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INTRODUCTION 

The Quinsam c o a l measures and a d j a c e n t t e r r a n e d e s c r i b e d i n t h i s r e p o r t 
u n d e r l i e an a r e a o f about 130 s q u a r e k i l o m e t r e s w e s t and s o u t h w e s t o f 
Ca m p b e l l R i v e r on Vancouver I s l a n d . F i g u r e 1 shows t h e l o c a t i o n and t h e 
p r i n c i p a l f e a t u r e s o f the s u r r o u n d i n g a r e a . 

The a r e a i s more o r l e s s c e n t r e d on t h e n o r t h w e s t end o f the b e l t o f 
c o a l - b e a r i n g Upper C r e t a c e o u s r o c k s . The o r i g i n a l p u r pose o f t h i s s t u d y 
was an assessment o f t h e c o a l p o t e n t i a l ; however, i n o u t l i n i n g t h e e x t e n t 
o f t he c o a l measures, i d e n t i f i c a t i o n and c o r r e l a t i o n problems a r o s e w i t h 
the s u r r o u n d i n g o l d e r r o c k s , and t h e mapping was n e c e s s a r i l y e x t e n d e d . I t 
was f u r t h e r e x t e n d e d n o r t h w e s t t o S t r a t h c o n a Dam t o l o c a t e more 
a c c u r a t e l y t h e n o r t h c o n t a c t o f t h e Quinsam s t o c k and t o show, i n 
r e c o n n a i s s a n c e f a s h i o n , t h e o c c u r r e n c e o f p y r i t i c r o c k s c o n t a i n i n g minor 
amounts o f copper and so u t h w e s t t o i n c l u d e known m i n e r a l showings west o f 
G e n t i a n Lake. 

GEOGRAPHY 

ACCESS 

P r i n c i p a l a c c e s s roads i n the a r e a a r e shown on F i g u r e 2 ( i n p o c k e t ) . 
Highway 28, between C a m p b e l l R i v e r and Gol d R i v e r , c r o s s e s t h e n o r t h e r n 
t h i r d o f the a r e a ; from i t the West Main Hau l l o g g i n q r o a d l e a d s west t o 
a b r i d g e o v e r Upper C a m p b e l l L a k e , and the Mine r o a d l e a d s s o u t h w e s t t o 
Upper Quinsam Lake, p a s t t h e I r o n H i l l mine. A n o t h e r main r o a d l e a d s from 
t h e highway up the e a s t s i d e o f Upper C a m p b e l l Lake t o S t r a t h c o n a Dam. Of 
the numerous b r a n c h roads t he most i m p o r t a n t r u n s e a s t from t he Mine r o a d 
a l o n g t he n o r t h s i d e o f M i d d l e Quinsam Lake t o i t s o u t l e t , t h e n s o u t h , 
s o u t h w e s t , and west t o r e j o i n the Mine r o a d as Branch X. A t t h e s o u t h end 
o f t h e a r e a Branch J p r o v i d e s a c c e s s t o a camp o f G e n t i a n R e s o u r c e s and 
bo t h s i d e s o f G e n t i a n L a k e . L e s s e r b r a n c h e s , w h i c h p r o v i d e l o c a l a c c e s s , 
have undergone v a r y i n g degrees o f e r o s i o n and o v e r g r o w t h by a l d e r s ; some 
ar e i m p a s s a b l e . C o l l a p s e d c u l v e r t s a r e a h a z a r d . The b r i d g e o v e r t h e 
Quinsam R i v e r a t t h e o u t l e t o f M i d d l e Quinsam Lake was r e p l a c e d by a 
s t r o n g new one i n 1977-1978. A group o f r o a d s l e a d i n g e a s t from t h i s 
b r i d g e p r o v i d e s a c c e s s t o a s k a r n d e p o s i t below a c o a l o u t c r o p on t h e 
I r o n R i v e r . A h i g h - t e n s i o n t r a n s m i s s i o n l i n e c r o s s e s t he n o r t h end o f t h e 
a r e a from t he powerhouse a t S t r a t h c o n a Dam, and s e r v i c e r o a d s a l o n g i t 
p r o v i d e a c c e s s . A roa d l e a d i n g e a s t from t he dam p r o v i d e s l i m i t e d 
v e h i c u l a r a c c e s s b u t e x t e n d e d a c c e s s on f o o t . A n o t h e r r o a d l e a v e s t h e 
West Main H a u l r o a d west o f B e a v e r t a i l Lake and a l e f t f o r k l e a d s t o t h e 
o u t l e t o f S q u i g g l y Lake, where t he roadbed has been b l a s t e d ; a c c e s s 
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t h e n c e t o the N o r t h w e s t Tower i s on f o o t . B u l l d o z e d g r i d l i n e s a r e 
g e n e r a l l y p a s s a b l e when d r y b u t a r e r o u q h . In some p a r t s o f t h e a r e a 
overgrown l o q q i n q - r a i l w a y qrades f a c i l i t a t e a c c e s s on f o o t . 

TOPOGRAPHY 

The t o p o g r a p h y i s v a r i e d . The n o r t h - c e n t r a l p a r t , between M i d d l e Quinsam 
and C a m p b e l l L a k e s , i s g e n e r a l l y f l a t t o u n d u l a t i n g w i t h many swamps, 
ponds, and l a k e s . R i d g e s near B e a v e r t a i l Creek appear t o be end m o r a i n e s ; 
B e a v e r t a i l Creek has c u t d e e p l y i n t o P l e i s t o c e n e d r i f t w i t h o u t e x p o s i n g 
b e d r o c k . A s h a l l o w o v e r b u r d e n - f i l l e d v a l l e y e x t e n d s from t h e Mine r o a d a t 
Quinsam R i v e r n o r t h e a s t t o t h e n o r t h end o f t h e n o r t h - f l o w i n g s e c t i o n o f 
the r i v e r ; i t i s p r o b a b l y an o l d s e c t i o n o f t h e r i v e r c h a n n e l t h a t was 
b l o c k e d by i c e l a t e i n P l e i s t o c e n e t i m e . S o u t h e a s t o f t h i s v a l l e y t h e 
l a n d s t a r t s t o r i s e , f o r m i n q low h i l l s n o r t h o f M i d d l e Quinsam L a k e . The 
p r e s e n t n o r t h - f l o w i n q s e c t i o n o f the Quinsam R i v e r i s , i n p a r t , d e e p l y 
i n c i s e d . 

A l a r q e bedrock r i d g e f l a n k s t h i s g e n e r a l l y f l a t a r e a on t h e e a s t . The 
l o c a l t o p o g r a p h y i s r o u g h , and t h e r i d g e i s b r e a c h e d by t h e b r o a d v a l l e y 
o f t h e Quinsam R i v e r and t h e narrow v a l l e y o f t h e I r o n R i v e r . South o f 
I r o n R i v e r the r i d g e becomes mountainous. 

The n o r t h w e s t p a r t o f t h e a r e a i s h i l l y , w i t h v a r y i n g amounts o f b e d r o c k 
o u t c r o p . The two h i g h e s t h i l l s r i s e west o f R e g i n a l d L a k e . The e a s t e r l y 
has moderate t o s t e e p s l o p e s , whereas the w e s t e r l y has n e a r l y v e r t i c a l 
s i d e s and i s termed t h e N o r t h w e s t Tower. A v a l l e y e x t e n d s west from 
B e a v e r t a i l Lake t o Upper C a m p b e l l L a k e . 

A d i s s e c t e d low p l a t e a u i s bounded by M i d d l e Quinsam Lake and the Quinsam 
R i v e r on the n o r t h , by the Quinsam R i v e r on the west, and by Long Lake 
and a broad swampy v a l l e y t h a t e x t e n d s n e a r l y t o Upper Quinsam Lake on 
t h e s o u t h e a s t . Swamps and s m a l l l a k e s a r e f a i r l y common on the p l a t e a u , 
l e s s so than i n the n o r t h - c e n t r a l a r e a . Bedrock e x p o s u r e s a r e abundant i n 
t h e c e n t r a l p a r t , p e t e r i n g out on the edges. 

An u n d u l a t i n g t o r o l l i n g u p l a n d a r e a s l o p e s g e n t l y down from G e n t i a n Lake 
to w a r d Upper Quinsam Lake, and on the s o u t h drops s h a r p l y i n t o a v a l l e y 
f o l l o w e d by Branch J . Bedrock i s w e l l exposed on t h e h i g h e s t p a r t , known 
l o c a l l y as Cedar H i l l , b u t o u t c r o p i s s p o r a d i c e l s e w h e r e . 

A n o t h e r u p l a n d a r e a l i e s between t h e I r o n R i v e r and t h e n o r t h - f l o w i n g 
s e c t i o n o f t h e Quinsam R i v e r ; i t s l o p e s up t o t h e segment o f t h e e a s t 
r i d g e between t h e r i v e r s . T h i s u p l a n d c o n t i n u e s s o u t h t o t h e j u n c t i o n o f 



Chute Creek w i t h the I r o n R i v e r and west t o the v a l l e y s o f Long and G u l l 
L a k e s . A narrow bedrock r i d g e e x t e n d s between t h e s e l a k e s i n t o t h e m i d d l e 
o f the swampy v a l l e y . The u p l a n d s u r f a c e i s u n d u l a t i n g w i t h some swamps 
and ponds. N a t u r a l e x p o s u r e s a r e s c a r c e , b u t o v e r b u r d e n i s m o s t l y t h i n ; 
b edrock i s f a i r l y w e l l exposed a l o n g r o a d s and b u l l d o z e d g r i d l i n e s . In 
the n o r t h e a s t t h e r e a r e few r o c k e x p o s u r e s o f any k i n d . 

Southwest o f t h i s u p l a n d a r e a and s o u t h o f the swampy v a l l e y t he l a n d i s 
mountainous. A peak n o r t h o f G e n t i a n Lake has n e a r - v e r t i c a l n o r t h and 
e a s t s i d e s , and i s c a l l e d h e r e G e n t i a n Tower. E a s t o f t h i s tower t h e 
low e r s l o p e has been d i s s e c t e d by streams i n t o s t e e p - s i d e d r i d g e s and 
benches w i t h f l a t o r g e n t l y s l o p i n g t o p s . The peaks above a r e s t e e p s i d e d 
b u t n o t m a r k e d l y t o w e r - l i k e . N o r t h e a s t w a r d , n e a r I r o n R i v e r t h e mountains 
descend t o a s m a l l h i l l y a r e a s o u t h o f t h e u p l a n d a r e a . 

STREAMS 

The p r i n c i p a l streams i n t h e a r e a a r e t h e Quinsam and I r o n R i v e r s . F o r 
most o f i t s c o u r s e t h e Quinsam R i v e r f l o w s i n a mature v a l l e y , b u t has 
a p p a r e n t l y been d e f l e c t e d t h r o u g h M i d d l e Quinsam Lake and i n c i s e d between 
t h e l a k e and i t s f o r m e r v a l l e y . The lo w e r p a r t o f t h e r i v e r , o u t s i d e t he 
map-area, has sand b a r s w h i c h p r o v i d e spawning beds f o r Tyee salmon. For a 
s h o r t d i s t a n c e above the c o n f l u e n c e w i t h t he Quinsam R i v e r t he v a l l e y o f 
the I r o n R i v e r i s b r o a d w i t h low banks, b u t f o r most o f i t s l e n g t h i t i s 
y o u t h f u l . Some m e a n d e r - l i k e bends s u g g e s t r e j u v e n a t i o n , and near t he 
mouth o f Chute Creek c l e a r l y t h e r i v e r i s i n c i s e d i n the bottom o f an 
e a r l y - m a t u r e v a l l e y . Bedrock e x p o s u r e i s about 70 p e r c e n t i n the 
r i v e r b e d and i t s l o w e r b a n k s . I n the n o r t h w e s t c o r n e r o f t h e a r e a a s h o r t 
s e c t i o n o f t h e C a m p b e l l R i v e r l e a d s from t he t a i l r a c e and s p i l l w a y o f 
S t r a t h c o n a Dam i n t o C a m p b e l l L a k e . 

VEGETATION 

Much o f t h e n o r t h e r n p a r t o f t h e a r e a i s c o v e r e d w i t h second-growth 
t i m b e r , l a r g e l y c o n i f e r s . A few c h a r r e d l o g s and stumps a r e r e l i c s o f a 
h o t f i r e w h i c h swept t h r o u g h t h e a r e a i n 1938, th u s most o f the t i m b e r i s 
l e s s t h a n 45 y e a r s o l d . There i s l i t t l e d e a d f a l l , and u n d e r b r u s h i s l i g h t 
i n b e t t e r - d r a i n e d a r e a s , though heavy near w a t e r . A few p a r t s have been 
made d i f f i c u l t t o t r a v e r s e by t h e f o r e s t r y p r a c t i c e o f ' t h i n n i n g . ' In t h e 
s o u t h e r n p a r t o f t h e a r e a e x t e n s i v e o l d e r s t a n d s s u r v i v e d , t o be p a r t l y 
l o g g e d i n r e c e n t y e a r s . Underbrush i s l i g h t a l m o s t e v e r y w h e r e , and 
d e a d f a l l i s l i g h t t o moderate. 
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HISTORY 

I n 1883 a c o n s o r t i u m headed by R o b e r t and James Dunsmuir i n c o r p o r a t e d the 
E s q u i m a l t and Nanaimo R a i l w a y , and r e c e i v e d a q r a n t o f l a n d o f n e a r l y 
800 000 h e c t a r e s (2 m i l l i o n a c r e s ) on t h e n o r t h e a s t s i d e o f Vancouver 
I s l a n d as p a r t i a l c o n s i d e r a t i o n f o r c o n s t r u c t i o n o f t h e r a i l w a y . In 1902 
James Dunsmuir became s o l e owner and i n 1905 he s o l d t h e r a i l w a y and l a n d 
g r a n t t o the C a n a d i a n P a c i f i c R a i l w a y ; however, he r e s e r v e d the r i q h t s t o 
c o a l , c o a l o i l , f i r e c l a y , and i r o n w i t h i n t h e l a n d q r a n t . He a l s o had 
become s o l e owner o f the f a m i l y ' s c o a l mines and l a n d s i n t h e Nanaimo and 
Cumberland a r e a s , and c o n s o l i d a t e d t h i s o w n e r s h i p i n t h e W e l l i n g t o n 
C o l l i e r y Co. L t d . In 1910 he s o l d t h i s company t o MacKenzie and Mann o f 
t h e C a n a d i a n N o r t h e r n R a i l w a y . They r e c a p i t a l i z e d t h e p r o p e r t y and s o l d 
i t t o B r i t i s h i n t e r e s t s , who formed C a n a d i a n C o l l i e r i e s (Dunsmuir) 
L i m i t e d , t o o p e r a t e t h e mines. As h o l d e r o f t h e r e s e r v e d r i q h t s the 
W e l l i n g t o n C o l l i e r y Co. L t d . was c o n t i n u e d as a wholly-owned s u b s i d i a r y . 
Between 1945 and 1960 e x p l o r a t o r y b o r i n g s were made i n t h e Quinsam ( t h r e e 
h o l e s ) and C a m p b e l l R i v e r (27 h o l e s ) a r e a s . In 1957 the company name was 
changed t o C a n a d i a n C o l l i e r i e s R e s o u r c e s L i m i t e d . In 1964 Weldwood o f 
Canada L i m i t e d commenced the p u r c h a s e o f a l l o u t s t a n d i n g s h a r e s , 
c o n v e r t i n g the company t o a w h o l l y owned s u b s i d i a r y and t h e r e b y a c q u i r i n g 
the W e l l i n g t o n C o l l i e r y Co. L t d . T h i s l a t t e r s u b s i d i a r y i n 1973 c o n c l u d e d 
an agreement w i t h PanCanadian P e t r o l e u m L i m i t e d , The E s q u i m a l t and 
Nanaimo R a i l w a y L i m i t e d , and C a n a d i a n P a c i f i c L i m i t e d , by means o f w h i c h 
t h e r i q h t s t o the r e s e r v e d m i n e r a l s o v e r most o f t h e l a n d q r a n t were 
s u r r e n d e r e d t o the Crown. The c o a l r i q h t s were r e t a i n e d i n an i r r e q u l a r 
s t r i p o f l a n d between Qualicum R i v e r and C a m p b e l l Lake. 

I n 1973 Weldwood o f Canada L i m i t e d c o m p i l e d a l l a v a i l a b l e d a t a on c o a l 
r e s e r v e s i n t h i s s t r i p and beqan i n v e s t i g a t i o n o f s e v e r a l a r e a s . I n 1975, 
11 h o l e s were d r i l l e d i n t h e Quinsam a r e a and M i c h e l e P. C u r c i o , c o a l 
c o n s u l t a n t , p r e p a r e d a s t r u c t u r a l map a t a s c a l e o f 1:15 840; c o p i e s o f 
t h i s map and an accompanying r e p o r t were made a v a i l a b l e t o t h e M i n i s t r y 
o f Energy, Mines and P e t r o l e u m R e s o u r c e s . Weldwood a p p l i e d f o r c o a l 
l i c e n c e s on a d j o i n i n g l a n d s and made a p r e l i m i n a r y j o i n t v e n t u r e 
agreement w i t h L u s c a r L t d . D u r i n g 1976 and 1977 a g r i d was s u r v e y e d w i t h 
a base l i n e r u n n i n g 307 degrees and c r o s s l i n e s 037 d e g r e e s ; s e l e c t e d 
p o r t i o n s o f the g r i d l i n e s were c l e a r e d by b u l l d o z e r , and g r i d d r i l l i n g 
on 150-metre ( 5 0 0 - f o o t ) c e n t r e s was begun. In t h i s p e r i o d 158 h o l e s were 
d r i l l e d , a g g r e g a t i n g 10 400 m e t r e s . In 1978 a f u r t h e r 353 h o l e s were 
d r i l l e d , a g g r e g a t i n g a p p r o x i m a t e l y 20 000 m e t r e s ; t h i s was m a i n l y f i l l - i n 
d r i l l i n g a t 75-metre s p a c i n g on the c r o s s l i n e s . Cores t a k e n o f the c o a l 
were used f o r t e s t i n g . A s h o r t a d i t was d r i v e n and f i v e open c u t s made t o 
o b t a i n a d d i t i o n a l f r e s h c o a l f o r t e s t i n g . No f u r t h e r work was done up t o 
the summer o f 1982. 
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In t h e c o u n t r y r o c k a d j a c e n t t o the c o a l measures, t h e I r o n R i v e r 
c o p p e r - i r o n s k a r n d e p o s i t was d i s c o v e r e d and an 18-metre a d i t d r i v e n 
sometime p r i o r t o 1907, when ELnar Lindeman made t h e f i r s t r e c o r d e d 
e x a m i n a t i o n . No f u r t h e r work was done u n t i l 1951, when t h e A r q o n a u t 
M i n i n g Co. L t d . l e a s e d t h e p r o p e r t y from C a n a d i a n C o l l i e r i e s (Dunsmuir) 
L i m i t e d . Diamond d r i l l i n g from 1951 u n t i l 1956 was f o l l o w e d by 
s m a l l - s c a l e m i n i n g f o r m i l l t e s t s . Texada Mines L t d . o p t i o n e d L o t 242 
from C anadian C o l l i e r i e s R e s o u r c e s L i m i t e d and i n 1965, 1966, and 1971 
d i d d e t a i l e d g e o l o g i c a l mapping and f u r t h e r diamond d r i l l i n g , f o l l o w e d by 
a magnetometer s u r v e y i n 1974. 

R. B. Hopton and L e w i s M c C a l l p r o s p e c t e d t h e a r e a between G e n t i a n and 
Upper Quinsam Lakes and t o t h e s o u t h e a s t ; i n 1972 t h e y l o c a t e d two Cedar 
H i l l c l a i m s west o f G e n t i a n L a k e . By 1976, 13 s m a l l p i t s and t r e n c h e s had 
been opened on t h e s e c l a i m s . W i t h p a r t n e r s a p r i v a t e company, G e n t i a n 
R e s o u r c e s , was f ormed. By 1982 t h r e e o f t h e t r e n c h e s had been 
c o n s i d e r a b l y e n l a r g e d , and some t r e n c h i n g had been done e a s t o f G e n t i a n 
L a k e . 

H. C. Gunning e s t a b l i s h e d t h e b r o a d o u t l i n e s o f t h e g e o l o g y i n 1930 i n 
h i s map o f the B u t t l e Lake a r e a . J . E. M u l l e r s u b d i v i d e d t h e r o c k s and 
r e v i s e d t h e b o u n d a r i e s i n mapping t h e A l b e r n i a r e a a t 1:250 000 i n t h e 
1960»s. 

PRESENT WORK 

The w r i t e r s p e n t a bout 100 days i n t h e a r e a i n t h e y e a r s 1977 t o 1979 and 
1982. I n 1977 a r e c o n n a i s s a n c e was made o f t h e n o r t h - c e n t r a l and c e n t r a l 
p a r t s , u s i n g 1:63 360 a e r i a l p h o t o g r a p h s and 1:50 000 t o p o g r a p h i c maps, 
by d r i v i n g a l l p a s s a b l e r o a d s and w a l k i n g o u t o t h e r r o a d s , b u l l d o z e d 
l i n e s , and B e a v e r t a i l C r e e k . T h i s was f o l l o w e d up w i t h s y s t e m a t i c mapping 
u s i n g 1:15 840 base maps and, f o r p a r t o f t h e a r e a , 1:20 000 a e r i a l 
p h o t o g r a p h s . Most r o c k e x p o s u r e s c o u l d be l o c a t e d on t h e a e r i a l 
p h o t o g r a p h s , b u t p a c i n g was n e c e s s a r y a l o n g some g r i d l i n e s and i n p a r t 
o f t h e bed o f I r o n R i v e r . B r u n t o n and p o l y c h a i n were u s e d t o t i e s u r v e y e d 
b o r e h o l e s i n t o t h e I r o n R i v e r and t o a d e t a i l e d g e o l o g i c a l map made f o r 
Texada Mines L t d . by P. T. M c C u l l o u g h . An a r e a o f g r a n i t i c r o c k between 
M i d d l e Quinsam Lake and t h e Mine r o a d was mapped o n l y i n r e c o n n a i s s a n c e 
f a s h i o n . I n t h e n o r t h w e s t p a r t o f t h e a r e a t h e c o n t a c t o f t h e g r a n i t i c 
s t o c k was d e l i n e a t e d b u t two p a t c h e s , e a s t and west o f t h e c o n t a c t , were 
n o t mapped. Logs o f b o r e h o l e c u t t i n g s were s u b m i t t e d by Weldwood o f 
Canada L i m i t e d t o t h e M i n i s t r y and were used t o c o n s t r u c t s e c t i o n s 
t h r o u g h t h e c o a l seams. 
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GENERAL GEOLOGY 

The sequence o f r o c k s i n o r near t h e a r e a i s shown i n t h e f o l l o w i n a T a b l e 
o f F o r m a t i o n s ( T a b l e 1) and t h e i r d i s t r i b u t i o n i n t h e a r e a i s shown on 
F i q u r e 2. The Nanaimo Group u n d e r l i e s t h e f l a t t i s h , n o r t h - c e n t r a l p a r t o f 
the a r e a and t h e u p l a n d a r e a t o t h e s o u t h e a s t . I t u n c o n f o r m a b l y o v e r l i e s 
a complex o f E a r l y M e s o z o i c r o c k s . The o l d e s t , t h e Karmutsen F o r m a t i o n , 
c o n s t i t u t e s t h e e a s t r i d q e . The Q u a t s i n o l i m e s t o n e i s n o t p r e s e n t w i t h i n 
t h e a r e a , b u t o c c u r s a t I r o n H i l l mine a s h o r t d i s t a n c e t o t h e s o u t h w e s t . 
The P a r s o n Bay a r q i l l i t e o c c u r s near S t r a t h c o n a Dam and n o r t h o f t h e I r o n 
R i v e r s k a r n d e p o s i t ; i t i s m i s s i n q i n t h e upper I r o n R i v e r , where Lower 
Bonanza r o c k s d i r e c t l y o v e r l i e t h e Karmutsen F o r m a t i o n . The Lower Bonanza 
d i v i s i o n i s exposed e x t e n s i v e l y i n t h e n o r t h w e s t p a r t o f t h e a r e a and a t 
i n t e r v a l s i n t h e bed o f the I r o n R i v e r . M i d d l e Bonanza r o c k s form much o f 
th e mountainous a r e a i n t h e s o u t h p a r t o f t h e a r e a and p r o b a b l y most o f 
the N o r t h w e s t Tower. Many p o r p h y r y dykes i n t r u d i n q Lower Bonanza d i v i s i o n 
i n I r o n R i v e r r e s e m b l e t h e M i d d l e Bonanza l a v a s and a r e p r o b a b l y an 
i n t r u s i v e phase o f the M i d d l e Bonanza r o c k s . Grey d i o r i t i c t o q a b b r o i c 
d y k e s , s i l l s , and s t o c k s e x t e n s i v e l y i n t r u d e Lower Bonanza r o c k s i n t h e 
n o r t h w e s t p a r t o f the a r e a . The Quinsam i n t r u s i o n s c o n s i s t o f t h e Quinsam 
s t o c k , l y i n g more o r l e s s a l o n q t h e west s i d e o f t h e a r e a , and s c a t t e r e d 
dykes o f s i m i l a r r o c k i n the o l d e r r o c k s . These dykes a r e most common 
c u t t i n q Karmutsen r o c k s between t h e hiqhway and t h e Quinsam R i v e r . 

TABLE 1. TABLE OF FORMATIONS 

AGE LAYERED UNIT 

Quaternary Surf I da I deposits 

Late Cretaceous Nanaimo Group 

Middle Jurassic 

? 

Early Jurassic 

Early Jurassic 

Late Trlass ie 
or 
Early Jurassic 

Late Trlass ie 

Late Trlass ie 

Late Trlass ie 

MAP 
UNIT 
NO. 

10 

Upper Bonanza? 

Middle Bonanza? 

Lower Bonanza 

Parson Bay Formation 3 

(Quatsino Formation) (2) 

Karmutsen Formation 1 

INTRUSIVE UNIT 

MAP 
UNIT 
NO. 

Quinsam Intrusions 

Grey Intrusions 

Porphyry dykes 

Gabbro la 

LITH0L0GY 

T IM, sand, s i l t , clay 

10a: Conglomerate 
10b: Sandstone 
10c: SI Itstone, shale 
lOd: Coal 

Quartz-bearing diortte and 
gabbro 

Variegate red and grey lavas 

5: Massive tower-forming 
andesite and basalt lavas 

6: Andesite porphyry 

Mainly banded s l l t i t e s ; mixed 
sed i mentary-voIcanogenIc 
layers; basal striped tuff 
locally 

Black argt11Ite 

Limestone 

1 : Massive grey basalt lavas 
la: Fine to coarse-grained 

gabbro 
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KARMUTSEN FORMATION 

The Karmutsen l a v a s a r e t y p i c a l l y d a r k g r e y and f i n e g r a i n e d ; commonly 
they a r e p o r p h y r i t i c and/or a m y g d a l o i d a l . H a l f t h e specimens t a k e n a r e 
d e t e c t a b l y magnetic w i t h a p e n c i l magnet, and some c o n t a i n p y r i t e o r 
p y r r h o t i t e . T h i n s e c t i o n s from b o t h t he segment o f the e a s t r i d g e between 
Quinsam and I r o n R i v e r s and from the s o u t h s h o r e o f Ca m p b e l l Lake near 
R e g i n a l d Creek, show a brown o r r e d d i s h brown d u s t t h r o u g h t h e 
groundmass, which i s i n t e r p r e t e d t o be d e v i t r i f i e d v o l c a n i c g l a s s . 
Assignment o f the e x p o s u r e s near R e g i n a l d Creek t o the Karmutsen i s based 
l a r g e l y on t h i s s i m i l a r i t y . P r o x i m i t y t o o u t c r o p s o f the P a r s o n Bay 
a r g i l l i t e on th e e a s t r i d g e s u g g e s t s t h a t t h e g l a s s - b e a r i n g f l o w ( s ) mav 
l i e c l o s e t o the t o p o f the Karmutsen F o r m a t i o n . T h i n s e c t i o n s o f samples 
from the lower I r o n R i v e r , presumably from deeper i n the v o l c a n i c p i l e , 
show no d u s t i n the groundmass and the b a s a l t was p r o b a b l y 
h o l o c r y s t a l l i n e when s o l i d i f i e d . 

Many bands o f gabbro o c c u r i n the s e c t i o n a l o n g t h e l o w e r I r o n R i v e r ; 
t h e y range i n w i d t h from a few metres t o 200 m e t r e s . A few d i s t i n c t 
c o n t a c t s a r e e v i d e n t , b u t f o r t h e most p a r t t h e r e i s a c o n t i n u o u s 
g r a d a t i o n from p o r p h y r i t i c b a s a l t t o medium-grained gabbro and back 
a g a i n . T h i s medium-grained gabbro c o u l d be the s l o w l y c o o l e d i n t e r i o r o f 
a t h i c k f l o w o r an i n t r u s i v e s h e e t w i t h wide c h i l l e d m a r g i n s . Some 
medium-grained gabbro bands and one o r two c o a r s e - g r a i n e d bands t r a n s e c t 
t h e r e g i o n a l s t r i k e and a r e p r o b a b l y i n t r u s i v e . The i n t r u s i v e gabbro has 
about t h e same c o m p o s i t i o n as the b a s a l t , and t h e s e dykes p r o b a b l y were 
f e e d e r s t o f l o w s i n t h e upper p a r t o f the sequence. One band o f gabbro 
was found i n t h e seqment o f the e a s t r i d q e between t h e r i v e r s . 

A b r e c c i a exposed i n t h i s seqment c o n s i s t s o f p a l e q r e e n , dense f r a q m e n t s 
i n a mixed l i q h t brown and dar k q r e e n i s h q r e y f i n e - q r a i n e d m a t r i x . I n 
t h i n s e c t i o n t h e fra q m e n t s and brown m a t r i x a r e seen t o be p o r p h y r i t i c 
b a s a l t w i t h d e v i t r i f i e d qroundmass; t he dark qreen m a t r i x i s d e v i t r i f i e d 
q l a s s o n l y . Less amphibole has been produced i n the d e v i t r i f i c a t i o n o f 
th e groundmass o f the brown m a t r i x , a l l o w i n g the c o l o u r o f the brown 
c r y s t a l l i t e s and d u s t t o show, whereas i t i s masked by amphibole i n t h e 
f r a g m e n t s . T h i s c o m p o s i t i o n d i f f e r e n c e would i n d i c a t e an e r u p t i v e 
b r e c c i a , a l t h o u g h the s t r u c t u r e i n the hand specimen i s more s u g g e s t i v e 
o f a u t o b r e c c i a t e d l a v a . 

The p r i n c i p a l p r i m a r y m i n e r a l s a r e p l a g i o c l a s e and a m p h i b o l e , p r o b a b l y a 
h o r n b l e n d e . The l a r g e r amphibole c r y s t a l s commonly c o n t a i n r agged c o r e s 
o f r e l i c t p y r o x e n e . Amphibole and pyroxene t o g e t h e r a r e a l m o s t as 
abundant as p l a g i o c l a s e . A c c e s s o r y m a g n e t i t e (and m a g n e t i t e - i l m e n i t e ) 
g e n e r a l l y ranges between 5 and 10 pe r c e n t . The amphibole i s g e n e r a l l y 
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f a i r l y f r e s h , whereas p l a g i o c l a s e a l t e r a t i o n ranges from a l i g h t 
a l l o p h a n e d u s t i n g t o about 50 p e r c e n t s e c o n d a r y m i n e r a l s . These 
s e c o n d a r y m i n e r a l s i n c l u d e c h l o r i t e , s e r i c i t e , c a r b o n a t e , e p i d o t e , 
a c t i n o l i t e , and l o c a l l y b i o t i t e . 

PARSON BAY FORMATION 

P a r s o n Bay a r g i l l i t e i s exposed i n t h r e e o u t c r o p s n e a r S t r a t h c o n a Dam and 
i n a t l e a s t t h r e e more t o the n o r t h o f the I r o n R i v e r s k a r n d e p o s i t . One 
i s o l a t e d o u t c r o p a r e a i s i n the lo w e r p a r t o f a l a r g e g u l l y w h i c h e m p t i e s 
i n t o t h e C a m p b e l l R i v e r j u s t below t h e s p i l l w a y . I n a r o a d c u t j u s t e a s t 
o f t h e s o u t h end o f the dam, a b l o c k o f a r g i l l i t e forms an i n c l u s i o n i n a 
g r e y i n t r u s i o n . I n t h e n e x t r o a d c u t , o u t c r o p t o t h e s o u t h Lower Bonanza 
beds o v e r l i e t h e a r g i l l i t e on a c o n t a c t d i p p i n g 35 de g r e e s n o r t h e a s t . 
Near t h e I r o n R i v e r , b l a c k a r g i l l i t e d i p s i n t o t h e e a s t end o f a low 
r i d g e ; i t s c o n t a c t s w i t h o t h e r r o c k s a r e c o v e r e d (see also F i g . 3, 
i n p o c k e t ) . M c C u l l o u g h (1974) mapped two s m a l l o u t c r o p s o f O u a t s i n o 
F o r m a t i o n on the n o r t h s l o p e o f t h e k n o l l c o n t a i n i n g t h e I r o n R i v e r s k a r n 
d e p o s i t . One o f t h e s e was examined by t h e w r i t e r ; i t i s c l e a r l y P a r s o n 
Bay a r g i l l i t e , w i t h some q u a r t z i t e . 

A t h i n s e c t i o n from near t he s p i l l w a y d i s c h a r g e i s o f s i l t y a r g i l l i t e 
c o n t a i n i n g a b out 10 p e r c e n t carbonaceous m a t e r i a l and, i n one bed, 
abundant and v a r i e d m i c r o s c o p i c f o s s i l p r o t i s t s . The r o c k i s r e t i c u l a t e d 
by p y r i t e - b e a r i n g c a r b o n a t e v e i n s p a r a l l e l t o b e d d i n g and t h i n c r o s s 
' v e i n l e t s . ' I n t h i n s e c t i o n t h e s e ' v e i n l e t s ' a r e seen t o be na r r o w 
s e c t i o n s o f r o c k from w h i c h t h e carbonaceous m a t e r i a l has been removed. 
The r o c k a t t h e e a s t end o f the low r i d g e i s a f i n e l y l a m i n a t e d 
c a r b o n a c e o u s a r g i l l i t e t h a t has been deformed t o a wavy t o k i n k y s c h i s t . 
C a r b o n a t e has been i n t r o d u c e d as v e i n l e t s a l o n g t h e l a m i n a t i o n s , b u t a l s o 
o c c u r s as a f i n e - g r a i n e d , a p p a r e n t l y p r i m a r y c o n s t i t u e n t . Near t h e s k a r n 
d e p o s i t t he f i n e l y l a m i n a t e d c arbonaceous a r g i l l i t e i s i n t e r b e d d e d w i t h 
u n s o r t e d q u a r t z i t e c o n t a i n i n g p y r i t e and l i m o n i t e ; t h e q u a r t z q r a i n s 
ranqe from 0.35 m i l l i m e t r e down t o d u s t s i z e . 

The P a r s o n Bay F o r m a t i o n i s p r o b a b l y s e p a r a t e d by d i s c o n f o r m i t i e s f r o m 
b o t h t h e u n d e r l y i n q Karmutsen F o r m a t i o n and t h e o v e r l y i n q Lower Bonanza 
u n i t . The absence o f t h e O u a t s i n o F o r m a t i o n would i n d i c a t e a s u b s t a n t i a l 
i n t e r v a l o f n o n d e p o s i t i o n . I t i s u n l i k e l y t h a t t h e O u a t s i n o F o r m a t i o n was 
eroded from t h e a r e a p r i o r t o P a r s o n Bay F o r m a t i o n d e p o s i t i o n , f o r i n 
o t h e r a r e a s i t p a s s e s q r a d a t i o n a l l y up i n t o P a r s o n Bay F o r m a t i o n . I n t h e 
road c u t s o u t h o f S t r a t h c o n a Dam, the a b r u p t chanqe from carbonaceous 
a r g i l l i t e up t o w h i t e and l i g h t g r e y s i l t i t e i n d i c a t e s a t l e a s t a change 
i n the d e p o s i t i o n a l e n v i r o n m e n t , hence a p r o b a b l e b r e a k i n s e d i m e n t a t i o n . 
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The P a r s o n Bay F o r m a t i o n i s n o t p r e s e n t i n t h e I r o n R i v e r above the s k a r n 
d e p o s i t , and e i t h e r was er o d e d p r i o r t o Lower Bonanza d e p o s i t i o n o r was 
ne v e r d e p o s i t e d i n t h a t p a r t o f t h e a r e a . 

I n mapping the A l e r t Bay-Cape S c o t t map-area M u l l e r , e t a l . (1974) 
r e i n t r o d u c e d t h e name P a r s o n Bay F o r m a t i o n from P a r s o n Bay on Harbledown 
I s l a n d f o r Upper T r i a s s i c c l a s t i c - c a r b o n a t e s e d i m e n t a r y r o c k s o v e r l y i n g 
t he Q u a t s i n o F o r m a t i o n on Vancouver I s l a n d . F o s s i l s c o l l e c t e d w i t h i n t h a t 
map-area i n d i c a t e d t h a t t h e age o f the P a r s o n Bay F o r m a t i o n spans most o f 
the N o r i a n s t a g e . F o s s i l s c o l l e c t e d from a 300-metre s e c t i o n s o u t h e a s t o f 
t h e I r o n H i l l mine i n d i c a t e d a M i d d l e and L a t e N o r i a n age ( M u l l e r and 
Ca r s o n , 1969). The e r o s i o n a l remnants o f P a r s o n Bay i n t h e e a s t p a r t o f 
t h e Quinsam a r e a a r e t h e r e f o r e p r o b a b l y M i d d l e N o r i a n , whereas t he 
a r g i l l i t e exposed n e a r S t r a t h c o n a Dam c o u l d be L a t e N o r i a n . 

BONANZA FORMATION 

The Bonanza u n i t , as r e d e f i n e d by e x c l u s i o n o f th e P a r s o n Bay F o r m a t i o n , 
i s l a r g e l y v o l c a n i c o r v o l c a n o g e n i c . W i t h t h i s u n i f y i n g c h a r a c t e r i s t i c , 
and because i t i s p a r t o f th e Vancouver Group, i t can p r o p e r l y be termed 
t h e Bonanza F o r m a t i o n . I t i s d i v i s i b l e i n t o a t l e a s t two and p r o b a b l y 
t h r e e u n i t s on th e b a s i s o f l i t h o g e n e t i c c h a r a c t e r i s t i c s . I n t h e p r e s e n t 
s t a t e o f knowledge i t i s p r e f e r a b l e t o d e s i g n a t e t h e s e u n i t s i n f o r m a l l y 
as d i v i s i o n s r a t h e r t h a n as f o r m a l l y named members. The Lower Bonanza 
d i v i s i o n i s c h a r a c t e r i z e d by b o t h v o l c a n i c and s e d i m e n t a r y components, 
whereas t h e M i d d l e Bonanza d i v i s i o n i s e n t i r e l y , o r a l m o s t e n t i r e l y , 
v o l c a n i c . The M i d d l e Bonanza d i v i s i o n i s c h a r a c t e r i s t i c a l l y g r e y i n 
c o l o u r , and i s o v e r l a i n i n s e v e r a l a r e a s on Vancouver I s l a n d by r e d and 
p u r p l e v o l c a n i c r o c k s . The r e d and p u r p l e c o l o u r s a r e due t o f r e e , i f 
f i n e l y d i v i d e d , h e m a t i t e and s u g g e s t o x i d i z i n g , p o s s i b l y emergent, 
c o n d i t i o n s o f d e p o s i t i o n . I n terms o f th e measured s e c t i o n a t Cape 
P a r k i n s ( M u l l e r , e t a l . , 1974), w h i c h i s a t th e mouth o f Q u a t s i n o 
Sound on th e west c o a s t , t h e Lower Bonanza d i v i s i o n w o u l d i n c l u d e u n i t s 1 
t o 3; t h e M i d d l e Bonanza, u n i t s 4 t o 7; and th e Upper Bonanza, u n i t s 8 t o 
12. The r e d i n u n i t s 1 and 4 i s a t y p i c a l and may i n d i c a t e e a r l i e r 
i n t e r v a l s i n w h i c h o x i d i z i n g c o n d i t i o n s o c c u r r e d i n t h i s remote 
l o c a l i t y . 

Up t o 1974 o n l y S i n e m u r i a n f o s s i l s had been c o l l e c t e d from t h e Bonanza 
F o r m a t i o n i n t h e A l e r t Bay-Cape S c o t t map-area; s u b s e q u e n t l y f o s s i l s were 
found i n t h e n o r t h w a l l o f t h e I s l a n d Copper open p i t and t e n t a t i v e l y 
d a t e d as B a j o c i a n . S i n c e t h e h o s t r o c k s a r e i n t h e M i d d l e Bonanza 
d i v i s i o n , Upper Bonanza r o c k s i n t h a t a r e a would be B a j o c i a n o r yo u n g e r . 
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T h i s s u g g e s t s t h a t t h e d i v i s i o n s a r e n o t c o e v a l from a r e a t o a r e a . No 
a b s o l u t e ages were o b t a i n e d from t h e Quinsam a r e a , b u t from t i m e 
c o n s t r a i n t s imposed by the w e l l - d a t e d P a r s o n Bay F o r m a t i o n and by 
i n t r u s i v e r o c k s t h e Bonanza F o r m a t i o n s h o u l d be Lower J u r a s s i c . 

LOWER BONANZA DIVISION 

Lower Bonanza r o c k s o v e r l i e P a r s o n Bay a r g i l l i t e s o u t h o f S t r a t h c o n a Dam 
and Karmutsen b a s a l t i n t h e I r o n R i v e r . Though i n p a r t v o l c a n i c , t h e 
Lower Bonanza d i v i s i o n i s c h a r a c t e r i z e d by t h i n beds o f c h e r t - l i k e 
s i l t i t e and s i l t y a r g i l l i t e i n t o n e s o f w h i t e s , g r e y s , and g r e e n s . 
S i m i l a r r o c k s were examined i n c o r e s from d i a m o n d - d r i l l h o l e s n o r t h o f 
t h e I s l a n d Copper open p i t , where b u f f tones a l s o o c c u r . On W a s h l a w l i s 
H i l l , e a s t o f I s l a n d Copper, v o l c a n i c r o c k s o v e r l y i n g P a r s o n Bay 
a r g i l l i t e c o n t a i n two i n t e r l a y e r s o f s t r i k i n g l y banded s e d i m e n t a r y r o c k 
(Eastwood, 1974, 1977). The u n i t e v i d e n t l y t h i n s southward from t h e 
Quinsam a r e a , f o r on the A p r o p e r t y s o u t h o f S p r o a t Lake (Eastwood, 1983) 
P a r s o n Bay c a l c a r e o u s a r g i l l i t e i s s e p a r a t e d from Bonanza v o l c a n i c r o c k s 
by o n l y a metre o r so o f t h i n - b e d d e d w h i t e q u a r t z i t e and p a l e g r e e n 
c h e r t . On t h e e a s t f o r k o f S t . Andrew C r e e k , west o f t h e A p r o p e r t y , a 
t h i n sequence o f g r e e n i s h g r e y c a l c a r e o u s s h a l e and greywacke was found 
( M u l l e r and C a r s o n , 1969) between Q u a t s i n o l i m e s t o n e and Bonanza v o l c a n i c 
r o c k s • 

The Lower Bonanza d i v i s i o n i s e x t e n s i v e l y exposed t o t h e s o u t h and e a s t 
o f S t r a t h c o n a Dam, where i t i s a l s o e x t e n s i v e l y i n t r u d e d by g r e y dykes 
and s i l l s . I n t h e r o a d c u t e x p o s i n g i t s base t h e beds d i p 35 d e g r e e s 
n o r t h e a s t , b u t i n most o u t c r o p s between i t and t h e N o r t h w e s t Tower the 
Lower Bonanza beds a r e e s s e n t i a l l y f l a t l y i n g . The d i f f e r e n c e o f 
e l e v a t i o n between t h e base o f t h e d i v i s i o n and t h e t o p , w h i c h i s t a k e n as 
the base o f t h e N o r t h w e s t Tower, i s about 150 m e t r e s . From o b s e r v a t i o n s 
o v e r t h i s i n t e r v a l , t h e s i l l s p r o b a b l y do n o t c o n t r i b u t e more t h a n h a l f 
t he o b s e r v e d t h i c k n e s s , and the t h i c k n e s s o f the Lower Bonanza d i v i s i o n 
i n t h i s p a r t o f t h e a r e a can be t a k e n as r o u g h l y 75 m e t r e s . The g r e y 
i n t r u s i o n s a r e more e x t e n s i v e t o t h e n o r t h e a s t , and n o r t h o f R e g i n a l d 
Lake the Lower Bonanza d i v i s i o n i s c u t o f f by them. These e x p o s u r e s a r e 
s e p a r a t e d by e x t e n s i v e c o v e r from Karmutsen o u t c r o p s on t h e s h o r e o f 
C a m p b e l l L a k e . To t h e s o u t h e a s t t h e Lower Bonanza d i v i s i o n i s c u t o f f by 
the Quinsam s t o c k . 

In t h i s n o r t h w e s t p a r t o f the a r e a t h e b a s a l metre and t h e u p per 
t w o - t h i r d s o f the Lower Bonanza d i v i s i o n a r e banded s i l t i t e and s i l t y 
a r g i l l i t e , whereas most o f the l o w e r t h i r d i s m a s s i v e p o r p h y r i t i c 
a n d e s i t e l a v a . Near the t o p o f the l a v a s t h e r e i s a f l u x i o n - t e x t u r e d 
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b a s a l t f l o w . A t t h e base o f t h e upper t w o - t h i r d s t h e r e i s a l a y e r o f 
d e t r i t a l e p i d o t e and minor amounts o f q u a r t z c o n t a i n i n g f r a q m e n t s o f a 
f i n e l y and e v e n l y r i b b e d p e l e c y p o d . T h i s i s exposed i n t h e bank o f a 
s m a l l c r e e k j u s t e a s t o f t h e S t r a t h c o n a Dam r o a d , 1 400 metres s o u t h o f 
t h e head o f the s p i l l w a y . The s i l t i t e c o n s i s t s b a s i c a l l y o f q u a r t z and 
e p i d o t e , the g r e e n i s h bands c o n t a i n i n q more e p i d o t e ; some bands c o n t a i n 
f e l d s p a r and a l t e r e d a m p h i b o l e . The s i l t i t e s a r e p r o b a b l y p a r t l y 
v o l c a n o g e n i c • 

P a r t s o f the Lower Bonanza s e c t i o n a r e exposed a l o n g and near the I r o n 
R i v e r . In the low r i d g e n o r t h o f the s k a r n d e p o s i t x e n o l i t h s o f banded 
rock a r e c a u ght up i n a p o r p h y r i t i c b a s a l t t h a t appears t o be a 
c o r r e l a t i v e o f t h e g r e y i n t r u s i o n s . The f o l l o w i n g s e c t i o n was c o m p i l e d 
from s e v e r a l p a r t i a l s e c t i o n s d i s p l a y e d i n the bed and banks o f t h e 
r i v e r : 

L i m e s t o n e 
C a l c a r e o u s , a r g i l l a c e o u s q u a r t z - s i l t i t e 

S e d i m e n t a r y b r e c c i a 
T h in-banded s i l t i t e s ; some s i l t y t u f f 

Bedded e p i d o s i t e , w h i t e - s t r i p e d w i t h f e l d s p a r - q u a r t z s i l t i t e beds 
T u f f a c e o u s s i l t i t e 

The t u f f a c e o u s s i l t i t e r e s t s on Karmutsen b a s a l t . I f t h e bedded e p i d o s i t e 
i s t h e same u n i t as t h e p e l e c y p o d - b e a r i n g one s o u t h o f S t r a t h c o n a Dam, 
most o f the l o w e r t h i r d o f t h e d i v i s i o n i s m i s s i n g from t h e I r o n R i v e r 
s e c t i o n . The t h i n - b e d d e d s i l t i t e s were e s t i m a t e d t o be a t l e a s t 10 metres 
t h i c k ; the whole s e c t i o n may be as much as 18 m e t r e s . The l i m e s t o n e i s 
p r e s e r v e d o n l y i n a f a u l t - b o u n d e d s e c t i o n 600 metres upstream from the 
s k a r n d e p o s i t , where i t i s u n c o n f o r m a b l y o v e r l a i n by Nanaimo Group r o c k s . 
A s u p p o s e d l y c o m p l e t e s e c t i o n i s p r e s e r v e d i n the I r o n R i v e r above Chute 
Creek, from Karmutsen F o r m a t i o n t o the M i d d l e Bonanza d i v i s i o n , b u t t h e 
a r e a i s s t r u c t u r a l l y d i s t u r b e d and p a r t l y c o v e r e d , and n e i t h e r the 
sequence nor the t h i c k n e s s was d e t e r m i n e d . From the o u t c r o p w i d t h , 
however, i t seems u n l i k e l y t h a t the t h i c k n e s s i s much more than 18 o r 20 
m e t r e s . T h i s i s t h i n compared w i t h t h e upper t w o - t h i r d s o f the d i v i s i o n 
s o u t h e a s t o f S t r a t h c o n a Dam, and t h e s e c t i o n may be more condensed. The 
s e d i m e n t a r y b r e c c i a c o n s i s t s o f l a r g e chunks o f s i l t i t e beds e v i d e n t l y 
r i p p e d up from t h e s e a f l o o r and d i s p o s e d a t v a r i o u s a t t i t u d e s . I t 
p r o b a b l y r e p r e s e n t s an i n t e r v a l d u r i n g w h i c h no new m a t e r i a l was s u p p l i e d 
t o t h e b a s i n . The o u t c r o p s c l o s e s t t o t h e t o p o f t h e Lower Bonanza 
d i v i s i o n a r e f i n e greywacke and a c o a r s e r greywacke c o n t a i n i n g s m a l l r o c k 
f r a g m e n t s t h a t i s p a r t l y c a r b o n a t i z e d . 
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MIDDLE BONANZA DIVISION 

The M i d d l e Bonanza d i v i s i o n c o n s t i t u t e s most o f t h e mountains i n t h e 
s o u t h p a r t o f the a r e a and a l m o s t s u r e l y t h e N o r t h w e s t Tower. I t was n o t 
f o u n d i n a c t u a l c o n t a c t w i t h t h e Lower Bonanza d i v i s i o n and c o u l d , as f a r 
as the e x p o s u r e s i n the I r o n R i v e r a r e c o n c e r n e d , he a r e p e t i t i o n o f t h e 
Karmutsen F o r m a t i o n . However, i t d i f f e r s from the Karmutsen i n many 
ways: 

(1) I t tends t o form h i g h , s t e e p - s i d e d mountains whereas t h e Karmutsen 
i s more subdued, though rugged i n d e t a i l . 

(2) The p l a g i o c l a s e i s m o s t l y i n the range ^"30.33 and! t h e r o c k i s 
a n d e s i t e , whereas the Karmutsen c o n t a i n s l a b r a d o r i t e and i s b a s a l t . 

(3) I t i s commonly l i g h t e r i n c o l o u r , due t o a s m a l l e r c o n t e n t o f 
f e rromagnes i a n mi ne r a I s . 

(4) The e a s t ( l o w e r ) p a r t l a c k s m a g n e t i t e , whereas t h e Karmutsen 
n o r m a l l y c o n t a i n s enough m a g n e t i t e t o be d e t e c t a b l y m a g n e t i c . 

(5) I t l a c k s t h e brown d u s t p r o d u c e d by d e v i t r i f i c a t i o n o f b a s a l t g l a s s 
found i n t h e upper p a r t o f t h e Karmutsen F o r m a t i o n . 

The M i d d l e Bonanza d i v i s i o n i n t h e s o u t h p a r t o f t h e a r e a c o n s i s t s o f a 
t h i c k p i l e o f m a s s i v e v o l c a n i c r o c k . C r y s t a l - l i t h i c t u f f s were 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 f o u r o u t c r o p s , b u t t h e y show no s o r t i n g . The 
i n t e r n a l s t r u c t u r e i s unknown. The r o c k s presumably d i p west near I r o n 
R i v e r , b u t the o v e r a l l s t r u c t u r e c o u l d be b r o a d l y s y n c l i n a l . I n a 
p r o b a b l y f a u l t e d segment s o u t h o f t h e a r e a , a l o n g the s o u t h s l o p e o f 
S t e v e ' s knob, Lower Bonanza beds d i p g e n t l y n o r t h e a s t t o n o r t h - n o r t h e a s t . 
On t h e o t h e r hand, t h e r e a p p e a r s t o be an o v e r a l l p r o g r e s s i o n from e a s t 
t o west o f s o d i c t o c a l c i c f e l d s p a r i n t h e M i d d l e Bonanza d i v i s i o n . The 
o u t c r o p i n t h e I r o n R i v e r n e a r e s t the Lower Bonanza d i v i s i o n i s t r a c h y t e , 
and a r o a d c u t o u t c r o p 1 000 metres west o f t h e mouth o f Chute Creek 
c o n t a i n s a n t i p e r t h i t e and i s t h e r e f o r e t r a c h y a n d e s i t e . A r o a d c u t o u t c r o p 
on Branch J , s o u t h w e s t o f G e n t i a n Lake, c o m p r i s e s a d a r k g r e y , 
K a r m u t s e n - l i k e r o c k w i t h a m a g n e t i t e c o n t e n t t h a t i s about average f o r 
Karmutsen r o c k s . The p l a g i o c l a s e i s ^ 5 0 ' a n < * the r o c k i s a 
p o r p h y r i t i c a m y g d a l o i d a l b a s a l t . Three p o s s i b l e e x p l a n a t i o n s a r e 
s u g g e s t e d : 

(1) The o u t c r o p i s i n d e e d Karmutsen F o r m a t i o n , and t h e i n t e r v e n i n g Lower 
Bonanza d i v i s i o n i s n o t exposed. T h i s seems u n l i k e l y because 
Q u a t s i n o l i m e s t o n e i s p r e s e n t i n I r o n H i l l , 1 800 metres t o t h e 
s o u t h w e s t , and i t and t h e P a r s o n Bay a r g i l l i t e would a l s o have t o be 
c o v e r e d . 
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TABLE 2. MINERALOGY OF GREY INTRUSIONS AND QUINSAM INTRUSIONS 
(APPROXIMATE PER CENT) 

FIELD 
NO. PLAGIOCLASE An K-SPAR QUARTZ AMPHIBOLES BIOTITE MAGNETITE EPIDOTE CHLORITE 

Grey Intrusions 
77- 69 60 40+ 10 25 1 
77- 77 75 34 t r . 1 2 14 
77- 79 60 51 5 15 15 5 
77- 81 40 29 t r . 40 t r . 
79- 54 75 54 15 5 
79- 75 50 36 47 3 

78-212* 24 62 4 35 
78-213 70 73 1 6 3 5 5 7 
78-217 (80) 47+ t r . 14 
78-218 65 45 34 
79- 69 85 61 15 
82-142 70 53 10 6 7 7 
82-164 62 68 2 25 5 5 t r . 
82-174 57 60 3 30 7 1 
82-180 55 30 35 7 t r . 

Quinsam Intrusions 
77-104 47 61 30 20 2 
78-200 40 38+ 40 5 10 
78-206 37 07 29 19 1 14 t r . 7 
79- 83 35 50 5 38 15 5 
82-135 45 12 5 20 10 5 5 10 
82-137 47 18(50)** 8 35 5 5 
82-158 53 35 12 23 7 5 
82-160 48 07 40 2 t r . 5 5 t r . 
82-166 75 42 12 10 3 

*(matr1x 30); **rlm(core) 

OCCURRENCE AND LOCATION OF SPECIMENS 
77- 69 Outcrop at mouth of Campbell River. 
77- 77 Isolated outcrop near power line north of Reginald Lake. 
77- 79 Irregular dyke In Lower Bonanza tuf f , Strathcona Dam spillway. 
77- 81 Intrusions In Lower Bonanza tuf f , on power line 650 metres east of Campbell River. 
79- 54 1.5-metre dyke In Lower Bonanza s i l t i t e s , Strathcona Dam road. 
79- 75 Inferred to be Intrusive Into Lower Bonanza s i l t i t e s and Intruded by Quinsam 

Intrusions; near junction of West Main Haul road with Strathcona Dam road. 

78- 212 Intrusion in Middle Bonanza; beside branch road 1 000 metres southeast of GulI Lake. 
78-213 Outcrop on branch road 600 metres east-southeast of 78-212. 
78-217 Brown basalt containing xenoliths of Lower Bonanza s i l t i t e s ; low ridge 350 metres 

northwest of Iron River skarn deposit. 
78- 218 Same as 78-217. 
79- 69 Gabbro porphyry within area of Lower Bonanza s i l t i t e s ; Iron River 120 metres above 

Chute Creek. 
82-142 Gabbro apparently Intruding Middle Bonanza; road Junction 75 metres east of Genetian 

Lake. 
82-164 Gabbro apparently Intruding Middle Bonanza; ridge 800 metres south of west end of 

Gull Lake. 
82-174 Isolated outcrop between Quinsam stock and Middle Bonanza; branch road 1 000 metres 

south of east end of Gu11 Lake. 
82-180 Isolated, welr-formlng outcrop In area of Lower Bonanza; Iron River 275 metres above 

Chute Creek. 

77- 104 Quinsam stock, early phase; outcrop ridge In angle between Long and Middle Quinsam 
Lakes. 

78- 200 Quinsam stock; small quarry northwest of GulI Lake. 
78- 206 Quinsam stock; bed of Long Creek below coal adit. 
79- 83 Same as 77-104. 
82-135 Typical coarse-grained main phase of Quinsam stock; 1150 metres south-southwest of 

mine road bridge over Qlnsam River. 
82-137 Quinsam stock; mine road 2 700 metres southwest of bridge over Quinsam River. 
82-158 Dark grey phase of Quinsam stock; 1 040 metres southeast of west end of Gull Lake. 
82-160 Border zone of Quinsam stock; cut of branch road 1 000 metres south of west end of 

Gull Lake. 
82-166 Border zone of Quinsam stock; 110 metres southeast of 82-158. 



(2) The o u t c r o p i s a b l o c k o f Karmutsen F o r m a t i o n r a f t e d up by the 
Quinsam s t o c k . 

(3) The upper f l o w s o f the M i d d l e Bonanza d i v i s i o n grow b a s i c and hence 
r e s e m b l e the Karmutsen F o r m a t i o n . T h i s i n t e r p r e t a t i o n b e s t f i t s t he 
r o c k d i s t r i b u t i o n . 

UPPER BONANZA DIVISION (?) 

A r o a d c u t o u t c r o p b e s i d e the mine r o a d j u s t e a s t o f Upper Quinsam Lake 
shows r e d , b u f f , and g r e y phases and may p o s s i b l y be Upper Bonanza 
d i v i s i o n . A t h i n s e c t i o n o f the g r e y phase shows the r o c k t o be a h i g h l y 
a l t e r e d p o r p h y r i t i c t r a c h y t e . T h i s o u t c r o p i s i s o l a t e d from o t h e r l a y e r e d 
r o c k s , and i s p o s s i b l y a x e n o l i t h o r r o o f pendant i n the Quinsam 
s t o c k • 

PORPHYRY DYKES 

I n t h e I r o n R i v e r , f o r 750 metres below the mouth o f Chute C r e e k , t h e 
Lower Bonanza d i v i s i o n i s c u t by a swarm o f l i g h t - c o l o u r e d , f i n e - g r a i n e d 
p o r p h y r y d y k e s . One o f them forms a n a t u r a l w e i r f o r t h e h i g h e s t f a l l s 
b elow Chute C r e e k . They do n o t i n t r u d e t h e Nanaimo Group and e v i d e n t l y 
p r e d a t e i t . They re s e m b l e f i n e - g r a i n e d phases o f the M i d d l e Bonanza 
d i v i s i o n , and i t i s t e m p t i n g t o r e g a r d them as an i n t r u s i v e p hase, 
f e e d e r s t o the f l o w s . However, t h e p l a g i o c l a s e i n t h e one dyke 
t h i n - s e c t i o n e d has a c o m p o s i t i o n o f ^59* a n < * t n e dykes may be t o o 
b a s i c t o have come from the same magma. They have no o t h e r a p p a r e n t 
r e l a t i o n s h i p . 

GREY INTRUSIONS 

A swarm o f medium-grained, medium t o d a r k g r e y dykes and s i l l s i n t r u d e 
t h e Lower Bonanza d i v i s i o n i n t h e n o r t h w e s t p a r t o f the a r e a , c o a l e s c i n g 
i n t o a v i r t u a l s t o c k n o r t h o f R e g i n a l d L a k e . On a h i g h h i l l west o f t h i s 
l a k e a g r e y i n t r u s i o n i s c u t by a t y p i c a l Quinsam dyke, and g e n e r a l l y t h e 
g r e y i n t r u s i o n s a r e t r u n c a t e d by t h e Quinsam s t o c k . S i m i l a r - a p p e a r i n g 
b o d i e s i n t r u d e b o t h Lower and M i d d l e Bonanza r o c k s i n t h e s o u t h p a r t o f 
the a r e a . C a r l i s l e (1976) i n t e r p r e t e d the g r e y i n t r u s i o n s t o be an 
i n t r u s i v e phase o f the Bonanza, b u t d i f f e r e n c e s i n c o m p o s i t i o n r e n d e r 
t h i s d o u b t f u l . The t h i n s e c t i o n m i n e r a l o g y o f t h e g r e y i n t r u s i o n s i s 
l i s t e d i n T a b l e 2; c o n s i d e r a b l e v a r i a b i l i t y i s e v i d e n t . The f i r s t s i x 
t h i n s e c t i o n s a r e from t h e n o r t h w e s t p a r t o f t h e a r e a , and a r e t h e r e f o r e 
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t y p i c a l * The r e s t a r e from the s o u t h p a r t o f the a r e a , and t h e i r 
assignment t o the g r e y i n t r u s i o n s i s based on m a c r o s c o p i c s i m i l a r i t y . The 
r o c k s a r e more o r l e s s a l t e r e d , and i n two t h i n s e c t i o n s t h e r e was too 
l i t t l e p l a g i o c l a s e l e f t t o f u l l y d e t e r m i n e i t . The h o r n b l e n d e i s commonly 
f r e s h , b u t i n a few t h i n s e c t i o n s i t i s a l t e r e d t o a f i n e - g r a i n e d , 
f i b r o u s a m p h i b o l e , p r o b a b l y a c t i n o l i t e . In T a b l e 2 t h e r e i s c o n s i d e r a b l e 
s i m i l a r i t y t o d a r k e r phases o f t h e Quinsam s t o c k , and t h e g r e y i n t r u s i o n s 
a r e p r o b a b l y t h e i n i t i a l phase o f t h e Quinsam i n t r u s i o n s , 

QUINSAM INTRUSIONS 

These i n c l u d e a l a r g e s t o c k i n t h e west p a r t o f t h e a r e a , a s m a l l s t o c k 
w i t h i n t h e I r o n R i v e r s k a r n d e p o s i t , and numerous s i m i l a r - a p p e a r i n g dykes 
c u t t i n g Karmutsen r o c k s i n t h e e a s t p a r t o f t h e a r e a . These dykes a r e 
most c o n c e n t r a t e d i n o u t c r o p s near t h e highway. The s t o c k i n t h e s k a r n 
d e p o s i t was n o t seen by the w r i t e r , and i t s o u t l i n e i s t a k e n f r o m 
M c C u l l o u g h ' s (1974) map, based a p p a r e n t l y on d r i l l c o r e . M u l l e r (1965) 
shows a g r a n i t i c s t o c k e a s t o f the I r o n R i v e r near the s k a r n d e p o s i t and 
c r o s s i n g the r i v e r f a r t h e r n o r t h . The w r i t e r d i d n o t map e a s t o f the 
r i v e r and found o n l y a few s m a l l g r a n i t i c dykes c u t t i n g Karmutsen b a s a l t 
and gabbro a l o n g the r i v e r . A g r a n i t i c s t o c k e a s t o f I r o n R i v e r c o u l d be 
the s o u r c e o f g r a n i t i c d e t r i t u s i n b a s a l Nanaimo Group r o c k s a l o n g t h e 
r i v e r . 

The n o r t h boundary o f the Quinsam s t o c k has been d e l i n e a t e d , and i s 
f a i r l y smooth. The west boundary l i e s m o s t l y o u t s i d e the map-area. The 
e a s t boundary i s c o v e r e d by o v e r b u r d e n and Nanaimo Group s e d i m e n t a r y 
r o c k s , and the shape o f t h e boundary and t h e f u l l e x t e n t o f t h e s t o c k i n 
t h a t d i r e c t i o n a r e u n d e t e r m i n e d . C e r t a i n f e a t u r e s o f t h e Nanaimo b a s a l 
member, however, s u g g e s t t h a t t h e s t o c k may n o t e x t e n d f a r b e neath i t . 
The most e a s t e r l y e x p o s u r e s o f t h e s t o c k a r e a s t r i d e Long Creek, s o u t h o f 
t h e o u t l e t o f M i d d l e Quinsam La k e . Prom t h e r e the boundary would have t o 
s wing a b r u p t l y s o u t h w e s t t o t h e c o n t a c t w i t h M i d d l e Bonanza r o c k s 
s o u t h e a s t o f G u l l L a k e . P o s s i b l y i t i s o f f s e t by a f a u l t a l o n g Long Lake 
v a l l e y . The s o u t h boundary has been p a r t l y o u t l i n e d , and found t o be 
i r r e g u l a r . One l a r g e tongue e x t e n d s up i n t o t h e mountains s o u t h o f G u l l 
Lake. West o f t h i s tongue t h e boundary i s c o v e r e d by e x t e n s i v e 
o v e r b u r d e n . The c o n t a c t shown on G e n t i a n Tower i s t h e t r a c e o f a 
s u b h o r i z o n t a l zone i n w h i c h many narrow tongues o f t h e s t o c k f i n g e r up 
i n t o M i d d l e Bonanza r o c k s . Southward t h e boundary i s c o v e r e d by G e n t i a n 
Lake and e x t e n s i v e o verburden? t h e o u t l i n e shown i s m e r e l y a r e a s o n a b l e 
g u e s s . A l a r g e l o w - l y i n g a r e a between Branch J and t h e I r o n H i l l mine i s 
c o m p l e t e l y c o v e r e d , and g r a n i t i c r o c k s i n and around the mine may o r may 
n o t be p a r t o f the s t o c k . 
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The main phase o f the Quinsam s t o c k i s a c o a r s e - g r a i n e d , l i g h t p i n k r o c k , 
s p e c k l e d w i t h h o r n b l e n d e , b i o t i t e , and m a g n e t i t e ; specimen 82-135 i s 
t y p i c a l ( T a b l e 2 ) • T h i s main phase c o n s t i t u t e s a t l e a s t t h e mapped p a r t 
o f the s t o c k from the n o r t h end t o t h e d i t c h d r a i n i n g i n t o Gooseneck 
L a k e , S i m i l a r r o c k i n t h e low p l a t e a u s o u t h w e s t o f M i d d l e Quinsam Lake i s 
p r o b a b l y a c o n t i n u a t i o n o f t h e main phase. N o r m a l l y t h i s r o c k i s 
c o m p l e t e l y m a s s i v e , b u t i n t h e d i t c h mentioned i t i s h o r i z o n t a l l y s h e e t e d 
and s u p e r f i c i a l l y r e s e m b l e s s a n d s t o n e . South o f t h e low p l a t e a u the r o c k 
s t a r t s t o change. In an o u t c r o p on t h e mine r o a d the r o c k i s a r a t h e r 
dark g r e y t o n a l i t e , n ear d i o r i t e (specimen 82-137), and i n an o u t c r o p 850 
metres t o the s o u t h e a s t i t i s s i m i l a r . A f u r t h e r 180 metres n o r t h e a s t , 
the main phase i s r e p l e t e w i t h s m a l l d a r k x e n o l i t h s . The f i n a l o u t c r o p i n 
t h i s d i r e c t i o n has t h e l i g h t p i n k i s h g r e y c o l o u r o f t h e main phase, b u t 
i t i s medium g r a i n e d . Taken t o g e t h e r , t h e s e f e a t u r e s s u g g e s t t h a t t h e s e 
o u t c r o p s may be c l o s e t o a c o n t a c t o f t h e main phase, e i t h e r w i t h an 
e a r l y dark phase o r w i t h a wedge o r r o o f pendant o f Bonanza F o r m a t i o n 
r o c k s • 

Between Long and M i d d l e Quinsam Lakes and on the low r i d g e w e s t - n o r t h w e s t 
o f G u l l Lake the main phase i s i n t r u s i v e i n t o m a f i c i g n e o u s r o c k s 
g e n e r a l l y c o n t a i n i n g some q u a r t z and/or b i o t i t e . These a l m o s t s u r e l y 
c o n s t i t u t e d an e a r l y , p o s s i b l y m a r g i n a l , phase o f the s t o c k . In p l a c e s 
the r o c k i s a s t r i k i n g i n t r u s i v e b r e c c i a . The l a r g e o u t c r o p 220 metres 
west o f the o u t l e t o f Long Lake shows medium-grained d a r k g r e y 
p o r p h y r i t i c gabbro (specimens 77-104, 79-83) a t the s o u t h e a s t end 
i n c r e a s i n g l y i n t r u d e d and r e p l a c e d by c o a r s e - g r a i n e d l i g h t g r e y t o n a l i t e , 
w h i c h d e v e l o p s a t i n g e o f p i n k a t the n o r t h w e s t t i p . The l a r g e tongue 
s o u t h o f G u l l Lake c o n s i s t s m o s t l y o f the l i g h t e r c o l o u r e d main phase 
r o c k , b u t l o c a l l y p a s s e s g r a d a t i o n a l l y t o d a r k e r phases (specimen 
82-158). A l o n g a s m a l l c r e e k i n the m i d d l e o f the tongue, t h e r o c k i s 
f i n e g r a i n e d and s o o t y b l a c k . The r o c k i n the l o w e r p a r t o f G e n t i a n Tower 
i s s i m i l a r t o the main phase, b u t i t and nearby o u t c r o p s a r e i s o l a t e d 
from the main phase by e x t e n s i v e o v e r b u r d e n . The c l u s t e r o f o u t c r o p s w e s t 
o f G e n t i a n Lake i s s i m i l a r l y i s o l a t e d , and c o n t i n u i t y w i t h the s t o c k i s 
not c e r t a i n . Indeed, a group o f s m a l l o u t c r o p s on t h e n o r t h w e s t s i d e o f 
t h e c l u s t e r resemble M i d d l e Bonanza d i v i s i o n more t h a n Quinsam 
i n t r u s i o n s . The dominant r o c k i n t h i s c l u s t e r i s c o a r s e g r a i n e d b u t 
medium t o dark g r e y . 

A g r a n i t e dyke i n M i d d l e Bonanza d i v i s i o n near the tongue s o u t h o f G u l l 
Lake i s p r o b a b l y i n j e c t e d from a l a t e d i f f e r e n t i a t e o f the Quinsam s t o c k . 
A few g r a n i t e and r h y o l i t e dykes i n t r u d i n g pre-Nanaimo r o c k s i n the I r o n 
R i v e r a r e p r o b a b l y a l s o l a t e d i f f e r e n t i a t e s o f the Quinsam 
i n t r u s i o n s . 
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The Quinsam i n t r u s i o n s have n o t been r a d i o m e t r i c a l l y d a t e d . From t h e Adam 
R i v e r b a t h o l i t h , i n t h e same g e n e r a l b e l t , M u l l e r , e t al• (1974) 
o b t a i n e d a K/Ar age on h o r n b l e n d e o f 16017 Ma. S i m i l a r l y , f r o m t h e 
n o r t h w e s t end o f t h e B e d w e l l b a t h o l i t h , t o t h e s o u t h w e s t , M u l l e r and 
Cars o n (1969) o b t a i n e d K/Ar ages on b i o t i t e o f 16219 and 16618 Ma. The 
Quinsam i n t r u s i o n s a r e t h e r e f o r e p r o b a b l y C a l l o v i a n o r p o s s i b l y B a t h o n i a n 
i n age. 

NANAIMO GROUP 

I n t h i s r e p o r t no a t t e m p t i s made t o c o r r e l a t e Nanaimo r o c k s o f t h e 
Quinsam a r e a w i t h t h e s t a n d a r d Nanaimo f o r m a t i o n s . I n t h e f i r s t p l a c e i t 
i s u n n e c e s s a r y f o r p r e s e n t p u r p o s e s , and s e c o n d l y t h e Quinsam a r e a i s 
i s o l a t e d from t h e main b e l t o f Nanaimo r o c k s and l i t h o l o g i c a l c o r r e l a t i o n 
a c r o s s s t r i k e w i t h o u t adequate p a l e o n t o l o g i c a l c o n t r o l i s o f q u e s t i o n a b l e 
v a l i d i t y . 

S e d i m e n t a r y r o c k s o f t h e Nanaimo Group u n d e r l i e an i r r e q u l a r a r e a between 
Ca m p b e l l Lake and t h e I r o n R i v e r , w h i c h was made t h e l i m i t o f mapping. An 
i s o l a t e d e x p o s u r e n e a r S t r a t h c o n a Dam i n d i c a t e s a more e x t e n s i v e a r e a o f 
d e p o s i t i o n . N a t u r a l e x p o s u r e s a r e s c a r c e o u t s i d e t h e I r o n R i v e r and t h e 
n o r t h - f l o w i n g s e c t i o n o f t h e Quinsam R i v e r b e l o w M i d d l e Quinsam L a k e . 
N o r t h o f t h e West Main H a u l r o a d o u t c r o p s a r e v i r t u a l l y c o n f i n e d t o t h e 
shore o f Ca m p b e l l L a k e . A r t i f i c i a l e x p o s u r e s have been made i n a few r o a d 
c u t s and, i n t h e c e n t r a l and s o u t h p a r t s o f t h e a r e a , more a b u n d a n t l y i n 
the c o u r s e o f c o a l e x p l o r a t i o n . 

The p a r t s o f t h e a r e a w h i c h p r e l i m i n a r y d r i l l i n g had shown t o be 
u n d e r l a i n by c o a l seams were g r i d d r i l l e d on l i n e s r u n n i n g a p p r o x i m a t e l y 
p e r p e n d i c u l a r t o t h e f o r m a t i o n a l s t r i k e . A s o l i d b i t was u s e d , e x c e p t f o r 
s e c t i o n s t h r o u g h c o a l and some 3 metres above and below, w h i c h were 
c o r e d . The c o a l c o r e was removed f o r t e s t i n g and t h e r e m a i n i n g c o r e 
s t u f f e d i n t o p l a s t i c t u b e s . About h a l f t h e tubes were u n i d e n t i f i e d and 
most had been s l i t f o r r e - e x a m i n a t i o n , e x p o s i n g t h e c o r e t o the w e a t h e r . 
The w r i t e r made no a t t e m p t t o l o g t h e s e c o r e s . D r i l l e r s ' l o g s o f t h e 
c o r e s and c u t t i n g s were s u b m i t t e d f o r a s s e s s m e n t p u r p o s e s by Weldwood o f 
Canada L i m i t e d , and s e c t i o n s were c o n s t r u c t e d from t h e s e l o g s , l a r g e l y by 
w i n t e r a s s i s t a n t s , from w h i c h t h e w r i t e r b u i l t up a g e n e r a l i z e d 
s t r a t i g r a p h y o f t h e l o w e r , c o a l - b e a r i n g p a r t o f t h e g r o u p . As e l a b o r a t e d 
by e x p o s u r e s i n t h e I r o n R i v e r , t h e s e c t i o n i s shown i n T a b l e 3. 

I n a d d i t i o n t o t h e I r o n R i v e r , t h e c o n g l o m e r a t e i s exposed on a b u l l d o z e d 
l i n e s o u t h e a s t o f G u l l L a k e , on t h e n o r t h s i d e o f M i d d l e Quinsam Lake, i n 
a l a r g e c u t o f Highway 28 n o r t h o f Gooseneck Lake, and i n a s m a l l o u t c r o p 
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t o t h e n o r t h o f t h i s . On t h e e a s t s i d e o f the a r e a i t i s exposed on t h e 
sh o r e o f Ca m p b e l l Lake and i n t h e c r e e k d r a i n i n g Lukwa L a k e . I t i s 
t h e r e f o r e i n f e r r e d t o u n d e r l i e most o f the a r e a o f t h e Nanaimo Group, b u t 
may be m i s s i n g from the n o r t h w e s t p a r t . 

TABLE 3. STRATIGRAPHY Of LOWER PART OF NANAIMO GROUP 

THICK SANDSTONE SEQUENCE 
Metres 

Shaly member 6 
Sandstone member 25 
Recessive member 11.5 
Basal member 0 - 15 

Shale locally containing a coal seam 
Thin to medium-'bedded sandstone 
Mostly shale or s l l tstone containing coal seams 
Mostly conglomerate, some sandstone 

In t h e highway c u t and ne a r b y o u t c r o p , and n o r t h o f M i d d l e Quinsam Lake 
i t c o n s i s t s a l m o s t e n t i r e l y o f d e t r i t u s o f a dar k g r e e n i s h g r e y v o l c a n i c 
r o c k : w e l l - r o u n d e d p e b b l e s , c o b b l e s , and a few b o u l d e r s i n a s p a r i n g d a r k 
g r e e n i s h g r e y s h a l y m a t r i x . B o t h c l a s t s and m a t r i x weather y e l l o w - b r o w n 
and, i n n a t u r a l e x p o s u r e s , t h e c o n g l o m e r a t e r e s e m b l e s t h e w i d e s p r e a d 
g l a c i a l t i l l ; however, t h e c o n g l o m e r a t e m a t r i x shows c l e a r s i g n s o f 
c o m p r e s s i o n by the w e i g h t o f o v e r l y i n g s e d i m e n t s , whereas t h e t i l l m a t r i x 
shows no c o m p r e s s i o n . The c l a s t s r esemble Karmutsen F o r m a t i o n and some 
dark f i n e r g r a i n e d phases o f the M i d d l e Bonanza d i v i s i o n . The d r i l l e r s ' 
l o g s r e p o r t e d no c o n g l o m e r a t e and had most h o l e s e n d i n g i n Karmutsen. I t 
i s r e a s o n a b l e t o c o n c l u d e t h a t c u t t i n g s o f K a r m u t s e n - d e r i v e d d e t r i t u s 
would d i f f e r l i t t l e f rom c u t t i n g s o f Karmutsen b e d r o c k , and t h e r e f o r e 
most h o l e s p r o b a b l y ended i n t h e c o n g l o m e r a t e . 

The c o n g l o m e r a t e exposed on the b u l l d o z e d l i n e i s s t r o n g l y w e a t h e r e d , b u t 
on a sawn s u r f a c e can be seen t o d i f f e r c o n s i d e r a b l y from t he 
con g l o m e r a t e f a r t h e r n o r t h . The p e b b l e s a r e m o s t l y subrounded o r 
s u b a n g u l a r ; t h e y c o n s i s t o f c h e r t - l i k e Lower Bonanza d i v i s i o n r o c k s , 
m a f i c and f e l s i c phases o f the Quinsam i n t r u s i o n s , and f e l s i t e , i n 
a d d i t i o n t o the dark v o l c a n i c r o c k . The m a t r i x has i n p a r t weathered dark 
r e d , as i n some p l a c e s i n the I r o n R i v e r . 

In the a r e a o f the p r e s e n t I r o n R i v e r , a t l e a s t , t h e Nanaimo Group 
s e d i m e n t s were d e p o s i t e d on a v e r y rough e r o s i o n a l s u r f a c e . About 12 
metres o f p e b b l y s a n d s t o n e and p e b b l e and c o b b l e - c o n g l o m e r a t e a c c u m u l a t e d 
i n some o f the h o l l o w s , and o v e r some o f t h e humps t h e b a s a l member i s 
m i s s i n g . In the bed o f the r i v e r 400 metres below t h e mouth o f Chute 
C r e e k , Lower Bonanza s t r i p e d t u f f s d i p g e n t l y upstream o f f a hump o f 
Karmutsen v o l c a n i c r o c k s , and p e b b l e c o n g l o m e r a t e i s p l a s t e r e d o n t o t h e 
s t e e p downstream f a c e . There was e v i d e n t l y a deep h o l l o w j u s t s o u t h o f 
th e I r o n R i v e r West M a g n e t i t e orebody (see F i g . 3, i n p o c k e t ) . The 
l o w e s t d e p o s i t s i n i t a r e c l a y s t o n e s t h a t have been more o r l e s s r e p l a c e d 
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by c a l c i t e and s i d e r i t e . The s i d e r i t e has i n t u r n been more o r l e s s 
a l t e r e d t o g o e t h i t e and l i m o n i t e . The c l a y i s m a i n l y k a o l i n i t e . These 
r o c k s grade up t h r o u g h q u a r t z c l a y s t o n e and c l a y e y s a n d s t o n e t o p e b b l e 
and c o b b l e c o n g l o m e r a t e , K a o l i n i t e pseudomorphs a f t e r f e l d s p a r o c c u r i n 
the c l a y e y s a n d s t o n e , a l o n g w i t h s l i g h t l y a l t e r e d f e l d s p a r g r a i n s , A few 
per c e n t o f b i o t i t e i s p r e s e n t i n the q u a r t z c l a y s t o n e s and c l a y e y 
s a n d s tone as books more o r l e s s a l t e r e d t o v e r m i c u l i t e and r e p l a c e d by 
s i d e r i t e - g o e t h i t e . The c l a y e y s a n d stone i n p a r t s u p e r f i c i a l l y r e s e m b l e s 
a r k o s e o r even g r a n i t e . B o u l d e r - l i k e s t r u c t u r e s i n i t a r e p r o b a b l y 
c o n c r e t i o n s . I r r e g u l a r r e p l a c e m e n t by c a l c i t e and s i d e r i t e - g o e t h i t e 
c o n t i n u e s up i n t o t he c o n g l o m e r a t e . Upstream, i n t h e f i r s t 200 metres o f 
conglomerate o u t c r o p , t h e m a t r i x i s s p l o t c h e d w h i t e and da r k r e d , due t o 
a p a t c h y , t h i c k , f i n e d i s s e m i n a t i o n o f g o e t h i t e t h r o u g h t h e c l a y m a t r i x . 
About t w o - t h i r d s o f t h e p e b b l e s and c o b b l e s a r e g r a n i t i c and rounded t o 
subrounded; K a r m u t s e n - l i k e c l a s t s a r e s u b o r d i n a t e , as a r e a n g u l a r b l o c k s 
o f the s t r i k i n g l y s t r i p e d e p i d o s i t e from n e a r t h e base o f t h e Lower 
Bonanza d i v i s i o n . I n p l a c e s a metre o f bedded s a n d s t o n e s e p a r a t e s t he 
cong l o m e r a t e from t h e r e c e s s i v e member. 

The d e t r i t a l m i n e r a l o g y , c l a s t c o m p o s i t i o n , and s e q u e n t i a l chanqe j u s t 
d e s c r i b e d a r e what c o u l d be e x p e c t e d from p r o q r e s s i v e e r o s i o n o f a 
weathered g r a n i t i c t e r r a n e . A g r a n i t i c s t o c k has been r e p o r t e d t o o c c u r 
e a s t o f t h e I r o n R i v e r , as a l r e a d y n o t e d , b u t i t i s g u e s t i o n a b l e whether 
i t was l a r g e enough t o s u p p l y t h e q u a n t i t y o f q r a n i t i c d e t r i t u s o b s e r v e d . 
I t i s p o s s i b l e t h a t t h e Quinsam s t o c k c o n t i n u e s e a s t under Nanaimo Group 
sediments from M i d d l e Quinsam Lake t o n e a r l y t h e I r o n R i v e r . On t h e o t h e r 
hand, the v o l c a n i c - d e r i v e d c o n q l o m e r a t e n o r t h o f M i d d l e Quinsam and 
Gooseneck Lakes i n d i c a t e s a nearby s o u r c e and s u q q e s t s t h a t t he s t o c k 
t h e r e does n o t e x t e n d f a r under the Nanaimo Group r o c k s . The s o u r c e and 
time o f i n t r o d u c t i o n o f the c a r b o n a t e r o c k s a r e unknown. P o s s i b l y t h e 
c a r b o n a t e i o n was d e r i v e d from the l i m e s t o n e near the t o p o f the Lower 
Bonanza d i v i s i o n , and t h e i r o n f o r t h e s i d e r i t e from t h e s u l p h i d e s , s k a r n 
m i n e r a l s , and even the m a g n e t i t e o f the s k a r n d e p o s i t . 

Where i t i s exposed i n t h e I r o n R i v e r , 300 t o 425 metres upstream from 
t h e west m a g n e t i t e orebody (see F i g . 3 ) , t h e r e c e s s i v e member i s 
c h a r a c t e r i z e d by c o a l y m a t e r i a l , c u l m i n a t i n g i n a t h i c k , c o m p o s i t e c o a l 
seam. The f o l l o w i n g s e c t i o n was o b s e r v e d , w i t h t h i c k n e s s e s e s t i m a t e d 
( T a b l e 4 ) . The o v e r l y i n g s a n d s t o n e l i e s i n a s h a l l o w s y n c l i n e , and t h e 
sequence i s r e p e a t e d u p s t r e a m i n i n v e r s e o r d e r . T h i c k n e s s e s a r e 
comparable, e x c e p t f o r t h e c o a l w h i c h t h i n s t o 1.5 m e t r e s . The b a s a l 
member i s m i s s i n g , and t h e c o a l y p e b b l e c o n g l o m e r a t e r e s t s d i r e c t l y on 
Lower Bonanza r o c k s . N o r t h w a r d , t h e r e c e s s i v e member i s r e p r e s e n t e d by a 
r o a d c u t expo s u r e o f c o a l n o r t h w e s t o f t h e s k a r n d e p o s i t ? i t i s n o t 
f u r t h e r exposed on the e a s t s i d e o f t h e a r e a o f Nanaimo Group e x p o s u r e s . 
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TABLE 4. SECTION OF RECESSIVE MEMBER IN THE IRON RIVER 

Metros 
5.00 Coal with at least two Interbeds of coaly shale 
0.45 Brown sandstone 
0.60 Coaly shale 
0.18 Brown sandstone 
1.38 Coaly paper shales 
0.30 Brown sandstone 
0.90 Coaly* gritty grey sandstone 
3.00 Coaly, pebbly shales and pebble conglomerate 

11.51 

At t h e s h a r p west l o o p o f t h e I r o n R i v e r a s m a l l l e n s o f c o a l i s 
c o n t a i n e d w i t h i n g r e y s a n d s t o n e , w h i c h p a s s e s down t h r o u g h brown 
sa n d s t o n e t o c o n g l o m e r a t e , and up t h r o u g h mudstone t o a 1.5-metre 
c o n g l o m e r a t e l e n s c o n s i s t i n g o f rounded and a n g u l a r c l a s t s o f g r a n i t i c 
r o c k i n a mudstone m a t r i x . I m p r e s s i o n s o f t r e e l e a v e s i n t h e brown 
s a n d s t o n e may i n d i c a t e f l u v i a l d e p o s i t i o n . A f i n a l p o s s i b l e e x p o s u r e o f 
the r e c e s s i v e member i n the I r o n R i v e r i s 400 metres above the mouth o f 
Chute C r e e k . There, some 45 c e n t i m e t r e s o f c o a l appears t o r e s t d i r e c t l y 
on Lower Bonanza r o c k s ; i t i s o v e r l a i n by g r i t and s a n d s t o n e . 

The c o n t a c t between the b a s a l and r e c e s s i v e members i s i n e f f e c t a 
d i s c o n f o r m i t y . When the h o l l o w s were f i l l e d w i t h the b a s a l s e d i m e n t s , 
capped i n p l a c e s by a metre o r two o f sand, f u r t h e r sands were b y p a s s e d . 
When s e d i m e n t a t i o n resumed c o n d i t i o n s had changed, the sediments b e i n g 
g e n e r a l l y f i n e r and mixed w i t h o r g a n i c m a t e r i a l . The i n i t i a l o r g a n i c 
d e b r i s may be a l l o c h t h o n o u s , b u t i n t e r l e a v i n g o f c o a l i n the s h a l e s 
s u g g e s t s a c c u m u l a t i o n o f the o r g a n i c m a t e r i a l in s i t u . T h i s would 
i m p l y d e p o s i t i o n i n s h a l l o w w a t e r , t h a t i s , a marsh o r swamp. Such swamp, 
o r swamps, would p r o b a b l y have been p a r a l i c and b r a c k i s h , w h i l e the l a n d 
s l o w l y sank r e l a t i v e t o sea l e v e l . 

On t h e w e s t e r n s i d e t h e r e c e s s i v e member i s exposed o n l y i n o p e n i n g s on 
c o a l . However, t h e s e c t i o n s c o n s t r u c t e d from t h e d r i l l e r s ' l o g s show t h a t 
i t i s p r e s e n t v i r t u a l l y t h r o u g h o u t t he a r e a d r i l l e d , a b e l t e x t e n d i n g 
from near t h e highway t o t h e Quinsam R i v e r and i n c l u d i n g t h e a r e a o f 
Nanaimo Group r o c k s s o u t h e a s t o f Long and G u l l L a k e s . 

A rugged t r i g o n i i d p e l e c y p o d was c o l l e c t e d from t h e s a n d s t o n e member a t 
t h e f o o t o f the f a l l s i n t h e Quinsam R i v e r , and found t o most c l o s e l y 
r e s e m b l e Myophorella• S i n c e a l l t r i g o n i i d s a r e m a r i n e , t h e 
sand s t o n e member r e p r e s e n t s a marine i n c u r s i o n . I t i s n o t c l e a r whether 
t h e s h a l y member i s ma r i n e , w i t h t r a n s p o r t e d o r g a n i c d e b r i s , o r whether 
i t r e p r e s e n t s a s h o a l i n g t o renewed p a r a l i c c o n d i t i o n s . I t i s exposed i n 
th e Quinsam R i v e r , b u t i t i s known m o s t l y from the d r i l l l o g s , from which 
i t i s found t o be l e s s e x t e n s i v e than the r e c e s s i v e member. D r i l l 
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s e c t i o n s on the e a s t s i d e show t h a t t h e sa n d s t o n e member p i n c h e s o u t 
southward, and a t h i n n e d s h a l y member c o a l e s c e s w i t h t h e r e c e s s i v e 
member. 

A s h o r t d i s t a n c e above t h e s h a l y member t h e s a n d s t o n e i s c r o s s b e d d e d 
c o a r s e l y and a t l a r g e a n g l e s , s u g g e s t i n g d e l t a i c c o n d i t i o n s . F a r t h e r down 
the Quinsam R i v e r , and up i n t h e s e c t i o n , t h e r e a r e two more s h a l y 
i n t e r b e d s , c o n t a i n i n g 35 and 17 c e n t i m e t r e s o f c o a l r e s p e c t i v e l y . They 
a r e n o t exposed e l s e w h e r e b u t appear t o have been i n t e r s e c t e d by some 
d r i l l h o l e s . 
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STRUCTURAL GEOLOGY 

F o r t h e most p a r t t h e bedded r o c k s have been o n l y q e n t l y f o l d e d , and d i p s 
a r e g e n e r a l l y low. In t h e I r o n R i v e r above Chute Creek, however, 
d e f o r m a t i o n i s more i n t e n s e and c l e a r l y p r e - L a t e C r e t a c e o u s . Lower 
Bonanza beds have been thrown i n t o s m a l l t i g h t f o l d s and a r e o v e r l a i n by 
v i r t u a l l y f l a t - l y i n g Nanaimo Group beds. The f o l d axes t r e n d a bout 340 
degrees and p l u n g e a p p r o x i m a t e l y 10 t o 20 d e g r e e s . In one o u t c r o p 
v e r t i c a l beds a r e s i n u o u s , i n d i c a t i n g some c o m p r e s s i o n p a r a l l e l t o the 
a x e s . No s a t i s f a c t o r y e x p l a n a t i o n f o r t h i s i n c r e a s e d d e f o r m a t i o n i s 
a p p a r e n t . In t h e n o r t h w e s t p a r t o f the a r e a the Lower Bonanza beds a r e 
g e n e r a l l y c l o s e t o f l a t l y i n g . P a r s o n Bay beds near the mouth o f t h e 
s p i l l w a y a r e warped, w i t h an a v e r a g e d i p o f 30 degrees e a s t . T h i n beds i n 
a nearby Nanaimo o u t l i e r d i p 13 degrees w e s t . 

F a u l t i n g can be i n f e r r e d t o be b o t h pre and p o s t - L a t e C r e t a c e o u s . One 
major f a u l t p r o b a b l y u n d e r l i e s Long Lake and the swampy v a l l e y c o n t i n u i n g 
t o the s o u t h w e s t . The a b r u p t southwestward s h i f t i n the boundary o f t h e 
Quinsam s t o c k has been n o t e d p r e v i o u s l y . The e a r l y m a f i c phase i n t r u s i v e 
r o c k on the n o r t h w e s t s i d e o f Long Lake c o u l d be i n t e r p r e t e d as a 
m a r g i n a l phase on the s o u t h e a s t s i d e o f a l a r g e tongue, b u t t h i s m a f i c 
phase i t s e l f a p pears t o have been s h i f t e d s o u t h w e s t , t o t h e low r i d g e 
between t h e v a l l e y s o f Long and G u l l L a k e s . The l i n e a m e n t p e t e r s o u t i n a 
s h o r t d i s t a n c e t o t h e n o r t h e a s t , where the f a u l t p a s s e s under Nanaimo 
s e d i m e n t s , and s e c t i o n s o f them a c r o s s the f a u l t e x t e n s i o n i n d i c a t e a 
maximum p o s s i b l e downthrow on the s o u t h e a s t s i d e o f 12 m e t r e s . There does 
n o t appear t o be much post-Nanaimo-time h o r i z o n t a l movement because t h e r e 
i s no a p p a r e n t d i s p l a c e m e n t o f the e a s t m a r g i n . The l o b e o f Nanaimo Group 
r o c k s s o u t h e a s t o f Long Lake v a l l e y can be e x p l a i n e d i f t h e g r a n i t i c 
r i d g e between M i d d l e Quinsam and Long Lakes i s an exhumed pre-Nanaimo 
r i d g e , on which t h e l o w e r Nanaimo members were never d e p o s i t e d and from 
which the h i g h e r beds have been e r o d e d . 

O v e r a l l , Nanaimo Group r o c k s form a s h a l l o w asymmetric s y n c l i n e . S m a l l e r 
f l e x u r e s a r e s u p e r i m p o s e d on i t i n the s o u t h p a r t a s , f o r example, t h e 
s y n c l i n e n o t e d i n d e s c r i b i n g the sequence i n the r e c e s s i v e member i n t h e 
I r o n R i v e r . The o v e r a l l a x i s a p p a r e n t l y t r e n d s west o f n o r t h , a l t h o u q h 
l o c a l b e d d i n q may d i v e r q e . The west l i m b d i p s q e n t l y ; 8 deqrees was 
measured on c o a l i n the s h a l y member i n t h e Quinsam R i v e r . The e a s t l i m b 
d i p s more s t e e p l y , commonly around 20 d e q r e e s , f o r p o s s i b l y s e v e r a l 
combined r e a s o n s . On t h e s o u t h s h o r e o f Campbell Lake beds t u r n up 
s h a r p l y o v e r 30 m e t r e s , from 50 deqrees west i n s a n d s t o n e t o v e r t i c a l i n 
the b a s a l c o n q l o m e r a t e . The c o n q l o m e r a t e i s r u b b l e d a t the end o f 
e x p o s u r e , and t h e c o n t a c t w i t h t h e Karmutsen F o r m a t i o n i s c o v e r e d . 
C l e a r l y , Nanaimo Group r o c k s h e r e have been d o w n f a u l t e d a q a i n s t t h e 
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Karmutsen F o r m a t i o n , and t h e b a s a l beds dragged up i n t h e p r o c e s s . 
Southward, e x p o s u r e i s i n s u f f i c i e n t t o i n d i c a t e t h e n a t u r e o f t h e 
c o n t a c t . A t Lukwa Lake i t may be an u n c o n f o r m i t y . D e r i v e d s e c t i o n s j u s t 
west o f the s k a r n d e p o s i t i n d i c a t e t h a t Nanaimo beds s t e e p e n toward i t , 
b u t t h i s may be e x p l a i n e d by d r a p i n g and d i f f e r e n t i a l c o m p a c t i o n on t h e 
s t e e p f l a n k o f a b e d r o c k h i l l . I f t h e u p t u r n i n g i s c a u s e d by down-
f a u l t i n g , t h e o u t c r o p d i s t r i b u t i o n ( F i g . 3) r e q u i r e s t h a t t h e f a u l t l i e 
w i t h i n the Nanaimo Group. I n a d d i t i o n t o f a u l t i n g and d r a p i n g , t h e 
s t e e p e n i n g o f the e a s t l i m b c o u l d have been caused by p r e s s u r e on 
Vancouver I s l a n d from t h e w e s t - d r i f t i n g N o r t h American p l a t e . 

A f a u l t a l m o s t s u r e l y u n d e r l i e s the west t a i l o f B e a v e r t a i l Lake and t h e 
narrow swampy v a l l e y t o the w e s t . The c o n t a c t o f the Nanaimo Group w i t h 
the Quinsam s t o c k i s e f f e c t i v e l y d i s p l a c e d t o the r i g h t . T h i s c o u l d have 
been a c c o m p l i s h e d e q u a l l y w e l l by r i q h t l a t e r a l movement o r by downthrow 
on the s o u t h o f the g e n t l y d i p p i n g beds. A s m a l l r i g h t - h a n d d e f l e c t i o n o f 
t h e west c o n t a c t o f t h e s t o c k may o r may n o t be caused by r i g h t l a t e r a l 
f a u l t i n g . 

Many s m a l l f a u l t s , w i t h d i s p l a c e m e n t s o f 3 metres o r l e s s , can be seen i n 
w e l l - e x p o s e d bedded r o c k s . Two i n I r o n R i v e r form a graben w h i c h has 
p r e s e r v e d t h e Lower Bonanza l i m e s t o n e b u t do n o t appear t o c u t Nanaimo 
bed s . On t h e o t h e r hand, t h e upper c o n t a c t o f the Nanaimo r e c e s s i v e s h a l y 
member i s downthrown on t h e s o u t h o f a t i g h t f r a c t u r e . J u s t s o u t h o f 
S t r a t h c o n a Dam t h e P a r s o n Bay-Lower Bonanza c o n t a c t i s r e p e a t e d l y f a u l t e d 
and downthrown on t h e s o u t h . 

30 



ALTERATION AND HETAMORPHISM 

The i g n e o u s r o c k s have been a l t e r e d t o v a r y i n g d e g r e e s . In the Karmutsen 
l a v a s p r i m a r y pyroxene has been r e p l a c e d by amp h i b o l e , which has n o t been 
f u r t h e r a l t e r e d , and the p l a g i o c l a s e has been v a r i a b l y s a u s s u r i t i z e d . 
T h i s a l t e r a t i o n may be d e u t e r i c . Lavas i n the Lower Bonanza d i v i s i o n show 
moderate a l t e r a t i o n t o e p i d o t e ; more i n t e n s e a l t e r a t i o n i s a s s o c i a t e d 
w i t h f r a c t u r e v e i n l e t s o f e p i d o t e , f e l d s p a r , c h l o r i t e , and c a l c i t e . The 
M i d d l e Bonanza l a v a s show a w i d e s p r e a d b u t s l i g h t p r o p y l i t i c a l t e r a t i o n . 
L o c a l l y t h e r e has been moderate t o s t r o n g a l t e r a t i o n o f p l a g i o c l a s e t o 
s a u s s u r i t e . M i d d l e Bonanza t u f f s a r e more s t r o n g l y a l t e r e d t h a n t he 
l a v a s , i n d i c a t i n g t h a t t h e a l t e r a t i o n i s l a r g e l y p o s t - d e p o s i t i o n a l r a t h e r 
t h a n d e u t e r i c . W i t h t h e i r more open s t r u c t u r e t h e t u f f s would p r o v i d e 
r e a d i e r a c c e s s t o c i r c u l a t i n g f l u i d s t h a n would c o n s o l i d a t e d l a v a . The 
g r e y i n t r u s i o n s a r e f r e s h t o m o d e r a t e l y p r o p y l i t i z e d and s a u s s u r i t i z e d . 
A l t e r a t i o n o f the Quinsam s t o c k i s weak b u t p e r s i s t e n t , m a i n l y p a r t i a l 
a l t e r a t i o n o f b i o t i t e and h o r n b l e n d e t o c h l o r i t e . 

Metamorphism o f the o l d e r s e d i m e n t a r y r o c k s has g e n e r a l l y n o t p r o c e e d e d 
beyond complete i n d u r a t i o n . A l i t t l e o f the carb o n a c e o u s m a t e r i a l has 
been removed from the P a r s o n Bay a r g i l l i t e near t h e s p i l l w a y . A g a i n s t t h e 
Quinsam s t o c k Lower Bonanza beds l o o k somewhat h o r n f e l s e d and a r e c u t by 
g a r n e t v e i n l e t s . The e p i d o t e i n th e f o s s i l - b e a r i n g e p i d o s i t e c l e a r l y h a s 
n o t formed by metamorphism in situ, and presumably was er o d e d from 
the u n d e r l y i n g v o l c a n i c r o c k s . 

D i a g e n e s i s o f the Nanaimo Group seems t o i n c r e a s e somewhat from n o r t h t o 
s o u t h . A b i t o f u n a l t e r e d bark was found i n s o f t s a n d s t o n e on the s h o r e 
o f C ampbell L a k e . A l o n g t he Quinsam R i v e r the sa n d s t o n e i s h a r d e r and 
c o n c r e t i o n a r y , and a l o n g the I r o n R i v e r l e a v e s i n sa n d s t o n e a r e 
t h o r o u g h l y c o a l i f i e d . The c o a l i n the I r o n R i v e r seems h a r d e r t h a n i t 
s h o u l d be, and i t has been s u g g e s t e d t h a t i t has been metamorphosed by 
the s t o c k e a s t o f the r i v e r , w h i c h may be o f T e r t i a r y age. However, t h e r e 
a r e v e r y f i n e - g r a i n e d c a r b o n a t e r o c k s a t the base o f the Nanaimo Group 
j u s t s o u t h o f the s k a r n d e p o s i t t h a t a r e n o t r e c r y s t a l l i z e d ; c l e a r l y t h e y 
were n o t s u b j e c t e d t o a p p r e c i a b l e h e a t . 
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ECONOMIC GEOLOGY 

COAL 

The p r i n c i p a l p o t e n t i a l m i n e r a l r e s o u r c e o f t h e a r e a i s c o a l i n t h e 
Nanaimo Group. F i v e seams a r e known, b u t o n l y t h e l o w e r t h r e e show 
economic t h i c k n e s s and e x t e n t . Nos. 1 and 2 seams a r e i n t h e r e c e s s i v e 
member and No. 3 i s i n the t h i n s h a l y member, as shown i n the s e c t i o n s on 
F i g u r e 4 ( i n p o c k e t ) . On F i g u r e 4d, on the e a s t l i m b o f the s y n c l i n e , No. 
1 seam p i n c h e s s o u thward and Nos. 2 and 3 con v e r g e due t o t h i n n i n g and 
p i n c h i n g o f t h e s a n d s t o n e member. The t h i c k c o a l s e c t i o n i n t h e I r o n 
R i v e r i s t h u s a c o m p o s i t e o f Nos. 2 and 3 seams, w i t h some i n t e r b e d d e d 
s h a l e . As n o t e d , t h i s c o m p o s i t e seam t h i n s m a r k e d l y u p s t r e a m a c r o s s a 
s u b s i d i a r y s y n c l i n e , and i s r e p r e s e n t e d o n l y by l e n s e s a t t h e l a r g e 
westward l o o p o f t h e r i v e r . The n o r t h w a r d e x t e n t o f the seams on t h e e a s t 
l i m b o f the main s y n c l i n e was n o t d e t e r m i n e d by t h e d r i l l i n g . On the west 
l i m b t he s y s t e m a t i c d r i l l i n g t r a c e d a t l e a s t one seam t o l i n e 195, near 
the highway, and two e a r l i e r e x p l o r a t o r y h o l e s a l o n g t he West Main Hau l 
r o a d e a s t o f B e a v e r t a i l Lake a l s o found c o a l ; a h o l e s o u t h o f t h i s l a k e 
was b a r r e n . 

The seams c o n t a i n i n t e r b e d s o f s h a l e , and p y r i t e f i l m s a l o n g t he c l e a t . 
The i n t e r b e d s a r e commonly 25 t o 50 c e n t i m e t r e s t h i c k , and c o u l d not be 
shown on the s e c t i o n s . The seam t h i c k n e s s used i n c a l c u l a t i n g r e s e r v e s i s 
the a g g r e g a t e o f c o a l o n l y . Two samples t a k e n from the No. 1 seam b e s i d e 
the a d i t were p a r t i a l l y a n a l y s e d : 

77- 110 Composite o f 2 5 - c e n t i m e t r e r i d e r , above a s h a l e 
i n t e r b e d , and exposed p a r t o f main p a r t o f seam; 
s u l p h u r , 1.97 p e r c e n t ; p h o s p h o r u s , 0.62 per c e n t ; 
and a s h , 5.21 p e r c e n t 

78- 205 Upper 90 c e n t i m e t r e s o f main p a r t o f seam; s u l p h u r , 
1.80 p e r c e n t ; and ph o s p h o r u s , <0.1 p e r c e n t 

C l e a r l y t he r i d e r i s h i g h e r i n s u l p h u r (as p y r i t e ) and much h i g h e r i n 
phosphorus t h a n t h e main p a r t o f No. 1 seam. Weldwood o f Canada L i m i t e d ' s 
c o a l c o n s u l t a n t , Mr. C u r c i o , t o l d t h e w r i t e r t h a t Nos. 2 and 3 seams 
c o n t a i n more s u l p h u r t h a n No. 1. Some o f the p y r i t e c an be washed o u t , 
but B a r n s t a b l e (1980) s t a t e d t h a t t he c l e a n e d c o a l would c o n t a i n 0.91 p e r 
c e n t s u l p h u r . I t i s t h e r e f o r e t h e r m a l , n o t m e t a l l u r g i c a l , c o a l . 

R e serves were c a l c u l a t e d f o r each seam i n the d r i l l e d a r e a s . A l l 
i n t e r s e c t i o n s were s h a l l o w e r t h a n t he 300 metres recommended i n Coal 
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Resources and Reserves of Canada ( 1 9 7 9 ) , F o r Nos, 2 and 3 seams h o l e s 
w i t h I n t e r s e c t i o n s l e s s t h a n 1,5 metres (5 f e e t ) were n o t i n c l u d e d . F o r 
No, 1 seam t h e minimum was s e t i n e r r o r a t 1,2 metres (4 f e e t ) ; however a 
mere e i g h t h o l e s would have t o be d i s c a r d e d t o b r i n g t h e minimum t o 1,5 
me t r e s , and i n s p e c t i o n shows t h a t t h i s would d e c r e a s e t h e a r e a s v e r y 
l i t t l e . The p r o d u c t i v e h o l e s were r e p l o t t e d and r e c t a n g l e s drawn around 
them such t h a t no p a r t o f a r e c t a n g l e was more t h a n 300 metres (1,000 
f e e t ) from a p r o d u c t i v e h o l e . Where t h e s i d e o f a c l u s t e r was a row o f 
p r o d u c t i v e h o l e s , t h e s i d e o f t h e r e c t a n g l e was p l a c e d 75 metres (250 
f e e t ) beyond. F i g u r e s 5 and 6 ( i n p o c k e t ) show t h i s p l o t f o r Nos, 1 and 2 
seams. An a r i t h m e t i c a v e r a g e o f t h e t h i c k n e s s was c a l c u l a t e d f o r each 
r e c t a n g l e . The computed volumes w i t h i n t h e r e c t a n g l e s were summed f o r 
each seam and c o n v e r t e d from c u b i c f e e t t o m e t r i c t o n n e s . A 
b a c k - c a l c u l a t i o n showed a s p e c i f i c g r a v i t y o f 1.29 had been used i n 
c a l c u l a t i n g t h e r e s e r v e s f o r t h e Quinsam a r e a g i v e n by M u l l e r and 
A t c h i s o n ( 1 9 7 1 ) , and t h a t f i g u r e was used i n t h e p r e s e n t c a l c u l a t i o n s . 
The computed r e s e r v e s a r e : No. 1 seam, 15 400 000 t o n n e s ; No. 2 seam, 
9 090 000 t o n n e s ; and No. 3 seam, 1 250 000 tonnes - t o t a l o f 25 740 000 
t o n n e s • 

METALLIFEROUS DEPOSITS 

M a g n e t i t e and a s s o c i a t e d c h a l c o p y r i t e i n g a r n e t - e p i d o t e s k a r n form two 
o r e b o d i e s on t h e I r o n R i v e r . The west orebody i s exposed on a k n o l l 
t o p p i n g t he bank on the i n s i d e o f a r i v e r bend and i s s u r r o u n d e d by 
o v e r b u r d e n . The e a s t orebody i s exposed t o t h e e a s t i n t h e r i v e r b e d and 
e v i d e n t l y c o n t i n u e s under o v e r b u r d e n i n t h e r i g h t bank; t h e h o s t s k a r n 
g r a d e s outward t o a l t e r e d Karmutsen b a s a l t . R e s e r v e s were e s t i m a t e d i n 
1956 a t 730 000 tonnes (800,000 t o n s ) o f p r o b a b l e o r e g r a d i n g 36 per c e n t 
i r o n and 0.35 p e r c e n t c o p p e r . The 1965-1966 and 1971 d r i l l i n g o f the 
e a s t orebody a p p e a r s t o have i n c r e a s e d t h e tonnage s i g n i f i c a n t l y . 

South and e a s t o f S t r a t h c o n a Dam t h e Lower Bonanza d i v i s i o n c o n t a i n s 
abundant d i s s e m i n a t e d p y r i t e . A g r a b sample o f some o f the most h e a v i l y 
p y r i t i z e d r o c k a s s a y e d g o l d <0.3 ppm; s i l v e r <10 ppm; and copper 0.10 per 
c e n t . The g r e y i n t r u s i o n s i n t h i s p a r t o f the a r e a a r e a l s o p y r i t i z e d , 
b u t l e s s s t r o n g l y . 

The M i d d l e Bonanza d i v i s i o n i s somewhat p y r i t i z e d . Sample 82-140 was 
t a k e n from a r e c e n t t r e n c h b e s i d e t he r o a d a l o n g t h e e a s t s i d e o f G e n t i a n 
Lake, and 82-154 from a r o a d c u t o f Branch J . Assays a r e g i v e n i n Table 5. 

In 1976, 13 p i t s and t r e n c h e s had been made i n a medium g r e y phase o f t h e 
Quinsam s t o c k west o f G e n t i a n L a k e . These w o r k i n g s were on R. B. Hopton's 
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Cedar H i l l No, 2 c l a i m * Most exposed o n l y minor p y r i t e , b u t t h r e e were 
more p r o m i s i n g * By 1982 t h e s e t h r e e had been deepened and l e n g t h e n e d , and 
t h e y a r e shown on F i g u r e 2 as Nos* 9, 10, and 11* Trench No* 9 exposes 
c h a l c o p y r i t e i n mas s i v e p y r i t e i n a narrow s h e a r zone; sample 82-155 was 
t a k e n o f the s u l p h i d e s * T r e n c h No. 10 exposes l e n s e s o f c h a l c o p y r i t e i n 
two s m a l l s h e a r z o n e s ; sample 82-156 was t a k e n o f s u l p h i d e and s h e a r e d 
r o c k . Trench No. 11 r u n s i n 10 metres t o a 4-metre-high f a c e ; a weak, 
v e r t i c a l s h e a r zone s t r i k e s 075 d e g r e e s ; i t c a r r i e s l e n s e s o f 
c h a l c o p y r i t e and s p h a l e r i t e ; sample 82-157 was t a k e n a c r o s s t he zone. 

TABLE 5. ASSAYS OF SAMPLES FROM GENTIAN LAKE AREA 

GOLD 
ppm 

SILVER 
ppm 

COPPER 
per cent* 

LEAD 
per cent 

ZINC 
per cent 

82-140 
82-154 
82-155 
82-156 
82-157 

<1 
<1 
0.3 
0.3 
0.3 

0.9 
0.3 

148 
154 
169 

43 ppm 
60 ppm 
12.9 
6.71 

12.9 

0.02 
0.08 
0.14 

1.51 
0.05 

14.2 

*Except as noted. 
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APPENDIX 

PETROGRAPHIC NOTES 

WHITE OPAQUE 

Most t e x t b o o k s a s s e r t t h a t an opaque m i n e r a l t h a t i s w h i t e i n r e f l e c t e d 
l i g h t i s l e u c o x e n e . T h i s i s a r e a s o n a b l e c o n c l u s i o n where i t e n c l o s e s 
i l m e n i t e , b u t most does n o t . Some o f i t e n c l o s e s p y r i t e and i s c l e a r l y 
l i m o n i t e . Some l i e s on s i d e r i t e and can a l s o be assumed t o be l i m o n i t e . 
Most o f the w h i t e opaque, however, c o a t s e p i d o t e . In p l a n e - p o l a r i z e d 
t r a n s m i t t e d l i q h t t h e q r a i n s a r e d a r k q r e y , and t h e y a r e dar k between 
c r o s s e d n i c o l s . In t h i n n e r p a r t s o f t h e s l i d e and w i t h i n c r e a s e d 
i l l u m i n a t i o n , however, t h e s t r o n q b i r e f r i n q e n c e o f e p i d o t e can be 
d i s c e r n e d . The i d e n t i f i c a t i o n i s c o n f i r m e d i n v a r i o u s ways, such as 
n e a r - p a r a l l e l e x t i n c t i o n and a s s o c i a t i o n w i t h c l i n o z o i s i t e s h o w i n q 
s i m i l a r l y h i q h r e l i e f and t h e u s u a l abnormal i n t e r f e r e n c e c o l o u r s . The 
c l i n o z o i s i t e i s u n a l t e r e d , so the opaque w h i t e d u s t i n t h e i r o n - b e a r i n q 
e p i d o t e i s p r o b a b l y l i m o n i t e a l s o . 

PLAGIOCLASE DETERMINATION 

Most i q n e o u s r o c k c l a s s i f i c a t i o n s a r e based on t h e c o n t e n t o f q u a r t z and 
th e v a r i o u s f e l d s p a r s , and i n t h e absence o f p o t a s h f e l d s p a r s t h e 
c o m p o s i t i o n o f t h e p l a q i o c l a s e i s p a r t i c u l a r l y i m p o r t a n t . The r e f r a c t i v e 
i n d e x r e l a t i v e t o t h e mountinq medium can be r e l i a b l y d e t e r m i n e d o n l y on 
f r e s h q r a i n s . P l a q i o c l a s e s c o n t a i n i n q an av e r a q e amount o f a l l o p h a n e d u s t 
u s u a l l y break t o a l i n e o f a l t e r a t i o n , and t h e Becke e f f e c t i s t h a t o f 
the a l l o p h a n e . I f the a l t e r a t i o n i s f a i r l y l i q h t , an a q q r e q a t e Becke l i n e 
may be o b t a i n a b l e u s i n q a medium power o b j e c t i v e and r e d u c e d a o e r t u r e . 
The d e t e r m i n a t i o n r e l a t i v e t o q u a r t z i s e a s i e r and s u r e r - p r o v i d e d 
q u a r t z i s p r e s e n t . F o r more a l t e r e d p l a q i o c l a s e s and f o r more p r e c i s e 
d e t e r m i n a t i o n , r e c o u r s e i s n o r m a l l y had t o t h e e x t i n c t i o n a n q l e s o f 
a l b i t e t w i n s . F o r b a t h o l i t h s and s t o c k s c u r v e s based on a n a l y s e d m a t e r i a l 
have l o n q s i n c e been e s t a b l i s h e d , b u t some u n c e r t a i n t y p e r t a i n s t o s m a l l 
i n t r u s i o n s and v o l c a n i c r o c k s . 

As r e l a t e d by T o b i ( 1 9 6 3 ) , K o h l e r i n 1923 found t h a t he o b t a i n e d smooth 
c u r v e s f o r h i s c h a r t s f o r combined A l b i t e - C a r I s b a d t w i n n i n q o n l y when 
d a t a f o r c e r t a i n l a v a p h e n o c r y s t s were l e f t o u t . T e r t s c h c o n s t r u c t e d a 
c h a r t f o r h i q h - t e m p e r a t u r e p l a q i o c l a s e i n 1942, and T o b i r e c o n s t r u c t e d 
the c h a r t s i n 1963, based on d a t a c o l l e c t e d and r e v i e w e d by van d e r 
Kaaden. The h i q h - t e m p e r a t u r e d a t a a r e from a m i x t u r e o f n a t u r a l , h e a t e d 
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and Quenched n a t u r a l , and s y n t h e t i c p l a q i o c l a s e s ; t h e v a l i d i t y o f t h e 
c u r v e s has been q u e s t i o n e d . I t i s r e a s o n a b l e t o assume t h a t c r y s t a l s i n 
n a t u r a l l y quenched m a t e r i a l , s u c h as welded t u f f s , s h o u l d a p p r o x i m a t e the 
a r t i f i c i a l l y quenched c r y s t a l s i n c h a r a c t e r , b u t c r y s t a l s i n l a v a f l o w s , 
s i l l s , * n d d y k e s , w h i c h c o o l more s l o w l y , must s u r e l y be i n t e r m e d i a t e 
between the h i q h and l o w - t e m p e r a t u r e f o r m s . F o r a n d e s i n e t h e 
l o w - t e m p e r a t u r e c u r v e s y i e l d a c o m p o s i t i o n t h a t i s a b out 5 a n o r t h i t e 
p e r c e n t a q e p o i n t s above t h a t f r o m t h e h i q h - t e m p e r a t u r e c u r v e s . F o r 
o l i q o c l a s e t h e d i f f e r e n c e i s l e s s , and f o r l a b r a d o r i t e i t i s a b out 9 
p e r c e n t a q e p o i n t s . I n t h i s s t u d y o n e - t h i r d o f t h e d i f f e r e n c e has been 
assumed f o r l a v a s and t w o - t h i r d s f o r h y p a b y s s a l r o c k s . 
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