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A MINERALOGRAPHIC STUDY 

OF THE ORE OF THE 

TORBRIT MINE, ALICE ARM 

BRITISH COLUMBIA 

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

A s u i t e o f ore samples from the T o r b r i t 

Mine have been s t u d i e d i n o r d e r t o de t e r m i n e the 

m i n e r a l s p r e s e n t and the p a r a g e n e t i c sequence. 

S i n c e the o r e c o n t a i n s an abundance o f 

gangue m i n e r a l s , i n c l u d i n g b a r i t e , t h r e e t h i n - s e c t i o n s 

were o b t a i n e d from the ore samples. These were s t u d i e d 

as an a i d t o d e t e r m i n i n g the h i s t o r y and o c c u r r e n c e o f 

the ore m i n e r a l s p r e s e n t . 

L o c a t i o n 

The T o r b r i t mine i s l o c a t e d on the west 

bank o f the K i t s a u l t R i v e r a p p r o x i m a t e l y 17 m i l e s from 

A l i c e Arm. B o t h mine and m i l l a r e s i t u a t e d a t an 

e l e v a t i o n o f 1 0 0 0 f e e t above sea l e v e l n e a r the j u n c t i o n 



o f the Upper K i t s a u l t v a l l e y and E v i n d s e n Greek. The 

n e a r e s t community i s A l i c e Arm l o c a t e d a t t h e mouth o f 

the K i t s a u l t R i v e r and a t the head of t h e i n l e t o f t h e 

same name. The a r e a , a p p r o x i m a t e l y 1 0 0 m i l e s n o r t h o f 

P r i n c e R u p e r t , can be reached by a i r from P r i n c e Rupert 

o r weekly by v e s s e l s o f the U n i o n Steamship Company. 

H i s t o r y 

S i l v e r o c c u r r e n c e s were d i s c o v e r e d i n the 

A l i c e Arm d i s t r i c t soon a f t e r the t u r n i f the c e n t u r y . 

I n 1 9 1 3 * & number o f c l a i m s were s t a k e d i n the K i t s a u l t 

v a l l e y a r e a and by 1 9 1 6 e x p l o r a t i o n by t r e n c h i n g had 

r e v e a l e d two main zones o f m i n e r a l i z a t i o n . 

I n 1 9 2 4 , the T o r i c group o f f o u r c l a i m s 

i n c l u d i n g the T o r i c , A n g l o , Moose, and Lamb, were 

t a k e n under the o p t i o n o f t h e C o n s o l i d a t e d Homestake 

M i n i n g Company. D u r i n g the f o l l o w i n g y e a r , the l o w e r 

zone o f m i n e r a l i z a t i o n was e x p l o r e d by a d i t - l e v e l 

and was found t o be about 1 0 0 f e e t wide. I n 1 9 2 7 , 

the name o f the company was changed t o T o r i c Mines, 

L i m i t e d . Soon a f t e r a m i l l c a p a b l e o f t r e a t i n g 5 0 

tons a day was b u i l t and the m i l l i n g p r o c e s s was 

changed from amalgamation and t a b l e c o n c e n t r a t i o n t o 

f l o t a t i o n . 

The B r i t a n n i a M i n i n g and S m e l t i n g Company 

a c q u i r e d the mine i n 1 9 2 9 and s u b s e q u e n t l y o r g a n i z e d 

t h e T o r b r i t M i n i n g Company to d e v e l o p and mine the 
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m i n e r a l d e p o s i t s . However, t h e f a l l i n the p r i c e o f s i l v e r 

c u r t a i l e d o p e r a t i o n s and work was suspended i n 1 9 3 0 . The 

p r o p e r t y remained i d l e u n t i l 1 9 4 6 when the T o r b r i t S i l v e r 

Mines Company bought the p r o p e r t y . The company commenced 

an a c t i v e development program and bv 1 9 4 8 had completed 

a 3 0 0 t o n m i l l and power p l a n t . A d d i t i o n a l e x p l o r a t i o n 

and development has c o n t i n u e d t o the p r e s e n t t i m e . 

Bv the end o f 1 9 5 5 ? the p r o d u c t i o n amounted 

t o 1 5 1 , 8 6 3 tons o f o r e . The m i n i n g i s c h i e f l y by b l a s t 

h o l e and s h r i n k a g e s t o p e s . I n the m i l l , most o f the 

s i l v e r i s p r e s e n t l y r e c o v e r e d w i t h g a l e n a as a f l o t a t i o n 

c o n c e n t r a t e . I n a d d i t i o n , n a t i v e s i l v e r i s r e c o v e r e d by 

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

p r o d u c t i o n t o the end o f 1 9 5 5 was 1 , 8 1 9 , 5 9 3 ounces. The 

l e a d c o n c e n t r a t e s amounted t o 1 , 1 2 8 , 8 3 3 pounds. 

G e n e r a l Geology 

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

and v o l c a n i c d i v i s i o n s o f the H a z e l t o n Group. The A l i c e 

Arm d i s t r i c t l i e s on the e a s t e r n b o r d e r o f t h e Coast 

Range B a t h o l i t h w h ich has i n t r u d e d b o t h the v o l c a n i c 

d i v i s i o n o f M i d d l e J u r a s s i c age and the o v e r l y i n g s e d i m e n t a r y 

f o r m a t i o n o f Upper J u r a s s i c and Lower Cretaceous age. 

The v o l c a n i c d i v i s i o n o f the H a z e l t o n Group, 

o r i g i n a l l y c a l l e d t he D o l l y Varden f o r m a t i o n has been 

c o r r e l a t e d w i t h the Bear R i v e r f o r m a t i o n o f the P o r t l a n d . 

C a n a l area and the K i t s a l o s f o r m a t i o n o f the Skeena R i v e r 



4 . 

d i s t r i c t . I n the A l i c e Arm r e g i o n , the v o l c a n i c s form 

t h r e e e l o n g a t e b o d i e s p a r a l l e l to each o t h e r and o r i e n t e d 

w i t h n o r t h w e s t e r l y t r e n d i n g a x i s . S u r r o u n d i n g t h e s e are 

s e d i m e n t a r y r o c k s o f t h e Upper J u r a s s i c and Lower Cr e t a c e o u s 

d i v i s i o n o f the H a z e l t o n Group. O r i g i n a l l y , the sediments 

were i n c l u d e d i n the K i t s a u l t f o r m a t i o n , however now form 

p a r t o f the w i d e s p r e a d Bowser f o r m a t i o n (Roddick, 1 9 5 6 ) . 

I n the a r e a , the sediments a r e conformable on the v o l c a n i c s , 

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

and greywacke, conglomerate and l i m e y a r g i l l i t e . 

The T o r b r i t Mine l i e s i n the c e n t r a l igneous 

body o f t h e H a z e l t o n Group, the K i t s a u l t body. The 

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

s t r u c t u r e . Hanson ( 1 9 3 5 ) b e l i e v e s the a r e a forms the c o r e , 

p l u g , o r neck o f one o r more v o l c a n o e s . The r o c k type i s 

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

and brown fragments. The c o l o r s v a r y i n d i f f e r e n t p l a c e s 

and the change i s g r a d a t i o n a l , not c o n t r o l l e d by b e d d i n g 

o r any o t h e r r e c o g n i z a b l e s t r u c t u r e . There has been 

c o n s i d e r a b l e s h e a r i n g o f the r o c k s , o b l i t e r a t i n g most o f 

the o r i g i n a l t e x t u r e s , and t h e r e has been much a l t e r a t i o n , 

the g r e e n s t o n e s a r e r e p l a c e d i n p a r t by c a r b o n a t e , c h l o r i t e , 

and i r o n o x i d e s . The r o c k s are e x t e n s i v e l y weathered and 

i n p l a c e s are h e a v i l y b r e c c i a t e d . S m a l l f a u l t s w i t h s m a l l 

d i s p l a c e m e n t s a r e common i n the a r e a . S e v e r a l dykes and 

s t o c k s are p r e s e n t i n the a r e a and range i n c o m p o s i t i o n 

from gabbro t o q u a r t z p o r p h y r y . 
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Economic Geology 

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

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

H a z e l t o n Group. Most o f the m i n e r a l i z a t i o n i s l o c a t e d 

a l o n g b r e c c i a t e d and c r u s h e d zones where ore m a t t e r has 

p a r t l y r e p l a c e d r o c k and p a r t l y f i l l e d open spaces. A few 

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

"type. 

The T o r b r i t Mine c o n s i s t s o f a l a r g e moderate 

to low grade d e p o s i t r o u g h l y 1 0 0 f e e t wide and 3 0 0 f e e t 

l o n g i n p l a c e s . The main v e i n s t r i k e s n o r t h e a s t and d i p s 

s t e e p l y t o t h e west. I t i s c h a r a c t e r i z e d by a h i g h l y 

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

b r e c c i a t e d appearance. The w a l l s are g e n e r a l l y p a r a l l e l 

t o the s c h i s t o c i t y o f the c o u n t r y r o c k and the c o n t a c t s 

between the d e p o s i t and g r e e n s t o n e are g r a d a t i o n a l , a l t h o u g h 

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

d i s t a n c e o f a few i n c h e s . The c o n t a c t s are f a u l t e d i n 

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

t h a n twenty f e e t . The f a u l t s are b o t h l o n g i t u d i n a l and 

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

d e p o s i t a r e c h i e f l y e a s t - w e s t d i s p l a c e m e n t s i n w h i c h the 

c u r v e d ends s t r i k e n o r t h e a s t and n o r t h w e s t . 

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

on the T o r b r i t p r o p e r t y , r a n g i n g from s m a l l v e i n s t o d e p o s i t s 

a few f e e t i n w i d t h . These a r e l o c a t e d n e a r the w a l l s o f 

the main d e p o s i t and are s e p a r a t e d from i t by a few f e e t o f 
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c o u n t r y r o c k . They are s i m i l a r m i n e r a l o g i c a l l y t o t h e main 

d e p o s i t , a l t h o u g h they h a v e n T t y e t been de v e l o p e d . The 

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

q u i t e d i s t i n c t i n appearance from the v e i n i t s e l f . 

The d e p o s i t i s d i s t i n c l y banded and the b a n d i n g 

i s a p p a r e n t l y p a r a l l e l t o the c o n t a c t s o f the d e p o s i t . 

The b a n d i n g ranges from paper t h i n t o s e v e r a l f e e t i n 

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

q u a r t z , c a r b o n a t e , and s u l p h i d e s . I n c o n t r a s t , a few 

p a r t s o f t h e d e p o s i t c o n s i s t s o f u n o r i e n t e d aggregates 

o f m i n e r a l s . 

The o r e shoots a r e t h o s e p a r t s o f the d e p o s i t 

c o n t a i n i n g s i l v e r - l e a d m i n e r a l s , and c o n s i s t o f q u a r t z 

v e i n s or q u a r t z shoots i n b a r i t e v e i n s . These are n o t 

markedly d i f f e r e n t i n appearance from the r e s t o f the 

d e p o s i t , hence can o n l y be d e t e r m i n e d by the r e s u l t s o f 

s a m p l i n g and a s s a y i n g . 

Subsequent t o r e c e n t e x p l o r a t i o n o f the a r e a , 

i t has been found t h a t the t y p i c a l s i l v e r - b a r i t e - j a s p e r 

m i n e r a l i z a t i o n o f t h e main d e p o s i t grades t o d e p o s i t s 

low i n s i l v e r v a l u e s and c o n t a i n i n g h i g h e r l e a d - z i n c 

v a l u e s t o the n o r t h o f the mine. 

The main o r e s h o o t s o f t h e T o r b r i t Mine, s i m i l a r 

t o t h o s e o f the a d j a c e n t D o l l y Varden p r o p e r t y , a r e 3>cated 

i n t h a t p a r t o f t h e d e p o s i t n e a r e s t t o the p r o j e c t e d 

e x t e n s i o n o f the r e g i o n a l s y n c l i n a l a x i s . A p p a r e n t l y the 

ore f o r m a t i o n was r e l a t e d t o the nearness o f t h i s s t r u c t u r a l 

a x i s , a f a c t o r t h a t may be u s e f u l i n l o c a t i n g the h i g h e r 
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grade zones o f m i n e r a l i z a t i o n . 

M i n e r a l o g y 

Megascopic E x a m i n a t i o n 

The ore i s a c o a r s e g r a i n e d aggregate c h a r a c t e r i z e d 

by a preponderance o f gangue m i n e r a l s as compared t o 

m e t a l l i c m i n e r a l s . The appearance v a r i e s from a l i g h t 

g r e y c o l o r w i t h a b r e c c i a t e d t e x t u r e t o an a ggregate o f 

r e d , d a r k g r e y , and y e l l o w c o l o r s . The l a t t e r a r e sometimes 

complex i n t e r g r o w t h s o f m i n e r a l s h a v i n g a random o r i e n t a t i o n , 

a l t h o u g h most specimens show d i s t i n c t b a n d i n g . B o t h 

c r u s t i f i c a t i o n and c o l l o f o r m b a n d i n g was o b s e r v e d . The 

c r u s t i f i e d b a n d i n g i s common and i n the ore specimens 

v a r i e s from paper t h i n t o a p p r o x i m a t e l y one i n c h i n 

t h i c k n e s s . The bands are e i t h e r o f d i f f e r e n t m i n e r a l s 

a l t e r n a t i n g t h r o u g h o u t the ore o r are o f the same m i n e r a l s 

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

arrangement, and o f d i f f e r e n t c o l o r s . 

The major c o n s t i t u e n t s i n c l u d e s o f t , l i g h t 

c o l o r e d bands and l a t h s o f b a r i t e ; waxy, l i g h t and 

d a r k - g r e y s t r i n g e r s , bands and masses o f c h a l c e d o n i c 

q u a r t z ; r e d t o maroon aggregates o f h e m a t i t e and j a s p e r ; 

and y e l l o w i s h masses o f i r o n r i c h c a r b o n a t e . The m e t a l l i c 

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

s i l v e r m i n e r a l s . 

A few o f the specimens have a pronounced 

b r e c c i a t e d appearance. The l i g h t and dark grey q u a r t z 

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

a r e c o n c e n t r a t e d n e a r the b o r d e r s o f the b a r i t e and q u a r t z 

f o r m i n g d a r k s t r i n g e r s . I n a d d i t i o n , s u l p h i d e s are common 

as d i s s e m i n a t i o n s i n f r a c t u r e s t h r o u g h o u t the gangue. 

The s i l v e r m i n e r a l s are abundant i n the s e c t i o n s 

h a v i n g a preponderance o f r e d j a s p e r and h e m a t i t e . These 

specimens were u n o r i e n t e d i n t e r g r o w t h s o f m i n e r a l s o r 

had d i s t i n c t banded t e x t u r e s . One specimen from the Moose 

Cut shows d i s t i n c t c o l l o f o r m b anding w i t h c o n c e n t r i c l a y e r s 

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

c a r b o n a t e , and ore m i n e r a l s . The bands are o f g r e y , r e d , 

y e l l o w and b l a c k c o l o r s and range from paper t h i n t o one-

h a l f i n c h i n t h i c k n e s s . The r e d j a s p e r - h e m a t i t e bands are 

most d i s t i c t and c o n t a i n r e c t a n g u l a r l a t h s o f b a r i t e w h i ch 

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

o f b a n d i n g . 

The s e c t i o n s from the newer p r o s p e c t s c o n t a i n 

v e r y l i t t l e j a s p e r and h e m a t i t e , and appear as f i n e g r a i n e d 

m i x t u r e s o f g a l e n a and s p h a l e r i t e . The gangue i s p r e d o m i n a n t l y 

q u a r t z w i t h on.lv minor b a r i t e . 

M i c r o s c o p i c E x a m i n a t i o n o f Gangue M i n e r a l s 

Three t h i n s e c t i o n s o f the T o r b r i t specimens 

were s t u d i e d and r e v e a l e d the f o l l o w i n g m i n e r a l s : q u a r t z , 

b a r i t e , s i d e r i t e , c a l c i t e , h e m a t i t e , ( j a s p e r ) , and. s u l p h i d e s . 

B a r i t e , c o m p r i s i n g from 3 0 t o 50 p e r c e n t o f the 

specimens, i s p r e s e n t as r e c t a n g u l a r g r a i n s and p r i s m a t i c 

c r y s t a l s 9 h a v i n g h i ^ h r e l i e f and. low b i r e f r i n g e n c e . 

http://on.lv


I t has two d i s t i n c t c l e a v a g e s and i s d i s t r i b u t e d i n l a r g e 

masses and s m a l l g r a i n s bounded i n a groundmass o f a n h e d r a l 

q u a r t z . The s m a l l e r g r a i n s are surrounded by s u l p h i d e s 

and h e m a t i t e g r a i n s and the l a r g e r masses have numerous 

f r a c t u r e f i l l i n g s o f c a r b o n a t e , j a s p e r and dark q u a r t z 

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

v e i n l e t s around and w i t h i n the b a r i t e g i v e r i s e t o the 

c h a r a c t e r i s t i c r e c t a n g u l a r , b l o c k s t e x t u r e . 

The q u a r t z i s the second, abundant gangue m i n e r a l 

and comprises from 20 to 40 p e r c e n t o f the specimens. I t 

i s c h a l c e d o n i c , and c o l o r l e s s t o p a l e brown i n t h i n s e c t i o n . 

I t i s u n a l t e r e d , has a d i s t i n c t aggregate s t r u c t u r e and 

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

low r e l i e f and m o t t l e d e x t i n c t i o n . The j a s p e r which i s 

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

f r a c u r e s and g r a i n b o u n d a r i e s and c o n t a i n s abundant 

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

outward t o the c l e a r c o l o r l e s s v a r i e t y o f c h a l c e d o n i c 

q u a r t z . Banding i s d i s t i n c t i n p l a c e s and c o n s i s t s o f 

a l t e r n a t e g r a d a t i o n s from d i r t y q u a r t z clouded, frith 

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

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

c o n s i s t s o f two d i s t i n c t t y p e s . Low r e l i e f c a l c i t e o c c u r s 

i n shreds and i r r e g u l a r aggregates and o c c u r s most commonly 

w i t h i n masses o f b a r i t e and i n fractures s u r r o u n d i n g p y r i t e , 

and d i s s e m i n a t e d s u l p h i d e s . A few d i s t i n c t v e i n l e t s e n t i r e l y 

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

o f c a r b o n a t e i s d a r k e r grey i n c o l o r , and has a somewhat 

h i g h e r r e l i e f . The b o u n d a r i e s o f the g r a i n s are b r o w n i s h 
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i n d i c a t i n g i t i s a n k e r i t i c i n c o m p o s i t i o n . I t seems t o be 

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

a u a r t z - b a r i t e g r a i n b o u n d a r i e s . 

The opaque m i n e r a l s i n c l u d i n g s u l p h i d e s and 

some h e m a t i t e o c c u r as s m a l l shreds and d i s s e m i n a t e d 

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

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

and t h e l a r g e r d i s t i n c t g r a i n s grade outward from from 

g r a i n b o r d e r s t o d i s s e m i n a t e d g r a i n s i n the gangue. Near 

the f r a c t u r e s the powdery s u l p h i d e s a r e a s s o c i a t e d w i t h 

j a s p e r and c a r b o n a t e . A few d i s t i n c t bands o f o f b l a c k 

opaque m i n e r a l s were seen and c o n s i s t e d o f wide l a y e r s 

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

H ematite g r a i n s a r e common a t the b o r d e r s o f the b a r i t e 

l a t h s . 

M i c r o s c o p i c E x a m i n a t i o n o f Ore M i n e r a l s 

E x a m i n a t i o n o f the p o l i s h e d s e c t i o n s o f the 

T o r b r i t ore r e v e a l e d the f o l l o w i n g , m i n e r a l s ; 

P y r i t e (FeSg). T h i s o c c u r s as l a r g e i r r e g u l a r masses 

and s m a l l rounded g r a i n s . I t o c c u r s i n the b r e c c i a t e d 

f r a c t u r e zones a s s o c i a t e d w i t h i t h e r s u l p h i d e s and 

i s o f t e n s h a t t e r e d , the f r a c t u r e d g r a i n s h a v i n g been 

h e a l e d w i t h q u a r t z . A few d i s t i n c t bands of p y r i t e 

c o n s i s t i n g of t h i n l a y e r s o f rounded and i r r e g u l a r 

g r a i n s are c o n t a i n e d i n the s e c t i o n s from the Moose Cut. 

M a r c a s l t e (FeSo) ? A few s m a l l g r a i n s o f l i g h t e r c o l o r 

t h a n th e r e m a i n i n g p y r i t e were seen. These had f a i n t 



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

no d e f i n i t e c o n f i r m a t o r y p r o p e r t i e s were observed. 

Hematite (Fe 20-^). T h i s o c c u r s as s m a l l , rounded 

d a r k - g r e y g r a i n s h a v i n g a hardness o f G, and. s l i g h t 

a n i s o t r o p i s m . Most specimens y i e l d a r e d powder, a l t h o u g h 

the common o c c u r r e n c e i s i n minute, f i n e l y d i s s e m i n a t e d 

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

j a s p e r i n f r a c t u r e s and a g r a i n b o r d e r s o f q u a r t z and 

b a r i t e . 

S p h a l e r i t e (ZnS). The p r o p e r t i e s , hardness o f G, gr e y 

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

f o r a l l r e a g e n t s e x c e p t aqua r e g i a p r o v e d s p h a l e r i t e . 

I t was c o n f i r m e d by m i c r o c h e m i c a l t e s t s . Some o f t h e 

s p h a l e r i t e shows d i s t i n c t r e s i n - c o l o r e d i n t e r n a l 

r e f l e c t i o n , and w h i t e powder, whereas i n o t h e r s e c t i o n s 

i t was d a r k e r , l a c k e d i n t e r n a l r e f l e c t i o n , and y i e l d e d 

a m e t a l l i c powder. I n g e n e r a l , the i r o n r i c h members 

seem c l o s e l y a s s o c i a t e d w i t h the g a l e n a and the i r o n 

p o o r ones, w i t h the c a r b o n a t e - b a r i t e - q u a r t z gange. 

C h a l c o p y r i t e ( C u F e S 2 ) . The c h a l c o p y r i t e i s a s s o c i a t e d 

w i t h the s p h a l e r i t e and o c c u r s as minute b l e b s and 

i r r e g u l a r g r a i n s i n f i n e g r a i n e d s p h a l e r i t e masses, 

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

m i x t u r e s o f g a l e n a and s p h a l e r i t e . I t i s p r e s e n t m a i n l y 

i n the s e c t i o n s c o n t a i n i n g abundant g a l e n a and s p h a l e r i t e 

and r a r e i n the s e c t i o n s c o n t a i n i n g abundant j a s p e r , 

b a r i t e , ruby s i l v e r and s p h a l e r i t e . 
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G a l e n a (PbS). The g a l e n a shows p e r f e c t c l e a v a g e w i t h 

abundant t r i a n g u l a r p i t s and was c o n f i r m e d by ha r n e s s 

and e t c h t e s t s . The g a l e n a o c c u r s as l a r g e masses 

and f i n e g r a i n e d m i x t u r e s w i t h s p h a l e r i t e . These form 

d i s t i n c t bands a l t e r n a t i n g w i t h gangue m i n e r a l s . I n 

a d d i t i o n the g a l e n a i s d i s s e m i n a t e d as i r r e g u l a r g r a i n s 

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

F y r a r g y r i t e (3Ag 2S #Sb 2S-^) . The ruby s i l v e r i ^ b l u i s h -

g r e y , a n i s o t r o p i c , a l t h o u g h most g r a i n s do not show 

good a n i s o t r o n i s m due t o the deep r e d i n t e r n a l r e f l e c t i o n . 

The m i n e r a l was c o n f i r m e d by e t c h t e s t s and m i c r o c h e m i c a l 

t e s t . I n hand specimens most ruby s i l v e r i s dark r e d t o 

b l a c k . Some ruby s i l v e r c o r r e s p o n d i n g t o the P r o u s t i t e 

end member may be p r e s e n t , however the g e n e r a l s m a l l n e s s 

o f g r a i n s i z e p r e v e n t s c o n f i r m a t i o n by m i c r o c h e m i c a l t e s t s . 

The p y r a r g y r i t e i s d i s t r i b u t e d as s m a l l i r r e g u l a r g r a i n s 

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

and i s a s s o c i a t e d w i t h j a s p e r , h e m a t i t e , b a r i t e and q u a r t z . 

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

i n t h e f r a c t u r e zones o c c u r i n g as v e i n l e t s and s t r i n g e r s 

t h r oughout and s u r r o u n d i n g the p y r i t e g r a i n s . 

Some o f t h e ruby s i l v e r i s d i s s e m i n a t e d t h r o u g h l a r g e 

masses o f c h a l c e d o n i c q u a r t z . 

A s s o c i a t e d w i t h the ruby s i l v e r i n f r a c t u r e s 

are a few v e r y s m a l l g r a i n s o f a w h i t e , i s o t r o p i c m i n e r a l . 

These were too s m a l l t o a l l o w c o n f i r m a t o r y t e s t s and may 

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

N a t i v e s i l v e r , i f p r e s e n t , i s r a r e i n the specimens 



examined. T e t r e h e d r i t e and o t h e r s i l v e r m i n e r a l s , a l s o 

were no t o b s e r v e d . 

T e x t u r e s and P a r a g e n e t i c Sequence 

The t e x t u r e s o b s e r v e d i n the p o l i s h e d s e c t i o n s 

s t u d i e d are c h a r a c t e r i s t i c o f a d e p o s i t t h a t has been formed 

by f i l l i n g and replacement i n a b r e c c i a t e d zone. The ore 

f o r m a t i o n and growth o f m i n e r a l s has been c l o s e l y r e l a t e d 

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

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

o r i g i n a t e d a p p a r e n t l y from s h e a r i n g a t t e n d a n t upon the 

i n t r u s i o n o f t h e Coast Range b a t h o l i t h complex. The d i s t i n c t 

b a n ding i n d i c a t e s t h a t the m i n e r a l s p r e s e n t o r i g i n a t e d from 

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

The f i r s t s t a g e i n the f o r m a t i o n o f the d e p o s i t 

was l i k e l y the d e p o s i t i o n o f the o u a r t z - b a r i t e gangue 

m i n e r a l s . The i n t i m a t e a s s o c i a t i o n o f b a r i t e and 

c h a l c e d o n i c q u a r t z and h e m a t i t e s u g g e s t s t h e s e formed 

the f i r s t s t a g e o f d e p o s i t i o n . T h i s s t a g e o f p r i m a r y 

m i n e r a l i z a t i o n was f o l l o w e d by replacement o f q u a r t z t o 

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

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

l a t e r , s u c c e s s i v e s t a g e s o f m i n e r a l i z a t i o n . E v i d e n c e o f 

t h i s i s the r h y t h m i c c o l l o f o r m b a n d i n g seen i n some o f 

the s e c t i o n s . 

The second major s t a g e i n the h i s t o r y o f the 

d e p o s i t was the i n j e c t i o n o f the o r e f o r m i n g m i n e r a l s 

and q u a r t z and. the replacement o f the p r i m a r y m i n e r a l s . 

Most o f the m e t a l l i c m i n e r a l s are a s s o c i a t e d w i t h the 



14. 

q u a r t z i n f r a c t u r e s . T h i s i s due c h i e f l y t o the f a c t t h a t 

the q u a r t z i s more e a s i l y s h a t t e r e d and p r o v i d e d b e t t e r 

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

P y r i t e was l i k e l y t he f i r s t s u l p h i d e t o c r y s t a l l i z e 
i 

and the s h a t t e r e d appearance and replacement a l o n g p y r i t e 1 

f r a c t u r e s o f s p h a l e r i t e , g a l e n a , c h a l c o p y r i t e , p y r a r g y r i t e ' 

and c a r b o n a t e i n d i c a t e s s u c c e s s i v e d e p o s i t i o n and replacement 

by t h e younger s u l p h i d e s and s u l p h o s a l t s . The presence o f 

p y r i t e i n s u c c e s s i v e l a y e r s i n some s e c t i o n s i n d i c a t e s t h a t 

i t was not a l l formed d u r i n g the e a r l i e s t s t a g e o f ore 

f o r m a t i o n . 

The s p h a l e r i t e i s c l o s e l y a s s o c i a t e d w i t h 

p y r i t e a l o n g f r a c t u r e zones and was l i k e l y the n e x t t o 

form. I t i n v a r i a b l y o c c u r s as wide v e i n - l i k e zones b o r d e r i n g 

f r a c t u r e s and i n many cases c o n s i s t s o f a f i n e g r a i n e d 

m i x t u r e o f s p h a l e r i t e and gangue. I n one case the s p h a l e r i t e 

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

was bounded on each s i d e by p y r i t e s t r i n g e r s . A p p a r e n t l y 

the o r i g i n a l f r a c t u r e s were re-opened, the p y r i t e s h a t t e r e d 

and the s p h a l e r i t e was d e p o s i t e d . The presence o f c h a l c o p y r i t e 

almost e x c l u s i v e l y i n the s p h a l e r i t e as minute, i r r e g u l a r 

shaped shreds and the smooth b o u n d a r i e s o f some b l e b s s u g g e s t s 

the two a r e contemporaneous and l i k e l y the c h a l c o p y r i t e 

formed i n p a r t by e x s o l u t i o n . The c h a l c o p y r i t e has r e p l a c e d 

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

g r a i n b o u n d a r i e s and i n f r a c t u r e s . 

The g a l e n a seems to be n e a r l y contemporaneous 

i n the seou-nce w i t h s p h a l e r i t e . I n the s e c t i o n s t h a t 



c o n s i s t m a i n l y o f g a l e n a , s p h a l e r i t e and gangue m i n e r a l s , the 

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

between i t and s p h a l e r i t e . There has been c o n s i d e r a b l e r e p l a c e 

ment o f s p h a l e r i t e by g a l e n a as i n d i c a t e d by the numerous 

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

Near t h e b o r d e r s the s p h a l e r i t e remains as s m a l l d i s s e m i n a t e d 

g r a i n s s u r r o u n d e d e n t i r e l y by a groundmass o f g a l e n a . The 

g a l e n a surrounds p y r i t e and has r e p l a c e d much o f the o r i g i n a l 

p y r i t e mass f o r m i n g t h i c k s t r i n g e r s around i s o l a t e d g r a i n s . 

A few o f t h e s e c o n t a i n p a t c h e s o f c h a l c o p y r i t e t h a t have 

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

p a t c h e s a l o n g f r a c t u r e s i n the gangue and appears t o be 

r e p l a c i n g i t . G e n e r a l l y , the g a l e n a i s abundant i n the 

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

seems t o be more c l o s e l y a s s o c i a t e d w i t h the q u a r t z r a t h e r 

t h a n b a r i t e gangue m i n e r a l s . 

The l a s t s t a g e i n the sequence o f d e p o s i t i o n 

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

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

f r a c t u r e s i n the h e m a t i t e - b e a r i n g j a s p e r and i n f r a c t u r e s 

of t h e b a r i t e . Under p o l a r i z e d l i g h t the s u l p h o s a . l t s t r i n g e r s 
o are bounded by a b r a d zone o f b r i g h t r e d j a s p e r t h a t grades 

A 

outward t o l i g h t grey q u z r t z . The m i n e r a l i z a t i o n i s c l o s e l y 

a s s o c i a t e d w i t h P 3 r r i t e s t r i n g e r s i n the f r a c t u r e s . The v e r y 

t i n y , i s o t r o p i c , w h i t e f l a k e s were seen a s s o c i a t e d w i t h 

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

s u g g e s t i v e o f n a t i v e s i l v e r , a l t h o u g h the f l a k e s may w e l l 

be o f f i n e l y d i v i d e d g a l e n a i n the gangue m i n e r a l s . The 

p y r a r g y r i t e o c c u r s f r e q u e n t l y as r ims around p y r i t e g r a i n s 
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and has r e p l a c e d much o f t h e o r i g i n a l p y r i t e mass. Subseauent 

t o the l a s t s t a g e o f m i n e r a l i z a t i o n , t h e r e has been c o n s i d e r a l b e 

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

and i r o n o x i d e s . The w a l l r o c k has a l s o been a l t e r e d and 

c o n s i d e r a b l 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 and i r o n o x i d e s 

have been formed. 

h e m a t i t e 

p y r a r g y r i t e 

g a l e n a 

p y r i t e 

© s i d e r i t e 
s p h a l e r i t e 

® c a l c i t e 

c h a l c o p y r i t e 
( e x s o l i r t i o n ) 

P r i m a r y M i n e r a l s 
q u a r t z 
h e m a t i t e 
b a r i t e 
p y r i t e 
m a r c a s i t e ? 
s p h a l e r i t e 
c h a l c o p y r i t e 

c h a l c o p y r i t e 

g a l e n a 
p y r a r g y r i t e 

© i r o n o x i d e s 

Secondary M i n e r a l s 
s i d e r i t e 
c a l c i t e 
i r o n o x i d e 

F i g . 1. 
P a r a g e n e t i c Seauence o f T o r b r i t Ore. 

C o n c l u s i o n s 

The T o r b r i t s i l v e r - b a r i t e - j a s p e r d e p o s i t s are t h e 

p r o d u c t o f f i l l i n g and replacement i n a sh e a r e d , b r e c c i a t e d 

zone. I t has been formed by s u c c e s s i v e d e p o s i t i o n and 
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r e p l a c e m e n t caused by h y d r o t h e r m a l a c t i v i t y subseouent t o 

the emplacement o f the Coast Range i n t r u s i v e s . 

S e v e r a l c r i t e r i a can be used t o i n t e r p r e t the 

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

b a r i t e , j a s p e r m i n e r a l i z a t i o n , l i k e l y o c c u r r e d a t t e m p e r a t u r e s 

n e a r 500 degrees c e n t i g r a d e . P y r i t e formed a t s u c c e s s i v e 

i n t e r v a l s , but the m a j o r i t y l i k e l y c r y s t a l l i z e d between 

450 and 500 d e g r e e s . There i s some e v i d e n c e o f a s p h a l e r i t e -

c h a l c o p y r i t e s o l i d s o l u t i o n . T h i s l i k e l y unmixed a t 

t e m p e r a t u r e s i n the neighbourhood o f 400 t o 450 degrees. 

The g a l e n a and p y r a r g y r i t e a r e t y p i c a l l y medium t o low 

t e m p e r a t u r e m i n e r a l s and p r o b a b l y formed a t t e m p e r a t u r e s 

between 2 5 0 and 350 degrees c e n t i g r a d e . I n a d d i t i o n , t h e 

g e n e r a l c o a r s e g r a i n s i z e , absence o f h i g h temperature 

s i l i c a t e s , t h e a s s o c i a t i o n o f s i l v e r - l e a d - z i n c m i n e r a l s 

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

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

a t moderate t o low t e m p e r a t u r e s . I t i s t h e r e f o r e , g r a d a t i o n a l 

from Mesothermal t o E p i t h e r m a l . 

The d e p o s i t i s o f moderate t o low grade and 

c o n t a i n s a preponderance o f gangue m i n e r a l s as compared t o 

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

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

i s more common i n v e i n s c o n t a i n i n g l i t t l e s i l v e r and h a v i n g 

q u a r t z as the main gangue m i n e r a l . 



P l a t e 1 

F i g . 2 X(i50) 

S p h a l e r i t e (S) r e i ^ l a c e d by g a l e n a (G) 

C h a l c o p y r i t e a l s o r e p l a c i n g s p h a l e r i t e . 

F i g . 3. (* 300) 

S p h a l e r i t e (S) and P y r i t e (?) i n groundmass 
— — — — — — — . r i» 

Of Gal e n a . S p h a l e r i t e and g a l e n a r e p l a c i n g 
p y r i t e . Gangue (Ga) o f c h a l c e d o n i c q u a r t z . 



P l a t e 

F i g 4. ( X'd. N i c o l s ) 
x 3 5 0 

P y r a r g y r i t e (py) d i s t r i b u t e d a l o n g f r a c t u r e s i n b r o a d 
zones o f r e d j a s p e r . P y r a r g y r i t e and s p h a l e r i t e a l s o 
i n f r a c t u r e s o f s h a t t e r e d p y r i t e , r e p l a c i n g i t and 
h e m a t i t e d i s s e m i n a t e d i n j a s p e r . 

F i g . 5 ( x 3 5 0 ) 

P y r i t e , f r a c t u r e d and p a r t i a l l y r e p l a c e d by p y r a r g y r i t e 
P y r a r g y r i t e a l s o d i s t r i b u t e d i n f i n e g r a i n e d gangue o f 
b a r i t e - j a s p e r - q u a r t z . 
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