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'*> WEST P E N O E R ^ ^ A * 
ABSTRACT * « » 

The t h e s i s a r e a l i e s i n the n o r t h w e s t e r n p o r t i o n of the 

Bowser B a s i n , l o c a t e d i n the h e a r t of the Intermontane B e l t 

of the Canadian C o r d i l l e r a . The Bowser B a s i n i s a s u c c e s s o r 

b a s i n formed i n L a t e B a j o c i a n time as a r e s u l t of the 

d i v i s i o n of the H a z e l t o n Trough by the u p l i f t of the Skeena 

A r c h . A r c h u p h e a v a l s and b a s i n f o r m a t i o n o c c u r r e d throughout 

the M i d d l e Mesozoic i n n o r t h - c e n t r a l B r i t i s h C olumbia, and 

were c l o s e l y r e l a t e d t o t e r r a n e amalgamation and a c c r e t i o n 

e v e n t s d u r i n g t h a t t i m e . 

The s t r a t i g r a p h y of the a r e a c o n s i s t s of N o r i a n t o L a t e 

P l i e n s b a c h i a n v o l c a n i c sequences t h a t c o r r e l a t e w i t h both 

the T a k l a Group and the Toodoggone v o l c a n i c s . The v o l c a n i c 

sequences a r e unconformably o v e r l a i n by T o a r c i a n t o 

Ba t h o n i a n c l a s t i c d e p o s i t s of c o a r s e sandstone and 

conglomerate t h a t c o r r e l a t e w i t h the S p a t s i z i s e d i m e n t s . 

L o c a l l y c a l c a r e o u s s i l t s t o n e beds i n d i c a t e t h a t l o c a l f a c i e s 

t r a n s i t i o n s o c c u r a c r o s s t h e t h e s i s a r e a . T h i s c l a s t i c 

s e d i m e n t a r y sequence i s c o n f o r m a b l y o v e r l a i n by 

ammonite-bearing, B a j o c i a n t o O x f o r d i a n , b l a c k s h a l e 

d e p o s i t s t h a t a r e c o r r e l a t i v e w i t h the Ashman F o r m a t i o n of 

the Bowser Lake Group. 

The s o u r c e r e g i o n f o r the c l a s t i c s e d i m e n t a r y d e p o s i t s 

was the c h e r t - r i c h Cache Creek Group, l o c a t e d i n the 

u p l i f t e d S t i k i n e A r c h r e g i o n d i r e c t l y t o the n o r t h of the 

b a s i n . Deep water d e p o s i t i o n a l e n v i r o n m e n t s p r e v a i l e d i n t h e 
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t h e s i s a r e a from L a t e B a j o c i a n time onward. A s i g n i f i c a n t 

f a c i e s t r a n s i t i o n o c c u r s as one moves northward from the 

t h e s i s a r e a towards the S p a t s i z i map a r e a and the source 

r e g i o n f o r the n o r t h e r n Bowser B a s i n . C o a r s e r g r a i n e d , 

c l a s t i c sequences become more abundant to the n o r t h i n the 

Ashman F o r m a t i o n , i n d i c a t i n g t h a t a s h a l l o w e r water, h i g h e r 

energy, d e l t a i c environment p r e v a i l e d i n t h a t a r e a . 

There a r e two, n o n - c o a x i a l phases of d e f o r m a t i o n 

e v i d e n c e d i n the t h e s i s a r e a t h a t a r e o r i e n t a t e d a t 90° to 

each o t h e r . Megascopic f o l d s t r u c t u r e s produced d u r i n g the 

f i r s t event dominate i n the a r e a and t r e n d 

n o r t h e a s t - s o u t h w e s t . C o r r e l a t i o n of the s t r u c t u r a l s y n t h e s i s 

of the t h e s i s a r e a t o o t h e r a r e a s i n the n o r t h e r n Bowser 

B a s i n i s u n c l e a r . 
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INTRODUCTION 

INTRODUCTORY STATEMENT 

D e t a i l e d g e o l o g i c mapping of the I s k u t R i v e r map ar e a 

(104 B) i n n o r t h w e s t e r n B r i t i s h Columbia has been slow i n 

d e v e l o p i n g w i t h o n l y a few minor p r o j e c t s (Grove, 1971; 

D o n n e l l y , 1976; Grove, 1981) h a v i n g been c a r r i e d out i n the 

pa s t twenty y e a r s . However, t h i s i s s l o w l y c h a n g i n g as 

improved l o g i s t i c s h e l p overcome the i s o l a t i o n , rugged 

t e r r a i n , and h a r s h weather c h a r a c t e r i s t i c of the r e g i o n . Dr. 

R.G. Anderson of the G e o l o g i c a l Survey of Canada i n 

Vancouver i s p r e s e n t l y c o - o r d i n a t i n g the f i r s t comprehensive 

s t u d y of the geology of the r e g i o n , and t h i s r e p o r t i s 

p r e p a r e d i n su p p o r t of h i s c o n t i n u i n g work i n the a r e a . 

The p r i m a r y o b j e c t i v e s of the paper w i l l be t o d e s c r i b e 

i n d e t a i l the l i t h o l o g y , s t r a t i g r a p h y , and s t r u c t u r e of the 

t h e s i s a r e a . The ages of the v a r i o u s u n i t s , b o t h r e l a t i v e 

and a b s o l u t e , w i l l be b r a c k e t e d t h r o u g h the a p p l i c a t i o n s of 

b i o s t r a t i g r a p h y . The l i t h o l o g i c u n i t s d e s c r i b e d a r e r e a d i l y 

mappable i n the f i e l d and a r e u s e f u l f o r c o r r e l a t i o n w i t h 

Bowser Lake Group s t r a t a i n o t h e r p a r t s of the Bowser B a s i n . 

In a d d i t i o n , t he d e p o s i t i o n a l environment f o r the 

se d i m e n t a r y d e p o s i t s i n the t h e s i s a r e a w i l l be d i s c u s s e d 

and provenance t e r r a n e s f o r these sediments w i l l be 

e v a l u a t e d based on t e r n a r y diagram a p p l i c a t i o n s . 
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F i n a l l y , the s t r a t i g r a p h y o b s e r v e d i n the t h e s i s a r e a 

w i l l be c o r r e l a t e d t o t h a t of o t h e r a r e a s i n the Bowser 

B a s i n . Rock u n i t s based on l i t h o l o g y and age w i l l be 

d e s c r i b e d and used f o r c o r r e l a t i o n w i t h o t h e r r e g i o n s . 

LOCATION AND ACCESS 

F i e l d work f o r t h i s s t u d y was done i n an a r e a of 

a p p r o x i m a t e l y 25 square k i l o m e t e r s near Tom Mackay Lake 

l o c a t e d i n the Boundary Ranges of the Coast M o u n t a i n s . The 

a r e a l i e s between'the I s k u t and Unuk r i v e r s , and i s 

a p p r o x i m a t e l y 80 k i l o m e t e r s n o r t h - n o r t h e a s t of S t e w a r t . The 

map s h e e t s used f o r t h i s s t u d y a r e the S n i p p a k e r Creek and 

John Peaks (N.T.S. 104 B/10 and 104 B/9) r e s p e c t i v e l y , w i t h 

l o n g i t u d e s r a n g i n g from W 130° 35' t o W 130° 20", and l a t i t u d e s 

r a n g i n g from N 56°35'to N 56* 40'. 

There i s no r o a d a c c e s s i n t h e a r e a and h e l i c o p t e r s a r e 

used f o r t r a v e r s e s and f l y c a m p s . F i e l d work was c a r r i e d out 

from August 18 t o August 27, 1985, and was made p o s s i b l e 

t h r o u g h a G e o l o g i c a l Survey of Canada p r o j e c t under t h e 

s u p e r v i s i o n of Dr. A n d e r s o n . 

METHODS OF STUDY 

D e t a i l e d mapping was c a r r i e d out on f i v e day t r a v e r s e s 

o r i g i n a t i n g from f l y c a m p s e s t a b l i s h e d a t Tom Mackay Lake and 

S t o r i e Creek. Hand samples were c o l l e c t e d and used f o r t h i n 

s e c t i o n s t u d y and s e v e r a l f o s s i l l o c a l i t i e s were l o c a t e d and 

sampled f o r m a c r o f o s s i I s . 



1 c c 



ACKNOWLEDGMENTS 

C r e d i t f o r t h i s r e p o r t i s due t o many p e o p l e , however I 

would l i k e t o thank most s i n c e r e l y Dr. Bob Anderson of the 

G e o l o g i c a l Survey of Canada f o r h i s c o n t i n u a l guidance and 

su p p o r t . Dr. Anderson suggested the a r e a f o r my t h e s i s 

d u r i n g the f i e l d season of 1985, and made time a v a i l a b l e f o r 

work on the p r o j e c t . I a l s o thank the G e o l o g i c a l Survey of 

Canada f o r t h e i r f i n a n c i a l s upport and t h e i r encouragement 

of B.Sc. t h e s i s o b j e c t i v e s f o r s t u d e n t s such as m y s e l f . 

I would a l s o l i k e t o thank Dr. H. W. T i p p e r of the 

Canadian G e o l o g i c a l Survey f o r h i s time and e f f o r t s i n 

f o s s i l i d e n t i f i c a t i o n . 

My t h e s i s s u p e r v i s o r a t the U n i v e r s i t y of B r i t i s h 

Columbia was Dr. T. Danner and I g r e a t l y a p p r e c i a t e d and 

b e n e f i t e d from both h i s support and a d v i c e d u r i n g the s t u d y . 

I s i n c e r e l y thank a l l those who have h e l p e d throughout the 

d u r a t i o n of the p r o j e c t . 

PREVIOUS WORK 

The i n a c c e s s a b i l i t y of the I s k u t R i v e r r e g i o n has 

g r e a t l y h i n d e r e d the amount of g e o l o g i c a l s t u d y i t has 

r e c e i v e d . However, r e c o n n a i s s a n c e mapping of the r e g i o n was 
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S y s t e m a t i c mapping of the n o r t h e r n Bowser B a s i n s t a r t e d 

i n 1956 w i t h the advent of " O p e r a t i o n S t i k i n e " ; a r e g i o n a l 

g e o l o g i c a l study of n o r t h - c e n t r a l B r i t i s h Columbia by the 

G e o l o g i c a l Survey of Canada. T h i s study i n c l u d e d p a r t s of 

the I s k u t R i v e r map s h e e t . At t h i s t i m e , a 1:250,000 map of 

the a r e a was p u b l i s h e d (G.S.C., 1957), and the f i r s t 

r e f e r e n c e t o J u r a s s i c sediments i n the a r e a was made. The 

Bowser Lake Group sediments were a l s o f o r m a l l y named 

(Ro d d i c k , 1957). 

In 1966, Dr. J . Souther (G.S.C.) expanded the e x t e n t of 

the Bowser Lake Group r o c k s and i n t h a t same y e a r , Souther 

and Armstrong (1966) p r e p a r e d the f i r s t d e t a i l e d t e c t o n i c 

and g e o l o g i c model f o r n o r t h - c e n t r a l B r i t i s h Columbia and 

the Bowser B a s i n . D e t a i l e d s t r a t i g r a p h i c and p a l e o n t o l o g i c 

s t u d i e s f o l l o w e d ( F r e b o l d and T i p p e r , 1970), and a d e t a i l e d 

s t u d y of the T e l e g r a p h Creek map sheet ( S o u t h e r , 1972) 

l o c a t e d d i r e c t l y t o the n o r t h of the t h e s i s a r e a was 

comp l e t e d . 

A l t h o u g h t h i s work g r e a t l y a c c e l e r a t e d the 

u n d e r s t a n d i n g of the Bowser B a s i n geology as a whole, the 

geol o g y of the I s k u t R i v e r r e g i o n was s t i l l c o m p a r a t i v e l y 

p o o r l y known. In c o n t r a s t , the Stewart r e g i o n t o the 

southwest r e c e i v e d a s i g n i f i c a n t amount of g e o l o g i c a l work 

during the mid 1900's due i n a l a r g e p a r t t o the a r e a s 

economic a t t r a c t i v e n e s s . The f i r s t r e p o r t which d e a l t w i t h 

the d e t a i l e d geology of the I s k u t R i v e r r e g i o n was p r e p a r e d 
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by F. A. K e r r i n 1948 f o r the G e o l o g i c a l Survey of Canada. 

The f i r s t d e t a i l e d g e o l o g i c map which i n c l u d e d the 

geol o g y of the t h e s i s a r e a was i n c l u d e d i n a r e p o r t by 

Edward Grove (1971) on the S t e r w a r t a r e a . Grove has a l s o 

p u b l i s h e d an updated v e r s i o n of t h i s map (1981) f o r a r e p o r t 

on the Stewart and I s k u t R i v e r r e g i o n t h a t he i s p r e s e n t l y 

c o m p l e t i n g . In 1976, D. D o n n e l l y completed a B.Sc. 

unde r g r a d u a t e t h e s i s f o r T e x a s g u l f t h a t d e a l t w i t h the* 

g e o l o g y of the Kay C l a i m s j u s t 5 k i l o m e t e r s e a s t of Tom 

Mackay Lake. In 1979, maps made by H u t c h i s o n e t a l and 

Souther et a l were r e l e a s e d t h a t f o c u s e d on the geology of 

the I s k u t R i v e r r e g i o n . These maps, t o g e t h e r w i t h those of 

Grove, r e p r e s e n t the most r e c e n t work i n the a r e a . 

In 1976, Dr. H. T i p p e r and Dr. T. R i c h a r d s completed 

the most comprehensive study t o d a t e on the Mesozoic 

s t r a t i g r a p h y of n o r t h - c e n t r a l B r i t i s h - C o l u m b i a . In 1984, L. 

C u r r i e completed a study on the s t r a t i g r a p h y of the n o r t h e r n 

S p a t s i z i map a r e a , and i n 1985, R. Thomson completed a 

d e t a i l e d s t u d y on the s t r a t i g r a p h y of the S p a t s i z i P l a t e a u 

a r e a which f o l l o w e d h i s p r e v i o u s work i n the a r e a w i t h Dr. 

P. Smith (1984) of the U n i v e r s i t y of B r i t i s h Columbia. In 

1986, I . M o f f a t t completed a s t u d y on the s t r u c t u r e of the 

Groundhog C o a l f i e l d a r e a i n the n o r t h e a s t e r n Bowser B a s i n 

which f o l l o w e d h i s p r e v i o u s work i n the a r e a w i t h Dr. M. 

B u s t i n (1983, 1984) of the U n i v e r s i t y of B r i t i s h Columbia. 

The work of T i p p e r and R i c h a r d s , C u r r i e , Thomson, Smith e t 
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s t u d i e s which have i n c l u d e d some a s p e c t s o f the 
geology o f the I s k u t R i v e r map sh e e t ( m o d i f i e d 
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a l , M o f f a t t and B u s t i n , and t h a t of D o n n e l l y w i l l be 

r e f e r r e d t o throughout the paper. 

GEOLOGIC SETTING 

The Bowser B a s i n l i e s i n the h e a r t of the C e n t r a l 

C o r d i l l e r a i n B r i t i s h Columbia. The Canadian C o r d i l l e r a i s 

composed of f i v e p a r a l l e l and p h y s i o g r a p h i c a l l y d i s t i n c t 

b e l t s t h a t t r e n d n o r t h w e s t - s o u t h e a s t ( F i g . 1.3a). Two of 

these b e l t s c o m p r i s e o r o g e n i c zones; the Coast P l u t o n i c 

Complex (Coast B e l t ) of the C r e t a c e o u s t o E a r l y T e r t i a r y 

P a c i f i c Orogeny t o the west, and the Omineca C r y s t a l l i n e 

B e l t of the M i d d l e J u r a s s i c t o T e r t i a r y Columbian Orogeny t o 

the e a s t . B o t h of t h e s e o r o g e n i c b e l t s a r e composed of 

g r a n i t i c and medium - t o h i g h - g r a d e metamorphic r o c k s and 

are b o r d e r e d and s e p a r a t e d by t h r e e b e l t s c h a r a c t e r i z e d by 

e s s e n t i a l l y unmetamorphosed sedimentary and v o l c a n i c r o c k s . 

The Omineca C r y s t a l i n e B e l t i s b o r d e r e d t o the e a s t by the 

Rocky Mountain F o l d and T h r u s t B e l t , and i s b o r d e r e d t o the 

west by the Intermontane B e l t . The Coast P l u t o n i c Complex i s 

bo r d e r e d t o the west by the I n s u l a r B e l t and t o the e a s t by 

the Intermontane B e l t which forms much of c e n t r a l B r i t i s h 

C olumbia. 

The t h e s i s a r e a l i e s w i t h i n the Intermontane B e l t and 

f i g u r e 1.3b shows the c o n f i g u r a t i o n of the a l l o c t h o n o u s or 

" s u s p e c t " t e r r a n e s t h a t amalgamated t o form t h e 

t e c t o n o - s t r a t i g r a p h i c b e l t . The S t i k i n e T e r r a n e makes up 

most of the we s t e r n h a l f of the Intermontane B e l t and i s of 
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C a n a d i a n C o r d i l l e r a ( 1 . 3 a ) a n d t h e p o s i t i o n 
o f t h e a l l o c t h o n o u s t e r r a n e s t h a t make up t h e 
I n t e r m o n t a n e B e l t ( 1 . 3 b ) ( m o d i f i e d f r o m T h o m s o n , 1985} 
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p r i m a r y i n t e r e s t t o t h i s s t u d y as i t i s the t e r r a n e onto 

which the sediments of the Bowser B a s i n were d e p o s i t e d . 

The Bowser B a s i n l i e s i n the c e n t r a l a r e a of the 

Intermontane B e l t i n a r e g i o n t h a t i s dominated by 

unmetamorphosed l i t h o l o g i e s . I t s b o u n d a r i e s a r e w e l l d e f i n e d 

by a r c h e s or by i n t r u s i v e b o d i e s ( F i g . 1.4). To the n o r t h 

and t o the s o u t h , the b a s i n i s bo r d e r e d by the S t i k i n e A r c h 

and Skeena Arches r e s p e c t i v e l y . To the e a s t , i t i s borde r e d 

by t he metamorphic and p l u t o n i c b o d i e s of t h e Omineca 

C r y s t a l l i n e B e l t w h i l e i n t e r m e d i a t e t o b a s i c i n t r u s i o n s 

which make up much of the Coast P l u t o n i c Complex form the 

f o r m i d a b l e western border of the b a s i n . 

The sediments which have f i l l e d i n the Bowser B a s i n a r e 

p r i m a r i l y marine and were d e p o s i t e d d u r i n g M i d d l e t o La t e 

J u r a s s i c t i m e . In most a r e a s , they a r e u n d e r l a i n by the L a t e 

P a l e o z o i c - E a r l y M esozoic sediments and v o l c a n i c s t h a t 

f i l l e d i n the p r e v i o u s l y formed H a z e l t o n Trough. 

REGIONAL GEOLOGY AND TECTONICS 

D u r i n g the L a t e T r i a s s i c , the S t i k i n e T e r r a n e was the 

s i t e of v e r y a c t i v e v o l c a n i s m which r e s u l t e d i n the 

d e p o s i t i o n of c a l c - a l k a l i n e v o l c a n i c sequences r i c h i n 

p l a g i o c l a s e . T h i s v o l c a n i s m was a l s o accompanied by g r a n i t i c 

i n t r u s i o n s t h a t may have been co-magmatic w i t h the v o l c a n i c 

e v e n t s ( S o u t h e r , 1977). The sequences of v o l c a n i c r o c k s 

d e p o s i t e d a t t h i s t ime a r e now r e f e r r e d t o as the S t u h i n i 
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Group ( c o r r e l a t i v e w i t h the T a k l a group found i n the 

s o u t h e r n p a r t of the b a s i n ) . At the end of L a t e T r i a s s i c 

t i m e , t h i s v o l c a n o - p l u t o n i c complex was u p l i f t e d t o form the 

S t i k i n e A r c h p o s s i b l y as the r e s u l t of the c o l l i s i o n ( i . e . 

amalgamation) of the S t i k i n e and Cache Creek T e r r a n e s . 

The Cache Creek T e r r a n e , l o c a t e d a l o n g the boundary 

between the Intermontane and Omineca C r y s t a l l i n e B e l t s , was 

a l s o u p l i f t e d i n L a t e T r i a s s i c time and t h i s u p l i f t i n g event 

d i v i d e d n o r t h - c e n t r a l B r i t i s h Columbia i n t o t h r e e s e p a r a t e 

b a s i n s . The H a z e l t o n Trough formed t o the west and 

s o u t h w e s t , the Whitehorse Trough formed t o the n o r t h , and 

the Quesnel Trough formed t o the e a s t and s o u t h e a s t . The 

W h i t e h o r s e Trough was f i l l e d p r i m a r i l y w i t h sediments w h i l e 

the H a z e l t o n Trough became the s i t e of c o n s i d e r a b l e 

a c c u m u l a t i o n s of E a r l y J u r a s s i c v o l c a n i c r o c k s t h a t a r e now 

r e f e r r e d t o as the H a z e l t o n Group. 

The r o c k s of the H a z e l t o n Group a r e exposed over a v e r y 

l a r g e a r e a i n n o r t h - c e n t r a l B r i t i s h C olumbia, and i n many 

a r e a s d i r e c t l y u n d e r l i e the Bowser Lake Group ( F i g . 1.5). 

They form a s u c c e s s i o n of both marine and non-marine r o c k s 

dominated by r h y o l i t i c t o b a s a l t i c f l o w s and t u f f s w i t h 

l e s s e r amounts of c l a s t i c sediments and l i m e s t o n e . T h i s 

p r i m a r i l y v o l c a n i c sequence i s d i v i d e d i n t o t h r e e major 

f o r m a t i o n s ( T i p p e r and R i c h a r d s , 1976) : the Telkwa, 

N i l k i t w a , and S m i t h e r s F o r m a t i o n s . Of t h e s e t h r e e , the 

Telkwa i s the most e x t e n s i v e . The age of t h e s e v o l c a n i c 
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sequences ranges from S i n e m u r i a n t o E a r l y C a l l o v i a n . The 

e a r l i e r s u c c e s s i o n s suggest a s u b a e r i a l environment w h i l e 

the upper s t r a t a suggest a s h a l l o w m a r i n e , b a c k - a r c s e t t i n g 

( T i p p e r and R i c h a r d s , 1976). 

In E a r l y B a j o c i a n t i m e , the Skeena A r c h , c o r e d by 

g r a n i t i c b o d i e s , was u p l i f t e d as a r e s u l t of the emplacement 

of the T o p l e y I n t r u s i o n s . T h i s event d i v i d e d the H a z e l t o n 

Trough i n t o two " s u c c e s s o r b a s i n s " ( i . e . b a s i n s t h a t form as 

t h e r e s u l t of the breakup or d i v i s i o n of a l a r g e r b a s i n ) ; 

the Nechako B a s i n t o the s o u t h of the Skeena A r c h , and the 

Bowser B a s i n t o the n o r t h . T h i s event a l s o i n i t i a t e d the 

M i d d l e t o L a t e J u r a s s i c "molasse" s e d i m e n t a t i o n of the 

Bowser B a s i n . 

The Bowser B a s i n was f i l l e d w i t h the d e t r i t u s from the 

e r o s i o n of the s u r r o u n d i n g u p l i f t e d b e l t s ( i . e . p r i m a r i l y 

the S t i k i n e A r c h t o the n o r t h and northwest, and the Skeena 

A r c h t o the s o u t h and s o u t h e a s t ) , from L a t e B a j o c i a n t o 

M i d d l e K i m m e r i d g i a n time ( T i p p e r and R i c h a r d s , 1976). The 

r e s u l t i n g s e d i m e n t a r y sequences are now r e f e r r e d t o as the 

Bowser Lake Group. I t s a e r i a l e x t e n t i s c o n s i d e r a b l e ( F i g . 

1.4), and the Bowser Lake Group i s composed of both marine 

and non-marine r o c k s . S h a l e s , s i l s t o n e s , s a n d s t o n e s , and 

c o n g l o m e r t e s were d e p o s i t e d w i t h l i t t l e ,or no l i m e s t o n e t o 

form the L a t e B a j o c i a n t o E a r l y O x f o r d i a n Ashman F o r m a t i o n ; 

the lowermost and most e x t e n s i v e u n i t i n the Bowser Lake 

Group. The e n v i r o n m e n t s of d e p o s i t i o n were c h a r a c t e r i z e d by 
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h i g h l e v e l s of energy w i t h d e l t a i c , p r o - d e l t a i c , and 

c o n t i n e n t a l s l o p e s b e i n g the p r i m a r y d e p o s i t i o n a l s i t e s . The 

c o a r s e r c l a s t i c sediments a r e m o d e r a t e l y c o m p o s i t i o n a l l y 

mature, and t e x t u r a l l y mature w i t h l i t t l e m a t r i x and w e l l 

rounded g r a i n s . 

The s t r u c t u r e of both the H a z e l t o n Group v o l c a n i c r o c k s 

and t he Bowser Lake Group s e d i m e n t a r y r o c k s i s c h a r a c t e r i z e d 

by " p a s s i v e " , or f l e x u r a l - s l i p dominated f o l d s t h a t t r e n d 

n o r t h e a s t - s o u t h w e s t . F o l d s v a r y from u p r i g h t t o o v e r t u r n e d , 

and t h r u s t i n g i n the f o l d c o r e s i s common. E v i d e n c e of c r o s s 

f o l d i n g i s i n c o n s i s t e n t throughout t he b a s i n and the weaker 

s h a l e s show much of the d e f o r m a t i o n c h a r a c t e r i s t i c of t h i s 

r e g i o n . 

The s t r u c t u r a l f e a t u r e s of the Bowser B a s i n may i n p a r t 

be due t o the c o l l i s i o n s of a l l o c t h o n o u s t e r r a n e s as they 

were b e i n g brought t o g e t h e r o f f the west c o a s t of N o r t h 

America p r i o r t o the f o r m a t i o n of the Canadian C o r d i l l e r a . 

These p r o c e s s e s of t e r r a n e amalgamation o c c u r r e d from E a r l y 

T r i a s s i c time t o as r e c e n t as L a t e T e r t i a r y t i m e . 

In L a t e T r i a s s i c t i m e , the Q u e s n e l , Cache Creek, 

E a s t e r n Assemblage, and S t i k i n e " s u s p e c t " t e r r a n e s were 

brought t o g e t h e r o f f the west c o a s t of N o r t h America t o form 

the a l l o c t h o n o u s " s u p e r t e r r a n e I " (Monger et a l . 1983; F i g . 

1.6). T h i s event may have produced t h e L a t e T r i a s s i c a r c h 

upheavels ( i . e . the S t i k i n e Arch) and the s t r u c t u r a l s t y l e 

o b s e r v e d i n many of the T r i a s s i c v o l c a n i c r o c k s i n c e n t r a l 



16 

B r i t i s h C o l u m b i a . 

In L a t e J u r a s s i c t i m e , the A l e x a n d e r and W r a n g e l l i a 

t e r r a n e s were amalgamated o f f the c o n t i n e n t a l c r a t o n t o form 

the a l l o c t h o n o u s " s u p e r t e r r a n e I I " (Monger e t a l . 1982; F i g . 

1.6). 

The f o r m a t i o n of the Omineca C r y s t a l l i n e B e l t o c c u r r e d 

from M i d d l e J u r a s s i c t o E a r l y T e r t i a r y t i m e . The f o r m a t i o n 

of t h i s b e l t took p l a c e both d u r i n g and a f t e r the a c c r e t i o n 

of s u p e r t e r r a n e I w i t h the c o n t i n e n t a l margin of N o r t h 

A m e rica (Monger e t a l . 1982). T h i s event may have imparted a 

s i g n i f i c a n t s t r u c t u r a l g r a i n on the e a s t e r n margin of 

s u p e r t e r r a n e I d u r i n g M i d d l e t o L a t e J u r a s s i c t i m e . 

The f o r m a t i o n of the Coast P l u t o n i c Complex o c c u r r e d 

from M i d d l e C r e t a c e o u s t o E a r l y T e r t i a r y time and may have 

been c l o s e l y r e l a t e d to the amalgamation, or " w e l d i n g 

t o g e t h e r " of s u p e r t e r r a n e I I w i t h the western edge of N o r t h 

A m e r i c a . T h i s event produced a major s t r u c t u r a l g r a i n on the 

Mesozoic r o c k s a l o n g the western margin of the C e n t r a l 

C o r d i l l e r a . 

The f i n a l major s t r u c t u r a l event i n the Canadian 

C o r d i l l e r a o c c u r r e d p r i m a r i l y i n T e r t i a r y time i n the form 

of s t r i k e - s l i p movements a l o n g f a u l t s such as the T i n t i n a 

and T e s l i n F a u l t s ( F i g . 1.7). These p r o c e s s e s may have 

t r a n s p o r t e d the t e r r a n e s up t o 500 k i l o m e t e r s i n 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 as shown by Monger e t a l 

(1978), t o p l a c e the t e r r a n e s i n t o t h e i r p r e s e n t p o s i t i o n s 

i n the Canadian C o r d i l l e r a . 
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FIGURE 1.5 D i s t r i b u t i o n of the a l l o c t h o n o u s t e r r a n e s w h i c h 
make up the t e c t o n o - s t r a t i g r a p h i c b e l t s of the 
Ca n a d i a n C o r d i l l e r a ( m o d i f i e d from Monger e t a l , 1982). 
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F I G U R E 1.7 M a j o r f a u l t p a t t e r n s a c t i v e d u r i n g e a r l y T e r t i a r y -
t i m e t h r o u g h o u t t h e C a n a d i a n C o r d i l l e r a . D i s p l a c e m e n t 
o f t h e C a c h e C r e e k G r o u p c a n be i n f e r r e d f r o m 
t h e map ( m o d i f i e d f r o m M o n g e r , 1 9 7 8 ) . 



STRATIGRAPHY  

TOM MACKAY LAKE AREA 

The s t r a t i g r a p h y of the Tom Mackay Lake a r e a ranges 

from H e t t a n g i a n t o L a t e B a t h o n i a n i n age, and c o n s i s t s of 

se d i m e n t a r y and v o l c a n i c s t r a t a t h a t c o m p r i s e t h r e e d i s t i n c t 

u n i t s t h a t a r e mappable i n the f«ield: a lower u n i t of 

v o l c a n i c r o c k s ( U n i t B) dominated by s i l i c i f i e d and 

l a p i l l i - l i t h i c t u f f s , a m i d d l e u n i t of c o a r s e g r a i n e d 

c o n g l o m e r a t e s and a r e n i t e s ( U n i t C ) , and an upper u n i t of 

l a m i n a t e d b l a c k s h a l e s and s i l t s t o n e s ( U n i t E ) . 

In 1976, D. D o n n e l l y s t u d i e d the s t r a t i g r a p h y of the 

Kay C l a i m s l o c a t e d 5 km t o the ea s t of Tom Mackay Lake. The 

s t r a t a a r e composed p r i m a r i l y of i n t e r m e d i a t e t o b a s i c 

v o l c a n i c f l o w s and t u f f s , and a r e c o r r e l a t e d w i t h the lower 

v o l c a n i c sequences of the Tom Mackay Lake a r e a i n t h i s 

s e c t i o n . 

D e s c r i p t i o n s of the u n i t s i n the Tom Mackay Lake a r e a 

a r e g i v e n on the f o l l o w i n g pages based on f i e l d , hand 

sample, and t h i n s e c t i o n o b s e r v a t i o n s . A s t r a t i g r a p h i c 

s e c t i o n of the a r e a ( i n c l u d i n g the s t r a t i g r a p h y of the Kay 

C l a i m s ) i s shown i n f i g u r e 2.1. The ages of the u n i t s a r e 

based on f o s s i l i d e n t i f i c a t i o n by Dr. H. W. T i p p e r of the 

G e o l o g i c a l Survey of Canada (March, 1985}. 
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F I G U R E 2.1 S t r a t i g r a p h i c s e c t i o n o f t h e Tom M a c k a y L a k e 
a r e a i n c l u d i n g t h e s t r a t i g r a p h y o f t h e K a y 
C l a i m s ( D o n n e l l y , 1 9 7 6 ) l o c a t e d a p p r o x i m a t e l y 
5 km e a s t o f Tom M a c k a y L a k e . 



TABLE 2.1 B i o s t r a t i g r a p h y of the 
Tom Mackay Lake a r e a . 

MAP FOSSIL AGE LITHOLOGY 
UNIT IDENTIFICATION PERIOD STAGE 

E I n i s k i n i t e s , s p . M i d d l e L a t e Laminated 
J u r a s s i c B a t h o n i a n b l a c k s h a l e 

C B e l e m n i t e E a r l y T o a r c i a n Medium 
J u r a s s i c t o g r a i n e d 
t o M i d d l e L a t e l i t h i c 
J u r a s s i c B a t h o n i a n a r e n i t e s 

B P a l t a r p i t e s , s p . E a r l y L a t e V o l c a n i c 
J u r a s s i c P i i e n s b a c h i a n sequences 

from the 
Weyla,sp. E a r l y H e t t a n g i a n Kay C l a i m s 

J u r a s s i c t o (D. D o n n e l l y 
T o a r c i a n , 1976) 

UNIT B: S i l i c i f i e d and l a p i l l i - c r y s t a l - 1 i t h i c t u f f s 

The v o l c a n i c r o c k s t h a t make up the s t r a t i g r a p h i c a l l y 

l o w e s t u n i t i n the a r e a a r e c h a r a c t e r i s t i c a l l y h eterogeneous 

and range from s i l i c i f i e d t u f f s t o l a p i l l i - c r y s t a l - l i t h i c 

t u f f s . The u n i t i s t y p i c a l l y h i g h l y i n d u r a t e d , r e s i s t e n t , 

l a c k s b e d d i n g , and c r o p s out over many of the h i g h r e l i e f 

a r e a s t o the east,' west, and s o u t h of Tom Mackay Lake. 

The s i l i c i f i e d t u f f s a r e e x t r e m e l y f i n e g r a i n e d , h i g h l y 

i n d u r a t e d , and amorphous i n hand sample. They have v e r y 

d i s t i n c t w h i t e t o l i g h t g r e y weathered s u r f a c e s and c r o p out 

most p r o m i n e n t l y on t h e r i d g e s t o the s o u t h e a s t of Tom 

Mackay Lake. The l a p i l l i - c r y s t a l - l i t h i c t u f f s a r e l e s s 

i n d u r a t e d and s l i g h t l y more e x t e n s i v e i n o u t c r o p than the 
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s i l i c i f i e d t u f f s , c o v e r i n g almost a l l of the a r e a s t o the 

so u t h and west of Tom Mackay Lake. They weather t o a dark 

g r e e n , and the l i t h i c fragments a r e o f t e n a l i g h t grey. The 

groundmass appears a p h a n i t i c i n hand sample but i n t h i n 

s e c t i o n i s seen t o be composed of g r e a t e r than 80% e u h e d r a l 

p l a g i o c l a s e l a t h s ( A n
5 0. 6 0)« S i l i c i f i c a t i o n of the l a p i l l i 

groundmass i s common. M i n e r a l fragments make up 5% of the 

roc k and i n c l u d e e u h e d r a l p l a g i o c l a s e ( A n
5 0 . 6 0 ) and 

sub-rounded, p o l y c r y s t a l l i n e q u a r t z g r a i n s . L i t h i c fragments 

make up 5% of the rock and i n c l u d e dark brown, f i n e g r a i n e d , 

and sub-rounded v o l c a n i c fragments and l e s s e r amounts of 

l i g h t e r brown s e d i m e n t a r y rock fragments. W e l d i n g i s not 

ob s e r v e d i n any of the t u f f s and c u b i c c r y s t a l s of p y r i t e 

a r e d i s s e m i n a t e d throughout the t u f f s . 

A more d e t a i l e d s t u d y of the c o m p o s i t i o n of the 

v o l c a n i c sequences i n the Tom Mackay Lake a r e a was completed 

by D. D o n n e l l y i n 1976. In h i s s t u d y , he d e s c r i b e s the 

c o m p o s i t i o n and t e x t u r e of the 1000 meter t h i c k H e t t a n g i a n 

t o B a j o c i a n v o l c a n i c u n i t t h a t i s l o c a t e d about 5 km 

southwest of Tom Mackay Lake ( F i g . 2.1). The u n i t ranges i n 

c o m p o s i t i o n from c r y s t a l t u f f s a t the base t o gre e n s t o n e s 

and t u f f a c e o u s wackes i n the mi d d l e and f i n a l l y t o r h y o l i t e 

b r e c c i a s and p i l l o w l a v a s a t the t o p . The v o l c a n i c r o c k s i n 

the Tom Mackay Lake a r e a a r e c o r r e l a t i v e w i t h t he middl e 

u n i t of the v o l c a n i c sequence i n the Kay C l a i m s ( F i g . 2.1). 

The t o p u n i t of D o n n e l l y i s m i s s i n g i n the t h e s i s area and 

t h i s may be due t o i t s removal by e r o s i o n . 



F I G U R E 2.2 P h o t o m i c r o g r a p h s o f t h e s i l i c i f i e d ( 2 a ) a n d 
h o r n b l e n d e - c r y s t a l ( 2 b ) t u f f s t y p i c a l o f 
U n i t B i n t h e Tom M a c k a y L a k e a r e a . 
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The age of the v o l c a n i c sequence a t Tom Mackay Lake i s 

b e l i e v e d t o be H e t t a n g i a n t o L a t e P l i e n s b a c h i a n from the 

o c c u r r e n c e of Weyla i n the v o l c a n i c s ( D o n n e l l y , 1976), and 

the o c c u r r e n c e of b e l e m n i t e s i n the o v e r l y i n g 

s a n d s t o n e - c o n g l o m e r a t e u n i t . 

The v o l c a n i c sequence i s unconformably o v e r l a i n by the 

sands t o n e - c o n g l o m e r a t e u n i t . The u n c o n f o r m i t y i s not v i s i b l e 

i n the f i e l d but i s i n f e r r e d from b i o s t r a t i g r a p h y and the 

c o r r e l a t i o n of s t r a t a i n the Tom Mackay Lake and S t o r i e 

Creek a r e a s . 

UNIT C: Sandstone - Conglomerate 

U n i t C i s composed of i n t e r b e d d e d medium g r a i n e d l i t h i c 

a r e n i t e s and c o a r s e p o l y m i c t c o n g l o m e r a t e s . Beds range from 

5 cm t o 10 meters i n t h i c k n e s s . The a r e n i t e s a r e g e n e r a l l y 

more dominant i n the h i g h e r p a r t of the s e c t i o n , w h i l e the 

conglomerate i s more dominant s t r a t i g r a p h i c a l l y lower i n the 

u n i t . The u n i t i s a p p r o x i m a t e l y 50 t o 75 meters t h i c k and i s 

a d i s t i n c t r i d g e former i n the a r e a . Cleavage i s not 

d e v e l o p e d but j o i n t i n g i s g e n e r a l l y w e l l d e v e l o p e d w i t h 

j o i n t s p a c i n g r a n g i n g from 5 cm t o 100 cm. J o i n t s a r e a 

p e r v a s i v e f e a t u r e throughout t h e u n i t and a r e r e l a t e d t o the 

f i r s t phase of d e f o r m a t i o n i n the a r e a . A more d e t a i l e d 

d i s c u s s s i o n on b o t h the geometry and f o r m a t i o n of these 

j o i n t s i s g i v e n i n the s t r u c t u r e s e c t i o n of the paper. 
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Graded bedding i s common i n the conglomerate beds throughout 

the a r e a . 

The l i t h i c a r e n i t e s a r e l i g h t grey t o brown i n c o l o r on 

weathered s u r f a c e s , w e l l s o r t e d , medium g r a i n e d (1-2 mm 

average g r a i n s i z e ) , h i g h l y i n d u r a t e d , and t e x t u r a l l y mature 

w i t h sub t o w e l l - r o u n d e d g r a i n s and l e s s than 5% dark brown, 

muddy m a t r i x . They a r e mo d e r a t e l y c o m p o s i t i o n a l l y mature 

w i t h rounded c h e r t g r a i n s making up 60% of the r o c k . 

M o n o c r y s t a l l i n e , s t r a i g h t - e x t i n c t i o n q u a r t z v a r i e t i e s make 

up 25% of the rock and e u h e d r a l , l a t h shaped p l a g i o c l a s e 

g r a i n s ( A n 5 Q ) make up 5%. Ver y f i n e g r a i n e d , i n t e r m e d i a t e t o 

a c i d v o l c a n i c fragments and dark brown s e d i m e n t a r y rock 

fragments make up the r e m a i n i n g 5% of the rock and a r e 

s l i g h t l y more a n g u l a r than the o t h e r framework g r a i n s . 

The p o l y m i c t c o n g l o m e r a t e s a r e v e r y p o o r l y s o r t e d , 

l a r g e l y framework s u p p o r t e d , and composed of rounded c l a s t s 

t h a t range from .5 cm t o 5 cm i n d i a m e t e r . The m a t r i x i s a 

dark brown mud which makes up 10% of the r o c k . The 

c o m p o s i t i o n a l h e t e r o g e n e i t y of the conglomerate i s a 

d i s t i n c t i v e f e a t u r e . 

C h e r t p e b b l e s may make up t o 60% of the rock w h i l e 

p o l y c r y s t a l l i n e (metamorphic) q u a r t z g r a i n s make up 5%. 

P l u t o n i c , s t r a i g h t - e x t i n c t i o n q u a r t z g r a i n s make up 5% of 

the c o n g l o m e r a t e , and e u h e d r a l p l a g i o c l a s e g r a i n s ( A n
5 o - 6 o ^ 

a l s o make up 5% of the r o c k . F i n e g r a i n e d , b l a c k , 

i n t e r m e d i a t e t o a c i d i c v o l c a n i c fragments make up the 
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P h o t o g r a p h o f a n o u t c r o p ( s t a t i o n 1 0 5 ; s e e 
i n s e t map f o r e x a c t l o c a t i o n ) s h o w i n g t h e 
i n t e r b e d d e d n a t u r e o f t h e l i t h i c a r e n i t e s 
a n d c o n g l o m e r a t e s i n t h e Tom M a c k a y L a k e a r e a 

F I G U R E 2.3 

r 
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F I G U R E 2.4 P h o t o g r a p h s o f o u t c r o p s ( s t a t i o n 9 8 ; s e e i n s e t 
map f o r e x a c t l o c a t i o n ) s h o w i n g g r a d e d b e d d i n g 
w h i c h i s c h a r a c t e r i s t i c o f t h e c o n g l o m e r a t e i n 
U n i t C f o u n d i n t h e Tom M a c k a y L a k e a r e a . 



28 

F I G U R E 2.5 P h o t o g r a p h o f a n o u t c r o p s h o w i n g t h e l i t h i c a r e n i t e 
i n c o n t a c t w i t h o v e r l y i n g c o n g l o m e r a t e ( 5 a ) , a n d 
a p h o t o m i c r o g r a p h o f t h e l i t h i c a r e n i t e ( 5 b ) 
s h o w i n g t h e a b u n d a n c e o f s u b - r o u n d e d c h e r t g r a i n s 
a n d l e s s e r a m o u n t s o f q u a r t z a n d f e l d s p a r . 



r e m a i n i n g 15% of t h e r o c k . They a r e g e n e r a l l y s u b - a n g u l a r 

and may be up t o 5 cm i n d i a m e t e r . 

The s a n d s t o n e - c o n g l o m e r a t e u n i t unconformably o v e r l i e s 

the t u f f a c e o u s v o l c a n i c sequences i n the a r e a . The 

s i g n i f i c a n c e of t h i s u n c o n f o r m i t y w i l l be d i s c u s s e d i n more 

d e t a i l i n the c o r r e l a t i o n s e c t i o n s of t h i s c h a p t e r . The age 

of the u n i t i s T o a r c i a n t o L a t e B a t h o n i a n as e v i d e n c e d by 

b e l e m n i t e s p r e s e r v e d i n the a r e n i t e s , and ammonites 

( I n i s k i n i t e s ) p r e s e r v e d i n t h e o v e r l y i n g s h a l e s . 

UNIT E: S i l t s t o n e - Shale 

F i n e g r a i n e d b l a c k s h a l e s and s i l t s t o n e s form the 

uppermost u n i t i n the s t r a t i g r a p h y of the Tom Mackay Lake 

a r e a and c r o p out over an e x t e n s i v e a r e a i n the c o r e of the 

l a r g e s y n c l i n o r i a i n the r e g i o n . The s h a l e o u t c r o p s a r e 

commonly h i g h l y c l e a v e d w i t h w e l l developed s c r e e a t t h e i r 

base. The s h a l e s a r e commonly l a m i n a t e d (1-5 mm) w i t h l a y e r s 

of l i g h t grey s i l t s t o n e t h a t make up l e s s t h a t 10% of the 

u n i t . Load s t r u c t u r e s and flame s t r u c t u r e s a r e 

c h a r a c t e r i s t i c of the u n i t . Minor f o l d s a r e common. 

The s i l t s t o n e - s h a l e u n i t c o n f o r m a b l y o v e r l i e s the 

c o a r s e r sandstone and conglomerate u n i t . The boundary i s a 

g r a d a t i o n a l one w i t h the t r a n s i t i o n from sandstones w i t h 10% 

s h a l e beds t o g r e a t e r than 90% s h a l e beds o c c u r r i n g over a 

10 meter span. The age of the s h a l e u n i t i s L a t e B a t h o n i a n 

as e v i d e n c e d by t h e ammonite I n i s k i n i t i e s . 
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STORIE CREEK AREA 

The s t r a t i g r a p h y of the S t o r i e Creek a r e a i s 

s i g n i f i c a n t l y d i f f e r e n t from t h a t found i n the Tom Mackay 

Lake a r e a . There i s a d i s t i n c t low-grade p h y l l i t e bed t h a t 

i s the r e s u l t of the metamorphism of the b l a c k s h a l e s . The 

p h y l l i t e i s l o c a t e d i n the c o r e of the main s y n c l i n e i n the 

S t o r i e Creek a r e a . In a d d i t i o n , the v o l c a n i c sequences i n 

the S t o r i e Creek a r e a a r e s i g n i f i c a n t l y o l d e r than the 

v o l c a n i c r o c k s i n the Tom Mackay Lake a r e a . 

There a r e f o u r d i s t i n c t u n i t s t h a t a r e mappable i n the 

a r e a : a lower u n i t of p o r p h y r i t i c a n d e s i t e s , v o l c a n i c 

b r e c c i a , and l i t h i c t u f f s w i t h t h i n s h a l e and s i l t s t o n e 

i n t e r b e d s ( U n i t A ) , a u n i t of a r e n i t e s and c o a r s e , p o l y m i c t 

c o n g l o m e r a t e s ( U n i t C ) , a t h i n " t r a n s i t i o n a l " u n i t of 

c a l c a r e o u s s i l t s t o n e ( U n i t D), and an upper u n i t of b l a c k 

s h a l e s t h a t i n many a r e a s has been metamorphosed t o 

low-grade p h y l l i t e ( U n i t E ) . 

The d e s c r i p t i o n of t h e s e u n i t s i s g i v e n on the 

f o l l o w i n g pages. The ages of these u n i t s a r e based on f o s s i l 

i d e n t i f i c a t i o n s by Dr. H.W. T i p p e r (March 1985) of the 

G e o l o g i c a l Survey of Canada. F i g u r e 2.6 i s a s t r a t i g r a p h i c 

s e c t i o n of the S t o r i e Creek a r e a . 
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L A M I N A T E D SLACK S H A L E , P H Y L L I T E 

C A L C A R E O U S , N O N FOS S ILI F E ROU S S I L T S T O N E 

L I T H I C A R E N I T E A M D C O A R S E CO N O L O M E.R. A T E 

SILICIFIED A N O LITHIC T U F F , V O L C A N I C B R E C C I A 

F I G U R E 2.6 S t r a t i g r a p h i c s e c t i o n o f t h e S t o r i e C r e e k a r e a . 
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TABLE 2.2 B i o s t r a t i g r a p h i c summary 
of the S t o r i e Creek a r e a . 

MAP FOSSIL AGE LITHOLOGY 
UNIT IDENTIFICATION PERIOD STAGE 

E P a c h y t e u t h i s , sp. L a t e - C a l l o v i a n Laminated 
; M i d d l e t o s h a l e and 

J u r a s s i c O x f o r d i a n p h y l l i t e 

A M o n o t i s , sp. L a t e N o r i a n S h a l e bed 
T r i a s s i c i n l i t h i c 

t u f f 

UNIT A: Tuffs and Volcanic Breccias 

T u f f s and v o l c a n i c b r e c c i a s a r e v e r y e x t e n s i v e a l o n g 

the h i g h r e l i e f r i d g e s t o the s o u t h and s o u t h e a s t of S t o r i e 

Creek, and form the s t r a t i g r a p h i c a l l y l o w e s t u n i t i n the 

a r e a . The u n i t i s composed of l i t h i c t u f f s , p o r p h y r i t i c 

a n d e s i t e s , and c o a r s e p o l y m i c t v o l c a n i c b r e c c i a s w i t h minor 

i n t e r b e d d e d s h a l e s and s i l t s t o n e s . The s h a l e beds a r e 

g e n e r a l l y l e s s t h a n 10 m t h i c k and a r e l o c a l l y 

f o s s i l i f e r o u s . 

The b r e c c i a s a r e p o o r l y s o r t e d and framework s u p p o r t e d 

by a n g u l a r t o s u b - a n g u l a r , dark brown t o b l a c k s e d i m e n t a r y 

and v o l c a n i c rock fragments t h a t a r e up t o 20 cm i n 

d i a m e t e r . The fragments make up about 80% of the rock and 

a r e i n a l i g h t brown muddy m a t r i x . Weathered s u r f a c e s a r e 

v a r i a b l e i n c o l o r . Normal g r a d i n g i s common i n the 
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c o n g l o m e r a t e . Cleavage i s p o o r l y d e v e l o p e d and j o i n t i n g i s 

p r o m i n e n t . 

The t u f f s a r e h i g h l y i n d u r a t e d and weather t o a 

d i s t i n c t i v e dark brown. They a r e l e s s r e s i s t e n t than the 

c o n g l o m e r a t e s . They a r e c o m p o s i t i o n a l l y heterogeneous, and 

the' l i t h i c fragment c o n t e n t i n the t u f f s i s v a r i a b l e . The 

t u f f s may be l o c a l l y s i l i c i f i e d and a p h a n i t i c , s i m i l a r t o 

the s i l i c i f i e d t u f f s o b s e r v e d i n the Tom Mackay Lake a r e a . 

C l i n o p y r o x e n e p o r p h y r i t i c a n d e s i t e s were o b s e r v e d on the 

s o u t h e a s t l i m b of the S t o r i e Creek S y n c l i n e , but do not make 

up a s i g n i f i c a n t component of the u n i t . T h i s v o l c a n i c u n i t 

c o n t a i n s no minor f o l d s t r u c t u r e s or c l e a v a g e . The s h a l y 

i n t e r b e d s a r e h i g h l y c l e a v e d and produce s i g n i f i c a n t s c r e e . 

T h i s v o l c a n i c sequence i s unconformably o v e r l a i n by the 

s a n d s t o n e - c o n g l o m e r a t e u n i t . T h i s u n c o n f o r m i t y i s not 

v i s i b l e i n the f i e l d but i s i n f e r r e d from b i o s t r a t i g r a p h y 

and the c o r r e l a t i o n of s t r a t a between the Tom Mackay Lake 

and S t o r i e Creek a r e a s . 

The age of t h i s sequence i s thought t o be N o r i a n from 

the o c c u r r e n c e of the p e l e c y p o d , M o n o t i s found i n the 

i n t e r b e d d e d s h a l e s . T h i s v o l c a n i c sequence c o m p r i s e s the 

o l d e s t r o c k s exposed i n the t h e s i s a r e a . 
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F I G U R E 2.7 P h o t o g r a p h o f an o u t c r o p ( s t a t i o n 8 8 ; s e e i n s e t 
map f o r e x a c t l o c a t i o n ) o f t h e c o a r s e , f r a m e w o r k 
s u p p o r t e d p o l y m i c t v o l c a n i c b r e c c i a t y p i c a l 
o f U n i t A i n t h e S t o r i e C r e e k a r e a . 
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UNIT C: Sandstone - Conglomerate 

The sandstone-conglomerate u n i t i s v e r y s i m i l a r 

l i t h o l o g i c a l l y t o U n i t C found i n the Tom Mackay Lake a r e a , 

a l t h o u g h no f o s s i l s were l o c a t e d t o make a time c o r r e l a t i o n . 

Coarse (2-10 cm c o b b l e s ) , framework s u p p o r t e d p o l y m i c t 

c o n g l o m e r a t e s dominate lower i n the u n i t and dark g r e y , w e l l 

s o r t e d , medium g r a i n e d l i t h i c a r e n i t e s dominate 

s t r a t i g r a p h i c a l l y h i g h e r i n the u n i t . Minor l i m e s t o n e c l a s t s 

were a l s o found i n the conglomerate but the y formed l e s s 

t han 1% of the r o c k . Minor t u f f s a l s o formed i n t h i s u n i t 

and one t u f f bed l o c a t e d near t he S t o r i e Creek f o l d c o r e on 

the n o r t h w e s t e r n f o l d l i m b d i s p l a y s a "fiammied" t e x t u r e 

w i t h e l o n g a t e d m a f i c c l a s t s . The groundmass i s a p h a n i t i c and 

v e r y r e s i s t e n t . 

The e n t i r e u n i t i s 50-75 meters t h i c k . As a t Tom Mackay 

Lake, t h i s u n i t unconformably o v e r l i e s v o l c a n i c sequences. 

UNIT D: Calcareous S i l t s t o n e 

T h i s t r a n s i t i o n a l c a l c a r e o u s s i l t s t o n e bed l i e s between 

t h e o v e r l y i n g s h a l e s and p h y l l i t e s and u n d e r l y i n g a r e n i t e s 

and c o n g l o m e r a t e s . I t i s found o n l y i n the s o u t h e a s t l i m b of 

the S t o r i e Creek s y n c l i n e and i s c h a r a c t e r i z e d by a v e r y 

d i s t i n c t orange weathered s u r f a c e . The u n i t i s o n l y about 10 

m t h i c k and i s n o n f o s s i l i f e r o u s . T h i s u n i t c o n f o r m a b l y 

o v e r l i e s t he sands t o n e - c o n g l o m e r a t e u n i t . I t i s not found i n 

th e Tom Mackay Lake a r e a . 



F I G U R E 2.8 P h o t o g r a p h o f a n o u t c r o p ( s t a t i o n 8 3 ; s e e i n s e t 
map f o r e x a c t l o c a t i o n ) o f " f i a m m i e d " t u f f n e a r t h e 
c o r e o f t h e S t o r i e C r e e k S y n c l i n e ( 8 a ) , a n d a 
p h o t o m i c r o g r a p h o f t h e same t u f f s h o w i n g t h e 
f l a t t e n e d o r f i a m m i e d t e x t u r e o f t h e l i t h i c 
f r a g m e n t s i n t h e g r o u n d m a s s o f t h e l i t h i c t u f f ( 8 b ) 
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UNIT E: Shale-Phyllite 

B l a c k s h a l e s and s i l t s t o n e s form the s t r a t i g r a p h i c a l l y 

h i g h e s t u n i t i n the S t o r i e Creek a r e a , and l i k e a t Tom 

Mackay Lake, they a r e exposed i n the major f o l d c o r e s . The 

s h a l e s a r e l a m i n a t e d (1-5 mm) w i t h l a y e r s of l i g h t grey 

s i l t s t o n e t h a t make up l e s s than 10% of the u n i t . They a r e 

h i g h l y c l e a v e d and c o n t a i n minor f o l d s t r u c t u r e s . 

The b l a c k s h a l e s a r e metamorphosed t o a p h y l l i t e i n the 

f o l d c o r e a t S t o r i e Creek. These p h y l l i t e s a r e l i g h t g r e e n , 

w e l l f o l l i a t e d , and ve r y weak. The p h y l l i t e i n the f o l d c o r e 

a l s o commonly c o n t a i n s minor f o l d s t r u c t u r e s . 

T h i s u n i t c o n f o r m a b l y o v e r l i e s the " t r a n s i t i o n a l " 

c a l c a r e o u s s i l t s t o n e u n i t . 

The age of the s h a l y sequences i n the S t o r i e Creek a r e a 

i s C a l l o v i a n t o O x f o r d i a n from the o c c u r r e n c e of the 

b e l e m n i t e , P a c h y t e u t h i s . 

LOCAL CORRELATION 

C o r r e l a t i o n of the s t r a t i g r a p h y between the S t o r i e 

Creek and Tom Mackay Lake a r e a s i s shown i n f i g u r e 2.8. The 

c o r r e l a t i o n of u n i t s i s based on l i t h o l o g i c s i m i l a r i t i e s and 

b i o s t r a t i g r a p h y , and r e v e a l s s e v e r a l i m p o r t a n t a s p e c t s of 

the d e p o s i t i o n a l h i s t o r y of the a r e a . 
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T O M M A C K A Y 
LAKE A R E A 

K A Y C L A I M S 
A R E A 

STORIE C R E E K 
' AREA 

LATE 
BATHONIAN 

TOAftClAW 
TO 

BATHONIAN HETTAN&IAW TO 
Pi.l£NSSACrtlAN 

LATE 
TRIASSIC 

CALLOVJAN J0 
OAfORO'AN 

NORTHWEST S O U T H E A S T 

N O T E . : F O R L E & E N O , S E E FIG-. 2.1 A N D a . s 

F I G U R E 2.9 C o r r e l a t i o n o f t h e s t r a t i g r a p h y o f t h e Tom 
M a c k a y L a k e a n d S t o r i e C r e e k a r e a s . 
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The s i l i c i f i e d - l i t h i c t u f f s c o n t a i n i n g Weyla i n the Tom 

Mackay Lake area a r e H e t t a n g i a n t o L a t e P i i e n s b a c h i a n , w h i l e 

M o n o t i s p r e s e r v e d i n the v o l c a n i c sequences i n the S t o r i e 

Creek a r e a i n d i c a t e t h e i r age t o be N o r i a n . Both of these 

v o l c a n i c sequences u n d e r l i e T o a r c i a n t o B a t h o n i a n sandstone 

and conglomerate l i t h o l o g i e s ( i . e . U n i t C ) . Thus, the tops 

of t h e s e v o l c a n i c sequences i n the t h e s i s a r e a a r e e r o s i o n a l 

s u r f a c e s upon which c l a s t i c sediments were unconformably 

d e p o s i t e d . A s i m i l a r unconformable r e l a t i o n s h i p was 

d e s c r i b e d by D o n n e l l y (1976) f o r the upper s u r f a c e of the 

E a r l y t o M i d d l e J u r a s s i c v o l c a n i c r o c k s of the Kay C l a i m s . 

The v o l c a n i c sequence i n the Tom Mackay Lake a r e a 

c o r r e l a t e s w i t h the m i d d l e v o l c a n i c u n i t of the Kay C l a i m s 

( F i g . 2.1) l o c a t e d 5 km e a s t of Tom Mackay Lake. The N o r i a n 

v o l c a n i c sequences i n the S t o r i e Creek a r e a a r e time 

c o r r e l a t i v e w i t h the l o w e s t v o l a n i c s t r a t a i n the Kay C l a i m s 

( F i g . 2.9). E r o s i o n of E a r l y J u r a s s i c v o l c a n i c s t r a t a i n the 

S t o r i e Creek a r e a removed the r o c k s t h a t were c o r r e l a t i v e 

w i t h the E a r l y J u r a s s i c v o l c a n i c s t r a t a i n the Tom Mackay 

Lake (Kay C l a i m s ) a r e a . 

The sandstone-conglomerate u n i t c o n f o r m a b l y u n d e r l i e s 

the b l a c k s h a l e s i n the Tom Mackay Lake a r e a , and the l i m e y 

s i l t s t o n e and b l a c k s h a l e s i n the S t o r i e Creek a r e a . 

B e l e m n i t e s p r e s e r v e d i n the l i t h i c a r e n i t e s suggest t h a t the 

u n i t i s T o a r c i a n t o B a t h o n i a n i n age. A l t h o u g h no f o s s i l s 

were found i n t h i s u n i t i n the S t o r i e Creek A r e a , i t s 
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l i t h o l o g i c and s t r a t i g r a p h i c s i m i l a r i t i e s w i t h the 

c o n g l o m e r a t e and sandstones i n the Tom Mackay Lake a r e a 

suggest a c o r r e l a t i o n of the two u n i t s . 

In the Tom Mackay Lake a r e a , the ammonite-bearing b l a c k 

s h a l e s and s i l t s t o n e s are c o r r e l a t i v e w i t h the 

b e l e m n i t e - b e a r i n g s h a l e s and p h y l l i t e s i n the S t o r i e Creek 

a r e a . The age of t h i s p e l i t i c u n i t i s B a t h o n i a n t o 

O x f o r d i a n . 

In the S t o r i e Creek a r e a , the s h a l e u n i t i s u n d e r l a i n 

by the c a l c a r e o u s s i l t s t o n e u n i t t h a t i s not found i n the 

Tom Mackay Lake a r e a . T h i s s u g g e s t s t h a t t h e r e i s a l o c a l 

f a c i e s change between the two a r e a s p r i o r t o t h e d e p o s i t i o n 

of the b l a c k s h a l e s . T e m p o r a r i l y , s h a l l o w water may have 

e x i s t e d i n the S t o r i e Creek a r e a p r i o r t o B a t h o n i a n time t o 

a l l o w f o r the a c c u m u l a t i o n of c a l c a r e o u s m a t e r i a l . 

In c o n c l u s i o n , v o l c a n i c s t r a t a were d e p o s i t e d i n the 

t h e s i s a r e a from N o r i a n t o L a t e P i i e n s b a c h i a n t i m e . At the 

end of P l i e n s b a c h i a n t i m e , a s i g n i f i c a n t e r o s i o n a l s u r f a c e 

was formed on the top of t h e s e v o l c a n i c sequences and i n the 

S t o r i e Creek a r e a , a l l E a r l y J u r a s s i c v o l c a n i c r o c k s were 

removed by e r o s i o n . Commencing i n T o a r c i a n t i m e , d e p o s i t i o n 

of c o a r s e c l a s t i c c o n g l o m e r a t e s and s a n d s t o n e s , w i t h l o c a l 

c a l c a r e o u s f a c i e s i n the S t o r i e Creek a r e a , o c c u r r e d . T h i s 

c o n t i n u e d u n t i l L a t e B a j o c i a n time when sub-aqueous 

environments deepened and ammonite-bearing b l a c k s h a l e s were 

c o n f o r m a b l y d e p o s i t e d on t o p of the c l a s t i c l i t h o l o g i e s . 
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REGIONAL CORRELATION 

T r i a s s i c and J u r a s s i c v o l c a n i c and sedime n t a r y s t r a t a 

c o v e r e x t e n s i v e a r e a s of n o r t h - c e n t r a l B r i t i s h Columbia and 

have r e c e i v e d a s i g n i f i c a n t amount of study over the past 20 

y e a r s . C o r r e l a t i o n of t h e s e d e p o s i t s throughout the Bowser 

B a s i n and s u r r o u n d i n g a r e a s i s becoming i n c r e a s i n g l y c l e a r 

and the d e p o s i t i o n a l h i s t o r y of the r e g i o n b e t t e r 

u n d e r s t o o d . 

T r i a s s i c v o l c a n i s m i n n o r t h e r n B r i t i s h Columbia formed 

the L a t e T r i a s s i c T a k l a Group ( T i p p e r and R i c h a r d s , 1976) 

found e x t e n s i v e l y i n the s o u t h e r n Bowser B a s i n , and the 

c o r r e l a t i v e L a t e T r i a s s i c S t u h i n i Group (Monger, 1980) found 

i n the n o r t h e r n a r e a s of the Bowser B a s i n . These v o l c a n i c 

sequences a r e c h a r a c t e r i z e d by b a s a l p y r o c l a s t i c f l o w s t h a t 

a r e o v e r l a i n by t u f f s and a r g i l l i t e s , and f i n a l l y by c o a r s e 

v o l c a n i c b r e c c i a and con g l o m e r a t e w i t h i n t e r b e d d e d t u f f s , 

greywackes, and s i l t s t o n e s . The T a k l a and S t u h i n i Groups a r e 

L a t e C a r n i a n t o L a t e N o r i a n i n age ( T i p p e r and R i c h a r d s , 

1976; Monger, 1980). The v o l c a n i c sequence i n the S t o r i e 

Creek area c o n t a i n s M o n o t i s - b e a r i n q s h a l e beds, i s N o r i a n i n 

age, and i s c o r r e l a t i v e w i t h t he S t u h i n i Group. 

The s i l i c i f i e d and l a p i l l i - c r y s t a l - l i t h i c t u f f s t h a t 

form the v o l c a n i c sequences i n the Tom Mackay Lake a r e a a r e 

H e t t a n g i a n t o L a t e P l i e n s b a c h i a n i n age and r e p r e s e n t E a r l y 

J u r a s s i c v o l c a n i c a c t i v i t y i n the n o r t h e r n Bowser B a s i n . 
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The H a z e l t o n Group i s a t h i c k sequence of p r i m a r i l y 

marine v o l c a n i c f l o w s and t u f f s w i t h l e s s e r s e d i m e n t a r y 

assemblages t h a t i s v e r y e x t e n s i v e i n the s o u t h e r n Bowser 

B a s i n . The age of the H a z e l t o n Group i s S i n e m u r i a n t o L a t e 

B a j o c i a n ( T i p p e r and R i c h a r d s , 1976). The M i d d l e T o a r c i a n t o 

L a t e B a j o c i a n S m i t h e r s F o r m a t i o n makes up the uppermost 

s t r a t a i n t h i s group. 

The Toodoggone v o l c a n i c s i s an i n f o r m a l l y named group 

t h a t i s S i n e m u r i a n t o L a t e B a j o c i a n i n age and co m p r i s e s 

v o l c a n i c f l o w s , t u f f s , and b r e c c i a s (Smith e t a l , 1984). 

These r o c k s a r e c o r r e l a t i v e w i t h the upper sequences of the 

H a z e l t o n Group ( i . e . the S m i t h e r s F o r m a t i o n ) and occu r 

throughout the n o r t h e r n Bowser B a s i n . The H e t t a n g i a n t o L a t e 

P l i e n s b a c h i a n v o l c a n i c r o c k s of the Tom Mackay Lake a r e a a r e 

c o r r e l a t i v e w i t h the Toodoggone v o l c a n i c s and c o n t a i n 

s i m i l a r l i t h o l o g i e s and f o s s i l s . These v o l c a n i c r o c k s a r e 

not c o m p l e t e l y c o r r e l a t i v e w i t h the upper f o r m a t i o n s of the 

H a z e l t o n Group because the H a z e l t o n Group v o l c a n i c r o c k s a r e 

d e f i n e d as b e i n g formed from source m a t e r i a l d e r i v e d from 

the u p l i f t e d Skeena A r c h . By c o n t r a s t , v o l c a n i c s r a t a of the 

Toodoggone v o l c a n i c s formed from m a t e r i a l d e r i v e d from the 

u p l i f t e d S t i k i n e A r c h t o the n o r t h so t h a t the two v o l c a n i c 

groups a r e o n l y c o r r e l a t i v e by age. 

The Toodoggone v o l c a n i c s a r e time c o r r e l a t i v e w i t h the 

S p a t s i z i sediments (Smith e t a l , 1984) which formed d u r i n g 

p e r i o d s of low v o l c a n i c a c t i v i t y . These d e p o s i t s a r e a l s o 
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E a r l y t o M i d d l e J u r a s s i c ( i e . S i n e m u r i a n t o L a t e B a j o c i a n ) , 

and a r e c h a r a c t e r i z e d by s i l t s t o n e , s a n d s t o n e , r a r e 

c a l c a r e o u s s i l t s t o n e s , c o b b l e - c o n g l o m e r a t e s , and t u f f a c e o u s 

s i l t s t o n e . L i k e the Toodoggone v o l c a n i c s , t hey cover 

e x t e n s i v e a r e a s i n the n o r t h e r n Bowser B a s i n w i t h type 

l o c a l i t i e s d e s c r i b e d by Smith et a l (1984) i n the S p a t s i z i 

map a r e a . The sandstone-conglomerate u n i t s found i n both the 

Tom Mackay Lake and S t o r i e Creek a r e a s a r e T o a r c i a n t o 

B a t h o n i a n i n age and are c o r r e l a t i v e i n time and l i t h o l o g y 

w i t h the S p a t s i z i s e diments. They a r e a l s o time c o r r e l a t i v e 

w i t h the S m i t h e r s F o r m a t i o n of the H a z e l t o n Group. 

Both the S p a t s i z i sediments and the S m i t h e r s Formation 

of the H a z e l t o n Group c o n t a i n c a l c a r e o u s s i l t s t o n e beds 

s i m i l a r t o the " t r a n s i t i o n a l " c a l c a r e o u s s i l t s t o n e u n i t 

d e s c r i b e d i n the S t o r i e Creek a r e a . Thus, the c a l c a r e o u s 

s i l t s t o n e u n i t may be time and l i t h o l o g y c o r r e l a t i v e w i t h 

the upper s t r a t a ( E a r l y B a j o c i a n ) of the S p a t s i z i sediments 

and time c o r r e l a t i v e w i t h the upper s t r a t a of the Smithers 

F o r m a t i o n of the H a z e l t o n Group. 

The absence of t h i s u n i t i n the Tom Mackay Lake area i s 

due t o a l o c a l environment change i n the S t o r i e Creek a r e a 

t h a t produced a f a c i e s change between the two a r e a s d u r i n g 

T o a r c i a n t o B a j o c i a n t i m e . Smith e t a l (1984) a l s o d e s c r i b e s 

a b r u p t f a c i e s changes i n the S p a t s i z i sediments found i n the 

S p a t s i z i map a r e a . These abrubt f a c i e s changes may be the 

r e s u l t of the dynamic n a t u r e of the d e p o s i t i o n a l environment 
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( i . e . r a p i d and spasmodic p e r i o d s of u p l i f t and s u b s i d e n c e ) . 

R e c o g n i t i o n of the c a l c a r e o u s s i l t s t o n e u n i t i n the 

f i e l d may be v a l u a b l e as i t forms a key marker bed t h a t 

i m m e d i a t e l y u n d e r l i e s the deep wa t e r , ammonite-bearing b l a c k 

s h a l e d e p o s i t s of the Ashman F o r m a t i o n t h a t form the base of 

the Bowser Lake Group. 

The M i d d l e J u r a s s i c s a ndstone-conglomerate u n i t i s 

u n d e r l a i n by E a r l y J u r a s s i c Toodoggone v o l c a n i c r o c k s i n the 

Tom Mackay Lake a r e a , and by L a t e T r i a s s i c S t u h i n i Group 

v o l c a n i c r o c k s i n the S t o r i e Creek a r e a . T h i s s u g g e s t s the 

pr e s e n c e of a major u n c o n f o r m i t y above the v o l c a n i c 

sequences. The o c c u r r e n c e of t h i s e r o s i o n a l s u r f a c e , below 

which u n i t s of v a r i o u s ages a r e foumed, i s a l s o d e s c r i b e d by 

T i p p e r and R i c h a r d s (1976) t o o c c u r below the time 

c o r r e l a t i v e s a n d s t o n e s , c o n g l o m e r a t e s , and t u f f s of the 

S m i t h e r s F o r m a t i o n . 

D e p o s i t i o n of the Bowser Lake Group sediments o c c u r r e d 

from L a t e B a j o c i a n t o Ki m m e r i d g i a n time ( T i p p e r and 

R i c h a r d s , 1 9 7 6 ) when v o l c a n i c a c t i v i t y i n n o r t h - c e n t r a l 

B r i t i s h Columbia was m i n i m a l and d e l t a i c t o p r o - d e l t a i c 

d e p o s i t i o n a l environments p r e v a i l e d . The r e s u l t i n g d e p o s i t s 

were p r i m a r i l y marine s h a l e s , s i l t s t o n e s , s andstones and 

i n t e r b e d d e d c o n g l o m e r a t e s which a r e now c a l l e d t h e Ashman 

F o r m a t i o n ( L a t e B a j o c i a n t o E a r l y O x f o r d i a n ; T i p p e r and 

R i c h a r d s , 1976). T h i s f o r m a t i o n t y p i c a l l y forms a 



MS 

p r o g r a d i n g , c o a r s e n i n g upwards sequence of s e d i m e n t a r y 

s t r a t a . The ammonite-bearing b l a c k s h a l e s (and t h e i r 

metamorphosed e q u i v a l e n t s i n the S t o r i e Creek a r e a ) a r e L a t e 

B a t h o n i a n t o C a l l o v i a n i n age and a r e c o r r e l a t i v e w i t h the 

Ashman F o r m a t i o n which forms the lower s e c t i o n s of the 

Bowser Lake Group. 

In 1984, L. C u r r i e completed a study on the t h r e e 

d i s t i n c t i v e c h e r t - p e b b l e c onglomerate beds t h a t a r e 

c h a r a c t e r i s t i c of the Ashman Fo r m a t i o n i n the S p a t s i z i a r e a . 

The t h r e e beds a r e d i s t r i b u t e d i n the l o w e r , m i d d l e , and 

upper s e c t i o n s of the f o r m a t i o n and a r e g e n e r a l l y l e s s than 

100 meters t h i c k . The e n t i r e f o r m a t i o n t h i c k n e s s i s 

a p p r o x i m a t e l y 400 meters w i t h s h a l y sequences s e p a r a t i n g the 

conglomerate beds. 

The b l a c k s h a l e and s i l t s t o n e sequences i n the t h e s i s 

a r e a a r e i n exc e s s of 500 meters t h i c k w i t h no i n t e r b e d d e d 

sequences of c h e r t - p e b b l e c o n g l o m e r a t e . T i p p e r and R i c h a r d s 

(1976) r e p o r t t h a t the Ashman F o r m a t i o n can a t t a i n g r e a t 

t h i c k n e s s e s i n the s o u t h e r n Bowser B a s i n but t h a t t h i s 

t h i c k n e s s can be e x t r e m e l y v a r i a b l e . Thus, t h e e x c e s s i v e 

t h i c k n e s s of the Bowser Lake Group sediments t h a t formed i n 

the t h e s i s a r e a i s common els e w h e r e i n the Bowser B a s i n . 

However, the l a c k of i n t e r b e d d e d c o n g l o m e r a t e sequences i s a 

s i g n i f i c a n t f e a t u r e . 

The l a c k of c o a r s e r c l a s t i c sequences i n the Bowser 

Lake Group s h a l e s i n the t h e s i s a r e a may suggest t h a t the 
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d e p o s i t s formed i n a deeper water, more o f f shore 

environment r e l a t i v e t o the Bowser Lake Group sediments 

found t o the n o r t h i n the S p a t s i z i map a r e a which formed i n 

a s h a l l o w e r w a t e r , h i g h e r energy environment. Thus, a 

s i g n i f i c a n t f a c i e s change may occur as one moves south from 

the n o r t h e r n margin of the Bowser B a s i n . T h i s i n t e r p r e t a t i o n 

would have a l a r g e i m p l i c a t i o n i n the c o r r e l a t i o n of s t r a t a 

i n t he n o r t h e r n Bowser B a s i n and w i l l be d i s c u s s e d i n more 

d e t a i l i n the provenance and d e p o s i t i o n a l environment 

s e c t i o n s of the s t u d y . 

There i s no e v i d e n c e t h a t s u g g e s t s t h a t the r e l a t i o n 

between the Bowser Lake Group b l a c k s h a l e s and the 

u n d e r l y i n g c o a r s e c l a s t i c sediments and v o l c a n i c s i s an 

unconformable one i n the t h e s i s a r e a . A s i m i l a r c o n c l u s i o n 

was drawn f o r the b l a c k s h a l e s of the lower Ashman Form a t i o n 

i n the s o u t h e r n Bowser B a s i n by T i p p e r and R i c h a r d s (1976). 

However, L. C u r r i e (1984) proposed an unconformable 

r e l a t i o n s h i p between the Ashman Form a t i o n and the u n d e r l y i n g 

v o l c a n i c sequences i n the n o r t h e r n S p a t s i z i map a r e a , as d i d 

Smith e t a l (1984) f o r the S p a t s i z i p l a t e a u a r e a i n the 

c e n t r a l s e c t i o n of the S p a t s i z i map s h e e t . Thus, i t appears 

t h a t the r e l a t i o n s h i p between Bowser Lake Group and 

u n d e r l y i n g s t r a t a c o u l d be an i n c o n s i s t e n t one. T h i s may 

r e f l e c t a v a r i a t i o n i n the time a t which M i d d l e J u r a s s i c 

v o l c a n i s m and a r c h upheaval stopped i n the Bowser B a s i n 

r e g i o n , and molasse s e d i m e n t a t i o n s t a r t e d . 



SEPIMENTOLOGY 

SANDSTONE COMPOSITION AND PROVENANCE 

The f r i n g e s of the n o r t h w e s t e r n r e g i o n of the Bowser 

B a s i n a r e c h a r a c t e r i s t i c a l l y composed of c o a r s e c l a s t i c 

sediments i n f o r m a l l y c a l l e d the S p a t s i z i sediments which 

unconformably o v e r l i e v o l c a n i c sequences of both the 

Toodoggone v o l c a n i c s and the o l d e r S t u h i n i Group 

( c o r r e l a t i v e w i t h the more e x t e n s i v e T a k l a Group t o the 

s o u t h ) . The modal p r o p o r t i o n s of the sandstones c o n s t i t u e n t 

g r a i n t y p e s i n d i c a t e t h e i r provenance and g i v e some i n s i g h t 

i n t o the f o r m a t i o n and s e d i m e n t a t i o n of the n o r t h w e s t e r n 

r e g i o n of the Bowser B a s i n . 

The c o m p o s i t i o n of a sandstone i s i n f l u e n c e d by f a c t o r s 

such as the i n t e n s i t y of w e a t h e r i n g and e r o s i o n of the 

source r o c k , the c o m p o s i t i o n of the sou r c e r o c k , the 

t e c t o n i c s e t t i n g of the so u r c e r e g i o n , and the d e p o s i t i o n a l 

environment of the b a s i n . Of th e s e f a c t o r s , the most 

i n f l u e n c i a l on the c o m p o s i t i o n of the r e s u l t i n g sandstone 

a r e the t e c t o n i c s e t t i n g and the c o m p o s i t i o n of the source 

rock ( Y a g i s h i t a , 1985). 

W.R. D i c k i n s o n and o t h e r s (1979; 1983) have d e s c r i b e d 

i n d e t a i l many s t u d i e s which suggest t h a t the provenance 

t e r r a n e f o r sandstone s u i t e s may be de t e r m i n e d through the 

a p p l i c a t i o n of t e r n a r y QFL ( C ^ F I ^ ) diagrams. These diagrams 

can c l a s s i f y the provenance t e r r a n e f o r a sandstone i n t o 
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t h r e e broad t e c t o n i c s e t t i n g s : a Magmatic Ar c provenance, a 

C o n t i n e n t a l B l o c k provenance, and a R e c y c l e d Orogen 

provenance. The modal amounts of key framework g r a i n t y p e s 

of q u a r t z , f e l d s p a r , and l i t h i c fragments a r e d e t e r m i n e d f o r 

such a c l a s s i f i c a t i o n . 

The two t y p e s of t e r n a r y diagrams used a r e 

d i f f e r e n t i a t e d by the c o n s t i t u e n t g r a i n t y p e s which mark 

t h e i r r e s p e c t i v e a p i c i e s and a r e shown i n f i g u r e 3.1. These 

two t y p e s a r e : 

1. QFL DIAGRAMS - The p o l e s a r e d e s i g n a t e d 
by; t o t a l q u a r t z o s e g r a i n s (Q), i n c l u d i n g 
b o t h m o n o c r y s t a l l i n e and p o l y c r y s t a l l i n e 
g r a i n t y p e s such as c h e r t ; m o n o c r y s t a l l i n e 
f e l d s p a r g r a i n s ( F ) ; and u n s t a b l e l i t h i c 
f ragments ( L ) , of e i t h e r metamorphic, 
s e d i m e n t a r y , or igneous o r o g i n . 

2. QwiFLtDIAGRAMS - The p o l e s a r e d e s i g n a t e d 
by: e x c l u s i v e l y m o n o c r y s t a l l i n e q u a r t z 
g r a i n s ( Q m ) ; m o n o c r y s t a l l i n e f e l d s p a r 
g r a i n s ( F ) ; and t o t a l u n s t a b l e , 
p o l y c r y s t a l l i n e l i t h i c fragments ( L ^ ) , 
i n c l u d i n g c h e r t . 

MAfrMATIC MAfrMATlC 
ARC ARC 

FIGURE 3.1 The two t y p e s o f t e r n a r y d i a g r a m s and t h e i r 
r e s p e c t i v e p r o v e n a n c e t e r r a n e b o u n d a r i e s as 
o r i g i n a l l y p r o p o s e d by D i c k i n s o n ( f r o m D i c k i n s o n 
et a l . 1979). 
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The main d i f f e r e n c e between the two diagrams i s i n 

t h e i r r e s p e c t i v e t r e a t m e n t of q u a r t z o s e l i t h i c f r a gments. 

The QFL diagrams a s s i g n a l l q u a r t z v a r i e t i e s t o the q u a r t z 

group (Q), and thus r e f l e c t the r e l a t i v e m a t u r i t y of the 

sand s t o n e . By c o n t r a s t , by a s s i g n i n g p o l y c r y s t l l i n e q u a r t z 

v a r i e t i e s such as c h e r t t o the l i t h i c fragment group ( L t ) , 

the Q m F L t d i a g r a m p l a c e s more emphasis on the provenance of 

the sandstone ( Y a g i s h i t a , 1985). 

A d e t a i l e d d e s c r i p t i o n of the medium g r a i n e d l i t h i c 

a r e n i t e s used f o r t h i s s t u d y a r e g i v e n i n the s t r a t i g r a p h y 

p o r t i o n of the paper. P o i n t c o u n t s of t h r e e a r e n i t e samples 

from the Tom Mackay Lake a r e a (see i n s e t map f o r e x a c t 

sample l o c a t i o n ) were done and the r e s u l t s of t h e s e 

p o i n t c o u n t s a r e shown i n t a b l e 3.1 below. A p p r o x i m a t e l y 1500 

g r a i n s were counted f o r each sample. 

TABLE 3.1 P e r c e n t a g e s of key 
framework g r a i n s i n the l i t h i c 
a r e n i t e samples from the Tom Mackay 
Lake a r e a . 

SAMPLE # QUARTZ QUARTZ FELDSPAR LITHIC 
(MONO.) (POLY.) FRAGMENTS 

93-3 41.6 48.2 3.11 7.09 

99-1 40.0 47.8 5.00 7.20 

105-2 39.7 50.6 2.13 7.57 
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FIGURE 3.1 T e r n a r y d i a g r a m p r e s e n t a t i o n o f the provenance t e r r a n e 
p roposed from p o i n t c o u n t s o f t h r e e a r e n i t e samples 
from the Tom Mackay Lake a r e a . ( m o d i f i e d from D i c k i n s o n 
e t a l , 1983). 
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The samples were then p l o t t e d on both QFL and Q mFL t 

diagrams a c c o r d i n g t o t h e i r framework g r a i n p r o p o r t i o n s 

shown i n t a b l e 3.1 ( F i g . 3.3). Both diagrams suggest the 

same provenance t e r r a n e f o r the medium g r a i n e d l i t h i c 

a r e n i t e s : t h a t of a R e c y c l e d Orogen. As d e s c r i b e d by W.R. 

D i c k i n s o n e t a l (1979; 1983), t h i s provenance t e r r a n e i s 

c h a r a c t e r i z e d by u p l i f t e d f o l d e d and f a u l t e d sedimentary and 

v o l c a n i c s t r a t a . Sediments d e r i v e d from t h e s e r e g i o n s a r e 

t y p i c a l l y h i g h i n q u a r t z , low i n f e l d s p a r , and can have up 

t o a 10% l i t h i c fragment component. 

Thus, the l i t h i c a r e n i t e s from the Tom Mackay Lake a r e a 

can be c l a s i f i e d as "second c y c l e " s a n d stones d e r i v e d from 

p r e - e x i s t i n g s e d i m e n t s . T h e i r anomolously low f e l d s p a r 

c o n t e n t p r o b a b l y r e f l e c t s t he f e l d s p a r s m e c h a n i c a l 

i n s t a b i l i t y and i n a b i l i t y t o s u r v i v e e r o s i o n and t r a n s p o r t , 

a l t h o u g h i t may a l s o r e f l e c t a low f e l d s p a r c o n t e n t i n the 

sou r c e r e g i o n . The h i g h p r o p o r t i o n of p o l y c r y s t a l l i n e t o 

m o n o c r y s t a l l i n e q u a r t z r e f l e c t s the m e c h a n i c a l i n s t a b i l i t y 

of m o n o c r y s t a l l i n e q u a r t z d u r i n g p r o c e s s e s of e r o s i o n and 

t r a n s p o r t . The h i g h l i t h i c fragment c o n t e n t suggests t h a t 

d e t r i t u s d e r i v e d from p r e v i o u s l y i n d u r a t e d l i t h o l o g i e s 

p r o v i d e d the source m a t e r i a l . The h i g h p e r c e n t a g e of 

v o l c a n i c fragments i n the l i t h i c component suggest t h a t the 

provenance t e r r a n e was at l e a s t i n p a r t composed of 

i n d u r a t e d v o l c a n i c l e v e r s . 
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PROVENANCE DISCUSSIONS AND DEPOSITIONAL ENVIRONMENT 

The s o u r c e r e g i o n f o r the l i t h i c a r e n i t e s of the t h e s i s 

a r e a must have been q u a r t z - r i c h w i t h an abundance of c h e r t . 

The Cache Creek Group, l o c a t e d i n the u p l i f t e d A t l i n T e r r a n e 

( H o r s t ) t o the n o r t h of the Bowser B a s i n ( F i g . 3.3), i s the 

o n l y c h e r t - r i c h sequence i n the r e g i o n and i s t h e r e f o r e the 

most l i k e l y sediment s o u r c e . P a l e o c u r r e n t i n d i c a t o r s c i t e d 

by G.H. E i s b a c h e r (1976,1981; F i g . 3.3, 3.4) suggest t h a t 

t h e sediment s u p p l y f o r the n o r t h e r n Bowser B a s i n was 

l o c a t e d t o the n o r t h which s u p p o r t s the i d e a t h a t the Cache 

Creek Group i n the A t l i n t e r r a n e was as a p o s s i b l e source 

r e g i o n f o r t he se d i m e n t s . R a d i o l a r i a s t u d i e s of the c h e r t 

would c o n f i r m t h i s p r o p o s a l as was done by L. C u r r i e (1984) 

f o r the Ashman F o r m a t i o n conglomerates i n the S p a t s i z i Map 

a r e a . 

The minor l i m e s t o n e c l a s t s found i n the cong l o m e r a t e s 

(see u n i t d e s c r i p t i o n s i n the s t r a t i g r a p h y s e c t i o n ) have two 

p o s s i b l e s o u r c e a r e a s : the Cache Creek Group, o r the Sinwa 

Li m e s t o n e of the K i n g Salmon Assemblage ( C u r r i e , 1984; F i g . 

3.3). A l t h o u g h t h e l a t t e r may be a more l i k e l y source due t o 

the s h o r t e r t r a n s p o r t d i s t a n c e s i n v o l v e d , t he Cache Creek 

Group s u p p l i e s t he c h e r t t o the S p a t s i z i sediments and 

t h e r e f o r e would most l i k e l y s u p p l y the l i m e s t o n e c o b b l e s as 

w e l l . The minor amount of the s e l i m e s t o n e c l a s t s i n the 

con g l o m e r a t e s may be due t o t h e i r m e c h a n i c a l i n a b l i t y t o 

s u r v i v e the e r o s i o n and t r a n s p o r t t h a t was i n v o l v e d d u r i n g 
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the f o r m a t i o n of the S p a t s i z i s e d i m e n t s . 

The l a c k of m o d a l l y s i g n i f i c a n t amounts of v o l c a n i c 

fragments i n the l i t h i c a r e n i t e s ( T a b l e 3.1) and 

c o n g l o m e r a t e s i s s u r p r i s i n g i f the v o l c a n o - g r a n i t i c S t i k i n e 

A r c h r e g i o n l o c a t e d t o the n o r t h of the b a s i n was the source 

a r e a . One e x p l a n a t i o n i s t h a t v e r y e a r l y Bowser B a s i n 

s e d i m e n a t i o n i n the n o r t h c o v e r e d over , or " b l a n k e t e d " the 

S t i k i n e A r c h w i t h a l a y e r of sediments ( E i s b a c h e r , 1974). 

Thus, the i n f l u e n c e of the v o l c a n i c sequences on the eroded 

d e t r i t u s was m i n i m i z e d by the o v e r l y i n g s ediments. 

The Cache Creek Group i n the A t l i n t e r r a n e i s f a u l t 

bounded a g a i n s t the n o r t h e a s t e r n b o r d e r of the S t i k i n e A r c h 

( F i g . 3.3). I t i s p o s s i b l e t h a t d u r i n g M i d d l e t o L a t e 

J u r a s s i c t i m e , i t had not y e t been f a u l t e d t o i t s p r e s e n t 

p o s i t i o n and s u b s e q u e n t l y formed a "sedimentary cap" over 

the S t i k i n e A r c h d u r i n g t h i s t i m e . In t h i s manner, e r o s i o n 

of the S t i k i n e A r c h r e g i o n would s u p p l y eroded Cache Creek 

Group d e t r i t u s t o the n o r t h e r n p a r t s of the Bowser B a s i n . 

T h i s would e x p l a i n t h e h i g h c h e r t c o n t e n t and low v o l c a n i c 

fragment c o n t e n t i n t h e l i t h i c a r e n i t e s of the t h e s i s a r e a 

as the Cache Creek Group i s c h e r t - r i c h and r e l a t i v e l y low i n 

v o l c a n i c l i t h o l o g i e s . However, the v o l c a n i c sequences of the 

Cache Creek Group a r e g e n e r a l l y b a s i c whereas the v o l c a n i c 

fragments found i n t h e l i t h i c a r e n i t e s a r e more i n t e r m e d i a t e 

t o a c i d i c i n c o m p o s i t i o n . Thus, i t i s l i k e l y t h a t t h e r e was 

s t i l l a s m a l l i n p u t of a c i d i c v o l c a n i c rock fragments from 



5*t 

p a r t i c u l a r l y h i g h r e l i e f a r e a s of the S t i k i n e A r c h t h a t were 

exposed by d i f f e r e n t i a l e r o s i o n of the s t r a t i g r a p h i c a l l y 

h i g h e r Cache Creek Group. 
CAS S i AR 
8ATHOL IT H 

F I G U R E 3.3 S e d i m e n t t r a n s p o r t d i r e c t i o n s o f d e t r i t u s t h a t 
i n f i l l e d t h e B o w s e r B a s i n a n d t h e l o c a t i o n o f t h e 
s o u r c e t e r r a n e s t h a t s u p p l i e d t h e m a t e r i a l 
( m o d i f i e d from E i s b a c h e r , 1 9 8 1 ) . 
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F I G U R E 3.4 S e d i m e n t t r a n s p o r t d i r e c t i o n s f o r t h e n o r t h w e s t e r n 
r e g i o n o f t h e B o w s e r B a s i n d e t e r m i n e d f r o m 
s e d i m e n t a r y s t r u c t u r e s i n t h e B o w s e r L a k e G r o u p 
s e d i m e n t s ( m o d i f i e d f r o m E i s b a c h e r , 1 9 7 6 ) . 
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The Bowser Lake Group sediments i n the t h e s i s a r e a were 

d e p o s i t e d i n the deeper water, b a s i n f l o o r a r e a of the 

p r o - d e l t a i c environment ( F i g . 3.5), as e v i d e n c e d by the 

e x t e n s i v e d e p o s i t s of ammonite-bearing b l a c k s h a l e s and 

s i l t s t o n e s . The c o n g l o m e r a t e and sandstone beds of the 

S p a t s i z i sediments may r e f l e c t h i g h e r energy a v a l a n c h e 

d e p o s i t s t h a t o c c u r r e d on the c o n t i n e n t a l s l o p e i n a 

submarine fan type of environment p r i o r t o t h e d e p o s i t i o n of 

t h e deeper water s h a l e s i n L a t e B a j o c i a n t i m e . T h i c k 

sequences of b l a c k s h a l e w i t h i n t e r b e d d e d s i l t s t o n e l a y e r s 

( " f l y s c h e " ) are t y p i c a l of the M i d d l e t o L a t e J u r a s s i c 

s e d i m e n t a r y d e p o s i t s found throughout the n o r t h e r n Bowser 

B a s i n ( E i s b a c h e r , 1974; T i p p e r and R i c h a r d s , 1976; Smith et 

a l , 1984). Most of t h e s e s h a l y sequences however, 

( p a r t i c u l a r l y t hose i n the S p a t s i z i map a r e a ) , have 

i n t e r b e d d e d c o nglomerate t h a t i s not p r e s e n t i n the t h e s i s 

a r e a . Thus, i t i s proposed t h a t the t h e s i s a r e a formed i n 

the b a s i n f l o o r a r e a d i s t a l t o the d e l t a i c and submarine fan 

t y p e environment found t o the n o r t h . 

The S p a t s i z i map a r e a i s l o c a t e d c l o s e t o the u p l i f t e d 

s o u r c e r e g i o n f o r t h e n o r t h e r n Bowser B a s i n ( i . e . the 

S t i k i n e A r c h ) , and s u b s e q u e n t l y r e c e i v e d abundant c o a r s e 

c l a s t i c d e t r i t u s eroded from the a r c h . T h i s m a t e r i a l then 

formed the conglomerate beds of the Ashman F o r m a t i o n i n t h a t 

a r e a . T h i s c o a r s e c l a s t i c m a t e r a l however, d i d not reach the 

d i s t a l , b a s i n f l o o r a r e a s of the submarine environment ( F i g . 

3.5), so t h a t t h e s e a r e a s accumulated l a r g e , " u n i n t e r r u p t e d " 
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sequences of deep water b l a c k s h a l e s and s i l t s t o n e s . Thus, a 

s i g n i f i c a n t f a c i e s g r a d a t i o n may occur as one moves sou t h 

from the n o r t h e r n margin of the Bowser B a s i n ( i . e . the 

S p a t s i z i map ar e a ) as the i n p u t of c o a r s e c l a s t i c d e t r i t u s 

d e c r e a s e s and deeper water environments p r e v a i l . T h i s 

t r a n s i t i o n would have a s i g n i f i c a n t e f f e c t on the 

c o r r e l a t i o n of s t r a t a i n the r e g i o n . 

In 1984, L. C u r r i e s u g g e s t e d a d e l t a i c t o submarine f a n 

type of d e p o s i t i o n a l environment f o r the Bowser Lake Group 

sediments ( i n p a r t i c u l a r t he lowermost c o n g l o m e r a t e s of the 

Ashman F o r m a t i o n ) l o c a t e d i n the S p a t s i z i Map a r e a , as d i d 

E i s b a c h e r (1974) f o r the n o r t h e a s t e r n Bowser B a s i n . These 

s t u d i e s s u p p o r t the i d e a t h a t s h a l l o w w a t e r , h i g h e r energy 

e n v i r o n m e n t s dominated i n the n o r t h where the s u p p l y of 

c o a r s e c l a s t i c m a t e r i a l was h i g h . T h i s s u p p l y then 

" d w i n d l e d " i n the d i s t a l , b a s i n f l o o r a r e a s which formed t o 

the s o u t h where o n l y deep water s h a l e s and s i l t s t o n e s a r e 

found. 

U p l i f t i n the a r c h r e g i o n s was spasmodic d u r i n g M i d d l e 

t o L a t e J u r a s s i c time ( E i s b a c h e r , 1981) so t h a t time 

c o r r e l a t i v e sequences can v a r y s i g n i f i c a n t l y i n t h i c k n e s s 

t h r o u g h o u t the n o r t h e r n p a r t s of the b a s i n . These e p i s o d i c 

u p l i f t r a t e s may e x p l a i n t h e f o r m a t i o n of the c o a r s e 

sandstone and conglomerate beds as the r e s u l t of u n u s u a l l y 

h i g h energy environments produced d u r i n g p a r t i c u l a r l y h i g h 

r a t e s of a r c h u p l i f t . 
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As the Bowser B a s i n was b e i n g f i l l e d w i t h c l a s t i c 

d e t r i t u s , sea l e v e l f e l l ( E i s b a c h e r , 1974) as the r e s u l t of 

c o n t i n u a l u p l i f t of r e g i o n s such as the S t i k i n e A r c h , and 

the r a p i d r a t e s of d e p o s i t i o n t h a t exceeded the r a t e s of 

b a s i n s u b s i d e n c e . S u b s e q u e n t l y , the Bowser B a s i n sediments 

form a c o a r s e n i n g upwards, p r o g r a d i n g s e d i m e n t a r y sequence 

from b a s a l s h a l e s g r a d i n g upwards t o c o a r s e r d e l t a i c f a c i e s 

w i t h l e s s s h a l e and more sandstone and cong l o m e r a t e . The 

uppermost l a y e r s of the Bowser Lake Group a r e s u b - a e r i a l 

( T i p p e r and R i c h a r d s , 1976), and formed from L a t e J u r a s s i c 

t o E a r l y T e r t i a r y t i m e when the Bowser B a s i n had been 

c o m p l e t e l y c u t - o f f from open ocean. The non-marine d e p o s i t s 

of the Groundhog C o a l f i e l d i n the n o r t h e a s t e r n Bowser B a s i n 

formed i n such d e p o s i t i o n a l e n v i r o n m e n t s . 
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FIGURE 3.5 S k e t c h o f the d e p o s i t i o n a l e n vironment o f the n o r t h w e s t e r n 
Bowser B a s i n d u r i n g M i d d l e t o L a t e J u r a s s i c t i m e . P o s s i b l e 
f a c i e s r e l a t i o n s h i p s a r e shown. The con g l o m e r a t e beds may-
form from s u b - m a r i n e a v a l a n c h e s on the d e l t a i c s l o p e . 
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STRUCTURAL GEOLOGY 

INTRODUCTION 

S t r u c t u r e i n the Tom Mackay Lake r e g i o n i s 

c h a r a c t e r i z e d by a l a r g e , t i g h t s y n c l i n o r i a t h a t t r e n d s 

n o r t h e a s t - s o u t h w e s t ( F i g . 4.1). Polyphase d e f o r m a t i o n i s 

sug g e s t e d by minor f o l d a t t i t u d e s on the l i m b s of the major 

f o l d s . A d i s t i n c t i v e p l a n a r c l e a v a g e i s w e l l d e v e l o p e d i n 

the p e l i t i c l i t h o l o g i e s , but j o i n t i n g i s c h a r a c t e r i s t i c of 

the more competent conglomerate and sands t o n e . F a u l t s a r e 

not a dominant f e a t u r e i n the ar e a a l t h o u g h an im p o r t a n t 

r e v e r s e f a u l t o c c u r e s near the cor e of the main s y n c l i n e a t 

S t o r i e Creek ( F i g . 4.2). 

The s t r u c t u r e i m p a r t s a s i g n i f i c a n t geomorphologic 

g r a i n t o the t h e s i s a r e a . Tom Mackay Lake, a p p r o x i m a t e l y 3 

km l o n g and 1/2 km wide, o c c u p i e s the c o r e of the l a r g e , 

t i g h t n o r t h w e s t - t r e n d i n g s y n c l i n o r i a i n the a r e a . Many of 

the r i d g e s and r i v e r s i n the a r e a , i n c l u d i n g S t o r i e Creek, 

a l s o t r e n d i n a n o r t h e a s t - s o u t h w e s t d i r e c t i o n as a d i r e c t 

r e s u l t of the s t r u c t u r e s formed i n the r e g i o n . 

Data c o l l e c t e d i n the f i e l d f o r s r u c t u r a l a n a l y s i s 

i n c l u d e d b e d d i n g , p l a n a r c l e a v a g e and j o i n t a t t i t u d e s , and 

minor f o l d s o r i e n t a t i o n s i n the l e s s competent s h a l e s . 
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FOLDS 

TOM MACKAY LAKE AREA 

S t r u c t u r e i n the Tom Mackay Lake a r e a i s dominated by 

l a r g e , t i g h t n o r t h e a s t - t r e n d i n g f o l d s t h a t a r e 

c h a r a c t e r i s t i c of the F, e v e n t . 

A c o n t o u r e d e q u a l a r e a s t e r e o n e t p l o t of the p o l e s t o 

bedding (123 a t t i t u d e s p l o t t e d ) i n d i c a t e s t h a t the F, event 

i s c h a r a c t e r i z e d by c y l i n d r i c a l f o l d s u r f a c e s w i t h a x i a l 

p l a n e s s t r i k i n g 43" and d i p p i n g 76* t o the s o u t h e a s t (F, a x i a l 

p l a n e d e t e r m i n e d by p a s s i n g a p l a n e t h r o u g h b o t h the 

c a l c u l a t e d f o l d a x i s and the a x i a l t r a c e taken from the 

i n s e t map). The F, f o l d a x i s plunges 25* towards 049*. The 

l a r g e - s c a l e F, s y n c l i n o r i a of the Tom Mackay Lake a r e a 

d i s p l a y s c l o s u r e t o the southwest as do the p a r a l l e l t o 

s u b - p a r a l l e l minor f o l d s l o c a t e d on the l i m b s of the l a r g e r 

s t r u c t u r e s . 

Diagram 4.1 r e v e a l s t he ge o m e t r i e s of t h e s e f o l d s and 

a l l o w s us t o s p e c u l a t e as t o the mechanism of f o l d i n g as 

w e l l . The f o l d s can be c l a s s i f i e d as t i g h t f o l d s w i t h an 

i n t e r l i m b a n g l e of a p p r o x i m a t e l y 70° ( F i g . 4.3b). The hing e 

zone i s rounded as d i s p l a y e d by the d i f f u s e n a t u r e of the 

l i m b c l u s t e r s shown on the c o n t o u r e d s t e r e o n e t p l o t ( F i g . 

4.3a). The f o l d s a r e e s s e n t i a l l y symmetric about t h e i r a x i a l 

p l a n e . 



LEGEND 

FIGURE 4.3 E q u a l a r e a s t e r e o n e t p l o t s o f p o l e s to b e d d i n g . 
F i g u r e 3a i s a c o n t o u r e d s t e r e o n e t p l o t showing 
the c a l c u l a t e d F t f o l d a x i s and limb o r i e n t a t i o n s 
F i g u r e 3b shows the F, a x i a l p l a n e o r i e n t a t i o n 
and the i n t e r l i m b a n g l e ( i . e . the f o l d " t i g h t n e s s 
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The mechanism of f o l d i n g d u r i n g the F, event i s 

dominated by f l e x u r a l - s l i p p r o c e s s e s whereby shear movement 

i s accommodated a l o n g , o r p a r a l l e l t o , and not a c r o s s l a y e r 

b o u n d a r i e s . The maximum compressive f o r c e s of the F, event 

a r e o r i e n t a t e d at 133° i n an s o u t h e a s t - n o r t h w e s t d i r e c t i o n . 

The amount of s h o r t e n i n g a c h i e v e d by t h i s phase of f o l d i n g 

i s o n l y about 20%. T h i s i s l a r g e l y due t o the r e l a t i v e l y 

s m a l l amount of " s h e a r i n g " t h a t would a l l o w f o r g r e a t e r 

amounts of s h o r t e n i n g t o o c c u r . S m a l l meter s c a l e shear 

zones a r e p r e s e n t i n the a r e a however (Anderson, p e r . 

comm.), so t h a t s h e a r i n g was not t o t a l l y absent d u r i n g 

d e f o r m a t i o n . 

A v e r y d i s t i n c t i v e f e a t u r e of the a r e a i s the 

development of a p e r v a s i v e p l a n a r c l e a v a g e t h a t i s 

pronounced i n the c o r e s of minor f o l d s . The p o l e s t o t h i s 

c l e a v a g e were p l o t t e d ( F i g . 4.4a), and from t h i s diagram we 

can see t h a t the c l e a v a g e o r i g i n a t e d as an a x i a l p l a n a r 

c l e a v a g e a s s o c i a t e d w i t h the f i r s t phase of d e f o r m a t i o n 

( i . e . the p o l e s t o c l e a v a g e c l u s t e r about the p o l e t o the F, 

a x i a l p l a n e ) . However, s i n c e i t s f o r m a t i o n i t has been 

deformed by a second phase of d e f o r m a t i o n which has produced 

a " f a n n i n g " of the c l e a v a g e about i t s o r i g i n a l o r i e n t a t i o n 

p a r a l l e l t o the F, a x i a l p l a n e . 

P a r a s i t i c minor f o l d s (those minor f o l d s which "mimic" 

the o r i e n t a t i o n of the megascopic f o l d s t r u c t u r e s formed 

d u i n g the same f o l d i n g e v e n t ) are a d i s t i n c t i v e s t r u c t u r a l 
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f e a t u r e i n the a r e a and are found e x c l u s i v e l y i n the p e l i t i c 

l a y e r s . The wavelength of t h e s e f o l d s i s l e s s than 10cm 

( F i g . 4.5b). The d i s t r i b u t i o n of the f o l d axes and a x i a l 

p l a n e o r i e n t a t i o n s of the minor f o l d s i s p r e s e n t e d by e q u a l 

a r e a s t e r e o n e t p l o t s ( F i g . 4.4a). The o r i e n t a t i o n of the 

f o l d s suggest t h a t the minor f o l d s o r i g i n a t e d as F, 

" p a r a s i t i c " f o l d s t h a t have s i n c e been deformed by the Fa 

event i n a s i m i l a r f a s h i o n as the c l e a v a g e ( i . e . the minor 

f o l d a x i a l p l a n e s and f o l d axes have been "fanned" from 

t h e i r o r i g i n a l o r i e n t a t i o n s about the p o l e t o the F, a x i a l 

p l a n e and f o l d a x i s r e s p e c t i v e l y ) . There a r e however, two 

l o c a l i t i e s where the minor f o l d o r i e n t a t i o n s a r e 

s i g n i f i c a n t l y d i f f e r e n t from the o t h e r s ( F i g . 4.4b). I t i s 

p o s s i b l e t h a t t h e s e a r e a l s o F, p a r a s i t i c minor f o l d s t h a t 

have been h e a v i l y r e o r i e n t a t e d by F2 t o produce a x i a l 

o r i e n t a t i o n s 90* t o t h e i r o r i g i n a l p o s i t i o n . T h e i r extreme 

d e p a r t u r e from the r e g u l a r f a n n i n g of the o t h e r minor f o l d s 

however, suggest t h a t they a r e i n f a c t p a r a s i t i c f o l d s t h a t 

r e p r e s e n t minor f o l d s t r u c t u r e s formed d u r i n g the second 

d e f o r m a t i o n a l e v e n t . T h e r e f o r e , one can use t h e s e Ft 

p a r a s i t i c f o l d s t o d e t e r m i n e the a x i a l o r i e n t a t i o n s of F2 

s t r u u c t u r e s ( i . e . f o l d axes of F2 minor f o l d s c l u s t e r about 

the F2 f o l d a x i s , and a x i a l p l a n e p o l e s of F2 minor f o l d s 

c l u s t e r about the p o l e t o the Fz a x i a l p l a n e ) . T h e r e f o r e , the 

F2 a x i a l p l a n e o r i e n t a t i o n i s 118°/ 86° NE and the F2 f o l d a x i s 

p l u n g e s 8.1* towards 076°. The second phase f o l d s a r e 

o r i e n t a t e d a t 90* t o the f i r s t phase s t r u c t u r e s and a r e not 
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FIGURE 4.4 E q u a l a r e a s t e r e o n e t p l o t s o f c l e a v a g e (4a) and minor 
f o l d (4b) d a t a . The F a a x i a l p l a n e i s d e f i n e d by t h e 
c l u s t e r of F 2 p a r a s i t i c m i n o r f o l d a x i a l p l a n e s w h i c h 
forms the p o l e t o t h e F a a x i a l p l a n e . 
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a s s o c i a t e d w i t h the development of an a x i a l p l a n a r c l e a v a g e . 

The i s o l a t e d F2 minor f o l d s r e s t r i c t e d t o the l e a s t 

competent u n i t s i n d i c a t e the o r i e n t a t i o n s of the f o l d s . In 

the a b s e n c e of w e l l d e v e l o p e d F2 megascopic f o l d s and 

c l e a v a g e , t h e F2 event i s i n t e r p r e t e d as b e i n g a s i m p l e 

b u c k l i n g phase. The com p r e s s i v e f o r c e s a s s o c i a t e d w i t h the 

second d e f o r m a t i o n a l event were r e l a t i v e l y weak and unable 

t o produce any l a r g e s c a l e megascopic f o l d s t r u c t u r e s . 

In summary, t h i s second phase of d e f o r m a t i o n i s 

c h a r a c t e r i z e d by the d e f o r m a t i o n of p r e v i o u s l y formed F, 

minor f o l d s t r u c t u r e s and s l a t y c l e a v a g e . The s m a l l c i r c l e 

d i s t r i b u t i o n of the F, minor f o l d f o l d axes ( F i g . 4.4b) 

i n d i c a t e s t h a t t h i s phase of d e f o r m a t i o n was a l s o dominated 

by f l e x u r a l - s l i p f o l d mechanisms. The F 2 event i t s e f was o n l y 

a b l e t o produce i s o l a t e d minor f o l d s t r u c t u r e s i n the weak 

p e l i t i c l i t h o l o g i e s . 

STORIE CREEK AREA 

Phase one f o l d i n g i n the S t o r i e Creek a r e a c o m p r i s e s a 

n o r t h w e s t - t r e n d i n g , t i g h t s y n c l i n e o v e r t u r n e d t o the 

north w e s t ( F i g . 4.5a). The recumbent s t y l e i s de t e r m i n e d 

from bedding a t t i t u d e s and tops c r i t e r i a from s e d i m e n t a r y 

s r u c t u r e s ( i . e . l o a d s t r u c t u r e s and flame s t r u c t u r e s ) i n the 

c o r e of the f o l d . The s y n c l i n e d i s p l a y s c l o s u r e t o the 

southwest. There i s a northwestward change i n grade and 

d e f o r m a t i o n from the s o u t h e a s t l i m b t o the f o l d c o r e which 
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i s c h a r a c t e r i z e d by a p h y l l i t i c t e x t u r e i n the 

metasediments. The p h y l l i t e c o n t i n u e s t o a 

n o r t h e a s t - t r e n d i n g r e v e r s e f a u l t which c u t s out a mimimum of 

100 meters of s t r a t a on the northwest l i m b of the s y n c l i n e . 

The reason f o r t h i s c o n t r a s t i n s t y l e t o the F, f o l d s 

o b s e r v e d i n the Tom Mackay Lake a r e a j u s t 10 k i l o m e t e r s t o 

the west i s not c l e a r . D e t a i l e d s t r u c t u r a l and s t r a t i g r a p h i c 

s t u d i e s a c r o s s the Unuk R i v e r would p r o v i d e much b e t t e r 

c o n s t r a i n t s f o r the c o r r e l a t i o n of the s t r u c t u r a l s t y l e s 

o b s e r v e d i n the two a r e a s . 

One i m p o r t a n t g e o l o g i c a l a s p e c t of the S t o r i e Creek 

a r e a as d i s c u s s e d i n the s t r a t i g r a p h y s e c t i o n of the study 

i s the presence of an u n c o n f o r m i t y between the L a t e T r i a s s i c 

S t u h i n i Group v o l c a n i c r o c k s and the E a r l y J u r a s s i c 

s a n d s t o n e - c o n g l o m e r a t e , and l i m e y s i l t s t o n e u n i t s which 

o v e r l i e the Bowser Lake Group b l a c k s h a l e sequences. The 

pres e n c e of t h i s u n c o n f o r m i t y produces a p o s s i b l e s t r u c t u r a l 

detachment s u r f a c e whereby d e f o r m a t i o n i s r e a d i l y 

t r a n s m i t t e d . The appearance of t h i n zones of f a u l t gouge 

around the t r a n s i t i o n a l u n i t a l s o suggest t h a t d i s p a l c e m e n t 

p o s s i b l y i n the form of t h r u s t f a u l t i n g may have o c c u r r e d 

a l o n g t h i s h o r i z o n between the T r i a s s i c and J u r a s s i c 

l i t h o l o g i e s . 

The p h y l l i t i c c o r e i s a l s o a s i g n i f i c a n t f e a t u r e i n the 

a r e a which s u g g e s t s t h a t e l e v a t e d t e m p e r a t u r e s were 

a s s o c i a t e d w i t h t he F, e v e n t . Both the metamorphic grade and 
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FIGURE 4.5 P h o t o g r a p h s o f t h e two f o l d s t y l e s found i n t h e t h e s i s 
a r e a . F i g u r e 5a shows the s o u t h w e s t e r l y c l o s u r e o f the 
o v e r t u r n e d s y n c l i n e a t S t o r i e Creek and 5b shows the s m a l l 
s c a l e minor f o l d s formed i n the p e l i t i c l a y e r s i n t h e 
Tom Mackay L a k e a r e a . 
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the i n t e n s i t y of d e f o r m a t i o n a r e g r e a t e r i n the S t o r i e Creek 

a r e a . These e l e v a t e d t e m p e r a t u r e s may have a l s o produced the 

fiammied t u f f s found near the f o l d c o r e by a l l o w i n g f o r the 

f L a t t e n i n g of the weakened l i t h i c g r a i n s due t o the 

i n c r e a s e d t e m p e r a t u r e s . 

JOINT AND FAULT PATTERNS 

A d i s t i n c t i v e f e a t u r e of the Tom Mackay Lake a r e a i s 

the development of A-C f or c r o s s j o i n t s r e l a t e d t o the F, 

f o l d i n g e v e n t . They a r e w i d e s p r e a d , t y p i c a l l y d e v e l o p e d i n 

the more competent sandstone and c o n g l o m e r a t e , and a r e 

c l o s e l y spaced from 5 cm t o 100 cm. Diagram 4.6 i s a 

s t e r e o n e t p l o t of the p o l e s t o the j o i n t s u r f a c e s and 

d i s p l a y s the r e l a t i o n s h i p of the s e j o i n t s t o the Ff f o l d s . 

LE6END 

FIGURE 4,6 E q u a l a r e a s t e r e o n e t p l o t o f p o l e s t o j o i n t 
s u r f a c e s formed i n the sandstone-conglomerate 
u n i t i n the Tom Mackay Lake a r e a . Both the 
A-C j o i n t s and the c o n j u g a t e j o i n t s e t s formed 
d u r i n g the F, event and were l a t e r deformed 
by the F- event. 



The A-C j o i n t s d i p s t e e p l y t o the n o r t h e a s t by 60*to 

80* and g e n e r a l l y s t r i k e a t a n g l e s between 70* and 100* t o the 

t r e n d of the F, f o l d a x i s . The f a n n i n g of the A-C j o i n t s from 

t h e i r o r i g i n a l c l u s t e r about the F, f o l d a x i s i s a t t r i b u t e d 

t o t h e i r r e o r i e n t a t i o n by the F £ e v e n t . Conjugate j o i n t s e t s 

were not p e r v a s i v e i n the a r e a and were a l s o r e o r i e n t a t e d by 

FIGURE 4.7 A s k e t c h o f the v a r i o u s j o i n t s u r f a c e s formed d u r i n g 
th e F ( event b e f o r e t h e i r r e o r i e n t a t i o n by t h e Fj e v e n t . 
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F a u l t i n g was r e s t r i c t e d t o a prominent n o r t h w e s t e r l y 

d i p p i n g r e v e r s e f a u l t s t r i k i n g 40*and d i p p i n g s t e e p l y t o the 

northwest and l o c a t e d on the northwest l i m b of the 

o v e r t u r n e d s y n c l i n e a t S t o r i e Creek. The r e v e r s e f a u l t has 

d i s p l a c e d the upthrown n o r t h w e s t e r l y b l o c k i n a 

s o u t h e a s t e r l y d i r e c t i o n and a c c o u n t s f o r a l o s s of 

a p p r o x i m a t e l y 100 meters of s t r a t a . The p h y l l i t i c f a b r i c of 

the metasediments i n the f o l d c o r e , as w e l l as the fiammied 

t u f f s , may be c l o s e l y a s s o c i a t e d w i t h the r e v e r s e f a u l t . 

The r e v e r s e f a u l t may have formed d u r i n g i n t e n s e F, 

d e f o r m a t i o n when s h o r t e n i n g was i n c r e a s i n g and a "room" 

problem was d e v e l o p i n g i n the f o l d c o r e . To a l l e v i a t e t h i s 

p roblem, the t h r u s t f a u l t was formed t o remove m a t e r i a l from 

the f o l d c o r e and a l l o w f u r t h e r d e f o r m a t i o n and s h o r t e n i n g 

t o o c c u r . Temperatures l i k e l y r o s e d u r i n g t h i s i n t e n s e 

d e f o r m a t i o n and the p h y l l i t i c metasediments were formed i n 

the f o l d c o r e , p o s s i b l y as a r e s u l t of h y d r o t h e r m a l f l u i d s 

m i g r a t i n g a l o n g t h e f a u l t zone. The t h r u s t f a u l t has s i n c e 

been r o t a t e d t o i t s p r e s e n t o r i e n t a t i o n of a s t e e p l y d i p p i n g 

r e v e r s e f a u l t ( F i g . 4.2). Thus s h e a r i n g and e l e v a t e d 

t e m p e r a t u r e s both a s s o c i a t e d w i t h t h r u s t i n g i n the f o l d c o r e 

may have been c h a r a c t e r i s t i c f e a t u r e s of the F, event i n the 

S t o r i e Creek a r e a . 

T h r e e f o l d e v i d e n c e e x i s t s f o r the p r e s e n c e of the 

r e v e r s e f a u l t . F i r s t l y , t h e r e i s a c o n s i d e r a b l e l o s s of 

s t r a t i g r a p h i c s e c t i o n of up t o 100 meters i n t h e n o r t h e a s t 
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f o l d l i m b . N o t a b l y , the t r a n s i t i o n a l l i m e y s i l t s t o n e u n i t 

t h a t i s orange on weathered s u r f a c e s o n l y appears on the 

s o u t h e a s t l i m b of the s y n c l i n e . Thus, i t s absence on the 

n o r t h w e s t l i m b i s a t t r i b u t e d t o i t s t r u n c a t i o n by the 

r e v e r s e f a u l t . S e c o n d l y , t h e r e i s a prominent m a f i c and 

e x t r e m e l y f i n e g r a i n e d v o l c a n i c dyke exposed i n the v o l c a n i c 

r o c k s on the n o r t h w e s t e r l y f o l d l i m b t h a t does not appear on 

the s o u t h e a s t l i m b . A g a i n , i t appears t h a t t h i s dyke has 

been d i s p l a c e d by the r e v e r s e f a u l t . F i n a l l y , the p h y l i t t i c 

f a b r i c and low grade metasediments i n the f o l d c o r e a r e 

l i k e l y the r e s u l t of i n t e n s e d e f o r m a t i o n and e l e v a t e d 

t e m p e r a t u r e s r e l a t e d t o t h r u s t i n g which o c c u r r e d d u r i n g the 

F, e v e n t . 

The r e v e r s e f a u l t i n the S t o r i e Creek s y n c l i n e i s a 

s t r u c t u r a l f e a t u r e t h a t i s c l o s e l y r e l a t e d t o t h e F, e v e n t . 

The r e c o g n i t i o n of t h i s s t r u c t u r a l s t y l e i s p o t e n t i a l l y 

v a l u a b l e i n the c o r r e l a t i o n of s t r u c t u r a l s t y l e s found i n 

o t h e r a r e a s of the n o r t h e r n Bowser B a s i n . 



FIGURE 4.8 A v i e w o f the n o r t h w e s t l i m b o f the o v e r t u r n e d 
s y n c l i n e a t S t o r i e Creek, i n w h i c h the f i n e g r a i n e d , 
m a f i c dyke c r o s s c u t s t h e l a y e r e d v o l c a n i c s . I t s 
a b s e n c e i n t h e s o u t h e a s t l i m b i s e v i d e n c e s u p p o r t i n g 
t h e emplacement o f a t h r u s t f a u l t near t h e f o l d c o r e . 
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SUMMARY AND CORRELATION TO OTHER AREAS 

The t h e s i s a r e a i s a deformed r e g i o n i n which two 

n o n - c o a x i a l phases of d e f o r m a t i o n have o c c u r r e d o r i e n t a t e d 

a t 90°to each o t h e r . F i r s t phase a x i a l p l a n a r c l e a v a g e i s 

d i s t i n c t i v e of the p e l i t i c r o c k s and i s commonly deformed by 

the F, e v e n t . F i r s t phase A-C, or c r o s s j o i n t s formed i n the 

more competent sandstone and conglomerate, and were a l s o 

deformed by the F.̂  e v e n t . Minor f o l d s a r e p r i m a r i l y p a r a s i t i c 

F, minor f o l d s r e o r i e n t a t e d by F 2 , a l t h o u g h some p a r a s i t i c F^ 

minor f o l d s d i d form i n the Tom Mackay Lake a r e a . Both 

f o l d i n g e v ents a r e dominated by f l e x u r a l - s l i p p r o c e s s e s w i t h 

the f i r s t phase p r o d u c i n g megascopic s t r u c t u r e s t r e n d i n g 

n o r t h e a s t , and the weaker second phase l i m i t e d t o the 

f o r m a t i o n of o n l y minor f o l d s t r u c t u r e s . Reverse f a u l t s , 

s h e a r i n g , and p h y l l i t i c metasediments i n the f o l d c o r e 

c h a r a c t e r i z e the F, event i n the S t o r i e Creek a r e a . 

The most i m p o r t a n t s t r u c t u r a l f e a t u r e s i n the area 

i n c l u d e the l e s s competent p e l i t i c r o c k s h a v i n g been 

p e r v a s i v e l y deformed r e l a t i v e t o the more competent 

sandstone, c o n g l o m e r a t e , and t u f f . F i r s t phase s t r u c t u r e s 

a r e l a r g e l y deformed by the Fzevent which has no megascopic 

f o l d s t r u c t u r e s a s s o c i a t e d w i t h i t . The c o n t r a s t i n g 

s t r u c t u r a l s t y l e between the Tom Mackay Lake ar e a and the 

S t o r i e Creek a r e a i s s i g n i f i c a n t and c o u l d be b e t t e r 

u n d e r s t o o d by f u r t h e r d e t a i l e d g e o l o g i c mapping a c r o s s the 

Unuk R i v e r l o c a t e d between the two a r e a s . 
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The c o r r e l a t i o n of the s t r u c t u r e o b s e r v e d i n the t h e s i s 

a r e a w i t h t h a t observed i n o t h e r a r e a s of the Bowser B a s i n 

i s u n c e r t a i n . Many d e t a i l e d s t r u c t u r a l s t u d i e s of the 

Groundhog C o a l f i e l d a r e a i n the n o r t h e a s t e r n Bowser B a s i n 

d e s c r i b e northwest t r e n d i n g megascopic f o l d s t r u c t u r e s t h a t 

p r e - d a t e , and are deformed by, a second phase of n o r t h e a s t 

t r e n d i n g s t r u c t u r e s ( Koo, 1986; M o f f a t , 1986; M o f f a t and 

B u s t i n , 1984; B u s t i n and M o f f a t , 1983; R i c h a r d s and 

G i l c r e s t , 1979). Thus, the s t r u c t u r a l s y n t h e s i s of t h a t a r e a 

i s o p p o s i t e t o t h a t of the Tom Mackay Lake r e g i o n . M o f f a t 

and B u s t i n (1984) have b r a c k e t e d the age of the d e f o r m a t i o n 

i n t h a t a r e a t o L a t e C r e t a c e o u s t o E a r l y Eocene. The 

s t r u c t u r a l c o n t r a s t between the two a r e a s may be due t o the 

f a c t t h a t the f o l d i n g i n the Grounhog C o a l f i e l d r e p r e s e n t s 

much younger d e f o r m a t i o n a l e v e n t s than those e v e n t s which 

e f f e c t e d t h e Lat e T r i a s s i c t o M i d d l e J u r a s s i c r o c k s i n the 

t h e s i s a r e a . In 1985, B. Thomson d e s c r i b e d the s t r u c t u r e of 

the S p a t s i z i P l a t e a u a r e a ( S p a t s i z i Map Sheet; F i g . 1.2) t o 

be s i m i l a r t o t h a t d e s c r i b e d f o r the Groundhog C o a l f i e l d 

a r e a . 

In 1981, G.H. E i s b a c h e r d e s c r i b e d the s t r u c t u r e of the 

S u s t u t B a s i n n o r t h e a s t of the Groundhog C o a l f i e l d t o be 

s i m i l a r t o t h a t of t h i s t h e s i s a r e a . As w e l l , G.J. Souther 

(1972) has d e s c r i b e d a s i m i l a r s t r u c t u r a l s t y l e f o r the 

T e l e g r a p h Map Sheet ( F i g . 1.2) l o c a t e d d i r e c t l y t o n o r t h of 

the t h e s i s a r e a . Thus, the Groundhog C o a l f i e l d appears t o be 

s t r u c t u r a l l y anomolous between two more s i m i l a r s t r u c t u r a l 
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s t y l e s . T h i s makes any s t r u c t u r a l c o r r e l a t i o n s or " t r e n d s " 

a c r o s s the n o r t h e r n Bowser B a s i n d i f f i c u l t . 

A d e t a i l e d s t r u c t u r a l a n a l y s i s of n o r t h e r n and c e n t r a l 

B r i t i s h Columbia by Monger et a l (1978) has proposed t h a t 

t h r e e d i s t i n c t phases of d e f o r m a t i o n have produced the major 

s t r u c t u r a l g r a i n on the Intermontane B e l t of c e n t r a l B r i t i s h 

C olumbia. The f i r s t phase was i n the L a t e T r i a s s i c and 

produced f o l d i n g and metamorphism which was p o s s i b l y r e l a t e d 

t o the amalgamation of the a l l o c t h o n o u s t e r r a n e s which 

formed s u p e r t e r r a n e I . The second phase i s E a r l y C r e t a c e o u s , 

and produced f o l d s t r u c t u r e s t h a t may have been the r e s u l t 

of the a c c r e t i o n of s u p e r t e r r a n e I I w i t h the western edge of 

N o r t h A m e r i c a . The f i n a l " e p i s o d e of d e f o r m a t i o n o c c u r r e d i n 

E a r l y T e r t i a r y time and was c h a r a c t e r i z e d by s t r i k e - s l i p 

movements which t r a n s p o r t e d the a c c r e t e d t e r r a n e s i n a 

northwest d i r e c t i o n and p l a c e d them i n t o t h e i r p r e s e n t 

p o s i t i o n s i n the Canadian C o r d i l l e r a . 

The g e o m e t r i e s of the s t r u c t u r e s i n the t h e s i s a r e a 

c o r r e s p o n d c l o s e l y w i t h the s t r u c t u r e s d e s c r i b e d by Monger 

e t a l ( 1978) f o r the E a r l y C r e t a c e o u s s t r u c t u r a l , e p i s o d e 

t h a t i m p a r t e d much of the s t r u c t u r a l g r a i n on c e n t r a l 

B r i t i s h Columbia. These m u l t i p l e e p i s o d e s of a c t i v e 

d e f o r m a t i o n may be the cause of the d i f f i c u l t y i n 

c o r r e l a t i n g the s t r u c t u r a l s t y l e s found throughout the 

n o r t h e r n Bowser B a s i n . 
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CONCLUSION 

D u r i n g L a t e T r i a s s i c t i m e , the S t i k i n e and Cache Creek 

T e r r a n e s were amalgamated, and u p l i f t of r e g i o n s such as the 

S t i k i n e A r c h o c c u r r e d . The H a z e l t o n Trough was formed and 

s u b s e q u e n t l y f i l l e d w i t h v o l c a n i c r o c k s d u r i n g Sinemurian t o 

C a l l o v i a n time t o form v o l c a n i c sequences now r e f e r r e d t o as 

the H a z e l t o n Group. In L a t e B a j o c i a n t i m e , the Skeena A r c h 

was u p l i f t e d and d i v i d e d the H a z e l t o n Trough i n t o two 

s u c c e s s o r b a s i n s . The Bowser B a s i n formed t o the n o r t h of 

the Skeena A r c h and the Nechako B a s i n formed t o the south of 

the a r c h . The Bowser B a s i n was then f i l l e d w i t h marine and 

non-marine d e p o s i t s from L a t e B a j o c i a n t o Kimmeridgian t i m e . 

These s e d i m e n t a r y sequences a r e now r e f e r r e d t o as the 

Bowser Lake Group. 

The f o r m a t i o n of the Bowser B a s i n o c c u r r e d as 

s u p e r t e r r a n e I was b e i n g a c c r e t e d t o the margin of 

c o n t i n e n t a l N o r t h America from M i d d l e t o L a t e J u r a s s i c t i m e . 

The dynamic h i s t o r y of t e r r a n e amalgamation and a c c r e t i o n 

t h a t o c c u r r e d throughout the f o r m a t i o n of the C e n t r a l 

C o r d i l l e r a i s i n a l a r g e p a r t r e s p o n s i b l e f o r the f o r m a t i o n , 

and subsequent d e f o r m a t i o n of the Bowser B a s i n . 

The t h e s i s a r e a l i e s i n the n o r t h w e s t e r n p o r t i o n of the 

Bowser B a s i n and i s u n d e r l a i n by s e d i m e n t a r y and v o l c a n i c 

s t r a t a t h a t range from N o r i a n t o O x f o r d i a n i n age. In the 

S t o r i e Creek a r e a , N o r i a n v o l c a n i c sequences, c o r r e l a t i v e 

w i t h the S t u h i n i Group, a r e composed l a r g e l y of t u f f s and 



v o l c a n i c b r e c c i a s . These r o c k s a r e unconformably o v e r l a i n by 

c o a r s e , c l a s t i c sediments and minor c a l c a r e o u s beds t h a t a r e 

c o r r e l a t i v e w i t h the S p a t s i z i s e d i m e n t s . The c a l c a r e o u s beds 

ar e not found i n the Tom Mackay Lake a r e a and suggest a 

l o c a l f a c i e s change between the two a r e a s i n E a r l y B a j o c i a n 

t i m e . B l a c k s h a l e s and p h y l l i t e s c o n f o r m a b l y o v e r l i e the 

c l a s t i c sedimentary sequences, a r e C a l l o v i a n t o O x f o r d i a n i n 

age, and a r e c o r r e l a t i v e w i t h the Ashman F o r m a t i o n of the 

Bowser l a k e Group. 

In the Tom Mackay Lake a r e a , H e t t a n g i a n t o 

P l i e n s b a c h i a n v o l c a n i c t u f f s form the lowermost u n i t i n the 

a r e a , and a r e c o r r e l a t i v e w i t h the Toodoggone v o l c a n i c s . 

These v o l c a n i c sequences, l i k e i n the S t o r i e Creek a r e a , a r e 

unconformably o v e r l a i n by c o a r s e c o n g l o m e r a t e s and a r e n i t e s 

t h a t a r e T o a r i c i a n t o B a j o c i a n i n age. T h i s u n i t i s 

c o r r e l a t i v e w i t h the S p a t s i z i s e d i m e n t s . B l a c k s h a l e s form 

the s t r a t i g r a p h i c a l l y h i g h e s t u n i t i n the Tom Mackay Lake 

a r e a , a r e L a t e B a j o c i a n and younger i n age, and a r e 

c o r r e l a t i v e w i t h the Ashman F o r m a t i o n . 

The source a r e a f o r the c l a s t i c sequences d e s c r i b e d i n 

the t h e s i s a r e a was the c h e r t - r i c h Cache Creek Group l o c a t e d 

i n the u p l i f t e d S t i k i n e A r c h r e g i o n d i r e c t l y t o the n o r t h of 

the b a s i n . The sandstones and c o n g l o m e r a t e s a r e c h e r t - r i c h , 

t e x t u r a l l y mature, and c o m p o s i t i o n a l l y m o d e r a t e l y mature. 

The l a c k of a more s i g n i f i c a n t v o l c a n i c component i n these 

r o c k s i s due t o the l a c k of v o l c a n i c r o c k s i n the Cache 
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Creek Group. The l a c k of l i m e s t o n e c l a s t s r e f l e c t s t h e i r 

m e c h a n i c a l i n s t a b i l i t y and i n a b i l i t y t o s u r v i v e e r o s i o n and 

l o n g t r a n s p o r t d i s t a n c e s . 

The t h i c k sequences of ammonite-bearing b l a c k s h a l e s i n 

the t h e s i s a r e a suggest t h a t the d e p o s i t i o n a l environment 

was one of deep water, d i s t a l t o the i n f l u e n c e of c o a r s e 

c l a s t i c m a t e r i a l from d e l t a i c and p r o - d e l t a i c e n v i r o n m e n t s . 

A s i g n i f i c a n t f a c i e s t r a n s i t i o n o c c u r s from p r i m a r i l y deep 

water t o p r i m a r i l y s h a l l o w water l i t h o l o g i e s as one moves 

n o r t h from the t h e s i s a r e a towards the n o r t h e r n margin of 

the Bowser B a s i n . The Ashman F o r m a t i o n i s an example of t h i s 

f a c i e s change as i t has an i n c r e a s i n g l y l a r g e c h e r t - p e b b l e 

conglomerate c o n t e n t as i t i s t r a c e d northward from the 

t h e s i s a r e a where i t i s composed e n t i r e l y of s h a l e . 

In t h e t h e s i s a r e a , t h e r e a r e two non c o - a x i a l , p a s s i v e 

phases of d e f o r m a t i o n t h a t have o c c u r r e d at 90°to each 

o t h e r . M e g a s c o p i c , l a r g e - s c a l e f o l d s t r u c t u r e s t r e n d 

n o r t h e a s t - s o u t h w e s t i n the a r e a , and were formed d u r i n g the 

f i r s t phase of d e f o r m a t i o n . The second phase of d e f o r m a t i o n 

was weak, r e s t r i c t e d o n l y t o the f o r m a t i o n of minor f o l d 

s t r u c t u r e s , and p e r v a s i v e l y deformed f i r s t phase s t r u c t u r e s . 

C o r r e l a t i o n of the s t r u c t u r a l s y n t h e s i s of the t h e s i s 

a r e a t o t h a t of o t h e r a r e a s i n the n o r t h e r n Bowser B a s i n i s 

u n c l e a r . The Groundhog C o a l f i e l d a r e a i s an example of an 

a r e a where the s t r u c t u r a l s y n t h e s i s i s o p p o s i t e t o t h a t of 

the t h e s i s a r e a ( i . e . n o r t h e a s t - s o u t h w e s t t r e n d i n g 
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s t r u c t u r e s p o s t - d a t e an e a r l i e r phase of n o r t h w e s t - s o u t h e a s t 

t r e n d i n g s t r u c t u r e s ) . The u n c e r t a i n t y i n c o r r e l a t i o n may be 

due t o the m u l t i p l e p e r i o d s of d e f o r m a t i o n t h a t have 

e f f e c t e d much of n o r t h - c e n t r a l B r i t i s h Columbia i n r e l a t i o n 

t o t e r r a n e a c c r e t i o n and amalgamation e v e n t s i n the Canadian 

C o r d i l l e r a . 

F u r t h e r study i n the a r e a would be best u t i l i z e d i n the 

Unuk R i v e r a r e a where f u r t h e r c o r r e l a t i o n of the 

s t r a t i g r a p h y and s t u c t u r e between the Tom Mackay Lake and 

S t o r i e Creek a r e a s might be p o s s i b l e . In a d d i t i o n , an 

attempt t o map, and b e t t e r u n d e r s t a n d the r e l a t i o n s h i p 

between the abundant conglomerate and b r e c c i a o u t c r o p s i n 

the t h e s i s a r e a might l e a d t o a more p r e c i s e c o r r e l a t i o n of 

t h e s e l i t h o l o g i e s w i t h o t h e r s t r a t a i n the Bowser B a s i n . 

T h i s might r e s u l t i n a b e t t e r u n d e r s t a n d i n g of both the 

d e p o s i t i o n a l h i s t o r y of the a r e a , and of the f a c i e s 

t r a n s i t i o n t h a t o c c u r s between the S p a t s i z i map area and 

the t h e s i s a r e a . 
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