykes and sills c u t  t h e  sequence; they 
a r e  probably of Devonian age  (Biland, 1960). 

The fourfold s t ra t igraphic  subdivision recognized here  
i s  in large  p a r t  similar t o  tha t  proposed recent ly  by Lachance 
(1974, 1975 and 1977). 

S t ruc tu re  

Two directions of folds a r e  recognized. One system is 
generally oriented north-northwest a.lthough locally north or  
rarely west,  and commonly lacks associated cleavage. Small- 
sca le  folds have S and Z shapes, and a r e  useful in identifying 
limbs and hinges of major folds. The or ienta t ion of t h e  
second system of folds is uniform throughout t h e  area .  The 

Figure 14.2 Rose diagrams of paleocurrent determination; folds trend north-northeast  and a r e  overturned towards t h e  
20" c lass  interval;  eas t .  Congruent,  small-scale paras i t ic  folds a r e  common on 
a )  f l u t e  c a s t  and cross bedding (33 measure- t h e  limbs and in t h e  hinge of larger  folds. A coa r se  cleavage, 

ments) with a 2 t o  20 m m  spacing, i s  present  everywhere  and a very  
b) groove and channel cas t s  (55 measurements)  s t e e p  lination resul ts  f rom t h e  in tersect ion of this c leavage 

with t h e  primary bedding surface .  
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A pilot study t o  define variations in composition of glacial debris was carried out on outlet 
glaciers that flow from high-grade metamorphic terrane onto sedimentary terrane on the southwest 
side of Bylot Island. Preliminary observations indicate that 1) debris in lateral moraines of four of 
the five glaciers sampled has differing and distinct trace element geochemistry; 2) there are 
significant vertical compositional changes in debris bands in the glaciers; and 3) more than 99  per 
cent of the sand and coarser debris in the ice and moraines is derived from the metamorphic terrane. 

Introduction 

In 1977 reconnaissance and sampling of f ive  glaciers and 
thei r  end moraines were  carried out  on t h e  southwest side of 
Bylot Island (Fig. 15.1). All glaciers drain basins within the  
cen t r a l  ice mass, which overlies rugged, highly metamor-  
phosed Archean and/or Aphebian bedrock t e r r ane  (Jackson 
e t  al., 1975; Jackson and Davidson, 1975). Four of t he  
g laciers  studied extend a s  narrow, lobate  bodies up t o  15 km 
onto gently rolling ter ra in  (Fig. 15.2) underlain by poorly 
consolidated Cretaceous  and Ter t iary  sandstone and sil tstone 
with some coal  measures. The snout of the  westernmost 
g lac ier  studied overlies Helikian sandstone, shale, and dolo- 
stone. Major objectives of the  study were  to  ascer ta in  ( I )  a t  
what distance down-ice from the  gneiss-sedimentary rock 
con tac t  t h e  younger rock types  became  a significant pa r t  of 
the  glacial load, (2) how the  concentra t ions  of various 
lithologic components varied vertically in the  numerous 
debris bands in two  of the  five glaciers,  and (3) how t h e  
composition of la tera l  moraines varied around t h e  depositing 
glacier,  a s  well a s  f rom one glacier t o  another ,  and how their  
composition and degree  of weathering compared t o  those 
s a m e  properties of debris in t rans i t  in the  ice  of t h e  two  
glaciers sampled in profile. 

Preliminary Resul ts  

A t  present,  t r ace  e lement  concentra t ions  of clay 
sized ( < 4 u m  diameter)  par t ic les  have been determined by 
a tomic  absorption a f t e r  a hot HN03-HCI leach* for l a t e ra l  
moraines of five glaciers and for several profiles collected 
f rom the  debris bands (Fig. 15.3) of Aktineq and "Camp" 
glaciers (Fig. 15.1). In addition, t r a c e  e lement  con ten t s  of 
heavy mineral s epa ra t e s  (s.g. >3.3) f rom fine sand (0.063- 
0.250 mm) have been determined a s  well  a s  preliminary 
textura l  parameters  and X-ray diffraction da ta  for samples 
collected in profile. 

On t h e  southeas t  side of t he  snout  of Aktineq Glacier,  a 
gully exposes severa l  layers of peaty mater ia l  lying in growth 
position on t i l l  (?) and fluvial and eolian sand and gravel.  
Dates  on t h e  lower organic beds  a r e  7860 100 and 7450 ? 
230 "C years (GSC-2541, GSC-25771, and a d a t e  on t h e  
uppermost peaty  layer,  2 m higher in the  section, is 450 + 
70 "C years  (GSC-2597). Because large  boulders f rom t h e  
la tera l  moraine of Aktineq Glacier l ie on sediment  covering 
this uppermost unit, i t  is concluded tha t  the  glacier snout is 
a s  f a r  ou t  onto  the  lowlands a s  i t  has  been in t h e  pas t  7000+ 
years and t h a t  the  t i l l  in the  outer  portion of the  l a t e ra l  
moraine is very young. 

* Analyses by Bondar-Clegg & Co., Ltd., Ot tawa.  

From megascopic observations,  a l l  samples  col lec ted 
appear to  be composed of more than 99 per  cen t  
Precambrian det r i tus ,  regardless of t h e  d is tance  of glacial  
flow over t h e  younger bedrock. The debris bands on Aktineq 
and "Camp" glaciers show striking changes in colour and 
t ex tu re  vertically;  many debris bands conta in  c l a s t s  of highly 
deformed t o  virtually undeformed outwash, one piece of 
which was found more  than 30 m above the  base of 
"Camp" glacier.  This c l a s t  of outwash was  c a  ped with 
fibrous pea t  which was  da ted  at 120 i . 1 2 0  lPC years  
(GSC-2529, uncorrected).  

T race  e lement  con ten t s  of c lay  f rom l a t e ra l  moraines 
indicate t h a t  two  glaciers  drain chemically similar bedrock 
t e r r ane  but t ha t  significant d i f ferences  exist  among the  other  
three ,  suggesting t h a t  t h e  five g laciers  drain four geo- 
chemically d i f ferent  bedrock basins (Fig. 15.4). T race  
e lement  contents  of c lay  f rom samples  of englacial  debris 
f rom t h e  t w o  glaciers profiled a r e  similar t o  the  con ten t s  in 
clay f rom thei r  la tera l  moraines. Although t h e  profiles 
sampled a r e  from glaciers less than 10 km apa r t ,  they show 
t r a c e  e l emen t  concentra t ions  t h a t  a r e  distinctly d i f ferent ,  
"Camp" glacier being markedly enriched in Cr ,  Fe, and Ni and 
t o  a lesser ex ten t  in Cu and Zn (Fig. 15.5). Preliminary 
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Figure 15.1. Location map  of Bylot Island area.  Glacier- 
covered a reas  also include many horns and 
nunataks.  A = glaciers  where  t i l l  in moraines 
was  sampled, B = glaciers  where  glacier ice  and 
ti l l  were  sampled, X = s i tes  of pea t  samples 
col lec ted for radiocarbon dating. Glacier 
labelled B t o  t h e  northwest of Aktineq Glacier is  
"Camp" glacier.  



analysis of X-ray d i f f rac t ion  d a t a  for t h e t 4  y m frac t ion  of 
t hese  samples suggests t h a t  t he re  may be  an  enr ichment  in 
t h e  mixed layer or expansible clay minerals ( typical  of 
Cre t aceous  and Ter t iary  ter ranes)  in samples  f rom Al<tineq 
Glacier ,  altJough both sui tes  of samples  a r e  dominated by a 
chlorite-IOA mica (illite?) clay mineralogy. Thus, t he  
genera l ly  lower me ta l  values of Aktineq Glacier may be  
caused a s  much by dilution by metal-poor c lays  of local  
(Cre taceous-Ter t iary)  derivation a s  by basic d i f ferences  in 
t h e  geology of t h e  Precambrian  source areas .  Eight samples  
of t he  Cretaceous  to Ter t iary  rocks (collected by 
H.R. Balkwill) contain less than 30 ppm Cu, Pb, and Ni, 5 ppni 
Co,  85 pprn Cr,  100 ppm Zn, and 2.8 per c e n t  Fe. The 
presence  of numerous, rusty weathering,  sulphide-bearing 
gneissic boulders around "Camp1' g lac ier ,  and the  scarc i ty  of 
t hese  around Aktineq, however,  tends  t o  support  t h e  relation- 
ship of high me ta l  levels t o  mineralization.  Seventeen rusty 
boulders col lec ted  near  I1Carnp" g lac ier  conta in  up t o  780 ppm 
Cu ,  230 pprn Co, 240 pprn Cr,  and 580 ppm Ni. Thirteen of 
t h e  seventeen conta in  more  than 300 ppm Cu. 

These  results  support  a suggestion made by 
E.B. Evenson (pers. comm., 1977) t h a t  englac ia l  debr is  in 
a lp ine  or out le t  g lac iers  might be  used t o  discover 

mineralization hidden beneath ice caps  in the i r  c a t c h m e n t  
a r eas ,  i.e. t h a t  t i l l  in moraines of present  or pas t  alpine 
g lac iers  or englac ia l  sediment  might be  used in a fashion 
similar t o  s t r eam sediments  t o  map or discover t h e  abnormal  
geochemical  responses associated with mineralization within 
a dra inage  basin. 

Heavy minera l  (s.g. (3.3) con ten t  of t h e  sand f rac t ion  
f rom t h e  l a t e r a l  moraines  of t h e  f ive  g lac iers  is very high in 
a l l  samples  (5 t o  25 per c e n t  by weight) ,  and t h e  heavy 
minera l  su i te  is dominated by more  than 90 per  c e n t  ga rne t s  
and magnet ic  minerals with minor amounts  of pyroxenes. 
Mineralogical and chemical  analyses of t hese  f rac t ions  a r e  
thus  ce r t a in  t o  r e f l ec t  overwhelmingly t h e  n a t u r e  of t h e  high- 
g rade  metamorphic  Precambrian  t e r r a n e  f rom which these  
minerals predominantly were  derived. T race  e l emen t  analysis 
and  visual scans  of heavy minera l  mounts  of th is  f rac t ion ,  
however,  sugges t  t h a t  sulphide or o the r  labile components  
t h a t  may have  been present  in t h e  l a t e r a l  moraines  have  been 
des t royed in most  samples  by weathering.  The var ia t ions  in 
t o t a l  con ten t s  (by weight)  of heavy and magne t i c  minera ls  
sugges t  t h a t  these ,  l ike  t h e  t r a c e  e l e m e n t  values, vary  in a 
sys t ema t i c  way f r o m  glac ier  t o  glacier.  
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Eas t  side of "Camp" glac ier  where i t  leaves  t h e  . .... .---.:% 
c-- 

mountains and flows on to  t h e  gently rolling . _I _ - -, . ..&< .:. 
. .  

lowlands. Glacial  flow is f rom upper r ight  t o  -. . w ' .:;: 
lower left .  (GSC 203226-F) 
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Figure  15.3. 

Ice cliff on wes t  side of "Camp" glacier.  Glacia l  
flow is f rom l e f t  t o  right. (GSC 203226-G) 



Figure 15.4. Frequency histograms of selected trace element distributions in the <2pm fraction of till from lateral 
moraines of five glaciers. Horizontal scales are in ppm, except Fe, which is in per cent. 

Figure 15.5. Frequency histograms of selected trace element distributions in the <4pm fraction of debris in transport 
in Aktineq and "Camp" glaciers. Horizontal scales are in ppm, except Fe, which is in per cent. 

Figure 15.6. Vertical variations in trace element content of <4.11m fraction of debris in transport, east side of Aktineq 
Glacier. Vertical scale is true ice thickness above base of exposure. Horizontal scales are in ppm, 
except Fe, which is in per cent. 



Analyses of clay f rom profile samples of "Camp" and 
Aktineq glaciers confirm what was evident from colour and 
textura l  contras ts  in the  field - t h a t  composition varies 
significantly vertically from debris band to debris band 
(Fig. 15.6). Similar variation has been noted by profile 
sampling of Wisconsi'nan till sections elsewhere in Canada 
(e.g. Shilts, 1976; Podolak and Shilts, 1978). It is probable 
t h a t  such regular ver t ica l  variations ref lec t  stacking of debris 
bands of various thickness with minimal postdepositional 
disturbance. Furthermore,  each debris band can represent  
t h e  erosional tapping of some  sma4l pa r t  of t he  subglacial 
bed. This was  illustrated strikingly by bright green debris 
bands located some 20 m above t h e  base of "Camp" glacier 
and severa l  kilometres down-ice f rom the  neares t  
Precambrian source. The band was found t o  be  markedly 
enriched in chlorite,  Fe ,  and Mn re la t ive  t o  o ther  debris bands 
above and below it .  

Once formed, a debris band may persist for considerable 
distances downglacier with l i t t le or no addition of local 
mater ia l .  In this connection i t  is of note tha t  even the  thick 
basal layers of debris-charged ice near the  snout of Aktineq 
Glacier contain Precambrian det r i tus  with no noticeable local 
component,  even though exposures a re  more  than 15 km from 
t h e  neares t  Precambrian outcrops. The expansible minerals 
found in the  clay f rac t ion of this debris indicate,  however, 
t h a t  a local component is  present  and t h a t  provenance studies 
based on analysis of coa r se  debris (Boulton, 1970; Souchez, 
1971) should be complemented by lithological analysis of fine 
f rac t ions  of t h e  debris. 

Conclusions 

Because of the  preliminary and incomplete nature  of 
these da ta ,  conclusions from this phase of the glacier 
sedimentation study a r e  general.  

I )  Bylot Island glaciers carry  debris t h a t  can be related 
distinctly t o  their  ca t chmen t  a reas  in highly metamorphosed 
Precambrian ter rane ,  despi te  the  location of samples a few to  
1 5 k m  onto chemically and lithologically dissimilar 
Cretaceous ,  Tertiary,  and Helikian rocks. 

3) The composition of debris bands va r i e s  vertically in 
a regular way, in much the  same  manner t h a t  previously 
deposited, apparently homogeneous till var ies  elsewhere in 
Canada. The variation within one glacier is, in this case,  less 
than the  significant compositional variation among glaciers. 

4) Latera l  moraines have compositional character is t ics  
t h a t  a r e  related closely t o  the  debris in t rans i t  in adjacent  
glaciers. Some of the  more  labile minerals, such a s  sulphides, 
may have been removed f rom them by weathering. 

5) Aktineq Glacier was  a s  f a r  advanced f rom the  
mountains during t h e  pas t  500 years  a s  at any  t i m e  in t h e  
previous 7000 years. 
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A controversy among earth scientists a s  t o  whether or not British Columbia and 
northwestern Washington were glaciated during mid-Wisconsinan t ime highlights the present 
uncertainty over la te  Pleistocene climates and environments in the Pacific Northwest. A review 
of relevant terrestrial lithostratigraphic and biostratigraphic information and selected paleo- 
climatic data from deep-sea cores shows that  a lengthy nonglacial interval characterized by a 
sharply fluctuating, but generally cooler, climate occurred in the Pacific Northwest during mid- 
Wisconsinan time. Although remnant ice caps probably persisted in eastern and northeastern 
Canada during this interval, lowland areas  adjacent t o  the presently glacierized mountains of 
western Canada were continuously ice free. 

The Pleistocene Cordilleran glacier complex was controlled by different climatic fac tors  
from the Laurentide Ice Sheet. The precipitation and temperature regimes in the Cordillera, 
unlike those in other areas  of Canada, a re  affected strongly by the Pacific Ocean. Both warm 
surface waters in the northeastern Pacific Ocean and reduced air  temperatures probably were 
required f o r  the growth of ice sheets in British Columbia, and these conditions apparently were 
not fulfilled during mid-Wisconsinan time. 

Introduction 

Although recent advances have been made in the 
regional correlation of Quaternary stratigraphic units in 
Canada (e.g., Dreimanis, 1975; Fulton, 19771, there is not yet 
a consensus as to  the extent and timing of the climatic 
episodes that these units a r e  thought to  record. This probably 
i s  due, in part, t o  the difficulties of correlating lithostrati- 
graphic units which a re  diachronous and which likely a r e  
deposited in response t o  nonclimatic, as well as  climatic, 
factors. Furthermore, geologic responses t o  global climatic 
changes probably differed throughout Canada as  a result of 
differences in oceanic and atmospheric circulation and 
continental geography. Thus, for example, the  Canadian 
Cordillera was affected largely by the climatic regime of the 
northeastern Pacific Ocean, whereas the plains and Canadian 
Shield were influenced by air masses from the Arctic and 
Atlantic oceans and from the continental United States. 
Because ice masses in the Cordillera were responding t o  
climatic factors  different from those affecting the  
Laurentide Ice Sheet,  detailed synchroneity of Quaternary 
geologic-climatic events is unlikely. 

A general correlation, however, can be made of major 
l a te  Quaternary stratigraphic units in western Canada 
(Fulton, 1977). The standard Wisconsinan stratigraphic 
succession in this region is a 'three-part sequence consisting 
of younger and older glacial deposits separated by .nonglacial 
sediments. The nonglacial sediments were deposited during a 
lengthy interval, occupying much or all  of middle Wisconsinan 
time, when glacier i c e  was absent from most plateaus, 
valleys, and lowland areas  of the Cordillera and from the 
plains of western Canada. Early and l a t e  Wisconsinan times 
were dominated by glacial conditions, and ice covered much 
of the Cordillera a t  nlacial maxima. 

glacial conditions existed during part of the mid-Wisconsinan 
interval, in direct disagreement with paleoclimatic inferences 
from stratigraphic sequences in western Canada 
(Fulton e t  a]., 1976; Fulton, 1977). 

This paper summarizes the lithostratigraphic and bio- 
stratigraphic evidence pertaining t o  mid-Wisconsinan 
climates in the Pacific Northwest. The stratigraphic data  a r e  
discussed in the  context of global paleoclimatic trends 
deduced from selected deep-sea cores. It  is  shown that  
biostratigraphic da ta  cited by some workers as evidence for  
mid-Wisconsinan glaciation in northwestern Washington do 
not necessarily contradict the lithostratigraphic evidence for  
continuous nonglacial conditions in southern British Columbia 
during mid- Wisconsinan time. 

Mid-Wisconsinan Stratigraphy and Climates, British Columbia 

Three nonglacial and two glacial sedimentary sequences 
a r e  recognized in British Columbia (Fig. 16.1). Of interest 
here a r e  middle Wisconsinan deposits, comprising stratified, 
nonglacial sediments with forest beds and, locally, t h e  
remains of large vertebrates (bison, horse, and mammoth). 
These include the  Bessette sediments of south-central British 
Columbia and the Cowichan Head Formation of southwestern 
British Columbia. Finite radiocarbon dates from 43 800 f 800 
(GSC-740) t o  19 100 ? 240 (GSC-913) years have been 

+2900 (QL-195) t o  about obtained on the former, and 58 800 -2100 

24 000 years on the  latter.  A compilation of radiocarbon 
dates  from these two units, from correlative s t rata ,  and from 
late  Wisconsinan advance outwash (Quadra Sand) indicates 
tha t  lowland areas, intermontane valleys, and plateaus in 
British Columbia were ice f ree  continuously for several tens 
of thousands of years during middle and la te  Wisconsinan t ime " 
(Fig. 16.2). A iengthy rn3- isc cons in an nonglacial interval 

Inferences as to  Wisconsinan climatic conditions in also has been documented fo r  other areas of western Canada 
western Canada have been based largely on lithostratigraphy, 
with chronologic control provided by radiocarbon dates. (Fulton, 1977). 

Unfortunately, there is  li t t le published information on the  The presence of forest beds and large vertebrates 
paleoclimatic significance of fossil flora and fauna in suggests that  the  climate during a t  least  par t  of the  rnid- 
Wisconsinan sediments of the  reeion. The need for such Wisconsinan interval in British Columbia was not too " 
information is highlighted by recent palynologic studies in different from the  present (Fulton, 1971). Fossil beetles and 
western Washington (Heusser, 1972, 1977; Hansen and pollen from the  Cowichan Head Formation suggest a climate 
Easterbrook, 19741, from which i t  has been concluded that  



BESSETTE 

MIDDLE 
SEDIMENTS 0 1 I COWICHAN HEAD 

C"D.. ATION 

SOUTHWESTERN 
BRITISH COLUMBIA 

T I M E  
UN l T S 

0 

x I WISCONSINAN I I . ".,,"", 

SOUTH -CENTRAL 
BRITISH COLUMBIA 

EARLY 

WISCONSINAN 

I I 

OKANAGAN CENTRE 
DRIFT SEMIAHMOO. MSHWOOD 

DRl FTS 

HOLOCENE 

WESTWOLO 

SEDIMENTS 

HIGHBURY, MAPLEGUARD 

SEDIMENTS 

POSTGLACIAL SEDIMENTS 

Figure 16.1. La te  Quaternary  s t ra t igraphic  f ramework of 
British Columbia. Drift  units a r e  stippled. 
References :  south-central  British Columbia, 
Fulton (1975); southwestern British Columbia, 
Fyles (1963), Armstrong (1975, 1977). 
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a t  t imes  similar to,  and a t  t imes  colder than, t h e  present 
(Armstrong and Clague, 1977). Palynologic analysis of an  
organic-rich sil t  in cen t r a l  British Columbia indicates that  
shrub-tundra conditions existed in that  a r e a  during a t  l ea s t  
pa r t  of t he  mid-Wisconsinan interval (Harington e t  al., 1974). 
Alley and Valentine (19771, however, concluded f rom an 
examination of pollen spec t r a  and a paleosol in the  Besset te  
sediments  t h a t  dry grassland environments occurred in some  
presently fores ted  valleys in southern British Columbia 
between a t  leas t  42 000 and 25 000 years  B.P. and  t h a t  a 
major c l ima t i c  deter iora t ion commenced only a f t e r  about  
25 000 years  B.P. Clague (1976, 19771, on t h e  o the r  hand, 
a t t r ibu ted  t h e  initial deposition of outwash sand (Quadra 
Sand) in coas t a l  southwestern  British Columbia t o  c l imat ic  
deter iora t ion accompanying t h e  onset of l a t e  Wisconsinan 
glaciation at or before about  29 000 years  B.P. Coasta l  
lowlands, however, w e r e  not  occupied by glacier  i ce  until 
s o m e  t i m e  a f t e r  25 000 years  B.P., and pa r t s  of t h e  south- 
cen t r a l  p a r t  of t h e  province were  not  covered by i c e  until 
a f t e r  19 000 years  B.P. 

In summary, severa l  differing c l imat ic  reconstructions 
have been proposed for  mid-Wisconsinan t i m e  in Brit ish 
Columbia (Fig. 16.3). Unfortunately,  mos t  of t hese  a r e  based 
on  l imi ted d a t a  or  per ta in  t o  only a small  pa r t  of t h e  interval.  
I t  appears,  however, t h a t  mid-Wisconsinan c l ima tes  varied 
from cold t o  relatively warm. More detailed c l imat ic  recon- 
s t ruct ions  awai t  combined studies of t he  f lora  and fauna of 
Besset te  sediments  and t h e  Cowichan Head Formation. 

Whatever the  deta i ls  of t he  paleoclimatic record, i t  is 
apparent  t h a t  c l imat ic  conditions a t  no t i m e  during th is  
interval were  such tha t  glaciers advanced f a r  out  of t h e  
alpine .valleys in to  in termontane a reas  and coas t a l  lowlands. 
Although this does not rule out mid-Wisconsinan glacier  
fluctuations in alpine areas ,  i t  does res t r ic t  t he  magnitude of 
such fluctuations.  

Independent evidence fo r  a lengthy Wisconsinan in ter -  
s t ade  is provided by calcium carbonate  cave  deposits f rom 
t h e  Alberni a rea  of Vancouver Island. Uranium-thorium da te s  
on these  deposits suggest t h a t  speleothem growth, and 
therefore  nonglacial conditions,  were  continuous f rom some  
t i m e  before about 60 000 t o  about  32 000 years  B.P. 
(M. Gascoyne, McMaster University, wri t ten  comm., 1977). 

Figure 16.2. Finite radiocarbon da te s  f rom mid- and la te-  
Wisconsinan s t ra t i f ied  sediments  (Bessette sedi- 
ments,  Cowichan Head Formation, Quadra  Sand, 
and unnamed correlatives) in British Columbia. The 
bar  indicates  t h e  possible range on e i the r  side of 
t h e  date .  The f ive  youngest da t e s  a r e  f rom 
s t ra t i f ied  sediments  occurring between t w o  l a t e  
Wisconsinan t i l ls  in t h e  F rase r  Lowland e a s t  of 
Vancouver. Dates  a r e  f rom Anderson (19681, 
Fulton (1971), H a r i n g t o n e t a l .  (19741, Clague 
(1975, l977), Westgate  and Fulton (1975), 
Fulton et al. (19761, Armstrong (19771, and  
Armstrong and Clague (1977). 

The cessation in growth at about  32 000 yea r s  B.P., al though 
possibly due t o  nonclimatic fac tors ,  may  re f l ec t  c l imat ic  
deter iora t ion accompanying an  ear ly  alpine phase of t h e  l a t e  
Wisconsinan (Fraser) glaciation. 

Mid-Wisconsinan Climates, Washington S t a t e  

Palynological d a t a  obtained f rom Wisconsinan sediments  
in t h e  Puget  Lowland (Hansen and Easterbrook, 1974) and 
Olympic Mountains (Heusser, 1972, 1974, 1977) in north- 
western  Washington bear on coeval c l ima t i c  conditions in 
nearby British Columbia. St ra t i f ied  sediments  near t h e  
Wisconsinan glacial  l imit  on the  Olympic Peninsula provide a 
continuous record of l a t e  Quaternary  vegeta t ion and environ- 
ments.  A paleotemperature  curve,  const ructed by comparing 
fossil pollen spec t r a  with modern plant communities 
encountered a t  various a l t i tudes  in t h e  Olympic Mountains 
near  the  studied sections,  i s  shown in Figure  16.4. Heusser 
(1972, 1977) corre la ted  pollen zones on which this curve  is 
based with t h e  various geologic-climatic units recognized in 
Puge t  Lowland t o  the  eas t .  For example,  t h e  cold interval 
between about 28 000 and 10 000 years  B.P. was corre la ted  
with the  F rase r  Glaciation of l a t e  Wisconsinan t ime,  and cold 
pollen spec t r a  between about  40 000 and 34 000 years  B.P. 
were  assigned t o  a l a t e  s t ade  of t h e  penul t imate  (Salmon 
Springs) glaciation (Easterbrook, 1969). Hansen and 
Easterbrook (1974) examined pollen f rom pea t  . beds in 
purported l a t e  Salmon Springs outwash in Puge t  Lowland and 
in terpre ted a cooler,  mois ter  c l i m a t e  than  t h a t  of t h e  
present.  
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Figure 16.3. Mid- and late-Wisconsinan paleoclimates,  
British Columbia and northwestern Washington. 
See  t e x t  fo r  details. 

These palynologic da ta  suggest t h a t  much of mid- 
Wisconsinan t ime  was cooler than a t  present (Fig. 16.3). I t  
does not follow, however, t h a t  all  cold phases (e.g., t ha t  f rom 
about 40 000 t o  34 000 years  B.P.) were  accompanied by 
glacier expansion in to  lowland areas.  Most of t h e  mid- 
Wisconsinan cold phases were  shor ter  in duration than t h e  
major l a t e  Wisconsinan cold interval and were  separa ted by 
periods of c l imat ic  amelioration (Fig. 16.4). I t  is  doubtful t h a t  
glaciation of ice  sheet  proportions could be achieved during 
these  shor ter  cold phases without accompanying significant 
increases in precipitation. Furthermore,  l i thostratigraphic 
and geochronologic d a t a  f rom southern British Columbia 
provide strong evidence against  continental  glaciation of t h e  
Cordillera at t h e  t ime  of deposition of t h e  so-called l a t e  
Salmon Springs t i l l  (Fig. 16.2). 

The l i thostratigraphic evidence cited in support  of l a t e  
Salmon Springs glacier invasion of Puget Lowland (Hansen and 
Easterbrook, 1974) has been questioned (Fulton e t  al., 19761, 
and a controversy cont inues  t o  exist  concerning a l ternat ive  
nonglacial modes of origin f o r  sediments  identified a t  cr i t ica l  
locali t ies a s  t i l l  and outwash. 

In summary, t h e  available biostratigraphic evidence 
f rom northwestern Washington indicates t h a t  mid- 
Wisconsinan c l imates  were  generally cooler than a t  present;  
however, lengthy in tervals  of re la t ive  warmth a l ternated with 
shor t  cold phases. Temperature-precipitation regimes were  
such t h a t  g lac iers  in t h e  Canadian Cordillera were  res t r ic ted  
largely t o  mountain valleys until t h e  end of mid-Wisconsinan 

by t h r e e  independent studies, one  based on t h e  oxygen isotope 
s t ra t igraphy of a c o r e  f rom the  equator ia l  Paci f ic  Ocean, a 
second concerned with t h e  isotope and pollen stratigraphy of 
cores off t he  northwestern United S ta t e s ,  and a third dealing 
with the  abundance of ice-rafted det r i tus  in cores from the  
Gulf of Alaska. 

Core  V28-238 

Core  V28-238 f r o m  t h e  equator ia l  Paci f ic  i s  highly 
calcareous and is  character ized by a uniform sedimentation 
r a t e  and an absence of hiatuses. From the  similarity in 
oxygen isotope ra t ios  obtained f rom both planktonic and 
benthonic foraminifers,  Shackleton and Opdyke (1973) con- 
cluded tha t  water  t empera tu res  a t  t h e  s e a  surface  in th is  
location have not  varied significantly f r o m  t h e  l a s t  inter-  
glaciation t o  t h e  present. The isotopic d i f ferences  in t h e  
core,  therefore ,  c a n  be  a t t r ibu ted  di rec t ly  t o  fluctuations in 
t h e  isotopic composition of s eawa te r  caused by t h e  
differential  withdrawal of water  molecules of d i f ferent  mass 
t o  form continental  i c e  sheets.  Shackleton and Opdyke thus 
were  able t o  link isotope ratios d i rec t ly  t o  ter res t r ia l  ice  
volumes. Because ocean t empera tu re  changes  may be re la ted  
poorly t o  a tmospher ic  t empera tu re  fluctuations,  c o r e  V28-238 
i s  superior t o  most co res  f rom t e m p e r a t e  la t i tudes  a s  a n  
indicator of global c l imat ic  trends. 

The difficulty of relating local ocean  temperatures  t o  
atmospheric parameters  or global i c e  volumes is shown by 
l a t e  Quaternary  changes in near-surface wa te r  temperatures  
in t h e  north Pacific Ocean off t h e  Oregon coast  
(Moore, 1973).Near-surface water  t empera tu res  in this a r e a  
increased t o  their  present  values f rom minima about  24 000 
years  B.P. This warming apparently was  not  in phase with 
glacial f luctuations on t h e  adjacent  continent,  because 
maximum l a t e  Wisconsinan glaciation of t h e  Northern 
Hemisphere occurred between 20 000 and 16 000 years B.P., 
well  a f t e r  t he  surface  wa te r  t empera tu re  minimum in the  
adjacent  North Pacific.  The apparent  paradox of warming 
ocean  wa te r s  co-occurring with advancing glaciers may be 
d u e  t o  changes in pat terns  of d ivergence and coas ta l  
upwelling off northwestern North America.  Perhaps t h e  
warming wa te r s  provided increased precipitation t o  glaciers 
in the  adjacent  Cordillera and thus f ac i l i t a t ed  thei r  growth. 

t ime.  +2 LATE-WISCONSINPIN 

GLACIATION MID-WISCONSINAN 
Unfortunately,  t h e  ter res t r ia l  s t ra t igraphic  record is 0 - NONGLACIAL INTERVAL 7 - - ?  

too  f ragmentary  and t h e  fossil f lora and f auna  insufficiently --, 
investigated t o  outline in more  deta i l  mid-Wisconsinan E 
cl imat ic  changes. Some additional const ra in ts  on t h e  c l imat ic  5 - 4  

cha rac te r  of this interval,  however, a r e  provided by deep-sea - 6  

sediments.  
-8 
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promising climatic reconstructions have been made Figure 16.4. L a t e  Quaternary  t empera tu re  changes in north- 
from deep-sea cores  using such pa ramete r s  a s  oxygen isotope western  Washington based upon palynological 
ratios and microfossil assemblages. These pa ramete r s  of ten  investigation of sediments  on Olympic 
directly ref lec t  water- temperature  variations or changes in Peninsula. Temperature  changes a r e  amounts  
t h e  to ta l  volume of i ce  on t h e  earth 's  surface.  A chronology above or  below t h e  present  July mean near s e a  
for  deep-sea cores  has been established using radiometr ic  a g e  level. Stippling indicates  t empera tu re  interval 
da t e s  and magnet ic  and isotopic stratigraphy. An advantage a t  which transit ion f rom subalpine fores t  t o  

of using marine  sediments  t o  assess paleoclimatic t rends  is  alpine tundra  would occur near  s e a  level. Time 

tha t  sedimentation r a t e s  a t  many ocean floor s i tes  have been spans  of t h e  Holocene and l a t e  Wisconsinan 

approximately uniform throughout t h e  Quaternary; cores  (Fraser) glaciation a f t e r  Heusser (1972, 1977); 
f rom these  sites apparent ly  lack hiatuses tha t  a r e  common in tha t  of t h e  mid-Wisconsinan interval based upon 
ter res t r ia l  s t ra t igraphic  successions. s t ra t igraphic  successions in western Canada 

(Fulton, 1977). The t empera tu re  graph is f rom 
The applicabili ty of deep-sea sediment d a t a  in  assessing Heusser (1977, his Fig. 16). 

mid-Wisconsinan c l ima tes  of t h e  Paci f ic  Northwest  is  shown 
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A. Glacio-eustatic s e a  level curve  based on 
isotopic trends in co re  V28-238 (Shackleton 
and Opdyke, 1973, t he i r  Fig. 7). 

B. Graph of dry weight per  c e n t  coarse  sand in 
c o r e  V21-171 as  a function of a g e  
(von Huene et al., 1976, t he i r  Fig. 4). 

Figure 16.5. Selected da ta  f rom two Pacif ic  deep-sea cores 
illustrating the  c l imat ic  fluctuations of l a t e  
Quaternary t ime. The absence of a ramp a t  t he  
beginning of graph B suggests t h a t  t h e  top of 
the  core  e i ther  was not recovered or  was badly 
disturbed. The mid-Wisconsinan nonglacial 
interval in both cores corresponds t o  isotope 
s t age  3. 

Because t h e  isotopic differences in c o r e  V28-238 a r e  
due  solely t o  variations in ter res t r ia l  i ce  volumes, t h e  
isotopic d a t a  were  t rans la ted  by Shackleton and Opdyke in to  
eus t a t i c  sea levels re la t ive  t o  the  present. The resulting 
glacio-eustatic sea  level curve,  shown in Figure 16.5A, i s  
strongly supported by Barbados and New Guinea cora l - ter race  
radiometr ic  dates  (Broecker e t  al., 1968; Veeh and Chappell, 
1970; Shackleton, 1971). 

Although short-duration changes in isotope ratios and, 
therefore ,  i ce  volumes may not be de tec t ed  because of 
sampling l imitations and s t ra t igraphic  mixing caused by 
faunal  burrowing act iv i ty ,  t h e  broad c l imat ic  trends of 
c o r e  V28-238 a r e  evident. Maximum glacierization of the  
Northc '-lemisphere occurred during isotope s t ages  2 and 4' 
at a b o ~ .  LO 000 and 70 000 years  B.P., respectively.  Although 
t h e r e  was considerable i ce  on t h e  North American and 
Eurasian cont inents  f rom about 70 000 years  B.P. (perhaps a s  
ear ly  a s  about 110 000 years  B.P.) t o  t h e  rapid melting a t  t h e  
end of s t age  2 between 16 000 and 6000 years  B.P. 
(Shackleton and Opdyke, 1973; Shackleton and Heusser, 1977), 
glaciation was less extensive during t h e  middle of th is  
interval f rom about 65 000 t o  25 000 years B.P. Isotope 
s t ages  1, 3, and 5 correspond t o  postglacial, mid-Wisconsinan, 
and Sangamonian (plus par t  of early Wisconsinan) t ime ,  
respectively.  

Dates  of isotope s t age  boundaries es t imated f rom 
core  V28-238 can be used as global averages  for t he  
boundaries of l a t e  Quaternary  c l ima t i c  intervals: 13 000 years  
B.P. (boundaries , of s tages  1 and 2, and postglacial  and 
Wisconsinan time); 32 000 years  B.P. (2-3, late-middle 
wisconsinan2); 64 000 years  B.P. (3-4, middle-early 
Wisconsinan); and 115 000 years  B.P. (5d-5e, Wisconsinan- 
Sangamonian). 

The glacio-eustatic curve  (Fig. 16.5A) i s  in ag reemen t  
with t e r r e s t r i a l  s t ra t igraphic  d a t a  indicating t h a t  glacier i c e  
remained over parts of eas tern  and nor theas tern  Canada 

throughout mid-Wisconsinan t i m e  while much of western 
Canada was i ce  f r e e  (Prest ,  1970; Dreimanis and Karrow, 
1972; Fulton, 1977). 

Marine Cores  off Northwestern United S ta t e s  

Heusser and Heusser (1977) determined pollen spec t r a  
f rom isotopically analyzed marine cores off the  northwestern 
United S ta t e s  and concluded t h a t  vegetation in the  Pacific 
Northwest, in general,  responded synchronously with fluctua- 
tions in global ice volumes during a t  l ea s t  t he  las t  
127 000 years.  Only during isotope s t age  5 were  a i r  
t empera tu res  equal t o  or higher than a t  present.  Pollen da ta  
suggest  t empera tu re  depressions of 6 ° C  and a t  leas t  7 O C  
during isotope s tages  4 and 2, respectively.  Stage  3 was 
warmer  than t h e  immediate ly  preceding o r  succeeding s tages ,  
but  was cooler than a t  present.  

Core  V21-171 

Core  V21-171 f rom t h e  Gulf of Alaska contains coarse  
det r i tus  believed t o  have been r a f t e d  by icebergs 
(von Huene e t  al., 1976). The amount  of sand and gravel a t  
each level in the  co re  i s  thought t o  be proportional t o  the  
abundance of icebergs calved f rom t idewater  glaciers in 
southeas tern  Alaska. Small glacier advances in this a rea  
probably would lead t o  a substantial  increase  in berg ice  in 
t h e  North Pacific;  thus the  abundance of ice-rafted det r i tus  
in  mar ine  sediments  may be a sensit ive indicator of c l imat ic  
change in  southeas tern  Alaska. Fur thermore ,  f luctuations of 
Ple is tocene glaciers in t h e  mountains bordering t h e  Gulf of 
Alaska probably were  broadly synchronous wi.th those  of t he  
main  Cordilleran glacier complex t o  t h e  southeas t ,  and thus 
t h e  re la t ive  abundance through t i m e  of ice-raf ted  de t r i t u s  in 
Gulf of Alaska sediments  may  provide di rec t  information on 
paleoclimates of t he  Paci f ic  Northwest.  

A graph of the  abundance of coarse  terrigenous det r i tus  
in co re  V21-171 (Fig. 16.5B) indicates glacial maxima cor- 
responding approximately in t i m e  t o  isotope s t ages  2, 4, and 
6.  The mid-Wisconsinan nonglacial interval corresponds t o  the  
coa r se  sand minimum corre la ted  with s t age  3. During th is  
in terval ,  more  ice-rafted det r i tus  was deposited than a t  
present or  during t h e  las t  interglacial ,  suggesting t h a t  alpine 
glaciers  in mountains bordering t h e  Gulf of Alaska may have 
been more  extensive during mid-Wisconsinan t i m e  than now. 
Variations in abundance of coa r se  sand in zone 3 sediments  
suggest  t h a t  mid-Wisconsinan c l imates  were  unstable, a n  
inference  supported by biostratigraphic d a t a  f rom British 
Columbia and Washington. 

I t  i s  hazardous t o  e s t i m a t e  t h e  duration of t h e  mid- 
Wisconsinan interval using t h e  d a t a  f rom c o r e  V21-171, 
because  the re  a r e  no age  control points in t h e  pa r t  of t h e  
co re  i l lustrated in Figure 16.58, and because sedimenta t ion 
r a t e s  a t  t h e  co re  s i t e  undoubtedly have varied. 'The one age  
shown in Figure 16.58 is based on a l inear extrapolation a t  a 
constant  sedimentation r a t e  f rom control points near  t h e  base 
of t he  core ,  and the re fo re  likely i s  in er ror .  For example,  t h e  
minimum in ice-rafted det r i tus  e s t ima ted  t o  have occurred 
f rom 115 000 t o  105 000 years  B.P. assuming uniform sedi- 
menta t ion represents  isotope s t age  5e  which actual ly  
extended f rom about  129 000 t o  115 000 years  B.P. 
(Shackleton and Opdyke, 1973). 

In conclusion, d a t a  f rom deep-sea sediments  in d i f ferent  
pa r t s  of t h e  Paci f ic  Ocean  indicate  a cool mid-Wisconsinan 
in terval  during which cont inenta l  g lac iers  were  smal ler  than 
during e i the r  ear ly  o r  l a t e  Wisconsinan t ime.  

1 

Isotope s t age  nomenclature a f t e r  Emiliani (1955). 

Many geoscientists p lace  t h e  boundary between l a t e  and middle Wisconsinan t i m e  a t  22 500 t o  25 000 years  B.P. (e.g., 
Pres t ,  1970; Dreimanis and Karrow, 1972; Fulton, 1977). Dates chosen fo r  this and o the r  geologic-climatic boundaries vary 
according t o  the  c r i t e r i a  used t o  define c l ima t i c  change. These c r i t e r i a  include global i ce  volumes, local and regional 
l i thostratigraphy, and biostratigraphy. 



A review of l i thos t ra t igraphic  and biostratigraphic 
information f rom the  Paci f ic  Northwest and re levant  paleo- 
c l ima t i c  d a t a  from se lec ted  deep-sea cores shows tha t  a 
lengthy nonglacial interval character ized  by a sharply 
f luc tuat ing ,  but generally cooler,  c l i m a t e  occurred  in British 
Columbia during middle Wisconsinan t ime.  Although a 
subs tant ia l  ice cover  probably remained in ea s t e rn  and 
nor theas tern  Canada during th i s  interval,  lowland a reas  
adjacent  t o  presently glacierized mountains in t h e  Canadian 
Cordil lera remained ice  f r ee .  

The lack of an extens ive  i ce  cover  in t h e  Cordil lera 
during t h e  generally cool mid-Wisconsinan interval may be 
due  in par t  t o  t h e  exis tence  of relatively cold surface  wa te r s  
in t h e  adjacent  Pacific.  The warming of su r f ace  wa te r s  in 
l a t e  Wisconsinan t ime ,  due  t o  changes  in t h e  regional oceanic  
circulation pat tern ,  may have resulted in increased precipita- 
t ion in t h e  Cordil lera.  This, combined with fu r the r  decreases  
in t empera tu re ,  t r iggered a n  expansion of glaciers 
culminating in t h e  inundation of most of British Columbia and 
nor thwestern  Washington by ice. 

Quaternary  c l imates  of t h e  Paci f ic  Northwest a r e  
controlled primarily by t h e  adjacent  Paci f ic  Ocean. Because 
c l imates  of o ther  s ec to r s  of g lac ia ted  North America  a r e  
controlled by d i f ferent  ocean bodies and a i r  c i rcula t ion  
pat terns ,  de ta i led  synchroneity of glacial  even t s  on a 
cont inenta l  sca le  is  unlikely. 
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Abstract 

Morison, S .R.  and Taylor, R.B., Physical characteristics and seasonal changes in an arctic estuarine 
environment; & Current Research, Part B,  Geol.  Surv. Can.,  Paper 78-1B, p, 101-106, 1978. 

Cunningham Inlet exhibits distinct seasonal changes in water mass, primarily because of 
variable fluvial discharge resulting from limited source water, i . e .  snowmelt. In summer there is a 
pronounced halocline at a depth of  1 t o  3 m, with freshwater flowing over the more dense saline 
water. Suspended sediment from rivers is the main source of  clayey silt covering much of  the inlet 
bot tom. Bedrock outcrops along the shallow entrance t o  the inlet and unconsolidated sediments along 
the shores are the other major sources of  sediment found on the inlet bot tom. 

Introduction 

Considerable information now is known about  t h e  
oceanography and marine  geology of large  channels of t h e  
Canadian Arct ic  Archipelago, but few deta i led  studies have 
been conducted in t h e  small  shallow bays or inlets. A base  
camp located a t  Cunningham Inlet for a coas ta l  morphology 
and process study of northern Somerset Island provided an  
opportunity t o  examine a semi-enclosed, shallow inlet .  
Observations of seasonal changes in water  mass, s e a  i ce  
breakup, and sampling of mar ine  sediments  were  made  during 
t h e  summers  of 1974 t o  1976. This paper represents  t h e  
results of a n  initial analysis of t h e  d a t a  and essentially is a 
summary of observations made in 1976. 

Cunningham Inlet is one of t h e  two  major inlets along 
t h e  north coast  of Somerset Island, Northwest Terr i tor ies  
(Fig. 17.1). The inlet  is 7.5 km long, 5.1 km a t  i t s  widest 
point, and is approximately 120 km2 in area.  S t eep  plateau 
slopes of 150 m relief,  f ronted by a narrow beach, line t h e  
eas t e rn  shore  of t h e  inlet. Along t h e  western  shore  t h e  
p la teau is f ronted by more  gradual slopes veneered with 
gravel raised beaches. The mouth of t h e  inlet  is nearly 
completely closed by a tombolo, tombolo island, and another 
smaller island (Fig. 17.41, which have been built across a wide 
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Figure 17.1. Location map  of t h e  study area .  

bedrock sill. A de l t a  primarily deposited by Cunningham 
River lies across the  head of t h e  inlet .  Cunningham River, 
with a dra inage basin a r e a  of 2600 k m 2  (Grey, 1976), is t he  
larges t  of severa l  r ivers emptying in to  Cunn~ngham Inlet. 

A t  t h e  northwest end of t h e  inlet  exposures of thin 
bedded, f ine  grained, argil laceous l imestone with in terbeds  
( I  t o  30 mm) of si l tstone were  found a s  well a s  thick bedded 
blocky argil laceous l imestone with no interbeds. The l ime- 
s tone  is thought t o  belong t o  t h e  Read Bay Formation of 
upper Silurian a g e  previously mapped along northern Somerset  
Island (For t ier  et al., 1963). The bedrock is unconformably 
overlain by unconsolidated Quaternary  rubble, sand, and silt. 

Methods of Study 

Field Method 

Water t empera tu re  and salinity were  measured with a 
por table  salinity-conductivity-temperature me te r  (Yellow 
Springs Instruments Co.), and wa te r  samples  for  suspended 
sediment  analysis were  col lec ted with a horizontal  a lpha 
water  bottle.  Bottom sediments  were  col lec ted using a Ponar 
and P e t i t e  Ponar grab sampler.  Bathymetry  and water  depths 
a t  sampling s ta t ions  were  measured using a Raytheon DE719 
Fathometer .  Before sea  i c e  breakup t h e  measurements  were  
m a d e  through sea l  holes, and a f t e r  breakup they were  made 
f rom a pneumatic boat. Horizontal  control  for  t h e  sampling 
s t a t ions  was  obtained using t w o  theodolites at known shore  
markers  t o  sight on t h e  station. When t h e  theodolites were  
not available,  a sextant  was  used t o  obtain angles f rom t h e  
sampling s t a t ion  t o  known shore markers.  

Laboratory Methods 

Mechanical and.minera1 analysis of t h e  bottom sediment  
samples  was  completed by Morison in t h e  laboratory of t h e  
Depar tment  of Geology, Queen's University. For grain s ize  
analysis, 50 g of freeze-dried sample  was  disaggregated and 
spli t  through a 6 2 p  m w e t  sieve. The coa r se  f rac t ion was  dry 
sieved and t h e  f ine  f rac t ion was  pipetted.  

Physical Character is t ics  of Cunningham Inle t  

Bathymetry  

Echo sounding t r ansec t s  show t h a t  t h e  inlet  bathymetry  
closely resembles  t h e  topography of the  adjacent  shorelines. 
The eas t e rn  nearshore bot tom slopes s teeply  t o  depths of 
36 t o  42 m. In contras t  t he  western  bot tom slopes a r e  more  
gradual,  and depths  a r e  generally shallower than 24 m. A 
partially divided channel of 6 t o  9 m depth  runs north-south 
in to  t h e  in le t  between 'Tern Island' and t h e  western  shore. 
Elsewhere across  t h e  inlet  mouth, depths  a r e  less than 3 m. 
Along t h e  f ront  of t h e  Cunningham River de l t a  depths  varied 
f rom 6 t o  18  m. 
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3 700  a t  t h e  su r f ace  t o  28  t o  30 %O at 3 m depth.  
Beneath  this layer  t h e  marine wa te r s  became  
colder  and more  saline with depth.  Salinity 
measurements  made  along a t r ansec t  running 
north-south in t h e  in le t  e n t r a n c e  (Fig. 17.1) 
showed t h a t  t h e  halocline decreased f r o m  a depth  
of 2 m a t  t h e  south end of t h e  en t r ance  ( the  i ce  
edge)  t o  0.5 m offshore  of t h e  in le t  (Fig. 17.6). At  
t h e  e n t r a n c e  t o  t h e  in le t  a d is t inc t  p lume of 
turbid wa te r  was  observed t o  move in and  o u t  of 
t h e  in le t  with t ide.  This phenomenon w a s  most 
obvious during peak river discharge and when t h e  
a r e a  of open water  a t  t h e  inlet  e n t r a n c e  was  
narrow. Water cha rac t e r i s t i c s  on  e i the r  s ide  of 

! t h e  plume e d g e  indica ted  t h a t  i t  was  t h e  
. . f reshwater-sa l twater  in ter face .  Waters o n  t h e  

. :h I seaward side of  t h e  i n t e r f ace  were  more  saline,  
colder,  and conta ined much less suspended sedi- 
m e n t  than w a t e r s  on t h e  in le t  side (Fig. 17.5a,b). 

Inaccessibility prevented  measu remen t s  off-  
sho re  of t h e  Cunningham River de l t a  until a f t e r  
i ce  b r e a k u ~ .  On 3ulv 30 a ~ r o n o u n c e d  halocline 

Figure  17.4. Aerial  view of t h e  mouth of Cunningham Inlet ,  Ju ly  20, existed at im depih, but an even more 

1976. (CSC 203216-L) pronounced thermocl ine  occurred ,  f r o m  6 t o  8OC 
a t  t h e  su r f ace  t o  1 t o  2OC a t  a dep th  of 3 m. 
Water t empera tu re  had ranged only between 0 and 

3 ° C  outs ide  t h e  de l t a  a r ea .  The higher t empera tu re s  a t  t h e  
Tides head of t h e  in le t  r e f l ec t ed  t h e  higher wa te r  t empera tu re  of 

Cunningham River,  which on July  30 was  a lso  6 t o  8OC. 
The t ides  recorded in Cunninaham Inlet f rom Julv  27 t o  

September  8, 1976 were  mixed sehidiurnal  and had a mean  In August increased mixing of wa te r s  by waves  and a 
t ida l  range  of 1.2 m. The e x t r e m e  range recorded was  2.1 m s teady dec rease  of f reshwater  emptying in to  t h e  inlet  led t o  
t o  0.4 m. less s t r a t i f i ca t ion  of t h e  su r f ace  waters.  By August 29  t h e  

wa te r  column at t h e  e n t r a n c e  t o  t h e  in le t  was  isohaline. 26 t o  
Ice Conditions 27 qoO , and t empera tu re s  hovered around 0°C. Elsewhere in 

t h e  inlet  sa l in i t ies  ranged f rom 24 t o  309'00 with increased Ice breakup progresses Outward f rom an Open water depth ,  and pockets of warm wa te r ,  up t o  2OC, were  observed. 
area, which at the northern part the During the summer  the coldest, most  saline, and most  dense entrance, and river Cunningham wa te r s  w e r e  found in t h e  deeper  pa r t s  of t h e  in le t  along t h e  
River. Tidal cu r r en t s  of e s t ima ted  0.4 t o  0.7 m/s a r e  east shore. 
responsible for t h e  ear ly  i ce  breakup in t he  en t r ance  channel. 
Melting of s e a  i c e  a t  t h e  river mouths is  associated with l a rge  Estuar Ty inputs of warm freshwater  during spring me l t  on land. O n c e  a 
s t r i p  of open w a t e r  extends  f rom t h e  en t r ance  t o  t h e  head of Cunningham Inlet cannot  b e  classified a s  any one  of t h e  
t h e  inlet ,  t h e  i ce  begins t o  break away f rom t h e  ea s t  and west  basic e s tua r i e s  described by Pr i tchard  and C a r t e r  (1971). 
shores  and las t ly  f r o m  the  nor theas t  corner  of t h e  inlet  This is because  of t h e  variable fluvial d ischarge  result ing 
(Fig. 17.2). f rom l imi ted  source  waters ,  i.e. snowmelt .  Before spring 

I ce  breakup in 1976 was  l a t e r  t han  in 1974 o r  1975. 
Although open w a t e r  extended in to  Cunningham Inlet  f rom 
Barrow S t r a i t  on J u n e  25, l i t t le  change in ice  cover  occurred  
until a f t e r  t h e  rivers reached flood s t age  during July  18-24 
(Fig. 17.2). On July  28  during a flood t ide,  west-northwest 
winds broke  a p a r t  t h e  ro t t ed  i c e  in t h e  c e n t r e  of t h e  inlet ,  
result ing in a continuous s t r ip  of open wa te r  along t h e  length  
of t h e  inlet. S e a  i ce  l e f t  t h e  res t  of t h e  inlet  by t h e  f i rs t  
week of August, excep t  in t h e  nor theas t  corner ,  which 
became  i ce  f r e e  by August 23. New i ce  began t o  fo rm during 
ca lm nights in l a t e  August and ear ly  September.  

Salinity and Tempera tu re  

Seasonal changes  in water  mass  cha rac t e r i s t i c s  at 
Cunningham Inlet  a r e  caused by l a rge  volumes of f reshwater  
which a r e  introduced during t h e  summer  a s  a result  of spring 
runoff. In 1976 measurements  of wa te r  character is t ics  in t h e  
inlet  were  begun on July  3,  which was  a f t e r  t h e  s t a r t  of 
spring m e l t  bu t  be fo re  t h e  rivers reached flood s t a g e  during 
July  18-24. 

Measurements  recorded through sea l  holes across  t h e  
middle of t h e  inlet  showed a pronounced halocline, f rom 2 t o  

me l t  t h e  mar ine  wa te r s  dominate ,  and t h e  wa te r  mass  of t he  
in le t  is nearly vertically homogeneous because  of t h e  s e a  i ce  
cover  and absence  of f reshwater .  During summer  t h e  l a rge  
inputs of f reshwater  a r e  insufficient t o  push t h e  larger  mass 
of mar ine  wa te r s  seaward,  and t h e  less dense f reshwater  
f lows across  t h e  su r f ace  causing a pronounced s t r a t i f i ca t ion  
in t h e  w a t e r  column. A t  th is  t i m e  t h e  inlet  resembles  a 
highly s t r a t i f i ed  estuary.  In l a t e  summer  a s  t h e  input of 
f reshwater  dec reases  and t h e  mar ine  wa te r s  become more  
dominant,  t h e  inlet  inherits  t h e  character is t ics  of a partial ly 
mixed es tuary .  By f r eezeup  t h e  wa te r  mass  r e tu rns  t o  a 
nearly ver t ica l ly  homogeneous s t a t e .  These  w a t e r  mass  
cha rac t e r i s t i c s  h e r e  ogserved during all  t h r ee  summers ;  
however,  t h e  t iming of t h e  changes  varied due  t o  d i f ferent  
d a t e s  of spring mel t ,  r iver flood s tage ,  and s e a  i c e  breakup irl 
t h e  inlet. 

Suspended Sediment  

Water samples  were  col lec ted  f rom t h e  rivers emptying 
i n t o  Cunningham Inle: and f rom t h e  in le t  itself t o  de t e rmine  
seasonal changes  in suspended sediment  concentra t ion .  The 
t o t a l  input of sediment  f rom t h e  rivers has  not  been 
ca lcula ted  yet ;  however,  comment s  c a n  be  made on t h e  
concen t r a t ions  of suspended sediment  car r ied  within t h e  inlet  
and through t h e  e n t r a n c e  t o  t h e  inlet. 



s a m e  locations on July 26 a lso  showed a decrease  
in suspended sediment concentra t ions  in a south 
t o  north direction (Fig. 17.5b). 

Figure 17.5a. The 'freshwater-saltwater in ter face '  in t h e  en t r ance  t o  
Cunningham Inlet  on July 26, 1976. Barrow S t ra i t  is a t  
t h e  top of the  photo. (CSC 203216-0) 

Water samples also were  col lec ted f rom 
Cunningham River on July 30, a t  one  s ta t ion just 
seaward of t h e  de l t a  and a t  another  1.1 km t o  
t h e  north. Sediment concentra t ion in t h e  river 
channels varied from 8 t o  55  mg/L while just 
offshore 9 me/L was observed a t  t he  surface  and 
24 mg/L n e a y t h e  bottom a t  16 m. At the  s ta t ion 
1.1 km north of t he  del ta ,  t h e  suspended sedi- 
men t  decreased from 12 mg/L a t  t he  surface  t o  
5 mg/L a t  a depth of 30 m. Thus, i t  appears  tha t  
some of the  suspended sediment f rom 
Cunningham River quickly s e t t l e s  to  the  bottom 
and t h a t  some is dispersed f rom the  del ta  in the  
near-surface waters  of t he  inlet. 

By August 29 t h e  near s toppage of river 
flow was ref lec ted in t h e  suspended sediment  
concentration. At the  head of the  inlet  2 t o  
5 mg/L was  observed, and a t  t he  en t r ance  t o  the  
inlet  t h e r e  was  only 2 t o  3 mg/L. Occasionally 
during summer s torms large  concentra t ions  of 
suspended sediment  were  ent ra ined by waves 
breaking in t h e  shallow e n t r a n c e  t o  t h e  inlet, 
thus redistributing t h e  f iner  sized sediments.  

SUSPENDED SEDIMENTS Marine Sediment  Character is t ics  
(mg/L) 

Sixty-four sediment  samples were  col lec ted f rom within 
t h e  inlet  during 1975 and 1976, and an additional 15 samples 

BARROW S T R A I T  were  col lec ted f rom across t h e  de l t a  and along t h e  shores of 
SEAWARD t h e  inlet. Final analysis of t h e  samples  has  not  been 
SIDE completed; however, a preliminary map  of sediment type has  

been prepared (Fig. 17.3). The textura l  classification and 
EDGE O F  

(mg / L) INTERFACE nomencla ture  assigned t o  t h e  sediment  types  a r e  those  
defined by Folk (1954). 

Textural  Character is t ics  

Bottom sediment  within the  cen t r a l  portion of the  inlet  
is a sof t ,  l ight brownish grey mud (Fig. 17.3). Ternary 

INLET diagrams show t h a t  t he  mud is slightly richer in si l t  than clay 
(Morison, 1977). At t h e  en t r ance  t o  the  inlet ,  t h e  bedrock sill 
is  overlain by a veneer of angular cobbles and pebbles mixed 

I N L E T  with the  l ight brownish grey mud. Dark grey t o  black sandy 
sil t  and gravelly mud of high organic con ten t  were  sampled 
across the  southern end of t h e  en t r ance  channel. Hunter and 
Godfrey (1975) had conducted a shallow seismic ref ract ion 

4 survey of t h e  inlet  and e s t ima ted  this deposit  t o  be  15 t o  

Figure  17.5b. Profiles of suspended sediment  concentra t ions  
(mg/L) sampled on e i the r  s ide  of t h e  
' freshwater-saltwater in ter face '  shown in 
Figure  17.5a. The location of t h e  sampling 
s ta t ions  is shown in Figure 17.1. 

In ear ly  July t h e r e  was  less than 1 mg/L of suspended 
sediment  in t h e  wa te r s  sampled through t h e  seal holes in t h e  
ice.  After  t h e  rivers reached flood s tage ,  however, 8 t o  
20 mg/L of suspended sediment was observed a t  t h e  in le t  
ent rance .  The highest concentrations of suspended sediment 
were  carr ied  above 2 t o  3 m depth,  i.e. on top of t h e  denser 
saline waters.  Wright (1971) also observed t h a t  t he  seasonal 
thermohaline s t ra t i f ica t ion of Alaskan fiords supported large  
concentra t ions  of suspended sediment  in the  upper layer. 

In l a t e  July, water  samples were  collected f rom along 
t h e  length of t h e  en t r ance  channel and across the  plume of 
sediment  mentioned above (Fig. 17.5a). On July 21 sediment  
concentra t ions  varied f rom 20 mg/L within t h e  plume t o  
8 mg/L seaward of t h e  plume. Samples col lec ted f rom t h e  

17 m -thick. Across t h e  south end of t h e  tombolo island the  
topographic high, observed by Hunter and Codfrey (19751, was  
covered by gravelly muds. However, in t h e  nearshore zone, 
a s  along t h e  east and west  sides of t h e  inlet ,  muddy gravels 
predominate.  I t  appears  t h a t  t h e  nearshore is a zone of 
transit ion between t h e  gravel beaches  and t h e  muddy marine  
deposits. Sil t ,  sandy sil t ,  and muddy sand cover  t h e  d e l t a  
foreslope whereas  silts and sandy muds occur  in t idal pools on 
t h e  del ta .  Above high t ide  l imi t  t h e  sediments  were  rounded 
cobbles and pebbles mixed with medium t o  coa r se  sand. 

Sediment Composition 

The mineralogy of the  sand f rac t ion was  a s  follows: 
ca l c i t e  10-80%, qua r t z  5-50%, amphibole 1-5%, pyroxene I-  
5%, and mica  (bioti te) t race .  'The l i thic f ragments  found in 
t h e  inlet  were  l imestone, probably f rom t h e  Read Bay 
geologic formation. Fossil con ten t  in t h e  samples included 
bivalves, foraminifera ,  ostracods,  and sponge spicules. 
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Figure 17.6. A profile of salinity values and the  location of 
t h e  halocline along t h e  inlet  en t r ance  on 
July 21, 1976. Refer  t o  Figure 17.1 for  
location of sampling s ta t ions .  

Discussion of Sediment Distribution 

The major contributors of sediment  t o  Cunningham Inlet 
a r e  t h e  surrounding rivers. The large  a r e a  of mud in t h e  
c e n t r e  of t h e  inlet  ref lec ts  t h e  suspended sediment  dumped 
in to  the  inlet  by rivers. The large  drainage a r e a  and length of 
Cunningham River make i t  t h e  larges t  contributor.  

The bimodal or polymodal bottom sediments  in the  
nearshore r e f l ee t  another  source  of sediment  - t h e  beach and 
low shore bluffs. The beaches a r e  primarily gravel,  with 
some bedrock outcrops. The low bluffs on t h e  west shore a r e  
muddy sandy rubble with mudslides occurr ing a s  a result  of 
rill wash during spring mel t  (Fig. 17.7a). During t h e  summer 
locally generated waves  e rode  t h e  beaches,  transporting 
beach sediments  seaward. Gravel also is added t o  t h e  
nearshore zone by rivers during peak flood s tage .  

The shallow en t r ance  t o  t h e  in le t  t r aps  much of t h e  
suspended sediment  leaving t h e  inlet, and t h e  main source  of 
cobbles and pebbles at t h e  en t r ance  is t h e  underlying bedrock 
or exposed bedrock on shore (Fig. 17.7b). Fractured bedrock, 
especially in in ter t idal  and shallow wa te r  areas ,  provides 
slabs of rock which a r e  easily dislodged by s e a  i c e  o r  short  
period, s t e e p  waves. The f la tness  of t h e  rocks helps t h e  
waves t o  ent ra in  them. 

Figure 17.7a. 

. - - A -- ._ _-- .- Gravel beaches a r e  backed by low shore 
bluffs, some  with muds l~des  across  thei r  
slope. The photo shows t h e  western  
shoreline of t he  Inlet  just north of ' E s k ~ m o  
River' (Fig. 17.1). (GSC 165002) 

Figure 17.7b. 

Fractured bedrock and cobbles observed along 
t h e  nearshore at t h e  en t r ance  to t h e  inlet. 
(GSC 203216-N) 
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Summary 

Cunningham Inlet is a semi-enclosed basin with only a 
narrow ou t l e t  t o  Barrow Stra i t .  As a result ,  t h e  wa te r  mass 
of t he  inlet is a f f ec t ed  tremendously by t h e  large  input of 
f reshwater  from surrounding rivers during a very shor t  period 
each  summer .  In summer ,  t h e  inlet  resembles  a highly 
s t r a t i f i ed  es tuary  with a halocline f rom 2 760 a t  t h e  su r f ace  
t o  31 %0 a t  3 m depth.  La rge  amounts  of suspended sediment  
also a r e  emptied in to  t he  inlet  by t h e  rivers a t  this t ime. It is 
t h e  'fresh' su r f ace  wa te r  flowing on top  of t h e  denser saline 
water  t h a t  t ranspor ts  and disperses t h e  suspended sediment  
throughout the  inlet. During l a t e  summer  with t he  decrease  
in fluvial discharge t h e  in le t  resembles  a partial ly mixed 
e s tua ry  and t h e  suspended sediment  concentra t ions  become 
minimal. 

The majority of bo t tom sediment  is mud (clayey silt). 
Pebbles,  cobbles, and boulders a r e  found near  t he  in le t  shores,  
and both bedrock outcrops  and bedrock f r agmen t s  a r e  found 
in t h e  mouth of t h e  inlet. The  major sources  of bot tom 
sediment  a r e  rivers, bedrock outcrops  both offshore  and 
alongshore, and unconsolidated sediments  along t h e  shoreline. 
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METHODOLOGY FOR RADAR TRANSILLUMINATION EXPERIMENTS 
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Abstract 

Annan, A.P. and Davis, J.L., Methodology fo r  radar  transillumination experiments;  5 Cur ren t  
Research, P a r t  B, Geol. Surv. Can., Paper  78-lB,  p. 107-110, 1978. 

Transillumination measurements  represent  the  optimum technique to  determine the  high 
f requency e lec t r ica l  proper t ies  of a mater ia l  in situ. The methodology and a s imple  
in terpre ta t ion scheme f o r  a transillumination experiment a r e  presented. D a t a  obtained with 
an  impulse radar  system, operating a t  a cen t r e  f requency of 80 MHz,  in a potash mine a r e  used 
t o  demonstra te  the  techniques developed. The experimental  d a t a  yield a bulk die lec t r ic  
constant  e s t ima te  of 5.3 fo r  the  potash ore .  

Background Field Methodology 

Transillumination exper iments  provide e s t ima tes  of t he  The field methodology of d a t a  collection is described 
bulk high frequency e lec t r ica l  properties of a medium. In a he re  in order t o  document  t h e  procedure and t o  set t h e  s t a g e  
radar  transillumination exper iment ,  t he  t ransmit t ing antenna for d a t a  reduction. The following s t eps  outline the  field 
is  placed on one side of a block of mater ia l  under study and procedure for a transil lumination experiment:  
t h e  receiving antenna is placed on t h e  other  side. One 
antenna is then moved sideways with respect  t o  the  o ther .  
The basic transillumination geometry  is  shown in Figure 18.1. 

In conjunction with extensive radar experiments con- 
ducted in  a number of Saskatchewan potash mines, a ser ies  of 
transillumination exper iments  was  carr ied  ou t  t o  provide 
background information on the  bulk e lec t r ica l  properties of 
t h e  s a l t  beds. Almost ideal transillumination conditions were  
available in the  mines. Large pillars of s a l t  and potash o r e  
were  available and easily accessible.  The purpose of this 
repor t  i s  t o  outline t h e  field technique and t o  i l lus t ra te  how 
an e s t ima te  of t he  propagation velocity and the  apparent  
d ie lec t r ic  constant of t he  mater ia l  i s  derived. While a g rea t  
deal  more  information can be  ex t r ac t ed  f rom t h e  da ta ,  t h e  
primary emphasis here  is a quick and relatively s imple  
technique for  providing e s t ima tes  of t he  velocity and 
d ie l ec t r i c  constant.  More deta i led  analysis of t he  d a t a  i s  
reserved for  a la ter  repor t .  

connecting tunnel 

73:\e 
(moving) X 

Figure 18.1 Illustration of transillumination 
exper iment  geometry .  

(a) A pillar with sa t is fac tory  dimensions and geometr ica l  
shape is chosen in a geologically significant area .  

(b) A c e n t r e  point (x = 0) f o r  t h e  a r r ay  is  picked a t  s o m e  
practical  d is tance  f rom a passageway connecting both 
sides of t h e  pillar under s tudy (Fig. 18.1). 

(c) One side of t h e  pillar is chained off in increments,  bx ,  
both ways f rom t h e  a r r ay  c e n t r e  point (Fig. 18.1). In 
pract ice ,  t h e  value f o r ,  6, should b e  less than 20 per 
cen t  of t he  pillar thickness. The maximum offse t  f rom 
the  c e n t r e  point should b e  1 t o  2 t imes  the  pillar 
thickness. 

(dl One antenna is  s e t  up a t  t he  c e n t r e  point of the  a r r ay  
on t h e  unchained s ide  of t h e  pillar. This antenna is  
enclosed with radio wave absorbing mater ia l  t o  reduce 
spurious back s c a t t e r  f rom o the r  objects in t h e  tunnel 
or  adjacent  walls. The receiving an tenna  is  usually held 
fixed because  wiring logistics a r e  simpler in this mode. 

(e) The other  antenna is  placed a t  t h e  c e n t r e  of t he  a r r ay  
on the  chained side of t he  pillar. Ideally, this antenna 
should b e  enclosed with radio  wave absorbing ma te r i a l  
but  of ten  th is  is  not practical .  The radar  gains and 
ranges a r e  then adjusred t o  t h e  appropr ia te  levels. This 
s t e p  provides t h e  c loses t  approach maximum signal 
level sett ing. 

(f) The antenna on t h e  chained s ide  of the  pillar is  moved 
t o  t h e  marked point f a r thes t  f rom t h e  connect ing 
tunnel. This position allows the  radar system gains t o  
be  s e t  for  t h e  minimum signal level. 

(g) The moving antenna is then t ranspor ted  f rom marker  t o  
marker until t he  marker closest  t o  the  connecting 
passageway is  reached. As t h e  signal level approaches 
sa tura t ion or  decreases  below reasonably useful levels,  
t h e  radar  gain is adjusted appropriately up or down. 

Estimation of Propagation Velocity 

The radar  record yields t h e  t ravel  t imes  for  t h e  signal 
t o  pass through t h e  pillar a s  a function of the  position of the  
moving antenna. The t i m e  origin for  t h e  d a t a  is  not easily 
determined.  To determine t h e  propagation velocity through 
t h e  pillar i t  is necessary t o  allow for  t h e  unknown t i m e  orinin 
a s  well a s  any  misalignment associated with posi t ionkg 
errors .  



A typical transillumination record is shown in moving antenna with respect  t o  the  measured origin and Y .  is 
1 

Figure 18.2. The da ta  were  obtained with an  impulse radar t h e  t ravel  t ime.  
employing antennas  constructed by the  Geological Survey of If t h e  c e n t r e  of t h e  chained line i s  not  aligned with the  
~ a n a d a  f o r  this particular Purpose. The antennas had a fixed antenna, the travel times will not be symmetr ica l  a s  a centre frequency of MHz and about a 70 MHz bandwidth' function of Xi (1.e. Y(-Xi) f Y(Xi)). From t h e  shape of the  
The record shows a variable grey sca l e  graphic recording of travel t ime curve i t  is possible to estimate the position of 
the  radar signal a s  a function of the  moving antenna position. minimum travel time. This position allows an estimate of the 
The f o r m a t  of these  records is discussed by Annan and Davis misalignment The corrected position data, is 
(1976). In this particular record t h e  6, was 1.5 m (5 ft) .  denoted by 

The t ravel  t i m e  for  t h e  signal passing through t h e  pillar 
decreases  to  a minimum a t  t he  cen t r e  point and then 2.  = X. I - E 
increases  again. This record is readily reduced to  a raw s e t  
of d a t a  points which give t ravel  t ime  re la t ive  t o  an  arbi t rary  where  E is t he  alignment error.  
t i m e  origin as a function of t h e  antenna position. This d a t a  
set will be denoted (X:, Y:) where  X: i s  t he  position of t h e  

I '  I I 

POSITION 

INCREASED GAIN INCREASED GAIN 
Figure 18.2 Typical transillumination record obtained in a potash mine. The position is indicated in f e e t .  



The theoretical  t ravel  t i m e  through a plane surfaced 
pillar a s  a function of moving antenna position is 

where d i s  t he  pillar thickness and V is  t h e  propagation 
velocity in  the  pillar The t rue  t ravel  t ime  fo r  position ti is  
re la ted  to  the  measured t ravel  t ime  Yi by 

Y. = t. - T 
I I R  

(3) 

where  TR is t he  unknown origin offse t  t i m e  for  t h e  measured 
t ravel  t imes.  Combining expression (2) with (3) yields 

Defining t h e  equation 

a l eas t  squares f i t  (Jenkins and Watts,  1969) t o  a parabolic 
form with the  da ta  s e t  (Zi2, Yi) yields the  pa ramete r s  

Regrouping the  equations yields 

This analysis thus yields e s t ima tes  of t he  velocity,  t h e  t i m e  
origin, and the  pillar thickness. Since a measurement  of t he  
pillar thickness is  available,  a check on t h e  quality of t h e  f i t  
is  available. 

In terpre ta t ion of Field Example 

The raw d a t a  for  t ravel  t ime  versus position f rom the  
record in Figure 18.2 a r e  l isted in Table 18.1. The a symmet ry  
of t he  da ta  has been used t o  provide the  e s t i m a t e  for  E of 
1.2 m (4  ft) .  A s tandard l eas t  squares parabolic f i t  available 
fo r  t he  HP-65 calcula tor  was applied t o  t h e  reduced data.  
The calculated values for  ao, a1  and an a r e  

which yield 

V = 0.13m/ns 

T~ = 18.4 ns 

The pillar in this example  was  not surveyed. An e s t i m a t e  of 
t h e  pillar thickness, using a c lo th  t ape  and assuming t h a t  t h e  
pillar f aces  a r e  parallel ,  i s  6.2 m. The accuracy  of th is  

e s t i m a t e  l ike t h a t  of t h e  c e n t r e  point of t h e  a r r ay  is  about  10 
per cent .  The propagation velocity yields an  e s t i m a t e  of the  
bulk apparent d ie lec t r ic  constant ,  Ka, where  

and c is t he  e l ec t romagne t i c  wave velocity in a vacuum 
(0.3 m/ns). The transil lumination d a t a  yields an  apparent  
d ie lec t r ic  constant  of 5.3. 

Table 18.1 

Raw t ravel  t ime  versus position d a t a  derived f rom 
transil lumination record shown in Figure  18.2. 

'i 
( f ee t )  

P rac t i ca l  Limits fo r  Implementat ion and In terpre ta t ion 

The in terpre ta t ion method used he re  is  very simplistic 
and implicitly requires severa l  assumptions t o  be made. The 
most  important  assumptions a r e  t h a t  t h e  pillar walls a r e  
plane and parallel and t h a t  t he  velocity is  constant  through- 
out  the  pillar. For a l l  exper iments  conducted in  t h e  potash 
mines t h e  walls of pillars were  sufficiently regular for  t h e  
plane, parallel  wall assumption t o  be made. If this assump- 
t ion cannot  be  made, a revised in terpre ta t ion s c h e m e  must be  
derived. An a l t e r n a t e  s c h e m e  would most  likely require  some  
method for  measuring t h e  absolute  t i m e  origin for  t h e  data .  
The assumption of constant  velocity within t h e  pillar i s  
consis tent  with a l l  our analysis t o  da te .  More detailed study, 
however,  may reveal  discrepancies which a r e  associated with 
th is  assumption. We have  no t  encountered any  anomalous 
transil lumination records  which might indicate  significant 
variations in V over t h e  spat ia l  d is tances  covered by our 
experiments.  

Another source  of er ror  can b e  associa ted  with t h e  
unknown t i m e  origin fo r  t h e  data .  In d a t a  with s o m e  f in i t e  
e r r o r  in t h e  d a t a  points, analysis with a l a rge  origin offse t  T R can lead t o  spurious results.  In this case ,  a 1  >> a2 in the  ex- 
pressions. To minimize  th is  source  of er ror ,  a t i m e  origin 
should be picked fo r  t h e  d a t a  which is  reasonably close t o  t h e  
t rue  t i m e  origin. A pract ica l  manner fo r  es t imat ing t h e  t i m e  
origin i s  t o  set t h e  t r ave l  at t h e  c loses t  approach equal t o  

d Y (0) = obs 

vest 



where  dabs is the  thickness of t h e  pillar observed in t h e  field 
and Vest a reasonable e s t i m a t e  of t h e  propagation velocity in 
t h e  pillar. For potash da t a ,  t h e  velocity e s t i m a t e  was  chosen 
t o  be  0.12 m/ns (Davis and Annan, 1977). 

Prac t ica l  dimensions fo r  a transil lumination exper iment  
a r e  governed primarily by t h e  availabil i ty of su i table  s i tes .  In 
a ~ d i  tion, t h e  smallest  dimension should be significantly 
la rger  than t h e  signal wavelengths,  and t h e  l a rges t  dimension 
suff ic ient ly  smal l  t ha t  t he  signal is not al l  absorbed by t h e  
ma te r i a l  illuminated. Additional geometr ica l  cons t ra in ts  a r e  
imposed if highly directional an t ennas  a r e  employed. 

Summary and Conclusions 

A sys t ema t i c  procedure is  developed f o r  conducting 
transil lumination exper iments  and deriving e l ec t romagne t i c  
wave velocity and apparent  d ie lec t r ic  cons tant  of bulk 
mater ia ls .  The rechnique has been successfully applied in a 
number of potash mines. In sy lv i te  r ich mater ia l  t he  apparent  
d ie lec t r ic  constant  of 5.3 determined he re  fo r  t h e  f requency 
band 40 t o  120 MHz is  similar t o  t h e  value of 5.5 previously 
obta ined with t i m e  domain r e f l ec tome t ry  methods  (Davis and 
Annan, 1977). 
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Abstract 

Umpleby, D.C., Stevens, G.R., and Colwell, J.A., Clay mineral analyses of Mesozoic-Cenozoic 
sequences, Labrador Shelf; Current Research, Part B, Geol. Surv. Can., Paper 7 8 - l B ,  
p.lll-114,1978. 

Clay minerals separated from Cretaceous and Tertiary sediments o f  the Labrador Shelf 
have been quantitatively analyzed to  show the stratigraphic relevance of the clay mineral 
content. Kaolinite is prevalent in rocks of early Cretaceous age whereas montmorillonite is 
predominant in Upper Cretaceous and Paleocene rocks. In the deepest well, however, 
sediments of Paleocene age are dominated by illite, suggesting that diagenesis occurred under 
a relatively high thermal regime. Diagenetic processes are also indicated by other parameters. 

Introduction Purpose of t h e  Study 

Since 1973, eight deep wells have been drilled on the  
Labrador Shelf (Fig. 19.1). Three of these  wells encountered 
gas  and condensate.  A t  the  present t ime ,  six of t hese  wells, 
including the  th ree  discoveries, have been released f rom a 
confidential  status.  

In this study, cut t ings  f rom five nonconfidential wells, 
taken a t  variously-spaced intervals of the  Mesozoic and 
Cenozoic  sequences, have been quantitatively analyzed fo r  
clay minerals. Although the  results of t h i s  analysis a r e  of a 
preliminary nature,  s o m e  degree  of corre la t ion has  been 
found between t h e  predominant c lay  mineral t ype  and 
stratigraphy. In addition, the  deepest well, Snorri J-90, was 
drilled in to  sediments which in the  lower par t  show the  
e f f e c t s  of diagenesis cha rac te r i s t i c  of a ;elatively high 
the rma l  regime. 

The reasons for  conducting this s tudy are:  

I. To determine if a clay-mineral s t ra t igraphy exists 
and, if so, whether  i t  follows t h e  biostratigraphic 
framework; 

2. To ascer ta in  if t h e  spect rum of clay minerals 
provides e v i d e ~ ~ c e  of conditions prevailing in adja- 
c e n t  provenance a r e a s  during t h e  Cretaceous  and 
Ter t iary;  

3. To study t h e  predominant c lay  minerals present in 
order t o  ascer ta in  whether the  re lease  of hydrocar- 
bons, given a favourable matura t ion history, may 
have occurred; and 

4. To eva lua te  t h e  
combined e f f e c t s  
essential  for  eval  
the  area .  

deg ree  of diagenesis UI 

of a g e  and t empera tu re  - 
uating t h e  hydrocarbon pot 
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Stra t igraphy Dif f rac t ion  Equipment and Methods 

The Labrador Shelf i s  underlain by a th ick  c l a s t i c  wedge 
which i s  nowhere exposed on t h e  ad j acen t  onshore areas .  
S t ra t igraphic  studies (McWhae and Michel, 1975) show t h a t  
th is  wedge can be divided in to  two  parts.  The lower par t  is  
res t r ic ted  t o  a fault-bound basin beneath  t h e  ea s t e rn  half of 
t he  shelf and contains t he  following sequences:  

Early Barremian t o  Hauterivian subaerial  basa l t  lavas 
and associated deposits (continental  sands,  shales,  and 
aquagene  tuffs). 

Early Barremian t o  Albian cont inenta l  sand. 

Albian t o  l a t e  Paleocene o r  ear l ies t  Eocene shallow 
w a t e r  sediments  - mainly g rey  shales,  locally including 
th ick  marginal t o  nonmarine sands. 

The overlying sequence ,  of ea r ly  Eocene and younger 
age ,  consists primarily of th ick ,  variably s i l ty  and sandy 
turbid i tes  which were  rapidly deposited in re la t ive ly  
d e e p  water .  This younger sequence  is  exclusively 
mar ine ,  overlaps t h e  o lder ,  geographically-restricted 
sequence  and fo rms  the  bulk of t h e  c l a s t i c  wedge. 

Clay  Sample  Techniques 

A to t a l  of 184 samples  was  t aken  f rom t h e  f i ve  wells. 
About half t h e  samples  were  t aken  at speci f ic  horizons; t h e  
o the r s  were  composites taken f r o m  a number of intervals.  
Drilling mud was  removed f rom t h e  cut t ings  by w e t  sieving 
through a 0.056 m m  screen. Fragments  la rger  than 2 m m  
(mainly cavings) were  removed at t h e  s a m e  t ime .  Af ter  
disaggregation,  t h e  c lay  minera ls  were  s epa ra t ed  and t r e a t e d  
using a modification of t he  method described by Biscaye 
(1965). Two smear  slides were  prepared f rom t h e  < 2  y m frac- 
tion of each  sample.  One was  glycolated overnight a t  80°C in 
order t o  fully expand t h e  montmori l loni te  and mixed c l ay  
minerals.  

Freydis Cartier Gudrid 

\ 

Figure 19.2. Variation of c lay  minera l  composit ion 

\ 

with depth.  

All sl ides were  scanned on t h e  s a m e  Phillips equipment  
using a nickel f i l tered-copper radiation g e n e r a t e d  f rom a 
normal-focus tube  driven at 34 RV and 33 MA. Ou tpu t  f rom 
t h e  proportional flow coun te r  was  fu r the r  processed through a 
pulse-height analyser before  sca l ing  and recordin  . A t i m e  
constant  of 4 s was  used f o r  both f a s t  ( l o  2Q/min? and slow 
(114' 2Q/min) scans.  Both glycolated and unglycolated slide 
mounts w e r e  scanned between 2 and 30" a t  I O 2Q/min. The 
glycolated mounts a lso  w e r e  re-scanned f r o m  24 t o  26" a t  
slow speed (114" 2Q/min) t o  resolve overlapping peaks of 
kaolinite and chlorite.  

Analysis of Diff r ac tog rams  

The re la t ive  abundances  of t h e  four  major  c l ay  minera ls  
were  de t e rmined  f rom t h e  a r e a s  of app ropr i a t e  d i f f rac togram 
peaks, essentially following t h e  method of Biscaye (1965). 
The a r e a s  w e r e  weighted  t o  correspond m o r e  closely t o  a c t u a l  
mineral  abundances.  The pe rcen tage  of each  minera l  was 
ca lcula ted  f rom t h e  r a t i o  weighted peak a r e a  t o  t o t a l  peak 
a rea .  The peaks and wei.ghting f ac to r s  used were:  

1. t h e  a r e a  of t h e  17 nm glycolated peak fo r  montmo- 
rillonite; 

2. four t imes  t h e  a r e a  of t he  10 nm glycolated peak for  
i l l i te;  and 

3. t w o  t imes  t h e  a r e a  of t h e  7 n m  glycola ted  peak fo r  
ch lo r i t e  plus kaolinite.  

The l a t t e r  peak a r e a  was  apportioned be tween  ch lo r i t e  
and kaolinite. Biscaye (1965) had de t e rmined  t h e  a r e a s  of t h e  
3.59 n m  kaol in i te  and 3.54 n m  ch lo r i t e  peaks f r o m  a slow scan 
and  used t h e  r a t i o  of t h e  t w o  a r e a s  t o  apportion t h e  7 nm 
peak a rea .  We found t h a t  t h e s e  peaks were  o f t en  poorly 
resolved. Af ter  s o m e  exper imenta t ion  with various mixtures  

Bjarni Snorri 

Montmorillonite 
Illite 
Chlorite 
Kaolinite 



of pure kaolinite and chlor i te  w e  were  ab le  t o  ca lcula te  t h e  Sequences younger than Paleocene show a similar 
re la t ive  amounts of t hese  minerals using peak heights a s  distribution of c lay  minera l  type. In Eocene sediment ,  
follows: montmoril lonite,  i l l i te,  and kaolinite occur  in a ~ ~ r o x i m a t e l v  

I. the relative heights of the at 3.58 nm (kaoli- equal amounts;  i n  t h 6  Oligocene sequence boih iIIite an2 
kaolinite exceed the  proportion of montmoril lonite,  but in the  

n i te)  and 3.54 nm (chlorite) on t h e  slow scan,  and Miocene sequence t h e  distribution of clay minerals is e r r a t i c ,  
2. t he  relative heights of t he  4.7 nm peak and t h e  3.54- i l l i te i s  generally predominant though t h e  proportions of both 

3.58 nm combined peak for  chlor i te  plus kaolinite on kaolinite and montmoril lonite a r e  only slightly smaller.  
t he  f a s t  scan. 

The average of the  two determinations was used t o  In terpre ta t ion of Resul ts  
apportion t h e  7 nm peak a r e a  t o  kaolinite and chlorite.  I. The predominance of kaolinite in t h e  c l ay  f rac t ion of 

ear ly  Cre taceous  sediments  suggest conditions in t h e  source  
C lay  Mineral Analysis Resul ts  a r e a  were  character ized by a warm pluvial c l imate .  

The plot of average clay analysis versus s t ra t igraphic  
a g e  (Fig. 19.2) shows a good correlation between c lay  mineral 
analysis and stratigraphy in t h e  lower par t  of section. 

The Early Cretaceous  sandy sequence in Bjarni H-81 and 
Snorri 2-90 is kaolinite-rich. Montmorillonite is  gener- 
ally predominant in the  mid-Cretaceous t o  Early 
Paleocene dark shales. Snorri 3-90 is an  exception t o  
this generalization as here,  because  of diagenesis in t h e  
Paleocene sequence, montmoril lonite has been trans- 
formed t o  illite. 

NORMAL - TYPE 
( CARTIER D-70 ) 

Metres 0 composition 1000/~ 

2. In mid Cre taceous  t o  ear ly  Paleocene sediments the  
clay f rac t ion is dominated by montmoril lonite suggesting t h a t  
semi-arid, savanna-like conditions prevailed on adjacent  
provenance areas.  

3. L a t e  Paleocene and younger sequences  show no 
preferred c lay  mineral which suggests a genera l  instabili ty of 
t h e  c lay  minera ls  both  in the  developing regolith of prove- 
nance a reas  and in  t h e  adjacent  basins. 

DlAGENETlC - TYPE 
( SNORRI J -90 ) 
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~ 1 ~ ~ ~ = ]  I lflcreffses K Decreases 

I \ 

\ \ 
Montmoril lonite . \ \ 1 

I l l i te  . \  

! \  

CI-~lorite I \  
6-q 0 

Kaolinite IKIIIIII*I , b'-"'-\'#i- / A  @ \ 

- 

\ 
' \ a Composite sample "m \ \ 

\ \ 
0 a Spot sample . \ \ \ 

.... f , l - \ j  @ GSC , \ 
\ 

Figure 19.3. Comparison of c lay  mineral composition of normal and a l t e red  Paleocene sequences. 



4. In the  gas and condensate  discoveries, Cudrid H-55 
and Bjarni H-81, t h e  reservoir horizon is adjacent  t o  l a t e  
Cretaceous  and Paleocene shales. These shales a r e  in a 
favourable thermal  milieu for  t h e  generation of hydrocarbons 
and therefore  a r e  probable source  beds. The c lay  f rac t ion is  
dominated by montmorillonite. According t o  current ly  
accepted theories on t h e  relationship between the  format ion 
and migration of hydrocarbons and clay-mineral diagenesis, 
montmoril lonite is  the  only clay mineral capable of expelling 
large  amounts  of l a t t i ce  water .  This expulsion of wa te r  
provides a mechanism for  moving hydrocarbons f rom source  
beds in to  adjacent reservoirs. 

5. The diagenetic conversion of montmoril lonite t o  
i l l i te may be demonstra ted  in Snorri J-90 (Fig. 3). This well 
i s  deeper and penetra ted  an a r e a  of relatively higher hea t  
flow than t h e  other  wells (as evidenced by high Ro  values of 
coals  and by measured format ion temperatures),  s o  more  

advanced diagenesis i s  probable. In o ther  wells, Paleocene 
sediments  a r e  dominated by montmoril lonite.  In Snorri J-90 
Paleocene sediments a r e  dominated by i l l i te,  t h e  proportion 
of which increases with dep th  f i rs t  a t  t h e  expense  of 
montmoril lonite and with g rea te r  depth  at t h e  expense  of 
kaolinite. The di f f rac t ion peak of i l l i te  becomes sharper  with 
depth ,  another  indication t h a t  diagenesis has occurred. 
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Abstract  

Richard, S.H., Surficial geology: Lachute-Montebello area ,  Quebec; & Current  Research, P a r t  B, 
Geol. Surv. Can., Pape r  78-lB, p. 115-119, 1978. 

Unconsolidated Quaternary  sediments  of Lachute-Montebello area ,  Quebec consist  mainly 
of glacial  deposits abandoned by the  Wisconsin glacier  and  of marine sediments  deposited during 
the  submergence of the  lower p a r t s  of t he  a rea  by the  Champlain Sea. The presence of lodgment 
till overlying subaqueous marine outwash sediments  in centra l  O t t awa  Valley nea r  Pointe-Fortune 
i s  repor ted  f o r  t h e  f i r s t  time. Fossiliferous diamictons  and  glaciomarine deposits have  been found 
in the  Oka Mountains and in the  Laurentian Highlands n e a r  Lachute  e i the r  in t h e  surface  glacia l  
deposits o r  underlying fossiliferous mar ine ,  beach deposits. Marine sediments  deposited in t h e  
Champlain Sea basin overlie t he  glacial  deposits in the  low-lying a r e a s  of the  Ot tawa-  
St.  Lawrence Lowlands and in the  valleys of the  Laurentian Highlands. The highest marine shells 
recovered f rom these  sediments  a t  o r  nea r  the  mar ine  l imi t  were  found near  Montebello, 
Calumet ,  and Grenville a t  ca. 175  m elevation. The l a s t  shoreline of t h e  regressing Champlain 
Sea  was found a t  t he  foo t  of t h e  Oka Mountains n e a r  La Trappe a t  ca. 70 m elevation. L a t e  
Champlain Sea del ta ic  sand plains were built by the  early Ot t awa  River in the  St. Lawrence 
Lowlands between Saint-Philippe-dlArgenteuil and Lachute  and between Upper Lachute  and 
Saint-Hermas just before  final land emergence..This was followed by a phase of r iver  channel and  
t e r r a c e  downcutting through the  sof t  sensit ive mar ine  c l ays  and  s i l t s  of O t t awa  Valley and  of t h e  
St. Lawrence Lowlands by the  degrading ear ly  Ot t awa  River. 

Field investigation and mapping of the surficial  geology hills between the  outcrops.  A few morainal ridges have been 
of the  Lachute  (31 G/9, 10, 15, 16) map  a r e a  have been observed in valleys, but these  t i l l  deposits a r e  generally 
completed. Studies of the  bedrock geology and mineral hummocky t o  undulating surfaces  without any well  oriented 
resources of par ts  of the  m a p  a r e a  were  carr ied  out  fea tures .  
in termit tent ly  between 1842 and 1925 by Logan (1863, 1864), 
Ells (19011, and Wilson (1920). Osborne and McGerrigle (1938) 
reinvestigated the  geology of the  major par t  of t he  map a r e a  
and studied t h e  unconsolidated Quaternary  sediments.  Wilson 
(1946) incorporated ear l ier  works on t h e  bedrock geology of 
the  Ot t awa  and St .  Lawrence Valley Lowlands. The mos t  
recent  compilation of bedrock geology is provided by 
Douglas (1978). 

Investigations and mapping of the  surficial  geology of 
par ts  of t he  Lachute  map  a r e a  were  carr ied  out by 
D.A. St-Onge (Kugler-Gagnon, 19771, ~ a v e r d i s r e  (1972a,b), 
t a v e r d i k r e  and Guimont (1973). These studies dea l t  with t h e  
a r e a  surrounding t h e  International Airport a t  Mirabel which i s  
located in t h e  southeas tern  par t  of t h e  Lachute  m a p  a rea .  

The unconsolidated Quaternary  deposits in  t h e  Lachu te  
m a p  a r e a  a r e  well developed in su r face  ex ten t  and thickness 
over the  Paleozoic l imestone, dolomite,  and sandstone plat- 
form of the  Ot t awa  Valley Lowlands and .over the  Oka 
Mountains Upland in  t h e  south. In t h e  north, however,  bedrock 
outcrops nearly everywhere  in t h e  form of bare  hilly rock 
knobs in t h e  Precambrian Shield Uplands, .and t h e  uncon- 
solidated deposits a r e  res t r ic ted  mainly t o  long, narrow 
valleys and smaller depressions developed between t h e  
in t r i ca t e  maze of bedrock hills and ridges tha t  make up t h e  
Laurentian Mountains north of O t t a w a  and North rivers. 

Glacial  Deposits 

In the  Laurentian Highlands glacial deposits a r e  the  
mos t  widespread surficial  deposits,  but t h e y  make  up only 
about 20 per c e n t  of t h e  land surface.  They occur mainly a s  a 
discontinuous man t l e  of lodgment and melt-out till, bouldery 
and gravelly t o  sandy in t ex tu re ,  covering t h e  floors and 
lower sides of valleys and depressions developed between t h e  
bedrock hills and knobs forming the  major par t  of t he  
Laurentian Highlands. A thin discontinuous man t l e  o r  veneer  
of t i l l  also commonly covers  t h e  top  and flanks of t h e  bedrock 

The valleys and depressions contain mos t  of t he  
glaciofluvial deposits found in the  Precambrian basement 
Highlands. Fairly thick (>20 m) bodies of well  sorted and 
bedded bouldery cobbly gravel  and sand occur in t h e  form of 
p i t ted  outwash plains, p i t t ed  valley trains,  and k a m e  t e r r aces  
in North River valley in Jh ree  main areas: Sainte-Marguerite,  
Piedmont,  and Saint-Jdrome areas ;  Rouge River  valley around 
Arundel, McDonald Lake, and Herrington; P e t i t e  Rouge River 
valley between L a c  des  Plages and Namur and in  t h e  valley of 
i t s  main t r ibutary  P e t i t e  Rouge River east .  These extensive 
bodies of coa r se  waterlaid mater ia ls  were  deposited by 
glacial  mel twater  a t  and near  the  i c e  margin during t h e  l a s t  
s t age  of deglaciation when the  remnants  of ice  were 
res t r ic ted  t o  the  main valleys and depressions a f t e r  t he  
bedrock hills and ridges had become i c e  f r e e  (Parry and 
MacPherson, 1964, p. 238-239, 242). 

In the  O t t a w a  Valley .Lowlands, lodgment and melt-out 
t i l l  deposits a r e  found in t h e  form of gently undulating t o  
moderate ly  rolling t i l l  plains directly overlying bedrock, most  
generally in a reas  where  t h e  bedrock outcrops o r  i s  near  t h e  
surface.  These t i l l  a r eas  make up about 40 pe r  c e n t  of t h e  
land su r face  and occur mainly between Grenville an! Saint- 
Philippe-d1Argenteuil, be tween Lachute  and Sa in t - J i rome  in a 
long low ridge sou_th of North River valley, and around Saint 
Andrews East ,  Cote-Saint-Vincent and Sainte-Scholastique. 
The t i l l  is  grey t o  brown where  weathered and oxidized, 
compact ,  calcareous,  si l ty t o  sandy, with 60 p e r  c e n t  of t he  
c l a s t s  and boulders derived locally f rom t h e  Paleozoic 
sediments  and 40 per cen t  made up of c l a s t s  derived f rom 
Precambrian basement  rocks of t h e  Laurentian Highlands t o  
t h e  north. The t i l l  surfaces  in t h e  lowlands lying above 73  m 
(240 ft.) e levat ion a l l  have been reworked and modified by t h e  
mar ine  wa te r s  of t h e  Champlain Sea during submergence of 
t h e  Area. The t i l l  surfaces  lying below 73 m elevation have 
been exhumed f r o m  under their  cover of mar ine  sediments 
and have been modified by erosion of t h e  ear ly  O t t a w a  River 
with main channels occurring between Saint-Eug6ne and 



Figure 20.1. 

Figur .e 20.2. Close-up of t h e  s a m e  units shown in Figure  20.1 
showing t o n t a c t  between a lower unit of well  
sor ted  and crossbedded sands overlain by till. 
(GSC 203332-A) 

Stratigraphy exposed in an  ac t ive  sand pi t  
2 krn south of Pointe-Fortune on t h e  Ontario- 
Quebec border. Photo  shows 5 t o  7 m of 
"marine" subaqueous outwash sands overlain by 
3 t o  4 m of till. (GSC 203332-D) 

Pointe-Fortune south of O t t a w a  River and between t h e  Oka 
Mountains and t h e  massive bedrock escarpment  forming t h e  
edge  of t h e  Precambrian basement  no_rth of North River 
valley between Lachute  and Saint-Jdi-ome. Only one well 
developed oriented t i l l  ridge was found 2 km e a s t  of Saint 
Andrews Eas t  running in a southwest-northeast  direction 
between two  Precambrian bedrock hills and barely rising 
above the' cover  of mar ine  s i l ty  c lay  t h a t  lies ove r  i t s  
southern flank. 

At one locali ty 2 km south of Pointe-Fortune on O t t a w a  
River  a f resh  exposure in an  a c t i v e  sand and gravel  p i t  on t h e  
Ontario-Quebec border shows a very compact ,  grey, 
calcareous,  si l ty,  basal or  lodgment till, varying in thickness 
f rom 2 t o  8 m, lying over  a well  sor ted  and bedded sand. Only 
t h e  upper p a r t  of t h e  sand i s  exposed and i t s  thickness varies 
f rom 1 t o  4 m (Fig. 20.1 and 20.2). No fossils were  found in 
e i the r  the  t i l l  or  in t h e  underlying sand, but t he  sand is 
believed t o  be subaqueous outwash deposited in a marine  
environment.  Only one t i l l  has  been found in O t t a w a  Valley 
and r e s t s  d i rec t ly  on bedrock at t h e  base of t h e  s t ra t igraphic  
column: "The borings in O t t a w a  Valley reveal,  on  t h e  
contrary ,  t h a t  a single, thin t i l l  shee t  discontinuously overlies 
bedrock. Since deposition of th is  till, t h e  O t t a w a  Valley basin 
has received t h e  apparently continuous sui te  of nonglacial 
sediments  briefly described above" (Gadd, 1977, p. 379). The 
s t ra t igraphy exposed in the  Pointe-Fortune pit  d i f fers  f rom 
this  simple s t ra t igraphic  f r amework  presented by Cadd  f o r  
t h e  sedimentological history of O t t a w a  Valley. 

In t h e  Oka Mountains, a grey, compac t ,  calcareous,  
lodgment t i l l  with numerous c l a s t s  of s t r i a t ed  blue Ordovician 
l imestone mant les  most  of t h e  ground su r face  between 
protruding bare  rock knobs of t h e  Precambrian basement  and 
of remnants  of eroded Cre taceous  volcanic plugs. In a l l  gravel  
pits and in roadside ditches up t o  2 m deep th i s  t i l l  unit, 
whether  at t h e  su r face  on t h e  nor thern  o r  western  f lanks  of 
t h e  Oka Mountains o r  under fossil iferous mar ine  beach gravel 
and sand deposits,  conta ins  abundant specimens of mar ine  
macrofossil  shells, e i the r  broken or  whole, in i t s  matrix.  A t  
e ight  locali t ies wes t  of Saint-Joseph-du-Lac and nor th  of 
L a  Trappe, samples  of th is  fossiliferous t i l l  have been 
recovered and have yielded numerous specimens of Por t landia  
a r a i c a ,  Hia te l la  a rc t i ca ,  Balanus harneri, Macoma balthica,  
and Mytilus edulis (Fig. 20.3). The presence of mar ine  shells in 
t h e  matr ix  of t h e  su r face  t i l l  at these  locali t ies suggests  t h a t  
t h e  glacial deposits in the  Oka Mountains were  derived f rom 



Figure 20.3. 

fossiliferous mar ine  beds overridden by t h e  readvancing or  
fluctuating i c e  margin of t h e  Laurent ide  Ice Sheet  in the  
Champlain Sea. Radiocarbon da te s  on some  of the  marine 
shell  samples recovered f rom this t i l l  unit will help t o  
indicate  the  t ime  when the  event  took place (Hillaire-Marcel, 
1974, p. 409-410, 415-4161. 

In the  Precambrian basement  Highlands north of t h e  
lowlands, fossiliferous stony glaciomarine deposits have only 
been found 7 km nor theas t  of Lachute,  Quebec in a borrow pi t  
under a Champlain Sea  mar ine  beach. This fossiliferous 
diamicton appears  t o  consist  of marine clay beds to  which 
was added a mixture  of boulders, pebbles, and deformed beds 
of mar ine  shells by t h e  advance o r  fluctuation of t h e  i c e  
margin. Marine shells identified include Hiate l la  a r c t i c a  and 
Balanus hameri. The diamicton is  underlain by unfossiliferous 
ice-contact gravels and cobbles (Fig. 20.4, 20.5) (Hillaire- 
Marcel, 1974, p. 409-41 1, 416). 

In t h e  lowlands, ice-contact and ice-marginal outwash 
deposits a r e  not  well developed a s  su r face  deposits. They a r e  
found mainly in t h e  Oka Mountains west of Saint-Joseph-du- 
L a c  and north of L a  Trappe in the  s a m e  gravel  p i ts  t h a t  have 
yielded t h e  fossil iferous diamictons described above and wes t  
of Saint Andrews Eas t  between North and Ot t awa  rivers. One 
possible in terpre ta t ion of th is  paucity i s  t h a t  a f t e r  t h e  i c e  
f ron t  abandoned i t s  position against  t h e  northern flank of t h e  
Oka Mountains, where  i t  remained well grounded and 
,stabilized f o r  a t i m e  resulting in t h e  construction of 
concentra ted  and localized ice-marginal subaqueous outwash 
bodies on the  Champlain Sea  floor, i t  receded northward. in 
standing marine  wa te r s  mainly by calving without deposition 
of outwash until t he  i c e  margin reached t h e  Precambrian 
basement Highlands north of Grenville, Lachute,  and Saint-  
Canut.  

Marine Sediments  

Postglacial  mar ine  sediments  deposited by t h e  
Champlain Sea ,  following t h e  withdrawal of Laurent ide  ice,  
a r e  less widespread than glacial  deposits and make up only 
about 15 pe r  c e n t  of t h e  land surface  of t h e  map area.  The 
most important  of these  in a r e a  and s ize  a r e  grey, massive,  
calcareous,  fossiliferous marine clays and silts. They a r e  bes t  
developed in O t t a w a  Valley between Montebello and Saint-  
Placide  and in t h e  St .  Lawrence Lowland between the  Oka 
Mountains and t h e  Laurentian Highlands where they were  
deposited in long, in places narrow, erosional depressions and 
wider basins developed in flat-lying Paleozoic.  l imestones,  

Fossiliferous t i l l  showing shells of Hiatella 
a r c t i c a  and Balanus hameri  dispersed in t h e  
matr ix  of t h e  till, 3 km wes t  of Saint-Joseph- 
du-Lac. (GSC 203332-F) 

sandstones, and dolomites. In t h e  Laurentian Highlands 
deposition was res t r ic ted  t o  the  long narrow valleys of North, 
Rouge, Maskinongd, and P e t i t e  Rouge rivers and thei r  main 
t r ibutar ies  where  the  deposits a r e  thick in places. In t h e  
Ottawa-St.  Lawrence Lowlands, t hese  primary surface  
deposits form gently sloping c l ay  plains rising highest in t h e  
wes t  (102 m,  335 ft.) near  Montebello, 91 m (300 ft.) near  
Grenville-and Brownsburg, 71 m (235 ft.) near  Mirabel and 
Saint-Jkrome and 68 m (225 ft.) nea r  Saint-Augustin and 
L a  Trappe. In t h e  long narrow valleys of t h e  Laurentian 
Highlands the  small  marine sil ty clay f l a t s  a r e  a t  much 
higher elevations: in P e t i t e  Rouge River valley c lay  was 
found at 205 m (675 ft.) and near  Namur a t  216 m (710 f t.); in 
Maskinongi River valley a t  205 m (675 ft .)  near  Boileau and 
194 m (640 ft.) near  Brookdale; in Rouge River valley at 190 
t o  194 m (625 t o  640 f t.) near  Gray  Valley, at 194 m (640 ft.) 
a t  Huberdeau, 192 m (635 ft.) a t  Arundel, 197 m (650 f t . )  near  
Bevin Lake, 192 m (635 ft.) a t  Batesville, 190 t o  194 m (625 
t o  640 ft.) near  Rouge Valley; and in  North River  valley at 
205 m (675 ft.) near  Sainte-Adkle, 205 m (675 ft.) near  Mont- 
Rolland, 194 m (640 f t.) a t  Saint-Sauveur-des-Monts, and 
194 m (640 ft.) near  Shawbridge. In these  valleys on the  
Laurentian Highlands the  clay is grey, blocky, massive, and 
lacks fossils except  in the  southernmost  pa r t s  of t h e  valleys 
near  O t t a w a  Valley. In t h e  Ottawa-St.  Lawrence Lowlands on 
t h e  o the r  hand, t h e  marine clay is grey, blocky, and massive, 
but t h e  upper p a r t  of t he  unit shows horizontal red bands 
a l ternat ing with grey bands. A t  one  locali ty near  Killowen, 
5 km north of Saint-Placide,  fossil marine shells of Hiate l la  
a r c t i c a  and Macoma balthica with their  periostracum in tac t  
were  found in s i tu  along t h e  locally sandy bedding planes 
separa t ing t h e  red bands f rom t h e  grey bands. This proves 
marine deposition of these  banded sediments.  

In t h e  Laurentian Highlands t h e  narrow marine  c lay  
f l a t s  commonly a r e  mantled by a coarser  cover,  which varies 
in t ex tu re  f rom f ine  sand t o  f ine  gravel,  and which is  grey but 
weathers  t o  orange buff near  t h e  surface.  The cover is  
th ickes t  where  del tas  were  const ructed a t  t he  heads of t he  
narrow fiords c rea t ed  by t h e  drowning of t h e  lower pa r t s  of 
t h e  valleys by t h e  submergence of t h e  Champlain Sea. The 
highest elevations a t  which de l t a i c  deposits a r e  found may be 
assumed t o  be the  marine l imi t  in each  valley: in P e t i t e  
Rouge Valley a t  220 m (725 ft.) nea r  Namur; in Maskinong6 
Valley a t  220 m (725 ft.) near  Lac-Rimi;  in Iroquois Valley, 
t r ibutary  t o  Rouge River at 220 m (725 ft.) near  Rockway 
Valley; in Rouge Valley at 220 t o  225 m (725 t o  740 ft.) near  
Arundel; and in North Valley a t  225 t o  228 m (740 t o  750 f t . )  



Figure 20.4. 

Exposure 7 krn nor theas t  of Lachute,  Quebec 
in an  act ive  gravel pit showing a fossiliferous 
unsorted clayey diarnicton underlain by 
unfossiliferous gravel and cobbles. 
(GSC 203332) 

Figure 20.5. 

Fossiliferous c layey diamicton shown in 
Figure 20.4. Shells exposed include Hiate l la  
a r c t i c a  and Balanus hameri.  (GSC 203332-E) 

nea r  Sainte-AdGle. No marine fossils have been found in these  recovered f r o m  a l l  t hese  shoreline f ea tu res ,  and radiocarbon 
de l t a i c  sands excep t  in t h e  southernmost  pa r t s  of t h e  valleys age  determinat ions  on t h e  highest and lowest  samples should 
near  Ot t awa  River where  fossil shells of Hiate l la  a rc t i ca ,  help t o  d a t e  t h e  f i r s t  and l a s t  s tands  of t h e  Champlain S e a  in 
Balanus hameri,  Mvtilus edulis, and Macoma bal th ica  have th i s  area .  
been recovered 'a t  elevations varying f rom 145 t o  160 m (475 
t o  525 f t . )  f rom locali t jes 5 km north of Montebello, 1.5 km 
north of Pointe-au-Chene, and 3 km north of Calumet.  The 
marine  l imit  recorded by t h e  highest fossiliferous beach 
deposi ts  along t h e  southern flank of t h e  Laurentian Highlands 
between Montebello, Lachute,  and Saint-Jbrome is much 
lower than t h a t  recorded by de l t a i c  deposits f a r t h e r  north 
near  t h e  heads of t h e  fo rmer  fiords. Highest mar ine  shell  
locali t ies show t h a t  t h e  mar ine  l imi t  l ies a t  ca.  168 t o  175 m 
(550 t o  575 ft.) 5 km north of Montebello, 168 t o  175 m (550 
t o  575 ft.) 3 km north of Calumet ,  175 rn (575 f t . )  7 km north 
of Crenville,  and 1k2 m (595 ft.) 4 krn northwest of 
Brownsburg. 

In the  lowland, a f ew poorly developed fossil iferous 
beach deposits a r e  present above 70 rn (230 ft.) elevation. The 
bes t  developed and lowest fossiliferous mar ine  beach was 
found near La Trappe a t  70 rn elevation (Richard, 1976, 
p. 208). Abandoned del tas  of ear ly  O t t a w a  River a r e  well 
developed between Watson, Saint-Philippe-dfArgenteuil, and 
Lachute,  between St. Andrews E a s t  and Lachute ,  and between 
Saint-Benoit and Lachu te  where  extensive  de l t a i c  sand plains 
have been built  at 70 t o  77 m (230 t o  255 ft.) ove r  t h e  
primary marine  c lay  surface.  No fossils were  found in  these  
de l t a i c  sand deposits. As a result  of continued glacio- 
i sos ta t ic  uplift of t he  land, t h i s  de l t a  construction phase in 
t h e  Ottawa-St.  Lawrence Lowlands was followed bv a ~ h a s e  

In t h e  Oka Mountains numerous well developed beach of channel downcutting by t h e  ear ly  O t t a w a  d her.' This 
deposi ts  were  found ove r  t i l l  o r  ice-marginal outwash deposits resulted in t h e  production of numerous unfossiliferous alluvial 
covering t h e  northern flank between elevations of 160 m channel and t e r r a c e  sand deposi ts  east and south  of Chute-h- 
(525 ft.) f o r  t h e  highest one and 84  m (275 ft.) f o r  t h e  lowest  Biondeau and between Cushing, Lachute,  and  Saint-Canut in 
one 2 km west  of Saint-Joseph-du-Lac. Marine shells were  North River  valley which was  used by t h e  ear ly  O t t a w a  River  



as i ts  f i rs t  channel across the lowlands. South and east of 
Lachute, the channelling phase of the early Ottawa River also 
produced several generations of now abandoned river channels 
and erosional terraces cut into the uplifted marine clay plains 
below 70 m (230 ft.) elevation. This r iver channelling through 
soft clay persisted across the lowlands north of Oka 
Mountains until the degrading early Ottawa River exposed 
underlying glacial d r i f t  and bedrock i n  each channel. The 
more resistant materials stopped channel downcutting causing 
successive abandonment. 

The phase of channel downcutting by the early Ottawa 
River removed large quantities of marine clay f rom the 
lowlands and f rom a central belt on either side of Ottawa 
River and also produced a, large number of abandoned river 
bluffs cut in sensitive marine clays. A t  least two massive 
slope failures and mass movements have occurred; one is 
4 km northeast of Saint Andrews East and the other is 2 k m  
southeast of Saint-Philippe-d1Argenteuil. They occur along 
the uppermost and highest abandoned river-cut bluff and have 
resulted i n  the production of aprons and fans of hummocky 
topography of t i l ted or slumped clay and sand blocks on the 
floor of the abandoned channels (MacPherson, 1967, p. 343- 
360). 

Following deglaciation in  the Highlands and land 
emergence in  the lowland, a large number of marshes and 
peat bogs developed where swales of the undulating and 
uneven ground moraine, of the recently ice-freed rock basins 
and of the abandoned river channel floors were poorly 
drained. 

References 

Douglas, R.J.W. (general co-ordinator) 
1978: Geology, RiviGre Gatineau, Quebec-Ontario; Geol. 

Surv. Can., Sheet 31, Geological Atlas, 
Map 1334A, scale 1:1 000 000. 

Ells, R.W. 
1901: Geology, Grenville map-area; Geol. Surv. Can., 

Map no. 750, with Ann. Rep., v. XII, pt. J., map- 
sheet no. 121. 

Gadd, N.R. 
1977: Offlap sedimentary sequence in  Champlain Sea, 

Ontario and Quebec; in  Report of Activities, 
Part A; Geol. Surv. Can., Paper 77-IA, p. 379-380. 

Hillaire-Marcel, C. 
1974: La diglaciation au nord-ouest de ~ o n t r d a l :  

donnies radiochronologiques et faits strat i- 
graphiques; Rev. Giogr. Montr., vol. XXVIII, no. 4, 
p. 407-417. 

Kugler-Gagnon, M. 
1977: The geoscientific information system for the 

North Montreal Region; Geol. Surv. Can., 
Paper 76-26, 15 p. 

Laverdigre, C. 
1972a: Les paysages physiques; leur origine morpho- 

g6n6tique; Univ. Montr6a1, CREM (Ecologie de l a  
Zone de I1A6roport international de MontrCal), 
102 p., ill. 

197213: L a  carte g6omorphologique; notes explicatives; 
Univ. ~ontrCa1, CREM (Ecologie de l a  Zone de 
I'A6roport international de Montrial), 144 p., ill. 

LaverdiGre, C. e t  Guimont, P. 
1973: La roche en place; Univ. Montrkal, CREM 

(Ecologie de la  Zone de I'Adroport international de 
Montrdal), 152 p., ill. 

Logan, W.E. (and others) 
1863: Geology of Canada, 1863; Geol. Surv. Can., Rept. 

Prog. from i ts  commencement to  1863, Montreal, 
Dawson Brothers. 

1864: Atlas accompanying Geology of Canada, 1863; 
Geol. Surv. Can. 

MacPherson, J.C. 
1967: Raised shorelines and drainage evolution in the 

Montreal Lowland; Cah. G6ogr. Qui., v. 23, 
p. 343-360. 

Osborne, F.F. and McGerrigle, H.W. 
1938: Lachute map-area. Part I General and applied 

geology, Part 11 The Lowland Area; Que. Bur. 
Mines, Ann. Rep., Pt. C, p. 5-68, Map 408 El2 and 
W/2. 

Parry, J.T. and MacPherson, J.C. 
1964: The St. Faustin-St. Narcisse Moraine and the 

Champlain Sea; Rev. G6ogr. Montr., V. XVIII, 
no. 2, p. 235-248. 

Richard, S. H. 
1976: Surf icial geology mapping: Valleyf ield-Rigaud 

area, Quebec; in  Report of Activities, Part A; 
Geol. Surv. Can., Paper 76-1A, p. 205-208. 

Wilson, A.E. 
1946: Geology of the Ottawa-St. Lawrence Lowland, 

Ontario and Quebec; Geol. Surv. Can., Mem. 241, 
62 p. 

Wilson, M.E. 
1920: Geology, Map 1680; Geol. Surv. Can. 
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Project  700059 

R.V. Kirkham 
Regional and Economic Geology Division 

Abs t r ac t  

Kirkham, R.V., Base meta l  and uranium distribution along the  Windsor-Horton con tac t ,  centra l  
C a p e  Breton Island, Nova Scotia;  & Current  Research, P a r t B ,  Ceol. Surv. Can., 
Paper  78-1 B, p. 121-135, 1978. 

Copper,  lead, and zinc have been known fo r  some  t ime  t o  occur  in minor amounts  a t  widely 
sca t t e red  locali t ies along the  Windsor-Horton con tac t  and anomalous amounts  of uranium have 
r ecen t ly  been discovered in rocks near  this con tac t  in the  South Maitland a rea  of mainland Nova 
Scotia. In some locali t ies in centra l  Cape Breton Island, geological and geochemical s tudies  have 
demonstra ted  tha t  copper, lead, and/or z inc  con ten t s  in these rocks approach ore  concentra t ions  and 
warrant  fur ther  investigation but  that ,  in general,  these  rocks  have lower uranium concentrcitions 
than similar s t r a t a  in the  South Maitland a rea  of mainland Nova Scotia. 

Base meta l  deposition probably occurred during ear ly  diagenesis and was  r e l a t ed  t o  ordinary, 
a lbei t  r a the r  specialized, ear ly  diagenetic,  sedimentary  processes. 

Introduction 
Over the  pas t  few years, a s  par t  of genera l  investiga- 

tions of copper deposits in Canada, t he  wri ter  and various 
colleagues have studied the  distribution of base meta ls  along 
t h e  Windsor-Horton or stratigraphically equivalent con tac t s  
throughout the  At lant ic  Provinces (e.g. Kirkham, 1974; 
Binney and Kirkham, 1974, 1975; Binney, 1975a, b; Worley, 
1975; Geldsetzer,  1977). The main reason for concentra t ing 
e f f o r t  on t h e  Windsor-Horton con tac t  is  because these  rocks 
show many similarit ies to the  P e r m i a n ,  Zechstein- 
Rotliegendes con tac t  (Kupferschiefer) in centra l  Europe and 
to  many other important  sedimentary copper deposits 
throughout the  world. The Windsor-Horton con tac t  af fords  an  
excel lent  opportunity t o  study such sedimentary environments 
in Canada. 

Sparse base me ta l  occurrences  a r e  widely distributed 
along the  Windsor-Horton con tac t  (e.g. Binney, 1975a; Binney 
and Kirkham, 1975) but t o  d a t e  none of these occurrences  
have proved to  be of economic importance. Since 1973 an 
a t t e m p t  has been made t o  document and sample a s  many 
outcrop locali t ies and diamond drill co res  a s  possible through 
t h e  Windsor-Horton contact .  Samples collected have been 
analyzed for  a var ie ty  of e lements  but  only Cu, Pb, Zn, and U 
a r e  reported here.  Data  f rom centra l  Cape Breton Island 
were  chosen for publication because the re  a r e  more sample  
s i tes  in this region than elsewhere and significant new 
information has  been obtained for t h e  Yankee Line road area .  

General Geology 
The Windsor-Horton* con tac t  is the  focus of this study. 

Figure 21.1 shows the  general distribution of Windsor Group 
and Horton Group rocks in centra l  Cape  Breton Island and 
Figure 21.2 shows sample  s i tes  and locali t ies referred t o  in 
t h e  text .  Most of these  locali t ies have been described 
previously by Binney (1975a). 

In most par ts  of t he  a rea  under consideration, dark ,  
algal-laminated, micr i t ic  basal Al: (Macumber) l imestone or 
dark, argillaceous, micr i t ic  l imestone ("Frenchvale-Lake Enon 
facies") of t he  Windsor Group s i t s  apparently conformably on 
coa r se  continental  c l a s t i c  rocks of t he  Horton Group 
(Fig. 21.3). Most upper Horton s t r a t a  display shades of red 
with f rom 10 c m  to  20 m of pale green-grey, "bleached" 

mater ia l  immediately beneath the  anoxic Windsor limestone. 
In most a r e a s  t h e  uppermost Horton is conglomerat ic  and 
shows no signs of reworking. Nevertheless,  a t  some 
localities, such a s  East  Bay (loc. 10) imbricated, reworked (?), 
green cobble conglomerate,  t h a t  conceivably might b e  beach 
deposits, occurs on top of the  red conglomerate.  If th is  green 
conglomerate  has been reworked i t  should more properly be 
considered pa r t  of t he  Windsor Group. However, for this 
study a l l  t he  coa r se  c l a s t i c  rocks beneath  the  A l  o r  basal 
micr i t ic  l imestone in t h e  cen t r a l  Cape  Breton Island a r e a  a r e  
considered par t  of t he  Horton Group. A t  some locali t ies 
outside the  a rea ,  such a s  Findlay Beach and Lakevale (Binney, 
1975a; Binney and Kirkham, 1975), thin, conformable,  green- 
grey conglomerate  units beneath the  A1 limestone sit  uncon- 
formably on top  of older, red c l a s t i c  sedimentary  rocks. 
These thin conglomerate  units might b e  hia ta l  lag deposits or  
related t o  high energy environments t h a t  existed briefly 
during the  initial Windsor transgression. Until the i r  environ- 
ments  of formation can be ascer ta ined,  i t  is uncertain if 
these  thin conglomerate  beds belong t o  the  Windsor or Horton 
Group. Except for t he  northwestern pa r t  of the  study area ,  
where  arkosic sandstone underlies basal Windsor limestone, 
most of t he  upper Horton consists of pebble t o  boulder 
conglomerate  with variable amounts  of sand or s i l t  matrix.  In 
general t he  conglomerate  thins and becomes finer grained t o  
the  north and west.  

About 5 t o  15 m of typical, algal-laminated, pelletal ,  
micrit ic,  slightly pyritic, medium grey A1 limestone 1s the  
basal unit of t h e  Windsor Group throughout most of t he  a r e a  
nor thwest  of a line extending f rom Squire Point (loc. 32) 
through Chris tmas  Island (loc. 12 and 13) t o  Sugarcamp 
(loc. 6 )  (Fig. 21.2 and Geldsetzer,  1977). A thick section of 
typical A I  l imestone also occurs to  the  southeast  of this line 
in the  Soldier Cove (loc. 4) a rea .  In the  a rea  extending from 
Frenchvale (loc. 11) through East  Bay (loc. 10) t o  Lake Enon 
(loc. 3) (Fig. 21.2) t h e  basal Windsor is  character is t ica l ly  a 
dark,  slightly pyritic, micrit ic,  argil laceous l imestone 
("Frenchvale-Lake Enon facies") t h a t  shows some similarit ies 
t o  typical A1 limestone but is probably a distinct,  
argil laceous fac ies  deposited closer to  the  main shoreline of 
t h e  lower Windsor basin (Celdsetzer ,  1977). Dark grey, 
micrit ic,  fenes t ra l  l imestone with sca t t e red  chalcopyrite and 
pyr i te  a t  Black River (loc. 5) and pale, brachiopod limestone 
at Englishtown (loc. 33) s i t  directly on basement.  

* Horton in the  Sydney a rea  has previously been referred to  a s  Grantmire  (e.g. Bell and Goranson, 
1938; Kelley, 1967; Weeks, 1954). 
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Cape  Breton Island (modified 
f rom Kelley, 1967 using many 
detailed company maps). 

Information based on examination of diamond drill cores  
Sample Sites 

0 Dlarnond Drill Hole 
indicates  t h a t  in most pa r t s  of cen t r a l  C a p e  Breton Island 

.outcrop basal Windsor l imestone is overlain d i rec t ly  by a thick 
sequence (about 300 m) of evaporites.  In t h e  Frenchvale- 
Lake Enon a rea  t h e  overlying s t r a t a  consist of interlayered 
evaporites,  carbonates ,  and fine grained c las t ic  sediments  
with a f ew thin conglomerate  units a t  Lake Enon and a t  Point 
Edward in t h e  Sydney a rea  (Bell and Goranson, 1938; 
Geldsetzer ,  1977). 

The A, l imestone generally has  been considered t o  b e  
unfossiliferous and in recent  years considerable deba te  has 
arisen a s  t o  whether lithologies of t h e  A and B biostrati-  
graphic subzones of Be11 (1929) a r e  t ime-equivalent or t ime- 
transgressive (Schenk, 1969). Mamet  (1970) and Utting (1977, 
1978) suggest,  on t h e  basis of microfauna and spores 
respectively,  t h a t  t h e  A and B subzones a r e  probably t ime-  
equivalent.  

BRAS D ' O R  
During the  course of t he  present investigation brachio- 

pods were  noted in basal Windsor l imestones a t  Eas t  Bay 
(loc. 101, Frenchvale  (loc. I I), Chr is tmas  Island (loc. 12, 131, 
Red Point Road (loc. 141, Walker Road (loc. 16), Cains  
Mountain Road (loc. 171, and Grass  Cove Road (loc. 19) 
(Fig. 21.2). M.J.  Copeland of the  Geological Survey examined 
these  fossils and described most of them a s  "indeterminate" 
(Repor t  No. MP-8-1977-MJC). However, for  t he  Chr is tmas  
Island pit  section (sample KQ-75-40; loc. 12, Fig. 21.2) h e  
identified "Composita sp., echinoderm? debris"; for  t h e  
Chr is tmas  Island shoreline section (sample KQ-75-41; loc. 13, 

Figure 21.2. Map showing sample s i tes  and locali t ies ~ i ~ .  21.2), "Composita sp., trilobite? fragment", and Red 
referred t o  in t ex t .  Locality names a r e  listed in point ~~~d (sample K Q W - 7 5 - 1 ~ ;  lot. 14, lzig. 21.2) 
Tables 21.1 and 21.2. "Composita? sp.". In his repor t  Copeland s ta tes :  "The faunal 

l ist  of Bell (1929, p. 66) does  not  show t h e  presence of 
brachiopod or  echinoderm? debris in Windsor Subzone A. 
Composita,  however, i s  indicated a s  common in Subzone B". 



Figure 21.3. 

Typical A1 (Macumber) l imestone con- 
formably overlying Horton conglomerate.  
Chr is tmas  Island, Nova Scotia (GSC 3-20- 
73). 

Figure 21.4. Diagram showing regional me ta l  variations along t h e  Windsor-Horton 
c o n t a c t  in cen t r a l  Cape Breton Island. 



Table 21.1 

Uppermost Horton Analysis 

L O ~ .  l 
NO. L o c a l i t y  Sample  NO.^ cu3 pb3 zn3 U3 R % c ~ ~  R%pb4 R%zn4 
- 

McIntyre Lake 

8 i 9  Barren 

dark grey, l i ~ n y  ark;  cp 

grey, s i l t y  ark; py 
green-grey cg; gn 

212-1-74-195' (Noranda) 20 
212-2-74-167.2'(Norandd 80 
L.E.163-149' (Kaiser)  1200 
L.E.124-240' (Kaiser)  3000 
212-11-74-560' (Norandd 140 

green-grey ark; py 
grey, g r i t t y  mudstone 
green cg 
green cg 
green cg; PY 

Lake Enon 

green pebble cg So ld ie r  Cove 

Black River  

Sugarcamp 

Oiogeness Brook 

5-1-384.5' (Rio T in to )  1 2800 1 1800 37.5 1 4.2 1 green cg; py 

36.1 62.3 green ark cobble t o  boulder cg 
19.9 1 8.6 ( green a rk  pebble t o  cobble cg; py. mala 

Hunt ington Mtn. 

Glen Morrison 

East Bay 

Frenchvale (Coxheath) 

GM-1-21' ( Imper ia l )  

KQB-73-l(8) 

67-10-212&' (Mar iner)  
70-4-559' (Cerro) 

KQB-73-68 

KQB-73-70 

KQM-75- 1B 

1 51.7 green-grey pebble t o  boulder cg; mala I 
green, s i l t y  pebble cg 
pa le  green pebble cg 

Christ~nas Is land  ( P i t )  

Christmas Is.(ShoreRR) 

Red Po in t  Road 

lona Rear 

?la1 ker  Road 

Cains Mtn. Road 

1 0.6 1 green ark and cg; mala 
I 

0.6 1 green, ark cg; mala 

10.0 green-grey, ark cg 

33.3 grey, a rk  cg I 
40.4 1 green-grey cg; py 

82.2 green-grey cg; py 

1 Jubi lee TG-2-41' (Texas Gul f )  9 3 
TG-14-200.0'-200.8 (iG) ;H I 100 
ATG-8-398' (Amax-TG) 156 

89.0 pa le  green-grey, a rk  pebble cg; sp. gn, py 
77.2 medium green-grey, s i l t y  pebble cg; sp,gn,py 
41.9 medium green-grey ark;  py 

Grass Cove Road 

lona Cross Road 

Washabuck 

Whycocomagh 

Hay R iver  

Glenmore 

East Side Brook 

Trout  River  

Upper Hiddle River  

McRae Brook 

Yankee L ine  

Yankee L ine  (Roadcut) 

KQ-75-45A 1200 11 

141.3-552' (S t .  Joe) 1533 29 

KQB-73- 178 950 18 

KQB-74-100 (-0 ' )  4150 99 

1.61 green, ark pebble cg; py 

1.0 green-grey, ark pebble cg; mala 

5.81 green ark;  cp, mala 

13712-329' (St. Joe) 

137.1-92 113' (S t .  Joe) 

3.8 93.7 md ium grey ark; py 

8.5 84.7 pa le  t o  medium grey a r k  

16.3 green-grey ark 

22.2 green ark; py 

0 . 7  grey, a rk  cg; cp, py, mala 

18.5 weathered, green pebble cg 
0.6 green-grey a rk  cg; mala 

55.2 green-grey pebble cg; py, gn 
6.8 grey, a rk  cg; py 

8.6 pa le  green, a r k  cg 

30.3 medium green ark and pa le  green pebble cg 

Yankee L ine  (Stream) 

31. 

AVERAGE 

Yankee Line 

32, 

33. 

'Locations a re  shown on Figure 21.2. 

'~ootages a re  e i t h e r  d r i l l h o l e  depths o r  +or -s t ra t ig raph ic  distances f r o m  contact .  Corporations responsib le f o r  d r i l l  holes a re  given i n  brackets.  

3 ~ u ,  Pb, Zn, and U values i n  p a r t s  per m i l l i o n .  Uranium analyses by neutron a c t i v a t i o n  and most copper, lead, and z inc  analyses by atomic absorpt ion.  

4 ~ % ~ u ,  WPb, R%Zn equal - Pb Cu+Cb x 100; x 100; & x 100, respec t i ve ly .  

' ~ b b r e v i a t i o n s :  ark = arkosic,  arkose; bn = born i te ;  cc = chalcoci te;  cp = chalcopyr i te;  cg = conglomerate; gn = galena; 1s .- limestone; mala=malachi te:  
py = p y r i t e ;  and sp = spha le r i te .  

124 

Squire Po in t  

Englishtown 



Although faunal d a t a  a re  meagre  for the  th ree  A ,  for  chemical analyses were  collected f rom many s t ra t igraphic  
l imestone localities referred to  above, they lend support to profiles across the  con tac t ,  but only chemical  profiles for t h e  
the  concept that  A and B biostratigraphic subzones of Bell Yankee Line road a rea  a r e  reported in this paper.  Some such 
overlap in t ime. chemical profiles for t he  Lake Enon a rea  have been reported 

by Binney (1975b). 

Base Metal  Distribution Copper,  lead, and zinc con ten t s  and ratios vary 
markedly 'along the  Windsor-Horton c o n t a c t  f rom one localit; 21'1 and 21'2 list the base 'Ontents Of t o  another  (Tables 21.1, 21.2; Fig. 21.4). Detailed studies in samples collected f rom uppermost Horton and lowermost some  a reas  indicate t h a t  me ta l  values tend t o  b e  e r r a t i c  and Windsor Rocks, respectively. Figure 21.4 i l lustrates the  vary widely on a local scale. For these areas the metal regional variations of me ta l  values and ratios.  Most samples distribution probably is locally controlled and it is  

represent a thickness of to These questionable whether these metal values conform to any 
samples should establish regional meta l  variations, if indeed broad-scale, regional pat tern .  Nevertheless,  exploration work such variations exist. These samples were  chosen for analysis 
because the  Windsor-Horton con tac t  is easily recognized over in o ther  a r e a s  such a s  Frenchvale (loc. 11, Fig. 21.3) has  

indicated t h a t  reasonably consistent m e t a l  values (0.2 t o  a large  area  and because it represents a very diagnostic 0.3% Cu) over  a thickness of about  I m can  b e  t raced for  a s  geological event ,  namely a rapid, extensive marine transgres- much as  5 km along strike.  In such a reas  controls  on base  sion over continental  red beds, and because this is a prime 
s t ra t igraphic  s i te  for sedimentary copper deposition. Samples me ta l  distribution were  of more  regional ex ten t .  





Figure 21.4 and Tables 21.1 and 21.2 show that  one 
me ta l  can be  dominant over the  other two or tha t  any two  of 
the  three  meta ls  can be associated with each other  and be 
dominant over the third. Few locali t ies contain approxi- 
mate ly  equal amounts  of copper,  lead, and zinc. In the  study 
a r e a  the  uppermost Horton samples average 1263 pprn Cu, 
879 pprn Pb*, and 592 pprn Zn, and the  lowermost Windsor 
samples average 507 pprn Cu, 535 pprn Pb, and 795 ppm Zn. 
These values great ly  exceed those for  normal sedimentary 
rocks. 

Uranium Distribution 

The average uranium content  of uppermost Horton beds 
is 4.4 pprn and lowermost Windsor beds is 5.0 pprn 
(Tables 21.1, 21.2). The U shows l i t t le  relationship to  the  Cu, 
Pb, or Zn. Concentrations a s  high a s  those reported by 
Charbonneau and Ford (1977, 1978) in the  South Maitland a rea  
of mainland Nova Scotia were not found along the  Windsor- 
Horton con tac t  in centra l  Cape Breton Island. Nevertheless, 
some  samples from the  Lake Enon and other a reas  contain a s  
much as I1 to  25 ppm uranium or about 3 t o  10 t imes  
background values in the  area .  Although these  da ta  provide 
no indication of viable uranium deposits along t h e  con tac t  in 
t h e  area ,  a deposit could have been easily missed because a 
scinti l lometer was not used in the  field and these  samples 
were  not collected specifically for uranium studies. 

Uraniferous A1 limestone samples f rom the  South 
Maitland area ,  collected by Charbonneau and Ford, a r e  
distinctively reddish and have been oxidized. Although few 
outcrops  of t he  Windsor-Horton con tac t  occur  in the  region, 
field studies have indicated t h a t  in a large  a r e a  extending 
f rom South Maitland to Chever ie  in the Windsor type a rea  
much of the  basal A1 limestone has  been oxidized and has a 
reddish t in t  (Binney, 1975a and Worley, 1975). Smaller 
hemat i t ic  areas  in basal Windsor rocks have been recognized 
in New Brunswick and Newfoundland (Binney and Kirkham, 
1975). However, the  uranium content  of four samples 
col lec ted from red-grey A, l imestone in Johnson Cove 
(Cheverie area)  average 3.1 ppm, indicating tha t  uranium has  
not been particularly concentra ted  in these red "facies". 
Although uranium deposition in the  basal Windsor carbonates  
in the  South Maitland a r e a  might b e  re la ted  t o  oxidation, 
t hese  analyses indicate  t h a t  uranium deposition is not re la ted  
t o  a l l  oxidation of basal Windsor carbonates.  

Charbonneau and Ford (1978) indicated t h a t  some  of t h e  
highest uranium concentra t ions  occur in the  Pernbroke 
Breccia near  t h e  top  of t h e  A1 limestone (Macumber). 
Clifton (1963) has presented considerable evidence tha t  t h e  
Pembroke Breccia is e i the r  l a t e  Triassic or post-Triassic. If 
this is t rue  then the  uranium in the  breccia was probably also 
concentra ted  in the  l a t e  Triassic or post-Triassic by processes 
t h a t  were  unrelated to  those  t h a t  deposited base meta ls  along 
t h e  Windsor-Horton contact .  

Yankee Line Road Area  

Jones and Covert  (1 972, p. 115) reported tha t  t he  Nova 
Scot ia  Depar tment  of Mines hole Y.L. 3, drilled in the  Yankee 
Line road a rea  (loc. 29, 30 and 31, Fig. 21.21, averaged 
150 pprn Cu and 2300 ppm Pb f rom 195 t o  200 f e e t ;  
300 pprn Cu and 2000 ppm P b  f rom 200 t o  2 0 7 .  f ee t ;  and 
1300 ppm Cu and 60 ppm Pb f rom 207 t o  215 feet .  The Nova 
Scot ia  Depar tment  of Mines kindly permit ted  access  to  t h e  

Y.L. 3 core ,  which was sampled and studied in deta i l .  Results 
of chemical  analyses a r e  cited in Table 21.3. Instead of a 
g rade  of 1300 ppm Cu over 8 f e e t ,  more  deta i led  sampling 
revealed about 11 300 pprn Cu over I foot f rom 206.8 to  207.8 
f e e t  (no co re  remained between 209 and 215 feet ) .  The 
copper  is present primarily a s  disseminated bornite and 
chalcopyr i te  and, a t  t he  t ime  of analysis, this value 
represented the  highest grade copper found anywhere  along 
t h e  Windsor-Horton con tac t .  

Because of t hese  encouraging results,  t h e  wri ter ,  with 
W.D. Sinclair, examined briefly the  Yankee Line road a rea  in 
t h e  summer of 1977. In an  excel lent  s t r e a m  exposure 
immediately south of t h e  road (Fig. 21.5), low grade galena 
was  found disseminated in conglomerate,  arkose,  and 
l imestone over 45 f e e t  of section ( footages  a r e  visual 
es t imates)  with a thin, er ra t ic(?)  copper (chalcopyrite and 
malachi te)  zone in conglomerate  below. Analytical  results 
indicate that ,  disseminated in conglomerate  and arkose,  there  
could be  a s  much a s  7000 ppm Pb over 17 f e e t  with 10 000 to  
20 000 pprn Cu over about I foot (Table 21.3). This 
mineralization was not mentioned by Jones  and Cover t  (1972), 
Binney (1975a), or in any company report  t hewr i t e r  hasseen.  

The copper and lead a r e  obviously re la ted  to  each other ,  
with a lead zone positioned above a copper zone (Table 21.3, 
Fig. 21.6). In the  s t r e a m  section the  boundary between the  
lead and copper zones occurs about  40 f e e t  below the  
Windsor-Horton contact .  A t  no other  locali ty has  this type of 
copper mineralization been found this f a r  beneath  t h e  
Windsor-Horton contact .  The s a m e  copper-lead boundary 
may occur near  t h e  Windsor-Horton c o n t a c t  in t h e  roadcut*" 
and drill hole Y.L. 3 about  600 m nor theas t  of t h e  s t ream 
section. 

After the  field examination the  wri ter  learned of t h e  
Ge t ty  Mines Limited drill holes through the  c o n t a c t  about 
600 m southwest of t he  s t r eam section (Fig. 21.5). Get ty  
officials kindly permit ted  the  writer t o  study and sample the  
core .  Unfortunately,  t he  co re  from these  two holes is 
virtually devoid of visible chalcopyrite and galena. The 
reason for the  abrupt  termination of the  copper and lead 
mineralization in this direction is not c lear .  Possibly 
mineralization in the  a rea  is related to  an ear ly  faul t  system 
o r ,  more  probable, i t  is in some way re la ted  t o  fac ies  changes 
in t h e  upper Horton. Based on the  Ge t ty  drill hole MR-75-2 
and t h e  s t r eam section, t he  upper conglomerate  unit of t h e  
Horton appears  t o  be considerably thicker in the  
unmineralized co re  section than in t h e  mineralized s t ream 
section. The possibility of a local paleohydrological control  
on base  me ta l  sulphide distribution should be  investigated. 

Environments of sedimenta t ion 

A knowledge of the  environments of sedimentation is 
essential  for detailed modelling of the  controls  of base meta l  
distribution along the  Windsor-Horton contact .  Many 
explanations have been put forward for Horton and Windsor 
sedimentation but  perhaps some of the  more  prominent, 
comprehensive recent  proposals have been presented by 
Schenk (1967a, b, 1969, 1975a, b). Schenk (1969) proposed 
t h a t  thick, lower Carboniferous,  mainly cont inenta l  red beds, 
accumulated in a complex rift-valley sys tem and tha t  during 
t h e  mid-Carboniferous, t h e  basins were  flooded repeatedly by 
hypersaline seas. Schenk (1967a, 1975a) suggested t h a t  t h e  A]  
(Macumber) l imestone is a strand-line ca rbona te  t h a t  was 
deposited in the  shallow subtidal t o  high in ter t idal  zone. In 

* Note t h a t  one high lead value forHig Barren strongly influences this ave rage  (Table 21.1). 

** The single high copper value (KQ-77-23C) in Table 21.3 for t he  roadcut  appears  t o  be  re la ted  to  a minor f au l t  block. 



Figure 21.7. Block diagram depicting upper Horton sedimentary environments 
just prior t o  the  Windsor transgression. 

Legend for Figures 21.7, 8, and 9. 
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Grey 

Green 

Red 

Redllcing 
-----. 

Oxidizing 

Grey 

Reduction 

Green 

-1 dolomite  

l imestone 

argil laceous l imestone 

1 A , ,  1 gypsum, anhydrite,  s a l t  

I E j  , s i l t s tone 

TI sandstone 

)... conglomerate  

B-4 basement ;  sedimentary,  
metamorphic ,  igneous 

/ direct ion of fluid flow 

A Typical "stable", planar oxidation-reduction boundary a 
few cen t ime t re s  t o  a few me t re s  below the  con tac t ;  

B depic ts  oxidation-reduction boundary t h a t  migrates  e i ther  
up or down section; 

C possible mineral zones  in Yankee Line road area .  
Abbreviations: bn = bcrni te ;  c p  = chalcopyrite;  gn 7 

galena; hem = hemat i te ;  py .- pyrite,  and s p  = sphalerite.  

Figure 21.8. Diagrammatic  sequence through Windsor (Al1imestone)- 
Horton con tac t  depicting typical oxidation-reduction 
boundaries and possible mineral zones. 



A Black River-type algal "reef", mineralized with chalcopyrite,  s i t t ing  directly on basement ;  

B East Bay-type intertidal (?) s t romatol i tes  near beach deposits (?) of reworked Horton 
conglomerate  - chalcopyr i te  and bornite in a rea ;  

C Gay's River-type reef formed on sea  cliff ridge of basement  rocks - extensively 
dolomitized and mineralized with galena and sphalerite;  

D back-reef,  planar-bedded, intertidal-supratidal pustular algal mat  - extensively dolomitized 
and minerallzed sporadically with sphalerite and galena; 

E basinal patch reef on basement  high - local galena and sphalerite;  

F dead patch reefs  formed ear ly  in Musquodoboit-type back basin when wa te r  levels were  
high. 

Abbreviations a r e  explained in Table 21.1 and Figure 21.8. 

Figure 21.9. Block diagram depicting sedimentary  environments towards t h e  end of A1 limestone 
deposition and idealized sulphide zones. 

f a c t  Schenk (1975a) speculated t h a t  t he re  should be  
many A1 limestones repeated through the  section 
representing a particular l i thotope ra ther  than a single 
s t ra t igraphic  unit. Schenk (1969, 1975a) also suggested t h a t  
t h e  Windsor evapor i tes  were  precipitated in supratidal 
sabkhas and salinas. 

The interpretation of the  environments of formation of 
the  A1 limestone and re la ted  rocks presented here  is a radical 
depar ture  f rom Schenk's models. This writer,  in basic 
ag reemen t  with Geldsetzer  (1977 and 19781, believes t h a t  
A1 limestone was  deposited in a shallow subtidal environ- 
ment ,  i.e. within. t he  phot ic  zone, a s  a very widespread, 
single, thin algal unit. Based on broad-scale field examina- 
t ions and extensive exploration act iv i ty  no evidence exis ts  t o  
support  t h e  contention t h a t  t he re  a r e  s e v e r a l . A ~  limestones 
or ,  in most areas ,  t h a t  conglomerates or o ther  c las t ic  
sedimentary rockss i t  d i rec t ly  on the  Al  limestone. A, deposi- 
tion was character is t ica l ly  followed by the  accumulation of a 
very  thick sequence of evaporites.  Only near the  margins of 
t he  sedimentary basins a r e  the  overlying evapor i te  units 
thinner and conta in  abundant in tercala ted  terrigenous 
sediments. In these  a r e a s  a dark, micrit ic,  argil laceous 
l imestone is t he  basal unit  of t h e  Windsor Group. Scour 
channels, ripple marks, and desiccation cracks ,  expected of 
,dynamic strand-line environments,  have not been observed by 
the  writer in the  A1 limestone. 

A single, widespread, low energy, rnicrit ic marine 
ca rbona te  unit deposited di rec t ly  on cont inenta l  boulder t o  
pebble conglomerate  represents  a d ramat i c  change in 
sedimentary  environments.  In Figures 21.7 and 21.9 an  
a t t e m p t  has been made t o  portray the  sedimentary 
environments  immediately prior t o  the  initial Windsor 
transgression and towards  t h e  end of A1 limestone deposition, 
respectively.  

Upper Horton sedimentation, a s  Schenk (1969) and 
o t h e r s  have proposed, probably occurred in many 
in terconnected,  block-faulted, continental ,  low-latitude 
dese r t  basins. Thick conglomerate  units were  probably 
proximal alluvial-colluvial fans, t h e  product  of high energy, 
i n t e rmi t t en t  braided s t r eams  (Fig. 21.7). In more distal  
a r eas ,  meandering s t r e a m s  with lower gradients  gave rise t o  
typical fining-upward fluvial cycles  (e.g. a few exist  in the  
Yankee Line road- area).  These a r e  locally in tercala ted  with 
lacust r ine  s t r a t a .  Extensive lacustrine units, including some  
evapor i t ic  beds, such a s  those  of t h e  Albert  Format ion in New 
Brunswick (Gussow, 1953;: Greiner,  1974), indicate  t h a t  some  
large,  closed dese r t  sedimentary basins existed during Horton 
t ime.  One  of t h e  main sedimentary  basins during upper 
Horton t i m e  was  probably to  the  northwest of t he  cen t r a l  
Cape  Breton a rea  (Kelley, 1967; Geldsetzer ,  1977). 



Table 21.2 

Basal Windsor Analysis* 

L O C . ~  
NO. Local i t y  Sample  NO.^ cu3 

l . p p c I n t y r e  Lake 

2. B i g  Barren 

4.  

5. 

6. 

7. 

Christmas Is land  P i t )  

Christmas I s .  (Shore) 

Red P o i n t  Road 

lona Rear 

.dal ker Road 

Cains Mtn.Road 

Jub i lee  

So ld ie r  Cove 

Black R ive r  

Sugarcarp 

Oiogeness Brook 

8. 

9. 

10. 

11. 

Huntington Mtn. 

Glen Morr ison 

East Bay 

Frenchvale (Coxheath) 

Uhycocomagh 

Hay R iver  

Gl enmore 

East Side Brook 

Trou t  Rive.r 

Upper Middle River  

McRae Brook 

Yankee L i n e  

Yankee L i n e  (Roadcut) 

19. 

20. 

21. 

Grass -ove Road 

Iona Cross Road 

Ilashabuck 

31. Yankee Line 

30. 

32. Squire P o i n t  

Yankee L i n e  (Stream) 

33. ( Englishtown 

BB-74-3-705.7'705.5' 100 
(Amax) 

1 80-74-23-321.8' (Arnax) 50 

212-1-74A k194 .5 '  ) 240 
(Noranda) 
212-2-74-156.7' (Noranda 120 
L.E.-163-148' (Kaiser)  340 
L.E.-124-239' ( K a i s y )  16 
212-11-74-559.8'-560 30 
(Noranda) 

KQB-74-66 ( t 0 . 1 ' )  

M-2-285' ( Imper ia l )  

S-1-384.4' (Rio T in to )  

KQ-77-205 
KQ-77-21C 

KQB-74-98C 

GM-1-20' ( Imper ia l )  

KGB-73-1 (7) 

KQ-70-459 
67-10-212' (Mar. 
70-4-557' (Cerro] 

KQ-75-38 
TG-2-40' (Texas Gul f )  
TG-14-200.0' (Texas G. 
ATG-8-397' (Amax-TG) 

KQ-75-458 

141.3-551.8' (St. Joe) 

137.2-328%' (St .  Joe) 

137.1-91 3/4' (St. Joe 

KQB-74-86 

KQB-74-768 

KQB-74-778 

Y .L. 3-206.8' (NSOM) 

MR-75-1-145' (Get ty)  
MR-75-2-77' (Ge t ty )  

AVERAGE 

5 
Descr ip t ion  

dark grey do lomi t i c  1s; py 

1 g rey 1s; gn, PY 

1 g rey dolomite; py 

grey-brown, do lomi t i c  1s; py 
dark grey, m i c r i  t i c  I s ;  cp 
dark grey, m i c r i  t i c  1s; cp 
r e d  and yel low, f o s s i l i f e r o u s  1s 

nlediuni t o  dark grey, m i c r i t i c  1s; cp 

medium buff-grey, I s  granule cg; py 

grey, r n i c r i t i c  I s  

dark grey m i c r i t i c  1s; py 
dark grey m i c r i t i c  1s; py 

I pale, c r y s t a l l i n e  1s; gn 

1 grey, m i c r i t i c  1s 

grey, m i c r i t i c  1s 

dark grey, arg i l laceous,  m i c r i t i c  1s; cp 
dark brown-grey, arg i l laceous,  m i c r i t i c  1s;c 
dark grey, arg i l laceous,  m i c r i t i c  1s; cp, py 

dark grey, m i c r i t i c  1s 

l i g h t  grey, m i c r i t i c  1s 

grey, m i c r i t i c  1s 

grey, brachiopod I s ;  py, cp 

medium grey, m i c r i t i c  I s ;  py 

dark grey, m i c r i t i c  I s  

medium t o  dark grey m i c r i t i c  1s; pe t ro l i fe roa  
medium grey, m i c r i t i c  1s; sp, gn (ve in )  
medium grey, m i c r i t i c  1s; sp, gn ( v e i n )  
medium grey, m i c r i t i c  1s 

grey, m i c r i t i c  1s; py 

grey, m i c r i t i c  I s ;  py, cp 

black, m i c r i t i c  1s; py, cp 
b lack,  m i c r i t i c  1s; py, cp 

dark grey, m i c r i t i c  1s; cp 

dark grey, m i c r i t i c  1s; py 

medium grey, m i c r i t i c  1s 

medium grey, m i c r i t i c  1s 

dark grey, m i c r o c r y s t a l l i n e  1s; py 

dark grey, m i c r i t i c  I s ;  py, gn 

dark grey, m i c r i t i c  I s ;  py 

grey, m i c r i t i c  1s; cp, py,mala 

dark grey, m i c r i t i c  1s 
dark grey, m i c r i t t c  1s 
dark grey, m i c r i t i c  1s 

dark grey, r n i c r i t i c  1s; gn 
black, m i c r i t i c  1s; gn 
black., m i c r i t i c  1s; gn 

medium t o  dark grey, m i c r i t i c  1s 
medium grey, m i c r i t i c  1s 

dark grey, m i c r i t i c  Is ;  mala 

1 i g h t  grey, porous 1s 

*See   able 21.1 footnotes fo r  explanat ion 



Table 2 1.3 
Y a n k e e  L i n e  Chemical Profiles* 

- 

~ 0 C . l  
No. L o c a l i t y  ~ a m 6 l e   NO.^ 

29. NSDM D .D .H .  #3  

30. 

Y.L. 3-181' 
Y.L. 3-183' 
Y.L. 3-187' 
Y.L. 3-189' 
Y.L. 3-195" 
Y.L. 3-196' 
Y.L. 3-200' 
Y.L. 3-202' 
Y.L. 3-204' 
Y.L. 3-206' 
Y.L. 3-206.8' 
Y.L. 3-207.3' 
Y.L. 3-207.5' 
Y.L. 3-207.7'-207.9' 
Y.L. 3-208.5' 

Yankee Cine Roadcut 

30. 

'medium grey, m i c r i t i c  1s 
medium grey,  m i c r i t i c  1s 
medium grey, m i c r i t i c  1s; gn, py 
tnediuni grey, m i c r i t i c  1s; gn 
medium grey, m i c r i  t i c  1s; gn, py 
medium grey, m i c r i t i c  1s 
medium grey, m i c r i t i c  1s; gn, py 
medium grey, m i c r i  t i c  1s 
medium grey, m i c r i t i c  1s; gn, py 
medium grey, m i c r i t i c  1s; gn, py 
medium grey, m i c r i t i c  1s; cp, mala 
green,ark pebble cg; cp, mala 
green,ark pebble cg; bn 
green, a r k  pebble cg; bn, c p  
green ark; cp 

Yankee L i n e  Stream 
Sec t ion  

green pebble cg  
green pebble cg 
green pebble cg; n~a la  
dark grey, m i c r i t i c  1s; py? 
dark grey, m i c r i t i c  1s; gn, py 
dark grey, n t i c r i t i c  1s; gn, py 
dark  grey, m i c r i t i c  1s; gn, py 

medium grey shale; py 
bu f f -g rey  l a c u s t r i n e  1s 
r e d  a r k  
r e d  a rk  
r e d  pebble cg 
r e d  pebble cg; sonre p a l e  m o t t l e s  
r e d  and pa le  green m o t t l e d  pebbl t? cg  
green pebble cg; nrala 
green pebble cg; minor mala 
red,ark pebble cg; p a l e  nrot t les 
green pebble cg; cp, gn 
grey a rk  
green pebble cg; gn, py 
p a l e  grey ark;  py, gn 
pa le  green-grey ark;  gn, py 
green pebble cg; gn, py 
p a l e  g rey  ark; gn, py 
green grey pebble cg; gn, py 
green-grey pebble cg; gn, py 
green-grey pebble cg; gn, py 
green-grey pebble cg; gn, py 
pa le  pebble cg; py 
pa le  pebble cg; py 
pa le  green-grey pebble cg  
green a r k  and cg; py 
green-grey pebble cg; py, gn 
green-grey pebble cg; py 
green-grey pebble cg; py, gn 
dark grey, m i c r i t i c  1s; py, gn, sp? 
dark grey, m i c r i t i c  1s; py, gn, sp? 
dark grey, m i c r i t i c  1s; py 

medium t o  dark grey, m i c r i  t i c  1s  
medium t o  dark grey, m i c r i t i c  1s 
p a l e  green, a r k  pebble cg  
r e d , s i l  t y  cg  b r e c c i a  
p a l e  green pebble c g  
r e d  and green-grey, s i  1 t y  cg 
grey, a r k  pebble cg 
grey, a rk  pebble cg 
g reypark  pebble cg; py 
red-grey, s i  1 t y  pebble cg  

p a l e  grey, m i c r i  t i c  1s 
medium grey, m i c r i t i c  1s 
medium grey, m i c r i  t i c  1s 
nledium grey, n i i c r i t i c  1s 
green a r k  and cg 
green pebble cg 
grey ( red)  pebble cg 
p a l e  green-grey pebble cg  
p a l e  green-grey pebble cg  
p a l e  green-grey pebble cg  
p a l e  red-grey pebble cg; green m o t t l e s  
medium red-grey pebble cg  
medium red-grey pebble cg  
medium red-grey pebble cg 

* See Table 21.1 foo tno tes  f o r  explan'ation. 



The extensive, quiet-water,  micr i t ic  basal carbonates  of 
t h e  Windsor Group. indicate an ext remely rapid init ial  
transgression of t h e  Windsor sea  which completely inundated 
most a reas  of Horton sedimentation and the  upland, 
terrigenous sediment source areas.  Most of t h e  upper Horton 
sedimentary  basins a t  t he  t ime  of transgression were  probably 
below s e a  level which accounts  for t he  rapid transgression. 
Tectonic activity,  perhaps rift ing, during early Windsor t i m e  
permit ted  the  ingress of t h e  ocean. The en t r ance  t o  t h e  
Windsor basin was probably narrow or shallow and soon 
became res t r ic ted ,  possibly by reef construction or long shore 
sediment transport .  The initial Windsor sea  soon became  
saline and slightly stagnant.  Under these conditions a lgae  
thrived but normal marine organisms could not survive. 
Corals, crinoids, brachiopods, gastropods,  and bryozoans in 
lowermost Windsor carbonates  must have lived e i ther  shortly 
a f t e r  t he  initial transgression before  salinit ies increased or in 
the  upper less saline layers of t he  Windsor sea,  or flourished 
during brief influxes of less saline waters.  Under these  
conditions Gay's River-type carbonate  banks and reefs  could 
b e  time-equivalent t o  t h e  thin, dark,  micrit ic,  argillaceous, 
forereef  l imestones (e.g. "Frenchvale-Lake Enon facies") and 
basinal A1 limestone (Fig. 21.9). 

The salinit ies in these  res t r ic ted  basins soon rose t o  t h e  
point where enormous quant i t ies  of sulphate and sa l t  were  
precipitated.  In a sense, these  inland seas  were  gigantic 
salinas. Considering t h a t  these  sedimentary  basins were  
products of r i f t  tectonics,  and t h a t  t h e  c l ima te  was arid,  i t  is 
not  unreasonable t o  expec t  t ha t  very large deser t  basins 
below sea  level could exist. Presumably if rifting continued 
eventually the  basins would be  connected t o  the  neares t  
ocean. This writer suspects t h a t  many of the  very large 
evapor i te  basins of t he  world, such a s  the  Upper Permian 
Zechstein basin of centra l  Europe, formed in a similar 
manner. Since many important sedimentary  copper deposits 
throughout the  world occur below thick evapor i te  sequences,  
this type  of marine drowning of deser t  fluvial systems could 
b e  instrumental in o re  genesis. 

Ore Genesis 

The prime s i t e  of sedimentary  copper format ion is 
basal, anoxic sediments  of a marine  transgressive cyc le  
deposited on cont inenta l  sediments  accumulated in equator ia l  
arid or semi-arid regions (Lombard and Nicolini, 1962; 
Strakhov, 1962; Kirkham, 1973, 1975). By some  means the  
paleohydrologic regimes established in such environments 
were  instrumental in the  re lease  of meta ls  f rom t h e  under- 
lying, immature  oxidized sediments.  Under oxidizing condi- 
tions these  meta ls  were  transported in solution until they 
encountered t h e  basal, reduced marine sediments where  t h e  
meta ls  were  precipitated.  

Figure 21.8 schematically i l lustrates the  nature  of this 
oxidation-reduction boundary along the  Windsor-Horton 
contact .  In most a reas  the  boundary was  apparently s t ab le  
and only a few cen t ime t re s  to  a f ew me t re s  of t he  underlying 
red beds were  reduced (A, Fig. 21.8). However, in some  
areas ,  such a s  Ship Cove in Newfoundland, t he  oxidation- 
reduction boundary migrated up in to  the  basal Windsor 
Limestone ( 0 ,  Fig. 21.8), while in o ther  regions, such a s  t h e  
Yankee Line road area ,  t h e  boundary migrated down into  t h e  
upper Horton sediments  ( 0  and C, Fig. 21.8). Base me ta l  
sulphides occur  associated with both "stable" and "unstable" 
oxidation-reduction boundaries. The important  f e a t u r e  is  
t h a t  t h e  meta ls  a r e  not re la ted  di rec t ly  t o  a particular 
sedimentary  facies,  such a s  t h e  A1 limestone, but  ra ther  t o  
an  ear ly  d iagenet ic  boundary. The f a c t  that ,  in o therwise  
similar anoxic, carbonaceous A1 limestone, pyrite occurs 

invariably above the  base metal-bearing l imestone indicates 
t h a t  t h e  me ta l s  could not have migrated down through the  
sedimentary  column from t h e  overlying evapor i tes  nor in the  
s t r i c t e s t  sense  could they b e  syngenetic.  The metal-bearing 
solutions must have c o m e  f rom below. Nevertheless,  t he  
widespread, finely disseminated na tu re  of t h e  base  meta l  
sulphides indicates tha t  t he  me ta l s  were  in the  rocks before  
any  significant loss of permeabili ty.  

Idealized zonal pat terns  of sulphide minerals a re  
illustrated in Figures21.8 and 21.9. A complete  or 
incomplete,  overlapping sequence of mineral zones ranging 
outwards and upwards from red hemat i t ic  a reas  is chalcoci te ,  
bornite,  chalcopyrite,  galena, sphalerite,  and pyrite.  The 
pyrite or originally te t ragonal  iron sulphide (Berner,  1964) 
was probably in the  unconsolidated sediments before  the  base 
me ta l  sulphides were  precipitated.  This zonal pa t t e rn  along 
the  Windsor-Horton contact ,  al though less well developed and 
documented, is  very similar t o  t h a t  described for  t h e  
Kupferschiefer and other  basal Zechstein rocks (Jung, 1968; 
Erzberger et al., 1968; Haranczyk, 1970; Lur'ye and Gablina, 
1972; Rentzsch, 1974). Similar processes may have operated 
in both sedimentary  basins. Although lead and z inc  a r e  
minor, Brown (1971) has  documented a similar zonal  pat tern  
of sulphides, which c u t s  t h e  bedding at a gent le  angle,  in the  
Proterozoic  White Pine copper deposit  in Michigan. 

in regard t o  t h e  Kupferschiefer,  von Hoyningen-Huene 
(19631, Lur'ye and Gablina (1972), and Lur'ye (1974) have 
suggested tha t  the  Zechstein sea  rapidly flooded many large  
fluvial sys tems,  but since t h e  fluvial sediments  were  s t i l l  very 
permeable  and extended to  the  south f a r  beyond t h e  new 
shoreline, t he  hydraulic head permit ted  t h e  flow of oxidized 
groundwaters well out  under the  Zechstein sea.  The regional, 
la tera l  fac ies  change from coarse  grained permeable  
conglomerate  and sandstone to  fine grained impermeable  
fluvial and lacustrine s t r a t a  in the  underlying Rotliegendes is 
considered by Lur'ye and Gablina t o  have caused these  
oxidized, metal-bearing groundwaters t o  pe rmea te  t h e  basal 
Zechstein sediments  and possibly issue onto  t h e  sea  floor. In 
Figure 21.9 an  a t t e m p t  has  been made t o  i l lus t ra te  a weak 
hydraulic sys tem of this t ype  bu t  in this c a s e  the  base  me ta l  
sulphide zones do  not reach t h e  regional f ac i e s  boundary 
between t h e  permeable and impermeable  underlying s t r a t a .  

Rose  (1976) has  emphasized t h a t  t ranspor t  of me ta l s  in 
chloride brines is  f a r  more  reasonable than t ranspor t  in 
dilute,  aqueous solutions. In t h e  flpaleoacquifer"hydraulic 
model outlined above it is difficult  t o  envisage how brines 
could be  involved. Renfro (1974) has  proposed a sabkha, 
brine-reflux model t o  account  for copper t ranspor t  and 
deposition under sedimentary conditions. Smith (1974, 1976) 
and o the r s  have presented elaborations of this model. 
Although the  sabkha model may help explain some  sedi- 
mentary  copper deposits, i t  cannot  account  for base me ta l  
sulphide concentra t ions  in sediments  tha t  were  deposited in 
o ther  environments,  such a s  t h e  subtidal Kupferschiefer and 
A1 limestone or t h e  cont inenta l  s t r e a m  channel deposits at 
Nacimiento in New Mexico (Woodward et al., 1974). Dense 
brines possibly f rom t h e  overlying evapor i te  basins in both t h e  
Zechstein and Windsor found thei r  way in to  the  underlying 
sediments*. Perhaps  t h e  base  me ta l s  migrated by simple 
ionic t ransfer  in brines or  by c i rcula t ing brines f rom t h e  
oxidized red beds t o  t h e  reduced sediments  near  t h e  
Zechstein-Rotliegendes and Windsor-Horton c o n t a c t s  where  
they  were  precipitated.  Pyr i t ic  lacustrine sedimentary  rocks 
abou t  230 f e e t  below the  Windsor-Horton con tac t  in the  
Yankee Line road a r e a  indicate t h a t  t he  base meta ls  did not 
mig ra t e  through these  beds and conceivably were  derived 
f rom the  red beds much closer t o  the  Windsor-Horton 

* As Geldsetzer (pers. comm.) points out ,  s ince  most of the  A l  l imestone has not been dolomitized, such brines 
probably did not pass through most of t he  basal Windsor carbonate .  



contact .  Despite these various proposals on the  genesis of 
t he  base meta ls  along the  Windsor-Horton con tac t  t h e  details 
o f  t he  ore-forming processes remain largely unknown. 

A Gay's River-type reef or carbonate  bank, heavily 
mineralized with galena and sphalerite,  is depicted in 
Figure 21.9. Although the  galena and sphalerite would 
generally fall  within lead-zinc zones of t h e  Al  and basinal 
micrit ic,  argillaceous limestones, t he  writer does not know 
whether this potentially economic concentration of meta ls  is 
related to  the widely dispersed, disseminated base meta l  
sulphides tha t  occur along t h e  Windsor-Horton contact .  The 
me ta l  distribution a t  Gay's River, described t o  t h e  wri ter  by 
company geologists, together  with the  f a c t  t ha t  t he  deposit 
s i t s  directly on an impermeable  basement,  support  a model of 
genesis whereby metal-rich brines, perhaps expelled during 
compaction, moved laterally f rom adjacent  evaporite beds. 
MacLeod (1975) presented convincing evidence tha t  the  
galena and sphalerite were  deposited during early diagenesis. 
Such timing is similar t o  t h a t  proposed here for  t he  origin of 
t h e  dispersed, disseminated sulphides along t h e  Windsor- 
Horton contact .  

Texasgulf Inc. and Amax Exploration Inc. a r e  currently 
exploring the  small, high grade Jubilee zinc-lead showing in 
cen t r a l  Cape Breton Island (Fig. 21.2, loc. 18). Open-space 
fillings of abundant sphalerite,  galena, barite,  and pyrite 
occur near  t h e  top  of the  Al  l imestone below massive anhydrite.  
Low grade veins of t he  s a m e  minerals occur  in t h e  lower par t  
of the  A1 l imestone, and disseminated sulphides occur in 
green-grey, arkosic pebble conglomerate  a t  the  top of the 
Horton Group. This mineralization occurs adjacent  t o  a f au l t  
and dies o u t  abruptly away f rom the  fault .  The f au l t  and 
associated mineralization postdate  t h e  upper A1 limestone. 
Other  than occurring near the  Windsor-Horton c b n t a c t  this 
mineralization displays few similarit ies t o  the  typical, 
s t ra t i form,  disseminated mineralization and probably is 
unrelated t o  it. 

Discussion 

Anomalous concentra t ions  of base  meta ls  occur  a t  many 
locali t ies s ca t t e red  along the  Windsor-Horton con tac t  in 
cen t r a l  Cape Breton Island. Geological studies and explora- 
tion to d a t e  have not identified the  existence of viable 
deposits. Nevertheless, much of t h e  con tac t  remains to  be 
explored and the  detailed controls  on sulphide distribution a r e  
s t i l l  poorly understood. Available evidence, however, does  
point t o  an early d iagenet ic  concentra t ion of base meta ls  
related to  sedimentary processes. 

The f a c t  t ha t  base meta l  sulphide mineralization was 
found to extend at least  50 f e e t  below the  Windsor-Horton 
c o n t a c t  in the  Yankee Line road a rea ,  should caution 
exploration geologists t o  explore not only t h e  Windsor-Horton 
c o n t a c t  but,  where possible, t o  t r a c e  the  base me ta l  sulphides 
down section to  the  oxidation-reduction boundary. Drill holes 
through the  con tac t ,  where feasible,  should be  extended 
through this boundary. 

The results of this study do not indicate the  exis tence  
of major concentra t ions  of uranium along the  Windsor-Horton 
c o n t a c t  in cen t r a l  Cape  Breton Island. Processes which led t o  
the  concentration of uranium in similar rocks in the  South 
Maitland a rea  were probably very di f ferent  f rom those t h a t  
concentra ted  base meta ls  in cen t r a l  Cape  Breton Island. 
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Abstract  

Morton, R.D., Aubut, A., and Candhi, S.S., Fluid inclusion s tudies  and genesis of t he  Rexspar  
uranium-fluorite deposit, Birch Island, British Columbia; & Cur ren t  Research, P a r t  B, Geol. Surv. 
Can., Paper  78-IB,  p. 137-140, 1978. 

Uranium and f luor i te  mineralization of the  Rexspar deposit occur s  in t rachyt ic  volcanic 
rocks. Preliminary observations on primary fluid inclusions in f luor i te  samples  show t h a t  a liquid 
C 0 2  phase is present  in uranium-rich zones, and this phase is  absent  in uranium-poor zones. 
Homogenization temperatures  f o r  inclusions in the  uraniferous zone a r e  140 t o  230 C. 

I t  i s  postulated t h a t  a hydrothermal solution, genetically r e l a t ed  t o  t h e  t r achy t i c  magma 
and charged with C o n ,  t ranspor ted  uranium a s  carbonate  complexes a t  about  200 C. A rapid  drop 
in par t ia l  pressure of C 0 2  caused deposition of uranium. Another phase of hydrothermal solution, 
possibly a subsequent one, lacked COz and hence, the  capaci ty  t o  t ranspor t  uranium. 

Introduction 

The Rexspar uranium-fluorite deposit is s i tuated 
approximately 4 km south of Birch Island, and 130 km north 
of Kamloops, British Columbia. Fluorite was reported in 1918, 
and t h e  propet ty  was f i r s t  drilled in 1942-43 t o  inves t igate  
fluorite-celesti te mineralization. Studies by t h e  British 
Columbia Depar tment  of Mines and the  Geological Survey of 
Canada revealed low radioactivity in this 'Fluorite' zone. 
Subsequent prospecting located uranium and thorium bearing 
zones in i t s  vicinity (Joubin and James ,  1956). Three of 
these,  referred t o  a s  'A', 'B' and 'Black Diamond' or 'BD' zones 
(Fig. 22.1) have been explored in termit tent ly  since 1949. They 
a r e  es t imated t o  contain a to ta l  of 1 114 400 tonnes of 
material  grading on the  average 0.655 kg U/tonne (Co t t e r ,  
1977; Pre to ,  1978). 

Fluorite i s  abundant in all  t he  mineralized zones. I t  is  
deep purple, and is commonly coarse,  and thus suitable f o r  
fluid inclusion studies. Samples representing the  'A', 'BD' and 
'Fluorite '  zones were  collected along with samples for 
geochronological studies,  during t h e  summer of 1977 by 
S.S. Gandhi. The f luor i te  samples were  studied in t h e  Fluid 
Inclusion Laboratory of t he  Depar tment  of Geology, 
University of Alberta,  by A. Aubut and R.D. Morton. 

Geology 

The Rexspar property i s  underlain by a sequence of 
feldspar porphyrit ic t r achy t i c  flows and hypabyssal intrusives, 
pyroclastics, tuf fs ,  and pyrit ic schists of rhyolit ic 
composition. The sequence includes lenses of dark grey,  
pyrite-rich tuffaceous  or  argil laceous mater ia l ,  which a r e  
hosts t o  t h e  uranium-thorium mineralization. 

deformed mica,  and  breccia ted  f luor i te  cemen ted  by l a t e r  
f luor i te  (Joubin and James ,  1957). Several  f au l t s  and thrus ts  
have been recognized in t h e  a rea .  

Age of ' t rachyte '  

The precise age  of t h e  t r achy t i c  rocks is  not  known. 
These rocks and t h e  associa ted  metasediments  were  
considered a par t  of t he  Eagle Bay Format ion by Okulitch and 
Cameron (1976). This format ion is a complex and s t r a t i -  
graphically diverse succession ranging in age  f rom mid- 
Paleozoic  t o  L a t e  Triassic. Limestone beds of th is  format ion 
located about 40 km south of t h e  Rexspar deposit, have 
y ~ e l d e d  fossils of Mississippian age .  

Radiometric age  determinat ions  on phlogopite of two  
samples f rom t h e  Rexspar deposit ,  using K-Ar method are:  

Lamprophyric dyke, 'BD' zone adit:  47.1 ? 2.6 Ma 
(GSC-2837; unpublished) 

Coarse pyrite-mica rock, 'B' zone: 236 ? 8 Ma 
(GSC-2810; unpublished) 

The pyrite-mica rock sample  i s  a pa r t  of t he  
mineralized zone. Gas ext ract ion during i t s  analysis waspoor .  
The result ,  however,  gives a minimum age fo r  the  minerali- 
zation. This minimum Permian age  rules out the  Baldy 
Batholith of Jurass ic  and/or Cretaceous  age ,  which outcrops 
less  than 6 km south of t he  Rexspar deposit  (Campbell, 19631, 
a s  the  source  of t he  mineralization. The lamprophyric dyke 
cu t s  t he  'BG' zone, and is  undeformed and unaltered. 

A Rb-Sr isochron age on the  t r achy te  is  being 
determined by t h e  Geological Survey of Canada. 

The t r achy t i c  members  appear  t o  overlie conformably a Mineralogy 
metasedimentary  sequence of quartz-sericite schists with 
interbedded carbonaceous and phyllitic units. The t r achy t i c  Uranium mineralization is confined largely t o  dark 

assemblage t o  a large  ex ten t  fo rms  the  present erosion coloured, tuffaceous or argil laceous lenses which conta in  

surface.  Overlying metasediments  a r e  seen only a s  a f e w  between 5 and 20 per c e n t  pyr i te  (Joubin and James ,  1956). 

small  remnants.  An appreciable amount  of thorium and t r aces  of r a re  e a r t h s  
a r e  oresent.  The mineralized zones conta in  abundant coa r se  

The beds and schistosity have gent le  dips, commonly pyr i i e  and fluorphlogopite aggregates ,  carrying minor f luor i te  
less than 30" t o  the  northwest.  The rocks of t he  t r achy t i c  and calcite.  These aggregates  a r e  variable in s ize  and shape 
sui te  commonly exhibit  considerable ca taclas is  and a l tera-  and may be e i ther  conformable with the  schistosity or  
tion, such t h a t  many a r e  transformed t o  breccias,  mylonites, discordant t o  i t .  Other  minerals identified a r e  pitchblende, 
and ser ic i t ic  schists,  in par t  carbonate- or  albite-rich. uranian tho r i t e  with minor uranothorianite,  bastnaesite,  
Evidence of deformation is also seen in the  mineralized zones torberni te ,  and meta torberni te  (McCammon, 1954; Joubin and 
in such f ea tu res  as elongation of pyroclastic f ragments ,  J ames ,  1956, 1957; L a n g e t  al., 1962). The radioactive phases 
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Figure 22.1. General geology of the  Rexspar property.  

occur a s  finely disseminated grains within matr ices  of Fluorites f rom t h e  'A' and 'BD' uraniferous zones ca r ry  
fluorphlogopite, ser ic i te ,  pyrite,  purple fluorite,  ce les t i te ,  WV and WCV pr imary inclusions 10 t o  3 0 p m  in diameter  in 
a lb i te ,  pyrite,  and carbonate .  Minor zircon, ruti le,  and approximately equal proportions (-60 WV:-40 WCV). 'Those 
monazi te  a r e  also present.  Evidence fo r  multiple s t age  of inclusions with visible liquid COz (Fig. 22.2C) have 2 t o  20 
mineralization is  provided by t h e  presence of zones bearing volume per c e n t  C 0 2 .  In contras t ,  t h e  uranium-depleted 
t r a c h y t e  f r agmen t s  in a f ine  grained mica-pyrite-fluorite 'Fluorite' zone carr ies  only WV pr imary inclusions, 5 t o  1 2 y m  
matr ix  t h a t  have been cu t  by a la ter  ser ies  of f luor i te  veins. in d iameter  (Fig. 22-2A, B). 

The 'Fluorite '  zone is  a tabular zone about 15 m thick 
and dipping 35" o r  so  t o  t h e  nor thwest  subparallel  t o  t h e  
schistosity (McCamrnon, 1949), and consists of massive and 
disseminated f luor i te  (15 t o  20 per cen t )  and ce l e s t i t e  (10 t o  
15 per  cent) ,  with pyr i te  (up t o  5 per cent) ,  molybdenite and 
t r a c e s  of galena in l i th ic  tuff and tuff breccia  of t he  
t rachyte .  I t  has virtually no uranium o r  thorium. The relation 
of f luor i te  in the  'Fluorite '  zone with t h e  two  s tages  of 
f luor i te  in the  uraniferous zones is not cer ta in .  Differences 
in associated minerals suggest t h a t  t he  'Fluorite' zone may 
have formed a t  a d i f ferent  t i m e  than t h e  t w o  s tages  
represented by the  f luor i te  in the  uraniferous zones. 

Fluid Inclusions 

Studies of fluid inclusions were  conducted on a 
television-equipped Chaixrneca VT2 120, heating-freezing 
microscope s t age ,  capable  of an accuracy of ?O.I°C within 

As ant ic ipated,  t h e  fluorite-rich lithologies studied 
were  both di f f icul t  t o  prepare  a s  doubly-polished sect ions  and 
t o  work with on t h e  heating-freezing s t age .  Only specimens  
f rom the uraniferous 'BD' zone proved feas ible  fo r  heating- 
f reezing studies,  owing t o  pers is tent  decrepi ta t ion and 
leakage in  t h e  well-cleaved fluorites.  In th i s  zone t h e  aqueous 
fluids in t h e  pr imary inclusions exhibited f reezing 
t empera tu res  of -0.9"C t o  -13.0°C (mean -4.8OC) indicating a 
mean salinity of approximately 7 weight per c e n t  equivalent 
NaCI, with , a  range of 2 t o  18 weight per  c e n t  
equivalent  NaCI. 

Heating exper iments  on the  ma te r i a l s  f rom the  'BD' 
uraniferous zone yielded uncorrected homogenization 
t empera tu res  +140°C ,to +230°C (mean 181.0°C). The 
question of pressure correct ions  i s  difficult  t o  resolve. If one 
i s  t o  assume t h e  uranium mineralization t o  have been la te-  
s t age  hydrothermal  and of shallow, volcanic-exhalative char-  - - 

t h e  t empera tu re  ranges repor ted  herein (po ty  et al., 1976). a c t e r ,  t h e r e  would be  negligible correct ions  t o  apply. 

Two types of primary fluid inclusions were  identified in However, if t h e  d a t a  of Takenouchi and Kennedy (1964, 1965) 

t h e  lithologies studied: and Klevtsov and Lemmlein (1959) concerning t h e  C 0 2 - H 2 0  
system and pressure correct ions  a r e  applied, t hen  a co r rec t ed  

( i )  Aqueous liquid + vapour (code WV) t e m p e r a t u r e  of homogenization o f - ' 2 0 0 ~ ~  t o  215OC is  

(ii) Aqueous liquid + liquid C o n +  vapour (code WCV) inferred, and t h e  inferred pressure a t  t h e  t i m e  of 
mineralization would be 200 t o  450 bars. 



The presence  of coeval WV and WCV inclusions in t h e  
f luor i tes  of t h e  'A' and 'BD' uraniferous zones  a t  t h e  Rexspar 
proper ty  is  indicative of ef fervescence  of t h e  sa l ine  hydro- 
thermal  sys t ems  during t h e  uranium minera l iza t ion  process. It 
i s  likely t h a t  t h e  uranium ( together  wi th  thorium and rare-  
e a r t h  e lements)  was t ranspor ted  a s  ca rbona te  complexes  in a 
weakly saline aqueous sys tem charged with C 0 2  ( the  C 0 2  being 
of volcanic origin). As the  carbonate- r ich  uranium-bearing, 
sa l ine  solutions resided within t h e  cooling t r a c h y t i c  su i t e  at 
around 200°C, t h e  f i ssure  sys t ems  were  vented  t o  t h e  

1 
surface .  This would have resul ted  in a sudden pressure drop 

. + and in a concomi tan t  e f f e rvescence  wi th  t h e  r e l ea se  of C o n  
gas, thus  drastically lowering t h e  par t ia l  pressure of C 0 2  in 

$ the  sys tem.  Such a drop in  P c o 2  could resul t  in a precipita- 
t ion of uranium minerals,  a s  t h e  uranyl ca rbona te  complexes  
would no longer be  s t ab l e  in t h e  sys t em.  

A and 8: Typical  primary H20-vapour inclusions f rom 
t h e  'Fluorite '  zone. 

C: A typical  assemblage  of coeval  pr imary 
inclusions f rom t h e  uraniferous 'BD' zone. 
Here  inclusions with H20-  liquid C02-vapour  
(WCV) a r e  associa ted  wi th  HnO-vapour inclu- 
sions (WV). 

In contras t ,  t h e  'Fluorite '  zone,  which may have  formed 
a t  a d i f f e r en t  t i m e  than  t h e  uraniferous bodies, appea r s  t o  
bear  no evidence  of t h e  presence  of C o n .  It was apparent ly  
formed f rom a predominantly aqueous hydrothermal  system; 
(perhaps during a subsequent incursion of m e t e o r i c  waters).  
This then would explain i t s  re la t ive  lack  of uranium minerali- 
zation,  f o r  t h e  sys tem would be unable t o  support  t h e  
format ion of uraniferous ca rbona te  complexes  and thus 
perhaps unable t o  mobilize o r  t o  t r anspor t  uranium in any 
large quanti t ies.  

These  observat ions  provide a n  exce l l en t  analogy t o  
those  of P o t y  et al. (1974) regarding t h e  granitoid-hosted 
uranium deposits  of Limousin in t h e  Cen t r a l  Massif of France .  
In both ca ses  t h e  presence  of Con-bear ing fluid inclusions 
cha rac t e r i ze s  t h e  uraniferous zones  and the i r  absence  i s  
cha rac t e r i s t i c  of barren  zones. In both ca ses  too,  uranium 
may  have been deposited par t ly  a s  a resul t  of a drop in t h e  
C 0 2  con ten t  of t h e  hydrothermal  sys t ems  due  t o  venting,  
r a the r  than t o  t h e  commonly assumed u6+ u4+ reduction 
processes.  To s o m e  e x t e n t  too,  a reduction in t h e  PC02 could 
have  been brought about  by carbonat iza t ion  of s o m e  of t h e  
t r achy t i c  wall  rocks. As in t h e  c a s e  of t h e  Limousin deposit ,  
t h e  mechanisms which might have e f f e c t e d  t h e  postdeposi- 
t ional reduction of uranium f rom u6+ t o  U" a r e  a s  ye t  
unknown. 

Conclusion 

Observations on t h e  pr imary fluid inclusions in f l uo r i t e  
lead t o  t h e  conclusion t h a t  carbon dioxide played an  
impor t an t  ro le  in t ranspor ta t ion  of uranium in hydrothermal 
solution and i t s  deposit ion a t  t h e  Rexspar  deposit. 
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structural provinces and the Nonacho Basin, District of Mackenzie; Current Research, Part B, 
Geol. Surv. Can., Paper 78-1B, p. 141-149, 1978. 

Over 200 uranium occurrences are known in the study area, and the majority of them are 
hosted by Proterozoic rocks. They are classified into six groups, namely, hydrothermal veins, late 
magmatic differentiates, syngenetic sedimentary deposits, disseminations in paragneiss, 
disseminations in sandstone, and unconformity-related supergene concentrations. Past production 
came from the hydrothermal veins. In recent years, exploration e f f o r t s  have been concentrated 
in the search for sandstone-type and unconformity-related deposits, and have met  with 
encouraging results. The nature and geological setting of the occurrences are reviewed briefly 
and some geological guides to  exploration are suggested. 

Introduction prior t o  1961. Exploration.activit ies have intensified in recent  

The Bear and Slave s t ructura l  provinces and t h e  years  and have brought t o  light some  promising prospects. 

Nonacho Basin immediately t o  the  south of them, in the  A brief review of t h e  known occurrences  i s  presented 
nor thwestern  par t  of t he  Canadian Shield display a var ie ty  of here,  based par t ly  on t h e  examinat ion of 45 of them during 
geological sett ings sui table  fo r  severa l  d i f ferent  types  of t h e  1977 field season. A t en ta t ive  classification scheme  is 
uranium mineralization, and thus present favourable t a rge t s  given, and some  geological guidelines in t h e  search fo r  
f o r  exploration. Previous exploration, dat ing back t o  about additional deposits a r e  suggested. 
1940, has  revealed over  200 uranium occurrences,  and has led  
t o  t w o  mining operations,  t h e  well-known Eldorado Mine on 
Grea t  Bear Lake, and t h e  Rayrock Mine about 150 km south General  Geology 

of i t  (Fig. 23.1). These mines produced 5200 and 150 t of Tectonic e l emen t s  of t h e  nor thwestern  pa r t  of t he  
uranium metal  (13.5 and 0.4 million pounds UsOs) respectively Canadian Shield a r e  shown in Figure  23.1 (frorn 

Hoffman et al., 1974). Most known uranium occurrences  a r e  
in Proterozoic  rocks (2500 t o  600 Ma) of five 
areas  or  districts;  namely, G r e a t  Bear Batholith 
and volcanic belt ;  Coppermine Homocline; 
Bathurs t  Aulacogen; Athapuscow Aulacogen; 

o Basin. Major rock units of t hese  
t ed  in Table  23.1. 

I. Eldorado Mine 

2. Rayrock Mine 

Tectonic  map  of nor thwestern  par t  of Canadian 
7 Shield showing Bear and Slave s t ruc tu ra l  
. provinces and pa r t  of Churchill  Province  (frorn 

Hoffman e t  al., 1974, p. 42). 



T a b l e  23.1 

T a b l e  of Format ions :  Bear and  S l a v e  s t r u c t u r a l  p rov inces  and  N o n a c h o  Basin 

l CENOZOIC 

Recent glacial drift, Recent deltaic and Recent glacial drift, Recent glacial drift, Recent glacial drift, I alluvial sands allvial sands lake deposits etc. alluvial sands alluvial sands 

AGE 
Nonacho Lake area 
(Fault-controlled Basin) 

--ca. 65 Ma ......................... 

MESOZOIC I 

East Arm-Great Slave 
Lake area 

(Athapuscow Aulacogen) 

unconformity --------------- unconformity 

Cretaceous: 
undivided 

Bear Lake Area 
(Coronation Geosyncline, 
Bear Province) 

unconformity --------------- 

Devonian: 
Pine Point sequence, 
dominantly carbonates 

unconformity ---------------- 

Mackenzie Dyke swarm 

Et-Then Group 

'Exotic Breccia' dyke- 
like intrusives 

Quartz diorite- 
monzonite laccoliths 
and dykes 

East Arm Supergroup 

! 
Christie Bay Group 

Pethei Group 

Kahochella Group 

Sosan Group 

Union Island Group 

unconformity 

Devonian: 
Bear Creek Formation 

Cambro-ordovician: 
Ronning Group 
Saline River Formation 
Old Fort Formation 

unconformity ---------- 

Ma------..------------.------------------------------------------------------------unconformity------------------unconf~r~i~~-----------. 

M a ~ - - - - - - - - - - - - - - - - - - - ~ - - - - - - - ~ ~ ~ ~ ~ ~ - - ~ - - - - - - - - - - - - - - - - - - - - - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ f ~ ~ ~ ~ ~ y ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ f ~ ~ ~ ~ ~ y ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .  

Mackenzie Dyke swarm 

Hornby Bay Group 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ - ~ - - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ f ~ ~ ~ ~ ~ y - ~ - - - ~ - - ~ - - - - ~ ~ ~ ~ ~ ~ ~ n c o n f o r m ~ ~ y ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

unconformity--------unconformity---------------unconformity--------------unconformity-------------------unconformity----------- 

Bear Batholith and 
comagmatic acidic 
volcanics and inter- 
bedded sediments of 
Echo Bay (Cameron 
Bay) Group Hepburn 
Batholith 

Metamorphosed Snare 
and Epworth groups 

Snare Group 

--cam 225  Ma 

PALEOZOIC 

--,=a. 600 Ma ........................ 
HADRYNlAN 1 

--can 1000 

NEOHELlKlAN 

--ca, 1400 

I PALEOHELIKIAN 

Gabbro dykes 

--ca. 1800 Ma 

Dismal Lakes area 
(Coppermine Homocline) 

A 

- APHEBIAN 

V 

ca. 2400 

ARCHEAN 

Bathurst Inlet area 
(Bathurst Aulacogen) 

unconformity --------- 
Rae Group 

Husky Creek Formation 
Copper Creek Formation 
Dismal Lakes Group 

Muskox lntrusion 

Hornby Bay Group 

Granite 
(Folding, metamorphism) 

Akaitcho Group 

---- unconformity (?) 

Epworth Group 

Takiyuk Formation 

Cowles Lake Formation 

Recluse Formation 

Rocltnest Formation 

Odjick Formation 

unnamed Formation 

(Hudsonian events of 
folding, faulting and 
local reactivation of 
the basement) 

Nonacho Group 

Rae Group (?) 

Algak Formation 
Ekalulia Formation 
Kanuyak Formation 

Parry Bay Formation 
Ellice River Formation 

Tinney Cove Formation 

-------.-----------------------------. 

Goulburn Group 
Amogok Formation 
Brown Sound Formation 

Kuuvik Formation 

Peacock Formation 
Quadyuk Formation 
Burnside River Formatio~ 

Western River Formatior 

(compiled from Balkwill, 1971; Baragar and Donaldson, 1973; Campbell, 1978; 
Campbell and Cecile, 1976; Cook and Aitken, 1971; Davidson, 1978; Hoffman, 1968, 
1969, 1978; McGlynn, 1977; and Norris, 1965). 

Ma 

Granite 
Orthdand paragneiss 
Tazin Group 

----unconf ormity-------- 

Granitic Basement 

Diabase dykes 
Easter Island Dyke 
Alkaline Complexes 
Wilson Island Group 

unconformity-------unconformity---- ----------- -unconformlty----- ------- --unconformity--------------------unconformity--- ----- -. 

Gabbro, grandiorite, 
granite, ortho and 
paragneiss 

Slave Craton Yellowknife Supergroup 

Granitic Basement 



T h e  G r e a t  B e a r  Bathol i th  and  r e l a t e d  e f f u s i v e  rocks  
f o r m  t h e  w e s t e r n  p a r t  of Corona t ion  Geosyncline,  and  w e r e  
deve loped  a b o u t  1800 Ma a g o  during t h e  l a t e  s t a g e  of 
Hudsonian orogeny ( H o f f m a n  and McGlynn, 1977). T o  t h e  
n o r t h  i t  i s  c o v e r e d  by younger P r o t e r o z o i c  rocks  of 
C o p p e r m i n e  Homocl ine ,  cons is t ing  of a s e q u e n c e  of s e d i m e n t s  
and p l a t e a u  basa l t s  dipping g e n t l y  t o  t h e  n o r t h  (Baragar  and 
Donaldson,  1973). B a t h u r s t  Aulacogen,  a l s o  r e f e r r e d  t o  a s  
Kilohigok Basin of B a t h u r s t  In le t  a r e a ,  is t e c t o n i c a l l y  r e l a t e d  
t o  t h e  geosyncl ine  and  is  f i l led wi th  s e d i m e n t s  a n d  
s u b o r d i n a t e  volcanics ( C a m p b e l l  and  C e c i l e ,  1976;  Campbel l ,  
1978). I t  is  t h e  l e a s t  explored  of t h e  f i v e  a reas .  Athapuscow 
Aulacogen  a long  t h e  E a s t  A r m  of G r e a t  S lave  L a k e  i s  a l s o  
t e c t o n i c a l l y  r e l a t e d  t o  t h e  geosyncline,  a n d  has a th ick  
s e q u e n c e  of s e d i m e n t a r y  rocks  wi th  minor  a s s o c i a t e d  
vo lcanics  ( H o f f m a n  1968, 1969;  Hoffman e t  al.,  1977). The  
Nonacho  Basin i s  a fau l t -cont ro l led  i n t r a c r a t o n i c  s e d i m e n t a r y  
basin (McGlynn, 1971a). 

Uranium Occurrences 

Class i f ica t ion  

The  known uran ium o c c u r r e n c e s  a r e  c lass i f ied  i n t o  six 
groups.  T h e  c lass i f ica t ion  i s  a t e n t a t i v e  one ,  but  a d e q u a t e  f o r  
t h e  r e m a r k s  m a d e  here .  The  groups  a re :  

I. H y d r o t h e r m a l  veins 

2. L a t e  m a g m a t i c  d i f f e r e n t i a t e s  

3. S y n g e n e t i c  s e d i m e n t a r y  depos i t s  

4. Dissemina t ions  in paragne iss  

5. Dissemina t ions  in s a n d s t o n e  

6. Unconformi ty- re la ted  s u p e r g e n e  c o n c e n t r a t i o n s  

These  a r e  rev iewed br ie f ly ,  c i t i n g  e x a m p l e s  and  
r e f e r e n c e s  t o  published l i t e r a t u r e .  Geologica l  f e a t u r e s  useful  
in f u r t h e r  explora t ion  a r e  no ted .  

( I )  H y d r o t h e r m a l  ve& 

Distr ibution.  H y d r o t h e r m a l  uran ium veins a r e  m o s t  
c o m m o n  in t h e  Bear  Bathol i th  a r e a ,  w h e r e  t h e y  a r e  loca l ized  
a long  f r a c t u r e s  t h a t  a r e  subsidiary t o  major  n o r t h e a s t -  
t r e n d i n g  s t r ike-s l ip  fau l t s .  Mapping t o  d a t e  shows t h a t  t h e r e  
a r e  a b o u t  50 such  f a u l t s  a long  t h e  450-l<m length  of t h e  
ba thol i th  (McGlynn,  1977). The  f a u l t s  c a n  be  t r a c e d  f o r  
d i s t a n c e s  up t o  70 k m ,  a n d  s o m e  have  d i s p l a c e m e n t s  of 
s e v e r a l  k i lomet res .  T h e  d is t r ibu t ion  of over  100 known 
uran ium o c c u r r e n c e s  shows g r e a t e r  c o n c e n t r a t i o n s  n e a r  t h e  
w e s t e r n  boundary of t h e  ba thol i th .  This  a p p e a r s  in p a r t  t o  be 
d u e  t o  b e t t e r  exposures  and  a c c e s s ,  b u t  i t  m a y  a l s o  i n d i c a t e  
t h a t  c e r t a i n  p a r t s  of t h e  ba thol i th  a r e  r e l a t i v e l y  m o r e  
f a v o u r a b l e  t h a n  t h e  r e s t .  The  e x t e n t  of t h e  ba thol i th  under  a 
t h i n  P h a n e r o z o i c  c o v e r  (Balkwill, 1971; Cook a n d  Ai tken ,  
1971) i s  n o t  wel l  known, bu t  a e r o m a g n e t i c  m a p s  show 
p a t t e r n s  s imi la r  t o  t h o s e  observed  o v e r  t h e  exposed  p a r t s  of 
t h e  ba thol i th ,  f o r  s e v e r a l  k i l o m e t r e s  t o  t h e  w e s t  of t h e  
boundary  of t h e  c o v e r  rocks.  

Vein-type depos i t s  a r e  a l s o  found  in o t h e r  P r o t e r o z o i c  
rocks ,  w h e r e  t h e y  o c c u r  a long  f r a c t u r e s ,  f a u l t s ,  s h e a r s ,  
m y l o n i t e  zones ,  a n d  b r e c c i a  zones ,  a s  well  as a long  fo l ia t ion  
t r e n d s  in phyll i tes  and  o t h e r  m e t a s e d i m e n t s .  S o m e  of t h e  
minera l ized  f a u l t s  fo l low reg iona l  fo ld  s t r u c t u r e s  a n d  
fo l ia t ion  t rends ,  a n d  b e c a u s e  of t h e i r  g r e a t  s t r i k e  l e n g t h s  a n d  
a s s o c i a t e d  myloni t iza t ion ,  t h e y  a p p e a r  t o  be deep-sea ted .  
Those  in t h e  w e s t e r n  p a r t  of t h e  Nonacho  basin a r e  good 
e x a m p l e s  (J.C. McGlynn,  pers .  comm.). 

Mineralogical  F e a t u r e s .  All t h e  ve ins  c a r r y  uran ium in 
p i tchblende .  The  a s s o c i a t e d  m i n e r a l s  s u g g e s t  t w o  n a t u r a l  
groupings of t h e  veins,  n a m e l y  's imple '  q u a r t z - h e m a t i t e  ve ins  
a n d  ' complex '  Ag, Bi, Co-Ni a rsen ide ,  Cu-sulphide veins 
(Lang e t  al., 1962, p. 59-60). 

The  s i m p l e  veins a r e  widely d i s t r i b u t e d  th roughout  t h e  
B e a r  Bathol i th  a r e a ,  a n d  a r e  a l s o  e n c o u n t e r e d  in t h e  Nonacho 
L a k e  a r e a .  In t h e  Bear  Bathol i th  a r e a ,  t h e y  a r e  c o m m o n l y  
a s s o c i a t e d  wi th  'g ian t  q u a r t z  veins '  and q u a r t z  s t o c k w o r  Its, 
bu t  f o r m  only a s m a l l  p a r t  of t h e m .  R a y r o c k  Mine i s  a t y p e  
e x a m p l e  of t h i s  m o d e  of o c c u r r e n c e  ( L a n g  e t  al.,  1962,  
p. 193-196; McGlynn,  1971b,  p. 88-90). A t  R a y r o c k ,  t h e  l a t e  
s t a g e  p i tchblende-bear ing  h e m a t i t e - q u a r t z  ve ins  occupy 
f r a c t u r e s  and  b r e c c i a  z o n e s  wi th in  a q u a r t z  s t o c k w o r k  a n d  i t s  
sur rounding  a l t e r a t i o n  z o n e  of e p i d o t e - h e m a t i t e - q u a r t z  in t h e  
g r a n o d i o r i t e  c o u n t r y  rock .  

T h e r e  a r e  m a n y  p i tchblende  ve ins  of f rac ture- f i l l ings  
which c a r r y  l i t t l e  o r  no q u a r t z  or  o t h e r  g a n g u e  minera l s .  
S o m e  of t h e s e  a r e  cons idered  h y d r o t h e r m a l ,  s i n c e  t h e y  g r a d e  
i n t o  or  a r e  c lose ly  a s s o c i a t e d  wi th  w h a t  a r e  r e g a r d e d  a s  
h y d r o t h e r m a l  veins.  O t h e r s  a r e  s u p e r g e n e  c o n c e n t r a t i o n s .  An 
e x a m p l e  of s u c h  a c o n c e n t r a t i o n  i s  a n e w  showing  d iscovered  
by t h e  w r i t e r  and S.M. R o s c o e ,  a b o u t  32  k m  e a s t - s o u t h e a s t  of 
R a y r o c k  Mine, on c l a i m s  held by C.  Vaydick.  T h e  vein 
c o n s i s t s  of p i tchblende  s e a m s  up t o  2 m m  th ick  a long  a 
v e r t i c a l ,  nor th- t rending  f r a c t u r e  t r a c e a b l e  f o r  10 m in a 
m a s s i v e  a n d e s i t i c  hos t  rock .  S imi la r  s i m p l e  p i tchblende  veins 
a r e  o b s e r v e d  e l s e w h e r e  in t h e  B e a r  Bathol i th  a r e a  in o t h e r  
t y p e s  of h o s t  rocks.  Examples  a r e  a c i d i c  volcanics 
m i n e r a l i z e d  wi th  widespread  c o p p e r  su lphide  minera l iza t ion ,  
d i a b a s e  dykes ,  a n d  g r a n i t e .  Thus b o t h  t h e  s i m p l e  
h y d r o t h e r m a l  ve ins  s u p e r g e n e - t y p e  f rac ture- f i l l ings  a r e  
widespread  in t h e  a r e a .  In s o m e  c a s e s ,  c l a s s i f i c a t i o n  i s  
d i f f icu l t .  T h e  s o u r c e  of u ran ium in t h e  s u p e r g e n e - t y p e  
f r a c t u r e  f i l l ing i s  usually n o t  a p p a r e n t ,  i t  could  be  loca l  o r  
r e m o t e ,  c o n c e n t r a t e d  or  disperse.  T h e  possibi l i ty t h a t  i t  could  
h a v e  c o m e  f r o m  h y d r o t h e r m a l  veins in t h e  v ic in i ty  should be 
k e p t  in  mind  dur ing  explora t ion .  

T h e  corn l e x  ve ins  a r e  found  in  a r e s t r i c t e d  a r e a  of i) a b o u t  1000 k m  s o u t h e a s t  of G r e a t  B e a r  L a k e ,  which  m a y  be  
r e f e r r e d  t o  a s  t h e  E c h o  Bay-Camsel l  R i v e r  min ing  c a m p .  This 
a r e a  i s  under la in  by r o c k s  of t h e  basa l  p a r t  of t h e  vo lcan ic  
s e q u e n c e  r e l a t e d  t o  t h e  Bear  Bathol i th ,  a s s o c i a t e d  s e d i m e n t s ,  
a n d  g r a n i t i c  plutons of t h e  Bear  B a t h o l i t h  (Hoffman and  
McGlynn,  1977). T h e  volcanics  a n d  a s s o c i a t e d  s e d i m e n t s  a r e  
hos t s  t o  t h e  vein depos i t s ,  The  d e p o s i t s  inc lude  t h e  old 
E l d o r a d o  m i n e ,  now producing  s i lver ,  and  o t h e r  c u r r e n t l y  
o p e r a t i n g  s i lver  mines  n a m e l y  T e r r a ,  Norex,  a n d  S i lver  Bay. 
A t  t h e  Eldorado  mine ,  s i lver  and uran ium o c c u r  in t h e  s a m e  
f r a c t u r e  s y s t e m  but  on  t h e  s c a l e  of mining,  s i lver - r ich  veins 
a n d  s h o o t s  t e n d  t o  b e  s e p a r a t e  f r o m  t h o s e  r ich in uranium. 
Minera l  paragenes i s  of t h i s  a n d  o t h e r  m i n e s  has  been  s tud ied  
by s e v e r a l  workers  (Kidd a n d  Haycock ,  1935; C a m p b e l l ,  1955; 
J o r y ,  1964;  Badham e t  al., 1972; Mursky, 1973; Shegelski ,  
1973) a n d  f i v e  s t a g e s  a r e  recognized .  Much of t h e  uran ium 
was  d e p o s i t e d  dur ing  a n  e a r l y  s t a g e  of p i tchblende-quar tz -  
h e m a t i t e  veining,  which  p r e c e d e d  t h e  depos i t ion  of s i lver  and  
Co-Ni  a rsen ides .  Explora t ion  f o r  s i lver  a n d  uran ium in t h e  
a r e a  has  n o t  a l w a y s  g o n e  hand  in hand. Thus  t h e r e  a r e  s o m e  
s i lver  p r o s p e c t s  in t h e  v ic in i ty  of which addi t iona l  explora t ion  
m a y  p r o v e  f ru i t fu l .  In t h i s  r e s p e c t ,  a r e c e n t  a n n o u n c e m e n t  by 
T e r r a  S i lver  Mines ( N o r t h e r n  Miner ,  Jan. '78, v. 63,  No. 43) of 
i n t e r s e c t i o n  of a p i tchblende-bear ing  vein c l o s e  t o  s i lver  
ve ins  and  c a r r y i n g  uran ium g r a d e s  c o m p a r a b l e  t o  t h o s e  inined 
a t  t h e  Eldorado  mine,  provides a n  i n c e n t i v e  f o r  f u r t h e r  
e x p l o r a t i o n  f o r  uranium. The  product ion  f i g u r e s  show t h a t  t h e  
Ectio Bay-Camsel l  R i v e r  mining c a m p  a s  a whole  has 
produced  f o u r  t i m e s  a s  m u c h  uran ium m e t a l  as si lver .  



Genesis. The origin of the pitchblende-bearing veins of 
Bear Batholith area has been discussed by many workers (see 
Kidd and Haycock, 1935; Lang, 1952; Campbell, 1955; 
Lang e t  al., 1962; Mursky, 1963, Jory, 1964; Ruzicka, 1971; 
Robinson and Morton, 1972; Badham et al., 1972; Robinson 
and Ohmoto, 1973; Shegelski, 1973; Thorpe, 1974; Langford, 
1977). Laboratory studies on the complex veins by 
Badham et  al. (1972) showed that ore deposition occurred in  
dilatant zones from mineralizing solutions a t  temperatures 
between 140 and 230°C. The radiometric age determinations 
converge around 1450 Ma for deposition of pitchblende, and 
between 1700 and 1850 Ma for the formation of the host 
rocks (see discussion by Thorpe, 1974). Brief genetic hypo- 
theses considered by various workers are: (a) hydrothermal 
solutions derived from an acidic magmatic source related t o  
the Bear Batholith (Kidd and Haycock, 1935; Mursky, 1963; 
Shegelski, 1973); (b) leaching of ore metals from tuffaceous 
host rocks by heated brines, connate or meteoric water (but 
not magmatic), and deposition in the veins (Robinson and 
Morton, 1972; Robinson and Ohmoto, 1973); (c) hydrothermal 
solutions carrying Ag, Co, Ni, As, Bi, and Cu derived from a 
gabbroic magma that formed the diabase dykes which 
intruded the area about 1425 Ma ago (Mursky, 1973; Thorpe, 
19741, and (d) supergene concentrations by surface meteoric 
waters near the paleosurface (Langford, 1977). 

Objections arise i n  a l l  of the above hypotheses. I f  the 
radiometric age of the veins is accepted as their true age, 
then they are much younger than the Bear Batholith, and thus 
cannot have a direct genetic relationship with the batholith. 
Leaching of ore metals from tuffaceous host rocks cannot be 
applied t o  many occurrences that are remote from such 
rocks. Gabbroic magma is  a l ikely source for  various metals 
except for uranium and associated silica. Diff icult ies wi th 
supergene concentration as a primary mechanism for the 
formation of the veins are: lack of extensive weathering or 
alteration required for such a process, absence of reducing 
agent, presence of abundant quartz, and depth extension of 
veins to over 300 m. Supergene concentration has however 
played a secondary role in  deposition of minor amounts of 
botryoidal pitchblende and other secondary minerals, which is  
attributed by al l  workers t o  the actiori of the surface waters 
on the existing deposits. Some pitchblende fracture fil l ings 
with l i t t l e  or no gangue minerals can be, as mentioned above, 
attributed to  supergene concentration. 

A modified version of the f i rs t  hypothesis, implied by 
some of the earlier workers and favoured by the writer, is as 
follows. Hydrothermal solutions derived from the Bear 
Batholith are the most likely source of quartz and pitch- 
blende. The simple veins were probably formed soon after the 
emplacement of the Batholith. Their wide distribution is 
consistent with such an origin. The Ag, Bi, Co-Ni-arsenide 
veins formed later, from mineralizing solutions derived from 
a restricted source related to  the diabase intrusions. The 
solutions followed some of the fractures occupied by earlier 
veins, which were reopened and extended by fault move- 
ments. A t  places these solutions came in  contact with the 
earlier deposited uranium, which was partly or wholly 
dissolved, and later redeposited with a polymetallic mineral 
assemblage. Thus parts of the veins show effects of super- 
imposed mineralization. Fault movements continued well in to 
the Helikian times, and most l ikely affected the pitchblende- 
bearing veins so that radiometric equilibrium was readjusted. 
The younger ages obtained may thus be reconciled under such 
an hypothesis. 

(2) Late Stage Magmatic Differentiates 

Proterozoic intrusive rocks represent a wide range of 
igneous activity. From the standpoint of late stage magmatic 
differentiates carrying uranium the most important are 
granites, alkaline complexes, and diorite-monzonite plutons. 

Granites. Pegmatites carrying uranium and thorium 
minerals are associated wi th both Archean and Aphebian 
granites. The occurrences are commonly small and low grade 
in  terms of uranium values. Only a few are wel l  studied, such 
as those in  Yellowknife-Beaulieu region (Kretz, 1968). 

Some available data suggest that certain granitic bodies 
and their hypabyssal and effusive equivalents, are enriched i n  
uranium or thorium or both. Examples are parts of Bear 
Batholith area (Allan and Cameron, 1973) and granitic rocks 
in  the area west of the Nonacho basin (Charbonneau, i n  
prep.). These uranium-enriched rocks are a potential source 
for  primary as well as secondary concentrations of uranium. 

Alkaline Complexes. There are only two alkaline com- 
plexes found to date i n  the Bear and Slave structural 
provinces, but more can be expected. One is the 'Big Spruce' 
complex located about 40 km east-northeast of Rayrock mine 
(Martineau and Lambert, 1974; Irving and McGlynn, 1976; 
Currie, 1976). The other is  the 'Blachford' complex, located 
about 160 km southeast of the mine (Davidson, 1978). 
Radiometric age determinations on the two complexes gave 
21 11 ? 40 Ma (Rb-Sr isochron, Martineau and Lambert, 1974) 
and 2057 2 56 Ma (K-Ar method; Davidson, 1978) 
respectively. The Big Spruce complex is  a nepheline agpaitic 
syenite complex, wi th carbonatite differentiates that carry 
localized concentrations of U and Th. The Blachford complex 
is a silica-saturated agpaitic complex and has late 
differentiates enriched in  niobium, uranium, thorium, rare 
earths, and other metals. Albite, magnetite, and f luorite are 
common minerals i n  the late differentiates. The work done to  
date indicates a niobium-rich zone about 10 m wide and 
700 m long, carrying low but significant uranium values (see 
assays, Davidson, 1978, p. 125). 

Diorite-monzonite plutons. These occur as laccoliths i n  
the East Arm of Great Slave Lake. Their late stage 
differentiates are coarse magnetite-apatite-amphibole veins, 
which in  some cases carry notable amounts of pitchblende. 
Pitchblende is disseminated along parts of the veins, com- 
monly in  close association with magnetite. The veins occur 
near the margins of the plutons. Field relations and 
petrological observations show that the vein minerals, 
including pitchblende, are derived from the plutons. 
Radiometric age determinations support this genetic connec- 
tion. A pitchblende-bearing sample (LF-71-29, H.W. Lit t le) 
from the 'Rex' property (Lang et a]., 1962, p. 203-2051 ave a 
~ b " ' / ~ b ' ~ ~  ratio that yielded an age of 1710 Ma (Pbz0'/Uzf5 
and P b 2 0 6 / ~ 2 3 8  ratios gave 1662 and 1550 Ma respecti,vely). 
The host rock is similar to  two other diori t ic rocks in  the East 
Arm area, dated at 1845 and 1795 Ma (GSC 61-78 and 67-77; 
Hoffman, 1969) by K-Ar method. Similar magnetite-apatite- 
actinolite veins and small pods are described i n  the Echo Bay- 
Camsell River area (Badham and Morton, 19761, but no 
pitchblende was reported i n  them. 

(3) Syngenetic sedimentary deposits 

The important sedimentary beds for this type of 
deposits are quartz-pebble conglomerate, dolomite, and shale. 

Quartz-pebble conglomerate. An example of uraniferous 
quartz-pebble conglomerate of fossil placer type is known on 
the west shore of the Maclnnis Lake area in  the Nonacho 
basin (McGlynn, 1971a, p. 142). Three separate horizons or 
reefs ranging i n  thickness from 2 to  10 m are known within a 
stratigraphic thickness of about 300 m, consisting mainly of 
arkose and minor shale. Outcrops of quartz-pebble con- 
glomerate also occur northeast and southeast of MacInnis 
Lake. Uranium values reported to  date are low, but are 
significantly higher than the background. Tin is present along 
wi th uranium. No systematic evaluation of the MacInnis Lake 
subbasin is available. 



Quartz-pebble conglomerate  horizons a r e  known else- 
where  in the  Aphebian sequences,  but t o  d a t e  no significant 
uranium values have been reported. 

Dolomite. Some algal and arenaceous  dolomitic beds in 
t h e  lower part  of t h e  Aphebian sequence along t h e  Eas t  Arm 
of Great  Slave Lake contain monazite and uraninite (or 
pitchblende) concentrations.  One example  is  t h e  McLean Bay 
occurrence  (Lang et al., 1962, p. 201-202) where  the  host 
dolomite is interbedded with quartzite.  'Thorium pre- 
dominates  over uranium. The mineralization is  apparently 
detri tal .  Other  examples of anomalous radioactivity in 
uranium and thorium, were  observed by the  wri ter  in 
dolomitic rocks interbedded with sandstone and sil tstone of 
Wilson Island Group on Wilson Island, and on a smal l  island t o  
t h e  southwest where  t h e  unconformity between the  grani t ic  
basement and the  Sosan Group is exposed. Lenses of quar tz-  
pebble conglomerate  were  also seen in t h e  Sosan Group here.  
Scinti l lometer readings indicated a predominance of thorium 
over uranium. 

Shale. Shale beds frequently ca r ry  notable  concentra-  - 
tions of uranium. Such shale  lenses a r e  encountered in 
sandstones of the  Nonacho and Hornby Bay groups. The shales 
a r e  red,  green, or  grey. Extensive shale beds, particularly t h e  
dark grey graphi t ic  var ie ty  such a s  the  Fontana Formation in 
Epworth Group (Hoffman e t  al., 19781, a r e  favourable host 
rocks fo r  uranium, and mer i t  a t tent ion during exploration. 
Another favourable geological se t t ing i s  where  shale  is  
interbedded with tuffs  in an a rea  of strongly bimodal, basic 
and acidic  volcanic activity.  Such a se t t i ng  is present  in t h e  
lower pa r t  of t h e  volcanic sequence in t h e  Hot tah  Lake- 
Camsel l  .River a rea  (Hoffman and McGlynn,' 1976) where  
basalt ic volcanics (Hottah Lal<e Basalt Unit) a r e  overlain by 
acidic  volcanics (Camsell River Rhyolite Unit) re la ted  t o  t h e  
Bear Batholith. This se t t ing resembles t h a t  seen in t h e  
Aphebian Aillilc Group of Labrador where severa l  uranium 
deposits a r e  hosted by an 'argillite-tuffaceous sediment '  
horizon (Gandhi, 1977). 

(4) Dissemination in paragneiss 

There  a r e  a number of small  uranium occurrences  along 
layers in paragneiss. The most common host rocks a r e  
quartzofeldspathic gneisses rich in bioti te and/or hornblende, 
apparently derived f rom impure  sil tstone. A typical example  
is a zone on the  north shore of DeVries Lake, about 100 km 
north of Rayrock mine (Thorpe, 1972, p. 68-72). The host rock 
is a metasediment  of t h e  Snare  Group. Pegmat i t i c  quartzo- 
feldspathic veins and patches a r e  common in the  highly 
contor ted  micaceous paragneiss. Uranium mineralization 
(uraninite or  pitchblende) i s  disseminated along zones up t o  
I m wide and t r aceab le  fo r  several tens of metres .  These 
mineralized zones a r e  discontinuous. Magnet i te  is  abundant 
in t h e  zones,  and t r aces  of molybdenite and chalcopyr i te  a r e  
also present.  

There  a r e  o ther  similar occurrences in t h e  basement 
gneiss of Nonacho Lake a rea ,  where  t h e  host rock could b e  
Archean which has been a f f ec t ed  by Hudsonian deformation 
during Aphebian t imes.  

The origin of t hese  occurrences  i s  debatable.  The 
mineralized zones display minor t ight  folds and crenulations 
and a r e  cu t  by pegmat i t ic  veinlets. These f ea tu res  suggest 
t h e  possibility t h a t  mineralization is predeformation and 
premetamorphism. Uranium may have been originally 
dispersed through the  host rock, and may have been l a t e r  
concentra ted  by metamorphic  segregation. Alternatively,  a 
hydrothermal source  may be postulated. The presence of 
grani t ic  bodies in the  vicinity can be inferred f rom the  
abundance of pegmat i t ic  dykes, and could have contributed 
uranium which was deposited in t h e  host rocks prior t o  t h e  
fin,al phase of deformation and metamorphism. 

( 5 )  Disseminations in sandstone 

General Remarks.  Aphebian and Helikian sandstones 
host several uranium occurrences ,  and a r e  favourable t a rge t s  
for  exploration. Mineralization consists of disseminated 
pitchblende, with local high grade aggregates.  T races  of o ther  
meta ls  such as copper and silver a r e  de tec t ed ,  but t he re  is  
l i t t l e  or  no thorium. The mineralized zones vary in shape 
f rom irregular t o  crudely lenticular and a r e  subparallel  t o  
bedding. Local f r ac tu res  carrying higher grade concentrations 
a r e  common, but they account  for  only a minor proportion of 
t h e  mineralization. 

There a r e  many variations within this group of deposits, 
a s  seen from t h e  well-known deposits in t h e  Phanerozoic 
sandstones in the  western  United S t a t e s  (Fischer,  1974). A 
common fea tu re  is t h a t  t h e  host rock is  continental  
sandstone. Many of the  Proterozoic  sandstones of t he  Bear 
and Slave s t ructura l  provinces and t h e  Nonacho basin a r e  
continental ,  and contain red beds. One main point of 
d i f ference  between t h e  l a t t e r  and t h e  Phanerozoic sandstones 
i s  t ha t  t h e  Proterozoic  sandstones lack remains  of land 
plants, which some  investigators believe played a crucial  role 
a s  a reducing agent  in deposition of uranium from the  
oxidized solutions t h a t  t ranspor ted  it. This f a c t o r  cannot be 
very  cr i t ica l ,  however, s ince  uranium does  occur in t h e  
Proterozoic  sandstones,  and also in parts of t h e  Phanerozoic 
sandstones where plant remains a r e  sca rce  or absent.  Other 
reducing agen t s  such a s  pyrite,  and o the r  fo rms  of organic 
remains,  or  chemical f ac to r s  such a s  Eh-pH and dissolved C o n ,  
need t o  be invoked in the  case  of Proterozoic  sandstones. 

The proximity of potential  source  rocks, such as 
grani tes  or tuffs  containing higher than background con- 
centra t ions  of uranium t o  continental  sandstones, is  a useful 
guide t o  exploration (see also Rich et al., 1977, p. 64-73). In 
th i s  regard, sandstones of t h e  Hornby Bay Group a r e  
particularly well s i tuated with respect t o  the  Grea t  Bear 
Batholith and volcanic belt. 

Aphebian sandstones. The bes t  known uranium 
occurrences a r e  in the  Sosan Croup on t h e  Eas t  Arm of Great  
Slave Lake. The host unit is  t h e  basal Hornby Channel 
Formation consisting mainly of coa r se  subarkosic sandstone 
of fluviati le origin (Hoffman, 1968, 1969). There  a r e  20 
occurrences  along i t s  200 km s t r ike  length.  They a r e  
described in detail  by Morton (1974) and Walker (1977). 

The age of uranium mineralization of this type in such 
ancient  sandstones is a topic  of considerable interest .  
Geological evidence bearing on t h e  minimum age  is  provided 
by t h e  presence of mineralized sandstone blocks in exot ic  
breccia  of Simpson Island in  t h e  western  pa r t  of East  Arm of 
Grea t  Slave Lake. The breccia  a r e  older than t h e  
Paleohelikian Et-Then Group (Reinhardt,  1972, p. 27) and 
younger than Stark  Formation of Chr is t ie  Bay Group 
(Hoffman, 1978). Several radiometr ic  age  determinat ions  on 
t h e  mineralized rocks a r e  now available. One is on a sample  
col lec ted f rom 'Vestor Zone 5' on Simpson Island (sample 
No. LF-7 1-21, col lec ted by H.W. Little). Analyses done -at 
Teledyne Laboratories f o r  t h e  Geological Survey of Canada, 
gave  a pb2  7 / ~ b 2  ra t io  corresponding t o  an  age  of 
1556 Ma; P b 2 0 7 / ~ 2 3 5  and P ~ ~ ~ ~ / u ~ ~ ~  rat ios  .give 1004 and 
766 Ma, respectively,  indicating discordance a t t r ibu tab le  t0.a 
loss of lead from the  system. Other Pb-U isotopic age  
determinat ions  were  done by Bloy (1978) at t h e  University of 
Alberta.  His analyses of a su i t e  of samples f rom the  'Vestor 
Zone 5' ,  and another sui te  f rom the  'Toopon Lake Zone' about 
130 km t o  t h e  northeast ,  yielded ages  for  the  uranium 
mineralization of 1510+ 8 and 2123 60 Ma, respectively 
(G. Bloy; pers. comm., 1978). The older a g e  is  regarded a s  t h e  
age  of primary mineralization which is  l i t t l e  a f f ec t ed  by l a t e r  
geological events,  whereas  t h e  younger a g e  i s  in terpre ted a s  
resulting f rom remobilization of uranium during l a t e r  



t ec ton ic  movements  and/or metamorphism. The age  of the  
host Sosan Group i s  indicated by t h e  d a t a  f rom Rb-Sr and I<- 
Ar age  determinations on t h e  overlying and underlying rocks. 
The  minimum age  is defined by t h e  Seton volcanics in t h e  
overlying Kahochella Group which gave a Rb-Sr isochron age 
of 1870 Ma (Baadsgaard e t  al., 1973). The Sosan Group is 
younger than the  'Easter Island' dyke, a minor d i f ferent ia ted  
alkaline complex (Hoffman, 1978). Bioti te f rom t h e  dyke has 
been dated by the  K-Ar method a t  2200 Ma (Burwash and 
Baadsgaard, 1962, p. 281, and 2170 Ma (Leech e t  al., 1963, 
p. 61). From these  data ,  i t  appears  likely tha t  uranium 
mineralization took place soon a f t e r  t h e  deposition of t h e  
host Hornby Channel Formation of t h e  Sosan Group, and has 
been modified t o  s o m e  e x t e n t  in those pa r t s  of t he  basin 
which a r e  a f f ec t ed  by t ec ton ic  activit ies.  

The possibility of sandstone-type uranium occurrences 
in o ther  nonmarine Aphebian sandstones of t h e  Bear and Slave 
s t ruc tu ra l  provinces and the  Nonacho basin mer i t s  investiga- 
tion. For example  sandstones interbedded with volcanics of 
t h e  Bear Batholith a rea  a r e  theoretically favourable host 
rocks. A group of small  showings eas t  of Beaverlodge Lake 
and about 100 I<m southeast  of Grea t  Bear Lake, is  of in teres t  
in this regard. The showings were  discovered in 1977 by 
D.Arden,  a prospector working under t h e  Federal  
Prospectors '  Assistance Program. Mineralization consists of 
disseminations and local concentrations of pitchblende along 
narrow linear zones in rusty weathering, ra ther  massive 
sandstone. Work has not yet  progressed enough t o  establish 
whether  they  represent  sandstone-type mineralization or  a r e  
supergene concentrations.  These occurrences a r e  however 
distinguished f rom t h e  typical hydrothermal veins fo r  which 
th is  a r e a  has been noted in t h e  pas t  (Lord, 1951, p. 110; 
McGlynn, 1971b, p. 112-114). The host sandstone has been 
described as p a r t  of t he  Snare  Group in ear l ier  reports.  I t  
was  observed however t h a t  i t  disconformably overlies a 
feldspar qua r t z  porphyry north of Beaverlodge Lake. The 
porphyry has ignimbrit ic cha rac te r ,  a f e a t u r e  common in 
volcanic rocks coeval with the  Bear Batholith plutons. This 
suggests t ha t  t he  sandstone is  younger than t h e  Snare  Group. 

Helikian sandstones. Uranium was f i rs t  discovered in 
these  rocks during 1969. The showing is located south  of 
Dismal ':es, about 115 km north-northeast  of Eldorado 
Mine, 11, .ne upper par t  of t h e  Paleohelikian Hornby Bay 
Croup (Bizard and Salat ,  1969). The host unit is  white t o  buff 
quar tzose  sandstone, with minor conglomerate  interbeds.  I t  
corre la tes  with Unit  I 1  of Baragar and Donaldson (1973). 
About 2 km nor theas t  of th is  showing, a promising prospect 
has  been located recent ly  in an  overburden covered area.  This 
prospect i s  a lso  in t h e  s a m e  unit (L. Kirwin, Esso Minerals 
Limited, pers. comm., 1978). 

The host unit is  extensive between Coppermine River  
and G r e a t  Bear Lake; t h e  published maps  of Baragar and 
Donaldson cover  less than 25 per  cen t  of i t s  extent .  I t  is 
being actively explored by various companies. Other  Helikian 
sandstones have received much less a t t en t ion  t o  date .  

Phanerozoic sandstones. Sandstones of Phanerozoic  
cover  rocks in t h e  vicinity of a known Proterozoic  uranium 
district  such as the  Bear Batholith a rea ,  should be considered 
fo r  thei r  uranium possibilities. Such possibilities have been 
suggested for  the  Mesozoic and Cenozoic rocks of t h e  
Southern  Interior Plains of Canada by Chamberlain (1960) in  
view of uranium deposits in South Dakota and Wyoming. In 
South Dakota, t h e  Precambrian Black Hills form a domal 
a r e a ,  about  150 km long and 75 km wide, flanked by outward 
dipping Phanerozoic, s t r a t a .  Uranium deposits a r e  found in 
fluvial and fluvial-marine sandstones of t h e  Cre taceous  Inyan 
Kara  Group in the  vicinity of Black Hills, and in t h e  
Paleocene l ignite (Hart ,  1968; Harshman, 1968; 
Fischer, 1974). 

Phanerozoic rocks of t h e  G r e a t  Bear Lake-Great Slave 
Lake a rea ,  a r e  described by Norris (1965), Balkwill (1971) and 
Cook and Aitken (1971). The most favourable rocks for 
uranium mineralization a r e  t h e  Cambrian Old For t  Format ion 
and Cretaceous  sandstones and associated lignite. The Old 
For t  Formation is a thin basal unit t h a t  occurs  discon- 
tinuously along t h e  western boundary of t h e  batholith in 
paleo-depressions of t h e  Precambrian erosional surface .  I t  is  
a transgressive c las t ic  unit which has some  locally derived 
material .  I t  i s  overlain by red and green shales,  s i l t s tones  and 
dolomite. The Cretaceous  sandstones a r e  a lso  thin and poorly 
exposed, bu t  apparent ly  cover  extensive  a r e a s  nor th  and south  
of Grea t  Bear  Lake. They a r e  interbedded with shales  and 
l ignite seams. 

I t  appears  f rom t h e  topography of t h e  a r e a  and 
descriptions of t h e  units, t h a t  a t  l ea s t  pa r t  of t h e  Bear 
Batholith a r e a  remained a s  a positive f e a t u r e  during t h e  
deposition of Phanerozoic rocks. I t  may have contr ibuted 
some  sediments  and also apparently maintained a positive 
relief a f t e r  thei r  deposition. The a r e a  may a lso  have 
contributed uranium t o  the  sediments  through t h e  ac t ion of 
groundwater flows, which could have deposited t h e  me ta l  a t  
suitable reducing sites.  

( 6 )  Unconformity-related supergene concentra t ions  

The most significant and extensive  unconformities in 
t h e  Bear and Slave s t ructura l  provinces a r e  t h e  Archean- 
Aphebian, Aphebian-Helikian, and Aphebian-Paleozoic inter- 
faces .  Uranium occurrences  a r e  found at or  nea r  t h e  f i r s t  
t w o  of these  unconformities, which a r e  briefly discussed 
below. The  Aphebian-Paleozoic unconformity mentioned 
ear l ier  with r e fe rence  t o  t h e  Cambrian Old F o r t  Format ion is  
l i t t l e  explored, and is  no t  fu r the r  discussed here.  

Archean-Aphebian unconformity. Nonacho Group con- 
sists ~ r e d o m i n a n t l v  of cont inenta l  f luviati le sediments  
deposited in a fault-controlled in t racra tonic  basin (Burwash 
and Baadsgaard, 1962; McGlynn, 1971a). The precise  a g e  of 
the  group is  not known but i t  has some  s t ructura l  and 
lithological similarit ies with t h e  Martin Format ion near 
Uranium Ci ty  in Saskatchewan, which is  believed t o  be L a t e  
Aphebian or very Early Paleohelikian in age  (Koeppel, 1968; 
Fraser  e t  al., 1970). The basement  rocks of t h e  Nonacho basin 
a r e  Archean, in p a r t  remobilized during Aphebian, and include 
a considerable proportion of metasediments  of t h e  Tazin 
Group t h a t  a r e  exposed near  t h e  unconformity. Several  
uranium occurrences  a r e  known a t  or  c lose  t o  t h e  uncon- 
formity  a t  t h e  base of t h e  Nonacho Group in t h e  basement  a s  
well  a s  in t h e  Nonacho sediments.  Their origin i s  uncertain,  
and more  work i s  required t o  a r r ive  at posit ive conclusions. 
The re  i s  a possibility t h a t  supergene processes were  ac t ive  a t  
t h e  unconformity and could have concentra ted  uranium from 
e i the r  local or d is tant  sources. The most favourable  s i tes  
appear  t o  be where  t h e  unconformity comes  in c o n t a c t  with 
metasediments  and/or faults.  

Aphebian-Helikian unconformity. The unconformity a t  
t h e  base of t h e  Paleohelikian Hornby Bay Group, i s  
potentially f,avourable f o r  uranium deposits a s  i t  compares  in 
age  and geological s e t t i ng  t o  t h e  one a t  t h e  base  of 
Athabasca  Format ion in Saskatchewan. (Fraser  et al., 1970). A 
zone of paleosaprolit ic a l t e ra t ion  r e l a t ed  t o  t h e  unconformity 
is extensive  (Hoffman and McGlynn, 1977). The basal uni ts  of 
t h e  Hornby Bay Group a r e  deep  red cong lomera te  and 
sandstone (Baragar and Donaldson, 1973). I t  i s  believed t h a t  
t h e  basement  relief at t h e  t i m e  of deposition of t h e  group 
may have been a s  much as  500 m (P. Hoffman, pers.  comm., 
1977). Some  of t h e  Aphebian f au l t s  have been a c t i v e  during 
t h e  deposit ion of Hornby Bay Group rocks. These  f au l t s  and 
basement  highs would have a considerable inf luence on the  
migration and deposition of uranium. 



Several  uranium occurrences  a r e  known in t h e  Aphebian 
basement  rocks near  t he  unconformity.  These a r e  pitchblende 
f r a c t u r e  fillings in rocks such a s  g ran i t e  and m a f i c  dykes. The 
supergene origin of t h e  occurrences  is  indicated by such 
f ea tu re s  a s  l imi ted  s t r ike  and dip ex t en t ,  part ial ly weathered 
grani t ic  host rocks, open f r a c t u r e  filling in f i ne  maf ic  dykes, 
and t h e  absence  or scarc i ty  of gangue minerals. Some of them 
may be r emnan t s  of former ly  l a rge r  supergene concentra i tons  
at t h e  unconformity.  Their presence  i s  encouraging f o r  
fu r the r  exploration of t h e  unconformity.  

Conclusions 
The  various geological  envi ronments  su i table  f o r  

uranium deposition in t h e  Bear and Slave s t ruc tu ra l  provinces 
and t h e  Nonacho basin, coupled with t h e  presence  of a 
number of uranium occurrences ,  sugges ts  an opt imis t ic  
outlook f o r  exploration successes in t h e  region. Of par t icular  
i n t e r e s t  in th is  regard a r e  t h e  high g rade  vein-type, 
sandstone-type,  and unconformity-related uranium 
mineralization.  The sea rch  f o r  t h e  l a s t  two  types has been 
undertaken only during t h e  l a s t  f e w  years,  and t h e  resul ts  t o  
d a t e  have  been encouraging. 
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THE APPLICATION OF AIRBORNE GAMMA-RAY SPECTROMETRY IN THE SEARCH FOR 
RADIOACTIVE DEBRIS FROM THE RUSSIAN SATELLITE COSMOS 954 

(OPERATION "MORNING LIGHT") 

Q. Bristow 
Resource Geophysics & Geochemistry Division 

Abstract 

Bristow, Q., The application of airborne gamma-ray spectrometry in the search for radioactive 
debris from the Russian satellite Cosmos 954 (Operation "Morning Light"); & Current Research, 
Part B, Geol. Surv. Can., Paper 78-1B. p. 151-162, 1978. 

Radioactive debris from the Russian satellite Cosmos 954 was located using airborne 
gamma-ray spectrometry. An analysis was made of two spectrometric techniques used to  detect 
man-made radiation sources in the presence of a relatively high natural radioactivity background. 
An experiment was also conducted t o  determine the atmospheric attenuation of gamma radiation 
in the 0.7 meV energy region. These data were used to  calculate the minimum point source 
strengths likely to  be detected by the Geological Survey of Canada airborne gamma-ray 
spectrometer under the conditions in which it was used during the search. 

Introduction 

On 24 January,  1978, the  Russian Sate l l i te  Cosmos 954, 
reported t o  be carrying a nuclear r eac to r  on board, re- 
entered t h e  Earth's a tmosphere  and disintegrated, t he  pieces 
coming t o  r e s t  in t h e  Northwest Territories.  The probable 
impac t  t ra jec tory  for t he  debris was  calculated f rom inform- 
ation based on e y e  witness accounts  of t h e  re-entry and f rom 
tracking d a t a  which were  available.  These calculations,  f rom 
which t h e  search a reas  shown in Figure 24.1 were  established, 
were  made by exper ts  who formed pa r t  of a t e a m  of 
sc ient is ts  and technicians sen t  in on 24 January by t h e  U.S. 
Depar tment  of Energy (USDOE formely ERDA) t o  aid in t h e  
search. 

On the  evening of 24 January, R.L. Grasty of t he  
Geological Survey of Canada (GSC) arrived a t  t h e  Canadian 
Forces Base in Edmonton (the c e n t r e  of subsequent Figure 24.1 The impac t  t r a j ec to ry  of t he  sa t e l l i t e  s t r e t ches  
operations) t o  assess t h e  situation. H e  immediate ly  recom- f rom Grea t  Slave Lake nor theas t  toward Baker 
mended t o  Depar tment  of National Defence (DND) off ic ia ls  Lake. Sectors  13  and 14 were  established with 
t h a t  t h e  GSC airborne garnma-ray spec t romete r  be  used t o  wind borne mater ia l  i n  mind. 
assist  in the  airborne search fo r  t h e  radioact ive  debris. The 
GSC spect rometer  consists of 50 350 c m 3  of sodium iodide 
de tec to r  volume, with associated d a t a  acquisition e lec t ronics  
which a r e  mini-computer based. Complete  256 channel 
gamma ray spec t r a  a r e  recorded on magnet ic  t a p e  along with 
identification and navigational d a t a  a t  d i sc re t e  t i m e  in tervals  
which can  be a s  shor t  a s  0.25 s. A six channel s t r ip  c h a r t  
recorder  allows running profiles corresponding t o  counts  in 
chosen spect ra l  windows, ratios of such counts,  or  a lmost  any 
other  algebraic function involving them t o  be plotted 
continuously in-flight. On the  evening of 25 January the  
equipment was enroute  t o  Edmonton with the  author  and 
P.B. Holman, who acts 'as field par ty  chief fo r  rout ine  
summer operations involving t h e  instrument.  Within 2 hours 

Subsequently o ther  functions were  tes ted  in an  a t t e m p t  t o  
optimise t h e  signal t o  noise r a t io  for detect ion of man-made 
radiation sources  with spec t r a  of t h e  general  shape shown in 
Figure 24.3. This f igure  shows t h e  gamma-ray spect rum 
obtained by subtract ing t h e  local background spect rum taken 
over a few.  records e i ther  s ide  of t h e  anomaly discovered on 
Grea t  Slave Lake f rom the  accumulated spec t r a  over t h e  
anomaly i tself .  The 1 4 0 ~ a  peak a t  1.59 meV is clearly seen 
along with a low energy continuum up t o  about  0.78 meV 
which is due t o  o ther  fission products. This anomaly was  the  
f i r s t  p iece  of hard evidence t h a t  any radioactive debris had in 
f a c t  landed in  t h e  area.  

of ar r ival  at C.F.B. Edmonton t h e  spec t romete r  was  installed 
in a Hercules C-130 a i r c ra f t  and fully operational.  Navigation - 
Figure 24.2 gives some  idea of t h e  setup. One hour l a t e r  t h e  In the  initial s tages  the  most probable a reas  where  a i r c ra f t  le f t  on i t s  f i rs t  12 hour search mission with the  radioactive debris was likely to be found were given broad 
author acting as During the second radiometric survey coverage relying on a of 
fl ight with R-L. '''sty and P.B. Holman o ~ e r a t i n g  t h e  equip- conventional navigational aids such a s  doppler and omega, and with a press party On evidence was together with visual identification of topographic features of a man-made radiation source  on t h e  f rozen su r face  of t h e  from maps of the area. It became clear that systematic East Arm Of 'lave Lake' A subsequent study Of the detailed coverage of some  portions of t h e  t ra jec tory  would be 

'pectra to the On the required and tha t  this would only be possible with more 
cha r t  record (Fig. 24.4) showed unmistakable evidence of t h e  precise navigation. The USDOE team, for  some years, has fission product lanthanum ("OL~). been using a Microwave Ranging System, (MRS) made  by Del 

The r a t io  shown on t h e  s t r ip  c h a r t  record (Fig. 24.4) was  Nor t e  Inc., of Texas. The MRS uses t w o  por table  land 
used on t h e  advice  of Thane Hendriks, a member  of t h e  beacons which a r e  positioned abou t  5 0  km apar t .  These 
USDOE team,  whose experience in searching fo r  man-made beacons communicate  automat ica l ly  with a unit  installed in 
radiation sources was  of considerable value in this project ,  t h e  a i r c ra f t  t o  provide t h e  a i rcrew with the  distances from 



t h e  beacons in me t r e s ,  updated every  half second. 
The ca r r i e r  f requencies  a r e  of t h e  order  of 3 CHz  I 

which r e s t r i c t s  t h e  use of t h e  MRS t o  line-of-sight. ' 

Sat is fac tory  signals can  be received up t o  a d is tance  
of about 80 km from ei ther  beacon. A Hewlet t  
Packard 9825A calcula tor  in ter faced with t h e  a i r -  
c r a f t  d is tance  measuring uni t  processes t h e  range 
signals on-line t o  provide linear grid co-ordinates 
sca led  and or iented  t o  coincide with whatever  map  
f r a m e  of r e f e rence  t h e  opera tor  chooses t o  use. In 
order  t o  accomplish th is  i t  i s  f i r s t  necessary t o  f ly  
be tween t h e  two  beacons and de t e rmine  the i r  
separa t ion  by finding t h e  minimum sum of t h e  two  
ranges.  During th is  operation t h e  ca lcula tor  prints 
t h e  sum of t h e  ranges every  half second, s o  t h a t  i t  is  
a s imple  m a t t e r  fo r  t h e  opera tor  t o  de t e rmine  th is  
base  l ine distance.  The sys tem must  then be  
geographically referenced by flying d i rec t ly  over 
t w o  points in t h e  a r e a  which a r e  readily ident i f iable  
and  whose co-ordinates on  t h e  chosen m a p  r e fe rence  
f r a m e  a r e  accu ra t e ly  known. Once th is  has  been 
done t h e  ca lcula tor  has t h e  necessary informat ion t o  
allow t h e  opera tor  t o  s e t  a course  anywhere  within 
t h e  t w o  c i rc les  whose two  points of in tersec t ion  

with the positions (but within Figure  24.2 The GSC gamma-ray spec t rome te r  installed in t h e  Hercules  
t h e  a r e a  common t o  both circles). The ca lcula tor  CC-I30 a i r c r a f t ,  was  designed a s  a single self-contained uni t  
provides an analogue signal t o  a c e n t r e  z e r o  me te r  on cas tor  wheels and weighs over half a ton. The MRS 
i n  t h e  cockpi t  which t h e  pilot uses t o  mainta in  t h e  navigational units  (see t e x t )  w e r e  conveniently mounted on 
a i r c r a f t  on t h e  chosen f l ight  line. The sys t em i s  o n e  end of t h e  spec t rome te r  fo r  opera t ion  by a mi l i ta ry  
very  a c c u r a t e  and especially su i table  f o r  f lying a navigator.  
ser ies  of close1 y spaced parallel lines. 

The USDOE t e a m  has had considerable exper ience  with 
t h e  MRS in helicopter surveys over  f l a t  t e r r a in  in a warm 
c l ima te ,  where  access  by road t o  sui table  beacon locat ions  i s  
t h e  norm. I t  was with some  t repidat ion  the re fo re  t h a t  t h e  
MRS was t r ied  ou t  with Hercules a i r c r a f t  a t  subzero  
t empera tu re s  (as low a s  -40°C) over  t h e  undulating and 0 0 0  : i :  : ! : : : : : : ! 

deso la t e  t e r r a in  of t h e  Nor thwest  Terr i tor ies ,  whe re  helicop- 
t e r s  were  t h e  only means of positioning t h e  beacons. 
Canadian Forces  personnel cons t ructed  specia l  insulated 
boxes t o  conta in  t w o  beacons each  with independent s e t s  of +~t00. 0- 

rechargeable  ba t t e r i e s  f o r  comple t e  double redundancy. Each _I 

beacon would ope ra t e  unat tended fo r  a t  l e a s t  two  days  a t  
subzero  tempera tures .  The f i rs t  t e s t s  were  suff ic ient ly  +300.m-- 

successful  t h a t  a detailed plan was  worked o u t  t o  cover a I 
l a rge  portion of t h e  s ea rch  sec to r s  shown in Figure  24.1 at a U 

l ine  spacing of 460 m (1500 f t )  and a t  a flying a l t i t ude  of 
230 m (750 f t )  mean ter ra in  c learance .  The line-of-sight +200.0-  
res t r ic t ion  caused "dropout" problems in some  a reas  but t h e s e  
were  overcome by f r equen t  movement  of t h e  beacons  t o  2 
cover  such regions. The navigational d a t a  w e r e  recorded on 
magne t i c  t a p e  along with t h e  gamma-ray spec t rome t ry  d a t a  
and this enabled t h e  ac tua l  t r ack  flown t o  be  recovered and u 
plot ted  t o  map  s c a l e  t o  provide a n  overlay on a mas t e r  map  1.59 

a t  C.F.B. Edmonton. +.0  ' -A A - 

Subsequently a second MRS was obta ined by DND t o  
support  t h e  GSC ai rborne  gamma-ray spec t rome te r  in i t s  + . 0  + . s  1 . 0  1.5 2.0 2.'S 3.0 

Hercules a i r c r a f t .  For tunate ly  t h e  in ter fac ing of t h e  Hewle t t  
Packard ca lcula tor  with t h e  spec t rome te r  fo r  recording t h e  

ENERGY CMEV) 

d a t a  required only minor hardware  and so f tware  modifica- Figure  24.3 The spec t rum above i s  t h e  cumulat ive  addit ion of 
tions, since both were  equipped with industry s tandard  individual spec t r a  recorded over t h e  anomaly  of 
RS232C E.I.A. ports.  The USDOE t e a m  were  using s o m e  Figure  24.4, with local  background e i ther  side 
sophis t ica ted  so f tware  developed by Thane Hendriks f o r  sub t r ac t ed .  The smal l  peak at 1.59 meV i s  f rom 
plott ing t h e  recovered t r ack ,  and th i s  was  kindly m a d e  t h e  fission product ' ~a and conf i rmed t h e  evi-  
avai lable  t o  t h e  GSC personnel by USDOE. By a happy dence  of Figure  24.4. The single overf l ight  by 
coincidence the re  was  a lmost  comple t e  hardware  compat i -  t h e  spec t rome te r  thus provided conclusive proof 
bil i ty be tween t h e  GSC spec t rome te r  sys t em and t h e  USDOE of t h e  presence  and t h e  na tu re  of t h e  radioact ive  
d a t a  processing equipment.  This enabled t h e  USDOE debr is  on t h e  lake.  
so f tware  t o  be  run with only minor modification on a ground- 
based d a t a  reduction sys tem consisting of a twin GSC 
spec t rome te r  sys t em normally used f o r  borehole logging 
research ,  together  with s o m e  o the r  peripherals shipped f r o m  
t h e  GSC O t t a w a  headquarters.  
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Portion of s t r i p  chart record s h i n 9  "Blip* 
over the frozen East arm of Great Slevc .cake. t. 

\ This provided the f i r s t  iwrd evidence that ! ! man-mde radiation sources Ifroa the Russian 
s a t e l l i t e  Cosms 9541 were indeed i n  the area. 
over the Shield where tho natural MEioactivity 5 
is hiqh the rat io  channel i s  necessary for in- fi f l ight  identification of mc-mde sources. Il h 

F igure  24.4 This ( ra ther  ba t t e red )  p iece  of history is  t h e  portion of t h e  s t r ip  c h a r t  record showing t h e  
f i rs t  evidence of radioactive debris f rom COSMOS 954 on G r e a t  Slave Lake. 

Experience has shown t h a t  t h e  MRS is a c c u r a t e  (to 
within a f ew tens  of me t re s )  and is reasonably s imple  t o  ins ta l  
and operate .  Under normal c i rcumstances  the  logistics of 
beacon placement would be s t ra ight  forward,  however,  i t  was 
a formidable undertaking in the  wintry wilderness of t he  
Northwest Terr i tor ies  in mid-January and February. The 
success  of t h e  MRS operation is due in  l a rge  measure  t o  t h e  
Canadian Forces  helicopter crews whose task  i t  was t o  move 
t h e  beacons and keep  them operat ive ,  and t o  t h e  Hercules  
fl ight crews who quickly became  very skillful in se t t i ng  up 
the  airborne par t  of t he  system each day and flying t h e  
closely spaced lines with l i t t l e  or  no deviation f rom t h e  
planned t rack.  The main l imitation of the  MRS for  airborne 

use is  t he  line-of-sight requirement  between t h e  a i r c ra f t  and 
both beacons. A secondary l imi ta t ion is t h e  directionality of 
t h e  antennae;  unless a l l  t h ree  a r e  or iented correct ly  t o  within 
about 15' signal dropouts occur ,  thus  limiting t h e  range. For 
example,  whenever t h e  a i r c ra f t  depar ts  f rom level flight a s  in 
a turn,  t h e  signal is  temporarily lost. 

Navigation has  been and continues t o  be t h e  most  
in t rac t ib le  problem in any a t t e m p t  t o  carry  ou t  a c c u r a t e  
airborne surveys and t h e  exper ience  of th is  project  was  no 
exception. Without t h e  MRS i t  would not  have been possible 
t o  carry  out  t h e  close grid coverage used in the  sa t e l l i t e  
search. 



Detection of man-made radiation sources 

The r a d i o a c t i v e  d e b r i s  f r o m  C o s m o s  954 c o n t a i n e d  both  
f ission a n d  a c t i v a t i o n  products .  Of t h o s e  p r o d u c t s  having 
s ign i f ican t  g a m m a  a c t i v i t y  in  t h e  0.3 meV t o  3.0 meV reg ion ,  
a l m o s t  a l l  produced t h e  major  por t ion  a t  l ess  t h a t  1.0 meV. 
T h e  high n a t u r a l  rad ioac t iv i ty  of s o m e  P r e c a m b r i a n  g r a n i t i c  
r o c k s  in t h e  s e a r c h  a r e a  f r e q u e n t l y  g a v e  r i s e  t o  s m a l l  
a n o m a l i e s  which w e r e  indist inguishable in t h e  t o t a l  c o u n t  
profi les  f r o m  t h o s e  a n o m a l i e s  g e n e r a t e d  by r a d i o a c t i v e  debr i s  
o r  "hits" as they  w e r e  ca l led .  Various d i a g n o s t i c  f u n c t i o n s  
designed t o  d i s c r i m i n a t e  b e t w e e n  n a t u r a l  and  m a n - m a d e  
rad ia t ion  using d i f f e r e n t  s p e c t r a l  windows w e r e  e v a l u a t e d  and  

t h e  m o s t  s u c c e s f u l  w a s  a modi f ied  version of o n e  used by t h e  
USDOE t e a m .  T h e  f i r s t  m e t h o d  w a s  a running  prof i le  of t h e  
r a t i o  C 1 / C 2  w h e r e  C l  r e p r e s e n t s  t h e  c o u n t  r a t e  in  t h e  low 
e n e r g y  p a r t  o f  t h e  s p e c t r u m  (300-900)keV (window I), a n d  C2 
r e p r e s e n t s  t h e  c o u n t  r a t e  in t h e  high e n e r g y  reg ion  f r o m  (900- 
1500)keV (window 2). The s e c o n d  m e t h o d  w a s  a running  
prof i le  of t h e  express ion  C1-AC2 w h e r e  A i s  t h e  a v e r a g e  
v a l u e  of t h e  r a t i o  C1/C2 in  t h e  a b s e n c e  of anomal ies .  N o t e  
t h a t  on  t h e  a v e r a g e ,  i n  t h e  a b s e n c e  of a n o m a l i e s ,  C1-ACz will 
b e  zero .  T h e s e  t w o  f u n c t i o n s  C l / C 2  a n d  C 1 - A C P  h a v e  s imi-  
l a r  behaviour ,  a n d  b o t h  a r e  reasonably  insens i t ive  t o  n a t u r a l  
rad ia t ion  a n o m a l i e s  d u e  t o  t h e  vary ing  potass ium,  uran ium,  
a n d  thor ium c o n t e n t s  of t h e  t e r r a i n .  



Figure 24.5 shows a portion of a s t r i p  c h a r t  record fl ight t a p e  replay  and  hi t  analysis sys tem.  The sys t em was  
r ec rea t ed  f rom t h e  taped d a t a  t aken  on an  ac tua l  s ea rch  designed t o  monitor a specified diagnostic funct ion  a s  t h e  
mission. Several  to ta l  count anomalies a r e  evident but only t a p e  was played back in order t o  e x t r a c t  automat ica l ly  t h e  
one  causes  t h e  r a t i o  and di f ference  profiles t o  regis ter  anomalous s p e c t r a  if t h e  predetermined threshold was  
significant deflections.  A successful  recovery  was  subse- exceeded and t o  produce spec t r a l  plots on t h e  s t r i p  c h a r t  
quently made  of a radioact ive  s a t e l l i t e  f r agmen t  a t  t h a t  recorder .  The necessary  so f tware  f o r  th is  was developed on 
location.  t h e  ground based twin d a t a  processing sys t em.  The result ing 

addit ion t o  t h e  GSC capabili ty allowed t h e  t apes  t o  be 
In the stages of the data from the GSC analyzed fo r  man-made sources  by t h e  a i rborne  spec t rome te r  

were processed by the team; during t h e  t w o  hour re turn  f l ight  t o  base  f rom t h e  sea rch  
subsequently t h e  main opera t ing  so f tware  fo r  t h e  GSC area. 
spec t rome te r  was modified by t h e  author  t o  produce a post 

Figure 24.6 These t h r e e  s p e c t r a  were  gene ra t ed  by t h e  "hit de t ec to r "  and analysis program (see t e x t )  
when i t  encountered  t h e  man-made sou rce  shown in  Figure  24.5. 



The method of operation of th is  off-line analysis or "Hit 
Detector"  program is given below: 

- Keyboard ent ry  of a channel number for  t he  s t r ip  cha r t  
recorder causes t h e  ave rage  level on t h a t  channel (due t o  
whatever function i t  is  plotting, which is also se lec table)  t o  
be  computed continuously a s  t h e  t a p e  is replayed. Updates 
of t h e  average level a r e  made a t  t h e  end of each  set of 16 
onesecond  records. 

- If an  anomaly occurrs  which exceeds  the  cr i t ica l  value 
(average level plus a constant)  for  t h r e e  or more  consecu- 
t ive  records,  then the  c r i t e r i a  for  a hit have been me t  and 
the  program s t a r t s  the  spect rum analysis routine. 

- The spectrum analysis routine accumulates  successive 
spec t r a  in a sepa ra t e  block of memory for  a s  long a s  t h e h i t  
c r i t e r i a  a r e  being met .  This corresponds t o  t h e  in terval  BC 
in  Figure 24.5 (top profile) a s  determined by whichever of 
t he  t w o  diagnostic functions (other t w o  profiles) is  being 
monitored. The continuous averaging is  suspended during 
this t i m e  t o  avoid distorting t h e  reference  level. 

- When the  level on the  chosen channel once again falls 
below t h e  crit ical  value t h e  t a p e  reverses for 10 records 
plus the  number of records encountered in the  interval BC, 
stopping a t  A. It then s t a r t s  forward again accumulating 
the  spect ra  over the  interval AD which includes intervals 
AB (10 background records), BC (hit records), and C D  (10 
more  background records) i n  another block of memory. 

- The accumulated spec t r a  fo r  interval BC a r e  then 
sub t rac t ed  f rom t h e  accumulated spec t r a  f o r  in terval  AD 
on a channel by channel basis leaving an  'accumulated 
background spectrum corresponding t o  A B  + CD. 

- The accumulated hit spec t r a  (in the  f rom of a single 
spec t rum)  a r e  now multiplied by 20/(number of records in 
BC) t o  normalize this spectrum with respect  t o  the  
background AB + CD. 

- The background and hi t  spec t r a  thus produced a r e  then 
smoothed once using a simple th ree  point running average,  
and t h e  background spect rum is subtracted (again on a 
channel by channel basis) f rom t h e  hi t  spectrum. This 
leaves  a ne t  hit spect rum which is again smoothed and 
which will be  (within t h e  s ta t i s t ica l  accuracy of t h e  da ta )  
t h e  spect rum of whatever source was responsible for  t he  
anomaly. 

- When the  above analysis (which is entirely automat ic)  has  
been completed, t h e  hard copy terminal  prints ou t  t h e  
navigational d a t a  relating t o  t h e  position of t h e  h i t  and 
sounds a repet i t ive  beep  signal t o  a l e r t  t h e  opera tor  t h a t  
t h e  hit c r i t e r i a  have been met .  

- Keyboard ent r ies  by t h e  opera tor  then allow t h r e e  spect ra-  

Net  Hit  
Hit  + Background 
Background 

t o  be displayed individually on a CRT display (which is a 
par t  of t h e  spec t romete r  hardware) or t o  be plotted 
simultaneously on t h r e e  channels of the  s t r ip  c h a r t  
recorder.  

Figure 24.6 shows t h e  t h r e e  spec t r a  generated by t h e  
program when i t  encountered t h e  hi t  shown in Figure 24.5. 
The large  peak in  t h e  ne t  spect rum (Fig. 24.6 top) is  
approximately 0.8 meV, t h e  small  peak at approximately 
c e n t r e  sca l e  is almost cer ta in ly  the  1.59 meV peak of ' ' O L ~ .  

A modified version of this hit  de t ec to r  s cheme  was 
incorporated into the  main in-flight operating so f tware  for 
t h e  spect rometer .  This provided an in-flight indication t h a t  a 
h i t  had occurred by giving a half s ca l e  deflection of a 
formerly  unused channel of t h e  c h a r t  recorder.  The MRS 

range d a t a  for each hit were  stored sequentially in a sepe ra t e  
block of memory, and were  printed ou t  automat ica l ly  when 
t h e  spect rometer  was taken out  of i t s  autocycle  mode for 
t a p e  changing. 

Spectrometer  detect ion l imi ts  fo r  man-made 
radiation sources  

To establish a basis for  search and recovery cr i ter ia ,  
t he  detect ion thresholds for airborne gamma-ray spectro- 
me te r s  tha t  were  used in the  search had t o  b e  determined. In 
t h e  c a s e  of t he  GSC spect rometer  a s ta t i s t ica l  analysis was 
made of t h e  sensit ivity of t he  r a t io  and di f ference  diagnostic 
functions described ear l ier ,  t o  de te rmine  t h e  minimum 
increase  in count- ra te  which would b e  required for a man- 
made source  t o  cause  a s ta t i s t ica l ly  significant signal in the  
presence of representa t ive  natura l  background count-rate.  
An experiment was then carr ied  ou t  t o  determine a s  
accurate ly  a s  possible t h e  e f f ec t ive  a t t enua t ion  by a i r  of 
radiation in t h e  0.7 meV region. It was then possible t o  make 
a reasonable e s t ima te  of t he  s t rength  of a source  tha t  would 
only just be  detected under the  worst condition, i.e. with the  
source midway between two fl ight lines. 

In the  case  of t w o  quantit ies Q I  and Q 2  with measure- 
ment  er rors  e l  and e2 having a gaussian distribution, t h e  
r a t io  of t hese  quant i t ies  will be  given by 

(see e.g. Chase  and Rabinowitz,  1968) 

In the  present c a s e  

Qi = Ni and Q 2  = N~ 

where N1 and NZ a r e  t h e  mean count  r a t e s  in the  low energy 
(300-900) keV and high energy (900-1500) keV portions of t h e  
spect rum respectively. The s tandard deviations of N1 and N2 a 
a r e  defined as: 

01 =<N~ and a:! = G N ~  
Lett ing el = kal and e2 = kap , equation (1) can now be  
generalized using the  relati,on in equation (2) t o  show the  
variation in "Background Ratio" (RB), i.e. t he  ra t io  of low 
energy count r a t e  t o  high energy count r a t e  in the  absence of 
radiation f rom man-made sources. 

A man-made radiation source  will contr ibute  additional 
counts t o  the  low energy window, thereby augmenting N1 by an 
amount which we will ca l l  CM.  In o ther  words the  count r a t e  
in the  lower energy window a t  a given point along the  profile 
in the  absence of man-made radiation sources  will be given in 
s ta t i s t ica l  t e rms  by 

C 1  = N1 fa, where  01 = 
$1 

in t h e  higher energy window by 

C2 = N~ + where  a2 = N2 J 
In t'he vicinity of a man-made source  the  value of C2 will be 
relatively unaffected while C1 will c ange  t o  C l  = N1 + 

1 )1 C M  f al, where  now a1 = ( N 1 + C ~ )  . The resul t  will be a 
shi f t  in the  r a t io  to  a new value with new confidence limits. 
If this shi f t  is  t o  b e  discernible with t h e  confidence level 
implied by t h e  value of k (e.g. k = 2 for  2a implies a 



confidence level of 95% etc.) ,  then the  lower confidence l imit  
of t he  new ra t io  (RM) must coincide with the  upper confi- 
dence l imi t  of t h e  background ra t io  (RBI. The addition of C M  
t o  the  numerator changes t h e  er ror  el in equation ( I )  f rom 
k<N 1 t o  a new value given by: 

Equation (3) can now b e  modified t o  include C M  in order t o  
give the  new ra t io  R M  which includes the  e f f e c t  of a man- 
made source: 

We a r e  now in a position t o  determine the  value of C M  in 
t e rms  of the  other quantit ies in equation (5) all of which a r e  
known, by equating: 

RB (upper l imit)  = RM (lower l imit)  (6) 

The minimum de tec t ab le  value of C M  will depend on the  con- 
f idence l imi t  se lec ted a s  determined by t h e  value used fo r  k. 
From equations (31, (51, and (6) w e  have: 

by making the'substi tutions: 

equation (7) can be  reduced to: 

'I2 +k(2A+I) = 0 t (7a) 

one solution for M is thus  ze ro  and t h e  other  is: 

In this application N1 >> k2A 

and thus: 

which is  t he  desired expression for  t h e  minimum value of C M 
which will be de tec t ed  by t h e  r a t io  discrimination method. 

In t h e  case  of t he  d i f ference  discrimination method 
using t h e  s a m e  low and high energy spec t r a l  windows the  
s ta t i s t ica l  variation is given by: 

A parallel argument  t o  the  one given above for  t he  r a t io  
method shows tha t  with the  d i f ference  method t h e  minimum 
de tec t ab le  CM will be given by: 

Since N 1 = AN2: 

As before one solution t o  this equation is ze ro ,  and the  other  
is: 

which is the  desired expression for  t h e  minimum value of C M  
which will be  de tec t ed  by t h e  di f ference  discrimination 
method. Equations (8) and (10) indicate  t h a t  t he  r a t io  and 
di f ference  methods give essentially t h e  s a m e  sensit ivity 
provided t h a t  t h e  value of N1  is large  compared with A, i.e. 
t he  value of C M  required for recognition of a man-made 
source with a given background is the  s a m e  for e i ther  case.  

Experience indicated tha t  t he  r a t io  of the  t w o  spect ra l  
windows being used in this case  varied somewhat  depending 
on whether the  a i r c ra f t  was flying over ice  (where the  
background was due primarily t o  radioactivity f rom the  
a i r c ra f t  i tself) ,  or over land. Table 24.1 shows representa t ive  
background values determined by accumulat ing spec t r a  f rom 
long fl ights made over ice  and over land (1000 one-second 
records  of each). 

These were  used t o  evaluate  t h e  minimum detectable  
count  r a t e s  C M  f rom equation (8) for  confidence levels 
corresponding t o  a t o  20. The d a t a  fo r  t hese  a r e  shown in 
t ab le  24.2. 

The Hercules a i r c ra f t  has a number of luminous 
(radium) dials in the  cock i t  ins t rumentat ion,  t hese  a r e  a well 
known source of added 2P4Bi background in airborne survey 
work of this t ype  and undoubtedly contributed t o  the  
surprisingly high background over ice. It was not until s o m e  
t i m e l a t e r  t h a t  a small  1 3 7 ~ s  source  was identified in an  
igniter unit used to s t a r t  an auxilliary engine in t h e  Hercules. 
The radiation f rom this low level source  would have caused a 
sh i f t  i n  the  r a t io  a s  t h e  natura l  background dropped f rom land 
t o  ice,  since i t s  en t i r e  contribution is i n  the  (300-900) keV 
portion of the  spect rum.  This then was  a contributing f ac to r  
in the  relatively large  change in the  r a t io  of t he  (300- 
900) keV and the  (900-1500) keV count  r a t e s  over land and 
over  ice. 

Air a t tenuat ion measurements  at 0.7 meV 

The major unknown fac to r  in a t t empt ing  t o  determine 
detect ion l imits for  man made sources  was t h e  e f f ec t ive  
a t tenuat ion coeff ic ient  for energies in the  0.7 meV region 
when viewed with t h e  (300-900) keV spect ra l  window. This 
will be d i f ferent  f rom the  readily avaiiable d a t a  for  
photopeak a t tenuat ion,  a s  sca t t e red  radiation will st i l l  b e  
counted in such a window. 

A 13'cs source  (energy 0.662 meV) of t h e  order of 
100 mCi  was  positioned at a c lear ly  marked s i t e  while t h e  
Hercules carrying t h e  GSC spec t romete r  made passes over i t  
at a l t i tudes  of 152 m, 230 m, and 305 m (500, 750, and 
1000 ft) ,  t w o  passes a t  each  a l t i tude .  The a l t i tude  was 
measured with a radar  a l t ime te r  and c a r e  was taken t o  ensure 
t h a t  t he  chosen a l t i tudes  were  maintained a s  precisely a s  
possible. Figure 24.7 shows the  (300-900) keV window count 
r a t e  profiles for t he  152 m and 230 m passes. Figure 24.8 
shows a portion of s t r ip  cha r t  record for  a 230 m and 305 m 
overflight,  again t h e  greater  sensit ivity of t he  d i f ference  
t r a c e  a s  compared t o  the  r a t io  is evident.  The s ta t i s t iqs  of 
t h e  305 m d a t a  were  not in f a c t  good enough t o  be useful in 
t h e  subsequent calculation of a t tenuat ion.  

The a i r c ra f t  ground speed was  241 km/h (150 mph) s o  
t h a t  a correct ion must b e  applied t o  observed peak count r a t e  
readings (one-second records) t o  conver t  t hem t o  values t h a t  
would be  obtained if t h e  a i r c ra f t  were  s ta t ionary  over tile 

source  for  t h e  s a m e  time. The principle involved in this 
correct ion (or more  precisely deconvolution), can be  seen by 
r e fe rence  t o  Figure 24.9. If t h e  de tec to r  in the  a i rcraf t  were  



s i tuated directly over the  source a t  point 0, then since the  
flux in tercepted by t h e  detector  with an  e f f ec t ive  a r e a  A is a 
f ract ion A / 4 n ~ ~  of t h e  to t a l  flux emi t t ed  by t h e  source,  then 
t h e  count  r a t e  registered per second would be: 

where: 

A = Effect ive  de tec to r  a r e a  

C o  = Total gamma photonsls emi t t ed  by t h e  source 

K = Constant which includes a t tenuat ion due t o  air path 
length and a i rcraf t  s t ructure ;  e f f e c t  of de t ec to r  effi-  
ciency, etc., a l l  of which a r e  assumed t o  remain 
constant  over the  relatively small  changes  of source 
de tec to r  distances involved. 

Suppose that  the  a i rcraf t  moves with velocity,  v ,  f rom P t o  Q 
(Fig. 24.9) in the interval of t i m e  f rom t l  t o  tn. After a 
t i m e  t when i t  is a t  a distance r from the  source ,  with the  
de tec to r  a rea  making an  angle 0 with. t h e  tangent  t o  t h e  
sphere  with radius r and cen t r e  the  source,  t h e  instantaneous 
count  r a t e  will be given by: 

The to t a l  number of counts over the  interval f rom P to  Q will ' 

then be  given by: 

(12) 

From Figure 24.9: 
v t  + H Tan 01 Tan 0 =-- H- 

differentiating the  above we obtain: 

H 
giving d t  = 7 sec2 0.dO 

also  f rom Figure 24.3 r = H/Cos 0 

Figure 24.7 Count-rate profiles in the  (300-900) keV window 
a r e  shown against  t i m e  (one second per point) a s  
t h e  spec t romete r  was flown over a 7 C s  source  
a t  t w o  a l t i tudes ,  t w o  passes at each one. 

equation (12) can now be  rewri t ten  with Q a s  the  variable of 
integration giving: 

CoAK 0 2 ~ o s 0  . 
Ct = -FJo,-T 

which evaluates  to: 

CoAK 1 C = - . gv (Sin 02 - Sin 01) t 4n 
(13) 

The counts which would have been accumulated had t h e  
a i r c ra f t  been s ta t ionary  over the  source fo r  t he  s a m e  t i m e  
interval (in this case  one second) a r e  given by equation (11). 
The correction f ac to r  F which must be applied t o  observed 
peak count r a t e s  a s  t h e  a i r c ra f t  crosses the  source,  is  
theref o re  given by t h e  r a t i o  of equations ( I  1) and (13): 

Since the  a t tenuat ion due t o  air  is assumed constant  in this 
analysis, t h e  correction can only b e  applied realist ically for  
t h e  single one second in terval  during which t h e  crossing was  
made, or for t he  t w o  adjacent  cen t r a l  in tervals  if t h e  count 
r a t e s  a r e  approximately equal. Inspection of t h e  profiles in 
Figure 24.7 gives a fa i r ly  good indication in each  case  of t h e  
position of t h e  a i r c r a f t  with respect  t o  point 0 in Figure 24.9 
during t h e  peak counting intervals.  

Table  24.1 
Typical background count r a t e s  over i c e  and land 

(average over 1000 one-second records) 

Window Energy Range Background Counts/s 
keV 

Over land Over i ce  

Figure 24.8 Stri  cha r t  profiles for consecutive overflights of 
a l g 7 C s  source  at 230 m and 305 rn. 



The mean background levels for each over flight were  
es t imate0 by inspection of the  Figure 24.7 profiles and 
subtracted f rom the  peak values which were  then corrected 
by equation (14) above, using values of 01 and 02 es t imated 
f rom t h e  shape of each peak profile. The d a t a  a r e  tabulated 
in Table 24.3 below. 

The standard relation for a tmospher ic  a t tenuat ion of gamma 
radiation from a point source  is given by 

where C is the  radiation intensity at a d is tance  R f rom a 
source ,  C u  is t ha t  a t  unit distance f rom i t  and p is t h e  lin- 
e a r  a t tenuat ion coefficient.  If two  count r a t e s  C 1  and C i  (i.e. 
quantit ies proportional to radiation intensity) a r e  observed a t  
d is tances  R1 and K 2  from a source,  then i t  can be shown 
that :  

Table 24.2 
Minimum count r a t e s  for  t h e  successful recognition 

of radiation f rom man-made sources  using t h e  r a t i o  or 
d i f ference  diagnostic functions with typical background 

values f rom Table 24.1 

Minimum de tec t ab le  count r a t e  C M  
Confidence Counts ls  

Limits 
Over land Over i ce  

Applying the da ta  from Table 24.3 gives the  value of p a t  
0 ° C  for the  (300-900) keV spect ra l  window as: 

Table 24.3 
Data  obtained f rom overflights of a ' 7 ~ s  source  at t w o  a l t i tudes  

obtained by ;emaining at point 0 direct ly  above 
the  source for t he  same  t ime.  A correct ion can 20 I47 mCi  176 mCi  129 mCi  155 mCi 

b e  applied t o  compensate  for  this. 

@ " >  

Time t ,  Time t 2  

0 P Q v t- 

152 m (500 f t )  230 m (750 f t )  

Pass 1 Pass 2 Pass 1 Pass 2 

Background (CIS) 1680 1620 1438 1356 

Net ' 7~~ (CIS) 2020 1909 650 579 

Correction f ac to r  F 1.038 1.024 1.040 1.011 

Net  corrected 1 3 7 ~ s  (CIS) 2096 1955 677 585 

Mean Corrected l 3  7 ~ s  (CIS) 2025 631 

p for  (300-900) keV @ 0°C=4.66 x m-' (1.42 x 1 0 - ~ f t - ' )  

' 7 ~ s  source  s t rength  calcula ted  f rom above d a t a  = 72 mCi  

Table 24.4 

Minimum de tec t ab le  point source  s t rengths  at 
worst-case survey geomet ry  with 457 m (1500 f t )  l ine 

spacing and 230 m (750 f t )  t e r r a in  c learance 

Minimum Point Source St rength  
Confidence Over land Over i c e  
Level 

0 ° C  -30°C 0 ° C  -30°C 
Figure 24.9 The counts accumulated over t h e  t i m e  interval 

from P to  Q will be  less than would have been u 70 m C i  84 mCi  61 mCi  73 mCi  



The hi t  de tect ion and analysis programme described earlier 
was  used t o  produce t h e  ne t  ' 7 C s  spec t r a  of Figures 24.10 
and 24.11 (the vertical  s ca l e s  a r e  different).  These show t h a t  
a considerable amount of s ca t t e red  radiation reaches  the  
de tec to r  and bears out t he  reasoning given ear l ier  t h a t  
photopeak a t tenuat ion coeff ic ients  a r e  not applicable t o  the  
situation here where a comparatively wide spect ra l  window is 
being used. 

Minimum de tec t ab le  source  s t rengths  

The s ta t i s t ica l  analysis and exper imenta l  determinat ion 
of air  a t tenuat ion covered in t h e  preceding sect ions  provide 
t h e  information necessary fo r  calculation of t h e  man-made 
source  s t rengths  which would just be  de tec t ed  under t h e  
worst survey geometry  condition. The MRS coverage was  a t  

457 m (1500 f t )  l ine spacing a t  a nominal a l t i t ude  of 230 m 
(750 ft) .  The worst  c a s e  the re fo re  i s  with t h e  source  midway 
between t w o  lines, which involves a s lant  d is tance  of 323 m 
(1060 f t )  and a projected de tec to r  a r e a  along th i s  l ine of 
1/<2 t imes  t h e  ac tua l  a rea .  

The scinti l lation de tec to r s  used in t h e  spec t romete r  
consist of twelve square  cross sect ion crys ta ls  102 mm on a 
side by 406 mm long ( 4 x 4 ~ 1 6  in). Eleven were  operational 
during this search giving an e f f ec t ive  de tec to r  a rea  of 
0.452 m2 .  By definition one cur ie  of ac t iv i ty  produces 3.7 x 
10" disintegrationsls.  Assuming one g a m m a  photon per 
disintegration, then t h e  counts /s /mCi  will be  given by: 

Counts. s-l .  mc i - '  = 4n:2 3.7 x 10' x e-' 

Figure 24.10 The t o p  spect rum shows t h e  sca t t e r ing  of t h e  662 keV energy of ' 3 7 ~ s  by t h e  a tmosphere  
a t  a source-detector d is tance  of 230 m. The ver t ica l  s ca l e  i s  d i f ferent  f rom t h a t  of 
Figure 24.1 1. Much of t h e  sca t t e red  radiation is  st i l l  included in  a (300-900) keV window. 



where: For a given value Co of the  counts /s /mCi  under worst  
A = e f fec t ive  de tec to r  a r e a  tangent  t o  a sphere  radius R c a s e  conditions, t h e  minimum de tec t ab le  source  s t r eng th  will 

and cen t r e  t h e  source. b e  given by C M / C O  where  C M  is the  minimum de tec t ab le  

R = source-detector distance 
count r a t e  Gbm a man-made source.  Table 24.4 shows 
minimum de tec t ab le  source  s t rengths  in t e r m s  of 1 3 7 ~ s  

The experimental  determination of was made a t  an (662 keV) calculated a s  described above using C M  values 
air  temperature  of 273°K (O°C). The ear ly  part  of t h e  search f rom Table 24.2. 
opera t ion was carried out  in air temperatures  of t he  order of 
243OK (-30°C). Since a tmospher ic  pressure variations in 
absolute t e rms  a r e  negligible, t he  changes in a i r  density a r e  
essentially inversely proportional t o  absolute temperature .  
Thus under worst ca se  conditions t h e  value of p was greater  
by a f a c t o r  of 2731243 ( ra t io  of the  absolute temperatures).  

These figures t i e  in reasonably well with t h e  305 m 
(1000 f t )  pass over t h e  ' 'CS source.  Figure 24.8 indicates 
t h a t  t he  d i f ference  diagnostic function (lower profile) had 
less than a 20 shift  a t  this d is tance  f r o m  t h e  source,  which 
was  calculated t o  have a s t rength  of 72 mCi. 

Figure 24.1 1 The t o p  t r a c e  shows a ' 7 ~ s  spect rum at 152 m source-detector distance.  
The a tmospher ic  sca t t e r ing  is  less seve re  than in Figure  24.10. 



Conclusion 

The re-entry of Cosmos 954 represents the  first  
significant "accident" in Canada involving man-made radio- 
ac t ive  material .  This paper has  reported on t h e  experience 
gained in locating and identifying debris f rom the  a i r ,  and 
provides some  reference  da ta ,  and an  analysis of t h e  
principles involved in detect ing radiation from man-made 
sources in the  event t ha t  surveys of this sort  should ever be 
necessary again. 
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Abstract 

Killeen, P.G. and Richardson, K.A., The relationship of uranium deposits t o  metamorphism and 
belts of radioelement enrichment; Current Research, Part B. Geol. &rv. Can., Paper 78-lB, 
p. 163-168, 1978. 

The Canadian Uranium Reconnaissance Program routinely produces contour maps which 
show the distribution of the radioelements potassium, uranium and thorium. Belts of  
radioelement enrichment have been delineated on compilations of these contour maps. It is 
suggested that the intersections of belts may be favourable locations for economic 
concentrations of uranium. 

Economic concentra t ions  of uranium, in particular 
large-volume, low-grade deposits,  may be formed by 
processes of remobilization and granitization associated with 
metamorphic  events.  

It is  well known tha t  during the  format ion of grani t ic  
rocks, uranium concentra tes  in t h e  me l t  until t h e  las t  s tages  
of cooling and crystall ization and i s  found in associated la te-  
s t age  pegmat i tes  (Neuerberg, 1956; Rankama and Sahama, 
1950). Conversely, t he re  is  evidence tha t  uranium is one of 
t h e  f i rs t  e lements  to  become remobilized during metamor-  
phism (Heier, 1965). Heier considered regional metamor-  
phism as  a potentially ac t ive  process of e l emen t  f rac t ion-  
a t ion,  involving migration of the  elements.  He observed t h a t  
much of t h e  uranium and thorium in rocks appears  to  be in 
leachable  positions, possibly adsorbed on mineral surfaces  
r a the r  than in distinct mineral l a t t i ce  positions. The uranium 
and thorium would the re fo re  be  more  easily a f f ec t ed  by 
metamorphic  processes. Studies by Killeen and Heier (1974) 
of radioelement distributions in a small  gneiss dome showed 
evidence t h a t  uranium and thorium had become remobilized 
even though metamorphism was only of sufficient intensity t o  
r e se t  t h e  K-Ar clocks but not t h e  Rb-Sr clocks. 

In a broader investigation of 10 grani t ic  plutons in 
Precambrian t e r r ane  of t h e  Telemark a rea  of Norway, Killeen 
and Heier (1975a) found t h a t  t he  concentra t ions  of t he  
radioelements were  directly re la ted  t o  the  degree  of graniti-  
zation. Maximum radioelement concentra t ions  in the  
grani tes  occurred when t h e  source  mater ia l  had been 
previously enriched by an  ear l ier  orogeny. I t  appeared t h a t  
t he  granites were  of t h ree  types ,  t h e  result of granitization 
and remobilization during: ( I )  t h e  Svecofennian orogeny, (2) 
t h e  Sveconorwegian orogeny, or (3) both orogenies. 'They 
suggested t h a t  grani tes  of t he  third type  would have t h e  
highest radioelement concentra t ions  resulting f rom remobili- 
zation. The distribution of radioelement values for  t h e  
grani tes  measured in thei r  investigation suggested t h e  occur-  
rence  of three  parallel zones and t h a t  t he  th ree  zones were  
overprinted by a subsequent orogenic even t  of g rea t e r  
intensity.  

Belts of radioelement enrichment of similar dimension 
in t h e  Canadian Shield have been delineated by airborne 
gamma-ray spec t romet ry  (Darnley et al., 1971). The signifi- 
cance  of t h e  measurements  by airborne gamma-ray spectro- 
me t ry  has been discussed by Charbonneau et al .  (1976). 
Richardson e t  al. (1975a) described four of these  belts of 
radioelement enrichment.  The belts included the  Wopmay 
belt (or G r e a t  Bear batholith) 240 km long by 80  km wide, t h e  
For t  Smith belt  (240 km x 80 km), t h e  Wollaston Lake bel t  
(480 km x 70 km), and t h e  Molson Lake-Red Sucker Lake belt  
(200 km x 40 km). Analysis of lake sediment  geochemical 
d a t a  within t h e  Grea t  Bear batholith (Lund, 1973) indicated 
nor theas t  and northwest trending c r e s t  lines on t h e  uranium 
t rend su r face  separa ted by 21.5 km and 2 8  km, respectively.  
Another zone of radioelement enr ichment  about 3 0 k m  wide 
and more  than 100 km long north of t h e  Elliot Lake uranium 
deposits was described by Richardson e t  al .  (1975b), and 
fur ther  descriptions of radioelement-enriched zones and bel ts  
can  be  found in Darnley et al. (1975, 1977). 

These belts a r e  considered t o  be possible source  rocks 
for  t h e  formation of uranium deposits by secondary enrich- 
ment (through erosion and chemical or mechanical concen- 
t r a t ion  for  example).  Alternatively these  bel ts  may also 
conta in  a sufficient enr ichment  in uranium t o  produce a high- 
tonnage low-grade uranium deposit without recourse t o  
fur ther  secondary enrichment.  

One zone of uranium enrichment in the  Johan Beetz 
a r e a  of Quebec has been studied extensively by Hauseux 
(1976). The a r e a  i s  being prospected because  of i t s  potential  
t o  contain large  low-grade uranium deposits. Hauseux 
indicated t h a t  t he  uranium mineralization could be explained 
by a remobilization of uranium during regional metamor-  
phism. The uranium moved in to  grani t ized a reas  where 
concentra t ion occurred probably along s t r ike  in t h e  fold axial  
zones  which const i tu ted  low-pressure areas.  Hauseux 
concluded t h a t  "the en t i r e  region once lay  in t h e  deeper zones 
of the  Grenvillian Orogenic Belt, acquiring i t s  present s t a t e  
wholly through mountain building processes, and is now 
exposed thanks t o  peneplanation". 

One in terpre ta t ion of Killeen and Heier 's  ( 1 9 7 5 ~ )  d a t a  i s  L i t t l e  (1974) discussed 'zones' or 'belts' of favourabili ty 
tha t  each belt  of remobilization comprised severa l  parallel for uranium exploration which bear some  relation t o  t h e  
axes  of radioelement enr ichment  formed by mobilization, present discussion. Burwash and Cumming (1976) described a 
separa ted by zones of depletion ou t  of which t h e  U and Th Hudsonian metamorhpic  bel t  in which U and Th have been 
have probably moved (Fig. 25.1). The lengths of the  above concentra ted .  This be l t  was  mapped in t h e  Precambrian 
mentioned Scandinavian bel ts  a r e  approximately 150 km with basement  beneath  t h e  sedimentary  cover of Western Canada, 
about 35 km between belts. One of the  belts overprinting by using d a t a  f rom deep  drillholes. 
these  was studied in greater  deta i l  by Killeen and Heier 
(1975b), and was determined t o  have an exposed length  of 
about  300 km. 



Figure 25.1. Sketch i l lustrating t h e  concept  of parallel belts of radioelement enr ichment  by 
remobilization due t o  metamorphism. The density of dots i s  proportional t o  the  
intensity of metamorphism and thermal  remobilization and a lso  radioelement 
enrichment.  The i l lustration shows three  parallel  belts ( two of minor intensity,  
one  of major intensity) s t r ik ing in  an  east-west direction. The c e n t r e  be l t  
conta ins  t h e  highest deg ree  of radioelement enrichment.  



Figure 25.2. Sketch i l lustrating t h e  concept  of in tersect ing bel ts  of radioelement enr ichment  
due t o  overprinting of metamorphic  events.  H similar s e t  of t h ree  parallel belts 
striking in a north-south direction overprint t h e  previous bel ts  described in 
Figure  25.1. The in tersect ions  indicated in t h e  f igure  show t h r e e  levels of 
radioelement enrichment:  

a-  two  minor in tens i ty  bel ts  overprinted 

b- one major intensity and one minor intensity bel t  overprinted 

c- t w o  major in tens i ty  belts overprinted 

These points of in tersect ion indicate  locations of potential  minera l  occurrences  
and deposits,  especially a t  c. 



The Norwegian investigations by Killeen and Heier 
( 1 9 7 5 ~ )  suggest t h a t  t he  bes t  possible location for uranium 
deposits might be a t  t he  intersection of belts of radioelement 
enrichment which a r e  equivalent t o  zones of orogenic 
(metamorphic) ac t iv i ty ,  and consequently zones of remobili- 
za t ion of t h e  radioelements. Figure 25.2 i s  a diagrammatic  
sketch of such intersecting bel ts  i l lustrating where  uranium 
occurrences  and potential  deposits might be located. 

Gabelman (1977) in reviewing orogenic mineralization 
belts, s t a t e s  "The presence and sequence of me ta l  zones  and 
the i r  geometr ic  conformance t o  compressive-deformation 
pat terns  a r e  s o  consistent t h a t  t he  writer believes tha t  
orogeny s t imulates  mineralization, which indelibly "finger- 
prints" the  rocks and is  erased although incompletely only by 
higher intensity,  superimposed orogeny. The "fingerprints" 
a r e  useful in deciphering superimposed orogenic belts". 

Figure 25.3. Uranium distribution; nor thwest  margin of t h e  Canadian Shield showing bel t  
of uranium enr ichment  running north f rom For t  Smith  (For t  Smith  belt)  and 
curving nor thwest  t o  Por t  Radium (Wopmay belt). 



Figure 25.4. Potassium distribution; nor thwest  margin of t h e  Canadian Shield. In addition t o  a 
bel t  of enr ichment  coinciding with t h e  For t  Smith bel t  and Wopmay be l t  shown in 
Figure 25.3, a ser ies  of concentr ic  belts extending e a s t  of Wopmay bel t  can  be 
seen. These parallel ,  curved bel ts  a r e  cen t r ed  around t h e  highly enriched semi  
c i rcular  zone cen t r ed  southwest  of Mackay Lake. 



These belts a r e  not necessari ly l inear,  and may assume 
curving or complex sinuous shapes making t h e  location of 
favourable  intersections more  difficult .  Such a complex be l t  
i s  shown in Figure 25.3 which is t h e  uranium distribution in a n  
a r e a  of about 800 km long and 400 km wide in t h e  north- 
western  par t  of t h e  Canadian Shield. 

The distribution of potassium, a major e l emen t ,  which 
may be of some  impor tance  in base me ta l  exploration (Davis 
and Guilbert ,  1973) is  shown in Figure 25.4, for t h e  s a m e  a r e a  
covered by Figure 25.3. The similar geochemical  behaviour 
of t he  radioelements is  ref lec ted  by t h e  a r e a s  which show 
coincident enr ichment  in uranium and potassium. Par t i -  
cular ly  str iking however,  i s  the  pseudo-concentric pa t t e rn  of 
potassium enr ichment ,  shown nor th  of t h e  circular zones of 
enr ichment  cerltred southwest  of Mackay Lake. 

The in terpre ta t ion  of t he  radioelement  distr ibution 
pa t t e rns  a s  shown on t h e  maps  produced by t h e  Canadian 
Uranium Reconnaissance Program could prove t o  be  of 
economic  significance in t h e  exploration f o r  both uranium and 
other  meta ls .  The Uranium Reconnaissance Program 
routinely produces contour maps which show t h e  distribution 
of t he  radioelements,  K, U, and Th. Under th is  program 
about  400 000 km2  a r e  surveyed each  year ,  and coverage  of 
much of t he  Canadian Shield by a i rborne  gamma-ray 
spec t rome t ry  reconnaissance will be  completed  by abou t  
1981. Tota l  coverage  of t h e  Shield t o  d a t e  is  approximately 
2 x l o 6  km2.  As more  maps a r e  produced t h e  chances  of 
outl ining t h e  belts and locating in tersec t ing  belts  increase.  

Although t h e r e  is  no hard evidence  t o  document  t h e  
hypothesis t h a t  in tersec t ing  belts  r e l a t e  t o  possible economic  
mineral  deposits ,  i t  appears plausible. This relation remains 
t o  be  t e s t e d  a s  fu r the r  survey d a t a  a r e  compiled t o  r.evea1 t h e  
overall  pa t t e rn  of radioelement be l t s  within t h e  Canadian 
Shield. Whether t h e  pat tern  of radioelement  be l t s  is of 
economic  significance or not,  such l a rge  sca l e  phenomenon 
should contr ibute  t o  t h e  geological in terpre ta t ion  of t h e  
history of t h e  Canadian Shield. 
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II : SCIENTIFIC AND TECHNICAL NOTES 

PICTURE PROCESSING OF GEOLOGICAL IMAGES 

A.G. Fabbri and T. ~ a s v a n d '  
Regional and Economic Geology Division 

Introduction 

A genera l  si tuation in t h e  f ie ld  of mineral  potential  
assessment can  be imagined a s  one  in which, in addit ion t o  a 
bedrock geology map, t he re  a r e  o ther  maps available f o r  t h e  
a r e a  of in teres t ,  such as  a surficial  geology map, severa l  
geophysical and geochemical contour maps, and a 
meta l logenic  map. A geologist  is  asked t o  establish corre la-  
t ions and t o  e s t i m a t e  probabilities f o r  t h e  occurrence  of r a r e  
geological events ,  such a s  economic  mineralization.  The 
"pat tern  recognition" task,  e f fec t ive ly ,  can  be so  complex 
tha t  computer  techniques,  geological  knowledge and 
s t a t i s t i ca l  methods will be essent ia l  working tools. 

If, f o r  instance,  t h e  assumption i s  made t h a t  a speci f ic  
geological map  pa t t e rn  describes t h e  environment  favourable  
t o  a par t icular  type  of mineral  deposit, t h e  geomet r i c  
probabilities associa ted  with th is  map  pa t t e rn  can  be  
corn bined with probabilities associated with t h e  geomet ry  and 
distribution of mineral  deposits  and also with t h e  geomet r i c  
probability associated with a given search  pat tern .  Similar 
considerations can be made about  pictures of microscopic 
crys ta l l ine  aggregates  in which t h e  pa t t e rn  obtained by t h e  
various c rys t a l s  during nucleation and growth can  be  
described by t h e  spat ia l  distr ibution of t h e  boundaries 
be tween t h e  crys ta ls .  

Studies on geomet r i c  probability can  be fac i l i ta ted  if 
m a p  d a t a  a r e  more  readily cap tu red  and quantified f o r  
compu te r  processing. Much research  has been devoted  t o  
t hese  problems in o the r  f ields of sc ience  but geological  
pa t t e rns  have hardly been studied by means  of t hese  methods.  

Fabbri (1975) and Fabbri e t  al. (1975) quantified 
information f rom maps by overlying a U.T.M. 10 km grid on 
1:250 000 specially compiled geological  maps and point- 
'counting t h e  d i f ferent  colours corresponding t o  m a p  uni ts  and 
by const ruct ing  d a t a  s e t s  f o r  t h e  10 km cells. Sepa ra t e  d a t a  
s e t s  were  const ructed  f o r  t h e  occu r rence  of mineral  deposi t s  
in t hese  cells .  The two  d a t a  s e t s  represent  a d a t a  bank which 
can  then be manipulated and analyzed by computer .  These  
methods,  which produced results  as  those in Agterberg  e t  al. 
(19721, can  be  improved by minimizing t h e  loss of resolution 

Some r e c e n t  techniques  of digit ization of geological  
maps  have  been described by Bouill6 (1975) who used a graph 
theory  approach,  and by Anuta  et al. (1976) who used a 
polygon technique  t o  digit ize geological  maps  fo r  exploration 
purposes involving r emote  sensing and geophysical  da t a .  

.In 1972 a joint research  projec t  be tween t h e  Geological  
Survey of Canada and t h e  National Research Council  was 
in i t ia ted  t o  inves t iga te  t h e  feas ib i l i ty  of quantifying auto-  
mat ica l ly  d a t a  f rom geological maps  by using a flying spo t  
scanner  (Kasvand, 1972). The resul t  of t hese  s tudies  have 
paved t h e  way fo r  a new project  in collaboration with t h e  
Elec t r ica l  Engineering Division of N R C  on t h e  development  
of compu te r  techniques f o r  t h e  digit ization and analysis of 
geological  images.  Examples of application of in terac t ive  
programming techniques  and subsequent e s t ima t ion  of 
geometr ica l  probabilities a r e  given in Ag te rbe rg  and Fabbr i  
(in press). 

Digit ization and Compute r  Process ing 

P ic tu re  processing deals  wi th  t h e  processing of pictorial  
information by computer .  This f i e ld  underwent  a n  extens ive  
and rapid development  during t h e  l a s t  20 years,  i n  parallel  
with t h e  growth of computer  technology (Rosenfeld and Kak, 
1976). P ic tures  can  be analyzed by compu te r s  only if they a r e  
in digit ized form.  The compu te r  memory s to re s  t h e  digital  
representa t ion  of pictui-es in t h e  f o r m  of a r r ays  of numbers.  
To  each  two- o r  three-dimensional address  a g rey  level  o r  
dens i ty  value i s  associa ted  which has a one  t o  one  cor- 
respondence with a point  in t h e  picture.  These  a r r ays  a r e  t h e  
d a t a  s e t s  f rom which programmed a lgor i thms compu te  
measures  of t he  d i f ferent  pa rame te r s  which descr ibe  t h e  
pa t t e rns  conta ined in t he  picture.  The description of a p ic ture  
involves proper t ies  of t h e  p i c tu re  o r  of i t s  parts,  and 
relationships among  t h e  parts.  Geomet r i ca l  properties,  f o r  
example ,  d o  not  depend on t h e  p ic ture  g rey  levels, bu t  only on 
t h e  s e t s  of p ic ture  points t h a t  belong t o  given p ic ture  parts. 

The digit ization of p ic ture  d a t a  can  be accomplished in 
severa l  ways. Two common methods  are :  (a)  scanning by 
means  of opt ica l  and mechanica l  devices,  and (b) digit izing of 
contours  by means  of manual x-y digit izers.  In t h i s  paper  both  
techniques  a r e  applied: (a) a flying spo t  scanner  was  used f o r  
25 mm t ransparencies  of black and whi te  t rac ings  of m a p  
boundaries; and (b) a graphic  t ab l e t  was employed f o r  
digit izing boundaries of crys ta l  grains f rom the  t r ac ing  of an 
enlarged rock t e x t u r e  f rom a th in  sec t ion .  

due  t o  lumping m a p  values in to  squa re  ce l l  d a t a  se ts .  I t  i s  
preferable  t o  quant ize  d a t a  f rom maps  s o  t h a t  much of t h e  
geomet ry  of t h e  map  pa t t e rn  can be retained. 

Table 1 

Con tac t  length matr ix  computed fo r  boundaries of sphene,  ca l c i c  pyroxene,  hornblende and plagiolase digit ized f rom 
a thin sec t ion  of granuli te.  Percentage  of c o n t a c t  length and a rea ,  and number of crys ta ls  a r e  also in t h e  t ab l e  f o r  

e a c h  c rys t a l  type.  A transit ion ma t r ix  P has been computed f rom t h e  c o n t a c t  length  matr ix  

pyroxene hornblende plagioclase % con tac t  length  % a r e a  No. of c rys t a l  

0.0000 .0122 .0109 .0208 4 .39  - 4 2  2 5 
pyroxene .0340 . I 4 9 6  .2578 45.36 20.41 97 
hornblende .0474 .3572 56.51 20.44 139 
plagioclase . I101 74.59 58.72 137 

7 / .OOOO .2779 .2483 .4738 \ 
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Appl ica t ions  to Geologica l  Maps  

This appl ica t ion  descr ibes  t h e  fo l lowing  e x p e r i m e n t  of 
d i g i t ~ z a t i o n  of a geologica l  m a p  (Geol. Surv.  Can . ,  
Map 1129A, T e r r a  Nova,  Newfoundland,  s c a l e  1:253 440). The  
geologica l  boundaries w e r e  d r a w n  in ink on  t r a n s p a r e n t  
t r a c i n g  paper ,  a n d  t h e n  photographed  on  a 3 5  m m  colour 
t r a n s p a r e n c y .  The m a x i m u m  dimension of t h e  m a p  in t h e  
t r a n s p a r e n c y  w a s  kept  l ess  t h a n  2 5 m m  which i s  t h e  
d imens ion  of t h e  s c a n n e r  window. This  boundary i m a g e  w a s  
s c a n n e d  by a f ly ing  s p o t  s c a n n e r  a t  regular  i n t e r v a l s  in t h e  
t w o  perpendicu la r  d i r e c t i o n s  (square r a s t e r  scanning)  t o  
p r o d u c e  a 419 x 6 0 0  g r e y  leve l  p i c t u r e  which  w a s  r e c o r d e d  on  
m a g n e t i c  t a p e .  This  p i c t u r e  w a s  f i l t e r e d  by s u b t r a c t i n g  a n  
i m a g e  c o m p u t e d  by a v e r a g i n g  f o r  1 5  by 1 5  a r r a y s  of p i c t u r e  
po in ts  in o r d e r  t o  e l i m i n a t e  unevenness  in  g r e y  leve l  read ings  
(shading) d u e  t o  s c a n n e r .  T h e  resu l t ing  i m a g e  w a s  th resholded  
t o  o b t a i n  a b inary  i m a g e  in  which 0's cor respond t o  w h i t e  
background,  and  I t s  t o  points  of t h e  black boundary l ines.  
F i g u r e  1 shows t h e  b inary  i m a g e  produced,  a f t e r  minor  
e d i t i n g  f o r  resolving a f e w  of t h e  smal le r  de ta i l s .  E a c h  
p i c t u r e  po in t  in  t h e  i m a g e  c a n  be  cons idered  t o  r e p r e s e n t  a 
s q u a r e  c e l l  measur ing  190 m on a side.  

The  geologica l  boundar ies  of F i g u r e  I a r e  s e v e r a l  
p i c t u r e  po in ts  in width.  They  w e r e  thinned t o  t h e  width of a 
s ing le  p i c t u r e  po in t  which m a i n t a i n e d  t h e  c o n n e c t i v i t y  
b e t w e e n  points ,  by m e a n s  of a l ine  thinning a lgor i thm 
modi f ied  a f t e r  T a m u r a  (1975). The th inned  i m a g e  i s  shown in  
F i g u r e  2 w h e r e  t h e  boundary  wid th  i s  min imal  and  f r o m  which  
boundary l e n g t h  c a n  be  computed .  S e p a r a t e  binary i m a g e s ,  
o n e  f o r  e a c h  m a p  uni t ,  c a n  be  e x t r a c t e d  f r o m  t h e  i m a g e  of 
F i g u r e  2 by using a c o m m o n  p i c t u r e  process ing  t e c h n i q u e  
ca l led  c o m p o n e n t  labell ing.  This  a lgor i thm assigns s e q u e n t i a l  
l a b e l s  t o  s e t s  of po in ts  wi th in  e a c h  d i f f e r e n t  black boundary.  
Groups  of l abe ls  c a n  t h e n  be  used in o r d e r  t o  t r a n s f o r m  
s p e c i f i c  geologica l  m a p  u n i t s  i n t o  s e p a r a t e  b inary  images .  F o r  
e x a m p l e  t h e  p a t t e r n  of F i g u r e  3 is  t h e  binary r e p r e s e n t a t i o n  
of Lower  Ordovic ian  g r e y w a c k e s  which c o v e r s  a n  a r e a  of 
2231 krn2(61 787 p i c t u r e  points). The  p a t t e r n  of F i g u r e  4 i s  
f o r  Devonian g r a n i t e s  which c o v e r  a n  a r e a  of a b o u t  9588  k m 2  
(or 71 686  points). F r o m  t h e s e  s e p a r a t e  binary i m a g e s  
e s t i m a t e s  of p a r a m e t e r s  such  a s  a r e a s ,  p e r i m e t e r s ,  a n d  
m e a s u r e s  of e longa t ion  a n d  c u r v a t u r e  c a n  be  c o m p u t e d .  
Match ing  b e t w e e n  i m a g e s  r e s u l t s  in a u t o -  o r  c ross -cor re la t ion  
func t ions ,  which c a n  be  used t o  d e s c r i b e  g e o m e t r i c a l  
a t t r i b u t e s  of t h e  m a p  p a t t e r n s .  Appl ica t ions  of c o n c e p t s  of 
g e o m e t r i c a l  p robabi l i ty  t o  m a p  p a t t e r n s  h a v e  b e e n  
exempl i f ied  by A g t e r b e r g  a n d  Fabbr l  (in press). 

Appl ica t ion  to M i c r o s c o p i c  T e x t u r e s  

Use was m a d e  of a g r a p h i c  t a b l e t  f o r  d ig i t i z ing  
boundaries of c r y s t a l  grains.  T h e  t a b l e t  supplies x-y co-  
o r d i n a t e s  f o r  t h e  posi t ions of a pen moving on i t s  s u r f a c e .  
F r o m  t h e s e  co-ord ina tes ,  v e c t o r s  w e r e  c o m p u t e d  and  t rans-  
f o r m e d  i n t o  a 180 b y  252 b inary  i m a g e  of contours .  T h e  
or ig ina l  d rawing  (no t  shown h e r e )  of a th in  s e c t i o n  of a 
g r a n u l i t e  f r o m  O t t e r  L a k e ,  Q u e b e c ,  w a s  ob ta ined  f r o m  
Dr. R. K r e t z ,  Univers i ty  of O t t a w a .  Minor ed i t ing  w a s  
requi red  f o r  resolving t h e  d e t a i l s  of four s m a l l  c r y s t a l s .  

The  l ine  th inn ing  a l g o r i t h m  of t h e  previous a p p l i c a t i o n  
was  a l so  appl ied  t o  t h e  b inary  i m a g e  obta ined  f r o m  t h e  
t a b l e t .  T h e  th inned  boundary  i s  shown in  F i g u r e  5a. The  uni t  
spac ing  b e t w e e n  p i c t u r e  po in ts  cor responds  t o  0.0278 m m .  
T h e  four m i n e r a l s  o c c u r r i n g  in t h i s  g r a n u l i t e  a r e  sphene ,  
c a l c i c  pyroxene,  hornblende  a n d  plagioclase.  T h e  t e c h n i q u e  
of c o m p o n e n t  labe l l ing  a l lowed s e p a r a t i o n  of a l l  g ra ins  f o r  
e a c h  m i n e r a l  a n d  produced  t h e  b inary  i m a g e s  in 
F igures  5b  t o  5e. 

Binary i m a g e  d a t a  c a n  be c o m p r e s s e d  s o  t h a t  a black o r  
w h i t e  p i c t u r e  po in t  wil l  cor respond t o  a n  "ON"(1) o r  
"OFF" (0) b i t  posi t ion r e s p e c t i v e l y  in a c o m p u t e r  word. This  
d a t a  packing  d r a s t i c a l l y  d e c r e a s e s  s t o r a g e  r e q u i r e m e n t s .  
Logical  o r  Boolean o p e r a t i o n s  such  a s  "AND", "OR", "NOT" 
and  "AND NOT" o n  o r  b e t w e e n  binary i m a g e s  c a n  be  
c o m p u t e d .  Bit neighbourhood t r a n s f o r m a t i o n s  (Moore,  1968) 
c a n  a l s o  be p r o g r a m m e d  f o r  packed  binary images .  A 
neighbourhood i s  def ined  as a s m a l l  s e t  of p i c t u r e  po in ts  
surrounding e a c h  p i c t u r e  point .  F o r  i n s t a n c e ,  w e  c a n  cons ider  
e a c h  point  sur rounded  by 8 ne ighbours  in a r e c t a n g u l a r  a r r a y :  
4 p o i n t s  a t  d i s t a n c e  1 f r o m  t h e  c e n t r e ,  a n d  4 po in ts  in 
d iagonal  posi t ions a t  d i s t a n c e d  f r o m  t h e  c e n t r e  point .  A b i t  
neighbourhood t r a n s f o r m a t i o n  m a y  c o n s i s t  of making  a w h i t e  
c e n t r e  va lue  black if a t  l e a s t  o n e  of t h e  po in ts  in t h e  
neighbourhood is  black.  This  t r a n s f o r m a t i o n  which c a n  be  
c a l l e d  d i la ta t ion ,  g e n e r a t e s  a n  o u t g r o w t h  of o n e  p i c t u r e  point  
f o r  e a c h  boundary point  of a l l  b lack  s h a p e s  in t h e  binary 
p a t t e r n .  The  r e v e r s e  t r a n s f o r m a t i o n  is  a n  erosion.  
C o m b i n a t i o n s  of boolean  o p e r a t i o n s  and  b i t  neighbourhood 
t r a n s f o r m a t i o n s  f o r  spec ia l ly  des igned  neighbourhoods al low 
t h e  e s t i m a t i o n  of m e a s u r e s  f o r  m a n y  g e o m e t r i c a l  p r o p e r t i e s  
of b inary  images .  T h e o r e t i c a l  s t a t i s t i c a l  bases  a n d  appl ica-  
t ions  of t e x t u r e  ana lys i s  t e c h n i q u e s  h a v e  been  descr ibed  by 
M a t h e r o n  (1975) a n d  S e r r a  (1975, 1976). 

An appl ica t ion  i s  m a d e  h e r e  on  t h e  i m a g e s  of F igures  5 a  
t o  5e ,  in o r d e r  t o  p r o d u c e  and display s e p a r a t e  i m a g e s  of 
boundar ies  b e t w e e n  d i f f e r e n t  c r y s t a l s  and  a l s o  of boundar ies  
b e t w e e n  c r y s t a l s  of t h e  s a m e  type .  As  is  s o m e t i m e s  d o n e  in 
t e x t u r a l  s t u d i e s  in pe t ro logy ,  c r y s t a l  t o  c r y s t a l  t rans i t ions  a r e  
c o d e d  f o r  g ra in  s e q u e n c e s  a long  equa l ly  s p a c e d  l inear  
t r a v e r s e s  in o r d e r  t o  c o m p u t e  t r a n s i t i o n  m a t r i c e s  which c a n  
b e  c o m p a r e d  t o  Markov c h a i n s  f o r  t e x t u r e  c h a r a c t e r i z a t i o n ,  
a s  in K r e t z  (1969) o r  Whi t ten  e t  a l .  (1975). 

T h e  a p p r o a c h  fo l lowed in t h i s  a p p l i c a t i o n  cons is t s  of 
measur ing  d i r e c t l y  t h e  c o n t a c t  l ength  f o r  a l l  c o n t a c t s  of t h e  
f o u r  minera l s  of t h e  p a t t e r n s  in F i g u r e  5,  a n d  t o  c o m p u t e  t h e  
4 by 4 t r a n s i t i o n  f r o m  t h e s e  lengths.  T h e  i m a g e s  of F igures  5b  
t o  5 e  w e r e  d i l a t a t e d  o n c e ,  a n d  t h e  resu l t ing  i m a g e s  ANDed 
w i t h  t h e  i m a g e  of boundar ies  of F i g u r e  5a .  This  produced  a 
s e p a r a t e  boundary  i m a g e  f o r  e a c h  c r y s t a l  type .  F igure  5f 
shows t h e  boundary  of hornblende.  E a c h  boundary  i m a g e  w a s  
t h e n  ANDed wi th  a n y  o t h e r  one ,  a n d  t h i s  p roduced  6 p a r t i a l  
boundary i m a g e s ,  o n e  f o r  a l l  poss ib le  pa i r s  of c rys ta l s .  
F i g u r e s  5 g  t o  5i show t h e  boundar ies  hornblende-sphene,  
hornblende-ca lc ic  pyroxene  a n d  hornblende-p lag ioc lase  
respec t ive ly .  T h e  t h r e e  p a r t i a l  ' b o u n d a r i e s  s o  ob ta ined  f o r  
e a c h  c r y s t a l  pa i r  w e r e  O R e d  w i t h  e a c h  o t h e r  for  e v e r y  
c r y s t a l  t y p e  and  t h e  resu l t ing  i m a g e  w a s  c o m p l e m e n t e d  
(NOT) a n d  ANDed w i t h  t h e  boundary  i m a g e  f o r  e a c h  c r y s t a l  
type .  The  r e s u l t s  w e r e  t h e  i m a g e s  f o r  t h e  boundar ies  b e t w e e n  
c r y s t a l s  of t h e  s a m e  type .  F igure  5 j  shows  a l l  hornblende- 
hornblende  boundaries.  

F r o m  t h e  d i f f e r e n t  binary i m a g e s  of boundar ies  s o  
produced ,  t h e  boundary l e n g t h s  w e r e  c o m p u t e d  a s  mul t ip les  
of I f o r  pa i r s  of b lack  p i c t u r e  po in ts  on  t h e  s a m e  row o r  
c o l u m n  of t h e  b inary  p ic ture ,  a n d  a s  m u l t i p l e s  of 8 f o r  p a i r s  
of d iagonal  points .  The  4 by 4 t r a n s i t i o n  m a t r i x  s o  c o m p u t e d  
i s  shown in  T a b l e  I ,  t o g e t h e r  w i t h  t h e  c o n t a c t  l e n g t h  m a t r i x ,  
t h e  p e r c e n t a g e  of c o n t a c t  l e n g t h  a n d  a r e a  f o r  e a c h  m i n e r a l  
and  t h e  n u m b e r  of g ra ins  of e a c h  m i n e r a l  in t h e  images .  This  
t y p e  of t rans i t ion  m a t r i x  d e s c r i b e s  fu l ly  t h e  t e x t u r e  in t w o  
d imens ions  by express ing  t h e  probabi l i ty  f o r  e a c h  c r y s t a l  t o  
b e  in  c o n t a c t  w i t h  a n y  o t h e r  t y p e  of c r y s t a l  and w i t h  c r y s t a l s  
of t h e  s a m e  t y p e .  T h e  va lues  in t h e  t a b l e  show a d i s t i n c t  
t e n d e n c y  f o r  unequal  c o n t a c t s  o v e r  e q u a l  c o n t a c t s .  This  
p a t t e r n '  m a y  provide  e v i d e n c e  o n  g e n e t i c  re la t ionsh ips  
b e t w e e n  t h e  m i n e r a l s  a n d  on  m e t a m o r p h i c  r e c r y s t a l l i z a t i o n  
e v e n t s  of t h e  r o c k  s u c h  as i n t e r f a c i a l  e n e r g y  and nuc lea t ion .  



Conclusions 

The preceding applications t ry  t o  exemplify some  of the  
p ic ture  processing techniques which can be applied t o  
geological images for facil i tating pa t t e rn  recognition and 
s ta t i s t ica l  analysis. Interactive programming methods a r e  
being developed by t h e  authors for  automat ing applications of 
p ic ture  processing t o  mineral exploration problems and 
analysis of geological textures.  
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A NEW CASTING TECHNIQUE FOR BELEMNITES AND 
SIMILARLY SHAPED SMALL FOSSILS 

M.F. McLaughlin 
Ins t i tu te  of Sedimentary and Petroleum Geology, O t t awa  

Introduction and Acknowledgments 

The most common method of preparing cas t s  of fossils 
involves the  use of la tex  rubber and plaster of paris. I t  is 
qui te  sa t is fac tory  for most fossils and easy t o  use if one has 
some  experience.  This note  a t t e m p t s  t o  introduce a new, 
pract ica l  and accura t e  method of preparing cas t s  of a smal l  
t o  minute  and somet imes  del ica te  type  of fossil - t h e  
belemnite.  Although t h e  method was not  t e s t ed  on o the r  
fossils, i t  is expected t o  be  usable and advantageous when 
applied t o  casting other  small ,  subfusiform fossils (e.g. 
echinoid spines). The use of silicon rubber is recommended t o  
mould t h e  specimen and epoxy resin is recommended for  
casting. The advantages of silicon rubber for use with 
belemnites,  a r e  explained in the  following t ex t .  

The  La tex  Method 

The la tex  and plaster of paris method of cas t ing can b e  
used on del ica te  spicula te ,  subfusiform, or  mace-shaped 
belemnites and o the r  similarly shaped fossils. However,  t h e  
resulting plaster cas t s  do not reproduce faithfully t h e  
proportions and shape of belemni te  guards  and thei r  more  
subt le  external  morphological fea tures .  Fur thermore ,  t h e  
resulting plaster c a s t  is  o f t en  too  de l i ca t e  fo r  manipulation 
because of t h e  available grades  of p las ter  of paris. Those 
f ea tu res  which a r e  reproduced a r e  eventually worn off with 
extensive handling. In comparison with silicon rubber,  l a t ex  
rubber has a very shor t  l ife;  in f a c t  i t  begins t o  shrink f rom 
t h e  moment  i t  is pealed off t h e  belemni te  and will dehydrate  
significantly once t h e  volati les leave. Therefore ,  unlike t h e  
silicon rubber moulds, t h e  l a t ex  mould cannot  be  used 
repeatedly  over  a period of t ime.  The l a t ex  method does  no t  
involve t h e  use of equipment  such a s  a vacuum pump and a 
centr i fuge.  Therefore ,  unlike the  silicon rubber method, t h e  
quality of t h e  end product will depend largely on subt le  
in t r icacies  of t h e  technique and exper ience  of t h e  operator.  

The Silicon Rubber Method 
The research was done t o  f ac i l i t a t e  belemni te  s tudies  of The equipment and mater ia ls  needed fo r  t h e  silicon J.A. Je le tzky who supervised the  writer's research, provided rubber casting technique are listed in Tables and The use valuable advice and who crit ically read and edi ted  this of equipment such as a vacuum pump and a centrifuge to do contribution. Special thanks a r e  due t o  research workers and 

the more difficult precision work allows a technician with technicians of t he  Paleontology Depar tment  of t he  British little or no experience to use the silicon rubber method with Museum of Natural  History who provided information con- success. It would be possible to do without the pump and 
cerning casting methods used in their ~~~~~~~~~~g~~~~ centrifuge if  a technician is suff ic ient ly  skil lful ,  however, the 
laboratories. The writer is grateful assistance given quality of the  cast and the rate of success is not encouraging. members Of the staff Of the Survey Of On t h e  o the r  hand, this var iant  is t h e  ideal a l t e rna t ive  f o r  Canada. Par t icular  benefit  was gained f rom discussions with those who wish to test this technique and keep the costs down L. McCarthy on his cas t ing technique. during t h e  t r ia l  period. 

Table 1 

Basic list of equipment  

The Technique 

operation on the silicon rubber 

To separate air and 
epoxy in the mould 

Preparation of plastic vials: Use a No 9 tapered plastic 
vial with a plastic cap. This s i ze  is ideal for  t h e  average 

belemnite.  Cu t  off t h e  bot tom and smooth 
the  edges,  lubr ica te  t h e  inner walls of t h e  
vial with petroleum jelly. Put  9 mm of 
plasticine in t h e  vial's p las t ic  cap, s t i ck  
3 m m  of t h e  apical  end of t h e  belemni te  
t o  be  c a s t  i n to  th is  bed of plasticine. 
Place  t h e  plastic cap  on the  vial 
containing t h e  belemni te  which must  be  in 
a ver t ica l  position not touching t h e  walls 
of t h e  vial. Melt  some  wax and l e t  i t  run 
down t h e  inner wall  of t h e  vial and up t h e  
halfway mark of t h e  specimen (Fig. 1): I t  
i s  very important  t h a t  no wax adheres  t o  
t h e  upper p a r t  of t h e  specimen s ince  any 
such wax would be  reproduced in t h e  
cas t ing process. 

Prepara t ion of wax surface: As t h e  
wax hardens i t  will cave  in around t h e  
specimen due t o  capillary a t t r ac t ion  
caused -by su r face  tension and t h e  re la t ive  
value of adhesion between liquid and solid 
( the  vial wall) (Fig.. 2). With t h e  rounded 
end of a slender glass rod o r  t h e  
equivalent,  poke four or  more  . small  
depressions 3 rnm deep, in t h e  concave 
border around t h e  specimen. These a r e  
very  important  relief . f ea tu res  in t h e  
preparation of t h e  silicon rubber mould 
s ince  they contr ibute .  t o  t h e  interlocking 
s u r f a c e .  of i t s  t w o  parts. As soon, as 
t h e  wax is hard, apply petroleum jelly 
once again t o  t h e  inner su r face  of t h e  vial 
and prepare  silicon rubber t o  pour .  t h e  
f i r s t  half of t h e  mould. . 

From: Scientific and  Technical Notes  
in Cur ren t  Research, P a r t  B; - 
Geol. Surv. Can., Pape r  78-1B . 



Table  2 

Basic l ist  of mater ia l  

The f i r s t  half of t h e  silcon rubber mould: Mix t h e  
recommended amount  of silicon rubber by weight with i ts  

MATERIAL 

RTV 41 liquid 
silicon rubber 

E.L.R. 2795 
epoxy resin 

Petroleum jelly 

Oil paint 

Wax (Parowax) 

Plasticine 

ca ta lys t ,  place the  mixture in a vacuum for  f i v e  t o  ten  
minutes t o  remove a i r  bubbles and then pour the  rubber 
slowly in to  the  vial until t he  specimen is covered. If t h e  
belernnite is  too long for  the  vial, adapt  an  extension using 
plastic sheeting and tape.  A depression must  b e  moulded in 
t h e  silicon rubber a t  t h e  tapered end of t h e  vial t o  within 
3 mm of t h e  top of t h e  alveolar end of t h e  belernnite. This 
depression is used in t h e  l a t e r  s t ages  of t h e  technique t o  hold 
a reserve  of epoxy resin ( the  cas t ing mater ia l )  used during 
centrifugation. To make this depression the  use of t he  rubber 
end of an  eyedropper,  or  t h e  equivalent,  suspended above t h e  
fossil with a needle is  recommended. If the  needle is  inserted 
too  high or too low, the  position of the  eyedropper can be 
varied by simply bending the  needle (Fig. 3). The depth of t h e  
eyedropper can be  determined before  t h e  f i r s t  half of t h e  
silicon rubber is  poured in to  t h e  vial. Pour t h e  silicon rubber 
in to  t h e  vial t o  a level which will allow room fo r  t h e  
eyedropper.  Push t h e  eyedropper in to  t h e  silicon rubber until 
both ends  of t h e  needle r e s t  on t h e  edge of t h e  vial. When t h e  
silicon rubber has cured (usually overnight), remove the  
plastic cap  and the  plasticine. Then, by running a lubricated 
needle between the  vial and i t s  contents ,  i t  is possible t o  push 
t h e  rubber and wax out  of t h e  vial. It is very important  not t o  
remove or even jar t he  specimen from i t s  rubber mould; 
therefore ,  c lean t h e  belemni te  and t h e  silicon rubber a s  one 
unit. 

USE 

Mould material 

Cast material 

Release agent 

To color epoxy 

Mounting medium 

Mounting medium 

The silicon rubber in ter face:  As a las t  s t e p  before  
pouring t h e  second half of t h e  silicon rubber mould, a notch 
should be c u t  on t h e  ou te r  c i rcumference of t h e  silicon rubber 
in t e r f ace  (Fig. 4). This notch will be helpful when the  two 
halves a r e  put together  during the  casting operation. This is 
also t h e  t ime  , t o  add any other  f ea tu res  t o  t h e  rubber 
in ter face;  for  example,  if one  had poured t h e  silicon rubber of 
t h e  f i r s t  half of t h e  mould di rec t ly  onto  t h e  hardened wax 
without making t h e  depressions around t h e  specimen, this 
omission could be  compensated fo r  by carving notches  in t h e  
silicon rubber in ter face  once  t h e  rubber has cured (Fig. 5). 
Many variations t o  this technique a r e  possible. The wri ter  
leaves i t  t o  t h e  reader  t o  develop his own. 

Figure 1. Figures l a - l c  i l lus t ra te  t h e  co r rec t  positioning of t h e  
belernnite in t h e  mounting medium and i t s  handling; 
a )  t h e  belemni te  is  placed in t h e  plasticine; b) t h e  vial 
i s  placed over t h e  specimen and pressed into the  
p las t ic  c a p  and, c )  t h e  wax is careful ly  poured t o  t h e  
halfway mark of t h e  belemnite.  

Figure  2. Cross-section of t h e  t w o  mounting mediums t h e  
plasticine and t h e  wax. The plasticine holds t h e  
belemni te  while t h e  wax is being poured. T h e w a x  
secures  t h e  specimen and t h e  depression formed 
around t h e  specimen during i t s  solidification will be 
reproduced by t h e  f i rs t  half of t h e  rubber mould 
and form t h e  basis for  t h e  mould's in ter face .  

Once  sa t is f ied  with t h e  conditions of t h e  silicon rubber 
in t e r f ace ,  petroleum jelly should b e  brushed over  t h e  
in t e r f ace  and in to  t h e  depressions and notches  of t h e  rubber,  
and lubr ica te  t h e  inside of t h e  vial. Then t h e  f i r s t  half of t h e  
mould and belemni te  should be  reposit ioned in the  vial. The 
second half of t h e  silicon rubber mould should be l e f t  t o  
ca t a lyse  (usually 6 hours). 



Figure 3 .  The vial, wax and t h e  belemnite a r e  ready f o r  t h e  pouring of t h e  
f i r s t  half of t he  silicon rubber mould. But before pouring t h e  
rubber, an  eyedropper or  equivalent i s  positioned, 3 m m  above t h e  
belemnite and a needle is  pushed through i t  so as t o  guarantee  i t s  
position above the  belemnite. The eyedropper is  removed during 
t h e  pouring of the  silicon rubber but i t  can easily be replaced 
a f t e r  (Fig. 3b). The cavi ty  c rea t ed  by t h e  eyedropper will hold the  
reserve epoxy during centrifugation. 

Figure 4. 

The f i r s t  half of t h e  silicon rubber 
mould i s  complete .  A notch is c u t  
on the  ou te r  c i rcumference of t h e  
in ter face .  When t h e  two  halves of 
the  mould a r e  comple te  and fi l led 
with liquid epoxy, t h e  notch is 
necessary t o  obta in  a quick merge  
of t h e  t w o  halves. 

a Figure  6.  One  half of t h e  rubber mould is  sectioned and 
placed over  t h e  o ther  half t o  i l lus t ra te  c lear ly  how 

'Figur-e 5.. In Figure .Sa t h e  in t e r f ace  notches a r e  carved with a well the.sil icon rubber will copy a l l  t h e  f ea tu res  s e t  
razor-.sharp knife a f t e r  t he  silicon rubber and up fo r  i t  (Fig. 3). In this case  a cylindrical f lat-  
belemni te  a r e  removed f rom t h e  plastic vial. bot tomed object  was used t o  make the  reserve 
Figures 5b a~!d 5 c  show the  two  in terface  options cavi ty  instead of the  eyedropper. Not ice  t h e  sli t-  
discussed in t h e  text .  c u t  between t h e  reserve  and belemni te  cavities.  



Figure 7. Once t h e  belemni te  cavi ty  is filled with epoxy resin, t h e  t w o  halves of t h e  mould a r e  taped toge the r  and 
some  epoxy resin is placed in t h e  reserve  cavity.  A 25 c e n t  p iece  and t h e  mould a r e  then dropped in to  a 
centr i fuge tube. The coin which is up against  t h e  conical end of t h e  tube  gives t h e  mould a solid backing 
during centrifugation (a) when some  of t h e  resin f rom t h e  reserve  cavi ty  is forced in to  t h e  belemni te  
cavity.  The excess  resin is expelled t o  t h e  reserve  cavi ty  a f t e r  centrifugation. The forces  controll ing 
t h e  displacement  of resin a r e  centr i fugal  and compressional (Fig. 7b). 

centrifuge 
tube - 

b 
quarter 

tip cut off - 
a 

How t o  ex t r ac t  t h e  belemnite:  The belemni te  should be - 
remove ith caution f rom t h e  silicon rubber mould. Due t o  
t h e  long >lender shape of t h e  belemnite,  a fo rce  di rec ted 
across  i t s  longitudinal axis, must b e  avoided. A longitudinal 
pulling fo rce  may cause  t h e  specimen t o  break if i t  has 
suffered previous damage and repair. The most successful 
ext ract ion is achieved by contract ing t h e  flexible rubber and 
literally pushing the  belemni te  out. After removal of t he  
belernnite, t he  mould is ready for  casting. Finally t h e  cavi ty  
c rea t ed  by t h e  eyedropper at t h e  tapered end of t h e  mould 
should be  connected t o  t h e  mould cavi ty  by means  of a sl i t-  
c u t  in t h e  rubber using a razor-sharp knife (Fig. 6). 
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The casting process: Epoxy resin is t he  ideal cas t ing 
compound; i t  is tough and light,  can be coloured, has virtually 
no shrinkage and reproduces surface  detail  with g rea t  
fidelity. A word of warning though; if a large  quant i ty  of 
epoxy (> 35 cc )  . is  being cata lyzed,  t he  ca ta lys is  will 
acce le ra t e  and t h e  ba tch  will be  wasted before  i t  c a n  be  used. 
The technician using this compound will learn with t ime  how 
t o  reduce his ca t a lys t  or make smaller batches s o  a s  t o  induce 
milder catalysis of t h e  resin. 

Insert  t h e  epoxy resin into both halves of t h e  silicon 
rubber mould; th is  can  b e  done with a needle drop by drop. 
Fill each  half t o  t h e  top  but i t  is important  not  t o  overfill 
since this would cause  t h e  excess  t o  lodge in the  in t e r f ace  
when the  twb  rubber mould halves a r e  put together .  As a 
measure  of prevention, drainage pits may be carved in to  t h e  
in ter face  t o  accommoda te  any overflow of resin. Af t e r  
putting t h e  moulds together ,  wrap a length of p las t ic  o r  
e lec t r ica l  rubber t a p e  around t h e  in t e r f ace  seam. This is  a 

simple way t o  hold the  mould closed during and a f t e r  
centr i fugat ion since excess  resin, if given t h e  chance,  will 
ooze  out  through t h e  seam.  If t he  in t e r f ace  seam is sealed, 
t h e  excess  resin will r e tu rn  t o  the  reserve  cavi ty  a f t e r  
centr i fugat ion (see Fig. 6 ) .  

Centrifugation: This guarantees  the separat ion of t h e  
a i r  f rom t h e  epoxy resin and t h e  results a r e  always very  good. 
However,  two  rules must be  adhered to ;  t h e  silicon rubber 
mould should be taped closed a f t e r  being filled with resin and 
t h e  reserve  cavi ty  a t  t h e  tapered end of t h e  mould partially 
filled. The t i m e  required fo r  centr i fugat ion , i s  approximately 
5 minutes.  

During centrifugation, par t  of t h e  resin in t h e  reserve  
cavi ty  is drawn through t h e  c u t  in the  rubber mould which 
connects  t he  reserve cavi ty  and belemni te  cavi ty .  This resin 
replaces  and expels unwanted a i r  pockets  in t h e  belemnite 
cavity.  Due t o  t h e  highly flexible na tu re  of t h e  mould, i t  is  
possible t h a t  a larger  than normal volume of resin is  drawn 
into t h e  mould cavity.  This excess  must  exi t  f rom t h e  cavi ty  
a f t e r  centrifugation, due t o  t h e  compressional fo rce  exer ted  
by t h e  silicon rubber on t h e  resin and, if t h e  in t e r f ace  seam is 
well  sea led,  i t  will re turn  t o  t h e  reserve  cav i ty  (see Fig. 7). 

The se tup  f o r  centr i fugat ion is a s  follows: p lace  t h e  
mould, tapered end up, in a polypropylene centr i fuge tube  
with a conical bottom (O.D. 28.7 mm,  length 134 mm). A 
twenty-five c e n t  coin is placed under t h e  mould a s  a support  
fo r  t he  rubber and t o  provide a solid backing during 
centrifugation. C u t  off t h e  bot tom of t h e  cen t r i fuge  tube so  
t h a t  a f t e r  centr i fugat ion a glass rod o r  t h e  equivalent  may be  
inser ted  t o  remove t h e  mould (see Fig. 7a). 
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Figure  8. Pictorial  guide showing complete  cas t ing technique, and t i m e  requirements t o  
produce a cas t  of a belemnite.  

The epoxy cast is  ready t o  b e  removed f rom t h e  rubber Many variations may be  contemplated but,  while these  
mould when t h e  resin in t h e  reserve  cavi ty  has  solidified and new ideas a r e  being devised and implemented,  four  basic 
is  brit t le.  If t h e  epoxy is not  br i t t le ,  t h e  cast will deform pa ramete r s  must be  taken in to  consideration: f i r s t ,  t h e  s i ze  
when removed. and shape of t h e  specimen t o  be  cas t ;  second, adherence t o  

ca t a lys t  proportions, curing t ime,  and t h e  proper use of 
Time and Basic Considerations re lease  agents;  third,  t h e  na tu re  of t h e  rubber mould 

 hi^ technique can be used on as many as fifteen in ter face;  and four th ,  t h e  quality of t h e  c a s t  product.  
belemnites a t  one t ime.  In f a c t ,  group castings t a k e  
approximately the  s a m e  overall  t ime  required t o  make a 
single cas t  but they require planning and co-ordination of 
work routines. Figure 8 is a pictorial  guide t o  t h e  d i f ferent  
s t eps  and thei r  t i m e  requirements,  although t h e  important  
clues t o  t h e  successful use of this technique a r e  in t h e  main 
text .  



THE SPACE GROUP O F  STRONTIODRESSERITE fibers which physically resemble dresser i te  (Jambor  e t  al., 
1969) and were  of sufficient s ize  to warrant  single crys ta l  
examination. A.C. Rober ts  

Cen t ra l  Laboratories and Administrative Services Division 

X-ray Crystallography 

Introduction Two fibers of strontiodresserite,  approximately 0.2 mm 
in length,were isolated f rom one of the  spheres and oriented 
by precession single crys ta l  photography. The orientation 
fi lms were  virtually f r ee  of s a t e l l i t e  reflections and displayed 
minimal spot  distortion. Long exposure hOR+h3R, OkR+2i<R, 
hkO, hkl  precession photographs, employing nickel-filtered 
copper radiation, were  then collected parallel  and normal to 
t h e  axis of elongation (c-axis). 

Strontiodresserite is a r a re  strontium, aluminum ca r -  
bonate  hydrate,  SrA12(C03)2(0H)4 * H20,  which occurs  in a 
si l icocarbonatite sill exposed at the  Francon Quarry,  St-  
Michel, Montreal Island, Qukbec. I t  was listed by Sabina 
(1976) a s  Francon unknown No. 6 and la ter  character ized by 
Jambor  et al. (1977). The physical character is t ics  of t he  
s t ront iodresser i te  specimens precluded any single crys ta l  
study and consequently the  powder diffraction pat tern  was 
partially indexed on the  basis of i t s  similarity to  dundasite, 
PbAlz(C03)2(0H)s H20. 

Strontiodresserite displays orthorhombic symmet ry  with 
measured cel l  parameters  a = 9.176 a*, b = 16.010 A and c = 
5.602 a. The space  group conditions: ( I )  hkR a l l  orders,  
(2) OkR with k = 2n, (3) hOR with h + R = 2n, and (4) hkO al l  
orders,  a r e  consis tent  with e i the r  Pbnm or Pbn2,.  These 
c r i t e r i a  a r e  identical  t o  those obtained by Cocco e t  al .  (1972) 
for dundasite. They reported', based on a crys ta l  s t ruc tu re  
analysis, t h a t  t h e  t rue  space  group was  Pbnm. Hence, 
s t ront iodresser i te  and dundasite a r e  isostructural  and a 

complete  Sr-Pb solid solution ser ies  could 
theoretically exist  between them. 

Recently,  smooth white spheres of strontiodresserite,  
averaging 0.5 mm in diameter ,  were  identified by powder X- 
ray diffraction f rom a specimen (APS 495) collected by 
A.P. Sabina. These spheres, found on a grouping of 
weloganite and qua r t z  crystals,  a r e  composed of radiating 

Table I 

X-ray powder d a t a  for strontiodresseriteW* 

hkl hkl X-ray Powder Diffraction 

The powder d a t a  reported by Jambor  
e t  al .  (1977) a r e  partially in er ror  because of 
contamination by a gibbsite-like phase 
(unknown No. 3 of Sabina (1976)). The line 
at 4.80 A should b e  omit ted  f rom thei r  pa t t e rn  
a s  i t  is t he  most in tense  line of t he  unnamed 
mineral. An indexed powder pat tern  
consis tent  with t h e  single crys ta l  results of 
this study is presented in Table 1. Calculated 
spacings derived f rom leas t  squares  ref inement  
of 16 unambiguously indexed lines between 
4.41 A and 1.833 yielded t h e  following unit 

709 ce l l  dimensions: 

1.684 a = 9.168 (4) 

1 .533 1 The calculated density,  assuming a s to ichiometr ic  
1 .526 formula with Sr:Ca = 4:l and Z = 4, is  2.73 g/cm3;  very  close 

t o  the  measured density of 2.71 g /cm3  reported by Jambor  
lm507  et al. (1977). 
1.486 
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APPLICATIONS O F  SIDE-SCAN SONAR TO 
GEOENVIRONMENTAL RESEARCH IN THE 
COASTAL WATERS O F  BRITISH COLUMBIA 

3.L. Luternauer,  R.H. Linden and R.E. Thomson' 
Regional and Economic Geology Division, Vancouver 

Side-scan sonar has been used in the  coas ta l  waters  of 
British Columbia primarily in searches  for downed a i r c ra f t ,  
ca rgo  lost off barges, navigational hazards and suitable routes 
fo r  laying of submarine pipelines. The device  has  only 
recent ly  been locally applied t o  mar ine  geologic research and 
mapping. As reported ear l ier  (Luternauer and Swan, 1978 and 
Luternauer et al., 19781, t h e  Geological Survey has  employed 
t h e  technique t o  del ineate  t h e  ex ten t  and su r face  cha rac te r  
of a submarine slump deposit  near Ki t imat  (D. Swan is now 
preparing a Bachelor's thesis on t h e  subject at t h e  University 
of British Columbia) and of a field of sand waves on t h e  
Fraser  Del ta  slope. A. Hay, a graduate  s tudent  at t h e  
University of British Columbia, is  carrying ou t  s tudies  with 
t h e  side-scan sonar of t h e  geomorphology of a submarine 
valley which has developed in t h e  course  of tail ings dumping 
in Ruper t  Inlet, northern Vancouver Island. 

During January and ear ly  February 1978 w e  have 
fur ther  applied t h e  side-scan sonar (a) t o  discriminate t h e  
major sediment  zones on a open continental  shelf bank where  
Environment Canada is investigating groundfish - subst ra te  
af f in i t ies  ("Amphitrite Bank", Fig. I), (b) t o  identify sedi- 
mentary  environments and produce geological evidence 
supporting the  presence of anomalous oceanographic 
processes in a long, narrow s t r a i t  (Johnstone S t r a i t ,  Fig. I), 
and (c) t o  s e t  t he  s t age  for a program to  monitor t h e  
sedimentary  responses t o  t idal currents  on a pa r t  of a de l t a  
slope which may be  eroding (Fraser Delta,  Fig. I). 

"Amphitri te Bank" 

A 160 k m 2  bank off Barkley Sound which is  considered 
to  be  a major cod fish spawning a rea  was surveyed by side- 
scan sonar and echosounder. A reconnaissance survey was  
performed along approximately east-west and north-south 
tracklines (corresponding t o  Loran C lines) approximately 
3 km apa r t  and a detailed survey (of parts of t h e  bank where  
major schools of fish have been identified) along north-south 
tracklines approximately 300 m apar t .  An ear l ier  study 
established t h a t  t h e  bank is blanketed with gravels 
(Luternauer,  1976). A preliminary compilation of d a t a  
derived f rom t h e  side-scan sonar records (Fig. 2) indicates 
t h a t  t h e  sediments on t h e  cen t r a l  par t  of t h e  bank (bounded 
on t h e  e a s t  by a long, low ridge) generally a r e  coarser  and 
more  poorly sor ted  than those  a t  t h e  periphery. Fur thermore ,  
sediment  "banding" probably arising f rom t h e  oscil latory 
motion of bottom wa te r s  induced by southwesterly swells, i s  
generally more  prevalent and be t t e r  developed a t  t h e  margins 
of t he  bank. The side-scan sonar survey suggests t h a t  
sediments  a t  t h e  c e n t r e  of t h e  bank a r e  essentially lag  
deposits f rom which f iner  mater ia ls  at t h e  margins of t he  
bank a r e  or  have been washed. 

Submarine photographs (obtained on March 24 and 25, 
1977; Fig. 3) similarly suggest t h a t  t h e  bank is mant led  with 
pa tches  of mobile and s t a t i c  sediments.  Sediments,  which a r e  
probably transported and sor ted  by waves and currents ,  a r e  
shown in Figure 3.14, 3.16 and 3.17. In t h e  f i r s t  two  
photographs t h e r e  is  a suggestion t h a t  t h e  gravels have been 
segregated in to  bands which could give r ise  t o  t h e  f ea tu res  
observed principally on the  side-scan records obtained over 
the  bank margins (Fig. 2). The heavy encrustation on t h e  
sediments pictured in Figure 3.1 l a ,  3.1 1b and 3.12 suggest 
t hese  mater ia ls  a r e  only infrequently moved. 

' Insti tute of Ocean Sciences,  Pat r ic ia  Bay, B.C. 

Figure I. Index m a p  identifying locations of s tudy areas.  

Figure 3 - l l a ,  I l b  represent  par ts  of t h e  seabed which 
side-scan sonar records  indicate  have a relatively dense cover 
of boulders. Sediments in Figure 3.12 l i e  near  t h e  edge of t h e  
centra l  blanket of boulders. Sediments in Figure 3.14 l ie  
within the  peripheral s t r ip  of finer "banded" gravels. 
Sediments i l lustrated in Figure 3.16 and 3.17 l ie  within t h e  
centra l ,  coarser sediment  patch, but  where large  boulders a r e  
not a s  prevalent. O the r  photographs (not included) similarly 
indicate  tha t  within t h e  peripheral zone o f .gene ra l ly  more  
mobile sediments,  pa tches  of what appear  t o  be s t a t i c  
sediments also a r e  evident .  

The present study would suggest t h a t  t he  sedimentary 
mosaic on t h e  local shelf can be  most ef fect ively  mapped by, 
f i r s t ,  using the  side-scan sonar t o  del ineate  regional pat terns  
and character is t ics  of deposits,  secondly, obtaining near- 
bottom photographs of t h e  major sediment  types  identified 
and determining general size,  sorting and packing chal'ac- 
ter is t ics  and, thirdly, se lec t ing on the  basis of this informa- 
tion the  most appropr ia te  sampling device and sampling 
pat tern .  

Johnstone S t r a i t  

In an  ear l ier  repor t  (Thomson and Luternauer ,  1978) we 
described, in a general fashion, t h e  sediment  distribution on 
t h e  floor of Johnstone Stra i t .  In t h e  sect ion of the  s t r a i t  
represented in Figure 4 bottom mater ia ls  include sandy 
gravels,  sands and muddy sandy gravels. 

Anomalously f a s t  near-bottom t idal  cu r ren t s  and well 
defined residual ( t ime averaged)  eas twardly  flows have been 
observed 3 km t o  t h e  wes t  of Neville Point (Thomson, 1976, 
1977; a lso  Fig. 4). Maximum velocit ies a t  depth  reach 
100 c m / s  on t h e  flood and 40 c m / s  on t h e  ebb. I t  i s  thought 
t h a t  t h e  s t rong cu r ren t s  in this region a r e  in pa r t  due t o  
in ternal  t ides,  i.e., long in ternal  gravity waves  of t idal 
frequency generated in th is  case by wa te r  ebbing and flooding 
over  t h e  ridge. Internal t idal energy emanat ing f rom the  a r e a  
of t h e  ridge would be  confined t o  a "beam" t h a t  is  bent 
downward because  of t h e  ver t ica l  water  density s t ruc tu re  and 
t h e  e f f e c t  of t h e  mean flow. Maximum bot tom currents  
occur  where t h e  internal t ides  would be  expected t o  f i rs t  
impinge on t h e  bot tom over an  along-channel swath  of t h e  
order  of I km. 

From: Scientific and Technical Notes 
in Cur ren t  Research, P a r t  B; - 
Geol. Surv. Can., Pape r  78-18. 



Figure 2. Preliminary compilation of side-scan sonar da ta  obtained 3an. 25-29, 1978 for portion of "Amphitrite Bank" within 
60 m contour. Patterned zone represents a rea  within which boulders are.prevalent (right half of record A-8). They a r e  
most numerous within area marked "densest". In unpatterned peripheral zone sediments a re  markedly finer and bet ter  
sorted (left half of record A-B) and commonly exhibit well developed sediment banding (record C-D). It is important t o  
note  that  the  banding is only readily apparent on the  north-south oriented tracklines. Thus, any surveys in which t h e  
side-scan sonar is employed t o  define sediment distributions should include tracklines with diverse orientations. 
Numbers within black dots represent station numbers of photographs in Figure 3. 



Figure 3. Examples of the sediment character displayed i n  bottom photographs obtained on March 24, 25 1977 on 
"Amphitrite Bankr1. Number on photos represent station numbers whose locations are indicated on Figure 2. 



SUNDER L A N D  

JOHNSTONE STRAIT 

-- Sand-wave zone 

VANCOU\ 
ISLAND 

Figure 4. Side-scan sonar tracklines, sand wave zones and bottom morphology central  portion Johnstone Strait .  The 
side-scan record A-B was obtained along axial trackline. Bathymetric contours in metres. 
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REFLECTOR 

Figure 5. 

Location map indicating resting place  of 
acoust ic  ref lec tor  pictured in photograph. 
The ref lec tor  , serves  a s  a precise  
reference  t a rge t  for monitoring morpho- 
logic variations of bed forms on Fraser  
Del ta  slope (refer t o  side-scan record). 
The ref lec tor  was  assembled f rom 3 x 
10 f t  (1x3 m) corrugated aluminum 
sheeting mounted on an angle iron f r ame .  
LNWL = Lowest normal water level. 
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The floor of t h e  s t r a i t  was scanned along four lines in 
November 1977 and February 1978 (Fig. 4). A representa t ive  
record obtained along t h e  axis of t h e  s t r a i t  indicates tha t  (a) 
t h e  flank of t h e  ridge is mantled with coarse ,  bouldery 
sediments ,  (b) for a short  distance beyond t h e  base of t he  
ridge sediments  become finer and t h e  seafloor lacks distinc- 
t i ve  relief,  and (c) a t  approximately 225 m depth along t h e  
t rackl ine  t h e  seafloor very abruptly becomes rippled with 
sand waves. Beyond t h e  sand wave zone t h e  bot tom is 
generally featureless.  

I t  is likely t h a t  bot tom currents  along most  of t h e  a r e a  
represented in Figure 4 a r e  capable  of transporting clean, 
well sorted sands. Where bedforms a r e  well developed a t  t he  
base of t h e  ridge such mater ia l  is present and sediment  
t ranspor t  is  occurring. Where anomalous oceanographic 
processes have been recorded west of Neville Point t r aces  of 
sand have been recovered but sediments in general may be 
too coarse or f ine  t o  permit  t h e  development of distinctive 
bedf orms. 

Fraser Delta 

During the  f i r s t  t w o  weeks of January 1978 a ser ies  of 
side-scan surveys were  performed over  t h e  sand wave patch 
on the  Fraser Del ta  slope identified ear l ier  (Luternauer et al., 
1978). Our objective was t o  def ine  in deta i l  t he  cha rac te r  of 
t h e  waves on tha t  par t  of t he  field between 80-90 m where  
they a r e  best developed and where  t h e  most severe  erosion 
would be  expected t o  occur.  In order t o  monitor t he  
cha rac te r  of t h e  seabed under varying oceanographic 
conditions an  acoust ic  ref lec tor  was placed within this a r e a  
(Fig. 5). Several passes were  completed over t h e  s i t e  with 
t h e  side-scan sonar. We now have a deta i led  record of t h e  
cha rac te r  of t he  bedforms on th is  par t  of t h e  slope. 
Subsequent surveys in April and July  1978 should allow us t o  
def ine  morphologic responses t o  t h e  local hydraulic regime. 
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THE VOLCANIC-TECTONIC SETTING O F  GOLDQUARTZ 
VEIN SYSTEMS IN THE TlMMlNS DISTRICT, ONTARIO 

R.G. Roberts1,  J. Carneval i l ,  and J.D. ~ a r r i s '  
Regional and Economic Geology Division 

Introduction 

This note summarizes  t h e  principal results of a study of 
t h e  volcanic and t ec ton ic  se t t ing of gold-quartz veins in the  
Timmi ns district ,  Ontario.  The study involved surface  
mapping (Fig. 1) and l imited underground mapping at the  
Dome and Pamour mines. 

Periods of  Deformation 

3 
The ear l ies t  s t ruc tu res  a re  preli thification or slump 

folds in the  bedded, greywacke-argillite turbidites (Fig. 2). 
Mesoscopic Fo folds occur typically a s  isolated s t ructures ,  
confined between apparently nonfolded beds. They may b e  
associated with locally brecciated beds, and discontinuities in 
the  bedding tha t  may have the  appearance of unconformities,  
bu t  which a r e  believed t o  b e  t h e  resul t  of sliding during t h e  Do 
deformation (Fig. 2). The axial  surfaces  of the  folds a r e  
oblique t o  the  S1 foliation of the  surrounding rocks. 

D 1 - 
The well developed, penetra t ive ,  planar and l inear 

fabr ic  of t he  map a r e a  was  imprinted on the  rocks during this 
deformation. S1 is defined by t h e  preferred orientation of 
chlor i te  and ser ic i te i  It is  axial  planar t o  mesoscopic F l  folds 
and parallel  t o  t h e  plane of f la t tening of pillows and 

variolites. L l  l ineations include t h e  plunge of mesoscopic 
F1 fold axes,  in tersect ion of So (bedding) wi th  S1, and t h e  
elongation of strained pillows and varioli tes.  The a t t i t udes  of 
S1 and L l  throughout the  map a r e a  a r e  shown in Figures 3 
and 4. 

The principal mesoscopic s t ruc tu re  of this deformation 
is a crenulation-fracture cleavage, S I .  I t  s t r ikes  north-north- 
e a s t  and dips steeply,  predominantly t o  t h e  northwest.  The 
a t t i t u d e  of S2 is  reasonably constant  throughout t h e  map 
area .  Both So and 51 a r e  folded. Mesoscopic F2 folds include 
crenulations and open folds with wavelengths of 10 t o  15 c m  
and ampl i tudes  less than 12 cm.  Folds a r e  moderate ly  t o  
s teeply  plunging t o  the  north.  

Fracture-crenulation c leavages  with horizontal  t o  
gen t l e  dips were  developed during th is  deformation. The 
53 cleavage is axial  planar t o  eas tward- t rending F j  f ~ l d s .  The 
folds, produced by t h e  deformat ion of S1 foliation, a r e  open, 
with axial  surfaces  30 t o  100 c m  a p a r t  and ampl i tudes  of less 
than 30 cm. The s t ruc tu res  a r e  bes t  developed in units with a 
well  developed S I  foliation such a s  quartz-feldspar porphyry 
and fine grained tuffs.  

North-northwesterly trending kink planes, and poorly 
developed f r a c t u r e  c leavage (Sq),  parallel  t o  the  kink planes, 
a r e  t h e  youngest mesoscopic fold s t ruc tu res  in the  area .  

Figure 1. Geological map of t h e  Timmins district .  

Depar tment  of Ear th  Sciences, University of Waterloo, Waterloo, Ontario.  
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Timiskaminrr-Keewatin unconformitv basic flows, a unit of laminated  tuf f ,  "massive greens tone"  ( a  ., 
massive, pyrit ic greywacke),  and volcanic conglomerate  in 

The 'Ontact between basic and coarse t h e  1372 s tope  of t h e  Dome mine. The cong lomera t e  consists c l a s t i c  sediments  a t  t h e  Dome mine has been in terpre ted  in of subangular blocks, including blocks of variolitic basalt, up 
t h e  past  a s  an unconformity and named t h e  Timiskaming- to 0.5 m. All units dip to the north, between 45 and 65 
Keewatin unconfOrmi t~  (FergusOn, 1968). An degrees. To the northeast ,  a long s t r ike ,  there is a transition 
relationship is  also assumed by Pyke (1976) and Davies (1977) to argillite-greywacke units. Exposures in the lower levels 
in  their Of the geology of the show t h a t  t h e  Krist volcanic unit  (a felsic, pyroclastic unit)  is 
d is t r ic t .  The  authors  of this no te  contend t h a t  t h e  so-called overlain and underlain by greywaclte-argillite sediments 
unconformity is  an example  of in terca la t ion  between (Ferguson, 1968, C h a r t  D). 
essentially contemporaneous  flows and sediments  at t h e  t o e  
of a volcano. The transit ion t o  t h e  nor theas t  f rom volcanic units  

From southwest  t o  nor theas t  along s t r ike ,  t h e  rocks a t  (flows and fe ls ic  pyroclastics) t o  c l a s t i c  sedimentary  units,  
through t h e  in terca la ted  sequence,  is i l lustrated in t he  the Dome mine pass from a sequence Of basic through su r f ace  geological map  (Fig. I) .  This transit ion plunges t o  t h e  volcanic conglomerate  to  greywacke-argil l i te sediments.  northeast at 20 to 40 degrees, 

Figure 5 i l lus t ra tes  t h e  conformable relationships between 

Figure  2. Fo folds in turbid i te ,  sedimentary  rooks 900 m north-northeast  of South 
Porcupine. A t t i t ude  of Sl  shown by barbed lines. 



Figure 3. At t i tude  of the  S1 foliations. Within each domain 
(A t o  E) foliation is nearly plane-parallel. Equal 
a rea  projections of poles t o  S1. Contour intervals 
I ,  11, 21 and 31% per 1% unit area .  (After  
Carnevali, 1976.) 

The Porcupine Syncline 

From the  observations described above, t he  following 
may be  concluded: (a) The basic flows and the  Krist 
pyroclastic unit a r e  contemporaneous with the  sedimentary 
rocks a t  the  core  of the  Porcupine syncline, (b) On the  north 
limb of t h e  Porcupine syncline, Krist pyroclastics a r e  overlain 
by sedimentary rocks (formerly referred t o  a s  Keewatin), and 
on the  south l imb Krist  pyroclastics a r e  interbedded with 
younger but  lithologically similar sedimentary  rocks (formerly 
referred to  a s  Timiskaming). 

Clearly,  the  s t ruc tu re  is not a syncline. This conclusion 
is confirmed when the  facing of the  rocks is taken into 
consideration. The sedimentary rocks const i tu te  a turbidi te  
sequence which includes graded beds. The beds a r e  of t h e  
order of 20 c m  thick and each consists of a lower,  graded 
greywacke overlain by a thin argillite. The evidence f rom 
such graded beds is t h a t  the  sedimentary rocks, with the  
exception of t h e  block of sediments  between t h e  dashed lines 
in Figure I ,  a r e  s teeply  dipping or overturned, and f a c e  south. 
The units delineated by t h e  dashed lines a r e  bedded grey- 
wackes (beds up t o  1 m) with tops t o  the  nor theas t .  The 
a t t i t ude  of the  beds is in marked contras t  t o  the  northeast  
s t r ike  and s t eep  dip of underlying and overlying sediments.  
The block has  a l imited eas tward extent ,  s ince  on the  eas t e rn  
margin of t he  map area ,  sediments across  t h e  "Porcupine 
syncline" a r e  consistently southward facing. 

A complete  explanation for t he  s t ruc tu re  cannot b e  
given a t  this t ime,  but t he  study thus f a r  provides const ra in ts  
t o  the  in terpre ta t ion which exclude a simple synclinal 
structure.  

Major St ructures  

A puzzling a spec t  of Timmins s t ructura l  geology has  
been the  f a c t  t h a t  although the  eas tward plunge of the  
"Porcupine syncline" ag rees  with the  plunge of the  
mesoscopic s t ruc tu res  observed in outcrop, t h e  complemen- 
t a ry  anticline south of t h e  "Porcupine syncline" closes t o  the  
west,  thus contradicting the regional eas tward plunge. 
Recently,  explanations of this apparent  contradiction have 

been provided by Pyke (1976) and Davies (1977). However, if, 
a s  is suggested in this note,  t h e  "Porcupine syncline" is not a 
syncline, t h e  west-closing s t ruc tu re  t o  t h e  south is a 
southeastwards-plunging syncline. This is strongly supported 
by the  southeast  plunge of primary volcanic s t ruc tu res  a t  t he  
Edwards sha f t  (Ferguson, 1968, Section 10). 

The contributions of t he  various periods of deformat ion 
t o  the  s t ructura l  a r ch i t ec tu re  of t h e  a r e a  is s t i l l  uncertain.  
The relationship between s t ruc tu res  developed during Do and 
the  Dl deformation a r e  presently being studied. The deflec- 
tion of S I  tilroughout the  a rea  may be  due to  rotation about 
north-northeast  folds a r e a s  during Dp (Carnivali, 1976). Defor- 
mations Dg and Dt, had no e f f e c t  on major s t ructures .  

Vein Structures  

The gold deposits a r e  associated with carbonatized 
basic flows (Fig. I). The carbonatized zones  a r e  stratabound, 
and form mappable units t h a t  may b e  t raced f rom the  
Schumacher d i s t r i c t  t o  t h e  Pamour  mine (Karvinen, 1977). 

The various types  of gold deposits include: 

(a) Conformable anker i te  "veins" in chemogenic sedi- 
ments.  The form of these  "veins" suggests t h a t  they 
a r e  laminated chemogenic sedimentary  units 
(Fig. 5). 

(b) Quar tz  veins, concordant with primary volcanic 
s t ructures ,  in carbonatized volcanic rocks, and 
sedimentary  rocks. These veins a r e  character ized 
by thei r  continuity and pers is tence  along s t r ike ,  and 
thei r  thickness which may be  g rea te r  than 1 m. 

(c) Quar t z  veins discordant t o  primary volcanic s t ruc-  
tures ;  of a t  leas t  two ages  in carbonatized volcanic 
rocks, and sedimentary  rocks. Typically these  veins 
a r e  up to  20 crn thick and persist  along s t r ike  for 
less than 10 m (Fig. 5). 

On the  basis of cross  cut t ing relationships, t h e  discor- 
dan t  veins a r e  younger than the  concordant veins. Veins of 
a l l  groups were  emplaced before S I  was  imprinted on the  
rocks and thus were  emplaced before  the  compressive s t age  
o f  the  Dl deformation (Fig. 6). 

Figure 4. At t i tude  of t h e  L1 lineations. Equal a r e a  projec- 
tions of lineations. On each figure,  number of 
d a t a  points a r e  shown to  the  l e f t  and contour 
in terval  t o  the  right. (Af t e r  Carnevali ,  1976.) 



I I 

Figure 5. Geological  map of pa r t  of t h e  1372 slope, Dome mine. 

Figure 
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AN APPROACH T O  THE RECORDING, POSITlONING AND 
MANIPULATION O F  COASTAL AND MARINE DATA 

Patr ick  McLaren and Jean-Marie Sempels 
Terra in  Sciences Division 

Introduction 

During the  las t  several  years the  Marine and Coasta l  
Section of Terrain Sciences Division has  been asked t o  advise 
on such diverse topics a s  port  and harbour planning and oil 
spill countermeasure  programs. Commonly, t h e  lack of da t a ,  
particularly in the  Arctic,  has  caused difficult ies in knowing 
e i ther  t h e  questions or answers necessary in planning for a 
speci f ic  need. Consequently field programs a r e  designed t o  
col lec t  a variety of d a t a  including sediment  and biologic 
pa ramete r s  from the  nearshore environments and process 
measurements  of waves and currents.  Such d a t a  a r e  used t o  
develop coas ta l  models which aid in t h e  understanding of 
present  processes and t h e  resul tant  coas ta l  character is t ics .  
The model may yield specific d a t a  for a specific requirement 
or,  m o r e  probably, will enable t h e  proper questions t o  b e  
formulated for  research t o  m e e t  a speci f ic  need. 

Coasta l  models a r e  derived most easily f rom an 
understanding of t h e  spat ia l  distribution of data .  For 
example ,  bathymetry,  sediment  composition, gra in  s i ze  char- 
ac ter is t ics ,  na ture  and abundance of plant or animal life a r e  
a l l  i l lustrations of variables t h a t  a r e  normally spatially 
dependent.  This no te  describes t h e  development  of a sys tem 
whereby the  location, type, and analyt ica l  results of 
nearshore and marine  d a t a  a r e  recorded in a fo rma t  suitable 
for  computer  mapping. The maps allow both rapid inspection 
of l a rge  amounts  of da t a ,  and by t h e  judicious use of overlays, 
relationships between various variables can  b e  assessed 
quickly. 

Na tu re  of D a t a  

There a r e  three  related problems associated with t h e  
collection and subsequent analyses of nearshore  and marine  
data .  First ,  t h e  sample  location must b e  known with respect  
t o  both t h e  shoreline and all  o ther  sample  locations.  Second, 
each location (and sample) must b e  identified with a label,  
and t h e  type  of d a t a  at t h a t  position must  be recorded 
F i g  1). In pract ice  t h e  vessel may b e  running continuous 
t r ansec t s  with side-scan sonar and subbottom profiling equip- 
men t  operating, while at t h e  s a m e  t i m e  plankton ne t s  a r e  
being towed. In th is  case ,  locations a r e  position fixes which 
must b e  recorded in conjunction with the  t ime ,  ship speed and 
ship heading. At o the r  locations t h e  ship may remain 
s t a t iona ry  for  a g rab  sample,  core ,  o r  cu r ren t  m e t e r  

' installation. Third, maps of t h e  spat ia l  distribution of both 
t h e  type  of d a t a  collected and the  pa ramete r s  derived f rom 
l a t e r  analyses of t h e  d a t a  must  b e  obtained easily and 
efficiently.  

The system of positioning, d a t a  recording, and analyses 
can  be  divided in to  four "levels" a s  follows: 

Level I: Pa ramete r s  belonging t o  Level I describe t h e  
coas ta l  s i te ,  t h e  chosen r e fe rence  points, and t h e  length and 
bear ing of the  baseline if more  than one r e fe rence  point is  
used (Fig. I). The r e fe rence  points may be radar  ref lec tors  o r  
transponders s e t  out  in known locations or simply prominent 
f ea tu res  t h a t  can be identified with radar or manually 
surveyed with a sextant .  Level I pa ramete r s  a lso  link t h e  
r e l a t ive  position of t h e  f ixes  with thei r  absolute  geographical 
location. 

l o o  
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S I T E  N S 1 -  
N0S LRT.=SqOqlS, L0NG.=571212, S0S LRT.=SqO110, LBNG.=57075q. 

+=REFERENCE P O I N T ,  . = P O S l l l O N  O F  A C C U R A l E  P O I N T .  

* = P R O P O S E D  P O I H I .  7 3 . 8 7 . 9 9 , 1 0 0 . 1 0 1  , 1 0 2  a n D  1 0 4  N O T  P L O T T E D .  

K I L O M E T R E S  0  1  2 3 

1 7 1 

S C L I L E  1  - 5 0 0 0 0 .  E C H E L L E  

Figure 2. Typical output  of a l l  f ix positions. Note  t h a t  f ixes  71, 72, 85, and 86 a r e  proposed. This i s  because  they  a l l  l i e  c lose  
t o  the  baseline where  the  radar ranges give poor tr iangulation. Rather  than be unplotted,  t hey  a r e  positioned 
according to t h e  ship's speed, heading, and elapsed t i m e  f rom the  l a s t  a c c u r a t e  fix. In this c a s e  s i t e  NS1 is  an 
example  of a coasta l  survey on t h e  Labrador coas t  using t w o  small  islands (NOS and SOS) as re fe rence  points. 



S I T E  NS1 .  

Figure 3. Example of a computer contour plot of water  depths using a l l  f ix positions. 

Level 11: Pa ramete r s  belonging t o  Level I1 (Fig. I )  a r e  pa ramete r s  a s  input. If a coas ta l  s i t e  conta ins  only one 
used di rect ly  or indirectly in the  positioning of individual r e fe rence  point, a range and a bearing a r e  sufficient.  If t w o  
sample  locations (fixes). These include a label,  name,  and r e fe rence  points a r e  available,  t h e  f ix  position can b e  
number fo r  each fix,  t h e  heading and speed of t h e  vessel; and calcula ted  f rom a range and bearing to e i the r  r e fe rence  
t w o  ranges or  a range and bearing t o  e i ther  r e fe rence  point. point, or  f rom t w o  ranges  or  f rom t w o  bearings. These  

Computer  methods for obtaining t h e  position of navi- contingencies a r e  useful should one r e fe rence  point become  
obscured and t h e  position be  dependent on a range and gational data exist (Swan et al., 1976), but generally bearing to the second reference point, Provisions also are have a nature  t h a t  is  too  speci f ic  t o  be  used di rect ly  in t h e  made to derive a proposed position using only ship speed and present  study. 1n th is  approach, a computer  Program was heading and elapsed t i m e  if the range and bearing data a r e  developed t o  ca l cu la t e  f ix  positions using Level  I and Level I1 
missing or  if e r ro r s  m a k e  triangulation impossible (Fig. 2). 



Level I11 and Level 1V: Level I11 parameters identify the 
kind of data  collected a t  a fix (Fig. I); as is the  case with 
Level I1 data,  there is considerable flexibility. Different 
types of information can be added or deleted according t o  
unique or specific characteristics of a coastal site. Level 111 
parameters in the example data  record (Fig. I) include water 
depth and a system of indicators denoting the presence or 
absence of side-scan sonar, echo sounding, grab, and core 
samples, a s  well as current,  wave, and biological measure- 
ments. These indicators also may define the presence or 
absence of analytical results performed on the  da ta  they 
identify. For example, t h e  identification of a grab sample a t  
a particular location also denotes the presence of an array of 
information of a predetermined nature (per cen t  gravel, sand, 
s i l t  and clay; mean grain size, sorting, and skewness) 
introduced subsequent t o  field work. The analytical results of 
Level I11 parameters a r e  identified a s  Level IV data. 

Nature of Output 

The use of Level I, 11, and 111 parameters, combined with 
available computer programs (Bglanger, 1975, in prep.; Swan 
and Linden, 19771, enables maps to  be produced rapidly (Fig. 2 
and 3). Figure 2 is a preliminary computer output of all 
accurate  and proposed fixes relative to  two reference points. 
Useful contingencies include (I)  a different symbol for 
proposed positions, (2) a listing of fixes that  a r e  impossible t o  
plot, and (3) a choice of scale. Such a map' is helpful for 
editing purposes. If desired, plots showing the positions of 
specified data  can be obtained. Figure 3 is a contour map of 
water depth for the same area. 

Computer programs currently a r e  being developed that  
will incorporate Level IV data. When completed, the system 
will allow maps of any specified da ta  a t  any level to  be 
constructed with or without contours. The accumulation of 
field and analytical data ,  as  developed in this approach, also 
will permit standard mathematical or statistical methods t o  
quantify apparent relationships among variables a s  
determined by the  visual assessment of the  maps. 
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Zn:Cd RATIOS FOR SPHALERITES SEPARATED FROM 
SOME CANADIAN SULPHIDE ORE SAMPLES 

I.R. Jonasson and D.F. Sangster 
Resource Geophysics and Geochemistry Division 
Regional Economic Geology Division 

Introduction 

Data  a r e  listed in Tables I t o  3 t o  permit calculation of 
Zn:Cd ra t io  which is independent of t h e  ac tua l  Zn content  of 

t h e  ore  sample,  mineral separa te ,  o r  z inc  concen t ra t e  
studied. The most common irnpurity in many of the  
sphaler i te  mineral s epa ra t e s  analyzed has  been identified a s  
pyrite.  Other  work by Jonasson and Sangster,  a s  y e t  
unpublished, has  shown t h a t  the  Cd con ten t  of co-existing 
pyr i tes  in these  z inc  o res  i s  very low and therefore  i t  is  
concluded t h a t  pyrite impurit ies contr ibute  insignificant Cd 
t o  the  to t a l  quantity measured. 

The da ta  presented a r e  divided in to  th ree  sepa ra t e  
genet ic  ca tegor ies  of sulphide deposits: I )  volcanogenic and 
massive; 2) carbonate-hosted; 3 )  miscellaneous veins. 

Table I 

Zn and Cd content  of some  Canadian vein sulphide deposits 

I ARCHEAN I 
Name of Occurrence  Location 

Severn River N. Ont. 

Berens River N. Ont. 

North Spiri t  Lake N. Ont. 

Homer Lake Mack. 

Rock Type Ore  Type Code 

volcs Cu-Zn I 
1 

volcs Pb-Zn 1 
I 
I 
1 

volcs Pb-Zn I 

seds. Pb-Zn 1 
I 
I 
I 

1 PROTEROZOIC I 
Cobal t  a r e a  N. Ont.  seds. Pb-Zn,Ag 1 16.0 0.0540 296 

1 34.0 0.1500 227 
1 28.0 0.1000 280 
1 33.0 0.1400 235 
1 33.0 0.1200 275 
1 47.0 0.1600 294 
1 46.0 0.1800 256 

Nth. Con tac t  Lake N. Sask. volcs Cu-Zn 1 32.0 0.3400 94 

PHANEROZOIC 

Arct ic  Silver Yukon seds. Pb-Zn-Ag 1 23.0 0.7240 32 

Keno Hill Yukon seds. Pb-Zn-Ag 1 41.9 0.5660 74 
1 60.0 0.6000 100. 

Galkeno Yukon seds. Pb-Zn-Ag 1 59.1 0.7150 83 

Keymet  N.B. volcs Pb-Zn 1 58.4 0.4070 143 
1 54.4 0.4280 

Louvicourt  * N.B. volcs Cu-Zn 1 2 5 . 6 0 . 3 3 5 0  76 

Que. Sturgeon River N.B. volcs Pb-Zn,Cu 1 40.0 0.6700 60 

Gaspe Copper Que. seds. Cu, Zn 1 48.0 0.3040 158 

Notes: Code 1 signifies a sphaler i te  o r  a sphalerite-pyrite s epa ra t e  
2 signifies a monthly mine zinc concen t ra t e  
3 signifies a hand specimen o r e  sample  

ry l t  = rhyolite 
ands = andesi te  
seds  = sediments  
volc = volcanics * classification in doubt  
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Table 2 

Zn and Cd con ten t  of some  Canadian Massive volcanogenic sulphides 

ARCHEAN 

Name of Occurrence  Location Rock Type O r e  Type Code 

Eas t  Cleaver  Lake Mack. meta- ry l t  Pb-Zn 

Hacke t t  R ive r ,  
C a m p  Lake  

Hacke t t  River 
J o  Zone 

Hacke t t  River ,  
Watson Lake 

Mack. 

Mack. 

Mack. 

meta- ry l t  

meta- ry l t  

meta-seds 

Pb-Zn 

Pb-Zn 

Pn-Zn 

Hacke t t  River ,  
Trench t h r e e  

Mack. 

Mack. 

t u f f s  

rneta-volcs 

Pb-Zn 

Pb-Zn Yava Syndicate ,  
Agricola Lake 

Takijuq Lake 

High Lake 

Mack. 

Mack. 

Cu-Zn 

Cu-Zn 

meta-ry l t  

meta- ry l t  

Indian Mt .  Lake Mack. rneta-rylt  Pb-Zn 

Spi Lake Keew.  meta-volcs Cu-Zn, Pb 

Mat tabi  N. On t .  

N .  On t .  

t u f f s  

volcs 

Cu-Zn 

Cu-Zn Sturgeon Lake,  
Falconbridge 

South Bay, 
Uchi Lake 

N .  On t .  volcs  Cu-Zn 

Geco 

Willecho 

N .  On t .  

N .  Ont  

meta-seds  

meta-seds  

Cu-Zn, Pb 

Cu-Zn 

Karn-Kotia 

Cdn . -Jamieson 

N.  On t .  

N.  On t .  

Cu-Zn 

Cu-Zn 

and s 

ry l t  

Kidd Creek  N.  On t .  Cu-Zn , Ag meta-volcs 

Jameland N .  On t .  Cu-Zn ry l t  



T a b l e  2 (cont.) 

P G e  of o c c u r r e n c e  Loca t ion  Rock  T y p e  O r e  T y p e  C o d e  Zn% C d %  Zn/Cd 

N o r m e t a l  

L a c  Dufaul t  

Delbr idge  

C o n i a g a s  

Manitou-Barvue 

M a t t a g a m i  L a k e  

O r c h a n  

Poi r ie r  

Q u e  . volcs  Cu-Zn 

Q u e  . ry l t -ands  

Que . 

Q u e  . 
Q u e  . 

r y l t  

t u f f s  

t u f f s  

Cu-Zn 

Zn 

Pb-Zn,  Ag 

Cu-Pb-Zn 

Q u e  . t y l t  Cu-Zn 

Q u e  . r y l t  Cu-Zn 

Q u e  . r y l t  Cu-Zn 

- 

All a n a l y s e s  f o r  Zn a n d  C d  in t h i s  and  a c c o m p a n y i n g  t a b l e s  w e r e  by a t o m i c  
absorp t ion  s p e c t r o m e t r y  fol lowing a t o t a l  dissolut ion by a s t r o n g  H n O s  - HCI 
solut ion.  

Notes:  C o d e  I s ign i f ies  a s p h a l e r i t e  o r  s p h a l e r i t e - p y r i t e  s e p a r a t e  
2 s ign i f ies  a month ly  m i n e  z i n c  c o n c e n t r a t e  
3 s ign i f ies  a hand s p e c i m e n  o r e  s a m p l e  

r y l t  = r h y o l i t e  
a n d s  = a n d e s i t e  
s e d s  = s e d i m e n t s  
v o l c s  = v o l c a n i c s  



T
ab

le
 2

 (
co
nt
.)
 

P
R

O
T

E
R

O
Z

O
IC

 

N
am

e 
of

 O
cc

ur
re

nc
e 

L
oc

at
io

n 
R

oc
k 

T
yp

e 
O

re
 T

yp
e 

C
od

e 
Z

n%
 

C
d%

 
Z

n/
C

d 

F
ox

 L
ak

e 
N

. 
M

an
. 

rn
et

a-
se

ds
 

C
u-

Z
n 

2 
48
.0
 
0.
15
00
 

32
0 

2 
46
.0
 
0.
09
50
 

48
0 

S
he

rr
id

on
 

N
. 

M
an

. 
rn

et
a-

se
ds

 
C

u-
Z

n 
1 

45
.0
 
0.
16
00
 

28
1 

1 
47
.0
 
0.
16
00
 

29
4 

1 
51
.0
 
0.
18
00
 

28
3 

1 
49
.0
 
0.
19
00
 

25
8 

I 
47
.0
 
0.
18
00
 

26
1 

R
u

tt
an

 L
ak

e 
N

. 
M

an
. 

rn
et

a-
se

ds
 

C
u-

Z
n,

P
b 

1 
41
 -
0
 0
.1
50
0 

27
3 

1 
35
.0
 
0.
12
00
 

29
2 

1 
21
.2
 
0.
07
00
 

30
3 

1 
30
.8
 
0.
07
80
 

39
5 

O
sb

or
ne

 L
ak

e 
N

. 
M

an
. 

rn
et

a-
se

ds
 

C
u-

Z
n 

1 
20
.6
 
0.
07
50
 

27
5 

1 
52
.1
 
0.
02
90
 

18
0 

1 
55
.4
 
0.
10
60
 

52
3 

C
hi

se
l 

L
ak

e 
N

. 
M

an
. 

rn
et

a-
se

ds
 

Pb
-Z

n,
C

u 
1 

58
.7
 
0.
10
70
 

54
9 

1 
60
.2
 
0.
10
00
 

60
2 

1 
59
.3
 
0.
16
00
 

37
1 

S
ch

is
t 

L
ak

e 
N

. 
M

an
. 

rn
et

a-
vo

lc
s 

C
u-

Z
n 

1 
14
.4
 
0.
02
80
 

51
4 

I 
45
.5
 
0.
07
40
 

61
5 

1 
54
.4
 
0.
08
60
 

63
3 

1 
32
.5
 
0.
05
20
 

62
5 

F
li

n 
F

lo
n 

N
. 

M
an

. 
rn

et
a-

vo
lc

s 
C

u-
Z

n 
1 

55
.8
 
0.
17
60
 

31
7 

N
. 

S
as

k.
 

1 
28
.0
 
0.
10
25
 

27
3 

1 
25
.0
 
0.
09
40
 

26
6 

S
ul

ph
id

e 
L

ak
e 

N
. 

S
as

k.
 

rn
et

a-
se

ds
 

C
u-

Z
n 

1 
34
.0
 
0.
15
00
 

22
7 

W
es

te
rn

 N
uc

le
ar

 
N

. 
S

as
k.

 
rn

et
a-

vo
lc

s 
Pb

-Z
n,

C
u 

I 
42
.3
 
0.
04
20
 

10
07
 

1 
50
.1
 
0.
05
10
 

98
2 

E
rr

in
gt

on
 

N
. 

O
nt

. 
tu

ff
s 

C
u-

Z
n,

P
b 

3 
22
.0
 
0.
01
00
 
22
00
 

1 
33
.0
 
0.
02
00
 

16
50
 

1 
33
.0
 
0.
12
00
 

27
5 

3 
25
.0
 
0.
10
00
 

25
0 

N
ew

 C
al

u
m

et
 

Q
ue

. 
rn

et
a-

se
ds

 
Pb

-Z
n,

A
g 

1 
54
.8
 
0.
12
20
 

44
9 

1 
56
.0
 
0.
17
00
 

32
9 

1 
48
.0
 
0.
14
80
 

32
4 

T
et

ra
u

lt
 

Q
ue

. 
- 

pa
ra

gn
ei

ss
 

Pb
-Z

n,
A

g 
1 

49
 -
0
 0
.1
80
0 

27
2 

1 
51
.0
 
0.
18
00
 

20
3 

S
ul

li
va

n 
B

.C
. 

se
ds

. 
Pb

-Z
n 

2 
46
.0
 
0.
17
00
 

27
1 

2 
53
.0
 
0.
18
00
 

29
4 

2 
46
.0
 
0.
16
60
 

'2
77
 

P
H

A
N

E
R

O
Z

O
IC

 

N
am

e 
of

 O
cc

ur
re

nc
e 

L
oc

at
io

n 
R

oc
k 

T
yp

e 
O

re
 T

yp
e 

C
od

e 
Z

n%
 

C
d%

 
Z

n/
C

d 

F
ar

o,
 A

nv
il

 
Y

uk
on

 
rn

et
a-

se
ds

 
Pb

-Z
n 

1 
53
.6
 
0.
05
70
 

94
0 

1 
22
.8
 
0.
02
40
 

95
0 

1 
62
.9
 
0.
06
20
 

10
15
 

3 
28
.3
 
0.
04
66
 

60
7 

W
es

te
rn

 
B

.C
. 

vo
lc

s 
Pb

-Z
n,

C
u 

1 
20
.0
 
0.
09
80
 

20
4 

K
ey

 A
na

co
n 

N
.B

. 
rn

et
a-

vo
lc

s 
Pb

-Z
n 

I 
40
.0
 
0.
11
00
 

36
4 

1 
50
.8
 
0.
09
40
 

54
0 

1 
51
.3
 
0.
10
60
 

48
4 

1 
46
.6
 
0.
07
40
 

63
0 

W
ed

ge
 

N
.B

. 
rn

et
a-

vo
lc

s 
Pb

-Z
n 

1 
45
.0
 
0.
14
00
 

32
1 

H
ea

th
 S

te
el

e 
N

.B
. 

m
et

a-
vo

lc
s 

P
b-

Z
n,

C
u 

3 
11
.0
 
0.
02
40
 

45
8 

1 
27
.2
 
0.
03
60
 

75
6 

B
ru

ns
w

ic
k 

N
o.

 
12
 

N
.B

. 
rn

et
a-

tu
ff

s 
Pb

-Z
n,

C
u 

3 
24
.7
 
0.
03
10
 

79
7 

B
ru

ns
w

ic
k 

N
o.

 6
 

N
.B

. 
rn

et
a-

tu
ff

s 
P

b-
Z

n,
C

u 
3 

13
.0
 
0.
02
80
 

53
6 

W
ee

do
n 

Q
ue

. 
rn

et
a-

tu
ff

s 
C

u-
Z

n 
1 

62
.7
 
0.
10
10
 

62
1 

1 
50
.3
 
0.
16
50
 

30
5 

1 
59
.0
 
0.
06
20
 

95
2 

B
uc

ha
ns

, 
N

fl
d.

 
vo

lc
s 

P
b-

Z
n,

C
u 

1 
52
.0
 
0.
18
00
 

28
9 

M
cL

ea
n 

3 
21

.1
 
0.
02
20
 

95
9 

N
ot

es
: 

C
od

e 
1.
 s

ig
ni

fi
es

 a
 s

ph
al

er
it

e 
or

 s
ph

al
er

it
e-

py
ri

te
 s

ep
ar

at
e 

2 
si

gn
if

ie
s 

a 
m

on
th

ly
 m

in
e 

zi
nc

 c
o

n
ce

n
tr

at
e 

3 
si

gn
if

ie
s 

a 
ha

nd
 s

pe
ci

m
en

 o
re

 s
am

pl
e 

ry
lt

 =
 r

hy
ol

it
e 

an
ds

 =
 a

nd
es

it
e 

se
d

s 
= 

se
di

m
en

ts
 

vo
lc

s 
= 

vo
lc

an
ic

s 



Table 3 

Zn and Cd con ten t  of some  Canadian carbonate-hosted massive sulphides 

/ PROTEROZOIC c 
1 Name of Occurrence  Location Ore  Type Code Zn% Cd% Zn/Cd 1 

Tar t  Cla ims Yukon Pb-Zn 1 
Ug Claims Yukon Pb-Zn 3 
Gayna River Yukon Yukon Pb-Zn 3 

3 
3 

Odd MacIntyre Yukon Pb-Zn I 
Tara  Cla ims Yukon Pb-Zn I 

St ra thcona,  
Nanisivik 

Frnk. Pb-Zn 1 
I 
I 

Long Lake S. Ont. Pb-Zn I 
1 
I 

Jersey 

Rev, Big Cirque 

Mt. Tillicum 
Cypress Bar Cla ims 

Ab Claims 

Goz A Claims 
Goz E Claims 
Goz F Claims 
Goz 0 Claims 
Goz I Claims 
Goz J Claims 

Cab  Two Claims 

Rio Claims 

Econ Claims 

Flunk West Cla ims 

Arvik , Polaris 

Pra i r ie  Creek  

Pine Point, 0 -42  

Pine Point,  N-42 

Pine  Point 

B.C. 

Yukon 

Yukon 
Yukon 

Yukon 

Yukon 
Yukon 
Yukon 
Yukon 
Yukon 
Yukon 

Yukon 

Yukon 

Yukon 

Yukon 

Frnk.  

Mack. 

Mack. 

Mack. 

Mack. 

Pb-Zn 

Pb-Zn 

Pb-Zn 
Pb-Zn 

Pb-Zn 

Pb-Zn 
Pb-Zn 
Pb-Zn 
Pb-Zn 
Pb-Zn 
Pb-Zn 

Pb-Zn 

Pb-Zn 

Pb-Zn 

Pb-Zn 

Pb-Zn 

Pb-Zn 

Pb-Zn 

Pb-Zn 

Pb-Zn 
- - - - 

Notes: Code 1 signifies a sphaler i te  o r  a sphalerite-pyrite s epa ra t e  
2 signifies a monthly z inc  concen t ra t e  
3 signifies a hand specimen o r e  sample  



Table 4 

Zn and Cd content  of copper concentra tes  f rom some Canadian mines 

-- - - - -. - 
ARCHEAN 

Name of Occurrence  

Normetal 

Lac Dufault  

Location Rock Type O r e  Type Zn% 
-. . . -- - - . -- - - - - .. . - - - 

Que. volcs Cu-Zn 3 .18 
4.25 
3.46 
3.35 
3.80 
3.24 
3.46 
3.58 

Que. rylt-ands Cu-Zn 4.70 
5.10 
4.40 

Que. 

Que. 

tuffs  

ry l t  

Que. rylt  

Volcanogenic Deposits 

Manitou-Barvue Cu-Pb-Zn 1.10 0.0047 234 
1.10 0.0047 234 
1.02 0.0045 227 
0.67 0.0030 223 

Matagami Lake Cu-Zn 4.59 0.0136 337 
3.29 0 .0088 373 
3.58 0.0086 416 
3.35 0.0085 394 
3.24 0 .0081 400 
4.55 0.0107 425 
3.93 0.0092 427 
4.46 0.0108 413 

Orchan Cu-Zn 8 .30  0.0139 597 
7.60 0.0132 576 
6 .80 0.0116 410 
3.80 0.0066 576 
4.80 0.0082 585 

The Archean massive volcanogenic ca tegory contains 
some of the  larges t  zinc producers in Canada and includes t h e  
mines of t he  Timmins region of Ontario,  t he  Noranda, and the  
Matagami Lake camps of Quebec. The deposits of t he  
Manitouwadge a r e a  of northern Ontar io  and those near  
Ignace, Ontario,  a r e  also included. 

Notes: I. rylt  = rhyolite, ands = andesi te  
2. a l l  concentra tes  a r e  monthly composites 
3.  al l  concen t ra t e s  contain about  30% Cu 

Significantly, sphaler i te  f rom Kidd Creek, t h e  larges t  
known Canadian volcanogenic deposit, contains the  highest 
Cd content  and is qui te  distinct from its immediate  
neighbours. There a r e  l imited d a t a  f rom Geco, another  large  
Zn producer, and i t  too, along with nearby Willecho, would 
seem t o  be  enriched in Cd. 

-. - 

On t h e  other  hand, t h e  important  minis of northwestern 
Quebec a r e  relatively low in Cd and this is especialIy t rue  of 
t he  Matagami Lake camp. The mines of northwestern 
Ontario can be  regarded a s  about  average with the  exception 
of South Bay which is enriched. 

Proterozoic  massive volcanogenic deposits form t h e  
Flin Flon and Fox Lake camps  of northern Manitoba and 
northern Saskatchewan. Inspection of t h e  da ta  suggests l i t t l e  
d i f ference  in typical average Zn:Cd ratios from the  Archean 
types. However t h e  Sullivan mine in British Columbia, which 

is  shale-hosted and is one of t h e  larges t  Zn producers in 
Canada, i s  enriched in Cd  by comparison. D a t a  quoted here  
were  derived f rom three-monthly composi te  concentra tes .  

Massive volcanogenic ores  of Phanerozic age  a r e  
represented here  mainly by t h e  orebodies of t he  Anvil Range, 
Yukon and of the  Bathurst  camp,  New Brunswick. Neither 
group would seem t o  b e  enriched in Cd. Some smaller mines 
in British Columbia, e.g., Western,  a r e  somewhat  r icher  in Cd 
bu t  da t a  a r e  f ew and too l imited in scope t o  draw reliable 
conclusions. 

Carbonate-hosted Deposits 

In general,  carbonate-hosted z inc  sulphides of a l l  ages  
a r e  low in Cd. The main z inc  producer in Canada for  
orebodies of this t ype  is at Pine  Point,  Northwest Territories.  
Here,  Zn:Cd ra t ios  a r e  variable for samples f rom two  deposits 
bu-t generally indicate t h a t  Cd con ten t  is low. 

Vein Deposits 
Direct comparison of vein sphaler i tes  f rom severa l  

region's with neighbouring massive volcanogenic Zn ores  
reveals  t h a t  t he  former  a r e  usually enriched by comparison. 
Age of t h e  orebody does  not appear t o  be  a significant fac tor .  



Table 5 

Data  for Zn:Cd for  Zn and Cu concentra tes  

Name of Occurrence  Location Cu concen t ra t e  Zn concen t ra t e  

Zn% Cd% Zn/Cd Zn% Cd% Zn/Cd 

Normetal Que. 3.54 0.0132 269 51.4 0.1342 383 

Lac Dufault  Que.  5.68 0.0146 390 50.8 0.1115 455 

Manitou Barvue Que.  0.97 0.0042 229 56.0 0.1618 346 

1 Mattagami Lake Que.  3.87 0.0097 398 53.5  0.0946 565 1 
Orchan Que .  6.26 0.1114 549 54.3 0.0829 655 

Contribution of Cd t o  Cu concen t ra t e  by C u  sulphides (chalcopyr i te)  

Normetal Que . 
Lac Dufault  Que . 
Manitou Barvue Que . 

30% of to t a l  Cd 

15% of to t a l  Cd 

33% of to t a l  Cd 

1 Mattagami  Lake Que . 30% of to t a l  Cd I 
Orchan Que  . 16% of to t a l  Cd A 

The larges t  Zn producers of th is  t ype  a r e  f rom the  Keno Hill 
a r ea ,  Yukon, wherein cadmium sulphide minerals have been 
identified. As might be  expected,  these  Zn sulphides a r e  
highly enriched in Cd. 

Copper Concen t ra t e s  

From t h e  accompanying tables  i t  i s  possible t o  e s t i m a t e  
the  quant i t ies  of Cd which would find thei r  ways into Zn 
reduction smel ters  in various locations in Canada. However, 
in orebodies which also produce a Cu concentra te ,  t he re  is  
commonly a carryover of up t o  5 per cen t  Zn into those 
concentra tes .  Cd accompanies these  Zn impurit ies in 
proportions indicated by Zn:Cd ra t ios  for  zinc concentra tes .  

Table 4 presents Zn:Cd d a t a  for  C u  concen t ra t e s  for a 
number of Cu-Zn producers in Quebec. In each  case  t h e  main 
Cu bearing mineral is chalcopyrite.  Table 5 presents 
comparat ive  d a t a  for  C u  and Zn concen t ra t e s  for  these  s a m e  
deposits. I t  can be  seen f rom an  inspection of respective 
Zn:Cd ratios that  t he re  is  apparently a smal l  but  significant 
contribution of Cd f rom Cu-Fe sulphides. Calculations based 
on averaged Zn con ten t s  and averaged Zn:Cd ra t ios  for a 
ser ies  of monthly composite concen t ra t e s  (1970-1971) show 
t h a t  Cu-Fe sulphides contr ibute  between 15 and 33 per cen t  
of contained Cd t o  a Cu concentra te .  This Cd may eventually 
find i t s  way t o  a copper reduction smel ter  at Noranda. 
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DEVELOPMENT O F  ANALYTICAL METHODS 

Sydney Abbey and Others1  
Cen t r a l  Labora tor ies  and Administrative Services Division 

Two non-dispersive infrared-absorption ins t ruments  
were  acquired and opera ted  in conjunction with a smal l  
res is tance  tube  furnace .  On heat ing  rock powders with a 
su i table  flux in a s t r eam of oxygen, . the w a t e r  vapour and 
carbon dioxide evolved can  be  measured by the i r  inf rared  
absorptions a t  character is t ic  wavelengths.  Preliminary t e s t s  
indica te  sa t i s fac tory  performance,  but full quant i ta t ive  appli- 
ca t ions  awa i t  t h e  acquisition of a two- o r  three-channe'l 
digital  in tegra tor .  By means  of a th i rd  inf rared  ins t rument ,  i t  
may be  possible t o  de t e rmine  sulphur a s  t h e  dioxide at t h e  
s a m e  t ime.  I t  may  a lso  be  possible t o  connec t  t h e  carbon- 
dioxide de t ec to r  t o  an acid-evolution train and thereby 
distinguish carbonate  f rom non-carbonate carbon. The new 
sys tem is so  much simpler than those  now in use t h a t  i t  may 
be  possible fo r  one  opera tor  t o  analyze  tw ice  a s  many 
samples  per day fo r  t h r e e  const i tuents  t han  t h r e e  ope ra to r s  
can  do now. (J.-L. Bouvier) 

A new au toma t i c  recording t i t r a to r  has been acquired 
for  application t o  a new method fo r  fer rous  iron (Kiss, 1977). 
The method involves simultaneous decomposit ion of a l a r g e  
number of samples  in a s t r eam of nitrogen in a hea t ed  
aluminum block. The result ing solutions a r e  t i t r a t e d  in  t h e  
fluoride medium under constant  cu r r en t  conditions between 
polarized e lec t rodes  in t he  au toma t i c  t i t r a to r .  End-points 
a r e  indicated by sharp  voltage peaks. Published informat ion 
suggests t h a t  t he  method is more  rapid than the  classical  
procedure,  more  a c c u r a t e  than our present  "rapid" method 
'and less suscept ib le  t o  in ter ferences  than e i the r  of them.  
(J.-L. Bouvier) 

Despi te  repeated  ins t rumenta l  breakdowns, t h e  X-ray 
fluorescence spec t rome te r  continues t o  provide excel lent  
results  (when i t  is  working). Disc preparation has  been 
improved by changing f rom a l i thium t e t r abo ra t e -me tabora t e  
t o  a li thium tetraborate--- ' . loride flux. Experiments a r e  
underway t o  improve sensi i ty,  precision and accu racy  in 
rubidium and s t ront ium determinat ions  for  geochronology. 
(G.R. Lachance and R.M. Rousseau) 

Cur ren t  developments  on t h e  direct-reading optical-  
emission spec t rome te r  include au toma t i c  print-out of r epo r t s  
fo r  c l ient  sc ient is t s  on a new high-speed pr in ter  and installa-  
tion of new monitoring channels t o  d e t e c t  i n t e r f e rence  f r o m  
uranium and o the r  e lements .  (W.H. C h a m p  and C.F. Meeds) 

All methods on t h e  photographic spect rograph a r e  
undergoing major revisions because  t h e  p la tes  former ly  used 
a r e  no  longer available.  Development of t w o  new procedures  
f o r  low concentra t ions  of volati le t r a c e  e l emen t s  is near ing 
completion (W.H. Champ and P.C. B&langer), a s  is an updated 
semiquant i ta t ive  method. (W.H. C h a m p  and L.J. Clugston) 

New developments  applicable t o  both  opt ica l  emission 
sys tems include modification of a r c  s t ands  t o  provide 
au toma t i c  -control  of a r c  g a p  and s tudies  in t h e  use  of argon- 
oxygen mixtures  t o  replace  t h e  a i r - je t  in general  methods  f o r  
t r a c e  e lements .  (W.H. Champ and K.A. Church)  

A review paper (Abbey et al., 1977) appeared on r ecen t  
developments  i n  t h e  analysis of si l icates.  
Re fe rences  
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ANALYSIS O F  INTERNATIONAL REFERENCE SAMPLES 

Sydney Abbey and o t h e r s '  
Cen t r a l  Labora tor ies  and Adminis t ra t ive  Services  Division 

Staff  of t h e  Analytical  Chemis t ry  Section contr ibuted  a 
la rge  volume of analyt ica l  d a t a  for  t h e  e ight  newest  
r e f e rence  samples  f rom t h e  U.S. Geological  Survey - a basalt ,  
a mar ine  mud, a q u a r t z  la t i te ,  a rhyolite,  a schist ,  t w o  shales  
and a syenite.  To  da t e ,  no mas t e r  compilation of analyt ica l  
da t a  nor assigned composit ional values have been published by 
t h e  originator.  

Using a recent ly  published method (Sen Cupta ,  1976), 
concentra t ions  of a number of rare-ear th  e l emen t s  w e r e  
determined in 24 in ternat ional  r e f e rence  rock samples  and 
published (Sen Gupta ,  1977). 

Analytical  d a t a  f rom our own labora tor ies  were  com- 
bined with those  f rom t h e  C e n t r e  d e  Reche rches  PCtro- 
graphiques et C&ochimiques, France ,  and compared with 
values assigned by. t h e  or ig inators  of t h r e e  r e f e rence  samples  
f rom t h e  Ins t i tu te  of Geochemis t ry ,  Irkutsk, U.S.S.R. (Abbey 
and Govindaraju, in press). 

As a resul t  of t h e  availabil i ty of addit ional analyt ica l  
da t a ,  a new s e t  of ca lcula t ions  was  conducted t o  de r ive  new 
"usable" values for  many const i tuents  in t h e  six r e f e rence  
rocks f rom t h e  National Ins t i tu te  fo r  Metallurgy, South 
Africa.  Those values and many o the r s  have been embodied in 
a new edit ion of usable values for  r e f e rence  samples  of rocks 
and re la ted  ma te r i a l s  (Abbey, 1977). 

Work is  underway on a "gel" method (Date ,  in press) f o r  
preparing syn the t i c  homogeneous s tandard  powders, bu t  
d i f f icul t ies  have been encountered  with volati le t r a c e  
e lements .  (J.G. Sen Gupta.) 
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RATES OF MOVEMENT ASSOCIATED WITH MUD BOILS, 
CENTRAL DISTRICT OF KEEWATIN 

P.A. Egginton and W.W. Shilts 
Terrain Sciences Division 

Glacial  and marine muds of cen t r a l  Keewatin a r e  rigid 
or  slightly plastic under average field conditions. Because of 
their  low liquid l imits (<25%) and limited plasticity indices 
(<8%), however,  they become plastic or liquid with a slight 
increase in moisture content  or porewater pressure. These 
mater ia ls  a r e  commonly in motion even on relatively low 
angle slopes, and in this region the  downslope movement of 
muds (solifluction) is  closely related to, if not inseparable, 
f rom mud boil activity.  This no te  repor ts  some  measure- 
ments  of magnitudes of mud movement associated with mud 
boils in cen t r a l  Keewatin. 

Initial study s i tes  were  located a t  Victory and Kaminak 
lakes in 1973; additional s i tes  were  added in 1977 a t  Ferguson 
and Henik lakes (Fig. I). The original study s i tes  were  
located here: I)  for  logistical reasons a s  the  project  
originated as an  offshoot of a ter ra in  mapping program in 
cen t r a l  Keewat in  (viz. Shilts  et al., 1976) and 2) because mud 
boils a r e  particularly well  developed on t h e  relatively clay- 
rich red t i l l  of a large  glacial dispersal  train (Klassen and 
Shilts, 1977; Shilts, in press). In addition, t he  removal of t he  
hematite-bearing clay fraction by slope wash or deflation 
causes red t i l l  exposed a t  t he  surface  to  become pink, grey, 
or  brown, c rea t ing  colour con t ra s t s  t h a t  f ac i l i t a t e  the  study 
of mud boil structures.  

YATHKYED 
LAKE 

FERGUSON 
LAKE 

V I C T O R Y  
LAKE 

K A M I N A K  " 
LAKE 

Figure I. The location of mud boil study sites,  cen t r a l  
Keewatin.  The l e t t e r s  refer  t o  t h e  type  of 
ins t rumentat ion used: 

A - aluminum tags; C - theodolite and t a rge t s ;  

B - tubing; D - circuits;  

E - thermistors,  soil moisture cells, 
and pressure gauges (see text). 

From: scientific and Technical Notes 
in Current Research, Part B; - 
Geol. Surv. Can., Paper 7 8 - 1 8 .  

Figure 2. A mud boil in the  Victory Lake area ,  1973. The 
aluminum tags  used to  monitor horizontal  
d isplacement  of t he  mud a r e  located under t h e  
rocks. (GSC 203165-H) 

Instrumentation 

A var ie ty  of techniques a r e  being employed t o  provide 
information on ac t ive  layer  movement  associated with mud 
boils. Specific c lus ters  of mud boils were  chosen for  study if 
they appeared t o  b e  ac t ive ,  and an  e f f o r t  was  made t o  include 
mud boils under a wide range of s lope and t ex tu ra l  conditions. 
The type of instrumentation and the  location of study s i t e s  is  
i l lustrated in Figure I. 

In 1973, approximately 30 numbered aluminum tags  
(2 x 0.5 cm), held in p lace  by smal l  nails, were  placed in 
predetermined pa t t e rns  and spacings on t h e  surface  of severa l  
mud boils. In subsequent yea r s  any  horizontal  component  of 
su r face  movement  was  measured re la t ive  t o  t h e  position of 
o the r  aluminum tags  on the  s a m e  mud boil (Fig. 2). 

A t  nine s i tes  (in 1973) c l ea r  plastic tubes, 10 crn in 
d i ame te r  and 183 crn in length,  were  buried vertically so t h a t  
t h e  bases were  a t  or near t h e  bottom of the  ac t ive  layer in 
t h e  c e n t r e  of a mud boil. The plas t ic  tubes  were  s lo t ted  a t  
t h e  bot tom t o  permit  t h e  intrusion of mud. Large  boulders 
weighing 20 kg or more  were  placed on top of each  tube  t o  
permit  easy field identification, t o  p ro tec t  t h e  tubes  f rom 
precipitation, and t o  keep  t h e  tube  positioned a t  t h e  bot tom 
of the  ac t ive  layer. 

Benchmarks were  installed in 1977 and a theodolite was  
used in conjunction with the  benchmarks t o  f ac i l i t a t e  
controlled measurement  of t h e  horizontal  or  ver t ica l  position 
of t a r g e t s  placed on t h e  mud boils. The benchmarks  a r e  2 c m  
d iamete r ,  copper-clad rods and a r e  t h e  type  commonly used 
by the  Geodet ic  Survey. Where possible t h e  rods were  
cemen ted  in to  holes drilled in bedrock outcrops  (Fig. 3); 
where  this was  not possible t h e  rods were  driven t o  some  
depth  (>1.5 in) in to  t h e  permafros t  by means  of a por table  
jackhammer. 

In addition, more  than  300 simple "make or  break" 
c i rcui ts  were  installed in mud boils at various sites. The 
c i rcui ts  s e rve  a s  simple even t  records. Depending upon t h e  
init ial  installation, t he  c i rcui ts  record t h e  occurrence  of 
e i the r  a horizontal  or  ver t ica l  disturbance. In severa l  p laces  
t h e  c i rcui ts  were  nested in order  t o  record the  occurrence  of 
movement  at various dep ths  within the  mud boil. The 
majority of c i rcui ts  were  designed for hand testing; however,  



several were  a t tached t o  long t e rm recorders so  tha t  t he  t ime  information on soil conditions during periods of activity.  In 
of t he  soil displacements could be recorded. 1978 and subsequent years,  i t  is planned to  visit s i tes  where 

benchmarks, circuits,  and thermistors have been installed to  At the Henik Lakes and Ferguson Lake sites 
ascer ta in  modes and amounts  of movement;  t h e  older s i tes  thermistors,  soil moisture cells, and pressure gauges were  

installed in mud boil cen t r e s  and borders t o  provide additional a lso  will b e  monitored. 

Table 1 

The relative horizontal  displacement of marker tags  on the  surface  of two  mud boils over t i m e  

r---- ---- 

Mud boil no. 6 Mud boil no. 8 

Tag number Distances a p a r t  (cm) I Tag number Distances a p a r t  (crn) I 

Total 400 3201 404.5 320" 

48-49 30 30.5 28 

49-50 30 29 30 

50-51 30 31 .5  33 

54-55 30 31.5  31.5  

Total  210 21 4 21 5 . 5  

Total  120 123.5 12 1 

Sites where tags  could not b e  relocated. 
320 c m  represents the  distance between tags  28 to  36. 

Tota l  260 N A 375.3 

Tota l  140 143.5 146.5 

Tota l  140 142 145.5 



Table 2 

Vertical movements associated wi th  mud boils 

Si te  

Victory Lake 

Tube heave 
1973-1977 ( c m )  

Kaminak Lake 

Upward movement of mud 
1973-1977 (cm) 

Mud intrusion 
1973-1977 (cm) 

Depth t o  f r ee  water  surface  
1977 (cm) 

Depth t o  tube  bot tom 
1977 (cm) 

I * no f r ee  water  I 
Discussion of Resul ts  

Aluminum Surface  Markers . ~ , .  

The distances between aluminum surface  
markers  on mud boils no. 6 (Kaminak Lake) and no. 8 
(Victory Lake) for  t he  years 1973, 1976, and 1977 , 
a r e  presented in Table I. The information is 
incomplete because some  t ags  had been buried and ' 
could not b e  found. Buried t ags  were  recovered 
from beneath a s  much as  5 c m  of mud. Such burial 
is common, particularly on s teeper  slopes where 
vegetation generally is overridden by extruded mud. 
Where tags  could not be  relocated, d is tances  were  :'';.: 
measured between t h e  two  remaining tags  (indicated 
by open parenthesis,  Table 1). 

The di f ference  between the  to t a l  widths of 
surface  marker strips over the  years gives an  
indication of t h e  apparent  r a t e  of mud boil expan- 
sion. For example,  t ags  numbered 135 t o  141 were  
located in a s t ra ight  line across t h e  middle of mud 
boil no. 8. The to t a l  width increased f rom 140 t o  
145.5 c m  from 1973 t o  1977, representing an expan- 
sion Of 4% (5'5 cm). These are for Figure 3. A typical benchmark installation on a bedrock outcrop, used t o  those recorded. provide the  control  for  a c c u r a t e  measurement  of t h e  ver t ica l  

Plan views of six mud boils, four located on and horizontal  movement of t a rge t s  placed on mud boils. 
low angle slopes ( ~ 2 ' )  a t  Victory Lake (mud boils (GSC 203165-C) 
nos. 8 ,  8A, 10, 11) and two located on higher angle 
slopes (>6.O) a t  Kaminak Lake (mud boils nos. 5 and 6) a r e  Plas t ic  Tubes 
presented in Figure 4. The position of aluminum tags  and the  Nine of the  mud boils instrumented with plastic tubing a r e a s  of expansion or  contract ion over the  period 1973 t o  were revisited during the 1977 field season. Five sites were 
1977 are expansion and the located near Kaminak Lake and four  at Victory Lake (Fig. I). percentage of expansion a r e  given for each row of tags. The large  rocks t h a t  had been placed on top  of t h e  tubes  a s  

The morphology of individual mud boils appears  t o  b e  
re la ted  t o  slope angle. Elongate, step-like forms a r e  typical  
of  high angle slopes whereas  more  subdued and regular 
circular polygonal pat terns  a r e  associated with low angle  
slopes (cf. mud boils no. 10 and 6, Fig. 4). 

The level of ac t iv i ty  and the  r a t e s  of displacement a r e  
thought t o  be  related to  soil texture ,  moisture content ,  and 
slope angle. Although movements in excess  of 4 c m  were  
measured a t  a l l  si tes,  t he  most ac t ive  slopes were  in the  
Victory Lake a rea  where mud boils on slopes of less than 2' 
expanded by a s  much a s  I 5  c m  over the  period of measure- 

caps  were  found in p lace  on ly -a t  one site.. The o the r s  had 
presumably been dislodged by high winds or  browsing caribou. 

A t  Victory Lake in 1977, .wa te r  was  found in t h e  tubes  
33 t o  84.5 c m  below t h e  ground surface  (Table 2). The top  of 
t h e  water  columns was  20 t o  62 c m  above t h e  top  of t h e  mud 
a t  t he  bot toms of t h e  tubes,  depths  g rea te r  than expected 
f rom the  accumulat ion of precipitation. The wa te r  levels a r e  
in terpre ted a s  local water  tables  within the  mud boils, 
because t h e  depth  t o  the  water  t ab le  is variable,  ranging f rom 
33 t o  84.5 c m  in two  mud boils less than 5 m a p a r t  (Table 2, 
s i tes  104 and 105). 

min t .  ~ h e s e  high r a t e s  of ac t iv i ty  result  in pa r t  f rom t h e  By 1977 t h e  plastic tubes  in t h e  Victory Lake a r e a  were  re la t ive  abundance of s i l t  and c lay  in t h e  red t i l l  of t h e  found to have been extruded or heaved 12.5 to 54 cm from . . Victory Lake area .  



EXPERIMENTAL 

SITE 5 

t 4 . 0 c m  

( 0 . 8  %I 

EXPERIMENTAL 
SlTE 8A  

t 7 . 0 c m  
SLOPE < 2* 

I 

SLOPE < 2 O  
4 

rn A .\i + 6 . 5 c m ( 4 . 6 4 % 1  
\ 
\ 

I 
1 

+ 6.5 c m  

+ 3 . 0 c m  ( 2 . 0 % )  

(2.0%) /'?\ 
e-----\ 

H .  ' 
10 ,/ A 1 1 1 , ' : I  

/' I 
SLOPE < 2 *  

I I ,b.bAiA + 6 , 5 ~ m ( 6 . 5 ~ / ~ 1  
i . . . - . @ . @ , r  I + B O c m ( 6 . 0 % 1  

I 
I 

I 
I I 
I . I 

I 

, TAGS BURIED OR TOO 
DISTURBED TO MEASURE 

A SlTE OF TAG 
NO MOVEMENT BETWEEN TAGS . . . T r G r c L o s r R  

I-2em 2 - 4 c n  > s r m  . TAGSFARTHER 

I-2em 2-4sm >scm 

AREA OF GENERAL EXPANSION 

r----: OUTLINE OF BARE MUD 

C153em LENGTH CHANGE OF LINE OF 
(q 250/., TACSIcm1;PERCENTAGE CHANGE 

IN BRACKETS. 

Figure 4. A plan view of mud boils found in the  vicinity of Victory and Kaminak lakes. Areas  of 
expansion and contraction a r e  i l lustrated and values of expansion and percentage of 
expansion over t h e  period 1973 t o  1977 a r e  shown (see text) .  

the i r  1973 positions (Table 2). Over t h e  s a m e  period mud was  
forced upward in to  t h e  space  vacated by t h e  tubes, and in 
some  cases  mud had intruded several cen t ime t re s  into t h e  
tubes  (Table 2). The intrusion of the  mud and the  ejection of 
t h e  tube from the  mud boils may be  synchronous. 
Considerably greater  levels of mud injection were  recorded in 
t h e  tubes  at Kaminak Lake in 1977 (up t o  32 cm,  Table 2) in 
comparison t o  those a t  Victory Lake (up t o  6 c m ,  Table 2). 

Summary 

The r a t e  of su r face  ac t iv i ty  of mud boils on both high 
and low angle slopes was more  than 4 c m  in four years. In 
some  cases  surface  markers were  recovered f rom beneath  
5 c m  of mud extruded f rom injection points in the  mud boil. 
P las t ic  tubes buried vertically in t h e  cen t r e s  of mud boils had 
up t o  32 c m  of mud injected in to  them over t h e  s a m e  period. 
I t  is  probable that ,  in t h e  cen t r a l  Keewatin region, t h e  

general  downslope movement  of mud is  accompanied by mud 
boil ac t iv i ty  and is a f f ec t ed  by t h a t  ac t iv i ty  in ways t h a t  a r e  
a s  ye t  poorly understood. 
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ROCK WEATHERING FORMS ABOVE CORY GLACIER, 
ELLESMERE ISLAND, DISTRICT OF FRANKLIN 

considered impera t ive  because  such f e a t u r e s  had not  been 
repor ted  previously f r o m  southern  El lesmere  Island. The 
Cory Glacier a r e a  had been reconnoi t red  by t h e  wri ter  in 
1968 and 1970 (Blake, 1975, 1977a), but  on those  occasions 
operations with a Piper Super-cub a i r c r a f t  res t r ic ted  landings 
t o  t he  a r e a  of raised beaches west of t h e  glacier snout ,  and 
t h e  plateau had never been visited. 

W. Blake, J r .  
Terra in  Sciences Division 

Introduction 

Early in t h e  1977 field season,  while travell ing by 
helicopter between Makinson Inlet and Coburg Island, a brief 
s t o p  was  made on the  plateau t o  t he  west  of Cory  Glacier,  
southeas tern  Ellesmere Island (Fig. 1 and 2). W.C. Morgan 
had noted the  presence of tors  and deep  rock weather ing 
during a landing the re  ear l ie r  in t h e  summer .  A revisi t  was 

Relatively l i t t l e  could be  accomplished in t h e  t i m e  
avai lable  on July  10th excep t  t o  gain a genera l  impression of 
a t ype  of landscape t h a t  was  most  unusual in t h e  author 's  
experience.  The purpose of th is  n o t e  i s  t o  record  t h e  locat ion  
of this in teres t ing  s i t e ,  t o  provide s o m e  il lustrations of t h e  
t ype  of f e a t u r e s  occurr ing  the re ,  and t o  discuss t he i r  
implications.  
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Figure I. LANDSAT image of southeas tern  El lesmere  Island showing t h e  locat ion  of s i tes  refer red  t o  in t h e  t e x t ,  t h e  e x t e n t  of 
present day glaciers,  and t h e  development of t h e  North Water on April 26, 1975. The s i t e  described in t h e  t e x t  i s  
indicated by t h e  ar row t o  t h e  west  of Cory  Glacier ( image E-11007-17232, spec t r a l  band 7). 
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Site Description rock surfaces and the development of weathering pits is 

The landing site adjacent to the tors was some 415 m 
a.s.l., according to  a determination by stereotope plotter, and 
the ridge on which the tors are developed rises approximately 
60 rn above the general level of the plateau surface. The 
ridge overlooks an unnamed subsidiary tongue of Cory Glacier 
(Fig. 2) .  The tors are more than 300 m above the glaciers on 
either side, although the surface of the ice cap rises above 
the plateau within a distance of 5 km to the north and west. 
The tors are developed i n  a massive, coarse grained, foliated 
biot i te granite. 

Figures 3 t o  5 il lustrate the type of landscape that has 
developed along this ridge of the plateau. It is obvious that 
much material has been removed along joints, and many 
whole blocks have disintegrated. The outcrops are well 
rounded, deeply weathered, and aprons of grus are ubiquitous. 
Figure 6 shows a typical large weathering pit. The largest 
pits attain 15 cm i n  depth and are more than 30 cm i n  
diameter, dimensions that are similar to  those of the largest 
pits recorded by Sugden and Watts (1977) i n  gneissic granite 
on Broughton Island, sorne 1100 km to the southeast along the 
coast of Baff in Bay. The generally rounded nature of the 

Cow 

Glacier 

reminiscent, also, of the examples given as being represent- 
ative of weathering zone I (the oldest) i n  the Maktak-Quajon- 
Narpaing Fiord areas of Baff in Island (close t o  Broughton 
Island) by Pheasant and Andrews (1972) and Boyer and 
Pheasant (1974). 

Chronology 

As reported earlier (Blake, 1977a) the snout of Cory 
Glacier is now somewhat more extensive than i t  was 6490 + 
1@0 years ago (GSC-1170), when organic material was 
accumulating i n  a lagoon close to  sea level. This deposit is 
now I 0  m a.s.l., and the highest raised beaches attain 
elevations of more than 50 m. In addition, thick fragments of 
Mya truncata shells, which had washed out of the till where 
the moraine ridges on the west side of Cory Glacier are 
breached by the river (Fig. 2) are >37 000 years old (GSC- 
1223). This age determination shows that some t ime i n  the 
more distant past (probably prior t o  mid-Wisconsin time), 
Cory Glacier was also far less extensive than it is today, for 
the shells have been picked up by the glacier when i t  
advanced. Yet the lateral moraines on either side of Cory 

warr - - -  

Figure 2. Vertical aerial photograph showing the location of the ridge (black arrow) t o  the west of Cory Glacier on 
which the tors and weathering pits shown i n  Figures 3 t o  6 are developed. Photograph A16682-171 taken 
from an altitude of ca. 9100 m, July 16, 1959. National A i r  Photographic Library, Department of Energy, 
Mines and Resources, Ottawa. 

20 8 



Figure 3. General view northward along the granite ridge on which tors are developed west and south of 
Cory Glacier (visible in  middle right distance). Note the disintegrated bedrock and grus aprons i n  
the foreground. On the tor i n  the background, material has been removed along joints to a depth 
of at least 4 rn. July 10, 1977 (GSC-173351). 

Figure 4. View north a t  another section of the deeply weathered granite ridge shown i n  Figure 2. Note the 
rounded form of the outcrops i n  the foreground and the surrounding aprons of grus. July 10, 1977 
(GSC- 173343). 



Figure 5. More detailed view of weathered g ran i t e  along t h e  ridge above Cory Glacier .  The hammer  handle 
is 33 c m  in length.  July 10, 1977 (GSC-173341). 

Glacier ,  e a s t  of t he  ridge on which t h e  tors  have developed, S t ewar t  Islands, visi ted briefly on t h e  r e tu rn  t r i p  f rom Coburg 
r i se  up t o  45 m above t h e  present i ce  surface ,  indicating t h a t  Island. No l imestone  or dolomite  boulders were  observed in 
t h e  glacier also has been th icker ,  probably most  recent ly  in t h e  vicinity of t h e  landing s i t e ,  a t  an elevation of more  than 
post-Hypsithermal t i m e  (cf. Koerner ,  1977). 300 m and approximate ly  4.5 km t o  t h e  southeas t  of t he  snout 

of Cory  Glacier.  

Discussion 

Tt type  of landscape present above Cory Glacier ,  
c h a r a c ~ -  <ed by deeply weathered bedrock, s tands  in marked 
con t r a s t  t o  exposures in Makinson Inlet and f a r the r  nor th  
along t h e  e a s t  coas t  of El lesmere  Island where  i n t ense  ac t ion  
by g lac iers  has polished and sculptured g ran i t e  bedrock a t  
similar elevations (Blake, 1977b, 1978). Unless t h e  r a t e s  of 
weather ing in southeas tern  El lesmere  Island a r e  vastly 
d i f f e r en t  f rom those repor ted ,  for  example,  by Dyke (1978) on 
grani t ic  gneiss f rom southwestern  Cumberland Peninsula, 
Baffin Island, i t  s eems  ex t r eme ly  unlikely t h a t  ac t ive ly  
eroding i ce  flowed across  th is  r idge in l a t e  Wisconsin t ime.  In 
f a c t ,  i t  may well be  t h a t  such an  event  has not occurred  fo r  a 
much longer period of t ime;  in th is  connection t h e  reader  is  
r e f e r r ed  t o  Dyke (1976) fo r  a discussion of t h e  development 
of tors  on Somerset  Island. 

During t h e  l a s t  glaciation,  or perhaps during severa l  
glaciations,  ice  draining towards  t h e  s e a  was  channelled 
through t h e  valleys on e i ther  side of t he  ridge. The ridge 
i tself  may have had only a ca rapace  of relatively thin,  cold- 
based i ce ,  which presumably would not  have  a f f e c t e d  t h e  
underlying bedrock su r f ace  o the r  than t o  inhibit  fur ther  
weather ing.  Despite t h e  f a c t  t h a t  Paleozoic rocks outcrop 
within 13 km t o  t h e  west-southwest and 24 km t o  t h e  
nor thwest  (Christ ie,  1962) and t h a t  a f e w  dark g rey  ca rbona te  
boulders were  noted during a t r ave r se  across t h e  moraines  on 
t h e  wes t  side of Cory  Glacier in 1968 (although crys ta l l ine  
rocks  predominated),  no ca rbona te  e r r a t i c s  were  not iced  
among  t h e  tors  during t h e  course  of this brief visit. One 
f r agmen t  of charnocki te  was  discovered,  a s  was a p iece  of 
garnet  gneiss; these  rocks a r e  foreign t o  t h e  grani te ,  but  t hey  
may have  t ravel led  only a shor t  d is tance  t o  r each  t h e  ridge. 
The s a m e  is t rue  on t h e  summi t  p la teau of t h e  larger  of t h e  

Blake (1970, 1975) noted  t h a t  d a t a  re la t ing  t o  t h e  t i l t  of 
Holocene shorelines around Jones  Sound w e r e  in ag reemen t  
with Pelletier 's  (1966) hypothesis,  based on an analysis of 
ba thymetr ic  informat ion,  t h a t  a l a rge  ou t l e t  glacier had 
drained eas tward  t o  Baffin Bay via Lady Ann S t r a i t  (Fig. I). 
The information presented  he re  with regards  t o  deep  
weather ing on t h e  p la teau above Cory Glacier  is  an indication 
t h a t ,  in t h e  Jones  Sound region, only L'ady Ann S t r a i t  was a 
major  drainageway for  i ce  derived f rom Devon Island and 
southern  El lesmere  Island, a s  well a s  f rom the  Innuitian Ice 
Sheet  f a r the r  west.  The deepes t  par ts  of th is  s t r a i t ,  in t h e  
t r iangle  be tween Wilcox Glacier (Ellesmere Island), Coburg 
Island, and nor theas tern  Devon Island, a t t a i n  depths  of more  
than  180 m (Fig. I). By con t r a s t ,  a portion of Glacier S t r a i t  
be tween t h e  S t ewar t  Islands and Coburg Island i s  less t h i n  
60 m deep; hence  th is  a r e a  would have been dry land when s e a  
level  was lower during t h e  maximum of any glaciation.  
Perhaps glaciers such a s  Cory  Glacier,  Wilcox ~ k c i e r ,  and 
those  on t h e  nor thwest  s ide  of Coburg Island merely  enlarged 
the i r  expanded-foot lobes, and perhaps t h e  deeper par ts  of 
Glacier S t r a i t  - i.e., t o  t h e  nor theas t  and southwest  - 
sustained i ce  shelves. In any even t  i t  s e e m s  ce r t a in  t h a t  
considerable t i m e  has e lapsed s ince  ac t ive ly  flowing i ce  built 
up in Glacier S t r a i t ,  or on t h e  highlands t o  t h e  nor thwest ,  t o  a 
thickness t h a t  was suff ic ient  t o  inundate  ridges such a s  ttiat 
west  of Cory  Glacier where  t h e  t o r s  a r e  found. 
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ATV-DRILL PERFORMANCE: A CASE STUDY, 
FORT SIMPSON, DISTRICT OF MACKENZIE 

Mark Nixon 
Terrain Sciences Division 

Introduction 

During l a t e  March and April 1977 Terrain Sciences 
Division and the  Depar tment  of Geology, University of 
Alber ta  took par t  in a joint project about 40 km south of For t  
Simpson, Northwest Territories (Fig. 1). The purpose of t he  
field work was to  gather  ground i ce  and groundwater d a t a  on 
a distinctive,  widespread organic ter ra in  type in upper 
Mackenzie Valley. 

Drilling through seasonal f ros t  and permafros t  in to  t h e  
unfrozen mater ia l  below was necessary fo r  installation of 
p iezometers  and thermistor strings.  Holes were  located along 
previously surveyed profiles. Cores  were  taken,  and 
maintained in the  frozen s t a t e ,  in order t o  log detailed 
s t ra t igraphy and t o  provide undisturbed samples for  
determinat ion of geotechnical properties and ground i ce  
geochemistry.  

The ATV-drill (Veillette and Nixon, 1975) used fo r  th is  
drilling and sampling is  a l ight soil auger  mounted on a 3 m 
mas t  and carr ied  by an  e ight  wheel drive a l l  t e r r a in  vehicle 
(ATV) (Fig. 2). The project provided an  opportunity fo r  
fu r the r  evaluation of the  equipment.  

This repor t  deals with t h e  performance of the  ATV-drill 
and re la ted  equipment and t h e  implications for  fu tu re  use. 

S i t e  Location and Description 

The s tudy a r e a  covers  less than 1 k m 2  of raised peat-  
land and low fen and ponds south of t h e  confluence of Liard 
and Mackenzie rivers and nor th  of J ean  Marie Creek  in map 
shee t  95H (Fig. I). It i s  within t h e  southern f r inge of t h e  
discontinuous permafros t  zone (Brown, 1967). 

Figure I. Location m a p  fo r  t h e  study s i te ,  south  of For t  
Simpson, Northwest Territories.  

Relief on t h e  glaciolacustrine plain may be more  than 
3 m and commonly consists of s t e e p  banks of raised peat  
plateaus. The pla teau surfaces  a r e  irregular with hummocks, 
closed depressions, and f ros t  fissures. Vegetation i s  an  open 
spruce  wood of generally smal l  trees.  

The general s t ra t igraphy of t h e  raised peatland includes 
up to  3 . 5 m  of peat  over glaciolacustrine sil ty clay. 
Permafros t  extends t o  a maximum depth of 9 m. In possible 
collapse s t ructures  within t h e  plateaus t h e  pea t  i s  thinner and 
only seasonal f ros t  was encountered. 

Access t o  the  s i t e  f rom a c a m p  a t  t h e  highway was via 
an  overgrown se ismic  l ine for  13  km and over  f rozen ponds 
and f en  fo r  another  5 km. The seismic l ine crosses t w o  s t e e p  
beach bluffs and t h e  moderate ly  s t e e p  banks of J e a n  Marie 
Creek. Across a reas  of marshy ground, t h e  su r face  is 
ext remely rough. 

Equipment 

The ATV-drill was conceived a s  a self-contained mobile 
permafros t  coring auger for  rapid drilling t o  3 m depth,  but 
can be used t o  g rea te r  depths,  and has  considerable drill tool 
flexibility, including diamond drilling equipment  and 
continuous fl ight augers. 

Two major modifications were  tested.  A drill head 
(power and transmission unit) t h a t  provided higher torque and 
lower speed (49 kg-rn and 50 rpm) than t h a t  originally 
mounted was  employed, and optional snow t r acks  were  f i t ted  
over t h e  standard low pressure t ires.  Modified CRREL core  
augers (Veillette,  1975a) for 5 and 7.5 crn diameter  cores  
were  used. These consist of co re  barrels with carbide  cu t t e r s  
and double helical f l ights t o  ca r ry  cut t ings  t o  t h e  top; t hey  
were  developed by U.S. Army Cold Regions Research and 
Engineering Laboratory (Geotest ,  1974). A continuous f l ight  
auger  s t em,  producing a 7.5 c m  d iamete r  hole, a l so  was  used. 

Figure  2. ATV-drill in drilling position; note  t h e  Stihl  4308 
dril l  head (GSC 203314-F). 

From: Scientific and Technical Notes  
in Cur ren t  Research,  P a r t  B; 
Geol. Surv. Can., Pape r  78-18. 



Dril l ing R e s u l t s  P r o b l e m s  

T h e  maximum d e p t h  r e a c h e d  i7.5 c m  d i a m e t e r  coring) 
w a s  11.6 m ;  t h e  a v e r a g e  d e p t h  of 1 1  holes  w a s  7.6 m. In t o t a l  
66.9 m of c o r e  was  t a k e n  and  17  m of auger ing  was  c o m p l e t e d  
in 8 dri l l ing days.  About 70  p e r  c e n t  of t h e  planned dri l l ing 
w a s  c o m p l e t e d .  Average  dri l l ing and  sampl ing  r a t e s  .indicated, 
t h a t  5 c m  d i a m e t e r  c o v e  could be tal<en t o  8 m in just o v e r  
3 hours,  and  7.5 c m  d i a m e t e r  cor ing  could b e  a c h i e v e d  t o  t h e  
s a m e  d e p t h  in  sl ightly less  t h a n  5 hours.  T h e s e  r a t e s  will vary  
bu t  g i v e  a g e n e r a l  i d e a  of e x p e c t e d  product ion .  

Dr i l l  T r a n s p o r t  

Eva lua t ion  of co ld  s e a s o n  p e r f o r m a n c e  of t h e  ATV-drill 
w a s  h a m p e r e d  by a d e a r t h  of snow a n d  by high t e m p e r a t u r e s  
t h a t  m e l t e d  t h e  s m a l l  accumula t ion .  D e s p i t e  t h e s e  f a c t o r s ,  
s o m e  impress ion  of t h e  u t i l i ty  of t h e  t r a c k s  was  gained.  In 
heavy ,  w e t  snow up t o  45  c m  d e e p  and  in  l i g h t e r  snow t o  
60  c m  (both w e r e  maximum d e p t h s  e n c o u n t e r e d ) ,  t h e  t r a c k s  
provided  a d e q u a t e  f l o a t a t i o n  (Fig. 3). None  of t h e  s u r f a c e  
condi t ions ,  which ranged  f r o m  l igh t ,  d r y  s n o w  t o  hard  packed ,  
w e t  s n o w  and  mud,  p r e s e n t e d  a t r a c t i o n  problem f o r  t h e  t r a c k  
equipped  vehicle.  

Maximum relief on t h e  bog a n d  f e n  t e s t  s i t e  i s  3.6 m 
a n d  c o n s i s t s  of s t e e p ,  in  p l a c e s  v e r t i c a l ,  p e a t  banks  bounding 
ra i sed  bogs. In addi t ion ,  5 m high, s t e e p ,  f o r m e r  beach  b luf fs  
a n d  t h e  banks  of J e a n  M a r i e  C r e e k  s t r i k e  a c r o s s  t h e  access 
route .  P a r t s  of t h e  s e i s m i c  l ine  w e r e  overgrown w i t h  wil low 
a n d  poplar  brush w i t h  t r u n k s  up t o  5 c m  in  d i a m e t e r  (Fig. 4). 
Vehicle progress  was  n o t  impeded  by t e r r a i n  o r  v e g e t a t i o n .  

When t h e  s i t e  p rof i les  w e r e  s u r v e y e d  t h e  previous 
s u m m e r ,  a pa th  w a s  c l e a r e d  f o r  passage  of t h e  ATV-drill. 
B e c a u s e  a d e e p e r  snow c o v e r  was  a n t i c i p a t e d ,  m a n y  s t u m p s  
p r o t r u d e d  up t o  30 c m ;  a l t h o u g h  high a m p l i t u d e  microre l ie f  
f e a t u r e s  such  a s  t h e s e  h a v e  b e e n  spec i f ica l ly  i d e n t i f i e d  by t h e  
v e h i c l e  m a n u f a c t u r e r  a s  h a z a r d o u s  t o  t h e  v e h i c l e  t r a c k s ,  n o  
f a i l u r e  o c c u r r e d .  

Given  t h e  various snow condi t ions  and  t e r r a i n  a n d  
v e g e t a t i o n  t y p e s  descr ibed ,  t h e  ATV proved  t o  b e  a s  f a s t  a n d  
m a n o e u v e r a b l e  a s  t h e  m o t o r i z e d  toboggans  used  f o r  dai ly 
t r a n s p o r t .  I t  was  f a r  super ior  t o  t h e  snowmobi les  in t e r m s  of 
personnel  c o m f o r t  o v e r  h u m m o c k y  s u r f a c e s  a n d  through 
brush. 

Only o n e  problem a r o s e  dur ing  u s e  of t h e  C R R E L  
augers .  I c e  r ing buildup on  t h e  c o r e  b a r r e l  s h o e  ( b o t t o m  of 
bar re l )  s topped  p e n e t r a t i o n  in f r o z e n  p e a t .  Ice  and  o r g a n i c  
m a t e r i a l  a c c u m u l a t e d  a round t h e  c u t t e r s  a n d  a d h e r e d  t o  t h e  
f a c e  of t h e  s h o e  s o  t h a t  t h e  c u t t i n g  e d g e s  did n o t  c o n t a c t  t h e  
p e a t .  Slow r o t a t i o n  of t h e  dri l l  too l  did n o t  g e n e r a t e  enough 
f r i c t i o n a l  h e a t  t o  m e l t  t h e  ice ,  bu t  by i n c r e a s i n g  and  
m a i n t a i n i n g  in i t i a l  f e e d  (pressure  on  t h e  dr i l l  too l )  t h e  c u t t e r s  
w e r e  f o r c e d  i n t o  t h e  b o t t o m  of t h e  ho le  a n d  t h e  problem was  
a l lev ia ted .  

Fl ight  a u g e r s  w e r e  used w h e n  undis turbed  s a m p l e s  a n d  
c l o s e  s t r a t i g r a p h i c  c o n t r o l  w e r e  n o t  requi red .  With t h e  
l i m i t e d  f e e d  and  b i t  t y p e s  a v a i l a b l e  t h e y  w e r e  n o t  e f f e c t i v e  
in f i n e  gra ined  o r  o r g a n i c  f r o z e n  m a t e r i a l s .  C o r i n g  t h r o u g h  
t h e  f r o z e n  z o n e  w a s  found t o  b e  f a s t e r  t h a n  use  of t h e  f l i g h t  
augers .  

A m o r e  se r ious  problem a p p e a r e d  when cont inuous  
f l i g h t  a u g e r s  w e r e  used in c losed  depress ions  n o t  under la in  by 
p e r m a f r o s t .  P e a t  and  c l a y  s i t u a t e d  be low t h e  seasona l ly  
f r o z e n  p e a t  w e r e  s a t u r a t e d  and  fluid. As  p l a s t i c  c l a y  c u t t i n g s  
moved  up t h e  a u g e r  f l i g h t s  i n t o  a z o n e  of unf rozen ,  n e a r l y  
liquid p e a t ,  t h e y  . a c c u m u l a t e d  and  e x p a n d e d  be low t h e  r igid 
s e c t i o n  of hole in f r o z e n  s u r f a c e  p e a t  and  m a d e  hoist ing 
e x t r e m e l y  slow and  d i f f icu l t .  T i m e  t a k e n  t o  r e m o v e  t h e  too ls  
increased  t h e  probabi l i ty  t h a t  t h e  w e t  m a t e r i a l  would s w e l l  o r  
f l o w  i n t o  t h e  borehole.  Usually t h i s  p roblem m e a n t  t h a t  t h e  
t a r g e t  d e p t h  f o r  i n s t r u m e n t a t i o n  w a s  n o t  a c h i e v e d  e v e n  
though dri l l ing had p r o c e e d e d  wel l  beyond i t .  C a s i n g  of t h e  
ho le  would so lve  t h e  problem b u t  t h i s  m a y  n o t  b e  p r a c t i c a l  
f o r  v e r y  l igh t  opera t ions .  Possibly a l a r g e r  ho le  dr i l l ed  
t h r o u g h  t h e  f r o z e n  m a t e r i a l  would r e l i e v e  t h e  cons t r ic t ion .  

Discussion 

T h e  dr i l l  h e a d ,  i d e n t i c a l  t o  t h a t  used o n  t h e  S t ih l  4308 
e a r t h  a u g e r  (Vei l le t te  a n d  Nixon, 19761, h a d  n o t  b e e n  t e s t e d  
on  t h e  ATV-drill in f r o z e n  ground.  A c o n s i d e r a b l e  p o t e n t i a l  
w a s  i n d i c a t e d  by prev ious  t r i a l s  t o  9 m d e p t h  i n  s t i f f  c l a y  of 
O t t a w a  Valley, O n t a r i o  and  by e x t e n s i v e  use  i n  t h e  A r c t i c  a s  
a hand he ld  a u g e r  t o  6 rn depth .  

P e r f o r m a n c e  a n d  re l iab i l i ty  dur ing  s p r i n g  1977 w e r e  
g e n e r a l l y  e x c e l l e n t ,  a l t h o u g h  t h e  slow r o t a t i o n  - normal ly  a 
d i s t i n c t  a d v a n t a g e  in f r o z e n  m a t e r i a l s  (Vei l le t te ,  1975, 
p. 425) - m a y  h a v e  c o n t r i b u t e d  t o  t h e  f o r m a t i o n  of i c e  r ings 
o n  t h e  b a r r e l  shoe.  I t  h a s  b e e n  observed ,  h o w e v e r ,  t h a t  f r o z e n  
c l a y s  in t h e  d i scont inuous  p e r m a f r o s t  z o n e  m a y  be s e n s i t i v e  
t o  d i s t u r b a n c e  by r o t a t i n g  dr i l l  tools .  High u n f r o z e n  w a t e r  

c o n t e n t s  a n d  r e l a t i v e l y  h iah  a r o u n d  t e m D e r a t u r e s  

Useful  fue l  consumpt ion  w a s  imposs ib le  t o  d e t e r m i n e  
b e c a u s e  of a n  e r r a t i c  f u e l  s y s t e m  problem in t h e  engine.  T h e  
m a n u f a c t u r e r  g ives  a f i g u r e  of 17 k m / L  f o r  a v e r a g e  
condit ions.  

r e s u l t  in  rap id  liquificaticbn -of s o m e  m a t e r i a l s .  
S u c c e s s  in dri l l ing t h e  c l a y s  at t h e  t e s t  s i t e  c a n  b e  
a t t r i b u t e d ,  in  p a r t  at l e a s t ,  t o  t h e  v e r y  s low 
r o t a t i o n  of t h e  dr i l l  tools .  

F i g u r e  3. 

ATV-drill in  t r a n s p o r t  posi t ion;  t h e  a r r o w  poin ts  
t o  t h e  snow t r a c k s  (GSC 203314-E). 



Figure 4. 

ATV-drill passing through brush on t h e  access  
route  (GSC 203314-G). 

Conclusions 

Previous tes t ing of t h e  ATV-drill in f rozen ground was  
l imited t o  use of t h e  CRREL equipment t o  a depth of 3 m in 
mar ine  s i l t s  of northern Somerset Island, Northwest 
Territories;  flight augers t o  3 m in stony fill and rubble a t  
Resolute Bay, Northwest Territories;  and N s ize  diamond co re  
barrel  (drillhole d iameter  7.62 cm)  t o  2.5 m in sand and gravel 
a t  Resolute Bay (Veillette and Nixon, 1975). The drill was 
used with fl ight augers  t o  dril l  organic materials,  sand, and 
c lay  t o  a maximum depth of 20 m in O t t a w a  Valley, Ontar io  
(P.B. Fransham, pers. comm., 1976). Successful drilling of 
f rozen peat  and sil ty c lay  t o  depths  of more  than 9 m in t h e  
warmer  permafros t  of t h e  discontinous zone increases t h e  
range of mater ia l  types investigated with t h e  ATV-drill. 

P a r t  of t he  research program involved installation of 
p iezometers  below permaf;osty which required drilling a t  
leas t  1 m into  unfrozen sil ty clay. The lower boundary of a 
permafros t  body is  gradational,  and coring commonly con- 
t inued in to  t h e  unfrozen zone. Although samples of unfrozen 
c lay  cer ta in ly  were  disturbed by torsion t h a t  twisted t h e  co re  
in to  a t ight helix, t h e  barrel  continued t o  perform well in this 
material .  The major manufacturer  of CRREL coring augers  
clearly specifies their  use in snow, ice,  and f ine  grained 
f rozen soils (Geotest ,  1974, p. 99), and exper ience  has 
indicated t h a t  use in unfrozen mater ia l  is often unsatis- 
factory.  Perhaps in th is  c a s e  a combination of t e x t u r e  and 
moisture con ten t  produced a cohesion compat ib le  with 
CRREL auger  function. Beak Consultants Ltd., Calgary  
repor t  some  success f rom modifications t o  CRREL barre ls  t o  
allow thei r  use in unfrozen unconsolidated mater ia l  
(W.J. Stephen, pers. comm., 1977). 

Drill production figures must be viewed in light of t h e  
na tu re  of t h e  study and t h e  l imi ted  manpower (2 man crew). 
I t  was necessary t o  install  p iezometers  and thermis tor  strings 
as work progressed which reduced drilling efficiency. 
Nevertheless,  t h e  f a c t  t h a t  only 70 pe r  cen t  of t h e  planned 
drilling was completed can be a t t r ibuted in large  p a r t  t o  t h e  
mild weather  and the  scarc i ty  of snow. Access t o  t h e  s i t e  
became  increasingly difficult  and with the  fa i lure  of i ce  on 
Jean Marie Creek, t h e  project was terminated. Maintaining 
t h e  co re  in a f rozen s t a t e  required considerable t i m e  and 
effor t .  

The scarc i ty  of snow did no t  permit  thorough tes t ing of 
t h e  t r ack  equipped vehicle f o r  winter  use, but performance 
indicated t h a t  normal snow conditions and most  brush 
vegetation would present no significant obstacle t o  mobility. 
Negotiation of s teep,  slippery slopes and hummocky ter ra in  
reinforced previous indications tha t  t he  ATV maintains 
exceptional t rac t ion and stabil i ty on s t eep  slopes and over 
rough ground. 

The outstanding f e a t u r e  of t h e  ATV-drill is 
i t s  light weight mobility. Performance on this 
project has demonstra ted  i t s  main advantages  of 
inexpensive positioning and rapid, convenient 
movement on site.  Helicopter suppor t  t o  move a 
drill f rom borehole t o  borehole a t  th is  small  s i t e  
would have been more  expensive and less ef f ic ient  
and flexible than using t h e  ATV carr ier .  

Although considerable t i m e  was spent  in 
sampling and instrumentation, drilling r a t e s  of 
1.7 holes Der dav averaeina  7.6 m Der hole were  
achieved.  his is  more  ;ha; tw ice  ;he production 

of a similar s i t e  study on t h e  Involuted Hill near  Tuktoyaktuk, 
Northwest Terr i tor ies  (Annan et al., 1975) and supports 
previous observations suggesting tha t  a small  drill with 
re la t ively  low torque can produce resul ts  in permafros t ,  both 
in t e rms  of depth and sampling capabili ty,  t h a t  may be  of use 
fo r  a wide range of investigations. 

Manual feed and hoisting a r e  l imiting f ac to r s ,  especially 
considering t h e  g rea te r  depth of drilling required by this 
project.  The recent ly  completed conversion t o  hydraulic 
functions with increased capabili t ies .should markedly  improve 
t h e  ef f ic iency of this machine and allow a sa fe r  operation by 
providing c loser  control  and reducing personnel fatigue. 
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INDICATIONS OF NEOGLACIERIZATION ON 
SOMERSET ISLAND, DISTRICT O F  FRANKLIN 

Arthur S. Dyke 
Terrain Sciences Division 

Two well known types of evidence document expansion 
of glaciers and semipermanent firn or thin ice caps in the  
Canadian Arctic during t h e  L i t t l e  Ice  Age, i.e. t h e  las t  500 
years. These a r e  the  presence of ice-cored moraines down- 
ice  f rom act ive  glaciers (cf. Denton and ~ a r l d n ,  1973; Miller, 
1973) and the  occurrence of a r e a s  of "lichen kill" - a r e a s  of 
res t r ic ted  lichen cover. The l a t t e r  is especially evident on 
Baffin Island (Ives, 1962; Locke and Locke, 1977) where  such 
areas  have been shown to mark t h e  locations of extensive thin 
snow or ice  fields tha t  accumulated about 300 t o  350 years 
ago; smaller a reas  have been mapped in northern Labrador 
(Andrews et al., 1975). From maps of former snowbanks, 
Neoglacial snowline elevations,  an  important pa ramete r  in 
the  reconstruction of the  c l ima te  of that  period, can be 
determined. Mapping of Neoglacial snow and ice  cover is 
important also because such glacierization likely is an 
analogue for  t h e  inception of a full-scale glaciation (Andrews 
et al., 1975). Indeed, such da ta  have been used in 
exper imenta l  computer modelling of t h e  inception and growth 
of t h e  Laurentide Ice Sheet  (Andrews and Mahaffy, 1976; 
Barry e t  al., 1975). 

Lichen-kill a reas ,  a s  well a s  miniature eskers and 
me l twa te r  channels, indicate neoglacierization of pa r t s  of 
Somerset Island. These a r e  the  subject of this note. 

Lichen-kill Areas  

Extensive a reas  of Somerset Island a r e  nearly f r e e  of 
lichens and vegetation. For the  most par t ,  however, this is 
not  a t t r ibu tab le  to  neoglacierization. About half t he  island is 
underlain by l imestones and dolostones and supports few 
lichens, bryophytes, and vascular plants because of i t s  
inherent  toxicity and/or lack of nutrients.  Hence, if t h a t  
a r e a  was extensively snow covered during the  Neoglacial, no 
evidence in the  form of lichen-kill could have been lef t .  

On the  southern peninsula of t he  island, gneissic 
bedrock is masked extensively by till. Over severa l  hundred 
square  kilometres the  ac t ive  layer  of t he  t i l l  is mobile 
because i t  is  sa tura ted beyond i t s  liquid limit. The result  of 
this is a nearly unvegetated surface ,  but  again not because of 
neoglacierization. Other  smaller a reas  underlain by gneissic 
bedrock in the  northwest qua r t e r  of t he  island a r e  almost 
lichen-free due t o  high act ive  layer mobility. 

One  30 t o  40 k m 2  "lichen-freett summit  a r e a  (loca- 
tion A, Fig. l; Fig. 21, however, is  underlain by gneissic 
bedrock and cannot  be  explained in t e rms  of ac t ive  layer 
processes, soil toxicity, o r .  any other  obvious character is t ic .  
It does not support  late-lasting snowbanks today. Apart  from 
i t s  lichen-free nature ,  i t  appears  identical  t o  surrounding 
terrain.  One must conclude, therefore ,  t h a t  i t  has  no t  been 
available for  colonization for as long a s  the  surrounding 
terrain.  In o ther  words, until recent ly  i t  was  snow or  i c e  
covered. 

Numerous much smaller lichen-free a reas  occur ,a long 
t h e  escarpments 'of  cryoplanation t e r r aces  (Fig. 3) which a r e  
common fea tu res  in t h e  vas t  tor-dotted a r e a s  of t h e  gneissic 
plateau (Dyke, 1976) and a r e  t h e  s i tes  of late-lasting 
snowbanks today. This indicates  t h a t  during t h e  L i t t l e  Ice 
Age much larger  snowbanks lasted throughout t h e  summer. 

Figure 1. A map  of Somerset  Island showing t h e  major 
bedrock units and t h e  locations of Neoglacial 
f ea tu res  (A and B) discussed in t h e  t ex t .  

Mel twater  Fea tu res  

Near the  nor theas tern  corner of t he  island evidence of 
t w o  Neoglacial ice  caps  i s  in t h e  form of t iny l a t e ra l  and 
subglacial  me l twa te r  channels and eskers  (location B, Fig. 1; 
Fig. 4). Two eskers  at t h e  point indicated by t h e  ar row in 
Figure 4 extend across an ice-filled minor gully, and the  
gravels overlie t he  ice. The s i t e  was inspected in August 
1977. The bedrock exposed in mel twater  channels is 
essentially unweathered, which is d i f ferent  f rom usual out-  
crops  of carbonates  e lsewhere  on t h e  island. The lack of 
chemica l  weathering and t h e  f a c t  t h a t  t h e  eskers  postdate  
not  only t h e  minor gully but  also t h e  i ce  t h a t  f i l ls  i t  indicate  
t h a t  they d a t e  f rom a very recent  period such a s  t h e  
Neoglacial when c l ima te  was  more  severe  than a t  present.  

In this vicinity about  ten glaciers,  some  of which a r e  
30 m or more  thick, survive today on t h e  walls of deep  
canyons  (Fig. 4). These exis t  because  of enhanced accumula- 
tion of snow in the  canyons by wind d r i f t  and protect ion f rom 
ablation by shadowing by t h e  adjacent  canyon walls. They 
have caused l i t t le,  if any, sculpture  of t h e  canyons, and hence 
a r e  essentially inact ive  or cold based. The pa t t e rn  of eskers 
and channels indicates t h a t  t he  Neoglacial i c e  caps  r e t r ea t ed  
t o  s tagnant  i ce  plugs in t h e  canyons. Maps of older 
me l twa te r  f ea tu res  (Craig, 1964; Net tervi l le  et al., 1976) 
indicate  t h a t  larger  fo rmer  i ce  caps  r e t r ea t ed  in a similar 
fashion. 

From: Scientific and Technical Notes 
in Current Research, Part B; - 
Geol., Surv. Can., Paper 78-1B . 



Paleocl imat ic  Implications 

The lichen-kill a r e a  (location A, Fig. I )  is  centred on a 
summit  at 405 m elevation; t h e  margin of t h e  area ,  t h e  edge 
of t h e  former  snowbank, l ies at about  335 m elevation. Both 
former  ice  caps (location B, Fig. I )  occupied the  plateau 
surface  a t  335 m elevation. Thus, a t  these s i tes  the  
Neoglacial snowline on northern Somerset Island was a t  about  
335 m, although large  a reas  of t he  island above this elevation 
do not appear to have been glacierized. The three  s i tes  in 
question, for  some  reason, must have had relatively enhanced 
snow accumulation, although they a re  by no means 
top.ographically favoured. 

Miller et al. (1975) placed t h e  modern glaciation level 
( the level above which most summits should b e  ice  covered) 
over northwestern Baffin Island and southwestern Devon 
Island a t  400 to  500 m with the  400 m isoline curving across 
Barrow Stra i t  towards Somerset Island. This is not much 

above the  Neoglacial snowline elevation. On north-central  
Baffin Island the  paleoglaciation level, ca lcula ted  f rom maps 
of lichen-kill a reas ,  var ies  f rom 500 m west  of t h e  axis  of t he  
island t o  800 m over t h e  east coas t  fiord ter ra in ;  t h e  majority 
of lichen-free ter ra in  l ies  between 450 and 600 m elevation 
(Locke and Locke, 1977). Somerset  Island data ,  although 
sparse,  indicate a decline of t he  paleoglaciation level 
northwestward f rom Baffin Island. They also indicate  tha t  
t he  high plateau surface  is glacialogically sensit ive t o  
relatively short-term variations of t he  present interglacial  
c l imate .  
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Figure 2. 

Low-angle aer ia l  view of t h e  "lichen-free" summit  
a r e a  on northwestern Somerset  Island (location A, - - ---- - -1 
Fig. I). The dark patches  a r e  lichen covered and 
projected through the  former  snowbank. Vlew is 
northwestward wlth Aston Bay in t h e  background. i 6: 
GSC 203014-K. w 

Figure 3. 

Low-angle aer la l  vlew of " l~chen-free"  a reas  
(light patches)  and late-lasting snowbanks along 

-;""g esca rpmen t s  of cryoplanation t e r r a c e s  on t h e  
gneissic plateau of west-central  Somerset  
Island. The middle ground is  about  3 km wide. 

"1 GSC 203014-L. 

\\ -4 . .  x u d ? "  



Figure 4. An enlargement  of a par t  of airphoto A16331-149 (National Airphoto Library,  Canada) showing 
t h e  larger of t h e  t w o  a r e a s  of miniature mel twater  channels and eskers a t  location B, Figure I. 
The arrow indicates the  location of t w o  eskers  which cross  an  ice-filled gully. The larger  
white f ea tu res  a r e  cold-based glaciers occupying canyons, and the  body of wa te r  in t h e  upper 
left-hand corner  is a small  proglacial lake. The field of view is about  5 km wide. 
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GLACIAL HISTORY O F  AND MARINE LIMITS ON 
SOUTHERN SOMERSET ISLAND, DISTRICT O F  FRANKLIN 

Arthur S. Dyke 
Terrain Sciences Division 

Introduction 

The question of t h e  ex ten t  of Laurent ide  and local i ce  
masses and the  age of the  major glacial  f ea tu res  on Somerset  
Island has proven difficult  t o  answer. Jenness (1952) con- 
sidered tha t  northeastern Somerset  Island had never been 
touched by Laurentide ice,  whereas t h e  western  and southern  
pa r t s  may have been. Craig  and Fyles (1960) made  a similar 
distinction, but following additional field work Craig  (1964) 
concluded t h a t  t h e  whole island had been inundated by l a t e  
Wisconsin Laurentide ice, primarily on t h e  basis of t h e  
ubiquitous distribution of gneissic er ra t ics .  Laurent ide  i ce  
was considered t o  have flowed northward and r e t r ea t ed  
southward. A few eas ter ly  oriented s t r i ae  were  mapped near 
t h e  west coas t  and were  in terpre ted as probably resulting 
f rom "lateral  movement adjacent  t o  a l a t e  tongue of i ce  in 
Peel  Sound" (Craig,  1964, p. 5). This is essentially t h e  
in terpre ta t ion which seems favoured today (Pres t ,  1969; 
Bryson e t  al., 1969; CLIMAP, 1976). 

In 1975 t h e  author was a member of t he  field pa r ty  
which mapped t h e  surficial geology of Somerset Island 
(Net tervi l le  e t  al., 1976a); on t h e  basis of t he  distribution of 
to r s  and other  advanced weathering forms,  Dyke (1976) 
suggested tha t  significant a reas  of t h e  island had remained 
i c e  f r e e  throughout a t  leas t  t h e  l a t e  Wisconsin (and perhaps 
t h e  whole Wisconsin) o r  t ha t  t hese  a reas  had been covered by 
cold-based ice.  Subsequently, Sugden (1976) has supported 
t h e  cold-based i c e  hypothesis fo r  t h e  area.  The wri ter  
re turned t o  t h e  island in 1977 in an  a t t e m p t  t o  clarify t h e  
major e l emen t s  of t he  glacial history. The most  definit ive 
d a t a  have c o m e  f rom the  southern pa r t  of t h e  island (Fig. I )  
and a r e  t h e  subject of th is  paper. 

Two distinct terrair:.. one  of glacial and one of 
nonglacial cha rac te r ,  a r e  :cognized. Within the  glacial  
ter ra in  two  s e t s  of marine l imi t  fea tures  a r e  mapped and 
dated. The older marine l imi t  was formed upon deglaciation, 
and t h e  younger apparently by a transgression in an  ice-f ree  
a rea .  

Nonglacial Terra in  

The gneissic terrain,  which northwest of Creswell  Bay 
lies higher than approximately 330 m (Fig. l ) ,  i s  char-  
ac t e r i zed  by broad valleys and summi t s  and a well in tegra ted 
drainage sys tem with a virtual absence of lakes. The summi t s  
have a fe lsenmeer  and grus cover  which is  in ter rupted by 
tors;  t h e  hillslopes have cryoplanation t e r r aces  with 
fe lsenmeer  and grus cover,  and t h e  valleys a r e  choked with 
vas t  soliflual accumulations of fines, t h e  source  of which i s  
upslope grus. In short ,  th is  landscape is  t h e  product of long 
continued denudation, planation, and megascale  slope sor t ing 
by periglacial processes (Fig. 2, 3). During t w o  days  of foo t  
traversing in th is  ter ra in  no e r r a t i c s  or  o ther  signs of 
glaciation were  found. Far ther  north in  a similar landscape, 
however, Dyke (1976) repor ted  t h e  presence of a . f e w  highly 
weathered l imestone erra t ics ;  thus i t  is  likely t h a t  a t  some  
t i m e  the  area ,  along with the  remainder of t h e  island 
(Nettervil le e t  al., 1976b), was inundated by an i ce  sheet .  
Indeed, th is  nonglacial ter ra in  may be a relict  f rom preglacial  
t ime  having survived under a ser ies  of nonerosive Quaternary  
i c e  sheets.  This is t h e  in terpre ta t ion invoked fo r  many similar 
areas  in Scotland, Greenland, and Canada by Sugden (1968, 
1974) and Sugden and Wat ts  (1977). The processes t h a t  have 
shaped t h e  terrain,  however,  a r e  ac t ive  today, and th is  makes 
i t  difficult  t o  accep t  t h e  "pre-glacial relict" hypothesis. 

Glacial  Terra in  

There is a profound di f ference  between the  ter ra in  
discussed above and the  remainder of t h e  map a r e a  (Fig. 1). 
The boundary between t h e  t w o  t e r r a in  types  i s  sharply 
deliniated a t  330 m by l a t e ra l  me l twa te r  channels (Fig. 1, 4). 
On t h e  proximal s ide  of t h e  boundary, gneissic bedrock is  
ubiquitously i c e  moulded o r  covered wi th  t i l l  with abundant 
and easily recognized crra t ics ,  dra inage pa t t e rns  a r e  
deranged, and  ponds and .tu-. a r e  numerous. The gneissic 
bedrock i s  not  unweathered as glacial  grooves and s t r i a e  
usually a r e  found only where  t i l l  recent ly  has been removed 
and heavy-mineral r ich fol ia  commonly a r e  d is in tegra ted t o  a 
depth of 2 t o  3 cm.  No s t r i a e  o r  grooves have been mapped on 
sedimentary  bedrock in t h e  m a p  a rea ,  and where  t i l l  cover  i s  
absent  these  rocks commonly a r e  mantled with fe lsenmeer  or 
a sil ty rubbly diamicton produced by weathering. Thus, a 
considerable amount  of postglacial  weathering has been 
accomplished, but th is  i s  miniscule when compared t o  t h a t  
which has occurred on t h e  nonglacial terrain.  Because the  
boundary between t h e  two  di f ferent ly  weathered t e r r a ins  is  
marked by ice-marginal fea tures ,  t hese  f ea tu res  probably 
mark a glacial limit. If this i s  t h e  case ,  t h e  advanced 
weathering of t h e  nonglacial ter ra in  might be used a s  an  
argument  t h a t  i t  has been i c e  f r e e  a t  l ea s t  s ince  t h e  Illinoian. 
The d a t a  below substant ia te  this proposition, but  before  
discussing t h e  a g e  d a t a  i t  is  useful t o  out l ine  t h e  general  s ty l e  
of glaciation as this  d i f fers  substantially f r o m  earlie1 
concepts.  

Glaciation and Recession 

Till f lutings and glacial grooves and s t r i a e  show t h a t  t h e  
a r e a  south  and west  of Creswel l  Bay and Stanwell-Fletcher 
Lake was inundated complete ly  by a n  eastward-flowing 
foreign (Laurentide?) i c e  shee t  which was  sufficiently th ick  
t o  over top t h e  highest summits  (ca. 500 m) without not iceable  
topographic channelling of flow (Fig. I). This flow direction 
is also spectacular ly  recorded by large  fiords and U-shaped 
troughs such a s  F i t z  Roy Inlet  (Fig. 5). The pervasive 
eas tward flow requires a significant i c e  dispersal a r e a  west  of 
t h e  island r a the r  than t o  t h e  south  a s  suggested by ear l ier  
workers. 

The ice  sheet  thinned northward as indicated by 
eff ic ient  topographic channelling of flow in t h e  Stanwell-  
Fle tcher  Lake a r e a  and by t h e  above mentioned t r iml ine  a t  
330 m marking t h e  l imi t  of glacial  erosion and deposition, 
North of t h e  head of Creswell  Bay, southward or iented roches 
moutonnde and me l twa te r  channels indicate  t h a t  t h e  foreign 
ice  coalesced with a local i ce  c a p  s i tua t ed  e a s t  of t h e  
nonglacia l ter ra in .  Obviously, only p a r t  of t h e  local  i c e  c a p  
f ea tu res  has been mapped on Figure  1. O the r  a reas  with 
me l twa te r  channels (Craig, 1964; Net tervi l le  et al., 1976a) 
indicate  t h a t  t h e  i c e  c a p  m a y  have covered much o r  a l l  of t h e  
nor theas tern  ca rbona te  plateau. 

The nes ted side-hill me l twa te r  channels show t h a t  a 
lobe of i c e  r e t r e a t e d  nor thwestward in t h e  Stanwell-Fletcher 
Lake a r e a  and t h a t  t h e  local i c e  c a p  r e t r ea t ed  generally 
northward with i c e  remaining in broad shallow valleys l a t e r  
than on interfluves.  

Pre-Holocene Marine  Sediments  

As the  i ce  r e t r ea t ed  f rom Creswel l  Bay, de l t a i c  
sediments  were  deposited a t  t h e  mouths of me l twa te r  
channels, some  of which a r e  presently dry or  ca r ry  misf i t  
s t reams.  The highest such de l t a  lies a t  205 m a.s.1. a t  t he  
head of Creswel l  Bay. 

On t h e  north s ide  of Creswel l  Bay, near  i t s  mouth, a 
de l t a  whose top  is  a t  180 m a.s.1. occupies t h e  headwate r s  of 
t h e  modern drainage sys tem (Fig. 1, 6 ) .  The de l t a  overlies 
sandstone bedrock but i t s  topset  gravels  conta in  numerous 
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Figure 1. A map  of southern Somerset  lsland showing nonglacial ter ra in  (dot ted  areas),  l a t e ra l  me l twa te r  channels (arrows with 
single barbs which indicate  t h e  down-ice side), subglacial  me l twa te r  channels (arrows with double barb), glacial  grooves 
and s t r i a e  (arrows with c re scen t i c  barbs), f lutings in t i l l  ( shaf ts  with dots), f iords and troughs (large open arrows), pre- 
Holocene marine del tas  (black triangles), a pre-Holocene marine  beach (hachured line), a de l t a  marking t h e  Holocene 
marine  l imit  (black dot), and the  elevations of raised mar ine  deposits in me t re s  (numbers beside symbols). 



Figure 2. 

Ground view of a summit  in t h e  nonglacial 
terrain.  The dominant f ea tu res  a r e  fe lsenmeer  
(foreground) and tors  (on skyline). GSC 203014-4. 

Figure 3. 

Ground view of t h e  headwaters  of a broad 
valley in t h e  nonglacial terrain.  The valleys a r e  
being fi l led with large  soliflual accumulations 
consisting mainly of sand and f iner  mater ia l  
derived f rom grus on the  surrounding slopes. '- *. - .- . 
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Figure 4. P" -- 
Low angle  aer ia l  view of l a t e ra l  mel twat& 
channels (snow-filled l inear depressions) in gneiss 

-.- just e a s t  of t he  nonglacial terrain,  north of 
Creswell  Bay. GSC 203014-R. 
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Figure 5. 

Low angle aerial view eastward along F i tz  Roy 
Inlet. The sidewalls a r e  about 300 m hieh. 

Figure 6. 

P a r t  of airphoto A16080-104 (National Airphoto 
Library, Canada) showing features  and sample 
s i tes  in an a rea  north of the  mouth of Creswell 
Bay. Si te  1 i s  a del ta  whose top is 180 m a.s.1. 
The arrow near i t  locates the  collection s i t e  of 
t h e  wood dated a t  >38 000 years old (GSC-2542). 
The broken line marks the  highest beach ridge 
a t  145 m a.s.1.; DCA-77-Sll i s  a shell sample 
from this beach. The dotted line marks a wave- 
cu t  notch a t  125 rn a.s.1.; GSC-2596 is a shell 
sample from this level. Scale is 
approximately 1:60 000. 
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grani t ic  boulders. These could have been transported e i ther  
f rom the  shield of western Somerset  Island by t h e  foreign i ce  
or  f rom the  conglomerate fac ies  of t he  local bedrock, which 
outcrops 3 km west of the  del ta ,  by t h e  local ice  cap. Their 
well  rounded na tu re  favours  t h e  l a t t e r  a s  t h e  source. 

Splintered wood identified as spruce  by L.D. Farley-Gill 
(GSC Wood Identification Repor t  77-43) but  a s  Siberian Larch 
by H. Zalasky (Northern Fores t  Research Cen t re ,  Depar tment  
of Fisheries and Environment, Edmonton) was collected f r o m  
t h e  eroded slope of this del ta  a t  160 m a.s.1. and was dated 
a t  >38 000 years (GSC-2542). The wood could only have moved 
down from i ts  original position of deposition. Hence, assuming 
t h e  mater ia l  is  driftwood, i t  relates t o  a re la t ive  s e a  level 
stand higher than 160 m. 

The highest beach gravels in th is  a r e a  form a distinct 
l ine  at 145 m a.s.1. (Fig. 6). A large sample  (DCA-77-S11) of 
Hiate l la  a rc t i ca ,  consisting mostly of whole valves, was  
col lec ted f rom an a r e a  of a few square  me t re s  on t h e  
foreslope of the  highest beach ridge. The shells were  
abundant around t h e  ent rances  t o  lemming burrows, which 
indicates tha t  they originally were  embedded in t h e  material .  
The shells were  analyzed by t h e  amino-acid method and were  
e s t ima ted  t o  be >4O 000 years  old; they probably a r e  ear ly  
Wisconsin in age (G.H. Miller, pers. comm., 1977). The shells 
have not been dated radiometrically but a r e  almost cer ta in ly  
beyond the  range of the  radiocarbon dating method. The 
samples indicate t h a t  deglaciation and emergence  occurred 
prior t o  t h e  l a t e  Wisconsin. An a l ternat ive  explanation i s  t h a t  
both t h e  wood and shells were  t ranspor ted  t o  t h e  a r e a  by l a t e  
Wisconsin i c e  and were  incorporated in to  Holocene marine  
sediments.  However, tlie preservation of t h e  shells a s  whole 
valves and t h e  unlikelihood of discovering e r r a t i c  wood make 
this a l ternat ive  much less a t t rac t ive .  

Holocene Marine L imi t  

The highest mar ine  sediments  locally which have 
yielded fossils of Holocene age coincide in elevation with a 
pronounced wave-cut notch in the  sandstone bedrock a t  125 m 
a.s.1. (Fig. I and 6). Shells (Mya t runca ta  and Hiate l la  a r c t i c a )  
col lec ted f rom highly fossil iferous upper foreset  sands of a 
smal l  de l t a  graded- t o  th i s  level were  da ted  at 9270 2 90 yea r s  
(GSC-2596). The presence of t h e  notch indicates t h a t  t h e  s e a  
s tood at this level for  a considerably longer period than i t  did 
a t  others. The age of this sample  is  similar t o  those of seven 
other  samples f rom high level Holocene marine f ea tu res  on 
other  pa r t s  of t he  island. 

A pi t  excavated a t  100 m a.s.1. a t  a s i t e  downslope f rom 
t h e  wave-cut notch showed tha t  thin fossiliferous beach 
gravels overlie decomposed sandstone bedrock in which t h e  
original bedding i s  s t i l l  recognizable; a natura l  s t r eam c u t  at 
13  m a.s.1. exposes Holocene marine  sediments  overlying I m 
of weathered ca rbona te  bedrock which grades downward t o  in 
p lace  bedrock. These buried paleosols presumably record a 
subaerial  weathering in terval  of considerable duration t h a t  
likely followed deglaciation and emergence  and t h a t  preceded 
a l a t e r  marine transgression, possibly t o  t h e  Holocene marine  
limit. If relative sea  level fe l l  below 13  m a.s.1. following 
deglaciation and l a t e r  transgressed t o  125 m a.s.l.to form t h e  
Holocene marine l imit ,  both the  init ial  unloading of ear ly  o r  
middle Wisconsin i ce  and subsequent re-loading of the  region 
(though not  necessarily t h e  island) by l a t e  Wisconsin i c e  were  
sepa ra t e  major events. 

Summary 

Southern and western  Somerset  Island were  inundated 
by a foreign i c e  sheet  t h a t  flowed on to  t h e  island f r o m  a 
major but undefined, and hi ther to  unrecognized, a r e a  of i ce  
dispersal t o  the  west. On t h e  southernmost pa r t  of t h e  island 
th i s  ice  was sufficiently thick t o  inundate summits  rising t o  

500 m elevation and t o  defy topographic channelling of flow. 
The i c e  sheet  thinned northward, and in t h e  Stanwell-Fletcher 
Lake basin i ce  flow was severely topographically channelled. 
The ice  margin, which is  marked by l a t e ra l  mel twater  
channels, lay agains t  t h e  western side of t h e  gneissic p la teau 
along t h e  330 m contour.  A lobe of foreign i c e  flowed in to  
Creswel l  Bay where  i t  coalesced with t h e  southern edge of 
t h e  i c e  c a p  cen t r ed  on t h e  nor theas tern  ca rbona te  plateau. 
The western  margin of this l a t t e r  i c e  cap,  which also is 
marked by l a t e ra l  mel twater  channels, lay  agains t  t h e  eas t e rn  
s ide  of t h e  gneissic plateau approximately  along t h e  330 m 
contour.  Nested side-hill me l twa te r  channels show t h a t  t h e  
foreign i ce  margin receded northwestward in the  Stanwell- 
F l e t che r  Lake basin and tha t  t he  local i c e  cap  receded 
generally northward. 

During r e t r ea t  proglacial del tas  were  deposited in the  
s e a  which was a s  much as  205 m above present  s ea  level in 
Creswel l  Bay. Driftwood f rom 160 m a.s.1. and shells f rom a 
beach ridge a t  145 m a r e  beyond t h e  range of radiocarbon 
dat ing and a r e  probably of ear ly  or  middle Wisconsin age  - 
i.e. re la ted  t o  r e t r e a t  of an  ear ly  Wisconsin i c e  load. This i s  

a significant revision of t h e  ear l ier ,  and  s t i l l  prevalent,  
concept  t h a t  t he  l a s t  major glaciation of t h e  island occurred 
during t h e  l a t e  Wisconsin. If t he  a r e a  was covered by l a t e  
Wisconsin ice  both the  wood and shells must  be glacial 
e r r a t i c s  t h a t  have been incorporated in to  mar ine  sediments.  

The apparent  Holocene marine l imi t  a t  t he  mouth of 
Creswel l  Bay is  marked by a wave-cut notch in bedrock and 
da te s  f rom 9270 ? 90 years  B.P. The Holocene marine  gravels  
over l ie  deeply weathered (disintegrated) bedrock indicating 
t h a t  a mar ine  transgression followed a substant ia l  period of 
subaerial  weathering. 

Acknowledgments 

Field Work during 1975 and 1977 was  supported by t h e  
Polar Cont inenta l  Shelf Project ,  Depar tmen t  of Energy, 
Mines and Resources.  Capable  field ass is tance  was rendered 
by Rober t  Helie and Steven Black. The manuscript was read 
by D.A. Hodgson and R. J. Fulton. 

Refe rences  

Bryson, R.A., Wendland, W.M., Ives, J.D., and  Andrews, J.T. 
1969: Radiocarbon isochrones on t h e  disintegration of 

the  Laurentide Ice Sheet;  Arc. Alp. Res., v. I ,  
p. 1-14. 

CLIMAP 
1976: The surface  of t he  ice-age ea r th ;  Science, v. 191, 

p. 1131-1137. 

Craig,  B.G. 
1964.: Surficial  geology of Boothia Peninsula and 

Somerset ,  King William, and Pr ince  of Wales 
Islands, Dis t r ic t  of Franklin; Geol. Surv. Can., 
Paper  63-44, 10 p. 

Craig,  B.G. and Fyles,  J.G. 
1960: Pleistocene geology of Arc t i c  Canada; Geol. 

Surv. Can., Paper 60-10, 21 p. 

Dyke, A.S. 
1976: Tors and associated weather ing phenomena, 

Somerset  Island, District  of Franklin; in Repor t  of 
Activit ies,  P a r t  B; Geol. Surv. Can., Paper  76-IB, 
p. 209-216. 

Jenness,  J.L. 
1952: Problem of glaciation in t h e  western  islands of 

Arc t i c  Canada; Geol. Soc. Am., Bull., v. 63, 
p. 939-952. 



Nettervil le,  J.A., Dyke, A.S., and Thomas, R.D. 
1976a: Surficial geology and geomorphology of Somerse t  

and Northern Pr ince  of Wales Islands; Geol. Scrv. 
Can., Open Fi le  357, 5 photomosaic maps a t  
1:125 000 scale.  

Nettervil le,  J.A., Dyke, A.S., Thomas, R.D., and 
Drabinsky, K.A. 

1976b: Terrain inventory and Quaternary  geology 
Somerse t ,  Pr ince  of Wales and adjacent  islands; in 
Repor t  of Activit ies,  Pa r t  A; Geol. Surv., Can., 
Paper 76-IA, p. 145-154. 

P re s t ,  V.K. 
1969: Re t r ea t  of Wisconsin and Recen t  ice  in North 

America ;  Geol. Surv. Can., Map 1257A. 

Sugden, D.E. 
1968: The se lec t iv i ty  of glacial  erosion in t h e  Cairngorm 

Mountains, Scotland; Inst. Br. Geogr., Trans., 
v. 45, p. 79-92. 

1974: Landscapes of glacial  erosion in Greenland and 
the i r  relations t o  ice,  topographic  and bedrock 
conditions; in Progress in Geornorphology - Papers  
in honour of D.L. Linton, ed .  E.H. Brown and 
R.S. Waters;  Inst. Br. Geogr., Spec. Publ., no. 7, 
p. 177-193. 

1976: Glacial  erosion by t h e  Laurent ide  Ice Sheet  and i t s  
relationship t o  ice ,  topographic  and bedrock con- 
ditions; Dep. Geogr., Univ. Aberdeen, 86 p. 

Sugden, D.E. and Watts,  S.H. 
1977: Tors, f e lsenmeer ,  and g lac ia t ion  in northern 

Curnberland Peninsula, Baffin Island; Can. J. 
Ear th  Sci., v. 14, p. 2817-2823. 



NOTE TO CONTRIBUTORS 

Submissions t o  t h e  Discussion section of Current Research a r e  welcome f rom 
both the  staff  of the  Geological Survey and f rom the  public. Discussions a r e  l imited t o  
6 double-spaced typewri t ten  pages (about 1500 words) and a r e  subject t o  review by t h e  
Chief Scientific Editor. Discussions a r e  res t r ic ted  t o  t h e  sc ient i f ic  content  of 
Geological Survey reports.  General discussions concerning branch or  government policy 
will not be  accepted.  Illustrations will be  accep ted  only if ,  in t h e  opinion of t h e  edi tor ,  
t hey  a r e  considered essential .  In any  case no redraf t ing will be  undertaken and 
reproducible copy must  accompany t h e  original submissions. Discussion is  l imited t o  
r ecen t  reports (not more  than 2 years  old) and may be  in e i ther  English o r  French. 
Every e f f o r t  is made t o  include both Discussion and Reply in the  s a m e  issue. 
Current Research is published in January, June and November. Submissions for t hese  
issues should b e  received not  la ter  than November 1, April I ,  and September I 
respectively.  Submissions should b e  sen t  t o  t h e  Chief Scientific Editor, Geological 
Survey of Canada, 601 Booth S t r ee t ,  O t t awa ,  Canada, K I A  OE8. 



Ill : DISCUSSIONS AND COMMUNICATIONS 

TWO MAJOR PROTEROZOIC UNCONFORMITIES, 
NORTHERN CORDILLERA: DISCUSSION 

G.M. Yeo, G.D. Delaney, and C.W. Jefferson 
Depar tment  of Geology 
University of Western Ontario,  London, Ontario,  N6A 5B7 

Manuscript received April 3, !978 

A recent  paper "Two major eroterozoic  unconformities, 
northern Cordillera" (Eisbacher, 1978), while presenting 
valuable new information about  t h e  regional s t ra t igraphy of 
t h e  northern Cordillera and a st imulating "working synthesis" 
of i t ,  invites a number of important  cri t icisms. In t h e  
following discussion w e  shall  comment ,  f i rs t ,  on t h e  Prote-  
rozoic stratigraphy and tec tonics  of t h e  Wernecke Mountains 
region, second, on t h a t  of t h e  Mackenzie Mountains, and, 
third,  on the  na tu re  and significance of t h e  two  major 
Proterozoic unconformities recognized by Eisbacher. Finally 
w e  shall propose an  a l ternat ive  corre la t ion between t h e  
Proterozoic  succession seen in Wernecke Mountains and t h a t  
of t h e  Mackenzie Mountains. 

The Wernecke Assemblage 

Both Green (1972) and Bell and Delaney (1977) recog- 
nized a threefold subdivision of the  lowermost Proterozoic  
sequence exposed in t h e  Wernecke Mountains (cf. Eisbacher, 
1978, p. 54). The lowest subdivision, t he  Fairchild Lake 
Group (Delaney, Young e t  al., in press; Delaney, in prep.) 
consists of a t  leas t  4000 m of light grey-weathering sil tstones 
which a r e  locally ca rbona te  rich. Conformably overlying t h e  
Fairchild Lake Group is t h e  Quar t e t  Group (ibid.) which 
comprises a t  least  5000 m of dark grey-weathering shales and 
sil tstones with some  sandstone intercalations near t h e  top. 
The Gillespie Lake Group (ibid.) overlies the  Quar t e t  Group 
with an apparently transit ional contact .  The Gillespie Lake 
Group consists of approximately 3000 m of orange t o  buff 
weathering dolostone. This sequence has been informally 
named the  "Wernecke supergroup" (ibid.). 

S t ructura l  t rends  a r e  north-northeast  in the  eas tern-  
most  exposures of t h e  "Wernecke supergroup"; however, t h e  
dominant s t ructura l  trend of t h e s e  rocks in t h e  Wernecke and 
Ogilvie mountains is  west-northwest (Green, 1972; Delaney, 
i n  prep.). Norris and Hopkins (1977) suggested t h a t  t h e  local 
north-northeast  t rend may be  re la ted  t o  d i f ferent ia l  move- 
men t  and subsequent ro ta t ion along splays or  t h e  Knorr Fault .  
Hence although t h e  s t ruc tu ra l  t rend in t h e  type  a r e a  of t h e  
Racklan orogeny (Wheeler, 1954; Gabrielse, 1967; Eisbacher, 
1978) is  north-northeast ,  t h a t  is  not  t h e  cha rac te r i s t i c  
s t ructura l  trend of t h e  "Wernecke Assemblage". 

Other  f ea tu res  of t h e  "Wernecke supergroup1' re levant  
t o  regional correlation are:  I )  t h e  e n t i r e  sequence is c u t  by 
immense  heterol i th ic  breccia  complexes (Fig. I )  containing U, 
Cu,  Co, Fe ,  and Ba mineralization (Bell and Delaney, 1977; 
Bell, 1978; Delaney et al., i n  press); 2) most  of t h e  "Wernecke 
supergroup" has been metamorphosed t o  lower greenschist  
f ac i e s  and locally (near t h e  margins of breccia  complexes  and 
along faul t  zones) is a t  t h e  upper greenschist  g rade  (Young et 
al., in press; Delaney, in prep.); 3) copper mineralization 
occurs  throughout t h e  Wernecke succession. 

Mackenzie Mountains 

Proterozoic s t r a t a  in the  Mackenzie Mountains consti-  
t u t e  two major sequences informally named (as shown in 
Fig. I )  t he  "Mackenzie Mountains supergroup" and t h e  "Ekwi 
supergroup" (Young e t  al., in press; Jef ferson,  in press; Yeo, 
in press; Young e t  al., in prep.). The regional s t ra t igraphy 
and tec tonic  f ramework of t h e  sequence have been described 
by Gabrielse et al. (1973), Aitken e t  al .  (1973), Aitken and 
Cook (1974a, b), Eisbacher (1976, 1977, 19781, Aitken (1977), 
Aitken et al. (19781, Young et al .  (in press), Young e t  al. (in 
prep.) and others. Only those  a spec t s  of Eisbacher's r ecen t  
paper requiring c lar i f ica t ion will be  discussed below. 

The c o n t a c t  between t h e  Redstone River Format ion and 
t h e  underlying L i t t l e  Dal  Format ion does  no t  appear  t o  be a 
major s t ra t igraphic  break. A conformable  relationship is  
widely observed (Jefferson, in Young et al., in press; 
Jefferson, in press). This con tac t ,  indicated by Eisbacher 
(1978, p. 53 and Fig. 12.1) t o  be  an  unconformity,  i s  locally 
"abrupt". We a g r e e  with Eisbacher (1978, p. 53) t h a t  
"contemporaneous faul t ing and regional arching along 
northerly t o  nor theas ter ly  t rends  probably account  fo r  mos t  
of t h e  rapid f ac i e s  changes  and suggest a pronounced change 
in t ec ton ic  se t t i ng  in t h e  region during deposition of t h e  
Redstone". However, because  conformable  con tac t s  have 
been documented between t h e  L i t t l e  Dal Group and Redstone 
River Formation, w e  suggest t h a t  t h e  change in sedimentary  
style and t h e  t ec ton ic  phenomena r e l a t ed  t o  this merely 
r e f l ec t  t he  init iation and ear ly  pulses of t h e  even t  which 
culminated in . the  Racklan orogeny which is  indicated by t h e  
major s t ra t igraphic  break between t h e  "Mackenzie Mountain 
supergroup" and the  "Ekwi supergroup". 

Eisbacher (1978, p. 54) suggested t h a t  t he  major 
unconformity separa t ing t h e  "Mackenzie Mountains super- 
group" and t h e  "Ekwi supergroup" locally occurs within t h e  
Sayunei Formation. In t h e  Ni te  Creek a r e a  in Sekwi 
Mountains he reported t h a t  "carbonate  s t r a t a  of t he  
Coppercap Formation and basal buff maroon sil tstone of t h e  
Sayunei Formation a r e  deformed in to  large  folds and broken 
by faults...". This is  in accord with our observations. We a r e  
not convinced however,  t h a t  "the folds a r e  t runcated and 
overlain with angular unconformity by sharpstone conglo- 
merates...". The crucia l  f ea tu re ,  t h e  or thoconglomerate  t h a t  
is  supposed t o  t runca te  t h e  folds, appears  t o  be deformed a s  
well, although not t o  t h e  s a m e  ex ten t .  Exposure of this unit 
is  very poor, but i t  does not  appear  t o  be  'the continuous, 
sheet-l ike marker  inferred. Rapitan orthoconglomerates a r e  
typically lenticular (Eisbacher, 1976, 1978). Two al ternat ive  
in terpre ta t ions  a r e  offered here.  These could b e  younger 
(Laramide?) folds involving a more  compe ten t  ca rbona te  
shee t  between re la t ively  homogenous, less competent  rocks: 
gypsum below and sil tstone above. Eisbacher (1976) described 
evidence fo r  minor t ec ton ic  shear  within t h e  sil ty matr ix  of 
Shezal Formation mixtites,  a widespread phenomenon. Large  
amounts  of s t r a in  could b e  accommodated in  Rapi tan  
sediments  by such shearing. This s ty l e  of deformation is 
discussed by Johnson (1970) and Johnson and Ellen (1974). 
They might also be  penecontemporaneous,  large  scale,  slump 
folds. Both l a rge  and small  s ca l e  in t raformat ional  folds and 
slump fea tu res  a r e  common in a l l  of t h e  units of t h e  Rapi tan  
in  which beds compe ten t  t o  a c t  as s t r a in  markers  can b e  
recognized. In any case, i t  is  difficult  t o  reconcile t h e  
dilational t ec ton ic  r eg ime  proposed by Eisbacher (1976, 19771, 
and supported by our own observations,  with compressional 
f ea tu res  (Eisbacher, 1978). 

From: Discussions and Communications 
in Current  Research, P a r t  B; - 
Geol. Surv. Can., Paper  78-1B. 
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The Sayunei Formation is defined (Eisbacher, 1978, 
p. 53) a s  "a monotonous argil l i te-sil tstone sequence in ter -  
layered with lenticular bodies of sharpclast  siltstones". Are 
t h e  maroon mixtites reported ear l ier  (Eisbacher, 1977) f rom 
t h e  Lower Rapitan t o  be  excluded? Greenish mixt i tes  occur 
below t h e  rhythmic argil l i tes in Thundercloud Range (Yeo, & 
Young et al., in press). I t  is  no t  made c l ea r  t h a t  t h e  
homotaxial  equivalent of t h e  Sayunei Formation in t h e  Snake 
River a r e a  (informally named t h e  Snake River Formation by 
Yeo, fi Young et al., in press) is  not a t  all  like t h e  Sayunei 
described by Eisbacher (1978) but comprises massive and 
crudely laminated s t ra t i f ied  mixt i tes  with minor orthoconglo- 
mera te  (commonly with rounded clasts), sandstone, and iron 
formation. These a r e  in terpre ted a s  glacial-marine t i l l i tes 
and flow ti l l i tes (Zlegler, 1959, Yeo in Young e t  al., in press; 
Yeo, in press). It should be emphasized t h a t  this is t h e  
original type a rea  of t he  Rapitan Group (Green and ,Godwin, 
1963) although nearly all subsequent descriptions (e.g. 
Gabrielse e t  al., 1973; Aitken e t  al., 1973; Eisbacher,  1976, 
1977) and stratigraphic nomenclature a r e  derived from t h e  
equivalent rocks f a r  t o  t h e  southeast .  

No convincing evidence for subaerial  exposure in the  
lower Rapitan has eve r  been reported (polygonal s t ruc tu res  
found south of t he  North Redstone River and believed by 
Gabrielse et al. (1973) t o  b e  mudcracks a r e  probably infilled 
synaeresis cracks  similar t o  s t ruc tu res  seen north of t h e  
North Redstone). I t  t he re fo re  seems  unlikely t h a t  sandstone 
and conglomerate  lenses in t h e  lower Rapi tan  south of 
Rapi tan  Creek "could represent  environments of braided 
rivers" (Eisbacher, 1978, p. 55), especially when these  occur- 
rences  a r e  down-basin (Eisbacher, 1977, Fig. 46.9) f rom t h e  
glacial  marine mixt i tes  mentioned above. A submarine 
channel origin is preferred. 

In his discussion of the  Rapitan basin, Eisbacher (1978, 
p. 57) indicated t h a t  t h e  Shezal Formation represents  a 
regional glaciation. Nowhere is i t  made c lear  t h a t  t he  
Sayunei Formation was also deposited under glacial  conditions 
a s  is  indicated by a host of f ea tu res  including glacial-marine 
t i l l i tes,  dropstones, s t r ia ted  clasts,  till pellets,  and till balls 
(Ziegler,  1959; Young 1976; Yeo in Young e t  al., in press). 

Although i t  i s  not impossible t h a t  t h e  e u s t a t i c  s e a  level 
changes  recorded in t h e  Keele and Sheepbed format ions  might 
be due t o  glaciation (perhaps t h e  second l a t e  Precambrian 
glacial  even t  repor ted  in Australia, Scandinavia, and other  
pa r t s  of t h e  world), i t  s t ra ins  credulity t o  ca l l  upon a glacial  
mechanism t o  explain this without any  lines of supporting 
evidence (e.g. glacial  f ea tu res  in stratigraphically equivalent 
rocks). By this argument  any s e a  level  changes  might r e f l ec t  
t h e  waning and waxing of glaciers and t h e  e n t i r e  s t ra t igraphic  
record could be one of continuous glaciation somewhere  else! 

The reasoning behind Eisbacher's (1977; 1978, Fig. 12.1) 
inclusion of t h e  Keele  Formation within t h e  Rapi tan  Group 
has not been made explicit .  We concur t h a t  s ince  t h e  Twitya 
sil tstones and t h e  Keele  Formation interfinger and a r e  a t  
leas t  partly facies-equivalent,  i t  is  reasonable t o  group them 
together .  We suggest,  however, t h a t  a new group be c rea t ed  
for this purpose and the  name  "Rapitan Group1' be  used in i t s  
original sense  (Green and Godwin, 1963) t o  include only t h e  
mixt i tes ,  mudstones, conglomerates,  and iron formation. We 
suggest t h a t  t h e  Twitya and Keele  format ions  (and thei r  
equivalents,  if any, t o  t h e  west )  be  included in  t h e  Hay Creek  
Group (Yeo, in press). Examination of t h e  development of 
s t ra t igraphic  nomencla ture  for  t h e  youngest Proterozoic  
sequence of Mackenzie Mountains (Table I )  makes  i t  apparent  
t h a t  t h e  Twitya sil tstones were  included in  t h e  Rapi tan  fo r  
mapping convenience (Grabrielse et al., 1973, p. 20) since n o  
o the r  explanation fo r  t h e  expansion of t h e  Rapi tan  Group 
f rom Green and Godwints (1963) original usage was  given. If 
Eisbacher's proposed second expansion of t h e  Rapitan Group 
is accep ted  we shall have an unusual sequence comprising t w o  

very distinctive and unrelated sedimentary  assemblages,  one  
representing a glaciation and the  other  a shallowing upwards 
cycle ,  in which a t  leas t  local unconformity sepa ra t e s  every  
format ion,  but excluding t h e  Sheepbed Format ion which lies 
conformably above it! 

Proterozoic  unconformities 

The type  a r e a  fo r  t h e  Racklan orogeny is  in t h e  
nor theas tern  par t  of t h e  Rackla  Range of t h e  Wernecke 
Mountains, where  t h e  Pinguicula Group (Eisbacher, 1978) 
unconformably overlies t h e  "Wernecke supergroup". This 
unconformity was f i r s t  described by Wheeler (1954) but  he  
was  uncertain of t h e  ages  of t h e  units concerned and did not 
name  it. Gabrielse (1967, p. 275) equated t h e  s t ra t igraphic  
discordance described by Wheeler with t h e  unconformity 
between the  Rapitan and older s t r a t a  in t h e  Mackenzie 
Mountains. He named the  event  associated with both 
unconformities, t he  Racklan orogeny. In a l l  subsequent 
usage, t he  unconformity below t h e  Rapitan is considered t o  
be the  expression of t h e  Racklan orogeny (Douglas, 1970; 
Wheeler and Gabrielse,  1972; S tewar t ,  1972, 1976; and 
others).  The equating of the  Racklan orogeny with the  East 
Kootenay orogeny, t h e  t ec ton ic  event  preceding deposition of 
t h e  glaciomarine Toby Formation in t h e  southern  Canadian 
Cordillera, i s  a lso  f i rmly entrenched in  t h e  l i t e r a tu re  
(Douglas, 1970; Gabrielse,  1972; Monger et al., 1972; Harrison 
et al., 1974; S tewar t ,  1976; and others). Thus, although t h e  
type  locali ty of t h e  Racklan orogeny is an a r e a  in  which t h e  
Pinguicula Group unconformably overlies deformed 
"Wernecke supergroup" rocks, t h e  t e r m  "Racklan orogeny" has  
always been used t o  deno te  a younger t ec ton ic  even t  marked 
by t h e  unconformity between rocks of t h e  Rapi tan  Group and 
t h e  "Mackenzie Mountains supergroup1'. Since th is  is  f irmly 
entrenched usage, w e  advoca te  retaining t h e  t e r m  "Racklan 
orogeny" in i t s  accep ted  sense.  We suggest t he  name  
"Nadaleen orogeny" (Young e t  al., in prep.) for t h e  tec tonic  
disturbance responsible for t h e  older unconformity between 
t h e  Pinguicula Group and the  "Wernecke supergroup" which is 
exposed in the  Nadaleen map a r e a  (Blusson, 1974). 

Regional correlation 

Based upon t h e  preceding discussion, a revised s t ra t i -  
graphic correlation between t h e  Proterozoic  sequences of t h e  
Wernecke and Mackenzie mountains is  proposed in  Figure I. 
The lowest succession in t h e  Wernecke Mountains, t h e  
"Wernecke supergroup", consists of f ine  grained c las t ics  
conformably overlain by dolostones. These rocks have been 
metamorphosed t o  at leas t  lower greenschist  facies.  
Heteroli thic,  mineralized breccias c u t  t h e  e n t i r e  "Wernecke 
supergroup". The main  s t ructura l  trend of th i s  succession is 
west-northwest and t h e  even t  responsible for  th is  deform- 
a t ion,  which includes overturned s t r a t a ,  is  t h e  "Nadaleen 
orogeny". In the  eas t e rn  Wernecke Mountains, rocks of t h e  
"Wernecke supergroup" a r e  unconformably overlain by those  
of t h e  Pinguicula Group (Eisbacher, 1978). We support  
Blussonls proposal (pers. comm. t o  Jefferson,  1978) t h a t  t h e  
Pinguicula Group can be corre la ted  with the  en t i r e  
"Mackenzie Mountains Supergroup", ra ther  than just t h e  
Redstone River and Coppercap formations.  Unlike t h e  
"Wernecke supergroup", t he  "Mackenzie Mountains super- 
group" is virtually unmetamorphosed; i t  is not c u t  by 
mineralized intrusive breccia  complexes; nor does  i t  exhibit  
t h e  in tense  s t ruc tu ra l  deformation of t h e  "Wernecke super- 
group". In addition, t h e  Pinguicula Group has  many charac-  
ter ls t ics  which suppor t  comparison with t h e  "Mackenzie 
Mountains supergroup". Both conta in  sulphates  and zinc- 
bearing carbonates  and both conta in  at leas t  = shallowing 
upwards cycles  of t h e  so r t  described by Eisbacher (1976) for  
t h e  "Mackenzie Mountains supergroup". The major fold 
even t ,  here  called t h e  "Nadaleen orogenytt, which sepa ra t e s  
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t h e  "Wernecke supergroup1' and t h e  Pinguicula Group in t h e  
Wernecke Mountains can hardly be  equated  with t h e  local  
unconformity between t h e  Redstone  River  Format ion and t h e  
L i t t l e  Dal Group in t h e  Mackenzie Mountains, especially since 
t h e  l a t t e r  must l ie  closer t o  t h e  basin margin! 

Eisbacher (1978, p. 57) suggested t h a t  t h e  presence of 
copper  in t h e  lower par t  of t h e  Pinguicula Group (Har t  River 
showing) and in t h e  Redstone  and Coppercap format ions  
supported his correlation.  H e  a lso  noted ,  however, t h e  
occurrence  of "copper mineralization in L i t t l e  Dal Group, 
... Sayunei Formation,  and Keele  Formation...". Copper 
mineralization is also known in t h e  Kather ine  Group (Blusson, 
pers. comm. t o  Jefferson, 1978) and  Shezal  Format ion,  and 
throughout t h e  Wernecke supergroup". The widespread 
copper  mineralization in Proterozoic  rocks of t h e  northern 
Cordil lera does not support  any particular corre la t ion .  The 
comment  t h a t  t h e  Redstone  copper showings a r e  "stratabound 
only in  a very broad sense" (Eisbacher, 1978, p. 571, s ince  
copper occurs  throughout t h e  Proterozoic  succession,  makes  a 
mockery  of t he  t e r m ,  "strata-bound" (A.G.1. Glossary,  1972) 
and t h e  relevance of this though t o  t h e  res t  of t h e  paper is 
unclear.  Not only a r e  t h e  principal Redstone  showings s t r a t a -  
bound, bu t  they a r e  s t r a t i fo rm (Jefferson Delaney et al., in 
press;  Jef ferson,  in press). 

The correlation given he re  is a t en t a t ive  o n e  pending 
more  detailed description of t h e  Pinguicula Group. 

Conclusion 

Reasonable a l t e rna t ive  in terpre ta t ions  can be  made of 
t h e  Proterozoic  succession in t h e  nor thern  Cordil lera.  There  
appear  t o  be  th ree  major sequences  (Young et al., i n  prep.) 
s epa ra t ed  by two  major  unconformities a s  observed by 
Eisbacher (1978). The sequences  f r o m  oldest  t o  youngest are:  
t h e  "Wernecke supergroup", t h e  Mackenzie Mountains 
supergroup-Pinguicula Group, and t h e  "Ekwi supergroup1'. I t  
is  sugges ted  t h a t  t h e  even t s  separa t ing  t h e m  be  ca l led  t h e  
Nadaleen and Racklan orogenies respectively.  I t  i s  recom- 
mended t h a t  t h e  Rapi tan  be  redefined t o  include only t h e  
lower two glacigene format ions  (Sayunei and Shezal 
format ions)  and t h a t  t h e  Twitya  and Kee le  format ions  be  
included in a new group, t h e  Hay Creek  Group. 

Acknowledgments 

Each of t h e  authors  has been involved in a s t ra t igraphic  
s tudy of a pa r t  of t h e  P ro t e rozo ic  succession discussed above  
fo r  t h e  pas t  t w o  o r  m o r e  years: G.D. Delaney on t h e  
Wernecke Supergroup, C.W. Jef ferson on t h e  Redstone  and 
Coppercap format ions  and L i t t l e  Dal Group, and G.M. Yeo on 
t h e  Rapi tan  Group. We thank J.D. h i tken ,  R.T. Bell, 
S.L. Blusson, G.E. Eisbacher,  D.K. Norris, J. Ruelle,  and 
G.M. Young fo r  pas t  discussions which have  led us t o  our  
present  views. 

R e f e r e n c e s  

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

Formation and a revision of P ro t e rozo ic  map-unit 
"H5"; fi Repor t  of Activit ies,  P a r t  A, Geol. Surv. 
Can., Paper 77-IA, p. 131-135. 

Aitken, J.D. and Cook, D.G. 
1974a: Geology of pa r t s  of Mount Eduni (106A) and 

Bonnet Plume (106B) map-areas,  Dis t r ic t  of 
Mackenzie; Geol. Surv. Can., Open F i l e  Repor t  
221. 

1974b: Carcajou Canyon map-area (96D), Dis t r ic t  of 
Mackenzie;  Geol. Surv. Can., Paper  74-13. 

Aitken, J.D., Macqueen, R.W., and Usher,  J.L. 
1973: Reconnaissance s tudies  of P ro t e rozo ic  and 

Cambrian  s t ra t igraphy,  lower  Mackenzie  River 
a r e a  (Operation Norman), D i s t r i c t  of Mackenzie;  
Geol. Surv. Can., Paper 73-9, 178 p. 

Aitken, J.D., Long, D.G.F., and Semikhatov,  M.A. 
1978: Progress in Helikian s t r a t i g raphy ,  Mackenzie 

Mountains; fi Cur ren t  Resea rch ,  P a r t  A, Geol. 
Surv. Can., Paper  78-IA, p. 481-484. 

Bell, R.T. 
1978: Breccias  and uranium minera l iza t ion  in t h e  

Wernecke Mountains, Yukon Te r r i t o ry  - a progress 
repor t ;  Cur ren t  Research,  P a r t  A, Geol. Surv. 
Can., Paper 78-IA,, p. 317-322. 

Bell, R.T. and Delaney, G.D. 
1977: Geology of s o m e  uranium occu r rences  in Yukon 

Terr i tory;  Repor t  of Act iv i t ies ,  .Part  A, Geol. 
Surv. Can., Paper  77-LA, p. 33-37. 

Blusson, S.L. 
1974: Nadaleen River  map-area  of Opera t ion  Steward;  

Geol. Surv. Can., Open F i l e  no. 205. 

Delaney, G.D. 
St ra t igraphy of t h e  Wernecke Supergroup, Yukon 
Terri tory.  (in prep.) 

Delaney, G.D., Jef ferson,  C.W., Yeo, G.M., McLennan, S.M., 
Bell, R.T., and Aitken, J.D. 

Some Proterozoic  sediment-hosted m e t a l  occur- 
rences  of t h e  nor theas tern  Canadian  Cordil lera;  
Socie ty  of Economic  Geologists,  Couer  d'Alene 
Field Conference ,  Wallace, Idaho, Nov. 3-5, 1977. 
Idaho Bureau of Mines Special  Publication.  (in 
press) 

Douglas, R. J.W. 
1970: Geology and Economic  Minerals of Canada;  Geol. 

Surv. Can., Econ. Geol. Rep. 1, 838 p. 

Eisbacher,  G.H. 
1976: P ro t e rozo ic  Rapitan Group and r e l a t ed  rocks,  

Redstone  River  a r e a ,  Dis t r ic t  of Mackenzie;  fi 
Repor t  of Activit ies,  P a r t  A, Geol. Surv. Can., 
Paper  76-IA, p. 117-125. 

1977: Tectono-s t ra t igraphic  f r amework  of t he  Redstone  
Copper  be l t ,  Dis t r ic t  of Mackenzie;  fi Repor t  of 
Activit ies,  P a r t  A, Geol. Surv. Can;, Paper  77-IA, 
p. 229-234. 

1978: Two major Proterozoic  unconformities,  nor thern  
Cordil lera;  Cur ren t  Research,  P a r t  A, Geol. 
Surv. Can., Pape r  78-IA, p. 53-58. 

Gabr ie lse ,  H. 
1967: Tectonic  evolution of t h e  nor thern  Canadian 

Cordil lera;  Can. J. Ear th  Sci., v. 4, p. 271-298. 

1972: Younger Precambrian  of t h e  Canadian  Cordil lera;  
Am. J. Sci., v. 272, p. 521-536. 

Gabrielse,  H., Roddick, J.A., and Blusson, S.L. 
1965: F l a t  River,  Glacier Lake,  and  Wrigley Lake, 

Dis t r ic t  of Mackenzie  a n d  Yukon- Terri tory;  Geol. 
Surv. Can., Paper  64-52, 30 p. 

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

Lake  map-areas,  Dis t r ic t  of Mackenzie  and Yukon 
Terr i tory;  Geol. Surv. Can., Mem. 366, 153 p. 

Green ,  L,H. 
1972: Geology of Nash Creek ,  Larsen Creek  and Dawson 

map-areas,  Yukon Terri tory;  Geol. Surv. Can., 
Mem. 364, 157 p. 



Green, L.H. and Godwin, C.I. 
1963: Snake River area .  Mineral industry of t h e  Yukon 

Terr i tory  and southwestern  Dis t r ic t  of Mackenzie;  
Geol. Surv. Can., Paper  63-38, p. 15-18. 

Harrison, J.E., Criggs, A.B., and Wells, J.D. 
1974: Tectonic  Fea tu re s  of t h e  Precambrian  Belt  Basin 

and the i r  Influence on Pos t  Belt  Structures; .  U.S. 
Geol. Surv. Prof. Paper 866, 15  p. 

Jef ferson,  C.J.W. 
Stratigraphy and sedimentology, Upper Protero-  
zoic  Redstone  Copper Belt, Mackenzie Mountains, 
N.W.T. - a preliminary repor t ;  Mineral Industry 
Report  1975, Northwest Terri tories.  Indian and 
Northern Affairs Economic Geology Series 1979. 

Johnson, A.M. 
1970: Physical Processes  in Geology; Freeman,  Cooper 

and Co., San Francisco,  577 p. 

Johnson, A.M. and Ellen, S.D. 
1974: A theory of concentr ic ,  kink, and sinusoidal 

folding and of monoclinal flexuring of compres- 
sible e las t ic  multi layers;  Tectonophysics,  v. 21, 
p. 301-339. 

Monger, J.W.H., Souther,  J.G., and Gabrielse,  H. 
1972: Evolution of t h e  Canadian Cordillera: a p l a t e  

t ec ton ic  model; Am. 3. Sci., v. 272, p. 577-602. 

Norris, D.K. and Hopkins, W.S. 
1977: The Geology of t h e  Bonnet P lume  Basin, Yukon 

Terri tory;  Geol. Surv. Can., Paper  76-8, 20 p. 

S t ewar t ,  J.H. 
1972: Initial deposits in t h e  Cordil leran geosyncline: 

evidence of a l a t e  Precambrian  (850 m.y.) cont i -  
nenta l  separation; Geol. Soc. Am., Bull., v. 83, 
p. 1345-1360. 

1976: La te  Precambrian  evolution of North America:  
p la te  t ec ton ic s  implications;  Geology, v. 4, p. 11- 
15. 

Upitis, U. 
1966: The Rapitan Group, southwestern  Mackenzie 

Mountains, Nor thwest  Terr i tor ies ;  unpubl. M.Sc. 
thesis,  McGill University, Montreal ,  70 p. 

Wheeler,  J.O. 
1954: A Geological Reconnaissance of t h e  Northern 

Selwyn Mountains Region, Yukon and  Northwest 
Terri tories;  Geol. Surv. Can., Pape r  53-7. 

Wheeler, J.O. and Gabrielse,  H. 
1972: The Cordil leran s t ruc tu ra l  province; in Price ,  R.A. 

and Douglas, R. J.W. (ed.), Variations in Tectonic  
Styles in Canada ,  Geol. Assoc. Can., Spec. Paper 
11, p. 1-81. 

Yeo, G.M. 
Iron-formation in t h e  Rapi tan  Group, Mackenzie 
Mountains, Yukon and Nor thwest  Terr i tor ies ;  
Mineral  Industry Repor t  1975, Nor thwest  
Terri tories.  Indian and Nor thern  Affairs 
Economic Geology Series 1979. 

Young, G.M. 
1976: Iron-formation and glaciogenic rocks  of t h e  

Rapi tan  Group, Nor thwest  Terr i tor ies ,  Canada; 
Precam.  Res., v. 3, p. 137-158. 

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

Upper P ro t e rozo ic  s t ra t igraphy of nor thwestern  
Canada  and Precambrian  history of North 
American Cordil lera;  Socie ty  of Economic 
Geologists,  Coue r  d'Alene Field Conference ,  
Wallace, Idaho, Nov. 3-5, 1977. Idaho Bureau of 
Mines Special  Publication.  (in press) 

Young, G.M., Jef ferson,  C.W., Delaney, G.D., and Yeo, G.M. 
Precambrian  evolution of t h e  North American 
Cordil lera.  (in prep.) 

Ziegler,  P.A. 
1959: Fruhpalaozoische t i l l i te  im ostl ichen Yukon- 

Terr i tor ium (Kanada); Eclogae  Geologicae 
Helvetiae,  v. 52, p. 735-741. 



AUTHOR INDEX 

Page Page 

Abbey. Sydney ................................. 202 
Annan. A . P .  ................................. 107 
Aubut.  A ...................................... 137 

B d a n d .  J ...................................... 89 
Blake,  W., J r  .................................. 207 
Bristow, Q .................................... 151 

Campbell .  R .A .  ............................... 39 
Carneval i .  J .................................. 187 

................................. Clague.  J . J .  95 
Colwell .  J . A .  ................................. 111 
Conaway.  J . G .  ................................ 8 3  
Copeland. M.J .  ................................ 1. 65 

Davis. J . L .  ................................... 107 
Delaney. G . D .  ................................. 225 
DiLabio. R .N .  W ............................... 91 
Dyck. W ...................................... 39 
Dyke. A .S .  ................................ 215. 218 

Egginton. P . A .  ................................ 203 

Fabbri .  A.G. ................................. 169 

Gandhi.  S .S .  .............................. 137. 141 
Graham.  P .S .W.  ............................... 59 

Harris.  J . D .  ................................... 187 
................................ Heywood. W . W 7 

Hubert .  C .................................... 89 

Jef ferson.  C.W. ............................... 225 
Jonasson. I .R .  ................................. 195 

Kasvand. T .................................... 169 
Kerswill. J . A .  ................................. 45 
Killeen. P .G .  .............................. 83 .  163 
Kirkharn. R.V. ................................ 121 

Levy. E.M. ................................... 21 
Linden. R .H .  ................................. 181 
Luternauer .  J . L  ................................ 181 

MacLean. B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Martin.  F 73 

McLaren. P .................................... 191 
McLaughlin. M.F.  .............................. 175 
Morison. S . R .  ................................. 101 
Morton. R . D .................................. 137 

................................. Pe lcha t .  J . C .  39 
Poulton.  T . P .  ................................. 27 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Prasad.  N 45 

Richard.  S .H.  ................................. 115 
Richardson. K.A.  .............................. 163 
Rirnsaite.  J .................................... 49 

................................. Rober ts ,  A.C. 180 
Robe r t s ,  R .G .  ................................. 187 

................................. Rol fe ,  W.D.I.  I 

Sangster .  D .F .  ................................ 195 
................................ Sempels.  J..M. 191 

.............................. Shilts .  W.W. 91. 203 
Stevens .  G . R .  ................................. 111 
Swee t .  A .R .  ................................. 31 

Taylor.  R . B .  ................................. 101 
Thompson. R . E ................................ 181 

................................. Tippe t t .  C . R .  7 

Urnpleby. D .C .  ................................ 111 

................................... Yeo.  G.M.  225 




	Table of Contents



