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ABSTRACT 
Occurs 

Copper m i n e r a l i z a t i o n ari?-p*iesr&-nt on t h e K i n g Solomon and 

B l u e b e l l c l a i m s i n t h e Helm^cken Land D i s t r i c t , Vancouver I s l a n d , B.C. 

I t &oftsi*W-e*f c h a l c o p y r i t e i n g r e e n s t o n e ^ , c h e r t and l i m e s t o n e o f t h e 

S i c k e r §roup and i s a s s o c i a t e d w i t h s u l p h i d e s and o x i d e s o f i r o n . The 

S i c k e r fl^roup i s f o l d e d and f a u l t e d and i n t r u d e d by d i a b a s i c , h y p a b y s s a l 

r o c k s b e l i e v e d t o be a s s o c i a t e d w i t h t h e F r a n k l i n Creek p e r i o d o f 

v u l c a n i s m . These i n t r u s i v e s r o c k s have been e s t a b l i s h e d as t h e Lower 

Vancouver fl^roup i n t h e Cowichan Lake A r e a ( F y l e s 1 9 5 5 ) * These d i a b a s i c 

i n t r u s i o n s i n t 6 f r f n y a l o n g w i t h t h e o l d e i s ^ s e d i m e n t s ^ have been e x t e n s i v e l y 

i n t r u d e d by dj?Ice-like bodjj^s o f qespfes-gefefep©=ead g r a n i t i c r o c k s 

b e l i e v e d t o be a s s o c i a t e d w i t h t h e Coast Range p e r i o d o f i n t r u s i o n . 

I t i s commonly b e l i e v e d t h a t t h e m i n e r a l i z a t i o n were o c c u r r e d a t t h e 

c l o s e o f t h i s i n t r u s i v e p e r i o d . The a r e a and t h e d e p o s i t s have been 

f a u l t e d and h j s l i g h t l y deformed s i n c e C r e t a c e o u s t i m e . 
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CHAPTER I 

I n t r o d u c t i o n 

The C e l l a r d o r Mines L t d , i s a new company w h i c h was formed 

i n 1 9 5 6 j i n v i e w o f e x p l o r i n g and m i n i n g t h e copper showings on t h e 

Copper life* i n t h e w e s t e r n section^JLand D i s t r i c t , Vancouver I s l a n d , 

B.C. T h i s company, formed by Mr. Oswood McDonald, has s t a k e d 48 

c l a i m s and has t a k e n over 5 Crown Granted J l a i m s . T h i s t h e s i s i s 

i n t h e n a t u r e o f a p r e l i m i n a r y -ge^ti^g4e r e p o r t d e a l i n g w i t h t h e 
ftOD 

g e o l o g y o f Z o f t h e s e Crown Granted filaims, t h e B l u e b e l l and K i n g 

Solomon. T)»- = - B l i ^ h f i l I - J B i ^ d & ^ = S a i o f l B 9 n were chosen because t h e f - c o n t -
QfftCf 

a i n e d t h e o r i g i n a l s h o w i n g s ^ t h u s havtSCg. had t h e most development work 

done on them. 

L o c a t i \ o n sHet=H= 

The a r e a i s l o c a t e d on t h e e a s t s i d e o f Vancouver I s l a n d , between 

V i c t o r i a and Duncan. The c l a i m s are s i t u a t e d on a s m a l l ^ b u r n t - o v e r 

h i l l a t e l e v a t i o n s o f 600 t o 1 , 2 0 0 f e e t above sea l e v e l . More 

s p e c i f i c a l l y t h e c l a i m s are l o c a t e d i m m e d i a t e l y n o r t h o f the K o k s i l a h 

R i v e r , some seven m i l e s due s o u t h o f Duncan. The group o f c l a i m s 

l i e s i n t h e s o u t h e a s t e r n c o r n e r o f t h e Helmcken Land D i s t r i c t anaL..i,s 

w i t h i n t h e V i c t o r i a M i n i n g D i v i s i o n . They e r e t r a v e r s e d by t h e C a n a d i a n 

N a t i o n a l R a i l w a y ' s l i n e t o Cowichan L a k e , and t h e r e i s a s i d i n g c a l l e d 
oiS*ta.ty A*/*u) *4e. &$Q foot fe*/^/* 

t h e K i n a o l S t a t i o n ^ They a r e c o n n e c t e d by two poor g r a v e l r o a d s 

a p p r o x i m a t e l y 6 m i l e s west o f Cowichan S t a t i o n and 12 m i l e s f r o m Duncan. 

These r o a d s have been i m p a s s a b l e f o r o r d i n a r y v e h i c l e s d u r i n g t h e w i n t e r 

months• 

H i s t o r y 

The d e p o s i t s i n t h e Helmecken d i s t r i c t were d i s c o v r e d about 

1 9 0 0 . W i t h i n t h e n e x t few y e a r s i t became e v i d e n t t h a t t h e s e d e p o s i t s 

c o u l d be o f economic i n t e r e s t a n d t i n view o f t h i s f a c t , a s m a l l company 



t h e K i n g Solomon Mines L t d . was formed i n 1904 t o a c q u i r e t h e K i n g 

Solomon and t h e a d j o i n i n g Queen o f Sheba c l a i m s f r o m t h e o r i g i n a l 

p r o s p e c t o r s . I n 1905 ^orty t o n s o f 8% copper > a -s%hipped t o t h e ^ y e e 

Copper Companies s m e l t e r a t L a d y s m i t h . I n October o f t h i s same y e a r 

t h e B l t f & b e l l c l a i m * was r e c o r d e d and many p r o p e r t i e s i n t h e v i c i n i t y 

were begiag a c t i v e l y e x p l o r e d . D e a f ^ i ^ m i e ^ ^ o ^ ^ o ^ ^ * ^ S t r i p p i n g * a^tc/ 

ama-11 a d i t a n d — s h a f t t y p e proceeded on b o t h t h e B l u e b e l l and K i n g 

Solomon p r o p e r t i e s u n i t l 1 9 0 7 , when f i v e c a r l o a d s o f 5~^% copper we* vjere, 

s h i p p e d f r o m t h e B l u e b e l l . T h i s c u l m i n a t e d most o f t h e work done t o 

d a t e on t h e B l u e b e l l , but i n t e r m i t t e n t work c o n t i n u e d on t h e K i n g 

Solomon u n t i l 1916 when t h e l a s t shipment o f 2^0 t o n s o f k$> copper o r e 

was s h i p p e d t o L a d y s m i t h by Joe G a l l o . The h i g h e s t ^ U l c v ^ n S r H g p e r i o d 

o f a c t i v i t y between 1907 and 1916 on t h e K i n g Solomon w a s ^ | ^ f 9 1 2 and 191J 

when JOJ t o n s o f 5% copper o r e we^s^shipped and t h e l o n g a d i t a t t h e 

580 f o o t l e v e l was d r i v e n . T h i s a d i t was d r i v e n i n an attempt t o 

i n t e r s e c t t h e ore body o u t c r o p p i n g a t t h e 750 f o o t l e v e l . / , t h u s g i v i n g 

a d e p t h a l o n g t h e d i p o f some 4^0 f e e t . I n 191? t h e w o r k i n g s were 

abandoned a f t e r t h e a d i t had reached a l e n g t h o f some 6 5 0 f e e t . 

F o l l o w i n g t h i s ^ n o f t e w o r t h y work was done on t h e group o f c l a i m s u n t i l 

1 9 5 8 , when t h e C e l l a r d o r Mines L t d . was formed w i t h a # v i e w t o f u r t h e r 

d e v e l o p m e n t o f t h e known d e p o s i t s , and^ g e o p h y s i c a l l y e x p l o r i n g - t h e 

a d j a c e n t d r i f t c o v e r e d a r e a s . To d a t e t h i s company has c a r r i e d out 

an e x t e n s i v e d r i l l i n g programme t o d e t e r m i n e t h e e x t e n t of t h e known 

d e p o s i t s and has s t r i p p e d , by b u l l d o z e r , an a r e a t o t h e e a s t o f t h e 
vjjklch Succeed/tea/ 

b l u e b e l l showings s-acceediing i n e x p o s i n g some copper m i n e r a l i z a t i o n 

o f u n d e t e r m i n a b l e e x t e n t i n g r e e n s t o n e . By t h e f a l l o f 1959 t h e company 

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

s u r v e y . The g e o l o g i c s u r v e y was c a r r i e d out by a Japanese g e o l o g i s t , 

Mr. S. S a t o h , and t h i s map o f t h e two c l a i m s ( w i t h minor a l t e r a t i o n s ) 

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



produced two l a r g e a n o m a l i e s a p p r o x i m a t e l y 2 , ^ 0 0 f e e t n o r t h w e s t o f t h e 

l o w e r B l u e b e l l w o r k i n g s . The company i n t e n d s t o s t r i p t h e a r e a by 

b u l l d o z e r and t o d r i l l any m i n e r a l i z a t i o n e x p o sed. Upon r e s u r v e y i n g 

t h e 5^0 f o o t l e v e l on t h e K i n g Solomon c l a i m i t was d i s c o v e r e d t h a t a 

m i s t a k e had been made i n t h e o r i g i n a l s u r v e y which a c c o u n t e d f o r t h e 

f a i l u r e o f t h e development p r o j e c t i n 1 9 1 2 . The company has s e t up 

a d r i l l i n g s t a t i o n a p p r o x i m a t e l y 55^ f e e t f r o m t h e p o r t a l o f t h e a d i t 

and presumably t h e y have i n t e r s e c t e d t h e ore body, because t h e y propose 

t o widen t h e lower a d i t and t o r a i s e a s h a f t t o t h e ore body. 

F i e l d Work and P r e v i o u s Work 

The w r i t e r was f i r s t i n t r o d u e d t o t h e a r e a d u r i n g t h e summer 

of 1957 w h i l e w o r k i n g f o r two weeks on t h e c l a i m s as an a s s i s t a n t t o 

Mr. McKechnie. The b u l k o f t h e i n f o r m a t i o n p r e s e n t e d i n t h i s t h e s i s 

i s based on m a t e r i a l g a t h e r e d d u r i n g e i g h t days o f f i e l d work f r o m 

O c t o b e r 1959 t o F e b r u a r y 1 9 6 0 . On t h e s e o c c a s i o n s t h e w r i t e r mapped 

t h e main w o r k i n g s by t h e t a p e and compass method, and f a m i l a r i z e d 

h i m s e l f w i t h t h e g e o l o g y o f t h e c l a i m s as p r e s e n t e d by Mr. S a t o h ' s map, 

w h i l e ^ a t t h e same t i m e f c o l l e c t i n g specimens of t h e main r o c k t y p e s 

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

l a b o r a t o r y . 

G e o l o g i c l i t e r a t u r e on t h e c l a i m s i s s c a n t y , w i t h t h e o n l y 

d e t a i l e d r e p o r t b e i n g p r e s e n t e d by jC. H. C l a p p , i n h i s G e o l o g i c a l 

Survey Memoir o f 1917 on t h e Sooke and Duncan Map-Areas. H i s i n f o r m a t i o n 

on t h e c l a i m s was based on f i e l d work done i n t h e summer o f 1912 and 

1915* r e g i o n a l g e o l o g y as p r e s e n t e d i n t h i s t h e s i s i s 

gB*=i£e3^E based upon t h e work done by £. H. Clapp and H. C. Cooke i n &£gj, f 

summers o f 1912 and 1 9 1 % w%'tJ^S^s»e\^©^ a Master o f S c i e n c e 

t h e s i s and D o c t o r o f P h i l o s o p h y t h e s i s by J . F y l e s on t h e Cowichan Lake 

a r e a , Vancouver I s l a n d , B.C. 



CHAPTER I I 

R e g i o n a l Geology 

The Helm^cker/ and Shawnigan d i s t r i c t s a r e u n d e r l a i n maynly by 

l a t e P a l e o z o i c and M e s o z o i c v o l c a n i c s ^ s e d i m e n t a r y and i g n e o u s r o c k s . 

These r o c k s may be s u b d i v i d e d i n t o t h r e e d i v i s i o n s : p r e - g r a n i t i c 

c r y s t a l l i n e P a l e o z o i c and T r i a s s i c r o c k s o f t h e S i c k e r and Vancouver 

g r o u p s , g r a n i t i c r o c k s c o m p r i s i n g t h e S a a n i c h g r a n o d i o r i t e , and 

Upper C r e t a c e o u s d e t r i t a l s e d i m e n t s o f t h e Nanaimo Group. 

The o l d e s t exposed r o c k s i n t h e a r e a a*«=Pa£eese£e b e l o n g t o t h e 

S i c k e r Group o f l a t e P a l e o z o i c age. The S i c k e r Group c o n s i s t s d o m i n a n t l y 
f 

o f sheared s e d i m e n t s which a r e p a r t l y v o l c a n i c i n o r i g i n . They i n c l u d e 

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

l i m e s t o n e , c o a r s e and f i n e b r e c c i a s , and g r e e n s t o n e s ( F y l e s 1 9 5 5 ) » At 

t h e t o p o f t h e group c r i n o i d a l l i m e s t o n e and c a l c a r e o u s sediments 

c o n t a i n Lower Perm i a n and P e n n s y l v a n i a n f o s s i l s . Thus p a r t o f t h e 

S i c k e r Group can be c o r r e l a t e d w i t h t h e C h i l l i w a c k and Cache Creek Groups 

i n t h e i n t e r i o r o f B r i t i s h C o l u mbia. 

The l i m e s t o n e s i n t h e upper p a r t o f t h e S i c k e r Group have been 

f o u n d by F y l e s i n t h e Cowichan Lake a r e a t o be c o n f o r m a b l y o v e r l a i n by 

m a s s i v e or p i l l o w b a s a l t s , c a l l e d t h e F r a n k l i n Creek v o l c a n i c s . The 

F r a n k l i n Creek v o l c a n i c s f o r m t h e lower p a r t o f t h e Vancouver Group 

and a r e b e l i e v e d t o be o f T r i a s s i c and ( o r ) P e r m i a n age. A s s o c i a t e d 

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

masses. The l a v a f l o w s have been found by F y l e s t o t o t a l / ( 1 0 , 0 0 0 f e e t 

i n t h i c k n e s s , Toward t h e t o p o f t h e s e c t i o r ^ a r e i r r e g u l a r l y d i s t r i b u t e d 

l e n s e s o f dense, g r e y l i m e s t o n e r e f e r r e d t o ^ t h e S u t t o n f o r m a t i o n o f 

Upper T r i a s s i c age. These i n t e r c a l a t e d l i m e s t o n e s c o n f o r m a b l y o v e r l i e t h e 

F r a n k l i n Creek v o l c a n i c s a r e found t o grade l a t e r a l l y i n t o f i n e - g r a i n e d , 

g r e e n or b r i c k - r e d c l a s t i c s e d i m e n t s . The l i m e s t o n e s a r e o v e r l a i n by 



f i n e - g r a i n e d b r e c c i a s . a n d f e l d s p e t h i c s e d i m e n t s , p a r t l y o f v o l c a n i c 

o r i g i n , w h i ch mark t h e t o p o f t h e Vancouver Group. 

The P a l e o z o i c and T r i a s s i c r o c k s a r e h i g h l y deformed i n t o 

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

t o t h e n o r t h e a s t . These r o c k s h s v a r e • e n c u t by ^ g r a n i t i c masses o f 

g ^ ^ o - f l f S ^ ^ ^ c o a s t i n t r u s i o n s . These i n t r u s i v e s nr^cn/kdHz 

$ft? s t r u c t u r a l l y ^ l a r g e d ^ k e - l i k e b o d i e s , and 11 t h o l o g i c a l l y c o n s i s t s 

m a i n l y o f q u a r t z d i o r i t e and q u a r t z m o n z o n i t e . li^fe^m <&$&-'&&nsBr 

ft 

I n t h e extreme n o r t h e r n p a r t o f t h e Helm^cken and Shaw^igan 

d i s t r i c t s Upper C r e t a c e o u s shales,««d sa n d s t o n e s arfd c o n g l o m e r a t e s o f 

t h e Nanaimo Group u n c o n f o r m a b l y o v e r l i e P a l e o z o i c and e a r l y M e s o z o i c 

v o l c a n i c s , s e d i m e n t s , and i n t r u s i v e r o c k s . A b a s a l c o n g l o m e r a t e ©^ 7the 

Benson f o r m a t i o n , marks t h e lasae-of t h e Nanaimo Group, and *S 

o v e r g t l a i n by sa n d s t o n e s and s h a l e s o f t h e Halsam f o r m a t i o n . These 

d e t r i t a l s ediments l i e p a r a l l e l t o t h e a d j a c e n t u n c o n f o r m i t y w h i c h 

d i p s ,4k. & c o n s i s t e n i ^ a n g l e o f about V? degrees t o t h e n o r t h . 

The Nanaimo Group has been m o d e r a t e l y f o l d e d i n t o w e s t e r l y 

t r e n d i n g , open a n t i c l i n e s and e y n c l i n e s , a n d ^ d i s s e c t e d by s t e e p l y 

d i p p i n g f a u l t s , many o f w h i c h have r e l a t i v e l y l a r g e o f f s e t s . 



CHAPTER I I I 

Geology o f t h e K i n g Solomon and B l u e b e l l C l a i m s 

*~7> P a r t , 1 s / 

G e n e r a l Statement 

The d e p o s i t s o f t h e c l a i m s o c c u r i n r o c k s ©Jf a d o m i n a n t l y &/a 
•will 

s e d i m e n t a r y sequence tjufc p o s s i b l y some minor volcanics-aiMs. 3£&s*&e£&&.» 

The sequence c o n s i s t s of h i g h l y sheared c h e r t , g r e e n s t o n e , and l i m e 

s t o n e t h a t has been p l a c e d i n t h e P a l e o z o i c S i c k e r Group by H. M. A. 

R i c e ( 1 9 5 7 ) » f r o m p u b l i s h e d and u n p u b l i s h e d maps o f t h e G e o l o g i c a l 

°urvey o f Canada and t h e B r i t i s h Columbia Department o f M i n e s . T 0 uJrffet~'g 

t 

knowledge no s t r a t i g r a p h i c work has been done i n t h e immediate v i c i n i t y 

and p r e s u m a b l y t h e s e r o c k s have been p l a c e d i n t h e S i c k e r Group by an 

e x t e n s i o n a l o n g s t r i k e o f Ky^E^s. r o c k u n i t s o f t h e Cowichan Lake area 

( F y l e s 1 9 5 5 ) * *rom s t u d y o f t h e r o c k t y p e s and u n i t s , f e e l s t h a t t h i s 

c o m p i l a t i o n i s c o r r e c t even though t h e s e c t i o n w h i c h -I-be 14eve ex4-sts a t 

t h e C e l l a r d o r i s not e x a c t l y t h e same as any p o r t i o n o f t h e s e c t i o n s 

d e s c r i b e d by F j r l e s . T h i s i s because t h e s p l j e ^ i n c l u d e e t h i c k sequences 

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

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

u n c e r t a i n due t o t h e f a c t t h a t t h e o v e r a l l s t r u c t u r e has not been c o m p l e t e l y 

worked o u t / because o f c o m p l i c a t i o n by minor f o l d s , obscureT'bedding, 

absence o f t o p c r i t e r i a , r a t h e r i n t e n s e f a u l t i n g and p r e s e n c e o f numerous 

i n t r u s i v e b o d i e s . 

S i c k e r Sediments 

The s t r a t i g r a p h i c s u c c e s s i o n ^ e r e proposed / has not been worked 

o u t w i t h any degree of a s s u r a n c e and i t i s based e n t i r e l y on t h e f a c t 

t h a t t h e rocks^where not c o m p l i c a t e d by f a u l t i n g and m#nor f o l d i n g t e n d 

t o have t h e same r e l a t i v e d i p and s t r i k e over f a i r l y l a r g e a r e a s . B o u n d a r i e s 

between t h e u n i t s have n o t been o b s e r v e d and i t i s q u i t e p o s s i b l e t h a t 

t h e y a r e g r a d a t i o n a l . The K i n g Solomon and B l u e b e l l c l a i m s a r e e s s e n t i a l l y 



u n d e r l a i n by ajequence o f a p p r o x i a m t e l y 2 , 0 0 0 f e e t o f g r e e n s t o n e , 

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

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

l_i\jjiy M a s s i v e Greenstones and Lenses o f 
C h e r t y T u f f s 

The l o w e s t ~ p a t i . \ of t h i s sequence i s o b s e r v a b l e a t t h e ̂ >0 

f o o t l e v e l and on t h e a d j o i n i n g c l i f f s . I t c o n s i s t s o f a p p r o x i & l s t e l y 

500 t o 600 f e e t o f mas s i v e s t r u c t u r e l e s s g r e e n s t o n e s which c o n t a i n 

l e n s e s o f t h i n bedded, d a r k , b l u i s h - b l a c k , c h e r t y t u f f s . The base o f 

t h e s e c t i o n i s not exposed on t h e c l a i m s and what l i e s b e l o w i s 

unknown. I n t h e v i c i n i t y o f t h e 5^0 f o o t l e v e l t h e ^ e r o c k s have been 

h i g h l y s h e a r e d and f r a c t u r e d so t h a t no bed d i n g was o b s e r v e d . On t h e 

c l i f f s t o t h e west however, f o r a d i s t a n c e o f $«ver $00 f e e t , f o u r 

l e n s e s o f t h e t h i n - b e d d e d ^ c h e r r y t u f f were f o u n d t o c o n s i s t e n t l y 

s t r i k e 110 degrees and d i p 66 degrees n o r t h e a s t . 

The m a s s i v e s t r u c t u r e l e s s greenstones which make up t h e m a j o r i t y 

o f t h i s s e c t i o n var i S m f r o m p i e c e t o p l a c e i n c o m p o s i t i o n and n a t u r e . T h i s 

i s p r o b a b l y due t o s l i g h t d i f f e r e n c e s i n t h e o r i i g i n a l r o c k and v a r i n g 

d egrees o f low grade metamorphism. The m a s s i v e g r e e n s t o n e s exposed 

a l o n g t h e c l i f f a r e t h e e a s i e s t toSlsudy and p r e s e n t t h e f-re-shes-t &£S7* 

specimens. The r o c k weathers t o a w h i t h i s h - g r e e n , l e a v i n g i n r e l i e f 

numerous s m a l l f r a g m e n t s w h i c h make t h e r o c k appear l i k e a f i n e g r a i n e d 

s a n d s t o n e . I n some o f t h e severed hand~specimens s t u d i e d , c r y s t a l s of 

p l a g i o c l a s e and d a r k g r e e n h o r n b l e n d e up t o f i v e m i l l i m e t e r s i n l e n g t h a r e 

e a s i l y r e c o g n i z e d . C r y s t a l s o f d a r k g r e e n , p l a t y c h l o r i t e and c r y s t a l s 

of l i g h t untwinned f e l d s p a r are a l s o e a s i l y r e c o g n i z e d . The a p h a n i t i c 

m a t r i x w h i ch g e n e r a l l y makes up f o r t y t o f i f t y p e r c e n t o f t h e r o c k i s 
have <? '?St~ 

medium t o d a r k g r e e n and appears t o -be " c h e r t y " t e x t u r e d . Under t h e 

p e t r o g r a p h i c m i c r o s c o p e ( f i g . 17) t h e r o c k was f o u n d t o have a somewhat 

c l a s t i c t e x t u r e , /yn^4^^^e^- as i t c o n t a i n s t h e odd rounded v o l c a n i c 

r o c k f r a g m e n t , but ae^eF^fey most o f t h e r o c k c o n s i s t s o f i n d i v i d u a l 



cffs/k/s w i t h a n g u l a r and s u b - a n g u l a r o u t l i n e s . For a c l a s t i c sediment an 

unusually l a r g e amount o f t h e s e c r y s t a l s were determined--to be a c t i n o l i t i c 

h o r n b l e n d e . The r o c k as b whole has % f a i r l y good s o r t i n g o f t h e c o a r s e r 

f r a c t i o n b u t i t s t i l l has an e x t e n s i v e a p h a n i t i c , c h l o r i t i c m a t r i x . 

G@er t h e complete exposure t h e r o c k would be c l a s s e d as a f i n e g r a i n e d 

arenaceous . The mode d e t e r m i n e d i s as f o l l o w s : 

s m a l l fo opaques 
s m a l l % e p i d o t e 
50—40% c h l o r i t e ( g e n e r a l l y f i n e g r a i n e d ) 
4 0 % a c t i n o l i t i c - h o r n b l e n d e (14 de g r e e s max. e x t i n * a n g l e ; 

2 c l e a v a g e s at 60 d e g r e e s ; mod + r e l i e f ; 
c l e a r t o d a r k g r e e n p l e o c h r o i s m ) 

10% p l a g i o c l a s e ( p o l y s y n t h e t i c t w i n n i n g ) 

I t i s proposed t o c a l l — t h i - C K r o c k ^ g r e e n s t o n e because i t i s w i t h i n jfefar/HMtA 

t h e c h l o r i t i c zone o f metamc^phism^ i h e r e i s some q u e s t i o n whether t h e 

metamorphism i s o f a r e g i o n a l o r t h e r m a l n a t u r e . Because t h e r o c k 

d e f i n i t e l y l a c k s any s c h i s t o s i t y and t h e r e a r e numerous i n t r u s i o n s i n 

t h e a r e a , i t i s suggested t h a t i g n e o u s a r n t r u o i e f l ^ i s t h e dominant 

metamorphosing a g e n t . From t h e t e x t u r e s o b s e r v e d and t h e f a c t t h a t 

t h e r o c k s c o n t a i n l e n s e s o f w e l l bedded s e d i m e n t s , t h e r o c k d e f i n i t e l y 

seems t o have had a d e t r i t a l or p y r o c l a s t i c o r i g i n . #^©-~£he f a c t t h a t 

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

t h a t i t c o n t a i n s an e x c e e d i n g l y h i g h p e r c e n t a g e o f a c t i n o l i t i c - h o r n b l e n d e 

( w h i c h now <J§^s^ri?t^|^ appears t o be p r i m a r y or w h i c h c o u l d r e p r e s e n t 

complete r e p l a c e m e n t of a l l t h e m a f i c s i n t h e o r i g i n a l sediment}, would 

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

t y p e . The r o c k has u n u s u a l l y good s o r t i n g f o r a greywacke but i t i s 

t h e w r i t e r s o p i n i o n t h a t t h e o r i g i n a l r o c k was a f e l d s p a t h i c greywacke o r 

a t | t f f a e e o u s f e l d s p a t h i c greywacke. 

V a r i a t i o n s f r o m t h i s r e p r e s e n t a t i v e g r e e n s t o n e have been o b s e r v e d 

i n s e v e r a l specimens f r o m t h e 5>8Q f o o t l e v e l . The massive g r e e n s t o n e w h i c h 

i s l o c a t e d near t h e end o f t h e a d i t was f .und t o be q u i t e s i m i l a r t o t h a t 

exposed i n t h e c l i f f s . I t d i f f e r s * * however i n t h a t ' c o n t a i n s s e v e r a l 
? ) A 



epidote stringers and a noticeable amount of f i n e l y divided p y r i t e 

(up to 10%), a higher percentage of plagioclase ( 5 0 - 4 0 % ) and a lower 

percentage of a c t i n o l i t i c h o r n f b l e n d f c ( 1 5 % ) • This rock he i s veined by 

c h l o r i t e , epidote, and amphibole which would indicate that at lea s t 

some,if not a l l of the amphibole,is secondary i n o r i g i n . Other va r i a t i o n s 

were found i n greenstones closer to the por t a l where t h e ^ g ^ g f t ^ t J t f e ^ ^ 

alternate with numerous cherty t u f f s . These greenstones probably 

represent ang-?$d&%j?orr^>£. gram size between the-

dkdthz arenaceous^e^^^^^p2iani.tic cherty rocks^) I n hand^specimen they e£> 

oommon4y look much l i k e peridotitesbecause they are very dark green 

or even black i n color and have many sheared s u r f a c e s of polished 

c h l o r i t e which could be mistaken for serpentine. On f r e s h l y fsctured or 

esse*? surfaces a fragmentel texture can be -eej&«. ' ihere seems to be 

approximately ten to f i f t e e n percent orf l e u c o c r a t i c fragments 

-e^^s^&te of feldspar and (or) quartz^ There are also the a few larger 

melanocratic fragments v i s i b l e . iheBe rocks are i n v a r i a b l y veined by 

h a i r - l i k e stringers of «kl c a l c i t e . £ndeF fehe miereseope-ife was £e. 

T h i n sections reveal that the rock consists mainly of very f i n e grained 

c h l o r i t e with minor epidote ^hi^^a^^M^plagioclase^oligoclaseS and quartz. 

A l s o there a r e minor, rounded m i c r o l i t i c volcanic rock fragments which 

vary s l i g h t l y within themselves i n texture and grain s i z e , and woul/d 

again suggest a c l a s t i c o r i g i n of the greenstones. 

The cherty t u f f s which are found m£enly as lenses i n the massive 

greenstone, a^e-^urxound^d. -b^- a l i g h t green-grey weathered border e£ 

approximately 1/16 inch t h i c k ^ The weather^*$^s*ift^%^6 reveaWvery 

f i n e p a r a l l e l lamina&rvarying from paper t h i n to •§• inch i n width ( f i g . 1 1 ) . 

T h i s , ^ 9 l ^ ^ ^ j j 2 p ^ ^ b e d d i n g i s traceable for distances of twenty and 

i n places up to f i f t y f e e t . Some o f the beds d e f i n i t e l y seem cherty o r 

s i l i c e o u s , whe-r&ggr' others^fmainly the f i n e r beds^seem completely composed 

of c h l o r i t e or other soft materials. No t h i n sections have been made o f 

t h i s rock, but some o i l immersion studies were carried out and i t was 



fs^Sed t h a t much of t h e r o c k c o n s i s t s o f c h e r t w h i c h has s l i g h t p o s i t i v e 

r e l i e f w i t h r e s p e c t t o an o i l o f 1.54-19 i n d e x . There were a l s o a few 

b i r e f r i n g e n t specks o f an un d e t e r m i n e d m i n e r a l or m i n e r a l s . 

U p p e r . C h e r t s , L i m e s t o n e s and C h e r t y T u f f s 

The m a s s i v e g r e e n s t o n e and minor c h e r t y t u f f s seem t o be o v e r l a i n 

by a s u c c e s s i o n o f c h e r t s , minor l i m e s t o n e s and p r o b a b l y some c h e r t y 

t u f f s w h i c h c o u l d have a maximum t h i c k n e s s of about 1,400 f e e t . I n 

a c t u a l i t y ^ t h e r e l a t i o n s h i p o f t h i s u n i i ^ t o t h e g r e e n s t o n e u n i t i s unknown 

and i t can o n l y be c o n s i d e r e d as o v e r l a y i n g t h e g r e e n s t o n e s i f t h e 

s t r u c t u r e ^ e^H^Jbe—a-s*uae4 c o n t i n u o u s and r i g h t s i d e up. Much o f t h i s 

a r e a i s c o m p l i c a t e d by minor f o l d i n g and il« l a c k o f good b e d d i n g . 

Where good be d d i n g i s ob s e r v e d <&£erg> i s Lev«s4&i-e s m a l l f o l d s . ^ e s s n i j J 

e x c e p t i n t h e v i c i n i t y o f t h e Lower B l u e b e l l w o r k i n g s , but here t h e 

st j f t / c t u r e i s c o m p l i c a t e d by t h e m a s s i v e S a a n i c h g r a n o d i o r i t e i n t r u s i o n 

and minor f a u l t i n g . The i n t e r v e n i n g a r e a between^workings and t h e / o i O e r~ 

^ l u e b e l l hers^jo^=-b^a s t u d i e d e x t e n s i v e l y and no b e d d i n g o r s t r u c t u r a l 

d e t e r m i n a t i o n s were made. 

The c h e r t s a r e g e n e r a l l y d a r k b l u e i n c o l o r , but may be green^ 

g r e y , o r w h i t e . They o c c u r i n beds g e n e r a l l y f r o m one i n c h t o s i a x i n c h e s 

±ft- t h i c k n c s 3 . I n t e r b e d d e d w i t h t h e s e c h e r t s t h e r e may be c o l o r bands 

g e n e r a l l y about o n e - h a l f i n c h i n t h i c k n e s s . The c h e r t s weather r u s t y 

brown, p u r p l e , w h i t e , o r b l a c k . C o m p o s i t i o n . ^ ^ ; t h e y - ^ s e mainly^ m i c r o -

c r y s t a l l i n e s i l i c a , w h i c h may be r e c r y s t a l l i z e d t - s b ^ t v z e z ^ ^ i f t e - ^ ^ i ^ i e d 

q^^^^^c^^^^^T'^he c h e r t s a l s o have i m p u r i t i e s and some o f t h e 

d a r k e r varie*£tes might be t u f f a c e o u s . Much o f t h e c h e r t c o n t a i n s 

s e c o n d a r y p y r i t e w h i ch seems t o i n c r e a s e i n amount £s© a d j a c e n t t o t h e 

ore z o n e s . 

The l i m e s t o n e o c c u r s i n t e r c a l a t e d w i t h c h e r t i n beds m a i n l y one 

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

on t h e K i n g Solomon c l a i m i n t h e v i c i n i t y o f both /ee's upper and lo w e r 



w o r k i n g s . It i s f i n e t o medium c r y s t a l l i n e , b l u e t o ffuff i n c o l o r 

and u s u a l l y weathers g r e y , but may weather b u f f o r be c o v e r e d w i t h 

p u r p l e manganese s t a i n . I t i s u s u a l l y c u t by some c a l c i t e v e i n l e t s 

andhas some e p i d o t e r e p l a c e m e n t . The o n l y prominent m i n e r a l seen i n 

hand^specimen i s c a l c i t e but t h e r e may be o t h e r c a r b o n a t e s and some 

o r g a n i c m a t e r i a l . I t may B& r e l i c s o f what seem t o be cr i n o i d g f t , stems 

and i n one specimen o f f l o a t some v e r y p o o r l y p r e s e r v e d c o r a l s were 
f/ ^ A exposed on t h e wtfCJvered s u r f a c e . From m i c r o s c o p i c d«t%l%riaa^oir-it was 

found t h a t a p p r o x i m a t e l y 90% o f t h e r o c k c o n s i s t s of c a r b o n a t e , most 

o f w hich i s p r o b a b l y c a l c i t e , but w i t h a good p o s s i b i l i t y o f some o f 

t h e f i n e r m a t r i x b e i n g d o l o m i t e . There i s a p p r o x m ^ e l y 1-2% i n t e r s t i t i a l 

q u a r t z and t h e r e may be up t o 10-15% opaques w h i c h a r e v e r y l i k e l y 
****** 

c a r b o n a c e o u s ^ The t e x t u r e i s t h a t o f a c h e m i c a l r o c k , l i k e l y o r i g i n & l l - y 

of o r g a n i c ^ i g i r n + however^ i t i s v&z s t a r S n g t y * r e c r y s t a l l i z e d . Some o f 

t h e l a r g e r g r a i n s are c o r r o d e d and p a r t i a l l y r e p l a c e d by t h e f i n e r 

m a t r i x \^i^h^eo«4o> be d o l o m i t e . The r o c k s i s e s s e n t i a l l y a f i n e t o 

medium g r a i n e d , b l u e t o b u f f m a r b l e . 

G a r n e t i t e 

A n other f a c i e s w h i ch was o r i g i n a l l y l i m e s t o n e o c c u r s at t h e 

Lower B l u e b e l l w o r k i n g s as m a s s i v e g a r n e t i t e . T h i s s h o u l d be c l o s e t o 

t h e t o p o f t h e c h e r t sequence. T h i s g a r n e t i t e forms a l e n t i c u l a r body 

i n c h e r t , a a i - ^ ^ ^ o ^ - T r f i r c i a serzg e i t h e r i n c o n t a c t w i t h o r a s h o r t 

d i s t a n c e away f r o m ^ ^ r a ^ g e - ^ 4 k e ^ ^ & body o f t h e S a a n i c h g r a n o d i o r i t e . 

The l e n s e has been c u t by b o t h p r e - o r e and p o s t - o r e f a u l t s , has u n c e r t a i n 

l a t e r a l d i m e n s i o n s t o t h e e a s t , cind t e n d s t o f i n g e r out i n t o t h e c h e r t t o 

t h e n o r t h and n o r t h w e s t . I n t h e v i c i n i t y o f t h e main f a u l t t h e l e n s e has a 

t h i c k n e s s o f about e i g h t f e e t , whereas i n t h e v i c i n i t y o f t h e s m a l l a d i t i t 

r e a c h e s a maximum t h i c k n e s s o f t w e l v e t o f i f t e e n f e e t . The r o c k i s m a i n l y 

l i g h t t o d a r k r e d i n c o l o r and i n p l a c e s h a s ^ e e n b l e b s . I t i s composed 

a l m o s t e n t i r e l y o f m a s s i v e g a r n e t but i n p a r t c o n s i s t s o f c l o s e l y packed. 



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

q u a r t z and c a l c i t e , w i t h perhaps some d i o p s i d e or e p i d o t e o c c u p i n g t h e 

g r e e n a r e a s . Tn̂ fe4*eotir«i~nltry--©̂  

r_e-p4rtnserH3y--ffl«*si-̂ ^ I n t h i n - s e c t i o n i t was f o u n d t h a t t h e 

r o c k has a mode as f o l l o w s : 

707° g a r n e t ( i s o t r o p i c o r s l i g h t l y a n i s o t r o p i c ; zoned; 
h i g h + r e l i e f g r e a t e r t h a n 1>75> c o l o r l e s s ; 
i n h i g h l y b r e c c i a t e d c r y s t a l s ) 

2 0 % q u a r t z ( c o l o r l e s s ; u n i a x i a l +J low r e l i e f ) 
5% c a l c i t e ( v a r i a b l e r e l i e f ; h i g h b i r e f . , " u n i a x i a l -) 
a s m a l l p e r c e n t a g e o f opaques. 

I t was f o u n d t h a t t h e c a l c i t e has been m o b i l i z e d s i n c e t h e 

f o r m a t i o n o f t h e g a r n e t and q u a r t z , but t h e q u a r t z A e p l a c e s b o t h t h e 

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

s e q u e n c e , i s r e p l a c e m e n t a l o n g v e i n s and c o r r o d e d b o u n d a r i e s . T h e 

a n i s o t r o p i c n a t u r e o f some o f t h e g a r n e t would s u g g e s t t e m p e r a t u r e s o f 

f o r m a t i o n ^ e x c e e d i n g 800 degrees c e n t i g r a d e . 

Vancouver Group 

S e d i m e n t a r y , p y r o c l a s t i c ^ o r v o l c a n i c r o c k s o f age l a t e r t h a n 

E a l e o z o i c are<*.esent on t h e c l a i m s but a d i a b a s ^ g r e e n s t o n e exposed near 

t h e t o p o f t h e h i l l c o u l d r e p r e s e n t an i n t r u s i o n a s s o c i a t e d w i t h t h e 

F r a n k l i n Creek p e r i o d of v<(lcanism. F y l e s (1955> p * . 2 0 ^ p . j 8 ) has 

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

Lake a r e a . T h i s i n t r u s i o n d e f i n i t e l y c u t s t h e s u r r o u n d i n g P e r m i a n and 

o l d e r 5 e d i m e n t s and i t ^Ja^turn i s c u t by t h e # L a t e J u r a s s i c or E a r l y 

C r e t a c e o u s p o r p h y r y d^kes• T h e r e f o r e , t h e age r e l a t i o n o f T r i a s s i c and 

( o r ) P e r m i a n would be c o r r e c t . 

The i n t r u s i v e i n h a n d s p e c i m e n appears e^ee^feiy s i m i l a r t o t h e 

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

c h a r a c t e r i s t i c s . Whereas ; t h e s e d i m e n t a r y g r e e n s t o n e weathers w h i t e w i t h 

an arenaceous t e x t u r e , t h e i n t r u s i v e g r e e n s t o n e commonly weathers w-3rfeh- /» 

$ p u r p l e manganese o x i d e s t a i n S a n d brown i r o n o x i d e s t a i n f . Hou«vcr-.» i n 



t h i n sectiorr/(the two g r e e n s t o n e s d i f f e r g r e a t l y . The i n t r u s i v e has 

been r e t r o g r e s s i v e l y metamorphosed t o an a c t i n o l i t e ^ a l b i t e - o l i g o c l a s e 

r o c k w i t h a p e r f e c t l y p r e s e r v e d s u b - o p h i t i c t e x t u r e . There i s no 

e v i d e n c e o f any c a l c i c p l a g i o c l a s e but t h e r e a r e r e l i c s o f pyroxene i n 

t h e c e n t r e s o f some o f t h e a c t i n o l i t e ĝ ê rrrs-jmk-±rrg~-̂ Uae«j psuedomorphs. 

The mode o f t h i s r o c k i s as f o l l o w s : 

4 0 % p l a g i o c l a s e ( a l b i t e A n Q t o o l i g o c l a s e An22> d e t e r m i n e d 
by t h e p e r p e n d i c u l a r t o A method; low + 
and low - r e l i e f , *W«*''*y) 

50% a c t i n o l i t e (2 c l e a v a g e s a t max, e x t i n c t i o n a n g l e 
of 9b°i b i a x i a l -, 2V * 80°+; l i g h t g r e e n 
p l e o c h r o i s m ; b i r e f r i n g e n c e .020) 

/Mjt pyroxene r e l i c s 
5% opaques 
s m a l l p e r c e n t a g e o f c h l o r i t e 

s m a l l p e r c e n t a g e o f s e r i c i t e and k a o l i n 

I n t h e f i e l d t h i s r o c k would be c a l l e d a g r e e n s t o n e , but i t 

was p r o b a b l y o r i g i n a l l y a d i a b a s i c gabbro. F o r such r e t r o g r e s s i v e 

metamorphism o f a h i g h t e m p e r a t u r e igneous r o c k , u s u a l l y one o f two 

mechanisms a r e needed t o produce thefjfc r e p l a c e m e n t r e a c t i o n s . One o f 

t h e s e i s shear s t r e s s and t h e o t h e r i s passage of waves o f aqueous o r 

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

s u b - o p h i t i c t e x t u r e has been p e r f e c t l y p r e s e r v e d ^ i t i s s u g g e s t e d t h a t 

t h e r o c k has been metamorphosed by h y d r o t h e r m a l solutions.mmi Because 

t h i s r o c k has a s i m p l e m i n e r a l assemblage and t h e r e p l a c e m e n t has a l m o s t 

gone t o c o m p l e t i o n i t would seem t h a t t h i s p e r i o d o f h y d r o t h e r m a l a c t i v i t y 

was l i f t r i f 9&Ejtta0M/¥ffo 1 r a p r o l o n g e d p e r i o d o f t i m e . T h i s p e r i o d o f 

a c t i v i t y c o u l d w e l l have been t h e one r e s p o n s i b l e f o r t h e emplacement 

of t h e o r e m i n e r a l s . 

S a a n i c h G r a n o d i o r i t e and P o r p h y r y D^kes ' j 

The S a a n i c h g r a n o d i o r i t e and t h e p o r p h y r y d^kes as mapped on 

t h e c l a i m s a r e b e l i e v e d t o be a s s o c i a t e d w i t h t h e Coast Intrusions o f 

L a t e J u r a s s i c o r E a r l y C r e t a c e o u s age. These a r e the youngest exposed 

r o c k s i n t h e v i c i n i t y o f t h e c l a i m s e x ^ e ^ t f o r t h e ore b o d i e s . 



S a a n i c h G r a n o d i o r i t e 

On t h e K i n g Solomon and B l u e b e l l c l a i m s t h e S a a n i c h g r a n o d i o r i t e 

o u t c r o p s i n one l a r & e , s t e e p l y - d i p p i n g mass w h i c h has one k d ^ k e - l i k e 

p r o j e c t i o n . The r o c k o u t c r o p s a r e mas s i v e w i t h a b l o c k y f r a c t u r e p a t t e r n , 

§-neV-m6'sT-iTa'V-e----hĵ ^ The s u r f a c e s weather l i g h t g r e y t o w h i t e 

w i t h o c c a s s i o n a l brown r u s t s t a i n s . The m a f i c m i n e r a l s t e n d t o be 

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

i n c l u s i o n s w h i c h u s u a l l y do not exceed s i x i n c h e s i n d i a m e t e r and 

wh i c h a r e g e n e r a l l y a l m o s t c o m p l e t e l y a l t e r e d . E p i d o t e was found 

f i l l i n g some f r a c t u r e s . I n handspecimen t h e r o c k appears t o be 

s e r i a t e , p o r p h y r i t i c and on 2^i6 average c o n t a i n ^ about 20% m a f i c 

m i n e r a l s , 5% e p i d o t e , 5% p y r i t e , and a s m a l l v a r i a b l e number o f e u h e d r a l 

p l a g i o c l a s e p h e n o c r y s t s . There i s no v i s i b l e q u a r t z and t h e r o c k 

m i ght be c a l l e d a p o r p h y r i t i c d i o r i t e -to p o s o i b l y - a m o n z o n i t e . I n 

t h i n s e c t i o n t h e r o c k has medium t o f i n e g r a i n e d p h e n o c r y s t s o f m a i n l y 

p l a g i o c l a s e and v a r i o u s i f i a f i c m ineialfts. These p h e n o c r y s t s compose 

g r e a t e r t h a n 50% o f t h e r o c k . The m a t r i x c o n s i s t s e s s e n t i a l l y o f a 

g r a n o p h y r i c i n t e r g r o w t h o f q u a r t z and a l b i t e ( o r t h o c l a s e ? ) w i t h some 

s m a l l a n g u l a r f r a g m e n t s and v e r m i c u l a t e - t y p e masses o f c h l o r i t e and 

e p i d o t e . The mode i s as f o l l o w s : 

2 - 3 % p y r i t e 
10-15% c h l o r i t e ( l i g h t green,' e x t r e m e l y low b i r e f r i n g e n c e ; 

blocfcy p a t c h e s ; m i c a c e o u s ) 
5-10% e p i d o t e (moderate + r e l i e f , ' s l i g h t y e l l o w - g e e n 

p l e o c h r o i s m ; moderate b i r e f r i n g e n c e ) 
3— 4% b i o t i t e ( b i a x i a l -,' s m a l l 2V,* g r e e n & brown 

p l e o c h r o i s m ; one p e r f e c t c l e a v a g e ) 
5% h o r n b l e n d e ( s l i g h t brown pleochroism,* 2 good 

c l e a v a g e s a t 6 0 ° J moderate + r e l i e f ; 
1 4 ° max. e x t i n c t i o n a n g l e ) 

35% p l a g i o c l a s e (labradoriteju'^some a n d e s i n e ; n o r m a l , 
r e v e r s e , r e g u l a r and i r r e g u l a r 
z o n i n g ; p o l y s y n t h e t i c t w i n n i n g ) 

2 0 % q u a r t z ( i n t e r s t i t i a l ; low b i r e f r i n g e n c e and r e l i e f ; 
u n i a x i a l +) 

15% a l b i t e (and o r t h o c l a s e ? ; i n t e r s t i t i a l , ' low n e g a t i v e 
r e l i e f w i t h r e s p e c t t o q u a r t z ) 

l e s s t h a n 1% a p a t i t e ( e u h e d r a l ; accessory,' i s o t r o p i c 
end s e c t i o n s ; l e n g t h f a s t ) 



a-
The r o c k i s ^ p o r p h y r i t i c £&^ ygranophyric q u a r t z gabbro or q u a r t z 

d i o r i t e ( f i g * f*f)» A s i m p l i f i e d p a r a g e n e t i c sequence i s as f o l l o w s : 

1• a p a t i t e 
2 . p l a g i o c l a s e ~\ 

ho r n b l e n d e y p h e n o c r y s t s 
b i o t i t e J 

3 » q u a r t z 
a l b i t e 

4 . e p i d o t e 
c h l o r i t e 

5 p y r i t e 

6 . p o s s i b l y some r e c r y s t a l l i z a t i o n o f q u a r t z 

There i s some a l b i t e and e p i d o t e formed by s a u s s u r i t i z a t i o n 

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

b i o t i t e . I t i s b e l i e v e d t h a t t h i s r o c k was emplaced as a mushy mass 

o f c r y s t a l s by some p a s s i v e p r o c e s s such as magmatic s t o p i n g . The 

randomly d i s t r i b u t e d d a r k e r i n c l u s i o n s c o u l d r e p r e s e n t some o f t h e 
made-over stoped b l o c k s . The b o d y f d e f i n i t e l y / s e e m s t o be c r o s s - c u t t i n g 

the t f p l f e x isting s t u r c t u r e s . There a l s o seems t o be a g e n e r a l low grade 

t h e r m a l a u r e o l e i n t h e d i s t r i c t w i t h some r e s t r i c t e d medium grade 

metamorphism observed around t h e B l u e b e l l a r e a . 

P o r p h y r y Dijkes 

The p o r p h y r ^ d^kes c o n s i s t ^ o f i r r e g u l a r l e n s o i d b o d i e s w i t h 

v s r i n g d i p s and s t r i k e s . I n t h e m a j o r i t y o f c a s e s , where o b s e r v e d , 

t h e y c r o s s - c u t p r e - e x i s t i n g s t r u c t u r e s and o n l y i n a few p l a c e s do 

t h e y t a k e on a s i l l - l i k e a p p e a r ance. They a r e g e n e r a l l y w h i t i s h t o 
fa*.* a. 

g r e y i s h - g r e e n i n c o l o r and t e n d t o tftke varija2i¥ w e a t h e r i n g c h a r a c t e r i s t i c s . 

I n most i n s t a n c e s t h e m a f i c m i n e r a l s a r e l e a c h e d on t h e weathered s u r f a c e s 

but i n one p l a c e i t was no t e d t h a t t h e m a f i c m i n e r a l s were e l e v a t e d 

above t h e r e s t o f t h e weathered m i n e r a l s . The i l ^ k e s a r e u s u a l l y h i g h l y 

f r a c t u r e d and a r e impregnated w i t h e p i d o t e , c a l c i t e , and p y r i t e . 

These dj/kes have v a r i n g m i n e r a l assemblages but they a r e e s s e n t i a l l y 

p o r p h y r i t i c w i t h a s m a l l p e r c e n t a g e o f f e l d s p a r ^mmzaky p h e n o c r y s t s 

( m a i n l y p l a g i o c l a s e ) afoa^ m a f i c p h e n o c r y s t s w h i c h are t y p i c a l l y a l t e r e d t o 

c h l o r i t e and e p i d o t e and may c o n t a i n s m a l l q u a r t z c r y s t a l s . In t h i n -



s e c t i o n t h e t&kes show some v a r i a t i o n s i n c o m p o s i t i o n and t e x t u r e but 

t h e y do bear c e r t a i n s i m i l a r i t i e s . They a s s a i l *ifi#£sF have s i m i l a r 

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

m i n e r a l s b e i n g p a r t l y o r wholly r e p l a c e d ; t h e y o f t e n have a m i c r o c r y s t a l l i n e , 

g r a n o p h y r i c m a t r i x . 

The dj^ke a d j a c e n t t o Lee's Upper w o r k i n g s was s t u d i e d and «ESsa_ 

f o u n d t o c o n t a i n about 5% m a f i c m i n e r a l s ^ blocfcy c h l o r i t i c m a t e r i a l j , 

30% f e l d s p a r , and 2-5% q u a r t z i n h a n d ^ p e c i m e n . The m a t r i x was a l s o 

examined and found t o be m i c r o c r y s t a l l i n e and t o c o n s t i t u t e about 5^% 

o f t h e r o c k . E p i d o t e i s common i n p l a c e s i n t h i s dj^ke. I n hand^specimen 

t h e r o c k appears t o be a q u a r t z monzonite t o a q u a r t z d i o r i t e . I n 

t h i n - s e c t i o n t h e r o c k was found t o c o n t a i n some u n u s u a l t e x t u r e s ( f i g . 1jT). 

The o r i g i n a l r o c k must have c o n s i s t e d o f m a i n l y p l a g i o c l a s e f e l d s p a r 

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

g r a n o p h y r i c m a t r i x . T h i s r o c k h w w r w l a t e r had superimposed on i t y o 

j k i s r ^ r i i i ^ - ^ r e ^ c t - u ^ . The s p h e r u l i t e s c o n s i s t o f a l b i t e , and a r e seen 

f o r m i n g r e p l a c e m e n t b o r d e r s around t h e q u a r t z and p l a g i o c l a s e , as 

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

o t h e r t y p e o f f e l d s p a r . The r e m a i n i n g p l a c i o c l a s e c r y s t a l s have been 

more or l e s s c o m p l e t e l y s a u s s u r i t i z e d or s e r i c i t i z e d and t h e o r i g i n a l 

m a f i c m i n e r a l s have been c o m p l e t e l y / - e p l a c e d by c h l o r i t e and e p i d o t e . 

Q u i t e p o s s i b l y t h i s a l t e r a t i o n accompanied o r e d e p o s i t i o n . 

The d^ke a d j a c e n t t o Lee's Lower w o r k i n g s i s a l s o found t o be 

p o r p h y r i t i c and g r a n o p h y r i c , but i t l a c k s t h e s p h e r u l i t e s o f a l b i t e . 

Here eee«ts*ia£%y t h e f e l d s p a r has been s e r i c i t i z e d or s a u s s u r i t i z e d 

and o n l y s m a l l remnant c o r e r e m a i n s . The g r a n o p h y r i c m a t r i x i s i n 

g r a i n s i z e somewhere between t h a t o f t h e p r e v i o u s d^ke and t h a t o f t h e 

S a a n i c h g r a n o d i o r i t e . 

The l a s t p o r p h y r y d ^ k e ^ s t u d i e d was one o c c u r r i n g i n t h e ^QO f o o t 

l e v e l p^-th^ffii»e. I t -rcs=^s^e^^ a d a r k e r g r e y - g r e e n eeioa? t h a n t h e 



o t h e r p y r o p h y r * / d i k e s end c o n t a i n s numerous o b v i o u s ^ - e p i d o t e n o d u l e s . 

On a se*#*f^surface t h e d^ke seems t o have a c a t a c l a s t i c f l a s e r o r augen 

t y p e t e x t u r e but no e v i d e n c e o f s h e a r i n g was n o t e d i n t h e t h i n - s e c t i o n , 

^ S j ^ H e ^ - t t h i s t e x t u r e i s b e l i e v e d t o r e p r e s e n t some o r i g i n a l f l o w s t r u c t u r e . 

The dyke i s g e n e r a l l y f i n e r g r a i n e d and has a lower p e r c e n t a g e of 

p h e n o c r y s t s t h a n t h e o t h e r s , and has undergone a d i f f e r e n t t y p e o f 

a l t e r a t i o n w h i c h c o u l d perhaps account f o r i t s g r e e n e r c o l o r . C h l o r i t e 

and l e s s ^ a b u n d a n t e p i d o t e are t h e a l t e r a t i o n p r o d u c t s . The e p i d o t e i s 

f o u n d i n g r a i n a g g r e g a t e s w h i c h a r e o f t e n $pfeudomorphiC^after p l a g i o c l a s e 

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

C o r r e l a t i o n . b e t w e e n .Saanich . G r a n o d i o r i t e , and t h e 
P o r p h y r y Djfkes 

Due t o t h e f a c t t h a t t h e S a a n i c h g r a n o d i o r i t e and t h e p o r p h y r y 

djfckes a r e not seen i n c o n t a c t and^, t h e y have s i m i l a r f i e l d r e l a t i o n s < ^ 

whMzfe-> t h e y c u t a c r o s s p r e - e x i s t i n g r o c k s t r u c t u r e s , i t i s b e l i e v e d t h a t 

t h e S a a n i c h g r a n o d i o r i t e and t h e p o r p h y r y d j f k e s might r e p r e s e n t t h e 

same p e r i o d o f i g n e o u s i n t r u s i o n , i k e d i f f i c u l t i e s a r i s e ' 

ĥ w?&v-*n. upon d e t a i l e d s t u d y o f t h i n - s e c t i o n s . They have d i f f e r e n t 

c o m p o s i t i o n and somewhat d i f f e r e n t t e x t u r e s . I t i s t h e w r i t e r s o p i n i o n 

t h a t t h e # d i f f e r e n c e s can be e x p l a i n e d by t h e s i z e o f t h e b o d i e s and 

t h e d i f f e r e n c e s i n environment o f i n t r u s i o n . The g r a n o d i o r i t e i s 

c o a r s e r g r a i n e d and has a d e f i n i t e c o n s i s t e n t c o m p o s i t i o n , whereas t h e 

p o r p h y r y d^kes have v a r i o u s c o m p o s i t i o n s and &*r@her degrees o f a l t e r a t i o n . 
f£/e / * 

The a l t e r a t i o n i s t h e most d i f f i c u l t t h i n g t o e x p l a i n , but p e r h a p s ^ t o A t e fatf* 

fk -tf s m a l l e r , more h i g h l y f r a c t u r e d p>#r2pteya^ b o d i e s a d j a c e n t t o tsfee- l&we-r 

o r e deposits/jwere^more s u s e p t a b l e t o d i f f e r e n t t y p e s o f a l t e r a t i o n t h a n 

t h e more m a s s i v e q u a r t z gabbro. The d i f f e r e n c e i n g r a i n s i z e cG?'Itke 

S^^i^>ch^r\HOJ^bj*1ste can be e x p l a i n e d by t h e d i f f e r e n c e s i n t h e s i z e o f 

t h e v a r i o u s b o d i e s , t h u s each h a v i n g v a r i n g r a t e s o f c o o l i n g . The 

v a r i a t i o n i n c o m p o s i t i o n c o u l d be a s c r i b e d t o d i f f e r i n g t y p e s o f 

c o n t a m i n a t i o n of t h e i n t r u d i n g b o d i e s . The f i e l d r e l a t i o n s s u p p o r t 
t h i s i d e a , inasmuch as t h e djfee a d j a c e n t t o Lee's lower w o r k i n g s does not 



c o n t a i n any q u a r t z , whereas t h e &j?ke a d j a c e n t t o Lee's upper w o r k i n g s 

and t h e S a a n i c h g r a n o d i o r i t e b o t h c o n t a i n c o n s i d e r a b l e q u a r t z ? i ^ f e t f - ^ ^ 

i t i s found t h a t t h e l a t t e r two d&iSe's''intrude m^iHl3^« c h e r t s , whereas, 

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

c r i t e r i a s u p p o r t i n g a c o r r e l a t i o n oa»e**i-s—©£ t h e f a c t t h a t t h e s e 

t h r e e b o d i e s a l l a r e p o r p h y r i t i c w i t h a g r a n o p h y r i c m a t r i x . 



M i n e r a l o g r a p h y 

The m i n e r a l o g y o f t h e s e d e p o s i t s i s r e l a t i v e l y simple,'«a«t t h e 

o n l y o r e m i n e r a l o b s e r v e d was c h a l c o p y r i t e w h ich has a s s o c i a t e d w i t h 

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

g e n e r a l i s v e r y h i g h i n i r o n m i n e r a l s but i n most cases theirfc i r o n 

m i n e r a l s do not appear as i f t h e y would i n t e r f e r e w i t h t h e m i l l i n g and 

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

s i m p l e and t h e c h a l c o p y r i t e "3<!fcuir-r^ri©e^^iR=4k^ 

1$ u s u a l l y m a s s i v e and eoaruu j i m i m u - l , make a m i n e r a l o g r a p h i c s t u d y of 
A 



CHAPTER I I I 

P a r t I I 

THE DEPOSITS 

G e n e r a l D e s c r i p t i o n 

The known copper m i n e r a l i z a t i o n on t h e K i n g Solomon and ^ l u e b e l l 

c l a i m s i s exposed i n "fgeneral l o c a l i t i e s : Lee's l o w e r and upper 

w o r k i n g s , t h e B l t f a b e l l l o wer and upper w o r k i n g s , and t h e bwl^e-aagg^ 

s t r i p p e d a r e a ^ w h i c h c o u l d p o s s i b l y be i n c l u d e d w i t h t h e copper 

o c c u r r e n c e s o f t h e upper B l u e b e l l w o r k i n g s ^ s i n c e i t o c c u r s a l o n g t h e 

s t r i k e o f t h e c o n t r o l l i n g s h e a r . The fa&$&r o f t h e upper b l u e b e l l 

ste^wing o c c u r s as d i s s e m i n a t e d c h a l c o p y r i t e i n t h e f o o t ^ w a l l o f a s h e a r 

w h i c h ^ ^ measured j6"n t h e l a r g e s t w o r k i n g has an a t t i t u d e o f 027 degrees by 

55 degrees s o u t h e a s t . T h i s d e p o s i t i s o f low grade and i s t h o u g h t t o 

be o f m i n o r i m p o r t a n c e . The copper m i n e r a l i z a t i o n o f t h e i o w e r b l u e b e l l 

w o r k i n g s i s o f much g r e a t e r i m p o r t a n c e and c o n t a i n s a r e a s o f m a s s i v e 

s u l f p h i d e j f and o x i d e s w h i c h are known t o r u n as h i g h as 15 and even 20% 

copper, o v e r s h o r t d i s t a n c e s . These d e p o s i t s o c c u r i n g a r n e t i t e and a r e 

o f a c o n t a c t metamorphic n a t u r e , though s t i l l c o n t r o l l e d i n p a r t by 

s h e a r e s . Most of t h e g a r n e t i t e i n t h i s d e p o s i t would o n l y be o f low 

grade and o n l y where i t i s b r e c c i a t e d by a shear zone does t h e h i g h 

grade ore o c c u r . U n f o r t u n a t e l y t h e s e d e p o s i t s a r e i r r e g u l a r and t h u s 

d i f f i c u l t t o e x p l o r e and map. T h e ' e x t e n t o f t h e d e p o s i t le^£*t^y «S£e (f 
A 

l i m i t e d by t h e e n c l o s i n g S a a n i c h g r a n o d i o r i t e . When t h e w r i t e r s t u d i e d 

the-dfc d e p o s i t s t h e s h a f t s and u n d e r l y i n g a d i t s were f i l l e d w i t h water, 

s&^deftA, he was u n a b l e t o a s c e r t a i n t h e v e r t i c a l d i m e n s i o n s o f t h e 

chimney. I t i s known^however^ t h a t i t e x t e n d s downward f o r a t l e a s t 

one hundred f e e t . The l o w e r d e p o s i t s on t h e K i n g Solomon c l a i m are o f a 

d i f f e r e n t n a t u r e . o g e i m They seem t o be a s s o c i a t e d w i t h t h e porphyre*^ 

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

The m i n e r a l i z a t i o n o c c u r r e n c e a t Lee's upper w o r k i n g s i s found i n 

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



may or may not be d o l o m i t i z e d . The d i s s e m i n a t e d o re here would be o f 

m i n e a b l e grade but a g a i n t h e d e p o s i t i s o f unknown v&tt?c$3$ e x t e n t and 

i s p r o b a b l y q u i t e r e s t r i c t e d ( t h e company l i k e l y knows t h e ' e x t e n t / e ^ * 

W2>a>o7]>e, £e&aj>s« t h e y have c a r r i e d o u t an e x t e n s i v e d r i l l i n g programme 

i n t h e v i c i n i t y ) . The m i n e r a l i z a t i o n a t i j e e 1 s l o w e r w o r k i n g s 

o c c u r s as a body o f m a s s i v e i r o n s u l p h i d e s w i t h minor c h a l c o p y r i t e . 

T h i s body has an a t t i t u d e o f 0^0 degrees by 3 5 d e g r e e s t o t h e s o u t h e a s t 

and i s a p p r o x i m a t e l y t w e n t y f e e t w i d e . From t h e o b s e r v e d m i n e r a l i z a t i o n 

i t would appear t h a t t h e s e m a s s i v e s u l p h i d e s have t h e h i g h e s t copper 

v a l u e s i n t h e f o o t w a l l . I n t h e h i g h e s t p a r t o f t h e s u r f a c e e x p o s u r e i t 

seems t h a t t h e ore has a s t r a t i g r a p h i c c o n t r o l ^ i n r f a s m u c h a s . i t has 

p r e s u m a b l e 7 r e p l a c e d t h e l i n r y ussdt«6 i n t h e s e d i m e n t s . The sed i m e n t s 

here c o n s i s t o f t h i n i n t e r b e d d e d c h e r t * and l i m e s t o n e which have been 

deformed i n t o two minor f o l d s ( f i g . 6 ) w h i c h t r e n d s o u t h e a s t and have 

a p p r o x i m a t e l y v e r t i c a l a x e s . These f o l d s a r e not e x p r e s s e d l o w e r 

down on t h e o u t c r o p , and perhaps a r e o n l y t h e deformed upper p o r t i o n 

o f a s i n g l e , l a r g e r f o l d . 

http://as.it


f o o t w a l l i s c h a l c o p y r i t e and i t i s q u i t e p o s s i b l e t h a t t h e r e g&fjlft be 

greater c o n c e n t r a t i o n s a l o n g t h i s b r e a k . 

U#/>&* ^^Je/^J^---^^^^ "Lower b l u e b e l l 

The m i n e r a l i z a t i o n as i t o c c u r s i n t h i s d e p o s i t may be b s u b d i v i d e d 

i n t o t h r e e main g r o u p s : t h e ma s s i v e m i n e r a l i z a t i o n , t h e d i s s e m i n a t e d 

m i n e r a l i z a t i o n i n g a r n e t i t e and t h e p y r i t e r i c h w a l l r o c k a l t e r a t i o n 

pJ^ar&j&, The ma s s i v e s u l p h i d e s o c c u r a d j a c e n t t o t h e main shear zone 

and presumably r e p r e s e n t complete r e p l a c e m e n t o f t h e b r e c c i a t e d g a r n e t i t e . 

The p a r a g e n e t i c sequence was no t e d here as b e i n g gangue, s p e c u l a r i t e , 

m a g n e t i t e , . p y r i t e a-&~#fc& o a r l y mvne-rs.-1-e.̂ ggsaftd c h a l c o p y r i t e bei«g l a t e / ~ 
// CO * 

The c h a l c o p y r i t e r e p l a c e s t h e o t h e r m i n e r a l s and makes up a l o u t 

50% o f t h e r o c k . The d i s s e m i n a t e d o r e c o n s i ^ ^ o f about f i v e t o t e n 

p e r c e n t o f t h e g a r n e t i t e s k a r n a n d ^ m a i n l y o o n e r a t o o f c h a l c o p y r i t e w i t h 

minor p y r i t e and m a g n e t i t e . The p y r i t e r i c h a l t e r a t i o n phase i s 

common around t h e ore z o n e s , but do£e" n o t c o n t a i n any economic m i n e r a l s . 

jf$(L, p l a c e s t h e p y r i t e a l m o s t c o m p l e t e l y r e p l a c e s t h e p r e - e x i s t i n g r o c k 

w h i c h $T5~rio~t~~TTZ?fa^^ i s w&am commonly t W c h e r t . 

I n o t h e r p l a c e s i t m ight be found ^ b e s f r a c t u r e f i l l i n g s , commonly 

i n t h e boundary s h e a r s o f t h e g a r n e t i t e . I n t h e s e s h e a r s t h e p y r i t e 

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

p y r i t e a l t e r a t i o n ^ i t has a l s o been n o t e d t h a t t h e c h e r t i s affecta^ifK? 

rfa^ui^e. G e n e r a l l y i n tho~-&x&&4--»fa&rm"pie c h e r t i s ^ d a r k b l u e i n c o l o r 

but when i t s f r a c t u r e s are f i l l e d w i t h p y r i t e t h e r e i s an accompanying 
l e a c h i n g o r replacement t o f l w h i t e c h e r t . When t h e c h e r t i s Ir^r&g more 

mk«f Sot*— , 

e x t e n s i v e l y ^ b y t h e p y r i t e , i t s t a r t s t o r®^^»*Sii*«©--^o e u h e d r a l q u a r t z £Pf$/<l 

QjryjM&tis and becomes v e r y vuggy w i t h s m a l l r a d i a t i n g a g g r e g a t e s o f 

gypsum gpr£sit«cQ̂ s -Pfactsed. To da t e t h e s e ^ e ^ e ^ a r e s i m p l y p o i n t s o f i n t e r e s t 

but i t i s p o s s i b l e t h a t t h e y c o u l d be a p p l i e d pa e x p l o r a t i o n work. 

Lee's Upper Workings 

In t h e ore zone ..which i s not w e l l d e f i n e d , a p p r o x i m a t e l y 1^% o f 



& / The m i n e r a l i z a t i o n found i n t h e }S^pe^B^C§W\^ shear zone o f t h e 

Upper B l u e b e l l showings c o n s t i t u t e s o n l y a v^ry-a a e - l 1 p e r c e n t a g e o f t h e 

r o c k ^ h i c h i s m a i n l y a s o f t , b l a c k - g r e e n c h l o r i t i c &&ck. ^'here i s 

minor p y r i t e and m a g n e t i t e i n t h e v i c i n i t y b u t t h e main m i n e r a l i n hth e 

The m i n e r a l i z a t i o n as i t o c c u r s i n t h i s d e p o s i t may be b s u b d i v i d e d 

i n t o t h r e e main g r o u p s : t h e m a s s i v e m i n e r a l i z a t i o n , t h e d i s s e m i n a t e d 

m i n e r a l i z a t i o n i n g a r n e t i t e and t h e p y r i t e r i c h w a l l r o c k a l t e r a t i o n 

pjft£r&e-. The mas s i v e s u l p h i d e s o c c u r a d j a c e n t t o t h e main shear zone 

and presumably r e p r e s e n t complete r e p l a c e m e n t o f t h e b r e c c i a t e d g a r n e t i t e . 

The p a r a g e n e t i c sequence was not e d here as b e i n g gangue, s p e c u l a r i t e , 

m a g n e t i t e , - p y r i t e a-a-j&e oar-ly m>-ner^l-s^arfa^ c h a l c o p y r i t e ke4?£ig l a t e / ~ 

The c h a l c o p y r i t e r e p l a c e s t h e o t h e r m i n e r a l s and makes up aLout 

50% o f t h e r o c k . The d i s s e m i n a t e d o r e c o n s i $ s o f about f i v e t o t e n 

p e r c e n t o f t h e g a r n e t i t e s k a r n a n d ^ m a i n l y ooweia'to o f c h a l c o p y r i t e w i t h 

minor p y r i t e and m a g n e t i t e . The p y r i t e r i c h a l t e r a t i o n phase i s 

common around t h e ore z o n e s , but do£e" n o t c o n t a i n any economic m i n e r a l s . 

p l a c e s t h e p y r i t e a l m o s t c o m p l e t e l y r e p l a c e s t h e p r e - e x i s t i n g r o c k 

w h i c h riot~~ne-rti=*e^ i s mama commonly c h e r t . 

I n o t h e r p l a c e s i t might be found %0&r as f r a c t u r e f i l l i n g s , commonly 

i n t h e boundary s h e a r s o f t h e g a r n e t i t e . I n t h e s e s h e a r s t h e p y r i t e 

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

p y r i t e a l t e r a t i o n ^ i t has a l s o been n o t e d t h a t t h e c h e r t i s a f f e c t f t ^ ? 

rf£%o3=e. Conor a l l y i n t h e -ar-ea-l wfegrg"p-ie c h e r t i s ^ d a r k b l u e i n c o l o r 

but when i t s f r a c t u r e s a r e f i l l e d w i t h p y r i t e t h e r e i s an accompanying 

l e a c h i n g o r replacement t o f l w h i t e c h e r t . When t h e c h e r t i s ̂ ^ n g more 

e x t e n s i v e l y ^ b y t h e p y r i t e , i t s t a r t s t o vs^y^^sk^i^so e u h e d r a l q u a r t z £.Pf$/d,(£ 

ypgp&stfs and becomes v e r y vuggy w i t h s m a l l r a d i a t i n g a g g r e g a t e s o f 

jtypsum gx^s&s&s MntaetS. To d a t e t h e s e J^ e ^ e^are s i m p l y p o i n t s of i n t e r e s t 

but i t i s p o s s i b l e t h a t t h e y c o u l d be a p p l i e d f.t> e x p l o r a t i o n work. 

Lee's Upper Workings 

I n t h e o r e zone which i s not w e l l d e f i n e d , a p p r o x i m a t e l y 15% o f 



t h e r o c k i e m i n e r a l i z e d w i t h c h a l c o p y r i t e and p y r i t e . The c h a l c o p y r i t e 

i s u s u a l l y i n g r e a t e r abundance t h a n t h e p y r i t e but i t may be v i c e v e r s a . 

The gan^6»eis u s u a l l y c a l c i t e , w h i c h i n some a r e a s has * i a e s % been 

a l m o s t c o m p l e t e l y d o l o m i t i z e d . The d a r k g r e e n c h l o r i t i c gangue i s found 

j0*fa9/»h*fyiitin t h e s m a l l s h e a r s i n c h e r t . The c h a l c o p y r i t e here i s 
Lf>t-%> 

g e n e r a l l y i n ma s s i v e b l e b s ^ w n i c h weather t o i r f ^ d e s c e n t b l u e s and 

y e l l o w s , and may be m i s t a k e n f o r p y r i t e w h i c h a l s o w e a t h e r s t o an 
m 

i r / ^ d e s c e n t y e l l o w . I n p o l i s h e d s e c t i o n t h e m i n e r a l i z a t i o n i s seen 

t o be i s o l a t e d b l e b s o f s u l p h i d e ' . ? r e p l a c i n g t h e gangue m i n e r a l s . Q u i t e 

o f t e n t h e y a r e i n s m a l l v e i n l e t s but not i n t i m a t e l y a s s o c i a t e d . T h i s 

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

Lee's Lower Workings 

The m i n e r a l i z a t i o n i s f o u n d as a body o f ma s s i v e s u l p h i d e r e p l a c e m e n t 

o c c u p i n g a shear zone. P y r r h o t i t e i s f a r i n abundance and g e n e r a l l y 

o c c u p i e s t h e ^i^year c e n t r e o f t h e zone w i t h an i n c r e a s e i n p y r i t e t oward 

b o t h the upper and l o w e r b o u n d a r i e s . C h a l c o p y r i t e i s o n l y found i n 

s m a l l amounts, s e e m i n g l y i n g r e a t e s t abundance near t h e f o o t w a l l . 

P y r i t e i s a l s o found r e p l a c i n g t h e c o u n t r y r o c k away f r o m t h e ore zone / 

as e u h e d r a l c r y s t a l s d i s p l a y i n g a d i f f u s i o n t e x t u r e a d j a c e n t t o 

s m a l l f r a c t u r e s * i-ncr e a s i n g — i n - amount-towar-4 the-f*4actures. The 

gangue i n t h e ore zone g e n e r a l l y c o n s i s t s o f dark^s»licifled gouge . 

i ^ e S i r & v l . 



c h a l c o p y r i t e (CuFeS2) - good^&lish,' b r a s s y e l l o w c o l o r ; h a r d n e s s C; 
e x t e n s i v e b l a c k powder when s c r a t c h e d , ' w e a k l y 
a n i s o t r o p i c; n e g a t i v e t o a l l r e a g e n t s e x c e p t 
HNO^-fumes t a r n i s h . 

p y r i t e (FeSg) - poor p o l i s h ; p i t t e d s u r f a c e * , ' p a l e b r a s s y e l l o w c o l o r ; 
h a r d n e s s F,' i s o t r o p i c 

p y r r h o t i t e ( F e - j _ x S ) - f a i r p o l i s h ' , hardness C-D," s t r o n g a n i s o t r o p i s m , ' 
n e g a t i v e t o KG 
s l i g h t l y brown 
n e g a t i v e t o KCN, H g C l 2 j F e C l 2 i HNO^ and KOH s u r f a c e s 

d i s t i n c t l y m a g n e t i c . 

m a g n e t i t e (Fe^O^) - s t r o n g magnetism,' f a i r y t f p l i s h j g r e y ; hardness F,' 
i s o t r o p i c , ' f i n e l y d i v i d e d i n c h a l c o p y r i t e o r a l s o 
pseudomorphic a f t e r specularite^V''';?- * 

s p e c u l a r h e m a t i t e (Fe20^) - s l i g h t l y m a g n e t i c ; good p o l i s h ; g a l e n a white," 
h a r d n e s s G/ d i s t i n c t l y a n i s o t r o p i c , ' g r e y t o 
b l a c k ; p l a t y h a b i t . 

unknown ( f i g u r e 19) - f a i r p l l i s h , ' grey," h a r d n e s s CJ g i v e s b l a c k powder J 
a n o m a l o u s l y b l a c k under c r o s s e d n i c o l s , ' no 
i n t e r n a l r e f l e c t i o n ; i s n ot magnetic," m e g a t i v e t o 
HC1, KOH and KCN on a r e a s m a l l e r t h a n a dro p ; 
w i t h aqua r e g i a s l i g h t c o r r o s i o n o f surface," 
n e g a t i v e m i c r o c h e m i c a l t e s t f o r Zn; p r o b a b l y a 
gangue m i n e r a l o r se c o n d a r y o x i d e (f/f^/fJ-

PM*££*£5SJL 

W i t h a s t u d y o f t h e p a r a g e n e s i s one g e n e r a l l y f i n d s t h a t t h e 

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

and t h e c h a l c o p y r i t e i s emplaced a t a l a t e r s t a g e and ma p o s s i b l y a t a 

lo w e r t e m p e r a t u e . * . PA J?C 

These would be c l a s s e d as h y d r o t h e r m a l d e p o s i t s w i t h t h e 

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

around ^>00 degrees c e n t i g r a d e ( a p p r o x i m a t e ^ ) . The a n i s o t r o p i s m of 

some o f t h e g a r n e t i n t h e Lower b l u e b e l l d e p o s i t would suggest 

t e m p e r a t u e s e x c e e d i n g 800 degrees c e n t i g r a d e , but t h e ore m i n e r a l s 

p r o b a b l y came i n l a t e r , f o l l o w i n g t h i s peak t e m p e r a t u r e . The c r i t e r i a 

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

s i m p l e m i n e r a l o g y , absence o f vugs, and absence o f c r u s t i f i c a t i o n . 



Summary o f t h e C o n t r o l s 
i 

The c o n t r o l s o f t h e d e p o s i t s a r e a-=-&ombirtntion erf s t r a t i g r a p h i c 

and s t r u c t u r a l . The o v e r a l l c o n t r o l i s t h e S i c k e r sediments and as 

f a r as r e p l a c e m e n t i s c o n c e r n e d , i t i s g e n e r a l l y r e s t r i c t e d t o t h e 
net-17.0*-* 

l i m y /B&a&G., e x c e p t f o r t h e 3 ^ m i n e r a l i z a t i o n ^ w h i c h occurs a t Lee's 

Lower w o r k i n g where t h e m a s s i v e s u l p h i d e s s e e m i n g l y r e p l a c e a l l p r e 

e x i s t i n g r o c k . From a c l o s e r s t u d y o f t h e d e p o s i t s , i t appears t h a t 

a s t r u c t u r a l c o n t r o l i s o f e q u a l i m p o r t a n c e t o t h e s t r a t i g r a p h i c ^ , 121' 

^ a l l cases t h e o r e s a r e r e l a t e d t o s h e a r i n g . The Upper B l u e b e l l d e p o s i t s 

^rflfcof ^' a e s i l G Q - r zone t y p e , whereas^the Lower B l f i f t f b e l l and bot h o f Lee's 

w o r k i n g s are a c o m b i n a t i o n of s h e a r i n g and s e l e c t i v e r e p l a c e m e n t . 

The i n t r u s i o n s i n t h e a r e a a r e a n o t h e r c o n t r o l l i n g f a c t o r . The 

Lower B l u e b e l l d e p o s i t s a r e f o u n d i n a narrow chimney o r pendant of 

S i c k e r s e d i m e n t s surrounded on t h r e e s i d e s by S a a n i c h g r a n o d i o r i t e ^ 

eggfL^the K i n g Solomon or Lee's showings a r e b o t h a s s o c i a t e d w i t h 

p o r p h y r y c^ke b o d i e s . 

In summary, t h e c o n t r o l s a r e : t h e S i c k e r s e d i m e n t s , g a r n e t i t e 

and marble h o r i z o n s , s h e a r i n g and g r a n i t i c i n t r u s i o n s ( S a a n i c h g r a n o d i o r i t e 

and certain porphyry' d^kes). 



ECONOMICS *—foe f Atf* 

, G e n e r a l Statement. 

/ I t s h o u l d be no t e d t h a t t h e w r i t e r ' s f a m i l i a r i t y w i t h 

m i n e r a l d p o s i t s i s l i m i t e d and he does not know t h e e x a c t grades o f 
rUd^u^^li^) " —>s. - — — — " 

t h e ^how*-- d e p o s i t s . y ^ f n r e v i e w ^ / t h e ^ o c c u r r e n c e s o f t h e coppery i t 

appears t o t h e w r i t e r t h a t t h e known d e p o s i t s c o u l d o n l y be " h i g h grads 

and mined a t a p r o f i t by a s m a l l o p e r a t i o n w i t h good management. The 

d e p o s i t s d e f i n i t e l y do not w a r r a n t t h e c o n t r a c t i o n o f a c o n c e n t r a t i n g 

p l a n t but q u i t e p o s s i b l y t h e ore c o u l d be s h i p p e d t o Cowichan Copper 

f o r c o n c e n t r a t i o n . The a r e a as a whole appears t o be of g r e a t e r 

p r omise s i n c e much o f i t i s c o v e r e d by d r i f t ^ t h u s has not been 

c o m p l e t e l y e x p l o r e d . There i s much m i n e r a l i z a t i o n i n t h e r o g ^ s o f 

t h e d i s t r i c t b ut i t i s g e n e r a l l y c o n f i ^ n t f / t o i r o n m i n e r a l s / a l t h o u g h 

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

c o p p e r . The a r e a d e f i n i t e l y warre/nts f u r t h e r e x p l o r a t i o n , perhaps by 

s combined g e o p h y s i c a l and g e o c h e m i c a l methods. 
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