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INTRODUCTION 

The Contact group, 2 m i l e s northwest o f C a s s i a r , was staked i n 

1951 by G. D a v i s and ¥. P u r i t c h . ( G a b r i e l s e , 1963 ) 

Most of the ore m i n e r a l s occur i n h o r n f e l s , skarn and marmorized 

l i m e s t o n e , between the C a s s i a r B a t h o l i t h t o the west and a p o r p h y r i t i c 

g r a n i t e s t o c k t o the e a s t . A p l i t e , negmatite and b a s a l t dykes are p r e s e n t . 

The metamorphic r o c k s are remanents of the e a s t e r l y d i p p i n g l i m b of 

a s y n c l i n e . To the n o r t h , r o c k s are t h r u s t e a s t e r l y on f a u l t planes 

which d i p a t low angles t o the west. At the base of the marmorized 

l i m e s t o n e i s a bedding plane f a u l t . L o c a l l y , the l i m e s t o n e i s h i g h l y 

deformed. 

Three types of m i n e r a l i z a t i o n are p r e s e n t . 

(1) P y r i t e , b i s m u t h i n i t e , molybdenite, s c h e e l i t e , and c o s a l i t e occur 

i n q u a r t z v e i n s r e s t r i c t e d t o the p o r p h y r i t i c r o c k s . 

(2) An i r r e g u l a r body of p y r r h o t i t e a s s o c i a t e d w i t h a n d r a d i t e - s c a p o l i t e 

s k a r n occur a l o n g the southern exposure of the marmorized limestone* 

The p y r r h o t i t e i s l a r g e l y a l t e r e d t o m a r c a s i t e and c o n t a i n s minor amounts 

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

(3) A complex a s s o c i a t i o n of m e t a l l i c m i n e r a l s i n two v e i n s t h a t s t r i k e 

r o u g h l y e a s t and d i p 75°to SO°S. i n the marmorized l i m e s t o n e . To the 

west the upper v e i n stops a b r u p t l y a t the bedding f a u l t between the marble 

and the h o r n f e l s . 100 f e e t e a s t and 100 f e e t lower, the v e i n passes under 

t a l u s . Over t h i s d i s t a n c e , the v e i n averages 3 to 4 f e e t . The lower v e i n , 

about 1 f o o t wide i n one exposure, but g e n e r a l l y obscured by t a l u s , s t r i k e s 

n o r t h e a s t e r l y and d i p s 70°S. 

The v e i n i s banded p a r a l l e l w i t h the w a l l s and c o n t a i n s manganiferous 

magnetite, g a l e n a , s p h a l e r i t e and p y r i t e m a i n l y . M e t a l l i c m i n e r a l s p r e s e n t 

i n minor amounts a r e : m o l y b d e n i t e , p y r r h o t i t e , a r s e n o p y r i t e , a l a b a n d i t e , 

c h a l c o p y r i t e , t e t r a h e d r i t e , d y s c r a s i t e , n a t i v e antimony, 
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b i s m u t h i n 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 , m a r c a s i t e and wad. C h i e f 

gangue m i n e r a l s are c a l c i t e , q u a r t z and chodonite. D o l o m i t i z a t i o n i s 

the c h i e f w a l l r o c k a l t e r a t i o n . 

About 25 p o l i s h e d s e c t i o n s and numerous hand specimens were examined 

from these m i n e r a l i z e d zones. However, the main emphasis i n t h i s r e p o r t 

i s p l a c e d upon type 3 m i n e r a l i z a t i o n . 

MEGASCOPIC 

M i n e r a l s r e c o g n i z e d i n the hand specimen were magnetite, g a l e n a , 

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

S u l f u r and s c h e e l i t e were observed o n l y i n the q u a r t z v e i n , and were 

not seen i n any p o l i s h e d s e c t i o n s . A f i b r o u s , l e a d - g r e y m i n e r a l was 

observed a s s o c i a t e d w i t h the v e i n q u a r t z , but was not i d e n t i f i e d u n t i l 

examined i n p o l i s h e d s e c t i o n ( c o s a l i t e ). The secondary m i n e r a l s observed 

were l i m o n i t e , wad, m a r c a s i t e , and h y d r o z i n c i t e ( i t g i v e s a b l u i s h w h i t e 

f l u o r e s c e n c e and a good z i n c t e s t ). 

The hand specimens are m a i n l y f i n e - t o c o a r s e - g r a i n e d g a l e n a . The 

magnetite i n many of the samples has a l t e r e d t o l i m o n i t e , so t h a t the 

samples have a y e l l o w t o r e d d i s h brown o x i d a t i o n c o a t i n g . Coatings of 

secondary manganese g i v e a dark, e a r t h y appearance t o many of the samples. 

Most specimens are extremely weakly magnetic t o s t r o n g l y magnetic, depending 

on the amount o f magnetite and p y r r h o t i t e p r e s e n t . The h y d r o z i n c i t e 

appears t o always a s s o c i a t e w i t h s p h a l e r i t e . The v e i n q u a r t z has a 

y e l l o w i s h c o a t i n g i n pla c e s as a r e s u l t of s c h e e l i t e , s e r i c i t e and n a t i v e 

s u l f u r . 

Quartz, s e r i c i t e and c a l c i t e were the o n l y gangue m i n e r a l s observed. 

Quartz occurs as b o t h v e i n q u a r t z and as c r y s t a l s growing i n t o vugs 

( w i t h i n the q u a r t z v e i n ). C a l c i t e was observed t o occur m a i n l y as 

i n c l u s i o n s w i t h i n the ore m i n e r a l s . 
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MICROSCOPIC 

M i n e r a l s 

(a) Galena (PbS) -Galena was i d e n t i f i e d by i t s c o l o u r ( w h i t e ), 

hardness ( B ) , i s o t r o p i s m and cleavage ( p e r f e c t , c u b i c ). 

(b) J a c o b s i t e ( manganoan magnetite? ( 15$ Mn ) an X-Ray w i l l be r e 

q u i r e d t o c o n f i r m i d e n t i f i c a t i o n ) - J a c o b s i t e was i d e n t i f i e d by i t s 

hardness ( F ) , i s o t r o p i s m , magnetism and c r y s t a l form ( o c t a h e d r a l and 

dodecahedral c r o s s s e c t i o n ) * The c o l o u r was anomalous ( p i n k i s h grey ) 

as a r e s u l t of the h i g h manganese content. 

( c ) P y r r h o t i t e ( Fe^ ^S ) - P y r r h o t i t e was i d e n t i f i e d by i t s c o l o u r 

( cream ), aardness (C+), a n i s o t r o p i s m ( l i g h t y e l l o w , b l u e , r e d , b l a c k ) 

and i t s magnetism. 

(d) M a r c a s i t e (FeS^) - M a r c a s i t e was i d e n t i f i e d by i t s c o l o u r ( p a l e 

b r a s s y e l l o w ), hardness ( F ) , a n i s o t r o p i s m ( y e l l o w , b l u e , brown ) and 

i t s a s s o c i a t i o n w i t h p y r r h o t i t e . 

(e) P y r i t e (PeS^) - P y r i t e was i d e n t i f i e d by i t s c o l o u r ( pale b r a s s 

y e l l o w ), hardness (F) and i s o t r o p i s m . 

(F) C h a l c o p y r i t e (CuFeS^) - C h a l c o p y r i t e was i d e n t i f i e d by i t s c o l o u r 

( b r a s s y e l l o w ), hardness (C) and i t s weak a n i s o t r o p i s m . 

(g) C o s a l i t e (2PbS.Bi^S^) - C o s a l i t e was i d e n t i f i e d by i t s c o l o u r (galena 

w h i t e ), hardness ( B ) , a n i s o t r o p i s m ( cream, b l a c k ) and the e t c h t e s t s . 

E t c h t e s t s : 
HgCl^ - n e g a t i v e 
KDH - n e g a t i v e 
KCN - n e g a t i v e 
HC1 - n e g a t i v e 
F e C l ^ - n e g a t i v e 
BNO^ - e f f e r v e s c e s and s t a i n s b l a c k 
Aqua R e g i a - n e g a t i v e 

(h) S p h a l e r i t e ( (Zn,Fe)S ) - S p h a l e r i t e was i d e n t i f i e d by i t s c o l o u r 

( g r e y ) , 
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hardness ( C ) , i s o t r o ism and a p o s i t i v e microchemieal t e s t f o r z i n c * 

No s p h a l e r i t e i n t h i s s u i t e gave an i n t e r n a l r e f l e c t i o n , even w i t h the 

carbon a r c . 

( i ) T e t r a h e d r i t e ( 5Cu 2S.2(Cu,Fe)S.231^3, ) - T e t r a h e d r i t e was i d e n t i f i e d 

by i t s c o l o u r ( grey, but l i g h t e r i n c o l o u r than s p h a l e r i t e ), hardness 

(D) and i t s i s o t r o p i s m . 

( j ) P y r a r g y r i t e OAg^S.Sh^S^) - I ^ y r a r g y r i t e was i d e n t i f i e d by i t s c o l o u r 

( b l u i s h w h i t e ), hardness ( s l i g h t l y g r e a t e r than galena ), a n i s o t r o p i s m 

( grey, reddish-brown) and ruby red i n t e r n a l r e f l e c t i o n . 

(k) A r s e n o p y r i t e (FeAsS) - A r s e n o p y r i t e was i d e n t i f i e d by i t s c o l o u r 

( w h i t e r than galena ), hardness ( F ) , a n i s o t r o p i s m ( y e l l o w - g r e e n , b l a c k , 

b l u e ), c r y s t a l form ( rhombic c r o s s - s e c t i o n s ) and the e t c h t e s t s . 

E t c h t e s t s : 
HgCl^ - n e g a t i v e 
KDIi - n e g a t i v e 
KCN - n e g a t i v e 
1ICL - n e g a t i v e 
F e C l ^ - n e g a t i v e 
IINO^ - s t a i n s g r e y - b l a c k ( no e f f e r v e s c e n c e ) 
Aqua R e g i a - n e g a t i v e 

( l ) A l a b a n d i t e (MnS) - A l a b a n d i t e was i d e n t i f i e d by i t s c o l o u r ( b l u e 

grey ), hardness ( s i m i l a r t o gal e n a ), i s o t r o p i s m , an! i t s r e a c t i o n t o 

HC1 ( v i g o u r o u s l y e f f e r v e s c e s , g i v i n g o f f abundant H^S fumes, and t a r n i s h e s 

b l a c k ). 

(m) D y s c r a s i t e (Ag^Sb) - D y s c r a s i t e occurs o n l y as minute g r a i n s . I t 

was i d e n t i f i e d by i t s c o l o u r ( s i l v e r w h i t e , w i t h p i n k i s h t i n t ), hardness 

( s l i g h t l y g r e a t e r than g a l e n a ) and a n i s o t r o p i s m ( green, b l a c k ). 

(n) Antimony (Sb) - Antimony, a l s o , occurs o n l y as minute g r a i n s . I t 

was i d e n t i f i e d by i t s c o l o u r ( s i l v e r w h i t e ), hardness ( s i m i l a r t o 

gal e n a ) and i s o t r o p i s m . 
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(1) L i m o n i t e ( mi x t u r e of hydrous i r o n o x i d e s } - L i m o n i t e occurs as a 

secondary m i n e r a l i n f r a c t u r e s i n the ore. I t was i d e n t i f i e d by i t s 

c o l o u r ( grey ), i n t e r n a l r e f l e c t i o n ( orange - brown ) and a bead 

t e s t f o r i r o n . 

Abundances 

The m i n e r a l s and t h e i r abundance i n the p o l l s h e d s e c t i o n s a r e : 

Type 1 

P y r i t e - 70$ 
C o s a l i t e - 30$ 

S c h e e l i t e and s u l f u r were not found i n the p o l i s h e d s e c t i o n . 

Type 2 

P y r r h o t i t e - 60$ 
C h a l c o p y r i t e - 2$ 

The secondary m i n e r a l s and t h e i r abundance i n the p o l i s h e d s e c t i o n a r e : 

M a r c a s i t e ~ 30$ 
L i m o n i t e - 8$ 

Type 3 

Galena - 58$ 
S p h a l e r i t e - 16$ 
J a c o b s i t e - 9$ 
P y r r h o t i t e - 5$ 
P y r i t e - 2$ 
C h a l c o p y r i t e - 1$ 
T e t r a h e d r i t e - H 
A r s e n o p y r i t e - 1$ 
P y r a r g y r i t e - t r a c e s 
A l a b a n d i t e - t r a c e s 
D y s c r a s i t e - t r a c e s 
Antimony - t r a c e s 

The secondary m i n e r a l s and t h e i r abundance i n the p o l i s h e d s e c t i o n s are 

M a r c a s i t e - 5$ 
L i m o n i t e - 2$ 

Te x t u r e s 

The main t e x t u r e s observed i n t h i s s u i t e are shown i n the photographs. 

A b b r e v i a t i o n s of m i n e r a l s i d e n t i f i e d i n the photographs a r e : 
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- g a l e n a Pg - p y r a r g y r i t e 
s i - s p h a l e r i t e ab - a l a b a n d i t e 
j b - j a c o b s i t e dc - d y s c r a s i t e 
PO - p y r r h o t i t e sb - antimony ( n a t i v e 
py - p y r i t e cs - c o s a l i t e 
cp - c h a l c o p y r i t e mc - m a r c a s i t e 
t h d - t e t r a h e d r i t e lm - l i m o n i t e 
apy - a r s e n o p y r i t e q t z - q u a r t z 

The range i n g r a i n s i z e , as observed, i s : 

Galena - massive 
S p h a l e r i t e - massive 
P y r r h o t i t e - massive 
J a c o b s i t e - 45 microns t o 700 microns 
P y r i t e - massive 
C h a l c o p y r i t e - s m a l l , e x s o l u t i o n b l e b s , l e s s t han 1 micron 

l o n g , up t o massive g r a i n s , 3,000 microns a c r o s s 
T e t r a h e d r i t e - s m a l l e x s o l u t i o n b l e b s , about 5 microns a c r o s s , 

up t o massive g r a i n s 2,500 microns a c r o s s 
A r s e n o p y r i t e - 5 microns t o 1000 microns 
P y r a r g v r i t e - 40 microns t o 550 microns 
A l a b a n d i t e - s m a l l , m y r m e k i t i c f i n g e r s from 4 t o 150 microns 

l o n g 
D y s c r a s i t e - 10 microns t o 240 microns 
Antimony - 4 microns t o 240 microns 
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F i g u r e 1 
C o s a l i t e and q u a r t z f i l l i n g f r a c t u r e s i n p y r i t e x 30 

F i g u r e 2 
C o s a l i t e f i l l i n g f r a c t u r e s i n q u a r t z x 30 



8 

Type 2 

F i g u r e 3 
L i m o n i t e f i l l i n g f r a c t u r e s i n p y r r h o t i t e and c h a l c o p y r i t e . 
c o p y r i t e i s probably l a t e r than p y r r h o t i t e x 160 

C h a l -



Type 3 

F i g u r e 4 
Subhedral c r y s t a l s of j a c o b s i t e corroded by s p h a l e r i t e x 45 

F i g u r e 5 
Subhedral c r y s t a l s of j a c o b s i t e corroded by s p h a l e r i t e . Galena 
formed l a t e r than j a c o b s i t e , and s p h a l e r i t e formed l a t e r than 
g a l e n a x 160 
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F i g u r e 7 
Mutual boundary r e l a t i o n of a r s e n o p y r i t e and c h a l c o p y r i t e x 160 



J2 

F i g u r e 10 
The same as F i g u r e 9 x 160 

F i g u r e 11 
C o n c e n t r i c banding r e s u l t i n g from the a l t e r a t i o n of p y r r h o t i t e 
to m a r c a s i t e x 45 
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F i g u r e 8 
Galena r e p l a c e d by p y r r h o t i t e . Secondary l i m o n i t e a l t e r a t i o n 
i s p r e s e n t x 160 

F i g u r e 9 
S t e e l galena formed by s t r e s s . D y s c r a s i t e enveloped the 
c o a r s e r grained galena d u r i n g the s t r e s s x 45 



F i g u r e 12 
. P y r r h o t i t e a l t e r i n g t o m a r c a s i t e x 160 

F i g u r e 13 
P y r r h o t i t e a l t e r i n g t o m a r c a s i t e x 160 



F i g u r e 14 
E x s o l u t i o n of p y r r h o t i t e a l o n g c r y s t a l l o g r a p h i c planes of s p h a l e r i t e 
x 160 

F i g u r e 15 
Replacement of p y r r h o t i t e by s p h a l e r i t e x 160 
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F i g u r e 17 
E x s o l u t i o n of chalompyrite along c r y s t a l l o g r a p h i c p lanes of 
s p h a l e r i t e x 160 
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F i g u r e 19 
M y r m e k i t i c e x s o l u t i o n of a l a b a n d i t e from s p h a l e r i t e ( a l a b a n d i t e 
has been etched w i t h HCl) x 160 



F i g u r e 20 
Ktyrmekitic e x s o l u t i o n of t e t r a h e d r i t e from galena x 45 

F i g u r e 21 
E x s o l u t i o n of t e t r a h e d r i t e from galena a l o n g the mutual boundary 
c o n t a c t w i t h s p h a l e r i t e x 160 



F i g u r e 22 
Rim t e x t u r e , formed by replacement of p y r a g y r i t e by 
d y s c r a s i t e x 160 

F i g u r e 23 
Replacement of t e t r a h e d r i t e by p y r a r g y r i t e x 160 



F i g u r e 25 
V e i n of l i m o n i t e f i l l i n g open space x 160 



F i g u r e 26 
V e i n of l i m o n i t e f i l l i n g open space. Crossed n i c o l s x 160 
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PARAGENESIS 

Type 1 
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Type 2 



23 

Type 3 



24 

TEMPERATURE OF DEPOSITION 

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

t h a t m i n e r a l s i n type 3 m i n e r a l i z a t i o n began forming a t h i g h tempera

t u r e s , w i t h unmixing o c c u r i n g and lower temperature m i n e r a l s f o r m i n g 

as the temperature decreased. 

As some m i n e r a l s may be c o n s i d e r e d d i a g n o s t i c of temperture o f 

d e p o s i t i o n ( Edwards, I960 ), i t i s seen t h a t d e p o s i t i o n was over a 

range of temperatures. 

High temperature: - magnetite, p y r r h o t i t e 

Medium temperature: - g a l e n a , t e t r a h e d r i t e 

Low temperature: - p y r a r g y r i t e 

Note, however, t h a t the t e x t u r e s i n d i c a t e p y r r h o t i t e as d e p o s i t e d a f t e r 

g a l e n a , not b e f o r e . The reason f o r t h i s may be t h a t galena forms i n 

both h i g h and low temperature d e p o s i t s a l s o , and t h i s may be an i n s t a n c e 

where g a l e n a was d e p o s i t e d at h i g h e r t h a n normal temperatures. 

From experiments i t i s known t h a t c h a l c o p y r i t e e x s o l v e s from s p h a l e r i t e 

a t 350 to 400 C. T h i s a l s o would i n d i c a t e t h a t the d e p o s i t was i n the 

medium t o high temperature range of d e p o s i t i o n . 

A f t e r c o o l i n g was complete, s t r e s s occured, g i v i n g r i s e t o s t e e l 

g a l e n a . As a r e s u l t of the s t r e s s , d y s c r a s i t e was r e d e p o s i t e d around 

the coarse g r a i n e d g a l e n a , a p p e a r i n g a t f i r s t t o be s e g r e g a t i o n t o the 

g r a i n b oundaries. 
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