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ROCKS OF VANCOUVER ISLAND, BRITISH COLUMBIA 

ABSTRACT 

Pal e o z o i c rocks of Vancouver I s l a n d are exposed i n 
three major b e l t s ? the China Greeks S a l t s p r i n g . the Home 
Lake-Gameron River, and the B u t t l e 'Lake-Big I n t e r i o r 
b e l t s o 

S t r a t i g r a p h i c sequences i n these three b e l t s are 
g r o s s l y s i m i l a r , though d i f f e r i n g i n d e t a i l . The 
P a l e o z o i c rocks of each belt: are c o r r e l a t e d w i t h the 
Sicker Group, o r i g i n a l l y defined i n the southern part 
of the China C r e e k - S a l t s p r i n g b e l t . W i t h i n the S i c k e r 
Group, two major l i t h o l o g i c a l u n i t s are recognized;, and 
are r e f e r r e d to as t h e Lower and Upper D i v i s i o n s of the 
group. 

The base of the S i c k e r Group has not: been seen. The 
upper contact, of the group appears to be a paraconformity, 
above which Upper T r i a s s i c v o l c a n i c and sedimentary 
rocks of the Vancouver Group occur. 

The Lower D i v i s i o n c o n s i s t s mainly of v o l c a n i c rocks 
and non-calcareous c l a s t i c rocks. In the. Upper D i v i s i o n , 
limestones and thin-bedded cherty sediments, predominate. 
The major u n i t w i t h i n the Upper D i v i s i o n of the B u t t l e 
Lake-Big I n t e r i o r b e l t i s a limestone formation, (named 
herein) of 1000 to 1100 f e e t maximum t h i c k n e s s . Thin-
bedded, f i n e - g r a i n e d non-calcareous rocks of unknown 
age, t e n t a t i v e l y included w i t h i n the S i c k e r Group Upper 
D i v i s i o n , conformably o v e r l i e the limestone at c e r t a i n 
l o c a l i t i e s . 

A r i c h fauna of bracbiopods, bryozoans, molluscs, 
c o r a l s and forami.nife.rs has been found i n the Upper 
D i v i s i o n . A meagre f l o r a of algae and fragments of 
v a s c u l a r p l a n t s i s present: i n a l o c a l l y - d e v e l o p e d basal 
sandstone of the Upper D i v i s i o n . 

At l e a s t 42 genera, represented by .52 species, have 
been recognized i n the Upper D i v i s i o n fauna; many 
f o s s i l s remain to be i d e n t i f i e d . Four of the brachiopod 
species are regarded as new. 

Faunas s i m i l a r to that of the. Upper D i v i s i o n of the 
S i c k e r Group have been l i s t e d or described from other 
northern C o r d i l l e r a n r e g i o n s . C o r r e l a t i o n i s thus 
suggested w i t h the Permian Coyote Butte Formation of 
c e n t r a l Oregon, the Black, Mountain Formation of 

http://forami.nife.rs


n o r t h w e s t e r n Washington;, p a r t of t h e Cache Creek Group 
of m a i n l a n d B r i t i s h C o l u m b i a , and pa:r.t.s o f t h e Per/mo-
C a r b o n i f e r o u s s u c c e s s i o n s of' A l a s k a and Yukon T e r r i t o r y , 
P e r m i a n fau n a s o f t h e A r c t i c A r c h i p e l a g o ^ Greenland;, 
S p i t s b e r g e n and n o r t h w e s t e r n R u s s i a c o n t a i n , many genera 
and some s p e c i e s in. common w i t h t h e fauna o f t h e S i c k e r 
Group > S p e c i e s o f jj.or ;r I d on l a ; , S p l r ji £erelj_a and Koch i • 
p r o d u c t u s a r e p a r t i c u l a r l y s i g n i f i c a n t i n t h i s r e g a r d , 
l i n k i n g the. S i c k e r Group fauna w i t h t h e " A r c t i c 
P e r m i a n " and " R u s s i a n " b o r e a l f a u n a s . D e s p i t e t h e 
s t r o n g b o r e a l a f f i n i t i e s o f the. Vancouver: I s l a n d fauna, 
however.;, r e l a t i o n s h i p s a l s o w i t h w e s t e r n P a c i f i c 
e q u a t o r i a l faunas a r e s u g g e s t e d by c e r t a i n b r a c h i o p o d s 
and many of t h e b r y o z o a n s . 

The f a u n a l r e l a t i o n s h i p s t h u s e s t a b l i s h e d , and t h e 
p r e s e n c e o f c e r t a i n d i a g n o s t i c b r a c h i o p o d s and t e n t a ­
t i v e l y i d e n t i f i e d fusulin.i.d'S 3 i n d i c a t e t h e age of t h e 
Upper D i v i s i o n of the. S i c k e r Group t o be E a r l y P e r ­
mian (Wolfcampian-Leonardian)„ 

The. e v i d e n t m i x i n g i n t h e Pe r m i a n f a u n a o f Vancouver 
I s l a n d o f elements o f b o r e a l and e q u a t o r i a l f a u n a s 
p r o h i b i t s c o n c l u s i v e b i o g e o g r a p h i c a n a l y s i s a t t h e 
p r e s e n t s t a g e of investigation„ The, present, e v i d e n c e 
of f a u n a l d i s t r i b u t i o n s i s a l s o i n c o n c l u s i v e w i t h r e ­
s p e c t t o the. assessment o f t h e o r i e s o f c o n t i n e n t a l 
d r i f t and p o l a r wandering» 

Lower D i v i s i o n r o c k s r e p r e s e n t d e p o s i t s of a modera­
t e l y deep g u l f o r b a s i n on t h e c o n t i n e n t a l b o r d e r l a n d , 
formed d u r i n g a p e r i o d marked by t e c t o n i c and v o l c a n i c 
a c t i v i t y . D i m i n i s h i n g c r u s t a l u n r e s t c u l m i n a t e d i n t h e 
s h o a l i n g w a t e r s and c a r b o n a t e d e p o s i t s c h a r a c t e r i s t i c 
of t h e Upper D i v i s i o n . 
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ABSTRACT 

Paleozoic rocks of Vancouver Island are exposed i n three 

major b e l t s : the China Creek-Saltspring, the Home Lake-Cameron 

River, and the B u t t l e Lake-Big I n t e r i o r b e l t s . 

S t r a t i g r a p h i c sequences i n these three b e l t s are grossly 

s i m i l a r , though d i f f e r i n g i n d e t a i l . The Paleozoic rocks of each 

b e l t are correlated with the Sicker Group, o r i g i n a l l y defined i n 

the southern part of the China Creek-Saltspring b e l t . Within the 

Sicker Group, two major l i t h o l o g i c a l units are recognized, and are 

r e f e r r e d to as the Lower and Upper Div i s i o n s of the group. 

The base of the Sicker Group has not been seen. The upper 

contact of the group appears to be anpeunconformity, above which 

Upper T r i a s s i c volcanic and sedimentary rocks of the Vancouver 

Group occur. 

The Lower D i v i s i o n consists mainly of volcanic rocks and non-

calcareous c l a s t i c rocks. In the Upper D i v i s i o n , limestones and thin-

bedded cherty sediments predominate. The major unit within the Upper 

D i v i s i o n of the Buttle Lake-Big I n t e r i o r b e l t i s a limestone forma­

t i o n (named herein) of 1000 to 1100 feet maximum thickness. Thin-

bedded, fine-grained non-calcareous rocks of unknown age, tentative­

l y included within the Sicker Group Upper D i v i s i o n , conformably over­

l i e the limestone at c e r t a i n l o c a l i t i e s . 

A r i c h fauna of brachiopods, bryozoans, molluscs, corals and 

foraminifers has been found i n the Upper D i v i s i o n . A meagre f l o r a 

of algae and fragments of vascular plants i s present i n a l o c a l l y -

developed basal sandstone of the Upper D i v i s i o n . 



i i i 

A t l e a s t 42 g e n e r a , r e p r e s e n t e d by 52 s p e c i e s , have been r e ­

c o g n i z e d i n t h e Upper D i v i s i o n f a u n a ; many f o s s i l s r e m a i n t o be i d e n ­

t i f i e d . F o u r o f the b r a c h i o p o d s p e c i e s a r e r e g a r d e d as new. 

Faunas s i m i l a r t o t h a t o f the Upper D i v i s i o n o f t h e S i c k e r 

Group have been l i s t e d o r d e s c r i b e d f r o m o t h e r n o r t h e r n C o r d i l l e r a n 

r e g i o n s . C o r r e l a t i o n i s thus s u g g e s t e d w i t h the Permian Coyote B u t t e 

F o r m a t i o n o f c e n t r a l Oregon, t h e B l a c k M o u n t a i n F o r m a t i o n o f n o r t h ­

w e s t e r n W a s h i n g t o n , p a r t of the Cache Cr e e k Group of m a i n l a n d B r i t i s h 

C o l u m b i a , and p a r t s o f t h e P e r m o - C a r b o n i f e r o u s s u c c e s s i o n s of A l a s k a 

and Yukon T e r r i t o r y . P ermian f a u n a s o f t h e A r c t i c A r c h i p e l a g o , Green­

l a n d , S p i t s b e r g e n and n o r t h w e s t e r n R u s s i a c o n t a i n many genera and some 

s p e c i e s i n common w i t h t h e f a u n a o f the S i c k e r Group. S p e c i e s o f Hor-

r i d o n i a , S p i r i f e r e l l a and K o c h i p r o d u c t u s a r e p a r t i c u l a r l y s i g n i f i c a n t 

i n t h i s r e g a r d , l i n k i n g t h e S i c k e r Group f a u n a w i t h t h e " A r c t i c Perm­

i a n " and " R u s s i a n " b o r e a l f a u n a s . D e s p i t e the s t r o n g b o r e a l a f f i n i ­

t i e s o f t h e Vancouver I s l a n d f a u n a , however, r e l a t i o n s h i p s a l s o w i t h 

w e s t e r n P a c i f i c e q u a t o r i a l f a u n a s a r e s u g g e s t e d by c e r t a i n b r a c h i o -

pods and many o f t h e b r y o z o a n s . 

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

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

l i n i d s , i n d i c a t e t h e age of the Upper D i v i s i o n of the S i c k e r Group 

t o be E a r l y P ermian ( W o l f c a m p i a n - L e o n a r d i a n ) . 

The e v i d e n t m i x i n g i n t h e Permian f a u n a o f Vancouver I s l a n d 

of e l e ments o f b o r e a l and e q u a t o r i a l f a u n a s p r o h i b i t s c o n c l u s i v e b i o -

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

s e n t e v i d e n c e o f f a u n a l d i s t r i b u t i o n s i s a l s o i n c o n c l u s i v e w i t h r e -
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s p e c t t o t h e assessment of t h e o r i e s of c o n t i n e n t a l d r i f t and p o l a r 

w a n d e r i n g . 

Lower D i v i s i o n r o c k s r e p r e s e n t d e p o s i t s o f a m o d e r a t e l y deep 

g u l f o r b a s i n on t h e c o n t i n e n t a l b o r d e r l a n d , formed d u r i n g a p e r i o d 

marked by t e c t o n i c and v o l c a n i c a c t i v i t y . D i m i n i s h i n g c r u s t a l un­

r e s t c u l m i n a t e d i n the s h o a l i n g w a t e r s and c a r b o n a t e d e p o s i t s c h a r ­

a c t e r i s t i c o f the Upper D i v i s i o n . 
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INTRODUCTION 

STATEMENT OF PROBLEM 

P r e v i o u s work on Vancouver I s l a n d y i e l d e d i n f o r m a t i o n w h i c h 

s u g g e s t e d t h a t t h e P a l e o z o i c r o c k s exposed i n w i d e l y s e p a r a t e d a r e a s be­

l o n g e d t o t h e same s t r a t i g r a p h i c u n i t . E v i d e n c e b a s e d on f o s s i l s f r o m 

the upper p a r t o f t h e sequence r e s u l t e d i n c o n f l i c t i n g o p i n i o n s as t o 

i t s age. The m a j o r i t y o f d e t e r m i n a t i o n s i n d i c a t e d P e r m i a n age, b u t 

f o s s i l s f r o m s e v e r a l l o c a l i t i e s s u g g e s t e d t h a t the beds were P e n n s l y -

v a n i a n . 

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

w i t h w h i c h t o a s s e s s t h i s a p p a r e n t d i s c r e p a n c y i n age d e t e r m i n a t i o n s and 

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

Rugged t o p o g r a p h y , w i d e l y s e p a r a t e d a r e a s o f e x p o s u r e , l i m i t e d 

a c c e s s i n c e r t a i n p l a c e s , and complex s t r u c t u r e s i n o t h e r s , have a l l had 

some b e a r i n g on the c o m p a r a t i v e d e a r t h o f d e t a i l e d i n f o r m a t i o n on t h e 

upper P a l e o z o i c r o c k s o f Van c o u v e r I s l a n d . P r o b a b l y more i m p o r t a n t , 

however, a r e the r e l a t i v e l y complex s t r a t i g r a p h y o f t h i s e u g e o s y c l i n a l 

s u c c e s s i o n , the l a c k o f c o n t i n u o u s marker b e d s , and t h e p a u c i t y o f w e l l -

p r e s e r v e d f o s s i l s . 

T h i s i n v e s t i g a t i o n i s r e g a r d e d as a p r e l i m i n a r y s t e p i n the 

s t u d y o f a much b r o a d e r a s p e c t o f C o r d i l l e r a n g e o l o g y - t h e s o - c a l l e d 

"Cache Creek p r o b l e m " . A l t h o u g h t h e o c c u r r e n c e o f upper P a l e o z o i c 

r o c k s i n many areas o f B r i t i s h C o l u m b i a has been known f o r about a 

c e n t u r y , r e g i o n a l s y n t h e s i s has been l i m i t e d by t h e s m a l l number o f 

d e t a i l e d s t u d i e s o f r e l a t i v e l y w e l l - e x p o s e d and f o s s i l i f e r o u s s e c t i o n s . 

The V ancouver I s l a n d s t u d y , combined w i t h o t h e r s r e c e n t l y c o m p l e t e d , 



FIG. I Index map, western British Columbia and adjacent areas. 
Distribution of upper Paleozoic rocks. (Sicker Group, Cache 
Creek Group, and probable equivalents) shown by shaded areas. 
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now i n p r o g r e s s o r p r o j e c t e d f o r t h e f u t u r e , w i l l p r o v i d e d a t a b e a r i n g 

on t h e l a r g e r p r o b l e m o f the h i s t o r y o f t h e C o r d i l l e r a n e u g e o s y n c l i n e 

i n l a t e P a l e o z o i c (Cache Creek) t i m e . 

LOCATION AND ACCESS 

The d i s t r i b u t i o n o f upper P a l e o z o i c r o c k s i n w e s t e r n B r i t i s h 

C o l u m b i a and a d j a c e n t r e g i o n s i s shown i n F i g u r e 1. A r e a s i n w h i c h 

t h e s e r o c k s a r e exposed on Vancouver I s l a n d a r e i n d i c a t e d on a l a r g e r 

s c a l e i n F i g u r e 2. 

P a l e o z o i c r o c k s o c c u r i n s e v e r a l p a r t s o f t h e Vancouver I s l a n d 

Ranges, w h i c h t r e n d a l o n g t h e l o n g i t u d i n a l a x i s o f the i s l a n d . These 

ex p o s u r e s may be grouped c o n v e n i e n t l y i n t o t h r e e b e l t s : t h e n o r t h e r n 

B u t t l e L a k e - B i g I n t e r i o r b e l t ; t h e c e n t r a l Horne Lake-Cameron R i v e r b e l t ; 

and t h e s o u t h e r n C h i n a C r e e k - S a l t s p r i n g b e l t ( F i g u r e 2). The l a s t two 

b e l t s may be c o n t i n u o u s , b u t mapping i s n o t as y e t a t t h e s t a g e a t w h i c h 

t h i s c o n t i n u i t y can be p r o v e d . The C h i n a C r e e k - S a l t s p r i n g b e l t b i f u r ­

c a t e s a t t h e e a s t end o f Cowichan L a k e because of t h e p r e s e n c e o f younger 

r o c k s a l o n g the Cowichan v a l l e y t o t h e e a s t . 

The p r e s e n t i n v e s t i g a t i o n i s based on f i e l d work i n t h e n o r t h e r n 

p a r t o f t h e B u t t l e L a k e - B i g I n t e r i o r b e l t , i n t h e Horne Lake-Cameron 

R i v e r b e l t , and a l o n g the s o u t h w e s t e r n b o r d e r o f t h e C h i n a C r e e k - S a l t s p r i n g 

b e l t . 

Most e x p o s u r e s o f t h e two s o u t h e r n b e l t s a r e r e a d i l y a c c e s s i b l e 

f r o m l o g g i n g r o a d s , many of w h i c h a r e n e g o t i a b l e by a u t o m o b i l e . There 

a r e no r o a d s t r a v e r s i n g t h e n o r t h e r n b e l t , however; upper P a l e o z o i c ex­

po s u r e s o f t h e n o r t h e r n p a r t o f t h e b e l t a r e a c c e s s i b l e by b o a t around 



FIG- 2 Paleozoic belts of Vancouver Island. Numbers 1,2,3 indicate locations 
of Azure Lake, Mt. Mark, and Fairservice Mountain sections. 
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B u t t l e L a k e , and by f o o t e l s e w h e r e . F o o t - t r a i l s and mine r o a d s p r o v i d e 

a c c e s s t o a s m a l l p o r t i o n of t h e s o u t h e r n p a r t o f t h i s b e l t . 

The Vancouver I s l a n d upper P a l e o z o i c b e l t s v a r y i n r e l i e f f r o m 

m o d e r a t e l y t o e x t r e m e l y r u g g e d . Maximum r e l i e f i n t h e B u t t l e L a k e a r e a 

of t h e n o r t h e r n b e l t i s about 6500 f e e t ; a t Horne L a k e i t i s about 2800 

f e e t , and a t Cowichan L a k e i n t h e s o u t h e r n b e l t about 4000 f e e t . Dense 

f o r e s t c o v e r i s common a t l o w e r e l e v a t i o n s , b u t p a r t s of t h e s o u t h e r n 

b e l t s have been c o m p l e t e l y o r p a r t i a l l y c l e a r e d by l o g g i n g o p e r a t i o n s . 

W i t h i n t h e b e l t s , o u t c r o p s below t i m b e r l i n e u s u a l l y o c c u r i n 

p r e c i p i t o u s c l i f f s and s t e e p s t r e a m v a l l e y s . Above e l e v a t i o n s o f about 

4000 f e e t , e x p o s u r e s a r e more numerous, and i n t h e h i g h e r r i d g e s o f the 

B u t t l e L a k e - B i g I n t e r i o r b e l t , t h e y a r e v i r t u a l l y c o n t i n u o u s . 

PREVIOUS WORK 

Summary 

G e o l o g i c a l i n v e s t i g a t i o n s on Vancouver I s l a n d began a t l e a s t as 

e a r l y as 1858, when H. Bauerman made p r e l i m i n a r y s t u d i e s f o r t h e Boundary 

Commission. A.R.C. Sel w y n , of the G e o l o g i c a l Survey o f Canada, was 

a p p a r e n t l y t h e f i r s t t o r e p o r t t h e p r e s e n c e of P a l e o z o i c r o c k s on t h e 

i s l a n d (1872) . The e a r l i e s t r e c o r d o f i d e n t i f i c a t i o n s o f P a l e o z o i c 

f o s s i l s f r o m Vancouver I s l a n d f o r m a t i o n s , by E. B i l l i n g s , i s c o n t a i n e d 

i n James R i c h a r d s o n ' s r e p o r t o f 1873. 

L a t e r w o r k e r s a l s o r e c o g n i z e d r o c k s of p r o b a b l e P a l e o z o i c age on 

s o u t h e r n Vancouver I s l a n d (Dawson, 1878; C l a p p , 1909 t o 1 9 1 4 ) . However, 

d e s p i t e t h e e a r l i e r r e p o r t by R i c h a r d s o n of upper P a l e o z o i c f o s s i l s f r o m 

t h e l i m e s t o n e s o f Horne L a k e , a l l o f t h e major l i m e s t o n e b o d i e s of s o u t h e r n 
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Vancouver I s l a n d were r e g a r d e d by C l a p p as M e s o z o i c i n age. 

I t was n o t u n t i l 1931 t h a t a d d i t i o n a l f o s s i l e v i d e n c e c o n f i r m e d 

t h e p r e s e n c e o f undoubted upper P a l e o z o i c r o c k s on Vancouver I s l a n d . I n 

the y e a r Gunning's p u b l i c a t i o n d e a l i n g w i t h t h e B u t t l e L a k e a r e a o f cen­

t r a l Vancouver I s l a n d l i s t e d a b r y o z o a n f a u n u l e f r o m l i m e s t o n e s on the 

west s i d e o f B u t t l e L a k e . S i n c e t h e n s e v e r a l d i s c o v e r i e s o f upper P a l e o ­

z o i c f o s s i l s f r o m v a r i o u s l o c a l i t i e s s o u t h o f B u t t l e L a k e have been made. 

The b r y o z o a n s o f t h e B u t t l e L a k e f a u n a , d e s c r i b e d by F r i t z ( 1 9 3 2 ) , 

were c o r r e l a t e d w i t h a Permian f a u n a o f Timor. A Permian age a l s o has 

been a s s i g n e d t o most of t h e o t h e r upper P a l e o z o i c f o s s i l c o l l e c t i o n s 

f r o m Vancouver I s l a n d ; d e s c r i p t i o n s o f t h e f o s s i l s h a v e , however, n o t 

been p u b l i s h e d . 

Danner ( 1 9 5 7 ) , r e c o r d e d t h e p r e s e n c e o f faun a s o f L a t e M i s s i s s i p -

p i a n o r E a r l y P e n n s y l v a n i a n , E a r l y P e n n s y l v a n i a n , and " M e d i a l " and L a t e 

P ermian ages i n n o r t h w e s t e r n W a s h i n g t o n . I n 1960, he ext e n d e d h i s E a r l y 

P e n n s y l v a n i a n d e t e r m i n a t i o n s t o some l i m e s t o n e s o f s o u t h e r n Vancouver I s ­

l a n d , on the b a s i s o f l i t h o l o g i c a l s i m i l a r i t y and p r e l i m i n a r y f a u n a l an­

a l y s i s . Most of Danner's age d e t e r m i n a t i o n s were f r o m f u s u l i n i d e v i d e n c e . 

The o n l y p u b l i s h e d r e f e r e n c e t o the o c c u r r e n c e o f f u s u l i n i d s on s o u t h e r n 

Vancouver I s l a n d i s t h a t o f F y l e s (1955) , who r e p o r t e d t h e i d e n t i f i c a t i o n 

o f two E a r l y Permian f u s u l i n i d s f r o m t h e Cowichan L a k e a r e a . 

P r e v i o u s s t r a t i g r a p h i c work on t h e upper P a l e o z o i c r o c k s o f Van­

c o u v e r I s l a n d and a d j a c e n t a r e a s has been r e l a t i v e l y l i m i t e d i n sc o p e . 

The o n l y d e t a i l e d s e c t i o n measurements and d e s c r i p t i o n s a v a i l a b l e f o r t h e 

r e g i o n a r e t h o s e r e c o r d e d by Danner (1957) , and by S m i t h (1961) ; b o t h o f 

t h e s e d e a l p r i m a r i l y w i t h t h e upper P a l e o z o i c s e c t i o n s o f n o r t h w e s t e r n 
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W a s h i n g t o n , i n c l u d i n g the San Jua n I s l a n d s . A p r e l i m i n a r y a c c o u n t 

( Y o l e , 1963) of t h e p r e s e n t w r i t e r ' s i n v e s t i g a t i o n s i n t h e B u t t l e L a k e 

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

P a l e o z o i c sequence of t h a t a r e a . A d i a g r a m m a t i c columnar s e c t i o n o f 

the upper d i v i s i o n o f t h e sequence was p r e s e n t e d . 

H i s t o r y o f P a l e o z o i c S t u d i e s 

The h i s t o r y o f P a l e o z o i c s t u d i e s on Vancouver I s l a n d i s e x t e n ­

s i v e and complex. To the w r i t e r ' s knowledge a c h r o n o l o g i c a l summary, 

such as t h e f o l l o w i n g , i s n o t a v a i l a b l e e l s e w h e r e . I t i s p r e s e n t e d 

h e r e as a bac k g r o u n d f o r t h e e n s u i n g s t r a t i g r a p h i c d i s c u s s i o n s , and as 

a r e f e r e n c e f o r f u t u r e w o r k e r s i n t h e f i e l d . 

1872 

Selwyn's p r e l i m i n a r y e x p l o r a t i o n o f the r o c k s o f B r i t i s h Colum­

b i a i n c l u d e d p a r t o f Vancouver I s l a n d . I n h i s t a b l e o f f o r m a t i o n s 

(1872, p. 5 4 ) , he p l a c e d u n i t V I I , "Cascade M o u n t a i n s and Vancouver 

I s l a n d C r y s t a l l i n e S e r i e s " below t h e Lower Cache C r e e k Group. The 

l a t t e r he r e g a r d e d as b e i n g o f p o s t - S i l u r i a n , p r e - T r i a s s i c age, on t h e 

b a s i s o f f o s s i l s i d e n t i f i e d by B i l l i n g s ( S e l w y n , 1872, p. 6 2 ) . S i m i l a r 

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

b o t h t h e Cascade M o u n t a i n s and Vancouver I s l a n d p a r t s o f u n i t V I I (p. 6 3 ) . 

I n h i s r e p o r t on the c o a l f i e l d s o f Vancouver I s l a n d , R i c h a r d s o n 

(1872) r e f e r r e d b r i e f l y t o " c r y s t a l l i n e r o c k s " , o l d e r t h a n t h e M e s o z o i c 

c o a l measures. S e v e r a l b o d i e s o f l i m e s t o n e i n the v i c i n i t y o f V i c t o r i a 

were d e s c r i b e d ( p . 9 0 - 9 2 ) , and some "forms w h i c h appear t o be s i l i c i f i e d 
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f r a g m e n t s of E n c r i n a l columns" m e n t i o n e d . These a r e p r o b a b l y t h e same 

f o s s i l s m e n t i o n e d by S e l w y n , as he was a s s i s t e d by R i c h a r d s o n i n h i s 

e x a m i n a t i o n of t h e V i c t o r i a a r e a . 

1873 

R i c h a r d s o n ' s (1873) r e p o r t on the Vancouver I s l a n d c o a l f i e l d s 

i n c l u d e d a d e s c r i p t i o n o f " c r y s t a l l i n e r o c k s " e n c o u n t e r e d on a t r a v e r s e 

a c r o s s c o u n t r y f r o m t h e mouth o f t h e Q u a l i c u m R i v e r , westward towards 

A l b e r n i , by way o f Horne L a k e . C o r a l s , b r y o z o a n s , b r a c h i o p o d s and 

" l a r g e c r i n o i d a l columns" were c o l l e c t e d f r o m l i m e s t o n e s a t Horne L a k e . 

These were d e t e r m i n e d by B i l l i n g s ( i n R i c h a r d s o n , 1873, p. 54) t o be 

"Permian o r C a r b o n i f e r o u s , most p r o b a b l y t h e l a t t e r " . 

1874 

R i c h a r d s o n r e p o r t e d two a d d i t i o n a l f o s s i l l o c a l i t i e s i n t h e 

" c r y s t a l l i n e r o c k s " of Vancouver I s l a n d . P o o r l y p r e s e r v e d , a p p a r e n t l y 

u n i d e n t i f i a b l e forms were f o u n d near Schooner Bay, on the c o a s t e a s t of 

Nanoose Bay. A " t o l e r a b l y good c o l l e c t i o n " f r o m the B a l l e n a s I s l a n d s 

was r e f e r r e d t o as C a r b o n i f e r o u s or P e r m i a n , "most p r o b a b l y t h e f o r m e r " , 

by B i l l i n g s . T h i s f a u n a i n c l u d e d c o r a l s , b r a c h i o p o d s , " E n c r i n i t e s " and 

a n a u t i l o i d c e p h a l o p o d ( R i c h a r d s o n , 1874, p. 9 8 ) . 

1878 

G. M. Dawson (1878, p. 101) named th e V i c t o r i a S e r i e s , c o n s i s t i n g 

o f v o l c a n i c and s e d i m e n t a r y r o c k s , i n c l u d i n g some l i m e s t o n e s , o c c u r r i n g 

n o r t h of t h e L e e c h R i v e r " a u r i f e r o u s b e l t " o f s o u t h e r n Vancouver I s l a n d . 
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The age o f t h e V i c t o r i a s e r i e s was c o n s i d e r e d t o be p r o b a b l y C a r b o n i f ­

erous . 

1887 

Dawson (1887, p. 9B) r e c o g n i z e d t h a t t h e l o w e r p o r t i o n o f the 

" v o l c a n i c s e r i e s " of the n o r t h e r n p a r t of Vancouver I s l a n d was p o s s i b l y 

o l d e r t h a n T r i a s s i c . He i n c l u d e d t h e whole sequence i n t h e Vancouver 

S e r i e s , and s t a t e d ( p . 10B): 

" T h i s name may a l s o be u n d e r s t o o d t o i n c l u d e t h e 
s i m i l a r beds o f the Queen C h a r l o t t e I s l a n d s , as 
w e l l as t h o s e o f t h e s o u t h e r n p a r t o f Vancouver 
I s l a n d t o w h i c h i t was o r i g i n a l l y a p p l i e d by 
Dr. Selwyn i n 1871. I f t h i s g r e a t mass o f r o c k s 
s h o u l d e v e n t u a l l y prove s e p a r a b l e i n t o T r i a s s i c 
and C a r b o n i f e r o u s p o r t i o n s , I woul d s u g g e s t t h e 
r e t e n t i o n o f t h e name Vancouver S e r i e s f o r t h e 
f o r m e r " . 

1896 

S u t t o n (1896, p. 649) i n d e s c r i b i n g t h e r e s u l t s o f r e c o n n a i s ­

sance work i n the v i c i n i t y o f A l b e r n i I n l e t , n o t e d t h a t t h e Vancouver 

S e r i e s "amounts t o many thousands o f f e e t i n t h i c k n e s s , and w i l l most 

l i k e l y be fo u n d t o c o v e r n o t o n l y T r i a s s i c and C a r b o n i f e r o u s r o c k s , b u t 

even l o w e r i n the g e o l o g i c a l s c a l e " . S u t t o n a l s o d i s c o v e r e d l i m e s t o n e 

d e p o s i t s n e a r t h e head o f "Hiwatches R i v e r " (now known as F r a n k l i n R i v e r ) 

on t h e e a s t s i d e o f t h e i n l e t . These r o c k s y i e l d e d no f o s s i l s o t h e r 

t h a n c r i n o i d stems, b u t a c c o r d i n g t o S u t t o n , ( p . 654) th e y r e s e m b l e the 

l i m e s t o n e a t Home La k e and i n o t h e r Vancouver I s l a n d a r e a s ( p . 6 5 4 ) . 
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1909 

C l a p p u t i l i z e d Dawson's t e r m i n o l o g y o f 1873 and 1887 i n d e s c r i b ­

i n g t h e g e o l o g y i n the s o u t h e r n p a r t o f Vancouver I s l a n d . I n C l a p p " s 

w ords, (1909, p. 5 4 , 5 5 ) : 

" i t seems b e s t t o r e s t r i c t t he te r m Vancouver S e r i e s 
t o T r i a s s i c r o c k s o f t h e n o r t h e r n p a r t of t h e i s l a n d , 
and t o i n t r o d u c e a new te r m f o r the o l d e r r o c k s . 
Hence, I s u g g e s t the name V i c t o r i a S e r i e s , as a 
g e n e r a l name embr a c i n g t h e o l d e r metamorphics o f the 
s o u t h e r n p a r t o f the i s l a n d b e l o n g i n g t o the P a l e o ­
z o i c e r a " . 

The V i c t o r i a S e r i e s was p l a c e d by C l a p p ( p . 54) i n t h e De v o n i a n s y s t e m , 

on t h e b a s i s o f a f a u n a c o l l e c t e d on t h e s o u t h shore o f Cowichan L a k e . 

To t h e n o r t h o f t h e V i c t o r i a S e r i e s , and s e p a r a t e d f r o m i t by a " p r o f o u n d 

u n c o n f o r m i t y " , C l a p p d e s c r i b e d a s e d i m e n t a r y and v o l c a n i c sequence named 

th e Mt. S i c k e r S e r i e s , r e g a r d e d as b e i n g o f M e s o z o i c age ( p . 5 4 ) . 

1910 

The i n t e r p r e t a t i o n o f t h e age of t h e Cowichan L a k e f a u n a was r e ­

v i s e d ( C l a p p , 1910, p. 8 7 ) . The f o s s i l i f e r o u s l i m e s t o n e was removed f r o m 

t h e P a l e o z o i c sequence, and p l a c e d i n a r e v i s e d Vancouver "group", a l o n g 

w i t h t h e Vancouver V o l c a n i c s and Mt. S i c k e r " F o r m a t i o n " . The r e v i s e d 

V i c t o r i a "group", i n c l u d i n g t h e N i t i n a t , H i g h l a n d and L e e c h R i v e r Forma­

t i o n s , and p o s s i b l y t he M a l a h a t F o r m a t i o n , was q u e s t i o n a b l y r e f e r r e d t o 

the upper P a l e o z o i c . 

1911 

I n a p r e l i m i n a r y a c c o u n t o f the V i c t o r i a and S a a n i c h a r e a s , C l a p p 

(1911) i n c l u d e d i n t h e Vancouver Group a b e l t o f l i m e s t o n e l e n s e s e x t e n d -
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i n g f r o m S a a n i c h i n l e t t o Cowichan L a k e . L i m e s t o n e s and a s s o c i a t e d v o l ­

c a n i c r o c k s n e a r V i c t o r i a , though p o s s i b l y o l d e r t h a n t h e Vancouver 

Group, were t e n t a t i v e l y i n c l u d e d w i t h i n i t . The Vancouver Group was 

s a i d t o be Lower J u r a s s i c and p r o b a b l y T r i a s s i c , "and may i n c l u d e Upper 

P a l e o z o i c " (p. 1 0 4 ) . 

1912 

I n C l a p p ' s (1912) summary of h i s work on s o u t h e r n Vancouver I s ­

l a n d , t h e L e e c h R i v e r F o r m a t i o n was q u e s t i o n a b l y a s s i g n e d t o the Carbon­

i f e r o u s ( p . 3 6 ) . T h i s f o r m a t i o n was c o r r e l a t e d w i t h t h e l o w e r p a r t o f 

t h e Cache C r e e k Group and w i t h t h e P e s h a s t i n F o r m a t i o n of W a shington 

(p. 4 4 ) . The N i t i n a t F o r m a t i o n , p r e v i o u s l y i n c l u d e d w i t h i n t h e P a l e o ­

z o i c V i c t o r i a Group, was a t t h i s t i m e t r a n s f e r r e d t o t h e Vancouver Group 

(p. 36, 49, 50) . 

The f o s s i l i f e r o u s l i m e s t o n e of Cowichan L a k e , now c a l l e d t h e 

S u t t o n F o r m a t i o n , "Lower J u r a s s i c " , was e x t e n d e d t o i n c l u d e " p r o v i s i o n a l l y 

. . . a l l of t h e i n t e r c a l a t e d l i m e s t o n e s i n t h e Vancouver v o l c a n i c s of 

s o u t h e r n Vancouver I s l a n d " (p. 6 1 ) . T h i s d e f i n i t i o n encompassed t h e 

Horne L a k e a r e a , where, a c c o r d i n g t o C l a p p , " R i c h a r d s o n r e c o r d s s i m i l a r 

f o s s i l i f e r o u s l i m e s t o n e s " (p. 61, 7 0 ) . 

The Mt. S i c k e r S e r i e s was a b b r e v i a t e d t o S i c k e r S e r i e s , and was 

d e s c r i b e d i n d e t a i l as p a r t o f the Vancouver Group, of T r i a s s i c and J u r ­

a s s i c age (p. 71-83). 

1913 

I n C l a p p ' s memoir (1913) on t h e V i c t o r i a and S a a n i c h a r e a s t h e 

t a b l e o f f o r m a t i o n s d i f f e r e d v e r y l i t t l e f r o m t h o s e p r e v i o u s l y p u b l i s h e d . 



10 

The S i c k e r S e r i e s , however, was s u b d i v i d e d i n t o two members: t h e S i c k e r 

S c h i s t s and S i c k e r V o l c a n i c s ( p . 2 7 ) . 

1914 

I n a p r e l i m i n a r y r e p o r t on t h e Sooke and Duncan a r e a s , C l a p p 

(1914, p. 42, 45) s t a t e d t h a t t h e L e e c h R i v e r F o r m a t i o n and M a l a h a t V o l ­

c a n i c s were t h e o l d e s t f o r m a t i o n s o f the r e g i o n , p r o v i s i o n a l l y a s s i g n i n g 

them t o t h e C a r b o n i f e r o u s . I n a l a t e r r e p o r t , t h e term " S i c k e r s c h i s t s " 

was r e p l a c e d by " S i c k e r s e d i m e n t s " C l a p p , (1914c, p. 9 2 ) . 

1917 

The memoir by C l a p p and Cooke (1917) on t h e Sooke and Duncan 

a r e a s c o n t a i n e d Cooke's comment t h a t "no d e f i n i t e s t a t e m e n t can be made 

e i t h e r as t o t h e age o f the S i c k e r s e r i e s r e l a t i v e t o t h a t of t h e o t h e r 

members of t h e Vancouver group or as t o i t s c o n f o r m a b i l i t y w i t h them" 

(p. 1 5 2 ) . I n t h e same p u b l i c a t i o n , however, C l a p p p r o v i s i o n a l l y con­

s i d e r e d t h e S i c k e r S e r i e s t o be c o n f o r m a b l e w i t h and younger t h a n t h e 

Vancouver V o l c a n i c s ( p . 5 3 ) . 

1927 

I n d e s c r i b i n g the g e o l o g y o f t h e San Jua n I s l a n d s , M c L e l l a n 

(1927, p. 91) c o r r e l a t e d t h e P a l e o z o i c San Jua n S e r i e s w i t h t h e S i c k e r 

S e r i e s o f C l a p p . The upper p a r t o f t h e San J u a n S e r i e s was r e f e r r e d 

t o as t h e L e e c h R i v e r Group; on t h e b a s i s o f f u s u l i n i d s f ound i n l i m e ­

s t o n e members, i t was r e g a r d e d as . . . " t o a l a r g e e x t e n t o f P e n n s l y -

v a n i a n age" (p. I l l ) . T h i s group was c o r r e l a t e d w i t h t h e upper p a r t 
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of t h e Cache Creek S e r i e s (named by S e l w y n , 1892) o f c e n t r a l B r i t i s h 

C o l u m b i a , t h e upper p a r t o f t h e Hozomeen S e r i e s ( S m i t h and C a l k i n s , 

1 9 0 4 ) , of t h e n o r t h e r n C a s c a d e s , and w i t h t h e C h i l l i w a c k S e r i e s ( D a l y , 

1912) o f s o u t h w e s t e r n B r i t i s h C o l u m b i a . 

The l o w e r p a r t of the San J u a n S e r i e s , the Orcas Group, con­

t a i n e d f o s s i l s d e t e r m i n e d as C a r b o n i f e r o u s and D e v o n i a n , and was c o r ­

r e l a t e d w i t h t h e l o w e r p a r t of t h e Cache C r e e k S e r i e s , - t h e B r i d g e R i v e r 

S e r i e s (McCann, 1922) of s o u t h w e s t e r n B r i t i s h C o l u m b i a , and p a r t of 

t h e Hozomeen S e r i e s . 

1928 

Map 196A o f t h e G e o l o g i c a l S u r v e y of Canada, Vancouver s h e e t , 

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

B r i t i s h C o l u m b i a , showed one b e l t of P a l e o z o i c r o c k s on s o u t h e r n Van­

c o u v e r I s l a n d . T h i s b e l t c o m p r i s e d C l a p p ' s L e e c h R i v e r and M a l a h a t 

F o r m a t i o n s , w h i c h were shown as b e i n g of C a r b o n i f e r o u s and? Permian 

age. 

1931 

Gunning's r e p o r t (1931) on a l a r g e a r e a i n t h e c e n t r a l p a r t of 

Vancouver I s l a n d d i s c l o s e d t h e p r e s e n c e of f o s s i l i f e r o u s P a l e o z o i c 

r o c k s i n t h e B u t t l e L a k e a r e a . " F o s s i l s of P ermian age were c o l l e c t e d 

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

d e f i n i t e p r o o f of t h e o c c u r r e n c e of r o c k s o f P a l e o z o i c age on Vancouver 

I s l a n d " , ( p . 5 9 ) . 
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The b r y o z o a n s o f t h i s fauna were i d e n t i f i e d by F r i t z and s a i d 

t o be o f P e r m i a n age. Other p a r t s o f t h e fauna were i d e n t i f i e d by 

G i r t y , who ( i n Gunning, 1931, p. 59) c o n s i d e r e d t h a t some of t h e s p i r i -

f e r i d b r a c h i o p o d s "may b e l o n g t o an h o r i z o n up i n t h e P e n n s y l v a n i a ^ 

t h i s b e i n g more p r o b a b l e t h a n t h a t t h e h o r i z o n i s P e r m i a n " . Gunning 

chose t h e P e r m i a n d e s i g n a t i o n , but n o t e d t h a t t h e t h i c k sequence o f 

v o l c a n i c s and o t h e r s e d i m e n t s b e n e a t h t h e l i m e s t o n e s c o u l d be P e n n s y l -

v a n i a n or o l d e r . 

1932 

Gunning's b r y o z o a n m a t e r i a l f r o m B u t t l e Lake was d e s c r i b e d and 

i l l u s t r a t e d by F r i t z ( 1 9 3 2 ) . The " s t r i k i n g r e s e m b l a n c e " between t h i s 

f a u n a and t h e P e r m i a n b r y o z o a n fauna o f Timor l e d h e r t o c o r r e l a t e them. 

The two a r e a s were s a i d t o have o n l y f o u r b r y o z o a n s p e c i e s i n common, 

but among t h e o t h e r s p e c i e s p r e s e n t some of t h e Vancouver I s l a n d forms 

were c l o s e l y r e l a t e d t o t h e Timor s p e c i e s ( p . 9 3 ) . 

1941 

S e v e r a l i s o l a t e d l i m e s t o n e b o d i e s i n t h e B e d w e l l R i v e r a r e a o f 

c e n t r a l Vancouver I s l a n d were d e s c r i b e d by S a r g e n t . C o r a l s from t h e s e 

were r e g a r d e d by W i l s o n ( i n S a r g e n t , 1941, p. 19) as b e i n g o f l a t e 

P a l e o z o i c age. B r a c h i o p o d s f r o m t h e same a r e a were s a i d t o be P e r m i a n . 

S a r g e n t p r e s e n t e d s e v e r a l l i n e s o f e v i d e n c e t o s u p p o r t a 

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

one h o r i z o n ( p . 1 7 ) . A "complex" o f s e d i m e n t a r y , v o l c a n i c and i n t r u ­

s i v e r o c k s o c c u r r i n g below t h e l i m e s t o n e s i n t h e B e d w e l l R i v e r a r e a was 

a l s o a s s i g n e d t o t h e P a l e o z o i c , on t h e b a s i s o f t h e l i m e s t o n e age d e t e r ­

m i n a t i o n and s t r a t i g r a p h i c p o s i t i o n ( p . 1 6 ) . 



1945 

A b r a c h i o p o d c o l l e c t e d by S t e v e n s o n f r o m one of s e v e r a l l i m e ­

s t o n e b o d i e s i n t h e C h i n a Creek a r e a of c e n t r a l Vancouver I s l a n d was 

i d e n t i f i e d by W i l s o n , who ( i n S t e v e n s o n , 1945, p. 6) c o n c l u d e d t h a t t h e 

f o s s i l was new, "but i t s development s u g g e s t s Upper C a r b o n i f e r o u s or 

P e r m i a n " . 

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

S t e v e n s o n (p. 7 ) , a r e " s c h i s t o s e and ... v e r y s i m i l a r t o some of the 

S i c k e r s c h i s t s f o u n d ... on Mount S i c k e r , n ear Duncan". 

1947 

A s t u d y of c a l c a r e o u s d e p o s i t s of t h e G e o r g i a S t r a i t a r e a by 

Mathews (1947) i n c l u d e d comments on P a l e o z o i c l i m e s t o n e s o f b o t h main­

l a n d and Vancouver I s l a n d r e g i o n s of B r i t i s h C o l u m b i a , of t h e San J u a n 

I s l a n d s and m a i n l a n d W a s h i n g t o n . S e v e r a l d e p o s i t s , p r e v i o u s l y a s s i g n e d 

t o t h e M e s o z o i c Vancouver group were a t t h i s t i m e shown t o be of P a l e o ­

z o i c age. One o f t h e s e i s t h e l i m e s t o n e body w i t h i n t h e S i c k e r " S e r i e s " 

a t Mt. B r e n t o n , s o u t h e r n Vancouver I s l a n d (p. 5 6 ) . 

To the w r i t e r ' s knowledge, F i g u r e s 4 and 20 of Mathews' r e p o r t 

a r e t h e e a r l i e s t p u b l i s h e d maps on w h i c h P a l e o z o i c age was a s s i g n e d t o 

t h e S i c k e r r o c k s . Mathews f u r t h e r s u g g e s t e d (p. 41) t h a t t h e l a r g e r 

P a l e o z o i c l i m e s t o n e d e p o s i t s of the whole r e g i o n b e l o n g e d t o t h e same 

h o r i z o n . 

The L e e c h R i v e r F o r m a t i o n o f s o u t h e r n Vancouver I s l a n d was i n ­

d i c a t e d i n t h i s r e p o r t as "age u n c e r t a i n " ( F i g s . 4, 2 0 ) . 
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1948 

On a g e o l o g i c a l c o m p i l a t i o n map of B r i t i s h C o l u m b i a ( G e o l . S u r v . 

Canada Map 932A, 1 9 4 8 ) , most of the Vancouver I s l a n d r o c k s now r e g a r d e d 

as b e i n g of P a l e o z o i c age were grouped under one map u n i t , d e s c r i b e d as 

"Upper T r i a s s i c " b u t " i n c l u d i n g some f o s s i l i f e r o u s P e rmian beds". The 

L e e c h R i v e r F o r m a t i o n on t h i s map was d e s i g n a t e d " C a r b o n i f e r o u s and 

l a t e r " . 

1955 

C l a p p ' s S i c k e r S e r i e s was f o r m a l l y r e v i s e d and removed f r o m the 

M e s o z o i c Vancouver Group i n a r e p o r t and map o f the Cowichan L a k e a r e a 

by F y l e s ( 1 9 5 5 ) . C l a p p ' s S i c k e r S e r i e s was changed t o " S i c k e r Group", 

of Permian and o l d e r age ( p. 1 1 , 1 9 ) . L i m e s t o n e on t h e p e n i n s u l a a t 

t h e s o u t h e a s t end o f Cowichan L a k e , p r e v i o u s l y i n c l u d e d i n the T r i a s s i c 

S u t t o n F o r m a t i o n of the Vancouver Group, y i e l d e d f o s s i l s w h i c h were r e ­

p o r t e d t o be o f E a r l y Permian age (p. 1 9 ) . The l i m e s t o n e was c o n s i d e r e d 

t o be " t h e uppermost f o r m a t i o n of t h e S i c k e r g roup" (p. 1 6 ) , and " t h e 

t o p of the l i m e s t o n e i s c o n s i d e r e d t o be t h e base of t h e Vancouver 

group" (p. 1 9 ) . 

G e o l o g i c a l S u r v e y of Canada c o m p i l a t i o n map 1054A (1955) showed 

t h r e e b e l t s o f " C a r b o n i f e r o u s and P e r m i a n " r o c k s on Vancouver I s l a n d . 

These were i n t h e B u t t l e L a k e a r e a , Horne Lake-Cowichan L a k e a r e a , and 

t h e L e e c h R i v e r b e l t o f s o u t h e r n Vancouver I s l a n d . 

1957 

Mathews and McCammon's (1957) r e v i s i o n o f Mathews' 1947 work on 

c a l c a r e o u s d e p o s i t s of t h e G e o r g i a S t r a i t a r e a o f B r i t i s h C o l u m b i a gave 
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a d d i t i o n a l i n f o r m a t i o n on s e v e r a l P a l e o z o i c a r e a s . F i g u r e 3 of t h i s 

r e p o r t showed t h e r e g i o n a l d i s t r i b u t i o n , as p r e s e n t l y u n d e r s t o o d , o f 

P a l e o z o i c l i m e s t o n e s and o t h e r r o c k s i n s o u t h w e s t e r n B r i t i s h C o l u m b i a . 

L o c k i e (1957) d e s c r i b e d t h e p e t r o g r a p h y o f some P a l e o z o i c l i m e ­

s t o n e s o f Vancouver I s l a n d and m a i n l a n d B r i t i s h C o l u m b i a . C e r t a i n 

c r i t e r i a were p r e s e n t e d w h i c h s u g g e s t e d t h a t P a l e o z o i c l i m e s t o n e s c o u l d 

be d i s t i n g u i s h e d i n hand-specimen and t h i n s e c t i o n s f r o m t h o s e o f younger 

age. 

Danner (1957) t e n t a t i v e l y c o r r e l a t e d t h e E a r l y Permian B l a c k 

M o u n t a i n F o r m a t i o n o f n o r t h w e s t e r n Washington ( p . 298) w i t h t h e S i c k e r 

Group of Vancouver I s l a n d . The B l a c k M o u n t a i n beds were d a t e d on e v i ­

dence f r o m f u s u l i n i d s , b r y o z o a n s and c o r a l s ( p . 152, 1 5 3 ) . Lower Penn-

s l y v a n i a n , and " M i d d l e " and Upper Permian s t r a t a were a l s o r e c o g n i z e d 

by Danner i n t h e Upper P a l e o z o i c sequence of t h e r e g i o n . 

1959 

G e o l o g i c a l S u rvey o f Canada Map 1069A, V i c t o r i a - V a n c o u v e r , com­

p i l e d by R i c e , (1959) shows s e v e r a l b e l t s o f r o c k s on s o u t h e r n Vancouver 

I s l a n d as "Permian and/or e a r l i e r " . The f o r m a t i o n s i n c l u d e d i n t h e s e 

b e l t s a r e C l a p p 1 s L e e c h R i v e r F o r m a t i o n and M a l a h a t V o l c a n i c s , and 

F y l e s 1 S i c k e r Group. 

1960 

I n a s t r a t i g r a p h i c summary o f t h e s o u t h w e s t e r n B r i t i s h C o l u m b i a 

and n o r t h w e s t e r n W ashington r e g i o n , Danner (1960) p r o p o s e d t h e i n c l u s i o n 

o f "some l i m e s t o n e s o f Horne L a k e and Cowichan V a l l e y " w i t h i n a sequence 
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o f E a r l y and " M e d i a l " P e n n s y l v a n i a n age, c o r r e l a t e d i n p a r t w i t h the Red 

M o u n t a i n F o r m a t i o n of W a s h i n g t o n ( F i g . 1, p. 3 ) . An accompanying map 

( P l a t e 1 ) , c o m p i l e d by Danner and o t h e r s , i n d i c a t e d t h e S i c k e r Group of 

s o u t h e r n Vancouver I s l a n d as P e n n s y l v a n i a n , and t h e b e l t o c c u p i e d by 

C l a p p ' s L e e c h R i v e r F o r m a t i o n and M a l a h a t V o l c a n i c s as o f unknown age. 

K i r k h a m ( 1 9 6 0 ) , i n a s t u d y o f mine w o r k i n g s n e a r t h e K o k s i l a h 

R i v e r on s o u t h e r n Vancouver I s l a n d d e s c r i b e d a s m a l l s e c t i o n o f S i c k e r 

Group r o c k s . P o o r l y p r e s e r v e d c o r a l s and c r i n o i d r e m a i n s were found 

i n l i m e s t o n e s of t h e upper p a r t o f t h e sequence (p. 1 0 - 1 4 ) . 

1961 

A d e t a i l e d s t r a t i g r a p h i c and l i t h o l o g i c a l s t u d y of t h e E a r l y 

P e n n s y l v a n i a n ? Red M o u n t a i n F o r m a t i o n of W a s h i n g t o n , c o r r e l a t e d i n p a r t 

w i t h t h e S i c k e r Group o f Vancouver I s l a n d by Danner (1960) was t h e sub­

j e c t o f a t h e s i s by S m i t h ( 1 9 6 1 ) . The Red M o u n t a i n f a u n a o f f o r a m i n i -

f e r a , b r a c h i o p o d s , c o r a l s , p e l e c y p o d s , g a s t r o p o d s and r a d i o l a r i a was 

l i s t e d b u t n o t d e s c r i b e d . 

1962 

G e o l o g i c a l S urvey o f Canada Map 932A, second e d i t i o n (1962, 

c o m p i l e d by L i t t l e ) i n d i c a t e d two a r e a s of P a l e o z o i c r o c k s on Vancouver 

I s l a n d . These a r e t h e B u t t l e L a k e - B i g I n t e r i o r a r e a , and a c o n t i n u o u s 

b e l t e x t e n d i n g f r o m Home L a k e t o S a l t s p r i n g I s l a n d . The P a l e o z o i c 

f o r m a t i o n s a r e l i s t e d as s e d i m e n t a r y and v o l c a n i c r o c k s , " m a i n l y o r 

e n t i r e l y P e r m i a n " . The L e e c h R i v e r and M a l a h a t F o r m a t i o n s o f s o u t h e r n 

Vancouver I s l a n d , shown on e a r l i e r G e o l o g i c a l S u r v e y maps as P a l e o z o i c , 
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were p l a c e d i n t h e M e s o z o i c ( T r i a s s i c and/or J u r a s s i c ) . 

1963 

A p r e l i m i n a r y a c c o u n t ( Y o l e , 1963) o f p a r t o f the p r e s e n t i n ­

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

f a u n a o f upper P a l e o z o i c r o c k s o f the B u t t l e L a k e A r e a . I n f o r m a l 

n o m e n c l a t u r e f o r t h e sequence was u s e d . C o r r e l a t i o n s w i t h P ermian 

fa u n a s of C o r d i l l e r a n and A r c t i c R e g i o n s were p r o p o s e d . 

PRESENT WORK 

Scope 

The p r e s e n t s t u d y i s e s s e n t i a l l y an a t t e m p t t o p r o v i d e more p r e ­

c i s e c o r r e l a t i o n and d a t i n g o f t h e upper P a l e o z o i c r o c k s o f Vancouver 

I s l a n d . I t i s bas e d on a r e g i o n a l r e c o n n a i s s a n c e o f t h e main upper 

P a l e o z o i c o u t c r o p a r e a s , measurements of s e c t i o n s i n each of t h r e e 

w i d e l y s e p a r a t e d p a r t s o f t h e r e g i o n , and f o s s i l c o l l e c t i o n s f r o m each 

o f t h e s e a r e a s . G e o l o g i c mapping p e r f o r m e d c o n c u r r e n t l y w i t h t h e s e 

s t u d i e s i s a l s o p r e s e n t e d . 

F o s s i l s were c o l l e c t e d and i d e n t i f i e d by the w r i t e r . The des­

c r i p t i o n s appear i n a l a t e r s e c t i o n o f t h i s r e p o r t . Comparisons of the 

fa u n a s o f t h e t h r e e P a l e o z o i c b e l t s a r e p r e s e n t e d , i n s u p p o r t o f t h e 

s u g g e s t e d l i t h o l o g i c and s t r a t i g r a p h i c c o r r e l a t i o n s . L o n g e r - r a n g e 

c o r r e l a t i o n and d a t i n g o f the Vancouver I s l a n d upper P a l e o z o i c r o c k s 

have a l s o been a c c o m p l i s h e d by use o f the f o s s i l s . These t o p i c s a r e 

d i s c u s s e d , under a p p r o p r i a t e h e a d i n g s , i n l a t e r s e c t i o n s o f t h i s r e p o r t . 
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I n each o f the t h r e e a r e a s s t u d i e d by t h e w r i t e r , s t r a t i g r a p h i c 

s e c t i o n s o f t h e upper p a r t o f t h e upper P a l e o z o i c r o c k s u c c e s s i o n (Upper 

D i v i s i o n , S i c k e r Group) were measured. A l t h o u g h g e o l o g i c a l maps by 

e a r l i e r w o r k e r s were a v a i l a b l e f o r a t l e a s t p a r t s o f each of the a r e a s 

i n v e s t i g a t e d by t h e w r i t e r , new d a t a were mapped i n ea c h . S t r a t i g r a p h i c 

s e c t i o n s ( F i g u r e 6) and maps ( F i g u r e s 3, 4, 5) a r e p r e s e n t e d f o r each o f 

the a r e a s s t u d i e d . 

F i e l d Work 

S t u d i e s on w h i c h t h e p r e s e n t r e p o r t i s based commenced i n A p r i l , 

1960. A t t h a t t i m e , the w r i t e r , prompted by a s u g g e s t i o n f r o m 

W. R. Danner, v i s i t e d t h e l i m e s t o n e d e p o s i t s a t Horne L a k e . A s m a l l 

c o l l e c t i o n o f b r a c h i o p o d s , b r y o z o a n s and c o r a l s was o b t a i n e d f r o m t h i s 

l o c a l i t y . The same a r e a was a g a i n v i s i t e d i n Oc t o b e r o f t h a t y e a r t o 

augment f o s s i l c o l l e c t i o n s and t o examine t h e s t r a t i g r a p h y o f the Upper 

P a l e o z o i c s e c t i o n . 

T h i s p r e l i m i n a r y e x a m i n a t i o n h a v i n g i n d i c a t e d a r e l a t i v e l y r i c h 

f a u n a i n t h e Horne L a k e l i m e s t o n e s , a b r o a d e r s t u d y was u n d e r t a k e n w i t h 

the f o l l o w i n g o b j e c t i v e s : (a) t o a s c e r t a i n i f f o s s i l e v i d e n c e , w o u l d 

y i e l d s i g n i f i c a n t i n f o r m a t i o n as t o t h e age o f t h e l i m e s t o n e s ; (b) t o 

d e t e r m i n e whether t h e w i d e l y s e p a r a t e d Upper P a l e o z o i c l i m e s t o n e b o d i e s 

of Vancouver I s l a n d were of s i m i l a r o r w i d e l y d i f f e r i n g ages; (c) t o 

measure s e c t i o n s where f e a s i b l e , and a t t e m p t c o r r e l a t i o n s o f t h e s e . 

These phases of t h e p r o j e c t were u n d e r t a k e n i n t h e summer and e a r l y 

autumn of 1961, and p a r t s o f t h e summers o f 1962 and 1963. A t o t a l o f 

20 weeks f i e l d work was a c c o m p l i s h e d . 
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L i m e s t o n e d e p o s i t s and a s s o c i a t e d r o c k s o f t h e Upper P a l e o z o i c 

sequence a t C o b b l e H i l l , W i l d Deer L a k e , Cowichan L a k e , Nanoose Bay, 

Cameron R i v e r , Home L a k e and B u t t l e L a k e were examined (See F i g u r e 2). 

Measured s e c t i o n s were o b t a i n e d i n t h e Cowichan, Home L a k e , and B u t t l e 

L a k e a r e a s , i n w h i c h a r e a s t h e m a j o r i t y o f f i e l d work was done. 

I n p l a c e s where g e o l o g i c a l maps were a v a i l a b l e , t h e s e were u t i l ­

i z e d t o s e l e c t s u i t a b l e p l a c e s f o r s e c t i o n measurements and f o r c o l l e c t ­

i n g f o s s i l s . R e c o n n a i s s a n c e mapping on a e r i a l p hotographs and one i n c h 

to one m i l e t o p o g r a p h i c maps was done i n t h e e a r l y s t a g e s o f t h e work. 

I n l a t e r s t a g e s , p a r t s o f t h e t h r e e a r e a s w h i c h a f f o r d e d more o r l e s s 

c o m p l ete s t r a t i g r a p h i c s e c t i o n s o f t h e l i m e s t o n e u n i t o f t h e Upper P a l e o ­

z o i c were mapped a t a s c a l e o f one i n c h t o o n e - h a l f m i l e w i t h t h e a i d of 

a e r i a l p h o t o g r a p h s . The mapped' d a t a a r e shown on F i g u r e 3 (Cowichan 

a r e a ) , F i g u r e 4 (Home L a k e a r e a ) , and F i g u r e 5 ( B u t t l e L a k e a r e a ) . 

I n t h e e a r l y s t a g e s o f t h e work, t r a v e r s e s were a r r a n g e d t o o u t ­

l i n e t h e e x t e n t o f the l i m e s t o n e - b e a r i n g u n i t , ( S i c k e r Group, Upper D i v ­

i s i o n ) t o examine i t s c o n t a c t s , and t o t r a v e r s e a c r o s s t h e s t r i k e of t h e 

f o r m a t i o n s i n as many p l a c e s as t i m e and t e r r a i n p e r m i t t e d . I n Cowichan, 

Home L a k e , and B u t t l e L a k e a r e a s a d d i t i o n a l t r a v e r s e s were made a c r o s s 

t h e r o c k s b e l o w t h e l i m e s t o n e ( S i c k e r Group, Lower D i v i s i o n ) . I n each 

of t h e s e t h r e e a r e a s , t h e l i m e s t o n e u n i t was measured i n more tha n one 

p l a c e . The most c o m p l e t e s e c t i o n s o b t a i n e d a r e p r e s e n t e d i n F i g u r e 6. 

The s e c t i o n measurements were made by use of a 5" s t a f f ("pogo 

s t i c k " ) . I n the Cowichan a r e a a s e c t i o n was a l s o measured by t h e tape 

and compass method. 

F o s s i l s were c o l l e c t e d i n t h e f i e l d where t h i s was p r a c t i c a b l e ; 

o t h e r w i s e , p r o v i s i o n a l i d e n t i f i c a t i o n s were made i n s i t u . 
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Rock samples f o r l i t h o l o g i c a l s t u d i e s and m i c r o f a u n a l a n a l y s i s 

were o b t a i n e d f r o m a l l s e c t i o n s examined. I n t h e l a t e r s t a g e s o f t h e 

work, more or l e s s s y s t e m a t i c s a m p l i n g of t h e measured s e c t i o n s was 

u n d e r t a k e n . Specimens were spaced about f i v e f e e t a p a r t i n t h e more 

t h i n l y - b e d d e d u n i t s , and about t e n t o twenty f e e t i n the m a s s i v e l i m e ­

s t o n e u n i t s . Where p r e f e r r e d o r i e n t a t i o n of f o s s i l s o r graded t e x t u r e s 

were a p p a r e n t , o r i e n t e d specimens were o b t a i n e d . 

L a b o r a t o r y Work 

S m a l l b a t c h e s of l i m e s t o n e f r o m Horne L a k e were t r e a t e d w i t h 

v a r i o u s a c i d s ( h y d r o c h l o r i c , a c e t i c , f o r m i c ) t o p r o v i d e m a t e r i a l f o r 

s t u d y o f i n s o l u b l e r e s i d u e s . H y d r o c h l o r i c a c i d was f o u n d t o be most 

e f f e c t i v e on t h e m a t e r i a l , of w h i c h twenty specimens were c o m p l e t e l y 

d i g e s t e d . F r a g m e n t a r y b r y o z o a n s , b r a c h i o p o d s and g a s t r o p o d s , and a few 

f o r a m i n i f e r s were removed f r o m t h e r o c k m a t r i x i n t h i s manner. The 

b r y o z o a n m a t e r i a l thus o b t a i n e d was g e n e r a l l y adequate f o r g e n e r i c , 

and i n a few c a s e s , s p e c i f i c i d e n t i f i c a t i o n . A few f o r a m i n i f e r s and 

b r a c h i o p o d s were i d e n t i f i a b l e , b u t t h e m a j o r i t y o f m a t e r i a l o t h e r t h a n 

t h e b r y o z o a n s was i n t o o f r a g m e n t a r y a s t a t e , o r t o o p o o r l y p r e s e r v e d 

f o r p r e c i s e d e t e r m i n a t i o n . 

The s m a l l s i z e and poor p r e s e r v a t i o n of t h e f o r a m i n i f e r s p r e ­

v e n t e d t h e i r r e c o g n i t i o n o r i d e n t i f i c a t i o n i n hand specimen. These 

f o s s i l s a r e so s p a r s e l y d i s t r i b u t e d i n t h e s e r o c k s t h a t i s was d e c i d e d 

t o make " t h i n " s e c t i o n s o f as many r o c k specimens as p o s s i b l e . A t o t a l 

o f 205 s e c t i o n s were made p r o v i d i n g n o t o n l y f a u n a l d a t a , b u t a l s o 

p e t r o g r a p h i c i n f o r m a t i o n on the l i m e s t o n e s . F o r t h i s t y p e of work, 

r o c k s l i c e s of t h i c k n e s s e s somewhat g r e a t e r t h a n t h e s t a n d a r d 0.03 mm. 
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were f o u n d t o be p r e f e r a b l e . There i s no s i n g l e t h i c k n e s s w h i c h w i l l 

a l w ays p r o v i d e t h e b e s t d e f i n i t i o n o f b o t h r o c k t e x t u r e s and f o s s i l 

d e t a i l s . I n t h e s l i d e s made by t h e w r i t e r , optimum t h i c k n e s s f o r each 

i n d i v i d u a l s l i d e was d e t e r m i n e d by v i s u a l i n s p e c t i o n s d u r i n g t h e f i n a l 

s t a g e s o f g r i n d i n g . 

The t h i n s e c t i o n s y i e l d e d a s m a l l number o f r e c o g n i z a b l e f u s u ­

l i n i d s , some w e l l - p r e s e r v e d b r y o z o a n s , and f r a g m e n t a r y remains of o t h e r 

f o s s i l s f o r m i c r o s c o p i c s t u d y . 

The p r e s e r v a t i o n o f a few f u s u l i n i d s i n f r i a b l e s a n d s t o n e of t h e 

b a s a l u n i t of t h e l i m e s t o n e f o r m a t i o n a t B u t t l e L a k e p e r m i t t e d t h e r e ­

moval of t h e f o s s i l s f r o m t h e m a t r i x by m e c h a n i c a l means, thus p e r m i t t i n g 

o r i e n t e d s e c t i o n s o f t h e s h e l l s t o be made. U n f o r t u n a t e l y , s i l i c i f i -

c a t i o n p r e v e n t s d e t e r m i n a t i o n o f t h e w a l l s t r u c t u r e o f t h e s e s pecimens. 

S e r i a l s e c t i o n s were made f o r two o f t h e b r a c h i o p o d s p e c i e s , t o 

a s c e r t a i n c r i t i c a l i n t e r n a l f e a t u r e s . The few c o r a l s a v a i l a b l e i n t h e 

c o l l e c t i o n were n o t i n t e n s i v e l y s t u d i e d . 

P l a n t - b e a r i n g beds a t t h e base o f the A z u r e L a k e s e c t i o n o f the 

B u t t l e L a k e a r e a were sampled f o r p l a n t m i c r o f o s s i l s . S e v e r a l samples 

o f t h e s e r o c k s were t r e a t e d w i t h a s t a n d a r d m a c e r a t i o n t e c h n i q u e . 

The p r e s e n c e o f a few p l a n t m i c r o f o s s i l s was t h u s d i s c l o s e d , b u t no 

i d e n t i f i a b l e s p o r e s , o r o t h e r m i c r o f o s s i l s were f o u n d . Time d i d n o t 

p e r m i t f u r t h e r r o c k work i n t h i s d i r e c t i o n . 
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REGIONAL GEOLOGY 

GENERAL STATEMENT 

The known P a l e o z o i c r o c k s o f Vancouver I s l a n d a r e f o u n d i n 

t h r e e s e p a r a t e p a r t s of the r e g i o n , each of w h i c h , f o r c o n v e n i e n c e , 

may be r e f e r r e d t o as a " b e l t " ( F i g u r e 2). The n o r t h e r n b e l t , h e r e i n 

c a l l e d t h e B u t t l e L a k e - B i g I n t e r i o r B e l t , t r e n d s a p p r o x i m a t e l y n o r t h -

s o u t h f r o m Wolf R i v e r , on t h e west s i d e o f B u t t l e L a k e , t o B i g I n t e r ­

i o r M o u n t a i n , n o r t h w e s t of G r e a t C e n t r a l L a k e . I t s s o u t h e r n boundary 

has n o t been d e l i m i t e d . The s o u t h e r n , o r C h i n a C r e e k - S a l t s p r i n g b e l t , 

e x t e n d 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 f r o m C h i n a C r e e k , seven 

m i l e s s o u t h e a s t o f P o r t A l b e r n i , t o t h e s o u t h e r n p o r t i o n of S a l t s p r i n g 

I s l a n d , e a s t of Duncan. A much s m a l l e r a r e a of P a l e o z o i c r o c k s , t h e 

Horne Lake-Cameron R i v e r b e l t may c o n t i n u e southward t o j o i n t h e C h i n a 

C r e e k - S a l t s p r i n g b e l t , b u t mapping has n o t y e t c o v e r e d t h e i n t e r v e n i n g 

a r e a . 

The B u t t l e L a k e - B i g I n t e r i o r b e l t i s a p p r o x i m a t e l y t w e n t y - f i v e 

m i l e s l o n g ; i t s w i d t h v a r i e s f r o m t h r e e t o t e n m i l e s . The l e n g t h of 

t h e C h i n a C r e e k - S a l t s p r i n g b e l t i s a p p r o x i m a t e l y s i x t y m i l e s . I n the 

s o u t h e r n p o r t i o n t h e w i d t h i s f r o m t e n t o f i f t e e n m i l e s . O u t l i e r s of 

M e s o z o i c r o c k s a r e numerous and e x t e n s i v e i n the w i d e r p a r t o f t h e b e l t . 

The n o r t h e a s t e r n boundary o f t h e b e l t has been d e t e r m i n e d over o n l y a 

s m a l l p o r t i o n of i t s e x t e n t . The known l e n g t h o f t h e Horne Lake-Cameron 

R i v e r b e l t i s about t w e l v e m i l e s ; t h e w i d t h i s f o u r m i l e s a t Horne L a k e , 

and i s p o s s i b l y g r e a t e r t o t h e s o u t h . 
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A s m a l l a r e a u n d e r l a i n by r o c k s of p o s s i b l e P a l e o z o i c age i s 

p r e s e n t on t h e c o a s t n e a r Nanoose Bay, between Nanaimo and P a r k s v i l l e 

on t h e e a s t c o a s t o f Vancouver I s l a n d ( F i g u r e 2 ) . No f o s s i l s f r o m t h e 

r o c k s o f t h i s a r e a have been i d e n t i f i e d . From t h e B a l l e n a s I s l a n d s , 

about t h r e e m i l e s o f f s h o r e t o t h e n o r t h , f o s s i l s of C a r b o n i f e r o u s or 

Permian age were c o l l e c t e d by R i c h a r d s o n (1874, p. 9 8 ) . 

The main b o d i e s o f t h e g r a n i t i c r o c k s o f t h e C o a s t I n t r u s i o n s 

i n t r u d e P a l e o z o i c and T r i a s s i c sequences of the S i c k e r and Vancouver 

Groups. M i n o r i g n e o u s b o d i e s , perhaps r e l a t e d t o the same g e n e r a l mag-

m a t i c p e r i o d , a r e known t o i n t r u d e Upper C r e t a c e o u s Nanaimo Group r o c k s 

i n c e r t a i n p a r t s o f Vancouver I s l a n d . 

TABLE OF FORMATIONS 

The f o l l o w i n g ( T a b l e 1) i s a t a b u l a r summary o f t h e major forma­

t i o n s e n c o u n t e r e d i n and n e a r t h e P a l e o z o i c b e l t s o f Vancouver I s l a n d . 
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TABLE OF FORMATIONS 

S e r i e s * Group and F o r m a t i o n L i t h o l o g y 

Upper C r e t a c e o u s Nanaimo Group S h a l e , s a n d s t o n e , 
c o n g l o m e r a t e 

* U N C O N F O R M I T Y 

Upper T r i a s s i c 
and? 

J u r a s s i c 
Vancouver 

Group 

X? 

Bonanza Fm. -""^ 
A n d e s i t i c t o b a s a l t i c 
f l o w s , b r e c c i a s , t u f f s ; 
A r g i l l a c e o u s and t u f f a c -
eous s e d i m e n t a r y r o c k s 

Upper T r i a s s i c 

Vancouver 

Group 

X? 

S u t t o n Fm. 

Q u a t s i n o Fm. 

C r y s t a l l i n e l i m e s t o n e , 
m i n o r v o l c a n i c r o c k s . 

Upper T r i a s s i c 
and? 

e a r l i e r 

V ancouver 

Group 

X? 

F r a n k l i n C r e e k 
V o l c a n i c s 

Karmutsen Fm. 

B a s a l t i c f l o w s , d i a b a s e ; 
m i n o r s e d i m e n t a r y r o c k s 

B a s a l t i c and 
a n d e s i t i c f l o w s , 

p y r o c l a s t i c r o c k s ; m i n o r 
l i m e s t o n e 

P A R A C O N F O R M I T Y 
O V 

Lower P e r m i a n S i c k e r 

Group 

Upper 

D i v i s i o n 

Unnamed u n i t T h i n bedded c l a s t i c r o c k s 

Lower P e r m i a n S i c k e r 

Group 

Upper 

D i v i s i o n 
B u t t l e L a k e 
F o r m a t i o n 

L i m e s t o n e and c h e r t ; 
t h i n bedded c h e r t y r o c k s , 
m i n o r s a n d s t o n e , t u f f a c -
eous? r o c k s . 

Lower Permian 

and? 

e a r l i e r 

S i c k e r 

Group 
Lower 

D i v i s i o n 

T h i n bedded c l a s t i c r o c k s 
t u f f s , b r e c c i a s , conglom­
e r a t e s , m i n o r l i m e s t o n e ? 

Lower Permian 

and? 

e a r l i e r 

S i c k e r 

Group 
Lower 

D i v i s i o n T u f f s , b r e c c i a s ; m i n o r 
t h i n bedded t u f f a c e o u s 
and/or c h e r t y r o c k s . 

TABLE 1 

T a b l e o f f o r m a t i o n s , Vancouver I s l a n d P a l e o z o i c b e l t s . I n p a r t a f t e r 
F y l e s ( 1 9 5 5 ) , Gunning ( 1 9 3 2 ) , and H o a d l e y ( 1 9 5 3 ) . 

* * A p p r o x i m a t e span o f ti m e ( J u r a s s i c t o E a r l y T e r t i a r y ) d u r i n g w h i c h 
s e v e r a l p e r i o d s o f g r a n i t i c i n t r u s i o n o c c u r r e d ( C o a s t I n t r u s i o n s ) . 

x x A p p r o x i m a t e t i m e span ( p o s t - E a r l y P e r m i a n , p r e - L a t e T r i a s s i c ) o f 
b a s i c i n t r u s i o n s a s s o c i a t e d w i t h F r a n k l i n C r e e k B a s a l t and e q u i v a l e n t 
r o c k s ( C a s s i a r o r o g e n y ? ) . 



STRATIGRAPHY 

I n each of t h e t h r e e b e l t s t h e exposed P a l e o z o i c ( S i c k e r Group) 

sequence f r o m base t o t o p i s : (1) a t h i c k s e c t i o n of f i n e t o c o a r s e 

g r a i n e d , bedded t o non-bedded r o c k s o f m a i n l y v o l c a n i c o r i g i n ; (2) a 

u n i t c o n s i s t i n g l a r g e l y o f l i m e s t o n e and c h e r t , w i t h a t h i c k n e s s i n 

the o r d e r o f 500' t o 1000'. O v e r l y i n g t h e P a l e o z o i c sequence, appar­

e n t l y comformably, i s a t h i c k s u c c e s s i o n o f m a i n l y b a s a l t i c i g n e o u s 

r o c k s o f the T r i a s s i c Vancouver Group, t h e l o w e r p o r t i o n o f w h i c h com­

monly c o n t a i n s p i l l o w l a v a s . 

I n the Cowichan L a k e a r e a , t h e P a l e o z o i c s u c c e s s i o n has been 

c a l l e d t h e S i c k e r Group ( C l a p p , 1909; F y l e s , 1 9 5 5 ) . The v i s i b l e s i m i ­

l a r i t i e s o f the P a l e o z o i c r o c k s o f a l l t h r e e b e l t s have l e d t o sugges­

t i o n s t h a t t h e y a r e c o r r e l a t a b l e (Mathews, 1947, p. 41; F y l e s , 1955, 

p. 19, 27) w i t h t h e S i c k e r Group. The two l i t h o l o g i c a l l y d i s t i n c t i v e 

p a r t s o f t h e group a r e r e f e r r e d t o as t h e Lower and Upper D i v i s i o n i n 

the p r e s e n t r e p o r t . 

LIMESTONES OF THE SICKER GROUP 

D i a g n o s t i c f o s s i l s have been found i n t h e upper l i m e s t o n e u n i t 

(Upper D i v i s i o n , S i c k e r Group of t h i s r e p o r t ) o f a l l t h r e e b e l t s . The 

age o f t h e l i m e s t o n e , b a s e d on t h e f o s s i l e v i d e n c e , i s Pe r m i a n a t B u t t l e 

L a k e (Gunning, 1931, p. 5 9 A ) , B i g I n t e r i o r M o u n t a i n ( S a r g e n t , 1941, 

p. 1 9 ) , and Cowichan L a k e ( F y l e s , 1955, p. 1 9 ) . A t L i z a r d L a k e , i n 

the C h i n a C r e e k a r e a , a b r a c h i o p o d s u g g e s t i n g L a t e C a r b o n i f e r o u s o r 

Permian age was fo u n d ( S t e v e n s o n , 1945, p. 6 ) . F o s s i l s c o l l e c t e d a t 

Horne L a k e were d e t e r m i n e d as b e i n g " e i t h e r P e r m i a n o r C a r b o n i f e r o u s , 
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most p r o b a b l y the l a t t e r " ( R i c h a r d s o n , 1873, p. 5 4 ) . 

D i s t i n c t i v e b r a c h i o p o d s and f u s u l i n i d s f r o m F y l e s 1 Cowichan 

L a k e l o c a l i t y p e r m i t t e d a more r e f i n e d age d e t e r m i n a t i o n t h a n was 

p o s s i b l e f o r the o t h e r l o c a l i t i e s . B o t h f o s s i l groups i n d i c a t e d an 

E a r l y Permian age; t h e f u s u l i n i d s s u g g e s t e d W o l f c a m p i a n (M. L. Thomp­

son in F y l e s , 1955, p. 1 9 ) . F o s s i l s c o l l e c t e d and i d e n t i f i e d by the 

p r e s e n t w r i t e r p r o v i d e e v i d e n c e i n s u p p o r t o f E a r l y Permian age f o r 

the main l i m e s t o n e b e a r i n g beds of each o f the t h r e e P a l e o z o i c b e l t s . 

These d a t a a r e d i s c u s s e d i n more d e t a i l i n o t h e r s e c t i o n s o f t h i s 

a c c o u n t . 

L i t h o l o g i c a l l y , t h e Permian l i m e s t o n e u n i t s o f the t h r e e b e l t s 

have c e r t a i n c h a r a c t e r i s t i c s i n common. Much of the l i m e s t o n e i s c r i n -

o i d a l , and i s a s s o c i a t e d w i t h l i g h t - t o d a r k - c o l o u r e d , f i n e - g r a i n e d 

c h e r t , i n i r r e g u l a r n o d u l e s and t h i n i n t e r c a l a t e d s h e e t s . C e r t a i n 

l i t h o l o g i c a l d i f f e r e n c e s do o c c u r , and c e r t a i n r o c k t y p e s found i n one 

a r e a a r e n o t fo u n d i n o t h e r s ( F i g u r e 6 ) . However, l i m e s t o n e s o f a l m o s t 

i d e n t i c a l l i t h o l o g y o c c u r i n a l l t h r e e b e l t s i n t h e upper p a r t o f the 

P a l e o z o i c sequence. The p r o p o r t i o n o f pure l i m e s t o n e w i t h i n t h e Upper 

D i v i s i o n o f the S i c k e r Group i s l o w e r i n t h e Cowichan Lake a r e a t h a n 

i n t h e o t h e r a r e a s examined. T h i n bedded, c h e r t y s ediments form more 

than h a l f o f t h e u n i t i n p a r t s o f the a r e a . 

The d i s t r i b u t i o n o f r e l a t i v e l y pure l i m e s t o n e beds and l e n s e s 

w i t h i n t h e upper p a r t of the sequence i s n o t u n i f o r m . I n t h e B u t t l e 

L a ke a r e a ( t h e n o r t h e r n p a r t o f the B u t t l e L a k e - B i g I n t e r i o r b e l t ) 

l i m e s t o n e forms a r e l a t i v e l y t h i c k and p e r s i s t e n t f o r m a t i o n , c o m p r i s i n g 

a l m o s t t h e whole o f t h e upper u n i t o f the P a l e o z o i c sequence (see 

F i g u r e 5, 6 ) . Gunning (1931, p. 60A) s t a t e d t h a t " a t l e a s t two o t h e r 
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beds of l i m e s t o n e l o w e r i n t h e P a l e o z o i c s e c t i o n " , were exposed i n t h e 

a r e a . I n t h e a r e a c o v e r e d by t h e p r e s e n t s t u d y t h e p r e s e n c e o f o n l y 

one o t h e r l i m e s t o n e l e n s b e s i d e s the upper c a l c a r e o u s f o r m a t i o n i s 

s u g g e s t e d . 

Between B u t t l e L a k e and t h e s o u t h e r n end o f t h i s b e l t , l i m e ­

s t o n e s a r e n o t as p e r s i s t e n t as i n t h e B u t t l e L a k e a r e a ( S a r g e n t , 1941, 

p. 21; F i g . 1 ) . I s o l a t e d masses o f l i m e s t o n e a r e a l s o c h a r a c t e r i s t i c 

o f the C h i n a C r e e k a r e a ( S t e v e n s o n , 1945, p. 6; map), i n t h e n o r t h e r n 

p a r t o f t h e C h i n a C r e e k - S a l t s p r i n g b e l t , where l i m e s t o n e s may o c c u r 

w e l l below the top of the P a l e o z o i c sequence, as w e l l as i n the upper 

p a r t . 

I n t h e Home La k e and Cowichan L a k e a r e a s o f the two s o u t h e r n 

b e l t s , l i m e s t o n e i s g e n e r a l l y r e s t r i c t e d t o the Upper D i v i s i o n o f t h e 

S i c k e r Group. The l i m e s t o n e l e n s e s on Mt. L a n d a l t , n o r t h of Cowichan 

L a k e , p o s s i b l y r e p r e s e n t a c a l c a r e o u s h o r i z o n l o w e r i n the s e c t i o n t h a n 

t h e main l i m e s t o n e u n i t of the sequence. These l e n s e s were c o r r e l a t e d 

w i t h t h e main l i m e s t o n e s o f the upper p a r t of t h e S i c k e r Group by F y l e s 

(1955, p. 17) on t h e b a s i s of a p p a r e n t s t r a t i g r a p h i c p o s i t i o n , l i t h o l -

ogy, and p o o r l y p r e s e r v e d f o s s i l s . 

BASIC INTRUSIVE ROCKS 

B a s i c i g n e o u s r o c k s , r e f e r r e d t o i n t h e l i t e r a t u r e as b a s a l t s , 

d i a b a s e s o r gabbros i n t r u d e the v o l c a n i c and s e d i m e n t a r y r o c k s of the 

S i c k e r Group i n a l l t h r e e b e l t s . I n f o r m , t h e y v a r y from s i l l - l i k e 

b o d i e s t o d i k e s and i r r e g u l a r masses (see F i g u r e s 5, 23, 4 2 ) . I n t h e 

Cowichan L a k e a r e a , t h e s e r o c k s have been c a l l e d the F r a n k l i n C r e e k 
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v o l c a n i c s ( S t e v e n s o n , 1945, F y l e s , 1955, p. 20) and a s s i g n e d t o the 

T r i a s s i c Vancouver Group. I n the B u t t l e L ake a r e a , Gunning (1931, 

p. 60A) c o n s i d e r e d s i m i l a r r o c k s t o be e i t h e r l a t e P a l e o z o i c o r e a r l y 

M e s o z o i c . 

COAST INTRUSIONS 

The B u t t l e L a k e - B i g I n t e r i o r b e l t and t h e C h i n a C r e e k - S a l t ­

s p r i n g b e l t s a r e i n t r u d e d by s m a l l t o l a r g e - s i z e d b o d i e s o f t h e 

Co a s t I n t r u s i o n s , o f d i o r i t e , g r a n o d i o r i t e o r q u a r t z - d i o r i t e com­

p o s i t i o n . These i g n e o u s r o c k s a r e u s u a l l y c o r r e l a t e d w i t h t h e b a t h -

o l i t h i c r o c k s o f t h e m a i n l a n d . I n t h e Cowichan L a k e a r e a and B u t t l e 

L a k e a r e a t h e g r a n o d i o r i t e p l u t o n s have been d a t e d on s t r u c t u r a l and 

s t r a t i g r a p h i c e v i d e n c e as b e i n g o f pre-Upper C r e t a c e o u s , p o s t - T r i a s s i c 

age ( F y l e s , 1955, p. 28, Gunning, 1931, p. 62A). Younger p l u t o n i c 

r o c k s , o f s i m i l a r a p p e a r a n c e , a l s o may be p r e s e n t i n the r e g i o n 

(Gunning, 1931, p. 64A). 

STRUCTURE 

The s t r u c t u r a l p a t t e r n w i t h i n t h e Upper P a l e o z o i c b e l t s i s 

complex. The l a r g e r s c a l e f e a t u r e s a r e g e n t l y p l u n g i n g f o l d s (see 

F i g . 51) w i t h a x i a l t r a c e s t e n d i n g t o be p a r a l l e l t o the t r e n d s o f 

the b e l t s t h e m s e l v e s , and f a u l t s o f l o n g i t u d i n a l t y p e . The major 

s t r u c t u r e i n t h e B u t t l e L a k e - B i g I n t e r i o r b e l t and Home Lake-Cameron 

R i v e r b e l t appears t o be a n t i c l i n a l (Gunning, 1931, p. 61A, Mathews 

and McCammon, 1957, p. 51) and may w e l l be i n the C h i n a C r e e k - S a l t ­

s p r i n g b e l t a l s o . Innumerable minor f o l d s and t r a n s v e r s e and o b l i q u e 
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f a u l t s a r e a l s o p r e s e n t . The P a l e o z o i c r o c k s a r e thus b r o k e n i n t o 

m y r i a d s o f s m a l l f a u l t b l o c k s (see F i g u r e s 5, 4 2 ) , making l o c a l c o r ­

r e l a t i o n s i n a r e a s o f i n c o m p l e t e o u t c r o p d i f f i c u l t . 

The i n t e n s i t y o f d e f o r m a t i o n i s a p p a r e n t l y l e a s t i n the n o r t h , 

i n t he B u t t l e L a k e - B i g I n t e r i o r b e l t , where t h e f o l d s a r e open and 

d i p s r e l a t i v e l y s h a l l o w e x c e p t i n the v i c i n i t y o f f a u l t s and l a r g e i n ­

t r u s i v e b o d i e s of the C o a s t I n t r u s i o n s . I n c o n t r a s t , f o l d s i n t h e 

C h i n a C r e e k - S a l t s p r i n g b e l t a r e t i g h t e r , and commonly a s s y m m e t r i c a l 

t o o v e r t u r n e d . I n t h i s b e l t , d i p s a r e moderate t o s t e e p . Knowledge 

o f t h e s t r u c t u r e o f t h e Horne Lake-Cameron R i v e r b e l t i s i n c o m p l e t e . 

On t h e f l a n k s o f t h e b e l t , d i p s a r e moderate t o s t e e p . The n o r t h e r n 

b o r d e r of the b e l t i s c o m p l e x l y f a u l t e d , b u t the o v e r a l l a t t i t u d e s 

s u g g e s t t h a t t h e P a l e o z o i c r o c k s d i p a t a moderate a n g l e (25° t o 35° ) 

below t h e o v e r l y i n g Vancouver Group t o the n o r t h . 

I n the Cowichan L a k e a r e a o f the s o u t h e r n b e l t , w h i c h i s mapped 

i n more d e t a i l t h a n any o t h e r l a r g e a r e a o f upper P a l e o z o i c r o c k s o f 

th e I s l a n d , s t r u c t u r a l e v i d e n c e i n d i c a t e s t h a t a t l e a s t two, and prob­

a b l y t h r e e , p e r i o d s o f d e f o r m a t i o n have a f f e c t e d t h e P a l e o z o i c r o c k s 

( F y l e s , 1955, p. 2 5 ) . 

The two i d e n t i f i e d d e f o r m a t i o n p e r i o d s a r e : (1) p r e - C o a s t 

I n t r u s i o n s ( S a a n i c h G r a n o d i o r i t e , w h i c h i s of p o s t - T r i a s s i c , pre-Upper 

C r e t a c e o u s age) and (2) post-Upper C r e t a c e o u s . 

The major u n c o n f o r m i t y b e n e a t h t h e Up p e r - C r e t a c e o u s sediments 

b e v e l l e d t h e complex s t r u c t u r e of P a l e o z o i c and T r i a s s i c r o c k s , and 

exposed t h e g r a n i t i c r o c k s i n p l a c e s . T h i s i n d i c a t e s a t l e a s t a l a r g e 

s c a l e u p l i f t and i t i s p o s s i b l e t h a t f o l d i n g and f a u l t i n g a l s o o c c u r r e d 
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d u r i n g t h e i n t e r v a l r e p r e s e n t e d by t h e u n c o n f o r m i t y ( J u r a s s i c - L o w e r 

C r e t a c e o u s , i . e . C o a s t Range Orogeny ( W h i t e , 1 9 5 9 ) ) . 

SUMMARY 

The b o u n d a r i e s of t h e P a l e o z o i c b e l t s a r e n o t c o m p l e t e l y 

mapped. From the p r e s e n t e v i d e n c e , however, i t i s c l e a r t h a t a t 

l e a s t two d i s t i n c t o u t c r o p b e l t s a r e p r e s e n t , s e p a r a t e d by a r e a s under­

l a i n by younger v o l c a n i c , p l u t o n i c o r s e d i m e n t a r y r o c k s . 

The age of t h e l o w e s t exposed u n i t (Lower D i v i s i o n , S i c k e r 

Group) of m a i n l y v o l c a n i c r o c k s i s presumed t o be of Permian o r o l d e r 

age. 

The upper p a r t of t h e P a l e o z o i c sequence, (Upper D i v i s i o n , 

S i c k e r Group) c o n s i s t s o f s e d i m e n t a r y r o c k s , of w h i c h l i m e s t o n e i s a 

prominent c o n s t i t u e n t . F o s s i l s i n d i c a t e t h a t t h e age of t h e l i m e s t o n e 

i s P e r m i a n . 

The P a l e o z o i c sequence of a l l t h r e e b e l t s i s o v e r l a i n by m a i n l y 

v o l c a n i c r o c k s of the T r i a s s i c Vancouver Group. The whole assemblage, 

f r o m t h e base o f the exposed P a l e o z o i c r o c k s t o t h e Vancouver Group 

appears t o be a c o n f o r m a b l e s u c c e s s i o n . 

S t r a t i g r a p h i c , l i t h o l o g i c , and f a u n a l e v i d e n c e i n d i c a t e s t h a t 

t h e P a l e o z o i c sequences of each o f t h e t h r e e b e l t s a r e c o r r e l a t i v e , 

and b e l o n g t o t h e S i c k e r Group. 

The P a l e o z o i c b e l t s p r o b a b l y a r e t h e c o r e s of major a n t i c l i n a l 

f o l d s . Each i s a f f e c t e d by i m p o r t a n t s t e e p l y d i p p i n g l o n g i t u d i n a l , 

o b l i q u e , and t r a n s v e r s e f a u l t s . Numerous mi n o r f a u l t s have r e d u c e d 

t h e major s t r u c t u r a l elements t o an assemblage o f r e l a t i v e l y s m a l l 



31 

f a u l t b l o c k s . These s t r u c t u r e s a r e the r e s u l t o f a t l e a s t two, and 

p r o b a b l y t h r e e o r more, p e r i o d s of t e c t o n i c a c t i v i t y . 

I n t r u s i v e r o c k s of a t l e a s t two and p r o b a b l y more d i s t i n c t 

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

p e r i o d of T r i a s s i c and? L a t e Permian age ( C a s s i a r o r ogeny, W h i t e 1959) 

r e s u l t e d i n e x t e n s i v e b o d i e s o f d i a b a s i c r o c k s p r o b a b l y r e l a t e d t o 

b a s a l t i c e x t r u s i v e r o c k s o f T r i a s s i c age. The l a t e r p e r i o d produced 

t h e major g r a n i t i c b o d i e s o f t h e r e g i o n , p r o b a b l y of J u r a s s i c and 

E a r l y C r e t a c e o u s age ( C o a s t Range orogeny, W h i t e 1959). 
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CHINA CREEK-SALTSPRING BELT 

GENERAL STATEMENT 

P a l e o z o i c r o c k s a r e exposed i n a b e l t o f v a r i a b l e w i d t h e x t e n d ­

i n g f r o m C h i n a C r e e k southward and s o u t h e a s t w a r d t o Cowichan L a k e , t h e n 

e a s t - s o u t h e a s t w a r d t o S a l t s p r i n g I s l a n d , o f f t h e e a s t c o a s t o f Vancouver 

I s l a n d ( F i g u r e s 2, 7 ) . L a r g e p a r t s o f t h i s b e l t were mapped by C l a p p 

(1912 G.S.C. Map 17A) and C l a p p and Cooke (1917, G.S.C. Map 42A). More 

r e c e n t mapping by F y l e s (1955, F i g . 2) i n the Cowichan L a k e a r e a c l a r i ­

f i e d t h e i n t e r p r e t a t i o n o f t h e s t r a t i g r a p h i c sequence, and p r o v i d e d 

s u b s t a n t i a l e v i d e n c e f o r t h e age o f C l a p p ' s S i c k e r " s e r i e s " (changed 

by F y l e s , p. 19, t o S i c k e r " G r o u p " ) . A c c o r d i n g t o F y l e s , ( p . 13, 19) 

the whole o f t h e exposed P a l e o z o i c s u c c e s s i o n s h o u l d be i n c l u d e d i n 

t h e S i c k e r Group, " o f Permian and o l d e r age". 

W i t h i n t h e C h i n a C r e e k - S a l t s p r i n g b e l t , c o n s i d e r a b l e a r e a s 

a r e u n d e r l a i n by r o c k s younger t h a n t h e S i c k e r Group. These younger 

r o c k s c o n s i s t o f C o a s t I n t r u s i o n s and o u t l i e r s and s a l i e n t s o f v o l ­

c a n i c and s e d i m e n t a r y r o c k s o f t h e T r i a s s i c Vancouver Group and Upper 

C r e t a c e o u s Nanaimo Group. S o u t h e a s t w a r d f r o m t h e e a s t end of Cowichan 

L a k e , t h e i n c r e a s i n g a r e a o c c u p i e d by r o c k s younger t h a n t h e S i c k e r 

r e s t r i c t s t h e P a l e o z o i c e x p o s u r e s t o narrow d i s c o n t i n u o u s bands on 

the edges o f the b e l t (see F i g u r e 8 ) . 

The p r e s e n t i n v e s t i g a t i o n was r e s t r i c t e d t o an e x a m i n a t i o n o f 

the Upper D i v i s i o n o f t h e S i c k e r Group and s m a l l s e c t i o n s of t h e 

u n d e r l y i n g r o c k s a l o n g t h e s o u t h w e s t e r n b o r d e r of the C h i n a C r e e k -

S a l t s p r i n g b e l t . The Upper D i v i s i o n r o c k s were examined on t h e 



F i g u r e 7. S o u t h e a s t e r n end o f C h i n a C r e e k - S a l t s p r i n g b e l t . View e a s t 
f r o m C o b b l e H i l l ( S i c k e r Group) a c r o s s l o w - l y i n g b e l t of M e s o z o i c g r a n ­
i t i c i n t r u s i o n s and Upper C r e t a c e o u s s e d i m e n t a r y r o c k s toward s o u t h e r n 
end o f S a l t s p r i n g I s l a n d ( l e f t background) composed of r o c k s of S i c k e r 
and Vancouver Groups. 

F i g u r e 8. Cowichan V a l l e y , e a s t of L a k e Cowichan. View e a s t - n o r t h e a s t 
f r o m F a i r s e r v i c e M o u n t a i n toward Mt. P r e v o s t ( d i s t a n t p e a k ) . Permian 
l i m e s t o n e s i n r i g h t f o r e g r o u n d . Upper C r e t a c e o u s s e d i m e n t a r y r o c k s o f 
the v a l l e y , m a n t l e d by P l e i s t o c e n e and r e c e n t s e d i m e n t s , p r o b a b l y i n 
f a u l t c o n t a c t w i t h complex o f S i c k e r Group r o c k s and M e s o z o i c g r a n i t i c 
i n t r u s i o n s of n o r t h e r n v a l l e y - w a l l . 



p e n i n s u l a a t t h e e a s t end o f Cowichan L a k e ( B a l d M o u n t a i n p e n i n s u l a ) , 

on the n o r t h f a c e o f t h e r i d g e s o u t h e a s t o f L a k e Cowichan t o w n s i t e 

( F a i r s e r v i c e M o u n t a i n ) , and i n the a r e a between F a i r s e r v i c e M o u n t a i n 

and T a d j i s s L a k e t o the s o u t h e a s t . R e c o n n a i s s a n c e work d i s c l o s e d t h e 

pr e s e n c e o f l i m e s t o n e s o f t h e same u n i t f a r t h e r s o u t h e a s t , a t W i l d 

Deer L a k e . The l i m e s t o n e d e p o s i t s o f E a g l e H e i g h t s and the Cobbl e 

H i l l a r e a were b r i e f l y examined. 

R e l a t i v e l y c o m p l ete s e c t i o n s o f the l i m e s t o n e u n i t i n t h e 

C h i n a C r e e k - S a l t s p r i n g b e l t were o b t a i n e d o n l y i n t h e F a i r s e r v i c e 

M o u n t a i n e x p o s u r e s . P a r t i a l s e c t i o n s , o r s e c t i o n s where s t r u c t u r a l 

c o m p l e x i t y p r o h i b i t e d s i g n i f i c a n t measurements, were examined on B a l d 

M o u n t a i n p e n i n s u l a , a l o n g " C h a n l o g C r e e k , and on t h e west f o r k o f 

Bear C r e e k . 

STRATIGRAPHY 

Sequence and No m e n c l a t u r e 

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

the C h i n a C r e e k - S a l t s p r i n g b e l t now a s s i g n e d t o the P a l e o z o i c i s 

g i v e n b r i e f l y i n t h e e a r l i e r s e c t i o n on p r e v i o u s work, and i n F y l e s ' 

d i s c u s s i o n (1955, p. 18-19) o f t h e S i c k e r Group. The p r e s e n t w r i t e r 

f o l l o w s F y l e s i n a s s i g n i n g t h e e n t i r e exposed s e c t i o n o f P a l e o z o i c 

r o c k s i n the C h i n a C r e e k - S a l t s p r i n g b e l t t o t h e S i c k e r Group. 

Two major l i t h o l o g i c u n i t s w i t h i n the S i c k e r Group were r e c o g ­

n i z e d by F y l e s (1955, F i g . 2 ) : a l o w e r major u n i t , " v o l c a n i c s " , w h i c h 

These names a r e i n l o c a l u s e , b u t do n o t appear on p u b l i s h e d maps. 
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c o u l d be s u b d i v i d e d i n t o " m a i n l y a m y g d a l o i d a l f l o w s " and " m a i n l y b r e c ­

c i a s " ; an upper u n i t o f " s e d i m e n t s " , w h i c h was d i v i d e d i n t o s u b u n i t s 

" c h e r t y t u f f , c r y s t a l t u f f , and t h i n bedded s e d i m e n t s " and " m a i n l y 

l i m e s t o n e " . 

The p r e s e n t w r i t e r ! s work c o n f i r m s t h e s u g g e s t i o n t h a t t h e 

S i c k e r Group o f t h e C h i n a C r e e k - S a l t s p r i n g b e l t may thus be s u b d i v i d e d 

i n t o two p a r t s . The l o w e r p a r t i s a complex u n i t , of v a r i a b l e l i t h o l -

ogy and marked f a c i e s changes; v a r i o u s l i t h o l o g i c s u b - u n i t s , or " f a c i e s " 

can be r e c o g n i z e d l o c a l l y . D e t a i l s o f t h e d i s t r i b u t i o n o f the sub­

o r d i n a t e l i t h o l o g i c u n i t s o f t h e l o w e r d i v i s i o n have n o t been s t u d i e d 

by t h e p r e s e n t w r i t e r . The upper p a r t c o n t a i n s F y l e s ' l i m e s t o n e 

s u b u n i t , w h i c h was " t h o u g h t t o b e l o n g t o t h e uppermost f o r m a t i o n o f 

the S i c k e r Group" ( F y l e s , 1955, p. 1 6 ) . . R e f e r r i n g t o t h e o c c u r r e n c e s 

of t h i s s t r a t i g r a p h i c u n i t i n t h e R i f t C r e e k , B a l d M o u n t a i n p e n i n s u l a , 

and F a i r s e r v i c e a r e a s , F y l e s s t a t e d ( p . 1 7 ) : " A l t h o u g h the l o c a l i t i e s 

a r e many m i l e s a p a r t , t h e r e i s no doubt t h a t t h e sediments b e l o n g t o 

the same f o r m a t i o n " . I n t h i s t he w r i t e r c o n c u r s , and can add t h a t t h e 

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

s o u t h w e s t e r n b o r d e r o f t h e C h i n a Creek b e l t f r o m Mt. Spencer i n t h e 

C h i n a C r e e k a r e a t o a t l e a s t as f a r s o u t h e a s t as Bear C r e e k , s o u t h ­

e a s t o f t h e Cowichan L a k e a r e a . 

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

u n i t o f the S i c k e r be p r o v i s i o n a l l y d e s i g n a t e d as t h e "Lower D i v i s i o n " 

and the u p p e r , s e d i m e n t a r y u n i t t h e "Upper D i v i s i o n " (see T a b l e 2 ) . 

Each of t h e s e d i v i s i o n s may e v e n t u a l l y w a r r a n t f o r m a t i o n a l name o r 

names r a t h e r t h a n t h e p r o p o s e d t e r m s . However, t h e s t a g e a c h i e v e d i n 
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s t r a t i g r a p h i c s t u d i e s of t h e upper P a l e o z o i c sequence of the C h i n a 

C r e e k - S a l t s p r i n g b e l t seems i n t h e w r i t e r ' s o p i n i o n t o w a r r a n t a t 

p r e s e n t o n l y p r o v i s i o n a l n o m e n c l a t u r e . The u n i t s appear t o be c o r ­

r e c t a b l e o v e r l o n g d i s t a n c e s , b u t a t the p r e s e n t t i m e , d e t a i l e d 

c o r r e l a t i o n s a r e n o t p o s s i b l e . As has been s u g g e s t e d e a r l i e r i n t h i s 

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

D i v i s i o n of t h e s o u t h e r n b e l t s p r o b a b l y c o r r e l a t e s w i t h t h e B u t t l e 

L a k e F o r m a t i o n and a s u p e r j a c e n t u n i t o f the B u t t l e L a k e - B i g I n t e r i o r 

b e l t . However, r a t h e r t h a n e x t e n d i n g t h e term B u t t l e L a k e F o r m a t i o n 

t o s o u t h e r n a r e a s , i t i s c o n s i d e r e d a d v i s a b l e f o r the p r e s e n t t o use 

the more g e n e r a l i z e d n o m e n c l a t u r a l system p r o p o s e d above. When c e r ­

t a i n s t r a t i g r a p h i c problems of t h e B u t t l e L a k e a r e a a r e r e s o l v e d and 

more p r e c i s e c o r r e l a t i o n s e s t a b l i s h e d , f o r m a t i o n a l n o m e n c l a t u r e may 

be e xtended over t h e e n t i r e r e g i o n . 
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T a b l e of F o r m a t i o n s 

T a b l e 2 i n d i c a t e s t h e t e r m i n o l o g y and r e l a t i o n s h i p s o f the u n i t s 

r e c o g n i z e d i n the P a l e o z o i c and T r i a s s i c s u c c e s s i o n s i n t h i s b e l t . 

System S e r i e s Group F o r m a t i o n L i t h o l o g y 

T r i a s s i c Upper 
T r i a s s i c 

Vancouver 
Group 

Unnamed 
u n i t 

P y r o c l a s t i c s and non-
c a l c a r e o u s s e d i m e n t s 

T r i a s s i c Upper 
T r i a s s i c 

Vancouver 
Group 

S u t t o n 
L i m e s t o n e 

F i n e - g r a i n e d l i m e s t o n e 
and n o n - c a l c a r e o u s 
sediments 

T r i a s s i c Upper 
T r i a s s i c 

Vancouver 
Group 

F r a n k l i n 
C reek 
V o l c a n i c s 

B a s a l t f l o w s and 
i n t r u s i o n s o f d i a ­
b a s e ; minor l i m e ­
s t o n e and o t h e r 
s e diments 

P a r a c o n f o r m i t y 

Permian 

? 

Lower 
Permian 

S i c k e r 

Group 

Upper 
D i v i s i o n 

F i n e - t o c o a r s e ­
g r a i n e d l i m e s t o n e ; 
c h e r t , s i l i c e o u s 
l i m e s t o n e , minor 
a r g i l l i t e 

P ermian 
and/or 
O l d e r 

9 

S i c k e r 

Group 
Lower 
D i v i s i o n 

B r e c c i a s , m a s s i v e 
t u f f s , f i n e - g r a i n e d 
n o n - c a l c a r e o u s 
s e d i m e n t s , b a s a l t i c 
f l o w s , minor l i m e ­
s t o n e . 

TABLE 2 

T a b l e of f o r m a t i o n s , w i t h p r o p o s e d n o m e n c l a t u r e f o r s u b d i v i s i o n s o f 
S i c k e r Group, C h i n a C r e e k - S a l t s p r i n g b e l t . 



S i c k e r Group 

S t r a t i g r a p h i c b o u n d a r i e s 

The l o w e r boundary of the S i c k e r Group has n o t been seen on 

Vancouver I s l a n d . E q u i v a l e n t s o f the S i c k e r Group p r o b a b l y a r e p r e ­

s e n t i n a d j a c e n t r e g i o n s , where a sequence of r o c k s , b e l i e v e d t o l i e 

b e l o w , and o l d e r t h a n , t h e S i c k e r Group, i s known (Danner, 1960, 

p. 1-3; 1962, p. 8-12; 2 maps). However, s t r a t i g r a p h i c r e l a t i o n ­

s h i p s between t h e upper P a l e o z o i c sequence and t h e e a r l i e r r o c k s a r e 

n o t c l e a r . 

The upper c o n t a c t o f the S i c k e r Group i s p r o b a b l y an uncon­

f o r m i t y . I t s n a t u r e has been d i s c u s s e d by F y l e s (1955, p. 25, 2 7 ) . 

The p r e s e n t i n v e s t i g a t i o n o f the C h i n a C r e e k - S a l t s p r i n g b e l t has 

y i e l d e d no v i s i b l e e v i d e n c e of a b r e a k between t h e S i c k e r Group and 

t h e o v e r l y i n g Vancouver Group, o t h e r t h a n t h e s t r i k i n g change i n 

l i t h o l o g y f r o m the l i m e s t o n e o r c h e r t y r o c k s o f the S i c k e r t o m a s s i v e 

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

p l a c e s a f a u l t ; i n o t h e r s , the c o n t a c t s u r f a c e i s n o t exposed. The 

bedded r o c k s of the S i c k e r Group below t h e c o n t a c t appear t o be 

p a r a l l e l t o t h e c o n t a c t where i t i s n o t f a u l t e d . The S i c k e r r o c k s 

a t t h e c o n t a c t a r e n o t always t h e same l i t h o l o g y ; t h i s i s n o t n e c e s ­

s a r i l y p r o o f o f b e v e l l i n g of t h e upper s u r f a c e o f t h e S i c k e r Group, 

f o r f a c i e s changes w i t h i n t h e S i c k e r a r e common. The b e s t e v i d e n c e 

i n s u p p o r t of u n c o n f o r m a b l e r e l a t i o n s h i p s a t t h e c o n t a c t between t h e 

S i c k e r and Vancouver Groups l i e s i n t h e a p p a r e n t d i s p a r i t y i n ages 

o f t h e s e two u n i t s . The age o f the l o w e r p a r t of the Vancouver Group 
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o f the Cowichan L a k e a r e a i s " T r i a s s i c and ( o r ) P e r m i a n " a c c o r d i n g 

t o F y l e s (p. 1 1 ) . The s t r a t i g r a p h i c r e l a t i o n s h i p s between t h e b a s a l 

u n i t of the Vancouver Group ( F r a n k l i n C r e e k v o l c a n i c s ) and t h e o v e r ­

l y i n g S u t t o n L i m e s t o n e , as d e s c r i b e d by F y l e s (p. 2 4 - 2 5 ) , a r e s t r o n g 

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

age of t h e two f o r m a t i o n s as b e i n g n o t w i d e l y d i f f e r e n t . The age 

o f t h e S u t t o n i s L a t e T r i a s s i c . The age o f t h e Upper D i v i s i o n of the 

S i c k e r Group has been d e t e r m i n e d as E a r l y P e r m i a n . I f t h e i n t e r p r e t ­

a t i o n g i v e n above i s v a l i d , t h e n t h e c o n t a c t between the F r a n k l i n 

C r e e k v o l c a n i c s and t h e S i c k e r Group i s a p a r a c o n f o r m i t y (Dunbar and 

R o g e r s , 1958, p. 1 1 9 ) . The l a c u n a (Wheeler, 1958) r e p r e s e n t e d may 

thus i n c l u d e t h e t i m e i n t e r v a l f r o m mid-Permian t o m i d - T r i a s s i c . 

T h i s i n t e r v a l i s c o n s i d e r e d t o have been a t i m e of u p l i f t and e r o s i o n 

i n o t h e r p a r t s o f B r i t i s h C o l u m b i a ( A r m s t r o n g , 1949, p. 42-43; W h i t e , 

1959, p. 7 2 ) . 

Lower D i v i s i o n 

Rocks of the Lower D i v i s i o n have been d e s c r i b e d by F y l e s 

(1955, p. 1 3 - 1 5 ) . A m y g d a l o i d a l r o c k s , b r e c c i a s and m a s s i v e t u f f a c -

eous s e d i m e n t s , and t h i n - b e d d e d n o n - c a l c a r e o u s sediments ( c h e r t y 

and f e l d s p a t h i c t u f f s , t u f f a c e o u s greywackes and b r e c c i a s ) a r e among 

the p r o m i n e n t l i t h o l o g i e s p r e s e n t . A c c o r d i n g t o F y l e s (p. 1 3 ) , " t h i s 

g e n e r a l assemblage may be r e c o g n i z e d w i d e l y on s o u t h e r n Vancouver 

I s l a n d " . 

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

of t h i s p a r t o f the sequence. Each o f the main r o c k t y p e s m entioned 
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by F y l e s was examined by t h e w r i t e r , and t h e r a p i d f a c i e s changes 

n o t e d by F y l e s ( p . 13) were a p p a r e n t i n even t h i s l i m i t e d s u r v e y . 

Rocks v a r y i n g f r o m m a s s i v e g r e e n t u f f a c e o u s ? sediments to b r e c c i a s 

and g r e y w a c k e - a r g i l l i t e sequences a r e exposed i m m e d i a t e l y b e n e a t h 

the c a l c a r e o u s and c h e r t y sequence o f t h e Upper D i v i s i o n . 

M a r k e r h o r i z o n s a r e r a r e t o a b s e nt i n t h i s h e t e r o g e n e o u s 

u n i t . A 600 f o o t sequence o f t h i n - b e d d e d c h e r t y t u f f s i n t h e m i d d l e 

o f the exposed s e c t i o n ( o f about 7500 t o 9000 f e e t ) of the Lower 

D i v i s i o n r o c k s on t h e n o r t h s i d e o f Cowichan L a k e appears t o be 

r e c o g n i z a b l e over a t l e a s t 20 m i l e s ( F y l e s , p. 1 8 ) . 

I n g e n e r a l , i t would appear f r o m d e s c r i p t i o n s and c r o s s s e c ­

t i o n s by F y l e s (1955, F i g . 2) t h a t v o l c a n i c r o c k s a r e dominant below 

the marker and s e d i m e n t a r y r o c k s above. 

Upper D i v i s i o n 

B a l d M o u n t a i n P e n i n s u l a S e c t i o n 

On B a l d M o u n t a i n , on the n o r t h f a c e a t i t s e a s t end (see 

F i g u r e 3 ) , an i n c o m p l e t e s e c t i o n of the Upper D i v i s i o n was e s t i m a t e d 

t o be 700 f e e t i n t h i c k n e s s . Of t h i s t h i c k n e s s , l e s s than 300 f e e t 

c o n s i s t s of l i m e s t o n e ; t h e r e m a i n d e r o f the i n t e r v a l i s t h i n - b e d d e d , 

f i n e g r a i n e d c h e r t and s i l i c e o u s l i m e s t o n e , o r c o v e r e d . The base o f 

the sequence i s o c c u p i e d by m a s s i v e l i m e s t o n e e s t i m a t e d t o be 100 f e e t 

i n t h i c k n e s s . The m i d d l e p o r t i o n of the s e c t i o n (about 300 f e e t ) i s 

composed of t h i n - b e d d e d , d a r k grey c h e r t . The l i m e s t o n e e x p osures i n 

t h e upper p a r t of t h e s e c t i o n a r e i n t e r s p e r s e d w i t h t h o s e of the 

c h e r t y r o c k s , o r w i t h c o v e r e d i n t e r v a l s , w i t h the t h i c k e s t l i m e s t o n e 
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a t t h e t o p , e s t i m a t e d a t 50 f e e t . The l o w e r c o n t a c t o f t h e Upper 

D i v i s i o n was n o t seen i n t h i s a r e a . F i n e t o c o a r s e v o l c a n i c b r e c ­

c i a s , presumably u n d e r l y i n g t h e Upper D i v i s i o n r o c k s , a r e exposed 

on a low k n o l l n o r t h o f M a r b l e Bay. A c c o r d i n g t o F y l e s (1955, p. 17) 

b r e c c i a s and c l a s t i c s e d iments o f the n o r t h and e a s t s i d e s o f the 

p e n i n s u l a " a r e o v e r l a i n and grade l a t e r a l l y i n t o l i m e s t o n e and 

c h e r t " . 

The upper c o n t a c t , where seen by t h e w r i t e r , was i n a c o v e r e d 

i n t e r v a l between t h e uppermost l i m e s t o n e member of the Upper D i v i s i o n , 

S i c k e r Group, and brown w e a t h e r i n g v o l c a n i c r o c k s above. F y l e s ( p . 17) 

mentions a band o f v a r i c o l o u r e d c h e r t , up t o 40 f e e t t h i c k near t h e 

c o n t a c t . 

F a i r s e r v i c e M o u n t a i n S e c t i o n 

S e v e r a l s e c t i o n measurements were a t t e m p t e d on t h e n o r t h f a c e 

of F a i r s e r v i c e M o u n t a i n . The s e c t i o n s examined on the s o u t h s i d e o f 

F a i r s e r v i c e C r e e k , and i n a g u l l y s o u t h o f S k i d d e r s F l a t were n o t 

s a t i s f a c t o r y f o r measurements because of i n a d e q u a t e exposure and com­

p l e x s t r u c t u r e . A s e c t i o n a l o n g the west f o r k o f C h a n l o g C r e e k (see 

F i g u r e 9) a t t h e e a s t end of F a i r s e r v i c e M o u n t a i n , p r o v i d e d r e l a t i v e l y 

good exposure o f the Upper D i v i s i o n . However, f a u l t i n g , w i t h accom­

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

s i v e b o d i e s i n t h e l o w e r p a r t o f t h i s s e c t i o n d e t r a c t from i t s s t r a t i ­

g r a p h i c v a l u e . D e s p i t e t h e s e d e f i c i e n c i e s the s e c t i o n was measured, 

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

L o c a l name; see F i g u r e 3 



F i g u r e 9. C h a n l o g C r e e k s e c t i o n , upper p a r t . V i e w s o u t h w e s t . Creek 
exposures o f r o c k s of Upper D i v i s i o n , S i c k e r Group, o v e r l a i n by v o l ­
c a n i c r o c k s o f Vancouver Group (upper l e f t , below h o r i z o n t a l band of 
t i m b e r ) . 

F i g u r e 10. C h a n l o g C r e e k e x p o s u r e s of l i m e s t o n e s and s i l i c e o u s l i m e ­
s t o n e - c h e r t beds o f Upper D i v i s i o n , S i c k e r Group. 
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the n o r t h . The l a t t e r was measured i n a l a r g e g u l l y and s e v e r a l s m a l l e r 

near-by e x p o s u r e s , w h i c h l i e midway between C h a n l o g C r e e k and S k i d d e r s 

F l a t , one and o n e - h a l f m i l e s south-west of the C h a n l o g r a i l p o i n t . 

T h i s s e c t i o n , a l t h o u g h n o t o f f e r i n g as complete e x p o s u r e as t h a t on 

C h a n l o g C r e e k i s l e s s c o m p l i c a t e d by f a u l t i n g , and i n c l u d e s a l m o s t t h e 

whole i n t e r v a l o c c u p i e d by t h e l i m e s t o n e f o r m a t i o n . T h i s s e c t i o n i s 

r e f e r r e d t o as t h e F a i r s e r v i c e M o u n t a i n s e c t i o n , and i s shown d i a -

g r a m m a t i c a l l y i n F i g u r e 6. 

The measured t h i c k n e s s of the Upper D i v i s i o n i n the F a i r s e r v i c e 

M o u n t a i n s e c t i o n i s 2580 f e e t . The b a s a l c o n t a c t w i t h t h e u n d e r l y i n g 

m a s s i v e green v o l c a n i c r o c k s i s n o t exposed, b u t must l i e w i t h i n a 

few t e n s of f e e t of the base of the measured s e c t i o n . The upper con­

t a c t of t h e S i c k e r Group l i e s w i t h i n a few f e e t of t h e top of t h e 

measured s e c t i o n , w h i c h i s s e p a r a t e d by a c o v e r e d i n t e r v a l f r o m the 

o v e r l y i n g F r a n k l i n C r e e k v o l c a n i c s . 

The m a j o r i t y of t h e exposed s e c t i o n , as i s shown i n F i g u r e 6, 

i s composed of t h i n l y bedded (1 i n c h t o 6 i n c h e s ) t o medium-bedded 

(6 i n c h e s t o 2 f e e t ) d a r k grey t o b l a c k c h e r t and f i n e - g r a i n e d medium 

grey l i m e s t o n e (see F i g u r e 1 0 ) . S m a l l l e n s e s of l i g h t g r e y , c o a r s e ­

g r a i n e d c r i n o i d a l l i m e s t o n e , w i t h t h i c k n e s s e s f r o m 1 f o o t t o 6 f e e t , 

a r e s p a r s e l y s c a t t e r e d t h r o u g h t h e s e c t i o n ( F i g u r e 1 1 ) . Above the 

m i d d l e of the s e c t i o n , e xposure i s p o o r , e x c e p t f o r two t h i c k l i m e ­

s t o n e s , one of 182 f e e t and the o t h e r 112 f e e t i n t h i c k n e s s . These 

l i m e s t o n e s a r e medium t o c o a r s e - g r a i n e d , c r i n o i d a l and t h i c k - b e d d e d 

t o m a s s i v e . The upper l i m e s t o n e i s e x t r e m e l y c h e r t y i n t h e t o p 

20 f e e t , and c o n t a i n s a few p o o r l y p r e s e r v e d b r a c h i o p o d s . 



F i g u r e 1 1 . L i m e s t o n e l e n s w i t h i n t h i n - b e d d e d s i l i c e o u s sequence of Upper 
D i v i s i o n , S i c k e r Group, on C h a n l o g Creek. 

F i g u r e 1 2 . C o n t o r t e d t h i n - b e d d e d s i l i c e o u s r o c k s of Upper D i v i s i o n , 
S i c k e r Group, on C h a n l o g C r e e k . 
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The i n t e r v a l f r o m t h e t o p of t h e uppermost t h i c k l i m e s t o n e t o 

the top of the s e c t i o n i s c o v e r e d , e x c e p t f o r the upper f i v e f e e t . 

I n t r a v e r s e s a c r o s s the h i l l s i d e t o the s o u t h , t h i s i n t e r v a l has been 

fo u n d t o c o n s i s t o f t h i n - b e d d e d c h e r t w i t h minor l i m e s t o n e l e n s e s . I n 

the s m a l l exposure a t the t o p , t h i n - b e d d e d c h e r t and l i m e s t o n e , w i t h 

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

t o r t e d , a r e p r e s e n t . W i t h i n a few f e e t above t h i s , f i n e - g r a i n e d 

g r e e n s t o n e o f t h e base of the Vancouver Group i s exposed. 

A c o m p a r i s o n of the F a i r s e r v i c e M o u n t a i n s e c t i o n w i t h t h a t 

o b t a i n e d on C h a n l o g C r e e k shows t h a t t h e two a r e comparable on a 

gr o s s s c a l e . D e t a i l e d c o r r e l a t i o n between t h e two, a l i t t l e o v e r 

h a l f a m i l e a p a r t , i s , however, i m p o s s i b l e ; one of the two t h i c k 

l i m e s t o n e s o f t h e F a i r s e r v i c e M o u n t a i n s e c t i o n , f o r i n s t a n c e , does 

n o t appear t o o u t c r o p i n the C h a n l o g C r e e k s e c t i o n . S i m i l a r d i s p a r ­

i t i e s i n d e t a i l e d l i t h o l o g i c s u c c e s s i o n a r e a p p a r e n t when the F a i r -

s e r v i c e M o u n t a i n s e c t i o n i s compared t o the r o u g h l y e s t i m a t e d s e c t i o n 

o n e - h a l f m i l e t o the n o r t h , i n t h e g u l l y s o u t h o f S k i d d e r s F l a t . I n 

the l a t t e r , t he o n l y p r o minent t h i c k l i m e s t o n e i s near the b a s e , and 

i s perhaps comparable t o t h e 90 f o o t l i m e s t o n e i n a s i m i l a r p o s i t i o n 

i n t he F a i r s e r v i c e M o u n t a i n s e c t i o n . 

There i s no doubt t h a t some of the d i f f i c u l t i e s i n v o l v e d i n 

a t t e m p t i n g t o match t h e s e c l o s e l y spaced s e c t i o n s a r e the r e s u l t o f 

s t r u c t u r a l c o m p l e x i t i e s and i n c o m p l e t e e x p o s u r e . However, the l e n s -

i n g h a b i t o f the l i m e s t o n e s t h e m s e l v e s p r o b a b l y i s t h e major f a c t o r 

c o n t r i b u t i n g t o t h e d i f f i c u l t y i n such s h o r t range c o r r e l a t i o n s . 

The t h i n - b e d d e d c h e r t y r o c k s o f t h i s s e c t i o n appear t o be 



F i g u r e 13. L i m e s t o n e e x p o s u r e s , Upper D i v i s i o n , S i c k e r Group, s o u t h e a s t 
f r o m west f o r k o f C h a n l o g C r e e k , 

F i g u r e 14. S i n k h o l e e x p o s u r e s of l i m e s t o n e s of Upper D i v i s i o n , S i c k e r 
Group, on F a i r s e r v i c e M o u n t a i n , s o u t h of headwaters of C h a n l o g Creek. 
F r a n k l i n C r e e k v o l c a n i c s i n h i l l s i d e , l e f t b a c k g round. View n o r t h . 



F i g u r e 15. F r a c t u r e d , p a r t l y s i l i c i f i e d and d o l o m i t i z e d l i m e s t o n e , w i t h 
c h e r t n o d u l e s ; Upper D i v i s i o n S i c k e r Group, n e a r headwaters west f o r k , 
C h a n l o g C r e e k . 

F i g u r e 16. Thin-bedded s i l i c e o u s l i m e s t o n e - c h e r t sequence, Upper D i v i ­
s i o n , S i c k e r Group, i n r o a d - c u t , e a s t s i d e o f F a i r s e r v i c e C r e e k . 



i d e n t i c a l t o t h o s e f r o m the same s t r a t i g r a p h i c i n t e r v a l d e s c r i b e d by 

F y l e s (1955, p. 16, p i . V I I I ) . I n most of the l a r g e e x p o s u r e s , t h e y 

a r e h i g h l y c o n t o r t e d ; i n s i n g l e e x p o s u r e s , 10 t o 50 p e r c e n t o f t h e 

s e c t i o n may be i n v o l v e d i n t i g h t , s m a l l a m p l i t u d e f o l d s ( F i g u r e 1 2 ) . 

The e f f e c t of such d e f o r m a t i o n o f the o r i g i n a l t o t a l t h i c k n e s s o f t h e 

f o r m a t i o n cannot be e s t i m a t e d w i t h t h e d a t a a v a i l a b l e . 

Bear Creek Section 

A l o n g the west f o r k of Bear C r e e k , a p p r o x i m a t e l y t h e same 

t h i c k n e s s o f Upper D i v i s i o n S i c k e r Group r o c k s a r e exposed as on t h e 

n o r t h e a s t f a c e o f F a i r s e r v i c e M o u n t a i n and a t t h e e a s t end o f B a l d 

M o u n t a i n . A u n i t o f f i n e t o medium-grained, g r e e n i s h greywacke (see 

F i g u r e s 18, 19) o c c u r s h e r e , however, i n a m e d i a l band of ex p o s u r e s 

s e p a r a t i n g two s e c t i o n s , of the Upper D i v i s i o n c a l c a r e o u s and c h e r t y 

r o c k s . One a t t i t u d e i n the greywackes, f o r w h i c h top d e t e r m i n a t i o n s 

were o b t a i n e d f r o m graded b e d d i n g , s m a l l - s c a l e c h a n n e l i n g and c r o s s -

l a m i n a t i o n s , i n d i c a t e s t o p s t o the e a s t i n a n e a r - v e r t i c a l sequence. 

I n the n o r t h e a s t e r n s e c t i o n o f Upper D i v i s i o n r o c k s , t h r e e - q u a r t e r s 

of a m i l e n o r t h o f Bear C r e e k , graded b e d d i n g i n o u t c r o p s o f s t e e p l y -

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

(see F i g u r e s 3, 2 0 ) . 

These d a t a s u g g e s t t h a t t h e ex p o s u r e s r e p r e s e n t a f o l d e d s e c ­

t i o n , w i t h the greywackes exposed i n t h e c o r e o f an a n t i c l i n e . The 

greywackes do n o t r e a p p e a r on the n o r t h e a s t boundary of the Upper 

D i v i s i o n ; h e r e a narrow zone of g r e e n i s h t u f f s and f i n e b r e c c i a s 

l i e s between t h e most n o r t h e a s t e r l y l i m e s t o n e o u t c r o p and t h e m a s s i v e , 



F i g u r e 17. L i m e s t o n e c o n t a i n i n g p a r t l y s i l i c i f i e d f o s s i l s ( b r a c h i o p o d s , 
b r y o z o a n s ) ; Upper D i v i s i o n , S i c k e r Group, on B e a r Creek. 



F i g u r e 18 ( a b o v e ) . Greywacke 
and a r g i l l i t e , Lower D i v i s i o n , 
S i c k e r Group; s o u t h bank o f 
west f o r k , Bear Creek. Ex­
posure 30 t o 40 f e e t h i g h . 

F i g u r e 19 ( l e f t ) . Greywacke 
and a r g i l l i t e , n o r t h bank of 
west f o r k , Bear C r e e k . Near-
v e r t i c a l beds s t r i k e n o r t h ­
w e s t - s o u t h e a s t , and f a c e 
n o r t h e a s t . 
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f i n e - g r a i n e d g r e e n s t o n e s o f t h e Lower D i v i s i o n t o the n o r t h . Whether 

t h e greywackes a r e m i s s i n g because of f a u l t i n g , o r have been r e p l a c e d 

i n a f a c i e s change by t h e p y r o c l a s t i c r o c k s i s s t i l l open t o q u e s t i o n . 

That t h e s e r o c k s u n d e r l i e t h e l i m e s t o n e i s shown by t h e a t t i t u d e s 

n o r t h w e s t o f the n o r t h e a s t e r l y greywacke c o n t a c t , by the i n t e r f i n g e r -

i n g of l i m e s t o n e and greywacke a t t h e c o n t a c t , and by t h e absence of 

such r o c k s above t h e l i m e s t o n e e l s e w h e r e ( e . g . , a l o n g t h e n o r t h w e s t 

f a c e o f F a i r s e r v i c e M o u n t a i n ) where t h e beds f a c e s outhwest and a r e 

o v e r l a i n by F r a n k l i n C r e e k v o l c a n i c s . The greywackes p r o b a b l y a r e 

the same t y p e o f r o c k s d e s c r i b e d by F y l e s (1955, p. 17; F i g . 2) as 

" c l a s t i c s e d i m e n t s " on t h e n o r t h s i d e o f B a l d M o u n t a i n p e n i n s u l a . 

He s u g g e s t s t h a t h e r e a l s o t h e c l a s t i c s e d iments i n t e r f i n g e r w i t h t h e 

l i m e s t o n e . 

S t r a t i g r a p h i c sequence and t h i c k n e s s 

The i n t e r p r e t a t i o n o f the s t r a t i g r a p h i c s u c c e s s i o n w i t h i n 

t h e Upper D i v i s i o n o f t h e S i c k e r Group h i n g e s on the s e c t i o n s ob­

t a i n e d on F a i r s e r v i c e M o u n t a i n and i n a d j a c e n t a r e a s . These s e c t i o n s 

a r e i n v o l v e d i n s t r u c t u r e s o f l a r g e and s m a l l m a g n i t u d e s . M a r k e r 

b e d s , w i t h w h i c h t o d e c i p h e r t h e d e t a i l e d s t r u c t u r a l p a t t e r n , a r e 

n o t known. I t was hoped t h a t f o s s i l h o r i z o n s m i g h t be of some use 

i n t h i s a n a l y s i s . U n f o r t u n a t e l y , f o s s i l s a r e s c a r c e , and where th e y 

a r e p r e s e n t , a r e u s u a l l y so p o o r l y p r e s e r v e d t h a t p r e c i s e i d e n t i f i c a ­

t i o n s a r e d i f f i c u l t , i f n o t i m p o s s i b l e . W i t h such a poor f a u n a , i t 

i s u nwise t o p l a c e much c r e d e n c e i n d e t a i l e d l o c a l c o r r e l a t i o n s 

based on t h e f o s s i l s . I n t h e absence o f o t h e r c r i t e r i a f o r r e c o g ­

n i z i n g s t r a t i g r a p h i c h o r i z o n s w i t h i n t h e l i m e s t o n e u n i t , however, 



Figure 2 0 . Thin-bedded s i l i c e o u s limestone and chert of Upper D i v i s i o n , 
Sicker Group; F a i r s e r v i c e Mountain, east of Bear Creek. Beds s t r i k e 
north to northwest, and face east. View north. 
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t h e f o l l o w i n g e x t r e m e l y t e n t a t i v e c o n c l u s i o n s a r e g i v e n as a b a s i s 

f o r the w r i t e r ' s i n t e r p r e t a t i o n s . 

The e v i d e n c e f r o m c omplete or p a r t i a l s t r a t i g r a p h i c s e c t i o n s 

i n t h e a r e a between Cowichan L a k e and T a d j i s s L a k e (see F i g u r e s 3, 6) 

i n d i c a t e s t h a t l i m e s t o n e l e n s e s o f t h e Upper D i v i s i o n a r e s p o r a d i c 

i n t h e i r v e r t i c a l and h o r i z o n t a l d i s t r i b u t i o n w i t h t h e u n i t . F o s s i l s 

o f s i m i l a r g e n e r a l c h a r a c t e r , and i n some c a s e s t h e same g e n e r a , ap­

pear t h r o u g h o u t t h e l e n g t h o f t h i s segment of the C h i n a C r e e k - S a l t ­

s p r i n g b e l t . The two known o c c u r r e n c e s o f the f u s u l i n i d genus 

Schwagerina? ( B a l d M o u n t a i n p e n i n s u l a , F a i r s e r v i c e M o u n t a i n ) a r e i n 

the Upper o n e - t h i r d o f the Upper D i v i s i o n o f the S i c k e r Group. D i s ­

t i n c t i v e b r a c h i o p o d s o c c u r i n t h e upper o n e - t h i r d o f exposed s e c t i o n 

of the l i m e s t o n e f o r m a t i o n on B a l d M o u n t a i n p e n i n s u l a . S i m i l a r b r a c h ­

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

c a l l y above r o c k s o f t h e Lower D i v i s i o n . 

F y l e s (1955, p. 17; f i g . 2, c r o s s s e c t i o n s A-B, C-D), i n t e r ­

p r e t e d t h e s t r u c t u r e on B a l d M o u n t a i n and F a i r s e r v i c e M o u n t a i n as a 

p a i r o f f o l d s , a n t i c l i n a l on t h e w e s t , s y n c l i n a l on t h e e a s t . I n ­

f o r m a t i o n f r o m the p r e s e n t s t u d y o f t h e s e two s e c t i o n s g i v e s no con­

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

l i m e s t o n e members of t h e F a i r s e r v i c e M o u n t a i n s e c t i o n c o u l d p o s s i b l y 

r e p r e s e n t r e p e t i t i o n s o f the same h o r i z o n ; b u t t h e y d i f f e r i n exposed 

t h i c k n e s s , d e t a i l e d l i t h o l o g y and o b s e r v e d f o s s i l c o n t e n t . However, 

i n t he a r e a between C h a n l o g C r e e k and Bea r C r e e k , the d i s t r i b u t i o n of 

r o c k t y p e s and s t r u c t u r a l d a t a o b t a i n e d t e n d t o c o r r o b o r a t e F y l e s ' 

i n t e r p r e t a t i o n (see page 4 3 ) . 
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S t r u c t u r a l r e p e t i t i o n o f the sequence of l i m e s t o n e , c h e r t 

and s i l i c e o u s l i m e s t o n e o f t h e Upper D i v i s i o n thus seems p r o b a b l e 

i n s e c t i o n s f r o m B a l d M o u n t a i n p e n i n s u l a t o Bear C r e e k . The absence 

of marker beds w i t h i n the u n i t p r e v e n t s an a c c u r a t e measurement of 

the t r u e t h i c k n e s s o f beds i n v o l v e d i n the f o l d i n g . Depending on 

the s t y l e o f f o l d i n g , f i g u r e s o f o n e - q u a r t e r t o o n e - t h i r d of the 

exposed t h i c k n e s s may be p o s t u l a t e d as r e a s o n a b l e e s t i m a t e s of t h e 

t r u e t h i c k n e s s . I f the above a n a l y s i s of t h e Bear C r e e k s e c t i o n i s 

v a l i d , t h e t h i c k n e s s of the w e s t e r n upper l i m b o f the a n t i c l i n e i s 

c a l c u l a b l e f r o m the w e s t e r n p a r t o f the B e a r C r e e k e x p o s u r e s . A 

t h i c k n e s s o f about 1,000 f e e t of the Upper D i v i s i o n a p p e ars t o be 

p r e s e n t on t h i s l i m b . An e s t i m a t e , made on t h e a s s u m p t i o n of s i m i ­

l a r s t r u c t u r e , o f 700 t o 900 f e e t i s c a l c u l a t e d f o r t h e measured 

F a i r s e r v i c e M o u n t a i n s e c t i o n . 

F y l e s (1955, p. 16, 17) e s t i m a t e d t h e t h i c k n e s s of t h e l i m e ­

s t o n e " f o r m a t i o n " t o be about 1,000 f e e t n o r t h w e s t of t h e west end 

of Cowichan L a k e and 500 t o 1,000 f e e t a t F a i r s e r v i c e M o u n t a i n , 

based on h i s s t r u c t u r a l i n t e r p r e t a t i o n . I n the C h i n a C r e e k a r e a , 

S t e v e n s o n (1945, map; c r o s s - s e c t i o n C-D) shows a minimum of 1,000 

f e e t o f l i m e s t o n e on t h e e a s t f a c e of Mt. S p e n c e r . 

The s t r u c t u r a l h y p o t h e s i s g i v e n above appears adequate t o 

e x p l a i n the f i e l d r e l a t i o n s h i p s and t h e v a r i a t i o n s i n s t r a t i g r a p h i c 

s e c t i o n s . I t must s t i l l be r e g a r d e d however as an h y p o t h e s i s , f o r 

c o n c l u s i v e e v i d e n c e i n the f o r m o f marker h o r i z o n s f o l d e d i n t h e 

c o n f i g u r a t i o n p r o p o s e d (an a n t i c l i n e - s y n c l i n e p a i r ) has n o t been 

f o u n d . E i t h e r f a u l t i n g or f a c i e s changes, o r a c o m b i n a t i o n of 
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f a u l t i n g and f a c i e s change w i t h i n t h e upper S i c k e r Group, c o u l d a l s o 

a c c o u n t f o r the o b s e r v e d d a t a . A d d i t i o n a l s t r u c t u r a l and s t r a t i ­

g r a p h i c i n f o r m a t i o n i s needed t o s a t i s f a c t o r i l y r e s o l v e the pr o b l e m . 

Fauna 

The f o s s i l s f o u n d i n l i m e s t o n e s o f the Upper D i v i s i o n o f t h e 

S i c k e r Group i n t h e s e c t i o n s m e n t i o n e d above c o n s i s t o f a few s i l i ­

c i f i e d b r a c h i o p o d s , s e v e r a l f o r a m i n i f e r a , one c o r a l , and abundant 

f r a g m e n t a r y r e m a i n s o f ramose and f e n e s t r a t e b r y o z o a n s . Those i n 

the p r e s e n t w r i t e r ' s c o l l e c t i o n s a r e n o t s p e c i f i c a l l y i d e n t i f i a b l e , 

b u t some a t l e a s t a r e s i m i l a r t o f o s s i l s p r e s e n t i n o t h e r c o l l e c t i o n s 

f r o m the a r e a . 

B r a c h i o p o d s c o l l e c t e d by F y l e s (1955, p. 19) f r o m l i m e s t o n e 

of t h e S i c k e r Group on B a l d M o u n t a i n p e n i n s u l a i n c l u d e a s p e c i e s of 

S p i r i f e r e l l a . The same l o c a l i t y y i e l d e d f o s s i l s o f a genus i d e n t i ­

f i e d as H o r r i d o n i a ? ( D u t r o , p e r s . comm. t o Danner, 1962). These two 

genera have been t e n t a t i v e l y i d e n t i f i e d by t h e w r i t e r i n l i m e s t o n e s 

of t h e upper p a r t of t h e S i c k e r Group on Bear C r e e k , where t h e y a r e 

a s s o c i a t e d w i t h o t h e r b r a c h i o p o d s , b r y o z o a n s and c o r a l s . 

M. L. Thompson ( i n F y l e s , 1955, p. 19) i d e n t i f i e d t h e genus 

S c h w a g e r i n a i n specimens f r o m the upper p a r t o f t h e l i m e s t o n e forma­

t i o n on B a l d M o u n t a i n p e n i n s u l a . T h i s genus has been t e n t a t i v e l y 

i d e n t i f i e d a l s o i n specimens o f l i m e s t o n e c o l l e c t e d by the p r e s e n t 

w r i t e r f r o m the u p p e r , t h i c k l i m e s t o n e o f the F a i r s e r v i c e M o u n t a i n 

s e c t i o n , about 730 f e e t f r o m t h e top of t h e s e c t i o n . Other s m a l l 

f o r a m i n i f e r a , i n c l u d i n g T e t r a t a x i s and a s m a l l f u s u l i n i d s p e c i e s 
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o c c u r i n t h e same s e c t i o n , and a l s o i n l i m e s t o n e e x p o s u r e s n e a r B e a r 

C r e e k . W. R. Danner (1962, p e r s . comm.) c o l l e c t e d f o r a m i n i f e r a f r o m 

l i m e s t o n e s o f the upper S i c k e r Group on t h e west s i d e o f Bear C r e e k , 

s o u t h o f S k u t z F a l l s . The s t r a t i g r a p h i c p o s i t i o n f r o m w h i c h the 

specimens were o b t a i n e d i s n o t known. The most i n t e r e s t i n g and s i g ­

n i f i c a n t o f t h e f o s s i l s i s a f u s u l i n i d s p e c i e s w h i c h has been s t a t e d 

by J . W. S k i n n e r ( p e r s . comm. t o W. R. Danner, 1962) t o b e l o n g t o 

one o f t h r e e genera: F u s u l i n e l l a , W a e r i n g e l l a , o r P s e u d o f u s u l i n e l l a . 

The s m a l l f u s u l i n i d m e n t i o n e d above, w h i c h has been f o u n d i n t h e 

F a i r s e r v i c e M o u n t a i n and Bea r C r e e k s e c t i o n s , i s s i m i l a r t o the 

specimens d i s c u s s e d by S k i n n e r . 

L a r g e t h i c k s h e l l e d b r a c h i o p o d s , s i l i c i f i e d and u n i d e n t i f i ­

a b l e even a t t h e g e n e r i c l e v e l , have been f o u n d i n t h e l i m e s t o n e 

exposed i n t h e W i l d Deer L a k e a r e a . Some of the forms v a g u e l y r e ­

semble b r a c h i o p o d s f r o m t h e B a l d M o u n t a i n p e n i n s u l a ( e . g . , " H o r r i -

d o n i a ? " ) . From the l a r g e l i m e s t o n e body on t h e s o u t h e a s t f l a n k o f 

E a g l e H e i g h t s , p o o r l y p r e s e r v e d , and thus f a r u n i d e n t i f i e d , b r a c h i o ­

pods, b r y o z o a n s and s o l i t a r y c o r a l s were c o l l e c t e d . I n g e n e r a l a s ­

p e c t t h e f a u n a l o o k s s i m i l a r t o t h a t o f the l i m e s t o n e s t o the n o r t h ­

w est a l o n g t he C h i n a C r e e k - S a l t s p r i n g b e l t . I n b o t h t h e W i l d Deer 

L a k e and E a g l e H e i g h t s a r e a s , mapping has n o t y e t been done, and 

the s t r a t i g r a p h i c sequence re m a i n s t o be worked o u t . 

E x a m i n a t i o n s o f the l i m e s t o n e s a t C o b b l e H i l l (see F i g u r e 2) 

were m a i n l y d i r e c t e d towards a s e a r c h f o r i d e n t i f i a b l e f o s s i l s . No 

f o s s i l s were f o u n d i n t h e d e p o s i t s b e i n g d e v e l o p e d by t h e B r i t i s h 

C o l u m b i a Cement Company, ( r e f e r r e d t o as the "Raymond" d e p o s i t by 
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Mathews and McCammon, 1957, p. 4 5 ) , one and t h r e e - q u a r t e r m i l e s w e s t -

southwest of C o b b l e H i l l s t a t i o n . The s m a l l l i m e s t o n e e x p o s u r e on 

t h e s o u t h e a s t s i d e of C o b b l e H i l l , o n e - h a l f m i l e southwest of C o b b l e 

H i l l s t a t i o n , c o n t a i n s p o o r l y p r e s e r v e d , s i l i c i f i e d b r a c h i o p o d s , 

s o l i t a r y c o r a l s and c o a r s e c r i n o i d a l d e b r i s . The f a u n a , though n o t 

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

of t h e o t h e r f o s s i l i f e r o u s l i m e s t o n e s of t h e C h i n a C r e e k - S a l t s p r i n g 

b e l t . 

The age of the f a u n a d i s c u s s e d above and l i s t e d below i s 

t r e a t e d i n d e t a i l i n a l a t e r s e c t i o n of t h i s r e p o r t ( p . 1 0 9 ) . 

F a u n a l l i s t s 

The f o l l o w i n g i s a c o m p i l a t i o n of f o s s i l i d e n t i f i c a t i o n s 

f r o m the Upper P a l e o z o i c r o c k s of the C h i n a C r e e k - S a l t s p r i n g b e l t . 

L i z a r d L a k e 
From l i m e s t o n e o n e - h a l f m i l e s o u t h e a s t of L i z a r d L a k e ( S t e v e n ­

s o n , 1945, map; p. 6 ) : 
S p i r i f e r e l l a 
C r i n o i d d i s k s and stems 

B a l d M o u n t a i n p e n i n s u l a 
From l i m e s t o n e one and o n e - h a l f m i l e s n o r t h w e s t of M a r b l e 

Bay, a t e l e v a t i o n o f about 1,000 f e e t ; f r o m beds "between 200 and 
400 f e e t below t h e base o f t h e F r a n k l i n C r e e k b a s a l t " ( F y l e s , 1955, 
p. 1 9 ) : 

P r o d u c t u s c f . P. u r a l i c u s T s c h e r n . 
P r o d u c t u s c f . P. w e y p r e c h t i T o u l a 
S p i r i f e r e l l a s a r a n a e v a r . a r c t i c a Haughton 

Schwagerina? 

From l i m e s t o n e " o n e - q u a r t e r m i l e by t r a i l f r o m the end of a 
f o r e s t r y l o o k o u t r o a d " and "20 t o 25 f e e t e a s t o f t h e t r a i l " . "The 
h o r i z o n appears t o be s t r a t i g r a p h i c a l l y n e a r t h e t o p of t h e l i m e ­
s t o n e bed". (W. R. Danner, p e r s o n a l c o m m u n i c a t i o n , 1962): 
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M u i r w o o d i a ? 
" D i c t y o c l o s t u s " 
H o r r i d o n i a ? 
S p i r i f e r e l l a 

L o c a l i t i e s 61-7-10, 18, 20 - F o r e s t r y t r a i l s o u t h of l i m e ­
s t o n e c l i f f s : 

F u s u l i n i d s . 

F a i r s e r v i c e M o u n t a i n 

L o c a l i t y unknown: ( F y l e s , 1955, p. 19) 

Q u a s i f u s u l i n a 
L o c a l i t y 62-48-2F - Top of F a i r s e r v i c e M o u n t a i n s e c t i o n 

(1.4 m i l e s s o u t h w e s t o f C h a n l o g r a i l p o i n t ) , Upper D i v i s i o n , S i c k e r 
Group ( U n i t 3 2 ) : 

T e t r a t a x i s sp 
C l a d o c h o n u s s p . 
Rhabdomeson sp 
S t r e b l a s c o p o r a p u l c h r a ? 

L o c a l i t y 62-43A-3 - F a i r s e r v i c e M o u n t a i n s e c t i o n , l i m e s t o n e 
between 1773 f e e t and 1851 f e e t f r o m base of s e c t i o n ( U n i t 3 0 ) : 

Schwagerina? s p . ( 7 2 1 f r o m top of l i m e s t o n e ) 
G o n i o c l a d i a s p . ( 8 2 1 f r o m top of l i m e s t o n e ) 
S t r e b l a s c o p o r a p u l c h r a ? ( 6 2 1 f r o m top) 

L o c a l i t y 62-43-12 - F a i r s e r v i c e M o u n t a i n s e c t i o n , l i m e s t o n e 
1013 f e e t f r o m base o f s e c t i o n ( U n i t 2 2 ) : 

F i s t u l i p o r i d b r y o z o a n 

L o c a l i t y 62-43-11 - F a i r s e r v i c e M o u n t a i n s e c t i o n , l i m e s t o n e 
957' f r o m base of s e c t i o n ( U n i t 2 0 ) : 

F u s u l i n i d 

L o c a l i t y 62-45-3F - F a i r s e r v i c e M o u n t a i n s e c t i o n , l i m e s t o n e 
between 150' and 240' f r o m base of s e c t i o n ( U n i t 2 ) : 

T e t r a t a x i s 

West F o r k Bear C r e e k 

L o c a l i t y 62-52-3 - 1 3/4 m i l e s west o f c o n f l u e n c e w i t h e a s t 
f o r k : 



S p i r i f e r e l l a ? s p . 
H o r r i d o n i a ? s p . 
H u s t e d i a ? sp 
S c h i z o p h o r i a s p . 
M i c h e l i n i a s p . A 
S u l c o r e t e p o r a 
s o l i t a r y r u g o s e c o r a l s . 

E a s t f o r k Bear G r e e k , and a d j a c e n t a r e a on each s i d e . 

V a r i o u s l o c a l i t i e s 

T e t r a t a x i s 
F u s u l i n i d s 
S t r e b l a s c o p o r a p u l c h r a ? 
Rhabdomeson s p . 
G o n i o c l a d i a sp 
F i s t u l i p o r i d b r y o z o a n 

"From the s o u t h s i d e o f t h e Cowichan V a l l e y about 2 or 3 m i l e 
s o u t h o f S k u t z F a l l s " (W. R. Danner, p e r s o n a l c o m m u n i c a t i o n , 1 9 6 2 ) . 

F u s u l i n e l l a ? ( p o s s i b l y W a e r i n g e l l a o r 
P s e u d o f u s u l i n e l l a ) 

M i l l e r e l l a o r P a r a m i l l e r e l l a 

STRUCTURE 

S t r u c t u r e w i t h i n the C h i n a C r e e k - S a l t s p r i n g b e l t i s complex. 

F y l e s ' (1955) r e p o r t on the Cowichan L a k e a r e a p r o v i d e s the s o u r c e 

f o r most of t h e d e t a i l e d s t r u c t u r a l i n f o r m a t i o n . A l o n g the west s i d e 

of the b e l t i n t h e Cowichan L a k e a r e a , t h e g r o s s s t r u c t u r e i s homo-

c l i n a l , w i t h s t e e p w e s t e r l y and s o u t h w e s t e r l y d i p s p r e d o m i n a t i n g . 

W i t h i n t h e b e l t , l a r g e - s c a l e f o l d s a r e e v i d e n t ( F y l e s , p. 26; f i g . 2) 

A x i a l p l a n e s d i p so u t h w e s t i n t h e w e s t e r n p o r t i o n , where o v e r - t u r n e d 

f o l d s a r e common. The n o r t h e a s t e r n p a r t o f t h e Cowichan L a k e a r e a i s 

c h a r a c t e r i s e d by l e s s s t e e p d i p s and f o l d s w i t h n o r t h e a s t - d i p p i n g 

a x i a l p l a n e s . L o n g i t u d i n a l f a u l t s o f c o n s i d e r a b l e l e n g t h have been 

mapped; t h e s e appear t o s u b d i v i d e the b e l t i n t o l o n g i t u d i n a l segments 



52 

d i f f e r i n g f r o m one a n o t h e r i n e i t h e r s t r u c t u r a l p a t t e r n or dominant 

r o c k t y p e s , o r b o t h ( F y l e s , f i g . 2 ) . T r a n s v e r s e and o b l i q u e f a u l t s 

a r e common whereve r mapping w i t h i n the b e l t has been done to s c a l e s 

o t h e r t h a n r e g i o n a l . ( e . g . , F y l e s , f i g . 2; S t e v e n s o n , 1945, map; 

F i g u r e 3 of t h i s r e p o r t ) . 

The a l m o s t complete l a c k o f marker beds w i t h i n the S i c k e r 

Group make's i n t e r p r e t a t i o n o f l o c a l s t r u c t u r e e x c e e d i n g l y d i f f i c u l t . 

The upper p a r t o f t h e S i c k e r Group i n t h e w e s t e r n b o r d e r o f the b e l t , 

c o n t a i n s a u n i t ( t h e Upper D i v i s i o n ) i n w h i c h l i m e s t o n e i s a p r o m i n ­

e n t c o n s t i t u e n t . W i t h i n t h e r e m a i n d e r of the P a l e o z o i c sequence, 

l i m e s t o n e s a r e r a r e or a b s e n t , and o n l y one l i t h o l o g i c u n i t w i t h 

v a l u e as a h o r i z o n marker has so f a r been f o u n d . The l a t t e r i s a 

600 f o o t sequence o f t h i n bedded c h e r t y t u f f s , o c c u r r i n g a t l e a s t 

3,500 f e e t below t h e t o p o f the S i c k e r Group, r e c o g n i z a b l e o v e r a 

d i s t a n c e of a t l e a s t twenty m i l e s on t h e n o r t h s i d e of Cowichan L a k e 

( F y l e s , 1955, p. 1 8 ) . The t h i n - b e d d e d p y r o c l a s t i c and s e d i m e n t a r y 

r o c k s w h i c h f o r m a l a r g e p r o p o r t i o n o f the S i c k e r Group a r e u s u a l l y 

p o o r l y e xposed, and where t h e y do c r o p o u t , a r e commonly f o u n d t o be 

h i g h l y c o n t o r t e d . W i t h i n them, i n c e r t a i n l o c a l i t i e s , o v e r t u r n e d 

and i s o c l i n a l f o l d s can be o b s e r v e d . 

The d i s c u s s i o n on pages 43 and 44 of t h i s a c c o u n t i l l u s t r a t e s 

t h e problems of l o c a l s t r u c t u r a l i n t e r p r e t a t i o n i n t h i s b e l t . 



HORNE LAKE-CAMERON RIVER BELT 

GENERAL STATEMENT 

Of the a r e a u n d e r l a i n by r o c k s o f P a l e o z o i c o r p o s s i b l e 

P a l e o z o i c age i n the Home Lake-Cameron R i v e r b e l t , o n l y s m a l l 

p o r t i o n s have been mapped. The m a j o r i t y o f a v a i l a b l e map i n ­

f o r m a t i o n i s t h a t c o n t a i n e d i n F i g . 6 o f Mathews ( 1 9 4 7 ) , and 

F i g . 5 o f Mathews and McCammon ( 1 9 5 7 ) , b o t h d e a l i n g w i t h t he l i m e ­

s t o n e d e p o s i t s around Home La k e . E a r l i e r maps by R i c h a r d s o n 

( 1 8 7 3 ) , M a c K enzie (1922, f i g . 5 ) , and Cl a p p (1912, Map 17A) c o v e r 

p a r t s o f t h e b e l t , b u t p r o v i d e o n l y d a t a o f a r e c o n n a i s s a n c e t y p e . 

F i e l d work by the p r e s e n t w r i t e r , has added i n f o r m a t i o n m a i n l y i n 

the Home Lake a r e a ( F i g u r e 4) . 

As shown i n F i g u r e 4, P a l e o z o i c r o c k s a r e known t o o c c u r 

i n an a r e a e x t e n d i n g f r o m t h e s o u t h f a c e o f Mt. Mark, on t h e n o r t h 

s i d e o f Home L a k e , t o a p o i n t on t h e e a s t s i d e o f Cameron R i v e r 

2.2 m i l e s e a s t - s o u t h e a s t o f Summit Lake. 

The e a s t e r n boundary o f t h e b e l t e x t e n d s southward f r o m 

th e o u t l e t o f Home L a k e , Q u a l i c u m R i v e r , t h r o u g h t h e west end of 

Cameron Lake t o t h e west f a c e o f t h e r i d g e on t h e e a s t s i d e o f 

Cameron R i v e r , j u s t s o u t h o f Cameron Lake. 

The w e s t e r n boundary o f the b e l t has been mapped i n t h e 

Home Lake a r e a . South o f t h e west end o f Home L a k e , t h i s boun­

d a r y i s n o t w e l l - k n o w n ; Mathews (1947, f i g . 20) i n d i c a t e s t h a t 

P a l e o z o i c r o c k s a r e p r e s e n t i n a p r o m i n e n t s a l i e n t west o f Home 

L a k e , between t h e l a k e and the E s q u i m a l t and Nanaimo R a i l w a y . 
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The n o r t h w e s t - s o u t h e a s t s t r e t c h o f r a i l w a y l i n e between Cameron R i v e r 

and B a i n b r i d g e forms an a p p r o x i m a t e southwest l i m i t o f t h i s p o r t i o n 

o f t h e b e l t , w i t h Upper C r e t a c e o u s s e d i m e n t a r y r o c k s o f the Nanaimo 

Group f o r m i n g t h e b u l k o f e x p o s u r e s t o t h e southwest (see F i g u r e 2 1 ) . 

South o f t h e A l b e r n i Highway, and west o f Cameron R i v e r , MacKenzie 

(1922, f i g . 5) mapped r o c k s ( w h i c h he r e f e r r e d t o the Vancouver Group) 

s i m i l a r t o t h o s e n o r t h o f t h e highway and r a i l w a y , and a s s i g n e d by 

Mathews (1947) t o t h e P a l e o z o i c . T h i s a r e a o f p r e - C r e t a c e o u s r o c k s , 

whose w e s t e r n m a r g i n t r e n d s n o r t h - n o r t h w e s t n e a r t h e n o r t h e a s t end o f 

B a i n b r i d g e L a k e , appears t o e x t e n d southward towar d t h e n o r t h e r n 

mapped boundary o f S i c k e r Group r o c k s o f t h e C h i n a Creek a r e a . I t 

has been shown as " m a i n l y o r e n t i r e l y P e r m i a n " on the l a t e s t c o m p i l a ­

t i o n map c o v e r i n g t he a r e a ( G e o l o g i c a l S u r v e y o f Canada, Map 932A, 

2nd E d i t i o n , 1962, by H. W. L i t t l e ) . I f t h i s i n t e r p r e t a t i o n i s v a l i d , 

t h e Home Lake-Cameron R i v e r b e l t o f P a l e o z o i c r o c k s i s c o n t i g u o u s 

w i t h t h e C h i n a C r e e k - S a l t s p r i n g b e l t t o the s o u t h . F i e l d work by t h e 

p r e s e n t w r i t e r has n o t c o v e r e d t h e a r e a i n q u e s t i o n ; r o c k s c o r r e l a t -

a b l e w i t h t he P a l e o z o i c r o c k s o f Home Lake have been t r a c e d o n l y as 

f a r s o u t h as t h e p o i n t on t h e e a s t s i d e o f t h e Cameron R i v e r m entioned 

above, and as f a r west as a p o i n t 0.7 m i l e s e a s t o f t h e j u n c t i o n o f 

the A l b e m i and P o r t A l b e m i h i g h w a y s . 

L i m e s t o n e s o f t h e P a l e o z o i c sequence a re known t o o c c u r on t h e 

n o r t h and west s i d e s o f Home L a k e , i n Cameron Draw between Mt. Home 

and Mt. Wesley, and i n t h e west f a c e o f t h e s t e e p - s i d e d r i d g e p a r a l ­

l e l i n g Cameron R i v e r , s o u t h o f t h e west end of Cameron Lake. 



Figure 21. Unconformity between Nanaimo Group conglomerates (upper l e f t ) 
and schistose volcanic rocks of Sicker Group (lower r i g h t ) , A l b e r n i 
Highway, 0.3 miles southeast of Stokes Creek. Contact i s i r r e g u l a r sur­
face dipping west (to l e f t ) . 
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R i c h a r d s o n (1873, p. 55-56) r e p o r t e d l a r g e l i m e s t o n e d e p o s i t s 

a t "View M o u n t a i n " , between t h e west end of Horne L a k e and A l b e r n i . 

These d e p o s i t s have a p p a r e n t l y n o t been examined by l a t e r w o r k e r s ( e . g . , 

Mathews 1947; Mathews and McCammon, 1 9 5 7 ) . The e x a c t l o c a t i o n o f "View 

M o u n t a i n " cannot be d e t e r m i n e d f r o m R i c h a r d s o n ' s map; i t c o u l d be one 

of the s e v e r a l h i l l s i n t h e a r e a , none of w h i c h b e a r s t h a t name on r e ­

c e n t maps. 

STRATIGRAPHY 

Sequence and Nomenclature 

The l o w e r p o r t i o n o f the o b s e r v e d s e c t i o n c o m p r i s e s c o a r s e t u f f s 

and b r e c c i a s . Between t h e s e r o c k s and t h e base o f an upper p o r t i o n o f 

l i m e s t o n e s a r e i n t e r b e d d e d m a s s i v e green t u f f s and t h i n - b e d d e d t u f f s o r 

t u f f a c e o u s - s e d i m e n t a r y r o c k s . L o c a l l y , t h e base o f t h e c o a r s e c r i n o i d a l 

l i m e s t o n e s o f t h e upper p a r t o f t h e sequence grade l a t e r a l l y i n t o g reen 

and maroon t u f f a c e o u s r o c k s and b r e c c i a s . I n o t h e r p l a c e s , the f i n e ­

g r a i n e d v a r i c o l o u r e d c l a s t i c r o c k s grade upwards i n t o c r i n o i d a l l i m e ­

s t o n e o v e r 1 t o 15 f o o t i n t e r v a l s . 

The l i m e s t o n e i s b e s t exposed on Mt. Mark (see F i g u r e s 22, 2 3 ) , 

where i t i s d i v i s i b l e i n t o t h i c k - b e d d e d upper and l o w e r c o a r s e c r i n o i d a l 

u n i t s , s e p a r a t e d by a u n i t of more t h i n l y bedded c r i n o i d a l and i m p u r e , 

t u f f a c e o u s ? l i m e s t o n e s . L o c a l l y , sandy t o c o n g l o m e r a t e members a r e p r e ­

s e n t i n t h e m i d d l e u n i t ( F i g u r e s 6, 27, 2 8 ) . 

The upper c o n t a c t o f t h e l i m e s t o n e and o v e r l y i n g p i l l o w l a v a s 

of t h e T r i a s s i c Vancouver Group has been a c t u a l l y seen i n o n l y one 

p l a c e , where i t s c h a r a c t e r i s n o t w e l l d i s p l a y e d . On t h e n o r t h e a s t 

f a c e of Mt. Mark, o v e r a l l a t t i t u d e s o f t h e l i m e s t o n e appear t o s t r i k e 



56 

i n t he same d i r e c t i o n as t h e upper c o n t a c t . 

A c c o r d i n g t o Mathews and McCammon ( 1 9 5 7 ) , t h e r e i s a westward 

t h i n n i n g o f t h e l i m e s t o n e u n i t on Mt. Mark, and a l s o e a s t w a r d t o w a r d 

t h e e x p o s u r e s o f Q u a l i c u m R i v e r . I n t h e West Horne Lake e x p o s u r e s 

( F i g u r e 2 4 ) , t h e Cameron Draw e x p o s u r e s ( F i g u r e 2 5 ) , and t h e Cameron 

R i v e r e x p o s u r e s , t h i c k n e s s e s o f o n l y a few hundreds o f f e e t o f l i m e ­

s t o n e a r e p r e s e n t compared t o t h e 1500' o f s e c t i o n measured on Mt. 

Mark. The West Horne Lake e x p o s u r e s , a r e o b v i o u s l y f a u l t e d a t t h e 

upper c o n t a c t ; t h e o t h e r s e c t i o n s a r e n o t known t o be bounded by 

f a u l t s . 

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

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

r o c k s on t h e west s i d e o f Horne L a k e , and by t h e d i s c o n t i n u o u s e x­

po s u r e s o f l i m e s t o n e on t h e e a s t s i d e o f Cameron Draw and e a s t s i d e o f 

Cameron R i v e r . 

Mathews and McCammon (1957, p. 50) s u g g e s t e d t h a t the ap p a r e n t 

v a r i a t i o n s i n t h i c k n e s s o f t h e l i m e s t o n e s , and t h e absence o f t h e 

upper p a r t o f t h e l i m e s t o n e s e c t i o n i n c e r t a i n p l a c e s i n d i c a t e d an 

"unconformable c o n t a c t between t h e l i m e s t o n e and o v e r l y i n g l a v a " . 

W i t h t h e i n f o r m a t i o n on hand, no a n g u l a r u n c o n f o r m i t y can be p r o v e d 

t o be p r e s e n t , and no e v i d e n c e o f an e r o s i o n a l b r e a k i s v i s i b l e a t 

the c o n t a c t . The a p p a r e n t t h i n n i n g o f t h e l i m e s t o n e u n i t may be a t ­

t r i b u t a b l e t o i t s l e n s i n g h a b i t , f a c i e s changes, o r b o t h . As d i s ­

c u s s e d i n an e a r l i e r s e c t i o n o f t h i s a c c o u n t , t h e most cogent e v i d e n c e 

i n s u p p o r t o f p l a c i n g an u n c o n f o r m i t y i n t h i s p o s i t i o n i s g i v e n by t h e 

age d i s p a r i t y o f t h e r o c k s b e l o w and above t h e c o n t a c t . I n t h i s r e g a r d , 
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p e t r o l o g i c c h a r a c t e r and s t r a t i g r a p h i c p o s i t i o n o f t h e v o l c a n i c r o c k s 

o v e r l y i n g t h e l i m e s t o n e i n d i c a t e t h a t t h e y a r e e q u i v a l e n t t o t h e 

F r a n k l i n Creek V o l c a n i c s o f t h e C h i n a C r e e k - S a l t s p r i n g b e l t . 

The s i m i l a r i t i e s o f t h e P a l e o z o i c sequence o f r o c k s i n t h e 

Home Lake-Cameron R i v e r b e l t t o t h o s e o f t h e o t h e r P a l e o z o i c b e l t s 

o f V ancouver I s l a n d have been p o i n t e d o u t e a r l i e r . F a u n a l c r i t e r i a 

f o r c o r r e l a t i n g t h e sequences i n a l l t h r e e b e l t s a r e g i v e n i n d e t a i l 

i n a l a t e r s e c t i o n . I n the w r i t e r ' s o p i n i o n , t h e r e i s no doubt t h a t 

t h e Home Lake-Cameron R i v e r b e l t c o n t a i n s r o c k s w h i c h a r e the s t r a t i ­

g r a p h i c e q u i v a l e n t o f t h e S i c k e r Group o f t h e C h i n a C r e e k - S a l t s p r i n g 

b e l t . The e v i d e n c e a v a i l a b l e a l s o i n d i c a t e s t h a t t h e major d i v i s i o n s 

o f t h e S i c k e r Group r e c o g n i z e d i n t h e s o u t h e r n b e l t a r e a l s o p r e s e n t 

i n t he Home Lake-Cameron R i v e r b e l t . I t i s t h e r e f o r e p r o p o s e d t h a t 

the same t e r m i n o l o g y be a p p l i e d i n b o t h b e l t s . 

I n t he Home Lake-Cameron R i v e r b e l t , however, t h e Lower D i v ­

i s i o n o f t h e S i c k e r Group, c o m p r i s i n g t h e n o n - c a l c a r e o u s p a r t o f t h e 

sequence, may be f u r t h e r s u b d i v i d e d i n t o a l o w e r p a r t c o n s i s t i n g m a i n l y 

o f b r e c c i a s , and an upper p a r t c h a r a c t e r i s e d by t h i n - b e d d e d t u f f s o r 

t u f f a c e o u s s e d i m e n t a r y r o c k s . B o t h o f t h e s e l i t h o l o g i e s a l s o o c c u r 

i n t h e Cowichan Lake a r e a o f t h e s o u t h e r n b e l t . I n the l a t t e r a r e a , 

however, " c h e r t y t u f f s " and o t h e r t h i n - b e d d e d c l a s t i c r o c k s p r o b a b l y 

o c c u r i n more t h a n one s t r a t i g r a p h i c p o s i t i o n i n the sequence ( s ee 

F y l e s , 1955, p. 18; f i g . 2, s e c t i o n K - L ) . Such a s t r a t i g r a p h i c 

sequence may e v e n t u a l l y be fo u n d a l s o i n t h e Home Lake-Cameron R i v e r 

b e l t , when the t o t a l t h i c k n e s s o f exposed p r e - l i m e s t o n e r o c k s has been 

i n v e s t i g a t e d i n d e t a i l . A t t h e p r e s e n t t i m e , i t can o n l y be s t a t e d 



t h a t t h e Horne Lake s e c t i o n s o f t h e Lower D i v i s i o n o f t h e S i c k e r Group 

ar e s i m i l a r t o t h e upper p a r t o f t h e same u n i t o f the S i c k e r i n the 

Cowichan Lake a r e a . 

F o r t h e r e a s o n s g i v e n i n the e a r l i e r d i s c u s s i o n o f t h e nomen­

c l a t u r e i n the C h i n a C r e e k - S a l t s p r i n g b e l t , f o r m a t i o n a l names a r e n o t 

p r o p o s e d a t t h i s t i m e . The p r o p o s e d " d i v i s i o n s " o f t h e S i c k e r Group 

may w i t h f u r t h e r work be shown t o have t r u e f o r m a t i o n a l s t a t u s . 
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T a b l e o f F o r m a t i o n s 

The f o l l o w i n g d i a g r a m ( T a b l e 3) i l l u s t r a t e s t h e w r i t e r ' s p r o ­

p o s a l s f o r n o m e n c l a t u r e i n t h e Horne Lake-Cameron R i v e r b e l t . 

System S e r i e s Group F o r m a t i o n L i t h o l o g y 

T r i a s s i c 

? 

Upper 
T r i a s s i c 

? 

Vancouver 
Group 

F r a n k l i n 
C reek 
v o l c a n i c s 

B a s a l t i c p i l l o w l a v a s ; 
i n t r u s i v e d i a b a s e 

1 
P a r a c o n f o r m i t y 

P ermian 
Lower 

Permian 
S i c k e r 

Upper 

D i v i s i o n 

F i n e t o c o a r s e - g r a i n e d 
l i m e s t o n e ; c h e r t and 
s i l i c e o u s l i m e s t o n e ; 
t h i n l y i n t e r b e d d e d , 
f i n e - g r a i n e d non-
c a l c a r e o u s s e d i m e n t s ; 
m i n o r c o n g l o m e r a t e 

Permian 

and/or 

o l d e r 

Group 

Lower 

I n t e r b e d d e d m a s s i v e 
and t h i n - b e d d e d 
t u f f s o r t u f f a c e o u s 
s e d i m e n t s ; m i n o r 
b r e c c i a s 

Permian 

and/or 

o l d e r 
D i v i s i o n M a i n l y c o a r s e t u f f s 

and b r e c c i a s . 

T A B L E 3 

T a b l e o f f o r m a t i o n s , w i t h p r o p o s e d n o m e n c l a t u r e f o r s u b - d i v i s i o n s o f 
th e S i c k e r Group, Horne Lake-Cameron R i v e r b e l t . 
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S i c k e r Group 

Lower D i v i s i o n 

G r e e n i s h f i n e - g r a i n e d c l a s t i c r o c k s and b r e c c i a s , presumed t o 

be o f m a i n l y v o l c a n i c o r i g i n , a r e exposed below l i m e s t o n e s on t h e h i l l ­

s i d e s above the west arm o f H ome L a k e , a l o n g t h e s o u t h e r n s h o r e - l i n e 

and i n t h e west s l o p e s o f t h e p e n i n s u l a between t h e west arm and t h e 

main body o f t h e l a k e . A t h i c k n e s s o f o v e r 5,000 f e e t i s e s t i m a t e d f o r 

the exposed r o c k s o f t h e Lower D i v i s i o n o f the S i c k e r Group. The t o t a l 

t h i c k n e s s o f t h i s u n i t i s n o t known, f o r t h e base has n o t been seen. 

The l o w e r h a l f of t h e o b s e r v e d s e c t i o n i s c o a r s e - g r a i n e d on 

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

p r e d o m i n a n t c o n s t i t u e n t s . A n g u l a r and rounded f r a g m e n t s o f m a s s i v e , 

g r e e n , f i n e - g r a i n e d r o c k s , g r e e n i s h c h e r t y r o c k s and maroon and green 

p o r p h y r i t i c v o l c a n i c r o c k s up t o one f o o t i n maximum d i m e n s i o n com­

p r i s e the c l a s t s i n t h e b r e c c i a s . No s t r a t i f i c a t i o n has been o b s e r v e d 

i n t h e s e r o c k s . 

The upper h a l f i s m a i n l y f i n e - t o c o a r s e - g r a i n e d t h i n t o medium 

bedded t u f f s o r t u f f a c e o u s s e d i m e n t a r y r o c k s , w i t h m i n o r f i n e b r e c ­

c i a s . I n the uppermost p o r t i o n , p a l e g r e e n and w h i t e , t h i n l y banded 

u n i t s o c c u r . 

On t h e west s i d e o f Cameron Draw, a s e c t i o n o f 1,500 f e e t of 

banded t u f f s o r t u f f a c e o u s s e d i m e n t a r y r o c k s o f the upper p a r t of t h e 

Lower D i v i s i o n of t h e S i c k e r Group was examined. The r o c k s a r e p a l e 

g r e e n t o b r i g h t g r e e n , f i n e - t o v e r y f i n e - g r a i n e d , w i t h a p a l e g r e e n 

t o w h i t e w e a t h e r e d s u r f a c e . T h i n t o medium bedded u n i t s are i n t e r -

s t r a t i f i e d w i t h t h i c k m a s s i v e u n i t s . Some o f t h e t h i n bands d i s p l a y 
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w e a k l y graded t e x t u r e s (see F i g u r e 2 6 ) , and more r a r e l y , f a i n t c r o s s 

l a m i n a t i o n s ; b o t h o f t h e s e f e a t u r e s s u g g e s t t o p s t o the e a s t i n the 

e a s t - o r n o r t h e a s t e r l y - d i p p i n g sequence. 

A l o n g t h e A l b e m i highway, west o f Cameron R i v e r , s c a t t e r e d 

e x p o s u r e o f m a s s i v e g r e e n , f i n e - g r a i n e d r o c k s , presumably o f t h e 

Lower D i v i s i o n , a r e i n t e r s p e r s e d w i t h o u t c r o p s o f f l a t - l y i n g t o 

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

o v e r l y i n g Upper C r e t a c e o u s Nanaimo Group ( F i g u r e 2 1 ) . The o l d e r r o c k s 

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

Upper D i v i s i o n 

Mt. Mark S e c t i o n 

The most complete e x p o s u r e s of t h e l i m e s t o n e s o f t h e upper 

p a r t of t h e P a l e o z o i c sequence are on the s o u t h and s o u t h e a s t s i d e s 

o f Mt. Mark. T r a n s v e r s e o r o b l i q u e f a u l t s were e n c o u n t e r e d i n each 

o f s e v e r a l a t t e m p t s t o measure an u n d i s t u r b e d s e c t i o n h e r e . The s e c ­

t i o n g i v e n i n F i g u r e 6 i s c o m p o s i t e ; one o r more f a u l t s may o c c u r i n 

the upper 500', where a t t i t u d e s a r e v a r i a b l e and e x p o s u r e l e s s t h a n 

c o m p l e t e . I t was measured i n e x p o s u r e s e x t e n d i n g f r o m an e l e v a t i o n 

o f about 800' t o 2,300' i m m e d i a t e l y s o u t h o f t h e 2,037' peak. 

The base o f t h e sequence i s c o v e r e d a t t h i s l o c a l i t y . The 

l o w e s t o b s e r v e d e x p o s u r e s a r e o f a p h a n i t i c t o f i n e - g r a i n e d , g r e e n 

c l a s t i c r o c k , w i t h t h i n l a m i n a e o f s a n d - s i z e d a n g u l a r f e l d s p a r g r a i n s . 

I t c o n t a i n s s c a t t e r e d r a d i o l a r i a n f o s s i l s . A c o v e r e d i n t e r v a l s e p a r a t e s 

t h e s e p r o b a b l y t u f f a c e o u s s e d i m e n t a r y r o c k s f r o m the base o f the main 



F i g u r e 22. Mt. Mark s e c t i o n , Upper D i v i s i o n , S i c k e r Group (measured 
r i g h t o f c e n t r e ) . V o l c a n i c r o c k s o f Vancouver Group i n d a r k - w e a t h e r i n g 
c l i f f s above l i m e s t o n e (upper l e f t ) . D a r k - w e a t h e r i n g d i a b a s e s e p a r a t e s 
two p o r t i o n s o f l i m e s t o n e s e c t i o n (upper r i g h t ) . V iew n o r t h e a s t f r o m 
southwest c o r n e r of Home L a k e . 

F i g u r e 23. Mt. Mark s e c t i o n , a e r i a l v i e w t o n o r t h . 
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l i m e s t o n e c l i f f e x p o s u r e s . Maroon and green f i n e - g r a i n e d f o s s i l i f e r ­

ous c l a s t i c r o c k s grade upwards, t h r o u g h a 15 f o o t i n t e r v a l i n t o the 

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

C o a r s e - g r a i n e d c r i n o i d a l l i m e s t o n e i s t h e dominant l i t h o l o g y 

i n t h e l o w e r 500 f e e t o f the s e c t i o n . T h i n , v a r i c o l o u r e d , impure l i m e ­

s t o n e beds a r e common i n t h i s i n t e r v a l . Grey c h e r t and s i l i c i f i e d 

l i m e s t o n e i n t h e f o r m of n o d u l e s and t h i n d i s c o n t i n u o u s beds a r e abun­

dant f r o m 75 t o 260 f e e t f r o m t h e b a s e . 

From 550 f e e t above t h e base of the l i m e s t o n e t o the base of 

a t h i c k s i l l - l i k e , d i a b a s e i n t r u s i o n , d a r k - w e a t h e r i n g t h i n - b e d d e d im­

pure l i m e s t o n e and c a l c a r e o u s , f i n e - g r a i n e d c l a s t i c r o c k s p r e d o m i n a t e . 

T h i s u n i t i s g r a d a t i o n a l i n t o the one b e l o w , as t h e amount o f l i g h t 

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

The b a s i c i n t r u s i v e s p l i t t i n g t h e l i m e s t o n e s e c t i o n (see F i g u r e 

23) o c c u r s between e l e v a t i o n s o f about 1,700 t o 1,900 f e e t ; i t i s e s t i ­

mated t o be about 150 t o 200 f e e t i n t h i c k n e s s . The l o w e r c o n t a c t was 

n o t s e e n , as i t o c c u r s i n an i n a c c e s s i b l e p o r t i o n o f t h e c l i f f . The 

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

10 f e e t s e p a r a t i n g t h e two r o c k t y p e s . The d i a b a s e i s a d a r k green t o 

b l a c k , medium t o c o a r s e - g r a i n e d , m a s s i v e r o c k . The p e t r o l o g y of the 

i n t r u s i v e has been i n v e s t i g a t e d by F a r q u h a r s o n ( 1 9 6 3 ) , who c o n c l u d e d 

(p. 25-26) t h a t : 

" I t s m i n e r a l o g i c a l c h a r a c t e r i s c o n s i s t e n t w i t h 
t h e m i n e r a l o g y o f o t h e r w e l l known d i a b a s e s ... 
The b u l k c o m p o s i t i o n of t h e s i l l p a r a l l e l s t h e 
c o m p o s i t i o n of t h e l a t e d i f f e r e n t i a t e s of some 
l a r g e d i a b a s i c i n t r u s i v e s where t h e p yroxene 
has p a s s e d f r o m t h e two pyroxene f i e l d i n t o 
the one pyroxene f i e l d . I t i s e v i d e n t t h a t t h e 
Horne L a k e S i l l i s d i f f e r e n t i a t e d " . 
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The f i e l d r e l a t i o n s o f t h e " s i l l " and l i m e s t o n e have n o t been f i r m l y 

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

w e s t . I t s e a s t e r n e x t e n t has n o t been d e t e r m i n e d , b u t F a r q u h a r s o n 

(p. 4) has t r a c e d i t 1,500' i n t h i s d i r e c t i o n . The o b s c u r e d c o n t a c t 

between the d i a b a s e and l i m e s t o n e appears t o f o l l o w t h e s t r i k e o f the 

l i m e s t o n e above. No o t h e r s i l l - l i k e b o d i e s a r e p r e s e n t i n the mea­

s u r e d s e c t i o n . Mathews and McCammon (1957, p. 5 0 ) , however, s t a t e 

t h a t " s e v e r a l gabbro s i l l s a r e v i s i b l e " i n t h e upper p a r t o f t h e s e c ­

t i o n . 

Above t h e d i a b a s e , c h e r t y , i m p u r e , f i n e - t o medium-grained 

l i m e s t o n e o c c u r s . N e x t , above a 30 f o o t c o v e r e d i n t e r v a l , i s a 55 f o o t 

s e c t i o n o f medium t o c o a r s e g r a i n e d , s l i g h t l y arenaceous l i m e s t o n e . 

T h i s u n i t c o n t a i n s a n g u l a r t o rounded c l e a r q u a r t z g r a i n s s c a t t e r e d 

t h r o u g h o u t t h e c a l c a r e o u s m a t r i x . I n t h e upper 10 f e e t o f the a r e n ­

aceous u n i t , s e v e r a l l e n s e s o f c o n g l o m e r a t e 1" t o 4" t h i c k appear 

( F i g u r e 2 7 ) . The c l a s t s a r e rounded p e b b l e s , 1/4" t o 2" i n maximum 

d i m e n s i o n , o f gr e e n and maroon n o n - c a l c a r e o u s c l a s t i c r o c k s and d a r k , 

f i n e - g r a i n e d p o r p h y r i t i c v o l c a n i c r o c k s . A s s o c i a t e d w i t h the c o a r s e 

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

up t o 2 i n c h e s i n maximum d i m e n s i o n ( F i g u r e 2 8 ) . P a r t i n g s i n the en­

c l o s i n g impure l i m e s t o n e s d i s p l a y s m a l l - s c a l e c r o s s l a m i n a t i o n s i n 

u n i t s up t o 6 i n c h e s t h i c k . 

The r e m a i n d e r o f t h e s e c t i o n , above t h e c o n g l o m e r a t i c b e d s , 

i s p a r t i a l l y c o v e r e d . T h i n - b e d d e d , i m p u r e , c h e r t y l i m e s t o n e grades 

upwards i n t o medium t o t h i c k bedded c r i n o i d a l l i m e s t o n e w i t h numerous 

t h i n l e n s e s and n o d u l e s o f c h e r t ( F i g u r e 2 9 ) . Between t h e top o f t h e 
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l i m e s t o n e s e c t i o n and t h e base o f the f i n e - g r a i n e d , d a r k g r e e n p i l l o w 

l a v a s o f t h e Vancouver Group, a 30' c o v e r e d i n t e r v a l i n t e r v e n e s . 

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

base o f a s t e e p s c a r p t o Hunts Creek (see F i g u r e 4 ) , where t h e l i m e ­

s t o n e t e r m i n a t e s a g a i n s t a f a u l t , w i t h p i l l o w l a v a s on t h e n o r t h s i d e 

o f t h e f a u l t . On t h e s o u t h s i d e o f t h e c r e e k , an a l m o s t f l a t - l y i n g 

l i m e s t o n e - v o l c a n i c c o n t a c t i s exposed. The c o n t a c t i s s h e a r e d and a l ­

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

The b a s a l p a r t o f t h e Vancouver Group i s a p a l e g r e e n , f i n e - g r a i n e d t o 

a p h a n i t i c r o c k , g r a d i n g upwards i n t o f i n e t o medium-grained b a s a l t i c 

p i l l o w l a v a s . 

The base o f t h e Upper D i v i s i o n has been t a k e n h e r e as b e i n g t h e 

base o f t h e 15 f o o t t r a n s i t i o n zone b e l o w the main body o f l i m e s t o n e . 

E l s e w h e r e a l o n g t h e base o f t h e c l i f f , t h i s t r a n s i t i o n zone f r o m f i n e ­

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

o c c u p i e s 1 f o o t t o 10 f e e t o f s e c t i o n . U s i n g t h i s c o n c e p t of t h e b a s e , 

t h e Upper D i v i s i o n on Mt. Mark measures 1,525 f e e t i n t h i c k n e s s . 

Such a t h i c k n e s s o f l i m e s t o n e i s n o t a t t a i n e d i n any o t h e r 

known exp o s u r e o f t h e u n i t i n t h e Horne Lake-Cameron R i v e r b e l t . 

West Horne Lake S e c t i o n 

A l o n g a l o g g i n g r o a d s o u t h of t h e Q u a l i c u m R i v e r , west o f t h e 

west arm o f Horne L a k e , l i m e s t o n e s and o t h e r r o c k s of the upper p a r t 

of t h e P a l e o z o i c sequence a r e exposed. The l i m e s t o n e s a r e i n f a u l t 

c o n t a c t on the west w i t h p i l l o w l a v a s of t h e l o w e r p a r t o f t h e Van­

c o u v e r Group; t h e f a u l t t r e n d s n o r t h - s o u t h , and appears t o be v e r t i c a l . 



Figure 24. West Home Lake section. View southwest from Mt. Mark. 
Upper D i v i s i o n limestones occur i n logged area (centre) between Van­
couver Group (partly cleared scarp) and volcanic and sedimentary 
rocks of Lower D i v i s i o n (sparsely timbered k n o l l s ) . 

Figure 25. North end of Cameron Draw (right centre), viewed southeast 
from Mt. Mark. Limestone of Upper D i v i s i o n at about timber's edge i n 
draw, with Vancouver Group above and l e f t , Lower D i v i s i o n r i g h t . 
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The l i m e s t o n e i s exposed i n two s m a l l a r e a s , s e p a r a t e d by o u t c r o p s 

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

s o u t h e r n p a t c h o f l i m e s t o n e , one m i l e s outhwest o f t h e mouth of Q u a l -

icum R i v e r , l a t e r a l g r a d a t i o n s between t h e c a l c a r e o u s r o c k s and v a r i ­

c o l o u r e d t u f f s and b r e c c i a a r e e v i d e n t a t the base o f t h e l i m e s t o n e . 

The maximum t h i c k n e s s o f l i m e s t o n e exposed i s e s t i m a t e d t o be 500 t o 

1,000 f e e t . 

A c c o r d i n g t o Mathews and McCammon (1957, p. 5 0 ) , t h e l i m e s t o n e 

d e p o s i t s o f the west s i d e o f the l a k e t e r m i n a t e a g a i n s t a f a u l t two 

m i l e s s o u t h o f Q u a l i c u m R i v e r , " a l t h o u g h o t h e r d e p o s i t s , u n d o u b t e d l y 

p a r t s o f t h e same main body, o c c u r w i t h i n a m i l e " s o u t h w a r d s . To t h e 

n o r t h , t h e l i m e s t o n e s , though b r o k e n by t r a n s v e r s e f a u l t s , e x t e n d a c ­

r o s s t h e Q u a l i c u m R i v e r , t o w a r d t h e w e s t e r n end o f t h e Mt. Mark l i m e ­

s t o n e e x p o s u r e s . Mathews and McCammon c o n s i d e r t h a t t h e l i m e s t o n e 

s e c t i o n above the n o r t h w e s t c o r n e r o f t h e l a k e i s t h i n n e r t h a n i n t h e 

main c l i f f e x p o s u r e s o f Mt. Mark. They s t a t e (p. 5 0 ) : " t h e s e c t i o n 

t h i n s t o l e s s t h a n 400 f e e t " h e r e . 

Cameron Draw S e c t i o n 

A l o n g an o l d l o g g i n g r o a d i n Cameron Draw, ex p o s u r e s o f 

ma s s i v e f i n e - g r a i n e d g r e e n r o c k s and banded g r e e n i s h t u f f s o r t u f f a c ­

eous s e d i m e n t a r y r o c k s a r e p o o r l y exposed (see F i g u r e 4 ) . O v e r l y i n g 

t h e s e r o c k s , a l o n g the e a s t s i d e o f t h e draw, w i t h t h e c o n t a c t n o t 

exp o s e d , l i m e s t o n e s o c c u r . One l e n s - l i k e l i m e s t o n e body i s one m i l e 

s o u t h o f the s o u t h e a s t c o r n e r o f Home L a k e ; a n o t h e r was fo u n d one-

h a l f m i l e s o u t h o f t h e f i r s t . 



Figure 26. Thin-bedded t u f f s , Lower D i v i s i o n , Sicker Group. East side 
Cameron Draw. V e r t i c a l beds s t r i k e northwest-southeast, and face north­
east (graded bedding). 

Figure 27. Conglomeratic limestone (Unit 23) of Mt. Mark section, Upper 
D i v i s i o n , Sicker Group, 
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The n o r t h e r l y l i m e s t o n e c o n s i s t s o f a c o a r s e c r i n o i d a l r o c k , 

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

o f about 1,400 and 1,600 f e e t . Not more t h a n 50 f e e t of v e r t i c a l ex­

p o s u r e i s v i s i b l e a t any one p l a c e . The n o r t h - s o u t h e x t e n t o f t h e 

body i s s e v e r a l hundreds of f e e t . A c o v e r e d i n t e r v a l t o t h e s o u t h 

s e p a r a t e s t h i s l i m e s t o n e f r o m a body o f a p p a r e n t l y s i m i l a r s i z e t o t h e 

s o u t h . M a s s i v e b l u e - g r e e n v o l c a n i c r o c k s l i e above t h e l i m e s t o n e . Con­

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

e x p o s u r e and complex m i n o r s t r u c t u r e s . Brown w e a t h e r i n g m a s s i v e v o l ­

c a n i c r o c k s o f t h e Vancouver group e x t e n d above toward t h e t o p of Mt. 

Wesley and t o the n o r t h e a s t . 

No l i m e s t o n e was seen a t t h e head o f Cameron Draw, and none 

o c c u r s on t h e n o r t h s i d e o f Cameron Lake (Mathews, 1947, p. 5 9 ) . 

Cameron R i v e r A r e a 

S e v e r a l l i m e s t o n e o u t c r o p s o c c u r a l o n g t h e west s l o p e of t h e 

r i d g e on t h e e a s t s i d e o f Cameron R i v e r , s o u t h o f t h e west end o f 

Cameron Lake. One o f t h e s e i s c r o s s e d by a t r a i l f r o m Cameron R i v e r 

t o Mt. A r r o w s m i t h . The l i m e s t o n e i s 1.4 m i l e s e a s t - s o u t h e a s t o f the 

r i g h t a n g l e bend i n the A l b e r n i Highway e a s t o f Summit Lake. I t o c ­

c u r s a t an e l e v a t i o n o f about 2,600 f e e t , on t h e n o r t h s i d e o f a 

s m a l l , w e s t - f l o w i n g t r i b u t a r y o f Cameron R i v e r . The r o c k i s a l i g h t -

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

n o d u l e s . I t e x t e n d s about 200 f e e t i n a n o r t h - s o u t h d i r e c t i o n , and 

100 f e e t up the s l o p e . C o n t a c t s a r e n o t exposed. B e d d i n g a t t i t u d e s 

were n o t o b t a i n a b l e . M a s s i v e g r e e n and maroon, f i n e - g r a i n e d c l a s t i c 



F i g u r e 28. Upper surface of conglomeratic bed of Unit 23, Mt. Mark s 
t i o n . P a r t l y s i l i c i f i e d p r o d u c t i d s h e l l s centre and upper l e f t . 

F i g u r e 29. Chert l a y e r s (white-weathering) i n limestone, upper part of 
Mt. Mark s e c t i o n , Upper D i v i s i o n , S i c k e r Group. 



r o c k s a r e p o o r l y exposed 400 t o 500 f e e t below t h e l i m e s t o n e . I n t h e 

s t e e p c l i f f s above t h e l i m e s t o n e , f i n e t o medium-grained, g r e e n v o l ­

c a n i c r o c k s , w i t h t h e c h a r a c t e r i s t i c brown w e a t h e r e d s u r f a c e o f t h e 

Vancou v e r Group, a r e t h e o n l y r o c k s v i s i b l e . S i m i l a r r o c k s appear t o 

fo r m t h e peaks o f Mt. A r r o w s m i t h t o t h e s o u t h . 

Fauna 

R i c h a r d s o n ' s c o l l e c t i o n s o f b r a c h i o p o d s , c o r a l s , b r y o z o a n s 

and c r i n o i d stems f r o m Home Lake were d e t e r m i n e d by E. B i l l i n g s as 

b e i n g " e i t h e r P e r m i a n o r C a r b o n i f e r o u s , most p r o b a b l y t h e l a t t e r " 

( R i c h a r d s o n , 1873, p. 5 4 ) . The l i m e s t o n e s o f "View M o u n t a i n " , s o u t h ­

west o f Home Lake c o n t a i n e d c r i n o i d a l d e b r i s , a c c o r d i n g t o R i c h a r d ­

son (p. 5 5 ) , s u g g e s t i n g r o c k s s i m i l a r t o t h o s e o f Home La k e . C r i n ­

o i d a l r e m a i n s a r e t h e o n l y f o s s i l s f o und t o date i n t h e l i m e s t o n e s 

o f Cameron Draw and on t h e e a s t s i d e o f Cameron R i v e r . 

The p r e s e n t w r i t e r ' s c o l l e c t i o n s o f f o s s i l s f r o m the l i m e ­

s t o n e s o f the Upper D i v i s i o n o f t h e S i c k e r Group on t h e n o r t h and 

west s i d e s o f Home Lake i n c l u d e numerous b r y o z o a n s , b r a c h i o p o d s , and 

a few c o r a l s and m o l l u s c s , and v e r y few f o r a m i n i f e r s . 

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

t e n t a t i v e l y i d e n t i f i e d as Schwagerina? s p . , and t h i c k s h e l l e d b r a c h ­

i o p o d s . The l a t t e r a r e p r o b a b l y c o n s p e c i f i c w i t h H o r r i d o n i a sp. A. 

i d e n t i f i e d i n t a l u s b l o c k s f r o m t h e same a r e a . These f o s s i l s , t o g e t h e r 

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

P e r m i a n forms i d e n t i f i e d i n s e c t i o n s i n the B u t t l e L a k e - B i g I n t e r i o r 

b e l t , i n d i c a t e a s i m i l a r age f o r t h e Home Lake beds. The c o r r e l a t i o n 



Figure 30, S i l i c i f i e d c r i n o i d stem fragments, p a r a l l e l to bedding 
planes, i n limestone of Upper D i v i s i o n , Sicker Group; lake-shore ex­
posure, Horne Lake, west side of outlet (Qualicum R i v e r ) . 
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and age o f t h i s f a u n a are d i s c u s s e d i n more d e t a i l i n a f o l l o w i n g s e c ­

t i o n o f t h i s a c c o u n t ( p. 1 0 9 ) . 

F a u n a l l i s t s 

Mt. Mark 

L o c a l i t y 62-56-1F - Base o f l i m e s t o n e c l i f f , e a s t s i d e o f 
l a r g e g u l l y on s o u t h f a c e of Mt. Mark, o n e - q u a r t e r m i l e n o r t h e a s t 
o f p o w e r - l i n e c r o s s i n g l o g g i n g r o a d n e a r west end o f Horne Lake: 

T e t r a t a x i s  
M i c h e l i n i a ? sp. A. 
B r a c h i o p o d s 
S o l i t a r y r u g o s e c o r a l s 

L o c a l i t y 62-56-2A - Base of Mt. Mark l i m e s t o n e s e c t i o n , about 
500 f e e t e a s t o f L o c a l i t y 56-1F, e l e v a t i o n a p p r o x i m a t e l y 850 f e e t 
( U n i t 1 ) : 

B r a c h i o p o d s 
C h a e t e t e s sp. 
S o l i t a r y r u g o s e c o r a l s 
F e n e s t r a t e b r y o z o a n s 

L o c a l i t y 62-56-2 - Mt. Mark s e c t i o n , above d i a b a s e : 

F u s u l i n i d 400' above d i a b a s e ( U n i t 25) 
Schwagerina? 350' above d i a b a s e ( U n i t 25) 
S t r e b l a s c o p o r a p u l c h r a ) 
S u l c o r e t e p o r a sp. ) 55' t o 110' 
F u s u l i n i d ) above d i a b a s e 
B r a c h i o p o d s ) ( U n i t 23) 

L o c a l i t y H-2 - Base o f l i m e s t o n e c l i f f , n o r t h o f p o w e r - l i n e 
c r o s s i n g r o a d , west end o f Horne L a k e : 

S c h i z o p h o r i a sp. 
H u s t e d i a ? 

M i c h e l i n i a sp. B. 
P e n n i r e t e p o r a g r a n d i s  
S u l c o r e t e p o r a sp 
G o n i o c l a d i a c f . G. i n t e r m e d i a 

T a l u s - C h a e t e t e s sp. 



L o c a l i t y 61-24TF - T a l u s s l o p e on n o r t h s i d e o f Home L a k e , 
0.8 m i l e s s o u t h e a s t o f 3,165' peak o f Mt. Mark ( e a s t o f L o c a l i t y 
6 1-56-2); e l e v a t i o n about 800': 

Sq u a m u l a r i a ? s p . 
H o r r i d o n i a s p . A. 
C o r a l s 
B r y o z o a n s 

L o c a l i t y 62-55-4F - On s o u t h s i d e o f l o g g i n g r o a d , on e a s t 
spur o f Mt. Mark, 0.35 m i l e s s o u t h e a s t o f 3,037' peak; e l e v a t i o n 
about 2,060': 

B r a c h i o p o d s 

L o c a l i t y 62-55-9F - On l o g g i n g r o a d , 0.5 m i l e s e a s t - s o u t h 
e a s t o f 3,037' peak o f Mt. Mark; e l e v a t i o n about 1,700': 

B r a c h i o p o d s 
B r y o z o a n s 

West s i d e Home L a k e 

L o c a l i t y 6 2 - 5 8 - l F - On west s i d e l o g g i n g r o a d , o n e - q u a r t e r 
m i l e southwest o f upper b r i d g e o v e r Q u a l i c u m R i v e r , e l e v a t i o n 620' 

Cladoch o n u s sp 
Bry o z o a n s 
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STRUCTURE 

P u b l i s h e d s t r u c t u r a l i n f o r m a t i o n f r o m t h e Home Lake-Cameron 

R i v e r b e l t o f P a l e o z o i c r o c k s i s l i m i t e d t o t h a t g i v e n i n Mathews' 

(1947) and Mathews and McCammon's (1957) maps f o r t h e Home Lake a r e a , 

and a few a t t i t u d e s shown on R i c h a r d s o n ' s (1873) and MacKenzie's (1922) 

e a r l i e r maps. The p r e s e n t w r i t e r ' s mapping has added some i n f o r m a t i o n 

i n t he Home Lake a r e a , a l o n g t h e A l b e r n i Highway, and on t h e e a s t 

s i d e o f Cameron R i v e r . 

A c c o r d i n g t o Mathews and McCammon (1957, p. 5 1 ) , a t Home Lake 

"the r o c k s a r e f o l d e d i n t o a b r o a d n o r t h e r l y p l u n g i n g a n t i c l i n e comp­

l i c a t e d by s u b o r d i n a t e f o l d s and numerous f a u l t s " . P i l l o w l a v a s o f t h e 

Vancouver Group a re i n f a u l t c o n t a c t w i t h P a l e o z o i c l i m e s t o n e s o f t h e 

west l i m b o f t h i s f o l d , w est o f the Home Lake (see F i g u r e 24) . S o u t h ­

west o f Home L a k e , R i c h a r d s o n r e p o r t e d a l i m e s t o n e - b e a r i n g sequence i n 

w h i c h t h e r o c k s a r e e i t h e r v e r t i c a l o r e a s t d i p p i n g (1873, p. 55) s u g ­

g e s t i n g t h a t a n o t h e r a n t i c l i n a l f o l d , w est o f t h e Home Lake a n t i c l i n e , 

b r i n g s P a l e o z o i c r o c k s t o t h e s u r f a c e . 

The g r o s s s t r u c t u r a l p a t t e r n o f t h e b e l t t h u s appears t o be 

t h a t o f an a n t i c l i n o r i u m , w i t h n o r t h - n o r t h w e s t e r l y p l u n g e . S u b o r d i ­

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

d i s t r i b u t i o n o f r o c k t y p e s (see F i g u r e 4 ) . 

S t r u c t u r a l i n f o r m a t i o n i s l a c k i n g f o r t h e p i l l o w l a v a sequence 

o f t h e Va n c o u v e r Group w h i c h o v e r l i e s t h e P a l e o z o i c r o c k s . S t r a t i ­

f i c a t i o n i s n o t p r o m i n e n t i n t h e s e r o c k s ; the few d o u b t f u l a t t i t u d e s 

o b t a i n e d s u g g e s t o n l y t h a t t h e s e r o c k s have a l s o been s u b j e c t e d t o 

d e f o r m a t i o n . 
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BUTTLE LAKE-BIG INTERIOR BELT 

GENERAL STATEMENT 

The o n l y p u b l i s h e d maps showing t h e d i s t r i b u t i o n o f r o c k t y p e s 

w i t h i n t h i s b e l t a r e t h o s e o f S a r g e n t (1941, f i g . 1 ) , and Mathews (1947, 

f i g . 2 0 ) , and Mathews and McCammon (1957, f i g . 3 ) . The f o r m e r i s on a 

s c a l e o f one i n c h t o one m i l e ; t h e l a t t e r two are s i x t e e n m i l e s t o t h e 

i n c h maps. F i g u r e 2 o f t h i s r e p o r t shows the o v e r a l l d i s t r i b u t i o n o f 

P a l e o z o i c r o c k s o f t h i s b e l t . I n F i g u r e 7, r e s u l t s o f the w r i t e r ' s 

mapping i n the B u t t l e Lake a r e a a r e i n d i c a t e d . 

E x p o s u r e s o f P a l e o z o i c r o c k s e x t e n d f r o m Mt. Con R e i d , west o f 

B u t t l e L a k e , t o t h e v a l l e y o f D r i n k w a t e r C r e e k , n o r t h w e s t o f t h e west 

end o f G r e a t C e n t r a l L a k e . The e a s t e r n boundary of t h e b e l t t r e n d s 

a l o n g t h e e a s t s i d e o f the s o u t h h a l f o f B u t t l e L a k e , s o u t h a l o n g t h e 

e a s t s i d e o f P r i c e Creek and a l o n g t h e e a s t s i d e o f t h e D r i n k w a t e r 

v a l l e y . V o l c a n i c r o c k s o f t h e Vancouver Group l i e t o the e a s t o f the 

boundary. 

The n o r t h e r n boundary o f t h e b e l t o c c u r s a l o n g t h e n o r t h s i d e 

o f M a r b l e r o c k C r e e k , t h e n t r e n d s n o r t h w e s t e r l y a c r o s s the s o u t h e r n 

f l a n k o f Mt. M c B r i d e , a c r o s s Wolf R i v e r t o Mt. Con R e i d . The west 

boundary i s a l o n g t h e e a s t f l a n k s o f E l P i v e t o M o u n t a i n and Mt. De Voe, 

t h e n t r e n d s s o u t h e a s t e r l y t o t h e n o r t h e r n s p u r o f t h e G o l d e n H i n d e . 

E x p o s u r e s on t h e e a s t f a c e o f G o l d e n Hinde a r e t e r m i n a t e d t o t h e s o u t h 

a g a i n s t t h e c o n t a c t w i t h a l a r g e body of C o a s t I n t r u s i o n s , w h i c h forms 

t h e w e s t e r n boundary o f t h e P a l e o z o i c b e l t f r o m h e r e t o the s o u t h e r n ­

most known e x p o s u r e s o f t h e B u t t l e L a k e - B i g I n t e r i o r b e l t , n e a r B i g 



F i g u r e 31. B i g I n t e r i o r M o u n t a i n , s o u t h e r n end o f B u t t l e L a k e B i g - I n ­
t e r i o r b e l t . View n o r t h w e s t f r o m a i r . Complex of Upper D i v i s i o n , 
S i c k e r Group, and g r a n i t i c i n t r u s i v e s i n c i r q u e ( r i g h t c e n t r e ) . Lower 
D i v i s i o n complex i n f o r e g r o u n d . 

F i g u r e 32. West f o r k o f Wolf R i v e r , v i e w s o u t h w e s t . L i m e s t o n e s of 
B u t t l e Lake F o r m a t i o n f o r m l o w e r , l i g h t - w e a t h e r i n g c l i f f s r i g h t o f 
c e n t r e . Upper c l i f f s a r e v o l c a n i c r o c k s of Vancouver Group. 
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I n t e r i o r M o u n t a i n (see F i g u r e 3 1 ) . 

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

by n o n - c a l c a r e o u s r o c k s , m a i n l y t u f f s , b r e c c i a s , and t h i n - b e d d e d 

s e d i m e n t s . A l o n g t h e b o r d e r s o f t h e b e l t , l i m e s t o n e s a r e p r o m i n e n t , 

o c c u r r i n g e i t h e r as p e r s i s t e n t u n i t s p a r a l l e l t o the boundary o r as 

r e l a t i v e l y s m a l l i s o l a t e d b l o c k s . 

STRATIGRAPHY 

Sequence and No m e n c l a t u r e 

F o r t h e B u t t l e Lake a r e a , Gunning (1931, p. 59A) c o n c l u d e d 

t h a t t h e P a l e o z o i c r o c k s : 

" c o n s i s t o f a t h i c k s e r i e s o f v o l c a n i c r o c k s 
i n c l u d i n g a n d e s i t i c t o b a s a l t i c f l o w s , t u f f s , 
and c o a r s e v o l c a n i c b r e c c i a s w i t h a t l e a s t 
two and p r o b a b l y t h r e e i n t e r b e d d e d h o r i z o n s 
of w h i t e , g r e y , o r p i n k , c r y s t a l l i n e l i m e s t o n e 
and m i n o r amounts o f a r g i l l i t e and q u a r t z i t e . 
The uppermost h o r i z o n o f l i m e s t o n e i s t h e o n l y 
one t h a t i s w e l l exposed f o r any d i s t a n c e " . 

S a r g e n t (1941, p. 13, 16, 17) d i v i d e d t h e r o c k s o f t h e B e d w e l l 

R i v e r p o r t i o n o f t h e b e l t i n t o two u n i t s . The l o w e r r o c k s were grouped 

i n t o a " P a l e o z o i c and M e s o z o i c Complex", d e s c r i b e d as f o l l o w s : "Com­

p l e x s t r a t i g r a p h i c a l l y - b e l o w t h e P e r m i a n l i m e s t o n e s ; v o l c a n i c s , t u f f a c ­

eous and a r g i l l a c e o u s s e d i m e n t s , o f P a l e o z o i c age; b a s i c i n t r u s i v e s , 

r e l a t e d t o Lower M e s o z o i c v o l c a n i c s ; and g r a n i t i c i n t r u s i v e s ( C o a s t 

R a n g e ) " ( p . 1 3 ) . The upper u n i t he r e f e r r e d t o as "Permian L i m e s t o n e " . 

The upper u n i t i n the B e d w e l l R i v e r a r e a i n c l u d e s n o t o n l y t h e 

b u l k o f the c a l c a r e o u s r o c k s o f t h e a r e a , b u t a l s o an o v e r l y i n g u n i t o f 



73 

" t h i n - b e d d e d , s i l i c e o u s and p r o b a b l y t u f f a c e o u s , a r g i l l i t e s ... u s u a l l y 

s e p a r a t e d f r o m t h e l i m e s t o n e by f r o m 10 t o 200 f e e t o f b l a c k b a s a l t 

w h i c h i s i n t r u s i v e i n t o t h e l i m e s t o n e " ( S a r g e n t , p. 1 8 ) . The t h i c k ­

n e s s and upper c o n t a c t o f t h e s e sediments were n o t d e s c r i b e d . 

The w r i t e r ' s work i n the B u t t l e L ake a r e a has y i e l d e d more de­

t a i l e d i n f o r m a t i o n on t h e s t r a t i g r a p h i c s u c c e s s i o n i n t h e B u t t l e Lake 

p o r t i o n o f t h e b e l t . B r e c c i a s a r e dominant i n the lowermost p a r t o f 

the sequence. The m i d d l e p o r t i o n i s c h a r a c t e r i s e d by f i n e t o c o a r s e 

t u f f s and t h i n - b e d d e d t u f f a c e o u s s e d i m e n t s . The uppermost u n i t s a r e 

l i m e s t o n e o f v a r i a b l e t h i c k n e s s and o v e r l y i n g t h i n - b e d d e d n o n - c a l c a r e o u s 

s e d i m e n t s o f unknown t h i c k n e s s . 

I n the s o u t h e r n p a r t o f t h e b e l t , b a s a l t i c p i l l o w l a v a s o f t h e 

l o w e r p a r t o f the Vancouver Group have been f o u n d d i r e c t l y o v e r l y i n g 

t h e P e r m i a n l i m e s t o n e ( S a r g e n t , p. 2 1 ) . I n t h e B u t t l e Lake a r e a , t h e 

upper s t r a t i g r a p h i c c o n t a c t o f t h e l i m e s t o n e has n o t been seen. I n 

some p l a c e s , a f a u l t s e p a r a t e s t h e l i m e s t o n e f r o m younger r o c k s o f t h e 

Vancouver Group. I n o t h e r s , a c o v e r e d i n t e r v a l i s . p r e s e n t i n t h e same 

p o s i t i o n . I n a t l e a s t one l o c a l i t y , a t h i c k b a s a l t i c i n t r u s i v e s e p a r ­

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

f i n e - g r a i n e d , n o n - c a l c a r e o u s s e d i m e n t a r y o r t u f f a c e o u s r o c k s . Thus 

th e n a t u r e of t h e upper l i m e s t o n e c o n t a c t i s n o t w e l l - k n o w n . A t h i c k 

sequence o f p i l l o w l a v a s i s known t o o c c u r w i t h i n a few hundreds o f 

f e e t above the l i m e s t o n e and n o n - c a l c a r e o u s s e d i m e n t s , b u t t h e base o f 

t h e l a v a s has n o t been o b s e r v e d . 

Thus, i n the B u t t l e L ake a r e a , t h e known P a l e o z o i c sequence 

c o n s i s t s o f two ma j o r d i v i s i o n s ; t h e l o w e r u n i t c o m p r i s e s n o n - c a l c a r e o u s . 
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rocks, which may be subdivided into a lower section of massive t u f f s 

and breccias, and an upper part of la r g e l y t h i n bedded c l a s t i c rocks. 

The upper d i v i s i o n i s made up of l i g h t to dark limestones, with v a r i ­

able amounts of l i g h t to dark chert i n nodules and t h i n lenses. A 

thi n basal sandstone of the upper d i v i s i o n has been seen at one l o c a l ­

i t y . 

The base of the lower, non-calcareous d i v i s i o n has not been 

seen. The thickness of the d i v i s i o n i s probably i n the order of 

several thousands of feet; a thickness of about 4,000' of these rocks 

i s exposed between P h i l l i p s Creek and Marblerock Creek, assuming u n i ­

form a t t i t u d e s . In the same place, the upper, thinly-bedded part of 

this d i v i s i o n has been calculated to be about 1,000 feet i n thickness. 

The upper, limestone d i v i s i o n of the Paleozoic sequence mea­

sures 1,050 feet i n thickness i n the Azure Lake section. I t i s about 

800 to 900 feet thick on Marblerock Creek, and 800 feet on the west 

side of Wolf River; according to Sargent, i t i s 700-800 feet i n maxi­

mum thickness i n the Bedwell River area. Incomplete exposures of the 

limestone d i v i s i o n elsewhere i n the area suggest thicknesses less than 

these f i g u r e s . Gunning (1931, p. 61A) considered that the limestones 

varied i n thickness from 100 to 500 feet. 

A r e l a t i v e l y t h i n section of thin-bedded fine-grained c l a s t i c 

rocks i s known to o v e r l i e the limestone of the Upper D i v i s i o n i n cer­

t a i n parts of the b e l t . Where th i s unit has been seen (west of Wolf 

River, Azure Lake section, and Bedwell River area), i t appears to be 

conformable with the underlying limestones and may belong to the 

upper d i v i s i o n of the Paleozoic sequence. I t s re l a t i o n s h i p s with 
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o v e r l y i n g b a s a l t s o f t h e Vancouver Group a r e n o t c l e a r , however, on the 

b a s i s o f p r e s e n t i n f o r m a t i o n . 

A l t h o u g h no f o s s i l s have as y e t been found i n t h i s u p p e r , non-

c a l c a r e o u s u n i t , i t seems p r o b a b l e t h a t i t i s P a l e o z o i c , as i m p l i e d by 

S a r g e n t (1941, p. 1 8 ) . I t s r e l a t i o n s h i p s w i t h b a s a l t i c r o c k s s i m i l a r 

t o t h o s e o f t h e Vancouver Group appear t o be g r a d a t i o n a l on Wolf R i v e r 

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

c a l a t e d w i t h t h e c l a s t i c r o c k s a re m a s s i v e , whereas t h e o v e r l y i n g l a v a s 

a r e p i l l o w e d . The base o f t h e p i l l o w - l a v a sequence has n o t been seen 

by t h e w r i t e r e x c e p t f r o m a d i s t a n c e . I f , as s u g g e s t e d by S a r g e n t (1941, 

p. 2 1 - 2 2 ) , p i l l o w - l a v a s o f t h e b a s a l p a r t o f the Vancouver Group i n 

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

P a l e o z o i c sequence, whereas i n o t h e r p a r t s o f t h e B e d w e l l R i v e r a r e a 

and t h e B u t t l e Lake a r e a t h i n - b e d d e d sediments s e p a r a t e the l i m e s t o n e 

f r o m t h e p i l l o w - l a v a s , the absence o f the c l a s t i c r o c k s may be t h e 

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

The c o n t a c t between t h e p i l l o w l a v a s and t h e u n d e r l y i n g r o c k s 

thus may r e p r e s e n t an u n c o n f o r m i t y a t the P a l e o z o i c - M e s o z o i c boundary. 

As was me n t i o n e d i n t h e d i s c u s s i o n o f t h e same h o r i z o n i n t h e o t h e r 

b e l t s o f P a l e o z o i c r o c k s , age d e t e r m i n a t i o n s b a s e d on f o s s i l s f a v o u r 

the p l a c i n g o f a major s t r a t i g r a p h i c b r e a k o f t h e " p a r a c o n f o r m i t y " 

t y p e h e r e . S t r u c t u r a l i n f o r m a t i o n on t h e o v e r l y i n g p i l l o w b a s a l t s o f 

t h e T r i a s s i c Vancouver Group i s s p a r s e , and cannot be c o n s i d e r e d ade­

quate a t the p r e s e n t time f o r p o s t u l a t i n g a s t r u c t u r a l d i s c o r d a n c e a t 

t h i s s t r a t i g r a p h i c l e v e l . 

The two major u n i t s o f t h e known and p r o b a b l e P a l e o z o i c r o c k s 

are r e g a r d e d as " D i v i s i o n s " as i n t h e o t h e r b e l t s . S u b u n i t s o f t h e s e 
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d i v i s i o n s a r e r e c o g n i z a b l e . The o n l y s t r a t i g r a p h i c u n i t about w h i c h 

s u f f i c i e n t i s known o f i t s l a t e r a l p e r s i s t e n c e and c o n t a c t s t o w a r r a n t 

f o r m a l n o m e n c l a t u r e i s t h e l i m e s t o n e u n i t , f o r w h i c h t h e name " B u t t l e 

Lake F o r m a t i o n " i s h e r e p r o p o s e d (see p. 8 2 ) . 4 
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T a b l e o f F o r m a t i o n s 

T a b l e 4 p r e s e n t s the w r i t e r ' s p r o p o s a l f o r n o m e n c l a t u r e o f t h e 

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

l y i n g r o c k s o f t h e b e l t . 

System S e r i e s Group F o r m a t i o n L i t h o l o g y 

T r i a s s i c Upper 
T r i a s s i c 
and? 
e a r l i e r 

V ancouver 
Group 

Karmutsen 
F o r m a t i o n 

B a s a l t i c p i l l o w l a v a s ; 
m i n o r p y r o c l a s t i c and 
s e d i m e n t a r y r o c k s . 

P a r a c o n f o r m i t y 

P e r m i a n 
o r 

T r i a s s i c 
9 0 

Unnamed 
u n i t 

T h i n - b e d d e d , n o n - c a l c a r ­
eous c l a s t i c r o c k s 

P e r m i a n 
Lower 

Per m i a n 
S i c k e r 

Group 

B u t t l e Lake 
F o r m a t i o n 

L i g h t - c o l o u r e d c r i n o i d a l 
l i m e s t o n e ; d a r k d o l o m i t i c 
l i m e s t o n e ; l i g h t t o d a r k 
c h e r t . T h i n b a s a l sand­
s t o n e i n p l a c e s 

P e r m i a n 
and/or 

o l d e r 
? 

S i c k e r 

Group Lower 

D i v i s i o n 

M a i n l y t h i n - b e d d e d non-
c a l c a r e o u s c l a s t i c 
r o c k s ; m i n o r t u f f s and 
b r e c c i a s 

0 0 0 

M a i n l y m a s s i v e t u f f s and 
b r e c c i a s ; m i n o r t h i n -
bedded n o n - c a l c a r e o u s 
c l a s t i c r o c k s 

TABLE 4 

T a b l e o f f o r m a t i o n s , B u t t l e L a k e - B i g I n t e r i o r b e l t , w i t h p r o p o s e d 
n o m e n c l a t u r e f o r P a l e o z o i c sequence. 
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S i c k e r Group 

Gunning (1931, p. 59A) s u g g e s t e d t h e name " B u t t l e L a k e group o r 

f o r m a t i o n " f o r a l l o r p a r t of t h e P a l e o z o i c r o c k s i n t h e B u t t l e L a k e 

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

P a l e o z o i c sequence o f the B u t t l e L a k e - B i g I n t e r i o r b e l t a r e so c l o s e l y 

s i m i l a r t o t h o s e o f the P a l e o z o i c r o c k s i n t h e o t h e r b e l t s t h a t t h e 

p r e s e n t w r i t e r c o n s i d e r s t h a t t h e y s h o u l d be r e f e r r e d t o by the same 

name. The sequence has been named " S i c k e r Group" ( C l a p p , 1909, p. 56; 

F y l e s , 1955, p. 19) i n the C h i n a C r e e k - S a l t s p r i n g b e l t . 

Gunning's s u g g e s t e d name may t h e r e f o r e most c o n v e n i e n t l y be 

a p p l i e d t o a f o r m a t i o n w i t h i n t h e S i c k e r Group o f the B u t t l e L a k e - B i g 

I n t e r i o r b e l t (see p. 8 2 ) . 

Lower D i v i s i o n 

Some o f t h e b e s t e x p o s u r e s of r o c k s o f t h i s d i v i s i o n c r o p out 

i n a g u l l y on t h e s o u t h e a s t f a c e of E l P i v e t o M o u n t a i n , 2.5 m i l e s s o u t h ­

west of t h e j u n c t i o n of t h e main and west f o r k s o f Wolf R i v e r ( F i g u r e 3 2 ) . 

The exposed s e c t i o n of p r e - l i m e s t o n e r o c k s i s composed of sand­

s t o n e s , c o n g l o m e r a t e s and a r g i l l i t e , i n a t h i n t o medium-bedded sequence. 

The s a n d s t o n e i s o f greywacke t y p e , f i n e t o medium-grained, grey t o 

g r e e n i s h i n c o l o u r . F a i n t c r o s s - l a m i n a t i o n s o c c u r i n some beds, and 

p o o r l y d e v e l o p e d graded t e x t u r e s i n o t h e r s . The a r g i l l i t e i s d a r k 

g r e y , b l a c k o r g r e e n . I t o c c u r s i n t h e upper p a r t s o f graded s a n d s t o n e 

b e d s , and as t h i c k e r u n i t s w i t h m i n o r sandy and s i l t y l a m i n a e i n t h e 

upper p o r t i o n o f t h e measured s e c t i o n . The c o n g l o m e r a t e s a r e f o u n d as 

p e b b l y l e n s e s i n the c o a r s e r s a n d s t o n e b e d s , or as s i n g l e beds up t o 
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6 f e e t t h i c k . I n one t h i c k bed maximum p e b b l e s i z e r e a c h e s 2 i n c h e s , 

and a r g i l l i t e s l i v e r s up t o one f o o t l o n g a r e p r e s e n t a t i t s t o p . 

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

composed o f w e l l - r o u n d e d t o s u b a n g u l a r f r a g m e n t s , up t o 6 i n c h e s m a x i ­

mum d i m e n s i o n o f l i g h t t o d a r k g r e y , f i n e - g r a i n e d m a s s i v e o r t h i n l y 

l a m i n a t e d c l a s t i c r o c k s , a r e found t o t h e n o r t h e a s t . 

The exposed t h i c k n e s s o f t h e s e s e d i m e n t s i s 365 f e e t . The base 

was n o t seen and t h e i n t e r v a l above i s a l s o c o v e r e d . Between t h e u p p e r ­

most e x p o s u r e s o f t h e c l a s t i c s e d i m e n t s and t h e l o w e s t l i m e s t o n e e x p o s u r e 

above, i s an i n t e r v a l presumed t o be u n d e r l a i n l a r g e l y by c l a s t i c non-

c a l c a r e o u s r o c k s , t h e c a l c u l a t e d t h i c k n e s s o f w h i c h i s 350 f e e t . 

I n a d d i t i o n t o t h e l i m i t e d s e c t i o n o f p r e - l i m e s t o n e r o c k s d e s ­

c r i b e d above, two t r a v e r s e s o v e r c o n s i d e r a b l y g r e a t e r t h i c k n e s s e s o f 

t h e s e r o c k s were made. One o f t h e s e c o v e r e d the l o w e r r e a c h e s o f 

P h i l l i p s C reek ( F i g u r e 3 3 ) , and the s o u t h e a s t f l a n k o f t h e mountain o f 

w h i c h M a r b l e Peak i s t h e summit. The o t h e r t r a v e r s e c r o s s e d t h e s e r o c k s 

on t h e e a s t f l a n k o f t h e same m o u n t a i n , e a s t o f M a r b l e Peak ( F i g u r e 3 4 ) . 

The P h i l l i p s C r e e k - M a r b l e Peak t r a v e r s e e n c o u n t e r e d m a s s i v e 

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

s e c t i o n , zones o f t h i n - b e d d e d , p a l e g r e e n , b u f f , and maroon-weathering 

c l a s t i c r o c k s up t o 10 f e e t i n t h i c k n e s s a re i n t e r c a l a t e d i n the m a s s i v e 

sequence. The s e c t i o n t e r m i n a t e s a t t h e top a g a i n s t a mass o f medium-

g r a i n e d b a s a l t i c i n t r u s i v e r o c k , below t h e l i m e s t o n e e x p o s u r e s o f t h e 

f l a t r i d g e top (between 4,500 and 5,000 f e e t e l e v a t i o n ) s o u t h o f M a r b l e 

Peak. The c o n t a c t i s p r o b a b l y f a u l t e d , w i t h t h e upper p a r t o f t h e 

Lower D i v i s i o n s u c c e s s i o n m i s s i n g on t h e s o u t h s i d e o f the e a s t e r l y 

t r e n d i n g f a u l t . 



F i g u r e 33. P h i l l i p s Creek v a l l e y , v i e w e d s o u t h f r o m M a r b l e Peak. V a l ­
l e y i n c i s e d i n r o c k s o f Lower D i v i s i o n , S i c k e r Group. 

F i g u r e 34. L i g h t - w e a t h e r i n g l i m e s t o n e s of B u t t l e L a k e F o r m a t i o n on 
west s i d e B u t t l e L a k e , below M a r b l e Peak. View west f r o m l a k e . 
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The s e c t i o n on t h e e a s t f a c e o f t h e mo u n t a i n r i s i n g t o M a r b l e 

Peak c o n t a i n s s c a t t e r e d e x p o s u r e s o f t h e upper p a r t o f t h e Lower D i v i ­

s i o n . A t l a k e l e v e l , c o a r s e t o f i n e t u f f s and banded t o l a m i n a t e d 

c l a s t i c s e d i m e n t a r y r o c k s a r e v i s i b l e . Between l a k e l e v e l and t h e 

base o f a medium t o c o a r s e d i o r i t i c i n t r u s i v e body, a t e l e v a t i o n 

2,190 f e e t , m a s s i v e g r e e n t u f f s and f i n e b r e c c i a s a r e dominant (see 

F i g u r e 3 5 ) . Above the t o p o f t h e i n t r u s i v e , w h i c h o c c u r s a t about 

2,630 f e e t , t h i n l y bedded r o c k s f o r m t h e m a j o r i t y o f t h e s c a t t e r e d 

e x p o s u r e s . The l o w e r p a r t o f t h i s bedded sequence appears t o be g r e e n ­

i s h t u f f a c e o u s r o c k s , b u t f r o m 2,950 upwards, sandy t e x t u r e d r o c k s o f 

t h e greywacke t y p e , t h i n l y i n t e r b e d d e d w i t h b l a c k a r g i l l a c e o u s r o c k s 

a r e seen. The l a t t e r , i f t h e y e x t e n d up t o t h e base of the o v e r l y i n g 

l i m e s t o n e s , have a t h i c k n e s s o f about 1,000 f e e t . The c o n t a c t between 

th e sequence o f t h i n - b e d d e d c l a s t i c r o c k s and t h e l i m e s t o n e s i s c o v e r e d 

a t t h i s l o c a l i t y , and has n o t been seen e l s e w h e r e i n the a r e a . 

Gunning s u g g e s t e d t h e p r e s e n c e of l i m e s t o n e b e l o w t h e p r o m i n e n t , 

upper c a l c a r e o u s u n i t . He s t a t e d (1931, p. 60A): "At l e a s t two o t h e r 

beds o f l i m e s t o n e , l o w e r i n t h e P a l e o z o i c s e c t i o n , a r e exposed on t h e 

west s i d e o f B u t t l e L a k e , one on t h e bay j u s t n o r t h o f t h e mouth o f 

P h i l l i p s C r e e k , and t h e second on t h e f i r s t p o i n t s o u t h o f "Marble 

C r e e k " ( M a r b l e r o c k C r e e k ) . 

The f i r s t m e n t i o n e d l i m e s t o n e , on t h e n o r t h s i d e o f P h i l l i p s 

C r e e k , has been examined by t h e w r i t e r . The second one mentioned by 

Gunning has n o t been f o u n d . The r i s e o f l a k e l e v e l s i n c e t h e c o n s t r u c ­

t i o n o f t h e dam t o t h e n o r t h on C a m p b e l l R i v e r has p r o b a b l y c o v e r e d 

Gunning's e x p o s u r e . 



F i g u r e 35. T u f f s and b r e c c i a s o f Lower D i v i s i o n , S i c k e r Group; l a k e -
l e v e l e x p o s u r e , west s i d e B u t t l e L a k e , 2 m i l e s n o r t h o f P h i l l i p s 
C r e e k , 

F i g u r e 36. View southwest a c r o s s A z u r e L a k e . L i g h t - w e a t h e r i n g B u t t l e 
L a k e F o r m a t i o n s p l i t and o v e r l a i n by d a r k b a s i c i n t r u s i o n s . 
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The P h i l l i p s Creek e x p o s u r e s a r e o f c o a r s e c r i n o i d a l l i m e s t o n e , 

l i g h t g r e y t o maroon i n c o l o u r . They grade downwards i n t o r e d and p u r ­

p l i s h f i n e - g r a i n e d n o n - c a l c a r e o u s c l a s t i c r o c k s and c o n g l o m e r a t e s . I n 

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

c o r a l s , and ramose and f e n e s t r a t e b r y o z o a n s . These l a k e s h o r e e x p o s u r e s 

a r e f a u l t e d , and a t t i t u d e s a r e v a r i a b l e . The s t r u c t u r a l p a t t e r n and 

s t r a t i g r a p h i c s u c c e s s i o n have n o t been r e s o l v e d . The l i m e s t o n e s appear 

t o be o v e r l a i n t o the n o r t h by t u f f s , f i n e - g r a i n e d s e d i m e n t a r y r o c k s 

and b r e c c i a s . 

I t i s t h u s p o s s i b l e t h a t t h e s e e x p o s u r e s r e p r e s e n t a l i m e s t o n e 

low i n t h e P a l e o z o i c s u c c e s s i o n . Because o f f a u l t i n g , i t a l s o a p p e a r s 

p o s s i b l e t h a t t h e y c o u l d r e p r e s e n t p a r t o f t h e Upper D i v i s i o n . Out­

c r o p s o f the l a t t e r u n i t o c c u r 1.5 m i l e s s o u t h e a s t , on the e a s t s h o r e 

o f t h e l a k e . 

On t h e b a s i s o f the p r e s e n t i n f o r m a t i o n the p r o b l e m cannot be 

r e s o l v e d . I f t h e P h i l l i p s C r e e k l i m e s t o n e e x p o s u r e s a r e l o w e r i n t h e 

s e c t i o n t h a n t h e main l i m e s t o n e e x p o s u r e s o f t h e a r e a ( B u t t l e L a k e 

F o r m a t i o n ) , t h e y a r e b o d i e s o f l e n s i n g h a b i t n o t e v i d e n t e l s e w h e r e i n 

t h e a r e a . 

Upper D i v i s i o n 

As e x p l a i n e d p r e v i o u s l y , t h e Upper D i v i s i o n r o c k s c o n s i s t 

p r i n c i p a l l y o f l i m e s t o n e . An i n c o m p l e t e l y - k n o w n u n i t o v e r l i e s t h e 

l i m e s t o n e s , and c o n s i s t s of an unknown t h i c k n e s s o f f i n e - g r a i n e d non-

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



F i g u r e 37. View southwest up M a r b l e r o c k C r e e k toward A z u r e L a k e . Sec­
t i o n o f B u t t l e L ake F o r m a t i o n measured up base o f c l i f f s a t l o w e r r i g h t . 
Dark w e a t h e r i n g r o c k s above a r e v o l c a n i c f l o w s o f Vancouver Group. 

F i g u r e 38. Mt. Golden H i n d e . View s o u t h w e s t . L i m e s t o n e s o f B u t t l e 
L a k e F o r m a t i o n above r i g h t c e n t r e ; Vancouver Group above, Lower D i v i ­
s i o n r o c k s below. 
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B u t t l e Lake F o r m a t i o n 

As t h e l i m e s t o n e f o r m a t i o n n e a r t h e upper p a r t o f the S i c k e r 

Group i s t h e most c l e a r l y d e f i n a b l e u n i t , and t h e most u s e f u l a t p r e ­

s e n t f o r mapping p u r p o s e s , t h e name B u t t l e Lake F o r m a t i o n i s h e r e i n 

p r o p o s e d f o r i t . The name comes fr o m t h e name of t h e l a r g e l a k e n e a r 

w h i c h t h e most s p e c t a c u l a r e x p o s u r e s o f t h e f o r m a t i o n a r e f o u n d , and 

the t y p e s e c t i o n i s d e s i g n a t e d as the "Azure L a k e " s e c t i o n ( F i g u r e s 6, 

3 6 ) , m e n t i o n e d b e l o w , and d e s c r i b e d i n d e t a i l i n t h e A p p e n d i x . 

The f o r m a t i o n c o n s i s t s m a i n l y o f medium-to c o a r s e - g r a i n e d , l i g h t 

g r e y l i m e s t o n e . N o d u l e s and i r r e g u l a r t h i n bands o f l i g h t and dar k g r e y 

c h e r t and s i l i c i f i e d l i m e s t o n e o c c u r i n zones between t h i c k - b e d d e d and 

ma s s i v e l i m e s t o n e s . A t t h e t y p e s e c t i o n , a t h i n b a s a l s a n d s t o n e o c c u r s ; 

i t has n o t been s e e n e l s e w h e r e . I n t h e same s e c t i o n , a t h i c k bed o f 

da r k g r e y t o b l a c k , r i c h l y f o s s i l i f e r o u s , d o l o m i t i c l i m e s t o n e i s p r e ­

s e n t i n t h e upper p a r t o f t h e f o r m a t i o n (see F i g u r e 6 ) . 

The l o w e r c o n t a c t o f t h e f o r m a t i o n has been seen o n l y a t t h e 

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

The b a s a l s a n d s t o n e i s i m m e d i a t e l y u n d e r l a i n by c o a r s e t u f f s and b r e c ­

c i a s o f t h e Lower D i v i s i o n o f t h e S i c k e r Group. 

A t t h e t y p e s e c t i o n a t h i c k , b a s i c , s i l l - l i k e i n t r u s i o n s e p a r ­

a t e s t h e uppermost l i m e s t o n e o f t h e B u t t l e Lake F o r m a t i o n f r o m o v e r ­

l y i n g t h i n - b e d d e d , f i n e - g r a i n e d n o n - c a l c a r e o u s c l a s t i c r o c k s . E l s e w h e r e , 

s i m i l a r r o c k s l i e d i r e c t l y o v e r t h e B u t t l e Lake F o r m a t i o n , w i t h con­

f o r m a b l e a t t i t u d e s . 

A t t h e t y p e s e c t i o n , t h e f o r m a t i o n measures 1,050 f e e t i n t h i c k ­

n e s s . O t h e r measurements i n t h e B u t t l e L ake a r e a g i v e t h i c k n e s s e s o f 
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800 t o 900 f e e t . V i s u a l e s t i m a t e s f o r s m a l l e r e x p o s u r e s i n t h e B u t t l e 

Lake and B e d w e l l R i v e r a r e a by o t h e r a u t h o r s (Gunning, 1931; S a r g e n t , 

1941) s u g g e s t t h i n n e r s e c t i o n s , some as t h i n as 100 f e e t b e i n g c i t e d 

( Gunning, 1931, p. 61A). 

S i l l - l i k e i n t r u s i o n s o f da r k green t o b l a c k b a s i c c r y s t a l l i n e 

r o c k s a r e common i n s e c t i o n s o f t h e B u t t l e Lake F o r m a t i o n i n t h e v i c ­

i n i t y o f M a r b l e r o c k C r e e k , A z u r e Lake and M a r b l e Peak. I n t h i s p a r t 

o f the a r e a , one i n t r u s i v e body o c c u r s i n the m i d d l e o f t h e l i m e s t o n e 

s e c t i o n , s p l i t t i n g t h e f o r m a t i o n i n t o two p a r t s . 

The known d i s t r i b u t i o n o f the f o r m a t i o n i s shown on F i g u r e 5. 

The B u t t l e Lake F o r m a t i o n i s w e l l exposed i n t h e a r e a s around M a r b l e 

Peak ( F i g u r e 3 4 ) , a l o n g t h e n o r t h w e s t s i d e o f M a r b l e r o c k Creek ( F i g ­

u r e 3 7 ) , s u r r o u n d i n g " A z u r e L a k e " ( F i g u r e 3 6 ) , and on t h e r i d g e ex­

t e n d i n g s o u t h f r o m Mt. M c B r i d e . O t h e r e x p o s u r e s o c c u r f r o m Mt. Con 

R e i d t o G o l d e n H i n d e ( F i g u r e 3 8 ) , i n t h e r i d g e s f l a n k i n g t h e west ( F i g ­

u r e 3 2 ) , and main f o r k s o f Wolf R i v e r . Gunning (1931, p. 60A) c o n s i d e r s 

t h a t l i m e s t o n e s exposed on the e a s t s i d e o f B u t t l e Lake and a l o n g t h e 

e a s t s i d e o f P r i c e Creek t o the s o u t h p r o b a b l y b e l o n g t o t h e same form­

a t i o n as t h e ex p o s u r e s m e n t i o n e d above. On t h e e a s t s i d e o f t h e l a k e 

the w r i t e r has examined o n l y t h e l a k e - l e v e l e x p o s u r e s , f r o m w h i c h no 

d i a g n o s t i c f o s s i l s were o b t a i n e d and no s t r a t i g r a p h i c r e l a t i o n s h i p s 

c o u l d be d e t e r m i n e d . 

A z u r e Lake s e c t i o n 

A complete s e c t i o n o f t h e Upper D i v i s i o n i s exposed i n t h e a r e a 



F i g u r e 39. B u t t l e L a k e F o r m a t i o n southwest o f A z u r e L a k e , View n o r t h ­
e a s t a c r o s s measured A z u r e L a k e s e c t i o n . Dark r o c k s c a p p i n g h i l l a r e 
b a s i c i n t r u s i v e . 

F i g u r e 40. View n o r t h e a s t f r o m A z u r e L a k e s e c t i o n t o l i m e s t o n e capped 
r i d g e on e a s t s i d e of A z u r e L a k e , 



southwest o f a s m a l l l a k e a t t h e headwaters o f t h e west b r a n c h o f 

M a r b l e r o c k C r e e k . The base o f t h e s e c t i o n measured ( t h e "Azure L a k e " 

s e c t i o n , F i g u r e 6) i s i n a low s a d d l e between two k n o l l s on an e a s t -

west t r e n d i n g r i d g e , 0.7 m i l e s s o u t h o f t h e west end o f "Azure L a k e " . 

The b a s a l s a n d s t o n e and l o w e r l i m e s t o n e o f t h e D i v i s i o n a r e exposed 

on the e a s t e r n s i d e o f t h e w e s t e r n k n o l l , t h e t o p o f w h i c h i s com­

posed o f d a r k g r e e n , medium-grained c r y s t a l l i n e r o c k i n i n t r u s i v e 

c o n t a c t w i t h t h e l i m e s t o n e . E x p o s u r e s o f t h e i n t r u s i v e e x t e n d westward 

t o t h e base of a n o r t h - s o u t h t r e n d i n g r i d g e , on t h e w e s t e r n s l o p e s o f 

w h i c h t h e upper p a r t o f t h e l i m e s t o n e was measured. The top o f t h e 

l i m e s t o n e o c c u r s n e a r t h e c r e s t o f t h i s w e s t e r n r i d g e , 1.2 m i l e s s o u t h ­

west o f "Azure L a k e " . The l i m e s t o n e i s o v e r l a i n h e r e by a s i l l - l i k e , 

b a s i c i n t r u s i v e s e v e r a l hundreds o f f e e t i n t h i c k n e s s ( F i g u r e 3 9 ) . 

Above t h e i n t r u s i v e a few t e n s of f e e t o f v a r i c o l o u r e d , t h i n - b e d d e d 

f i n e - g r a i n e d c l a s t i c r o c k s ( t u f f s o r t u f f a c e o u s s i l t s t o n e s ) a r e exposed 

a t t h e c r e s t o f t h e r i d g e . 

The r o c k s below t h e b a s a l s a n d s t o n e o f t h e s e c t i o n a r e medium 

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

w h i c h l o c a l l y grade i n t o t h i n l y bedded, p a l e t o d a r k g r e e n t u f f a c e o u s 

r o c k s . These a r e u n d e r l a i n by c o a r s e b r e c c i a s o f da r k g r e e n , medium 

t o c o a r s e - g r a i n e d , p o r p h y r i t i c r o c k , bounded on the e a s t by a f a u l t 

c o n t a c t w i t h a l i m e s t o n e - i g n e o u s complex. 

The b a s a l 10 f e e t o f t h e A z u r e Lake s e c t i o n c o n s i s t s o f f i n e 

t o medium-grained greywacke, w h i c h i s h i g h l y c a l c a r e o u s i n t h e upper 

Unnamed, b u t h e r e i n r e f e r r e d t o as "Azure L a k e " . 



F i g u r e 4 1 . B a s a l s a n d s t o n e ( U n i t 1) o f B u t t l e L a k e F o r m a t i o n , A z u r e 
L a k e s e c t i o n . C o n t a c t w i t h c o a r s e t u f f s and b r e c c i a s o f Lower D i v i ­
s i o n , S i c k e r Group, i s benea t h hammer. View t o n o r t h toward A z u r e 
L a k e . T h i s i s L o c a l i t y 61-34-3F, f r o m w h i c h abundant b r a c h i o p o d s , 
m o l l u s c s , b r y o z o a n s , and some f u s u l i n i d s and p l a n t f r a g m e n t s were 
c o l l e c t e d . 



few f e e t ( F i g u r e 4 1 ) . The s a n d s t o n e i s t h i n - t o medium-bedded, w i t h 

vague i n d i c a t i o n s o f g e n t l y i n c l i n e d c r o s s - s t r a t i f i c a t i o n . The l o w e r 

c o n t a c t i s s h a r p and g e n t l y u n d u l a t i n g . T h i n p e b b l y l e n s e s , a few 

i n c h e s i n maximum t h i c k n e s s , and s e v e r a l f e e t i n maximum l e n g t h , o c c u r 

i n t h e l o w e r p a r t o f t h e u n i t . P e b b l e s a r e w e l l - r o u n d e d t o s h a r p l y 

a n g u l a r , v a r y i n g i n s i z e f r o m 3 mm. t o 10 mm., w i t h t h e average b e i n g 

about 5 mm. They a r e composed o f f i n e - g r a i n e d p o r p h y r i t i c and amygda-

l o i d a l v o l c a n i c r o c k s , l i g h t - c o l o u r e d , f i n e - g r a i n e d c l a s t i c r o c k s and 

gr e y and w h i t e c h e r t y f r a g m e n t s . 

Above the b a s a l s a n d s t o n e , a c o v e r e d i n t e r v a l i s o v e r l a i n by 

g r e y , f i n e - g r a i n e d , impure l i m e s t o n e . A 50 f o o t c o v e r e d i n t e r v a l s ep­

a r a t e s t h e s e beds f r o m t h e main l i m e s t o n e s e c t i o n above. The l o w e r 

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

and t h i c k - b e d d e d . Above t h i s t o t h e top o f t h e s e c t i o n , w i t h t h e ex­

c e p t i o n o f one 60 f o o t i n t e r v a l , c o a r s e - g r a i n e d , c r i n o i d a l l i m e s t o n e 

forms t h e dominant l i t h o l o g y , i n t e r b e d d e d w i t h f i n e r g r a i n e d , c h e r t y 

l i m e s t o n e . The i n t e r v a l f r o m 660 f e e t t o 720 f e e t above the base i s 

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

Two b a s i c i n t r u s i o n s c u t t h e l i m e s t o n e s o f the A z u r e Lake s e c ­

t i o n . The l o w e s t , about 20 f e e t t h i c k , i s 420 f e e t above t h e base o f 

the s e c t i o n ; t h e o t h e r o c c u r s 40 f e e t above t h i s , and i s c a l c u l a t e d t o 

occupy a d i s t a n c e o f 750 f e e t p e r p e n d i c u l a r t o t h e b e d d i n g i n t h e 

l i m e s t o n e . The t h i n n e r o f t h e two i n t r u s i v e b o d i e s , t r a c e d l a t e r a l l y , 

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

t h i c k e r body w i t h i n a few hundreds o f f e e t t o t h e s o u t h . The l o w e r 

i n t r u s i v e c o n t a c t thus i s i n t e r f i n g e r e d w i t h t h e l i m e s t o n e i n t h i s 



Figure 42. Panoramic view (at 245 degrees to 340 degrees from southeast side of lake) of exposures 
of B u t t l e Lake Formation on northwest side of Azure Lake. Dark-weathering rocks between l i g h t -
coloured limestone u n i t s , and immediately above upper limestone c l i f f s , are basic i n t r u s i v e s . Rugged 
c l i f f s at top are volcanic rocks of Vancouver Group, r i s i n g to peak of Mt. McBride. Several trans­
verse f a u l t s disrupt the section i n the ce n t r a l area shown, and the northeastern end of the section 
(extreme r i g h t ) terminates against such a f a u l t . 



l o c a l i t y . The i n t r u s i v e i s d a r k g r e e n , f i n e t o medium-grained c r y s t a l ­

l i n e r o c k , s i m i l a r t o d i a b a s e i n t r u s i o n s of t h e H ome Lake-Cameron 

R i v e r b e l t . 

Between th e uppermost l i m e s t o n e o f the s e c t i o n and t h e top o f 

t h e r i d g e , a s i l l - l i k e body o f b a s i c i n t r u s i v e w i t h p o o r l y d e v e l o p e d , 

b u t c o n s p i c u o u s , columnar j o i n t i n g i s p r e s e n t (see F i g u r e 4 3 ) . I t i s 

o v e r l a i n , on the c r e s t o f t h e r i d g e , by a s m a l l s e c t i o n o f t h i n - b e d d e d 

f i n e g r a i n e d t o a p h a n i t i c , c l a s t i c n o n - c a l c a r e o u s r o c k s v a r y i n g i n 

c o l o u r f r o m g r e e n t o r e d and p u r p l e . The upper l i m i t o f t h i s u n i t has 

n o t been examined i n the B u t t l e Lake a r e a . 

The measured t h i c k n e s s ( e x c l u d i n g the i n t r u s i v e s ) f r o m t h e 

b a s a l s a n d s t o n e t o t h e top o f t h e uppermost l i m e s t o n e , i s 1,050 f e e t . 

The l i n e o f s e c t i o n c r o s s e s s e v e r a l t r a n s v e r s e f a u l t s of unknown d i s ­

p l a c e m e n t . I n a d d i t i o n , the s e c t i o n measured extends o v e r a h o r i z o n t a l 

d i s t a n c e o f 0.9 m i l e s , o v e r w h i c h the s t r a t i g r a p h i c p o s i t i o n o f t h e con­

t a c t s o f t h e s i l l - l i k e i n t r u s i o n i n t h e m i d d l e o f t h e l i m e s t o n e s e c t i o n 

may have changed. F i e l d o b s e r v a t i o n s and i n s p e c t i o n o f a e r i a l p h o t o ­

graphs i n d i c a t e t h a t no m ajor f a u l t d i s p l a c e m e n t s have o c c u r r e d i n t h e 

immediate a r e a o f t h e l i n e o f s e c t i o n . The e f f e c t o f p o s s i b l e s h i f t s 

i n s t r a t i g r a p h i c p o s i t i o n o f t h e i n t r u s i v e c o n t a c t s cannot be f u l l y 

e v a l u a t e d w i t h t h e a v a i l a b l e d a t a ; i t i s t h e w r i t e r ' s o p i n i o n t h a t t h e 

s t r a t i g r a p h i c measurements a r e n o t s e r i o u s l y e f f e c t e d by such changes. 

M a r b l e r o c k Creek s e c t i o n 

From a n o r t h w e s t e r l y t r e n d i n g f a u l t ( F i g u r e 4 5 ) , w h i c h c r o s s e s 

M a r b l e r o c k Creek about 1.2 m i l e s s o u t h w e s t o f i t s mouth, t o "Azure L a k e " 



F i g u r e 44. C o n t a c t between b a s i c i n t r u s i v e (above) and l o w e r l i m e s t o n e 
of B u t t l e L a k e F o r m a t i o n , s o u t h e a s t of M a r b l e Peak. Note s t e p p i n g up­
wards of c o n t a c t t o n o r t h ( r i g h t ) . 
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l i m e s t o n e o f t h e upper p a r t o f t h e P a l e o z o i c i s exposed on t h e n o r t h ­

west s i d e of t h e c r e e k . As a t t h e "Azure L a k e " s e c t i o n , t h e l i m e s t o n e 

s e c t i o n i s s p l i t i n t o an upper and l o w e r p a r t by a s i l l - l i k e b a s i c i n ­

t r u s i v e ( F i g u r e s 46, 4 7 ) . 

A measurement of t h e exposed p o r t i o n o f the l i m e s t o n e u n i t was 

o b t a i n e d between a p o i n t on the n o r t h w e s t s i d e o f t h e c r e e k , 1.6 m i l e s 

f r o m i t s mouth, and t h e l o w e r o f two s m a l l l a k e s , 2.2 m i l e s f r o m t h e 

mouth o f t h e c r e e k . The base o f t h e u n i t i s n o t exposed. The m a j o r i t y 

o f the measured s e c t i o n c o n s i s t s o f medium t o c o a r s e - g r a i n e d c r i n o i d a l 

l i m e s t o n e w i t h i r r e g u l a r l y spaced zones o f c h e r t bands and n o d u l e s ( F i g ­

u r e s 48, 4 9 ) . A c o v e r e d i n t e r v a l o f s e v e r a l hundreds o f f e e t s e p a r a t e s 

t h e uppermost l i m e s t o n e f r o m s t e e p c l i f f s o f b r o w n - w e a t h e r i n g v o l c a n i c 

r o c k s o f t h e Vancouver Group (see F i g u r e 50) above the s m a l l l a k e a t 

the upper end o f t h e s e c t i o n . 

The t h i c k n e s s o f l i m e s t o n e measured h e r e i s 858 f e e t . A t l e a s t 

one f a u l t o c c u r s i n the s e c t i o n measured. The o c c u r r e n c e on the s o u t h ­

west s i d e o f t h e f a u l t o f d a r k , c h e r t y , f o s s i l i f e r o u s l i m e s t o n e s w h i c h 

were n o t o b s e r v e d i n t h e l o w e r p a r t o f t h e b l o c k t o t h e n o r t h e a s t s u g ­

g e s t s t h a t t h e l i m e s t o n e f o r m a t i o n i s r e l a t i v e l y l o w e r on t h e s outhwest 

s i d e t h a n on t h e n o r t h e a s t . F i e l d o b s e r v a t i o n s and i n s p e c t i o n o f a e r i a l 

p h o t o g r a p h s i n d i c a t e , however, t h a t t h e d i s p l a c e m e n t i s n o t l a r g e . 

F i e l d o b s e r v a t i o n s show t h a t t h e b a s i c i n t r u s i v e of the s e c t i o n c u t s 

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

b e d d i n g . Because of t h e s e two f a c t o r s , ( f a u l t i n g and p o s s i b l e m i n o r 

r e p e t i t i o n caused by s t r a t i g r a p h i c s h i f t i n t h e i n t r u s i v e c o n t a c t s ) 

and the l a c k o f exposure o f the base o f t h e l i m e s t o n e f o r m a t i o n , an 



F i g u r e 45. View west up M a r b l e r o c k C r e e k f r o m B u t t l e L a k e . L i g h t - c o l ­
o u r e d l i m e s t o n e s o f B u t t l e L a k e F o r m a t i o n , s p l i t by s i l l - l i k e b a s i c 
i n t r u s i o n , on n o r t h bank t o l e f t , upper c l i f f s o f v o l c a n i c r o c k s o f 
Vancouver Group. I n r i g h t h a l f o f p i c t u r e , e x p o s u r e s v i s i b l e a r e a l l 
of Vancouver Group, i n b l o c k s e p a r a t e d f r o m t h a t a t l e f t by a n o r t h -
t r e n d i n g f a u l t . 

F i g u r e 46. View n o r t h e a s t , f r o m p o i n t about two m i l e s s outhwest of 
mouth of M a r b l e r o c k C r e e k , a c r o s s f a u l t shown i n F i g . 45. B u t t l e L a k e 
F o r m a t i o n and b a s i c i n t r u s i v e t o l e f t , Vancouver Group t o r i g h t . 



F i g u r e 47. Upper c o n t a c t of b a s i c i n t r u s i o n and l i m e s t o n e o f upper 
p a r t of B u t t l e L a k e F o r m a t i o n ; n o r t h s i d e M a r b l e r o c k C r e e k , 2 m i l e s 
southwest o f mouth. Note l i m e s t o n e i n c l u s i o n i n i n t r u s i v e . 

F i g u r e 48. C h e r t y l i m e s t o n e of B u t t l e L a k e F o r m a t i o n , j u s t above con-
c o n t a c t shown i n F i g . 47. View n o r t h e a s t toward B u t t l e L a k e . 



F i g u r e 49. S i l i c e o u s n o d u l e s i n l i m e s t o n e o f B u t t l e L a k e F o r m a t i o n , 
below m e d i a l i n t r u s i v e , n o r t h bank of M a r b l e r o c k C r e e k , below l o c a l i t y 
o f F i g u r e s 47, 48. 

F i g u r e 50. T a l u s b l o c k of p i l l o w b a s a l t f r o m Vancouver Group; n o r t h s i d e 
of M a r b l e r o c k C r e e k . 
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a c c u r a t e c a l c u l a t i o n o f t h e t r u e t h i c k n e s s o f t h e f o r m a t i o n i s n o t 

p o s s i b l e f r o m t h e M a r b l e r o c k Creek measurements. An e s t i m a t e i n the 

o r d e r o f about 800 t o 900 f e e t seems r e a s o n a b l e t o t h e w r i t e r . 

West F o r k Wolf R i v e r s e c t i o n 

L i m e s t o n e o f t h e Upper D i v i s i o n o f t h e S i c k e r Group i s exposed 

on t h e n o r t h w e s t s i d e o f t h e west f o r k o f Wolf R i v e r f r o m Mt. Con R e i d 

to t h e c o n f l u e n c e o f two s m a l l e r t r i b u t a r i e s s o u t h - s o u t h e a s t o f E l P i v -

e t o M o u n t a i n ( F i g u r e 3 2 ) . P a r t i a l s e c t i o n s o f t h e l i m e s t o n e and a d j a c ­

e n t r o c k s were o b t a i n e d f r o m e x p o s u r e s i n a g u l l y on t h e s o u t h e a s t f a c e 

o f E l P i v e t o , 2.5 m i l e s s o u t h w e s t o f t h e j u n c t i o n o f t h e main and w e s t 

f o r k s o f Wolf R i v e r , and a l o n g t h e n o r t h e r n t r i b u t a r y o f t h e west f o r k , 

1.5 m i l e s s o u t h - s o u t h e a s t o f E l P i v e t o peak. 

On t h e s o u t h e a s t f a c e o f E l P i v e t o , a t an e l e v a t i o n o f 2,425 

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

t a k e n as t h e base o f the l i m e s t o n e f o r m a t i o n . A t 2,500 f e e t , t h e main 

c l i f f e x p o s u r e s o f t h e l i m e s t o n e , o f w h i c h 600 f e e t was measured, com­

mence. The measured i n t e r v a l i s o v e r l a i n by more l i m e s t o n e , i n a c c e s s ­

i b l e a t the ti m e o f m e a s u r i n g , e s t i m a t e d t o be 100 f e e t i n t h i c k n e s s . 

The l i m e s t o n e i s f i n e t o c o a r s e - g r a i n e d , medium t o l i g h t g r e y 

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

s paced zones i n t h e l o w e r p a r t , b u t become l e s s common toward t h e t o p 

o f the measured s e c t i o n . 

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

and v e g e t a t i o n i s v i s i b l e , w i t h an e s t i m a t e d 1,000 f e e t o f brown-

w e a t h e r i n g v o l c a n i c r o c k s above. T a l u s f r o m t h e s e r o c k s c o n s i s t s o f 
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b a s a l t i c p i l l o w l a v a s t y p i c a l o f t h e Vancouver Group. 

The l i m e s t o n e u n i t of t h e s e c t i o n d e s c r i b e d above r a k e s down th e 

h i l l s i d e t o t h e s o u t h , c r o s s i n g t h e west f o r k o f Wolf R i v e r a t the con­

f l u e n c e o f two t r i b u t a r i e s . On t h e t r i b u t a r y f l o w i n g f r o m the n o r t h , 

t h i n - b e d d e d , f i n e - g r a i n e d , s a n d y - t e x t u r e d r o c k s and b l a c k a r g i l l i t e 

o v e r l i e the l i m e s t o n e i n a p p a r e n t l y c o n f o r m a b l e s u c c e s s i o n . About 90 

f e e t o f t h e n o n - c a l c a r e o u s r o c k s a r e v i s i b l e i n t h e west bank o f t h e 

s t r e a m . To t h e n o r t h , t h e y are o v e r l a i n by m a s s i v e f i n e - g r a i n e d b a s a l ­

t i c r o c k s , w i t h i n t e r c a l a t e d zones up t o 5 f e e t t h i c k o f t h i n - b e d d e d , 

l i g h t - w e a t h e r i n g c l a s t i c r o c k s . T h i s s u c c e s s i o n was n o t examined i n 

d e t a i l . The uppermost e x p o s u r e s s e e n , a t an e l e v a t i o n o f about 2,330 

f e e t , were o f m a s s i v e b a s a l t i c r o c k . I n t h e s t r e a m bed, t a l u s b l o c k s 

of p i l l o w - l a v a s i n d i c a t e t h a t s u c h r o c k s o c c u r above t h e m a s s i v e b a ­

s a l t s . I t i s thus a p p a r e n t t h a t t h i s s e c t i o n i s v e r y s i m i l a r t o t h a t 

o v e r l y i n g t h e l i m e s t o n e s e c t i o n measured i n t h e g u l l y t o t h e n o r t h e a s t . 

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

i s p r o b a b l y o c c u p i e d by t h e t h i n - b e d d e d s e d i m e n t a r y r o c k s seen on t h e 

n o r t h e r n t r i b u t a r y . 

The exposed, upper p a r t o f t h e P a l e o z o i c s u c c e s s i o n i n t h i s 

a r e a t h u s c o m p r i s e s about 700 f e e t of f i n e - g r a i n e d n o n - c a l c a r e o u s c l a s ­

t i c r o c k s and c o n g l o m e r a t e a t t h e b a s e , o v e r l a i n by a p p r o x i m a t e l y 800 

f e e t o f l i m e s t o n e . The age o f t h e o v e r l y i n g s e c t i o n o f t h i n - b e d d e d non-

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

Fauna 

B r y o z o a n s f r o m t h e u p p e r , l i m e s t o n e f o r m a t i o n o f t h e P a l e o z o i c 

sequence, c o l l e c t e d by Gunning, were i d e n t i f i e d by F r i t z who s t a t e s 



( i n Gunning, 1931, p. 59A): " I propose t o c o r r e l a t e t h i s f a u n a w i t h 

the one r e c o r d e d by Dr. B a s s l e r f r o m t h e I s l a n d o f Timor i n t h e E a s t 

I n d i e s w h i c h i s c o n s i d e r e d t o be o f P e r m i a n age". 

B r a c h i o p o d s f r o m Gunning's c o l l e c t i o n s were s u b m i t t e d t o G i r t y , 

who " s t a t e d , as h i s b e s t guess on the m a t e r i a l a v a i l a b l e , t h a t the 

s p i r i f e r s may b e l o n g i n an h o r i z o n h i g h up i n t h e P e n n s y l v a n i a n , t h i s 

b e i n g a t l e a s t more p r o b a b l e t h a n t h a t t h e h o r i z o n i s P e r m i a n " (Gunning, 

i b i d . ) . 

When F r i t z (1932) l a t e r d e s c r i b e d the b r y o z o a n s , she c o n c l u d e d 

t h a t t h e resemblance of t h e Vancouver I s l a n d f a u n a t o t h a t f r o m Timor 

" l e a v e s l i t t l e doubt as t o t h e s i m i l a r i t y i n age o f t h e d e p o s i t s on 

Vancouver I s l a n d " ( p . 9 3 ) . 

F o s s i l s c o l l e c t e d by t h e p r e s e n t w r i t e r a r e d e s c r i b e d and d i s ­

c u s s e d i n l a t e r s e c t i o n s o f t h i s a c c o u n t . Of p a r t i c u l a r i n t e r e s t f o r 

the p r e s e n t d i s c u s s i o n a r e t h e b r a c h i o p o d s f r o m t h e B u t t l e Lake a r e a , 

f o u n d i n the l i m e s t o n e s o f the B u t t l e Lake F o r m a t i o n o f the Upper D i v i ­

s i o n , S i c k e r Group. They i n d i c a t e a r e l a t i v e l y c l o s e f a u n a l a f f i n i t y 

t o the b r a c h i o p o d s o f P e r m i a n d e p o s i t s of s e v e r a l o t h e r N o r t h A m e r i c a n 

a r e a s , and o f more d i s t a n t r e g i o n s s u c h as R u s s i a . As i s shown i n t h e 

l a t e r s e c t i o n s o f t h i s r e p o r t , t h e newly d e s c r i b e d faunas o f the B u t t l e 

Lake a r e a s u p p o r t F r i t z ' e a r l i e r c o n c l u s i o n o f a P e r m i a n age f o r t h e 

l i m e s t o n e s , and s u g g e s t E a r l y , r a t h e r t h a n L a t e P e r m i a n . 

F a u n a l l i s t s 

B e d w e l l R i v e r a r e a - v a r i o u s l o c a l i t i e s , f r o m l i m e s t o n e ( S a r g e n t , 
1941, p. 19, f i g . 1 ) : 
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Z a p h r e n t i s s p . 
C y a t h o p h y l l u m sp. 
S y r i n g o p o r a sp. 
M i c h e l i n i a s p . 

P r o d u c t u s s p . - P. v i s h n u - t y p e 
O r t h o t e t e s s p , 
R e t i c u l a r i a s p. 
S p i r i f e r s p . - S_. m u s a k h e y l e n s i s - t y p e 
S p i r i f e r s p . - about S_. r a j a h S a l t e r 
D i e l a s m a sp. - about D. p r o b l e m a t i c u m Waagen 

B u t t l e L a k e a r e a 
L o c a l i t y "around t h e h e a d w a t e r s of M a r b l e C r e e k " (Gunning, 1939, 

p. 59A). " f r o m a t h i c k upper l a y e r o f c r y s t a l l i n e l i m e s t o n e l y i n g i n a 
s e r i e s o f l e n t i c u l a r , c arbonaceous beds. These beds a r e l o c a t e d between 
t h e headwaters o f t h e n o r t h f o r k o f P h i l l i p s C r e e k and M a r b l e Creek ..." 
( F r i t z , 1932, p. 9 3 ) : 

S t e n o p o r a p r o l i f i c a  
N i c k l e s o p o r a ? p o r i f e r a  
S t r e b l a s c o p o r a p u l c h r a  
C l a u s o t r y p a s p i n o s a  
F e n e s t e l l a b a s l e o n s i s  
F e n e s t e l l a p a r v i u s c u l a  
F e n e s t e l l a c f . p u l c h r a d o r s a l i s  
P o l y p o r a c o n s a n g u i n e a  
P o l y p o r a Vancouverensis  
P o l y p o r a e l o n g a t a  
P o l y p o r a megastoma  
P o l y p o r a s y k e s i  
?Thamniscus u n i l a t e r a l i s  
P r o t o r e t e p o r a c f . haimeana  
A c a n t h o c l a d i a  
P e n n i r e t e p o r a g r a n d i s 
G o n o c l a d i a i n t e r m e d i a 

L o c a l i t y 61-20F - Dark g r e y t o b l a c k , c h e r t y l i m e s t o n e , above 
n o r t h e a s t end of s m a l l l a k e , 2 m i l e s u p s t r e a m f r o m mouth o f M a r b l e r o c k 
C r e e k ; e l e v a t i o n about 3,000 f e e t : 

Ramose and f e n e s t r a t e b r y o z o a n s 
I n t a l u s - O r t h o t e t i d b r a c h i o p o d 

S p i r i f e r i d b r a c h i o p o d 

L o c a l i t y 61-33-10F - L i m e s t o n e on r i d g e 0.45 m i l e s e a s t of 
southwest end o f "Azure L a k e " ; e l e v a t i o n about 3,875 f e e t : 

S p i r i f e r spp. 
? B r a c h y t h y r i n a c f . B, u f e n s i s  
P t e r o s p i r i f e r ? s p . 
P r o d u c t i d b r a c h i o p o d s 

(N.B. - Some of the 
g e n e r i c d e s i g n a t i o n s 
o f F r i t z ' l i s t have 
been changed t o a g r e e 
w i t h B a s s l e r ' s (1953) 
c o n c e p t s ) 
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L o c a l i t y 6Z-34-3F - B a s a l s a n d s t o n e , B u t t l e Lake F o r m a t i o n , 
"Azure L a k e " s e c t i o n ( U n i t 1 ) : 

K r o t o v i a ? s p . B 
N e p , s p i r i f e,r sp . 
J P t e r o s p i r i f e r ? s p. 
Inge l a r e 1.1a? sp. A. 
I n g e l a r e 1 1 a ? s p . B. 
I n g e l a r e l l a . s p . C 
S q u a m u l a r i a ? s p . 
S p i r i f e r i n a ? s p . 
Rhynchopora n. sp. 
O r t h o t i c h i a ? s p . 
D e r b y i a ? s p . 
N u c u l a n a sp. 
Chaenomya? s p . 
S c h i z o d u s s p . 
A v i c u l o p e c t e n ? sp. 
G a s t r o p o d s . 
S t e n o p o r a p r o l i f i c a 
Rhabdomespn sp... 
C l a u s o t r y p a s p i n o s a 
F u s u l i n i d 
Rugose, s o l i t a r y c o r a l s 

I n a d d i t i o n t o the a n i m a l f o s s i l s l i s t e d above, c a r b o n i z e d p l a n t 
f r a g m e n t s and u n d e t e r m i n e d c a l c a r e o u s a l g a e a r e p r e s e n t a t t h i s l o c a l i t y . 

L o c a l i t y 61-34-5 - "Azure L a k e " s e c t i o n , B u t t l e Lake F o r m a t i o n , 
l i m e s t o n e , 80 f e e t above base o f f o r m a t i o n ( U n i t 5 ) : 

T e t r a t a x i s s p. 

L o c a l i t y 61-34-7 - "Azure L a k e " s e c t i o n , B u t t l e Lake F o r m a t i o n , 
l i m e s t o n e , 135 f e e t above base o f f o r m a t i o n ( U n i t 6 ) : 

F u s u l i n i d . 
L o c a l i t y 61—35-5F — "Azure Lake" s e c t i o n , B u t t l e Lake P o r m a t i o n , 

d a r k g r e y t o b l a c k , d o l o m i t i c l i m e s t o n e , 690 t o 720 f e e t above base o f 
f o r m a t i o n ( U n i t 1 1 ) : 

H o r r i d o n i a s p B . 
A n t i q u i t o n i a s u l c a t a 
E c h i n o c o n c h u s i n e x p e c t a t u s  
K o c h i p r o d u c t u s n. s p . 
K r o t o y i a ? , s p . A. 
M u i r w o o d i a ? s p . 
N e o s p i r i f e r ? n. sp . 
B r a c h y t h y r i n a c f . B. u f e n s i s 
H u s t e d i a meekana 
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C l e i o t h y r i d i n a s p. 
L a e v i c a m e r a n. s p . 
C l a d o c h o n u s s p . 
S t e n o p o r a p r o l i f i c a  
S t r e b l a s c o p o r a p u l c h r a  
N i c k l e s p o r a ? p o r i f e r a  
F e n e s t e l l a c f . F. p a r v i u s c u l a  
F e n e s t e l l a s p. 
P o l y p o r a c f . P. c o n s a n g u i n e a  
P o l y p o r a c f . P. s y k e s i  
P r o t o r e t e p o r a c f . P. haimeana  
A c a n t h o c l a d i a m u l t i p o r a  
P e n n i r e t e p o r a g r a n d i s 
G o n i o c l a d i a c f . G. i n t e r m e d i a 

L o c a l i t y 61-35-13F - "Azure L a k e " s e c t i o n , B u t t l e L a k e F o r m a t i o n , 
l i m e s t o n e , upper 75 f e e t o f f o r m a t i o n , 975 t o 1,050 f e e t above base 
( U n i t 2 1 ) : 

S p i r i f e r e l l a s a r a n a e 
P r o d u c t i d b r a c h i o p o d s 

L o c a l i t y 61-61A-7F-8F - L i m e s t o n e e x p o s u r e s on f l a t r i d g e t o p , 
0.5 m i l e s s o u t h o f M a r b l e Peak; upper p a r t of B u t t l e L a k e F o r m a t i o n . 

S p i r i f e r e l l a s a r a n a e 
" S p i r i f e r " s p . 
H o r r i d o n i a s p . A. 
P r o d u c t i d b r a c h i o p o d s 

L o c a l i t y 63-65-1F - L i m e s t o n e , 0.25 m i l e s n o r t h of P h i l l i p s 
C r e e k , a t l a k e l e v e l . 

M i c h e l i n i a s p . A. ? 
S o l i t a r y r u g o s e c o r a l s 
Ramose and f e n e s t r a t e b r y o z o a n s 

L o c a l i t y 63-68A-108CF - L i m e s t o n e , on e a s t s i d e of Wolf R i v e r , 
s o u t h of Mt. M c B r i d e , about 1.2 m i l e s west of s o u t h w e s t end of "Azure 
L a k e " ; upper p a r t of B u t t l e L a k e F o r m a t i o n , e l e v a t i o n about 5,100 f e e t . 

S p i r i f e r i d w i t h s h o r t h i n g e l i n e . 

STRUCTURE 

R e l i a b l e a t t i t u d e s a r e r a r e l y o b t a i n a b l e i n t h e n o n - c a l c a r e o u s , 

l o w e r p a r t of t h e P a l e o z o i c sequence. The d i s t r i b u t i o n and a t t i t u d e s 



F i g u r e 51. S y n c l i n e i n B u t t l e L a k e F o r m a t i o n , 3 m i l e s s o u t h - s o u t h w e s t 
o f Mt. M c B r i d e . D a r k - w e a t h e r i n g r o c k s of Lower D i v i s i o n i n r i g h t h a l f 
o f p i c t u r e , s e p a r a t e d f r o m l i m e s t o n e by n o r t h - t r e n d i n g f a u l t . V iew 
southwest f r o m a i r . 

F i g u r e 52. T r a n s v e r s e f a u l t (about e a s t - w e s t ) , s o u t h end o f s y n c l i n e 
shown i n F i g . 51. Note s m a l l remnant o f l i m e s t o n e on f o o t w a l l ( l e f t 
c e n t r e ) and a p o p h y s i s of i n t r u s i o n i n l i m e s t o n e ( l o w e r r i g h t ) . View 
west f r o m a i r . 
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o f t h e p e r s i s t e n t l i m e s t o n e u n i t o f t h e upper p a r t o f t h e s e c t i o n s i n 

the B u t t l e Lake a r e a , however, p r o v i d e e v i d e n c e o f t h e major s t r u c t u r a l 

p a t t e r n o f the b e l t . I n t h i s p a r t o f t h e b e l t , Gunning (1931, p. 61A) 

s t a t e s : 

"The r o c k s a r e f o l d e d i n t o a b r o a d a n t i c l i n e p i t c h ­
i n g t o t h e n o r t h . W i t h i n t h i s m a j o r s t r u c t u r e 
t h e r e a r e a t l e a s t two m i n o r s y n c l i n a l f o l d s . One 
o f t h e s e . i s . b e a u t i f u l l y exposed on t h e d i v i d e be­
tween P h i l l i p s and t h e s o u t h f o r k o f Wolf Creek; 
t h e second i s l e s s d e f i n i t e and l i e s f a r t h e r e a s t . 
The a x i s o f t h e ma j o r s t r u c t u r e t r e n d s a l m o s t due 
n o r t h . A l l t h e f o l d s a r e open, t h e w e s t e r l y l i m b 
o f t h e a n t i c l i n e d i p p i n g f r o m 20. degrees t o 30 de­
grees west and t h e e a s t e r l y l i m b , on P r i c e C r e e k , 
a t l o w e r a n g l e s t o t h e e a s t . The mi n o r s y n c l i n a l 
f o l d s a r e g e n t l e f l e x u r e s and.the f l a t d i p s im­
p a r t e d t o t h e l i m e s t o n e a c c o u n t f o r t h e e x t e n s i v e 
e x p o s u r e s o f t h a t r o c k w h i c h c o v e r t h e summits be­
tween P h i l l i p s and M a r b l e c r e e k s " . 

S t r i k e s and d i p s i n t h e s o u t h e r n p o r t i o n o f t h e b e l t s u g g e s t e d t o S a r ­

gent (1941) t h e p o s s i b i l i t y o f a major f o l d p l u n g i n g t o t h e s o u t h ; the 

o n l y m i n o r f o l d mapped has a n o r t h w e s t e r l y t r e n d i n g a x i a l t r a c e . 

F a u l t s a r e u b i q u i t o u s i n t h e B u t t l e L ake and B e d w e l l R i v e r a r e a s . 

The m a j o r i t y o f t h e o b s e r v e d f a u l t s a r e t r a n s v e r s e o r o b l i q u e t o t h e 

s t r i k e o f the r o c k s . As Gunning (1931, p. 61A), m e n t i o n s , t h e y a r e 

v a r i a b l e i n b o t h s t r i k e and magnitude of t h e i r e f f e c t on t h e a d j a c e n t 

r o c k s . Gunning f o u n d s e v e r a l m a j o r , n o r t h - w e s t e r l y s t r i k i n g s h e a r zones 

i n t he s o u t h e r n p a r t o f t h e B u t t l e Lake a r e a . I n the n o r t h e r n p a r t o f 

the a r e a , s e v e r a l f a u l t s o f t h e same s t r i k e c u t o f f t h e P a l e o z o i c r o c k s , 

w i t h y ounger v o l c a n i c r o c k s on t h e n o r t h e a s t s i d e s o f the b r e a k s ( F i g ­

u r e 4 5 ) . Numerous m i n o r f a u l t s d i s r u p t t h e l i m e s t o n e u n i t o f t h e upper 

p a r t o f t h e sequence, i n d i c a t i n g t h a t t h e whole r e g i o n has been b r o k e n 

i n t o i n n u m e r a b l e s m a l l f a u l t b l o c k s ( F i g u r e s 5, 42, 52, 5 3 ) . A s i m i l a r 



Figure 53. View north-northwest of Marble Peak. Basic i n t r u s i v e i n 
foreground, o v e r l a i n by upper limestone of Buttle Lake Formation i n 
mid-distance. Volcanic rocks of Vancouver Group i n steep c l i f f s 
above. Limestone i n f a u l t contact with Vancouver Group i n southwest 
spur of Marble Peak (above l e f t centre). Mt. McBride i n l e f t back­
ground. 



95 

s t r u c t u r a l p a t t e r n i s found i n t h e s o u t h e r n p a r t o f the b e l t , as i n d i ­

c a t e d by S a r g e n t ' s map and d i s c u s s i o n (1941, f i g . 1; p. 2 5 - 2 8 ) . The 

m a j o r f a u l t s o f S a r g e n t ' s a r e a appear t o be o f n o r t h w e s t - s o u t h e a s t 

t r e n d . 
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REGIONAL CORRELATIONS, VANCOUVER ISLAND 

Rocks of t h e t h r e e P a l e o z o i c b e l t s , as d i s c u s s e d i n p r e v i o u s 

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

quence, g r o s s l i t h o l o g y , and f a u n a l c o n t e n t . These s i m i l a r i t i e s l e a d 

t o t h e c o n c l u s i o n t h a t t h e s e r o c k s s h o u l d be i n c l u d e d w i t h i n the same 

s t r a t i g r a p h i c u n i t , namely the S i c k e r Group, o r i g i n a l l y d e f i n e d i n the 

s o u t h e r n b e l t ( C l a p p , 1909, F y l e s , 1 9 5 5 ) . D i v i s i o n s w i t h i n the S i c k e r 

Group a r e r e c o g n i z a b l e i n a l l t h r e e b e l t s . The l i t h o l o g i c and s t r a t i ­

g r a p h i c a s p e c t s of t h i s c o r r e l a t i o n have been d i s c u s s e d i n the p r e c e d ­

i n g s e c t i o n s , and a r e shown d i a g r a m m a t i c a l l y i n F i g u r e 54. F a u n a l c o r ­

r e l a t i o n s between t h e t h r e e P a l e o z o i c b e l t s a r e shown i n T a b l e 5, and 

a r e d i s c u s s e d below. 

As the f a u n a s of t h e two s o u t h e r n b e l t s a r e l e s s w e l l - k n o w n 

t h a n t h a t o f t h e B u t t l e L a k e - B i g I n t e r i o r b e l t , m a i n l y because of poor 

p r e s e r v a t i o n , a s t a t i s t i c a l c o m p a r i s o n of the t o t a l f a u n a s i s n o t pos­

s i b l e . Compared w i t h 52 s p e c i e s o f 42 genera r e c o g n i z e d i n t h e B u t t l e 

L a k e - B i g I n t e r i o r b e l t , o n l y 18 g e n era i n t h e C h i n a C r e e k - S a l t s p r i n g 

b e l t and 12 g e n era i n t h e Horne Lake-Cameron R i v e r b e l t have so f a r been 

i d e n t i f i e d , w i t h o n l y a few o f t h e s e b e i n g c l a s s i f i a b l e t o s p e c i f i c l e v ­

e l . Of the many p r e s e n t l y u n i d e n t i f i e d f o s s i l s f o u n d i n t h e s o u t h e r n 

two b e l t s , some w i l l p r o b a b l y be f o u n d t o be comparable t o forms i n t h e 

n o r t h e r n b e l t . 

From T a b l e 5, i t can be c o n c l u d e d t h a t t h e C h i n a C r e e k - S a l t s p r i n g 

b e l t has among th e i d e n t i f i e d f o s s i l s 2 s p e c i e s and 8 g e n era i n common 

w i t h t h e f a u n a of the Horne Lake-Cameron R i v e r b e l t and t h e same numbers 
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Figure 54 Correction diagram, Sicker Group, Vancouver Island, highly generalized. 



97 

C h i n a Creek-
S a l t s p r i n g 

b e l t 

H ome L a k e -
Cameron R i v e r 

b e l t 

B u t t l e L a k e -
B i g I n t e r i o r 

b e l t 

S p e c i f i c c o mparisons 

C l a d o c h o n u s sp. 
M i c h e l i n i a s p . A 
S t r e b l a s c o p o r a p u l c h r a  
G o n i o c l a d i a i n t e r m e d i a  
P e n n i r e t e p o r a g r a n d i s  
H o r r i d o n i a s p . A. 
S q u a m u l a r i a s p. 
S p i r i f e r e l l a s a r a n a e 

X 
X 
X? 

Genus 

Genus 

X 

X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

G e n e r i c c omparisons 

T e t r a t a x i s 
S chwagerina? 
P s e u d o f u s u l i n e l l a ? 
Rhabdomeson 
S u l c o r e t e p o r a 
M u i r w o o d i a ? 
H u s t e d i a 
S c h i z o p h o r i a 
A n t i q u i t o n i a 

X 
X 
X 
X 
X 
X 
X? 
X? 
X? 

X 
X 
X? 

X 

X? 
X 

X 

X? 
X 

X 
X 

X 

TABLE 5 

F a u n a l c o r r e l a t i o n s between t h e t h r e e P a l e o z o i c b e l t s o f Vancouver I s ­
l a n d . O nly f o s s i l s r e p r e s e n t e d i n two o r more b e l t s a r e shown. 
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of s p e c i e s and genera i n common w i t h t h e B u t t l e L a k e - B i g I n t e r i o r b e l t . 

The Home Lake-Cameron R i v e r b e l t has 6 s p e c i e s and 7 genera i n common 

w i t h t h e B u t t l e L a k e - B i g I n t e r i o r b e l t . The two s o u t h e r n b e l t s may be 

c o n t i g u o u s , as e x p l a i n e d i n an e a r l i e r s e c t i o n . I f , t h e r e f o r e , t h e y a r e 

t r e a t e d as a s i n g l e f a u n a l u n i t , t h e y may be s a i d t o have 7 s p e c i e s and 

11 genera i n common w i t h t h e n o r t h e r n , B u t t l e L a k e - B i g I n t e r i o r b e l t . 

By u s i n g some o f the q u e s t i o n a b l e i d e n t i f i c a t i o n s , t h e s e f i g u r e s c o u l d 

be r a i s e d s l i g h t l y . 

Thus, f a u n a l s i m i l a r i t y o f t h e two s o u t h e r n b e l t s t o the n o r t h ­

e r n b e l t may be e x p r e s s e d by s a y i n g t h a t of the 13 s p e c i f i c i d e n t i f i c a ­

t i o n s f r o m t h e f o r m e r , 7 a r e a l s o p r e s e n t i n t h e n o r t h e r n b e l t . Simpson 

(1947, p. 672) s t a t e s t h a t " t h e b e s t s i m p l e measure of taxonomic resem­

b l a n c e " i s g i v e n by u s i n g t h e f o r m u l a C x 100 where N i s t h e number o f 
N 

taxonomic u n i t s i n t h e s m a l l e r o f two f a u n a s , and C i s t h e number of 

u n i t s common t o the two f a u n a s . I f the f i g u r e s f o r t h e c o m p a r i s o n g i v e n 

above a r e u t i l i z e d i n t h e f o r m u l a , an i n d e x o f f a u n a l s i m i l a r i t y o f 54 

i s t h e r e s u l t . C a l c u l a t i o n s made i n t h e same way f o r Permian b r a c h i o p o d 

f a u n a s o f G r e e n l a n d and S p i t z b e r g e n as compared t o t h a t o f G r i n n e l l Pen­

i n s u l a , f r o m l i s t s g i v e n i n H a r k e r and T h o r s t e i n s s o n (1960, p. 16-17) 

y i e l d i n d i c e s o f 57 and 42, r e s p e c t i v e l y . H a r k e r and T h o r s t e i n s s o n i n ­

d i c a t e t h a t t h e s e a r e a s show " c l o s e f a u n a l r e l a t i o n s h i p s " . 

The s t r a t i g r a p h i c c o r r e l a t i o n s i n d i c a t e d on F i g u r e 54 show t h a t 

t h e Upper D i v i s i o n o f t h e S i c k e r Group c o n s i s t s o f t h e B u t t l e L a k e Forma­

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

g r a i n e d , n o n - c a l c a r e o u s c l a s t i c r o c k s i n t h e B u t t l e L a k e - B i g I n t e r i o r 

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

t o t h e o v e r l y i n g T r i a s s i c Vancouver Group. However, i f t h e c o r r e l a t i o n 
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s u g g e s t e d i n F i g u r e 54 i s v a l i d , the Upper D i v i s i o n o f t h e S i c k e r Group 

i n t he two s o u t h e r n b e l t s i s p r o b a b l y a f a c i e s e q u i v a l e n t o f t h e B u t t l e 

L a k e F o r m a t i o n . The name " B u t t l e L a k e F o r m a t i o n " i s n o t ext e n d e d t o t h e 

s o u t h e r n b e l t s a t t h e p r e s e n t t i m e f o r t h e f o l l o w i n g r e a s o n s . The l i m e ­

s t o n e s o f t h e Upper D i v i s i o n o f the S i c k e r Group a r e p r o b a b l y o f l e n s ­

l i k e f o r m , thus making d e t a i l e d l i t h o l o g i c a l c o r r e l a t i o n s h a z a r d o u s . F o s ­

s i l z o n a t i o n has n o t been d e v e l o p e d t o t h e p o i n t a t w h i c h f i r m f a u n a l c o r ­

r e l a t i o n s on a d e t a i l e d s c a l e can be a t t e m p t e d . F i n a l l y , t he upper boun­

d a r y o f the Upper D i v i s i o n i s p r o b a b l y an u n c o n f o r m i t y , t h e a n g u l a r r e ­

l a t i o n s h i p o f w h i c h t o s t r a t i g r a p h i c h o r i z o n s w i t h i n t h e u n d e r l y i n g r o c k s 

has n o t been d e t e r m i n e d . I t i s th u s c o n s i d e r e d a d v i s a b l e f o r the p r e s e n t 

t o r e s t r i c t t h e name B u t t l e L a k e F o r m a t i o n t o r o c k s o f t h e ty p e a r e a . 

INTER-REGIONAL CORRELATIONS 

C o r r e l a t i o n w i t h c e n t r a l Oregon 

C a r b o n i f e r o u s and Per m i a n f o r m a t i o n s n e a r t h e c e n t r e o f Oregon, 

15 M i l e s s o u t h e a s t o f P a u l i n a , have been d e s c r i b e d by M e r r i a m and B e r t h -

iaume ( 1 9 4 3 ) . The Permian C o y o t e B u t t e F o r m a t i o n o f t h i s a r e a c o n t a i n s 

a l a r g e f a u n a o f f u s u l i n i d s , c o r a l s and b r a c h i o p o d s . 

Two s p e c i e s o f P s e u d o f u s u l i n e l l a , two s p e c i e s o f S c h w a g e r i n a 

and f i v e s p e c i e s o f P a r a f u s u l i n a were i d e n t i f i e d by Henbest ( i n Dunbar, 

e t a l . , 1960, p. 1780-1781) i n c o l l e c t i o n s f r o m the Coyote B u t t e F o r ­

m a t i o n . S c h w a g e r i n a and P s e u d o f u s u l i n e l l a have been t e n t a t i v e l y i d e n ­

t i f i e d i n the f a u n a o f the Upper D i v i s i o n o f the S i c k e r Group. 

Three o f t h e 60 s p e c i e s o f 39 genera o f Coyot e B u t t e b r a c h i o p o d s 

d e s c r i b e d by Cooper (1957) o c c u r a l s o i n t h e Vancouver I s l a n d f a u n a s , i n 
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w h i c h 25 b r a c h i o p o d s p e c i e s o f 22 genera, have been i d e n t i f i e d . The 

s p e c i e s common t o t h e f a u n a s a r e : 

A n t i q u i t o n i a . s u l c a t a .  
B c h i n o c o n c h u s i n e x p e c t a t u s 

K o c h i p r o d u c t u s c f . K. p o r r e c t u s (= K o c h i p r o d u c t u s n.sp.) 

F o u r a d d i t i o n a l s p e c i e s o f the Vancouver I s l a n d b r a c h i o p o d s a r e compar­

a b l e , and t h r e e a r e p o s s i b l y r e l a t e d , t o c e n t r a l Oregon s p e c i e s . These 

a r e ; 
* C l e i o t h y r i d i n a sp ? C. gera.rdi : 

H o r r i d o n i a s p . A ? P l e u r o h o r r i d o n i a ? e l o n g at a, 
K r o t o v i a ? s p . A ? K. a f f . K. b a r e n z i 
S q u a m u l a r i a sp ? S. r o s t r a t a 

Rhynchopora n. s p . ?? R. magna 
S p i r i f e r e l l a s a ranae s . l . ? ? S. d r a s c h e i  
M u i r w o o d i a ? s p . ?? M. t r a n s v e r s a 

C o n s i d e r i n g t h e g e o g r a p h i c s e p a r a t i o n (400 m i l e s ) , f a c i e s d i f f e r e n c e s , 

and the i n c o m p l e t e knowledge of the Vancouver I s l a n d f a u n a s, t h e f a u n a l 

r e l a t i o n s h i p s t h u s i n d i c a t e d between the two r e g i o n s a re r e l a t i v e l y c l o s e . 

I f t h e t e n s i m i l a r and p o s s i b l y comparable s p e c i e s a re us e d t o d e r i v e 

Simpson's i n d e x of f a u n a l s i m i l a r i t y , a n i n d e x o f 40 i s o b t a i n e d f o r t h e 

b r a c h i o p o d s . 

C o r r e l a t i o n with the Ca.che Creek Group 

Large a r e a s of m a i n l a n d B r i t i s h C o l u m b i a , f r o m Dease Lake i n the 

n o r t h t o the C h i l l i w a c k area, i n t h e s o u t h a r e 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 r o c k s of t h e Cache C r e e k Group or p r o b a b l e s t r a t i g r a p h i c 

e q u i v a l e n t s ( A r m s t r o n g , 1949, p. 50; G.S.C. Map 932A, 2nd Ed., 1 9 6 2 ) . 

The fauna,s of t h i s upper P a l e o z o i c sequence of r o c k s a re l a r g e l y unde* 

s c r i b e d . F a u n a l l i s t s f r o m many l o c a l i t i e s a r e a v a i l a b l e , but i n most 

* I n t h i s and s u c c e e d i n g l i s t s o f compared s p e c i e s t h e Vancouver 
I s l a n d f o s s i l s a r e l i s t e d on t h e l e f t . 
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c a s e s o n l y t e n t a t i v e i d e n t i f i c a t i o n s have been a t t e m p t e d . From such 

i n c o m p l e t e i n f o r m a t i o n , i t has been c o n c l u d e d t h a t t h e Cache Cr e e k 

f a u n a s i n c l u d e seven s p e c i e s of b r a c h i o p o d s and one b r y o z o a n s p e c i e s 

comparable t o s p e c i e s f o u n d i n the f a u n a o f the Upper D i v i s i o n o f t h e 

S i c k e r Group of Vancouver I s l a n d . These p a i r s o f comparable s p e c i e s 

a r e l i s t e d below: 

S p i r i f e r e l l a s a r a n a e s . l . S. s a r a n a e , J o n e s , 1959 
pp. 43, 47 

S p i r i f e r r a j a h ? S p i r i f e r e l l a r a j a h , J o n e s 
1959, pp. 43-47 

N e o s p i r i f e r n. s p . 1 S p i r i f e r c a m e r a t u s , K e r r N e o s p i r i f e r n. s p . 
1926, p. 81 

S c h i z o p h o r i a s p . 1 S. a f f . j u r a s e n e s i s , K e r r , S c h i z o p h o r i a s p . 
1948, P. 84 

Rhynchopora. n.sp. 1 R. c f . R. n i k i t i n i , K e r r , 
1948, p. 84 

1 R. c f . R. n i k i t i n i , J o n e s , 
1959, pp. 43-47 

S q u a m u l a r i a sp. 1 S. a f f . S. r o s t r a t a , K e r r , 
1948, p. 84 

A n t i q u i t o n i a s u l c a t a 1 P r o d u c t u s c f . u r a l i c u s , A i t k e n , A n t i q u i t o n i a s u l c a t a 
1959, p. 31 

F e n e s t e l l a b a s l e o e n s i s 1 F. c f . F. b a s l e o e n s i s , J o n e s , 
1959, p. 43-47 

The c i t a t i o n s a f t e r t h e l i s t e d Cache Creek s p e c i e s r e f e r t o the a u t h o r s 

o f t h e p u b l i c a t i o n s ; the f o s s i l i d e n t i f i c a t i o n s a r e by H a r k e r and K i n d l e . 

The Vancouver I s l a n d f a u n a s c o n t a i n t e n t a t i v e l y i d e n t i f i e d f u s u ­

l i n i d s o f t h e genera S c h w a g e r i n a and P s e u d o f u s u l i n e l l a , b o t h o f w h i c h 

a l s o o c c u r i n t h e Cache Creek Group ( P i t c h e r , 1960 among o t h e r s ) . 

Thus, e v i d e n c e f r o m b o t h b r a c h i o p o d s and f u s u l i n i d s i n d i c a t e s 

t h a t the Upper D i v i s i o n of the S i c k e r Group i s c o r r e l a t a b l e w i t h a t 

l e a s t p a r t of t h e Cache C r e e k Group. 

C o r r e l a t i o n w i t h A l a s k a 

Upper P a l e o z o i c r o c k s o c c u r i n s e v e r a l p a r t s o f A l a s k a , i n c l u d ­

i n g t h e A l e x a n d e r A r c h i p e l a g o . F a u n a l l i s t s f r o m s e v e r a l P ermian a r e a s 
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( B u d d i n g t o n and C h a p i n , 1929; M o f f i t t , 1938, 1954; W r i g h t and W r i g h t , 

1908; M e r t i e , 1930) i n d i c a t e a. l a r g e f a u n a , f o r w h i c h few d e s c r i p t i o n s 

a r e a v a i l a b l e . From t h e s e f a u n a l l i s t s , i t a p p e a r s t h a t a t l e a s t 14 

s p e c i e s of b r a c h i o p o d s a r e d i r e c t l y comparable or s i m i l a r t o s p e c i e s 

from the Upper D i v i s i o n of t h e S i c k e r Group of Vancouver I s l a n d . These 

comparable p a i r s a r e l i s t e d b elow. 

l a e v i camera, n. s p . 

K o c h i p r o d u c t u s n. s p . 
H o r r i d o n i a . s p . A 

H o r r i d o n i a , s p . B 

S c h i n o c o n c h u s i n e x p e c t a t u s 

A n t i q u i t o n i a . s u l c a t a  
M u i r w o o d i a ? s p . 

S p i r i f e r e l l a , s a ranae s . 1. 
N e o s p i r i f e r n. s p . 

P t e r o s p i r i f e r ? s p . 
B r a c h y t h y r i n a . c f B. u f e n s i s 

C l e i o t h y r i d i n a , s p . 
Rhynchopora, n. Sp. 

Hustedia. meeka,na 

? Camarophoria, a f f . C. 
p e n t a m e r o i d e s , 2*. 

P r o d u c t u s p o r r e c t u s , 1,2,4,5. 
? P r o d u c t u s a f f . o r c f . P. 

timanicu's, 1,2,4,5. 
? P. a f f . o r c f . h o r r i d u s , 

1,3,4) 
P r o d u c t u s a f f . o r c f . P. 

f a s c i a t u s , 1,2,3,4,5. 
? P r o d u c t u s i n f l a t u s , 2. 
? P r o d u c t u s a f f . or c f . P. 

mammatus, 1,2,3,4. 
S. a f f . S. saran a e , 1,2,3,4,5. 

? S p i r i f e r c a m e r a t u s , 1,2,3,4. 
c f . or a.ff. 

? S p i r i f e r a f f . S- a l a t u s , 1,2,5 
S p i r i f e r a.ff . o r c f . S. 

u f e n s i s , 1,2,4. 
? C. c f . C- p e c t i n i f e r a , 4. 

R. a f f . or c f . R. n i k i t i n i , 
1,2,3,4,5.." 

H. c f . or a.ff. H. meekana, 
2,3. 

A r e l a t i v e l y h i g h f a u n a l s i m i l a r i t y between the two r e g i o n s ( i n d e x of 56) 

i s s u g g e s t e d . U n t i l such t i m e as t h e A l a s k a n f a u n a s a r e more a d e q u a t e l y 

known, t h i s r e l a t i o n s h i p ca,nnot be f i r m l y e s t a b l i s h e d , but the g e n e r a l 

s i m i l a r i t y of t h e two faunas i s , i n t h e o p i n i o n of the w r i t e r , unques­

t i o n a b l e , and t h e sequences a r e c o r r e l a t a b l e on t h e i r fauna,l c o n t e n t . 

The m a j o r i t y of s p e c i e s l i s t e d above i s p r e s e n t i n t h e P e r m i a n o f the 

A l e x a n d e r A r c h i p e l a g o , where l i t h o l o g i e s of the f o s s i l i f e r o u s sequence 

*The numbers i n d i c a t e t h e so u r c e o f the l i s t e d s p e c i e s : 1 = W r i g h t 
and W r i g h t , 1908; 2 = B u d d i n g t o n and C h a p i n , 1929; 3 = M e r t i e , 1930; 
4 = M o f f i t t , 1938; 5 = M o f f i t t , 1954. 
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a r e s i m i l a r t o t h o s e of Vancouver I s l a n d , 700 m i l e s t o the s o u t h . 

C o r r e l a t i o n w i t h t h e Yukon 

The P e r m o - C a r b o n i f e r o u s s u c c e s s i o n o f e a s t e r n A l a s k a i s c o r r e ­

l a t e d w i t h a sequence of s i m i l a r age i n t h e n o r t h e r n Yukon ( N e l s o n , 1961a, 

b; 1962b, c) . A t l e a s t 7 of the s p e c i e s f r o m the A l a s k a Permian l i s t e d 

above a r e p r e s e n t i n t h e T a h k a n d i t F o r m a t i o n of t h e E a g l e D i s t r i c t , n e ar 

t h e A l a s k a - Y u k o n b o r d e r . The Yukon P e r m o - C a r b o n i f e r o u s s u c c e s s i o n i s 

composed of the M i s s i s s i p p i a n C a l i c o B l u f f F o r m a t i o n , t h e P e n n s y l v a n i a n ? 

Lower L i m e s t o n e u n i t , M i d d l e R e c e s s i v e u n i t (Wolcampian?) and the Tahkan­

d i t F o r m a t i o n o f L e o n a r d i a n age. The fau n a s o f t h e s e r o c k s have n o t been 

f u l l y d e s c r i b e d o r l i s t e d . From the p u b l i s h e d i n f o r m a t i o n , the f o l l o w i n g 

s p e c i f i c c o m p a r i s o n s may be made between t h e Yukon fau n a s and the f a u n a s 

o f the Upper D i v i s i o n o f t h e S i c k e r Group o f Vancouver I s l a n d . 

S p i r i f e r e l l a s a r a n a e s . l . S_. s a r a n a e , N e l s o n , 1961a, b. 
B r a c h t h y r i n a c f . b. u f e n s i s " S p i r i f e r " c f . S_. u f e n s i s , 

N e l s o n , 1961b. 
N e o s p i r i f e r n. s p . ? N. s p . , N e l s o n , 1961a, b. 
H o r r i d o n i a s p . A ? P i e u r o h o r r i d o n i a s c o r e s b y e n s i s 

N e l s o n , 1961b. 
H o r r i d o n i a s p . B ? H o r r i d o n i a f r o m Lower L i m e s t o n e , 

N e l s o n , 1962b. 
M u i r w o o d i a ? s p . 1 M. t r a n s v e r s a , N e l s o n , 1961b. 
M i c h e l i n i a s p . B 1 M. h a r k e r i , N e l s o n , 1962c. 

I n the Yukon, S p i r i f e r e l l a s a r a n a e i s f o u n d o n l y i n t h e T a h k a n d i t Forma­

t i o n ; t h e o t h e r l i s t e d f o s s i l s a r e f r o m t h e Lower L i m e s t o n e u n i t , w i t h 

t h e e x c e p t i o n of N e o s p i r i f e r w h i c h o c c u r s i n b o t h f o r m a t i o n s . 

The t e n t a t i v e i d e n t i f i c a t i o n i n t h e Upper D i v i s i o n o f the S i c k e r , 

o f t h e genus S c h w a g e r i n a , f o u n d a l s o i n t h e Yukon T a h k a n d i t , t o g e t h e r w i t h 

the o c c u r r e n c e of S p i r i f e r e l l a s a r a n a e i n b o t h t h e T a h k a n d i t and Vancou­

v e r I s l a n d b e d s , s u g g e s t a c o r r e l a t i o n between t h e s e two u n i t s . The e v i -
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dence f r o m t h e s e two P e r m i a n i n d e x f o s s i l s i s s u p p o r t e d by t h e p r e s e n c e 

of seven s p e c i e s o f b r a c h i o p o d s f r o m t h e A l a s k a n T a h k a n d i t w h i c h a r e 

comparable t o Vancouver I s l a n d f o s s i l s (see p r e c e d i n g l i s t ; M e r t i e 1 9 3 0 ) . 

The a p p a r e n t l y g r e a t e r number of s p e c i e s s i m i l a r t o S i c k e r Group f o s s i l s 

i n t h e Lower L i m e s t o n e u n i t must be r e g a r d e d f o r the p r e s e n t as a r e s u l t 

o f t h e i n c o m p l e t e knowledge o f t h e Yukon f a u n a s . Only 17 s p e c i e s a r e 

a t p r e s e n t known f r o m the Yukon beds, and o n l y a few of t h e s e ( t a b u l a t e 

c o r a l s ) have been f u l l y d e s c r i b e d . I n a d d i t i o n , the faunas of the two 

f o s s i l i f e r o u s Yukon f o r m a t i o n s a r e " g e n e t i c a l l y r e l a t e d " ( N e l s o n , 1961a, 

p. 4 ) , and have been t r e a t e d as s i n g l e assemblage ( t h e " R u s s i a n f a u n a " , 

Warren and S t e l c k , in N e l s o n , 1961a, p. 4; 1961b, p. 3 1 ) . 

I f the combined known faun a s of the Lower L i m e s t o n e and T a h k a n d i t 

a r e compared w i t h t h a t of t h e Upper D i v i s i o n o f the S i c k e r , a Simpson 

i n d e x of 41 may be d e r i v e d f r o m the c o m p a r a b l e 1 s p e c i e s . F o r two u n i t s 

s e p a r a t e d by 1,000 m i l e s t h i s appears t o be a r e l a t i v e l y c l o s e s i m i l a r ­

i t y . I t i s thus c o n c l u d e d t h a t t h e Vancouver I s l a n d f a u n a s a r e g e n e r a l l y 

s i m i l a r t o the P e r m o - C a r b o n i f e r o u s f a u n a s of t h e Yukon, b u t t h a t t h e most 

r e l i a b l e i n d e x f o s s i l s s u g g e s t a c l o s e r a f f i n i t y t o the T a h k a n d i t forma­

t i o n t h a n t o the Lower L i m e s t o n e . 

C o r r e l a t i o n w i t h G r i n n e l l P e n i n s u l a 

Two h i g h l y f o s s i l i f e r o u s P ermian f o r m a t i o n s a r e p r e s e n t on t h e 

G r i n n e l l P e n i n s u l a of Devon I s l a n d i n the C a n a d i a n A r c t i c A r c h i p e l a g o . 

The o l d e r , B e l c h e r C h a n n e l F o r m a t i o n , m a i n l y l i m e s t o n e , c o n t a i n s a f a u n a 

of f u s u l i n i d s , c o r a l s and b r a c h i o p o d s . The younger A s s i s t a n c e F o r m a t i o n 

of g l a u c o n i t i c s a n d s t o n e s c o n t a i n s abundant b r a c h i o p o d s and a few ammon-

o i d s ( H a r k e r and T h o r s t e i n s s o n , 1 9 6 0 ) . 
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I n t h e f a u n a o f the B e l c h e r Channel F o r m a t i o n d e s c r i b e d by Har­

k e r and T h o r s t e i n s s o n , two b r a c h i o p o d s a r e comparable t o s p e c i e s f o u n d 

i n t h e Upper D i v i s i o n o f t h e S i c k e r Group o f Vancouver I s l a n d . S p i r i -

f e r e l l a s a r a n a e i s p r e s e n t i n b o t h f a u n a s . D e r b y i a ? s p . f r o m Vancouver 

I s l a n d i s s i m i l a r t o D e r b y i a s p . of the B e l c h e r C h a n n e l . Three s p e c i e s 

o f t h e f u s u l i n i d genus S c h w a g e r i n a and one o f P s e u d o f u s u l i n e l l a have a l s o 

been d e s c r i b e d f r o m t h e B e l c h e r C h a n n e l . These two genera a r e t e n t a ­

t i v e l y i d e n t i f i e d i n the S i c k e r Group f a u n a , b u t s p e c i f i c c o m parisons a r e 

n o t y e t p o s s i b l e . 

H a r k e r and T h o r s t e i n s s o n have d e s c r i b e d 24 s p e c i e s o f b r a c h i o ­

pods f r o m t h e A s s i s t a n c e F o r m a t i o n . Seven o f t h e s e r e p r e s e n t s p e c i e s 

i d e n t i c a l o r s i m i l a r t o s p e c i e s f o u n d i n t h e Upper D i v i s i o n o f the S i c k e r 

Group. These a r e l i s t e d b e l o w on t h e r i g h t , o p p o s i t e t h e comparable Van­

c o u v e r I s l a n d s p e c i e s . 

S p i r i f e r e l l a s a r a n a e S. s a r a n a e 
A n t i q u i t o n i a s u l c a t a ? D i c t y o c l o s t u s c f . D. n e o i n f l a t u s 
M u i r w o o d i a ? s p . ? M u i r w o o d i a mammatus 
Rhyncihopora :n. sp. ? R. c f . R. n i k i t i n i 
P t e r o s p i r i f e r ? s p . ? P t e r o s p i r i f e r c f . P. a l a t u s 
N e o s p i r i f e r h . s p . ? S p i r i f e r s t r i a t o - p a r a d o x u s 
K o c h i p r o d u c t u s n. s p . ? K. f r e b o l d i 

The f a u n a s t h u s s u g g e s t some degree of c o r r e l a t i o n between t h e Upper 

P a l e o z o i c f o r m a t i o n s o f G r i n n e l l P e n i n s u l a and Vancouver I s l a n d , w h i c h 

a r e about 2,000 m i l e s a p a r t ; a Simpson i n d e x o f 20 i s o b t a i n e d u s i n g t h e 

combined f a u n a s o f B e l c h e r Channel and A s s i s t a n c e F o r m a t i o n s ; f o r t h e 

B e l c h e r C h a n n e l a l o n e , and A s s i s t a n c e a l o n e , t h e f i g u r e s a r e 11 and 26 

r e s p e c t i v e l y , r e f l e c t i n g t he dominance of b r a c h i o p o d s i n t h e A s s i s t a n c e 

F o r m a t i o n . The e v i d e n c e f r o m f o r a m i n i f e r a , (see above) however, s u g g e s t s 

t h a t the c l o s e s t a f f i n i t i e s a r e between t h e B e l c h e r C h a n n e l and Upper 

D i v i s i o n o f the S i c k e r . 
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C o r r e l a t i o n s w i t h o t h e r A r c t i c r e g i o n s 

F a u n a l s i m i l a r i t i e s between t h e Permian of G r i n n e l l P e n i n s u l a 

and G r e e n l a n d a r e l i s t e d by H a r k e r and T h o r s t e i n s s o n (1960, p. 1 6 ) . I n 

a d d i t i o n t o f i v e s p e c i e s of t h i s l i s t w h i c h a r e p r o b a b l y common t o b o t h 

the G r i n n e l l P e n i n s u l a and Vancouver I s l a n d , t h e f o l l o w i n g s p e c i e s o f 

the Upper D i v i s i o n o f the S i c k e r Group a r e r e p r e s e n t e d i n the Permian 

beds of G r e e n l a n d by d i r e c t l y comparable or s i m i l a r f o r m s . 

A n t i q u i t o n i a s u l c a t a ? D i c t y c l o s t u s n e o i n f l a t u s , Dunbar, 1962 
H o r r i d o n i a sp. A ? S o w e r b i n a g r a n u l i f e r a , Dunbar, 1962 

? P I e u r o h o r r i d o n i a s c o r e s b y e n s i s , 
Dunbar, 1955 

H u s t e d i a meekana ? H. s p . , Dunbar, 1955 
C l e i o t h y r i d i n a s p . ? C. p e c t i n i f e r a , Dunbar, 1955 
S p i r i f e r e l l a s a r a n a e ? S_? sp. u n d e t . , Dunbar, 1955 
S p i r i f e r i n a ? s p. ? S_. m u l t i p l i c a t a , Dunbar, 1955 
N u c u l a n a sp. ? N. s p e l u n c a r i a , N e w e l l , 1955 
Chaenomya? sp. ? A l l p r i s m a e l e g a n s , N e w e l l , 1955 
S c h i z o d u s s p . 1 S. o b s c u r u s , N e w e l l , 1955 

I t i s t h u s a p p a r e n t t h a t a t l e a s t 14 o f the Vancouver I s l a n d 

s p e c i e s a r e r e p r e s e n t e d by s i m i l a r s p e c i e s i n t h e G r e e n l a n d Permian f a u ­

nas . 

S i m i l a r l y , H a r k e r and T h o r s t e i n s s o n 1 s c o m p a r i s o n of the G r i n n e l l 

P e n i n s u l a f a u n a s w i t h t h o s e of Novaya Zemlya i n c l u d e s s e v e r a l s p e c i e s 

comparable t o Vancouver I s l a n d f o s s i l s . To t h i s l i s t may be added P r o -

d u c t u s f a s c i a t u s , N e o s p i r i f e r c a m e r a t u s , K r o t o v i a b a r e n z i , B r a c h y t h y r i n a  

u f e n s i s and Rhyncopora g e i n i t z i a n a , w h i c h o c c u r i n the Novaya Zemlya P e r ­

mian f a u n a s d e s c r i b e d by M i l o r a d o v i c h ( 1 9 3 5 ) , and a r e s i m i l a r t o s p e c i e s 

i n t h e Vancouver I s l a n d P ermian f a u n a s . 

The f a u n a s o f S p i t z b e r g e n Permian f o r m a t i o n s have been compared 

by Dunbar (1955, p. 57) t o t h o s e of G r e e n l a n d , and by H a r k e r and Thor­

s t e i n s s o n (1960, p. 16) t o t h o s e o f the G r i n n e l l P e n i n s u l a , w i t h t h e r e ­

s u l t t h a t r e l a t i v e l y l a r g e numbers of s p e c i e s a r e s u g g e s t e d as b e i n g com-
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mon t o t h e t h r e e a r e a s . Stepanov (1937) i l l u s t r a t e s N e o s p i r i f e r c o n d o r , 

C l e i o t h y r i d i n a r o y s s i a n a , M u i r w o o d i a mammatus and Rhyncopora n i k i t i n i 

f r o m S p i t z b e r g e n , a l l o f w h i c h a r e s i m i l a r t o s p e c i e s f r o m Vancouver 

I s l a n d , 

C o r r e l a t i o n s w i t h R u s s i a 

As can be seen i n t h e names g i v e n t o many o f the f o s s i l s o f the 

Permian l o c a l i t i e s m e n t i o n e d above, and d i s c u s s e d i n more d e t a i l i n t h e 

s e c t i o n on s y s t e m a t i c p a l e o n t o l o g y , many of t h e b r a c h i o p o d s p e c i e s have 

been i d e n t i f i e d o r compared w i t h R u s s i a n P e r m o - C a r b o n i f e r o u s s p e c i e s , 

and e s p e c i a l l y w i t h t h o s e d e s c r i b e d i n Tschernychew's monograph (1902) 

on t h e U r a l s and Timan. A t l e a s t 13 o f the 213 s p e c i e s l i s t e d by T s c h -

ernyschew (p. 352-360) a r e r e p r e s e n t e d by a l m o s t i d e n t i c a l o r s i m i l a r 

s p e c i e s i n t h e b r a c h i o p o d f a u n a o f Vancouver I s l a n d . T s c h e r n y s c h e w 1 s 

s p e c i e s Rhynchcpora n i k i t i n i , C a m e r o p h o r i a p e n t a m e r o i d e s , H u s t e d i a i n -

d i c a , S p i r i f e r e l l a s a r a n a e , S p i r i f e r u f e n s i s , P r o d u c t u s f a s c i a t u s , P r o ­

d u c t u s p o r r e c t u s and P r o d u c t u s t i m a n i c u s a r e among the most c l o s e l y com­

p a r a b l e f o r m s . Of t h e s e , H . i n d i c a , S . s a r a n a e , and P . p o r r e c t u s a r e r e ­

s t r i c t e d t o Permian beds. 

The b r y o z o a n f a u n a o f Vancouver I s l a n d i s a l s o l i n k e d t o Upper 

P a l e o z o i c f a u n a s o f R u s s i a by common or s i m i l a r s p e c i e s . Among t h e s e 

a r e F e n e s t e l l a b a s l e o e n s i s and F. p a r v i u s c u l a ( E l i a s and C o n d r a , 1957, 

p. 78, p. 1 0 8 ) . 

C o r r e l a t i o n w i t h A u s t r a l i a 

Three s p e c i e s o f p e l e c y p o d s , one t a b u l a t e c o r a l , and f o u r s p e c i e s 

of b r y o z o a p r e s e n t i n the Upper D i v i s i o n o f t h e S i c k e r Group a r e r e p r e -
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s e n t e d i n t h e Permian f a u n a s of W e s t e r n A u s t r a l i a by a l m o s t i d e n t i c a l 

o r s i m i l a r s p e c i e s . The c l o s e s t c o m p a r i s o n s l i n k S t r e b l a s c o p o r a p u l ­

c h r a and F e n e s t e l l a p a r v i u s c u l a of Vancouver I s l a n d w i t h S_. marmionen-

s i s and F. h o r o l o g i a r e s p e c t i v e l y of the w e s t e r n A u s t r a l i a n f a u n a s 

( C r o c k f o r d , 1944a; 1 9 5 7 ) . 

The t h r e e Vancouver I s l a n d s p e c i e s t e n t a t i v e l y a s s i g n e d t o t h e 

genus I n g e l a r e l l a a r e p a r t i c u l a r l y i n t e r e s t i n g i n t h a t the genus has 

been f o u n d i n few p l a c e s o t h e r t h a n E a s t e r n A u s t r a l i a , and has n o t be­

f o r e been r e c o g n i z e d i n N o r t h A m e r i c a (see C a m p b e l l , 1959, p. 3 4 1 ) . 

C o r r e l a t i o n w i t h s o u t h w e s t e r n U n i t e d S t a t e s 

D e s p i t e t h e predominance o f s p e c i e s c l o s e l y comparable or s i m i ­

l a r t o A r c t i c o r R u s s i a n f o s s i l s , t h e f a u n a s of t h e Upper D i v i s i o n o f 

the S i c k e r Group c o n t a i n s e v e r a l s p e c i e s r e s e m b l i n g t h o s e o f t h e Permian 

o f Texas and a d j o i n i n g r e g i o n s of s o u t h e r n U n i t e d S t a t e s . W h i l e the r e ­

semblances do n o t appear t o be as c l o s e as t h o s e w i t h n o r t h e r n f a u n a s , 

a t l e a s t one s p e c i e s , H u s t e d i a meekana appears i d e n t i c a l t o the A m e r i c a n 

s p e c i e s f r o m t h e l i m i t e d i n f o r m a t i o n a v a i l a b l e f r o m t h e few specimens 

f o u n d on Vancouver I s l a n d . Other Texas s p e c i e s w h i c h r e s e m b l e Vancouver 

I s l a n d f o s s i l s a r e " H o r r i d o n i a " t e x a n a (H. sp.A ) , B u x t o n i a v i c t o r i o e n -

s i s ( K o c h i p r o d u c t u s , n . s p . ) , P r o d u c t u s h e s s e n s i s ( A n t i q u i t o n i a s u l c a t a ) , 

and N e o s p i r i f e r h u e c o e n s i s (N. n. sp.) among t h e b r a c h i o p o d s , and t h e 

b r y o z o a n s F. c f . F. p a r v i u s c u l a and A c a n t h o c l a d i a g u a d a l u p e n s i s ? (A. 

m u l t i p o r a ) . 
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AGE OF THE SICKER GROUP FAUNA 

The age r a n g e s o f many of the f o s s i l s of t h e Upper D i v i s i o n o f 

the S i c k e r Group and t h e c l o s e l y comparable forms m e n t i o n e d above, a r e 

n o t w e l l known. Some e x t e n d f r o m Upper C a r b o n i f e r o u s t o P e r m i a n , b u t 

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

the Lower Permian ( i n t h e R u s s i a n s e n s e , and t h a t p r o p o s e d f o r the Amer­

i c a n sequences by Cohee, 1960, p. 1 5 7 9 ) . Among t h e s e i n d e x f o s s i l s a r e 

the genera K o c h i p r o d u c t u s , M u i r w o o d i a , I n g e l a r e l l a and S t r e b l a s c o p o r a , 

and t h e s p e c i e s H u s t e d i a meekana, S p i r i f e r e l l a s a r a n a e . The a s s o c i a ­

t i o n o f t h e s e o r c l o s e l y comparable f o s s i l s i n t h e Vancouver I s l a n d beds 

s t r o n g l y s u g g e s t s Lower P e r m i a n age. The t e n t a t i v e i d e n t i f i c a t i o n of 

the f u s u l i n i d s S c h w a g e r i n a and P s e u d o f u s u l i n e l l a t e n d t o c o n f i r m t h i s 

age d e t e r m i n a t i o n , f o r t h e s e genera a r e l a r g e l y c o n f i n e d t o t h e W o l f -

campian and L e o n a r d i a n s e r i e s . 

The b r a c h i o p o d s o f t h e Vancouver I s l a n d f a u n a have marked s i m ­

i l a r i t i e s t o c e r t a i n s p e c i e s f r o m t h e Coyot e B u t t e F o r m a t i o n o f c e n t r a l 

Oregon. The Coyot e B u t t e has been d a t e d on t h e b a s i s o f f u s u l i n i d s as 

Wo l f c a m p i a n and L e o n a r d i a n . The G r i n n e l l P e n i n s u l a f a u n a has a l s o s e v ­

e r a l s p e c i e s comparable t o forms f r o m the Upper D i v i s i o n o f t h e S i c k e r 

Group, and has been p a r t i a l l y d a t e d f r o m f u s u l i n i d e v i d e n c e . H a r k e r and 

T h o r s t e i n s s o n r e g a r d t h e o l d e r f u s u l i n i d - b e a r i n g B e l c h e r Channel Forma­

t i o n as b e i n g W o l f c a m p - L e o n a r d i a n i n age. The younger A s s i s t a n c e F o r ­

m a t i o n i s Le o n a r d - W o r d i a n ( m a i n l y K u n g u r i a n , o r S v a l b a r d i a n i n t h e Rus­

s i a n t e r m i n o l o g y ) on t h e b a s i s o f i t s s t r a t i g r a p h i c p o s i t i o n and r e l a ­

t i o n s h i p t o beds w i t h s i m i l a r b r a c h i o p o d f a u n a s ( t h e " A r c t i c P ermian 

f a u n a " , H a r k e r and T h o r s t e i n s s o n , 1958, p. 1577; 1960, p. 1 5 ) . However, 

th e age of the A r c t i c P ermian f a u n a i s n o t y e t f i r m l y e s t a b l i s h e d . 
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Dunbar (1955, p. 52) w o u l d d a t e beds i n G r e e n l a n d b e a r i n g t h i s f a u n a as 

L a t e Permian ( Z e c h s t e i n ) . I t has been s u g g e s t e d by D u t r o (1961, p. C-

226) t h a t t h e age o f the A r c t i c P ermian f a u n a l i e s between t h o s e ages 

s u g g e s t e d by H a r k e r and T h o r s t e i n s s o n and Dunbar, and i s e q u i v a l e n t t o 

the Kamian ( L i k h a r e v , 1 9 5 9 ) , o r K a z a n i a n and U f i m i a n ( e a r l y L a t e Permian) 

I f N e l s o n ' s age d e t e r m i n a t i o n s of the Yukon sequence a r e v a l i d , c e r t a i n 

e lements o f t h e A r c t i c P ermian f a u n a a r e common i n the P e n n s y l v a n i a n Low­

er L i m e s t o n e u n i t (see d i s c u s s i o n above and N e l s o n , 1961a; 1961b; 1962b,c 

I t may w e l l be t h a t t h e A r c t i c f a u n a i s d i a c h r o n i c , w i t h s l i g h t l y 

d i f f e r i n g ages i n d i f f e r e n t ' p l a c e s w i t h i n i t s w i d e d i s t r i b u t i o n a l r e a l m . 

That i t i s n o t e n t i r e l y a f a c i e s f a u n a i s shown by t h e r e s e m b l a n c e be­

tween t h e f a u n a s of s u c h p r e d o m i n a n t l y l i m e s t o n e u n i t s as t h e Upper D i v i ­

s i o n o f the S i c k e r and t h e p r e d o m i n a n t l y arenaceous A s s i s t a n c e F o r m a t i o n 

of G r i n n e l l P e n i n s u l a . 

The c o n c l u s i o n drawn f r o m t h e above d i s c u s s i o n s of age and c o r ­

r e l a t i o n a r e t h a t t h e c l o s e s t g e n e r a l s i m i l a r i t i e s o f the Vancouver I s ­

l a n d f a u n a a r e t o f a u n a s of E a r l y P e r m i a n ( W o l f c a m p i a n - L e o n a r d i a n ; Sak-

m a r i a n - A r t i n s k i a n ) age, and t h e same age i s s u g g e s t e d by t h e most r e l i ­

a b l e i n d e x f o s s i l s i n t h e f a u n a . As t h e s t u d y o f t h e f a u n a i s i n c o m p l e t e 

and the d i s t r i b u t i o n o f t h e f o s s i l s w i t h i n t h e s t r a t i g r a p h i c column i s 

n o t u n i f o r m o r w e l l - k n o w n , t h e p r e s e n c e of o l d e r o r younger beds w i t h i n 

t h e sequence must s t i l l be c o n s i d e r e d as a p o s s i b i l i t y . The d i s t r i b u ­

t i o n and r e l a t i o n s h i p s of c e r t a i n f o s s i l s o f t h e " R u s s i a n " and " A r c t i c 

P e r m i a n " f a u n a s i n C o r d i l l e r a n , A r c t i c and R u s s i a n r e g i o n s a r e shown i n 

T a b l e 6. The d i f f e r i n g i n t e r p r e t a t i o n s of t h e age of t h e s e f a u n a s a r e 

i n d i c a t e d i n F i g u r e 55. 
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P e r m i a n . Y - Yukon and A l a s k a b o r d e r , P e r m o - C a r b o n i f e r -
jj- T a h k a n d i t F o r m a t i o n ( L e o n a r d ? ) . GP - G r i n n e l l P e n i n -

A s s - A s s i s t a n c e F o r m a t i o n 
N o r t h w e s t e r n R u s s i a : Perr,nian. 

SOURCES: A i t k e n , 1959, A r m s t r o n g , 1949. B r a n s o n 1948, B u d c l i n g t o n and C h a p i n , 1929. Cooper, 1957; Danner, 1957. 
Dunbar, 1946. Dunbar e t a l . , 1960. D u t r o , 1961, jl E l i a s and C o n d r a , 1957. F r i t z , 1932, 1946. H a r k e r 
and T h o r s t e i n s s o n , 1960. J o n e s , 1949, L o r d , 1948; M e r t i e , 1930, M o f f i t t , 1938, 1954. N e l s o n , 1961a, b: 
1962. P i t c h e r , 1960. S a r y c h e v a and S o k a l s k a y a , 
W r i g h t , 1908. 

U952. T r e t t i n , 1961. Tschernyschew, 1902. W r i g h t and 

TABLE 6 

D i s t r i b u t i o n o f c e r t a i n key f o s s i l s i n C o r d i l l e r s 4, A r c t i c and R u s s i a n r e g i o n s . 
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BIOGEOGRAPHY 

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

o f f o s s i l assemblages has p l a y e d an i m p o r t a n t r o l e i n h i s t o r i c a l g e o l o g y . 

A l t h o u g h modern i n v e s t i g a t i o n s o f f a c i e s , e c o l o g i c a l , e n v i r o n m e n t a l , m i ­

g r a t i o n and d i s p e r s a l and o c e a n o g r a p h i c f a c t o r s have m o d i f i e d e a r l i e r b i o ­

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

Because o f t h e i r s i g n i f i c a n c e i n r e l a t i o n t o l a t e P a l e o z o i c g l a ­

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

and p o l a r w a n d e r i n g , b i o g e o g r a p h i c s t u d i e s o f t h e Permian s y s t e m have 

been g i v e n c o n s i d e r a b l e a t t e n t i o n ( S c h u c h e r t , 1928, 1935; S t e h l i , 1957; 

Run c o r n , 1962; B u l l a r d , 1 9 6 4 ) . 

S c h u c h e r t (1935) d e f i n e d seven m a r i n e f a u n a l r e a l m s o f the P e r ­

m i a n . F o u r o f t h e s e were r e g a r d e d as "warm-water" r e a l m s , o f w h i c h t h e 

Tethyan ( r e a l m I ) i s c h a r a c t e r i s t i c . The r e m a i n i n g t h r e e , a t y p i c a l ex­

ample o f w h i c h i s the E a s t e r n A u s t r a l i a n r e a l m ( V I ) , were d e s c r i b e d as 

" c o l d - w a t e r " r e a l m s ( S c h u c h e r t , 1935, p. 4, f i g . 1 ) . 

The A m e r i c a n C o r d i l l e r a n r e a l m ( I I I ) , i n w h i c h c o l d w a t e r s f r o m 

the A r c t i c and warm w a t e r s f r o m t h e P a c i f i c and t h e M e x i c a n r e g i o n " u n i t ­

ed f o r a t i m e i n the M i d d l e P e r m i a n " ( p . 4 ) , was s u b d i v i d e d i n t o t h e c o l d 

A l a s k a n p r o v i n c e ( I l i a , i n c l u d i n g p a r t s o f B r i t i s h C o l u m b i a , e a s t e r n A l a ­

s k a and t h e Yukon) and t h e warm Texan p r o v i n c e ( I l l b , t he s o u t h e r n C o r d ­

i l l e r a n r e g i o n ) . The c o l d - w a t e r S i b e r o - A l a s k a n r e a l m ( V I I , n o r t h e r n S i ­

b e r i a and w e s t e r n A l a s k a ) was c o n n e c t e d w i t h t h e A l a s k a n p r o v i n c e o f the 

C o r d i l l e r a n r e a l m , perhaps t h r o u g h n o r t h w e s t e r n A l a s k a o r t h e A l e u t i a n 

c h a i n . From S c h u c h e r t ' s p a l e o g e o g r a p h i c map (1935, f i g . 1 ) , i t a l s o ap­

p e a r s t h a t the A l a s k a n p r o v i n c e was c o n n e c t e d t h r o u g h t h e A r c t i c A r c h i ­

p e l a g o , G r e e n l a n d , S p i t s b e r g e n ( S v a l b a r d ) and Novaya Zemlya w i t h t h e 
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U r a l o - G e r m a n i c r e a l m (V, p r o b a b l y a l s o w i t h a " c o o l - w a t e r f a u n a " ) . The 

t h i r d c o l d - w a t e r r e a l m , t h e E a s t e r n A u s t r a l i a n , appears f r o m S c h u c h e r t ' s 

map t o i s o l a t e d f r o m the o t h e r two; i t s o n l y c o n n e c t i o n s w i t h o t h e r 

r e a l m s seem t o be i n the W e s t e r n A u s t r a l i a n p r o v i n c e ( l b ) , an o u t p o s t 

of t h e T e t h y a n r e a l m , where t h e warm- and c o l d - w a t e r faunas "became 

more o r l e s s m i x e d " (p. 4 ) . 

S c h u c h e r t ' s work thus s u g g e s t s a c i r c u m p o l a r d i s t r i b u t i o n o f 

n o r t h e r n f a u n a s , w i t h some e x t e n s i o n s t o the s o u t h b u t more o r l e s s d i s ­

t i n c t from a group of warm-water, e q u a t o r i a l f a u n a s and from a s o u t h e r n 

c o l d - w a t e r f a u n a i n E a s t e r n A u s t r a l i a . 

L a t e r w o r k e r s p r e s e n t e v i d e n c e i n s u p p o r t o f a s i m i l a r i n t e r p r e ­

t a t i o n of Permian b i o g e o g r a p h y . N e w e l l (1957, p. 4 0 7 ) , f o r i n s t a n c e , 

c o n c l u d e d : f o r Texas Permian f o s s i l s : 

"The m a r i n e f a u n a s a r e most s i m i l a r t o contemporaneous f a u n a s 
a t low l a t i t u d e s i n the E a s t e r n Hemisphere ( T e t h y s ) . T h i s i s 
p r o b a b l y a r e s u l t o f c i r c u m e q u a t o r i a l c o n d i t i o n s . " 

He f u r t h e r s t a t e s (p. 4 2 6 ) : 

"On t h e o t h e r hand, t h e Permian f a u n a s o f n o r t h e r n Europe and 
t h e A r c t i c I s l a n d s f o r m q u i t e a d i f f e r e n t , b o r e a l f a c i e s . 
....Lack of w e l l - d e f i n e d l a t i t u d i n a l z o n a t i o n i n the b o r e a l 
faunas o f h i g h l a t i t u d e s . . . . s u g g e s t s p r e v a i l i n g m i l d c l i m a t e s 
w e l l i n t o A r c t i c r e g i o n s . " 

H a r k e r and T h o r s t e i n s s o n (1960, p. 19) have d e s c r i b e d an " A r c t i c 

P e rmian f a u n a " w h i c h t h e y r e g a r d as r e p r e s e n t a t i v e of a w i d e s p r e a d E a r l y 

Permian f a u n a l r e a l m . They a l s o p o s t u l a t e d "a f a i r l y f r e e m a r i n e con­

n e c t i o n " between A r c t i c and w e s t e r n C o r d i l l e r a n r e g i o n s . 

One of the most d i s t i n c t i v e o f the b r a c h i o p o d genera of t h i s 

b o r e a l f a u n a , H o r r i d o n i a , has been s t u d i e d i n d e t a i l by G o b b e t t (1961) . 

The r e s t r i c t e d b o r e a l d i s t r i b u t i o n i n d i c a t e d , Gobbett (1961, p. 46; 

f i g . 1) i s now m o d i f i e d by Yukon o c c u r r e n c e s ( N e l s o n , 1961b; 1962) and 
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Vancouver I s l a n d o c c u r r e n c e s d e s c r i b e d i n t h e p r e s e n t work. 

D e s p i t e t h e s e i n d i c a t i o n s of d i s t i n c t i v e b o r e a l and e q u a t o r i a l 

f a u n a s , c e r t a i n elements of t h e A m e r i c a n C o r d i l l e r a n r e a l m , and t h e 

A l a s k a n p r o v i n c e i n p a r t i c u l a r , p r e s e n t e v i d e n c e of more complex, and 

a t p r e s e n t c o n f u s i n g , r e l a t i o n s h i p s . A n d e r s o n ( 1 9 4 1 ) , Thompson and 

Wheeler ( 1 9 4 2 ) , Thompson, Wheeler and Danner (1950) and Danner (1957, 

1959) have p o i n t e d out t h e Tethyan a f f i n i t i e s o f the f u s u l i n i d f a u n a s of 

t h e n o r t h w e s t e r n C o r d i l l e r a n r e g i o n . C o n n e c t i o n of the A l a s k a n p r o v i n c e 

w i t h e q u a t o r i a l r e g i o n s i s a l s o s u g g e s t e d by t h e bryozoan' e v i d e n c e ( F r i t z , 

1 9 3 2 ) . 

The p r e s e n t s t u d y a l s o s u g g e s t s t h a t f a u n a s w i t h mixed b i o g e o ­

g r a p h i c r e l a t i o n s h i p s e x i s t e d i n E a r l y Permian t i m e s i n S c h u c h e r t ' s 

A l a s k a n p r o v i n c e . The Vancouver I s l a n d b r a c h i o p o d s , though as a whole 

s i m i l a r t o the " A r c t i c Permian f a u n a " , i n c l u d e a t l e a s t one genus c h a r ­

a c t e r i s t i c o f the Texan p r o v i n c e , and one a p p a r e n t l y r e l a t e d t o an E a s t ­

e r n A u s t r a l i a n f o s s i l o f the " c o l d - w a t e r " f a u n a . C e r t a i n p e l e c y p o d s and 

b r y o z o a n s a r e s i m i l a r t o f o s s i l s o f the Western A u s t r a l i a n o u t p o s t o f 

t h e Tethyan f a u n a (see s e c t i o n on s y s t e m a t i c p a l e o n t o l o g y ) . 

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

h e a v i l y on p h y s i c a l b a r r i e r s ( i . e . l a n d masses, u p l i f t s ) as an e x p l a n a ­

t i o n o f t h e d i s t i n c t i v e a s semblages. More r e c e n t s t u d i e s t e n d t o empha­

s i z e t h e i m p o r t a n c e of e n v i r o n m e n t a l c o n t r o l s (Lochman-Balk and W i l s o n , 

1958; R o s s , 1963). F o r i n s t a n c e , Ross (1963, p. 45) s u g g e s t s t h a t t h e 

E a r l y Permian P s e u d o s c h w a g e r i n a f u s u l i n i d assemblage c h a r a c t e r i s t i c of 

the s o u t h e r n C o r d i l l e r a n r e g i o n and t h e contemporaneous P s e u d o f u s u l i n e l l a -

S c h wagerina assemblage of t h e n o r t h w e s t e r n C o r d i l l e r a n were " l a r g e l y 

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

s e p a r a t e d " . 
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Among s t u d i e s o f b i o g e o g r a p h i c e v i d e n c e i n e v a l u a t i o n s of 

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

mian d a t a p r e s e n t e d by S t e h l i (1957) a r e of s i g n i f i c a n c e t o the p r e ­

s e n t work. The d i s t r i b u t i o n s o f s e v e r a l groups of i n t e n s i v e l y -

s t u d i e d m a r i n e i n v e r t e b r a t e s ( b r a c h i o p o d s and f u s u l i n i d s ) were 

p l o t t e d on w o r l d maps. Two p a t t e r n s of d i s t r i b u t i o n s were t h e r e ­

s u l t : one, a g e n e r a l , w o r l d - w i d e p a t t e r n ; and second, d i s t r i b u t i o n s 

i n a b e l t l i m i t e d t o low and m i d d l e l a t i t u d e s , p a r a l l e l t o t h e equa­

t o r . The n o r t h boundary of t h e l o w - m i d d l e l a t i t u d i n a l b e l t i s sug­

g e s t e d as b e i n g a n a l a g o u s t o the modern f a u n a l b r e a k p a r a l l e l t o t h e 

15 degrees C e n t i g r a d e w i n t e r i s o t h e r m . The l a t t e r may a l s o be c o r ­

r e l a t e d w i t h a prominent p h y s i c o - c h e m i c a l boundary. 

The p r e s e n t d a t a f r o m Vancouver I s l a n d Permian faunas c o r ­

r o b o r a t e N e w e l l ' s s u g g e s t i o n of l a c k of l a t i t u d i n a l z o n a t i o n i n t h e 

b o r e a l r e g i o n s . However, t h i s does n o t s i g n i f y l a c k of r e l a t i v e 

movements of the c o n t i n e n t s , or p o l a r w a n d e r i n g . The d i s t r i b u t i o n 

o f the " A r c t i c Permian f a u n a " , as p r e s e n t l y u n d e r s t o o d , has t h e same 

l a t i t u d i n a l s p r e a d (about 40 degrees) on p r e s e n t w o r l d maps as i t has 

on r e c o n s t r u c t i o n s b a s e d on p a l e o m a g n e t i c d a t a f o r the P e r m i a n . The 

l a t t e r (van H i l t e n , 1962, f i g . 8; Runcorn, 1962, f i g . 25) i n t e r p r e t 

the d a t a as b e i n g c o n s i s t e n t w i t h b o t h p o l a r w a n d e r i n g and c o n t i n e n t a l 

d r i f t s i n c e t h e P e r m i a n . The d i s t r i b u t i o n o f the " A r c t i c Permian 

f a u n a " does n o t appear t o c o i n c i d e c l o s e l y w i t h S t e h l i 1 s (1957) i n t e r ­

p r e t a t i o n s , as h i s major f a u n a l b r e a k o c c u r s a t about 55 degrees n o r t h 

l a t i t u d e , i n the m i d d l e of t h e range o f " A r c t i c Permian f a u n a " . A 

15 degree southward e x t e n s i o n of t h i s b oundary, perhaps e f f e c t e d by 

major ocean c u r r e n t s , seems t o t h e w r i t e r t o be a p o s s i b i l i t y a t l e a s t . 
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I n summary, t h e n , i t i s t h e w r i t e r ' s o p i n i o n t h a t t h e p r e s e n t 

i n f o r m a t i o n on the c o m p o s i t i o n and d i s t r i b u t i o n of t h e " A r c t i c P e r ­

mian f a u n a " i s i n c o n c l u s i v e w i t h r e s p e c t t o d i f f e r i n g i n t e r p r e t a t i o n s 

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

c o n t i n e n t a l d r i f t . The r e l a t i v e l y i n c o m p l e t e s t a t u s of f a u n a l s t u d i e s 

o f t h e n o r t h e r n C o r d i l l e r a n r e g i o n does, however, s u g g e s t a f r u i t f u l 

f i e l d f o r f u r t h e r s t u d y . 
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ENVIRONMENT OF DEPOSITION 

E v i d e n c e f r o m w h i c h t o i n t e r p r e t e n vironments o f d e p o s i t i o n 

of the S i c k e r Group has n o t as y e t been f u l l y c o m p i l e d . C e r t a i n a s ­

p e c t s of t h e r o c k s , such as t h e i r d e t a i l e d p e t r o g r a p h y and t h e i r 

g e o c h e m i c a l c h a r a c t e r i s t i c s , r e m a i n t o be i n v e s t i g a t e d . However, 

o b s e r v a t i o n s made p r i o r t o and d u r i n g the p r e s e n t s t u d y s u g g e s t some 

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

PETROGRAPHIC AND STRATIGRAPHIC EVIDENCE 

The m a j o r i t y o f t h e Lower D i v i s i o n of the S i c k e r Group i s of 

v o l c a n i c o r i g i n . P y r o c l a s t i c b r e c c i a s , c h e r t y and f e l d s p a t h i c t u f f s 

and p o r p h y r i t i c or a m y g d a l o i d a l f l o w s of b a s a l t i c o r a n d e s i t i c com­

p o s i t i o n a r e i n t e r c a l a t e d w i t h , grade i n t o or i n t e r f i n g e r w i t h sequences 

of m a s s i v e t o t h i n - b e d d e d t u f f a c e o u s greywackes, g r e y w a c k e - a r g i l l i t e 

and l o c a l c o n g l o m e r a t e s . 

The g r o s s c h a r a c t e r i s t i c s of t h i s s u c c e s s i o n s u g g e s t the 

dominance of v o l c a n i c f l o w s and c o a r s e p y r o c l a s t i c r o c k s i n the l o w e r 

h a l f and o f t h i n - b e d d e d f i n e p y r o c l a s t i c s and bedded t o m a s s i v e g r e y ­

wackes i n t h e upper p a r t ( F y l e s , 1955, p. 18; f i g . 2. F i g u r e 9 of 

t h i s t h e s i s ) . L a t e r a l v a r i a t i o n s i n t h e s u c c e s s i o n m o d i f y t h i s 

g e n e r a l i z e d sequence. F o r i n s t a n c e , F y l e s ( i b i d . ) n o t e s a l o c a l 

c o a r s e n i n g t o the n o r t h and west of the c l a s t i c r o c k s of the S i c k e r 

Group i n t h e Cowichan L a k e a r e a . The o c c u r r e n c e of c o a r s e b r e c c i a s 

i m m e d i a t e l y below th e c a l c a r e o u s r o c k s of the Upper D i v i s i o n i n the 

West Home Lake s e c t i o n and the A z u r e L a k e s e c t i o n may i n d i c a t e a 

s i m i l a r t r e n d toward a c o a r s e n i n g of t h e c l a s t i c r o c k s t o t h e w e s t . 
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The r o c k s of the Upper D i v i s i o n of t h e S i c k e r Group conform­

a b l y o v e r l i e t h o s e of the Lower D i v i s i o n i n most p l a c e s . The b a s a l 

p e b b l y s andstone of t h e A z u r e L a k e s e c t i o n of t h e Upper D i v i s i o n 

( F i g u r e s 6, 41) p r o b a b l y o v e r l i e s a l o c a l d i s c o n f o r m i t y . 

The l i m e s t o n e - b e a r i n g Upper D i v i s i o n , though n o t as h e t e r o ­

geneous l i t h o l o g i c a l l y as t h e Lower D i v i s i o n , c o n t a i n s a v a r i e t y of 

c a l c a r e o u s and s i l i c e o u s r o c k s . 

The c a l c a r e o u s s u i t e i n c l u d e s c a l c i l u t i t e s , c a l c a r e n i t e s , c a l -

c i r u d i t e s , d o l o m i t i c l i m e s t o n e s and c r y s t a l l i n e l i m e s t o n e s . The p r o ­

p o r t i o n s of i n d i v i d u a l r o c k t y p e s have n o t been c l o s e l y d e t e r m i n e d , 

but p r e l i m i n a r y e x a m i n a t i o n o f t h e s e c t i o n s i n d i c a t e s the dominance 

of medium t o c o a r s e g r a i n e d c r i n o i d a l r o c k s i n t h e B u t t l e L a k e a r e a 

and t h e Home La k e a r e a . S i m i l a r r o c k s f o r m s m a l l e r l e n s e s w i t h i n 

t h e t h i n - b e d d e d l i m e s t o n e - c h e r t sequence of the Cowichan a r e a . 

I n terms of F o l k ' s (1959, 1962) l i m e s t o n e c l a s s i f i c a t i o n , the 

m a j o r i t y of the r o c k s f a l l i n t o c l a s s e s I and I I ( c r i n o i d a l b i o s p a r i t e 

and b i o s p a r u d i t e , and c r i n o i d a l b i o m i c r i t e and b i o m i c r u d i t e ) . Impure 

( t u f f a c e o u s ? ) b r y o z o a n b i o m i c r i t e s and b i o m i c r u d i t e s form d i s t i n c t i v e 

but s u b o r d i n a t e p o r t i o n s of the s e c t i o n s of t h e Upper D i v i s i o n . 

S i l i c e o u s r o c k s a s s o c i a t e d w i t h t h e c a r b o n a t e r o c k s a r e of 

two d i s t i n c t t y p e s , one of w h i c h i s common i n a l l t h r e e b e l t s of the 

S i c k e r Group, i n c o n t r a s t t o t h e o t h e r w h i c h i s r e s t r i c t e d t o the 

C h i n a C r e e k - S a l t s p r i n g b e l t . 

The f i r s t , u b i q u i t o u s t y p e of c h e r t i s w h i t e , grey or b l a c k , 

m i c r o - t o c r y p t o c r y s t a l l i n e s i l i c a w h i c h o c c u r s i n n o d u l e s , l e n s e s 

and i r r e g u l a r l a y e r s i n t h e l i m e s t o n e s ( F i g u r e s 29, 48, 4 9 ) . I n 
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t h i n - s e c t i o n s , a l l s t a g e s o f r e p l a c e m e n t o f o r i g i n a l l i m e s t o n e t e x ­

t u r e s can be se e n . T h i s t y p e o f c h e r t forms up t o 50 per c e n t o f 

s h o r t v e r t i c a l i n t e r v a l s ; i n t h e t o t a l s e c t i o n s o f the Upper D i v i ­

s i o n , the c h e r t y zones a r e c o n c e n t r a t e d i n c e r t a i n p o r t i o n s o f the 

sequence, c o m p r i s i n g i n a g g r e g a t e perhaps o n l y 5 per c e n t of the 

r o c k . These c h e r t s show r e m a r k a b l e s i m i l a r i t y t o s h e l f and miogeo-

s y n c l i n a l c h e r t s o f o t h e r p a r t s o f t h e C o r d i l l e r a n r e g i o n (see 

B i s s e l l , 1959, p i s . I I , V ) . 

The second mode of c h e r t o c c u r r e n c e , a p p a r e n t l y c o n f i n e d t o 

the C h i n a C r e e k - S a l t s p r i n g b e l t , was o r i g i n a l l y d e s c r i b e d by F y l e s 

(1955, p. 16; p i . V I I I ) . I t i s found i n t h i n - b e d d e d , graded sequences 

w i t h g r e y , f i n e - g r a i n e d , commonly s i l i c e o u s l i m e s t o n e ( F i g u r e s 16, 1 8 ) . 

Laminae composed a l m o s t e n t i r e l y o f s i l i c e o u s sponge s p i c u l e s a r e 

found i n some t h i n - s e c t i o n s o f t h i s sequence. I n the C h i n a Creek-

S a l t s p r i n g b e l t , c h e r t - l i m e s t o n e sequences such as t h i s a r e more abun­

dant t h a n t h e t h i c k e r - b e d d e d , c o a r s e r c r i n o i d a l l i m e s t o n e s ( F i g u r e 6 ) . 

EVIDENCE FROM SEDIMENTARY AND OTHER STRUCTURES 

Se d i m e n t a r y r o c k s o f t h e Lower D i v i s i o n i n c l u d e sequences o f 

t h i n , graded u n i t s ( F i g u r e 2 7 ) . T u f f s and g r e y w a c k e - a r g i l l i t e i n t e r ­

v a l s d i s p l a y , i n a d d i t i o n t o graded b e d d i n g , some d i s r u p t e d b e d d i n g 

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

c r o s s - s t r a t i f i c a t i o n . 

Rare p i l l o w s t r u c t u r e s and s c o r i a c e o u s b a s a l t s a r e e v i d e n c e 

of t h e p r e s e n c e o f v o l c a n i c f l o w s i n the Lower D i v i s i o n . Most of 

the a m y g d a l o i d a l r o c k s o f t h e Cowichan Lake a r e a ( s i m i l a r t o v o l c a n i c 
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r o c k s i n o t h e r b e l t s ) a r e c o n s i d e r e d by F y l e s (1955, p. 13) t o be 

f l o w s . 

I n Upper D i v i s i o n r o c k s , graded b e d d i n g i n c h e r t - l i m e s t o n e 

sequences has a l r e a d y been m e n t i o n e d . I s o l a t e d i n s t a n c e s o f graded 

t e x t u r e i n i n d i v i d u a l beds of c o a r s e c a l c a r e n i t e and c a l c i r u d i t e 

have a l s o been o b s e r v e d . C r u d e l y c r o s s - s t r a t i f i e d beds have been 

o b s e r v e d i n c o n g l o m e r a t i c r o c k s a t Home Lake ( F i g u r e 27) . 

EVIDENCE FROM FOSSILS 

The o n l y f o s s i l s f o und t o d a t e i n t h e r o c k s o f the Lower 

D i v i s i o n a r e r a d i o l a r i a f r o m Home L a k e . P o s s i b l e r a d i o l a r i a n f o s ­

s i l s have been d e s c r i b e d by F y l e s (1955, p. 15; p i . V I I ) f r o m c h e r t y 

t u f f s of the Cowichan L a k e a r e a . 

The most common f o s s i l s o f t h e Upper D i v i s i o n a r e p r o d u c t i d 

and s p i r i f e r i d b r a c h i o p o d s , ramose and f e n e s t r a t e b r y o z o a n s , and 

c r i n o i d s r e p r e s e n t e d m a i n l y be d i s a r t i c u l a t e d s k e l e t a l p l a t e s . One 

or more of t h e s e groups i s r e p r e s e n t e d i n most o f the l i m e s t o n e ex­

posu r e s of the Upper D i v i s i o n . 

The c r i n o i d a l d e b r i s forms t h e dominant " a l l o c h e m " ( F o l k , 

1959, 1962) component o f most o f t h e c l a s t i c l i m e s t o n e s . A t one 

l o c a l i t y , Home L a k e , a r t i c u l a t e d stem segments i n one bed a r e 

o r i e n t e d p a r a l l e l t o t h e b e d d i n g p l a n e s ( F i g u r e 3 0 ) . 

B r a c h i o p o d s a r e fo u n d as s c a t t e r e d f r a g m e n t a r y s h e l l s t h r o u g h ­

out t he l i m e s t o n e s , and more r a r e l y , i n c o q u i n o i d l a y e r s w i t h i n t he 

sequence. The most s t r i k i n g example o f the l a t t e r t y p e of o c c u r r e n c e 

i s t h e s p i r i f e r i d - p r o d u c t i d c o q u i n a s l o c a l l y p r e s e n t i n a d o l o m i t i c 

l i m e s t o n e u n i t i n the upper p a r t o f the A z u r e L a k e s e c t i o n (see 
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F i g u r e 6 ) . The p r e s e r v a t i o n i n t h i s bed of p r o d u c t i d s w i t h i n t a c t 

b r u s h e s of l o n g s l e n d e r s p i n e s , and of a r t i c u l a t e d v a l v e s of s p i r i -

f e r i d s i s a n o t h e r n o t a b l e f e a t u r e of t h i s bed ( P l a t e I , F i g u r e s 3, 

4, 5. P l a t e I I , F i g u r e s 1, 2, 3 ) . 

The mode o f o c c u r r e n c e o f br y o z o a n s i s i n p a r t s i m i l a r t o 

t h a t of the b r a c h i o p o d s ; t h e two groups commonly a r e found i n the 

same bed, w i t h one o r t h e o t h e r showing l o c a l dominance. However, 

i n t h e more impure c a r b o n a t e s , e s p e c i a l l y i n t h e b a s a l p o r t i o n o f 

the Upper D i v i s i o n , f e n e s t r a t e b r y o z o a n s appear t o the c h a r a c t e r ­

i s t i c f o s s i l s , commonly f o r m i n g c o q u i n o i d l a y e r s . I n t h i s mode of 

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

i n t h e b e d d i n g p l a n e s ; none has been found i n growth p o s i t i o n . 

A few c o r a l s have been f o u n d i n t h e Upper D i v i s i o n . They 

te n d t o o c c u r most f r e q u e n t l y i n t h e impure c a r b o n a t e s near t h e base 

o f the u n i t . The c o l l e c t i o n s i n c l u d e b o t h s o l i t a r y h o r n c o r a l s and 

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

The b u l k of t h e g a s t r o p o d s and p e l e c y p o d s o f the w r i t e r ' s 

c o l l e c t i o n s come fr o m the b a s a l s a n d s t o n e o f the B u t t l e L ake Forma­

t i o n , where they a r e a s s o c i a t e d w i t h a d i s t i n c t i v e b r a c h i o p o d 

f a u n u l e (Rhynchopor.a, i n g e l a r e l l i d s ? and s m a l l s p i r i f e r i d s ) , f u s u ­

l i n i d s , o s t r a c o d s , and p l a n t r e m a i n s . 

E x c e p t f o r a few c o m p l e t e , s i l i c i f i e d f u s u l i n i d s i n t h e 

b a s a l s a ndstone o f the B u t t l e L a k e F o r m a t i o n , f o r a m i n i f e r s o c c u r 

m a i n l y as f r a g m e n t a r y f o s s i l s i n c l a s t i c l i m e s t o n e s o f the Upper 

D i v i s i o n o f the S i c k e r Group. 
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DISCUSSION 

The v o l c a n i c - s e d i m e n t a r y complex of t h e Lower D i v i s i o n o f 

the S i c k e r Group i s t h e r e c o r d of an upper P a l e o z o i c p e r i o d of 

m a i n l y submarine v o l c a n i c i t y , the i n t e n s i t y o f w h i c h waxed and 

•Waned, w i t h a g e n e r a l tendency toward l e s s a c t i v i t y i n the youn­

ger p a r t s of the sequence i n t h i s r e g i o n . The s e d i m e n t a r y p o r t i o n s 

of the r o c k s u c c e s s i o n a r e t h e d i r e c t ( p y r o c l a s t i c ) or i n d i r e c t , 

d e t r i t a l o r c h e m i c a l , ('greywacke, c h e r t ) p r o d u c t s of v o l c a n i c a c t i o n . 

The t h i n , graded u n i t s of p a r t s of t h e sequence, the l a r g e l y u n d i s ­

t u r b e d s t r a t i f i c a t i o n p l a n e s and s c a r c i t y o f s t r u c t u r e s formed by 

s t r o n g ' c u r r e n t a c t i o n , and t h e l a c k of f o s s i l s o t h e r t h a n a few 

r a d i o l a r i a n remains a r e i n d i c a t i v e o f p r e d o m i n a n t l y q u i e t - w a t e r de­

p o s i t i o n ( i . e . b elow wave-base). 

The environment of d e p o s i t i o n of the Lower D i v i s i o n t h e r e ­

f o r e may be c l a s s i f i e d as " p e l a g i c " . T h i s i s n o t t o say t h a t depth 

o f w a t e r was e x c e s s i v e ( e . g . b a t h y a l o r a b y s s a l ) . Depth of w a t e r 

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

o r g a n i s m s ; and " p e l a g i c " s e diments may f o r m i n e n c l o s e d arms of t h e 

sea o r on c o n t i n e n t a l s h e l v e s o r b o r d e r l a n d s ( R i e d e l , 1959, p. 80, 

81, 9 1 ) . The t e r m " b a s i n a l " s u i t e f o r t h i s assemblage o f r o c k s i s 

perhaps a more a p t name. 

The c a r b o n a t e d e p o s i t s of t h e Upper D i v i s i o n o f the S i c k e r 

Group r e p r e s e n t an environment m a r k e d l y d i f f e r e n t from t h a t d i s ­

c u s s e d above. Compared t o modern m a r i n e c a r b o n a t e s e d i m e n t s , l i m e ­

s t o n e s of the S i c k e r Group appear most s i m i l a r t o t h o s e sediments 

c l a s s i f i e d by Rodgers (1957, p. 3) as " l i m e - s a n d s and muds of c e r ­

t a i n o f the c o n t i n e n t a l s h e l v e s " . They show no r e s e m b l a n c e , i n the 
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w r i t e r ' s o p i n i o n , t o t h e o t h e r major c l a s s e s of c a r b o n a t e d e p o s i t s 

- t h o s e of the deep seas and of o r g a n i c r e e f complexes. 

The l i g h t c o l o u r and g e n e r a l l a c k o f o r g a n i c m a t t e r i n t h e s e 

l i m e s t o n e s a r e i n d i c a t i v e o f an o x i d i z i n g environment and pH near 7.5 

( G i n s b u r g , 1957, p. 8 9 ) . The c l a s t i c n a t u r e of much of the c a r b o n a t e 

r o c k , t h e c o a r s e n e s s of much of t h e c r i n o i d a l d e b r i s , and e v i d e n c e of 

c u r r e n t s s t r o n g enough t o produce c r o s s - s t r a t i f i c a t i o n and conglomer­

a t e l e n s e s , a r e a l s o i n d i c a t i v e o f a r e l a t i v e l y s h a l l o w m a r i n e en­

v i r o n m e n t . 

The f o s s i l assemblages of t h e Upper D i v i s i o n a l s o s u g g e s t 

s h a l l o w w a t e r e n v i r o n m e n t s . S i m i l a r a s s e m b l a g e s , c o n t a i n i n g i n some 

ca s e s i d e n t i c a l genera and s p e c i e s , a r e f o u n d i n e a s t e r n C o r d i l l e r a n 

and o t h e r a r e a s i n t e r p r e t e d as s h e l f or m i o g e o s y n c l i n a l d e p o s i t s 

( N e l s o n , 1961a,b; 1962. McGugan, 1963, McGugan and Rapson, 1963. 

H a r k e r and T h o r s t e i n s s o n , 1960. W i l s o n and Langenheim, 1962) . 

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

c a r b o n a t e s of the Upper D i v i s i o n o c c u r i n many o t h e r upper P a l e o ­

z o i c d e p o s i t s , and have a l s o been i n t e r p r e t e d as b e i n g of s h a l l o w -

w a t e r o r i g i n ( S t a u f f e r , 1962; C a r o z z i and Soderman, 1962). 

The p r e c i s e l i m i t s o f t h e depths a t w h i c h such c r i n o i d a l 

l i m e s t o n e s were o r i g i n a l l y d e p o s i t e d cannot be d e f i n e d . Hyman (1955, 

p. 112) n o t e s t h a t modern s t a l k e d c r i n o i d s a r e found m o s t l y between 

600 and 15,000 f e e t , b u t " i n a few r e s t r i c t e d p l a c e s may ascend i n t o 

s h a l l o w w a t e r around 50 m e t e r s " . C a r o z z i and Soderman (1962, p. 412) 

s u g g e s t t h a t c r i n o i d a l " b i o a c c u m u l a t e d " l i m e s t o n e s formed " i n s h a l l o w 

d e p r e s s i o n s o f the sea bottom". These a u t h o r s p o i n t o u t , i n a d d i t i o n , 
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t h a t the e s t a b l i s h m e n t o f a c r i n o i d p o p u l a t i o n ( c o l o n y o r garden) 

appears t o r e q u i r e an " u n d i s t u r b e d s u b s t r a t u m " below wave b a s e , 

where r e w o r k i n g and s e d i m e n t a t i o n a r e a t a minimum. Such c o n d i t i o n s 

c o u l d o b t a i n e i t h e r i n deep w a t e r s o r i n s h e l t e r e d w a t e r b o d i e s o f 

moderate t o s h a l l o w d e p t h s . 

D e s p i t e t h e e v i d e n c e o f c u r r e n t a c t i o n m entioned above, p r e ­

s e n t l o c a l l y i n p a r t s o f the s e c t i o n s o f t h e Upper D i v i s i o n , p e t r o -

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

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

p o r t a t i o n o f t h e a l l o c h e m s o f t h e m a j o r i t y o f c l a s t i c l i m e s t o n e s . 

C r i n o i d p l a t e s , f o r i n s t a n c e , appear f r e s h and unabraded, w i t h f i n e 

s u r f a c e s c u l p t u r e p r e s e r v e d . F i n e - g r a i n e d l i m e s t o n e s , w i t h few or 

no c o a r s e a l l o c h e m s , p r o b a b l y r e p r e s e n t l i t h i f i e d lime-muds u n l i k e l y 

t o have a c c u m u l a t e d i n s t r o n g l y a g i t a t e d w a t e r s . I n p r e s e n t day 

s e a s , s u c h d e p o s i t s a r e formed i n s h a l l o w , warm w a t e r a t low l a t i ­

t udes ( N e w e l l and R i g b y , 1957, p. 31, among o t h e r s ) . 

S t r i k i n g e v i d e n c e s u p p o r t i n g a c o n t e n t i o n t h a t q u i e t w a t e r 

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

of the Upper D i v i s i o n c a r b o n a t e s i s g i v e n by t h e b r a c h i o p o d bed i n 

the A z u r e L a k e s e c t i o n i n w h i c h w e l l - p r e s e r v e d l o n g , s l e n d e r p r o -

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

P e t r o g r a p h i c , p a l e o n t o l o g i c a l and o t h e r d a t a thus p o i n t t o 

a s h a l l o w d e p o s i t i o n a l s i t e w h i c h was i n t e r m i t t e n t l y a g i t a t e d by 

m a r i n e c u r r e n t s . An e s t i m a t e o f the magnitude o f c u r r e n t s c a p a b l e 

o f moving c a l c a r e o u s a l l o c h e m s o f r o c k s s i m i l a r t o t h o s e o f t h e 

Upper D i v i s i o n o f t h e S i c k e r Group has been made by S t a u f f e r (1962, 

p. 384, 3 8 6 ) . T h i s a u t h o r c a l c u l a t e d t h a t t i d a l c u r r e n t s o f % t o 
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2 k n o t s ( s i m i l a r t o t h o s e now o b s e r v e d on the Bahama banks) w o u l d 

s u f f i c e t o t r a n s p o r t l i m e s t o n e p a r t i c l e s o f 1 t o 10 mm. d i a m e t e r . 

H j u l s t r o m ' s (1939) c u r v e r e l a t i n g p a r t i c l e s i z e t o w a t e r v e l o c i t i e s , 

u s ed i n t h i s c a l c u l a t i o n , i s a p p l i c a b l e t o p a r t i c l e s o f a v e r a g e 

d e n s i t y . Because echinoderm p l a t e s a r e porous c a l c i t e (Hyman, 1955, 

p. 5 0 ) , p a r t i c l e s composed of them a r e of l e s s d e n s i t y t h a n t h e a v e r ­

age d e t r i t a l p a r t i c l e ( C a r o z z i and Soderman, 1962, p. 4 1 2 ) . Thus, 

c u r r e n t s of Bahaman m a g n i t u d e , o r n o t much g r e a t e r , c o n c e i v a b l y 

c o u l d t r a n s p o r t c r i n o i d a l d e b r i s of the maximum s i z e o b s e r v e d i n 

the Upper D i v i s i o n l i m e s t o n e s (20 t o 25 mm.). 

The d i s t i n c t i v e f a c i e s o f the Upper D i v i s i o n of t h e S i c k e r 

Group t y p i c a l o f the C h i n a C r e e k - S a l t s p r i n g b e l t ( t h i n - b e d d e d 

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

t o c o a r s e - g r a i n e d c r i n o i d a l l i m e s t o n e ) s u g g e s t s contemporaneous oc­

c u r r e n c e w i t h i n t h e same r e g i o n o f d i f f e r e n t e n vironments of de­

p o s i t i o n , and n o t s u c c e s s i v e dominance of one regimen over a n o t h e r , 

s t r i k i n g l y d i f f e r e n t one. I f a s h a l l o w - w a t e r , bank-type accumula­

t i o n of t h e c o a r s e c a l c a r e o u s l e n s e s i s assumed, as seems c o n s i s t e n t 

w i t h t h e e v i d e n c e f o r t h e l a r g e r b o d i e s of a s i m i l a r c h a r a c t e r i n 

t h e o t h e r P a l e o z o i c b e l t s , t h e t h i n - b e d d e d s i l i c e o u s p a r t s o f the 

sequence would t h e n r e p r e s e n t i n t e r - b a n k , q u i e t - w a t e r d e p o s i t s . 

The s i l i c e o u s c o n t e n t o f t h e s e beds remains t o be e x p l a i n e d ; an 

a t t e m p t a t e x p l a i n i n g t h i s phenomenon i s c o n t a i n e d i n t h e f o l l o w i n g 

p a r a g r a p h s on the s u b j e c t of s i l i c i f i c a t i o n o f the S i c k e r Group 

r o c k s as a w h o l e . 

The prominence of s i l i c e o u s sediments i n upper P a l e o z o i c 

sequences of the C o r d i l l e r a n r e g i o n has been t h e cause of comment 
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by many a u t h o r s ( e . g . W h i t e , 1959, p. 70. B i s s e l l , 1959, p. 1 5 1). 

B i s s e l l c o n c l u d e d t h a t c h e r t i s a s y n g e n e t i c or d i a g e n e t i c d e p o s i t , 

t h e s i l i c a b e i n g d e r i v e d from a v a r i e t y of p o s s i b l e s o u r c e s such as 

w e a t h e r i n g , v o l c a n i c a c t i v i t y , h a l m y r o l y s i s of submarine v o l c a n i c 

m a t e r i a l s , and s i l i c e o u s o r g a n i s m s . 

Kra,uskopf (1959, p. 16, 17) i n a d i s c u s s i o n of t h e geo­

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

t i n o u s s i l i c a by sea w a t e r "can t a k e p l a c e o n l y l o c a l l y , where v o l ­

c a n i c a c t i v i t y under t h e sea. or near shore s u p p l i e s s o l u t i o n s w i t h 

a b n o r m a l l y h i g h c o n c e n t r a t i o n s o f s i l i c a " . I n summarizing t h e pos­

s i b l e o r i g i n s o f "bedded c h e r t s and n o d u l a r c h e r t s f a r f r o m v o l c a n i c 

c e n t r e s " , K r a u s k o p f p o s t u l a t e s t h r e e mechanisms o t h e r t h a n accumula­

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

The t h r e e mechanisms a r e : a d s o r p t i o n on suspended m a t t e r ; 

d i a g e n e t i c a l t e r a t i o n by s a t u r a t e d i n t e r s t i t i a l s o l u t i o n s ; and r e ­

placement by i n t r o d u c e d s i l i c a - b e a r i n g s o l u t i o n s ( p o s t - d i a g e n e t i c ) . 

The a d s o r p t i o n p r o c e s s a p p a r e n t l y would add s i l i c a t o sediments i n 

o n l y s m a l l amounts (maximum of 4.5 per c e n t , B i e n , C o n t o i s and Thoma.s, 

1959, p. 20, 3 4 ) . I n modern c a r b o n a t e d e p o s i t s , s i l i c i f i c a t i o n i s 

l a c k i n g , so t h i s p r o c e s s i s not e a r l y d i a g e n e t i c ( G i n s b u r g , 1957, 

p. 9 1 ) . D a p p l e s (1959, p. 49, f i g . 8) c o n c l u d e s t h a t c h e r t " i s a, 

p r o d u c t of d i a g e n e s i s formed d u r i n g t h e s t a g e of e a r l y b u r i a l " , 

w h i c h he r e g a r d s as an i n t e r m e d i a t e grade o f d i a g e n e s i s . 

A l t h o u g h s i l i c e o u s s e diments w i t h laminae r i c h i n sponge 

s p i c u l e s a r e p r e s e n t i n c e r t a i n beds o f t h e i n t e r - b a n k sequence o f 

t h e Cowichan Lake a r e a , most of t h e s i l i c e o u s s t r a t a , of the r e g i o n 

c o n t a i n no v i s i b l e remnants o f o r i g i n a l l y s i l i c e o u s o r g a n i s m s . I t 
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i s t h e r e f o r e c o n c l u d e d by the w r i t e r t h a t most of t h e c h e r t y s t r a t a 

and n o d u l e s of t h e S i c k e r Group a r e the p r o d u c t of i n t e r m e d i a t e 

d i a g e n e s i s . A p o s s i b l e e x c e p t i o n i s the o c c u r r e n c e of c h e r t y t u f f s 

i n t h e Lower D i v i s i o n , f o r w h i c h F y l e s (1955, p. 15) p r e s e n t s con­

c l u s i v e e v i d e n c e of s y n g e n e t i c or d i a g e n e t i c o r i g i n . The i n t e n s e 

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

may-have p e r i o d i c a l l y y i e l d e d s u f f i c i e n t l y h i g h s i l i c a c o n c e n t r a ­

t i o n s t o have p r o v i d e d c o n d i t i o n s f o r p r i m a r y s i l i c a p r e c i p i t a t i o n . 
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CONCLUSIONS . 

The w r i t e r ' s c o n c l u s i o n s as t o env i r o n m e n t s o f d e p o s i t i o n f o r 

the r o c k s o f t h e S i c k e r Group a r e as f o l l o w s : 

1) The v o l c a n i c - s e d i m e n t a r y complex of the Lower D i v i s i o n 

r e p r e s e n t s d e p o s i t i o n i n m o d e r a t e l y deep w a t e r s o f a b a s i n o r g u l f on 

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

on t h e west by a v o l c a n i c l a n d o r v o l c a n i c a r c h i p e l a g o , the t e c t o n i c 

a c t i v i t y o f w h i c h d e c r e a s e d w i t h t i m e d u r i n g t h e p e r i o d o f b a s i n sub­

s i d e n c e . Abundant s o u r c e m a t e r i a l f o r t h e s i l i c a i n c h e r t y s ediments 

o f t h i s sequence as a v a i l a b l e , i n t h e f o r m o f v o l c a n i c and o r g a n i c 

p r o d u c t s . The m a j o r i t y o f c h e r t p r o b a b l y was produced d i a g e n e t i c a l l y . 

2) The c a r b o n a t e and c a r b o n a t e - c h e r t sequences o f t h e Upper 

D i v i s i o n mark the e s t a b l i s h m e n t o f a m a r k e d l y d i f f e r e n t r egimen i n l a t e 

S i c k e r t i m e . A g e n e r a l s h o a l i n g , w i t h t h e f o r m a t i o n of some i s l a n d s 

w i t h i n t h e forme r b a s i n , i s i n d i c a t e d . E x t e n s i v e b r y o z o a n c o m m u n i t i e s , 

e s t a b l i s h e d on muddy b o t t o m s , a c t e d as s e d i m e n t - t r a p p i n g mats. The 

subsequent s t a b i l i z e d p a t c h e s o f bottom-sediment e n a b l e d c o l o n i z a t i o n 

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

c r i o n o i d a l d e b r i s i n b a n k - t y p e b o d i e s o f s m a l l t o l a r g e d i m e n s i o n s 

ensued. The s h o a l w a t e r s , w i t h t h e i r h i g h e r t e m p e r a t u r e s and s a l i n ­

i t i e s , and accompanying p r o l i f i c o r g a n i c a c t i v i t y , r e s u l t e d i n p h y s i c o -

c h e m i c a l and b i o c h e m i c a l p r e c i p i t a t i o n o f c a l c i u m c a r b o n a t e , and the 

d e p o s i t i o n o f l i m e muds i n c e r t a i n a r e a s . E x t e n s i v e l a n d a r e a s and 

v o l c a n i c c e n t r e s must a t t h i s t i m e have been few or f a r - r e m o v e d f r o m 

the r e g i o n . 
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3) I n t e r b a n k a r e a s , e x t e n s i v e i n t h e s o u t h , r a r e i n the n o r t h , 

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

i n depths below wave b a s e . The d a r k c o l o u r s , and p r e s e r v a t i o n of f i n e l y 

d i s s e m i n a t e d o r g a n i c m a t t e r , i n d i c a t e dominant r e d u c i n g c o n d i t i o n s d u r ­

i n g d e p o s i t i o n and d i a g e n e s i s . 

4) The f o r m a t i o n of c h e r t i n b o t h t h e c a r b o n a t e l e n s e s and 

bedded c a r b o n a t e - c h e r t sequences i s c o n s i d e r e d t o have been m a i n l y d i a ­

g e n e t i c . The c h e r t f o r m a t i o n w o u l d have p r o b a b l y been enhanced by 

e p i s o d e s of s l o w s u b s i d e n c e and/or slow a c c u m u l a t i o n of s e d i m e n t , p e r ­

m i t t i n g maximum c o n c e n t r a t i o n s of s i l i c a b elow t h e sediment-water i n t e r ­

f a c e . 

5) The r e g i o n a l p a t t e r n f o r Permian d e p o s i t i o n i n t h i s p a r t 

of t h e C o r d i l l e r a i s thus i n d i c a t i v e of e u g e o s y n c l i n a l c o n d i t i o n s , 

m o d i f i e d f r o m p l a c e t o p l a c e and f r o m t i m e t o time by d e p o s i t i o n of 

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

of v a r i a b l e t e c t o n i c a c t i v i t y , t h i s i s n o t an u n e x p e c t e d paradox (see 

W h i t e , 1959, p. 70, 7 1 ) . The o v e r a l l a s p e c t s of Permian s e d i m e n t a t i o n 

a r e n o t , i n the w r i t e r ' s o p i n i o n , e n t i r e l y c o m p a t i b l e , however, w i t h 

t h e v i e w s of B i s s e l l (1959, p. 175, 176) who s t a t e d t h a t Lower Permian 

(Wolfcampian t o l o w e r L e o n a r d i a n ) sediments o f the F r a s e r B e l t " a r e 

composed a l m o s t e n t i r e l y o f s h e l f c a r b o n a t e s , m o s t l y b i o s t r o m a l t o 

c l a s t i c v a r i e t i e s " . The s h a l l o w - w a t e r , " s h e l f " t y p e sediments of the 

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

t h o s e of t h e s t a b l e t o m o d e r a t e l y u n s t a b l e a r e a s b o r d e r i n g t h e c r a t o n , 

appear t o t h e w r i t e r t o r e p r e s e n t o n l y t r a n s i t o r y phases w i t h i n t h e 

major t r o u g h - l i k e a c c u m u l a t i o n s of t h e e u g e o s y n c l i n e . 
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SYSTEMATIC PALEONTOLOGY* 

Phylum PROTOZOA 

Subphylum SARCODINA 

C l a s s RHIZOPODA 

Ord e r FORAMINIFERA 

The p a u c i t y , and poo r s t a t e o f p r e s e r v a t i o n o f the f o s s i l s b e ­

l o n g i n g t o t h i s group i n the S i c k e r Group have p r e v e n t e d f i r m i d e n t i ­

f i c a t i o n s o f t h e specimens. 

The most common o f t h e few f o r a m i n i f e r s found b e l o n g t o t h e 

genus T e t r a t a x i s . A t l e a s t two s p e c i e s appear t o be p r e s e n t . D e t a i l e d 

morphology has n o t been d e t e r m i n e d . The genus o c c u r s i n Upper D i v i s i o n 

r o c k s of a l l t h r e e P a l e o z o i c b e l t s , as i s n o t e d i n p r e v i o u s s e c t i o n s 

o f t h i s r e p o r t . 

F ragmentary o r p o o r l y o r i e n t e d s e c t i o n s o f a f u s u l i n i n i d genus 

have been found i n t h i n s e c t i o n s f r o m the Home Lake and Cowichan a r e a s . 

I n d e t e r m i n a b l e f e a t u r e s , t h e s e f o s s i l s r esemble t h e form i d e n t i f i e d by 

S k i n n e r ( p e r s o n a l communication t o Danner, 1962) as P s e u d o f u s u l i n e l l a 

(among o t h e r p o s s i b i l i t i e s ) . A r e p r e s e n t a t i v e specimen f r o m the w r i t e r ' s 

c o l l e c t i o n s i s i l l u s t r a t e d i n P l a t e V, F i g u r e s 4, 5. A d i f f e r e n t , un­

d e t e r m i n e d genus o c c u r s i n the b a s a l s a ndstone o f t h e Azure Lake s e c t i o n 

( P l a t e I V , F i g u r e 6 ) . 

A s c h w a g e r i n i d has been i d e n t i f i e d i n t h i n s e c t i o n s from Home 

Lake and Cowichan a r e a s . These f o s s i l s a r e t e n t a t i v e l y a s s i g n e d t o 

t h e genus S c h w a g e r i n a . Three specimens a r e shown i n P l a t e V, F i g u r e s 

1-3. 

* F o s s i l s d e s c r i b e d a r e i n t h e P a l e o n t o l o g y c o l l e c t i o n , 
Geology Department, U n i v e r s i t y of B r i t i s h C o l u m b i a , Vancouver, B.C. 
The p r e f i x "UBC" i s u s e d i n c i t i n g t h e i r c a t a l o g u e numbers. 
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O r d e r RADIOLARIA 

One t h i n s e c t i o n , f r o m the upper p a r t o f the Lower D i v i s i o n 

i n t h e Home Lake a r e a c o n t a i n s r a d i o l a r i a n f o s s i l s , n o t as y e t gen-

e r i c a l l y o r s p e c i f i c a l l y i d e n t i f i e d . These f o s s i l s a r e i l l u s t r a t e d 

i n P l a t e V, F i g u r e s 8, 9. 
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Phylum BRACHIOPODA 

C l a s s ARTICULATA 

S u p e r f a m i l y PRODUCTACEA Waagen 1883 

F a m i l y DICTYOCLOSTIDAE S t e h l i 1954 

S u b f a m i l y HORRIDONIINAE Muir-Wood and Cooper 1960 

Genus HORRIDONIA Chao 1927 

C u r r e n t i n t e r p r e t a t i o n s o f t h e genus H o r r i d o n i a by d i f f e r e n t 

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

main t o be r e s o l v e d . The o r i g i n a l d e f i n i t i o n by Chao (1927, p. 24; 

expanded i n 1928, p. 62) has been emended by Muir-Wood and Cooper (1960, 

p. 292-293) and Gobbett (1961, p. 4 3 ) , whose v i e w s do n o t c o i n c i d e . 

Chao's o r i g i n a l d e f i n i t i o n i s as f o l l o w s (1929, p. 2 4 ) : " C h a r a c t e r i z e d 

by s t r o n g median s i n u s and f o l d , s l i g h t l y convex b r a c h i a l v a l v e and a 

few b u t v e r y s t o u t h o l l o w s p i n e s " . I t was emended as f o l l o w s (Chao, 

1928, p. 6 2 ) : 

"Forms b e l o n g i n g t o t h i s s u b s e c t i o n /of P r o d u c t u s _/ 
such as P r . h o r r i d u s , P r . t i m a n i c u s T s c h e r n . e t c . , 
p o s s e s s e s s e n t i a l l y the same c h a r a c t e r i s t i c o u t l i n e 
o f t y p i c a l P r o d u c t u s , b u t w i t h o u t e i t h e r p l i c a e o r 
w r i n k l e s . The median s i n u s and f o l d a r e r a t h e r 
pronounced and t h e s u r f a c e i s marked o n l y by i r ­
r e g u l a r l y d i s t r i b u t e d , s t r o n g and e r e c t s p i n e s . 
Some i n d e f i n i t e p l i c a e a r e sometimes p r e s e n t , i n ­
d i c a t i n g o c c a s i o n a l s u r v i v a l of the p l i c a e making 
i m p u l s e " . 

The taxonomic h i s t o r y of t h e genus i s w e l l c o v e r e d by Muir-Wood 

and Cooper (1960) and Gobbett ( 1 9 6 1 ) , so w i l l n o t be r e p e a t e d h e r e . 

The e s s e n t i a l d i f f e r e n c e s i n c u r r e n t p o i n t s of v i e w may be summarized 

as f o l l o w s . Muir-Wood and Cooper would e x c l u d e f r o m H o r r i d o n i a forms 

w h i c h do n o t b e a r c a r d i n a l s p i n e s on b o t h p e d i c l e and b r a c h i a l v a l v e s . 
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T h i s p r o c e d u r e i s f o l l o w e d because t h e s e a u t h o r s i n t e r p r e t t h e o r i g i n a l 

g e nosyntypes ( P r o d u c t u s h o r r i d u s Sowerby, and P. t i m a n i c u s S t u c k e n b e r g ) 

and t h e g e n o l e c t o t y p e (P. h o r r i d u s Sow; S c h u c h e r t and LeVene, 1929) as 

h a v i n g c a r d i n a l s p i n e s on b o t h v a l v e s . G o b b e t t i n t e r p r e t s P. t i m a n i c u s 

i n such a way as t o p r e c l u d e t h e p r e s e n c e of c a r d i n a l s p i n e s on the 

p e d i c l e v a l v e . He t h e r e f o r e i n c l u d e s w i t h i n H o r r i d o n i a n o t o n l y forms 

w h i c h have c a r d i n a l s p i n e s on b o t h v a l v e s , b u t a l s o t h o s e w h i c h p o s s e s s 

o n l y b r a c h i a l c a r d i n a l s p i n e s . N e i t h e r o f t h e s e two o p i n i o n s as t o 

what c o n s t i t u t e s t h e genus H o r r i d o n i a c o n f l i c t s w i t h Chao's o r i g i n a l 

g e n e r i c d e f i n i t i o n , w h i c h does n o t m e n t i o n c a r d i n a l s p i n e s . 

Muir-Wood and Cooper's d e f i n i t i o n of H o r r i d o n i a thus i n c l u d e s 

as synonymous t h e genus S o w e r b i n a F r e d e r i c k s , 1 9 2 8 , (genotype P. t i m a n i ­

cus) b u t w i l l n o t accommodate So w e r b i n a F r e d e r i c k s emend. Dunbar 1955, 

f o r Dunbar i n t e r p r e t e d P. t i m a n i c u s i n t h e same way as Gobbett does. 

On t h e o t h e r hand, G o b b e t t ' s c o n c e p t of H o r r i d o n i a embraces b o t h of 

t h e s e i n t e r p r e t a t i o n s o f S o w e r b i n a . 

N e l s o n (1962, p. 197) d e s c r i b e s " h o r r i d o n i d " b r a c h i o p o d s w i t h 

c a r d i n a l s p i n e s o n l y on t h e p e d i c l e v a l v e ; t h e s e he r e g a r d s as p o s s i b l y 

b e l o n g i n g t o a new genus. They c e r t a i n l y do n o t f i t i n t o t h e emended 

d e f i n i t i o n s o f H o r r i d o n i a p r o p o s e d by e i t h e r Muir-Wood and Cooper o r by 

G o b b e t t . 

The p r o b l e m o f d e f i n i n g H o r r i d o n i a s a t i s f a c t o r i l y i s thus a 

q u e s t i o n of whether t o make t h e d e f i n i t i o n b r o a d o r n a r r o w . The p r e ­

s e n t w r i t e r ' s o p i n i o n i s t h a t G o b b e t t ' s b r o a d d e f i n i t i o n i s p r e f e r a b l e , 

b ecause o f the u n r e s o l v a b l e c o n f l i c t i n i n t e r p r e t a t i o n o f S t u c k e n b e r g ' s 

o r i g i n a l i l l u s t r a t i o n s o f P. t i m a n i c u s (see G o b b e t t , 1961, p. 4 8 ) . I t 
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may a l s o be d e s i r a b l e t o expand i t f u r t h e r t o i n c l u d e such forms as t h e 

s p e c i e s d e s c r i b e d by N e l s o n , and even s p e c i e s , y e t t o be d e s c r i b e d , 

w h i c h b e a r no c a r d i n a l s p i n e s b u t a r e o t h e r w i s e i d e n t i c a l t o s p e c i e s 

i n c l u d e d under H o r r i d o n i a . Such a c o u r s e w o u l d n o t c o n f l i c t w i t h Chao's 

o r i g i n a l d e f i n i t i o n o f t h e genus. 

A l l o f t h e v a l i d s p e c i e s of H o r r i d o n i a have been grouped by 

G o b b e t t i n t o t h e two o l d s p e c i e s H. h o r r i d a (Sowerby) and 1L_ t i m a n i c a 

( S t u c k e n b e r g ) , The p r e s e n t w r i t e r c o n s i d e r s t h a t a new s p e c i e s of 

H o r r i d o n i a , r a t h e r t h a n a new genus, i s r e q u i r e d f o r N e l s o n ' s forms w i t h 

c a r d i n a l s p i n e s r e s t r i c t e d t o t h e p e d i c l e v a l v e . 

The main r e a s o n s f o r t h i s c o n s e r v a t i v e a p p r o a c h t o t h e taxonomy 

o f t h i s group of f o s s i l s a r e as f o l l o w s . Adequate p r e s e r v a t i o n o f such 

s u r f a c e f e a t u r e s as t h e s p i n e s , and m i n u t e c r i n k l i n g s o r p u s t u l e s , u s e d 

i n d i s c r i m i n a t i n g between some o f t h e forms m e n t i o n e d above, i s a r e l a ­

t i v e l y r a r e phenomenon. Hence, i n t h e i d e n t i f i c a t i o n of f o s s i l s o f t h i s 

group on w h i c h d e t a i l s o f t h e s u r f a c e s c u l p t u r e a r e n o t p r e s e r v e d , the 

t a x o n o m i s t must r e l y on f e a t u r e s w h i c h a r e d i a g n o s t i c o n l y o f t h e genus 

( e . g . , shape, s u l c u s , c o s t a e , i n t e r n a l f e a t u r e s and l a c k of r u g a e ) . 

S e c o n d l y , because of t h e p r o b a b l e e f f e c t s o f e n v i r o n m e n t on t h e e x t e r ­

n a l morphology of t h e p r o d u c t i d s , i t i s f e l t t h a t such f e a t u r e s as 

s p i n e s s h o u l d be g i v e n l e s s emphasis i n taxonomy; v a r i a t i o n s i n s p i n e 

p a t t e r n s h o u l d perhaps be u t i l i z e d o n l y f o r d i s c r i m i n a t i o n s a t t h e 

s p e c i f i c l e v e l o r l o w e r . On t h e o t h e r hand, i n t e r n a l f e a t u r e s o f 

G o b b e t t ' s two s p e c i e s of H o r r i d o n i a , a r e r e m a r k a b l y s i m i l a r ; t h i s i s 

s t r o n g e v i d e n c e o f d i r e c t , g e n e t i c a f f i n i t y . 

Muir-Wood and Cooper (1960, p. 293) r e c o g n i z e no U n i t e d S t a t e s 

s p e c i e s o f H o r r i d o n i a . They i n d i c a t e t h a t t h e g e o g r a p h i c d i s t r i b u t i o n 
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o f t h e genus i s known t o i n c l u d e E u r o p e , B r i t a i n , R u s s i a , A s i a , the 

A r c t i c , and, q u e s t i o n a b l y , A u s t r a l i a . G o b b e t t (1961, F i g . 1) i l l u s ­

t r a t e s t h e g e o g r a p h i c range of t h e genus i n E u r o p e , B r i t a i n , R u s s i a 

and t h e A r c t i c . H i s two s p e c i e s a r e shown t o have d i f f e r e n t d i s t r i b u ­

t i o n s . H o r r i d o n i a h o r r i d a , he s u g g e s t s , i s a European and B r i t i s h s p e c i e s ; 

H. t i m a n i c a , on t h e o t h e r hand, he c o n s i d e r s t o be a R u s s i a n and A r c t i c 

s p e c i e s (p. 4 2 ) . As f o r t h e i r s t r a t i g r a p h i c o c c u r r e n c e , H. h o r r i d a i s 

r e g a r d e d as an upper Permian ( Z e c h s t e i n ) f o r m (p. 4 6 ) , i n c o n t r a s t t o 

H. t i m a n i c a , w h i c h i s s t a t e d t o r ange f r o m upper C a r b o n i f e r o u s t o upper 

Permian (p. 5 0 ) . 

The p r e s e n c e o f t h e s p e c i e s d e s c r i b e d b e l o w , f r o m the N o r t h 

A m e r i c a n C o r d i l l e r a n r e g i o n , combined w i t h t h e o c c u r r e n c e s of t h e genus 

i n t h e Yukon r e p o r t e d by N e l s o n , shows t h a t t h e g e o g r a p h i c range of t h e 

genus i s n o t as r e s t r i c t e d as t h a t s u g g e s t e d by Gobbett and by Muir-Wood 

and Cooper. 

The s t r a t i g r a p h i c sequence of s p e c i e s of H o r r i d o n i a , p o s t u l a t e d 

by G o b b e t t , s u g g e s t s t h a t H. h o r r i d a may be d e r i v e d f r o m H. t i m a n i c a . 

A ssuming t h a t G o b b e t t ' s s t a t e m e n t s a r e v a l i d , an e v o l u t i o n a r y t r e n d 

toward g r e a t e r development of c a r d i n a l s p i n e s may be p o s t u l a t e d . 

HORRIDONIA s p . A 

P l a t e I V , F i g u r e s 1, 2, 3, 4. 

1963 H o r r i d o n i a s p . A, YOLE, p i . I I , F i g s . 11, 12. 

D e s c r i p t i o n ; V e n t r a l v a l v e s t r o n g l y convex, w i t h l o n g , n a rrow prominent 

s u l c u s e x t e n d i n g f r o m umbo t o a n t e r i o r m a r g i n . Umbo l a r g e , i n f l a t e d , 

c u r v e d o v e r h i n g e l i n e . Beak s m a l l , p o i n t e d . V e n t e r g e n t l y t a p e r i n g , 
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w i d e n i n g a n t e r i o r l y . Umbonal s l o p e s and f l a n k s o f v e n t e r s t e e p . A u r ­

i c l e s convex; f u l l l a t e r a l e x t e n t n o t v i s i b l e . H i nge s l i g h t l y more 

t h a n one t h i r d d i s t a n c e f r o m p o s t e r i o r t o a n t e r i o r e x t r e m i t y . S h e l l 

s u r f a c e a l m o s t c o m p l e t e l y e x f o l i a t e d ; remnants f i n e l y p i t t e d t o pus-

t u l o s e . F a i n t , c o a r s e , low p l i c a t i o n s on f l a n k s and v e n t e r a n t e r i o r 

t o h i n g e l i n e . S p a r s e , s c a t t e r e d s p i n e bases? on v e n t e r . No s p i n e 

bases v i s i b l e a l o n g c a r d i n a l m a r g i n . 

B r a c h i a l v a l v e s h a l l o w l y concave i n one s m a l l remnant o b s e r v e d ; 

no o t h e r f e a t u r e s o f b r a c h i a l v a l v e s e e n . 

I n t e r n a l f e a t u r e s and s h e l l s t r u c t u r e o f one specimen were 

examined by means o f s e r i a l s e c t i o n i n g and a t h i n s e c t i o n . The adduc­

t o r r i d g e , c h a r a c t e r i s t i c o f t h e genus ( G o b b e t t , 1961, p. 43) i s w i d e , 

s t r o n g l y e l e v a t e d above t h e v a l v e f l o o r , w i t h a l m o s t f l a t top and s t e e p 

s u b p a r a l l e l s i d e s . The s h e l l i s t h i c k . I t s m i c r o s t r u c t u r e , e v i d e n t 

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

a p p e a r i n g m a t e r i a l , w i t h t h e l o n g axes of t h e " f i b r e s " p e r p e n d i c u l a r t o 

t h e s h e l l s t r u c t u r e s . ( F i g u r e 5 6 ) . 

Measurements ( i n mm.): 

W i d t h 
UBC L e n g t h L e n g t h Hinge R a t i o s 
Nos. S t r a i g h t C u r v e d W i d t h L i n e H e i g h t W/LS W/LC LS/LC 

20200 55+ 100+ 45+ 40+ 35 1:1.2 1:2.5 1:1.8 
20201 47? 90+ 40 35+ 30 1:1.1 1:2.25 1:1.9 
20202 42+ 70+ 42 40+ 30? 1:1.0 1:1.7 1:1.7 
20204 49 80+ 45 36+ - 1:1.1 1:1.8 1:1.6 

M a t e r i a l : A l l o f t h e measured specimens a r e p a r t i a l l y r e -

c r y s t a l l i z e d s h e l l s , f r e e d f r o m a m a t r i x o f c o a r s e , c r i n o i d a l l i m e s t o n e . 

O ther specimens i n c o l l e c t i o n s f r o m v a r i o u s l o c a l i t i e s a r e n o t c o m p l e t e 

enough f o r measurements. 
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D i s c u s s i o n : The specimens f r o m w h i c h t h e above d e s c r i p t i o n i s d e r i v e d 

show l i t t l e o r none o f t h e s u r f a c e s c u l p t u r e and o r n a m e n t a t i o n of the 

s h e l l s . The s p e c i e s c a n n o t , t h e r e f o r e , be c e r t a i n l y p l a c e d i n any of 

t h e d e s c r i b e d s p e c i e s o f H o r r i d o n i a . The v i s i b l e f e a t u r e s , however, 

show t h a t t h e s p e c i e s i s i n e x t e r n a l f e a t u r e s s i m i l a r t o P l e u r o h o r r i d o n i a ? 

e l o n g a t a Cooper, f r o m the Lower Permian of Oregon (Cooper, 1957, p. 37-38, 

p i . 7C, f i g s . 3 0 -33). Cooper's s p e c i e s i s s l i g h t l y s m a l l e r t h a n t h e one 

d e s c r i b e d above. H. t e x a n a K i n g , f r o m the " M i d d l e " Permian (Word) of 

T a x a s , though s i m i l a r i n s i z e , a p p e ars t o be more t r i a n g u l a r i n l o n g i ­

t u d i n a l o u t l i n e t h a n t h e Vancouver I s l a n d s p e c i e s ( K i n g , 1931, p. 85-86, 

p i . 21, f i g s . 25a, b, c ) . 

D i s r e g a r d i n g c a r d i n a l s p i n e p a t t e r n s , H o r r i d o n i a sp. A v e r y 

c l o s e l y r e s e m b l e s P I e u r o h o r r i d o n i a s c o r e s b y e n s i s Dunbar f r o m t h e Upper 

Permian? of G r e e n l a n d , and forms f r o m t h e Upper P e n n s y l v a n i a n ? of the 

Yukon a s s i g n e d t o t h i s s p e c i e s by N e l s o n (Dunbar, 1955, p. 89, p i . 11, 

f i g s . 1-10; p i . 12, f i g s . 1-13, 17-19; N e l s o n , 1961b, p. 35, p i . 28, f i g s . 

9-10). S i m i l a r l y , specimens of S owerbina g r a n u l i f e r a ( T o u l a ) f r o m n o r t h ­

e a s t G r e e n l a n d Lower Permian r o c k s d e s c r i b e d and i l l u s t r a t e d by Dunbar 

(1962, p. 6, p i . 1, f i g s . 6-7) may be compared t o H o r r i d o n i a sp. A. 

C e r t a i n specimens a s s i g n e d by Gobbett t o H. t i m a n i c a ( S t u c k e n b e r g ) a r e 

c l o s e l y comparable t o t h e Vancouver I s l a n d s p e c i e s on the b a s i s o f 

p e d i c l e v a l v e morphology a l o n e ( G o b b e t t , 1961, p i . 4, f i g s , l b , c, 2b, 

c, p i . 5, f i g s . 1, 2, 9, 10, 1 3 ) . 

The i n t e r n a l c h a r a c t e r i s t i c s of t h e Vancouver I s l a n d s p e c i e s 

a r e perhaps t h e most c r i t i c a l f o r d i a g n o s t i c p u r p o s e s . As can be seen 

i n G o b b e t t ' s i l l u s t r a t i o n s o f H. t i m a n i c a ( p i . 5, f i g s . 1, 2 ) , t h e 

a d d u c t o r r i d g e of t h i s s p e c i e s i s more pronounced, and more h i g h l y 
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e l e v a t e d t h a n t h a t o f H. h o r r i d a ( p i . 5, f i g . 7 ) . N e l s o n (1963, p e r s . 

comm.) has i n v e s t i g a t e d t h e development o f t h e a d d u c t o r r i d g e i n s p e c i ­

mens o f H o r r i d o n i a f r o m t h e Yukon. He s u g g e s t s t h a t h i s M i d d l e P e n n s y l ­

v a n i a n specimens a r e c h a r a c t e r i z e d by a subdued rounded a d d u c t o r r i d g e . 

Permian ( L e o n a r d i a n ) specimens have a s t r o n g l y e l e v a t e d , f l a t t o p ped 

a d d u c t o r r i d g e w i t h s t e e p s i d e s ; t h e s i d e s o f t h e r i d g e o f some s p e c i ­

mens become s t r o n g l y concave i n t r a n s v e r s e p r o f i l e . I n t h e Vancouver 

I s l a n d specimens o f H o r r i d o n i a s p . A, the s i d e s o f t h e a d d u c t o r r i d g e 

a r e h i g h , and f l a t t o g e n t l y concave i n t r a n s v e r s e p r o f i l e . N e l s o n 

has a l s o n o t e d t h e p r e s e n c e o f c o a r s e f i b r o u s s t r u c t u r e i n the Yukon 

s h e l l s , t h i s b e i n g more prominent i n t h e P e n n s y l v a n i a n specimens. I n 

summary, i t can be s t a t e d t h a t i n development o f the a d d u c t o r r i d g e , 

H o r r i d o n i a s p . A r e s e m b l e s H. t i m a n i c a , and Lower Permian s p e c i e s of the 

genus f r o m t h e Yukon. I n s h e l l s t r u c t u r e i t appears t o have c h a r a c t e r ­

i s t i c s i n t e r m e d i a t e between t h o s e o f P e n n s y l v a n i a n and Permian s p e c i e s 

of t h e Yukon. 

A l t h o u g h p r e c i s e c o m p a r i s o n s w i t h p r e v i o u s l y d e f i n e d s p e c i e s 

of H o r r i d o n i a cannot be made because o f poor p r e s e r v a t i o n , o r l a c k o f 

d e t a i l e d i n f o r m a t i o n on i n t e r n a l f e a t u r e s , t h e Vancouver I s l a n d s p e c i e s , 

( H o r r i d o n i a s p . A) may e v e n t u a l l y be f o u n d t o be c o n s p e c i f i c w i t h one 

of t h e s p e c i e s m e n t i o n e d above. U n t i l specimens i n w h i c h t h e p r e s e r v a ­

t i o n i s adequate f o r p r e c i s e c o m p a r i s o n a r e a v a i l a b l e , t h e w r i t e r p r e ­

f e r s ,to d e s i g n a t e t h e s p e c i e s as above. I t s h o u l d be k e p t i n mind t h a t 

H o r r i d o n i a s p . A m i g h t a l s o b e l o n g t o a new s p e c i e s . 

O c c u r r e n c e : Most o f the specimens a s s i g n e d t o H o r r i d o n i a s p . A a r e f r o m 

l i m e s t o n e t a l u s a t L o c a l i t y 61-24-TF, n o r t h s i d e o f Horne L a k e . One 

f r a g m e n t a r y specimen was o b t a i n e d f r o m t h e B u t t l e L a k e a r e a , L o c a l i t y 

62-61A-8F, i n t h e upper h a l f o f t h e B u t t l e L a k e F o r m a t i o n , s o u t h o f 
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M a r b l e Peak. 

J . T. D u t r o (1962, p e r s . comm. t o W. R. Danner) i d e n t i f i e d 

H o r r i d o n i a ? i n a c o l l e c t i o n f r o m l i m e s t o n e s o f t h e B a l d M o u n t a i n pen­

i n s u l a , e a s t end o f Cowichan L a k e . The specimen i s n o t a v a i l a b l e f o r 

e x a m i n a t i o n so no comparisons can be made. 

F i g u r e 56. Gr o s s s e c t i o n s , p e d i c l e v a l v e , H o r r i d o n i a sp-A 
Spec, UBC 20203, P r o m i n e n t , ..steep-sided a d d u c t o r 
r i d g e shown i n both, s e c t i o n s . R i g h t , hand s e c t i o n 
shows d i s t r i b u t i o n jof c o a r s e f i b r o u s and f i n e l a m i n a r 
t y p e s o f s h e l l s t r u c t u r e . XI. ., 

HORRIDONIA sp. B 

P l a t e I V , F i g u r e 5 

D e s c r i p t i o n : M e d i u m - s i z e d , t r a n s v e r s e i n shape. P e d i c l e v a l v e s t r o n g l y 

convex. Umbo s t r o n g l y t a p e r i n g , c u r v e d o v e r h i n g e l i n e . Beak n o t 

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

i n g c l o s e t o beak. A u r i c l e s p r o m i n e n t , convex, e x t e n d i n g w e l l o u t f r o m 

t h e l a t e r a l m a r g i n s . V a l v e s u r f a c e smooth, b u t appears c o a r s e l y pseudo-

p u n c t a t e where e x f o l i a t e d . C o a r s e s p i n e s s e t i n s i n g l e row c l o s e t o 
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h i n g e l i n e and on a u r i c l e s , e x t e n d i n g p o s t e r o l a t e r a l l y . Few s p i n e s 

s c a t t e r e d o v e r v e n t e r ; one p o s s i b l y e x t e n d s l a t e r a l l y s t r a i g h t f r o m 

t h e a u r i c l e s . 

B r a c h i a l v a l v e and i n t e r i o r f e a t u r e s n o t seen. 

Measurements: Measurements on t h e one specimen a v a i l a b l e a r e : L e n g t h 

37 mm.?, W i d t h , h i n g e l i n e - 60 mm,, W i d t h , m i d - l e n g t h - 45 mm. The 

s p i n e s a r e 1.5 mm. t h i c k a t t h e i r b a s e s , w i t h g e n t l e t a p e r toward the 

t i p s ; s e v e r a l have l e n g t h s o f o v e r 25 mm. 

M a t e r i a l : The o n l y specimen a v a i l a b l e (UBC 20096) i s c r u s h e d , 

i n c o m p l e t e , and c o n t a i n e d i n b l a c k , f i n e - g r a i n e d d o l o m i t i c l i m e s t o n e . 

D i s c u s s i o n : The p r e s e r v a t i o n of t h e one specimen a v a i l a b l e makes p r e ­

c i s e i d e n t i f i c a t i o n i m p o s s i b l e . However, enough f e a t u r e s a r e r e v e a l e d 

t o show t h a t i t i s d i s t i n c t l y d i f f e r e n t f r o m H o r r i d o n i a sp. A. The 

s p i n e p a t t e r n s cannot be compared because no s p i n e s a r e p r e s e r v e d on 

the a v a i l a b l e specimens o f H o r r i d o n i a s p . A. The shape of H. s p . ; A . i s 

more e l o n g a t e and a r e l a t i v e l y n a r r o w e r h i n g e l i n e i s e v i d e n t . 

H o r r i d o n i a sp. B r e s e m b l e s some of t h e f o s s i l s a s s i g n e d t o 

P l e u r o h o r r i d o n i a s c o r e s b y e n s i s Dunbar (Dunbar, 1955, p i . 11, f i g . 1; 

p i . 12, f i g s . 1-3). As t h e f e a t u r e s of the b r a c h i a l v a l v e a r e n o t known 

f o r the Vancouver I s l a n d s p e c i e s , an e x a c t c o m p a r i s o n c a n n o t be made. 

H o r r i d o n i d f o s s i l s i l l u s t r a t e d by N e l s o n (1962, p i . 1, f i g s , a-c) show 

s p i n e d i s t r i b u t i o n on t h e p e d i c l e v a l v e s i m i l a r t o t h a t of H o r r i d o n i a 

s p . B. As t h e b r a c h i a l v a l v e and s u r f a c e t e x t u r e of t h e Vancouver I s ­

l a n d f o s s i l i s n o t p r e s e r v e d , and t h e Yukon s p e c i e s i l l u s t r a t e d by 

N e l s o n a p p ears t o d i f f e r i n shape, a c l o s e r c o m p a r i s o n o f t h e two s p e c i e s 

i s n o t p o s s i b l e . C e r t a i n r e s e m b l a n c e s t o f o s s i l s a s s i g n e d t o H o r r i d o n i a 



141 

h o r r i d a (Sowerby) by Gobbett (1961, p i . 3, f i g s , l a , 6; p i . 5, f i g . 7) 

a r e a l s o d i s p l a y e d by H o r r i d o n i a s p , B. 

As w i t h H o r r i d o n i a s p . A, t h i s s p e c i e s cannot be a s s i g n e d w i t h 

c e r t a i n t y t o any d e s c r i b e d H o r r i d o n i a . I t may r e p r e s e n t a new s p e c i e s . 

U n t i l a d d i t i o n a l m a t e r i a l w i t h b e t t e r p r e s e r v a t i o n o f c r i t i c a l f e a t u r e s 

i s a v a i l a b l e , i t i s c o n s i d e r e d d e s i r a b l e t o r e f e r t o the f o s s i l as 

H o r r i d o n i a s p . B. 

Oc c u r r e n c e : The specimen was o b t a i n e d f r o m the upper p a r t o f t h e B u t t l e 

L a k e F o r m a t i o n ( U n i t 1 1 ) , a t L o c a l i t y 61-35-5F, a t t h e t y p e s e c t i o n (see 

F i g u r e 6 ) , 

S u b f a m i l y DICTYOCLOSTINAE S t e h l i 1954 

Genus ANTIQUITONIA M i l o r a d o v i c h 1945 

The d e f i n i t i o n o f t h e common d i c t y o c l o s t i d genus D i c t y o c l o s -

t u s Muir-Wood (1930, p. 103) has been emended s e v e r a l t i m e s , D i c t y o -

c l o s t u s sensu s t r i c t o i s a p p a r e n t l y now r e p r e s e n t e d o n l y by E u r o p e a n , 

B r i t i s h and R u s s i a n Lower C a r b o n i f e r o u s s p e c i e s (Muir-Wood and Cooper, 

1960, p. 269) . One o f the s p e c i e s groups s e p a r a t e d f r o m D i c t y o c l o s t u s 

sensu l a t o i s now r e f e r r e d t o as t h e genus A n t i q u i t o n i a M i l o r a d o v i c h 

(1945, p. 4 9 6 ) . E x t e r n a l l y t h e l a t t e r i s d i s t i n g u i s h e d by t h e p r e ­

sence o f a row of s p i n e s on t h e f l a n k s , commonly s e t on a rounded r i d g e 

(Muir-Wood and Cooper, 1960, p. 2 7 0 ) . As i s t h e c a s e w i t h many p r o -

d u c t i d s , s h o u l d t h e s p i n e p a t t e r n n o t be v i s i b l e , t h e d i f f e r e n t i a t i o n 

o f s p e c i e s o f A n t i q u i t o n i a f r o m t h o s e o f r e l a t e d d i c t y o c l o s t i d genera 

i s a d i f f i c u l t p r o b l e m . 

Most o f t h e d e s c r i b e d s p e c i e s o f A n t i q u i t o n i a a r e f r o m Lower 

C a r b o n i f e r o u s h o r i z o n s o f E u r o p e , A s i a , A f r i c a , A u s t r a l i a . A few 
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P e n n s y l v a n i a n and Permian s p e c i e s f r o m N o r t h A m e r i c a have been d e s c r i b e d 

o r c i t e d . Whether t h i s a p p a r e n t p a u c i t y o f N o r t h A m e r i c a n o c c u r r e n c e s 

i s a r e s u l t o f a l a c k o f w e l l - p r e s e r v e d s p e c i m e n s , o r i s t r u l y i n d i c a ­

t i v e o f poor r e p r e s e n t a t i o n o f t h e genus on t h i s c o n t i n e n t i s n o t p r e ­

s e n t l y known. 

ANTIQUITONIA SULCATA Cooper 

P l a t e I I , F i g u r e s 7, 8, 9. 

?1902 P r o d u c t u s i n f l a t u s McChesney. TSCHERNYSCHEW, p. 612, p i . 28, 
f i g s . 1-6. 

? 1 9 3 l P r o d u c t u s h e s s e n s i s KING, p. 68, p i . 1 1 , f i g s . 3-6. 
1957 A n t i q u i t o n i a s u l c a t a COOPER, p. 35, p i . 5C, f i g s . 18-22. 

71960 D i c t y o c l o s t u s c f . D. n e o i n f l a t u s L i c h a r e w . HARKER and 
THORSTEINSSON, p. 55, p i . 17, f i g s . 1-2. 

71962 D i c t y o c l o s t u s n e o i n f l a t u s L i c h a r e w . DUNBAR, p. 17, p i . 1, 
f i g s . 8-9. 

1963 A n t i q u i t o n i a s u l c a t a Cooper, YOLE, p i . I I , f i g . 18. 

D e s c r i p t i o n ; S u bquadrate i n o u t l i n e , p e d i c l e v a l v e w i t h s l i g h t l y c on­

v e x umbo. Rou n d l y g e n i c u l a t e d o n e - t h i r d o f l e n g t h f r o m beak, t h r o u g h 

90 degrees o r more; umbonal a n g l e about 90 d e g r e e s ; l a t e r a l s l o p e s 

s t e e p ; beak n o t v i s i b l e , p r o b a b l y p r o j e c t i n g o v e r h i n g e l i n e . S u l c u s 

o r i g i n a t e s a t g e n i c u l a t i o n , r e a c h e s maximum de p t h a t a n t e r i o r end of 

g e n i c u l a t i o n , n a r r o w i n g s l i g h t l y i n a n t e r i o r o n e - t h i r d o f l e n g t h ; f l a t 

t o s h a l l o w l y rounded b o t t o m , g e n t l y convex s i d e s ; 15 mm. w i d e , 3 mm. 

deep n e a r a n t e r i o r m a r g i n . F l a n k s s t e e p . A u r i c l e s s l i g h t l y convex; 

f u l l l a t e r a l e x t e n t n o t seen. S u r f a c e r e t i c u l a t e i n umbonal r e g i o n . 

Remainder o f v a l v e c o s t a t e ; - 3 t o 5 c o s t a e i n 5 mm. a t m i d - l e n g t h ; 

c o s t a e r o u n d e d , w i d e r t h a n i n t e r v e n i n g s p a c e s , c r o s s e d by f i n e , t r a n s ­

v e r s e l i r a e . No b i f u r c a t i o n o r i n t e r c a l a t i o n o f c o s t a e v i s i b l e ; 

s e v e r a l c o s t a l p a i r s u n i t e i n t h e s u l c u s , r e d u c i n g numbers o f c o s t a e 
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i n a n t e r i o r l y n a r r owed p o r t i o n . About 10 s t o u t s p i n e s around a u r i c l e s 

and a c r o s s a n t e r i o r h a l f o f v a l v e , i n s l i g h t l y a symmetric p a t t e r n . 

S p i n e s n e a r a u r i c l e s a r r a n g e d on o b s c u r e c o n c e n t r i c f o l d o r w r i n k l e . 

B r a c h i a l v a l v e , and i n t e r i o r f e a t u r e s , n o t se e n . 

Measurements ( i n mm.): 

W i d t h 
UCB L e n g t h L e n g t h Hinge 
Nos. S t r a i g h t C u r v e d W i d t h L i n e H e i g h t 

20054 40+ 58+ 45? 43+ 21? 
20053 35+ 63+ 43? 43? 25? 

M a t e r i a l : The two p a r t i a l p e d i c l e v a l v e s on w h i c h t h e above 

d e s c r i p t i o n i s b a s e d o c c u r i n d a r k d o l o m i t i c l i m e s t o n e . One o t h e r 

fragment o f a p e d i c l e v a l v e , on w h i c h no s i g n i f i c a n t measurements were 

p o s s i b l e , i s p r e s e n t i n t h e c o l l e c t i o n . 

D i s c u s s i o n : Cooper d i d n o t m e n t i o n s p i n e s on t h e v e n t e r o f h i s s p e c i ­

mens f r o m the l o w e r Permian o f Oregon. The specimens f r o m Vancouver 

I s l a n d a g r e e i n o t h e r r e s p e c t s w i t h Cooper's d e f i n i t i o n o f t h e s p e c i e s . 

H a r k e r ( i n H a r k e r and T h o r s t e i n s s o n , 1960, p. 5 5 ) , d e s c r i b e d 

and i l l u s t r a t e d specimens f r o m t h e Lower Permian of G r i n n e l l P e n i n s u l a 

under t h e name of D i c t y o c l o s t u s c f . D. n e o i n f l a t u s Tschernyschew and 

c e r t a i n A r c t i c forms a s s i g n e d by o t h e r a u t h o r s t o P r o d u c t u s i n f l a t u s 

McChesney. The l a t t e r two s p e c i e s a r e i n c l u d e d i n t h e genus A n t i q u i ­

t o n i a M i l o r a d o v i c h (1945, p. 4 9 6 ) . H a r k e r ' s i l l u s t r a t i o n s (1960, 

p i . 17, f i g s . 1-2) s u g g e s t t h a t h i s D i c t y o c l o s t u s c f . D. n e o i n f l a t u s 

i s c o n s p e c i f i c w i t h t h e Vancouver I s l a n d and Oregon s p e c i e s A n t i q u i ­

t o n i a s u l c a t a Cooper. Specimens f r o m the l o w e r Permian o f n o r t h e a s t 

G r e e n l a n d , i l l u s t r a t e d by Dunbar (1962, p i . 1, f i g s . 8 - 9 ) , and r e f e r r e d 
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t o as D i c t y o c l o s t u s n e o i n f l a t u s L i c h a r e w , may a l s o be c o n s p e c i f l c w i t h 

A. s u l c a t a . Tschernyschew's (1902, p i . 33, f i g . 1) f i g u r e s o f P r o ­

d u c t u s u r a l i c u s i n d i c a t e a s i m i l a r , b u t l a r g e r , s p e c i e s . I l l u s t r a t i o n s 

o f " P r o d u c t u s i n f l a t u s McChesney" by Tschernyschew (1902, p i . 28, f i g s . 

1-6) i n d i c a t e t h a t t h i s R u s s i a n s p e c i e s i s c l o s e l y comparable t o A n t i -

1 q u i t o n i a s u l c a t a . 

O c c u r r e n c e ; A n t i q u i t o n i a s u l c a t a was c o l l e c t e d f r o m the f o s s i l i f e r o u s 

h o r i z o n ( U n i t 11) about 350 f e e t below t h e t o p of t h e t y p e s e c t i o n 

B u t t l e L a k e F o r m a t i o n , L o c a l i t y 61-35-5F. " P r o d u c t u s " c f . P. u r a l i c u s 

T s c h e r n . f r o m t h e Cowichan L a k e a r e a ( F y l e s , 1955, p. 19) may a l s o be­

l o n g t o t h i s s p e c i e s . 

F a m i l y ECRTNOCONCHIDAE S t e h l i 1954 

S u b f a m i l y ECHINOCONCHINAE S t e h l i 1954 

Genus ECHINOCONCHUS W e l l e r 1914 sensu l a t o 

The d e f i n i t i o n o f t h e genus E c h i n o c o n c h u s has been r e s t r i c t e d 

by Muir-Wood and Cooper (1960, p. 243) so as t o i n c l u d e o n l y Lower C a r ­

b o n i f e r o u s f o r m s . New genera have been e r e c t e d f o r P e n n s y l v a n i a n and 

Permian s p e c i e s (Muir-Wood and Cooper, 1960, p. 243-248). E c h i n o c o n c h u s  

i n e x p e c t a t u s Cooper, specimens of w h i c h f r o m Vancouver I s l a n d a r e des­

c r i b e d b e l o w , d i f f e r s f r o m E c h i n c o n c h u s as r e d e f i n e d by Muir-Wood and 

Cooper. The s p i n e p a t t e r n and l a t e r a l r i d g e s w h i c h e x t e n d around t h e 

a u r i c l e s , a r e c h a r a c t e r i s t i c s o f t h e Vancouver I s l a n d and Oregon s p e c i e s 

w h i c h do n o t a g r e e w i t h t h o s e o f E c h i n o c o n c h u s . E. i n e x p e c t a t u s d i f f e r s 

i n t h e same f e a t u r e s , and i n h a v i n g a l e s s m a s s i v e c a r d i n a l p r o c e s s , 

f r o m Muir-Wood and Cooper's genus Bathymonia ( i b i d . , p. 2 4 4 ) . From 
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t h e i r C a l l i p r o t o n i a ( i b i d . , p. 246) i t i s d i s t i n g u i s h e d by t h e e x t e n s i o n 

o f the l a t e r a l r i d g e s t o the c a r d i n a l e x t r e m i t i e s , where s h a r p , a n g u l a r 

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

known t o t h e w r i t e r and d i s p l a y i n g t h i s t y p e o f l a t e r a l r i d g e i s E c h i n -

oconchus p e l l i c e u s C h r o n i c ( N e w e l l e t a l , 1953, p. 85, p i . 15, f i g s . 1 - 3 ), 

f r o m t h e Lower Permian (Wolfcamp) o f P e r u . The l a t t e r s p e c i e s was 

q u e s t i o n a b l y a s s i g n e d by Muir-Wood and Cooper (op. c i t . , p. 247-248) 

t o C a l l i p r o t o n i a . 

The p r e s e n t w r i t e r c o n c l u d e s t h a t E. i n e x p e c t a t u s Cooper and 

E. p e l l i c e u s C h r o n i c may r e p r e s e n t a new genus. However, u n t i l such 

t i m e as f u r t h e r work on t h e e c h i n o c o n c h i d s has c l a r i f i e d t he s t a t u s o f 

Muir-Wood and Cooper's taxonomic r e v i s i o n o f E n c h i n o c o n c h u s , i t i s con­

s i d e r e d p r e f e r a b l e t o a s s i g n t h e s e two s p e c i e s t o E c h i n o c o n c h u s sensu 

l a t o . 

ECHINOCONCHUS INEXPECTATUS Cooper 

P l a t e I I , F i g u r e s 1 1 , 12, 13. 

?1902 P r o d u c t u s f a s c i a t u s K u t o r g a . TSCHERNYSCHEW, 1902, p. 631, p i . 24, 
f i g s . 5-6; T e x t f i g s . 72-74. 

1957 E c h i n o c o n c h u s i n e x p e c t a t u s COOPER, p. 48, p i . 8C, f i g s . 13-26. 
1963 E c h i n o c o n c h u s i n e x p e c t a t u s Cooper, YOLE, p i . I I , f i g . 17. 

D e s c r i p t i o n ; S h e l l t h i n ; t r a n s v e r s e t o e l o n g a t e o v a l i n o u t l i n e ; con­

c avo-convex. G r e a t e s t w i d t h a n t e r i o r t o m i d - l e n g t h ; h i n g e l i n e a b o ut 

t w o - t h i r d s o f w i d t h . 

P e d i c l e v a l v e m o d e r a t e l y convex; g r e a t e s t c o n v e x i t y i n umbonal 

r e g i o n . Umbo l a r g e , w i t h s t e e p f l a n k s . Beak s m a l l and p o i n t e d , c u r v e d 

s l i g h t l y t o s t r o n g l y o v e r h i n g e l i n e . S u r f a c e s c u l p t u r e o f b r o a d , 
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c o n c e n t r i c bands, w i t h s h o r t , s t e e p , a n t e r i o r s l o p e s . Bands 3 t o 5 mm. 

i n w i d t h on v e n t e r , n a r r o w i n g l a t e r a l l y . Each band w i t h t h r e e o r more 

rows o f f i n e , c l o s e l y s p a c e d , p r o s t r a t e s p i n e s ; s p i n e s more or l e s s 

q u i n c u n x i a l l y a r r a n g e d i n p o s t e r i o r p a r t s o f band s , f i n e r and more i r ­

r e g u l a r l y a r r a n g e d i n a n t e r i o r p o r t i o n s . S p i n e s up t o 0.15 mm. a t 

b a s e , 3 mm. l o n g , s l i g h t l y t a p e r i n g , ornamented w i t h f i n e , t r a n s v e r s e 

r i d g e s . I n t e r i o r n o t seen. 

B r a c h i a l v a l v e g e n t l y c o n c a v e , e x c e p t f o r s h o r t , s t e e p l a t e r a l 

and a n t e r i o r m a r g i n s . C a r d i n a l e x t r e m i t i e s f l a t t e n e d i n t o s m a l l , t r i ­

a n g u l a r a u r i c l e s . S c u l p t u r e and ornament as i n p e d i c l e v a l v e , w i t h 

c o n c e n t r i c bands up t o 2 mm. i n w i d t h on v i s c e r a l d i s c . I n t e r i o r w i t h 

s l e n d e r , t r i l o b e d c a r d i n a l p r o c e s s . Median septum n a r r o w , e x t e n d i n g 

a t l e a s t h a l f v a l v e l e n g t h . P r o m i n e n t l a t e r a l r i d g e s , t h i c k e n e d i n t o 

b u t t r e s s e s a d j a c e n t t o c a r d i n a l p r o c e s s , and e x t e n d i n g a l o n g h i n g e 

b o r d e r t o c a r d i n a l e x t r e m i t i e s , t h e n c e a n t e r i o r l y t o about m i d - l e n g t h . 

Measurements ( i n mm.); 
W i d t h 

L e n g t h L e n g t h Hinge A u r i i 
Specimen ( P e d i c l e ) ( B r a c h i a l ) W i d t h L i n e (d. 

UBC 20039 25 20 32+- 23 120 
UBC 20040 26 21 30+ 20 123 
UBC 20041 - 22 30+ 20 119 
UBC 20042 25+ 22+ 35+ 20 -
UBC 20043 35 23 30? 18 121 
UBC 20037 30 - 32 - -
UBC 20044 21? 15? 29? 20? -

USNM 125551 27.8 21.8 . 30.4 _ _ 

USNM 125357 25 20.9 25.5 - 118 
USNM 125359 - 20.5 26 17 124 

( H o l o t y p e ) 

M a t e r i a l : Most of t h e specimens a r e i n c o m p l e t e and a r e s l i g h t l y 

t o s e v e r e l y c r u s h e d i n t h e b e d d i n g p l a n e s o f dar k d o l o m i t i c l i m e s t o n e . 

Measurements o f t h r e e o f Cooper's Oregon specimens a r e added f o r 
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c o m p a r i s o n . 

D i s c u s s i o n : The e x t e r n a l f e a t u r e s o f t h e Vancouver I s l a n d specimens 

a r e a l m o s t i d e n t i c a l t o Cooper's f o s s i l s f r o m Oregon; t h e i n t e r n a l , f e a ­

t u r e s o f t h e Oregon specimens were n o t d e s c r i b e d . P a r t s o f t h e des­

c r i p t i o n g i v e n above, t h e r e f o r e , emend Cooper's o r i g i n a l d e s c r i p t i o n 

of t h i s s p e c i e s . 

Cooper (1957, p. 49) c o n s i d e r e d E c h i n o c o n c h u s i n e x p e c t a t u s 

t o be v e r y s i m i l a r t o t h e E u r o p e a n , R u s s i a n , A r c t i c and A s i a n s p e c i e s , 

E. f a s c i a t u s ( K u t o r g a ) , f r o m w h i c h i t was t h o u g h t t o d i f f e r o n l y i n 

d i m e n s i o n s and shape. The s i m i l a r i t i e s i n e x t e r n a l appearance between 

th e two s p e c i e s a r e a p p a r e n t i n comparisons of E. i n e x p e c t a t u s w i t h 

i l l u s t r a t i o n s o f E. f a s c i a t u s by Tschernyschew ( 1 9 0 2 ) , w h i c h s u g g e s t 

a l m o s t i d e n t i c a l e x t e r i o r c h a r a c t e r i s t i c s , and i n L i c h a r e w , 1939 ( p i . 

21, f i g s . 7 a-c) and S a r y c h e v a and S o k o l s k a y a , 1952 ( p i . 18, f i g . 1 2 2 ) . 

O c c u r r e n c e : On Vancouver I s l a n d t h i s s p e c i e s has so f a r been f o u n d 

o n l y i n U n i t 11 o f t h e t y p e s e c t i o n o f the B u t t l e L a k e F o r m a t i o n . 

F a m i l y BUXTONIIDAE Muir-Wood and Cooper 1960 

S u b f a m i l y BUXTONIINAE Muir-Wood and Cooper 1960 

Genus KOCHIPRODUCTUS Dunbar 1955 

T h i s genus was p r o p o s e d by Dunbar (1955, p. 107) t o r e p l a c e 

t h e p r e o c c u p i e d name T s c h e r n y s c h e w i e l l a F r e d e r i c k s (1924, p. 2 0 ) . 

F r e d e r i c k ' s g e n e r o t y p e , P r o d u c t u s p o r r e c t u s K u t o r g a 1844, was d i s c a r d e d 

by Dunbar i n f a v o u r o f h i s s p e c i e s K. p l e x i c o s t a t u s . A c c o r d i n g t o 



Muir-Wood and Cooper (19.60, p. 2 6 0 ) , t h i s change i s i n v a l i d ; the 

l a t t e r a u t h o r s t h e r e f o r e r e i n s t a t e d P. p o r r e c t u s as g e n e r o t y p e . 

Muir-Wood and Cooper i n t e r p r e t e d t h e genus t o i n c l u d e Produc­

t u s p e r u v i a n u s d'Orbigny 1842, B u x t o n i a s a r a n a e a n a F r e d e r i c k s 1933, 

and P. l o n g u s Meek 1877, i n a d d i t i o n t o t h e g e n e r o t y p e and Dunbar's 

K. p l e x i c o s t a t u s . C e r t a i n A r c t i c p r o d u c t i d s p e c i e s , i n c l u d i n g some 

i d e n t i f i e d as P. p o r r e c t u s , and K. p l e x i c o s t a t u s were d i s c u s s e d by 

H a r k e r and T h o r s t e i n s s o n (1960, p. 59) and p l a c e d i n synonymy w i t h 

K. f r e b o l d i (Stepanow). 

A l l o f t h e s p e c i e s m e n t i o n e d above, r e f e r r a b l e t o Muir-Wood 

and Cooper's r e d e f i n e d K o c h i p r o d u c t u s , o c c u r i n Permian s t r a t a . One 

o c c u r r e n c e i n beds o f q u e s t i o n a b l e M i d d l e P e n n s y l v a n i a n age i n P e r u 

has been r e p o r t e d f o r K. p e r u v i a n u s by N e w e l l e t a l (1953, p. 8 3 ) . 

KOCHIPRODUCTUS n. sp. 

P l a t e I , F i g u r e s 1, 2, 3, 4, 5, 6, 7, 8. 

1963 K o c h i p r o d u c t u s n. s p . YOLE, p i . I , f i g s . 4, 5. 

D i a g n o s i s ; L a r g e K o c h i p r o d u c t u s , s u b q u a d r a t e i n o u t l i n e , w i t h l a r g e 

b r u s h e s o f a u r i c u l a r s p i n e s on p e d i c l e v a l v e and s i m p l e , non-anastom­

o s i n g c o s t a e . 

D e s c r i p t i o n : P e d i c l e v a l v e m o d e r a t e l y convex, g r e a t e s t c o n v e x i t y i n 

umbonal r e g i o n . G r e a t e s t w i d t h a l o n g h i n g e l i n e . T a p e r i n g v e n t e r , 

w i d e n i n g a n t e r i o r l y . Umbo b r o a d , w i t h m o d e r a t e l y s t e e p s l o p e s ; c u r v e d 

o v e r h i n g e l i n e . Beak s m a l l and p o i n t e d , p r o j e c t i n g s h o r t d i s t a n c e 

beyond h i n g e l i n e . S u l c u s b r o a d , s h a l l o w , o r i g i n a t i n g about o n e - t h i r d 

s h e l l l e n g t h f r o m beak. A u r i c l e s t r i a n g u l a r , s l i g h t l y c onvex, s m a l l 
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i n r e l a t i o n t o o v e r a l l s h e l l s i z e . S u r f a c e c o a r s e l y c o s t a t e , w i t h 

about f i v e c o s t a e i n 10 mm. a t m i d - l e n g t h . C o s t a e p i n c h and s w e l l 

under t h e i n f l u e n c e o f w e a k l y d e v e l o p e d , c o n c e n t r i c r u g a e , r e s u l t i n g 

i n r e t i c u l a t i o n on t h e umbo, and i n t e r r u p t e d c o s t a e a n t e r i o r l y . No 

v i s i b l e b i f u r c a t i o n o r a n a s t o m o s i n g o f c o s t a e a n t e r i o r t o umbo. 

S h o r t , e r e c t s p i n e s s c a t t e r e d o ver v a l v e , u s u a l l y a t nodes on c o s t a e ; 

e s p e c i a l l y numerous i n s u l c u s and n e a r a n t e r i o r m a r g i n . L o n g e r s p i n e s 

n e a r h i n g e l i n e , c u l m i n a t i n g i n a s p e c t a c u l a r b r u s h on each a u r i c l e ; 

15 t o 20 s p i n e s i n each b r u s h , w i t h i n d i v i d u a l s p i n e s up t o 35 mm. 

l o n g , d i r e c t e d p o s t e r o l a t e r a l ^ . V e r y f i n e c o n c e n t r i c s t r i a t i o n s 

o v e r s h e l l s u r f a c e . I n t e r i o r n o t se e n . 

B r a c h i a l v a l v e r e c t a n g u l a r i n o u t l i n e . F l a t t o s l i g h t l y 

concave i n v i s c e r a l d i s c ; s t e e p , concave r i m around l a t e r a l and an­

t e r i o r b o r d e r s ; p o s t e r o l a t e r a l b o r d e r s f l a t t e n o u t i n t o t r i a n g u l a r 

a u r i c l e s . A b r o a d , g e n t l e median f o l d i n a n t e r i o r h a l f o f some s p e c i ­

mens. Whole s u r f a c e r e t i c u l a t e , w i t h rounded d e p r e s s i o n s m a r k i n g 

i n t e r s p a c e s between c o s t a e and r u g a e . Rugae most p r o m i n e n t on v i s ­

c e r a l d i s c , d e v e l o p i n g i n t o low w r i n k l e s on a u r i c l e s . Few s h o r t , 

s c a t t e r e d s p i n e s . I n i n t e r i o r , n a r r o w , low median septum e x t e n d s 

o n e - h a l f t o o n e - t h i r d o f v a l v e l e n g t h ; s m a l l a n t r o n n e a r p o s t e r i o r 

end. L a r g e , t r i l o b e d c a r d i n a l p r o c e s s , w i t h w e l l - d e v e l o p e d s h a f t ; 

n o t s t r o n g l y r e c u r v e d . L a t e r a l r i d g e s m o d e r a t e l y d e v e l o p e d , e x t e n d ­

i n g a l m o s t t o a u r i c l e s . No m u s c l e a r e a s or b r a c h i a l r i d g e s s e e n . 

Measurements ( i n mm.): 

Specimen 
L e n g t h 

S t r a i g h t 
L e n g t h 
C u r v e d W i d t h 

W i d t h 
Hinge 
L i n e 

L e n g t h 
( B r a c h i a l ) 

UBC 20002 
UBC 20001 

60+ 
63+ 83+ 

65 
85 

70 50 
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Specimen 
L e n g t h 

S t r a i g h t 
L e n g t h 
C u r v e d W i d t h 

W i d t h 
Hinge 
L i n e 

L e n g t h 
( B r a c h i a l ) 

UBC 20006 
UBC 20003 
UBC 20005 
UBC 20008 

50+ 

70+ 
100? 
77 

72 

60? 

M a t e r i a l : A l l o f t h e specimens a r e c r u s h e d and f l a t t e n e d 

t o some d e g r e e , and o c c u r i n d o l o m i t i c l i m e s t o n e . Other f r a g m e n t a r y 

specimens a r e p r e s e n t , b u t s i g n i f i c a n t measurements on t h e s e were n o t 

p o s s i b l e . 

D i s c u s s i o n : The s p e c i e s d e s c r i b e d above appears t o have c l o s e a f ­

f i n i t i e s w i t h t h e f r a g m e n t a r y f o s s i l d e s c r i b e d by Cooper (1957, p. 47, 

p i . 4B, f i g - 7 ) , f r o m t h e Lower Permian o f Oregon. Cooper r e f e r r e d 

h i s s p e c i e s t o K o c h i p r o d u c t u s c f K. p o r r e c t u s ( K u t o r g a ) . The i n f o r m a ­

t i o n on t h e Oregon specimen i s t o o i n c o m p l e t e f o r c e r t a i n c o m p a r i s o n , 

b u t i t seems p r o b a b l e t h a t i t and t h e Vancouver I s l a n d specimens des­

c r i b e d above a r e c o n s p e c i f i c . T s c h e r n y s c h e w 1 s i l l u s t r a t i o n s (1902, 

p i . 55, f i g . 1; p i . 56, f i g . 4; t e x t f i g s . 75-77) o f R u s s i a n s p e c i ­

mens a s s i g n e d t o K. p o r r e c t u s i n d i c a t e t h a t t h e y a r e r e m a r k a b l y s i m i ­

l a r i n v i s i b l e f e a t u r e s t o K o c h i p r o d u c t u s n. s p . o f Vancouver I s l a n d . 

The a n t e r i o r f r i n g e on some o f Tschernyschew's s p e c i m e n s , t h e s h o r t e r 

median septum o f t h e b r a c h i a l v a l v e , and a p p a r e n t l a c k o f t h e promi n ­

e n t b r u s h o f a u r i c u l a r s p i n e s , a r e c h a r a c t e r s by w h i c h the two s p e c i e s 

appear t o d i f f e r . 

p. 80, p i . 19, f i g s . 1-4) f r o m t h e m i d d l e Permian o f Texas ( L e o n a r d -

Word) . Not enough o f t h e s p i n e p a t t e r n and i n t e r n a l d e t a i l s o f t h e 

Texas s p e c i e s a r e a v a i l a b l e t o make c l o s e r c o m p a r i s o n s . 

A n o t h e r s i m i l a r f o r m i s B u x t o n i a v i c t o r i o e n s i s K i n g (1931, 
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I f K o c h i p r o d u c t u s f r e b o l d i (Stepanow) i s i n t e r p r e t e d b r o a d l y , 

as by H a r k e r and T h o r s t e i n s s o n ( I 9 6 0 , . p . 5 9 ) , such as t o i n c l u d e c e r ­

t a i n forms p r e v i o u s l y a s s i g n e d t o K. p o r r e c t u s ( K u t o r g a ) , t h e s p e c i e s 

d e s c r i b e d above and Cooper's Oregon specimen may b e l o n g t o K. f r e b o l d i . 

However, the i l l u s t r a t i o n s o f the l a t t e r w h i c h t h e w r i t e r has a v a i l ­

a b l e s u g g e s t t h a t t h i s i s n o t t h e c a s e . K. f r e b o l d i and K. p l e x i c o ­

s t a t u s Dunbar a r e c h a r a c t e r i z e d by an a s t o m o s i n g c o s t a e , n o t p r e s e n t 

i n the Vancouver I s l a n d s p e c i e s o r K. p o r r e c t u s ( K u t o r g a ) . 

The p r e s e n t w r i t e r b e l i e v e s t h a t t h e Vancouver I s l a n d s p e c i e s 

s h o u l d be named as new. The s p e c i e s w h i c h i t most c l o s e l y r e s e m b l e s 

a r e n o t w e l l enough d e f i n e d w i t h r e s p e c t t o s p i n e p a t t e r n and i n t e r n a l 

d e t a i l s t o be p r e c i s e l y compared. 

O c c u r r e n c e : The specimens i d e n t i f i e d f r o m Vancouver I s l a n d a l l o c c u r 

i n d a r k d o l o m i t i c l i m e s t o n e o f U n i t 11 a p p r o x i m a t e l y 350 f e e t below 

t h e t o p o f t h e B u t t l e L a k e F o r m a t i o n a t t h e t y p e s e c t i o n . 
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F a m i l y OVERTONIIDAE Muir-Wood and Cooper 1960 

S u b f a m i l y OVERTONIINAE Muir-Wood and Cooper 1960 

Genus KROTOVIA F r e d e r i c k s 1928 

The two specimens d e s c r i b e d below a r e t e n t a t i v e l y a s s i g n e d 

t o t h i s genus on t h e b a s i s o f t h e i r s i z e , shape and p e d i c l e v a l v e 

ornament. I n a l l o f t h e s e f e a t u r e s , t h e specimens appear t o agr e e 

w i t h F r e d e r i c k s ' (1928, p. 779-780) d e f i n i t i o n . , and Muir-Wood and 

Cooper's (1960, p. 188) i n t e r p r e t a t i o n o f the genus. A c c o r d i n g t o the 

l a t t e r a u t h o r s ( i b i d . , ) " t h e genus i s s t i l l i m p e r f e c t l y known". The 

specimens a v a i l a b l e f r o m Vancouver I s l a n d a r e i n c o m p l e t e and p o o r l y 

p r e s e r v e d , p r e v e n t i n g more p r e c i s e i d e n t i f i c a t i o n . 

KROTOVIA? s p . A 

P l a t e I , F i g u r e 9 

D e s c r i p t i o n : P e d i c l e v a l v e s m a l l , s u b c i r c u l a r i n o u t l i n e , h i n g e l i n e 

e q u a l t o g r e a t e s t w i d t h . M o d e r a t e l y convex. Narrow s w o l l e n umbo, o v e r ­

h a n g i n g t h e h i n g e l i n e . S m a l l , t r i a n g u l a r f l a t ? a u r i c l e s ; a u r i c u l a r 

a n g l e about 90 d e g r e e s . S u r f a c e ornament of s h o r t , e r e c t s p i n e s , i n 

a p p a r e n t l y i r r e g u l a r p a t t e r n . A n t e r i o r marked by l o w , e l o n g a t e p u s t u l e s 

or subdued c o s t a e . Other f e a t u r e s , i n c l u d i n g b r a c h i a l v a l v e , n o t s e e n . 

Measurements: The one p e d i c l e v a l v e a v a i l a b l e (UBC 20065) has a l e n g t h 

o f 9, w i d t h o f 10 mm. I t i s p r e s e r v e d i n d o l o m i t i c , f i n e - g r a i n e d l i m e s t o n e . 

D i s c u s s i o n : The v i s i b l e f e a t u r e s of t h i s s h e l l a r e s i m i l a r t o K r o t o v i a  

b a r e n z i , f r o m t h e Lower Permian of Novaya Zemlya, d e s c r i b e d by M i l o r a d o -

v i c h (1935, p. 139, p i . 5, f i g . 1 2 ) . I t i s s l i g h t l y s m a l l e r t h a n t h e 
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Lower Permian f o s s i l f r o m c e n t r a l Oregon, d e s c r i b e d by Cooper (1957, p. 3.2, 

p i . IOC, f i g s . 12-17) as K r o t o v i a a f f . K. b a r e n z i ( M i l o r a d o v i c h ) . 

O c c u r r e n c e : The s i n g l e specimen a v a i l a b l e comes f r o m L o c a l i t y 61-35-5F, 

i n U n i t 11 o f t h e B u t t l e Lake F o r m a t i o n . 

KROTOVIA? sp. B 

P l a t e I I I , F i g u r e 15 

D e s c r i p t i o n : P e d i c l e v a l v e s m a l l , s t r o n g l y convex, b u t n o t g e n i c u l a t e d . 

.Complete o u t l i n e n o t s e e n , b u t p r o b a b l y e l o n g a t e o v a l . S w o l l e n , t a p e r i n g 

v e n t e r , n o n - s u l c a t e . C a r d i n a l e x t r e m i t i e s n o t seen. S u r f a c e smooth, 

e x c e p t f o r few, f i n e , s c a t t e r e d , c i r c u l a r t o o v a l p u s t u l a r s p i n e b a s e s . 

Measurements: L e n g t h 7f mm., w i d t h 9 mm. on t h e o n l y specimen, UBC 20094. 

P r e s e r v e d i n f i n e g r a i n e d c a l c a r e o u s s a n d s t o n e o f L o c a l i t y 61-34-5F. 

D i s c u s s i o n : T h i s f o s s i l , a l t h o u g h o f t h e same s i z e as K r o t o v i a ? sp. A, 

appears t o be of d i s t i n c t l y d i f f e r e n t shape, and t h e s p i n e s a r e l e s s 

numerous and more w i d e l y spaced. The c l o s e s t comparable f o r m known to 

t h e w r i t e r i s t h a t r e f e r r e d by Tschernyschew (1902, p. 616, p i . 29, 

f i g . 3; p i . 63, f i g . 9) t o P r o d u c t u s c u r v i r o s t r i s S c h e l l w i e n ( i n c l u d e d 

w i t h i n the genus K r o t o v i a by Muir-Wood and Cooper, 1960, p. 188). Tscher­

nyschew 1 s R u s s i a n s p e c i e s appears t o be s l i g h t l y l a r g e r , b u t has s i m i l a r 

p r o p o r t i o n s , shape and ornament. The a v a i l a b l e m a t e r i a l i s i n s u f f i c i e n t 

f o r c o m p l ete i d e n t i f i c a t i o n o r d e s c r i p t i o n . 

O c c u r r e n c e : The p a r t i a l p e d i c l e v a l v e d e s c r i b e d above i s f r o m L o c a l i t y 

61-34-3F, i n t h e b a s a l s a n d s t o n e ( U n i t 1) o f t h e B u t t l e Lake F o r m a t i o n 

o f t h e t y p e s e c t i o n . 
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F a m i l y LINOPRODUCTIDAE S t e h l i 1954 

S u b f a m i l y PAUCISPINIFERINAE Muir-Wood and Cooper 1960 

Genus MUIRWOODIA L i c h a r e w 1947 

T h i s l i n o p r o d u c t i d genus i s c h a r a c t e r i s e d by i t s marked s u l c u s , 

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

w i t h d i s t i n c t i v e i n t e r n a l f e a t u r e s (Muir-Wood and Cooper, 1960, p. 322). 

As i s the c a s e i n many p r o d u c t i d g e n e r a , t h e s p i n e s a r e r a r e l y p r e s e r v e d , 

b u t t h e d i s t i n c t i v e s p i n e p a t t e r n can sometimes be a s c e r t a i n e d f r o m the 

s p i n e b a s e s . The specimen d e s c r i b e d below i s p a r t i a l l y e x f o l i a t e d , w i t h 

n o t enough o f t h e s h e l l r e m a i n i n g t o show th e s p i n e b a s e s . I n o t h e r f e a ­

t u r e s v i s i b l e , however, i t i s v e r y c l o s e l y comparable t o s e v e r a l d e s c r i b e d 

s p e c i e s of M u i r w o o d i a . I t i s a s s i g n e d t e n t a t i v e l y t o t h e genus u n t i l 

a d d i t i o n a l m a t e r i a l i s o b t a i n e d t o c o r r o b o r a t e o r r e f u t e t h e i d e n t i f i ­

c a t i o n . 

MUIRWOODIA? sp. 

P l a t e I , F i g u r e 10 

D e s c r i p t i o n : P a r t i a l p e d i c l e v a l v e o n l y . P r o b a b l y s u b r e c t a n g u l a r o u t ­

l i n e . G r e a t e s t w i d t h a l o n g h i n g e l i n e . V e n t e r m o d e r a t e l y convex, g e n i ­

c u l a t i o n and t r a i l n o t p r e s e r v e d . P r o m i n e n t narrow s u l c u s , o r i g i n a t i n g 

a n t e r i o r t o beak. S u r f a c e c a p i l l a t e , c a p i l l a e (see Muir-Wood and Cooper, 

1960, p. 14) numbering about 30 i n 10 mm. Umbonal s l o p e s m o d e r a t e l y 

s t e e p , e x t e n d i n g onto s l i g h t l y convex, t r i a n g u l a r a u r i c l e s . 

O t h e r f e a t u r e s , and b r a c h i a l v a l v e , n o t seen. 

Measurements: W i d t h ( f r o m h a l f - w i d t h ) 32 mm. L e n g t h 174 mm., on s i n g l e 
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specimen a v a i l a b l e (UBC 20046), a pedicle valve. 

Discussion: This species has s u p e r f i c i a l resemblances to Muirwoodia  

transversa Cooper (1957, p. 39, p i . 5A, f i g s . 1-13), and to Muirwoodia  

mammatus (Keyserling), described by Stepanow (1937, p. 177, p i . 2, f i g s . 

5-7) from Spitzbergen, by Tschernyschew from Russia (1902, p. 631, p i . 35, 

f i g s . 4-6) and by Harker and Thorsteinsson (1960, p. 58, p i . 16, f i g s . 

1-5) from G r i n n e l l Peninsula, and to Muirwoodia greenlandica Dunbar 

(1955, p. 103, p i . 16, f i g s . 1-18), from Greenland. A l l of these species 

are very s i m i l a r , and may belong to one species group. They d i f f e r 

s l i g h t l y i n v i s i b l e features from the Vancouver Island Muirwoodia? sp. 

only in dimensions and coarseness of ornamentation. 

Occurrence: The single specimen i s from Unit 11 of the Azure Lake section 

of the B u t t l e Lake Formation. 

Superfamily SPIRIFERACEA Waagen 1883 

Family SPIRIFERIDAE King 1846 

Genus NEOSPIRIFER Fredericks 1919 

Discussion: N e o s p i r i f e r i s d i f f e r e n t i a t e d from S p i r i f e r Sowerby 1818 

in having strongly f a s c i c u l a t e , rather than simple costae. However, 

according to Dunbar (1955, p. 131), "the d i s t i n c t i o n i s not clear - c u t , 

for i n _S_. s t r i a t u s (Martin) (type species of S p i r i f e r ) , and r e l a t e d 

species, costae occasionally s p l i t into three instead of two branches 

and a moderate degree of f a s c i c u l a t i o n i s commonly v i s i b l e near the 

beaks". Within other s p i r i f e r i d genera, and even species, f a s c i c u l a t i o n 

of the costae appears to be a v a r i a b l e c h a r a c t e r i s t i c . Dunbar's discus­

sion of S p i r i f e r e l l a k e i l h a v i i (von Buch) (Dunbar, i b i d . , p. 139) 
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i l l u s t r a t e s t h i s p r o b l e m ; w i t h i n t h i s s p e c i e s , a l l g r a d a t i o n s between 

n o n - f a s c i c u l a t e and c l e a r l y f a s c i c u l a t e t y p e s o f c o s t a t i o n o c c u r . 

Dunbar 1 s remarks on S_. k e i l h a v i i and on S p i r i f e r s t r i a t o -

paradoxus T o u l a (Dunbar, i b i d . , p. 132) a l s o show t h a t shape of t h e 

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

g roup. Each of t h e s e two s p e c i e s , a t l e a s t , i n c l u d e specimens whose 

c a r d i n a l e x t r e m i t i e s a r e e i t h e r r o u n d e d - o b t u s e o r a c u t e and a l a t e . 

The specimens d e s c r i b e d b e l o w have p a r t i a l l y f a s c i c u l a t e c o s ­

t a l o r n a m e n t a t i o n . I n t e r n a l l y , t h e y d i s p l a y t h e g e n e r i c c h a r a c t e r i s t i c s 

of N e o s p i r i f e r as i n t e r p r e t e d by such a u t h o r s as S a r y c h e v a and S o k o l -

s k a y a (1952, p. 190-191; f i g . 1 6 6 ) , R. E. K i n g (1931, p. 1 1 5 ) , and 

S t e h l i (1954, p. 340, t e x t f i g . 4 3 ) . 

NEOSPIRIFER n. s p . 

P l a t e I I , F i g u r e s 1, 2, 3, 4, 5, 6 

1963 N e o s p i r i f e r ? n. s p . YOLE, p i . I I , f i g s . 15, 16 

D i a g n o s i s : L a r g e , t r a n s v e r s e , mucronate N e o s p i r i f e r , w i t h i n c o m p l e t e 

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

o f about t w e l v e v o l u t i o n s i n each c o i l . 

D e s c r i p t i o n : S h e l l , l a r g e , i m p u n c t a t e , w i d e r t h a n l o n g , w i t h s t r a i g h t 

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

l i n e . 

P e d i c l e v a l v e m o d e r a t e l y convex, g r e a t e s t c o n v e x i t y i n um­

b o n a l r e g i o n . Beak s h a r p l y p o i n t e d , s t r o n g l y i n c u r v e d over w i d e , 

s t r o n g l y concave i n t e r a r e a . I n t e r a r e a f l a t t e n s l a t e r a l l y f r o m d e l t h y -
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r i u m , and i s marked by t r a n s v e r s e s t r i a t i o n s . D e l t h y r i u m l a r g e , t r i ­

a n g u l a r , open i n a l l specimens on w h i c h i t was o b s e r v e d . Prominent 

s u l c u s o r i g i n a t e s a t beak, where i t i s n a rrow and deep; b r o a d e r and 

more s h a l l o w a n t e r i o r l y . S u r f a c e c o s t a t e ; c o s t a e r o u n d e d , w e a k l y f a s ­

c i c u l a t e , i n b u n d l e s o f t h r e e , t h e median one of t h e t r i a d b e i n g the 

l a r g e s t ; f a s c i c u l a t i o n most o b v i o u s n e a r umbo, becoming o b s c u r e an­

t e r i o r l y , and l a t e r a l l y ; t h r e e t o f i v e b u n d l e s o f c o s t a e i n 10 mm. a t 

m i d - l e n g t h . I n s u l c u s , f i v e or s i x c o s t a e a t a n t e r i o r m a r g i n , o f 

s i m i l a r s i z e t o t h o s e on f l a n k s . I n t e r n a l l y , s t r o n g d e n t a l p l a t e s , 

b o u n d i n g d e l t h y r i a l c a v i t y , c o n v e r g i n g a n t e r i o r l y and v e n t r a l l y . T h i c k 

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

t i o n of t h e p o s t e r i o r h a l f of t h e s h e l l i n t e r i o r ; c a l l o u s t h i n n e d i n 

median a r e a below d e n t a l p l a t e s . 

B r a c h i a l v a l v e l e s s convex t h a n p e d i c l e . Beak s m a l l , s l i g h t ­

l y i n c u r v e d o v e r n a rrow i n t e r a r e a . N o t o t h y r i u m w i d e , t r i a n g u l a r ; no 

c h i l i d i a l p l a t e s seen; p r o m i n e n t , n a rrow d e n t a l s o c k e t grooves b o r d e r 

n o t o t h y r i u m . S u r f a c e o r n a m e n t a t i o n a p p a r e n t l y s i m i l a r t o t h a t of t h e 

p e d i c l e v a l v e . Narrow rounded f o l d , n e a r l y smooth near beak, c o s t a e 

a n t e r i o r l y . I n t e r n a l l y s h e l l m a r g i n t h i c k e n e d and produced i n t o 

s t r o n g , c o n v e r g i n g s o c k e t p l a t e s below n o t o t h y r i u m . S m a l l a p i c a l c a l ­

l o u s , m e r g i n g i n t o low p l a t f o r m i m m e d i a t e l y below n o t o t h y r i u m , on w h i c h 

a low f i b r o u s c a r d i n a l p r o c e s s o c c u r s . S p i r a l i u m of a t l e a s t t w e l v e 

v o l u t i o n s i n each c o i l . 

Measurements ( i n mm.): 
L e n g t h 

L e n g t h L e n g t h Sub-Hinge 
Specimen S t r a i g h t C u r v e d L i n e W i d t h T h i c k n e s s 

UBC 20013 20+ 53? 20 72 
UBC 20028 - - - 77 -
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Measurements ( i n mm.): 
L e n g t h 

L e n g t h L e n g t h Sub-Hinge 
Specimen S t r a i g h t C u r v e d L i n e W i d t h T h i c k n e s s 

UBC 20027 30+ 45? 29 84 _ 

UBC 20024 38 60 29 84 -
UBC 20015 50 60 - 55+ -
UBC 20022 30? 35? 21 84 -
UBC 20025 - - 22 60+ -
UBC 20021 35+ 55? 26 55+ -
UBC 20023 29+ - - 74 -
UBC 20026 40 75 29 70+ -
UBC 20014 60 85+ 45 80 27+ 
UBC 20017 38 - 28? 64 -
UBC 20018 50+ - 36? . 80+ _ 

M a t e r i a l : A l l specimens l i s t e d a r e f r o m d o l o m i t i c l i m e s t o n e ; 

most a r e i n c o m p l e t e , b u t p r e s e r v a t i o n i s o t h e r w i s e f a i r t o good. 

D i s c u s s i o n : The N o r t h A m e r i c a n f o r m most s i m i l a r t o t h i s s p e c i e s ap­

p e a r s t o be S p i r i f e r ( N e o s p i r i f e r ) h u e c o e n s i s K i n g , (1931, p. 116, p i . 

38, f i g s . 2 -3). The Texas s p e c i e s d i f f e r s f r o m N e o s p i r i f e r n. sp. i n 

i t s l e s s a l a t e shape, l e s s pronounced umbo and beak, and s h o r t e r d e n t a l 

p l a t e s . 

N e o s p i r i f e r condor ( d ' O r b i g n y ) , a Permian and Permo-Carbon-

i f e r o u s s p e c i e s o f w i d e s p r e a d d i s t r i b u t i o n , d i f f e r s f r o m N e o s p i r i f e r 

n. sp. i n i t s more pronounced f o l d and s u l c u s , i n s h o r t e r d e n t a l p l a t e s , 

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

s u r f a c e s c u l p t u r e ( C h r o n i c , i n N e w e l l e t a l , 1953, p. 60, p i . 10, f i g s . 

10-12; R. E. K i n g , 1930, p. 113, p i . 35, f i g s . 8-10). A specimen f r o m 

th e Lower Permian of S p i t z b e r g e n , a s s i g n e d by Stepanow (1937, p. 141, 

179, p i . 7, f i g . 3) t o N e o s p i r i f e r c o n d o r , i s e x t e r n a l l y v e r y s i m i l a r 

t o N e o s p i r i f e r n. sp. 

S i m i l a r i t i e s t o c e r t a i n specimens a s s i g n e d by a u t h o r s t o 

N e o s p i r i f e r cameratus (Morton) a r e a l s o e v i d e n t ; examples a r e i n 
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M i l o r a d o v i c h , 1935 (p. 128, p i . 4, f i g s . 7 0 8 ) , and Tschernyschew, 1902 

(p. 531, p i . 5, f i g s . 1-9; p i . 6, f i g . 8; p i . 1 1 , f i g s . 2-4; p i . 40, 

f i g . 6 ) . I d e n t i f i c a t i o n s o f N. cameratus f r o m Permian h o r i z o n s a r e , 

however, open t o q u e s t i o n ; many such a s s i g n m e n t s have been removed f r o m 

Morton's s p e c i e s (see B r a n s o n , 1948, p. 4 2 6 ) . C e r t a i n A r c t i c forms 

p r e v i o u s l y r e f e r r e d t o t h i s s p e c i e s have been i n c l u d e d i n t h e synonymy 

o f S p i r i f e r s t r i a t o - p a r a d o x u s T o u l a by H a r k e r ( i n H a r k e r and Thor­

s t e i n s s o n , 1960, p. 67, p i . 19, f i g s . 1 -7). From t h e l a t t e r s p e c i e s , 

t h e Vancouver I s l a n d N e o s p i r i f e r n. s p . d i f f e r s i n h a v i n g c o a r s e r , l e s s 

s t r o n g l y b u n d l e d c o s t a e , fewer c o s t a e i n s u l c u s , and l a c k o f growth 

v a r i c e s ; i n a d d i t i o n , each s p i r a l i u m c o i l o f N e o s p i r i f e r n. sp. b e a r s 

about t w e l v e v o l u t i o n s , i n c o n t r a s t t o t h e much l a r g e r number p r e s e n t 

i n S p i r i f e r s t r i a t o - p a r a d o x u s (Dunbar, 1955, p. 1 3 1 ) . 

From t y p i c a l N o r t h A m e r i c a n forms of N e o s p i r i f e r cameratus 

( M o r t o n ) , t h e Vancouver I s l a n d s p e c i e s i s e a s i l y d i s t i n g u i s h e d by i t s 

more a l a t e shape, fewer and s t r o n g e r c o s t a e , and l e s s pronounced bund­

l i n g o f c o s t a e ( c f . Shimer and S h r o c k , 1944, p i . 125, f i g s . 5, 6 ) . 

The d i f f e r e n c e s c i t e d above, and t h e l a c k o f d e s c r i p t i o n s o f 

i n t e r n a l d e t a i l s o f many of t h e s u p e r f i c i a l l y s i m i l a r f o r m s , combined 

w i t h t h e p r e s e n t u n c e r t a i n s t a t u s o f some of t h e named s p e c i e s l e a d 

t h e w r i t e r t o b e l i e v e t h a t t h e Vancouver I s l a n d s p e c i e s d e s c r i b e d above 

s h o u l d be r e g a r d e d as new. 

Oc c u r r e n c e : N e o s p i r i f e r n. s p . o c c u r s i n U n i t 11 of the B u t t l e L a k e 

F o r m a t i o n l o c a t i o n a t t h e t y p e s e c t i o n . S u p e r f i c i a l l y s i m i l a r forms 

have a l s o been r e c o g n i z e d i n t h e same f o r m a t i o n a t L o c a l i t y 61-33-10F, 

on t h e r i d g e e a s t o f A z u r e L a k e . 
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NEOSPIRIFER sp. 

P l a t e I I I , F i g u r e 11 

1963 N e o s p i r i f e r s p. YOLE, p i . I , f i g . 9 

I n t e r n a l molds o f one p e d i c l e v a l v e (UBC 20070) and a p o r ­

t i o n o f a b r a c h i a l v a l v e (UBC 20071) o f a s m a l l b r a c h i o p o d p r o b a b l y 

b e l o n g i n g t o N e o s p i r i f e r were f o u n d i n t h e b a s a l s a n d s t o n e of t h e 

B u t t l e L a k e F o r m a t i o n ( L o c a l i t y 61-34-3F). The s h e l l s a r e s t r o n g l y 

c o s t a t e , w i t h t h e c o s t a e p r o m i n e n t l y f a s c i c u l a t e i n t h e a n t e r i o r 

h a l v e s . The s u l c u s and f o l d a r e narrow; b o t h appear t o be w e a k l y 

c o s t a t e , b u t p r e s e r v a t i o n i s i n a d e q u a t e f o r f u l l d e s c r i p t i o n . Mea­

surements made on t h e more o r l e s s c o m p lete p e d i c l e v a l v e a r e : 

L e n g t h - 13 mm., W i d t h - 26 mm. Not enough m a t e r i a l i s p r e s e n t f o r 

adequate c o m p a r i s o n w i t h o t h e r m a t e r i a l . However, the p e d i c l e v a l v e 

(UBC 20070) appears i d e n t i c a l i n e x t e r n a l appearance t o a f o s s i l f r o m 

t h e Lower Permian of Novaya Zemlya, r e f e r r e d by M i l o r a d o v i c h (1935, 

p. 150, p i . 6, f i g s . 37-38) t o S p i r i f e r cameratus M o r t o n . A s m a l l 

s p e c i m e n , r e f e r r e d by Tschernyschew (1902, p i . 5, f i g s . 1, 2) t o 

Morton's s p e c i e s a l s o shows d i s t i n c t s i m i l a r i t y t o t h e Vancouver I s ­

l a n d f o s s i l s . T s c h e r n y s c h e w 1 s "S_. c a m e r a t u s " h a s , however, s i n c e been 

p l a c e d i n synonymy w i t h N e o s p i r i f e r p o s t s t r i a t u s ( N i k i t i n ) ( s e e B r a n ­

s o n , 1948, p. 4 3 0 ) . 

Genus BRACHYTHYRINA F r e d e r i c k s 1929 

BRACHYTHYRINA c f . B. UFENSIS (Tschernyschew) 

One p a r t i a l p e d i c l e v a l v e of a l a r g e , b r o a d r i b b e d s p i r i f e r i d 

(UBC 20056), f r o m U n i t 11 i n t h e t y p e s e c t i o n of t h e B u t t l e L a k e Forma-
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t i o n r e s e m b l e s B r a c h y t h y r i n a u f e n s i s (Tschernyschew) i n v i s i b l e f e a ­

t u r e s . The f o s s i l measures o v e r 45 mm. l o n g , o v e r 44 mm. w i d e ; a 

s h a l l o w s u l c u s w i t h m e d i a l f u r r o w i s bounded on t h e f l a n k s by b r o a d , 

subdued c o s t a e . Remnants o f a b r o a d s p i r a l i u m w i t h many v o l u t i o n s 

a r e v i s i b l e . The c l o s e s t c o m p a r i s o n t h a t can be made i s w i t h t h e 

specimen f i g u r e d i n T s c h e r n y s c h e w 1 s (1902) f i g . 3, p i . 39. C l o s e l y 

comparable e x t e r n a l c h a r a c t e r i s t i c s a r e a l s o shown by a f o s s i l f r o m 

Novaya Zemlya a s s i g n e d t o B. u f e n s i s by M i l o r a d o v i c h (1935, p. 150, 

p i . 6, f i g . 3 6 ) . From t h e f o s s i l i l l u s t r a t e d by N e l s o n (1961b, p i . 28, 

f i g . 2 ) , under t h e name " S p i r i f e r " s p . , c f . S_. u f e n s i s Tschernyschew, 

t h e Vancouver I s l a n d specimen d i f f e r s i n h a v i n g a l e s s e l e v a t e d umbo. 

Somewhat s i m i l a r f o s s i l s , though l e s s w e l l - p r e s e r v e d , o c c u r 

a l s o a t L o c a l i t y 61-33-10F, i n t h e B u t t l e L a k e F o r m a t i o n , e a s t of A z u r e 

L a k e . 

Genus SPIRIFERELLA Tschernyschew 1902 

Recent d i s c u s s i o n s o f t h e c h a r a c t e r i s t i c s o f t h i s genus, and 

the problems o f s p e c i f i c d i s t i n c t i o n s a r e g i v e n i n Dunbar (1955, p. 142) 

and H a r k e r and T h o r s t e i n s s o n (1960, p. 7 0 ) . From t h e s e a u t h o r s ' work, 

i t i s a p p a r e n t t h a t t h e A r c t i c s p e c i e s o f t h i s genus cannot be e a s i l y 

d i s t i n g u i s h e d , e s p e c i a l l y when o n l y e x t e r n a l f e a t u r e s a r e a v a i l a b l e 

f o r s t u d y . H a r k e r and T h o r s t e i n s s o n ( i b i d . , p. 71) summarize t h e i r 

c o n c l u s i o n s , b a s e d on specimens f r o m G r i n n e l l P e n i n s u l a , as f o l l o w s : 

"By s e l e c t i n g t h e more extreme forms i t i s f a i r l y easy t o s e p a r a t e them 

i n t o two gr o u p s ; one group i n c l u d e s t h e more e l o n g a t e s h e l l s w i t h 

a n g u l a r s u l c u s and f a i r l y s i m p l e r i b s , t h e o t h e r group c o m p r i s e s t h e 

more t r a n s v e r s e s h e l l s w i t h more complex r i b p a t t e r n . These two groups 
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c o r r e s p o n d r e s p e c t i v e l y w i t h S_. s a r a n a e sensu l a t o and S_. k e i l h a v i i 

sensu l a t o o f E i n o r 1939, p. 126-154. There a r e some i n t e r m e d i a t e 

forms and i t i s p r o b a b l e t h a t t h e r e w o u l d be a c o m p l e t e l y i n t e r g r a d -

i n g s e r i e s i f more m a t e r i a l was a v a i l a b l e " . 

The s p e c i e s r e p r e s e n t e d i n t h e w r i t e r ' s c o l l e c t i o n s from 

Vancouver I s l a n d i s h e r e i n r e f e r r e d t o S p i r i f e r e l l a s a r a n a e sensu l a t o , 

f o l l o w i n g t h e i n t e r p r e t a t i o n o f H a r k e r and T h o r s t e i n s s o n . 

SPIRIFERELLA SARANAE (de V e r n e u i l ) s e n s u l a t o 

P l a t e I I I , F i g u r e s 1, 2, 3, 4. 

1902 S p i r i f e r i n a ( S p i r i f e r e l l a ) s a r a n a e (de V e r n e u i l ) . TSCHERNYSCHEW, 
p i . 12, f i g . 4: p i . 40, f i g . 5; t e x t f i g s . 41-46. 

71955 S p i r i f e r e l l a ? s p . u n d e t . DUNBAR, p i . 27, f i g s . 15-16. 
1960 S p i r i f e r e l l a s a r a n a e (de V e r n e u i l ) s . l . HARKER and THORSTEINSSON, 

p. 71, p i . 22, f i g s . 1-8; p i . 23, f i g s . 3, 4, 8. 
?1961b S p i r i f e r e l l a s a r a n a e (de V e r n e u i l ) . NELSON, p i . 29, f i g s . 1-3. 
71962 S p i r i f e r e l l a d r a s c h e i ( T o u l a ) . DUNBAR, p. 3, p i . 2, f i g s . 1-14. 
1963 S p i r i f e r e l l a c f . S_. s a r a n a e (de V e r n e u i l ) . YOLE, p i . 1, f i g s . 6, 7. 

D e s c r i p t i o n : S h e l l s medium t o l a r g e s i z e d , t h i c k , e s p e c i a l l y i n a p i c a l 

r e g i o n , l o n g e r t h a n w i d e ( i n c o m p l e t e p r e s e r v a t i o n o f some specimens 

s u g g e s t s w i d t h s e q u a l o r g r e a t e r t h a n l e n g t h ) . H inge l i n e a p p a r e n t l y 

s t r a i g h t , b u t n o t c o m p l e t e l y p r e s e r v e d i n t h e Vancouver I s l a n d s p e c i ­

mens . 

V e n t r a l v a l v e m o d e r a t e l y convex. I n t e r a r e a h i g h , h e i g h t 

about o n e - t h i r d o f s h e l l l e n g t h , c o n c a v e . D e l t h y r i u m n o t seen. P r o ­

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

b o t t o m n e a r beak; becomes b r o a d and s h a l l o w , w i t h l e s s s t e e p s i d e s , 

a n t e r i o r l y ; s i d e s smooth o r marked by f a i n t , f i n e c o s t a e . F i v e , 
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p o s s i b l y s i x , s t r o n g c o s t a e on each f l a n k , t h e two b o u n d i n g t h e s u l c u s 

b e i n g t h e most p r o m i n e n t . No f a s c i c u l a t i o n o f c o s t a e e v i d e n t . I n ­

t e r i o r shows s m a l l median m u s c l e f i e l d d e p r e s s i o n , s u r r o u n d e d by t h i c k 

s e c o n d a r y ? s h e l l g r o w t h , a c o n t i n u a t i o n of t h e e x t r e m e l y t h i c k a p i c a l 

s h e l l f i l l i n g . O t her f e a t u r e s n o t v i s i b l e . 

B r a c h i a l v a l v e n o t s e e n . 

Measurements ( i n mm.): 

Specimen L e n g t h S t r a i g h t L e n g t h C u r v e d W i d t h 

UBC 20068 38+ 57+ 40? 
UBC 20069 36+ 49+ 42 
UBC 20154 30+ - 42 
UBC 20155 51+ - 42? 
UBC 20157 37+ 45+ 25+ 
UBC 20156 33+ 48+ 26+ 

M a t e r i a l : The specimens c o n s i s t o f p a r t i a l p e d i c l e v a l v e s 

i n a l l c a s e s , p o o r l y p r e s e r v e d by p a r t i a l s i l i c i f i c a t i o n i n c o a r s e 

c r i n o i d a l l i m e s t o n e . The p r e s e r v a t i o n does n o t p e r m i t o b s e r v a t i o n 

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

o b s c u r e d . 

D i s c u s s i o n : W h i l e i n shape t h e specimens appear s i m i l a r t o S p i r i f e r ­

e l l a k e i l h a v i i (von B u c h ) , as d e s c r i b e d and i l l u s t r a t e d by Dunbar (1955, 

p. 139, p i . 25, f i g s . 1-9; p i . 26, f i g s . 1-11; p i . 27, f i g s . 1-14), 

t h e y d i f f e r f r o m i t i n h a v i n g a d e e p e r , more a n g u l a r s u l c u s , and i n t h e 

s i m p l e c o s t a e . Dunbar i l l u s t r a t e s a S p i r i f e r e l l a ? s p . undet ( i b i d . , 

p i . 27, f i g s . 1 5 - 1 6 ) , f r o m t h e Permian o f S p i t s b e r g e n , w h i c h c l o s e l y 

r e s e m b l e s t h e Vancouver I s l a n d s p e c i m e n s . The S p i t z b e r g e n f o r m was 

o r i g i n a l l y a s s i g n e d t o S_. k e i l h a v i i by Tschernyschew and Stepanow 

(1916, p i . 11, f i g s . 3 a - c ) . The s u l c u s and c o s t a l t y p e shown on t h e 



164 

Vancouver I s l a n d s p e c i m e n s , seem t o agree b e s t w i t h H a r k e r and Thor­

s t e i n s s o n 1 s i n t e r p r e t a t i o n o f S p i r i f e r e l l a s a r a n a e , m e n t i o n e d i n the 

g e n e r i c d i s c u s s i o n . Because o f t h e a p p a r e n t v a r i a t i o n s i n shape and 

degree o f c o s t a l f a s c i c u l a t i o n p r e s e n t i n t h e genus and d e s c r i b e d 

s p e c i e s , t h e a s s i g n m e n t o f t h e Vancouver I s l a n d specimens t o S_. s a r a n a e 

sensu l a t o , seems most s u i t a b l e u n t i l f u r t h e r work has c l a r i f i e d t h e 

d e f i n i t i o n o f t h e s p e c i e s , 

S p i r i f e r e l l a s a r a n a e f r o m t h e Permian of t h e Yukon ( N e l s o n , 

1961b, p. 129, f i g s . 1 - 3 ) , and S p i r i f e r e l l a d r a s c h e i ( T o u l a ) f r o m t h e 

Permian of n o r t h e a s t G r e e n l a n d (Dunbar, 1962, p. 8, p i . 2, f i g s . 1 2 - 1 4 ) , 

a l t h o u g h n o t i d e n t i c a l t o the Vancouver I s l a n d s p e c i m e n s , may c o n c e i v ­

a b l y f a l l w i t h i n t h e b r o a d d e f i n i t i o n o f S_. s a r a n a e a c c e p t e d by H a r k e r 

and T h o r s t e i n s s o n ( 1 9 6 0 ) . I n f o r m a t i o n on t h e s e two forms i s n o t s u f ­

f i c i e n t t o make a c c u r a t e c o m p a r i s o n s . 

O c c u r r e n c e : Two of t h e Vancouver I s l a n d s p e c i m e n s , UBC 20068, 20069, 

a r e f r o m t h e upper 75 f e e t of t h e B u t t l e L a k e F o r m a t i o n , U n i t 21 of 

t h e t y p e s e c t i o n . The r e m a i n d e r a r e f r o m t h e upper p a r t of the same 

f o r m a t i o n , s o u t h e a s t of M a r b l e Peak, L o c a l i t i e s 61-61A-7F and 8F. 
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Genus PTEROSPIRIFER Dunbar 1955 

PTEROSPIRIFER? sp. 

D e s c r i p t i o n ; From two p o o r l y p r e s e r v e d b r a c h i a l v a l v e s , a p a r t i a l 

d e s c r i p t i o n i s a l l t h a t i s p o s s i b l e . The s h e l l s a r e w i d e , a l a t e , 

w i t h a p r o m i n e n t n o n - p l i c a t e f o l d . About 10 t o 12 s u b a n g u l a r p l i ­

cae o c c u r on each s i d e of t h e f o l d , the f o u r o r f i v e n e a r e s t t o the 

f o l d b e i n g most c l e a r l y d e f i n e d . The h i n g e l i n e i s t h e w i d e s t 

p a r t o f t h e s h e l l . A s l i g h t l y c o n c a v e , s u b p a r a l l e l - s i d e d i n t e r -

a r e a a r c h e s more s t r o n g l y under t h e s m a l l , i n c o n s p i c u o u s beak. I n 

one specimen (UBC 2 0 0 59), remnants of an e x t e n s i v e a p i c a l c a l l o s i t y , 

and a m e d i a l , s t r o n g l y i m p r e s s e d , e l o n g a t e m u s c l e f i e l d , a r e v i s i b l e . 

No s u r f a c e m i c r o - s t r u c t u r e i s p r e s e r v e d on the specimens a v a i l a b l e ; 

t h e s h e l l s appear t o be i m p u n c t a t e . 

Measurements ( i n mm.); 

Specimen L e n g t h W i d t h 

UBC 20095 12+ 30 
UBC 20167 12+ 52 

M a t e r i a l : Specimen UBC 20095 i s an i n t e r n a l m o l d , and UBC 

20167 a s i l i c i f i e d v a l v e , the f o r m e r o c c u r r i n g i n t h e b a s a l s a n d s t o n e 

o f t h e B u t t l e L a k e F o r m a t i o n , t h e l a t t e r i n c o a r s e c r i n o i d a l l i m e ­

s t o n e o f t h e same u n i t . 

D i s c u s s i o n : The l a c k of c o m p l e t e f o s s i l s p r e v e n t s c e r t a i n i d e n t i f i ­

c a t i o n o f t h i s s p e c i e s ; i t s g e n e r a l r e s e m b l a n c e t o s p e c i e s i n c l u d e d 

w i t h i n Dunbar's genus P t e r o s p i r i f e r w a r r a n t o n l y t e n t a t i v e a s s i g n m e n t 
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t o t h a t genus. The v i s i b l e f e a t u r e s i n d i c a t e c l o s e r e s e m b l a n c e t o 

P. c f . P. a l a t u s ( S c h l o t h e i m ) , d e s c r i b e d by H a r k e r and T h o r s t e i n s s o n 

(1960, p. 68, p i . 20, f i g s . 1 3 - 1 4 ) . From P. a l a t u s ( S c h l o t h e i m ) , 

as i l l u s t r a t e d and d e s c r i b e d by Dunbar (1955, p. 129, p i . 22, f i g s . 

1 9 - 2 5 ) , t h e Vancouver I s l a n d f o s s i l s d i f f e r i n t h e i r l a c k o f a median 

groove on t h e f o l d . 

O c c u r r e n c e : Specimen UBC 20095 was f o u n d i n U n i t 1, i n t h e b a s a l 

s a n d s t o n e o f t h e B u t t l e L a k e F o r m a t i o n t y p e s e c t i o n . The o t h e r 

f o s s i l , UBC 20167, was c o l l e c t e d f r o m t h e upper p a r t o f the same 

f o r m a t i o n a t L o c a l i t y 61-33-10F, e a s t o f A z u r e L a k e . 

S u b f a m i l y INGELARELLINAE Campbell 1959 

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

g enera w i t h e x t e r n a l c h a r a c t e r i s t i c s r e l a t e d t o t h o s e o f the genus 

M a r t i n i o p s i s Waagen 1883. H i s d i a g n o s i s (1959, p. 332) i s as f o l l o w s : 

" S p i r i f e r i d a e o f v e r y v a r i a b l e s i z e ; h i n g e l i n e 
v a r i a b l e i n l e n g t h b u t always l e s s t h a n t h e m a x i ­
mum w i d t h o f t h e s h e l l ; c a r d i n a l e x t r e m i t i e s 
r o unded; f o l d and s u l c u s p r e s e n t o r a b s e n t ; com­
m i s s u r e r e c t i m a r g i n a t e t o p a r a s u l c a t e and s u l -
c i p l i c a t e ; c a r d i n a l a r e a s i n v a r i a b l y p r e s e n t on 
each v a l v e ; d e l t h y r i u m p a r t l y o b s t r u c t e d by 
na r r o w d e n t a l r i d g e s ; l a t e r a l s l o p e s smooth o r 
b e a r i n g up t o s i x deep rounded p l i c a t i o n s ; s h e l l 
s u b s t a n c e i n two l a y e r s -- a v e r y t h i n ' e p i d e r -
m o i d a l ' l a y e r and a t h i c k i n n e r f i b r o u s l a y e r ; 
o u t e r l a y e r b e a r i n g s h a l l o w p i t s o f v a r i a b l e shape; 
t e e t h s u p p o r t e d on w e l l - d e v e l o p e d d e n t a l l a m e l l a e ; 
v e n t r a l a d m i n i c u l a d i v e r g e a t v a r i a b l e a n g l e s ; 
d o r s a l a d m i n i c u l a range i n l e n g t h f r o m o n e - t h i r d 
the l e n g t h o f t h e v a l v e t o a b s e n t ; c r u r a l p l a t e s 
s t r o n g ; s p i r e s w i t h about t w e l v e t o t w e n t y - f i v e 
v o l u t i o n s ; no jugum p r e s e n t " . 

The t h r e e genera c o m p r i s i n g t h e s u b f a m i l y a r e M a r t i n i o p s i s 

Waagen 1883, N o t o s p i r i f e r H a r r i n g t o n 1955 and I n g e l a r e l l a C a m p b e l l 
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1959; t h e y a r e d i s t i n g u i s h e d on t h e b a s i s o f : p r e s e n c e o r absence 

o f f o l d and s u l c u s ; p r e s e n c e or absence o f d o r s a l a d m i n i c u l a ; shape 

and arrangement of s u r f a c e p i t s . 

Genus INGELARELLA Campbell 1959 

Type s p e c i e s : I n g e l a r e l l a a n g u l a t a Campbell 1959 (p. 345, p i . 56, 

f i g s . 4 a - c ; p i . 57, f i g s . 4 - 6 ) . G e n e r i c d i a g n o s i s : 

" S h e l l s s m a l l t o l a r g e i n s i z e ; f o l d and s i n u s p r e ­
s e n t , b u t v a r i a b l y d e v e l o p e d , and each w i t h o r 
w i t h o u t a median f u r r o w ; l a t e r a l s l o p e s smooth o r 
e x h i b i t i n g v a r y i n g degrees o f p l i c a t i o n ; p e d i c l e 
umbo u s u a l l y h i g h ; h i n g e about t w o - t h i r d s t h e 
maximum w i d t h of t h e v a l v e ; s h e l l formed o f two 
l a y e r s , t h e o u t e r u s u a l l y b e i n g o f t h e o r d e r o f 
1/25 mm. t h i c k , and c a r r y i n g a s e r i e s of f i n e 
s e m i - q u i n c u n c i a l l y d i s p o s e d s h o r t l i n e a r d e p r e s ­
s i o n s ; d e n t a l l a m e l l a e and v e n t r a l a d m i n i c u l a 
p r e s e n t , t h e l a t t e r n e v e r l y i n g c o m p l e t e l y l a t e r a l 
t o t h e f o l d s b o r d e r i n g t h e s i n u s ; s o c k e t s l o n g ; 
c r u r a l p l a t e s and d o r s a l a d m i n i c u l a a l w a y s d e v e l o p e d ; 
d e s c e n d i n g l a m e l l a r o b u s t , and s p i r e s d i r e c t e d 
p o s t e r o - l a t e r a l l y " . 

The f o s s i l s d e s c r i b e d below have a l l t h e c h a r a c t e r i s t i c s o f 

I n g e l a r e l l a , w i t h t h e e x c e p t i o n o f some of t h e i n t e r n a l f e a t u r e s , 

such as t h e s p i r a l i a , w h i c h a r e n o t p r e s e r v e d on t h e Vancouver I s l a n d 

s p e cimens. A l t h o u g h s t r o n g e v i d e n c e f o r t h e i r a f f i n i t y w i t h C a mpbell's 

A u s t r a l i a n genus can be c i t e d , u n t i l more c o m p l e t e l y p r e s e r v e d m a t e r i a l 

i s o b t a i n e d , t h e Vancouver I s l a n d specimens can o n l y t e n t a t i v e l y be 

r e f e r r e d t o I n g e l a r e l l a . A c c o r d i n g t o C a m p b e l l (1959, p. 341-342, 

f i g . 4) t h e genus o c c u r s w i t h o u t q u e s t i o n o n l y i n E a s t e r n A u s t r a l i a , 

New Z e a l a n d , Tasmania and A r g e n t i n a , i n Permian beds. A p o s s i b l e r e ­

p r e s e n t a t i v e o f the genus o c c u r s i n t h e S a l t Range, P a k i s t a n . 

The f o s s i l s t e n t a t i v e l y a s s i g n e d t o I n g e l a r e l l a , a r e mor­

p h o l o g i c a l l y d i v i s i b l e i n t o t h r e e g r o u p s , w h i c h a r e h e r e t r e a t e d as 
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" s p e c i e s " . They a l l o c c u r i n the same bed , and t h e v a r i a t i o n s ex­

p r e s s e d by them may a c t u a l l y be o f i n t r a s p e c i f i c c h a r a c t e r . Camp­

b e l l ' s (1959, p. 344) I_. a n g u l a t a , f o r i n s t a n c e , shows g r e a t v a r i a ­

t i o n s i n shape, s i z e and development o f p l i c a e . The main d i f f e r ­

ences between t h e groups d e s c r i b e d b e l o w are i n t h e s e same f e a t u r e s , 

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

c u l a e appear t o be s i g n i f i c a n t l y d i f f e r e n t i n t h e t h r e e forms d e s ­

c r i b e d . There are n o t enough specimens a v a i l a b l e t o use s t a t i s t i c a l 

measures f o r s i g n i f i c a n c e o f t h e v a r i a b l e s . P r o v i s i o n a l l y , t h e r e f o r e , 

the t h r e e groups are d e s c r i b e d as " s p e c i e s " . The f o s s i l s a re a l l 

s i n g l e v a l v e s , and many are i n c o m p l e t e . They o c c u r i n a f i n e t o 

medium g r a i n e d s a n d s t o n e . Thus t h e e v i d e n c e on hand s u g g e s t s t h a t 

t h i s i s n o t a l i f e - a s s e m b l a g e ; though the s h e l l s have o b v i o u s l y n o t 

been s u b j e c t e d t o s t r o n g a b r a s i o n , t h e y have p r o b a b l y been t r a n s p o r t e d 

p r i o r t o d e p o s i t i o n . 

INGELARELLA? s p . A. 

P l a t e I I I , F i g u r e s 13-14. P l a t e V, F i g u r e 16. 

D e s c r i p t i o n : Medium t o l a r g e i n s i z e , b i c o n v e x , t h i n - s h e l l e d , t r a n s ­

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

P e d i c l e v a l v e m o d e r a t e l y convex. Hinge l i n e l e s s t h a n m a x i ­

mum w i d t h . C a r d i n a l e x t r e m i t i e s o b t u s e . Umbo m o d e r a t e l y e l e v a t e d 

above h i n g e l i n e , l a t e r a l s l o p e s concave i n o u t l i n e , umbonal a n g l e 

s l i g h t l y o b t u s e . A n t e r i o r commissure p a r a s u l c a t e . S h a l l o w , a l m o s t 

f l a t - b o t t o m e d s u l c u s , e x t e n d s i n t o b r o a d l y rounded tongue, s e t o f f 

f r o m l a t e r a l s l o p e s by p r o m i n e n t t r o u g h s . L a t e r a l s l o p e s each have 
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6 t o 7 l o w , rounded t o s u b a n g u l a r p l i c a t i o n s , d i m i n i s h i n g i n promin­

ence l a t e r a l l y f r o m s u l c u s . Few f a i n t , c o n c e n t r i c r u g a e . V e n t r a l 

a d m i n i c u l a ( C a m p b e l l , 1959, p. 336) c o n s i s t o f l o n g , s u b p a r a l l e l p l a t e s , 

e x t e n d i n g s l i g h t l y more t h a n 1/3 o f s h e l l l e n g t h f r o m umbo, p r o b a b l y 

c o n v e r g i n g p o s t e r i o r l y . S h e l l s u r f a c e f i n e l y p i t t e d ; p i t s about 

0.4 mm. aver a g e l e n g t h , and about 10 o c c u r i n 1 mm. o f v a l v e w i d t h ; 

arrangement s e m i - q u i n c u n c i a l . 

B r a c h i a l v a l v e t r a n s v e r s e o v a l i n o u t l i n e . S m a l l , p o i n t e d , 

i n c u r v e d beak. P r o m i n e n t , s t e e p - s i d e d f o l d , g e n t l y convex on summit. 

L a t e r a l s l o p e s w i t h 5 t o 6 rounded p l i c a e , t h e 3 c l o s e s t t o t h e f o l d 

b e i n g most prominent on each s i d e . Growth v a r i c e s o r rugae i r r e g u ­

l a r l y d e v e l o p e d , b e i n g most numerous and c l o s e l y s p aced a n t e r i o r l y . 

D o r s a l a d m i n i c u l a , s l i g h t l y d i v e r g i n g , e x t e n d 1/3 o f v a l v e l e n g t h f r o m 

umbo. A s h o r t median septum (myophragm? of C a m p b e l l , 1961, p. 172, 

e t c . ) e x t e n d s l e s s t h a n h a l f of l e n g t h o f mus c l e f i e l d between ad­

m i n i c u l a . 

Measurements ( i n mm.): 

Specimen 

UBC 20075 (p.v.) 
UBC 20077 (b.v.) 
UBC 20083 (b.v.) 

M a t e r i a l : An i n t e r n a l mold o f an a l m o s t c o m p l e t e p e d i c l e 

v a l v e (UBC 20075), an i n t e r n a l mold o f a p a r t i a l b r a c h i a l v a l v e (UBC 

20077) and an e x t e r n a l mold o f a p a r t i a l b r a c h i a l v a l v e (UBC 20083) 

a r e t h e o n l y specimens a v a i l a b l e . They a r e p r e s e r v e d i n c a l c a r e o u s 

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

W i d t h L e n g t h 
Hinge L e n g t h S u r f a c e 

L e n g t h W i d t h L i n e A d m i n i c u l a P i t s 

30 40 34? 12 _ 

27 34 22 8 -
23+ 32+? - - 0.4-0.6 
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Discussion: The material and preservation of the specimens i s not ade­

quate for precise comparisons with previously described species. How­

ever, general comparisons with some of Campbell's A u s t r a l i a n f o s s i l s 

are possible. The most c l o s e l y comparable species i s I n g e l a r e l l a angu­

l a t a Campbell (1959, p. 345, p i . 56, f i g s . 4a-c; p i . 57, f i g s . 1-5). 

The s i z e range of the l a t t e r species includes that of the specimens 

from Vancouver Island. In a l l other d i s c e r n i b l e features, Ingelarella? 

sp. A. agrees with Campbell's species, except for the greater number of 

p l i c a t i o n s i n the Vancouver Island specimens. Ingelarella? sp. A. d i f ­

f e r s from_I. denmeadi Campbell (1961, p. 171, p i . 23, f i g s . 7-12) i n 

being smaller, thinner s h e l l e d , and i n having a less prominent f o l d and 

sulcus; p l i c a t i o n s appear to be more numerous on the Vancouver Island 

specimens. The only other described f o s s i l with strong s i m i l a r i t y to 

I n g e l a r e l l a ? sp. A. i s one r e f e r r e d to by Miloradovich (1935, p. 136, 

p i . 6, f i g . 33) as Meekella? sp. indet., and compared by him to M. 

s t r i a t o - c o s t a t a Cox. The s i n g l e i l l u s t r a t i o n provided by Miloradovich 

shows a b r a c h i a l valve, almost i d e n t i c a l in appearance to one of the 

Vancouver Island specimens (UBC 20077). 

Because of the small amount and inadequate preservation of 

the Vancouver Island material a v a i l a b l e at the present time, i t i s con­

sidered i n s u f f i c i e n t f o r the erection of a new species. The observable 

differences between Inge l a r e l l a ? sp. A. and previously described species, 

and geographic separation from the l o c a l i t i e s of the l a t t e r , suggest 

that a new species may be necessary to accommodate i t . 

Occurrence: A l l specimens are from Unit 1, the basal sandstone of the 

B u t t l e Lake Formation, Azure Lake section. 
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INGELARELLA? sp. B 

Desc r i p t i o n : Medium to large i n s i z e , subpentameral o u t l i n e . 

Pedicle valve moderately convex, with greatest convexity i n 

umbonal region. Umbo ra i s e d high (about 1/3 of valve length) above 

hinge l i n e ; l a t e r a l slopes s l i g h t l y concave i n o u t l i n e , umbonal angle 

s l i g h t l y obtuse. Anterior commissure u n i p l i c a t e to very f a i n t l y para-

sulcate. Very shallow, almost imperceptible sulcus becomes evident 

about 1/3 of distance from umbo to anterior margin; a medial, broad 

groove or trough i s present. The l a t e r a l slopes are non-plicate, or 

marked by extremely subdued, low, rounded p l i c a t i o n s , v i s i b l e only 

near the l a t e r a l and anterior margins, and numbering about 6 on each 

side of sulcus. Few, f a i n t rugae. Ventral adminicula s l i g h t l y less 

than 1/3 of valve length, s l i g h t l y diverging a n t e r i o r l y . S h e l l sur­

face f i n e l y p i t t e d ; average length of p i t s 0.6 mm., with about 10 i n 

1 mm. width, arrangement semiquincuncial. 

No b r a c h i a l valves seen. 

Measurements ( i n mm.): 

Specimen 

UBC 20078 (p.v.) 
UBC 20076 (p.v.) 

M a t e r i a l : The two specimens are molds, one external (UBC 

20078), the other i n t e r n a l ; both are incomplete pedicle valves. They 

are preserved i n fine-grained sandstone. 

Discussion: This species d i f f e r s from Ingelarella? sp. A i n having 

a highly elevated umbo, i n the lack of, or very f a i n t development of, 

p l i c a t i o n s on the l a t e r a l slopes, and i n the longer surface p i t s . I t 

Width Length 
Hinge Length Surface 

Length Width Line Adminicula P i t s 

29 36 32? - 0.5-0.7 
26 32 30? 7 -
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b e a r s c e r t a i n r e s e m b l a n c e s t o s m o o t h - s h e l l e d forms o f _ I . a n g u l a t a Camp­

b e l l , and t o s m a l l e r specimens o f t h e s p e c i e s _I_. m a n t u a n e n s i s C a m p b e l l 

(1960, p. 1118, p i . 137, f i g s . 2-3; 1961, p. 185, p i . 24, f i g s . 1-2) 

a n d _ I . i n g e l a r e n s i s ( C a m p b e l l , 1960, p. 1115, p i . 135, f i g s . 1-3; p i . 

138, f i g . 4 ) . However, b o t h o f t h e l a t t e r s p e c i e s a r e c o n s i d e r a b l y 

l a r g e r on t h e a v e r a g e , and have more s t r o n g l y d i v e r g e n t a d m i n i c u l a ; 

t h e s i z e and d e n s i t y o f t h e s u r f a c e p i t s o f t h e s e two s p e c i e s have n o t 

been d e s c r i b e d . The specimens o f 1̂ . a n g u l a t a which do f a l l w i t h i n the 

s i z e r ange o f t h e V a n c o u v e r I s l a n d specimens a r e o f more rounded o u t ­

l i n e , have l e s s numerous p l i c a t i o n s (when t h e s e a r e d e v e l o p e d ) , and 

show much g r e a t e r d i v e r g e n c e o f t h e a d m i n i c u l a . 

As w i t h t h e o t h e r s p e c i e s t e n t a t i v e l y a s s i g n e d t o t h i s genus, 

I n g e l a r e l l a sp. B cannot be p r e c i s e l y compared, or named, w i t h t h e i n ­

a dequate m a t e r i a l a t p r e s e n t a v a i l a b l e . I t i s c l e a r l y d i s t i n c t mor­

p h o l o g i c a l l y f r o m _ I . ? sp. A; w i t h g r e a t e r numbers o f t h e s p e c i m e n s , i t 

i s p o s s i b l e , however, t h a t a g r a d a t i o n a l s e r i e s i n c l u d i n g t h e s e two 

s p e c i e s would be r e c o g n i s a b l e . 

O c c u r r e n c e : A l l o f t h e a v a i l a b l e specimens a r e from L o c a l i t y 61-34-3F, 

i n t h e b a s a l s a n d s t o n e ( U n i t 1) o f t h e B u t t l e Lake F o r m a t i o n , A z u r e Lake 

s e c t i o n . 

INGELARELLA? sp. C 

P l a t e I I I , F i g u r e 12. 

F o u r specimens o f s m a l l e r d i m e n s i o n s than t h e two s p e c i e s de­

s c r i b e d above a r e grouped t o g e t h e r h e r e as a s e p a r a t e t a x o n . I t i s pos­

s i b l e t h a t some o r a l l o f t h e s e may r e p r e s e n t j u v e n i l e forms o f one o f 

t h e above d e s c r i b e d s p e c i e s . 
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D e s c r i p t i o n : S m a l l , s u b c i r c u l a r i n o u t l i n e , b i c o n v e x , w i t h u n i p l i c a t e 

a n t e r i o r commissure. 

P e d i c l e v a l v e m o d e r a t e l y convex. Umbo h i g h , w i t h l a t e r a l 

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

f l a t t e n e d t r i a n g u l a r a u r i c l e s . S h a l l o w s u l c u s , p o s s i b l y m e d i a n l y f u r ­

rowed. L a t e r a l s l o p e s n o n p l i c a t e , o r marked by v e r y f a i n t p l i c a e , 

4-5 on each s i d e o f s u l c u s . Few i r r e g u l a r l y spaced r u g a e . V e n t r a l 

a d m i n i c u l a l o n g , about 1/3 t o 1/2 of s h e l l l e n g t h , s u b p a r a l l e l i n um-

b o n a l r e g i o n , s l i g h t l y c o n v e r g e n t a n t e r i o r l y . I n t e r a r e a , h i g h , t r i a n ­

g u l a r , o b l i q u e t o p l a n e of commissure. D e l t h y r i u m w i d e , t r i a n g u l a r . 

D e n t a l l a m e l l a e w e l l - d e v e l o p e d . 

B r a c h i a l v a l v e g e n t l y convex. Umbo s l i g h t l y e l e v a t e d o v e r 

h i n g e l i n e , w i t h l a t e r a l s l o p e s g e n t l y concave i n o u t l i n e . C a r d i n a l 

a n g l e s o b t u s e . Low, g e n t l y convex f o l d e v i d e n t i n a n t e r i o r t w o - t h i r d s 

o f v a l v e l e n g t h w i t h b r o a d , s h a l l o w median f u r r o w . L a t e r a l s l o p e s v e r y 

f a i n t l y p l i c a t e , w i t h f o u r o r more p l i c a t i o n s on each s i d e . 

S u r f a c e p i t s r e l a t i v e l y l o n g , most o v e r 0.5 mm., and spaced 

about 10 i n 1 mm. of w i d t h . 

Measurements ( i n mm.): 

Specimen 

UBC 20079 (b.v.) 
UBC 20080 (p.v.) 
UBC 20082 (p.v.) 
UBC 20081 (p.v.) 

L e n g t h W i d t h 

20 
19+ 

22 

24 

26? 

W i d t h 
Hinge L e n g t h 
L i n e A d m i n i c u l a 

20? 
24 
25? 

6 
12 

L e n g t h 
S u r f a c e 
P i t s 

0.5-0.9 

M a t e r i a l : The specimens a r e a l l m o l d s , t h r e e b e i n g i n t e r n a l 

and one (UBC 20082) an e x t e r n a l m o l d , o f p a r t i a l s i n g l e v a l v e s . They 

a r e p r e s e r v e d i n s a n d s t o n e . 
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D i s c u s s i o n : This species may be r e f e r r a b l e t o I . angulata Campbell 

(1959j p i . 56^ f i g s . 2a-c, 4a-c), the smaller specimens of which i t 

resembles. The p l i c a t i o n of Campbell's specimens i s coarser than that 

evident on I.? sp. C. The surface p i t s of angulata have not been 

measured and recorded by Campbell. Not enough m a t e r i a l i s a v a i l a b l e to 

p r e c i s e l y i d e n t i f y or d e f i n e 1^? sp. C at the present time. 

Occurrence: The specimens described occur^ together w i t h the other i n -

g e l a r e l l i n i d s ? and species of Rhynchopora, Squamularia, pelecypods and 

other f o s s i l s ^ i n the b a s a l sandstone (Unit 1) of the type s e c t i o n of 

the B u t t l e Lake Formation. 
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S u b f a m i l y PHRICODOTHYRINAE C a s t e r 1939 

Genus SQUAMULARIA Gemmellaro 1899 

SQUAMULARIA? sp. 

P l a t e I I I , F i g u r e 16. 

1963 S q u a m u l a r i a c f . S. r o s t r a t a ( K u t o r g a ) . YOLE, p i . 2, f i g . 20. 

D e s c r i p t i o n : B r a c h i a l ? v a l v e s o n l y ; w i d e r t h a n l o n g , t r a n s v e r s e 

o v a l i n o u t l i n e . G e n t l y t o m o d e r a t e l y convex. No f o l d . Umbonal 

a n g l e s l i g h t l y o b t u s e ; umbo s l i g h t l y i n f l a t e d ; beak n o t seen. S u r ­

f a c e s t r o n g l y l a m e l l o s e , w i t h s p i n e f r i n g e s on l a m e l l a e . S p i n e molds 

o f one specimen s u g g e s t d o u b l e - b a r r e l e d t y p e . 

Measurements ( i n mm.): 

B r a c h i a l v a l v e ? Width 
Specimen L e n g t h W i d t h H i n g e L i n e 

UBC 20089 9 10+- 8 
UBC 20090 7 8 
UBC 20091 9 11 8 

M a t e r i a l : P o o r l y p r e s e r v e d s i n g l e v a l v e s . The f i r s t two 

l i s t e d a r e i n c a l c a r e o u s s a n d s t o n e , t h e l a s t i n t u f f a c e o u s ? l i m e s t o n e . 

D i s c u s s i o n : S u p e r f i c i a l s i m i l a r i t y t o s e v e r a l s p e c i e s i s shown by t h e 

V a n c o u v e r I s l a n d f o s s i l s d e s c r i b e d above. W i t h the few, p o o r l y p r e ­

s e r v e d specimens a v a i l a b l e , no p r e c i s e d e t e r m i n a t i o n s a r e p o s s i b l e . 

The d i m e n s i o n s , shape and p r o p o r t i o n s of t h e specimens a g r e e 

w i t h t h e immature p o r t i o n s of b r a c h i a l v a l v e s o f _S. r o s t r a t a ( K u t o r g a ) 

as f i g u r e d by Cooper (1957, p. 59, p i . 10F, f i g s . 3 6 - 4 2 ) . They a l s o a r e 

c l o s e l y comparable t o s m a l l e r specimens o f t h e same s p e c i e s i l l u s t r a t e d 
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by Tschernyschew (1902, p. 575, p i . 20, f i g s . 14-18). Kutorga's o r i g ­

i n a l specimens, shown i n Tschernyschew ( i b i d . , p i . 15, f i g s . 4-5) are 

larger than the specimens under discussion. A somewhat s i m i l a r species, 

_S_. l i n e a t a Martin, shown by Tschernyschew ( i b i d . , p i . 20, f i g s . 9-13), 

i s also larger than Squamularia? sp. and has a d i s t i n c t l y d i f f e r e n t 

shape. 

Occurrence: Two specimens are from Unit 1 of the type section of the 

Bu t t l e Lake Formation. The other i s from limestone talus at Home Lake, 

L o c a l i t y 61-Z4-TF-8. 
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S u p e r f a m i l y PUNCTOSPIRACEA Cooper 1944 

F a m i l y RHYNCHOSPIRINIDAE S c h u c h e r t and teVene 1929 

S u b f a m i l y RETZIINAE Waagen 1893 

Genus HUSTEDIA H a l l and C l a r k e 1893 

H u s t e d i a meekana. (Shumard) 

P l a t e I I , F i g u r e 10. 

?19©2 H u s t e d i a i n d i c a (Waagen). TSCHERNYSCHEW, p.512, p i . 47, f i g . 12 
1909 H u s t e d i a meekana (Shumard). GIRTY, p.394, p i . 14, f i g s . 22-26a; 

p i . 21, f i g s . 5~8a;" p i . 24, f i g s . 14, 14a; p i . 29, f i g . 8; p i . 
figs... 16-1.7 . 

1931 H u s t e d i a meekana, (Shumard). KING, p. 126, p i . 42, f i g s . 34-39. 
1938 H u s t e d i a meekana .(Shumard). McKEE, p. 255, p i . 48, f i g s . 8-9. 
1944 H u s t e d i a c f . H. meekana (Shumard). CLOUD, i n K i n g et a l . , p. 64, 

p i . 18, f i g s . 9-11. 
1953 H u s t e d i a meekana, (Shumard). COOPER, i n Cooper et_ a _ l . , p. 65, 

p i . 20D, f i g s . 16-24. 
71953 Hustedia. m e r i d i o n a l i s CHRONIC, i n N e w e l l e_t a l . , p. 105, p i . 17, 

f i g s . 10-17. 
?1955 H u s t e d i a sp. Dunbar, p. 160, p i . 32, f i g . 11. 
1963 H u s t e d i a c f . H. meekana (Shumard). YOLE, p i . 1, f i g . 8 

D e s c r i p t i o n ; M e d i u m ^ s i z e d f o r t h e genus; e l o n g a t e o v a l shape, g r e a t e 

w i d t h s l i g h t l y a n t e r i o r t o the m i d - l e n g t h . P u n c t a t e s h e l l s t r u c t u r e . 

P e d i c l e v a l v e r o s t r a t e , m o d e r a t e l y convex; s h e l l s t r o n g l y 

c o r r u g a t e d , by 8 t o 10 c o a r s e , a n t e r i o r l y f l a r i n g p l i c a t i o n s ; median 

p a i r of p l i c a t i o n s lower t h a n a d j o i n i n g p a i r , r e m a i n d e r p r o g r e s s i v e l y 

l o w e r t o w a r d l a t e r a l b o r d e r s ; p l i c a t i o n s n a r r o w l y rounded t o subangula. 

w i t h t r o u g h s between them of s i m i l a r s i z e and shape . P e d i c l e o p e n i n g 

a p i c a l , s u b c i r c u l a r . H i g h i n t e r a r e a . 

B r a c h i a l v a l v e s u b c i r c u l a r , s l i g h t l y w i d e r t h a n l o n g , g e n t l y 

c onvex; s m a l l p o i n t e d beak; s h o r t , narrow, i n f l a t e d , i n c u r v e d umbo. 

P l i c a t i o n s s e v e n , c o a r s e ; median t h r e e s l i g h t l y h i g h e r t h a n a d j o i n i n g 

p a i r s ; s i m i l a r i n o t h e r r e s p e c t s t o t h o s e of p e d i c l e v a l v e . 
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I n t e r i o r s n o t seen. 

Measurements ( i n mm.): 

Specimens 
L e n g t h 

S t r a i g h t 
L e n g t h 

B r a c h i a l V a l v e W i d t h 

UBC 20058 
UBC 20059 
UBC 20060 

6 
10 
7.5 

4 5 
9 
7 

M a t e r i a l : T h r e e p a r t i a l s h e l l s , i n d o l o m i t i c l i m e s t o n e of 

t h e B u t t l e L ake F o r m a t i o n . 

D i s c u s s i o n : S p e c i e s r e f e r a b l e t o H_. meekana, as d e f i n e d by Shumard 

and emended by G i r t y o c c u r i n P e r m i a n r o c k s o f many a r e a s o f the west­

e r n U n i t e d S t a t e s , M e x i c o , South A m e r i c a , A l a s k a and A r c t i c r e g i o n s . 

Because o f some c o n f u s i o n a r i s i n g f r o m Shumard's o r i g i n a l d e s c r i p t i o n 

( s e e G i r t y , 1909, p. 3 9 4 ) , some a u t h o r s have a s s i g n e d s i m i l a r forms t o 

new s p e c i e s ( e . g . , C h r o n i c , 1953, p. 108). G i r t y ( i b i d . , p. 391) sug­

g e s t e d t h a t J l . i n d i c a (Waagen) m i g h t be c o n s p e c i f i c w i t h H. meekana. 

O c c u r r e n c e : The t h r e e specimens l i s t e d above a r e f r o m U n i t 11 i n the 

t y p e s e c t i o n o f t h e B u t t l e L ake F o r m a t i o n . A f r a g m e n t a r y specimen 

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

60-H-2, Horne L a k e . 
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Family SPIRIFERINIDAE Davidson 1884 

Genus SPIRIFERINA d'Orbigny 1847 sensu lato 

SPIRIFERINA? sp. 

Description : From two p a r t i a l valves, the following incomplete i n f o r ­

mation i s derived. Small, transverse s h e l l s , with no p l i c a e on f o l d 

and sulcus. Flanks each with f i v e subangular p l i c a e . S h e l l structure 

not well preserved, d e f i n i t e punctation not seen; i f present, punctae 

must be very f i n e . 

Measurements ( i n mm.): 

Specimen Length Width 

UBC 20158 5 8 B r a c h i a l valve 
UBC 20159 6> 12 Pedicle valve 

M a t e r i a l : Two incomplete valves from calcareous sandstone. 

Discussion: The status of the various genera of punctate s p i r i f e r i d s 

i s s t i l l a matter for discussion and further c l a r i f i c a t i o n (see Dunbar, 

1955, p. 147; S t e h l i , 1954, p. 344-346; Campbell, 1959, p. 351-363; 

Branson, 1948, p. 511-514). 

The specimens r e f e r r e d to above cannot be d e f i n i t e l y assigned 

to a genus, because of the poor preservation and small number of s p e c i ­

mens for study. They are t e n t a t i v e l y assigned to S p i r i f e r i n a , on the 

basis of external s i m i l a r i t i e s to c e r t a i n described species of that 

genus. One of the l a t t e r , _S. m u l t i p l i c a t a was described by Dunbar 

(1955, p. 147, p i . 29, f i g s . 1-9). Another s i m i l a r species i s _S_. h i l l i 

G i r t y , as described by King (1931, p. 122, p i . 42, f i g s . 1-6), which 

was compared to _S_. m u l t i p l i c a t a (Sowerby) . Girty's o r i g i n a l d e s c r i p t i o n 



180 

of S_. h i l l i (1908, p. 379, p i . 30, f i g s . 15, 15a~b) s u g g e s t a more e l o n ­

g a t e f o r m w i t h fewer l a t e r a l p l i c a e . 

O c c u r r e n c e : Specimens have been found o n l y i n the b a s a l s a n d s t o n e 

( U n i t 1) o f t h e B u t t l e Lake F o r m a t i o n , a t t h e t y p e s e c t i o n . 
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S u p e r f a m i l y ROSTROSPIRACEA S c h u c h e r t and Levene 1929 

F a m i l y ATHYRIDAE P h i l l i p s 1841 

Genus CLEIOTHYRIDINA Buckman 1906 

CLEIOTHYRIDINA s p . 

D e s c r i p t i o n : P a r t s o f b o t h v a l v e s o f a s l i g h t l y c r u s h e d s h e l l , w i t h 

i n t e r i o r f i l l e d w i t h c o a r s e c a l c i t e . Medium s i z e d , s u b e q u a l l y b i c o n ­

v e x , p r o b a b l y t r a n s v e r s e o v a l i n o u t l i n e . P e d i c l e v a l v e s l i g h t l y 

t h i c k e r t h a n b r a c h i a l , g e n t l y t o m o d e r a t e l y convex, w i t h g r e a t e s t 

c o n v e x i t y i n umbonal r e g i o n . Umbo c l o s e l y o v e r h a n g i n g t h e h i n g e 

l i n e . No s u l c u s e v i d e n t . No i n t e r a r e a . S u r f a c e l a m e l l o s e , w i t h 

l a m e l l a e 1/2 t o 1 mm. a p a r t . B r a c h i a l v a l v e e v e n l y c o n v e x , umbonal 

r e g i o n n o t a p p r e c i a b l y i n f l a t e d . S u r f a c e s c u l p t u r e as i n p e d i c l e 

v a l v e , w i t h s p i n y f r i n g e s v i s i b l e i n one p a r t , s p i n e s e x t e n d i n g up t o 

2 mm. f r o m a n t e r i o r edge o f l a m e l l a e . 

O ther f e a t u r e s n o t s e e n . 

Measurements: I n t h e s i n g l e specimen a v a i l a b l e , UBC 20067, l e n g t h 

22 mm., w i d t h 18+ mm., t h i c k n e s s 11 mm.; g r e a t e s t t h i c k n e s s about 1/3 

of l e n g t h f r o m umbo. The specimen i s i n c o m p l e t e , and i s i n f i n e 

g r a i n e d d o l o m i t i c l i m e s t o n e o f t h e upper p a r t of t h e B u t t l e L a k e Forma­

t i o n , L o c a l i t y 61-35-5F. 

D i s c u s s i o n : I n a l l v i s i b l e f e a t u r e s , t h i s specimen a g r e e s w i t h C l e i o -

t h y r i d i n a g e r a r d i ( D i e n e r ) , as d e s c r i b e d f r o m c e n t r a l Oregon by Cooper 

(1957, p. 61, p i . H E , f i g s . 2 8 -31); and f r o m R u s s i a by Tschernyschew 

(1902, p. 512, p i . 4 3 , f i g s . 1 - 2 ) ; t h e Vancouver I s l a n d specimen i s 

s l i g h t l y l a r g e r . A n o t h e r c l o s e l y comparable s p e c i e s i s C. p e c t i n i f e r a 
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(Sowerby) as i n t e r p r e t e d by Dunbar (1955, p. 126, p i . 22, f i g s . 9-18), 

and Tschernyschew (1902, p. 511, p i . 4 3 , f i g s . 4 - 6 ) . The l a t t e r a r e 

of s l i g h t l y more r o s t r a t e f o r m , and s m a l l e r t h a n t h e specimen d e s c r i b e d 

above. C e r t a i n specimens a s s i g n e d t o C. r o y s s i a n a ( K e y s e r l i n g ) by 

some a u t h o r s ( F r e d e r i c k s , 1934, pp. 22-23, p i . 4, f i g s . 16-17, p i . 5, 

f i g . 11; Stepanow, 1937, p. 181, p i . 9, f i g . 8) a l s o appear s i m i l a r t o 

the Vancouver I s l a n d specimen; t h e m a j o r i t y o f forms i d e n t i f i e d w i t h 

K e y s e r l i n g ' s s p e c i e s ( e . g . , T s c hernyschew, 1902, p. 518, p i . 4 3 , f i g s . 

11-12) a r e o f much d i f f e r e n t shape t h a n C l e j o t h y r i d i n a s p . , however, 

A s p e c i e s (C_. c f C. subexpansa (Waagen)) d e s c r i b e d by H a r k e r and Thor­

s t e i n s s o n (1960, p. 73, p i . 24, f i g s . 1 - 2 ) , f r o m G r i n n e l l P e n i n s u l a , 

i s about t w i c e the s i z e o f t h e Vancouver I s l a n d s p e c i e s . 

O c c u r r e n c e : The s i n g l e specimen a v a i l a b l e i s f r o m U n i t 11 of t h e A z u r e 

L a k e s e c t i o n o f t h e B u t t l e L a k e F o r m a t i o n . 
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S u p e r f a m i l y CAMAROPHORIACEA Grabau 1936 

F a m i l y CAMAROPHORIIDAE Waagen 1883 

Genus LAEVICAMERA Grabau 1934 

The genus was p r o p o s e d by Grabau t o i n c l u d e "smooth cama-

r o p h o r i d a e u s u a l l y w i t h a t u n i n g f o r k t y p e of s p o n d y l i u m " (1936, p. 8 7 ) . 

S a r y c h e v a and S o k o l s k a y a (1952, p. 170) t r e a t e d L a e v i c a m e r a as a sub­

genus o f C a m a r o p h o r i a , and i n c l u d e d w i t h i n t h e sub-genus t h o s e forms 

w h i c h had a smooth s u r f a c e , w i t h no r a d i a l r i b b i n g . C a m a r o p h o r i a was 

d e s c r i b e d as h a v i n g a w e l l - d e v e l o p e d s p o n d y l i u m , and a c r u r a l i u m - l i k e 

s t r u c t u r e , t h e "camarophorium", i n t h e b r a c h i a l v a l v e . The i n t e r n a l 

f e a t u r e s o f C a m a r o p h o r i a a r e a l s o d e s c r i b e d and i l l u s t r a t e d by L i c h a r e w 

(1936, p. 58-61, f i g . 2 ) . The Vancouver I s l a n d f o s s i l d e s c r i b e d below 

has i n t e r n a l f e a t u r e s a l m o s t i d e n t i c a l t o t h o s e a s c r i b e d t o Camaro­

p h o r i a by t h e l a t t e r a u t h o r , b u t appears t o d i f f e r i n minor d e t a i l s 

f r o m L a e v i c a m e r a as d e s c r i b e d by S a r y c h e v a and S o k o l s k a y a . The genus 

has been r e p o r t e d f r o m P e r m o - C a r b o n i f e r o u s and Permian r o c k s of R u s s i a , 

and f r o m the Permian of C h i n a , Novaya Zemlya and A f g h a n i s t a n ( B r a n s o n , 

1948, p. 381) . F a u n a l l i s t s s u g g e s t t h a t forms b e l o n g i n g t o the genus 

may a l s o o c c u r i n C o r d i l l e r a n r e g i o n s o f N o r t h A m e r i c a . 

LAEVICAMERA n. sp. 

P l a t e I I I , F i g u r e s 5, 6, 7, 8, 9, 10. 

1963 L a e v i c a m e r a n. sp. YOLE, p i . 2, f i g s . 13-14. 

D i a g n o s i s : L a r g e , smooth, b i c o n v e x , t r i a n g u l a r i n o u t l i n e . P r o m i n e n t 

r o u n d e d - t r i a n g u l a r f o l d i n a n t e r i o r h a l f o f b r a c h i a l v a l v e ; s h a l l o w 

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

tongue. 
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D e s c r i p t i o n : L a r g e , i m p u n c t a t e s h e l l , t r i a n g u l a r i n o u t l i n e . B i c o n v e x . 

A p i c a l a n g l e about 90 d e g r e e s . U n i p l i c a t e a n t e r i o r b o r d e r . 

P e d i c l e v a l v e convex i n umbonal r e g i o n , b l u n t beak c u r v e d over 

b r a c h i a l umbo. Pre-umbonal r e g i o n f l a t ; a n t e r i o r h a l f of v a l v e s h a l l o w l y 

c o n c a v e , w i t h s h a l l o w s u l c u s t u r n i n g s h a r p l y i n t o b r o a d , r o u n d e d - t r i a n ­

g u l a r tongue. S u r f a c e p e r f e c t l y smooth. I n t e r i o r has l o n g median septum, 

e x t e n d i n g t w o - t h i r d s o f v a l v e l e n g t h , s u p p o r t i n g a V-shaped s p o n d y l i u m 

o v e r most of t h e d i s t a n c e . S m a l l , s t o u t t e e t h a t c o r n e r s o f d e l t h y r i u m . 

B r a c h i a l v a l v e m o d e r a t e l y convex, t h i c k e r t h a n p e d i c l e v a l v e , 

w i t h b r o a d p o o r l y d e f i n e d umbo. B r o a d , s t e e p , r o u n d e d - t r i a n g u l a r f o l d 

i n a n t e r i o r h a l f o f s h e l l , o c c u p y i n g about t w o - t h i r d s o f a n t e r i o r b o r ­

d e r . Median septum e x t e n d s a t l e a s t h a l f o f i n t e r i o r s h e l l l e n g t h , and 

s u p p o r t s a camarophorium ( K o z l o w s k i , 1929, p. 131; L i c h a r e w , 1936, p. 56). 

An i n t e r c a m a r o p h o r i a l p l a t e ( L i c h a r e w , i b i d . , ) o c c u r s i n t h e upper p a r t 

of t h e camarophorium, j o i n i n g i t t o a f l a t o r s l i g h t l y concave h i n g e 

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

o c c u r s as a roughened p r o j e c t i o n i n t h e p o s t e r i o r p a r t o f t h e h i n g e 

p l a t e . P r o m i n e n t d e n t a l s o c k e t s a t t h e l a t e r a l m a r g i n s o f t h e h i n g e 

p l a t e . S h e l l s u r f a c e smooth. 

Immature specimens more rounded i n o u t l i n e , w i t h convex l a t ­

e r a l m a r g i n s . 

Measurements ( i n mm.): 

Specimen L e n g t h W i d t h T h i c k n e s s 

UBC 20061 
UBC 20062 
UBC 20063 
UBC 20064 

40+ 
35 
28+ 
25+ 

39+ 
50 
28+ 
43 

27 

22 

M a t e r i a l : A l l o f t h e specimens a r e f r o m t h e d o l o m i t i c l i m e -
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s t o n e of t h e B u t t l e L a k e F o r m a t i o n , L o c a l i t y 61-35-5F. One specimen 

was s e r i a l l y s e c t i o n e d (UBC 20064), t h e r e s u l t s o f w h i c h a r e shown i n 

F i g u r e 57. 

D i s c u s s i o n : The o n l y s p e c i e s known t o t h e w r i t e r and w h i c h b e a r s any 

r e s e m b l a n c e t o L a e v i c a m e r a n. s p . i s t h e R u s s i a n s p e c i e s L. pentamer-

o i d e s ( T s c h e r n y s c h e w ) . (Tschernyschew, 1902, p. 510, p i . 22, f i g . 1; 

p i . 23, f i g s . 1-3; S a r y c h e v a and S o k o l s k a y a , 1952, p. 172, p i . 48, 

f i g . 268; B r a n s o n , 1948, p. 3 8 0 ) . A f r a g m e n t a r y specimen f r o m t h e 

Permian of C h i n a was a s s i g n e d t o t h i s s p e c i e s by Grabau (1936, p. 68, 

p i . 10, f i g . 2 ) . 

L a e v i c a m e r a n. sp. d i f f e r s f r o m L. p e n t a m e r o i d e s i n h a v i n g 

a l e s s e l o n g a t e shape and l e s s s h a r p l y d e f i n e d , s h o r t e r f o l d , and i n 

t h e l a c k o f a p r o m i n e n t median groove on the tongue of t h e p e d i c l e 

v a l v e . The v a r i a t i o n w i t h i n L. p e n t a m e r o i d e s i s n o t known. Hence i t 

i s c o n s i d e r e d p r e f e r a b l e t o r e g a r d t h e Vancouver I s l a n d f o s s i l s as a 

new s p e c i e s . 

O c c u r r e n c e : A l l o f t h e specimens a v a i l a b l e a r e f r o m U n i t 11 of t h e 

B u t t l e L a k e F o r m a t i o n t y p e s e c t i o n . 
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Super f a m i l y PJiYNCHOlPORACEA Moore 1952 

F a m i l y RHYNCHOPORIDAB. Muir-Wood 1955 

Genus RHYNCHOPORA K i n g 1865 

RHYNCHOPORA n. sp. 

P l a t e I I I , F i g u r e s 17, 18. 

1963 Rhynchopora c f . R. magna. Cooper, YOLE, p i . 2, f i g . 19. 

D i a g n o s i s : Medium s i z e d , s u b p e n t a g o n a l shape, w i d e r t h a n l o n g , w i t h 

4 t o 5 p l i c a e i n s u l c u s , 5 t o 6 on f o l d , 5 t o 6 on f l a n k s ; p l i c a e 

rounded t o s u b a n g u l a r . 

D e s c r i p t i o n ; S h e l l o f medium s i z e f o r t h e genus, subpentagona,l i n 

o u t l i n e , s u b c i r c u l a r t o rounded t r i a n g u l a r i n l a t e r a l p r o f i l e . L e n g t h / 

w i d t h r a t i o about 0.7 t o 0.85. G r e a t e s t w i d t h about m i d - l e n g t h . 

G r e a t e s t t h i c k n e s s a n t e r i o r t o m i d d l e . S t r o n g l y p l i c a t e , p l i c a e 

r ounded t o s u b a n g u l a r ; about 17 p l i c a e w i t h 4 or 5 i n s u l c u s , 4 or 6 

on f o l d , 5 or 6 on f l a n k s . S h e l l s u r f a c e c o a r s e l y p u n c t a t e . 

P e d i c l e v a l v e g e n t l y t o m o d e r a t e l y convex. Umbo s l i g h t l y i n ­

f l a t e d . Umbonal a n g l e s l i g h t l y o b t u s e . Beak s m a l l , p o i n t e d , s l i g h t l y 

i n c u r v e d over h i n g e l i n e . S u l c u s s h a l l o w , e v i d e n t o n l y i n a n t e r i o r 

h a l f o f s h e l l l e n g t h , widens f o r w a r d t o occupy a.bout h a l f of a n t e r i o r 

m a r g i n ; e x t e n d s d o r s a l l y i n t o f l a t t e n e d t o n g u e . I n t e r i o r w i t h l o n g 

s l i g h t l y d i v e r g i n g d e n t a l l a m e l l a e , r e a c h i n g almost t o m i d - l e n g t h . 

B r a c h i a l v a l v e g e n t l y convex i n p o s t e r i o r 2/3 of l e n g t h , 

s t r o n g l y convex a n t e r i o r l y . Umbo a l m o s t i m p e r c e p t i b l y i n f l a t e d . Beak 

o b s c u r e . Umbonal a n g l e 90 degrees t o s l i g h t l y o b t u s e . P o l d becomes 

e v i d e n t o n l y i n a n t e r i o r ha,lf of s h e l l , where c e n t r a l p l i c a e a r e s t r o n g e r 

and more e l e v a t e d t h a n f l a n k i n g r i b s ; a t 2/3 o f s h e l l l e n g t h f r o m beak, 



f o l d s h a r p l y g e n i c u l a t e d t o meet tongue. I n t e r i o r w i t h l o n g , t h i n 

median septum, r e a c h i n g about t o m i d - l e n g t h . A p i c a l s t r u c t u r e s n o t 

s e e n . 

Measurements ( i n mm.): 

Specimen L e n g t h W i d t h T h i c k n e s s 

UBC 20084 (b.v.) 
UBC 20085 
UBC 20086 (p.v.) 
UBC 20087 

11 
11 
12 
12 

17 

14 
16 

11 

9+ 

M a t e r i a l : A l l o f the specimens a r e m o l d s , p r e s e r v e d i n t h e 

b a s a l s a n d s t o n e o f t h e B u t t l e L a k e F o r m a t i o n . Most a r e c r u s h e d t o 

v a r i o u s d e g r e e s . I n a d d i t i o n t o the specimens on w h i c h measurements 

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

t i o n . 

D i s c u s s i o n : T h i s s p e c i e s does n o t appear t o be i d e n t i c a l t o any of 

t h o s e d e s c r i b e d s p e c i e s f o r w h i c h adequate d e s c r i p t i o n s or i l l u s t r a ­

t i o n s a r e a v a i l a b l e t o t h e w r i t e r . The c l o s e s t comparable forms a r e 

R. n i k i t i n i T schernyschew as i l l u s t r a t e d by Stepanow (1937, p. 182, 

p i . 9, f i g . 13) f r o m S p i t s b e r g e n , and R. g e i n i t z i a n a (de V e r n e u i l ) 

f i g u r e d by M i l o r a d o v i c h (1935, p. 134, p i . 5, f i g . 7) f r o m B a r e n t s 

I s l a n d s , Novaya Zemlya. The o r i g i n a l d e s c r i p t i o n s of the l a t t e r two 

s p e c i e s have n o t been a v a i l a b l e t o the w r i t e r . However, Dunbar (1955, 

p. 116) i n h i s d i s c u s s i o n o f a G r e e n l a n d s p e c i e s , s t a t e s t h a t de V e r ­

n e u i l ' s and T s c h e r n y s c h e w 1 s s p e c i e s can be d i s t i n g u i s h e d on t h e b a s i s 

o f p l i c a l shape; t h e f o r m e r has a n g u l a r r i b s , t h e l a t t e r rounded r i b s . 

The Vancouver I s l a n d specimens i n c l u d e some w i t h b r o a d l y rounded p l i c a e , 

and o t h e r s w i t h s u b a n g u l a r p l i c a e . A c c o r d i n g t o Dunbar, R. n i k i t i n i 
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i s a l s o c h a r a c t e r i z e d by m e d i a l g r ooves on the a n t e r i o r p o r t i o n s of the 

p l i c a e . T h i s f e a t u r e was n o t e d on one o r two of t h e Vancouver I s l a n d 

specimens, but on o t h e r s was not e v i d e n t . H a r k e r and T h o r s t e i n s s o n 

(1960, p. 63-64) d e s c r i b e , w i t h o u t i l l u s t r a t i o n , R. c f . R. n i k i t i n i ; 

t h e i r s p e c i e s i s s m a l l e r , but o t h e r w i s e a p p a r e n t l y c l o s e l y comparable 

t o Rhynchopora n. s p . 

The Oregon s p e c i e s d e s c r i b e d by Cooper (1957, p. 54, p i . 9A, 

f i g s . 1-10; p i . 10D, f i g s . 18-31), as R. magna,, i s l a r g e r , l e s s t r a n s " 

v e r s e i n o u t l i n e , and has a g r e a t e r number of p l i c a e ( t o t a l number, 

and number i n s i l c u s and on f o l d ) t h a n Rhynchopora. n. sp. A s m a l l e r 

s p e c i e s , R. v a r i a b i l i s S t u c k e n b e r g (1898, p. 342, p i . 3, f i g s . 13-14) 

ha,s p l i c a . e s i m i l a r i n number and cha.ra.cter t o t h o s e o f Rhynchopora, n. s p . ; 

i n T s c h e r n y s c h e w ' s i l l u s t r a t i o n s o f R u s s i a n specimens o f S t u c k e n b e r g ' s 

s p e c i e s however, the t o t a l number of r i b s a p p e ars t o be o n l y 12 t o 13, 

w i t h 3 t o 5 on t h e f o l d and s u l c u s . 

The Vancouver I s l a n d s p e c i e s t h u s appears t o have c l o s e s t 

r e s e m b l a n c e s t o t h e R u s s i a n s p e c i e s R. n i k i t i n i and R. v a r i a b i l i s . 

Not enough i s known of the i n t r a . s p e c i f i c v a r i a b i l i t y o f e i t h e r o f 

t h e s e s p e c i e s , nor of t h e i r i n t e r n a l f e a t u r e s t o be c e r t a i n tha,t t h e 

s p e c i e s d e s c r i b e d above i s c o n s p e c i f i c w i t h e i t h e r o f them. I n a d d i ­

t i o n , c e r t a i n f e a t u r e s d i f f e r i n g from t h e d e s c r i b e d c h a r a c t e r i s t i c s of 

t h e s e two forms a r e seen on t h e Vancouver I s l a n d s p e c i m e n s . I t i s 

c o n s i d e r e d p r e f e r a b l e t h a t t h e l a t t e r s h o u l d be d e s c r i b e d as a, new 

s p e c i e s , w h i l e p o i n t i n g out i t s c l o s e r e s e m blance t o t h e R u s s i a n f o r m s . 

O c c u r r e n c e : The s p e c i e s has been r e c o g n i z e d o n l y i n U n i t 1 of t h e 

B u t t l e Lake F o r m a t i o n t y p e s e c t i o n . 
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S u p e r f a m i l y DALMANELLACEA S c h u c h e r t and Cooper 1932 

F a m i l y SCHIZOPHORIIDAE S c h u c h e r t 1929 

Genus SCHIZOPHORIA K i n g 1850 

SCHIZOPHORIA sp. 

P l a t e V, F i g u r e 17. 

D e s c r i p t i o n : S m a l l t o medium s i z e d , s u b p e n t a m e r a l i n o u t l i n e , sub-

e q u a l l y b i c o n v e x . H inge l i n e s h o r t , l e s s t h a n h a l f s h e l l w i d t h . 

B o t h v a l v e s c o s t e l l a t e w i t h 15 t o 16 c o s t e l l a e i n 5 mm. a t m i d - v a l v e . 

Growth l a m e l l a e few i n p o s t e r i o r h a l f , numerous, c l o s e l y spaced n e a r 

a n t e r i o r and l a t e r a l m a r g i n s . 

P e d i c l e v a l v e g e n t l y convex i n p o s t e r i o r h a l f , f l a t t o g e n t l y 

convex i n a n t e r i o r h a l f o f l a r g e r s h e l l s . Beak s m a l l , a c u t e , e r e c t 

t o s u b - e r e c t . S u l c u s b r o a d , s h a l l o w , p o o r l y d e f i n e d , e v i d e n t o n l y 

i n l a r g e r s h e l l s . P r o m i n e n t i n t e r a r e a , 1/4 t o 1/5 as h i g h as w i d e , 

i n c l i n e d a t 40 t o 60 degrees t o l i n e o f l a t e r a l commissure, D e l t h y -

r i u m , w i d e , t r i a n g u l a r , w i t h a c u t e d e l t h y r i a l a n g l e . P r o m i n e n t d i ­

v e r g i n g h i n g e t e e t h . Low r i d g e around p o s t e r o - l a t e r a l b o r d e r s o f 

m u s c l e f i e l d , may have been j o i n e d t o t h i n d e n t a l l a m e l l a e , ( n o t p r e ­

s e r v e d i n a v a i l a b l e s p e c i m e n s ) . M u s c l e f i e l d i m p r e s s e d i n v a l v e f l o o r , 

e x t e n d s about h a l f o f s h e l l l e n g t h f r o m h i n g e l i n e , and d i v i d e d by a 

r e l a t i v e l y b r o a d , g e n t l y rounded median r i d g e ; r i d g e i s h i g h e s t pos­

t e r i o r l y . 

B r a c h i a l v a l v e g e n t l y t o m o d e r a t e l y c o n v e x , g r e a t e s t con­

v e x i t y i n umbonal r e g i o n . Beak s m a l l , i n c o n s p i c u o u s . I n t e r a r e a 
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p r o m i n e n t , a l m o s t c o - p l a n a r w i t h commissure. I n t e r n a l d e t a i l s n o t seen, 

b u t i n t e r n a l mold of one specimen s u g g e s t s low median r i d g e i n m u s c l e 

f i e l d . 

Measurements ( i n mm.): 

Specimen 

UBC 20185 
UBC 20180 
UBC 20181 
UBC 20183 
UBC 20183 
UBC 20184 

L e n g t h 

21 
11+ 
13 
13 
14 
12 

W i d t h 

22 
15 
12 
11+ 
12+ 
11 

T h i c k n e s s 

4+ 
6+ 

5+ 
4+ 
4+ 

p e d i c l e v a l v e 

p.v. 

p.v. 
p.v. 

M a t e r i a l : The specimens a r e a l l s i l i c i f i e d , and o c c u r i n 

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

D i s c u s s i o n : I n o b s e r v e d f e a t u r e s , t h i s s p e c i e s c l o s e l y r e s e m b l e s 

S_. j u r e s a n e n s i s Tschernyschew (1902, p. 591, p i . 27, f i g s . 13-15; 

p i . 60, f i g s . 5-8; t e x t f i g . 6 1 ) . The s i z e r ange of the Vancouver 

I s l a n d specimens exceeds t h a t i n d i c a t e d by Tschernyschew's i l l u s t r a ­

t i o n s ; however, o t h e r s p e c i e s of S_. show s i m i l a r or g r e a t e r s i z e r a n g e . 

The c h a r a c t e r i s t i c s o f the i n s i d e of the b r a c h i a l v a l v e cannot be com­

pa r e d e x a c t l y t o Tschernyschew's s p e c i e s , because o f the l i m i t a t i o n s 

o f t h e Vancouver I s l a n d m a t e r i a l . 

A n o t h e r of Tschernyschew's Permian s p e c i e s , S_. s u p r a c a r b o n i c a , 

( i b i d . , p. 593, p i . 63, f i g s . 7-8; t e x t f i g . 6 2 ) , though s i m i l a r i n 

o t h e r f e a t u r e s t o t h e Vancouver I s l a n d s p e c i e s , has a b u n d l e d a r r a n g e ­

ment of c o s t e l l a e , n o t seen on S c h i z o p h o r i a s p . 

From b o t h of t h e s e s p e c i e s , t h e Vancouver I s l a n d forms d i f f e r 

i n a tendency f o r t h e s m a l l e r forms t o be more e l o n g a t e i n shape; t h e 

t r a n s v e r s e shape i s more a c c e n t u a t e d i n t h e l a r g e r s p e cimens. 
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S p e c i e s w i t h c e r t a i n r e s e m b l a n c e s t o S_. sp. have a l s o been 

r e c o r d e d f r o m P e n n s y l v a n i a n l o c a l i t i e s . S_. t e x a n a G i r t y (1927, p. 432, 

p i . 27, f i g s . 1-8) has been f o u n d i n Lower P e n n s y l v a n i a n l o c a l i t i e s 

T e x a s , Idaho and Nevada (Lane, N.G., 1963, p. 379-392, p i . 43, f i g s . 

9-19) . The Vancouver I s l a n d s p e c i e s d i f f e r s f r o m S_. t e x a n a i n hav­

i n g u s u a l l y a more p e n t a g o n a l shape, and i n t h e b r o a d e r , n o n - t a p e r i n g 

median r i d g e i n t h e p e d i c l e v a l v e . No tendency t o w a r d e l o n g a t e , 

r a t h e r t h a n t r a n s v e r s e , shape i s s u g g e s t e d by Lane's graph ( t e x t f i g . 

1, p. 383) of t h e d i m e n s i o n s of h i s specimens. A. M i d d l e P e n n s y l ­

v a n i a n s p e c i e s , S_. r e s u p i n o i d e s ( C o x ) , d e s c r i b e d by B. 0. Lane (1962, 

p. 898, p i . 125, f i g s . 17-19) f r o m t h e A t o k a n beds o f Nevada, i s l a r ­

ger t h a n t h e Vancouver I s l a n d S c h i z o p h o r i a s p . and i s c h a r a c t e r i z e d by 

a l o n g , n a rrow median septum i n t h e p e d i c l e v a l v e . 

O c c u r r e n c e : T h i s s p e c i e s has been f o u n d o n l y a t L o c a l i t y 60-H-2, 

Home L a k e . 
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Genus ORTHOTICHIA H a l l and C l a r k e 1894 

ORTHOTICHIA s p . 

From i n s o l u b l e r e s i d u e s of l i m e s t o n e f r o m the Horne L a k e 

a r e a , L o c a l i t y 60-H-2, a s i n g l e specimen (UBC 20186) w i t h t h e g e n e r i c 

c h a r a c t e r i s t i c s o f O r t h o t i c h i a was r e c o v e r e d . The s i l i c i f i e d p e d i c l e 

v a l v e i s e l o n g a t e o v a l i n o u t l i n e w i t h no t r a c e o f a s u l c u s . The 

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

i n g d e n t a l l a m e l l a e , and a t h i n , t r i a n g u l a r - s h a p e d median septum a r e 

e v i d e n t i n the a n t e r i o r p o r t i o n of t h e s h e l l . 

The specimen i s of s m a l l e r s i z e and more e l o n g a t e o u t l i n e 

t h a n 0. huec o n i a n a ( G i r t y ) as d e s c r i b e d by S t e h l i (1954, p. 293, p i . 17, 

f i g s . 7 - 1 2 ). The l a t t e r a u t h o r c o n s i d e r e d G i r t y ' s s p e c i e s t o be the 

o n l y v a l i d s p e c i e s of O r t h o t i c h i a f r o m Permian l o c a l i t i e s i n N o r t h 

A m e r i c a ; K i n g ' s 0. k o z l o w s k i i s p e c i e s f r o m t h e Lower Permian of Texas 

( K i n g , 1931, p. 4 5 , p i . 1, f i g s . 14-15) was r e l e g a t e d by S t e h l i t o 

t h e synonymy of 0. h u e c o n i a n a . 

I t cannot be d e t e r m i n e d f r o m t h e i n f o r m a t i o n a v a i l a b l e 

w hether t h e s i n g l e specimen f r o m Vancouver I s l a n d f a l l s w i t h i n the 

r a n g e of v a r i a t i o n o f 0. h u e c o n i a n a . I t may r e p r e s e n t a new s p e c i e s . 

ORTHOTICHIA? s p . 

I n c o l l e c t i o n s o b t a i n e d f r o m the B u t t l e L a k e F o r m a t i o n , 

U n i t 1 of t h e A z u r e L a k e s e c t i o n , a s i n g l e specimen w i t h c h a r a c t e r i s ­

t i c s s u g g e s t i n g t h o s e o f O r t h o t i c h i a i s p r e s e n t . The s h e l l i s of 

medium s i z e , t r a n s v e r s e o v a l i n o u t l i n e , w i t h h i n g e l i n e n a r r o w e r 
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t h a n maximum w i d t h . The p e d i c l e v a l v e i s s l i g h t l y c onvex, w i t h a 

s t e e p l y i n c l i n e d , f l a t t e n e d i n t e r a r e a . Beak n o t p r e s e r v e d . T h i n 

d e n t a l l a m e l l a e descend t o t h e f l o o r of the v a l v e f r o m s t r o n g , 

d i v e r g i n g d e n t a l p l a t e s . A n a r r o w , low median septum i s v i s i b l e i n 

t h e p o s t e r i o r p a r t of t h e s h e l l . 

The b r a c h i a l v a l v e i s o f moderate c o n v e x i t y . Beak and 

umbo n o t seen. W e l l - d e v e l o p e d , d i v e r g i n g c r u r a l l a m e l l a e . 

E x t e r i o r m u l t i c o s t e l l a t e , w i t h about 15 c o s t e l l a e i n 5 mm. 

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

L e n g t h 23 mm., w i d t h 32 mm., t h i c k n e s s about 13 mm., h i n g e 

l i n e about 16 mm. 

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

a s s i g n m e n t ; r e f e r r a l t o O r t h o t i c h i a i s based on the g e n e r a l e x t e r i o r 

f e a t u r e s and the p r e s e n c e of a median septum. 
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S u p e r f a m i l y ORTHOTETACEA W i l l i a m s 1953 

F a m i l y SCHUCHERTELLIDAE S t e h l i 1954 

Genus DERBYIA Waagen 1894 

DERBYIA? s p . 

An i n t e r n a l mold of a s i n g l e , i n c o m p l e t e p e d i c l e v a l v e (UBC 

20093), q u e s t i o n a b l y b e l o n g i n g t o t h i s genus, was f o u n d i n t h e b a s a l 

s a n d s t o n e ( U n i t 1) o f t h e B u t t l e L a k e F o r m a t i o n t y p e s e c t i o n . The 

l e n g t h i s a p p r o x i m a t e l y 30 mm. and t h e w i d t h about 38 mm. Remnants 

o f a t h i n median septum i n t h e c e n t r e o f the m u s c l e f i e l d a r e e v i d e n t . 

The s h e l l s u r f a c e i s m u l t i c o s t e l l a t e , w i t h about 12 rounded c o s t e l l a e 

i n 5 mm. of w i d t h n e a r t h e a n t e r o - l a t e r a l e x t r e m i t i e s . Near t h e 

l a t e r a l m a r g i n s , s t r o n g growth v a r i c e s a r e p r e s e n t . 

The m a t e r i a l a v a i l a b l e s u g g e s t s some s i m i l a r i t y w i t h D e r b y i a 

s p . d e s c r i b e d by H a r k e r and T h o r s t e i n s s o n (1960, p. 53, p i . 23, f i g . 8 ) , 

and c e r t a i n o t h e r s p e c i e s . The Vancouver I s l a n d m a t e r i a l i s i n ­

adequate f o r more r e f i n e d c o m p a r i s o n s . 
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Phylum MOLLUSCA 

C l a s s PELECYPODA 

F a m i l y NUCULANIDAE S t o l i c z k a 1871 

Genus NUCULANA L i n c k 1807 

NUCULANA s p . 

A medium s i z e d n u c u l a n i d i s r e p r e s e n t e d by one specimen i n 

the c o l l e c t i o n f r o m U n i t 1 of the t y p e s e c t i o n of the B u t t l e L a k e 

F o r m a t i o n . The specimen (UBC 20101) i s a l e f t v a l v e , a l m o s t c o m p l e t e . 

The a n t e r i o r m a r g i n i s r o u n d e d , and t h e c a r d i n a l m a r g i n i s concave 

p o s t e r i o r l y . The s m a l l , o p i s t h o g y r a t e beak i s l o c a t e d about 1/3 of 

the s h e l l l e n g t h f r o m the a n t e r i o r e x t r e m i t y . The umbo i s s w o l l e n . 

E s c u t c h e o n p r o m i n e n t . About 20 s m a l l , s i m p l e t e e t h a r e about e v e n l y 

d i v i d e d between t h e r e g i o n s a n t e r i o r and p o s t e r i o r t o t h e beak. The 

s u r f a c e i s marked by about 40 f i n e c o n c e n t r i c l a m e l l a e , whose s h o r t , 

s t e e p d o r s a l b o r d e r s s u g g e s t deep g r o o v e s . The v a l v e has a l e n g t h 

of 17 mm., h e i g h t of 8 mm., and t h i c k n e s s o f 4 mm. 

The s p e c i e s i s s i m i l a r t o N. b e l l i s t r i a t a ( S t e v e n s ) as i l l u s ­

t r a t e d by Shimer and S h r o c k (1944, p. 377, p i . 146, f i g s . 30-31). I t 

i s c l o s e l y comparable t o t h e G r e e n l a n d specimens a s s i g n e d by N e w e l l 

(1955, p. 17, p i . 4, f i g . 6) t o N. s p e l u n c a r i a ( G e i n i t z ) , and t o t h e 

W e s t e r n A u s t r a l i a n N. d a r w i n i (de K o n i n c k ) d e s c r i b e d by D i c k e n s (1957, 

p. 18, p i . 2, f i g s . 1-6). The l a t t e r i s s t a t e d by D i c k i n s t o be s i m i ­

l a r t o N. b e l l i s t r i a t a ( S t e v e n s ) . B r a n s o n (1948, p. 633) a p p a r e n t l y 

c o n s i d e r s N. b e l l i s t r i a t a ( o f a u t h o r s , n o t S t e v e n s ) t o be d i s t i n c t 

f r o m S t e v e n s s p e c i e s . L a c k of a c c e s s t o G e i n i t z ' s and de K o n i n c k ' s 

o r i g i n a l d e s c r i p t i o n s p r e s e n t c l o s e r c o m p a r i s o n s . 
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F a m i l y ? 

Genus CHAENOMYA Meek 1865 

D i c k i n s (1957) d i s c u s s e d t he d i f f e r e n c e s between Chaenomya 

and A l l o r i s m a , and i n an e a r l i e r p u b l i c a t i o n (1956, p. 2 0 ) , r e v i e w s 

the problems o f taxonomy and c l a s s i f i c a t i o n o f t h e s e g e n e r a . 

CHAENOMYA? s p . 

P l a t e I I I , F i g u r e 19. 

A s i n g l e l e f t v a l v e o f a s h e l l t e n t a t i v e l y a s s i g n e d t o t h i s 

genus i s p r e s e n t i n t h e c o l l e c t i o n f r o m U n i t 1 of t h e A z u r e L a k e s e c ­

t i o n , B u t t l e L a k e F o r m a t i o n . The s h e l l i s e l o n g a t e , w i t h t r u n c a t e d 

a n t e r i o r m a r g i n , rounded p o s t e r i o r m a r g i n . The p o s t e r i o r i s p r o d u c e d , 

w i t h a d i s t i n c t r e c u r v i n g o f t h e back p a r t o f t h e d o r s a l m a r g i n . Umbo 

i s s l i g h t l y i n f l a t e d , t h e s w e l l i n g e x t e n d i n g i n d i m i n i s h i n g prominence 

towards t h e p o s t e r o - v e n t r a l e x t r e m i t y . The umbo i s v e r y c l o s e t o t h e 

a n t e r i o r end o f t h e c a r d i n a l m a r g i n . Ornament of c l o s e l y spaced con­

c e n t r i c l a m e l l a e , w i t h about 15 i n 5 mm. p o s t e r i o r l y more i n same d i s ­

t a n c e e l s e w h e r e on t h e s h e l l . L a m e l l a e appear t o have f i b r o u s s t r u c ­

t u r e , p r o b a b l y g i v i n g r i s e t o g r a n u l a r s u r f a c e . No e v i d e n c e of 

d e n t i t i o n o r p a l l i a l l i n e and m u s c l e s c a r s . 

Measurements o f t h e specimen g i v e - L e n g t h 22 mm., H e i g h t 

12 mm., T h i c k n e s s 2+ mm. 

W i t h t h e m a t e r i a l a v a i l a b l e , adequate comparisons c a n n o t be 

made. However, s u p e r f i c i a l r e s e m b l a n c e t o Chaenomya s p . nov. D i c k i n s 

(1957, p. 29, p i . 4, f i g s . 1 0 - 1 2 ) , f r o m t h e Lower Permian o f W e s t e r n 
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A u s t r a l i a , and t o A l l o r i s m a e l e g a n s K i n g as d e s c r i b e d by N e w e l l (1955, 

p. 34, p i . 5, f i g . 16) f r o m G r e e n l a n d s p e c i m e n s , i s n o t e d . 
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F a m i l y TRIGONIIDAE Lamarck 

Genus SCHIZODUS M u r c h i s o n and de V e r n e u i l ( K i n g 1844) 

SCHIZODUS s p . 

D e s c r i p t i o n : Rounded t r i a n g u l a r o u t l i n e . P r o m i n e n t c a r i n a e x t e n d ­

i n g f rom umbo t o p o s t e r i o r a n g l e . No s u r f a c e o r i n t e r i o r f e a t u r e s 

p r e s e r v e d . 

Measurements ( i n mm.): 

Specimen L e n g t h H e i g h t 

UBC 20161 32 30 R i g h t v a l v e , e x t e r n a l mold 
UBC 20162 32 20+ R i g h t v a l v e , i n t e r n a l mold 
UBC 20163 36 30 R i g h t v a l v e , i n t e r n a l mold 
UBC 20164 40 26+ L e f t v a l v e , i n t e r n a l mold 

M a t e r i a l : As i n d i c a t e d above, o n l y molds o f . s i n g l e v a l v e s 

a r e p r e s e r v e d . They were found i n s a n d s t o n e . 

D i s c u s s i o n : N e w e l l ' s i l l u s t r a t e d (1955, p i . 1, f i g s . 6-8) specimens 

o f S_j_ o b s c u r u s (Sowerby), from G r e e n l a n d , a g r e e i n a l l v i s i b l e r e s ­

p e c t s t o t h e s p e c i e s from Vancouver I s l a n d . A R u s s i a n s p e c i e s , S^ a f f . 

S. o b s c u r u s F r e d e r i c k s (1934, p. 16, p i . 1, f i g . 1 0 ) , a l t h o u g h o f s i m i ­

l a r d i m e n s i o n s , has a much l e s s p r o m i n e n t c a r i n a and post-umbonal a r e a 

t h a n t h e Vancouver I s l a n d s p e c i e s . F r e d e r i c k s ( p i . 2, f i g . 3) d e s ­

c r i b e d under t h e name of S c h i z o d u s s p . a form w h i c h i s much more s i m i ­

l a r t o t h e Vancouver I s l a n d f o s s i l . A n o t h e r c l o s e l y comparable 

s p e c i e s i s S. k e n n e d y e n s i s D i c k i n s 1956 ( p . 30, p i . 5, f i g s . 1-10) 

f r o m t h e Lower P e r m i a n o f Western A u s t r a l i a . D i c k i n s mentioned t h e 

s i m i l a r i t y o f h i s s p e c i e s t o s e v e r a l o t h e r d e s c r i b e d forms, i n c l u d i n g 

S. o b s c u r u s . 
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The p o o r l y p r e s e r v e d m a t e r i a l f r o m Vancouver I s l a n d p e r m i t s 

o n l y the g e n e r a l c o m p a r i s o n s made above. The c l o s e s t a f f i n i t i e s ap­

pear t o be w i t h s p e c i e s r e l a t e d t o S_. o b s c u r u s (Sowerby) . However, 

Sowerby's d e s c r i p t i o n s and i l l u s t r a t i o n s a r e n o t a v a i l a b l e t o the 

w r i t e r . I t seems a p p r o p r i a t e t o l e a v e t h e s p e c i f i c i d e n t i f i c a t i o n 

open u n t i l such t i m e as b e t t e r m a t e r i a l and/or a d d i t i o n a l p e r t i n e n t 

l i t e r a t u r e has become a v a i l a b l e . 

O c c u r r e n c e : The specimens a r e f r o m U n i t 1 o f t h e t y p e s e c t i o n o f t h e 

B u t t l e L a k e F o r m a t i o n . 



F a m i l y AVICULOPEGTINIDAE E t h e r i d g e 1906 

Genus AVICULOPECTEN M'Coy 1851 

AVICULOPECTEN? sp. 

Two f r a g m e n t a r y v a l v e s o f a medium s i z e d p e c t i n a c e a n were 

c o l l e c t e d f r o m U n i t 1 of the B u t t l e L a k e F o r m a t i o n , A z u r e L a k e s e c ­

t i o n . The s h e l l s have c o a r s e a n g u l a r p l i c a t i o n s , and a few concen­

t r i c r u g a e . The m a t e r i a l i s i n s u f f i c i e n t t o make c e r t a i n g e n e r i c 

i d e n t i f i c a t i o n . A p a r t i a l l y p r e s e r v e d s t r u c t u r e i n t h e umbonal 

r e g i o n o f one of t h e specimens s u g g e s t s t h e p r e s e n c e of a r e s i l i f e r 

o r c h o n d r o p h o r e , on t h e b a s i s o f w h i c h a t e n t a t i v e a s s i g n m e n t t o 

A v i c u l o p e c t e n i s made. 

The specimens a r e numbered UBC 20165 and UBC 20166. Com­

p a r i s o n s w i t h d e s c r i b e d s p e c i e s a r e n o t w a r r a n t e d w i t h t h e m a t e r i a l 

a v a i l a b l e . 



C l a s s GASTROPODA 

Molds and p a r t i a l s h e l l s o f a t l e a s t t h r e e t y p e s o f gas­

t r o p o d s o c c u r i n t h e b a s a l s a n d s t o n e of t h e A z u r e L a k e s e c t i o n of 

t h e B u t t l e L a k e F o r m a t i o n , i n a s s o c i a t i o n w i t h p e l e c y p o d s , b r y o z o a n s , 

b r a c h i o p o d s and p l a n t f r a g m e n t s . They a r e a l l s m a l l f o r m s . P r e ­

s e r v a t i o n i s n o t c o n s i d e r e d adequate t o a t t e m p t even g e n e r i c i d e n t i ­

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

f e r o u s beds of t h e Home L a k e and Cowichan L a k e a r e a s . Most a r e 

s i l i c i f i e d and f r a g m e n t a r y . 
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Phylum COELENTERATA 

C l a s s ANTHOZOA 

Order TABULATA M i l n e - E d w a r d s and Haime 1850 

F a m i l y CHAETETIDAE M i l n e - E d w a r d s and Haime 1850 

S u b f a m i l y CHAETETINAE M i l n e - E d w a r d s and Haime 1850 

Genus CHAETETES F i s c h e r i n E i c h w a l d 1829 

CHAETETES s p . 

Two specimens (UBC 20177 } 20178) f r o m Home La k e , from U n i t 7, 

Mt. Mark s e c t i o n , and t a l u s ^ a r e r e f e r r a b l e t o t h i s genus. B o t h a r e 

f r a g m e n t a r y ^ s i l i c i f i e d c o r a H a ^ t h e l a r g e s t h a v i n g d i m e n s i o n s of 30 by 

25 by 20 mm. The c o r a l l i t e s a r e s m a l l ; t h e l a r g e s t measured has a 

d i a m e t e r o f 0.5 mm. C l o s e l y spaced t a b u l a e a r e v i s i b l e i n p a r t o f 

one specimen. No d e t a i l e d i n f o r m a t i o n on t h e s p e c i e s i s y e t a v a i l -

a b l e ^ so no comparisons a r e made a t t h e p r e s e n t t i m e . 

F a m i l y FAVOSITIDAE Dana 1846 

S u b f a m i l y MICHELINIINAE Waagen and W e n t z e l 1886 

Genus MICHELINIA de K o n i n c k 1841 

The d i f f e r e n c e s between M i c h e l i n i a and P l e u r o d i c t y u m G o l d f u s s 

1829 ( i . e . j m a i n l y i n t a b u l a r p a t t e r n / H i l l and Stumni, 1956^ p. 4 6 6 / ) . 

T a b u l a e were n o t seen i n t h e specimens mentioned below^ so a s s i g n m e n t 

t o M. i s t e n t a t i v e o n l y . 
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MICHELINIA? sp. A. 

Three s i l i c i f i e d specimens of p a r t i a l c o r a l l a o f t h i s genus, 

p r o b a b l y r e p r e s e n t i n g t h e same s p e c i e s , have been c o l l e c t e d . Two 

(UBC 20175 and 20179) a r e f r o m L o c a l i t y 62-56-1, Horne L a k e , and t h e 

o t h e r (UBC 20176) o c c u r s a t L o c a l i t y 62-52-3, Cowichan L a k e a r e a . 

The l a r g e s t p o r t i o n o f a c o r a l l u m r e a c h e s d i m e n s i o n s o f 25 by 18 mm., 

w i t h c o r a l l i t e s o f 3 mm. d i a m e t e r maximum. The s m a l l e r f r a g m e n t s 

a r e about 7 mm. a c r o s s , w i t h c o r a l l i t e s o f 1.5 mm. maximum d i a m e t e r . 

B o t h t y p e s o f c o r a l l u m , t h e one w i t h s m a l l c o r a l l i t e s , t h e o t h e r w i t h 

l a r g e - s i z e d c o r a l l i t e s , o c c u r i n t h e same l o c a l i t y ( 6 2 - 5 6 - 1 ) , so a r e 

r e g a r d e d h e r e as p r o b a b l y b e i n g v a r i a n t s o f t h e same s p e c i e s . The 

s t a t e o f p r e s e r v a t i o n of t h e s e specimens i s p o o r . D e t a i l e d a n a l y s i s 

o f t h e s p e c i e s has n o t been c o m p l e t e d , so c o m p a r i s o n s w i t h d e s c r i b e d , 

s u p e r f i c i a l l y s i m i l a r s p e c i e s i s n o t w a r r a n t e d . 

MICHELINIA? sp. B. 

A s i n g l e specimen (UBC 20186) o f a c o r a l l u m w i t h c o r a l l i t e s 

o f d i s t i n c t l y l a r g e r a v e r a g e s i z e t h a n t h o s e o f t h e s p e c i e s m e n t i o n e d 

above, and v e r y t h i n w a l l s , was f o u n d i n t h e l i m e s t o n e s o f L o c a l i t y 60-

H-2, Horne L a k e . The c o r a l l i t e d i a m e t e r s a r e 5 t o 7 mm., w a l l s a r e 

0.2 t o 0.3 mm. i n t h i c k n e s s . No t a b u l a e a r e v i s i b l e . 

The m a t e r i a l a v a i l a b l e i s i n s u f f i c i e n t f o r p r e c i s e compar­

i s o n s w i t h o t h e r d e s c r i b e d s p e c i e s . I t may be n o t e d , however, t h a t 

a s p e c i e s w i t h l a r g e (7 t o 10 mm. d i a m e t e r s ) c o r a l l i t e s f r o m t h e Yukon, 

M. h a r k e r i N e l s o n 1962b ( p . 957, p i . 37, f i g s . 8-11; t e x t f i g . l e , f , 

2e) has much t h i c k e r w a l l s (0.5 mm.). 
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F a m i l y AULOPORIDAE M i l n e - E d w a r d s and Haime 1851 

S u b f a m i l y AUL0P0RINAE M i l n e - E d w a r d s and Haime 1851 

Genus CLADOCHONUS M'Coy 1847 

CLADOCHONUS s p . 

P l a t e I V , F i g u r e 10. 

A s p e c i e s of t h i s genus has been i d e n t i f i e d i n specimens 

(UBC 20097-20100) f r o m L o c a l i t y 61-35-5F ( B u t t l e L a k e ) , L o c a l i t y 62-

58-1F (Horne L a k e ) and L o c a l i t y 62-48-2F (Cowichan a r e a ) . The 

l a r g e s t specimen i s 30 mm. i n l e n g t h . C o r a l l i t e s a r e 5 t o 6 mm. i n 

l e n g t h ; d i a m e t e r s a r e f r o m 1.5 a t base t o 2.5 a t t h e c a l i c e . C a l i c e s 

open a l t e r n a t e l y a t d i f f e r e n t s i d e s , g i v i n g t h e c o r a l l u m a z i g - z a g 

f o r m . A R u s s i a n s p e c i e s , C. m i c h e l i n i Edwards and Haime, i l l u s t r a t e d 

by S t u c k e n b e r g (1898, p. 354, p i . 5, f i g s . 15a-b) appears s i m i l a r t o 

t h e Vancouver I s l a n d Cladochonus s p . The l o n g i t u d i n a l s t r i a t i o n s 

p r e s e n t on C. s t r i a t u s H i l l (1942, p. 70, p i . 2, f i g . 11) f r o m t h e 

Lower Permian o f W e s t e r n A u s t r a l i a , a r e n o t e v i d e n t on Cladochonus s p . 

The c o r a l l i t e s a r e s h o r t e r t h a n t h o s e of C. shawi W i l s o n and Langen-

h e i m (1962, p. 514, p i . 89, f i g s . 3-10) f r o m t h e Lower Permian of 

Nevada. The l a t t e r s p e c i e s a l s o d i f f e r s f r o m Cladochonus s p . i n 

h a v i n g c o r a l l i t e s w h i c h a l l f a c e i n the same d i r e c t i o n ; t h i s may be 

an e n v i r o n m e n t a l v a r i a t i o n , r a t h e r t h a n a s p e c i f i c c h a r a c t e r i s t i c . 

The Vancouver I s l a n d m a t e r i a l may w e l l b e l o n g t o a new s p e c i e s ; t h e 

e x a m i n a t i o n o f more c o m p l e t e c o r a l l a , w i t h b e t t e r p r e s e r v a t i o n i s nec­

e s s a r y b e f o r e a more p r e c i s e d e f i n i t i o n i s p o s s i b l e . 
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Order RUGOSA Mi l n e - E d w a r d s and Haime 1850 

I n e a c h o f t h e a r e a s s t u d i e d , a few p o o r l y - p r e s e r v e d 

s o l i t a r y r u g o s e c o r a l s have been f o u n d . A few o f t h e s i l i c i f i e d 

forms may y i e l d d i a g n o s t i c d e t a i l w i t h s e r i a l s e c t i o n i n g . U n t i l s u c h 

d e t a i l e d s t u d i e s a r e c o m p l e t e d , t h e forms p r e s e n t cannot be i d e n t i f i e d 

even g e n e r i c a l l y w i t h any c o n f i d e n c e . The o c c u r r e n c e o f s u c h f o s s i l s 

i s m e ntioned h e r e o n l y t o c omplete t h e l i s t i n g o f main elements p r e s e n t 

i n t h e f a u n a . S e v e r a l d i f f e r e n t genera a r e u n d o u b t e d l y p r e s e n t . 
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Phylum BRYOZOA 

G e n e r i c names have been r e v i s e d , where n e c e s s a r y , 
t o c o n f o r m w i t h t h e T r e a t i s e o n I n v e r t e b r a t e P a l e ­

o n t o l o g y volume o f B r y o z o a ( B a s s l e r , 1 9 5 3 ) . 

Subphylum ECTOPROCTA 

C l a s s GYMNOLAEMATA 

Order TREPOSTOMATA 

Sub o r d e r AMALGAMATA 

F a m i l y STENOPORIDAE Waagen and W e h t z e l 1886 

Genus STENOPORA L o n s d a l e 1844 

STENOPORA PROLIFICA ( F r i t z ) 

P l a t e I V , F i g u r e 7. 

1932 U l r i c h o t r y p a p r o l i f i c a F RITZ, p. 94, p i . 1, f i g s . 1-3. 
1963 S t e n o p o r a p r o l i f i c a ( F r i t z ) , YOLE, p i . 1, f i g . 10. 

The o b s e r v e d z o a r i a l and z o o e c i a l c h a r a c t e r i s t i c s o f the 

numerous specimens a v a i l a b l e a g r e e i n most r e s p e c t s w i t h t h o s e des­

c r i b e d by F r i t z . The o v a l z o o e c i a measure 0.2 x 0.1 mm., w i t h about 

6 z o o e c i a i n 2 mm. l o n g i t u d i n a l l y . The arrangement o f b o t h megacan-

t h o p o r e s and m i c r a c a n t h o p o r e s i s as r e g u l a r as s u g g e s t e d by F r i t z ; 

F r i t z ' s F i g u r e 2 o f P l a t e 1 i l l u s t r a t e s t he d i s t r i b u t i o n o f a c a n t h o -

p o r e s as seen i n t h e p r e s e n t s p e c i m e n s . 

T h i s s p e c i e s i s v e r y common i n t h e w r i t e r ' s c o l l e c t i o n s f r o m 

U n i t 11 (Specimens UBC 20105-20107, 20109-20111, 20115, 20116) and i s 

a l s o p r e s e n t i n U n i t 1 (UBC 20108) , o f t h e A z u r e L a k e s e c t i o n o f t h e 

B u t t l e L a k e F o r m a t i o n . P r e s e r v a t i o n i s good; most specimens a r e 

f r a g m e n t a r y z o a r i a , w e a t h e r i n g out on t h e s u r f a c e o f dar k d o l o m i t i c 
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l i m e s t o n e . The m a j o r i t y of specimens a r e f l a t t e n e d i n t h e b e d d i n g 

p l a n e s , and some a r e c r u s h e d . 

To the w r i t e r ' s knowledge, t h i s s p e c i e s has n o t been des­

c r i b e d f r o m o t h e r Permian l o c a l i t i e s , n or i s i t c l o s e l y comparable t o 

o t h e r d e s c r i b e d s p e c i e s of the genus. 
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Order CRYPTOSTOMATA 

F a m i l y RHABDOMESIDAE V i n e 1883 

Genus STREBLASCOPORA B a s s l e r 1952 

STREBLASCOPORA PULCHRA ( F r i t z ) 

P l a t e V, F i g u r e 10. 

1932 S t r e b l o t r y p a p u l c h r a F R I T Z , p. 97, p i . 1, f i g s . 6, 9-10. 
?1943 S t r e b l o t r y p a b r o w n i E t h e r i d g e . CROCKFORD, p. 147, p i . 3, 

f i g s . 3-6. 
?1944 S t r e b l o t r y p a m a r m i o n e n s i s E t h e r i d g e . CROCKFORD, p. 168, p i . 5, 

f i g s . 10-11; t e x t f i g s . 31-34. 
?1961 S t r e b l a s c o p o r a d e l i c a t u l a SAKAGAMI, p. 52, p i . 25, f i g s . 7-10, 

p i . 26, f i g s . 1-18; p i . 27, f i g s . 1-5. 

Fragments of t h i s s p e c i e s , up t o 20 ,mm. i n l e n g t h , a r e r a r e 

b u t d i s t i n c t i v e e lements o f t h e b r y o z o a n f a u n u l e s o f the a r e a s s t u d i e d . 

The c h a r a c t e r i s t i c arrangement o f mesopores, i n two l o n g i t u d i n a l rows, 

w i t h t h r e e t o f o u r p o r e s i n each row and sometimes an a d d i t i o n a l pore 

between t h e d i s t a l p a i r i n sequence, i s e v i d e n t i n a l l specimens. The 

o v a l z o o e c i a , a r r a n g e d i n v e r t i c a l rows, have a p e r t u r e s m e a s u r i n g about 

0.2 x 0.15 mm. 

The specimens (UBC 20112-20113, 20117) f r o m t h e B u t t l e L a k e 

F o r m a t i o n ( U n i t 11) a r e w e l l p r e s e r v e d i n da r k d o l o m i t i c l i m e s t o n e . 

Fragments o f t h i s s p e c i e s have a l s o been i d e n t i f i e d i n t h i n s e c t i o n s 

o f l i m e s t o n e f r o m the Horne L a k e a r e a , L o c a l i t y 62-57-4F ( U n i t 24 of 

the Mt. Mark s e c t i o n ) . I n t h i n s e c t i o n s o f l i m e s t o n e s f r o m the Cowi­

chan a r e a , L o c a l i t i e s 61-38-13, 61-43-A3 and 62-48-2F, f r a g m e n t s 

q u e s t i o n a b l y a s s i g n a b l e t o t h i s s p e c i e s have been f o u n d . 

F r i t z (1932, p. 97) n o t e d t h e s i m i l a r i t y o f h e r s p e c i e s t o 

S_. germana ( B a s s l e r ) . C r o c k f o r d (1944a, p. 168; 1957, p. 80) p l a c e s 
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S_. germana i n q u e s t i o n a b l e synonymy w i t h S_. m a r m i o n e n s i s ( E t h e r i d g e ) , 

s t a t i n g (1957, p. 81) t h a t t h e y appear " i d e n t i c a l " . The d i m e n s i o n s 

and micro-measurements o f S_. m a r m i o n e n s i s (as g i v e n i n C r o c k f o r d , 1944a, 

p. 168, p i . 5, f i g s . 10-11; t e x t f i g s . 31-34) a r e v e r y s i m i l a r t o t h o s e 

o f S_. p u l c h r a . The main d i f f e r e n c e s seem t o be i n t h e absence of 

s u p e r i o r h e m i s e p t a i n S_, m a r m i o n e n s i s , and g r e a t e r range i n t h e numbers 

of mesopores of t h e l a t t e r s p e c i e s . C r o c k f o r d s t a t e s (p. 1 0 9 ) , however, 

th e number o f mesopores per i n t e r z o o e c i a l space i s e x t r e m e l y v a r i a b l e . 

I n a d d i t i o n , t h e h e m i s e p t a of S_. p u l c h r a a r e v e r y p o o r l y d e v e l o p e d , as 

i n d i c a t e d by F r i t z ' s i l l u s t r a t i o n ( p i . 1, f i g . 1 0 ) . C r o c k f o r d (1943, 

p. 147) d e s c r i b e d S_. b r o w n i ( E t h e r i d g e ) , n o t i n g t h e " s t r i k i n g resemb­

l a n c e " t o S_. p u l c h r a , f r o m w h i c h i t d i f f e r e d i n s l i g h t l y more w i d e l y 

s p aced z o o e c i a . From S_. marmi omens i s , C r o c k f o r d d i s t i n g u i s h e d S_. b r o w n i 

on t h e b a s i s of h e x a g o n a l r i d g e s e n c l o s i n g t h e i n t e r z o o e c i a l spaces of 

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

rows of S_. m a r m i o n e n s i s a r e a p p a r e n t l y sometimes s i n u o u s ( C r o c k f o r d , 

1944, p. 1 6 9 ) , and i n c e r t a i n specimens a s s i g n e d t o t h i s s p e c i e s ( e . g . , 

h o l o t y p e , C r o c k f o r d , 1944, p i . 5, f i g . 1 1 ) , t h i s r e s u l t s i n r i d g e s 

a l m o s t i d e n t i c a l i n appearance t o t h o s e s a i d t o c h a r a c t e r i z e S. b r o w n i 

and S_. p u l c h r a . I t t h u s appears t o t h e p r e s e n t w r i t e r t h a t t h e s e t h r e e 

s p e c i e s a r e n o t e a s i l y d i f f e r e n t i a t e d , and may i n f a c t be synonymous. 

I f C r o c k f o r d ' s d i a g n o s i s of S_. germana i s c o r r e c t , t h e n t h i s s p e c i e s 

a l s o may be synonymous w i t h S_. b r o w n i E t h e r i d g e 1907. 

The Japanese s p e c i e s S_. d e l i c a t u l a Sakagami 1961 (p. 52, 

p i . 25, f i g s . 7-10; p i . 26, f i g s . 1-18; p i . 27, f i g s . 1-5) i s d e s c r i b e d 

as d i f f e r i n g f r o m S_. p u l c h r a i n t h e g r e a t e r number of tubes i n t h e 

a x i a l b u n d l e . Y e t Sakagami s t a t e s t h a t t h e number of tubes v a r i e s 
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f r o m 40 t o 80, and c e r t a i n o f h i s i l l u s t r a t i o n s ( e . g . , t h e l o n g i t u d i ­

n a l s e c t i o n s shown i n p i . 26, f i g s . 5-6) show about t h e same number 

o f a x i a l t u b e s as does F r i t z ' s specimen i n h e r p i . 1, f i g . 10 o f 

S_. p u l c h r a . I t thus seems p o s s i b l e t h a t S_. d e l i c a t u l a and S_. p u l c h r a 

a r e synonymous. 

The c l o s e s i m i l a r i t i e s between t h e s p e c i e s m e n t i o n e d above 

a r e o b v i o u s . To c l a r i f y t he s t a t u s of t h e s e s p e c i e s , r e f e r e n c e t o 

ty p e m a t e r i a l i s p r o b a b l y n e c e s s a r y . U n t i l such p r e c i s e c omparisons 

can be made, t h e w r i t e r p r e f e r s t o r e f e r t o t h e Vancouver I s l a n d s p e c i e s 

under F r i t z ' s s p e c i f i c name. 

Genus RHABDOMESON Young and Young 1874 

RHABDOMESON s p . 

Specimen UBC 20114, f r o m the U n i t 1 of t h e B u t t l e L a k e Form­

a t i o n t y p e s e c t i o n i s a fragment o f a z o a r i u m a s s i g n a b l e t o t h i s 

genus. I t o c c u r s i n d a r k , f i n e - g r a i n e d impure l i m e s t o n e , and i s 

a s s o c i a t e d w i t h numerous f r a g m e n t s o f ramose and f e n e s t r a t e b r y o z o a n s . 

The z o a r i u m i s 3 mm. l o n g , 1.1 mm. w i d e , w i t h an a x i a l tube o f 0.4 mm. 

d i a m e t e r . Z o o e c i a l a p e r t u r e s measure a p p r o x i m a t e l y 0.2 x 0.1 mm.; 

t h e i r arrangement and s p a c i n g i s n o t d e t e r m i n a b l e on t h i s p o o r l y p r e ­

s e r v e d specimen. 

S m a l l f r a g m e n t s o f a s i m i l a r s p e c i e s a r e e v i d e n t i n t h i n 

s e c t i o n s o f l i m e s t o n e s f r o m the Cowichan a r e a , L o c a l i t i e s 61-39-1 and 

62-48-2F. 

I n z o o e c i a l d i m e n s i o n s , d i a m e t e r o f a x i a l t u b e , and g e n e r a l 

a p p e a r a n c e , Rhabdomeson s p . i s s i m i l a r t o R. m a m m i l l a t a ( B r e t n a l l ) , 
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as d e s c r i b e d and i l l u s t r a t e d by C r o c k f o r d (1944c, p. 166, p i . 14, f i g . 

14; t e x t f i g s . 3 9 -41). 

Genus NICKLESOPORA B a s s l e r 1952 

B a s s l e r (1952) e r e c t e d t h e genera N i c k l e s o p o r a and S a f f o r d -

o t a x i s t o i n c l u d e s p e c i e s w h i c h d i d n o t agr e e i n a c a n t h o p o r e p a t t e r n 

w i t h t h e genotype of Rhombopora. The l a t t e r c h a r a c t e r i s t i c a l l y has 

" m i c r a c a n t h o p o r e s around each a p e r t u r e and a megacanthopore a t t h e d i s ­

t a l edge of e a c h " ( B a s s l e r , 1953, p. G134), N i c k l e s o p o r a l a c k s mega-

c a n t h o p o r e s , and has "a s i n g l e row of m i c r a c a n t h o p o r e s around each 

a p e r t u r e " ( B a s s l e r , 1953, p. G133). The s p e c i e s d i s c u s s e d below can­

n o t b e l o n g t o Rhombopora sensu s t r i c t o , b ecause of t h e l a c k o f mega-

c a n t h o p o r e s . The numerous s c a t t e r e d m i c r a c a n t h o p o r e s do n o t f i t Bas­

s l e r 's d e f i n i t i o n o f N i c k l e s o p o r a , because of t h e i r r e g u l a r l y d i s t r i ­

b u t e d numerous m i c r a c a n t h o p o r e s around each a p e r t u r e . The Vancouver 

I s l a n d f o r m i s q u e s t i o n a b l y a s s i g n e d t o N i c k l e s o p o r a , w h i c h , more t h a n 

o t h e r d e s c r i b e d g e n e r a , has c h a r a c t e r i s t i c s c l o s e l y r e s e m b l i n g t h o s e 

o f N.? p o r i f e r a . I t may e v e n t u a l l y be n e c e s s a r y t o e r e c t a new genus 

t o accommodate N.? p o r i f e r a . 

NICKLESOPORA? PORIFERA ( F r i t z ) 

1932 Rhombopora p o r i f e r a FRITZ, p. 96, p i . 1, f i g s . 4-5, 7-8. 
?1961 Rhombopora? s p . i n d e t . SAKAGAMI, p. 51, p i . 18, f i g s . 5-6. 

A s i n g l e specimen (UBC 20119) f r o m U n i t 1 1 , B u t t l e L a k e Form­

a t i o n , i s r e f e r r a b l e t o t h i s s p e c i e s on t h e b a s i s o f i t s micromeasure-

ments and o v e r a l l d i m e n s i o n s . 
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Rhombopora? s p . Sakagami appears v e r y s i m i l a r i n the f e a ­

t u r e s d e s c r i b e d and i l l u s t r a t e d by two s e c t i o n s o n l y . Sakagami i n ­

d i c a t e s (p. 51) t h a t megacanthopores a r e " i n d i s t i n c t " . The i l l u s ­

t r a t i o n s ( p i . 18, f i g s . 5-6) do n o t show any megacanthopores; i f 

t h e y a r e a c t u a l l y n o t p r e s e n t , t h e s i m i l a r i t y t o N.? p o r i f e r a i s 

v e r y c l o s e . 

Genus CLAUSOTRYPA B a s s l e r 1929 

CLAUSOTRYPA SPINOSA F r i t z 
P l a t e V, F i g u r e 12. 

1932 C l a u s o t r y p a s p i n o s a F R I T Z , p. 97, p i . 1, f i g . 1 1 , p i . 2, f i g s . 
3-4, 9. 

A l t h o u g h F r i t z f o u n d t h i s s p e c i e s t o be one o f the most ab­

undant i n t h e c o l l e c t i o n s f r o m B u t t l e L a k e , t h e p r e s e n t w r i t e r ' s c o l ­

l e c t i o n a p p a r e n t l y c o n t a i n o n l y r a r e f r a g m e n t s o f the s p e c i e s . Some 

of t h e numerous i n d e t e r m i n a t e , l e s s - w e l l p r e s e r v e d ramose b r y o z o a n 

f r a g m e n t s p r e s e n t may, however, i n c l u d e r e p r e s e n t a t i v e s of F r i t z ' s 

s p e c i e s . Two specimens (UBC 20118, 20120) f r o m the A z u r e L a k e s e c ­

t i o n , U n i t s 1 and 1 1 , B u t t l e L a k e F o r m a t i o n , have been a s s i g n e d t o 

t h i s s p e c i e s . I n t h i n s e c t i o n s f r o m Horne L a k e ( L o c a l i t i e s 62-56-2, 

62-57-4) and Cowichan a r e a ( L o c a l i t y 61-38-1) , t r a n s v e r s e s e c t i o n s o f 

a s p e c i e s of C l a u s o t r y p a , v e r y s i m i l a r , and perhaps i d e n t i c a l , t o 

C. s p i n o s a have been r e c o g n i z e d . F r i t z compared h e r s p e c i e s t o C. 

c o n f e r t a B a s s l e r , f r o m t h e P ermian of T i m o r , f r o m w h i c h t h e Vancouver 

I s l a n d s p e c i e s was d i f f e r e n t i a t e d by a g r e a t e r number of a c a n t h o p o r e s 
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From C. e x i l l i s Sakagami (1961, p. 52, p i . 25, f i g . 6 ) , C. s p i n o s a i s 

d i s t i n g u i s h a b l e by l a r g e r d i a m e t e r and g r e a t e r s i z e o f t h e z o o e c i a l 

a p e r t u r e s . 

The two specimens f r o m B u t t l e L a k e a r e a on w h i c h measure­

ments can be made agre e i n a l l r e s p e c t s t o the d e s c r i p t i o n g i v e n by 

F r i t z . The z o o e c i a l a p e r t u r e s a r e o v a l , w i t h a v e r a g e d i m e n s i o n s o f 

0.3 x 0.2 mm. 
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Order FENESTRATA E l i a s and Condra 1957 

F a m i l y FENESTELLIDAE K i n g 1850 

Genus FENESTELLA L o n s d a l e 1839 

FENESTELLA c f . F. PARVIUSCULA B a s s l e r 

S e v e r a l specimens f r o m the w r i t e r ' s c o l l e c t i o n s have mesh-

work f o r m u l a e s i m i l a r t o t h a t of F. p a r v i u s c u l a B a s s l e r 1929 (p. 76, 

p i . 17, f i g s . 8-13). The m a t e r i a l c o n s i s t s o f s m a l l f r a g m e n t s o f 

z o a r i a , u s u a l l y w i t h o n l y o b v e r s e s u r f a c e s v i s i b l e . The o n l y s p e c i ­

men on w h i c h s i g n i f i c a n t measurements were p o s s i b l e (UBC 20122) has 

a p a r t i a l meshwork f o r m u l a 24/16//?/?. T h i s i s s l i g h t l y d i f f e r e n t 

f r o m t h a t o f F. p a r v i u s c u l a B a s s l e r (20/18/18/18); i t appears c l o s e r 

t o t h a t o f a Texas s p e c i e s , F, c f . F. p a r v i u s c u l a B a s s l e r , n o t e d by 

E l i a s and Condra (1957, t a b l e 1 0 ) , w i t h a f o r m u l a e 20-24/17-18//18/ 

19-23. 

The Vancouver I s l a n d specimen i s f r o m U n i t 11 o f t h e t y p e 

s e c t i o n o f t h e B u t t l e L a k e F o r m a t i o n . F r i t z (1932, p. 99) a s s i g n e d 

a s i n g l e specimen f r o m the same a r e a t o B a s s l e r ' s s p e c i e s . 

C r o c k f o r d p l a c e d F. p a r v i u s c u l a i n t h e synonymy o f F. h o r o -

l o g i a B r e t n a l l 1926 ( C r o c k f o r d , 1957, p. 5 7 ) , w h i c h s u g g e s t s t h a t F. 

cf. F. p a r v i u s c u l a s h o u l d perhaps a l s o be r e f e r r e d t o B r e t n a l l ' s s p e c i e s . 

A s p e c i e s f r o m J a p a n d e s c r i b e d by Sakagami as F. nomatae Sak. 1961 

(p. 34, p i . 15, f i g . 3, t e x t f i g . 5) appears t o f a l l w i t h i n t h e range 

o f v a r i a t i o n of F. p a r v i u s c u l a , as i n d i c a t e d by E l i a s and Condra's 

t a b l e 1 0 , 1957; i t has a meshwork f o r m u l a o f 20-22/16-17//16-17/?. 
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FENESTELLA sp. 

?1932 F e n e s t e l l a c f . p u l c h r a d o r s a l i s B a s s l e r . F R I T Z , p. 99. 

F r i t z t e n t a t i v e l y a s s i g n e d t o t h i s s p e c i e s s e v e r a l specimens 

f r o m t h e B u t t l e L a k e a r e a , n o t i n g t h a t i n c e r t a i n of t h e i r measurements, 

t h e f o s s i l s d i f f e r e d f r o m t h o s e of B a s s l e r ' s Timor s p e c i e s . The mesh-

work f o r m u l a of F. p u l c h r a d o r s a l i s B a s s l e r 1929 (p. 74, p i . 16, f i g s . 

10-13; p i . 18, f i g s . 1-4) i s 13/10//15/0, w h i l e t h a t of F r i t z ' s s p e c i e s 

i s 16/10//15-20/?. E l i a s (1937, p. 322, t a b l e 3) p l a c e s F. c f . p u l c h r a ­

d o r s a l i s F r i t z i n t h e synonymy o f t h e Upper P e n n s y l v a n i a n s p e c i e s F. 

s u b r u d i s Condra 1902, w h i c h has a meshwork f o r m u l a of 16/12//17-18/0. 

I n t h e p r e s e n t w r i t e r ' s c o l l e c t i o n s f r o m the B u t t l e L a k e 

a r e a , s e v e r a l specimens (UBC 20121, 20123, 20124, 20148, 20149) ap­

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

meshwork f o r m u l a appears t o be 14-17/10-11//15-16/? . The z o o e c i a l s pac­

i n g i s 3 t o 4 p e r f e n e s t r u l e , as i n F r i t z ' s s p e c i e s . The r e v e r s e s i d e s 

of t h e s e specimens do n o t show t h e g r a n u l a r t e x t u r e m e n t i o n e d by F r i t z ; 

however, t h i s c h a r a c t e r does n o t seem t o be o f s p e c i f i c s i g n i f i c a n c e , 

as many s p e c i e s show a g r a n u l a r o r f i n e l y p u s t u l a r r e v e r s e s u r f a c e 

( E l i a s and C o n d r a , 1957). F r i t z c o n s i d e r e d t h a t the d i f f e r e n c e s f r o m 

F. p u l c h r a d o r s a l i s v i s i b l e i n h e r s p e c i e s d i d n o t w a r r a n t t h e d e s c r i p ­

t i o n o f a new s p e c i e s . I t i s t h e p r e s e n t w r i t e r ' s o p i n i o n t h a t the 

m a t e r i a l i n h i s c o l l e c t i o n s i s c o n s p e c i f i c w i t h F r i t z ' s s p e c i m e n s , and 

t h a t i t does n o t b e l o n g i n any o f t h e s p e c i e s m e n t i o n e d above. 

The meshwork f o r m u l a o f F e n e s t e l l a sp. and t h e o t h e r v i s i b l e 

f e a t u r e s s u g g e s t t h a t i t b e l o n g s t o t h e group of F. b a s l e o e n s i s E l i a s 

and Condra (1957, p. 78, t a b l e 4 ) . The number o f f e n e s t r u l e s i n 10 mm. 



shown by t h e Vancouver I s l a n d s p e c i e s t e n d s t o s u g g e s t i t s r e l a t i o n s h i p 

w i t h t h e Upper C a r b o n i f e r o u s s p e c i e s of E l i a s and Condra's s p e c i e s group. 

The o t h e r measurements a r e more c l o s e l y a k i n t o the Permian s p e c i e s of 

t h i s group. 

C e r t a i n o f t h e specimens a s s i g n e d h e r e t o F e n e s t e l l a sp. have 

a c o a r s e enough mesh t o be v e r y s i m i l a r t o F. b a s l e o e n s i s B a s s l e r 

(14/18//16/12) . However, none has f e a t u r e s p r e c i s e l y comparable w i t h 

B a s s l e r ' s s p e c i e s . F r i t z (1932, p. 99) f o u n d F. b a s l e o e n s i s " n o t un­

common" i n one l i m e s t o n e s l a b f r o m B u t t l e L ake a r e a . 

A l l o f the specimens r e f e r r e d t o F e n e s t e l l a sp. a r e f r o m U n i t 

11 o f t h e B u t t l e L a k e F o r m a t i o n t y p e s e c t i o n , where t h e y o c c u r i n d a r k 

d o l o m i t i c l i m e s t o n e o f t h e B u t t l e L ake F o r m a t i o n . S m a l l f r a g m e n t s o f 

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

Horne L a k e a r e a , L o c a l i t y 60-H-2. 
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Genus POLYPORA McCoy 1844 

POLYPORA c f . P. CONSANGUINEA B a s s l e r 

P l a t e V, F i g u r e 11. 

71932 P o l y p o r a c o n s a n g u i n e a B a s s l e r . FRITZ, p. 100. 

S e v e r a l l a r g e f r a g m e n t s (specimens UBC 20125, 20126) o f z o a r i a 

d i s p l a y i n g t h e t y p i c a l measurements of P. c o n s a n g u i n e a B a s s l e r (1929, 

p. 79, p i . 19, f i g s . 5-10) a r e f o u n d i n d o l o m i t i c l i m e s t o n e of U n i t 11 

of t h e t y p e s e c t i o n , B u t t l e L a k e F o r m a t i o n . The o n l y d i f f e r e n c e d i s -

c e r n a b l e between t h e s e specimens and t h o s e d e s c r i b e d f r o m the same a r e a 

by F r i t z (1932, p. 100) i s t h a t t h e b r a n c h e s a r e spaced 5 t o 6 i n 10 mm., 

r a t h e r t h a n 5 i n 10 mm., as i n F r i t z ' s specimen. Only a s m a l l p o r t i o n 

of one of t h e f r a g m e n t s shows t h e o b v e r s e s i d e , on w h i c h 5 rows of 

a p e r t u r e s can be s e e n ; t h e s p a c i n g o f t h e a p e r t u r e s appears t o be ap­

p r o x i m a t e l y 15 t o 16 i n 5 mm., b u t t h i s measurement can n o t be made w i t h 

any g r e a t degree of a c c u r a c y on t h i s m a t e r i a l . 

T h i s s p e c i e s i s v e r y s i m i l a r t o P. c y c l o p o r a E i c h w a l d , as i l ­

l u s t r a t e d by L i c h a r e w e t a l (1939, p. 66, 73; p i . 13, f i g s . 9a, b ) , 

w h i c h appears t o d i f f e r i n h a v i n g a s l i g h t l y g r e a t e r number o f b r a n c h e s 

(6 t o 7) i n 10 mm. From P. montuosa ( L a s e r o n ) , d e s c r i b e d i n C r o c k f o r d , 

1941, (p. 409, p i . 18, f i g . 4; p i . 19, f i g . 2; t a b l e 2 ) , P. c f . P. 

c o n s a n g u i n e a can be d i s t i n g u i s h e d by i t s l o w e r number o f rows of zoo­

e c i a , and more c l o s e l y spaced z o o e c i a . I t d i f f e r s f r o m P. v a n c o u v e r -

e n s i s F r i t z (1932, p. 100; p i . 2, f i g s . 1-2) a s l i g h t l y f i n e r mesh, and 

more w i d e l y spaced z o o e c i a l a p e r t u r e s . 



219 

POLYPORA c f . P. SYKESI ( K o n i n c k ) 

1932 P o l y p o r a s y k e s i ( K o n i n c k ) . FRITZ, p. 102. 

One fragment (UBC 20127) of a z o a r i u m f r o m U n i t 11 of t h e t y p e 

s e c t i o n , B u t t l e L a k e F o r m a t i o n , i s q u e s t i o n a b l y compared t o t h i s s p e c i e s . 

I n i t s measurements i t a g r e e s w i t h t h e specimens f r o m t h e same a r e a des­

c r i b e d by F r i t z , and d i s p l a y s l o n g i t u d i n a l s t r i a t i o n s on t h e r e v e r s e 

s i d e , t h e o n l y s i d e seen. Branches number 8 i n 10 mm., f e n e s t r u l e s 

7 i n 10 mm. 

Genus PROTORETEPORA K o n i n c k 1876 

PROTORETEPORA c f . P. HAIMEANA ( K o n i n c k ) 

P l a t e I V , F i g u r e 8. 

1932 P h y l l o p o r a c f . haimeana K o n i n c k . F R I T Z , p. 103, p i . 3, f i g s . 1-4. 

S e v e r a l z o a r i a l f r a g m e n t s i n t h e c o l l e c t i o n s f r o m B u t t l e L a k e 

a r e a , w i t h a maximum s i z e o f 50 x 35 mm., r e p r e s e n t t h e same s p e c i e s as 

was t e n t a t i v e l y a s s i g n e d t o K o n i n c k ' s P. haimeana 1863a.(p. 6, p i . 1, 

f i g . 3) by F r i t z (1932, p. 103, p i . 3, f i g s . 1 -4). Most of t h e f r a g ­

ments show o n l y t h e r e v e r s e s i d e o f the z o a r i u m , b u t some d i s p l a y f e a t u r e s 

of t h e o b v e r s e s i d e . The f e n e s t r u l e s a r e round t o s l i g h t l y o v a l , 

n umbering 5 i n 10 mm. Br a n c h e s number 5 t o 7 i n 10 mm., and a r e 

a p p r o x i m a t e l y 1 mm. t h i c k . F o u r rows o f z o o e c i a a r e p r e s e n t . Z o o c i a l 

a p e r t u r e s measure 0.2 x 0.15 mm., w i t h 20 i n 5 mm. J u s t b e f o r e 
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b r a n c h i n g o c c u r s , 5 t o 6 rows o f z o o e c i a may o c c u r . A somewhat s i m i l a r 

s p e c i e s , P. f l e x u o s a C r o c k f o r d (1957, p. 69, p i , 18, f i g s , 4 - 5 ) , appears 

t o have a s l i g h t l y f i n e r mesh, f i n e r b r a n c h e s , more rows o f z o o c i a , and 

w i d e r s p a c i n g o f t h e z o o e c i a (12-13 i n 5 mm.). F r i t z c o n s i d e r e d t h a t 

t h e Vancouver I s l a n d f o r m m i g h t r e p r e s e n t a new s p e c i e s . R e f e r e n c e t o 

t y p e m a t e r i a l o f P. haimeana and o t h e r s i m i l a r s p e c i e s i s p r o b a b l y r e ­

q u i r e d t o d e t e r m i n e t h e p r o p e r s t a t u s o f P. c f . P. haimeana. 

The specimens (UBC 20128-20133, 20187) a r e a l l f r o m t h e d o l o -

m i t i c l i m e s t o n e h o r i z o n o f L o c a l i t y 61-35-5F. They a r e o r i e n t e d i n t h e 

r o c k w i t h t h e p l a n e o f t h e f r o n d s p a r a l l e l o r s u b p a r a l l e l t o the b e d d i n g 

p l a n e s . A s s o c i a t e d f o s s i l s a r e m a i n l y s m a l l f r a g m e n t s o f o t h e r f e n e ­

s t r a t e and ramose b r y o z o a n s . 

F a m i l y ACANTHOCLADIIDAE Z i t t e l 1880 

Genus ACANTHOCLADIA K i n g 1849 

ACANTHOCLADIA MULTIPORA F r i t z 

P l a t e IV, F i g u r e 9. 

1932 A c a n t h o c l a d i a m u l t i p o r a FRITZ, p. 104, p i . 3, f i g s . 6, 9. 

S e v e r a l f r a g m e n t a r y z o a r i a o f t h i s s p e c i e s (UBC 20134-20138) 

were f o u n d i n U n i t 11 of t h e B u t t l e L a k e F o r m a t i o n t y p e s e c t i o n . M a i n 

stems a r e 1 t o 2 mm. w i d e ; b r a n c h e s t a p e r d i s t a l l y f r o m 1 mm. t o 0.8 mm., 

and o c c u r r e g u l a r l y a l o n g t h e main b r a n c h a t c e n t r e t o c e n t r e d i s t a n c e s 

o f 2.5 t o 3.0 mm. P r e s e r v a t i o n o f t h e o b v e r s e s i d e i s n o t good, b u t i n 

a t l e a s t one f r a g m e n t , t h e 7 rows d i s t i n c t i v e o f t h e s p e c i e s a r e e v i d e n t . 



221 

The z o o e c i a a p e r t u r e s measure a p p r o x i m a t e l y 0.2 x 0.15 mm. The r e ­

v e r s e s i d e i s smooth. 

F r i t z m e n t i o n e d t h e e x t e r n a l s i m i l a r i t y o f t h i s s p e c i e s t o 

A. r e c t i f u r c a t a B a s s l e r , f r o m T i m o r , f r o m w h i c h i t d i f f e r s i n g r e a t e r 

number o f z o o e c i a l rows. A . g u a d a l u p e n s i s ? G i r t y (1908, p i . 18, f i g s . 

1 6 - 16b), appears s i m i l a r i n o v e r a l l measurements t o A. m u l t i p o r a , b u t 

t h e f e a t u r e s of t h e o b v e r s e s i d e a r e n o t known. 

Genus PENNIRETEPORA D'Orbigny 1849 

PENNIRETEPORA GRANDIS ( F r i t z ) 

P l a t e V, F i g u r e 14. 

1932 P i n n a t o p o r a g r a n d i s F R I T Z , p. 104, p i . 3, f i g s . 5, 7. 

Two specimens a s s i g n a b l e t o t h i s s p e c i e s a r e p r e s e n t i n t h e 

w r i t e r ' s c o l l e c t i o n s . The main b r a n c h , o r m i d r i b , i s 1.2 t o 1.3 mm. 

i n w i d t h , s l i g h t l y l e s s t h a n t h e f i g u r e (1.5 mm.) g i v e n f o r t h e t y p e 

m a t e r i a l ; t h e o t h e r measurements and o b s e r v a t i o n s a r e so c l o s e t o t h o s e 

c i t e d by F r i t z t h a t t h e r e seems t o be no doubt t h a t t h e same s p e c i e s i s 

r e p r e s e n t e d i n b o t h c o l l e c t i o n s . L a t e r a l b r a n c h e s a r e 0.7 mm. i n w i d t h ; 

p i n n a t e b r a n c h l e t s 0.4 mm. w i d e a r e s paced 1.2 mm. ( c e n t r e t o c e n t r e ) 

a p a r t , w i t h 5 i n 5 mm, Z o o e c i a l a p e r t u r e s measure 0.2 t o 0.3 x 0.15 t o 

0.2 mm., w i t h 10 i n 5 mm. The k e e l nodes and l o n g i t u d i n a l s t r i a e on 

t h e o b v e r s e s i d e m e n t i o n e d by F r i t z a r e e v i d e n t on b o t h specimens. The 

r e v e r s e s i d e i s f a i n t l y s t r i a t e d . 

An Upper Permian s p e c i e s f r o m J a p a n , P. i w a i z a k i e n s i s Saka­

gami (1961, p. 46, p i . 24, f i g . 3; t e x t f i g . 7) approaches P. g r a n d i s 

i n w i d t h o f m i d r i b , b u t d i f f e r s i n h a v i n g s h o r t e r d i s t a n c e s between 
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b r a n c h l e t s , and g r e a t e r number o f z o o e c i a i n 5 mm. P. t r i p o r o s a C r o c k -

f o r d 1944c (p. 161, p i . 5, f i g . 4; t e x t f i g . 4 9 ) , has t h i n n e r b r a n c h e s 

( l e s s t h a n 0.67 mm.), and s m a l l e r a p e r t u r e s t h a n P. g r a n d i s ; the Aus­

t r a l i a n s p e c i e s a l s o has a s t r o n g tendency towards a l t e r n a t i n g , r a t h e r 

t h a n o p p o s i t e , b r a n c h e s . 

One specimen f r o m t h e A z u r e L a k e s e c t i o n , U n i t 1 1 , (UBC 20139) 

and one f r o m L o c a l i t y 60-H-2, Horne L a k e , (UBC 20140) c o m p r i s e t h e r e ­

p r e s e n t a t i v e s o f t h i s s p e c i e s . The forme r i s a s s o c i a t e d w i t h f r a g m e n t s 

o f many o t h e r s p e c i e s o f b r y o z o a i n d o l o m i t i c l i m e s t o n e . The Horne L a k e 

specimen i s a s s o c i a t e d w i t h o t h e r b r y o z o a and b r a c h i o p o d s i n a c o a r s e , 

c r i n o i d a l and t u f f a c e o u s ? l i m e s t o n e . 

F a m i l y S UL CORE TE PORIDAE B a s s l e r 1935 

Genus SULCORETEPORA D'Orbigny 1849 

SULCORETEPORA sp. 
P l a t e V, F i g u r e 15. 

A s p e c i e s o f S u l c o r e t e p o r a i s a common f o s s i l i n l i m e s t o n e s 

f r o m l o c a l i t y 60-H-2, Horne L a k e , where i t i s f o u n d on w e a t h e r e d s u r ­

f a c e s o f r o c k s l a b s , a s s o c i a t e d w i t h many o t h e r b r y o z o a n s , b r a c h i o p o d s 

and o t h e r f o s s i l s . 

The s p e c i e s has b r a n c h e s o f maximum w i d t h 3.5 mm., and t h i c k ­

n e s s 1.3 mm,; i n the t h i c k e s t b r a n c h e s , the number o f rows o f z o o e c i a 

i s 10, B i f u r c a t i o n o f the main b r a n c h e s r e d u c e s t h e w i d t h t o 2,5 mm., 

and t h e rows o f z o o e c i a t o 6 o r 7. The z o o e c i a a r e 0.2 t o 0.23 x 0.1 

t o 1.5 mm. a t t h e a p e r t u r e s ; on t h e main b r a n c h e s , 9 t o 10 o c c u r i n 

5 mm.; on t h e n a r r o w e r b r a n c h e s t h e r e a r e 7 t o 8 z o o e c i a i n 5 mm. Two 
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specimens f r o m Home L a k e (UBC 20141, 20142) show t h e s e e x t e r n a l f e a ­

t u r e s w e l l . S e v e r a l random t r a n s v e r s e s e c t i o n s i n t h i n s e c t i o n p r o b ­

a b l y a l s o b e l o n g t o t h i s s p e c i e s . No l o n g i t u d i n a l o r t a n g e n t i a l s e c ­

t i o n s have y e t been o b t a i n e d . 

A Lower Permian s p e c i e s f r o m J a p a n , S. n i p p o n i c a Sakagami 

(1961, p. 55, p i . 28, f i g s . 5-8; p i . 29, f i g s . 1-3; p i . 30, f i g s . 1-7) 

i s somewhat s i m i l a r t o t h e Vancouver I s l a n d f o s s i l s . The J a p a n e s e 

s p e c i e s has fewer rows o f z o o e c i a ( 9 ) , w i d e r z o o e c i a l s p a c i n g (6-7 i n 

5 mm.) and l a r g e r a p e r t u r e s (0,31 x 0.17). " S u l c o r e t e p o r a " m e r i d i a n u s 

( E t h e r i d g e ) 1926, d e s c r i b e d and i l l u s t r a t e d by C r o c k f o r d (1944c, p. 156, 

p i . 4, f i g . 6; t e x t f i g s . 29, 30) has s m a l l e r b r a n c h e s , s m a l l e r a p e r ­

t u r e s (0.16 x 0.11), and fewer rows of z o o e c i a t h a n S u l c o r e t e p o r a s p . 

I n "S". m e r i d i a n u s z o o e c i a a r e more c l o s e l y s p aced (10-11 i n 5 mm.). 
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Order CYCLOSTOMATA Busk 1852 

Subor d e r CERAMOPOROIDEA B a s s l e r 1913 

F a m i l y GONIOCLADIIDAE N i k i f o r o v a 1938 

Genus GONIOCLADIA E t h e r i d g e 1876 

GONIOCLADIA INTERMEDIA F r i t z 

P l a t e V, F i g u r e 13. 

1932 G o n i o c l a d i a i n t e r m e d i a FRITZ, p. 106, p i . 3, f i g s . 8, 10. 

S e v e r a l specimens (UBC 20143-20146) f r o m U n i t 11 o f t h e A z u r e 

L a k e s e c t i o n , and one (UBC 20147) f r o m L o c a l i t y 60-H-2, Horne L a k e , a r e 

t e n t a t i v e l y a s s i g n e d t o F r i t z ' s p e c i e s (1932, p. 106, p i . 3, f i g s . 8, 

1 0 ) . 

The a n a s t o m o s i n g b r a n c h e s , w i t h rounded t r i a n g u l a r c r o s s - s e c ­

t i o n , v a r y f r o m 1 mm. t o 2 mm. i n w i d t h , and f r o m 1.5 t o 2.0 mm. i n 

t h i c k n e s s . The s i z e o f f e n e s t r u l e s i s v a r i a b l e . I n some spe c i m e n s , 

t h e y a r e q u i t e r e g u l a r and measure 8 t o 9 x 2.5 t o 3.5 mm.; i n o t h e r 

t h e y v a r y i n s i z e f r o m 20 x 3.5 and 6 x 4 mm. a t t h e e x t r e m e s , and f r o m 

h e x a g o n a l t o i r r e g u l a r i n shape. I n a l l t h e specimens o b s e r v e d , t h e r e 

a r e t h r e e rows of z o o e c i a on each s i d e o f t h e median k e e l . The zoo­

e c i a number 6 t o 7 i n 5 mm., i n c o n t r a s t t o t h e more c l o s e l y spaced 

a p e r t u r e s i n d i c a t e d by F r i t z f o r G. i n t e r m e d i a (about 10 i n 5 mm.). The 

a p e r t u r e s a r e c i r c u l a r t o s l i g h t l y o v a l i n shape w i t h d i a m e t e r s o f 0.2 

t o 0.3 mm. 

Fragments o f z o a r i a showing t h e extremes o f v a r i a t i o n m e n t i o n e d 

above o c c u r i n t h e same s m a l l s l a b o f d o l o m i t i c l i m e s t o n e f r o m A z u r e L a k e . 

I t i s c o n s i d e r e d t h a t t h e y t h e r e f o r e r e p r e s e n t i n t r a s p e c i f i c v a r i a n t s . 
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O n l y two specimens were a v a i l a b l e t o F r i t z , whose i l l u s t r a t i o n s of t h e s e 

s u g g e s t r a t h e r poor p r e s e r v a t i o n of the s u r f a c e d e t a i l s . The specimens 

d e s c r i b e d above p r o b a b l y b e l o n g t o F r i t z ' s s p e c i e s , as they come f r o m 

th e same a r e a and h o r i z o n , and have s i g n i f i c a n t f e a t u r e s i n common. 

F r i t z s t a t e d t h a t G. i n t e r m e d i a was c l o s e l y s i m i l a r t o G. i n d i c a 

Waagen and P i c h l , f r o m t h e S a l t Range, and t o G. i n d i c a l a x a B a s s l e r f r o m 

th e P ermian of T i m or. 

A s i l i c i f i e d f ragment (UBC 20147) o f a z o a r i u m of a s p e c i e s 

p o s s i b l y t h e same as t h a t of t h e B u t t l e L a k e a r e a was f o u n d i n l i m e ­

s t o n e f r o m L o c a l i t y 60-H-2, Horne L a k e . Micromeasurements s i m i l a r t o 

t h o s e g i v e n above a r e e a s i l y o b t a i n e d on the specimen. The s i z e and 

shape o f t h e f e n e s t r u l e s a r e n o t d e t e r m i n a b l e f r o m t h i s s i n g l e f r a g m e n t , 

b u t a p p a r e n t l y do n o t f a l l o u t s i d e of t h e r ange e x h i b i t e d by G. i n t e r ­

m e d ia. 

T r a n s v e r s e s e c t i o n s o f z o a r i a t e n t a t i v e l y a s s i g n a b l e t o t h i s 

s p e c i e s o c c u r i n t h i n s e c t i o n s f r o m t h e Cowichan a r e a , L o c a l i t i e s 61-38-19, 

61-39-1, 62-42-12, and 62-43A-3. 

F a m i l y FISTULIPORIDAE U l r i c h 1882 

T h i n s e c t i o n s of l i m e s t o n e f r o m L o c a l i t i e s 61-39-1, 62-43-12 

(Cowichan a r e a ) and 62-56-2 (Horne L a k e ) c o n t a i n f r a g m e n t s o f m a s s i v e 

b r y o z o a n s w i t h f i s t u l i p o r o i d m i c r o s t r u c t u r e . No p r e c i s e d e t e r m i n a t i o n s 

have y e t been p o s s i b l e f o r t h i s m a t e r i a l . 
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POSITION UNCERTAIN 

Many f r a g m e n t s o f b r y o z o a n s r e m a i n t o be i d e n t i f i e d i n t h e s e 

c o l l e c t i o n s . W i t h o u t d o u b t , many more genera and s p e c i e s t h a n des­

c r i b e d above o c c u r i n t h i s m a t e r i a l and f u r t h e r work s h o u l d y i e l d 

a d d i t i o n a l v a l u a b l e i n f o r m a t i o n . 
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APPENDIX 

The f o l l o w i n g a r e measured s e c t i o n s of t h e Upper D i v i s i o n 

of t h e S i c k e r Group, shown i n d i a g r a m m a t i c f o r m i n F i g u r e 6. 

MT. MARK SECTION 

Measured on c l i f f f a c e , 1/2 m i l e s o u t h e a s t o f Mt. Mark (Peak 3,165). 

O v e r l y i n g r o c k s : Vancouver Group - p i l l o w b a s a l t 

U n i t T h i c k n e s s C u m u l a t i v e 

26 

( F e e t ) 

30 1525 
C o v e r e d i n t e r v a l . 

25 290 
L i m e s t o n e , medium-to c o a r s e - g r a i n e d , c r i n o i d a l ; c h e r t y 
s t r i n g e r s , 1" t o l 1 t h i c k , s p aced f r o m few i n c h e s t o 
s e v e r a l f e e t ; medium-bedded a t b a s e , t h i c k t o m a s s i v e 
a t t o p . S i l i c i f i e d c r i n o i d a l d e b r i s . 

24 85 
L i m e s t o n e , f i n e - t o medium-grained, c h e r t y t o t u f f a c e o u s ? , 
t h i n - b e d d e d ( 2 " t o 4 " ) ; c h e r t y s t r i n g e r s , 1/2" t o 2", grey 
t o b r i g h t r e d . Few c o q u i n o i d l a y e r s of p a r t l y s i l i c i f i e d 
c r i n o i d a l d e b r i s , b r a c h i o p o d s , b r y o z o a n s . 

23 55 
L i m e s t o n e , s l i g h t l y sandy, medium-to c o a r s e - g r a i n e d , l i g h t 
g r e y t o green and maroon; t u f f a c e o u s ? p a r t i n g s up t o 1/2", 
s p aced 1/2" t o 6"; s m a l l - s c a l e c r o s s l a m i n a t i o n s . A t t o p , 
s e v e r a l p e b b l y z o n e s , 1" t o 4" t h i c k , 1* t o 2' a p a r t . 
P e b b l e s 1/4" t o 2", g r e e n and maroon t u f f s and t u f f a c e o u s 
l i m e s t o n e , and l a r g e p r o d u c t i d s h e l l s . 

22 30 
C o v e r e d i n t e r v a l 

21 25 
L i m e s t o n e , f i n e - t o medium-grained, l i g h t g r e y t o g r e e n i s h -
g r e y , medium-to t h i c k - b e d d e d , w i t h many c l o s e l y spaced t u f ­
f a c e o u s ? p a r t i n g s ; few s t r i n g e r s of grey c h e r t , l e s s t h a n 
1/2" t h i c k . 

20 10 
C o v e r e d i n t e r v a l . 
U n d e r l a i n by medium-to c o a r s e - g r a i n e d d i a b a s e ; s i l l - l i k e 
i n t r u s i o n , e s t i m a t e d a t 200 f e e t t h i c k . Base n o t s e e n . 

1495 

1205 

1120 

1065 

1035 

1020 
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19 
L i m e s t o n e , i m p u r e , brown w e a t h e r i n g , as below. 

135 ( E s t . ) 1010 

18 325 
L i m e s t o n e and c a l c a r e o u s t u f f s , t h i n l y , i r r e g u l a r l y 
i n t e r b e d d e d ; g r e y , p a l e green and maroon f r e s h s u r ­
f a c e , d a r k grey-brown w e a t h e r e d s u r f a c e . B a s a l 50 
f e e t g r a d a t i o n a l i n t o u n i t b e l o w , as l i g h t g r e y , 
c r i n o i d a l l i m e s t o n e beds 10 f e e t t o 2 f e e t t h i c k 
g r a d u a l l y d i m i n i s h upwards. Molds o f c r i n o i d a l and 
b r y o z o a n d e b r i s e t c h e d i n t o few t h i n l a y e r s . 

875 

17 40 
L i m e s t o n e , medium-to c o a r s e - g r a i n e d , c r i n o i d a l , l i g h t 
g r e y t o w h i t e w e a t h e r e d s u r f a c e , l i g h t grey f r e s h 
s u r f a c e . 

550 

16 15 
L i m e s t o n e , t u f f a c e o u s , and c a l c a r e o u s t u f f , d a r k 
grey t o g r e e n i s h g r e y , w i t h d a r k grey-brown wea­
t h e r e d s u r f a c e . Lower c o n t a c t g r a d a t i o n a l o v e r 
few f e e t ; upper c o n t a c t s h a r p . Abundant b r y o z o a n s , 
few b r a c h i o p o d s . 

510 

15 10 
L i m e s t o n e , medium-to c o a r s e - g r a i n e d , c r i n o i d a l , l i g h t 
g r e y w e a t h e r e d s u r f a c e . 

495 

14 80 
L i m e s t o n e , f i n e - g r a i n e d , p a l e green t o maroon, w i t h 
d a r k grey w e a t h e r e d s u r f a c e ; t h i c k t o m a s s i v e bedded, 
b u t numerous r e g u l a r t o i r r e g u l a r v a r i c o l o u r e d t u f -
f a c e o u s p a r t i n g s g i v e b l o c k y t o s l a b b y s p l i t . P a r ­
t i a l l y s i l i c i f i e d b r y o z o a n s , c o r a l s and b r a c h i o p o d s 
i n more impure l a y e r s ; b r y o z o a n s m a i n l y a l i g n e d i n 
b e d d i n g p l a n e s . 

485 

13 65 
L i m e s t o n e , medium-to c o a r s e - g r a i n e d , c r i n o i d a l , 
m a s s i v e . R a r e c h e r t l e n s e s n e a r t o p . Dyke o f 
f i n e - g r a i n e d g r e e n s t o n e . 

12 5 
L i m e s t o n e , f i n e - g r a i n e d , t u f f a c e o u s , b u f f and maroon, 
l a m i n a t e d , as i n U n i t 10 b e l o w . 

11 15 
L i m e s t o n e , medium-to c o a r s e - g r a i n e d , c r i n o i d a l , m a s s i v e . 
Few l a r g e , s i l i c i f i e d b r a c h i o p o d s . 

405 

340 

335 

10 5 
L i m e s t o n e o r c a l c a r e o u s t u f f , l a m i n a t e d maroon and b u f f , 
f i n e - g r a i n e d , medium bedded, w i t h c o m p o s i t i o n a l b a n d i n g 
1/4" t o 2". S c a t t e r e d c o a r s e c r i n o i d a l d e b r i s and b r y o ­
z o a n s . 

320 



242 

9 105 315 
L i m e s t o n e , medium-to c o a r s e - g r a i n e d , c r i n o i d a l , w i t h 
t h i n t u f f a c e o u s p a r t i n g s i n upper p a r t ; abundant d a r k 
c h e r t s t r i n g e r s i n b a s a l 50 f e e t , m a s s i v e i n upper 
p a r t . 

8 135 210 
L i m e s t o n e , medium-to c o a r s e - g r a i n e d , l i g h t t o medium 
g r e y , b u f f m o t t l e d , c r i n o i d a l ; abundant c h e r t y s t r i n ­
g e r s i n b a s a l p a r t , m a s s i v e i n upper p a r t . C h e r t i s 
i n l e n s e s , 1" t o 6" t h i c k , 2" t o 2' a p a r t , i n zones 
up t o 20 f e e t a p a r t . Few p a r t i a l l y s i l i c i f i e d b r a c h i o ­
pods . 

7 .5 75 
L i m e s t o n e , f i n e - g r a i n e d , t u f f a c e o u s , g r e y , g r e e n and 
maroon. Abundant b r a c h i o p o d s , few r u g o s e s o l i t a r y 
c o r a l s , one t a b u l a t e c o r a l , c r i n o i d a l d e b r i s . 

6 20 70 
L i m e s t o n e , c o a r s e - g r a i n e d , c r i n o i d a l , t h i c k bedded. 
Few b r a c h i o p o d s and c o r a l s . 

5 2 50 
L i m e s t o n e , f i n e - g r a i n e d , t u f f a c e o u s . Abundant f o s s i l 
d e b r i s i n p a t c h e s . 

4 13 48 
L i m e s t o n e , c o a r s e - g r a i n e d , c r i n o i d a l , g r e y , t h i c k 
bedded. Few p a r t i a l l y s i l i c i f i e d b r a c h i o p o d s . 

3 5 35 
L i m e s t o n e , f i n e - g r a i n e d , t u f f a c e o u s , green and maroon, 
medium-bedded. Abundant f o s s i l s , b r a c h i o p o d s , b r y o ­
z o a n s , s o l i t a r y c o r a l s . 

2 15 30 
L i m e s t o n e , c o a r s e - g r a i n e d , c r i n o i d a l , t h i c k bedded, 
g r e y . 

1 15 15 
T u f f , c a l c a r e o u s , maroon and g r e e n , t h i n t o medium 
bedded, f o s s i l i f e r o u s . Upper p a r t c o q u i n a of b r a c h i o ­
pods, b r y o z o a n s and s o l i t a r y c o r a l s . Grades i n t o 
o v e r l y i n g u n i t . Base n o t s e e n . 

U n d e r l a i n by 100 f o o t c o v e r e d i n t e r v a l , f o l l o w e d by 
f i n e - g r a i n e d , green t u f f s or t u f f a c e o u s s e d i m e n t s of 
Lower D i v i s i o n , S i c k e r Group. 
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FAIRSERVICE MOUNTAIN SECTION 

Measured i n s e r i e s of g u l l i e s on n o r t h e a s t f a c e of F a i r s e r v i c e M o u n t a i n : 

3% m i l e s s o u t h e a s t of L a k e Cowichan P o s t O f f i c e . 

O v e r l y i n g r o c k s : Vancouver Group - f i n e - g r a i n e d green v o l c a n i c r o c k . 

U n i t T h i c k n e s s C u m u l a t i v e 
( F e e t ) 

33 15 2580 
C o v e r e d i n t e r v a l . 

32 5 2565 
C h e r t and l i m e s t o n e . C h e r t , b l a c k , t h i n t o medium 
bedded, w i t h l e n s e s o f l i m e s t o n e , f i n e - g r a i n e d , g r e y , 
f o s s i l i f e r o u s . C r i n o i d a l d e b r i s , b r y o z o a n s , a u l o -
p o r o i d and c o l o n i a l t a b u l a t e c o r a l , p a r t i a l l y s i l i c i ­
f i e d . 
C o n t o r t e d and c u t by numerous c a l c i t e v e i n l e t s . 

31 675 2560 
M a i n l y c o v e r e d . S p o t t y o u t c r o p s of t h i n bedded c h e r t 
and m i n o r l i m e s t o n e a l o n g s t r i k e t o s o u t h e a s t . 

30 112 1885 
L i m e s t o n e , medium-to c o a r s e - g r a i n e d , c r i n o i d a l ; medium 
bedded a t b a s e , t h i c k t o m a s s i v e a t t o p ; medium t o d a r k 
g r e y , w i t h l i g h t t o medium grey w e a t h e r e d s u r f a c e ; 
h i g h l y s i l i c e o u s i n b a s a l 10 f e e t and upper 20 f e e t . 
Few p a r t l y s i l i c i f i e d b r a c h i o p o d s . ( S c h w a g e r i n i d p r e ­
s e n t i n t h i n s e c t i o n f r o m t h i s u n i t . ) 

29 10 1773 
C h e r t , d a r k g r e y t o b l a c k , t h i n l y bedded. 

28 201 1763 
C o v e r e d i n t e r v a l - p r o b a b l y t h i n - b e d d e d c h e r t . 

27 182 1562 
L i m e s t o n e , c o a r s e - g r a i n e d , c r i n o i d a l ; b r e c c i a i n 
p a r t , w i t h c l a s t s of l i m e s t o n e and g r e e n , f i n e ­
g r a i n e d v o l c a n i c r o c k s j m a s s i v e . Few p a r t l y s i l i c i ­
f i e d b r a c h i o p o d s i n b a s a l 20 f e e t . 

U n d e r l a i n by m a s s i v e , f i n e - g r a i n e d , green i n t r u s i v e 
r o c k , s i l l - l i k e ? about 20 f e e t t h i c k n e s s exposed. 

26 93 1380 
M a i n l y c o v e r e d . S c a t t e r e d s m a l l o u t c r o p s of t h i n 
bedded c h e r t and l i m e s t o n e , some b r e c c i a t e d . 
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25 145 1287 
C h e r t and l i m e s t o n e , i n t e r b e d d e d , t h i n t o medium 
bedded, ( 2 " t o 1 ' ) . C h e r t d a r k grey t o b l a c k , f i n e ­
g r a i n e d t o c r y p t o c r y s t a l l i n e , c o l o u r - l a m i n a t e d i n 
p a r t . L i m e s t o n e f i n e - t o medium-grained, g r e y , w i t h 
l i g h t t o medium grey w e a t h e r e d s u r f a c e ; s i l i c e o u s 
i n p a r t , g r a d i n g i n t o c h e r t i n p l a c e s . 
C o n t o r t e d i n p a r t . 

24 2 1142 
L i m e s t o n e , c o a r s e - g r a i n e d , c r i n o i d a l , g r e y . S c a t ­
t e r e d b r y o z o a n f r a g m e n t s i n upper 2". 

23 124 1140 
C h e r t and l i m e s t o n e , t h i n t o medium bedded, as 
above. P o o r l y exposed. 

22 3 1016 
L i m e s t o n e , c o a r s e - g r a i n e d , c r i n o i d a l , g r e y . S c a t ­
t e r e d b r y o z o a n s . One s m a l l r i b b e d b r a c h i o p o d . 

U n d e r l a i n by g r e e n , f i n e - g r a i n e d i n t r u s i v e ; about 
10 f e e t exposed. 

21 52 1013 
C h e r t and l i m e s t o n e , t h i n l y bedded, as above. 
C o n t o r t e d . 

20 4 961 
L i m e s t o n e , c o a r s e - g r a i n e d , c r i n o i d a l , g r e y . Abun­
dant ramose, b r y o z o a n s , one r i b b e d b r a c h i o p o d , 
p a r t l y s i l i c i f i e d ( F u s u l i n i d i n t h i n s e c t i o n f r o m 
t h i s u n i t ) . 

19 58 957 
C h e r t and s i l i c e o u s l i m e s t o n e , as above, t h i n t o 
medium bedded. C o n t o r t e d i n p a r t . 

18 65 899 
Cove r e d i n t e r v a l . 

17 104 834 
C h e r t and l i m e s t o n e , as above, t h i n t o medium 
bedded, w i t h few l e n s e s o f grey c r i n o i d a l l i m e ­
s t o n e up t o 1' t h i c k , s e v e r a l f e e t l o n g . Some 
of s i l i c e o u s l i m e s t o n e u n i t s show graded t e x ­
t u r e s . P o o r l y exposed. 

16 
L i m e s t o n e , c o a r s e - g r a i n e d , c r i n o i d a l , g r e y ; few 
t h i n p a r t i n g s n e a r t o p . 

8 730 
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15 97 722 
C h e r t and l i m e s t o n e , as above, t h i n l y bedded. 
C o n t o r t e d . 

14 20 625 
L i m e s t o n e , f i n e - t o m edium-grained, g r e y , medium 
bedded ( 6 " - 1 8 " ) ; m i n o r d a r k grey t o b l a c k 
c h e r t i n t e r b e d d e d . 

13 130 605 
Co v e r e d i n t e r v a l . 

12 35 475 
L i m e s t o n e and c h e r t i n t e r b e d d e d . L i m e s t o n e , f i n e -
t o m edium-grained, g r e y , s i l i c e o u s i n p a r t , g r a d i n g 
i n t o c h e r t . C h e r t d a r k g r e y t o b l a c k , f i n e - g r a i n e d 
t o c r y p t o c r y s t a l l i n e , c o l o u r l a m i n a t e d i n p a r t . Beds 
2" t o 1'. L e n s e s of medium-grained c r i n o i d a l l i m e ­
s t o n e , 6" t o l 1 t h i c k , n e a r t o p . F u c o i d - l i k e m a r k i n g s 
on upper s u r f a c e s o f some c h e r t y b eds. 

11 15 440 
Cove r e d i n t e r v a l . 

10 20 425 
C h e r t and l i m e s t o n e i n t e r b e d d e d . C h e r t b l a c k , c r y p t o ­
c r y s t a l l i n e . L i m e s t o n e f i n e - g r a i n e d t o v e r y f i n e ­
g r a i n e d , d a r k g r e y . T h i n bedded ( 1 " - 4 " ) . 
C o n t o r t e d . 

U n d e r l a i n by g r e e n , medium-grained c r y s t a l l i n e i n ­
t r u s i v e , of w h i c h 20 f e e t exposed. 

9 15 405 
Co v e r e d i n t e r v a l . 

8 10 390 
C h e r t and s i l i c e o u s l i m e s t o n e , t h i n l y i n t e r b e d d e d , 
as above. 

7 25 380 
Co v e r e d i n t e r v a l . U n d e r l a i n by 50', m a i n l y c o v e r e d , 
w i t h r u b b l e o f g r e e n , medium-grained, c r y s t a l l i n e 
i n t r u s i v e r o c k near m i d d l e . 

6 5 355 
L i m e s t o n e , v e r y f i n e - g r a i n e d , g r e y t o grey-brown 
s i l i c e o u s , t h i n t o medium bedded, w i t h p a r t i n g s 
V - %" o f g r e e n a r g i l l i t e . 

5 
C o v e r e d i n t e r v a l . 

20 350 



4 10 
L i m e s t o n e , s i l i c e o u s , t h i n bedded as above. 

3 80 
C h e r t and s i l i c e o u s l i m e s t o n e i n t e r b e d d e d , d a r k 
g r e y t o b l a c k , f i n e - g r a i n e d t o c r y p t o c r y s t a l l i n e , 
i n beds 3" t o 1'. 

2 90 
L i m e s t o n e , medium-to c o a r s e - g r a i n e d , c r i n o i d a l , 
g r e y , medium t o t h i c k bedded. Few b u f f - w e a t h e r i n g 
s i l i c e o u s b ands, 1" t o 4" t h i c k . Abundant p a r t l y 
s i l i c i f i e d b r y o z o a n s i n t h i n zones near b a s e . 

1 150 
C h e r t and s i l i c e o u s l i m e s t o n e t h i n l y i n t e r b e d d e d , 
as i n U n i t 5. Base n o t s e e n . 

E s t i m a t e d 200 f e e t c o v e r e d between base o f s e c t i o n 
and o u t c r o p o f m a s s i v e v o l c a n i c r o c k s o f Lower 
D i v i s i o n . 
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AZURE LAKE SECTION 

Measured w e s t - s o u t h w e s t f r o m r i d g e 1.8 m i l e s s o u t h of peak of Mount 
M c B r i d e . 

O v e r l y i n g r o c k s : Vancouver Group - p i l l o w l a v a s and i n t r u s i v e d i a b a s e . 

U n i t T h i c k n e s s C u m u l a t i v e 
( F e e t ) 

unknown, 
22 p o s s i b l y 200 1250? 

T u f f a c e o u s ? s e d i m e n t a r y r o c k s , v e r y f i n e - t o f i n e ­
g r a i n e d , v a r i c o l o u r e d ( d a r k g r e e n t o d a r k g r e y , 
w i t h p u r p l i s h and r u s t y w e a t h e r e d s u r f a c e s ) , 
t h i n l y bedded. Top n o t seen. 

U n d e r l a i n by s i l l - l i k e i n t r u s i o n of medium-grained 
green c r y s t a l l i n e r o c k , g a b b r o i c or d i a b a s i c , e s t i ­
mated t o be 500 f e e t t h i c k . 

21 75 1050 
L i m e s t o n e , c o a r s e - g r a i n e d , l i g h t g r e y , w i t h p a l e 
b u f f w e a t h e r e d s u r f a c e , c r i n o i d a l , t h i c k bedded, 
w i t h i r r e g u l a r n o d u l e s and beds of l i g h t grey 
c h e r t , 1 i n c h t o 3 i n c h e s t h i c k , i n zones 5 f e e t 
t h i c k . Few p o o r l y p r e s e r v e d b r a c h i o p o d s . 

20 50 975 
L i m e s t o n e , c o a r s e - g r a i n e d , c r i n o i d a l , as above, 
w i t h 3 f o o t zone of c h e r t n o d u l e s and i r r e g u l a r 
t h i n beds ( 1 " - 3") i n t h e m i d d l e . 

19 5 925 
L i m e s t o n e , f i n e - t o medium-grained, l i g h t g r e y w i t h 
b u f f w e a t h e r e d s u r f a c e , t h i n bedded, w i t h c h e r t 
n o d u l e s and i r r e g u l a r beds as above. 

18 25 920 
L i m e s t o n e , c o a r s e - g r a i n e d c r i n o i d a l . 

17 8 895 
L i m e s t o n e , f i n e - t o medium-grained, c h e r t y as i n 
U n i t 18. 

16 45 887 
L i m e s t o n e , medium-to c o a r s e - g r a i n e d , c r i n o i d a l , 
t h i c k bedded, w i t h few t h i n zones o f c h e r t n o d u l e s 
and t h i n beds i n m i d d l e 10 f e e t . 

15 
L i m e s t o n e and c h e r t as i n U n i t 16 and 18. 

7 842 



14 20 
L i m e s t o n e , f i n e - t o m e d i u m - c r y s t a l l i n e , l i g h t g r e y , 
w i t h p a l e g r e y - b u f f w e a t h e r e d s u r f a c e , m a s s i v e . 
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835 

13 45 
L i m e s t o n e , c o a r s e - g r a i n e d , c r i n o i d a l , l i g h t g r e y 
f r e s h and w e a t h e r e d s u r f a c e s , t h i c k bedded, w i t h 
s c a t t e r e d c h e r t as above. 

815 

12 50 
L i m e s t o n e , f i n e - g r a i n e d , l i g h t g r e y w i t h b u f f wea­
t h e r e d s u r f a c e , medium bedded, w i t h abundant c h e r t 
n o d u l e s and i r r e g u l a r d i s c o n t i n u o u s b e d s , 1 i n c h 
t o 3 i n c h e s . 

770 

11 60 
D o l o m i t i c l i m e s t o n e , f i n e c r y s t a l l i n e , medium t o 
d a r k g r e y , w i t h abundant d a r k g r e y t o b l a c k c h e r t 
i n i r r e g u l a r beds 1 i n c h t o 6 i n c h e s t h i c k , s p aced 
few i n c h e s t o few f e e t a p a r t . A b u n d a n t l y f o s s i l i -
f e r o u s ; s p i r i f e r i d and p r o d u c t i d b r a c h i o p o d s dom­
i n a n t i n l o w e r h a l f , f e n e s t r a t e and ramose b r y o z o a n s 
dominant i n upper h a l f , b u t c o q u i n a o f b r a c h i o p o d s 
i n t e n - f o o t zone 20 f e e t f r o m t o p . 

720 

10 200 
L i m e s t o n e , f i n e - g r a i n e d , l i g h t g r e y , w i t h abundant 
grey c h e r t i n t h i n , even beds n e a r b a s e , i r r e g u l a r 
t o "honeycombed" l a y e r s g r a d i n g i n t o l e n s e s n e a r 
t o p , 3 i n c h e s t o 1 f o o t i n t h i c k n e s s , g i v i n g whole 
u n i t a t h i n t o medium bedded a p p e a r a n c e . 

660 

U n d e r l a i n , w i t h s h a r p c o n t a c t , by f i n e - t o medium-
g r a i n e d green c r y s t a l l i n e i n t r u s i v e r o c k , a s i l l ­
l i k e body, g a b b r o i c o r d i a b a s i c , e s t i m a t e d t o occupy 
about 750 f e e t p e r p e n d i c u l a r t o b e d d i n g o f l i m e s t o n e . 

9 40 
L i m e s t o n e , f i n e - t o medium-grained, l i g h t g r e y w i t h 
w h i t e w e a t h e r e d s u r f a c e , w i t h c h e r t , l i g h t g r e y t o 
d a r k g r e y , i n p i n c h i n g and s w e l l i n g b e d s , 3 i n c h e s 
t o 1 f o o t t h i c k spaced 4 i n c h e s t o 2 f e e t a p a r t , 
g i v i n g whole u n i t a t h i n t o medium bedded a p p e a r a n c e . 

U n d e r l a i n by tongue of green b a s i c i n t r u s i o n , 20 f e e t 
t h i c k , w h i c h merges w i t h main mass o f i n t r u s i o n 200 
f e e t s o u t h . 

460 

8 200 
L i m e s t o n e and c h e r t as above i n U n i t 9. 

420 

7 
C o v e r e d i n t e r v a l . 

50 220 
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6 35 170 
L i m e s t o n e , c o a r s e - g r a i n e d , l i g h t g rey c r i n o i d a l , 
t h i c k bedded ( 1 % t o 6 f e e t ) . 

5 55 135 
L i m e s t o n e , medium-to c o a r s e - g r a i n e d , c r i n o i d a l , 
b e d d i n g t h i c k , p o o r l y d e f i n e d . Few b r a c h i o p o d s 
and s o l i t a r y c o r a l s n e a r b a s e , p a r t l y s i l i c i f i e d . 

4 50 80 
C o v e r e d i n t e r v a l . 

3 10 30 
L i m e s t o n e , f i n e - g r a i n e d , a r g i l l a c e o u s ? , d a r k g r e y . 
S c a t t e r e d b r y o z o a n s . 

2 10 20 
C o v e r e d i n t e r v a l . 

1 10 10 
S a n d s t o n e , f i n e - t o medium-grained, c a l c a r e o u s , g r e y 
w i t h c h o c o l a t e - b r o w n w e a t h e r e d s u r f a c e , t h i n t o 
medium bedded (2 i n c h e s t o 1 f o o t ) ; few t h i n p e b b l e 
l e n s e s n e a r b a s e . C o n t a c t w i t h u n d e r l y i n g u n i t 
s h a r p , g e n t l y u n d u l a t i n g . B r a c h i o p o d s , p e l e c y p o d s , 
g a s t r o p o d s , s o l i t a r y c o r a l s and few s i l i c i f i e d f u s ­
u l i n i d s . P l a n t f r a g m e n t s , c a r b o n i z e d . 

U n d e r l y i n g u n i t medium-to c o a r s e - g r a i n e d t u f f s , 
m o t t l e d green and maroon, and c o a r s e , g r e e n v o l ­
c a n i c b r e c c i a s , o f Lower D i v i s i o n , S i c k e r Group. 
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PLATE I 

A l l specimens are f r o m U n i t 11 of t h e B u t t l e Lake F o r m a t i o n at 

the A z u r e Lake s e c t i o n . A l l f i g u r e s a r e x 1 u n l e s s o t h e r w i s e i n d i c a t e d . 

F i g u r e s 1 - 8 , K o c h i p r o d u c t u s n. sp. 

1. P e d i c l e view, Specimen UBC 20001. 
2. P o s t e r i o r view, UBC 20001. 
3. A u r i c u l a r s p i n e s , p e d i c l e v a l v e , UBC 20009. 
4. A u r i c u l a r s p i n e s , b r a c h i a l v i e w , UBC 20010. 
5. B r a c h i a l v a l v e , UBC 20002. 
6. C a r d i n a l p r o c e s s , UBC 20002, x 4. 
7. P e d i c l e v a l v e , w i t h s c a t t e r e d s u r f a c e s p i n e s , UBC 20005. 
8. C a r d i n a l p r o c e s s , median septum and a n t r o n , UBC 20011, x 3. 

F i g u r e 9, K r o t o v i a ? sp. A., i n t e r i o r p e d i c l e v a l v e , UBC 20065. 

F i g u r e 10, M u i r w o o d i a ? . s p . , p e d i c l e view of p a r t l y e x f o l i a t e d s h e l l , 
UBC 20046. 
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PLATE I I 

A l l specimens f r o m U n i t 11 o f t h e B u t t l e L ake F o r m a t i o n , A z u r e 

Lake s e c t i o n . A l l f i g u r e s x 1 u n l e s s o t h e r w i s e i n d i c a t e d . 

F i g u r e s 1 - 6 , N e o s p i r i f e r n. sp. 

1. I n t e r n a l v i e w , p e d i c l e v a l v e and p o r t i o n o f b r a c h i a l v a l v e , 
Specimen UBC 20013. 

2. P o s t e r i o r v i e w , UBC 20014. 
3. L a t e r a l v i e w , UBC 20014. 
4. P e d i c l e v i e w , UBC 20029. 
5. P e d i c l e v i e w , p a r t l y e x f o l i a t e d s h e l l , UBC 20015. 
6. P e d i c l e v i e w , UBC 20016. 

F i g u r e 10, H u s t e d i a meekana (Shumard), P e d i c l e v i e w , UBC 20059. 

F i g u r e s 11 - 13, E c h i n o c o n c h u s i n e x p e c t a t u s Cooper. 

11. P e d i c l e v i e w , UBC 20039, x 1.25. 
12. P e d i c l e v a l v e , p a r t l y e x f o l i a t e d , showing s p i n e rows, 

UBC 20037. 
13. I n t e r i o r v i e w , p e d i c l e v a l v e , UBC 20039, x 1.5. 

F i g u r e s 7 - 9, A n t i q u i t o n i a s u l c a t a Cooper. 

7. 
8. 
9. 

L a t e r a l v i e w , UBC 20053. 
P o s t e r i o r v i e w , UBC 20053. 
P e d i c l e v i e w , UBC 20054. 
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PLATE I I I 
A l l f i g u r e s x 1. 

F i g u r e s 1 - 4, S p i r i f e r e l l a s a r a n a e (de V e r n e u i l ) . 

1. P e d i c l e v i e w , Specimen UBC 20068, f r o m U n i t 21, B u t t l e L ake 
F o r m a t i o n , A z u r e Lake s e c t i o n . 

2. P e d i c l e v i e w , UBC 20069, U n i t 21, B u t t l e L ake F o r m a t i o n , 
A z u r e Lake s e c t i o n . 

3. L a t e r a l v i e w , UBC 20069. 
4. P o s t e r i o r v i e w , UBC 20069. 

5. B r a c h i a l v i e w , UBC 20062, f r o m U n i t 11, B u t t l e L ake F o r m a t i o n , 
A z u r e Lake s e c t i o n . 

6. P e d i c l e v i e w , UBC 20062. 
7. A n t e r i o r v i e w , UBC 20062. 
8. P o s t e r i o r v i e w , UBC 20062. 
9. L a t e r a l v i e w , UBC 20062. 

10. P e d i c l e v i e w , UBC 20061, f r o m U n i t 11, B u t t l e Lake F o r m a t i o n , 
A z u r e Lake s e c t i o n . 

F i g u r e 11, N e o s p i r i f e r s p . , P e d i c l e v i e w , UBC 20070, U n i t 1, B u t t l e L ake 
F o r m a t i o n , A z u r e Lake s e c t i o n . 

F i g u r e 12, I n g e l a r e l l a ? sp. C, B r a c h i a l v i e w , UBC 20079, f r o m U n i t 1, 
B u t t l e L ake F o r m a t i o n , A z u r e Lake s e c t i o n . 

F i g u r e s 13 - 14, I n g e l a r e l l a sp. A. 

13. P a r t o f b r a c h i a l v a l v e , UBC 20077, same l o c a l i t y as F i g . 12. 
14. P e d i c l e v i e w , UBC 20075, same l o c a l i t y as F i g . 12. 

F i g u r e 15, K r o t o v i a ? sp. B, p e d i c l e v i e w , UBC 20094, U n i t 1, B u t t l e L a k e 
F o r m a t i o n , A z u r e Lake s e c t i o n . 

F i g u r e 16, S q u a m u l a r i a ? s p . , e x t e r n a l mold, b r a c h i a l ? v a l v e , UBC 20095, 
U n i t 1, B u t t l e L ake F o r m a t i o n , A z u r e Lake s e c t i o n . 

F i g u r e s 17 - 18, Rhynchopora n. sp. 

17. P e d i c l e v i e w , UBC 20084, U n i t 1, B u t t l e L ake F o r m a t i o n , A z u r e 
Lake s e c t i o n . 

18. E x t e r n a l mold, b r a c h i a l ? v a l v e , UBC 20089, same l o c a l i t y as 
F i g . 17. 

F i g u r e 19, Chaenomya? s p . , e x t e r n a l mold, l e f t v a l v e , UBC 20160, U n i t 1, 
B u t t l e Lake F o r m a t i o n , A z u r e Lake s e c t i o n . 

F i g u r e s 5 - 10, L a e v i c a m e r a n. sp. 



I 
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PLATE IV 

A l l specimens e x c e p t t h o s e o f F i g s . 1 - 4 and F i g . 6 a r e 

from U n i t 11, B u t t l e Lake F o r m a t i o n , A z u r e Lake s e c t i o n . A l l f i g ­

u r e s e x c e p t 6 and 11 a r e x 1. 

F i g u r e s 1 - 4 , H o r r i d o n i a s p . A. 

1. L a t e r a l v i e w , UBC 20200, from Home L a k e , t a l u s b e l o w 
Mt. Mark s e c t i o n . 

2. P o s t e r i o r v i e w , UBC 20200. 
3. P e d i c l e v i e w , UBC 20200. 
4. P e d i c l e v i e w , UBC 20201, same l o c a l i t y . 

F i g u r e 5, H o r r i d o n i a s p . B, P a r t o f p e d i c l e v a l v e , showing c a r d i n a l 
s p i n e s , UBC 20096. 

F i g u r e 6, U n i d e n t i f i e d s i l i c i f i e d f u s u l i n i d , UBC 20103, x 20, U n i t 1, 
B u t t l e Lake F o r m a t i o n , A z u r e Lake s e c t i o n . 

F i g u r e 7, S t e n o p o r a p r o l i f i c a ( F r i t z ) , UBC 20105. 

F i g u r e 8, P r o t o r e t e p o r a c f . P_. haime an a ( K o n i n c k ) , P a r t i a l z o a r i u m , 
r e v e r s e s i d e , UBC 20128. 

F i g u r e 9, A c a n t h o c l a d i a m u l t i p o r a F r i t z , p a r t o f z o a r i u m , r e v e r s e 
s i d e , UBC 20134, w i t h o t h e r b r y o z o a n s . 

F i g u r e 10, Cladochonus s p . , UBC 20097, w i t h b r y o z o a n s . 

F i g u r e 11, Southwest end o f A z u r e L a k e , v i e w s o u t h w e s t . S e c t i o n f r o m 
w h i c h f o s s i l s o f t h i s p l a t e ( e x c e p t F i g s . 1 - 4 ) o b t a i n e d i s 
j u s t o v e r r i d g e c r e s t i n l e f t b a c k g r o u n d . 
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PLATE V 

F i g u r e s 1 - 3 , Schwagerina? s p . 

1. Specimen UBC 20188, t h i n s e c t i o n from U n i t 25, Upper D i v i ­
s i o n , S i c k e r Group, Mt. Mark s e c t i o n , x 15. 

2. UBC 20189, t h i n s e c t i o n as i n F i g . 1. x 15. 
3. UBC 20190, same s e c t i o n as F i g s . 1 and 2. x 15. 

F i g u r e s 4 - 5 , P s e u d o f u s u l i n e l l a ? s p . 

4. UBC 20191, t h i n s e c t i o n f r o m U n i t 23, Upper D i v i s i o n S i c k e r 
Group, Mt. Mark s e c t i o n , x 15. 

5. UBC 20192, t h i n s e c t i o n f r o m Upper D i v i s i o n , S i c k e r Group, 
B a l d M o u n t a i n p e n i n s u l a , Cowichan Lake a r e a , x 15. 

F i g u r e s 6 - 7 , U n i d e n t i f i e d f u s u l i n i d , UBC 20104, U n i t 1, B u t t l e Lake 
F o r m a t i o n , A z u r e Lake s e c t i o n . 

6. A x i a l s e c t i o n , x 15. 
7. S a g i t t a l s e c t i o n , x 15. 

F i g u r e s 8 - 9 , R a d i o l a r i a , f r o m 190 f e e t below top o f Lower D i v i s i o n , 
S i c k e r Group, Home L a k e , below Mt. Mark s e c t i o n . 

8. UBC 20193, x 40. 
9. UBC 20194, x 40. 

F i g u r e 10, S t r e b l a s c o p o r a p u l c h r a ( F r i t z ) , UBC 20112, U n i t 11, B u t t l e 
Lake F o r m a t i o n , A z u r e Lake s e c t i o n , x 2. 

F i g u r e 11, P o l y p o r a c f . P_. c o n s a n g u i n e a B a s s l e r , UBC 20125, same l o c a l ­
i t y as F i g . 10. x 1. 

F i g u r e 12, C l a u s o t r y p a s p i n o s a , F r i t z , UBC 20118, same l o c a l i t y as 
F i g . 10. x 1. 

F i g u r e 13, G o n i o c l a d i a i n t e r m e d i a F r i t z , UBC 20143, r e v e r s e s i d e , same 
l o c a l i t y as F i g . 10. x 1. 

F i g u r e 14, P e n n i r e t e p o r a g r a n d i s ( F r i t z ) , UBC 20140, from Home L a k e , 
b a s a l 10 f e e t o f Upper D i v i s i o n , S i c k e r Group, Mt. Mark, 
x 2. 

F i g u r e 15, S u l c o r e t e p o r a s p . , UBC 20141, same l o c a l i t y as F i g . 14. x 1. 

F i g u r e 16, I n g e l a r e l l a ? s p . A., e x t e r n a l mold o f p a r t i a l b r a c h i a l 
v a l v e , showing s u r f a c e p i t s , UBC 20083, U n i t 1, B u t t l e 
Lake F o r m a t i o n , A z u r e Lake s e c t i o n , x 2. 

F i g u r e 17, S c h i z o p h o r i a s p . , p e d i c l e v i e w , UBC 20181, Home La k e , 
b a s a l 10 f e e t , Upper D i v i s i o n , S i c k e r Group, x 1.5. 
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FIGURE 5 
B a s e map courtesy B.C. Dept. Mines and Pelroleum Resources 



! 

STRATIGRAPHIC SECTIONS 

' of 
UPPER D IV IS ION of S ICKER GROUP 

FAIRSERVICE MT. 
SECTION 

c3 o 

31 

«» x 

M - C s , light grey 

light grey 

26 

25 

:24 

23 

J8 

17 
Lenses Cs, C , limestone 

8 

" c 

13 

grey and green 
dark grey and black 

M - C s , light grey 

I 
dark grey and black 

>•' v s s ' 
X • >/,</ ' green 

VANCOUVER ISLAND 

V e r t i c a l s c a l e - I inch = 100 feet. Sept . 1963 

• - 1 / — s 
_ / _ / _ 

• • / • ' 
r / C • ' 
/ / • »/ 

non — calcareous 
fine grained 
probably tuffaceous 

tuffs , fine to coarse 

grained 

breccia 

pillow lavas 

LEGEND 
clastic rocks 

J I I T 

o a 
a c> o 

O © <9 
Conglomerate 

Sandstone 

MT. MARK 
SECTION 

2 5 

M - Cs, light grey 

24 

F n - M , light grey, green, maroon 

M - Cs , light grey, green, maroon 

F n - M , grey to greenish grey 

19 

18 
F n - M , grey, green, maroon; 

brown weathering 

F I 
F c " 

F 

M - C s , 
17 

"16 

light grey 

-±7 
V 14 

c 

F c 

13 

F n - C s , grey, green, maroon; 
dark grey to brown 

weathering 

M - Cs, light grey 

F n - M , buff and maroon 
F n - M , buff and maroon 

c 1 
M - C s , light grey 

1 
C 
c 

8 

.6 
14 
"2 

Fn, grey, green, maroon 

TS«=t Fn, maroon, green 

-S—j— 
y -

— /— Fn, to aphanitic, green 
i/— </— F -y-s-S 

ZEZZIZ 

Limestone: 
thick-bedded (over 21) 
medium - bedded (6" -2') 
thin-bedded (<6M) 

Limestone, chert 
thinly interbedded 

argillaceous 
tuffaceous 
dolomitic 

Chert : 

thinly bedded 

Nodules 
irregular lenses 

covered- -interval 

Fn 

M 

Cs 

c 

fine grained 

medium grained 

coarse grained 

crinoidal 

basic intrusive rock 

fossils 

AZURE LAKE 
SECTION 

( type section 
Buttle Lake Fm) 

Unit 

22 
varicoloured 
& , light grey 

21 

20 

: F n - M 
18 

- F n - M 

light grey 

light grey 

light grey 

13 

buff 

Fn , medium to dark grey 

Fn , light grey 

light grey 

F n - M , light grey 

M-Cs , light grey 

. Fn , medium grey 

„ ->c—-— F n - M , calcareous in part 
«cr o <a c M - Cs , green and maroon 
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