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

The S i l b a k P r e m i e r Mine i s l o c a t e d i n n o r t h - w e s t e r n 
B r i t i s h C o l u mbia, about 1 5 0 m i l e s n o r t h o f the c i t y o f 
P r i n c e R u p e r t . The p r o p e r t y i s o n l y 11 m i l e s from the 
head o f the P o r t l a n d C a n a l , a n a t u r a l f j o r d t h a t pene
t r a t e s i n from the coast f o r almost 50 m i l e s . 

A l t h o u g h n o t e d as a major s i l v e r - l e a d p r o d u c e r , the 
S i l b a k P r e m i e r has a l s o y i e l d e d s u b s t a n t i a l amounts o f 
g o l d , z i n c , and copper. The s u i t e o f specimens examined 
i n t h i s s t u d y are from a " h i g h - g r a d e 1 1 l e n s t h a t was 
found t o o u t c r o p on the w a l l o f the abandoned g l o r y h o l e . 

H i s t o r y of the Mine 

I n 1 9 1 0 and 1 9 1 1 , the h i g h - g r a d e g o l d and s i l v e r 
v e i n s were d i s c o v e r e d , and i n 1 9 1 6 underground d e v e l o p 
ment commenced. The low p r i c e s o f the b a s e - m e t a l market 
f o r c e d o p e r a t i o n s t o cease i n 1 9 5 3 ? but the mine r e 
opened two y e a r s l a t e r . F i r e d e s t r o y e d the m i l l and 
s u r f r c e w o r k i n g s i n 1 9 5 6 and a n o t h e r low p r i c e d market 
c l o s e d the mine the f o l l o w i n g y e a r . I n 1 9 5 9 the upper 
p a r t o f a h i g h - g r a d e ore l e n s found on the s o u t h s i d e 
o f the abandoned g l o r y h o l e was mined, and subsequent 
underground e x p l o r a t i o n has s i n c e begun. 

E a r l y v a l u e s were r e c o v e r e d as a c y a n i d e p r e c i p i t a t e 
and a l s o as t a b l e and f l o t a t i o n c o n c e n t r a t e s . A f t e r 
1 9 3 3 a H "the ore had been m i l l e d and v a l u e s r e c o v e r e d i n 
c o n c e n t r a t e form. By the end o f 19^+7? the o r i g i n a l mine 
had y i e l d e d . 1 , 7 3 6 , 2 ^ - 8 oz. o f g o l d and 3 6 , 7 0 3 , 7 6 2 oz. o f 
s i l v e r . 

Development of the h i g h - g r a d e l e n s has produced 
about 2 7 3 6 t o n s o f ore (as o f I 9 6 I ) : 

g o l d . . . . . . . . 1 8 , 5 9 5 o z . 
s i l v e r 39S933 o z* 
copper............ 1 6 , 2 5 8 l b . 
l e a d . , . . 215,989 l b . 
z i n c 3 2 2,118 l b . 

T o t a l r e s e r v e s a t t h i s time were e s t i m a t e d t o be around. 
1 6 9 , 3 ^ 6 t o n s . 
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R e g i o n a l Geology 

The mine i s l o c a t e d j u s t beyond the e a s t e r n c o n t a c t 
of t he Coast B a t h o l i t h I n t r u s i o n s . The dominant r o c k s 
are a s e r i e s o f v o l c a n i c t u f f s , a n d e s i t e s , and agglom
e r a t e s , i n t e r b e d d e d w i t h and o v e r l a i n by s l a t e s and 
co n g l o m e r a t e s . 

A l t e r a t i o n o f the c o u n t r y r o c k s i s o f t e n i n t e n s e , 
w i t h an e x t r e m e l y v a r i e d assemblage o f c h l o r i t e , c a l c i t e , 
e p i d o t e , s e r i c i t e , and s i l i c a . 

M i n e r a l i z e d v e i n s o c c u r a l o n g s t r o n g f r a c t u r e zones 
t h a t e x i s t where the t u f f a c e o u s J u r a s s i c r o c k s have been 
I n t r u d e d by a g r a n o d i o r l t e - p o r p h y r y dyke system. The 
r e l a t i v e l y s m a l l s i z e and s c a t t e r e d o c c u r r e n c e o f the 
ore l e n s e s h r s c o m p l i c a t e d f u r t h e r s e a r c h f o r m i n e r a l 
i z a t i o n . 

Ore S t u d i e s 

Megascopic D e s c r i p t i o n s 

A l a r g e assortment o f hand-specimens were examined 
f o r i n i t i a l i d e n t i f i c a t i o n o f b o t h the ore and gangue 
m i n e r a l s . The l a r g e r specimens gave some i n d i c a t i o n o f 
the w a l l - r o c k a l t e r a t i o n and the p o s s i b l e type o f d e p o s i t ; 
the s m a l l e r specimens c o n s i s t e d m a i n l y o f massive o r e . 

High-grade Samples: 
Some o f the hi g h - g r a d e ore samples 

have a v e r y porous y e l l o w - o r a n g e gossan on the s u r f a c e . 
T h i s porous t e x t u r e s u g g e s t s n e a r - s u r f a c e w e a t h e r i n g 
and subsequent removal o f some of the m a t e r i a l . L I m o n i t e 
i s common, a s s o c i a t e d w i t h s i l i c a t e s t h a t have under
gone a l t e r a t i o n t o k a o l i n i t e , s e r i c i t e , and minor c h l o r i t e . 
W e l l - d e v e l o p e d minute c r y s t a l s of c l e a r q u a r t z have grown 
i n some o f the c a v i t i e s , s u g g e s t i n g t h a t the ore d e p o s i t 
may have been developed, a t l e a s t i n p a r t , as a v e i n 
replacement a l o n g p a r t i a l l y - o p e n f r a c t u r e s . 

M a s s i v e g a l e n a , d i s s e m i n a t e d p y r i t e and c h a l c o -
p y r i t e , and some s p h a l e r i t e c o n s t i t u t e most of the v i s i b l e 
s u l f i d e m i n e r a l i z a t i o n . E l e c t r u m , p y r a r g y r i t e ( ? ) , and 
n a t i v e s i l v e r are a l s o p r e s e n t i n minor amounts. 

Most o f the p y r i t e i s p r e s e n t as e u h e d r a l t o sub-
h e d r a l c r y s t a l s . The g a l e n a a l s o shows e v i d e n c e o f 
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w e l l - d e v e l o p e d c y s t a l s • 

M a s s i v e - o r e Samples: 
Much o f the massive ore i s q u i t e 

f i n e - g r a i n e d g a l e n a , s p h a l e r i t e , c h a l c o p y r i t e , and 
some t e t r a h e d r i t e , w i t h l a r g e r g r a i n s o f p y r i t e and 
p y r r h o t i t e ( ? ) . I n some o f the samples t h e r e I s a sug
g e s t i o n o f a "handed 1 1 appearance, p o s s i b l y the r e s u l t o f 
v e i n d e p o s i t i o n . The s i l v e r - ( a n d g o l d ) - b e a r i n g m i n e r a l s 
are g e n e r a l l y not c o n s p i c u o u s except f o r o c c a s i o n a l 
t i n y v e i n s o f " s l u g s 1 1 o f e l e c t r u r n t h a t appear t o have 
been d e p o s i t e d l a t e r t h a n most of the common s u l f i d e s . 

One sample t h a t s u g g e s t s a v i s i b l e c o n t a c t between 
the ore m i n e r a l s and. the e n c l o s i n g r o c k i n d i c a t e s t h a t 
the w a l l - r o c k a l t e r a t i o n may have been q u i t e p e r v a s i v e — 
f o r an undetermined d i s t a n c e — w i t h b o t h p y r i t e and, r a r e l y , 
t h i n v e i n l e t s of g a l e n a a s s o c i a t e d w i t h the zone o f a l t 
e r a t i o n . 

The l a r g e r w e l l - d e v e l o p e d c r y s t a l s o f g a l e n a o f t e n 
have a somewhat i r r i d e s c e n t t a r n i s h , p r o b a b l y the r e s u l t 
o f a f i l m o f secondary c o v e l l i t e . 

P y r i t e i s _ f r e q u e n t l y a s s o c i a t e d w i t h v e i n s o f d i r t y -
w h i t e q u a r t z , i" t o | n wide, t h a t appear t o have p r e -
ceeded the d e p o s i t i o n o f most o f the ore m i n e r a l s . I n 
p l a c e s , these q u a r t z v e i n s are vuggy and o f t e n have good 
c r y s t a l s ( o f q u a r t z ) developed, i n the c a v i t i e s . 
Q u a r t z - v e i n Samples: 

Large specimens o f massive q u a r t z 
have f r a c t u r e s f H wide of l e s s t h a t are f i l l e d w i t h 
e l e c t r u r n and n a t i v e s i l v e r . T e t r a h e d r i t e , g a l e n a , and 
c h a l c o p y r i t e are a l s o p r e s e n t , the l e t t e r two commonly 
w i t h a c o v e l l i t e f i l m on the exposed s u r f a c e . 

Most of the q u a r t z appears t o have been f r a c t u r e d 
p r i o r t o m i n e r a l i z a t i o n (?) and the ore m i n e r a l s have 
been i n t r o d u c e d a l o n g these p l a n e s o f weakness. Some 
of the s i l v e r m i n e r a l s seem to show a vague d e n d r i t i c 
p a t t e r n . 

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

r o c k i s u n c e r t a i n as the r o c k s have been q u i t e h i g h l y 
a l t e r e d i n the immediate v i c i n i t y o f the m i n e r a l i z e d 
zone. Quartz and f e l d s p a r are common, and the d e v e l 
opment o f s e r i c i t e and k a o l i n a t t e s t s t o the a l t e r a t i o n 
o f these two m i n e r a l s . G a l c i t e I s p r e s e n t i n some samples. 

A p a t i t e i s b e l i e v e d t o be p r e s e n t , developed ns a 
y e l l o w - w h i t e d u l l mass on a few specimens. However, t h i s 
was not c o n f i r m e d d e f i n i t e l y by the (poor) phosptr- t e t e s t . 
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Occasional small patches of-a pinkish-red mineral 
may be rhodonite or rhodochroisite, formed by the action 
of hydrothermal f l u i d s on Mn-bearing minerals present 
i n the intruded rock. . 

Microscopic Descriptions: f 'fir 

The following i s a l i s t of the minerals i d e n t i f i e d 
with the aid of microscope. The minerals are l i s t e d 
along with their i d e n t i f y i n g physical properties and 
chemical and etch tests where applicable, 

P y r i t e : (FeS 2) 
Rough p&lish, generally p i t t e d surface; pale yellow 

colour; H = 6 ; some euhedral grains, generally corroded 
and replaced by l a t e r minerals, e s p e c i a l l y galena and 
sphalerite; assoc. with galena, sphalerite, chalcopyrite, 
and electrurn commonly, also with tetrahedrite; grain 
sizes extremely variable, from IJOOmicrons to less than 
2 0 . 5 microns. 

Galena: (PbS) 
Good polish, triangular p i t s common on surface; 

white-grey colour,; H = 2-^-3; black streak; good cubic 
c r y s t a l outline common; Isotropic; cleavage occasionally 
obvious; some grains show evidence of stress and f r a c t u r 
ing; assoc. with a l l minerals, most common with sphalerite 
and chalcopyrite; grains sizes ranged from 3500 microns 
down to approx. 2 7 . 0 microns. 

Chalcopyrite: (CuFeS 0) 
Good polish; bronze-yellow colour; H = 3 i"j black 

streak; massive texture; commonly as exsolution i n 
sphalerite; assoc. with galena, sphalerite, tetrahedrite 
commonly; also with a l l other minerals to lesser degree; 
grain s i z e s : 950 microns down to 1 5 - 5 microns. 

Sphalerite: (Zn(Pe)S) 
Moderate p o l i s h ; brownish-grey colour; H = 3 i 5 

generally massive texturej very weakly anisotropic on 
some grains; i n t e r n a l r e f l e c t i o n yellow-white; assoc. 
with a l l minerals except native s i l v e r and argentite (?); 
occasionally show caries texture against galena; grain 
sizes vary from 3 ° ° microns to less than 50 microns. 
Carries exsolution chalcopyrite of less than h microns. 

Limonite, kaolin, and some c a l c i t e are a common 
assemblage i n some of the coloured gossan. 
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T e t r a h e d r i t e : ( (Cu, F'e, Zn, A g , ) 1 0 3 b } S , ~ ) 
Good p o l i s h ; c o l o u r d a r k e r g r a y a g a i n s t g a l e n a ; 

g e n e r a l l y grey-brown; H = yh-h; dark s t r e a k ; i r r e g u l a r 
g r a i n s common t e x t u r e ; no a n i s o t r o p i s m ; a s s o c i a t e d 
I n t i m a t e l y w i t h p o l y b a s i t e ; a l s o w i t h e l e c t r u r n and 
c h a l c o p y r i t e and n a t i v e s i l v e r ; g r a i n s i z e s from 300 
mi c r o n s t o 9 0 m i c r o n s . 

E t c h : H C 1 . . . t a r n i s h vague; i r r i d e s c e n t 
H N 0 ^ . . s l i g h brown s t a i n 
Aqua R e g i a . . . s t a i n e d v e r y dark 

P o l y b a s i t e : (Ag-jpS^pS-i ) 
Good p o l i s n ; appears as a b l u e - g r e y c o l o u r a g a i n s t 

t e t r a h e d r i t e ; II = 2 - 3 ; v e r y f a i n t l y p l e o c h r o i c ( ? ) ; 
t e x t u r e r e v e a l e d by a n i s o t r o p i s m : b l u e - g r e y t o g r e e n -
g r e y ; a s s o c . w i t h n a t i v e s i l v e r , c h a l c o p y r i t e , t e t r a 
h e d r i t e , s p h a l e r i t e and g a l e n a ; g r a i n s i z e s from more 
t h a n 2 5 0 0 m i c r o n s t o 120 m i c r o n s , the s m a l l e r s i z e s are 
more common. 

E t c h : KGN...blue-brownish r i n g around drop, no s t a i n 
H G 1 . . . s l i g h t t a r n i s h ( ? ) 
F e C l - j . . somewhat i r r i d e s c e n t s t a i n 

Microchem: Ag t e s t p o s i t i v e ; Gu p r e s e n t a l s o . 

E l e c t r u r n : (Aur-Ag) 
G e n e r a l l y b r i g h t p o l i s h j c o l o u r b r i g h t y e l l o w ; 

commonly w i t h s c r a t c h e s ; H = 2-| - 3 ; s t r e a k I s a b r i g h t 
w h i t i s h - y e l l o w ; m a s s i v e ; a s s o c . commonly w i t h t e t r a h e d r i t e 
c h a l c o p y r i t e , g a l e n a , and p o l y b a s i t e ; o f t e n appears t o 
be i n f r a c t u r e s i n the e a r l i e r m i n e r a l s ; g r a i n s i z e s 
are 3 Q 0 0 m i e r o n s t o l e s s than 60 m i c r o n s . 

E t c h : K GN...stains d i f f e r e n t i a l l y . . . s h o w s up 
d i f f e r e n c e s i n c o m p o s i t i o n (?) 

C o v e l l i t e : (CuS) 
Poor p o l i s h ; g r e y t o b l u e i n c o l o u r ; b l u e c o l o u r 

not u s u a l l y c o n s p i c o u s a t f i r s t ; o f t e n as a r e a c t i o n 
r i m around t e t r a h e d r i t e and g a l e n a and s p h a l e r i t e ; 
s l i g h t p l e o c h r o i s m j a n i s o t r o p i s m s t r o n g ; ( a l s o o c c u r s 
as a f i l m on c h a l c o p y r i t e i n the hand-specimens); 
g r a i n s i z e s v e r y s m a l l : h - 10 m i c r o n s approx. 
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N a t i v e S i l v e r : (Ag) 
Good p o l i s h ; w h i t e t o cream i n c o l o u r ; H = 2-|-3 ; 

b r i g h t s t r e a k ; o f t e n d i f f i c u l t t o d i s t i n g u i s h from 
e l e c t r u r n ; g e n e r a l l y oc u r s as v e i n s c u t t i n g e a r l i e r 
m i n e r a l s ; under c r o s s e d - n i c o l s , t h e r e i s n f t complete 
e x t i n c t i o n ; a s s o c . w i t h c h a l c o p y r i t e , p o l y b a s i t e , 
t e t r a h e d r i t e , and g a l e n a ; g r a i n s i z e s are 2 2 m i c r o n s 
t o about 7*0 m i c r o n s . 

E t c h : KGN...negative. 

A r g e n t i t e : (?) (Ag 2S) 
F a i r p o l i s h ; g r e y - g r e e n a g a i n s t g a l e n a ; H = 2 - 2 1 ; 

d e f i n i t e l y s o f t e r than g a l e n a ; i s o t r o p i c ( ? ) ; a p pears' 
i n c o n t a c t w i t h g a l e n a a l o n g g a n g u e - f i l l e d v e i n ; g r a i n 
s i z e 15 t o 5 m i c r o n s . 

E t c h : F e C l . .. . s l i g h t s t ^ i n (?) 
KCN.....brownish t a r n i s h 
A l l o t h e r standard, r e a g e n t s n e g a t i v e . 
P o s s i b l y l i g h t - s e n s i t i v e . 

Summary o f g r a i n s i z e s ( i n m i c r o n s ) : 

m i n e r a l s i z e range ayerage s i z e 

a r g e n t i t e . 1? - 5 . . . . . . . • 1 0 - 5 

c h a l c o p y r i t e 950 - 1 5 . 5 . . . . 1 0 0 and l e s s 
c o v e l l i t e 1 0 - h .same 
e l e c t r u r n 3 0 0 0 - 6 0 . ^00 or l e s s 
g a l e n a . 3 5 0 0 - 2 7 1000 o r l e s s 
n a t i v e s i l v e r . 2 2 - 7. . . . . . 1 . 5 - 1 0 

p o l y b a s i t e 2 5 0 0 - 1 2 0 hOO o r l e s s 
p y r i t e 1500 - 2 0 . 5 - . . . . . . . . . .-00 - 5 0 

s p h a l e r i t e 3 6 0 - 50 . . . . 2 0 0 - 5 0 

t e t r a h e d r i t e • • 3 ^ 0 - 90 ...same 
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T e x t u r e s and Relationships 

T e x t u r e s Ohserved: 

P r i m a r y : 
1. Banded...a s u g g e s t i o n o f e r u s t i f i e d b a n d i n g o f 

the ore m i n e r a l s i n v e i n s and f i s s u r e s . 
2 # C a r i e s . . . t y p i c a l of the b o u n d a r i e s between many 

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

3 . G r a n u l a r ( M o s a i c ) . . . seen i n some s e c t i o n s and i n 
the hand-specimens. P y r i t e , g a l e n a , and 
to a l e s s e r degree, s p h a l e r i t e . 

C r y s t a l l o g r a p h i e s . • v e r y s t r i k i n g f e a t u r e o f the 
c h a l c o p y r i t e - s p h a l e r i t e e x s o l u t i o n . 

5 . M u t u a l B o u n d a r i e s . . . a p p l i e s t o most o f the min
e r a l s , e s p e c i a l l y those e x h i b i t i n g 
s o - c a l l e d , c a r i e s t e x t u r e . 

6 . P o r p h y r i n i c . . . e u h e d r a l c r y s t a l s of p y r i t e (and 
galena) i n gangue m a t r i x ? 

7 . Wire t e x t u r e . . . o c c a s i o n a l l y shown by e l e c t r u r n 
and n a t i v e s i l v e r . 

S econdary: 
1. B r e c c i a t e d . . . s h o w n by some o f the c r y s t a l s o f 

p y r i t e and by much of the g a l e n a . 
2. n l c e cake 1 1.. . p y r i t e e n c l o s e d i n l a t e r g a l e n a 

and s p h a l e r i t e . 
3 . R e a c t i o n Rim...rim o f c o v e l l i t e on t e t r a h e d r i t e , 

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

s i l v e r (and t e t r a h e d r i t e ) v e i n e a r l y 
s u l f i d e m i n e r a l s . 

5 . Replacement... common; i l l u s t r a t e d i n the paragene 

Re i a t i o n s h i p s: 

P y r i t e appears t o be the e a r l i e s t m i n e r a l formed 
and a l t h o u g h many o f the g r a i n s have been f r a c t u r e d o r 
p a r t i a l l y r e p l a c e d by the l a t e r s u l f i d e s , e t c . nany o f 
the e u h e d r a l t o s u b h e d r a l o u t l i n e s are s t i l l o b v i o u s . 

I d e a l l y , on the b a s i s o f s t r u c t u r e , s p h a l e r i t e i s 
g e n e r a l l y thought t o be formed b e f o r e g a l e n a . However, 
i n t h i s d e p o s i t g a l e n a appears t o be the e a r l i e r m i n e r a l . 
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as suggested by (a) e u h e d r a l c r y s t a l o u t l i n e s o f g a l e n a 
a g a i n s t s p h a l e r i t e , and (b) replacement o f g a l e n a by 
s p h a l e r i t e t o a l i m i t e d e x t e n t . However, b o t h o f these 
m i n e r a l s , a l o n g w i t h the c h a l c o p y r i t e e x s o l v e d f r om the 
s p h a l e r i t e , appear t o r e p r e s e n t almost synchronous 
d e p o s i t i o n . 

Some of the g a l e n a d e v e l o p e d as e u h e d r a l t o a n h e d r a l 
c r y s t a l s , many of which show d e f o r m a t i o n and f r a c t u r i n g 
p r o b a b l y due t o l a t e r movement w i t h i n the d e p o s i t . 

V e r y minute ( l e s s then one micron) b r i g h t " s p o t s " 
i n the g a l e n a are thought t o p o s s i b l y be s i l v e r , but 
t h i s c o u l d not be c o n f i r m e d . 

Most of the s p h a l e r i t e i s r i c h i n e x s o l v e d c h a l c o 
p y r i t e . Other l a r g e c o n c e n t r a t i o n s of c h a l c o p y r i t e are 
th o u g h t t o have been d e p o s i t e d s l i g h t l y l a t e r . 

T e t r a h e d r i t e shows s l i g h t e v i d e n c e o f / ^ r e p l a c i n g 
the e a r l i e r m i n e r a l s , and i s commonly found a s s o c i a t e d 
i n t i m a t e l y w i t h p o l y b a s i t e . The l a t t e r may have been 
I n t r o d u c e d a l o n g the g r a i n b o u n d a r i e s o f the t e t r a h e d r i t e 

Secondary c o v e l l i t e may have developed from b o t h 
e h a l c o p y r i t e and t e t r a h e d r i t e , b ut i t i s most o f t e n 
a s s o c i a t e d ( i n p o l i s h e d s e c t i o n s ) as a r e a c t i o n - r i m 
p r o d u c t between t e t r a h e d r i t e and g a l e n a . A s i m i l a r 
r e l a t i o n s h i p a l s o appears p o s s i b l e between the t e t r a 
h e d r i t e (and/or g a l e n a ) and the c h a l c o p y r l t e - s p h a l e r i t e 
e x s o l u t i o n m i x t u r e . The c o v e l l i t e i s sometimes removed 
from c o n t a c t w i t h t e t r a h e d r i t e . . . a r e s u l t o f m i g r a t i o n 
a l o n g g r a i n b o u n d a r i e s ? . . . a n d d e p o s i t e d p r e f e r e n t i a l l y 
on the g a l e n a . 

E l e c t r u r n and n a t i v e s i l v e r v e i n the e a r l i e r m i n e r a l s 
E t c h i n g r e v e a l s s l i g h t c o m p o s i t i o n a l d i f f e r e n c e s w i t h i n 
the e l e c t r u r n , and the g r a d a t i o n f r om the g o l d - s i l v e r 
m i x t u r e t o n a t i v e s i l v e r appears i m p o s s i b l e t o d i s c e r n . 

The presence o f a r g e n t i t e was not p o s i t i v e l y con
f i r m e d , but was suspected, as a l a t e v e i n m i n e r a l i n 
c o n t a c t w i t h galena, and _ o s s i b l y t e t r a h e d r i t e . 
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Figure 1. 
Euhedral crystals of early 

pyrite (orange) enclosed and cor
roded by sphalerite (brown). 

Minor galena (rgey-white) 
has mutual-boundaries r e l a t i o n 
ship against the sphalerite. 
( XhO ) 

Figure 2. 
Intimate mixture of sulfides 

that t y p i f i e s much of the ore. 
The pyrite (orange) has been 
rounded and corroded, but the 
sphalerite (brown), galena (grey-
white), and chalcopyrite show 
evidence of being deposited at 
approximately the same time. 
( Xl+OO ) 

Figure 3 • 
Euhedral to subhedral grains 

of galena enclosed i n a matrix 
of gangue minerals. The galena has 
been p a r t i a l l y replaced by sphal
e r i t e (brown) that contains some 
exsolution chalcopyrite• 
( X^OO ) 

Figure 1+. 
Grains of galena that show 

evidence of post-deposition move
ment and subsequent f r a c t u r i n g . 
( X100 ) 
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Figure 5 . 
Electrurn, i n contact with 

sphalerite and enclosing an i r 
regular grain of tetrahedrite 
(grey). Etching of the electrurn 
reveals what may be a compos
i t i o n difference...brighter yellow 
indicating a zone with a greater 
percentage of gold? 
( X100 ) 

Figure 6 . 
Sphalerite (brown) with the 

exsolved chalcopyrite aligned along 
crystallographic planes. This i s 
a very s t r i k i n g feature of much, 
but not a l l , of the chalcopyrite-
sphalerite unmixing. 
( X100 ) 

Figure 7 . 
Irregular veins of native 

s i l v e r cutting massive tetrahedrite. 
Some of these veins may be electrurn 
rather than native s i l v e r . 
( XU-00 ) 

Figure 8 . 
A mineralized vein i n gangue 

(s t i p p l e d ) . The suggested sequence 
of deposition...chalcopyrite, follow
ed by tetrahedrite and both pre-
ceeded by native s i l v e r (?)...seems 
to be the opposite of that sug
gested i n the paragenetic sequence. 
( Xl+00 ) 
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Figure 9-
Galena (grey-white) i n contact 

with, and possibly replaced by, 
tetrahedrite (grey) and electrurn 
(yellow). The electrum may have 
replaced the tetrahedrite to some 
extent. 
( X^-00 ) 

Figure 1 0 . 
Sphalerite (brown} with an 

exsolution rim of chalcopyrite 
(yellow), enclosed i n galena. The 
relationship suggests that the 
sphalerite may have been e a r l i e r 
than the galena. A corroded grain 
of pyrite (orange) i s also en
closed by the galena. 
( XhOO ) 

Figure 11. 
Complex relationships between 

tetrahedrite (grey), polybasite 
(grey-blue to grey-green under 
crossed n i c o l s ) , chalcopyrite ( y e l 
low) , and veins of electrum (+ some 
native s i l v e r ) . 
( X100 ) 

Figure 12. 
Rounded grains of polybasite 

enclosed i n galena. The smooth and 
regular boundary contacts i s 
ty p i c a l between polybasite and galena 
and also tetrahedrite. 
( XhOO ) 
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Figure 13 -
Tetrahedrite (grey) veined 

by chalcopyrite (yellow), and both 
of these minerals i n turn veined 
by electrum. 
( X100 ) 

Figure lh. 
Minor tetrahedrite (grey) 

between galena (grey-white) and 
sphalerite (brown). The sphalerite 
has minor amounts of exsolved chalco
pyrite and an undetermined grey-
coloured mineral. Reactions between 
the tetrahedrite and/or the sphal
e r i t e has produced c o v e l l i t e (blue), 
some of which may have migrated along 
the grain boundaries. 
( XhOO ) 

Figure l j . 
C o v e l l i t e (blue) developed 

between tetrahedrite (grey) and 
galena (grey-white). 
( Xl+OO ) 

Figure 1 6 . 
Suspected argentite (green-

grey) against galena along a contact 
between the galena and gangue 
(stiu p l e d ) . 
( XhOO ) 
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R e l a t i v e P e r c e n t a g e s 

These are the pe r c e n t a g e s o f the ore m i n e r a l s , 
r e l a t i v e t o one a n o t h e r , and b-sed on an average o f 
a l l the p o l i s h e d s e c t i o n s t h a t were s t u d i e d . P r o p o r 
t i o n s w i l l v a r y i n d i f f e r e n t zones, and i n d i v i d u a l 
m i n e r a l s may be absent i n some o f the o r e . 

Galena . . . . . . 2 6 . 0 % 

S p h a l e r i t e . 2 2 . 0 % 

C h a l c o p y r i t e . 1 7 . 0 fo 

P y r i t e 1 2 . 0 % 

T e t r a h e d r i t e 9 * 0 ^ 

P o l y b a s i t e . 6 . 0 fo 

E l e c t r u m h*j fo 

N a t i v e S i l v e r . . . 1.5 % 
C o v e l l i t e . . . . . . . . 1 . 0 % 

A r g e n t i t e ( ?) 1 . 0 % 

M i n e r a l s such as l i m o n i t e (and p y r r h o t i t e ? ) t h a t 
were observed o n l y i n the hand specimens have not been 
i n c l u d e d i n these p e r c e n t a g e s . 

The amount o f e l e c t r u m , n a t i v e s i l v e r and c o v e l l i t 
a ppears t o be much h i g h e r i n the hand specimens t h a n i n 
the p o l i s h e d s e c t i o n s . I t i s t h e r e f o r e f e l t t h a t e s t i 
mates o f ore grade based s o l e l y on hand specimens are 
l i k e l y t o be m i s l e a d i n g . 



© C o v e l l i t e 

Van de Veer Diagram 
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Type of Deposit 

The presence of low-temperature minerals such as 
native s i l v e r , electrum, and argentite (?), accompanied 
by the sulfides chalcopyrite, galena, and sphalerite, 
represents an assemblage often c l a s s i f i e d as an epithermal 
deposit. These deposits are considered to have developed 
at temperatures between JO and 200 degrees centigrade. 

However, solutions of chalcopyrite i n sphalerite 
unmix at about 35° to U-00 degrees centigrade, and the 
s u l f o s a l t tetrahedrite i s generally considered to be 
found more commonly i n this higher temperature range. 
Therefore, there i s an indication that the temperature 
of formation was somewhat greater than that given as the 
upper l i m i t of epithermal-type deposits* 

The association with volcanic rocks, the l o c a l i z i n g 
of the ore along fracture zones, and the p o s s i b i l i t y of 
the granodiorite-porphyry being an off-shoot from the 
main batholith complex a l l t y p i f y features that are 
considered r e l a t i v e l y common of epithermal deposits. 

Within the mineralized zone, the gangue associates, 
suggestion of vein replacement and banding, and wall-
rock a l t e r a t i o n support the p o s s i b i l i t y of mineralization 
occurring at r e l a t i v e l y shallow depths (less than JOOO') 
and at f a i r l y low temperatures. Such deposits often 
s h o w n t e l e s c o p i n g " . r a p i d near-surface deposition that 
has led to a zoning of the mineralization and often a 
deposit of l a t e r a l rather than v e r t i c a l extent. 

Ore Dressing Considerations 

Gangue Mineralogy: 
The abundance of s i l i c a (quartz) i n the gangue may 

necessitate long -and slow grinding. Such an operation 
could result i n the ore being "over-ground" to such an 
extent that l a t e r recovery of the ore minerals w i l l be 
made increasingly d i f f i c u l t . 

Carbonate minerals i n the gangue ( c a l c i t e , rhodo-
chrosite ?) may hinder the concentration of ore by 
f l o t a t i o n techniques. 

The presence of somewhat reactive minerals...calcite, 
s e r i c i t e , minor f e l d s p a r . m i g h t be an aid i n arresting 
the process of oxidation of the ore minerals. However, 
quartz (and rhodonite?) are to be considered detrimental 
i n t h i s respect and may introduce complications i n the 
f l o t a t i o n processes. 
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Ore M i n e r a l o g y : 
The somewhat complex m i x t u r e o f e l e c t r u m , n a t i v e 

s i l v e r , and s u l f i d e s may require c a r e f u l c o n s i d e r a t i o n 
o f the s i z e s t o w h i c h the ore w i l l be ground. " B r i q u e t t i n g 
...a m i c r o s c o p i c s t a t i s t i c a l a n a l y s i s o f g r a i n s i z e , 
p e r c e n t a g e s , and a s s o c i a t i o n s . . . m i g h t prove v a l u a b l e 
i n d e t e r m i n i n g g r i n d i n g s i z e s . 

Much of the e x s o l u t i o n c h a l c o p y r i t e would undoubt
e d l y be too f i n e f o r mechanical s e p e r a t i o n , and g e n e r a l l y 
hO t o 6 0 microns i s c o n s i d e r e d the l i m i t of commercial 
r e c o v e r y f o r many c o p p e r - l e a d - z i n c o r e s . 

E f f e c t i v e l i b e r a t i o n of much o f the ore might be 
o b t a i n e d by c y a n i d a t i o n , but the presence o f p y r i t e , 
p y r r h o t i t e ( ? ) , and copper s u l p h i d e s would t e n d t o 
consume the c y a n i d e r a p i d l y . 

T a i l i n g s s h o u l d be examined p e r i o d ! d y , e s p e c i a l l y 
when p r o d u c t i o n has j u s t commenced, t o see i f the g o l d 
and/or s i l v e r i s b e i n g missed due t o o x i d a t i o n c o a t i n g s 
on the m i n e r a l o r because the g r i n d i n g i s too c o a r s e . 
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REGIONAL GEOLOGY 

U. J u r a s s i c - L. C r e t a c e o u s : 
e l a s t i c s w i t h g r a n i t i c d e b r i s 

U. T r i a s s i c - U. J u r a s s i c : 
a n d e s i t i c l a v a s , p y r o c l a s t i c s , 
w i t h muddy and l i m e y sediments 
(Metamorphosed... ) 

Young i n t r u d e d g r a n i t i c r o c k s . 

G r a n i t o i d r o c k s o f meta— 
morphic o r i g i n . 

( a f t e r W. H. White., I 9 6 6 ) 

DEPOSITION 

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

: s p h a l e r i t e 
- t e t r a h e d r i t e 

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

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

a r g e n t i t e (?) 
l a t e r 

c o v e l l i t e 

Time 
Diagrammatic p r e s e n t a t i o n o f the p o s s i b l e t i m e s o f 
d e p o s i t i o n o f the ore m i n e r a l s o f P r e m i e r Mine. 


