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ABSTRACT 

Four h y d r o t h e r m a l / m i n e r a l i z a t i o n e v e n t s , 

a p p a r e n t l y r e p r e s e n t i n g t h e p o r p h y r y - e p i t h e r m a l 

t r a n s i t i o n , have been r e c o g n i z e d on t h e f l a n k s o f 

M i t c h e l l G l a c i e r i n t h e n o r t h e r n S u l p h u r e t s d i s t r i c t i n 

n o r t h w e s t e r n B r i t i s h C olumbia, from e a r l i e s t t o l a t e s t : 

(1) p o r p h y r y - s t y l e Cu±Au s t a g e c o i n c i d e n t w i t h p o t a s s i c 

a l t e r a t i o n o f deep q u a r t z - s y e n i t e and s u r r o u n d i n g 

v o l c a n i c r o c k s ; Cu-Au-bearing q u a r t z s t o c k w o r k s ( e . g . , 

M i t c h e l l d e p o s i t ; unknown tonnage, about .2% Cu, .025 

o p t Au) d e v e l o p e d a t h i g h l e v e l s ; (2) moderate t o h i g h -

l e v e l q u a r t z - s e r i c i t e - c h l o r i t e - p y r i t e a l t e r a t i o n 

h o s t i n g m o l y b d e n i t e v e i n s and t o u r m a l i n e ; (3) 

u n m i n e r a l i z e d a d v a n c e d - a r g i l l i c a l t e r a t i o n a t h i g h 

l e v e l s , and u n d e r l y i n g m a s s i v e p y r i t e v e i n s and a 

b e a r i n g , q u a r t z - b a r i t e - g a l e n a - s p h a l e r i t e v e i n s w i t h i n 

s e r i c i t e - c h l o r i t e - p y r i t e a l t e r a t i o n e n r i c h e d i n Pb-Zn-

Ag-Au-Sb-Cd-Hg-Te, a k i n t o a d u l a r i a - s e r i c i t e e p i t h e r m a l 

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

p o s i t i o n s w i t h r e s p e c t t o t h e magmatic-hydrothermal 

c e n t e r s ; and a h i g h - g r a d e , b a s a l t - h o s t e d d i s s e m i n a t e d 

Au zone ( S n o w f i e l d d e p o s i t , 7 m i l l i o n t o n n e s , .08 o p t 

b r e c c i a p i p e e n r i c h e d i n Bi-Te-Sn-As; and (4) el e p ^ r u m -



Au) w i t h a s i m i l a r m i n e r a l assemblage. T h i s 

d i s s e m i n a t e d m i n e r a l i z a t i o n , h o s t e d i n b a s a l t i c 

a n d e s i t e , o c c u r s a d j a c e n t t o a s t a g e - 1 q u a r t z 

s t o c k w o r k . The West zone v e i n system (750,000 t o n n e s , 

.43 o p t Au and 20 o p t Ag) i n t h e s o u t h e a s t e r n p a r t o f 

t h e d i s t r i c t i s c o n s i d e r e d t o r e p r e s e n t stage-4 

m i n e r a l i z a t i o n , p r o b a b l y r e l a t e d t o a h y d r o t h e r m a l 

s y s t e m d i s t i n c t from t h o s e i n t h e n o r t h e r n p a r t o f t h e 

d i s t r i c t . 

H o s t r o c k s a r e l a r g e l y Lower J u r a s s i c H a z e l t o n 

Group submarine a n d e s i t i c f l o w s and e p i c l a s t i c 

a r e n i t e s , and c a l c - a l k a l i n e d i o r i t i c i n t r u s i v e r o c k s . 

C a l c - a l k a l i n e q u a r t z - s y e n i t e s t o c k s o c c u r a t t h e base 

o f t h e a l t e r a t i o n system i n M i t c h e l l V a l l e y , a r e 

a l t e r e d and m i n e r a l i z e d by s t a g e 1, and p r o b a b l y d r o v e 

t h e h y d r o t h e r m a l a c t i v i t y . R a d i o m e t r i c d a t i n g 

i n d i c a t e s an E a r l y J u r a s s i c m i n e r a l i z a t i o n age (about 

190-195 Ma). S t a b l e i s o t o p e a n a l y s e s i n d i c a t e t h a t 

h y d r o t h e r m a l f l u i d s were a m i x t u r e o f magmatic f l u i d s 

and e i t h e r s e a w a t e r o r m e t e o r i c w a t e r n e a r sea l e v e l . 

Introduction 

The S u l p h u r e t s d i s t r i c t (Kirkhara and M a r g o l i s , 

t h i s volume) i s l o c a t e d i n a remote r e g i o n o f 



n o r t h w e s t e r n B r i t i s h C olumbia, 60 k i l o m e t r e s n o r t h o f 

S t e w a r t , B.C., and 20 k i l o m e t r e s west o f Bowser Lake. 

The d i s t r i c t , about 80 s q u a r e k i l o m e t r e s c e n t e r e d a t 

56°30'N-130°12'W, encompasses w i d e s p r e a d h y d r o t h e r m a l 

a l t e r a t i o n and a t l e a s t 5 a r e a s w i t h s i g n i f i c a n t Cu-Au-

Ag-Mo m i n e r a l i z a t i o n . The f o c u s o f t h i s r e p o r t i s t h e 

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

B r u c e j a c k Lake a r e a and t h e s l o p e s n o r t h and s o u t h o f 

M i t c h e l l G l a c i e r ( F i g . 1 ) . S i g n i f i c a n t m i n e r a l i z e d 

a r e a s i n t h i s p o r t i o n o f t h e d i s t r i c t and d e s c r i b e d 

f u r t h e r below a r e : t h e M i t c h e l l Cu-Au q u a r t z - s t o c k w o r k 

zone, t h e S n o w f i e l d d i s s e m i n a t e d Au zone, and t h e West 

zone Au-Ag v e i n system. 

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

l a r g e l y above t r e e l i n e i n a g l a c i a t e d t e r r a n e w i t h 

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

M i t c h e l l G l a c i e r r i s e 700 t o 1000 metres above t h e 

g l a c i e r t o e l e v a t i o n s o f about 2000 met r e s , and expose 

g l a c i a l l y - p o l i s h e d o u t c r o p s l o c a l l y c o v e r e d by moraine. 

The s o u t h e a s t e r n p a r t o f t h e d i s t r i c t i n t h e B r u c e j a c k 

Lake a r e a l i e s i n a b r o a d p l a t e a u a t about 1100 metres 

e l e v a t i o n t h a t i s c o v e r e d by g r a s s e s and t r e e s t o t h e 

west. A c c e s s t o t h e a r e a i s l i m i t e d t o h e l i c o p t e r . 
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S i n c e t h e mid 1980's, a permanent base camp has been 

e s t a b l i s h e d on t h e west s i d e o f B r u c e j a c k Lake a d j a c e n t 

t o t h e West zone; no o t h e r permanent camp e x i s t s i n t h e 

d i s t r i c t . 

History of Exploration and Research 

Copper m i n e r a l i z a t i o n i n t h e w e s t e r n p a r t o f t h e 

S u l p h u r e t s d i s t r i c t was r e c o g n i z e d i n about 1935. I n 

1959, Granduc Mines L t d . d i s c o v e r e d Au-Ag v e i n ^ / / 

m i n e r a l i z a t i o n n e a r Bruce j a c k Lake; and l a t e r , R.V. ,/ ft ^ffa/J 

K i r k h a m r e c o g n i z e d p o r p h y r y C u - s t y l e m i n e r a l i z a t i o n i n .Vty r> 

t h e d i s t r i c t . Granduc c o n t i n u e d t o co n d u c t i y\vr 
°* 

i n t e r m i t t e n t e x p l o r a t i o n t h r o u g h 1975, i n c l u d i n g , i 
n • • • •

 [Vu^i J '*. mapping, s a m p l i n g , magnetometer s u r v e y i n g , and l i m i t e d f k^lT/A 

'^i^' d r i l l i n g (6 h o l e s ) . By 1975, a w i d e s p r e a d 1-3 ppm A u ^ - ^ ^ 4^^J 

^ ^ 7 ° ^ anomaly, now known as t h e S n o w f i e l d g o l d zone, had been by f^sTo 
i d e n t i f i e d . Between 1980 and 1984, Esso M i n e r a l s 

Canada L t d . c o n t i n u e d e x p l o r a t i o n o f t h e p o r p h y r y - C u /foA, 

m i n e r a l i z a t i o n , f u r t h e r e x p l o r e d t h e S n o w f i e l d zone, 

and began a s y s t e m a t i c d e l i n e a t i o n o f t h e Au-Ag v e i n 

m i n e r a l i z a t i o n on t h e west s i d e o f B r u c e j a c k Lake; i n 

a d d i t i o n , o t h e r Au-Ag b e a r i n g q u a r t z v e i n s were 

r e c o g n i z e d t h r o u g h o u t t h e a r e a . I n 1985, Granduc 

o p t i o n e d t h e p r o p e r t y t o Newhawk G o l d Mines L t d . and 
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Lacana M i n i n g ( l a t e r Corona C o r p o r a t i o n , now Homestake 

M i n i n g Co.)/ who d r i l l e d 5 h o l e s i n t h e S n o w f i e l d zone; 

most h o l e s i n t e r s e c t e d a t l e a s t .06 o p t Au o v e r 70- t o 

90-metre w i d t h s . From 1985-1990, most work by t h i s 

j o i n t v e n t u r e c o n c e n t r a t e d on d r i l l i n g and underground 

e x p l o r a t i o n o f t h e West zone, l e a d i n g i n 1990 t o t h e d>'r'^Ti^tu 

announcement o f a g e o l o g i c a l r e s e r v e o f 826,000 t o n s 

g r a d i n g .45 o p t Au and 19 o p t Ag, deemed uneconomic. 

I n 1991 and 1992, t h e d i s t r i c t was s u b d i v i d e d i n t o \j^t^^^ 

t h r e e p a r c e l s , w i t h P l a c e r Dome I n c . ( K e r r Cu-Au 

d e p o s i t ) a c q u i r i n g t h e w e s t e r n and n o r t h w e s t e r n a r e a , 

i n c l u d i n g t h e Main Copper, S u l p h u r e t s G o l d , and 

M i t c h e l l Cu-Au s t o c k w o r k , and Newhawk ( p a r t l y owned by 

Homestake Canada I n c . ) a c q u i r i n g 100% i n t e r e s t i n t h e 

S n o w f i e l d zone a r e a . The B r u c e j a c k Lake a r e a c o n t i n u e s 

t o be e x p l o r e d by a j o i n t v e n t u r e between Granduc and 

Newhawk. Between 1991 and 1993, t h e M i t c h e l l Cu-Au 

s t o c k w o r k and S n o w f i e l d zone were f u r t h e r d r i l l e d , and 

new Au-Ag v e i n m i n e r a l i z a t i o n was i d e n t i f i e d i n t h e 

B r u c e j a c k Lake a r e a t o t h e s o u t h e a s t . 

P u b l i s h e d r e s e a r c h , t h e s e s , and d i s s e r t a t i o n s on 

t h e g e o l o g y and m i n e r a l i z a t i o n o f t h e n o r t h e r n and 

e a s t e r n S u l p h u r e t s d i s t r i c t i n c l u d e K i r k h am (1963), 



B r i t t o n and A l l d r i c k (1988), A l l d r i c k and B r i t t o n 

( 1 9 88), Macdonald (1993), Roach and Macdonald (1992), p}*f> 

M a r g o l i s (1993), and D a v i e s e t a l . (1994). Much o f t h e ffi ^ 

i n f o r m a t i o n c i t e d i n t h i s r e p o r t i s from t h e r e c e n t 
vt^ cp(XhJi 

s t u d i e s by M a r g o l i s (1993) and D a v i e s e t a l . ( 1 9 9 4 ) . c — J ' 

Exploration Techniques 

S t a n d a r d e x p l o r a t i o n t e c h n i q u e s have i n c l u d e d 

r o c k - c h i p s a m p l i n g accompanied by d e t a i l e d mapping w i t h 

pace and compass g r i d c o n t r o l ; hand-sawed t r e n c h e s 

(about 4cm wide) on smooth, g l a c i a l l y - p o l i s h e d 

o u t c r o p s ; d y n a m i t e - b l a s t e d t r e n c h e s , t y p i c a l l y .5 by 5 

me t r e s i n s i z e ; and n o n - g r i d c o n t r o l l e d , r e c o n n a i s s a n c e 

s a m p l i n g and mapping. T a r g e t a r e a s have been 

i d e n t i f i e d l a r g e l y by p y r i t i c and s e r i c i t i c a l t e r a t i o n , 

s e c o n d a r y i r o n - o x i d e and Cu-carbonate s t a i n , v e i n i n g , 

and m i n e r a l i z e d f l o a t . Recent g l a c i a l e r o s i o n has 

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

s u r f a c e . L i t t l e g e o p h y s i c s had been employed u n t i l 

1991, when t h e f i r s t a i r b o r n e s u r v e y a c r o s s t h e 

d i s t r i c t was c o n d u c t e d . Diamond c o r e d r i l l i n g has 

f o l l o w e d t h e i d e n t i f i c a t i o n o f m i n e r a l i z a t i o n by r o c k -

c h i p and t r e n c h s a m p l i n g . E x p l o r a t i o n h o l e s d r i l l e d i n 

t h e M i t c h e l l V a l l e y and B r u c e j a c k Lake a r e a s have been 
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t y p i c a l l y 250m deep. 

Underground e x p l o r a t i o n has been r e s t r i c t e d t o t h e 

h i g h - g r a d e Au-Ag v e i n s o f t h e West zone (1985-1990). 

The d e c l i n e r e a c h e d t h e 1150 l e v e l , about 250 metres 

below s u r f a c e , w i t h underground d r i l l i n g augmenting 

d r i f t i n g . 

Regional Geology 

The r e g i o n a l g e o l o g i c s e t t i n g has been summarized 

by K i r k h a m and M a r g o l i s ( t h i s volume) and i s n o t 

r e p e a t e d h e r e . 

Local Geology, A l t e r a t i o n and Miner a l i z a t i o n 

H o s t r o c k s 

Rock u n i t s i n t h e n o r t h e r n and e a s t e r n S u l p h u r e t s 

d i s t r i c t a r e c o n s i d e r e d t o be p a r t o f t h e Lower 

J u r a s s i c H a z e l t o n Group ( A l l d r i c k and B r i t t o n , 1988), 

and i n c l u d e a n d e s i t i c t o b a s a l t i c v o l c a n i c r o c k s 

( f l o w s , f l o w b r e c c i a s , p i l l o w l a v a s , p y r o c l a s t i c 

d e p o s i t s , e p i c l a s t i c a r e n i t e s ) , m a rine s e d i m e n t a r y 

r o c k s ( a r g i l l i t e , l i m e s t o n e , c h e r t ) , and Lower J u r a s s i c 

(185-195 Ma) p l a g i o c l a s e - K - f e l d s p a r - h o r n b l e n d e - q u a r t z 

p h y r i c t o e q u i g r a n u l a r d i o r i t i c t o g r a n i t i c i n t r u s i v e 

r o c k s and h y p a b y s s a l f l o w domes (Macdonald, 1993; 

M a r g o l i s , 1993; D a v i e s e t a l . , 1994). A r g i l l i t e s , 



a r e n i t e s , m i n o r l i m e s t o n e , and v o l c a n i c l a s t i c 

c o n g l o m e r a t e s exposed west o f t h e n o r t h e r l y - t r e n d i n g 

B r u c e j a c k f a u l t (Kirkham and M a r g o l i s , t h i s volume) i n 

t h e s o u t h e a s t e r n p o r t i o n o f t h e d i s t r i c t n e a r B r u c e j a c k 

Lake a r e c o n s i d e r e d by D a v i e s et^aj : >^-(~l394) t o be Upper 

T r i a s s i c S t u h i n i Group. 

Rocks west o f t h e B r u c e j a c k f a u l t and below t h e 

S u l p h u r e t s t h r u s t i n t h e M i t c h e l l V a l l e y a r e a ( F i g . 1) 

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

f l o w b r e c c i a s w i t h a m y g d a l o i d a l f e e d e r d i k e s ; Z 

a n d e s i t i c , c o a r s e l y p h y r i c ( p l a g i o c l a s e , h o r n b l e n d e ) 

m a s s i v e f l o w s ; and w e l l - b e d d e d , v o l c a n i c l a s t i c a r e n i t e 

( M a r g o l i s , 1993). These u n i t s a r e p r e - m i n e r a l i z a t i o n 

and termed Lower Sequence by M a r g o l i s (1993). The 

Lower Sequence i s i n t r u d e d by p r e - m i n e r a l i z a t i o n 

p l a g i o c l a s e - and h o r n b l e n d e - p h y r i c d i o r i t e ( e . g . , I r o n 

cap s t o c k , u n d a t e d , n o r t h s i d e o f M i t c h e l l G l a c i e r , 

F i g s . 1 and 3) and i s h o s t t o s i g n i f i c a n t 

m i n e r a l i z a t i o n a t t h e M i t c h e l l Cu-Au and S n o w f i e l d Au 

d e p o s i t s d e s c r i b e d below. The Lower Sequence i s 

u n c o n f o r m a b l y o v e r l a i n by an Upper Sequence o f m arine \ 

s e d i m e n t a r y r o c k s (carbonaceous a r g i l l i t e , l i m e s t o n e , 

c h e r t ) , p i l l o w e d b a s a l t f l o w s , and f o s s i l i f e r o u s 
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s i l t s t o n e s l a r g e l y exposed e a s t o f t h e B r u c e j a c k f a u l t 

i n t h e M i t c h e l l V a l l e y a r e a ( F i g . 1 ) . Capping t h e 

Upper Sequence a r e two, m a s s i v e p y r o c l a s t i c d e p o s i t s -

a l o w e r , a n d e s t i c p y r o c l a s t i c f l o w , and an upper, 

f e l s i c , w e lded t u f f p o s s i b l y c o r r e l a t i v e w i t h t h e Mount 

D i l w o r t h f o r m a t i o n ( A l l d r i c k and B r i t t o n , 1988). 

M a r g o l i s (1993) d i s c u s s e s e v i d e n c e t h a t t h e l o w e r f l o w 

was d e p o s i t e d on t h e s e a f l o o r , r e s u l t i n g i n a iC^'1^ 

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

c o n s i s t i n g o f c h l o r i t i c c l a s t s i n a s i l i c e o u s , 

h e m a t i t i c m a t r i x . The S n o w f i e l d s t o c k , a K - f e l d s p a r -

m e g a c r y s t i c d i o r i t e ( a l s o h o r n b l e n d e and p l a g i o c l a s e 

p h y r i c ) exposed e a s t o f t h e B r u c e j a c k f a u l t on t h e 

s o u t h s i d e o f M i t c h e l l G l a c i e r ( F i g . 1 ) , i s f l a n k e d by 

an a p r o n o f comagmatic f l o w b r e c c i a s and i s c o n s i d e r e d 

a s y n - v o l c a n i c exogenous s t o c k w i t h i n t h e Upper 

Sequence. No m i n e r a l i z a t i o n i s exposed i n t h e a r e a o f 

t h e s t o c k . I t s U-Pb ( z i r c o n ) d a t e o f 189.6±2.2 Ma 

i n d i c a t e s a p o s t - m i n e r a l i z a t i o n , P l i e n s b a c h i a n age f o r 

t h e Upper Sequence (see below; M a r g o l i s , 1993). 

I n t h e B r u c e j a c k Lake a r e a t o t h e s o u t h e a s t , 

mapping by D a v i e s e t a l . (1994) has d e f i n e d a g e n e r a l l y 

n o r t h e a s t - f a c i n g sequence o f a r g i l l i t e s , f e l d s p a t h i c 
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v o l c a n i c l a s t i c a r e n i t e s , t u f f s , a n d e s i t i c t o d a c i t i c 

p y r o c l a s t i c and l a v a f l o w s , and minor c h e r t and 

l i m e s t o n e . Three i n t r u s i v e phases r e c o g n i z e d by D a v i e s 

e t a l . (1994) and Macdonald (1993) i n t h i s a r e a a r e a 

l o c a l l y a l t e r e d and v e i n e d (West zone) p l a g i o c l a s e -

h o r n b l e n e d i o r i t e ( u n d a t e d ) , a p l a g i o c l a s e - h o r n b l e n d e 

p o r p h y r y w i t h m e g a c r y s t i c K - f e l d s p a r (undated) exposed 

about 500m west o f t h e West zone, and a d a c i t i c 

p l a g i o c l a s e - p h y r i c , exogenous flow-dome complex (185 

Ma) exposed >1 km t o t h e e a s t t h a t i s n o t a s s o c i a t e d 

w i t h m i n e r a l i z a t i o n . 

S v n - m i n e r a l i z a t i o n i n t r u s i v e r o c k s 

L e u c o c r a t i c , e q u i g r a n u l a r t o p o r p h y r i t i c i n t r u s i v e 

q u a r t z - s y e n i t e and g r a n i t e t h a t c o n t a i n no ( o r v e r y 

r a r e ) h y d r o u s o r f e r r o m a g n e s i a n phases a r e p r e s e n t a t / . ̂  
s 

t h e l o w e s t s t r u c t u r a l l e v e l s i n t h e h y d r o t h e r m a l system 

i n t h e M i t c h e l l V a l l e y a r e a , a r e l o c a l l y p o t a s s i c a l l y 

a l t e r e d and w e a k l y m i n e r a l i z e d (Cu-Au), and a r e 

s u r r o u n d e d by p o t a s s i c a l l y - a l t e r e d c o u n t r y r o c k s 

( M a r g o l i s , 1993; K i r kham, 1963); f l u o r i t e v e i n s a r e 

common i n p o t a s s i c a l t e r a t i o n w i t h i n and p r o x i m a l t o 

t h e g r a n i t o i d s . T h i s s p a t i a l a s s o c i a t i o n i n d i c a t e s 

t h a t t h e g r a n i t o i d s d r o v e t h e h y d r o t h e r m a l system, a t 



l e a s t i n t h e n o r t h e r n S u l p h u r e t s d i s t r i c t . A U-Pb 

( z i r c o n ) age o f 192.715 Ma f o r t h e q u a r t z - s y e n i t e 

o v e r l a p s w i t h a h i g h - e r r o r 200±20 Ma A r - A r age o f 

h y d r o t h e r m a l t o u r m a l i n e and i s c o n s i d e r e d t h e b e s t 

e s t i m a t e o f t h e age o f m i n e r a l i z a t i o n i n t h e n o r t h e r n 

S u l p h u r e t s d i s t r i c t ( M a r g o l i s , 1993). D a v i e s e t a l . 

(1994) p r o p o s e t h a t t h e K - f e l d s p a r m e g a c r y s t i c 

p o r p h y r y , l o c a l l y c u t by v e i n s a p p a r e n t l y r e l a t e d t o 

West zone m i n e r a l i z a t i o n and i n t r u d i n g s t r a t i g r a p h y 

b e n e a t h u n i t s h o s t i n g t h e m a j o r i t y o f West zone v e i n s , 

d r o v e t h e West zone h y d r o t h e r m a l system. T h i s 

i n t r u s i o n has n o t been d a t e d . 

C o m p o s i t i o n o f v o l c a n i c and i n t r u s i v e r o c k s 

A l t h o u g h l a r g e l y a l t e r e d , p r e - and s y n -

m i n e r a l i z a t i o n i g n e o u s r o c k s i n M i t c h e l l V a l l e y ( e . g . , 

b a s a l t i c a n d e s i t e , I r o n Cap d i o r i t e , q u a r t z - s y e n i t e , 

S n o w f i e l d s t o c k ) , and near B r u c e j a c k Lake ( d i o r i t i c 

i n t r u s i o n s and flow-domes d e s c r i b e d by D a v i e s e t a l . , 

1994 and Macdonald, 1993) a r e s u b a l k a l i n e and q u a r t z -

b e a r i n g . U n l i k e p r e - m i n e r a l i z a t i o n i g n e o u s r o c k s i n 

t h e m i n e r a l i z e d a r e a s a t M i t c h e l l V a l l e y w h i c h c o n t a i n 

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

p l a g i o c l a s e and p o t a s s i u m f e l d s p a r , s y n - m i n e r a l i z a t i o n 
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q u a r t z - s y e n i t e c o n t a i n s no hydrous phases and i s 

d ominated by K - f e l d s p a r w i t h minor a l b i t e m i c r o l i t e s , 

i n d i c a t i v e o f t h e r e l e a s e o f a magmatic aqueous phase 

d u r i n g m i n e r a l i z a t i o n ( M a r g o l i s , 1993). U n i d i r e c t i o n a l 

s o l i d i f i c a t i o n t e x t u r e s i n g r a n i t o i d r e c o g n i z e d by 

K i r k h a m (1963; p e r s o n a l communication 1990) a r e a l s o 

i n d i c a t i v e o f s a t u r a t i o n i n an aqueous phase d u r i n g 

t h e i r emplacement. 

S t r u c t u r a l g e o l o g y 

The g e n e r a l s t r u c t u r a l f e a t u r e s and h i s t o r y o f t h e 

d i s t r i c t a r e o u t l i n e d by Kirkham and M a r g o l i s ( t h i s 

volume) and n o t r e p e a t e d h e r e . P o s t - m i n e r a l i z a t i o n 

t h r u s t i n g and h i g h - a n g l e f a u l t i n g have r e s u l t e d i n 

b l o c k r o t a t i o n s , f o l d i n g , and p e n e t r a t i v e c l e a v a g e 

w h i c h have deformed m i n e r a l i z e d v e i n s ( M a r g o l i s , 1993) 

and h i n d e r e d t h e d e t e r m i n a t i o n o f t h e n a t u r e o f s y n -

m i n e r a l i z a t i o n d e f o r m a t i o n and s t r e s s e s . A l t h o u g h 

Roach and Macdonald (1992) propose t h a t t h e West zone 

v e i n s ystem formed w i t h i n a s i n i s t r a l s h e a r zone, based 

on t h e o r i e n t a t i o n s o f c l e a v a g e i n and around t h e zone, 

D a v i e s e t a l . (1994) s u g g e s t t h a t c l e a v a g e f o r m a t i o n 

and f o l d i n g i s a t l e a s t l a r g e l y p o s t - m i n e r a l i z a t i o n . 

L a r g e s t a g e - 3 m a s s i v e p y r i t e v e i n s (see below) i n b o t h 
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t h e I r o n Cap and w e s t e r n M i t c h e l l a r e a s ( F i g . 1) l i e 

w i t h i n u n f o l i a t e d p o t a s s i c a l t e r a t i o n ( u n f o l i a t e d due 

t o l a c k o f p h y l l o s i l i c a t e s ) and o c c u r i n two 

o r i e n t a t i o n s s e p a r a t e d by about 60°. M a r g o l i s (1993) 

s u g g e s t s t h a t t h e s e v e i n s may have formed as s t r i k e - j 

s l i p f r a c t u r e s r e s u l t i n g from a h o r i z o n t a l p r i n c i p a l 

c o m p r e s s i o n a x i s . I t i s p o s s i b l e , t h e n , t h a t t h e 

S u l p h u r e t s r e g i o n d u r i n g l o w e r J u r a s s i c m i n e r a l i z a t i o n 

and v o l c a n i s m e x p e r i e n c e d c o m p r e s s i o n a l o r 

t r a n s p r e s s i o n a l d e f o r m a t i o n . 

A l t e r a t i o n and m i n e r a l i z a t i o n : t e m p o r a l and s p a t i a l  

p a t t e r n s 

As shown i n F i g u r e 4, f o u r d i s t i n c t i v e , c r o s s -

c u t i n g a l t e r a t i o n / m i n e r a l i z a t i o n e v e n t s have been 

r e c o g n i z e d i n t h e n o r t h e r n S u l p h u r e t s d i s t r i c t on t h e 

f l a n k s o f M i t c h e l l V a l l e y ( M a r g o l i s , 1993). Stage 1 i s 

c h a r a c t e r i z e d by p e r v a s i v e , w i d e s p r e a d p o t a s s i c 

a l t e r a t i o n ( f i n e - g r a i n e d K - f e l d s p a r f l o o d i n g ) 

accompanied by d i s s e m i n a t e d , low-grade Cu-Au 

m i n e r a l i z a t i o n ; d i s s e m i n a t e d m o l y b d e n i t e i s r a r e . Cu 

m i n e r a l i z a t i o n o c c u r s as c h a l c o p y r i t e ; no b o r n i t e has 

been i d e n t i f i e d i n t h e M i t c h e l l V a l l e y a r e a . C l o s e r t o 

q u a r t z - s y e n i t e a t low l e v e l s i n t h e system, p o t a s s i c 
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a l t e r a t i o n i s r i c h e r i n Cu ( t y p i c a l l y .2 wt.%) and 

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

m a g n e t i t e ; g o l d g r a d e s a r e g e n e r a l l y <.015 o p t i n t h i s 

" p r o x i m a l " f a c i e s a t d e p t h . The p r o x i m a l f a c i e s a l s o 

e x t e n d s t o h i g h l e v e l s i n and s u r r o u n d i n g s t a g e - 1 

q u a r t z s t o c k w o r k zones w h i c h a p p a r e n t l y mark t h e 

c e n t e r s o f t h e h y d r o t h e r m a l systems, b u t t h e a l t e r a t i o n 

has l a r g e l y been o v e r p r i n t e d by stage-2 q u a r t z -

s e r i c i t e - p y r i t e - c h l o r i t e (QSPC). Outboard o f p r o x i m a l 

p o t a s s i c a l t e r a t i o n , Cu and Au c o n t e n t s d i m i n i s h i n 

p o t a s s i c f l o o d i n g w i t h o u t b i o t i t e - m a g n e t i t e - s p e c u l a r i t e 

( m e d i a l p o t a s s i c a l t e r a t i o n ) . D i s t a l p o t a s s i c 

a l t e r a t i o n i s t r a n s i t i o n a l t o o u t e r s t a g e - 1 p r o p y l i t i c 

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

e p i d o t e and f i n e - g r a i n e d a l b i t e . D r i l l h o l e 16 i n t h e 

I r o n Cap a r e a ( F i g s . 1 and 3) i n t e r s e c t e d 300m o f .2% 

Cu, .02% Mo, and .007 o p t Au i n m e d i a l and p r o x i m a l j 

p o t a s s i c a l t e r a t i o n . Rare q u a r t z - f 

c h a l c o p y r i t e i m a g n e t i t e v e i n s o c c u r a t deep l e v e l s i n 

p r o x i m a l and m e d i a l p o t a s s i c a l t e r a t i o n n e a r q u a r t z -

s y e n i t e . A t s h a l l o w e r l e v e l s , e x t e n s i v e zones o f 

q u a r t z v e i n i n g ( q u a r t z - s t o c k w o r k s ) were emplaced d u r i n g 

s t a g e 1 w i t h i n p r o x i m a l p o t a s s i c a l t e r a t i o n , 



16 

s u b s e q u e n t l y c o n v e r t e d l a r g e l y t o QSPC d u r i n g s t a g e 2. 

The w h i t e t o c l e a r q u a r t z v e i n s a r e t y p i c a l l y 1-3 cm 

wi d e , r e a c h d e n s i t i e s o f 75%, a r e l a r g e l y randomly 

o r i e n t e d , and c o n t a i n minor c h a l c o p y r i t e , p y r i t e , and 

e l e c t r u m , and r a r e m o l y b d e n i t e ; K - f e l d s p a r and 

m a g n e t i t e a r e a b s e n t i n t h e v e i n s . The v e i n s have been 

deformed ( t r a n s p o s e d , f o l d e d ) by p o s t - m i n e r a l i z a t i o n 

d e f o r m a t i o n . B o t h v e i n s and w a l l r o c k a r e e n r i c h e d i n 

Cu-Au. The M i t c h e l l s t o c k w o r k ( F i g . 5 ) , about 800 by 

600 m e t r e s , c o n t a i n s a homogenous grade o f about 0.2 

wt.% Cu and .025 o p t Au. The S n o w f i e l d q u a r t z -

s t o c k w o r k i s n o t as w e l l m i n e r a l i z e d ( F i g s . 6 and 7) 

and a p p a r e n t l y r e p r e s e n t s a s h a l l o w e r p o r t i o n o f a 

s t o c k w o r k u n r e l a t e d t o t h a t a t M i t c h e l l ( M a r g o l i s , 

1993) . U n l i k e t h e abundant st a g e - 3 a d v a n c e d - a r g i l l i c 

a l t e r a t i o n i n t h e a r e a o f t h e S n o w f i e l d s t o c k w o r k , o n l y 

r a r e v e i n l e t s o f p y r o p h y l l i t e a r e p r e s e n t i n t h e 

M i t c h e l l a r e a . 

S t a g e - 2 , l a r g e l y d e v e l o p e d a t h i g h l e v e l s and 

l o c a l i z e d i n t h e c e n t e r o f t h e system ( w i t h i n and 

s u r o u n d i n g q u a r t z s t o c k w o r k s ) , c o n s i s t s o f QSPC 

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

( c h l o r i t e a f t e r b i o t i t e ) i n and s u r r o u n d i n g q u a r t z 
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s t o c k w o r k s , and o u t e r QSP a l t e r a t i o n , w h i c h r e p l a c e d 

m e d i a l and d i s t a l p o t a s s i c a l t e r a t i o n ( F i g . 5 ) . S t a g e -

2 QSPC a l t e r a t i o n w i t h abundant, r e l i c t , s t a g e - 1 

m a g n e t i t e and c h a l c o p y r i t e i s p r e s e n t on t h e west s i d e 

o f t h e M i t c h e l l s t o c k w o r k ( c h l o r i t e - m a g n e t i t e zone i n 

F i g . 5 ) . T o u r m a l i n e ( b l a c k , s c h o r l - d r a v i t e , 

d i s s e m i n a t e d and v e i n l e t s ) and m o l y b d e n i t e 

( d i s s e m i n a t e d and v e i n s w i t h q u a r t z and p y r i t e ) a r e 

common i n st a g e - 2 a l t e r a t i o n . T o u r m a l i n e and most o f 

t h e m o l y b d e n i t e i n t h e M i t c h e l l V a l l e y a r e a were 

a p p a r e n t l y emplaced d u r i n g s t a g e 2; no Cu 

m i n e r a l i z a t i o n accompanied s t a g e - 2 . A K-Ar age o f 

200±20 Ma f o r t h e h y d r o t h e r m a l t o u r m a l i n e was o b t a i n e d 

by M a r g o l i s (1993). QSP(C) a l t e r a t i o n t h a t r e p l a c e d 

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

c h a r a c t e r i z e d by p y r i t e g r a i n s w i t h c h a l c o p y r i t e 

i n c l u s i o n s , most o f t h e Cu was l e a c h e d d u r i n g t h e I 

s t a g e - 2 o v e r p r i n t . The r e c o g n i t i o n o f t h e s e i n c l u s i o n s 

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

c h a l c o p y r i t e - A u b e a r i n g p o t a s s i c a l t e r a t i o n a t d e p t h . 

M o l y b d e n i t e v e i n s a r e r e s t r i c t e d t o QSP a l t e r a t i o n , 

c o n t a i n no c h a l c o p y r i t e , and c u t q u a r t z - c h a l c o p y r i t e 

v e i n s . U n l i k e t h e s t a g e - 1 c h a l c o p y r i t e , p r e s e r v e d 



w i t h i n o v e r p r i n t i n g p y r i t e o f QSP a l t e r a t i o n , 

m o l y b d e n i t e g r a i n s a r e i n t e r g r o w n ( a p p a r e n t l y s t a b l e ) 

w i t h c h l o r i t e and o c c u r i s o l a t e d i n t h e QSP m a t r i x 

o u t s i d e o f p y r i t e g r a i n s . T e x t u r e s i n r a r e v e i n s o f 

f l u o r i t e i n deep p r o x i m a l p o t a s s i c a l t e r a t i o n and 

q u a r t z - s y e n i t e i n d i c a t e t h a t t h e f l u o r i t e was emplaced 

a f t e r p o t a s s i c a l t e r a t i o n . 

S t a ge 3 i s c h a r a c t e r i z e d by p e r v a s i v e , advanced-

a r g i l l i c a l t e r a t i o n ( p y r o p h y l l i t e - k a o l i n i t e -

w o o d h o u s e i t e - s v a n b e r g i t e - q u a r t z - p y r i t e - b a r i t e ) a t 

s h a l l o w l e v e l s a t and above t h e q u a r t z s t o c k w o r k zones, 

and v e i n s o f m a s s i v e p y r i t e w i t h i n p o t a s s i c o r QSPC 

a l t e r a t i o n b e n e a t h t h e a d v a n c e d - a r g i l l i c f a c i e s ( F i g s . 

6, 7 and 8; M a r g o l i s , 1993). Rare p y r o p h y l l i t e v e i n s 

i n a d v a n c e d - a r g i l l i c a l t e r a t i o n c u t m o l y b d e n i t e and 

t o u r m a l i n e v e i n s . M a s s i v e p y r i t e v e i n s a r e w i d e s t and 

l o n g e s t (11m by 800m) a t lo w e r l e v e l s c l o s e r t o q u a r t z -

s y e n i t e ( e . g . , I r o n Cap a r e a , F i g s . 1 and 3 ) , and a r e 

narrow ( t y p i c a l l y 3 cm) a t s h a l l o w e r l e v e l s , 

c o n c e n t r a t e d i n t h e a r e a o f q u a r t z s t o c k w o r k s . 

S e r i c i t i c a l t e r a t i o n h a l o e s a r e we a k l y d e v e l o p e d 

m a r g i n a l t o t h e v e i n s w i t h i n p e r v a s i v e p o t a s s i c 

a l t e r a t i o n . A s t e e p l y - p l u n g i n g b r e c c i a p i p e (20m 
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diam.) c o n t a i n i n g a n g u l a r t o rounded, p o o r l y - s o r t e d 

c l a s t s o f p o t a s s i c a l t e r a t i o n cemented by m a s s i v e 

p y r i t e i s p r e s e n t west o f t h e M i t c h e l l s t o c k w o r k i n 

d i s t a l p o t a s s i c a l t e r a t i o n ( F i g . 5 ) . P y r i t e w i t h i n t h e 

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

i n c l u s i o n s o f h e d l e y i t e (Bi 7Te 3) , h e s s i t e (Ag 2Te) , r a r e 

S n - s u l p h i d e ( k e s t e r i t e ) , g a l e n a , Cu-As s u l p h i d e , and i s 

l o c a l l y a r s e n i c r i c h . B ismuth i s r e s t r i c t e d t o t h e 

s t a g e - 3 p y r i t e . The ma s s i v e p y r i t e v e i n s , s uch as 

t h o s e a t I r o n Cap, c o n t a i n h i g h - g r a d e , b u t e r r a t i c , 

g o l d m i n e r a l i z a t i o n (<.2 o p t ) ; however, p e t r o g r a p h i c 

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

s t a g e - 4 , q u a r t z c o n t a i n i n g 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 , b a r i t e , and Hg-Au-Ag t e l l u r i d e . No 

s i g n i f i c a n t m i n e r a l i z a t i o n was i n t r o d u c e d i n advanced-

a r g i l l i c a l t e r a t i o n . No c r o s s - c u t t i n g r e l a t i o n s h i p s 

were o b s e r v e d between v e i n s o f p y r o p h y l l i t e and m a s s i v e 

p y r i t e ( M a r g o l i s , 1993). 

Q u a r t z - b a r i t e v e i n s r i c h i n 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 - t e n n a n t i t e , l e s s e r p y r i t e , c h a l c o p y r i t e , 

a c a n t h i t e , and e l e c t r u m , and r a r e Hg-Au-Ag t e l l u r i d e 

and p y r a r g y r i t e r e p r e s e n t s t a g e - 4 . T h i s m i n e r a l i z a t i o n 

(Pb-Zn-Ag-Sb-Ba-Au-Hg-Cd-Te-Cu) i s w e l l - d e v e l o p e d 
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p e r i p h e r a l t o q u a r t z s t o c k w o r k s and a t h i g h l e v e l s 

w i t h i n QSP(C) a l t e r a t i o n ( e . g . , J o s e p h i n e zone, F i g s . 6 

and 7, v e i n s t y p i c a l l y a s s a y >1 o p t A u ) . Stage-4 v e i n s 

i n t h e n o r t h e r n S u l p h u r e t s a r e a a r e l a r g e l y <lm wide. 

The v e i n s do n o t o c c u r w i t h i n t h e c e n t r a l , h i g h - l e v e l 

p a r t s o f t h e system r e p r e s e n t e d by t h e q u a r t z -

s t o c k w o r k s . L o c a l l y , t h e stage-4 assemblage i s a 

m a t r i x s u r r o u n d i n g m a s s i v e p y r i t e w i t h i n t h e st a g e - 3 

m a s s i v e p y r i t e v e i n s ; stage-4 q u a r t z - b a r i t e v e i n s c u t 

m a s s i v e p y r i t e v e i n s , and commonly f o l l o w t h e same v e i n 

s t r u c t u r e s . A l t h o u g h , s t a g e - 3 m a s s i v e p y r i t e v e i n s and 

t h e b r e c c i a p i p e a r e l o c a l l y g o l d - r i c h (.1 t o .2 o p t ) , 

as i n t h e I r o n Cap a r e a on t h e n o r t h s i d e o f M i t c h e l l 

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

l a t e r s t a g e - 4 f l u i d s ; i . e . , f l u i d s o f s t a g e 4 l o c a l l y 

f o l l o w e d t h e same p a t h s as e a r l i e r s t a g e - 3 f l u i d s . 

G o l d - s i l v e r v e i n m i n e r a l i z a t i o n i n t h e B r u c e j a c k 

Lake a r e a i n c l u d e s t h e West zone and s u b p a r a l l e l b u t 

s m a l l e r Shore zone about 750m t o t h e n o r t h e a s t ( b o t h 

e a s t o f t h e B r u c e j a c k f a u l t ) , as w e l l as o t h e r 

s c a t t e r e d v e i n o c c u r r e n c e s . The West zone ( F i g . 9) 

c o n s i s t s o f a N40W t r e n d i n g zone o f v e i n s (<6m wide) 

d i p p i n g s t e e p l y n o r t h e a s t t h a t i s a t l e a s t 50 metres 



wide (Roach and Macdonald, 1992). V e i n s have s t r i k e 

l e n g t h s o f up t o 250m, b u t commonly a r e l o n g e r i n t h e 

down-dip t h a n t h e s t r i k e d i r e c t i o n . V e i n s c o n s i s t s o f 

q u a r t z w i t h m inor K - f e l d s p a r , a l b i t e , c a r b o n a t e , and 

b a r i t e i n a f o l i a t e d w a l l r o c k m a t r i x o f q u a r t z -

s e r i c i t e - p y r i t e - c h l o r i t e - c a r b o n a t e - K - f e l d p s a r . 

M e t a l l i c phases i n d e c r e a s i n g o r d e r o f abundance a r e 

p y r i t e , s p h a l e r i t e , c h a l c o p y r i t e , g a l e n a , 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 l e c t r u m , s t e p h a n i t e , and 

a c a n t h i t e (Roach and Macdonald, 1992). The a l t e r a t i o n 

e n v e l o p e and t h e m a j o r i t y o f v e i n s a r e c o n c e n t r a t e d 

a l o n g t h e c o n t a c t between a s e c t i o n o f a r g i l l i t e and 

o v e r l y i n g a n d e s i t i c v o l c a n i c r o c k s w h i c h a r e exposed 

a l o n g t h e l i m b s o f a n o r t h w e s t - t r e n d i n g s y n c l i n e 

( D a v i e s e t a l . , 1994). The West zone v e i n s have a 

s i m i l a r m i n e r a l assemblage and a s i m i l a r Ag:Au r a t i o 

(about 45) as sta g e - 4 v e i n s i n t h e M i t c h e l l V a l l e y 

a r e a , e x c e p t t h a t t h e former a t t a i n g r e a t e r w i d t h s , 

s u l p h o s a l t s a r e more common, and t e l l u r i d e s a r e a b s e n t 

I n M i t c h e l l V a l l e y , p y r a r g y r i t e i s r e s t r i c t e d t o t h e 

J o s e p h i n e zone, t h e h i g h e s t l e v e l s t age-4 v e i n s i n t h e 

a r e a ( F i g s . 6 and 7 ) ; i t s abundnace i n t h e West zone 

may i n d i c a t e t h a t t h e B r u c e j a c k Lake v e i n s a r e 



s i m i l a r l y a t a h i g h and p e r i p h e r a l p o s i t i o n w i t h 

r e s p e c t t o a magmatic-hydrothermal c e n t e r . M i n o r 

d i s s e m i n a t e d m o l y b d e n i t e i n t h e low e r l e v e l s o f t h e 

West zone s u p p o r t s t h i s (B. Way, Newhawk G o l d M i n e s , 

p e r s . commun., 1990). 

The S n o w f i e l d g o l d zone ( a t l e a s t 7 m i l l i o n t o n n e s 

a t about .08 o p t Au; v a l u e s as h i g h as .25 opt) i s a 

d i s s e m i n a t e d s t y l e o f stage-4 m i n e r a l i z a t i o n t h a t was 

emplaced a d j a c e n t t o a s t a g e - 1 q u a r t z s t o c k w o r k zone 

and s t a g e - 3 a d v a n c e d - a r g i l l i c a l t e r a t i o n a t r e l a t i v e l y 

s h a l l o w l e v e l s and p r o b a b l y c l o s e t o a magmatic c e n t e r 

( S n o w f i e l d q u a r t z s t o c k w o r k ; F i g s . 6 and 7; M a r g o l i s , 

1993). The m i n e r a l i z a t i o n o c c u r s w i t h i n Q S P C - a l t e r e d 

b a s a l t i c - a n d e s i t e f l o w b r e c c i a s t h a t had p r e v i o u s l y 

been a l t e r e d by s t a g e s 1 and 2. E l e c t r u m t y p i c a l l y 

o c c u r s as O^mm^inclusions i n p y r i t e g r a i n s t h a t a l s o 

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

t e x t u r e s p r o b a b l y r e f l e c t r e c r y s t a l l i z a t i o n o f 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 - t e n n a n t i t e , a c a n t h i t e , 

and b a r i t e a l s o o c c u r d i s s e m i n a t e d i n t h e m a t r i x o r as 

c o a t i n g s ( « 1 mm) on p y r i t e g r a i n s . M i l l i m e t r e - s c a l e 

c l o t s o f p y r i t e and r u t i l e a r e common. S p e s s a r t i n e 

g a r n e t i s common i n h i g h e r - g r a d e a r e a s , o c c u r r i n g as 



r e d d i s h - b r o w n , 5 mm, equant g r a i n s . Rocks o f t h e zone 

a r e s t r o n g l y f o l i a t e d ( s t e e p d i p ) as a r e r o c k s 

t h r o u g h o u t t h e a r e a . H i g h e r g r a d e s (> .06 o p t Au) 

o c c u r as a g e n t l y - d i p p i n g , r o u g h l y t a b u l a r t o wedge-

shaped body from 35 t o >75m t h i c k s u r r o u n d e d by l o w e r 

g r a d e s (.03-.06 o p t A u ) . 

S t a b l e - i s o t o p e s t u d i e s 

Oxygen and hydrogen i s o t o p i c d a t a f o r s e r i c i t e , 

p y r o p h y l l i t e , q u a r t z , and m a g n e t i t e o f t h e f o u r 

h y d r o t h e r m a l s t a g e s r e v e a l t h a t s t a g e 1 c o n t a i n e d t h e 

g r e a t e s t component o f p r o b a b l e magmatic f l u i d 

( e s t i m a t e d S 1 80 w a t e r = 3.7-9.2), t h e h i g h e s t v a l u e i s a 

q u a r t z - m a g n e t i t e p a i r from a q u a r t z - m a g n e t i t e -

c h a l c o p y r i t e v e i n i n p r o x i m a l p o t a s s i c a l t e r a t i o n i n 

q u a r t z - s y e n i t e . F l u i d s f o r l a t e r s t a g e s and p e r i p h e r a l 

a r e a s c o n t a i n e d a g r e a t e r component o f a l i g h t e r <S180 

wa t e r ( e s t i m a t e d 6l*0 w a t e r = 2.9-6.5 f o r s t a g e 2, 3.3¬

4.9 f o r s t a g e 3, and .8-3.9 f o r s t a g e 4; M a r g o l i s , 

1993). T h i s l i g h t e r w a t e r was e i t h e r s e a w a t e r o r 

m e t e o r i c w a t e r n e a r sea l e v e l , based on t h e 5I80-<SD 

d a t a , c o m p a r i s o n s w i t h d a t a from a c t i v e and f o s s i l 

m a g m a t i c - h y d r o t h e r m a l systems, and t h e r o c k r e c o r d a t 

S u l p h u r e t s . I s o t o p e geothermometry i n d i c a t e s 
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t e m p e r a t u r e s o f about 520°C f o r s t a g e - 1 ( q u a r t z -

m a g n e t i t e - c h a l c o p y r i t e v e i n ) , and about 33 0°C f o r 

s t a g e - 2 QSPC a l t e r a t i o n ( M a r g o l i s , 1993). 

G o l d r e s i d e n c e 

There a r e two p r i n c i p l e g o l d e n v i r o n m e n t s i n t h e 

n o r t h e r n and e a s t e r n S u l p h u r e t s d i s t r i c t . I n t h e 

p o r p h y r y - s t y l e s t a g e 1, g o l d accompanies and p o s i t i v e l y 
i 

c o r r e l a t e s w i t h Cu and o c c u r s as e l e c t r u m g r a i n s w i t h i n 

c h a l c o p y r i t e , i n t h e h i g h - l e v e l q u a r t z s t o c k w o r k s 

( M i t c h e l l d e p o s i t ) and p e r v a s i v e p r o x i m a l and m e d i a l 

p o t a s s i c a l t e r a t i o n . The second s e t t i n g i s i n l a t e - / /' / 

s t a g e q u a r t z - b a r i t e v e i n s ( J o s e p h i n e zone, West zone) 

and t h e S n o w f i e l d g o l d d e p o s i t ( s t a g e - 4 ) ; g o l d o c c u r s 

as e l e c t r u m o r r a r e l y t e l l u r i d e , accompanied by g a l e n a , 

p y r i t e , s p h a l e r i t 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 o n l y 

r a r e c h a l c o p y r i t e . S t a g e s 2 and 3 i n t h e M i t c h e l l 

V a l l e y a r e a d i d n o t produce s i g n i f i c a n t g o l d 

m i n e r a l i z a t i o n . I n t h e f i r s t c a s e , i s o t o p i c e v i d e n c e 

f o r h i g h t e m p e r a t u r e s and magmatic w a t e r s , a s t r o n g 

p o s i t i v e c o r r e l a t i o n between Cu and Au, and t h e 

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

Au, l i k e Cu, was p r o b a b l y c a r r i e d as a c h l o r i d e 

complex. I n t h e second c a s e , Au was p r o b a b l y s u l p h i d e -
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complexed i n a more re d u c e d f l u i d , as i n d i c a t e d by i t s 

l a c k o f c o r r e l a t i o n w i t h base m e t a l s , t h e e v i d e n c e f o r 

a s u l f i d a t i o n mechanism f o r i t s p r e c i p i t a t i o n i n t h e 

S n o w f i e l d g o l d d e p o s i t (see b e l o w ) , and t h e abundance 

o f b a r i t e a t t h i s s t a g e ( M a r g o l i s , 1993). 

G e o c h e m i s t r y o f m i n e r a l i z a t i o n 

M i n e r a l i z a t i o n i s e n r i c h e d i n a p o l y m e t a l l i c s u i t e 

d i s t r i b u t e d among f o u r s t a g e s , a t l e a s t i n t h e n o r t h e r n 

and e a s t e r n p a r t o f t h e d i s t r i c t ( F i g . 4 ) : w i d e s p r e a d 

Cu-Au w i t h m i n o r Mo i n s t a g e 1 p o t a s s i c a l t e r a t i o n and 

q u a r t z s t o c k w o r k s ; Mo-B-F i n s t a g e 2; Bi-Te-As-Cu-Pb-Sn 

i n w e a k l y m i n e r a l i z e d s t a g e - 3 m a s s i v e p y r i t e ; and Pb-

Zn-Ag-Au-Ba-Sb-Cd-Hg-Te-Cu i n stage-4 v e i n s and t h e 

S n o w f i e l d d e p o s i t . E l e v a t e d Cd i n s t a g e 4 o c c u r s i n 

s p h a l e r i t e . The S n o w f i e l d g o l d d e p o s i t i s 

c h a r a c t e r i z e d c h e m i c a l l y by t h e f o l l o w i n g : (1) u n l i k e 

s t a g e - 4 v e i n s , w h i c h have A g - t o - g o l d r a t i o s (Ag:Au) o f 

>15 ( t y p i c a l l y 20-50), t h e S n o w f i e l d m i n e r a l i z a t i o n has 

a u n i q u e l y low Ag:Au r a t i o o f <1; (2) Ag, Pb, and Zn 

a r e c o n c e n t r a t e d o u t s i d e o f t h e h i g h - g r a d e Au wedge; 

(3) t h e r e i s a p o s i t i v e , l i n e a r c o r r e l a t i o n between Au 

and As, b u t n o t between Au and o t h e r m e t a l s ; (4) Mn and 

V show c o n s p i c u o u s d e c r e a s e s i n c o n c e n t r a t i o n i n t h e 
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c e n t e r o f t h e h i g h - g r a d e wedge. 

O r i g i n o f S n o w f i e l d g o l d d e p o s i t 

M a r g o l i s (1993) p r o p o s e d t h a t s u l f i d a t i o n o f t h e 

h o s t b a s a l t i c - a n d e s i t e by r e l a t i v e l y r e d u c i n g and 

a l k a l i n e h y d r o t h e r m a l f l u i d s l e d t o g o l d p r e c i p i t a t i o n 1 ^ 

i n t h e S n o w f i e l d g o l d d e p o s i t . The p o s i t i v e 

c o r r e l a t i o n between Au and As i s c h a r a c t e r i s t i c o f 

m i n e r a l i z a t i o n produced by s u l f i d a t i o n o f t h e h o s t 

r o c k , a p r o c e s s i n w h i c h s u l p h i d e - s u l p h u r i n t h e 

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

r o c k t o pr o d u c e p y r i t e ( o r p y r r h o t i t e ) , t h e r e b y 

r e m o v i n g s u l f u r from t h e f l u i d and c a u s i n g t h e 

p r e c i p i t a t i o n o f m e t a l s , such as g o l d and p r o b a b l y 

a r s e n i c , w h i c h a r e c a r r i e d as s u l p h i d e complexes i n t h e 

r e l a t i v e l y r e d u c e d f l u i d ( P h i l l i p s e t a l . , 1984; 

M a r g o l i s , 1989). The c l o t s o f p y r i t e and r u t i l e a r e 

i n d i c a t i v e o f t h e s u l f i d a t i o n o f a f e r r o u s - i r o n m i n e r a l 

i n t h e w a l l r o c k ; c a n d i d a t e s f o r t h i s phase a r e 

h y d r o t h e r m a l b i o t i t e and m a g n e t i t e produced d u r i n g 

e a r l i e r s t a g e - 1 p o t a s s i c a l t e r a t i o n , and s t a g e - 2 

c h l o r i t e formed from them. A s h a r p d e p l e t i o n i n 

vanadium (from about 50 t o 10 ppm) w i t h i n t h e c e n t e r o f 

t h e h i g h - g r a d e wedge may have r e s u l t e d from t h e 
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s u l f i d a t i o n o f s t a g e - 1 m a g n e t i t e o r s p e c u l a r i t e , w h i c h 

a r e known t o c o n t a i n t r a c e V; t h e V may have been 

i n c o m p a t i b l e i n t h e p y r i t e and removed by t h e 

h y d r o t h e r m a l f l u i d . The c o n t r a s t i n c o m p l e x i n g between 

g o l d ( s u l p h i d e ) and Ag-Pb-Zn-Cu ( c h l o r i d e ) e x p l a i n s 

t h e i r l a c k o f c o r r e l a t i o n and a low Ag:Au r a t i o o f t h e 

m i n e r a l i z a t i o n and e l e c t r u m . Ag, p r o b a b l y c a r r i e d as^ 

c h l o r i d e , would n o t have p r e c i p i t a t e d as a r e s u l t o f J 

s u l f i d a t i o n o f t h e w a l l r o c k , b u t by i n c r e a s i n g pH o r / 

d e c r e a s i n g t e m p e r a t u r e (Romberger, 1988). 

C a l c u l a t i o n s u s i n g program CHILLER (Reed, 1982) 

i n d i c a t e t h a t t h e g o l d m i n e r a l i z a t i o n c o u l d have formed 

by s u l f i d a t i o n o f t h e b a s a l t i c a n d e s i t e by a r e l a t i v e l y 

a l k a l i n e w a t e r (pH > 4 a t 280°C; M a r g o l i s , 1993) . 

F u r t h e r m o r e , t h e c a l c u l a t i o n s show t h a t Mn l e a c h i n g and 

m i n e r a l i z a t i o n w i t h a h i g h e r Au:Ag r a t i o c o u l d have 

formed under c o n d i t i o n s o f h i g h e r w a t e r - t o - r o c k r a t i o 

(w/r) compared w i t h t h e s u r r o u n d i n g zones r i c h e r i n Mn-

s i l i c a t e and Ag-Pb-Zn s u l p h i d e , i m p l y i n g t h a t t h e h i g h -

g r a d e wedge was t h e l o c u s o f f l u i d f l o w ( i . e . , a 

c o n d u i t ) . As h y d r o t h e r m a l f l u i d s m i g r a t e d o u t s i d e o f 

t h e c o n d u i t , s i l v e r , l e a d , and z i n c s u l p h i d e s 

p r e c i p i t a t e d owing t o t h e breakdown o f c h l o r i d e 
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complexes as pH i n c r e a s e d . The h i g h - g r a d e wedge has a 

n o t a b l y l o w e r c h l o r i t e c o n t e n t t h a n s u r r o u n d i n g l o w e r -

g r a d e z o n e s ; t h e m o d e l l i n g i n d i c a t e s t h a t t h i s may have 

r e s u l t e d from c o n v e r s i o n o f c h l o r i t e t o s e r i c i t e under 

t h e r e l a t i v e l y l o w e r pH c o n d i t i o n s a t h i g h w/r w i t h i n 

t h e c e n t r a l c o n d u i t . 

The model f o r t h e S n o w f i e l d g o l d d e p o s i t i s one i n 

w h i c h r e l a t i v e l y r e d u c i n g , a l k a l i n e f l u i d s , s i m i l a r t o 

t h o s e w h i c h form a d u l a r i a - s e r i c i t e e p i t h e r m a l d e p o s i t s 

( H e a l d e t a l . , 1987), s u l f i d i z e d b a s a l t i c a n d e s i t e , 

y i e l d i n g h i g h - g r a d e g o l d m i n e r a l i z a t i o n w i t h a low 

Ag:Au r a t i o , l o c a l s p e s s a r t i n e , and low s i l v e r - l e a d -

z i n c i n a c e n t r a l c o n d u i t under h i g h w/r. L e s s e r g o l d 

w i t h h i g h e r Ag-Pb-Zn s u l p h i d e s p r e c i p i t a t e d i n 

s u r r o u n d i n g zones a t lower w/r. H y d r o t h e r m a l f l u i d s 

may have been f o c u s e d a l o n g a b e d d i n g - p a r a l l e l zone 

w h i c h was r e l a t i v e l y more permeable o r r e a c t i v e . The 

d e p o s i t formed d u r i n g s t a g e 4, s u p e r j a c e n t and l a t e r a l 

t o t h e p o r p h y r y Cu-Mo c e n t e r , r e p r e s e n t e d by t h e 

q u a r t z - s t o c k w o r k zone and o v e r l y i n g a d v a n c e d - a r g i l l i c 

f a c i e s ( F i g . 7 ) . I t r e p l a c e d s t a g e - 2 s e r i c i t e - c h l o r i t e 

a l t e r a t i o n w h i c h had o v e r p r i n t e d t h e C u - r i c h p o t a s s i c 

zone s u r r o u n d i n g t h e s t o c k w o r k . S p e s s a r t i n e g a r n e t s 



o c c u r i n l a t e - s t a g e Pb-Zn m i n e r a l i z a t i o n w h i c h formed 

about 600m above t h e porphyry-Mo d e p o s i t a t Henderson, 

C o l o r a d o (White e t a l . , 1981); and t h i s i s t h e same 

s e t t i n g ( w i t h r e s p e c t t o p o r p h y r y - s t y l e m i n e r a l i z a t i o n ) 

as t h e S n o w f i e l d d e p o s i t . 

Economics 

None o f t h e m i n e r a l i z e d a r e a s d i s c u s s e d h e r e i s i n 

p r o d u c t i o n . A l t h o u g h g e o l o g i c r e s o u r c e s a r e 

s i g n i f i c a n t , p o or i n f r a s t r u c t u r e , l o c a l l y s t e e p 

t e r r a n e , and a l a c k o f o x i d a t i o n r e s u l t i n g from r e c e n t 

g l a c i a t i o n , have p r e c l u d e d m i n i n g o f t h e zones. 

A t S n o w f i e l d , a r e s o u r c e o f about 7 m i l l i o n t o n n e s 

a t 2.5 g p t Au i s e v e n l y d i s t r i b u t e d , r e s u l t i n g from t h e 

d i s s e m i n a t e d s t y l e o f m i n e r a l i z a t i o n . P r e l i m i n a r y 

b e n c h - s c a l e m e t a l l u r g i c a l t e s t s i n d i c a t e r e c o v e r i e s i n 

t h e r ange o f 69-79% u s i n g c o n v e n t i o n a l f l o t a t i o n and 

c y a n i d a t i o n t e c h n i q u e s on a p y r i t e c o n c e n t r a t e . G i v e n 

t h e remote and rugged l o c a t i o n o f t h e d e p o s i t , t h e 

r e s o u r c e i s n o t c o n s i d e r e d economic a t t h e c u r r e n t 

($380) g o l d p r i c e . The West zone's d i l u t e d m i n e a b l e 

o r e r e s e r v e s a r e e s t i m a t e d a t 500,000 t o n n e s o f 14.4 

g p t Au and 617 g p t Ag a t a c u t o f f o f 10.3 g p t Au 

e q u i v a l e n t (Ag/Au = 66) and a minimum m i n i n g w i d t h o f 
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1.5m. G o l d and s i l v e r r e c o v e r i e s a r e e s t i m a t e d a t 90 

and 89%, r e s p e c t i v e l y , u s i n g combined g r a v i t y and 

f l o t a t i o n t e c h n i q u e s . A f e a s i b i l i t y s t u d y c o m p l e t e d i n 

1990 p r o p o s e d a 350 t o n p e r day o p e r a t i o n , d i r e c t 

o p e r a t i n g c o s t s o f $145 p e r t o n , an o p e r a t i n g l i f e o f 

4.5 y e a r s , and c a p i t a l o f about $43,000,000. A 

d i s c o u n t e d c a s h - f l o w r a t e o f r e t u r n o f 6.7% was 

e s t i m a t e d based on $400/oz g o l d and $5/oz Ag p r i c e s . 

Discussion and Conclusions 

The n o r t h e r n S u l p h u r e t s d i s t r i c t d i s p l a y s a m u l t i 

s t a g e p o r p h y r y - e p i t h e r m a l system as d e p i c t e d i n F i g u r e 

10. The e a r l y , p o t a s s i c Cu-Au m i n e r a l i z a t i o n i s a 

p o r p h y r y - s t y l e system dominated by h i g h - t e m p e r a t u r e 

magmatic f l u i d s o f p r o b a b l e h i g h s a l i n i t y . T o u r m a l i n e 

and t h e b u l k o f t h e m o l y b d e n i t e were a p p a r e n t l y 

i n t r o d u c e d w i t h s e c o n d - s t a g e f l u i d s t h a t produced QSPC 

a l t e r a t i o n ; presumably t h i s f l u i d was a t l e a s t i n p a r t 

magmatic, as i n d i c a t e d a l s o by t h e s t a b l e - i s o t o p e d a t a . 

The t r a n s i t i o n from Cu t o Mo-B-F i s c o n s i s t e n t w i t h 

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

e v o l u t i o n o f magmatic aqueous f l u i d s from a s i l i c i c 

m e l t , Mo, B, and F a r e p a r t i t i o n e d i n t o t h e magmatic 

aqueous phase a f t e r t h e b u l k o f t h e Cu ( C a n d e l l a , 



1986) . U n m i n e r a l i z e d , p e r v a s i v e s t a g e - 3 advanced-

a r g i l l i c a l t e r a t i o n a t h i g h l e v e l s and t h e emplacement 

o f m a s s i v e p y r i t e v e i n s beneath were f o l l o w e d by s t a g e -

4, q u a r t z - b a r i t e ^ j v e i n s c o n t a i n i n g b a s e - m e t a l s u l p h i d e s 

and h i g h - g r a d e Au-Ag m i n e r a l i z a t i o n . These v e i n s 

( J o s e p h i n e zone, West zone) and t h e d i s s e m i n a t e d 

v a r i e t y ( S n o w f i e l d g o l d zone) a r e s i m i l a r t o b a s e - m e t a l 

a d u l a r i a - s e r i c i t e e p i t h e r m a l systems (H e a l d e t a l . , 

1987) w h i c h commonly form p e r i p h e r a l t o and f o l l o w i n g 

a s s o c i a t e d p o r p h y r y Cu and a c i d - s u l f a t e m i n e r a l i z a t i o n 

( M a r g o l i s e t a l . , 1991). A t S u l p h u r e t s , t h e s e v e i n s do 

n o t o c c u r i n t h e h i g h - p r o x i m a l p o s i t i o n ( F i g . 1 0 ) . The 

v e r t i c a l s c a l e o f t h e system, from t h e upper p o r t i o n o f 

t h e q u a r t z - s y e n i t e t o t h e a d v a n c e d - a r g i l l i c f a c i e s , 

spans a t l e a s t 800 metres i n t h e w e s t e r n S n o w f i e l d a r e a 

( F i g . 8 ) . An a d d i t i o n a l 250 metres i n v e r t i c a l e x t e n t 

i s i n d i c a t e d by t h e p o s i t i o n o f t h e stage-4 J o s e p h i n e 

v e i n zone ( F i g . 7 ) . T h e r e f o r e , t h e v e r t i c a l e x t e n t o f 

t h e system i s a t l e a s t 1 km. 

I n t h e n o r t h e r n S u l p h u r e t s d i s t r i c t , a t l e a s t two 

c e n t e r s o f m i n e r a l i z a t i o n a r e a p p a r e n t , one c e n t e r e d on 

t h e a r e a o f t h e M i t c h e l l s t o c k w o r k , and a second 

c e n t e r e d on t h e a r e a o f t h e S n o w f i e l d s t o c k w o r k about 
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1.5 km t o t h e s o u t h e a s t . The M i t c h e l l s t o c k w o r k i s / 

t r u n c a t e d by t h e s o u t h e a s t - v e r g e n t M i t c h e l l t h r u s t 

( F i g . 8 ) , w i t h d e e p e r - l e v e l q u a r t z - s y e n i t e and p o t a s s i c 

a l t e r a t i o n i n t h e h a n g i n g w a l l on t h e n o r t h and s o u t h 

s i d e s o f t h e g l a c i e r ; t h e amount o f d i s p l a c e m e n t a l o n g 

t h e t h r u s t i s n o t known ( M a r g o l i s , 1993). B o t h t h e s e 

s t o c k w o r k s l i e i n t h e l o w e r p l a t e o f t h e t h r u s t and, 

t h e r e f o r e , do n o t appear t o r e p r e s e n t a d u p l i c a t i o n o f 

one system by t h r u s t d i s p l a c e m e n t . The a p p a r e n t 

r e s t r i c t i o n o f abundant t o u r m a l i n e t o t h e S n o w f i e l d 

a r e a i s f u r t h e r e v i d e n c e t h a t i t i s d i s t i n c t from t h a t 

a t M i t c h e l l . The c e n t e r s o f h y d r o t h e r m a l systems a r e 

a p p a r e n t l y marked by t h e h i g h - l e v e l , Cu-Au q u a r t z -

s t o c k w o r k zones, where l a t e r QSPC a l t e r a t i o n and 

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

l i k e l y t h a t t h e s e s t o c k w o r k zones r e p r e s e n t a c e n t r a l 

plume o f magmatic f l u i d s , p o s s i b l y above v o l a t i l e - r i c h 

c u p o l a s i n t h e l a r g e q u a r t z - s y e n i t i c i n t r u s i v e body, 

w h i c h u n d e r l i e s much o f t h e a l t e r a t i o n i n t h e n o r t h e r n 

S u l p h u r e t s d i s t r i c t . I t i s p o s s i b l e t h a t t h e West zone 

v e i n m i n e r a l i z a t i o n i s r e l a t e d t o a t h i r d magmatic-

h y d r o t h e r m a l system u n d e r l y i n g t h e a r e a west o f 

B r u c e j a c k Lake. P o s t - m i n e r a l i z a t i o n , r i g h t - l a t e r a l 
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m o t i o n a l o n g t h e B r u c e j a c k f a u l t does n o t appear t o be 

s u f f i c i e n t t o p l a c e t h e West zone a r e a a d j a c e n t t o t h e 

J o s e p h i n e zone and t h e S n o w f i e l d magmatic c e n t e r 5-6km 

t o t h e n o r t h w e s t ( D a v i e s e t a l . , 1994). The J o s e p h i n e 

v e i n s a r e a p p a r e n t l y r e l a t e d t o t h e magmatic-

h y d r o t h e r m a l system u n d e r l y i n g t h e S n o w f i e l d s t o c k w o r k 

on t h e n o r t h s i d e o f t h e S n o w f i e l d g o l d zone. 
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FIGURE 1. G e n e r a l i z e d g e o l o g i c map o f t h e s t u d y 

a r e a ; d a t a from t h i s s t u d y and m o d i f i e d from B r i t t o n 

and A l l d r i c k ( 1 9 8 8 ) ; d r i l l h o l e DDH-16 ( I r o n Cap area) 

shown w i t h g r a n i t o i d ( q u a r t z - s y e n i t e ) i n s u b s u r f a c e ; 

e l e v a t i o n s i n c r e a s e n o r t h and s o u t h away from M i t c h e l l 

G l a c i e r ; I r o n Cap, M i t c h e l l , and S n o w f i e l d a r e a s a r e 

l o c a t e d on n o r t h s i d e o f t h e g l a c i e r (west o f B r u c e j a c k 

f a u l t ) , a t and west o f t h e mouth o f t h e g l a c i e r , and 

s o u t h o f t h e g l a c i e r west o f t h e B r u c e j a c k f a u l t , 

r e s p e c t i v e l y . 

FIGURE 2. G e n e r a l i z e d a l t e r a t i o n map o f t h e s t u d y 

a r e a . 

FIGURE 3. C r o s s - s e c t i o n l o o k i n g n o r t h w e s t a c r o s s 

t h e I r o n Cap a r e a n o r t h o f M i t c h e l l G l a c i e r ; t h e e a s t 

s i d e o f t h e B r u c e j a c k f a u l t has moved t o w a r d t h e v i e w e r 

as i n d i c a t e d by t h e d o t - f i l l e d c i r c l e ; t h e q u a r t z -

s y e n i t e i s shown c u t t i n g t h e p r e - m i n e r a l i z a t i o n d i o r i t e 

s t o c k , a l t h o u g h t h e shape o f t h e s e b o d i e s a t d e p t h i s 

n o t known; s i m i l a r l y , t h e t r a c e o f t h e p o t a s s i c -

p r o p y l i t i c boundary a t d e p t h i s n o t known; n o t e d r i l l 

h o l e 16 (see t e x t and F i g . 1. 
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FIGURE 4. Diagram summarizing t h e f o u r s t a g e s o f 

h y d r o t h e r m a l a l t e r a t i o n and r e l a t e d m i n e r a l i z a t i o n i n 

t h e n o r t h e r n S u l p h u r e t s d i s t r i c t ; QTZ-SER-PY-CHL i s 

a b b r e v i a t i o n f o r q u a r t z - s e r i c i t e - p y r i t e - c h l o r i t e . 

FIGURE 5. Map showing t h e d i s t r i b u t i o n o f 

h y d r o t h e r m a l a l t e r a t i o n i n t h e M i t c h e l l a r e a ; 

a b b r e v i a t i o n s a r e : CHL-MT, c h l o r i t e - m a g n e t i t e zone i n 

CHL-SER-PY ( c h l o r i t e - s e r i c i t e - p y r i t e ) a l t e r a t i o n ; QTZ-

SER-PY, q u a r t z - s e r i c i t e - p y r i t e ; Mb, m o l y b d e n i t e ; 

c r o s s - s e c t i o n A-A' i s shown i n F i g u r e 8. 

FIGURE 6. Map showing t h e d i s t r i b u t i o n o f 

a l t e r a t i o n i n t h e S n o w f i e l d a r e a ; c r o s s - s e c t i o n s A-A' 

and B-B' a r e shown i n F i g u r e s 8 and 7, r e s p e c t i v e l y ; 

n o t e t h e i n c r e a s i n g e l e v a t i o n from t h e n o r t h s i d e o f 

t h e map (50 metres s o u t h o f M i t c h e l l G l a c i e r ) t o t h e 

l e v e l o f t h e J o s e p h i n e v e i n zone; e l e v a t i o n s t h e n 

d e c r e a s e s o u t h t o w a r d Hanging G l a c i e r ; t h e M i t c h e l l 

a r e a i s l o c a t e d n o r t h w e s t o f t h e map a r e a (see F i g . 5 ) ; 

f o r o r i e n t a t i o n , t h e q u a r t z - s y e n i t e i s shown - i t i s 

p o t a s s i c a l l y a l t e r e d as a r e s u r r o u n d i n g c o u n t r y r o c k s ; 

a b b r e v i a t i o n s a r e - QSPC, q u a r t z - s e r i c i t e -

p y r i t e i c h l o r i t e ; ADV.-ARG., a d v a n c e d - a r g i l l i c . 
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FIGURE 7. C r o s s - s e c t i o n l o o k i n g e a s t - n o r t h e a s t 

a c r o s s t h e S n o w f i e l d a r e a ; s e c t i o n B-B' ( F i g . 6 ) ; n o t e 

t h e i n f e r r e d q u a r t z - s y e n i t e and p r e s e r v e d p o t a s s i c 

a l t e r a t i o n a t d e p t h , as i n d i c a t e d by t h e d i s t r i b u t i o n 

o f a l t e r a t i o n and q u a r t z - s y e n i t e t o t h e west ( F i g s . 6 

and 8 ) ; t h e h i g h - g r a d e p o r t i o n o f t h e S n o w f i e l d g o l d 

d e p o s i t i s p r o j e c t e d beneath t h e i c e t o t h e s o u t h ; 

however, t h e d i s t r i b u t i o n o f t h e m i n e r a l i z a t i o n i n t h i s 

a r e a i s n o t known; n o t e t h e c o n i c a l shape o f t h e q u a r t z 

s t o c k w o r k , t h e d i s t r i b u t i o n o f a d v a n c e d - a r g i l l i c 

a l t e r a t i o n , and t h e h i g h and p e r i p h e r a l A u - r i c h 

J o s e p h i n e v e i n zone. 

FIGURE 8. C r o s s - s e c t i o n l o o k i n g n o r t h e a s t a c r o s s 

t h e w e s t e r n p a r t o f t h e s t u d y a r e a , i n c l u d i n g t h e 

e a s t e r n M i t c h e l l and w e s t e r n S n o w f i e l d a r e a s ; see 

F i g u r e s 5 and 6 f o r c r o s s - s e c t i o n l o c a t i o n ( A - A ' ) ; 

e l e v a t i o n s above s e a l e v e l a r e i n m e t r e s ; n o t e t h e 

l o c a t i o n o f a d v a n c e d - a r g i l l i c a l t e r a t i o n a t h i g h l e v e l s 

r e l a t i v e t o p o t a s s i c a l t e r a t i o n and q u a r t z - s y e n i t e , and 

t h e t r u n c a t i o n o f t h e M i t c h e l l s t o c k w o r k by t h e 

M i t c h e l l t h r u s t . 
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FIGURE 9. C r o s s - s e c t i o n l o o k i n g n o r t h w e s t a l o n g 

t h e a x i s o f t h e West zone; m o d i f i e d from Roach and 

Macdonald (1992); b l a c k a r e a s a r e A u - r i c h q u a r t z v e i n s , 

s t i p p l e d a r e a i s s i l i c i c a l t e r a t i o n e n v e l o p e 

( q u a r t z > s e r i c i t e ) , s q u a r e s and r e c t a n g l e a r e w o r k i n g s ; 

l e v e l s i n m e t r e s above sea l e v e l . 

FIGURE 10. Schematic model o f t h e h y d r o t h e r m a l 

system: a. s t a g e 1, q u e s t i o n mark i n d i c a t e s a l a c k o f 

i n f o r m a t i o n c o n c e r n i n g t h e uppermost p a r t o f t h e 

system; b. s t a g e 2, t h i c k l i n e marks t h e l o w e r l i m i t o f 

t h e b u l k o f s t a g e - 2 a l t e r a t i o n ; c. s t a g e 3, s h o r t t h i c k 

l i n e s ( v e i n s ) a r e m a s s i v e p y r i t e , t h i c k l i n e n e a r t h e 

t o p o f t h e f i g u r e marks t h e l o w e r l i m i t o f advanced-

a r g i l l i c a l t e r a t i o n ; d. s t a g e 4, shaded v e i n s a r e 

s t a g e - 3 m a s s i v e p y r i t e . a b b r e v i a t i o n s : q t z , q u a r t z ; 

s e r , s e r i c i t e ; py, p y r i t e ; c h l , c h l o r i t e ; mb, 

m o l y b d e n i t e ; tourm, t o u r m a l i n e . The v e r t i c a l s c a l e i s 

a p p r o x i m a t e l y 1 km, t h e h o r i z o n t a l s c a l e a p p r o x i m a t e l y 

2 km. 


