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FOREWORD 

The w r i t e r wishes to thank Dr. H. V. Warren, 
f o r h i s i n t e r e s t and c r i t i c a l suggestions, i n examining 
t h i s ore. Also he would l i k e to thank Miss NormaKing 
f o r her expert a s s i s t a n c e i n determining the bismuth 
min e r a l s . 



MINERALOGY OF ORE FROM THE WINDPASS MIKE, BOULDER, B.C. 
Wlndpass mine Is l o c a t e d approximately 3 | miles 

east of Boulder s t a t i o n on the Canadian N a t i o n a l Railway. 
The s t a t i o n i s on the North Thompson River and i s ahout 79 

miles north of Kamloops, B.C. The map shows the exact pos­
i t i o n of the mine w i t h respect to Boulder S t a t i o n . 
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The mine was discovered i n 1916 and, by the time 
Dr. Uglow examined i t i n 1920, enough work had been done to 
r e v e a l 100 f t . of an east-westerly s t r i k i n g quartz v e i n w i t h 
a n o r t h e r l y d i p , v a r y i n g from 35° to 80°. The v e i n was 
c h a r a c t e r i z e d by pinches and sw e l l s both h o r i z o n t a l l y and 
v e r t i c a l l y . T h is, i t might be added, i s a c h a r a c t e r i s t i c of 
hypothermal v e i n s i n the pre-Cambrian s h i e l d . The v e i n , as 
i n d i c a t e d above, v a r i e s from a few inches to 36 inches, aver­
aging p o s s i b l y 15 to 16 inches. High temperature minerals 
are abundant, p a r t i c u l a r l y b l u i s h - g r e y lodestone. Gold i s 
sc a t t e r e d , apparently at random, throughout the deposit, oc-
cur i n g p l a i n l y i n lodestone and quartz. Free g o l d c o u l d be 
panned from almost any s e c t i o n of the v e i n . 

Subsequent development during the f o l l o w i n g decade, 
with attempted>though unsuccessful,mining, r e v e a l e d that the 
v e i n continued at depth but was d i f f i c u l t to l o c a t e due to 
f a u l t i n g . 

I n 1933 a 5 0-ton m i l l was constructed when devel­
opment work assured s u f f i c i e n t tonnage f o r a few years. The 
complex f a u l t i n g p a t t e r n was l a t e r solved and the mine oper­
ated s u c c e s s f u l l y u n t i l the c l o s e of 1939* 

The country rock i s the upper pegmatite f a c i e s of 
the micropegmatite pyroxenite s i l l which trends i n a north-
south d i r e c t i o n j u s t east of the boundary of the F e n n e l l 
Formation. Granite of the B a l d i e b a t h o l i t h outcrop 1| miles 
to the east and since the contact with the micropegmatite 
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s i l l i s dipping westerly, the g r a n i t e a c t u a l l y may not be f a r 
below the deposi t . The hydrothermal s o l u t i o n s that formed 
the deposit are thought to have o r i g i n a t e d i n the g r a n i t e 
magma. 

MICROSCOPIC STUDY OF POLISHED SECTIONS 
Magnetite, 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 , sphal­

e r i t e , b i s m u t h i n i t e , bismuth, p o s s i b l y some t e l l u r i d e , g o l d , 
quartz, c a l c i t e and l i m o n i t e have been seen i n the p o l i s h e d 
s e c t i o n s under the microscope. 

The gold, though l a t e r , apparently had a marked 
a f f i n i t y f o r the p y r r h o t i t e as a host mineral, though u s u a l l y 
i n a s s o c i a t i o n w i t h bismuth and b i s m u t h i n i t e . S o l u t i o n s 
c a r r y i n g bismuth and g o l d a t t a i n e d access to the p y r o h o t i t e 
presumably by extensive f r a c t u r i n g that preceded t h i s v a l u ­
able d e p o s i t i o n of g o l d . P o s s i b l y t h i s f r a c t u r i n g was exten­
s i v e enough to have e x c i t e d the main ore-forming s o l u t i o n s to 
come o f f by p a r t l y r e l e a s i n g the c o n f i n i n g rock pressure. 
Carbonate magmatic waters marked the end phase of t h i s g o l d -
bismuth b e a r i n g - s o l u t i o n a c t i v i t y . That t h i s f r a c t u r i n g was 
intense i s l i t t l e doubted, f o r most specimens show a hetero­
genous succession of veined m a t e r i a l s . The g o l d a l s o occurs 
f r e e , f i l l i n g cracks i n quartz, and i n v a r i a b l y a s s o c i a t e d 
c l o s e l y w i t h bismuth minerals. The smallest s i z e of g o l d 
p a r t i c l e seen was #006 mm or 6 microns i n diameter. I t i s 
doubted whether g o l d of t h i s s i z e i s recoverable and i t was 
n o t i c e d that f i n e g o l d was abundant as i s seen i n p l a t e 8 . 
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Gold c o u l d be seen w i t h the naked eye i n s e v e r a l of the 
p o l i s h e d s e c t i o n s , measuring up to 0.5 mm. i n diameter. 
Where g o l d occurred abundantly the values ranged from s e v e r a l 
ounces up to 145 ounces of g o l d to the ton f o r any appreciable 
ore shoot ( c f . Dr. Wm. Sm i t h e r i n g a l e ) • Abundant g o l d i n v a r ­
i a b l y meant abundant bismuth minera l s . 

MAGNETITE, Fe (Fe 0z)2 

The most n o t i c e a b l e feature of the magnetite 
stu d i e d , was the great extent to which i t had been f r a c t u r e d 
and m i n e r a l i z e d . The openings formed were l a t e r f i l l e d w i t h 
sulphides, bismuth, b i s m u t h i n i t e , quartz or c a l c i t e . 

A large part of the magnetite was coarse g r a i n e d . 
The average g r a i n was 0.25 mm i n diameter. This coarser mag­
n e t i t e was b e l i e v e d to be a second generation of magnetite. 
I t i s suggested that the coarse grained magnetite was more 
amenable to f r a c t u r i n g than the f i r s t g e neration of magnetite, 
which was f i n e g r a i n e d . 

I t was necessary f o r the w r i t e r to prove that the 
powder was magnetic before he could be assured that he was 
dealing w i t h magnetite. The f r a c t u r i n g has i s o l a t e d so many 
small g r a i n s of magnetite, and t h i s , together with the larg e 
amounts of c a l c i t e present made the apparent hardness of the 
miner a l very deceptive. The magnetite was negative to a l l 
etch r e a c t i o n s . 

P l a t e 1, from p o l i s h e d s e c t i o n , W 6, shows the 
r e l a t i o n of the c h i e f gangue minerals, more or l e s s , to the 
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massive magnetite. The quartz i s seen f i l l i n g f r a c t u r e s i n 
the magnetite as w e l l as attempting to replace i t along one 
of the c o n t a c t s . P y r i t e presumably was p r e c i p i t a t e d from 
s o l u t i o n s e a r l y during t h i s s i l i c e o u s d e p o s i t i o n though not 
abundantly. I t was l a t e r s l i g h t l y r e p l a ced by quartz, from 
p o s s i b l y , not so s i l i c e o u s or a c i d p o l u t i o n s . C a l c i t e came 
i n l a t e r , probably due to a s l i g h t reopening of the e a r l i e r 
f i l l e d f i s s u r e s . P L A T E \ . 

s x 
r 1 Magne+ife 

I 1 Quarlz 

[Zrj Pyrife 
1 I Calcine. 

I t r e p l a ced quartz and d e f i n i t e l y corroded and ate away the 
majority of the p y r i t e which though o r i g i n a l l y s m a ll i n 
q u a n t i t y , now disappeared almost e n t i r e l y . 

Other minerals found i n magnetite can be examined 
i n p o l i s h e d s e c t i o n W 5 , represented here by p l a t e 2. 

The usual f r a c t u r e i s present c o n t a i n i n g corroded 
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p y r i t e . F y r i t e here apparently was attacked by l e s s a c i d 
s o l u t i o n s c a r r y i n g p y r r h o t i t e which r e p l a c e d i t , to at l e a s t 
a marked extent. B i s m u t h i n i t e d e p o s i t i n g from a l a t e r s e r i e s 
of s o l u t i o n s repeated the c y c l e of replacement on the p y r r ­
h o t i t e , which i s c h a r a c t e r i s t i c of t h i s d e p o s i t . 

P L A T E Z. 

<S7 X 
QZ_7J P L t r i + e 
f ~ ~ l P ^ ' - r h o 4 - i 4 e 
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The w r i t e r b e l i e v e s that the s o l u t i o n s c a r r y i n g the bismuth­
i n i t e were c l o s e l y r e l a t e d or are the same s o l u t i o n s that 
c a r r i e d the g o l d . That these s o l u t i o n s were a l k a l i n e i s 
f u r t h e r p o s t u l a t e d owing to the p e r s i s t a n t a s s o c i a t i o n of 
b i s m u t h i n i t e , c a l c i t e and g o l d . 

Thus i t can be s a i d that the e a r l y magnetite, when 
i t has been l a t e r f r a c t u r e d and where i t has l a i n i n the path 
of l a t e r s o l u t i o n s of an a u r i f e r o u s bismuth character, i s 
u s u a l l y v a l u a b l e ore. Most of the g o l d found i n the magne-
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t i t e was reasonably f r e e and large enough to be recovered by 

t a b l e s . 
PYRRHOTITE0Fex SX-H 

This i s another mineral c h a r a c t e r i z e d by frequent­
l y abundant f r a c t u r i n g , i n s i p i e n t i n the hand specimen but 
very n o t i c e a b l e i n the p o l i s h e d s e c t i o n . The larg e majority 
of f i n e f r a c t u r e s are u n f i l l e d w i t h any v e i n mineral suggest­
ing gradual but intense post-mineral movement of the ore-body. 
This feature was brought out i n the p o l i s h i n g , as these cracks 
were l e s s r e s i s t a n t to the ab r a s i v e , consequently the p o l i s h ­
ing developed d i s t i n c t p r o f i l e s . The coarse grained pyrrho­
t i t e , brownish cream i n r e f l e c t e d l i g h t , was e a s i l y recognized 
i n a l l cases by i t s softness and tendency towards chemical 
i n e r t n e s s . The KOH r e a c t i o n was very slow. The p y r r h o t i t e 
contained no n i c k e l . The powder was magnetic. 

This m i n e r a l , as can be seen i n p o l i s h e d s e c t i o n 
W 7 , represented by P l a t e 3 , i s c l o s e l y a s s o c i a t e d with chalco-
p y r i t e . P y r r h o t i t e can be seen c u t t i n g the c h a l c o p y r i t e i n 
small v e i n l e t s i n W 7 , though that feature i s not expressed 
i n P l a t e 3- From the p l a t e a suggestion of the lateness of 
the p y r r h o t i t e i n t h i s instance i s obtained, and i t i s notewor­
thy to observe that by f a r the majority of i n c l u s i o n s are of 
c h a l c o p y r i t e i n p y r r h o t i t e . This suggests t h a t , at a c e r t a i n 
stage, the s o l u t i o n s were r i c h e r i n i r o n , p o s s i b l y from the 
d i s s o l v i n g of some of the e a r l y magnetite, than i n copper, 
and that the excess i r o n tended to p r e c i p i t a t e out, metasom-
a t i c a l l y r e p l a c i n g the copper. The p e r i o d of d e p o s i t i o n of 



(8) 

the p y r r h o t i t e would be of the same metallogenetic age as 
the c h a l c o p y r i t e , because they are so i n t i m a t e l y a s s o c i a t e d 
with one another, and i n some cases seen, a b s o l u t e l y defying 
i n t e r p r e t a t i o n as to separate paragenesis. P y r i t e was 
frequently seen i n v e i n l e t s c u t t i n g both p y r r h o t i t e and 
c h a l c o p y r i t e . 

P L A T E 3 

3 5 3 x 
C Z 3 P ^ r r h o J - i + e 

I I C h s l c o p ^ r i 4 e 

L Z T ) L i m o n i + e 

In p l a t e 3 i t i s seen developing along the contact of the 
l a t t e r two minerals. I t i s no t i c e d that the c r y s t a l cast i s 
s t i l l preserved by l i m o n i t e mostly, and i n i t s e l f , i n d i c a t i n g 
a tendency f o r the p y r i t e t o replace c h a l c o p y r i t e i n the 
presence of p y r r h o t i t e . Another case of copper being d r i v e n 
i n t o s o l u t i o n by i r o n . Note a l s o that the s o l u t i o n s have 
f i n a l l y become r i c h e r i n sulphur than previous s o l u t i o n s . 
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P y r i t e i s not abundant, as has been formerly suggested under 
the heading MAGNETITE, so t h i s may mean that sulphur i s not 
abundant. I f so, t h i s should be noted as a c h a r a c t e r i s t i c of 
the d e p o s i t . 

S p h a l e r i t e i s seen growing along the contact of 
the o l d p y r i t e cube and a l s o r e p l a c i n g the p y r i t e and chalco­
p y r i t e . Zinc must have been a, more or l e s s , minor c o n s t i t ­
uent i n the hydrothermal s o l u t i o n s or e l s e there was not 
enough sulphur present to combine with i t , f o r the w r i t e r has 
not seen much zinc blende i n h i s specimens, 

P y r r h o t i t e , when e x t e n s i v e l y f r a c t u r e d and l a t e r 
attacked by probably a l k a l i n e s o l u t i o n s , became an extensive 
d e p o s i t i n g zone f o r the bismuth minerals. P l a t e 4, from p o l ­
ished s e c t i o n W 5 , shows i r r e g u l a r i l y f r a c t u r e d p y r r h o t i t e i n 
a s s o c i a t i o n w i t h b i s m u t h i n i t e , bismuth, c a l c i t e and go l d . 
B i s m u t h i n i t e e v i d e n t l y was the f i r s t bismuth mineral to dep o s i t ; 
l a t e r n a t i v e bismuth came i n r e p l a c i n g the b i s m u t h i n i t e but 
i t i s questionable i f the bismuth r e p l a c e d any of the py r r ­
h o t i t e . Native bismuth i s f u r t h e r evidence of the tendency 
toward a d e f i c i e n c y of sulphur i n the magmatic waters. At 
present the evidence would i n d i c a t e that the f i r s t s o l u t i o n s 
were sulphur-poor d e p o s i t i n g magnetite, and then p y r r h o t i t e 
and c h a l c o p y r i t e . Later the s o l u t i o n s became enriched i n 
sulphur enough to b a r e l y p r e c i p i t a t e p y r i t e , s p h a l e r i t e and 
f i n a l l y b i s m u t h i n i t e i n r e l a t i v e l y s m a l l q u a n t i t i e s , though 
l o c a l l y i n cases, these minerals are w e l l developed. F i n a l l y 
with a l l the sulphur gone, the s o l u t i o n deposited bismuth, 
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g o l d and c a l c i t e . 
Gold i s seen i n p l a t e A to replace p y r r h o t i t e 

but i n c l o s e a s s o c i a t i o n with the bismuth minerals. The 
piece of g o l d i s o.H5 mm i n t o t a l length and i s r e l a t i v e l y 
l a r g e f o r t h i s type of occurrence. C a l c i t e , as a f i n a l 
f i l l i n g , making the end of the d e p o s i t i o n , i s present. 

The r e l a t i o n of c h a l c o p y r i t e to p y r r h o t i t e and p y r i t e 
has been discussed. I t can be f u r t h e r noted here that the 
c h a l c o p y r i t e a l s o has c h a r a c t e r i s t i c post-mineral f r a c t u r e s 
shown i n p l a t e 3 as discontinuous bands of l i m o n l t e running 
through the copper m i n e r a l . Weathering products e v i d e n t l y 
were deposited along the most minute cracks, but p r o f e r a b l y 
i n the c h a l c o p y r i t e because they were not seen i n that 
f a s h i o n i n the p y r r h o t i t e . No malachite or copper oxide 
was observed,so apparently the c h a l c o p y r i t e was not attacked 

P U A T E 4-

1 6 6 X 

CHALCOPYRITE. CuFeS, 
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i n t h i s specimen "by weathering agencies. 
In p l a t e 5 , from Wf 9 bismuth can be seen as two 

i s l a n d s i n the c h a l c o p y r i t e . The w r i t e r b e l i e v e s t h i s to be 
a case of impregation of bismuth i n c h a l c o p y r i t e ; the 
nature of the bismuth-bearing s o l u t i o n s i s str o n g l y suggest­
ed by the presence of the s t r i n g e r of c a l c i t e . 

P L A T E 5 

€>T X 

C h a I o o |=J r * I - f e 

B i s m <_j-f h 

C a t c i - f e . 

L i m o n i 4 - e . 

The c h a l c o p y r i t e examined was weakly anisodropic 
and revealed f r i a b l e c h a r a c t e r i s t i c s when scratched. I t was 
negative to reagents. 

PYRITE FeS g 

P y r i t e i s seen c u t t i n g magnetite, though between 
the a c t i o n of l a t e r replacement and o z i d a t i o n i t i s u s u a l l y 
l e f t as l i t t l e i s l a n d s i n the f r a c t u r e s . I t also cuts 
p y r r h o t i t e and c h a l c o p y r i t e showing a d e f i n i t e tendency to 

L7J 

L ~ l 
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r e p l a c e the l a t t e r • The s o l u t i o n s were presumably sulphur -
r i c h at the time and the i r o n may have come from the s o l u t i o n 
of e a r l i e r magnetite. 

SPHALERITE . s) 
S p h a l e r i t e was d i s t i n g u i s h e d by i t s medium s o f t ­

ness, b a t t l e s h i p grey c o l o r and i n t e r n a l red r e f l e c t i o n . 
In the p o l i s h e d s e c t i o n i t occurred i n too small amounts to 
t e s t chemically without destroying the evidence, but i t was 
determined from the hand speciman. I t was c h a r a c t e r i s t i c a l l y 
negative to reagents. 

As e a r l i e r postulated, the d e p o s i t i o n of the zinc 
from s o l u t i o n i s supposed to represent a time when the s o l u -
t i d n s became b a r e l y enriched i n sulphur enough to p r e c i p i t a t e 
p y r i t e , and a l i t t l e l a t e r , s p h a l e r i t e . I t s p e r i o d of 
d e p o s i t i o n was not long and i t i s not abundant. 

BISMUTHINITE ( e>^sQ 
In the sect i o n s studied, t h i s mineral was very 

abundant, v a r y i n g i n s i z e from small specks 0.1 mm. i n diameter 
up to pieces that measured 5 mm, i n diameter. I t occurred as 
v e i n - f i l l i n g and al s o as impregations i n the quartz• Wherever 
the b i s m u t h i n i t e was w e l l developed the quartz was w e l l 
f r a c t u r e d . Under r e f l e c t e d l i g h t i t was galena white, showing 
p i t t e d surface due to one p e r f e c t cleavage being chipped i n 
the p o l i s h i n g . O p t i c a l l y anisotropic-with p o l a r i z a t i o n c o l o r s 
v a r y i n g from l i g h t grey to c h a r a c t e r i s t i c deep P r u s s i a n b l u e . 
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P l a t e 6, from s e c t i o n W 1, shows two very s o f t 
m i n e r a l s ; bismuth r e p l a c i n g b i s m u t h i n i t e . The b i s m u t h i n i t e 
i s f a i r l y coarse grained, i n cases up to 2 mm. i n diameter, 
but around contacts i t i s u s u a l l y of a f i n e t e x t u r e . 
T y p i c a l semi-spindleshaped twinning i s u s u a l l y developed t o 
some extent. P L A T E e 

A" 

I 6 £ X 

I- I Bismu4+i 

Wherever b i s m u t h i n i t e occurred, g o l d was u s u a l l y 
nearby i n the specimen. The f o l l o w i n g etch r e a c t i o n s were 
noted f o r b i s m u t h i n i t e : 

HN03 HC1 KCN F e C l 3 KO:H HgClg. 
++.rn,Sh 

BISMUTH a Bi 
Bismuth was found u s u a l l y i n contact 7/lth bismuth­

i n i t e , and a d i f f e r e n c e c o u l d be detected i n hardness, the 
bismuth being the s o f t e r of the two. The na t i v e metal has a 
p i n k i s h hue to i s b r i g h t , creamy c o l o r , and a d i s t i n c t 
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m e t a l l i c l u s t e r . I n t h i s occurrence i t i s not stro n g l y 
a n i s o t r o p i c , as claimed by Short, but v a r i e s from p i n k i s h 
y e l l o w to a p e c u l i a r , d i s t i n c t i v e , pale v i o l e t . In W 5, 
t y p i c a l twinned bismuth was examined. The f o l l o w i n g etch 
t e s t s were considered c o r r e c t . 

HN0 3 HC1 KCN FSC1 KOH HgC 1 £ 

+ + — + — T 

P l a t e 7, from W 1, shows p o s s i b l y e x s o l u t i o n of 
g o l d from bismuth. _ 

6 7 X 

H H J B i s m u t h 

r r ^ i G o l d 

I t i s d i f f i c u l t to say whether the bul k of the g o l d came with 
the bismuth or b i s m u t h i n i t e ; on the other hand, i t might 
have been contemporaneous with both. I t i s d e f i n i t e l y assoc­
i a t e d w i t h both,but more so, s t a t i s t i c a l l y , w ith the bismuth­
i n i t e . 

Bismuth i s d e f i n i t e l y a low temperature mineral 
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having "been deposited from s o l u t i o n s at le s s than 250 C. 

GOLD Au 
P l a t e 8, from W 5, shows a remarkable development 

of g o l d i n p y r r h o t i t e but under the genetic i n f l u e n c e , 
presumably, of bismuth and b i s m u t h i n i t e . 

P L A T E : S 

166 X 

F i R j r r h o 4 - i + e 

L — 1 B i s m u f h i n i l e 

L -.1 B i s m u + h 

G O G o l d 

• C a l c i n e 

Gold a l s o occurs i n the b i s m u t h i n i t e and i t i s seen that very 
l i t t l e bismuth i s present. The smallest g o l d p a r t i c l e was 
6 microns i n diameter. 

The most d i s t i n q u i s h i n g t e s t for g o l d was the 
a p p l i c a t i o n of KCN to the mineral, to giv e a t a r n i s h . 

Free g o l d was found i n the magnetite, i n sulphides, 

c h i e f l y p y r r h o t i t e , and i n f r a c t u r e s i n quartz; always, however, 
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c l o s e l y a s s o c i a t e d w i t h bismuth minerals. 

TELLURIDE 
Microchemical t e s t s f o r t e l l u r i u m were p e r s i s t ­

ant l y responsive i n s e v e r a l specimens. One s e c t i o n d i s p l a y e d 
a mineral i n c l o s e a s s o c i a t i o n with b i s m u t h i n i t e and bismuth, 
which gave the f o l l o w i n g etch r e s u l t s . 

HN03 HC1 KCN FeCl KOH HgCl 
+ - - + r 

The development of t h i s mineral was destroyed on f u r t h e r 
p o l i s h i n g , prohil) A\ng the w r i t e r to make an accurate drawing 
of t h i s mineral's contact with bismuth and b i s m u t h i n i t e . 
This unknown mineral i s p o s s i b l y tetradymite , B i a (Te,S)s 

or joesite^(Te,Se)S . 

MEGASCOPIC EXAMINATION OF ORE SPECIMENS  
MAGNETITE 

Evidence of high temperature o r i g i n of the magne­
t i t e was seen i n specimen No.3414. I t was composed of 
massive, medium grained, a c i d f e l s p a r with some hornblende, 
c o n t a i n i n g disseminated magnetite c r y s t a l s . The presence of 
f e l s p a r and hornblende suggest high temperature d e p o s i t i o n , 
whereas the magnetic impregnation may be evidence of pneu-
m a t o l y t i c a c t i o n . The f e l s p a r was l a t e r f r a c t u r e d with the 
i n t r o d u c t i o n of bismuth minerals and g o l d . 

Magnetite q u i t e p o s s i b l y , was of two generations. 
Specimen No.3410 shows c r y p t o c r y s t a l l i n e magnetite cut by 
small lenses up to 5 mm. long, of coars e l y c r y s t a l l i n e 
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magnetite. Blebs of p y r r h o t i t e and c h a l c o p y r i t e accompanied 
t h i s second p e r i o d of magnetite d e p o s i t i o n . A p o s s i b l e 
e x p l a n a t i o n f o r the two generations was, that during the 
e a r l y stages of d e p o s i t i o n , the w a l l rock was c o o l and 
unheated, thus i n h i b i t i n g the growth of large c r y s t a l s of 
magnetite. L a t e r on, however, the w a l l s became heated due 
to the passage of superheated s o l u t i o n s , thereby a l l o w i n g 
c o a r s e l y c r y s t a l l i n e magnetite to develop. In t h i s specimen 
some c h a l c o p y r i t e was seen r e p l a c i n g the coarse magnetite 
along p a r t i n g planes. This e v i d e n t l y represents the copper-
r i c h p e r i o d of the hydrothermal s o l u t i o n s . There i s a poss­
i b i l i t y that while p y r r h o t i t e was r e p l a c i n g copper at gre a t e r 
depths, thus e n r i c h i n g the s o l u t i o n s i n copper, c h a l c o p y r i t e 
was r e p l a c i n g magnetite higher i n the f i s s u r e . 

Magnetite i n specimen No.3403 contained unsupported 
i n c l u s i o n s of a d i o r i t e - l i k e rock, probably a f a c i e s of 
micropegmatite. This shows the intense r e p l a c i n g a c t i o n of 
s o l u t i o n s on the country rock. Free g o l d and c h a l c o p y r i t e were 
seen, as w e l l as a v e i n l e t of quartz that cut across the 
specimen. The country rock i s a l s o cut by s t r i n g e r s of mag­
n e t i t e , as i n specimen No.3413- E v i d e n t l y the i n i t i a l s o l u ­
t i o n s had o u t l e t through reasonably f r a c t u r e d ground when they 
came o f f from the magma. 

PYRRHOTITE 
I t i s thought that the p y r r h o t i t e was the second 

m e t a l l i c m i n e r a l to deposit i n the v e i n s . Quartz presumably 



(18) 

began d e p o s i t i o n during the p e r i o d of magnetite d e p o s i t i o n 
and continued long a f t e r the magnetite p e r i o d was over. 

Massive coarse grained p y r r h o t i t e can be seen i n 
specimen No.3405 with unsupported n u c l e i of blue grey to 
white quartz. That some of t h i s quartz might have been p 
quartz, i s suggested. The p y r r h o t i t e i s cut by i r r e g u l a r 
masses and s t r i n g e r s of c h a l c o p y r i t e and a l s o some l a t e r 
p y r i t e . 

CHALCOPYRITE,CuFeS* 
Coarsely c r y s t a l l i n e c h a l c o p y r i t e cuts magnetite 

i n Specimen No.3416 and d e f i n i t e l y i s l a t e r than p y r r h o t i t e 
as seen i n specimen No .3408. Though i n t h i s l a t t e r case, 
some p y r r h o t i t e was deposited contemporaneous with the 
c h a l c o p y r i t e . Notable though not unusual i s the presence of 
two generations of quartz i n No.3408. The e a r l i e r generation 
of quartz i n veined by magnetite, whereas the l a t e r quartz cuts 
through the c h a l c o p y r i t e . Flakes of a s i l v e r y white, m e t a l l i c 
mineral with a p i n k i s h hue were seen and thought to be bismuth. 
These f l a k e s were l y i n g along t i g h t f r a c t u r e s i n the quartz. 

S p h a l e r i t e was seen i n specimen No.3406 c u t t i n g 
c h a l c o p y r i t e but apparently o c c u r r i n g only s p a r s e l y . 
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PROPOSED PARAGENESIS 

Magnetite 
Quartz 
P y r r h o t i t e 
C h a l c o p y r i t e 
P y r i t e 
S p h a l e r i t e 
C a l c i t e 
B i s m u t h i n i t e 
Bismuth 
T e l l u r i d e ? 
Gold 
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