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A MICROSCOPIC STUDY OF MINERALS FROM 

THE SILVER STANDARD MINE 

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

Purpose 

A number of specimens from the S i l v e r S t a n d a r d Mine 

were examined m i c r o s c o p i c a l l y i n p o l i s h e d s e c t i o n s t o d e t e r m l n 

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

L o c a t i o n and H i s t o r y of Mine 

The S i l v e r S t a n d a r d p r o p e r t y l i e s i n the Omineca 

M i n i n g D i v i s i o n near H a z e l t o n , B.C., and i s owned by S i l v e r 

S t a n d a r d Mines L i m i t e d , The p r o p e r t y i s l o c a t e d on C-len Mount 

a i n about s i x m i l e s by road from H a z e l t o n , and c o v e r s a group 

of 14 crown g r a n t e d c l a i m s . 

The v e i n s were f i r s t d i s c o v e r e d i n 1908 on a spot 

where th e r o c k s were w e l l exposed. A m i l l was b u i l t t o t r e a t 

the ore I n 1913 and f r e q u e n t shipments of c o n c e n t r a t e s were 

made u n t i l 1921. A f l o t a t i o n m i l l was i n s t a l l e d i n 1948 when 

the p r e s e n t company took over the o w n e r s h i p , and s i n c e then 
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the p r o p e r t y has been p r o d u c i n g almost c o n t i n u o u s l y . 

I n a p e r i o d f r o m 1947 t o 1950, the g r o s s c o n t e n t s of 

the c o n c e n t r a t e s were: g o l d 3,420 o z . ; s i l v e r 1,321,935 o z . j 

l e a d 2,405,418 l b s . ; z i n c 5,395,968 l b s . ; and cadmium 64,945 l b s . 

G e n e r a l Geology 

Most of the H a z e l t o n group r o c k s are t u f f a c e o u s and 

a r g i l l a c e o u s sandstones and greyw*sfcsws. They are of a grey 

c o l o r I n beds a few f e e t t h i c k which are I r i t e r b e d d e d w i t h r o c k s 

of a v a r i e t y of c o l o r s but of the same c o m p o s i t i o n . Many of 

the beds have been a l t e r e d by the i n t r o d u c t i o n of carbonate 

and p y r i t e . The beds u n d e r l y i n g the p r o p e r t y form the west l i m b 

o f an a n t i c l i n e and d i p west and s o u t h a t a n g l e s l e s s t h a n 20 

degrees• 

There are t e n veIns on the p r o p e r t y , a l l o c c u r r i n g 

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

f r o m 50 t o 70 degrees s o u t h e a s t . The ore c o n s i s t s of banded 

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

p y r i t e and a r s e n o p y r l t e I n q u a r t z gangue. The ore c a r r i e s a 

h i g h s i l v e r c o n t e n t w i t h an a p p r e c i a b l e g o l d c o n t e n t i n some of 

the v e i n s . The v e i n s are v e r y v a r i a b l e I n m i n e r a l c o n t e n t 

throughout t h e i r l e n g t h and d e p t h . 

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

A wide v a r i e t y of s e l e c t e d soecimens were a v a i l a b l e 

f o r e x a m i n a t i o n ; however, because of the f r a c t u r e d and vuggy 

n a t u r e o f the r o c k , p o l i s h e d s e c t i o n s c o u l d not be made from 

some of the specimens. I n many of t h e specimens m i l k y w h i t e 

q u a r t z was p r e s e n t I n r e l a t i v e abundance, and g e n e r a l l y s n e a k i n g 



c o n s t i t u t e d a l a r g e p o r t i o n of the gangue. F r e q u e n t l y the 

q u a r t z was found b o r d e r i n g l a r g e masses of gal e n a and s p h a l e r i t e , 

and where the q u a r t z was b a d l y f r a c t u r e d , v e i n l e t s of g a l e n a 

sometimes f i l l e d the f r a c t u r e s i n a v e r y i r r e g u l a r p a t t e r n . 

A n other gangue m i n e r a l t h a t was f a i r l y abundant was a s o f t , 

s c h i s t y greenstone which was p r o b a b l y p a r t of the H a z e l t o n 

s e diments. T h i s gangue m i n e r a l seemed t o be f r e q u e n t l y a s s o c i 

a t e d w i t h the t e t r a h e d r i t e . I n specimens c o n t a i n i n g many vugs 

and c a v i t i e s c h l o r i t e was p r e s e n t w i t h c a l c i t e i n l a r g e amounts. 

I n the c a v i t i e s were s m a l l c r y s t a l s of q u a r t z , s p h a l e r i t e and 
i 

p y r i t e . A b u f f s e d e r i t e a l s o formed p a r t of t h e gangue and 

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

The m e t a l l i c m i n e r a l s t h a t were observed i n c l u d e d 

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 , p y r r h o t i t e , 

p y r i t e , and a r s e n o p y r i t e . Some specimens c o n t a i n e d almost pure 

galena w i t h s m a l l amounts of t e t r a h e d r i t e s c a t t e r e d t h r o u g h o u t . 

C h a l c o p y r i t e was n o t i c e d o n l y i n v e r y minute amounts, and no 

l a r g e q u a n t i t i e s of n y r i t e were a s s o c i a t e d w i t h the g a l e n a , 

s p h a l e r i t e o r t e t r a h e d r i t e . A r s e n o p y r i t e , a m i n e r a l not found 

i n any of the p o l i s h e d s e c t i o n s , was seen a s s o c i a t e d i n s m a l l 

q u a n t i t i e s w i t h the c h l o 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 

P y r i t e 

The p y r i t e i n t h e p o l i s h e d s e c t i o n s was e a s i l y de

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

c r y s t a l o u t l i n e . Only one s e c t i o n showed any r e l a t i v e l y l a r g e 
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masses of p y r i t e and i n t h i s specimen the m i n e r a l was c l o s e l y 

a s s o c i a t e d w i t h p y r r h o t i t e . I n most of the s e c t i o n s p y r i t e 

o c c u r r e d as i s o l a t e d g r a i n s about 200 t o 300 microns i n s i z e 

s c a t t e r e d throughout the l a r g e masses of g a l e n a , s p h a l e r i t e and 

t e t r a h e d r i t e . The p y r i t e was never f o u n d p r e s e n t w i t h these 

t h r e e m i n e r a l s i n l a r g e q u a n t i t i e s * 

P y r r h o t i t e 

The p y r r h o t i t e , which was e n c o untered o n l y i n one 

p o l i s h e d s e c t i o n , was r e c o g n i z e d by I t s c h a r a c t e r i s t i c p i n k i s h 

c o l o r , extreme a n i s o t r o p i s m , and n e g a t i v e r e a c t i o n to HN0»« 

C l o s e l y a s s o c i a t e d w i t h the p y r r h o t i t e were l a r g e masses of 

p y r i t e . I t was d i f f i c u l t t o determine the o r d e r of d e p o s i t i o n , 

but the manner i n which the p y r i t e c r y s t a l s were c o m n l e t e l y 

surrounded by masses of p y r r h o t i t e suggested the p y r i t e was 

p o s s i b l y e a r l i e r . A l s o b o r d e r i n g the p y r r h o t i t e was a 3mall 

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

p y r r h o t i t e may be an i n d i c a t i o n t h a t the d e p o s i t i o n began a t a 

h i g h t e m p e r a t u r e . 

S p h a l e r i t e 

S p h a l e r i t e was e a s i l y i d e n t i f i e d under the m icroscope 

by i t s c h a r a c t e r i s t i c mouse-grey c o l o r , r e l a t i v e s o f t n e s s , and 

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 . Where specimens d i d not 

e x h i b i t i n t e r n a l r e f l e c t i o n , i d e n t i t y was v e r i f i e d by e t c h 

t e s t s w i t h HNO, and HCL . 

Almost a l l of the specimens examined c o n t a i n e d l a r g e 

u ncontamlnated masses of s p h a l e r i t e . T h i s suggested t h a t the 

s p h a l e r i t e - b e a r i n g ore would g i v e a h i g h m i l l r e c o v e r y . I n 

some i n s t a n c e s , however, the s p h a l e r i t e was i n t i m a t e l y a s s o c i a t e d 



F i g u r e 1. Replacement T e x t u r e Showing 
Galena R e p l a c i n g S p h a l e r i t e 

w i t h the g a l e n a as shown i n F i g . 1. T h i s p i c t u r e I s a good 

example of a replacement t e x t u r e w h i ch shows how t h e g a l e n a 

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

I s t e t r a h e d r i t e . T h i s type of t e x t u r e o n l y e x i s t e d a l o n g the 

c o n t a c t between the gal e n a and s p h a l e r i t e and was*widespread 

throughout the main masses of the two m i n e r a l s . I n some cases 

the s p h a l e r i t e g r a i n s r e a c h a s i z e of 1000 m i c r o n s . S p h a l e r 

i t e was a l s o p r e s e n t i n ver y s m a l l abundance a l o n g the bound

a r i e s between t e t r a h e d r i t e and g a l e n a . I n some o f the l a r g e r 

masses of s p h a l e r i t e s m a l l b l e b s of c h a l c o p y r i t e i n s i z e s up 

t o 100 microns were s c a t t e r e d I r r e g u l a r l y , However, t h e s e 

were few. 
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T e t r a h e d r i t e 

T e t r a h e d r i t e was d i s t i n g u i s h e d by i t s l i g h t g r e y c o l o r , 

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

e t c h r e a g e n t s * 

The manner i n which t e t r a h e d r i t e was p r e s e n t i n the 

specimens v a r i e d a p p r e c i a b l y . I n some i n s t a n c e s the t e t r a 

h e d r i t e formed l a r g e masses which c o n t a i n e d v e r y few o t h e r 

m i n e r a l s . I n o t h e r cases the t e t r a h e d r i t e formed s m a l l i r r e g u 

l a r v e i n s I n the q u a r t z and o t h e r gangue m i n e r a l s , and was 

c l o s e l y a s s o c i a t e d w i t h o t h e r m e t a l l i c m i n e r a l s . F r e q u e n t l y 

the t e t r a h e d r i t e was a s s o c i a t e d w i t h g a l e n a . The c o n t a c t 

between t h e two m i n e r a l s suggested a replacement of the t e t r a 

h e d r i t e by g a l e n a , and i n many I n s t a n c e s t e t r a h e d r i t e g r a i n s 

were s c a t t e r e d i r r e g u l a r l y t h r oughout the gal e n a masses. T h i s 

i s i l l u s t r a t e d by the i s l a n d and sea t e x t u r e shown i n F i g . 2 . 

F i g u r e 2. I s l a n d and Sea T e x t u r e of T e t r a h e d r i t e and S p h a l e r 
i t e i n Galena 
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An o t h e r p o l i s h e d s e c t i o n examined showed t e t r a h e d r i t e a s s o c i 

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

t e t r a h e d r i t e were found i n a groundmass of meneghinite which 

suggested d e p o s i t i o n of the t e t r a h e d r i t e p r i o r t o t h e menegh

i n i t e . Some of the t e t r a h e d r i t e g r a i n s e x h i b i t e d a r e a c t i o n 

r i m of b o u r n o n i t e as shown i n F i g . 3. 

XT — — 

Figrure 3. T e t r a h e d r i t e G r a i n s 
Surrounded by B o u r n o n i t e 
i n a M a t r i x of K e n e g h i n i t e 

Galena 

Galena was e a s i l } ^ d i s t i n g u i s h e d by I t s c o l o r , e t c h 

t e s t s and p o l i s h . I t s p o l i s h was the most s i g n i f i c a n t of a l l 

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

almost Immediately i n d i c a t e d . i t s p r e s e n c e . 
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Most of the ga l e n a examined o c c u r r e d as l a r g e massive 

q u a n t i t i e s almost e n t i r e l y f r e e from o t h e r m i n e r a l s . Galena 

of t h i s type would be easy t o m i l l and s h o u l d show a h i g h 

r e c o v e r y . Enough ev i d e n c e has been d i s c u s s e d under p r e v i o u s 

headings t o show t h a t the galena was l a t e r than b o t h the s p h a l 

e r i t e and t e t r a h e d r i t e . B e s i d e s h a v i n g r e p l a c e d b o t h these 

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

gangue and the m e t a l l i c s t o form l o n g , narrow, i r r e g u l a r v e i n 

l e t s . 

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

C h a l c o p y r i t e was e a s i l y d i f f e r e n t i a t e d from any o t h e r 

m i n e r a l by I t s c o l o r and c h e m i c a l i n e r t n e s s . 

A l t h o u g h p r e s e n t o n l y I n s m a l l q u a n t i t i e s , the c h a l 

c o p y r i t e was w i d e l v d i s t r i b u t e d . Sma11 i s o l a t e d g r a i n s from 

200 t o 300 microns I n s i z e were f r e q u e n t l y f o u n d a l o n g the 

t e t r a h e d r l t e - g a l e n a b o u n d a r i e s . I n the s p h a l e r i t e , c h a l c o 

p y r i t e was sometimes found o c c u p y i n g narrow v e i n l e t s a l o n g 

f r a c t u r e s , thus i n d i c a t i n g t h a t t h e s p h a l e r i t e was e a r l i e r . 

Some of the m i n e r a l was p r e s e n t i n the g a l e n a as shown i n 

P i g . 4. The presence of the sharp a n g u l a r c o r n e r s makes the 

c h a l c o p y r i t e appear l a t e r . However, i n such cases the c h a l c o 

p y 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 the t e t r a h e d r i t e , and t h e r e 

f o r e s u g g e s t s a second d e p o s i t i o n o f t e t r a h e d r i t e . 

Only one specimen c o n t a i n e d any a p p r e c i a b l e masses 

of c h a l c o p y r i t e . T h e r e f o r e , i f t h i s m i n e r a l were pre sent i n 

s u f f i c i e n t q u a n t I t i e 3 t o wa r r a n t r e c o v e r y , t h e ore must be 
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F i g u r e 4. C h a l c o p y r i t e and T e t r a h e d r i t e 
i n Galena 

ground to s i z e s I n the range of 200 microns t o f r e e i t . 

B o u r n o n i t e 

B o u r n o n i t e was i d e n t i f i e d by the f o l l o w i n g p r o p e r t i e s 

C o l o r - almost g a l e n a - w h i t e w i t h a s l i g h t g r e e n i s h t i n g e , 

K t c h - i r r i d e s c e n t s t a i n w i t h aqua r e g i a . 

A n i s o t r o p i s m - g r e e n i s h - g r e y t o p u r p l e w i t h m u l t i p l e t w i n n i n g . 

T h i s m i n e r a l was p r e s e n t i n the p o l i s h e d s e c t i o n s i n 

two d i f f e r e n t forms. I t was commonly o b s e r v e d as smal1 g r a i n s 

i n the g a l e n a , and appeared as though I t had been d e p o s i t e d 

s i m u l t a n e o u s l y w i t h the g a l e n a . The o t h e r manner i n w h i c h 

the b o u r n o n i t e o c c u r r e d was as a r e a c t i o n r i m around t h e 

t e t r a h e d r i t e as i l l u s t r a t e d i n F i g . 3. T h i s may be an i n 

d i c a t i o n t h a t a s o l i d s o l u t i o n was formed a t h i gher tempera

t u r e s . 
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Pyrargyrlte 

P y r a r g y r l t e was I d e n t i f i e d by i t s b l u i s h - g r e y c o l o r , 

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

I n most cases the p y r a r g y r l t e o c c u r r e d as s m a l l 

g r a i n s i n the g a l e n a and a l o n g the g a l e n a - q u a r t z b o u n d a r i e s . 

I t a l s o o c c u r r e d much l e s s f r e q u e n t l y i n the t e t r a h e d r i t e . 

The s i z e of t h e m a j o r i t y of g r a i n s were i n the 50 t o 150 

micr o n range. 

Meneghlnite 

The i d e n t i t y of t h i s m i n e r a l was based on the f o l l o w 

i n g p r o p e r t i e s 

Hardness - C 
C o l o r - l i g h t g r e y 
A n i s o t r o p l s m - s t r o n g , showing a l i g h t - g r e y t o b l u e 

c c l o r a t i o n 
E t c h t e s t s - With HNO a wave advances r a p i d l y over 

the f a c e of the m i n e r a l . 
With HCL, fumes s t a i n . 

The o c c u r r e n c e of t h i s m i n e r a l was noted o n l y I n one 

p o l i s h e d s e c t i o n . I t was p r e s e n t i n r e l a t i v e abundance and, 

as shown i n F i g . 3 formed the groundmass around t e t r a h e d r i t e 

p a r t i c l e s . From a l l i n d i c a t i o n s the m i n e r a l appears t o have 

r e p l a c e d the gangue m i n e r a l w h i c h i s s l d e r i t e . 

Summary 

The m e t a l l i c m i n e r a l s p r e s e n t and t h e i r p a r a g e n e t i c 

sequence can be l i s t e d ' a s f o l l o w s : 
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P y r i t e 
P y r r h o t i t e 
S p h a l e r i t e 
Meneginite 
T e t r a h e d r i t e 
C h a l c o p y r i t e 
B o u r n o n i t e 
Galena 
P y r a r g y r l t e 

J u d g i n g from t h e m i n e r a l s and t h e t e x t u r e s p r e s e n t , 

t h i s d e p o s i t may be c l a s s i f i e d as an e p i t h e r m a l r e p l a c e m e n t . 

The vuffffy n a t u r e of some of the hand specimens and the presence 

of s u l p h o - s a l t s w i t h g a l e n a and s p h a l e r i t e are e v i d e n c e t o 

wards f o r m a t i o n a t a low t e m p e r a t u r e . The presence of 

a r s e n o p y r i t e and p y r r h o t i t e may i n d i c a t e t h a t the d e p o s i t i o n 

began at h i g h temperature s• 


