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The 
MINERALS and PARAPENESIS 

of some 
HIGHLAND BELLE ORE 

In t r o d u c t i o n 

This report represents work done at the U n i v e r s i t y 
of B r i t i s h Columbia i n the Geology 9 l a b o r a t o r y course 
i n microehemistry and p o l i s h e d s e c t i o n microscopy. Specimans 
from the Highland B e l l e mine at B e a v e r d e l l , B.C., were 
prepared and studied w i t h the object of determining the 
minerals present and t h e i r paragenesis. 

The author would l i k e to express h i s a p p r e c i a t i o n to 
Dr. H.V.Warren, under whose d i r e c t i o n the work was c a r r i e d 
out, f o r h i s h e l p f u l suggestions and e n t h u s i a s t i c cooperation. 
The author i s indebted also to Messrs. J Donnan and R.M. 

, Thompson f o r assist a n c e i n the preparation and examination 
of the s e c t i o n s . 
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Method and Scope ©f the Work P o l i s h e d s e c t i o n s were 
made of four samples of Beav e r d e l l ore. Each was r i c h i n 
e i t h e r galena, s p h a l e r i t e , t e t r a h e d r i t e , or ruby s i l v e r . 
Hand p o l i s h e d sections of each were made; super-polished 
s e c t i o n s were made of each, i n c l u d i n g two each of the 
s p h a l e r i t e and r u b y s i l v e r specimans, making a t o t a l of 10 
po l i s h e d s e c t i o n s . 

The work was c a r r i e d out using the methods recommended 
by Short"*"# Etch t e s t s were used e x t e n s i v e l y , and were found, 
a f t e r some p r a c t i c e , to be very r e l i a b l e . 

General Geology of the Beav e r d e l l area The general 
geology i s summarized i n the f o l l o w i n g chart . 

Quaternary R i v e r a l l u v i u m , g l a c i a l 
d e p o s i t s . 

Miocene Nipple Mountain Series Flows, b a s a l t , t r a c h y t e . 
Oligocene Curry Creek Ser i e s Agglomerate, t u f f s , 

sandstone, conglomerate. Eocene B e a v e r d e l l B a t h o l i t h Quartz D i o r i t e . 
J u r a s s i c Westkettle Quartz D i o r i t e 
Mesozoic Wallace Group l a v a s , t u f f s , limestone, 

h o r n f e l s . . 

In t h i s study, i n t e r e s t i s confined to the three lower 
members of the tab l e of formations. Middle and l a t e 
T e r t i a r y formations are of no s i g n i f i c a n c e i n connection 
w i t h the mineral d e p o s i t s . 

1. Sbort,' Microscopic Determination of the Ore M i n e r a l s , 
U.S.G.S. B u l l e t i n 3U, 1940. m 

2. Reinecke, L , Ore Deposits of the B e a v e r d e l l Map-
Area, Can. Geol Surv Mem 79, p 32, 1915. 
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The Wallace Group i s a complex composed mostly of 
andesites, a n d e s i t i c t u f f s , and stocks and dykes of b a s i c 
i n t r u s i v e s . I r r e g u l a r patches of c r y s t a l l i n e limestone and 
h o r n f e l s are found among these igneous rocks. Most of the 
formation has been h i g h l y metamorphosed. R e l a t i v e l y f l a t -
l y i n g , the rocks of the Wallace Group have been intruded 
by the Westkettle quartz d i o r i t e . 

The Westkettle quartz d i o r i t e i s of p a r t i c u l a r i n t e r e s t 
because i t contains the s i l v e r and gold ores of the d i s t r i c t . 
The b a t h o l i t h , which contains fragments of the rocks of the 
Wallace Group, has been only s l i g h t l y metamorphosed, although 
i t i s g n e i s s i c i n some pla c e s . F a u l t i n g i s intense through 
the whole mass; three systems of f a u l t i n g have been recognized, 
the oldest of which contains the ore. 

The B e a v e r d e l l B a t h o l i t h , which i s l i t t l e more than 
a stock, i s b e l i e v e d to have been the source of the hydro-
thermal s o l u t i o n s which deposited the main ore bodies of 
the B e a v e r d e l l mines. The rock i s a quartz monzonite; i t i s 
c h a r a c t e r i z e d i n places by l a r g e pink o r t h o c l a s e s , which 
are n e a r l y always Carlsbad twins. In t o t a l composition, the 
quartz monzonite resembles the Westkettle i n t r u s i v e , except 
that the former i s s l i g h t l y more s i l i c e o u s ; M c K i n s t r y 1 

b e l i e v e s them to be d i f f e r e n t i a t e s of the same magma. This 
stock, i n t r u d i n g the e a r l i e r b a t h o l i t h , sediments, and 
v o l c a n i c s , i s surrounded by the productive v e i n s , which, 
passing upward i n t o the older Wallace Group, lose t h e i r v a l u e s . 

McKinstry, H.E., S i l v e r M i n e r a l i z a t i o n at B e a v e r d e l l , 
B « C , Economic Geology, Vol X X I I I , number 4, p 435, 1928. 



Veins The v e i n s , which range from a few inches to 6 
or 8 f e e t i n width, s t r i k e east and west and d i p , w i t h few 
exceptions,- s t e e D l y to the south. The v e i n l e t s forming 
the lodes are so i n t r i c a t e l y branched that the country rock 
o f t e n appears to be b r e c c i a t e d . Small vugs i n quartz are 
common. 

MeKinstry**" s t a t e s that there are three generations of 
minerals, the f i r s t two being c l o s e l y a s s o c i a t e d i n the 
same v e i n s , and the t h i r d being found i n l a t e r v e i n s . In 
the f i r s t formed veins the gangue i s quartz, and the m e t a l l i c 
m i n e r a l s , p y r i t e , a r s e n o p y r i t e , s p h a l e r i t e , galena, t e t r a -
h e d r i t e , and p v r a r g y r i t e . The second type of v e i n f i l l i n g , 
which i s l a t e r than the e a r l i e s t f a u l t i n g , since the f a u l t s 
themselves c a r r y minor amounts of the same s o r t of mi n e r a l 
i z a t i o n , c o n t a i n c a l c i t e , a r g e n t i t e , and native s i l v e r . 

Mineralogy The f o l l o w i n g minerals were seen and 

i d e n t i f i e d : q u a r t z , p y r i t e , a r s e n o p y r i t e , s p h a l e r i t e , 
galena, t e t r a h e d r i t e , p y r a r g y r i t e , p o l y b a s i t e , e h a l e o p y r i t e , 
n a t i v e s i l v e r , and c a l c i t e . Molybdenite, hematite, a r g e n t i t e , 
s t e p h a n i t e , and gold, reported by other workers, were not 
i d e n t i f i e d by the w r i t e r . 

Quartz, determined by i t s hardness and c o l o r , appears 
i n two d i s t i n c t forms. The f i r s t i s ordinary massive v e i n 
quartz; the second, probably a l a t e r generation, i s euhedral 
i n form, and i s s c a t t e r e d through the s u l f i d e s as minute 

McKinstry, H.E., l o e . c i t . p 436. 



c r y s t a l s . 
P y r i t e , c h a r a c t e r i z e d by i t s hardness, form, and c o l o r , 

i s commonly euhedral, o c c u r r i n g as cubes. At l e a s t two 
generations of p y r i t e were seen, as proved by the r e p l a c e 
ment of one cube by another. 

Arsenopyrite i s e a s i l y i d e n t i f i e d by i t s hardness, 
and c h a r a c t e r i s t i c narrow rhombs. The maj o r i t y of the 
c r y s t a l s are small and p e r f e c t . Tt occurs i n cracks i n the 
quartz, and a l s o w i t h s p h a l e r i t e and t e t r a h e d r i t e , but 
commonly not w i t h galena. 

S p h a l e r i t e , i d e n t i f i e d by i t s c o l o r , hardness, and 
amber-colored i n t e r n a l r e f l e c t i o n , occurs i n most of the 
s e c t i o n s examined. I t i s u s u a l l y accompanied by rods or 
dots of exsolved c i i a l c o p y r i t e . 

Galena i s e a s i l y spotted by i t s b r i g h t n e s s , c o l o r , 
t r i a n g u l a r p i t s , and hardness. C r y s t a l s are often curved 
and t w i s t e d , as i n d i c a t e d by the cur v i n g cleavage l i n e s of 
the i n d i v i d u a l c r y s t a l s . 

T e t r a h e d r i t e , i d e n t i f i e d by i t s c o l o r , hardness, 
i s o t r o p i s m , and lack of r e a c t i o n w i t h the etch reagents, 
was never observed to occur without one or both of the 
ruby s i l v e r s . Very commonly t e t r a h e d r i t e , which i s , i n the 
Highland B e l l e mine, very r i c h i n s i l v e r , occurs w i t h the 
ruby s i l v e r s , the whole forming an area of roughly e t r i 

dimensional patches of three d i s t i n c t c o l o r s , suggesting 
more or l e s s contemporaneity of the three minerals. 

P v r a r g y r i t e was recognized by i t s etch r e a c t i o n s , i t s 
blue-grey c o l o r , i t s b r i l l i a n t red r e f l e c t i o n i n p o l a r i z e d 
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Ruby s i l v e r s , 
t e t r a h e d r i t e , 

s p h a l e r i t e , and 
galena r e l a t i o n s . 

l i g h t , and i t s hardness. I t i s b l u e r and s o f t e r than poly-
b a s i t e . I t often replaces galena, as shewn by the f i l l i n g s 
of t r i a n g u l a r p i t s i n the galena by p v r a r g y r i t e , and the 
occurrence of rods of p v r a r g y r i t e i n the galena, p a r a l l e l 
to the galena cleavage. I t i s u s u a l l y a s s ociated w i t h 
other s i l v e r s u l f o - s a l t s , and often w i t h native s i l v e r , 

F o l y b a s i t e was determined by i t s etch r e a c t i o n s , 
l a c k of i n t e r n a l r e f l e c t i o n , and i t s p o l a r i z a t i o n c o l o r s . 
I t s c o l o r , a d u l l grey, i s often d i f f i c u l t to d i s t i n g u i s h 
from the s l i g h t l y brownish grey of t e t r a h e d r i t e , but 
d i f f e r e n c e s i n hardness and p o l a r i z a t i o n separate the two. 
P o l y b a s i t e i s l e s s common,-in the s e c t i o n s examined, than 
p v r a r g y r i t e . I t commonly replaces galena, and p a r t i c u l a r l y 
galena i n narrow v e i n l e t s which have replaced s p h a l e r i t e . 

C h a l c o p y r i t e , recognized by i t s c o l o r , hardness, and 
etch r e a c t i o n s , occurs i n two ways. I t i s found i n s p h a l e r i t e 



as random dots and o r i e n t e d l i n e s . These appear to be the 
r e s u l t of unmixing i n the s p h a l e r i t e , and resembles i n 
p a r t , the t y p i c a l mottled type of e x s o l u t i c n , and i n p a r t , 
the bladed type. C h a l c o p y r i t e occurs a l s o associated w i t h 
t e t r a h e d r i t e and the ruby s i l v e r s , and seems to have been 
deposited independantly of the s p h a l e r i t e . 

Native s i l v e r i s d i s t i n g u i s h e d by i t s isotropisra and 
i t s etch t e s t s . I t was found only i n se c t i o n s composed 
mostly of s p h a l e r i t e , where i t i s as s o c i a t e d w i t h t j y r a r g y r i t e 
and t e r a h e d r i t e , or w i t h p y r i t e . Tt t a r n i s h e s very q u i c k l y 
upon exposure to the a i r , and i s then apt to be confused 
w i t h other minerals, p a r t i c u l a r l y w i t h c h a l c o p v r i t e . 

C a l c i t e , i d e n t i f i e d by i t s c o l o r i n oblique l i g h t , 
hardness, and strong effervescence w i t h h y d r o c h l o r i c a e i d , 
oecus f a i r l y abundantly, c u t t i n g most other minerals. 

P y r a r g y r i t e and 
t e t r a h e d r i t e ; 

c h a l c o p y r i t e 
exsolved from 
s p h a l e r i t e . 
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P a r a g e n e s i s The o r d e r o f d e p o s i t i o n seems to have 

been as f o l l o w s : q u a r t z ; p y r i t e ; a r s e n o p y r i t e ; s p h a l e r i t e : 

and g a l e n a ; t e t r a h e d r i t e , p v r a r g y r i t e , and p o l y b a s i t e ; 

e h a l c o p y r i t e ; n a t i v e s i l v e r ; and c a l o i t e . 

The r e l a t i o n s h i p s of q u a r t z , p y r i t e , and a r s e n o p y r i t e , 

a r e f a i r l y e a s i l y seen i n p o l i s h e d s e c t i o n . E v i d e n c e s of 

repl a c e m e n t of one by the o t h e r c l e a r l y e s t a b l i s h e d the 

above o r d e r . The p o s i t i o n of the second g e n e r a t i o n of 

p y r i t e , w i t h r e s p e c t to the o t h e r m i n e r a l s , i s obscure; 

e v i d e n c e f o r such a g e n e r a t i o n i s found o n l y i n one p l a c e , 

and was of l i t t l e use i n e s t a b l i s h i n g i t s p o s i t i o n r e l a t i v e 

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

S p h a l e r i t e and g a l e n a a r e seen to r e p l a c e one an o t h e r 

i n many s e c t i o n s . Galena r e p l a c i n g s p h a l e r i t e i s perhaps 

more common t h a n s p h a l e r i t e r e p l a c i n g g a l e n a , so i t i s 

b e l i e v e d t h a t t h e r e was o v e r l a p , w i t h the g a l e n a more or 

l e s s o v e r l a p p i n g the s p h a l e r i t e . 

N a t i v e s i l v e r , 
p y r a r g y r i t e , p y r i t e , 
a r s e n o p y r i t e , 
s p h a l e r i t e , and 
e h a l c o p y r i t e . 
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Much of the t e t r a h e d r i t e , p v r a r g y r i t e , and p o l y b a s i t e , 
seem to have been deposited n e a r l y simultaneously. There 
i s a suggestion, however, that there was some overlap, and 
that they were deposited i n order of i n c r e a s i n g p r o p o r t i o n 
of s i l v e r content, i . e . , t e t r a h e d r i t e , p y r a r g y r i t e and 
p o l y b a s i t e . Mixtures of a l l of these minerals form large 
areas which replace the e a r l i e r minerals, p a r t i c u l a r l y 
galena and s p h a l e r i t e . 

An apparent exception to the above order i s found i n 
one of the s p h a l e r i t e s e c t i o n s , where s p h a l e r i t e r e p l a c e s , 
or appears to re p l a c e , p y r a r g y r i t e , l e a v i n g concave, b i t t e n -
i n t o , r e s i d u a l s of the l a t t e r . This r e l a t i o n i s not common 
i n the s e c t i o n s examined, and may be explained i n s e v e r a l 
ways. I t i s perhaps due to p v r a r g y r i t e r e p l a c i n g galena 
which was a replacement r e s i d u a l of galena which had 
p r e v i o u s l y been replaced by s p h a l e r i t e . 

Native s i l v e r i s apparently the l a s t m e t a l l i c mineral 
to be deposited. Whether the n a t i v e s i l v e r of the Highland 
B e l l e mine i s supergene or hyptgene i s a matter ©f some 
debate. The absence of t y p i c a l supergene minerals, such 
as c o v e l l i t e , c h a l e & c i t e ; or l l m o n i t i c i r o n , has been 
c i t e d as evidence f o r a hypogene o r i g i n . Since only the 
present p o s i t i o n of the water t a b l e i s known, the theory 
that supergene minerals are deposited only a short distance 
below the water t a b l e provides no s o l u t i o n to the problem. 

The n a t i v e s i l v e r found i n the sections i n the present 
study does not resemble i n i t s p h y s i c a l r e l a t i o n s h i p s to 
the preceding s u l p h o - s a l t s the r e l a t i o n s s h i p s among those 
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s u l f o - s a l ' t s , w h i c h , as i s p o i n t e d out above, are thought 

to have been d e p o s i t e d w i t h some o v e r l a p , but v e r y c l o s e l y 

t o g e t h e r , almost s i m u l t a n e o u s l y . I t appears t h a t the s i l v e r 

i s d i s t i n c t l y l a t e r t han the s i l v e r s u l f b - s a l t s , and d i d 

not o v e r l a p any of them. 

No e v i d e n c e f o r a supergene o r i g i n of the s i l v e r has 

come to l i g h t as a r e s u l t of t h i s work. On the c o n t r a r y , 

the s i l v e r appears to be hypogene, w i t h the r e s t of the s i l v e r 

m i n e r a l s . 

N a t i v e s i l v e r 
r e p l a c i n g 
p y r a r g y r i t e . 

I O O . M . 

I t has been p o i n t e d out t h a t n a t i v e s i l v e r was found 

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

i n t e r e s t i n g to note t h a t the most s i l v e r - r i c h r u b y - s i l v e r , 

p o l y b a s i t e , a l s o o c c u r s , a s mentioned above, i n s p h a l e r i t e , 

s u g g e s t i n g t h a t s p h a l e r i t e might have e x e r t e d some c o n t r o l 

over the d e p o s i t i o n of the r i c h s i l v e r m i n e r a l s . T h i s may 
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be only a f o r t u i t o u s circumstance, however, since specimans 
from the whole mine were not examined. 

Diagram I l l u s t r a t i n g Paragenesis 

quartz 
P y r i t e 
Arsenopyrite 
S p h a l e r i t e 
Galena . 
T e t r a h e d r i t e 
P y r a r g y r i t e 
P o l y b a s i t e 
e h a l c o p y r i t e 
Native S i l v e r 
C a l c i t e 

As can be seen from the above diagram, the i r o n and 
antim^ony seem to decrease, and the s i l v e r i n c r e a s e , as the 
m i n e r a l i z a t i o n progressed. 

Conclusions The bulk of the m i n e r a l i z a t i o n at the 
Highland B e l l e Mine i s c l e a r l y hypogene; no evidence of 
supergene m i n e r a l i z a t i o n has been found i n the present 
study. 

I f the n a t i v e s i l v e r i s hypogene, these deposits 
d i f f e r from many t y p i c a l bonanza s i l v e r d e p o s i t s , where the 
s i l v e r has teen proved to be supergene. Otherwise, the 
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Highland B e l l e m i n e r a l i z a t i o n resembles f a i r l y c l o s e l y that 
of many of the Nevada and Mexico s i l v e r d e p o s i t s . 
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