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GENERAL INTRODUCTION 
G.E. Ray 

T h i s two-day f i e l d t r i p s h o u l d i n c l u d e 
v i s i t s t o f i v e p r e c i o u s m e t a l p r o p e r t i e s i n 
s o u t h w e s t e r n B r i t i s h C o l u m b i a { F i g . 1) **, 
a n d w i l l f o c u s o n t h e s t r a t i g r a p h y , 
g e o - c h e m i s t r y and t e c t o n i c s e t t i n g o f t h e 
m i n e r a l i z a t i o n . The f i r s t d ay w i l l be s p e n t 
e x a m i n i n g v a r i o u s p r e c i o u s m e t a l - b e a r i n g 
v e i n s a n d t h e i r h o s t r o c k s a l o n g t h e 
n o r t h w e s t - t r e n d i n g H a r r i s o n L a k e f r a c t u r e 
s y s t e m ; t h i s f r a c t u r e i s a s s o c i a t e d w i t h 
r e g i o n a l h o t s p r i n g a c t i v i t y and s p o r a d i c 
g o l d m i n e r a l i z a t i o n ( R i g . 2) . V i s i t s w i l l 
be made t o t h e R h y o l i t e R e s o u r c e s I n c . g o l d -
s i l v e r p r o p e r t y a t D o c t o r s P o i n t , t h e 
d e f u n c t P r o v i d e n c e mine w i t h i t s z i n c - l e a d -
s i l v e r m i n e r a l i z a t i o n a n d t h e A b o O i l 
C o r p o r a t i o n p r o p e r t y a t t h e d e f u n c t RN g o l d 
mine ( P i g . 1 ) . 

On t h e s e c o n d da y , two p r o p e r t i e s i n t h e 
C o q u i h a l l a g o l d b e l t , w h i c h l i e a d j a c e n t t o 
t h e Hozameen f a u l t and C o q u i h a l l a s e r p e n t i n e 
b e l t , w i l l be v i s i t e d ( P i g . 1 ) . T h i s w i l l 
i n c l u d e a g e o l o g i c a l e x a m i n a t i o n o f t h e 
C a r o l i n M i n e s L t d . g o l d d e p o s i t and a l o o k 
a t A g u a r i u s R e s o u r c e s L t d . d e f u n c t E m a n c i 
p a t i o n g o l d m i n e . 

The m i n e r a l i z a t i o n s e e n on t h i s t r i p 
r e p r e s e n t s a v a r i e t y o f c o n t r a s t i n g t y p e s . 
A t t h e E m a n c i p a t i o n a n d RN m i n e s and a t 
D o c t o r s P o i n t , t h e h i g h g r a d e p r e c i o u s m e t a l 
m i n e r a l i z a t i o n i s g e n e r a l l y h o s t e d i n q u a r t z 
v e i n s , w h i c h a t t h e l a t t e r two p r o p e r t i e s 
a r e g e n e t i c a l l y and t e m p o r a l l y r e l a t e d t o a 
c 25 Ma e p i s o d e o f d i o r i t e - q u a r t z d i o r i t e 
p l u t o n i s m . T h e m i n e r a l i z a t i o n a t t h e 
P r o v i d e n c e m i n e i s h o s t e d i n b r e c c i a t e d 
q u a r t z - c a r b o n a t e v e i n s t h a t c a r r y z i n c , l e a d 
and s i l v e r , b u t no g o l d . By c o n t r a s t , t h e 
C a r o l i n m i n e o r e b o d y r e p r e s e n t s a 
r e p l a c e m e n t - t y p e 1.5 m i l l i o n t o n n e d e p o s i t 

a v e r a g i n g 4.8 grams g o l d p e r t o n n e * . The 
c o m p l e x s u l p h i d e - a l b i t e - q u a r t z - g o l d 
m i n e r a l i z a t i o n i s b o t h l i t h o l o g i c a l l y and 
s t r u c t u r a l l y c o n t r o l l e d w i t h i n t h e h i n g e 
z o n e s o f a n t i f o r m a l s t r u c t u r e s and f o r m s 
c o m p a r a t i v e l y l a r g e , i r r e g u l a r o r e b o d i e s . 

1 

( f »Mines 

\ 
\ 
\ 

F i g u r e 1. F i e l d t r i p r o u t e and p r o p e r t y 
l o c a t i o n map. 

* I n t h i s f i e l d g u i d e , p r e v i o u s l y r e p o r t e d 
o u n c e s p e r t o n v a l u e s were r e c a l c u l a t e d t o 
grams p e r to n n e u s i n g a c o n v e r s i o n f i g u r e o f 
34.28. R e c a l c u l a t i o n o f a s s a y s f r o m t r o y 
o n c e s t o grams i n v o l v e d a c o n v e r s i o n f i g u r e 
o f 31.103. 

**Thanks a r e e x p r e s s e d t o J . L . A r m i t a g e , P. 
C h i c o r e l l i a n d M. T a y l o r o f t h e B . C . 
M i n i s t r y o f E n e r g y , M i n e s and P e t r o l e u m 
R e s o u r c e s f o r d r a f t i n g a l l t h e f i g u r e s i n 
t h i s g u i d e book. 
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RAY ET AL. 

DAY 1 - MORNING 
DOCTORS POINT AND PROVIDENCE MINE 

G.E. Ray and S. Coombes 

INTRODUCTION 

The n o r t h w e s t - t r e n d i n g H a r r i s o n L a k e 
f r a c t u r e s y s t e m , a p p r o x i m a t e l y 100 km e a s t -
n o r t h e a s t o f V a n c o u v e r , i s a s s o c i a t e d w i t h 
r e g i o n a l h o t s p r i n g a c t i v i t y and s p o r a d i c 
g o l d m i n e r a l i z a t i o n ( F i g . 2 ) . M o s t o f t h i s 
g o l d was f o u n d b e f o r e t h e t u r n o f t h e 
c e n t u r y ; i t i n c l u d e s numerous o c c u r r e n c e s 
and s e v e r a l s m a l l p r o d u c e r s ( T a b l e 1) s u c h 
as t h e P r o v i d e n c e ( M i n e r a l I n v e n t o r y 92H/ 
NW-30) and RN ( M i n e r a l I n v e n t o r y 92H/SW-92) 
m i n e s . S i n c e t h e 1 9 3 0 ' s , e x t e n s i v e p a r t s o f 
t h e H a r r i s o n L a k e a r e a have n o t e x p e r i e n c e d 
m u ch e x p l o r a t i o n a c t i v i t y o r r e g i o n a l 
g e o l o g i c a l mapping. 

I n 1 9 8 1 - 1 9 8 2 R h y o l i t e R e s o u r c e s I n c . 
s t a r t e d d r i l l i n g s o m e g o l d - b e a r i n g 
q u a r t z - s u l p h i d e v e i n s a t D o c t o r s P o i n t , on 
t h e w e s t e r n s h o r e o f H a r r i s o n L a k e . The 
r e s u l t s o f t h i s work l e d t o a l a r g e s t a k i n g 
r u s h , as some c o m p a n i e s r e a l i z e d t h a t a r e a s 
a d j a c e n t t o t h e H a r r i s o n L a k e f r a c t u r e 
s y s t e m had f a v o u r a b l e p o t e n t i a l f o r e i t h e r 
e p i t h e r m a l o r m e s o t h e r m a l g o l d 
m i n e r a l i z a t i o n . P a r t o f t h i s a c t i v i t y 
i n v o l v e d t h e r e - e v a l u a t i o n o f some f o r m e r 
m i n e s and o c c u r r e n c e s i n t h e a r e a ; t h i s 
i n c l u d e d work by Abo O i l C o r p o r a t i o n on t h e 
d i s u s e d RN g o l d m i n e ( a l s o known as t h e 
'Geo' o c c u r r e n c e ) , s i t u a t e d a p p r o x i m a t e l y 4 
km n o r t h e a s t o f H a r r i s o n Hot S p r i n g s . 

REGIONAL GEOLOGY OF THE HARRISON LAKE AREA 

The H a r r i s o n L a k e f r a c t u r e s y s t e m forms 
a m a j o r , s o u t h e a s t e r l y t r e n d i n g d i s l o c a t i o n 
o v e r 100 km i n l e n g t h , w h i c h i n p a r t s p a s s e s 
a l o n g and p a r a l l e l t o , H a r r i s o n L a k e ( F i g . 
2 ) . The s y s t e m s e p a r a t e s h i g h l y c o n t r a s t i n g 
g e o l o g i c a l r e g i m e s ( R o d d i c k , 1965; Monger, 
1 9 7 0 ) . To t h e n o r t h e a s t , t h e r o c k s i n c l u d e 
we 1 1 - d e f o r m e d s u p r a c r u s t a 1 s o f t h e 
P e n n s y l v a n i a n t o P e r m i a n C h i l l i w a c k G r o u p 
(Monger, 1 9 6 6 ) , as w e l l as h i g h l y f o l i a t e d 
g n e i s s i c r o c k s and some y o u n g e r g r a n i t e s . 
By c o n t r a s t , t h e r o c k s on t h e s o u t h w e s t e r n 
s i d e o f t h e f r a c t u r e a r e g e n e r a l l y y o u n g e r , 
a r e l e s s d e f o r m e d and have s u f f e r e d l o w e r 
m e t a m o r p h i c g r a d e ; t h e y i n c l u d e a v a r i e t y o f 
v o l c a n i c , v o l c a n i c l a s t i c and s e d i m e n t a r y 
r o c k s , as w e l l as i n t r u s i v e g r a n i t i c r o c k s 
and m i g m a t i t e s . T h e s e s u p r a c r u s t a l s a r e 
s e p a r a b l e i n t o a number o f d i f f e r e n t g r o u p s 
o f J u r a s s i c / C r e t a c e o u s age. To t h e n o r t h 
west ( F i g . 2 ) , t h e Upper J u r a s s i c t o Lower 
C r e t a c e o u s F i r e L a k e Group ( R o d d i c k , 1965) 
c o m p r i s e s a 4 5 0 0 - m - t h i c k s e q u e n c e o f l a r g e l y 
s e d i m e n t a r y r o c k s w i t h l e s s e r amounts o f 
v o l c a i j i c g r e e n s t o n e . The g r o u p c o n t a i n s one 
j a s p e r - b e a r i n g h o r i z o n a t t h e i n t e r f a c e 
b e tween v o l c a n i c g r e e n s t o n e s and an o v e r 
l y i n g s e q u e n c e o f a q u a g e n e b r e c c i a s and 

t u f f s ; t h i s h o r i z o n i n i n t e r p r e t e d a s 
s u b m a r i n e e x h a l i t i v e i n o r i g i n (Ray and 
C o o m b e s , 1 9 8 5 ) . The g r e e n s t o n e s i n t h e 
g r o u p h o s t a t l e a s t f i v e f a u l t - f i l l e d q u a r t z 
v e i n s ( T a b l e 1) t h a t c a r r y c h a l c o p y r i t e and 
s p o r a d i c n a t i v e g o l d ; t h e s e a r e c l u s t e r e d i n 
t h e v i c i n i t y o f F i r e M o u n t a i n ( F i g . 2) and 
i n c l u d e t h e d e f u n c t M o n e y S p i n n e r g o l d 
w o r k i n g s (Ray and Coombes, 1 9 8 5 ) . A n o t h e r 
v e i n , t h e Dandy ( T a b l e 1 ) , w h i c h l i e s 10 km 
n o r t h w e s t o f F i r e M o u n t a i n ( F i g . 2) , i s a 
l e a d - z i n c - b e a r i n g q u a r t z c a r b o n a t e v e i n 
h o s t e d i n b r e c c i a t e d s e d i m e n t a r y r o c k s . 

1 = RN MINE (GEO! 
2 = PROVIDENCE 
3 - DOCTORS POINT 
4 = KING I (STARI 
5 * MONEY SPINNER 
6 = BARKOOLA 
7 = BLUE LEAD 
B = RICHFIELD 
9 - M A Y F L O W E R (DANDY! 

GNEISS 

SYMBOLS 

FAULT 

HOT SPRING 

PLACER GOLD O C C U R R E N C E . 

GOLD—BEARING OCCURRENCE 

MASSIVE SULPHIDE 

F i g u r e 2. R e g i o n a l g e o l o g y o f t h e H a r r i s o n 
L a k e f a u l t s y s t e m ( a d a p t e d a f t e r R o d d i c k , 
1965, and Monger, 1 9 7 0 ) . 

The a r e a s o u t h w e s t o f H a r r i s o n L a k e 
( F i g . 2) i s l a r g e l y u n d e r l a i n by t h e M i d d l e 
J u r a s s i c H a r r i s o n L a k e G r o u p ( C r i c k m a y , 
1 9 2 5 ; R o d d i c k , 1 9 6 5 ) , a p r e d o m i n a n t l y 
v o l c a n i c s e q u e n c e o f a n d e s i t i c t o d a c i t i c 
c o m p o s i t i o n , w i t h l e s s e r a m o u n t s o f 
v o l c a n i c l a s t i c and s e d i m e n t a r y r o c k s . The 
H a r r i s o n L a k e G r o u p h o s t s m a s s i v e s u l p h i d e 
m i n e r a l i z a t i o n a t t h e S e n e c a d e p o s i t ( F i g . 
2} . 

The w e s t e r n s h o r e o f H a r r i s o n L a k e s o u t h 
o f D o c t o r s P o i n t i s u n d e r l a i n by a v a r i e t y 
o f s u p r a c r u s t a l r o c k s whose age and r e l a -
t i o n s h i p t o one a n o t h e r i s p o o r l y u n d e r -
s t o o d . H o w e v e r , l o c a l l y d e r i v e d f l o a t 
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PRECIOUS METALS 

TABLE 1 
AREAS WITH MINERALIZED VEINS ASSOCIATED WITH THE HARRISON LAKE FRACTURE SYSTEM 

Nam© Ml No. Host Type Gangue 
4*4 Reporl 

Mineral IzatIon 

Money .SpInner 
Barkoo!a 
B lue Lead 
King No. 1 

(Star ) 
R I ch f I e I d 
Dandy 

(MayfIower) 
Doctors P o i n t 

(Nagy) 

Prov idence Mine 
RN Mine 

(Geo) 

92G/NE-2 Greenstone 
92G/NE-3 Greenstone 
92G/NE-4 Greenstone 
92G/NE-5 Greenstone 

92G/NE-6 Greenstone 
92G/NE-10 B recc l a ted sedimentary 

rocks 
92H/NW-71 D l o r l t e and horn fe lsed 

v o l c a n i c and sedimentary 
rocks 

92H/NW-30 Greenstone 
92H/SW-92 D l o r l t e 

Quartz 
Quartz 
Quartz 
Quartz 

Quartz 
Quar tz-carbonate 

Quartz 

Quar tz-carbonate 
Quartz 

Cu-Au 
Cu-Au 
Cu-Au 
Cu-Au 

Au 

Pb-Zn-Ag-Au 

Au-Ag-As 

Pb-Zn-Ag 
Au-Cu 

b e a r i n g a M i d d l e A l b i a n ammon i t e f o s s i l , 
C l e o n i c e r a p e n e z i a n u m (Dr. H. T i p p e r , p e r s . 
comm., 1984) , was r e c e n t l y d i s c o v e r e d i n t h e 
D o c t o r s P o i n t a r e a (Ray and Coombes, 1 9 8 5 ) . 
T h i s s u g g e s t s t h a t t h e v o l c a n o - s e d i m e n t a r y 
s e q u e n c e a t D o c t o r s P o i n t i s E a r l y 
C r e t a c e o u s i n a g e a n d may r e p r e s e n t a 
l a t e r a l e q u i v a l e n t t o t h e G a m b i e r G r o u p 
( A r m s t r o n g , 1 9 5 3 ) . S i n c e t h e Gambier Group 
e l s e w h e r e h o s t s t h e B r i t t a n i a and N o r t h a i r 
d e p o s i t s ( B a r r , 1980; P a y n e , e t a l , , 1 9 8 0 ) , 
i t s p r e s e n c e a t Doc t o r s P o i n t may h a v e 
economic s i g n i f i c a n c e r e g a r d i n g e x p l o r a t i o n 
f o r m a s s i v e s u l p h i d e m i n e r a l i z a t i o n . 

T h e s e q u e n c e a t D o c t o r s P o i n t i s 
i n t r u d e d by s e v e r a l d i o r i t e - q u a r t z d i o r i t e 
p l u t o n s w h i c h a r e s u r r o u n d e d by a w i d e 
t h e r m a l m e t a m o r p h i c a u r e o l e . The g o l d -
b e a r i n g v e i n s i n t h e a r e a e x h i b i t a 
p r o n o u n c e d s p a t i a l r e l a t i o n s h i p t o t h e 
p l u t o n m a r g i n s and t h e m i n e r a l i z a t i o n i s 
b e l i e v e d t o be g e n e t i c a l l y and t e m p o r a l l y 
r e l a t e d t o t h e s e i n t r u s i o n . 

T h e P r o v i d e n c e m i n e a r e a , s i t u a t e d 
a p p r o x i m a t e l y 5 km s o u t h e a s t o f D o c t o r s 
P o i n t ( F i g . 2) , i s l a r g e l y u n d e r l a i n by 
a n d e s i t i c v o l c a n i c r o c k s o f unknown age. I t 
i s u n c e r t a i n w h e t h e r t h e s e r o c k s f o r m a 
s o u t h e r n e x t e n s i o n o f t h e Gambier G r o u p (?) 
v o l c a n i c s s e e n a t D o c t o r s P o i n t , o r whether 
t h e y b e l o n g t o t h e H a r r i s o n L a k e G r o u p , as 
shown by Monger ( 1 9 7 0 ) . 

The r e g i o n a l g e o l o g y o f t h e RN m i n e 
a r e a , a t t h e s o u t h e r n end o f H a r r i s o n L a k e 
( F i g . 2) i s p o o r l y known. L i k e D o c t o r s 
P o i n t , t h e g o l d 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 
d i o r i t e i n t r u s i o n s w h i c h c u t p e l i t i c m e ta-

s e d i m e n t r o c k s b e l o n g i n g e i t h e r tlo t h e 
P e n n s y l v a n i a n t o P e r m i a n C h i l l i w a c k G r o u p , 
o r t h e M i d d l e J u r a s s i c M y s t e r i o u s C r e e k 
F o r m a t i o n (Monger, 1 9 7 0 ) . 

DOCTORS POINT AREA 

INTRODUCTION 

I n t h e l a t e 1 9 7 0 ' s , M r . G. N a g y 
d i s c o v e r e d g o l d - s i l v e r m i n e r a l i z a t i o n a t 
D o c t o r s P o i n t , on t h e s o u t h w e s t s h o r e o f 
H a r r i s o n L a k e , a p p r o x i m a t e l y 45 km n o r t h -
n o r t h e a s t o f H a r r i s o n H o t S p r i n g s ( F i g . 2 ) . 
I n 1981 R h y o l i t e R e s o u r c e s I n c . p u r c h a s e d 
t h e Nagy c l a i m s and s u b s e q u e n t l y c o n d u c t e d 
an e x p l o r a t i o n p r o g r a m i n v o l v i n g g e o l o g i c a l 
m a p p i n g , s o i l s a m p l i n g , t r e n c h i n g a n d 
d r i l l i n g . The d r i l l i n g p r o g r a m i n t e r s e c t e d 
g o l d - s i l v e r - b i s m u t h m i n e r a l i z a t i o n i n 
s u l p h i d e - b e a r i n g q u a r t z v e i n s ; t h e b e s t 
h o l e s i n t e r s e c t e d 3.2 m o f 7.1 grams g o l d 
p e r t o n n e (0.21 ounce g o l d p e r ton ) and 3.9 
m o f 4.2 grams g o l d p e r to n n e (0.125 ounce 
g o l d p e r t o n . 

GEOLOGY 

The s i m p l i f i e d g e o l o g y o f t h e a r e a i s 
shown on F i g u r e 3. The s o u t h e r n p a r t i s 
u n d e r l a i n by a v a r i e t y o f g e n e r a l l y moder
a t e l y d i p p i n g v o l c a n i c , v o l c a n i c l a s t i c and 
s e d i m e n t a r y r o c k s t h a t may b e l o n g t o t h e 
E a r l y C r e t a c e o u s G a m b i e r G r o u p . To t h e 
nor t h t h e s e s u p r a c r u s t a l s a r e i n t r u d e d by 
f i v e d i o r i t e - q u a r t z d i o r i t e b o d i e s t h a t v a r y 
i n s i z e f r o m o n l y 25 m i n d i a m e t e r t o o v e r 2 
km a c r o s s . The v o l c a n i c r o c k s a r e f i n e t o 
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medium g r a i n e d , a r e g e n e r a l l y h i g h l y a l t e r e d 
and r a n g e f r o m a n d e s i t e t o d a c i t e i n com¬
p o s i t i o n . B o t h p o r p h y r i t i c a n d n o n -
p o r p h y r i t i c v a r i e t i e s a r e s e e n and abundant 
d i s s e m i n a t e d p y r i t e i s a w i d e s p r e a d f e a t u r e ; 
t h e d a c i t i c v a r i e t i e s a r e c o m m o n l y 
d e v i t r i f i e d a n d s i l i c i c . M o s t o f t h e 
v o l c a n i c r o c k s a r e m a s s i v e ; f l o w b a n d i n g i s 
r a r e l y s e e n . 

V E I N N U M B E R IN T A B L E ; - 4 

t 
F i g u r e 3. G e o l o g y o f t h e D o c t o r s P o i n t 
a r e a , H a r r i s o n L a k e ( a f t e r R a y e_t a _ l . , 
1984) . 

T h e s e d i m e n t a r y r o c k s r a n g e f r o m 
m a s s i v e , b l a c k a r g i l l i t e s , some o f w h i c h 
c o n t a i n r o u n d e d c o n c r e t i o n a r y s t r u c t u r e s , 
t h r o u g h t o f i n e l y b e d d e d , s i l i c e o u s s i l t ¬
s t o n e s t h a t i n p l a c e s d i s p l a y e x c e l l e n t 
g r a d e d bedd i n g . M o s t o f t h e s e d i m e n t a r y 
r o c k s i n d i c a t e d e p o s i t i o n i n a l o w - e n e r g y 
e n v i r o n m e n t b u t some s i l t s t o n e s c o n t a i n 
a r g i l l i t i c r i p - u p c l a s t s and o t h e r s show 
s i g n s o f s o f t s e d i m e n t d e f o r m a t i o n a n d 
c h a o t i c s l u m p i n g . A t one l o c a l i t y , a v e r y 
c o a r s e - g r a i n e d c o n g l o m e r a t e i s s e e n ; t h i s 
c o n t a i n s a n g u l a r t o s u b r o u n d e d c l a s t s up t o 
0.6 m i n d i a m e t e r w h i c h a r e c o m p o s e d o f 
a m y g d a l o i d a l d a c i t i c a n d a n d e s i t i c 
v o l c a n i c s , bedded s e d i m e n t a r y r o c k s , m a s s i v e 
l i m e s t o n e and f r a g m e n t s o f b r o k e n q u a r t z and 
f e l d s p a r c r y s t a l s . 

T h e v o l c a n i c l a s t i c r o c k s v a r y f r o m 
m a s s i v e t o f i n e l y b e d d e d , o f t e n s i l i c e o u s 
c r y s t { a l - l i t h i c t u f f s t h r o u g h t o c h a o t i c 
v o l c a n i c b r e c c i a s h a v i n g a n g u l a r t o s u b -
a n g u l a r c l a s t s up t o 0.15 m i n d i a m e t e r ; 
most c l a s t s a r e o f v o l c a n i c o r i g i n . The 

more m a f i c b r e c c i a s a r e mar ked by r o u n d e d 
c l o t s o f c a l c i t e rimmed w i t h e p i d o t e , w h i l e 
some o f t h e f i n e l y bedded t u f f s d i s p l a y l o a d 
c a s t s t r u c t u r e s . I n p a r t s t h e bedded t u f f s 
and b r e c c i a s a r e i n t e r l a y e r e d w i t h v o l c a n i c 
f l o w s t h a t a l s o s p o r a d i c a l l y c o n t a i n 
a n g u l a r , l i t h i c c l a s t s . C o n s e q u e n t l y , i t i s 
o f t e n d i f f i c u l t t o d i s t i n g u i s h b e t w e e n 
t u f f a c e o u s l a v a s and v o l c a n i c l a s t i c r o c k s , 
p a r t i c u l a r l y w h e r e d e v i t r i f i c a t i o n i s 
w i d e s p r e a d . 

The p l u t o n s i n t r u d i n g t h e s u p r a c r u s t a l s 
( F i g . 3) r a n g e f r o m d i o r i t e t o q u a r t z 
d i o r i t e i n compos i t i o n . When f r e s h t h e y 
f o r m g r e y - c o l o u r e d , g e n e r a l l y m a s s i v e and 
c o a r s e - g r a i n e d r o c k s . B i o t i t e i s t h e most 
w i d e s p r e a d m a f i c m i n e r a l b u t h o r n b l e n d e i s 
s p o r a d i c a l l y d e v e l o p e d and can e x c e e d 20 % 
by v o l u m e i n p a r t s . L o c a l l y t h e s e r o c k s 
c o n t a i n up t o 10 % d i s s e m i n a t e d p y r i t e , b u t 
t h i s s u l p h i d e i s n o t a s s o c i a t e d w i t h g o l d . 

F i v e i n d i v i d u a l p l u t o n s a r e s e e n . They 
r a n g e i n s i z e f r o m t h e s m a l l body u n d e r l y i n g 
t h e n o r t h e r n p o r t i o n o f t h e i s l a n d i n 
D o c t o r s B a y t h r o u g h t o t h e i n c o m p l e t e l y 
mapped l a r g e mass s i t u a t e d between D o c t o r s 
C r e e k and D o c t o r s P o i n t ( F i g . 3 ) . The t h r e e 
r e m a i n i n g b o d i e s f o r m r o u n d e d t o o v a l - s h a p e d 
masses whose c o n t a c t s w i t h t h e c o u n t r y r o c k s 
a r e h i g h l y i r r e g u l a r i n p a r t s . The D o c t o r s 
P o i n t p l u t o n ( F i g . 3) r e p r e s e n t s t h e l a r g e s t 
body and i s n o t a b l e f o r i t s h i g h e r q u a r t z 
c o n t e n t and f o r t h e p r e s e n c e o f r o u n d e d , 
m a f i c x e n o l i t h s ; t h e l a t t e r a r e r a r e l y s e e n 
i n t h e o t h e r f o u r b o d i e s . The d i o r i t e s a r e 
g e n e r a l l y m a s s i v e t e x t u r e d , b u t t h e w e s t e r n 
m a r g i n o f t h e P e n i n s u l a p l u t o n { F i g . 3 ) 
e x h i b i t s a v e r t i c a l l y i n c l i n e d , r h y t h m i c 
c o m p o s i t i o n a l l a y e r i n g . T h i s c o n s i s t s o f 
s u b t l e , d i f f u s e c o n c e n t r a t i o n s o f l i g h t and 
d a r k m i n e r a l s ; no s h a r p b o u n d a r i e s e x i s t 
b e t w e e n t h e i n d i v i d u a l l a y e r s w h i c h a r e 
m o s t l y r e g u l a r and v a r y f r o m 1 t o 2 cm i n 
t h i c k n e s s . 

The p l u t o n s a r e s u r r o u n d e d by a 100 t o 
2 5 0 - m - w i d e h o r n f e l s i c a u r e o l e m a r k e d by 
i n t e n s e r e c r y s t a l l i z a t i o n o f t h e c o u n t r y 
r o c k ; i n p l a c e s i d e n t i f i c a t i o n o f t h e 
o r i g i n a l r o c k t y p e i s i m p o s s i b l e . C l o s e t o 
t h e p l u t o n m a r g i n s t h e h o r n f e l s c o n t a i n s 
f i n e b i o t i t e and m a g n e t i t e and i s c h a r a c ¬
t e r i z e d by weak s i l i c i f i c a t i o n w i t h some 
d i s s e m i n a t e d f i n e g r a i n e d p y r i t e a n d 
p y r r h o t i t e . T h e p y r i t e - p y r r h o t i t e c a n 
e x c e e d 15% by volume i m m e d i a t e l y a d j a c e n t t o 
t h e p l u t o n s b u t t h e s e s u l p h i d e s do n o t c a r r y 
g o l d . I n r a r e i n s t a n c e s , t h e h o r n f e l s e s 
c l o s e t o t h e p l u t o n m a r g i n s a l s o c o n t a i n 
c o r d i e r i t e , a n d a l u s i t e and c o a r s e g a r n e t 
c r y s t a l s . 

B i o t i t e and h o r n b l e n d e s a m p l e s f r o m t h e 
D o c t o r s Bay p l u t o n a r e c u r r e n t l y u n d e r g o i n g 
K/Ar a n a l y s i s f o r d a t i n g ; a p r e l i m i n a r y d a t e 
o f 25 Ma f o r t h e b i o t i t e has been made by J . 
H a r a k a l ( p e r s . comm., 1 9 8 5 ) . T h i s s u g g e s t s 
t h a t t h e d i o r i t e b o d i e s a t D o c t o r s P o i n t 
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w e r e c o n t e m p o r a n e o u s w i t h t h e d i o r i t e 
p l u t o n s and t h e i r r e l a t e d g o l d - b e a r i n g v e i n s 
a t t h e RN m i n e , a p p r o x i m a t e l y 45 km t o t h e 
s o u t h e a s t . 

GEOLOGICAL HISTORY OF THE 
DOCTORS POINT AREA 

The E a r l y C r e t a c e o u s s e d i m e n t a t i o n was 
a c c o m p a n i e d by s u b m a r i n e v o l c a n i s m and t h e 
p o s s i b l e d e v e l o p m e n t o f an e x p l o s i v e , s u b 
m a r i n e c a l d e r a . Some o f t h e m a s s i v e t u f f s 
may r e p r e s e n t a s h f l o w s . T h i s was f o l l o w e d 
d u r i n g t h e M i d d l e C r e t a c e o u s (?) by a p e r i o d 
o f u p l i f t and f o l d i n g w h i c h r e s u l t e d i n t h e 
c o n s i s t e n t e a s t e r l y d i p o f t h e b e d d i n g and 
t h e i m p o s i t i o n o f a s u b v e r t i c a l l y i n c l i n e d 
f r a c t u r e a n d s l a t y c l e a v a g e . B e d d i n g -
c l e a v a g e i n t e r s e c t i o n s i n d i c a t e t h a t t h e 
e n t i r e a r e a o c c u p i e s t h e e a s t e r n l i m b o f a 
m a j o r , n o r t h w e s t - t r e n d i n g a n t i c l i n e . T h e r e 
i s no e v i d e n c e o f s t r u c t u r a l r e p e t i t i o n i n 
t h e s e q u e n c e and t h e g r a d e d b e d d i n g shows 
t e c t o n i c i n v e r s i o n d i d n o t o c c u r . 

The d i o r i t e p l u t o n s and a r e l a t e d s u i t e 
o f l a t e m a f i c d y k e s were e m p l a c e d a p p r o x 
i m a t e l y 25 Ma ago. The l a t e h y d r o t h e r mal 
g o l d - s i l v e r - a r s e n i c m i n e r a l i z a t i o n was 
i n j e c t e d a l o n g g e n t l y i n c l i n e d cone s h e e t 
f r a c t u r e s t h a t h a d d e v e l o p e d d u r i n g t h e 
d i o r i t e i n t r u s i o n . 

T h i s w a s f o l l o w e d b y t w o s e t s o f 
s u b v e r t i c a l l y i n c l i n e d f a u l t i n g t h a t t r e n d 
n o r t h e a s t a n d s o u t h e a s t r e s p e c t i v e l y . 
S l i c k e n s i d i n g i n d i c a t e s t h e s o u t h e a s t -
s t r i k i n g f a u l t s e t , w h i c h t r e n d s p a r a l l e l t o 
H a r r i s o n L a k e f r a c t u r e s y s t e m , s u f f e r e d b o t h 
v e r t i c a l and s u b h o r i z o n t a l movements. 

..BARREN IHKUST 

| I | SEDIMENTS, VOLC ANICS AND VOLCaNICUS'lCS (GAMBIER GROUP?) 

I OUAPTI-PYKITE-AKSENOPYRIIE VEINS • Au. A 0 , Bi. ib. HftCuPb, Wo 

F i g u r e 4. S c h e m a t i c s e c t i o n s h o w i n g 
m i n e r a l i z e d v e i n s f o l l o w i n g c o n e - s h e e t 
f r a c t u r e s , D o c t o r s P o i n t , H a r r i s o n L a k e . 
( A f t e r Ray e t a l . , 1984) . 

MINERALIZATION 

T h e g o l d - s i l v e r m i n e r a l i z a t i o n a t 
D o c t o r s P o i n t i s h o s t e d i n l o n g , n a r r o w , 
g e n t l y d i p p i n g (10 t o 35°) vuggy q u a r t z -
s u l p h i d e v e i n s t h a t show an o v e r a l l s p a t i a l 
a s s o c i a t i o n t o t h e d i o r i t e p l u t o n marg i n s 
( F i g . 3 and 4) . These v e i n s f o l l o w p r e 
e x i s t i n g l o w a n g l e f r a c t u r e s w h i c h p r o b a b l y 
r e p r e s e n t cone s h e e t - t y p e f r a c t u r e s f o r m e d 
d u r i n g t h e d i o r i t e i n t r u s i o n . On s u r f a c e 
t h e v e i n s v a r y f r o m a few cm t o 0.75 m w i d e , 
b u t d r i l l i n g has i n t e r s e c t e d v e i n s o v e r 3 m 
i n w i d t h . The v e i n s i n c l u d e b o t h c l e a r and 
w h i t e vuggy q u a r t z , t h e vug c a v i t i e s b e i n g 
l i n e d w i t h s m a l l q u a r t z c r y s t a l s . P y r i t e 
a n d a r s e n o p y r i t e a r e t h e c o m m o n e s t 
s u l p h i d e s ; i n p a r t t h e v e i n s c o m p r i s e 
c o a r s e , m a s s i v e s u l p h i d e m a t e r i a l i n w h i c h 
q u a r t z i s s u b o r d i n a t e . S u r f a c e l e a c h i n g 
r e s u l t s i n a b u n d a n t boxwork t e x t u r e s i n t h e 
q u a r t z v e i n s and many m i n e r a l i z e d o u t c r o p s 
a r e c o a t e d w i t h g r e e n s c o r o d i t e ( F e A s 0 4 . 
H 2 O ) r a n a l t e r a t i o n p r o d u c t o f t h e 
a r s e n o p y r i t e . I n some i n s t a n c e s t h e v e i n s 
c o n t a i n s m a l l amounts o f c h a l c o p y r i t e , w h i l e 
r a r e e x a m p l e s o f molybdenum and g a l e n a a l s o 
o c c u r . A n a l y s e s ( T a b l e 2) show t h a t t h e 
g o l d - s i l v e r - a r s e n i c m i n e r a l i z a t i o n a t 
D o c t o r s P o i n t i s s p o r a d i c a l l y a s s o c i a t e d 
w i t h anomalous amounts o f b i s m u t h , a n t i m o n y , 
m e r c u r y , c o p p e r , l e a d and z i n c . S u r f a c e 
v e i n s a r e t r a c e a b l e o v e r a 30-m d i s t a n c e , 
b u t d r i l l i n g i n d i c a t e s some e x c e e d 200 m i n 
l e n g t h . One s u r f a c e m i n e r a l i z e d zone a t t h e 
nor t h e r n end o f t h e Nagy p l u t o n ( v e i n 5 ; 
F i g . 3) i s t r a c e a b l e f o r 30 m f r o m t h e 
d i o r i t e i n t o t h e a d j a c e n t , s u l p h i d e - r i c h 
h o r n f e l s w i t h o u t any a p p a r e n t d i s l o c a t i o n o r 
c h a n g e i n e i t h e r m i n e r a l o g y o r v e i n 
d i m e n s i o n . 

V e i n s a r e f o u n d i n a t l e a s t 12 s e p a r a t e 
l o c a t i o n s ( F i g . 3) , 11 o f w h i c h a r e under 
l a i n by e i t h e r d i o r i t e o r h o r n f e l s i c r o c k s . 
A n a l y s e s on v e i n s f r o m 10 o f t h e s e a r e a s a r e 
s hown i n T a b l e 2. T h e v e i n s g e n e r a l l y 
c o n t a i n h i g h g o l d and s i l v e r v a l u e s ( T a b l e 
2) a n d a r e e n r i c h e d i n a r s e n o p y r i t e and 
p y r i t e , w i t h o n l y t r a c e amounts o f g a l e n a , 
c o p p e r a n d s p h a l e r i t e . H o w e v e r , t h e 
s o u t h e r n m o s t m i n e r a l i z e d f r a c t u r e ( v e i n 1; 
F i g . 3) , w h i c h l i e s o u t s i d e t h e h o r n f e l s i c 
a u r e o l e , i s e n r i c h e d i n g o l d , s i l v e r , l e a d 
and z i n c ( v e i n 1, T a b l e 2) a n d c o n t a i n s 
a b u n d a n t g a l e n a and t e t r a h e d r i t e . Thus a 
t e m p e r a t u r e - r e l a t e d m i n e r a l a n d e l e m e n t 
z o n i n g p r o b a b l y e x i s t s i n t h e a r e a , w i t h 
g o l d p r e d o m i n a t i n g c l o s e r t o t h e p l u t o n 
m a r g i n s a n d b a s e m e t a l s p r e d o m i n a t i n g 
o u t s i d e t h e h o r n f e l s i c e n v e l o p e ( F i g . 5 ) . 

T h e m i n e r a l i z e d v e i n s a r e u s u a l l y 
bounded by a ' b l e a c h e d zone' i n w h i c h t h e 
n a t u r e and t e x t u r e o f t h e o r i g i n a l r o c k t y p e 
i s u n r e c o g n i z a b l e . T h e s e b l e a c h e d z o n e s 
compr i s e a v e r y f i n e m i x t u r e o f q u a r t z , 
s e r i c i t e and k a o l i n , w i t h some d i s s e m i n a t e d 
p y r i t e ; i n p l a c e s i t c a r r i e s t r a c e amounts 
o f g o l d . The b l e a c h e d zone v a r i e s f r o m a 

9-5 



RAY ET AL. 

TABLE 2 

TRACE ELEMENT ANALYTICAL RESULTS OF THE MINERALIZED VEINS AT DOCTORS POINT, HARRISON LAKE 
( f o r l o c a t i o n s e e F i g . 3 ) 

V e i n N o . 1 1 2 3 4 4 5 6 7 8 9 10 
Sample No* 28924 27851 28925 28927 28928 27855 28929 28931 28932 28933 28934 28935 

Au 29 NA 8 . 9 7.2 3 4 . 6 NA 9 .6 <0.3 12.7 26 NA NA 
Ag 953 NA 10 16 37 NA 90 35 3 140 1 110 
Cu 0 . 2 8 ? 0.21 0 .0004$ 0 . 0 2 $ 0 .01$ 0 .36$ 1 .24$ 0 .07$ 0 .004$ 0 .06$ 0 . 0 1 $ 0 . 1 7 $ 
Pb 2 .95$ 5.5$ 0 .014$ 0 .04$ 0 . 0 1 $ 48 0 .04$ 0 .03$ 0 . 0 0 3 $ 0 .07$ 0 .001$ 0 .04$ 
Zn 374 712 25 33 30 44 211 74 18 71 42 115 
Co <2 <2 13 7 <2 5 182 8 5 13 29 6 
Mo <6 8 8 <6 <6 7 <6 <6 <6 <6 <6 <6 
NI <2 NA 9 <2 <2 NA 29 13 <2 15 18 NA 
Sb 0 .99$ 3 .3$ 186 300 112 580 58 36 325 72 <3 0.1 1 $ 
BI NA 5 NA NA NA 55 NA NA NA NA NA NA 
As 19 .1$ 8 . 0$ 26 .4$ 2 9 . 6 $ 16 .8$ 5 . 7$ 0 .34$ 3 .16$ 2 5 . 4 $ 0.41 0 . 0 0 7 $ 14 .0$ 
Hg NA 534 ppb NA NA NA 710 ppb NA NA NA 280 ppb NA NA 

NA - Not a s s a y e d 
A l l v a l u e s In ppm e x c e p t where s t a t e d as per c e n t o r ppb 

V e i n 1 - S t o p A 
V e i n 2 - S top B 
V e i n 3 - S top C 
V e i n 5 - S top D 

few cm t o 3 m i n w i d t h ; g e n e r a l l y t h e w i d e r 
z o n e s a r e a s s o c i a t e d w i t h t h e t h i c k e r v e i n s 
and commonly t h e h a n g i n g w a l l s c o n t a i n t h e 
w i d e s t zones o f a l t e r a t i o n . The b l e a c h e d 
a l t e r a t i o n p a s s e s g r a d u a l l y o u t t o a w i d e r 
' r o t t e d zone' w h i c h i s c h a r a c t e r i z e d by i t s 
f r i a b l e , w e a t h e r e d and r u s t y a p p e a r a n c e . I n 
t h i s z o n e t h e f e l d s p a r s a r e e x t e n s i v e l y 
k a o l i n i t i z e d , b u t t h e t e x t u r e s o f t h e 
or i g i n a l r o c k s a r e c l e a r l y v i s i b l e . T h i s 
a l t e r a t i o n zone c a n e x c e e d a t o t a l o f 8 m i n 
w i d t h a nd g e n e r a l l y c a r r i e s w e a k l y d i s 
s e m i n a t e d p y r i t e b u t no g o l d . 

Cone sheet 
fractures and vein 

Unaltered volcanic and / 
sedimentary rocks 

Base metal-rich 

\ "-Precious metal-rich 

F i g u r e 5. M o d e l o f cone s h e e t f r a c t u r i n g 
and a s s o c i a t e d v e i n s t o e x p l a i n t h e D o c t o r s 
P o i n t m i n e r a l i z a t i o n . ( A f t e r R a y a n d 
Coombes, 1 9 8 5 ) . 

The m i n e r a l i z a t i o n i s g e n e t i c a l l y and 
t e m p o r a l l y r e l a t e d t o t h e d i o r i t e p l u t o n s 
and p r o b a b l y r e p r e s e n t s a l a t e h y d r o t h e r m a l 
p h a s e o f t h i s magma t i c e v e n t . The p o s t 
u l a t e d s e q u e n c e i s : ( 1 ) emplacement o f t h e 
d i o r i t e p l u t o n s w i t h some b a r r e n s u l p h i d e 
m i n e r a l i z a t i o n , a c c o m p a n i e d by t h e d e v e l o p 
ment o f low a n g l e cone s h e e t f r a c t u r e s ( F i g . 
5 ) ; ( 2 ) i n t r u s i o n o f some r a r e , m a f i c d y k e s ; 
( 3 ) m i n o r r e v e r s e f a u l t movement a l o n g t h e 
f r a c t u r e s ; ( 4 ) g o l d - s i l v e r - a r s e n i c m i n e r a l i ¬
z a t i o n a l o n g s o m e o f t h e c o n e s h e e t 
f r a c t u r e s ; a n d ( 5 ) l a t e s u b v e r t i c a l 
f a u l t i n g . Most v e i n s a r e a s s o c i a t e d w i t h 
t h e D o c t o r s Bay p l u t o n ( F i g . 3 ) and t h e y 
g e n e r a l l y d i p t o w a r d t h e p l u t o n c o r e ; a few 
v e i n s a l s o l i e w i t h i n o r a d j a c e n t t o t h e 
D o c t o r ^ P o i n t and Nagy p l u t o n s ( F i g . 3 ) . 
T h i s s u g g e s t s t h a t t h e d i o r i t i c b o d i e s i n 
the a r e a a r e r e l a t e d and p r o b a b l y r e p r e s e n t 
a p o p h y s e s o f a s i n g l e , m a j o r body. 

M o s t o f t h e cone s h e e t f r a c t u r e s i n t h e 
a r e a a r e u n m i n e r a l i z e d ; t h e y f o r m n a r r o w 
( l e s s t h a n 3 - c m - w i d e ) , s u b p a r a l l e l l o w a n g l e 
f a u l t s p l a c e d f r o m 5 t o 2 0 m a p a r t , t h a t 
o f t e n r u n p a r a l l e l t o t h e j o i n t i n g ( F i g . 4 ) . 
The r e v e r s e f a u l t m o v e m e n t s ( F i g . 5 ) i s 
marked by s l i c k e n s i d i n g ; however t h e amount 
o f d i s p l a c e m e n t a c r o s s i n d i v i d u a l f r a c t u r e s 
a p p e a r t o be s m a l l and one b a s i c dyke t h a t 
i n t r u d e s t h e D o c t o r s Bay p l u t o n i s o f f s e t 
l e s s t h a n 1 0 m a c r o s s a m i n e r a l i z e d v e i n . 
D r i l l i n g r e v e a l s t h a t some m i n e r a l i z e d v e i n s 
b i f u r c a t e a n d r e j o i n o n e a n o t h e r i n a 
c o m p l e x manner, s i m i l a r t o t h a t shown on 
F i g u r e 4. Some l a t e , s u b v e r t i c a l n o r m a l 
f r a c t u r e s c r o s s c u t a nd c a u s e m i n o r d i s 
p l a c e m e n t o f t h e ma i n v e i n s . These l a t e r 
f a u l t s c a n a l s o c a r r y 1 t o 3-cm-wide g o l d -
b e a r i n g q u a r t z - s u l p h i d e v e i n s s u g g e s t i n g 
t h a t some l a t e r r e m o b i l i z a t i o n o c c u r r e d . 
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P R E C I O U S M E T A L S 

A p e t r o g r a p h i c and s c a n n i n g e l e c t r o n 
m i c r o s c o p e (SEM) s t u d y on t h e D o c t o r s P o i n t 
m i n e r a l i z a t i o n was c o m p l e t e d by L i t t l e j o h n 
( 1 9 8 3 ) . He n o t e d t h a t t h e n a t i v e g o l d i s 
a s s o c i a t e d m a i n l y w i t h t h e p y r i t e and o n l y 
t o a l e s s e r e x t e n t w i t h t h e a r s e n o p y r i t e . 
The g o l d o c c u r s a s s m a l l i n c l u s i o n s , m o s t l y 
l e s s t h a n 0 . 0 1 mm i n d i a m e t e r a n d i s 
g e n e r a l l y c o n c e n t r a t e d c l o s e t o t h e edges o f 
t h e s u l p h i d e c r y s t a l s . Some p y r i t e a n d 
a r s e n o p y r i t e c r y s t a l s c o n t a i n a b u n d a n t , 
m i n u t e v e s i c l e s , w h i c h L i t t l e j o h n ( 1983) 
i n t e r p r e t s t o r e s u l t f r o m b o i l i n g . The 
n u m e r o u s m i c r o f r a c t u r e s c u t t i n g t h e 
s u l p h i d e s a r e f i l l e d w i t h c a l c i t e , t o g e t h e r 
w i t h s m a l l amounts o f g e l p y r i t e , c l a y and 
n a t i v e b i s m u t h and l e a d - b i s m u t h s u l p h o s a l t s . 
A r g e n t i t e , a s s o c i a t e d w i t h t h e b i s m u t h 
m i n e r a l s , i s a l s o p r e s e n t ; some n a t i v e 
b i s m u t h c o n t a i n s m i n u t e s p e c k s o f 
c h a l c o - p y r i t e . T r a c e s o f g a l e n a a r e 
i n t e r g r o w n w i t h and r i m t h e a r s e n o p y r i t e . 

L i t t l e j o h n ( 1983) c o n c l u d e s t h a t t h e 
v e i n s e x p e r i e n c e d two d i s t i n c t e p i s o d e s o f 
p r e c i o u s m e t a l m i n e r a l i z a t i o n . The f i r s t 
i n v o l v e d t h e i n t r o d u c t i o n o f g o l d w i t h t h e 
s u l p h i d e s and q u a r t z , f o l l o w e d by a p e r i o d 
o f m i c r o b r e c c i a t i o n . The s e c o n d r e s u l t e d i n 
i n j e c t i o n o f t h e s i l v e r - b i s m u t h m i n e r a l s 
i n t o t h e m i c r o f r a c t u r e s . A p e r i o d o f 
c a l c i t e i n j e c t i o n p o s t d a t e s t h e e a r l y q u a r t z 
- s u l p h i d e - g o l d e p i s o d e , b u t i t s p r e c i s e 
r e l a t i o n s h i p t o t h e l a t e r s i l v e r - b i s m u t h 
phase i s unknown. 

DETAILS OF INDIVIDUAL STOPS 
TO BE VISITS IN THE DOCTORS POINT AREA 

STOP A (Vein 1: see Fi g u r e 3 and Table 2). 
T h i s s m a l l , m i n e r a l i z e d o u t c r o p i s t h e o n l y 
one i n t h e d i s t r i c t t h a t o c c u r s o u t s i d e t h e 
h o r n f e l s i c e n v e l o p e s u r r o u n d i n g t h e d i o r i t e 
p l u t o n s ( F i g . 3 ) . The v e i n i s h o s t e d i n a 
h i g h l y f r a c t u r e d , s t e e p l y d i p p i n g s e q u e n c e 
o f a c i d v o l c a n i c s , v o l c a n i c b r e c c i a s and 
c h e r t y s e d i m e n t a r y r o c k s . M i n e r a l i z a t i o n 
f o l l o w s a s o u t h e a s t e r l y s t r i k i n g f r a c t u r e 
t h a t d i p s 35° n o r t h e a s t . The 3 t o 6-cm-wide 
v e i n c o n t a i n s m a s s i v e p y r i t e , a r s e n o p y r i t e , 
t e t r a h e d r i t e a n d g a l e n a , b u t q u a r t z i s 
g e n e r a l l y a b s e n t . A s s a y s f o r t h i s v e i n a r e 
shown i n co l u m n 1 o f T a b l e 2. The v e i n i s 
e n v e l o p e d by a 15 t o 30-cm-wide b l e a c h e d 
a l t e r a t i o n zone t h a t m a i n l y c o m p r i s e s f i n e 
g r a i n e d q u a r t z , s e r i c i t e and s u l p h i d e s w i t h 
some t h i n q u a r t z v e i n s . The a l t e r a t i o n zone 
a s s a y s Au 3.4 ppm, Ag 27 ppm, Cu 0.02%, Pb 
0.2% , Zn 93 ppm. Mo 6, As 7.09% and Sb 493 
ppm. A l t e r a t i o n m i n e r a l s on t h e o u t c r o p 
i n c l u d e s c o r o d i t e ( F e A s 0 4 . H 2 O ) , a n g l e s i t e 
(PbSOjj) , s c h u l t e n i t e (PbHAs04) , j a r o s i t e and 
m a l a c h i t e . 

STOP B (Vein 2: see Fi g u r e 3 and Table 2). 
T h i s m i n e r a l i z e d v e i n i s l o c a l i z e d a l o n g t h e 
f a u l t e d c o n t a c t between q u a r t z d i o r i t e r o c k s 
o f t h e D o c t o r s B a y p l u t o n a n d s o m e 

s t r u c t u r a l l y u n d e r l y i n g h o r n f e l s i c r o c k s 
( F i g . 3 ) . The v e i n i s up t o 0.7 m w i d e , 
t r e n d s s o u t h e a s t e r l y and d i p s g e n t l y a t 
between 15 and 25° t o t h e n o r t h e a s t . The 
m i n e r a l i z a t i o n a p p e a r s t o f o l l o w a* c o n e 
s h e e t f r a c t u r e w h i c h had p r e v i o u s l y s u f f e r e d 
m i n o r , w e s t e r l y d i r e c t e d r e v e r s e f a u l t 
movement; t h i s movement c a u s e d t h e d i o r i t i c 
r o c k s t o s t r u c t u r a l l y o v e r r i d e t h e 
h o r n f e l s e s . 

M i n e r a l i z a t i o n c o n s i s t s m a i n l y o f c o a r s e 
a r s e n o p y r i t e and p y r i t e , w i t h c r y s t a l l i n e 
q u a r t z s t r i n g e r s up t o 9 cm w i d e . I n a d ¬
d i t i o n , t h e z o n e c a r r i e s a b u n d a n t l i g h t 
g r e e n s c o r o d i t e (FeAs0 4 . H 2 O ) w i t h l i m o n i t e , 
s e r i c i t e a n d f e l d s p a r . L o c a l l y t h e 
m i n e r a l i z a t i o n i s r h y t h m i c a l l y z o n e d a n d 
v u g g y , w h i l e e l s e w h e r e t h e s u l p h i d e s have 
b e e n e x t e n s i v e l y l e a c h e d , p r o d u c i n g p r o 
nounced boxwork t e x t u r e s . A s s a y s f r o m t h i s 
v e i n g i v e maximum v a l u e s o f 34 ppm Au, 112 
ppm A g , 0.004% Cu, 0.02% Pb, 136 ppm Zn, 8 
ppm Mo, 710 ppb Hg, 55 ppm B i , 26.4% As and 
204 ppm Sb. 

The v e i n i s c u t and d i s p l a c e d by m i n o r , 
n o r m a l f a u l t s t h a t t r e n d s o u t h - s o u t h e a s t and 
d i p s t e e p l y e a s t ; l o c a l l y t h e s e y o u n g e r 
f r a c t u r e s c o n t a i n t h i n m i n e r a l i z e d g u a r t z 
v e i n s . > 

I n t h i n s e c t i o n t h e f o o t w a l l h o r n f e l s i c 
r o c k s have a marked d e c u s s a t e t e x t u r e ; t h e 
o r i g i n a l c o a r s e f e l d s p a r and q u a r t z c r y s t a l s 
a r e r e c r y s t a l l i z e d i n t o a p o l y g o n a l m o s a i c 
o f f i n e , f r e s h c r y s t a l s up t o 0.3 mm i n 
d i a m e t e r . B i o t i t e f o r m s m i n u t e ( l e s s t h a n 
0.1-mni) , r a n d o m l y o r i e n t a t e d , s u b h e d r a l 
l a t h s a nd makes u p t o 1 0 % o f t h e r o c k . 
O t h e r m i n e r a l s i n c l u d e abundant m a g n e t i t e , 
w i t h a c c e s s o r y s e r i c i t e , e p i d o t e , c l i n o -
z o i s i t e , c h l o r i t e and m i n o r s u l p h i d e s . 

The h a n g i n g w a l l q u a r t z d i o r i t e a d j a c e n t 
t o t h e v e i n i s a l t e r e d , f r a c t u r e d a n d 
l e a c h e d . U n a l t e r e d s a m p l e s o f t h i s m a s s i v e , 
c o a r s e - g r a i n e d r o c k c o m p r i s e s 10 t o 1 5 % 
h o r n b l e n d e w h i c h f o r m s s u b e u h e d r a l p r i s m s 
a n d c o m m o n l y e n c l o s e s r e m n a n t , c o r r o d e d 
a u g i t i c c o r e s . B i o t i t e f o r m s 1 t o 5% o f t h e 
r o c k ; some i s i n t e r g r o w n w i t h t h e h o r n b l e n d e 
and i s p a r t i a l l y a l t e r e d t o c h l o r i t e . The 
p l a g i o c l a s e ( A n 3 0 - 4 7 ) f o r m s w e 1 1 - t w i n n e d , 
zoned c r y s t a l s w i t h c l o u d e d c o r e s and c l e a r 
m a r g i n s ; many a r e p a r t i a l l y s a u s s u r i t i z e d . 
Q u a r t z makes up 1 t o 3% o f t h e r o c k and 
s u b e u h e d r a l p y r i t e c r y s t a l s a r e r e c o g n i z a b l e 
i n hand s p e c i m e n . 

STOP C (Vein 3: see Fi g u r e 3 and Table 2). 
T h i s v i c i n i t y has been e x t e n s i v e l y d r i l l e d 
by R h y o l i t e R e s o u r c e s I n c . The s t e e p l y 
d i p p i n g , i n t r u s i v e c o n t a c t b e t w e e n t h e 
D o c t o r s B a y p l u t o n t o t h e e a s t a n d 
h o r n f e l s e d , s i l i c e o u s , p y r i t i c m e t a v o l c a n i c 
(?) r o c k s t o t h e w e s t i s s e e n ( F i g . 3 ) . 
I m m e d i a t e l y a d j a c e n t t o t h e p l u t o n m a r g i n 
t h e h o r n f e l s c o n t a i n s a b u n d a n t p y r i t e and 
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p y r r h o t i t e , w h i l e t h e h o r n b l e n d e - b i o t i t e 
d i o r i t e a l s o l o c a l l y c a r r i e s some r a r e 
s u l p h i d e - r i c h p o c k e t s . H o w e v e r , t h e 
s u l p h i d e s i n t h e h o r n f e l s and d i o r i t e do n o t 
c a r r y any g o l d . 

The h o r n f e l s a t t h i s l o c a l i t y i s c u t by 
s e v e r a l u n m i n e r a l i z e d and w e a k l y m i n e r a l i z e d 
f r a c t u r e s t h a t a r e 1 t o 5 cm w i d e and s p a c e d 
between 5 t o 10 m a p a r t . These f r a c t u r e s 
s t r i k e n o r t h - s o u t h and d i p between 18 and 
3 5 ° w e s t ; some c a r r y m i n o r a m o u n t s o f 
p y r i t e , a r s e n o p y r i t e , q u a r t z and s c o r o d i t e . 
A few o f t h e u n m i n e r a l i z e d f r a c t u r e s a r e 
marked by s l i c k e n s i d i n g . 

STOP D (Vein 5: see F i g u r e 3 and Table 2). 
T h i s s t o p i s made a t t h e n o r t h e r n e x t r e m i t y 
o f t h e N a g y p l u t o n ( F i g . 3) w h e r e t h e 
s t e e p l y d i p p i n g , i n t r u s i v e c o n t a c t between 
t h e d i o r i t e ( t o t h e s o u t h ) and s i l i c e o u s , 
p y r i t i c h o r n f e l s e d (?) m e t a - v o l c a n i c r o c k s 
( t o t h e n o r t h ) i s s e e n . B a r r e n s u l p h i d e s i n 
t h e h o r n f e l s a r e p a r t i c u l a r l y a b u n d a n t 
i m m e d i a t e l y a d j a c e n t t o t h e p l u t o n m a r g i n . 

A n a r r o w , n o r t h e r l y t r e n d i n g , g o l d -
b e a r i n g m i n e r a l i z e d zone p a s s e s b e n e a t h t h e 
r o a d and i s t r a c e a b l e f r o m t h e d i o r i t e i n t o 
t h e h o r n f e l s . The zone i n p a r t s c o m p r i s e s 
two t o t h r e e m i n e r a l i z e d v e i n s t h a t f o l l o w 
f r a c t u r e s s p a c e d between 2 t o 8 cm a p a r t . 
The v e i n s b i f u r c a t e and r e j o i n one a n o t h e r 
and d i p w e s t w a r d a t a p p r o x i m a t e l y 30°. They 
c a r r y v u g g y , c r y s t a l l i n e q u a r t z t o g e t h e r 
w i t h s t r i n g e r s a n d m a s s e s o f p y r i t e a n d 
a r s e n o p y r i t e . S c o r o d i t e i s a l s o p r e s e n t . 
T h e v e i n s a r e b o r d e r e d by b l e a c h e d a n d 
r u s t e d a l t e r a t i o n z o n e s up t o 1.5 m w i d e , 
b u t siome weak k a o l i n i z a t i o n and a l t e r a t i o n 
i n t h e d i o r i t e i s e v i d e n t up t o 3 m f r o m t h e 
v e i n s . 

A s s a y r e s u l t s f r o m m i n e r a l i z e d mater i a l 
t a k e n a t t h e s o u t h e r n end o f t h e v e i n a r e 
shown i n T a b l e 2 ( v e i n 5) . M i n e r a l i z a t i o n 
h o s t e d i n t h e h o r n f e l s a t t h e n o r t h e r n end 
o f t h e v e i n a s s a y s Au 7.5 ppm, Ag 4 ppm, Cu 
0.01%, Pb 0.005%, Zn 19 ppm. Mo < 6 ppm, As 
8.0% and Sb 217 ppm. 

PROVIDENCE NINE 

INTRODDCTION 

The P r o v i d e n c e m i n e p r o p e r t y ( M i n e r a l 
I n v e n t o r y 92H/NW-30) i s s i t u a t e d c l o s e t o 
t h e s h o r e o f H a r r i s o n L a k e , a p p r o x i m a t e l y 5 
km s o u t h e a s t o f D o c t o r s P o i n t ( F i g . 2 ) . I t 
was worked a t t h e t u r n o f t h e c e n t u r y b u t 
p r e c i s e d e t a i l s c o n c e r n i n g t h e e a r l y work, 
t h e number and o r i e n t a t i o n o f t h e v e i n s and 
t h e t o n n a g e m i n e d , as r e p o r t e d i n t h e A n n u a l 
R e p o r t s o f t h e B.C. M i n i s t r y o f M i n e s f o r 
1 8 9 7 , 19 01 a n d 19 29 a r e c o n f u s i n g a n d 
c o n t r a d i c t o r y . T h e e a r l y l i t e r a t u r e 
d e s c r i b e s p y r i t i c m i n e r a l i z a t i o n c o n t a i n i n g 
4 0 % f r e e g o l d h o s t e d i n a n o r t h e r l y 
t r e n d i n g , 0.3 t o 1.3-m-wide q u a r t z v e i n . A 

s h a f t and 175-m-long a d i t were d r i v e n and i n 
1 8 9 6 , a 9 1 - t o n n e s h i p m e n t , w h i c h w a s 
p r e s u m a b l y d e r i v e d f r o m t h i s v e i n , r e 
p o r t e d l y y i e l d e d 4665 grams o f g o l d (B.C. 
M i n e r a l I n v e n t o r y F i l e 9 2H/NW-30) ; t h i s 
i n d i c a t e s an a v e r a g e g r a d e o f 51 grams g o l d 
p e r t o n n e ! The p r e s e n t l o c a t i o n o f t h i s 
m i n e r a l i z e d v e i n o n t h e p r o p e r t y i s 
u n c e r t a i n and no g e o c h e m i c a l o r m i n e r a l o -
g i c a l d a t a c o n c e r n i n g t h i s g o l d 
m i n e r a l i z a t i o n i s a v a i l a b l e . 

The m i n e r a l i z a t i o n we w i l l e x a m i n e on 
t h e p r o p e r t y was n o t m e n t i o n e d i n t h e e a r l y 
l i t e r a t u r e and i s s i t u a t e d a p p r o x i m a t e l y 100 
m n o r t h o f w h e r e D a v i d s o n C r e e k e n t e r s 
H a r r i s o n L a k e ( F i g . 6 ) . The v e i n s a r e n o t 
g o l d b e a r i n g , b u t c a r r y Zn-Pb-Ag m i n e r a l i 
z a t i o n w i t h i n a q u a r t z - c a r b o n a t e gange. One 
s h a f t a n d f o u r ad i t s o f v a r i o u s l e n g t h s 
( F i g . 6) were d r i v e n t h r o u g h t h e v e i n s and 
e x a m p l e s o f t h e m i n e r a l i z a t i o n and v e i n 
b r e c c i a t e x t u r e s c a n be s e e n on t h e t a i l i n g s 
dump. 

F i g u r e 6. G e o l o g y a n d p l a n o f t h e 
P r o v i d e n c e Z n - P b m i n e , H a r r i s o n L a k e . 
( A f t e r Ray e t a l . , 1984) 

GEOLOGY AND Zn-Pb-Ag MINERALIZATION 

T h e r e g i o n a l g e o l o g y a r o u n d t h e 
P r o v i d e n c e mine p r o p e r t y c o n s i s t s p r i m a r i l y 
o f m a s s i v e , d a r k v o l c a n i c r o c k s o f presumed 
a n d e s i t i c a n d / o r b a s a l t i c c o m p o s i t i o n , w i t h 
l e s s e r a m o u n t s o f v o l c a n i c b r e c c i a . A 
m a j o r , n o r t h - n o r t h e a s t - t r e n d i n g f a u l t p a s s e s 
a l o n g D a v i d s o n C r e e k and t h e Z n - P b - A g -
b e a r i n g v e i n s a r e c o n t r o l l e d by s e v e r a l 
f r a c t u r e s w h i c h a r e e i t h e r s u b p a r a l l e l t o , 
o r r e p r e s e n t s p l a y s f r o m , t h e D a v i d s o n C r e e k 
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f a u l t . The g e o l o g y and l o c a t i o n o f t h e two 
m i n e r a l i z e d v e i n s and t h e a d i t s and s h a f t 
a r e shown on F i g u r e 6. Two a d i t s (Nos. 1 
and 2) were d r i v e n i n f r o m t h e l a k e s h o r e 
and f o l l o w t h e v e i n s f o r s h o r t d i s t a n c e s . 
I m m e d i a t e l y n o r t h o f t h e No. 2 a d i t ( F i g . 6) 
p i l l o w e d v o l c a n i c s and aquagene b r e c c i a s a r e 
s e e n . A 4-m-long a d i t (No. 4) was d r i v e n 
a l o n g t h e s o u t h e r n end o f t h e e a s t e r n v e i n , 
w h i l e t h e 34-m-long No. 3 a d i t was d r i v e n 
c l o s e by i n a w e s t e r l y d i r e c t i o n ( F i g . 6) . 
T h e N o . 3 a d i t i n t e r s e c t s a s o u t h e r n 
e x t e n s i o n o f t h e two v e i n s ; h o w e v e r t h e 
v e i n s a r e p o o r l y d e v e l o p e d i n t h e a d i t and 
c o n t a i n o n l y m i n o r p y r i t e . On s u r f a c e t h e 
w e s t e r n v e i n was d e e p l y t r e n c h e d a nd t h e 
s h a f t was d r i v e n down t h e c e n t r a l p o r t i o n o f 
t h e e a s t e r n v e i n ( F i g . 6) . The v e i n s a r e 
s t e e p l y d i p p i n g and have a maximum w i d t h o f 
a p p r o x i m a t e l y 0.7 m; t h e y l a r g e l y c o m p r i s e a 
c o m p l e x q u a r t z - c a r b o n a t e b r e c c i a t h a t h a s 
s h a r p , o f t e n f r a c t u r e d c o n t a c t s w i t h t h e 
s u r r o u n d i n g a n d e s i t e s . H o w e v e r , t h e 
w a l l r o c k s up t o 3 m f r o m t h e v e i n s c a r r y 
i r r e g u l a r , s u b p a r a l l e l v e i n l e t s o f q u a r t z 
and c a l c i t e , w h i l e t h e a n d e s i t e s i m m e d i a t e l y 
a d j a c e n t t o t h e m a i n v e i n s c o n t a i n 
d i s s e m i n a t e d p y r i t e . S u l p h i d e s a r e 
s p o r a d i c a l l y d e v e l o p e d i n t h e v e i n s ; i n t h e 
No. 3 and No. 4 a d i t s ( F i g . 6) o n l y weak 
p y r i t e i s s e e n , w h i l e t h e t r e n c h o v e r l y i n g 
t h e w e s t e r n v e i n c a r r i e s p y r i t e w i t h weak 
c h a l c o p y r i t e a n d r a r e b o r n i t e . On t h e 
t a i l i n g s dump, h o w e v e r , n u m e r o u s l a r g e 
s p e c i m e n s c o n t a i n i n g a b u n d a n t s u l p h i d e s a r e 
s e e n . I n hand s p e c i m e n t h e b r e c c i a t e d and 
m i n e r a l i z e d v e i n m a t e r i a l c o n s i s t s o f 
a n g u l a r t o r o u n d e d c l a s t s o f r h y t h m i c a l l y 
l a y e r e d , c r y s t a l l i n e and vuggy q u a r t z up t o 
8 cm i n d i a m e t e r , embedded i n a c a r b o n a t e 
m a t r i x . These q u a r t z f r a g m e n t s t e n d t o be 
m a t r i x s u p p o r t e d and do n o t ap p e a r t o c a r r y 
a n y s u l p h i d e s . The c a r b o n a t e c e m e n t i s 
o f t e n r h y t h m i c a l l y b a n d e d a n d a s s o c i a t e d 
w i t h c o l l i f o r m l a y e r e d , d a r k - c o l o u r e d 
s p h a l e r i t e , t o g e t h e r w i t h f i n e g a l e n a , 
c h a l c o p y r i t e a n d p y r i t e . I n p a r t s t h e 
c a r b o n a t e m a t e r i a l i s a l s o e x t e n s i v e l y 
b r e c c i a t e d and r e c e m e n t e d , i n d i c a t i n g t h e 
v e i n s u f f e r e d r e p e a t e d f a u l t m o v e m e n t s . 
T r a c e e l e m e n t a n a l y s e s on s a m p l e s c o l l e c t e d 
f r o m t h e t a i l i n g s dump a r e shown i n T a b l e 3; 
t h e s e show t h e z i n c - l e a d - c o p p e r m i n e r a l i z a 
t i o n i s a s s o c i a t e d w i t h a n o m a l o u s amounts o f 
a n t i m o n y , b i s m u t h , s i l v e r and m e r c u r y ; t h e 
l a t t e r r e a c h i n g c o n c e n t r a t i o n s o f up t o 17 
ppm. 

The complex b r e c c i a t e d t e x t u r e s i n t h e 
v e i n s s u g g e s t t h a t t h e f o l l o w i n g s e q u e n c e o f 
d e f o r m a t i o n and m i n e r a l i z a t i o n o c c u r r e d : 

(1) E a r l y n o r t h e a s t - t r e n d i n g , b r i t t l e 
f a u l t i n g i n t h e a n d e s i t e s p r o d u c e d s u b -
v e r t i c a l , open f r a c t u r e s . 

(2) D e p o s i t i o n o f banded, c r u s t i f o r m , v uggy, 
p o s s i b l y e p i t h e r m a l q u a r t z , w h i c h was 
p o s s i b l y a s s o c i a t e d w i t h t h e m e r c u r y , 
b i s m u t h and a n t i m o n y . 

(3) A s e c o n d p e r i o d o f f a u l t i n g c a u s i n g 
b r e c c i a t i o n o f q u a r t z v e i n . 

(4) T h e i n t r o d u c t i o n o f t h e c a r b o n a t e 
m a t r i x , t o g e t h e r w i t h t h e l e a d , •* z i n c , 
s i l v e r and c o p p e r m i n e r a l i z a t i o n . 

(5) A t h i r d p e r i o d o f f a u l t i n g c a u s i n g 
r e b r e c c i a t i o n o f t h e q u a r t z a n d 
f r a c t u r i n g o f th e c a r b o n a t e m a t r i x . 

TABLE 3 
TRACE ELEMENT ANALYTICAL RESULTS OF MINERALIZED GRAB SAMPLES, 

PROVIDENCE MINE TAILINGS DUMP, HARRISON LAKE 

Sample No* 28084 28085 28086 28087 

Au 0.7 <0.3 <0.3 <0.7 
Ag 30 <10 86 23 
Cu 0 . 1 * 115 0.55$ 160 
Pb 0.36$ 255 0.7$ 590 
Zn 2.04$ 910 2.6$ 0.37$ 
Co 6 16 5 7 
Mo <3 3 <3 4 
Nt 6 16 10 12 
Sb 3B 23 43 95 
BI 15 <5 7 7 
As 570 740 320 300 
Hg 17 2 13 9 

1 
A l l va lues ( i n c l u d i n g Hg) In ppm except where recorded in 
per cent 

DAY 1 - AFTERNOON 
RN MINE (GEO) 

G.E. Ray and D.R. M a c Q u a r r i e 

INTRODUCTION 

T h e RN m i n e p r o p e r t y i s s i t u a t e d 
a p p r o x i m a t e l y 4 km n o r t h e a s t o f H a r r i s o n H o t 
S p r i n g s ( F i g . 2) . The g o l d i s h o s t e d i n 
q u a r t z v e i n s a n d s t r i n g e r s t h a t c u t two 
s m a l l d i o r i t e - q u a r t z d i o r i t e p l u t o n s ; t h e 
p l u t o n s i n t r u d e h o r n f e l s e d , d e f o r m e d s l a t y 
p e l i t i c m e t a s e d i m e n t a r y r o c k s ( F i g . 7 ) . I n 
t h e l a t e 1970' s, a 50-m a d i t was dr i v e n and 
a 3 7 - t o n n e b u l k s a m p l e a v e r a g e d 31 grams 
g o l d p e r to n n e (B.C. M i n e r a l I n v e n t o r y F i l e 
92H/SW-92) . I n 1983 t h e p r o p e r t y was r e 
e v a l u a t e d b y A b o O i l C o r p o r a t i o n who 
r e p o r t e d a 1 1 0 0 - t o n n e t e s t b u l k s a m p l e 
a v e r a g i n g 45 grams g o l d p e r to n n e (Huber, 
1 9 8 3 ) . A d r i l l i n g p r o g r a m was c o m p l e t e d i n 
1983 and 1984 w i t h e n c o u r a g i n g r e s u l t s ; f o r 
ex a m p l e , h o l e 83-23 ( F i g . 7) i n t e r s e c t e d a 
22-m s e c t i o n a v e r a g i n g 4.7 grams g o l d p e r 
t o n n e , w h i l e h o l e 84-29 i n t e r s e c t e d 40 m 
a v e r a g i n g 4.6 gra m s g o l d p e r t o n n e . An 
o p t i o n agreement t o work t h e p r o p e r t y has 
r e c e n t l y been s i g n e d w i t h K e r r A d d i s o n M i n e s 
L t d . 

GEOLOGY 

The g e o l o g y o f t h e RN mine a r e a i s shown 
on F i g u r e 7; t h e a r e a i s l a r g e l y u n d e r l a i n 
b y d e f o r m e d m e t a p e l i t e s t h a t b e l o n g t o 

9-9 
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e i t h e r t h e P e n n s y l v a n i a ] ! t o P e r m i a n 
C h i l l i w a c k G r o u p , o r t o t h e M i d d l e J u r a s s i c 
M y s t e r i o u s C r e e k F o r m a t i o n . These r o c k s a r e 
i n t r u d e d by s e v e r a l s m a l l p l u t o n s r a n g i n g 
f r o m g a b b r o t o q u a r t z d i o r i t e i n c o m p o s i t i o n 
and t h e g o l d i s h o s t e d i n q u a r t z v e i n s and 
s t r i n g e r s t h a t a r e d e v e l o p e d w i t h i n t h e 
d i o r i t e - q u a r t z d i o r i t e bod i e s ; t h e v e i n s 
r a p i d l y d i e o u t i n t h e met a p e l i t e s . The 
q u a r t z v e i n s f o r m two d i f f e r e n t l y o r i e n t a t e d 
s e t s , o n e b e i n g s u b v e r t i c a l l y i n c l i n e d , 
w h i l e t h e o t h e r i s g e n t l y d i p p i n g t o s u b -
h o r i z o n t a l . T h e v e i n s , w h i c h r e a c h a 
maximum w i d t h o f 0.3 m, g e n e r a l l y have s h a r p 
c o n t a c t s w i t h t h e q u a r t z - d i o r i t e s and can 
e x h i b i t w e a k l y s h e a r e d m a r g i n s w i t h 
s l i c k e n s i d i n g . They c o n t a i n b o t h masses and 
d i s s e m i n a t i o n s o f p y r r h o t i t e w i t h l e s s e r 
amounts o f p y r i t e ; t h e l a t t e r l o c a l l y f o r m s 
c o a r s e c u b e s . The p y r i t e d i s t r i b u t i o n i s 
p a t c h y ; i t a p p e a r s t o be a l a t e m i n e r a l as 
i t i s a s s o c i a t e d w i t h l a t e c r y s t a l l i n e 
q u a r t z . R a r e c h a l c o p y r i t e and m o l y b d e n i t e 
a r e p r e s e n t and some v e i n s c o n t a i n t r a c e s o f 
s c h e e l i t e and b i s m u t h t e l l u r i d e . V i s i b l e 
f r e e g o l d i s b e s t s e e n i n t h e d r i l l c o r e . 

S e r i c i t e i s a l s o commonly f o u n d i n t h e 
v e i n s , m o s t l y b e i n g c o n c e n t r a t e d t o w a r d t h e 
m a r g i n s and o c c a s i o n a l l y f o r m i n g t h i n seams 
t h a t s e p a r a t e t h e v e i n s f r o m t h e d i o r i t e . 
Some q u a r t z c r y s t a l s i n t h e v e i n s a l s o 
i n c l u d e s m a l l b l e b s o f c a l c i t e , w h i l e t h e 
b i o t i t e - h o r n b l e n d e q u a r t z d i o r i t e i s a l t e r e d 
and c o n t a i n s f i n e l y d i s s e m i n a t e d p y r r h o t i t e 
and p y r i t e some c o n s i d e r a b l e d i s t a n c e f r o m 
t h e v e i n c o n t a c t s . A n a l y s e s ( T a b l e 4) 
i n d i c a t e t h a t some o f t h e s u l p h i d e - r i c h , 
g o l d - b e a r i n g q u a r t z v e i n s c o n t a i n w e a k l y 
anomalous amounts o f c o p p e r and molybdenum. 
However, i n c o n t r a s t t o t h e m i n e r a l i z a t i o n 
a t P r o v i d e n c e mine and D o c t o r s P o i n t , t h e r e 
i s no e n r i c h m e n t i n m e r c u r y a n d o n l y 
s p o r a d i c and weak e n r i c h m e n t i n a n t i m o n y and 
b i s m u t h . 

The s e r i c i t e i n t h e v e i n s g i v e s a K/Ar 
age o f 24.5+1 Ma w h i c h i s a c c e p t e d as t h e 
age o f t h e g o l d m i n e r a l i z a t i o n . T h i s d a t e 
c o i n c i d e s w i t h a p r e l i m i n a r y K/Ar age o f 25 
Ma ( J . H a r a k a l , p e r s . comm., 1984) o b t a i n e d 
f r o m a d i o r i t e p l u t o n a t D o c t o r s P o i n t . 
T h u s , a s y n c h r o n o u s p l u t o n i c a n d g o l d 
m i n e r a l i z i n g e v e n t p r o b a b l y t o o k p l a c e a l o n g 
t h e H a r r i s o n L a k e f r a c t u r e s y s t e m i n L a t e 
O l i g o c e n e - E a r l y M i o c e n e t i m e s . T h i s e v e n t 
i s c o e v a l w i t h some ages o b t a i n e d f r o m b o t h 
t h e M ount B a r r and C h i l l i w a c k b a t h o l i t h s 
( R i c h a r d s and W h i t e , 1970) , w h i c h l i e a l o n g 
a p r o j e c t e d s o u t h e a s t e r l y e x t e n s i o n o f t h e 
H a r r i s o n L a k e f r a c t u r e s y s t e m . 
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F i g u r e 7. G e o l o g y o f t h e RN mine v i c i n i t y , 
H a r r i s o n L a k e . 

GENERAL CONCLUSIONS ON THE 
HARRISON LAKE MINERALIZATION 

(1) G o l d m i n e r a l i z a t i o n a l o n g t h e H a r r i s o n 
L a k e f r a c t u r e s y s t e m ( F i g . 2) i s h o s t e d 
i n r o c k s o f v a r i o u s a g e s a n d 
l i t h o l o g i e s , b u t a l l p r e c i o u s m e t a l 
o c c u r r e n c e s d i s c o v e r e d t o d a t e r e p r e s e n t 
v e i n - t y p e m i n e r a l i z a t i o n . 

(2) G o l d t h r o u g h o u t t h e r e g i o n i s a l w a y s 
a s s o c i a t e d w i t h v a r y i n g a m o u n t s o f 
s u l p h i d e s , o f w h i c h p y r i t e a n d 
c h a l c o p y r i t e a r e t h e most w i d e s p r e a d . 
S p h a l e r i t e and g a l e n a a r e f o u n d a t t h e 
P r o v i d e n c e mine; a r s e n o p y r i t e i s abun
d a n t a t D o c t o r s p o i n t , r a r e a t t h e RN 
p r o p e r t y , and a b s e n t a t t h e P r o v i d e n c e 
m i n e . 

(3) M e r c u r y , a n t i m o n y a n d b i s m u t h a r e 
a s s o c i a t e d w i t h t h e P r o v i d e n c e mine and 
D o c t o r s P o i n t m i n e r a l i z a t i o n , b u t a r e 
g e n e r a l l y a b s e n t a t t h e RN m i n e . 

(4) A t t w o w i d e l y s e p a r a t e d p r o p e r t i e s 
( D o c t o r s P o i n t and t h e RN mine) t h e g o l d 
m i n e r a l i z a t i o n i s a s s o c i a t e d w i t h a 25 
Ma e p i s o d e o f d i o r i t e - q u a r t z d i o r i t e 
p l u t o n i s m . 

(5) The H a r r i s o n L a k e f r a c t u r e s y s t e m i s 
a s s o c i a t e d w i t h m a n y f a v o u r a b l e 
g e o l o g i c a l a n d g e o c h e m i c a l f a c t o r s 
i n d i c a t i n g i t r e p r e s e n t s a good r e g i o n a l 
e x p l o r a t i o n t a r g e t f o r b o t h v e i n - t y p e 
and C a r l i n - t y p e e p i t h e r m a l g o l d m i n e r a l 
i z a t i o n . 
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(6) T h e r e a r e some g e o l o g i c a l i n d i c a t i o n s 
(Ray and Coombes, 1985) t h a t t h e Gambier 
Group (?) r o c k s a t D o c t o r s P o i n t and t h e 
F i r e L a k e G r o u p a t F i r e M o u n t a i n w a r r a n t 
e x p l o r a t i o n f o r m a s s i v e s u l p h i d e 
m i n e r a l i z a t i o n . 

TABLE 4 
TRACE ELEMENT ANALYTICAL RESULTS Of" MINERALIZED QUARTZ VEINS, 

RN MINE, HARRISON LAKE 

le No. 28088 28089 28436 28439 

Au 1.4 4.3 4.8 190 
Ag <10 <10 5 68 
Cu 690 240 44 185 
Pb 10 3 4 59 
Zn 21 16 13 7 
Co 19 31 39 89 
Mo <3 6 <3 <3 

NI 15 8 <1 1 
Sb <3 <3 <10 23 
BI NA NA 4 91 
As <5 <5 61 5 
Hg <15 ppb <15 ppb NA NA 
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DAY 2 - MORNING 
CAROLIN GOLD MINE 

G.E. Ray, R . J . E . N i e l s and J.T. S h e a r e r 

INTRODUCTION 

C a r o l i n g o l d mine l i e s a p p r o x i m a t e l y 20 
km n o r t h e a s t o f Hope, B r i t i s h C o l u m b i a ( F i g . 
1) , b e i n g s i t u a t e d i n t h e h e a d w a t e r v a l l e y 
o f L a d n e r C r e e k , a t r i b u t a r y o f t h e 
C o q u i h a l l a R i v e r . A c c e s s f r o m Hope i s v i a a 
23-km-long g r a v e l r o a d p a s s i n g n o r t h e a s t w a r d 
a l o n g t h e d i s u s e d C o q u i h a l l a R a i l w a y r o u t e 
and t h e n a n o r t h e r l y t u r n o f f up a s t e e p , 
6-km-long g r a v e l r o a d t o t h e mine. The r o a d 
j o u r n e y f r o m Hope t o t h e mine t a k e s a p p r o x 
i m a t e l y 45 m i n u t e s . 

The mine s t a r t e d r e g u l a r p r o d u c t i o n i n 
1982 and c o m p r i s e d a 1.5 m i l l i o n - t o n n e o r e 
zone g r a d i n g 4.8 grams g o l d p e r t o n n e ( a t a 
c u t o f f g r a d e o f 2.7 grams g o l d p e r t o n n e ) . 
The m i n e r a l i z a t i o n i s h o s t e d i n J u r a s s i c 
m e t a s e d i m e n t s o f t h e L a d n e r G r o u p , c l o s e t o 
b o t h t h e i r u n c o n f o r m a b l e c o n t a c t w i t h o l d e r 
g r e e n s t o n e s o f t h e S p i d e r Peak F o r m a t i o n and 
t h e i r f a u l t e d c o n t a c t w i t h u l t r a m a f i c r o c k s 
o f t h e C o q u i h a l l a s e r p e n t i n e b e l t ( F i g . 8) . 
T h i s t r i p s h o u l d i n c l u d e an e x a m i n a t i o n o f 
t h e v a r i e d s u r f a c e g e o l o g y . We w i l l a l s o 
l o o k a t t h e m i n e r a l i z e d s u r f a c e e x p o s u r e o f 
t h e C a r o l i n mine d e p o s i t ( I d a h o zone) whose 
o r i g i n a l d i s c o v e r y r e s u l t e d i n t h e c u r r e n t 
mine d e v e l o p m e n t . 

MINING HISTORY IN THE COQUIHALLA BELT 

By t h e e a r l y p a r t o f t h i s c e n t u r y , 
numerous g o l d - b e a r i n g q u a r t z v e i n s had been 
d i s c o v e r e d i n r o c k s a d j a c e n t t o t h e e a s t e r n 
edge o f t h e C o q u i h a l l a s e r p e n t i n e b e l t . The 
l o c a t i o n o f t h e s e o c c u r r e n c e s and d e p o s i t s 
c ompr i s i n g t h e C o q u i h a l l a g o l d b e l t a r e 
shown on F i g u r e 9. The e a r l y d i s c o v e r i e s 
l e d t o e r r a t i c p r o d u c t i o n f r o m f o u r 
d e p o s i t s : t h e Ward, P i p e s t e r n . E m a n c i p a t i o n 
and Aurum. A l l f o u r p r o p e r t i e s a r e now 
c l o s e d and t h e m i n e r a l i z a t i o n and g e o l o g y a t 
t h e s e s i t e s have been d e s c r i b e d by C a i r n e s 
(1924 , 1929) . The r e p o r t e d p r o d u c t i o n f r o m 
t h e s e f o u r p r o p e r t i e s and C a r o l i n mine a r e 
shown i n T a b l e 5. 

T h e W a r d , s i t u a t e d o n S i w a s h C r e e k 
a p p r o x i m a t e l y 10 km n o r t h - n o r t h w e s t o f 
C a r o l i n mine ( F i g . 9) , was worked i n 1905 
and 1911 ( T a b l e 5 ) . The m i n e r a l i z e d q u a r t z 
v e i n s w e r e h o s t e d i n f e l s i c s i l l s t h a t 
i n t r u d e t h e L a d n e r G r o u p ; t h e g o l d i s 
a s s o c i a t e d w i t h p y r i t e , c h a l c o p y r i t e , t r a c e s 
o f g a l e n a a n d r a r e g l o b u l e s o f m e r c u r y 
(Bateman, 1 9 1 1 ) . 

The Emanc i p a t i o n m i n e , l o c a t e d 2.5 km 
s o u t h e a s t o f C a r o l i n mine ( F i g s . 9 and 1 0 ) , 
w a s o r i g i n a l l y s t a k e d i n 1 9 1 3 , w i t h 
p r o d u c t i o n o c c u r r i n g f r o m 1 9 1 6 t o 1 9 4 1 
( T a b l e 5) . M i n e r a l i z a t i o n a t E m a n c i p a t i o n 

was i n q u a r t z v e i n s c u t t i n g s h e a r e d and 
a l t e r e d v o l c a n i c g r e e n s t o n e s c l o s e t o t h e i r 
f a u l t e d c o n t a c t w i t h s e r p e n t i n i t e s . The 
g o l d - b e a r i n g q u a r t z v e i n s c o n t a i n e d s i l v e r , 
p y r i t e , a r s e n o p y r i t e , p y r r h o t i t e , 
c h a l c o p y r i t e and c a l c i t e . 

I n 1 9 2 6 - 1 9 2 7 , t h e A u r u m d e p o s i t was 
d i s c o v e r e d a p p r o x i m a t e l y 450 m s o u t h o f t h e 
p r e s e n t C a r o l i n m i n e o r e b o d y ( F i g . 1 0 ) . 
S p e c t a c u l a r v a l u e s o f f r e e g o l d , h o s t e d i n a 
t a l c o s e s h e a r , were f o u n d w i t h i n t h e E a s t 
Hozameen f a u l t , w h i c h i s a maj o r f r a c t u r e 
m a r k i n g t h e e a s t e r n m a r g i n o f t h e C o q u i h a l l a 
s e r p e n t i n e b e l t ( F i g s . 10 a n d 1 1 ) . A t 
Aurum, g o l d was a s s o c i a t e d w i t h p y r r h o t i t e , 
p y r i t e , c h a l c o p y r i t e , a r s e n o p y r i t e a n d 
p o s s i b l y m i l l e r i t e ( C a i r n e s , 1 9 2 9 ) . 

The P i p e s t e m d e p o s i t , s i t u a t e d 3 km 
n o r t h w e s t o f C a r o l i n mine ( F i g . 9 and 10) , 
was s t a k e d i n 1922, b u t was m a i n l y e x p l o r e d 
a n d w o r k e d i n t h e m i d t o l a t e 19 3 0 ' s . 
E x t e n s i v e u n d e r g r o u n d w o r k i n g s were d r i v e n 
on f o u r l e v e l s and a m i l l was c o n s t r u c t e d . 
O n l y 8.4 kg o f g o l d were r e p o r t e d l y p r o d u c e d 
( T a b l e 5) ; however, t h e s i z e and g r a d e o f 
some s t o p e s a t P i p e s t e m mine s u g g e s t s t h a t 
t h e s t a t i s t i c s i n t h e B.C. M i n e r a l I n v e n t o r y 
f i l e a r e i n c o r r e c t and t h a t c o n s i d e r a b l y 
more g o l d was p r o d u c e d . M i n e r a l i z a t i o n i s 
h o s t e d i n v e i n s o f q u a r t z b r e c c i a t h a t c u t 
f r a c t u r e d s e d i m e n t a r y w a c k e s b e l o n g i n g t o 
the L a t e J u r a s s i c Dewdney C r e e k G r o u p (Ray, 
1984) . The g o l d and s i l v e r i s a s s o c i a t e d 
w i t h p y r i t e and a r s e n o p y r i t e . 

T h e C a r o l i n m i n e c l a i m s ( o r i g i n a l l y 
c a l l e d t h e 'Idaho c l a i m s ' ) were f i r s t s t a k e d 
i n 1915 and t h e s u r f a c e e x p o s u r e s o f t h e 
I d a h o z o n e , t h e g o l d d e p o s i t w h i c h c o m p r i s e s 
t h e c u r r e n t C a r o l i n m i n e o p e r a t i o n , were 
i n i t i a l l y d e s c r i b e d by C a i r n e s ( 1 9 2 9 ) . I n 
194 5 and 1946, n i n e s h a l l o w d i a m o n d - d r i l l 
h o l e s w e r e c o l l a r e d i n t h e I d a h o z o n e 
r e s u l t i n g i n m i n e r a l i z e d i n t e r s e c t i o n s 
a v e r a g i n g 5.4 m w i d t h g r a d i n g 5.8 grams g o l d 
p e r t o n n e . I n 1966, 2400 m o f t r e n c h i n g was 
c o m p l e t e d by Summit M i n i n g L t d . ; t h i s work 
e x t e n d e d t h e m i n e r a l i z e d zone f o r a s t r i k e 
l e n g t h o f 75 m. F o l l o w i n g an i n c r e a s e i n 
g o l d p r i c e s , C a r o l i n M i n e s L t d . c o n d u c t e d a 
m a j o r e x p l o r a t i o n and d r i l l i n g p r o g r a m on 
t h e p r o p e r t y i n 197 3. By t h e end o f 1974, 
t h e m i n i n g p o t e n t i a l o f t h e I d a h o zone was 
r e a l i z e d and i n 1975 a s i m i l a r g o l d - b e a r i n g 
zone o f c o n s i d e r a b l e e c o n o m i c p o t e n t i a l , t h e 
McM a s t e r zone ( F i g . 1 0 ) , was d i s c o v e r e d 2 km 
n o r t h - n o r t h w e s t o f t h e I d a h o z o n e . A b u l k 
s a m p l i n g d e c l i n e i n t o t h e I d a h o zone was 

* Due t o t h e i n i t i a t i v e o f J.W.T. S h e a r e r , 
a s s i s t e d by C a r o l i n M i n e s L t d . , t h e o r i g i n a l 
P i p e s t e m mine m i l l has been moved t o Hope 
and r e n o v a t e d ; i t c a n now be s e e n a t t h e 
Hope M i n i n g Museum. 
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V 

m 

D 

H 

LEGEND 

COQUIHALLA VOLCANIC COMPLEX (TERTIARY) 

SKAGIT FORMATION (TERTIARY) 

CHILLIWACK BATHOLITH (OLIGOCENE) 

NEEDLE PEAK PLUTON (TERTIARY) 

HELLS GATE PLUTON (TERTIARY) 

ASSORTED GRANITIC ROCKS OF VARIOUS AGES, 

INCLUDES SOME CUSTER—SKAGIT GNEISS IN PARTS 

PASAYTEN GROUP (LOWER CRETACEOUS) 

JACKASS MOUNTAIN GROUP (LOWER CRETACEOUS) 
DEWDNEY CREEK GROUP — DIFFERENTIATED 

(UPPER JURASSIC) 

LADNER AND DEWDNEY CREEK GROUPS 
— UNDIFFERENTIATED (LOWER—UPPER JURASSIC) 

COQUIHALLA SERPENTINE BELT 

CHERTS, GREENSTONES, ARGILLITES 

PETCH CREEK SERPENTINE BELT 

H02AMEEN 
GROUP 
(PERMIAN-
JURASSIC) 

MOUNT LYTTON PLUTONIC COMPLEX 
(PERMIAN—JURASSIC) 

SCHIST, AMPHIBOLITE, PHYLLITE (AGE UNKNOWN) 

CUSTER-SKAGIT GNEISS (PRECAMBRIAN) 

LOCATION MAP 

f ' \ \ 
CHILLIWACK 

BATHOLITH 

7 
•49°00' 

30 ' 121°00' 

F i g u r e 8. R e g i o n a l g e o l o g y o f t h e H o p e - B o s t o n B a r - C o q u i h a l l a R i v e r a r e a . ( A d a p t e d a f t e r 
Monger, 1970 and Ray, 1 9 8 3 , 1984) 
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s t a r t e d i n 1977 and t h e m i l l , w i t h a 1360 
t o n n e - p e r - d a y d e s i g n c a p a c i t y , was c o m p l e t e d 
by t h e end o f 1981; t h e f i r s t d o r y b a r was 
p o u r e d on F e b r u a r y 11, 1982. The m i n i n g i s 
g e n e r a l l y by l o n g - h o l e s t o p i n g w i t h r i n g s 
p l a c e d 1.5 m a p a r t . O t h e r m i n i n g methods 
a r e used i n t h e n a r r o w e r p o r t i o n s o f t h e o r e 
zon e . The o u t l i n e d o r e r e s e r v e s i n 1982 on 
the I d a h o zone were r e p o r t e d as f o l l o w s : 

Tonnes 

2000000 
1500000 

g/tonne 

4.3 
4.8 

C u t o f f G r a d e 

1.7 g / t o n n e 
2.7 g / t o n n e 

I n f o r m a t i o n on e a r l y g o l d p r o d u c t i o n 
f r o m t h e C o q u i h a l l a g o l d b e l t , p a r t i c u l a r l y 
f r o m t h e Aurum and Ward d e p o s i t s , i s p o o r l y 
documented and u n r e l i a b l e . U n t i l c l o s u r e o f 
the E m a n c i p a t i o n mine i n 1941, a p p r o x i m a t e l y 
119.0 kg o f g o l d had been won f r o m t h e b e l t . 
Of t h i s , t h e m a j o r i t y (90.1 kg o f g o l d ) came 
f r o m E m a n c i p a t i o n m i n e , t h e most s o u t h e r l y 
d e p o s i t i n t h e b e l t ( F i g . 1 0 ) . I n i t s f i r s t 
y e a r o f o p e r a t i o n , C a r o l i n m i n e p r o d u c e d 
a p p r o x i m a t e l y 262 kg o f g o l d ( T a b l e 5) w h i c h 
i s more t h a n t w i c e t h e amount won f r o m t h e 
e n t i r e C o q u i h a l l a g o l d b e l t d u r i n g i t s 
p r e v i o u s 8 0 - y e a r h i s t o r y . 

TABLE 5 
GOLD PRODUCERS IN THE COQUIHALLA GOLD BELT 

No. on None of YaarU) of Total Sources 
Fig. 1 Mlno Production Production (kg) 

Au Ag 

1 Emancipat ion 1916-1941 90.1 18.3 

2 I Aurum 1930-1932 16.5 3.0 
1939-1942 

3 Idaho zone 1981-1982 253.2 Not 
( C a r o l i n e mine) repor ted 

4 Pipestem 

5 Ward 

5 Ward 

1935-1937 8.4 1.1 

1905 4.2 Not 
reported 

! 91 1 Not Not 3 
reported reported 

Sources 

1 B . C . Minera l Inventory F i l e 
2 Gold shipped up to December 31, 1982; P.W. R ichardson, personal 

communication 
3 B . C . M i n i s t r y of Energy, Mines 1 P e t . R e s . , Annual Report , 1917 

REGIONAL GEOLOGY 

G o l d o c c u r r e n c e s i n t h e C o q u i h a l l a g o l d 
b e l t a r e r e g i o n a l l y c l u s t e r e d c l o s e t o t h e 
e a s t e r n m a r g i n o f t h e C o q u i h a l l a s e r p e n t i n e 
b e l t ( F i g . 9 ) . T h i s s t e e p l y d i p p i n g , n o r t h -
n o r t h w e s t e r l y t r e n d i n g u n i t s e p a r a t e s 
J u r a s s i c t o C r e t a c e o u s s u c c e s s o r b a s i n 
d e p o s i t s o f t h e P a s a y t e n t r o u g h ( C o a t e s , 
1970, 1974) t o t h e n o r t h e a s t , f r o m P e r m i a n 
t o J u r a s s i c o c e a n i c s u p r a c r u s t a l s o f t h e 
Hozameen Group ( D a l y , 1912; C a i r n e s , 19 24; 

M c T a g g a r t arid Thompson, 1967; Monger, 1970, 
1 9 7 5 ) t o t h e s o u t h w e s t ( F i g . 8 ) . T h e 
H o z a m e e n G r o u p c o n t a i n s a t e c t o n i c a l l y 
a t t e n u a t e d o p h i o l i t e s u c c e s s i o n compr i s i n g 
b a s a l u l t r a m a f i c r o c k s o v e r l a i n i n t u r n by 
g r e e n s t o n e and c h e r t u n i t s (Ray, 1 9 8 4 ) . The 
g r e e n s t o n e s r e p r e s e n t c a l c - a l k a l i n e b a s a l t s 
o f m i x e d i s l a n d a r c , o c e a n r i d g e and o c e a n 
f l o o r o r i g i n . I n t h e C a r o l i n mine r e g i o n 
t h e Hozameen Group r o c k s have been s u b j e c t e d 
t o l o w e r g r e e n s c h i s t metamorphism and s t r o n g 
d e f o r m a t i o n ; some p a r t s a r e o v e r p r i n t e d by 
e i t h e r a s c h i s t o s i t y o r i n t e n s e , s u b h o r i -
z o n t a l m u l l i o n s t r u c t u r e s . 

The C o q u i h a l l a s e r p e n t i n e b e l t r e a c h e s 
i t s maximum d e v e l o p m e n t i n t h e C a r o l i n 
m i n e - C o q u i h a l l a R i v e r a r e a where i t e x c e e d s 
2 km i n w i d t h ( F i g s . 8 a n d 1 0 ) . I t 
g r a d u a l l y n a r r o w s t o t h e s o u t h and n o r t h 
u n t i l i n t h e B o s t o n B a r and M a n n i n g P a r k 
a r e a s (Monger, 1970; C o a t e s , 1974; C a r d i n a l , 
1982) t h e Hozameen and L a d n e r G r o u p s a r e i n 
d i r e c t f a u l t c o n t a c t ( F i g . 8 ) . D a r k , h i g h l y 
s h e a r e d t o m a s s i v e s e r p e n t i n i t e o f b o t h 
p e r i d o t i t e and d u n i t e p a r e n t a g e c h a r a c t e r i z e 
t h e b e l t , b u t i n i t s w i d e s t s e c t i o n i t a l s o 
c o n t a i n s s u b s t a n t i a l amounts o f c o a r s e t o 
f i n e - g r a i n e d i n t r u s i v e r o c k o f g a b b r o i c 
c o m p o s i t i o n t h a t f o r m s u b p a r a l l e l s h e e t s and 
l e n s e s up t o 250 m i n w i d t h . The g a b b r o i c 
l e n s e s g e n e r a l l y f o r m f a u l t - b o u n d e d 
s t r u c t u r a l b o u d i n s w i t h i n t h e s e r p e n t i n i t e , 
b u t i n some l o c a l i t i e s r e m n a n t c h i l l e d 
m a r g i n s i n t h e g a b b r o s s u g g e s t t h e s e r o c k s 
i n t r u d e and p o s t d a t e t h e s e r p e n t i n i t e . The 
s e r p e n t i n i t e c o n s i s t s l a r g e l y o f b o t h 
l a m e l l a r a n t i g o r i t e and m a s s i v e l i z a r d i t e , 
w i t h o n l y t r a c e a m o u n t s o f c h r y s o t i l e . 
P seudomorphs a f t e r p y r o x e n e and o l i v i n e a r e 
r e l a t i v e l y c o m m o n ; p a r t i a l l y a l t e r e d 
r e m n a n t s o f o r t h o p y r o x e n e a r e s e e n 
o c c a s i o n a l l y , b u t u n a l t e r e d o l i v i n e i s 
e x t r e m e l y r a r e . 

The e a s t e r n m a r g i n o f t h e C o q u i h a l l a 
s e r p e n t i n e b e l t i s s h a r p l y d e l i n e a t e d by t h e 
E a s t Hozameen f a u l t ( F i g s . 8, 9 and 10) 
w h i c h , due t o i t s s p a t i a l a s s o c i a t i o n w i t h 
many g o l d o c c u r r e n c e s , h as been mapped and 
s t u d i e d i n d e t a i l ( C a i r n e s , 1929; C o c h r a n e , 
e t a l . , 1 9 7 4 ; A n d e r s o n , 1976 ; C a r d i n a l , 
1981; Ray, 1982, 1983, 1984; W r i g h t e t a l . , 
1982) . The f a u l t i s p o o r l y e x p o s e d and 
g e n e r a l l y n o t m a r k e d b y a n y c h a n g e i n 
t o p o g r a p h y . I t g e n e r a l l y d i p s s t e e p l y 
e a s t w a r d a l t h o u g h i t l o c a l l y e x h i b i t s an 
u n d u l a t i n g r o l l i n g n a t u r e ( C a i r n e s , 1 9 2 9 ; 
C a r d i n a l , 1982) and may, i n p l a c e s , d i p 
s t e e p l y w e s t . The E a s t Hozameen f a u l t i s 
n o t a s i n g l e , s i m p l e f r a c t u r e , b u t c o m p r i s e s 
s e v e r a l g e n e r a t i o n s o f o b l i q u e , i n t e r s e c t i n g 
f a u l t s . T h i s may a c c o u n t f o r t h e v a r y i n g 
d e g r e e o f s h e a r i n g and a l t e r a t i o n a l o n g t h e 
f a u l t s y s t e m ; i n p a r t s t h e s e r p e n t i n i t e 
c o n t a c t i s s h a r p and f r e s h , w h i l s t e l s e w h e r e 
a d i f f e r e n t f a u l t g e n e r a t i o n i s o c c u p i e d by 
a zone o f h i g h l y s h e a r e d t a l c s e v e r a l m e t r e s 
i n w i d t h ( C a i r n e s , 1929; C a r d i n a l , 1 9 8 2 ) . 

9-14 



PRECIOUS METALS 

fry.'1 - WfMMMMMM^^ 
T+i M I i I 4 
t44+t4-rt+T-

i l i l i l i i l t t t m 
J A C K A S S MOUNTA1N GRQU tern* 

- v r r T TT ! T I 1 I i I I I 1 1 I I I M I I I t I ! I 

s?+ + + + + 
++++++++++ 

+ + + + + + + + + + + + 
+ + + + + + + + + + + + 

+ + + + + + + + +• + + + + + 
[?:::::::::*::::>3- +++++++++++++++ 

+ + + + + + 
i v / * * + + + -+- + + 
x ^ ^ S P i s : : : : : : : * : : : 1 : ^ " : ^ + + + + + + 

FOLIATED 
GRANODIORfTE , + , 

+ + T + + 

•*• + + + + 
+ +'•'+ + 

+ t + + 4 
• + + - , - + -

+ + + + + 
+ + + 

+ + + + 
+ + + 

+
+ y / / 

^ + + 
-<r+ + 

to + + + 

+ + + + + + + + + + + + + + + 
H-+ + + + + + + + + + + +• + + + + + + >' 

++++++ 
++++++ 

+++++++++++++++++++++ 
+ -L -L X -L J . J. I 1 > ,1. J . J - -I. .1. J . J . + _|_ _I_ _1_ 

- PEAK PLUTON 4- + + T * ! r L x ' - ! r ' " - r " - r " " ' V V^T* V f + + + + 
+ + * - + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + +- + + 
+ + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + 
/ 

S3tfti:':-:-:':::::-S+ + + + + + + + + + 
&'ii^: :: :: :: ;: :: :x ::V + + + + + + + + + 

- I C A R O L I N 
M I N E : -

1 ̂ V//y///////\fr*y//s///W<, ¥•:•: :•:• 

v voT^ v v r 
v V V v v\ 4 

^ A - v v v v i 
v \ v vv.S 

X 
PASAYTEN GROUP: 

t»y»,.f T Y - — X V 

DEWDNEY CREEK GROUP 

4V°30' 

km 
"VV v v \i 
V W V V 
V V \ V \ 

PAST OR PRESENT G O L D P R O D U C E R R E P O R T E D G O L D O C C U R R E N C E X 

1 = EMANCIPATION 
2 = A U R U M 
3 = IDAHO ZONE (CAROLIN MINE) 
4 = PIPESTEM 
5 = WARD 
6 • B R O K E N HILL 
7 - SNOWSTORM 
8 = M O N T A N A 

9 = RUSH OF THE B U L L 17 
10= G O L D E N C A C H E 18 
11 = McMASTE R ZONE 19 
12 = MURPHY 20 
13 = G E M 21 
14 = S T A R 22 
15 - HOME X 23 
16 = NORM A N D G E O R G I A 2 

E M I G R A N T 
RODDICK 
M A R V E L 

1 SPUZ A, 8, G A N D M O N U M E N T 
MAJESTIC 
G O L D COIN 
G O L D C O R D 

F i g u r e 9. R e g i o n a l s e t t i n g o f t h e C o q u i h a l l a g o l d b e l t . ( G e o l o g y a d a p t e d a f t e r Monger, 
1970) . 
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RAY ET AL. 

I n a t l e a s t f o u r w i d e l y s p a c e d l o c a l i t i e s , 
t h e E a s t Hozameen f a u l t c o n t a i n s t e c t o n i c 
s l i c e s o f f u c h s i t e - b e a r i n g g u a r t z - m a g n e s i t e 
r o c k { ' l i s t w a n i t e ' ) / some o f w h i c h a r e 
a s s o c i a t e d w i t h g o l d and a r s e n i c g e o c h e m i c a l 
a n o m a l i e s ( C a r d i n a l , 1 9 8 2 ) . T h i s r o c k t y p e 
i s w e l l d e v e l o p e d n o r t h o f Q u a l a r k C r e e k 
( F i g . 10) , where i t fo r m s a f a u l t - b o u n d e d , 
s t e e p l y d i p p i n g u n i t e x c e e d i n g 100 m i n 
w i d t h and 600 m i n s t r i k e l e n g t h . 

The w e s t e r n m a r g i n o f t h e s e r p e n t i n e 
b e l t , t h e West Hozameen f a u l t ( F i g . 9 and 
10) i s n o t a p p a r e n t l y a s s o c i a t e d w i t h g o l d 
m i n e r a l i z a t i o n a n d has c o n s e q u e n t l y b e e n 
i g n o r e d by p r e v i o u s w o r k e r s . N e v e r t h e l e s s , 
i t r e p r e s e n t s a m a j o r , s u b v e r t i c a l f r a c t u r e , 
w h i c h i s p r o b a b l y o f g r e a t e r r e g i o n a l 
s t r u c t u r a l i m p o r t a n c e t h a n i t s e a s t e r n 
c o u n t e r p a r t ( R a y , 1 9 8 2 , 1 9 8 3 ) . Hozameen 
G r o u p r o c k s c l o s e t o t h e s e r p e n t i n e b e l t 
s h o w s i g n s o f i n c r e a s e d d e f o r m a t i o n , 
s l i c k e n s i d i n g a n d s i l i c i f i c a t i o n , w h i l e 
s e r p e n t i n i t e s i m m e d i a t e l y a d j a c e n t t o t h e 
West Hozameen f a u l t c o n t a i n t h i n l a y e r s o f 
t a l c and v e r y m i n o r , p o o r q u a l i t y n e p h r i t e . 

The P a s a y t e n t r o u g h w h i c h l i e s e a s t and 
n o r t h e a s t o f t h e H o z a m e e n f a u l t s y s t e m 
( F i g s . 8 and 9) compr i s e s a s e d i m e n t a r y 
s u c c e s s i o n h a v i n g a maximum t h i c k n e s s o f 
9000 m. U n c o n f o r m a b l y u n d e r l y i n g t h e t r o u g h 
and f o r m i n g a basement t o i t , i s a v o l c a n i c 
g r e e n s t o n e s e q u e n c e o f E a r l y T r i a s s i c (?) 
age ( F i g . 10) , t h e S p i d e r Peak F o r m a t i o n , 
w h i c h g e o c h e m i c a l d a t a s u g g e s t l a r g e l y 
r e p r e s e n t s p i l i t i z e d o c e a n i c r i d g e b a s a l t s . 
The f o r m a t i o n i s t r a c e a b l e f o r o v e r 15 km 
a l o n g t h e e a s t s i d e o f t h e E a s t Hozameen 
f a u l t y w h e r e i t g e n e r a l l y f o r m s a t h i n , 
d i s c o n t i n u o u s s t r i p s e p a r a t i n g t h e L a d n e r 
G r o u p f r o m t h e Coqu i h a l l a s e r p e n t i n e b e l t 
( F i g 10) . Most o f t h e s e v o l c a n i c r o c k s a r e 
m a s s i v e , b u t b o t h t e c t o n i c a n d a q u a g e n e 
b r e c c i a t e x t u r e s a r e l o c a l l y p r e s e n t and 
some g r e e n s t o n e s c l o s e t o t h e L a d n e r Group 
u n c o n f o r m i t y d i s p l a y a m y g d a l e s , f a i n t 
l a y e r i n g a nd p i l l o w s t r u c t u r e s w i t h some 
r a r e i n t e r p i l l o w e d c h e r t b r e c c i a s . Some 
o u t c r o p s a r e a l s o c h a r a c t e r i z e d by l a r g e , 
r a n d o m l y o r i e n t e d c r y s t a l s o f l a t e 
s t i l p n o m e l a n e . 

The o l d e s t s e d i m e n t a r y r o c k s i n t h e 
P a s a y t e n t r o u g h , t h e E a r l y J u r a s s i c L a d n e r 
G r o u p , c o m p r i s e s a 600 t o 1 5 0 0 - m - t h i c k 
s u c c e s s i o n o f s l a t y a r g i l l i t e s and s i l t ¬
s t o n e s , w i t h l e s s e r amounts o f wacke, l i t h i c 
w a c k e and c o n g l o m e r a t e ( F i g . 1 3 ) . The 
L a d n e r G r o u p c o n t a i n s a l o c a l l y d e v e l o p e d 
c o a r s e l y c l a s t i c l o w e r u n i t t h a t h o s t s many 
of t h e g o l d o c c u r r e n c e s i n the C o q u i h a l l a 
g o l d b e l t , i n c l u d i n g t h e C a r o l i n m i n e 
o r e b o d y . T h i s l o w e r u n i t i s b e s t d e v e l o p e d 
i n t h e C a r o l i n m i n e v i c i n i t y w h e r e i t 
e x c e e d s 200 m i n t h i c k n e s s , b u t t o t h e n o r t h 
and s o u t h i t r a p i d l y t h i n s and d i e s o u t . 
O v e r t u r n e d f l a m e s t r u c t u r e s i n some b a s a l 
w a c k e s n e a r C a r o l i n m i n e i n d i c a t e a n 
e a s t e r l y d e r i v a t i o n f o r t h e l o w e r u n i t o f 

t h e L a d n e r G r o u p ; t h i s a g r e e s w i t h t h e 
c o n c l u s i o n s o f C o a t e s (1974) i n h i s s t u d y 
f u r t h e r s o u t h . The u n i t i s marked by r a p i d 
l a t e r a l f a c i e s c h a n g e s and i n c l u d e s d i s 
c o n t i n u o u s wedges o f i n t e r b e d d e d g r e y w a c k e , 
l i t h i c w a c k e , b r e c c i a , c o n g l o m e r a t e a n d 
p o s s i b l e r e w o r k e d t u f f , t o g e t h e r w i t h 
i n t e r c a l a t e d s e q u e n c e s o f a r g i l l i t e a n d 
v o l c a n o g e n i c s i l t s t o n e ; i t i s i n t e r p r e t e d as 
a c h a n n e l s l o p e o r t u r b i d i t e f a n s e d i m e n t a r y 
d e p o s i t (Ray, 1982) . 

The c o n t a c t between t h e L a d n e r G r o u p and 
t h e o l d e r S p i d e r Peak F o r m a t i o n i s commonly 
m a r k e d by s h e a r i n g a n d q u a r t z v e i n i n g ; 
n e v e r t h e l e s s , t h e u n c o n f o r m i t y i s l o c a l l y 
r e c o g n i z a b l e ( F i g . 13) . A p o l y m i c t i c b a s a l 
c o n g l o m e r a t e i s s p o r a d i c a l l y p r e s e r v e d ; t h i s 
i s g e n e r a l l y l e s s t h a n 10 m w i d e , b u t a t one 
l o c a l i t y a p p r o x i m a t e l y 3 km s o u t h o f t h e 
C o q u i h a l l a R i v e r , i t e x c e e d s 70 m i n 
t h i c k n e s s . The b a s a l c o n g l o m e r a t e c o n t a i n s 
a n g u l a r t o w e l l - r o u n d e d p e b b l e s , c o b b l e s and 
b o u l d e r s up t o 0.3 m i n d i a m e t e r , most o f 
w h i c h w e r e d e r i v e d f r o m t h e u n d e r l y i n g 
S p i d e r Peak F o r m a t i o n . O t h e r l e s s common 
c l a s t l i t h o l o g i e s i n c l u d e c h e r t , g r a n i t e , 
g r a n o d i o r i t e , d i o r i t e , g a b b r o a n d a c i d 
v o l c a n i c r o c k s . 

Most o u t c r o p s i n t h e L a d n e r G r o u p show 
e v i d e n c e o f l o w - g r a d e metamorphism w i t h t h e 
i m p o s i t i o n o f a weak t o i n t e n s e s l a t y 
c l e a v a g e and t h e s e d i m e n t a r y r o c k s w e r e 
s u b j e c t e d t o a t l e a s t t h r e e p e r i o d s o f 
r e g i o n a l f o l d i n g ( T a b l e 6) . N e v e r t h e l e s s , 
t h e s e r o c k s g i v e an o v e r a l l i m p r e s s i o n o f 
b e i n g l e s s d e f o r m e d t h a n t h e Hozameen Group 
and a wide v a r i e t y o f s e d i m e n t a r y s t r u c t u r e s 
a r e c l e a r l y p r e s e r v e d . 

The s e d i m e n t a r y r o c k s o f t h e P a s a y t e n 
t r o u g h a r e c u t b y a v a r i e t y o f s m a l l 
i n t r u s i v e b o d i e s r a n g i n g i n c o m p o s i t i o n f r o m 
g a b b r o t o g r a n o d i o r i t e t o s y e n i t e ( C a i r n e s , 
1924; Ray, 1 9 8 2 ) . However, t h e N e e d l e Peak 
p l u t o n ( M o n g e r , 1 9 7 0 ) f o r m s a m a j o r 
g r a n i t e - g r a n o d i o r i t e i n t r u s i o n e x c e e d i n g 200 
s q u a r e km i n a r e a ( F i g s . 8 and 9) . T h i s 
p l u t o n h a s b e e n d a t e d a t 39 Ma by K / A r 
m e t h o d s ( M o n g e r , 1970) and i s a s s o c i a t e d 
w i t h swarms o f f e l s i c s i l l s and d y k e s ; t h e s e 
i n c l u d e a p o r p h y r i t i c , s o d i u m - r i c h p h a s e 
o r i g i n a l l y mapped as ' s y e n i t e p o r p h y r y 1 by 
C a i r n e s (1924, 1 9 2 9 ) . T h e s e a l b i t e - b e a r i n g 
f e l s i c s i l l s and d y k e s a r e s e e n i n t h e 
C a r o l i n mine v i c i n i t y and a r e common w i t h i n 
t h e L a d n e r G r o u p , b u t a r e n o t p r e s e n t i n 
r o c k s west o f t h e Hozameen f a u l t . 

GEOLOGY OF THE CAROLIN MINE AREA 

The s u r f a c e g e o l o g y a r o u n d C a r o l i n mine 
i s shown on F i g u r e 11 and d e t a i l e d s u r f a c e 
c r o s s - s e c t i o n s o v e r t h e o r e b o d y a r e s e e n on 
F i g u r e 12. To t h e e a s t , t h e a r e a i n c l u d e s 
Lower J u r a s s i c m e t a s e d i m e n t s o f t h e L a d n e r 
G r o u p a n d m a s s i v e t o p i l l o w e d v o l c a n i c 
g r e e n s t o n e s o f th e E a r l y T r i a s s i c (?) S p i d e r 
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0 

LADNER GROUP (JURASSIC) 
slaty wgillim and wacka 

METAVOLCANICS (EARLY TRI 
pillowed to matsive greenstone 

COQUIHALLA SERPENTINE BELT 
serpentinite and gabbro 

Fuchsite-bearing carbonate rock 
(Listwanite 

HOZAMEEN GROUP (TRIASSIC OR 
PRE—TRIASSIC) cherts, argillites, greenstones 

Dip and strike of bedding — tops known 

Dip and strike of bedding — tops unknown 

Overturned bedding 

Dip and strike of slaty cleavage 

• Gold Deposits 1 = Emancipation Mine 2 • Aurum 

• Idaho Zone (Carolin Mine) 4 • McMaster Zone 
1 Pipestem Mine 

S t A L i - K I l O M H t e S 

10. R e g i o n a l g e o l o g y o f t h e C a r o l i n - E m a n c i p a t i o n m i n e s a r e a . ( A f t e r Ray, 1 9 8 3 ) . 
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Geology of the Carolin Mine 

vicinity - Hope, BC 

S l a t e y A r g i l l i t e s 

B e d d e d S i l t s f o n e s 

C o a r s e l y c l a s t i c s e d i m e n t s 
g = g r e y w a c k e 
w= l i th ic or v o l c a n i c w a c k e 
c = c o n g l o m e r o t e 

S u l p h i d e m i n e r a l i z a t i o n 

c rocks ( G r e e n s t o n e ) 
ows 

p e n t i n i te 

L a d n e r 
G r o u p 

C o q u i ha I la 
Be l t Ouf c rop 

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

B e d d i n g - tops known 

B e d d i n g o v e r t u r n e d 

B e d d i n g - t o p s u n k n o w n 

F2 C l e a v a g e 

F o l i a t i o n in t h e v o l c a n i c ; 

L 2 L i n e a t i o n 

' F a u l t 

G e o l o g i c a l c o n t a c t 

y—X~ F2 A n f i f o r m , S y n f o r m 

T r a c k 

A d i t 

I d a h o Z o n e 

F i g u r e 11 
1982) . 

ABCDE L i n e of 5 e c t i o n s -
see F i g u r e 1'2 

G e o l o g y o f t h e C a r o l i n mine v i c i n i t y , Hope, B r i t i s h C o l u m b i a . ( A f t e r Ray, 

P e a k F o r m a t i o n , w h i l e t o t h e w e s t a r e 
s e r p e n t i n i t e s o f t h e C o q u i h a l l a s e r p e n t i n e 
b e l t . The g r e e n s t o n e s and m e t a s e d i m e n t s a r e 
s e p a r a t e d f r o m t h e s e r p e n t i n i t e s by t h e E a s t 
Hozameen f a u l t , and t h e m i n e r a l i z e d I d a h o 
z o n e , w h i c h f o r m s t h e C a r o l i n m i n e o r e 
d e p o s i t , l i e s a p p r o x i m a t e l y 150 m e a s t o f 
t h i s f r a c t u r e . The c o n t a c t b e t w e e n t h e 
o l d e r v o l c a n i c g r e e n s t o n e s o f t h e S p i d e r 
Peak F o r m a t i o n and t h e L a d n e r Group i n t h e 
mine a r e a i s p o o r l y e x p o s e d , b u t e l s e w h e r e 
an u n c o n f o r m a b l e r e l a t i o n s h i p i s r e c o g n i z e d . 
The L a d n e r G r o u p s u c c e s s i o n a t C a r o l i n mine 
( F i g . 13) c o m p r i s e s a l o w e r m o s t , 2 0 0 - m - t h i c k 
c o a r s e l y c l a s t i c u n i t , w h i c h i s o v e r l a i n i n 
t u r n by a c a . 200-m bedded s i l t s t o n e u n i t 
and an upper s l a t y a r g i l l i t e u n i t o f unknown 
t h i c k n e s s . The C a r o l i n mine d e p o s i t l i e s 
w i t h i n t h e l o w e r h e t e r o g e n e o u s c o a r s e 
c l a s t i c u n i t o f t h e L a d n e r G r o u p s u c c e s s i o n , 
a p p r o x i m a t e l y 150 m above t h e b a s a l L a d n e r 
G r o u p u n c o n f o r m i t y (F i g . 13; S h e a r e r and 
N i e l s , f 1 9 8 3 ) . 

The E a s t Hozameen f a u l t d i p s s t e e p l y 
n o r t h e a s t and s h a r p l y c r o s s c u t s t h e L a d n e r 

G r o u p s t r a t i g r a p h y . D e t a i l e d m a p p i n g o f 
g r a d e d b e d d i n g i n t h e L a d n e r G r o u p r e v e a l s 
t h a t m o s t o f t h e s t r a t i g r a p h i c s e q u e n c e , 
i n c l u d i n g t h a t h o s t i n g t h e g o l d - b e a r i n g 
I d a h o z o n e , i s s t r u c t u r a l l y i n v e r t e d ( F i g . 
1 2 ) . C o n s e q u e n t l y , t h e o l d e r v o l c a n i c 
g r e e n s t o n e s o f t h e S p i d e r Peak F o r m a t i o n now 
t e c t o n i c a l l y o v e r l i e t h e L a d n e r G r o u p . 

T h e s u r f a c e e x p o s u r e o f t h e u p p e r 
por t i o n o f t h e I d a h o zone f o r m s a h i g h l y 
f a u l t e d a l t e r a t i o n zone a p p r o x i m a t e l y 25 t o 
30 m i n o u t c r o p w i d t h ( s e e s e c t i o n s CD and 
DE, F i g . 12) . E x p o s u r e s a r e c h a r a c t e r i z e d 
b y b l a c k m a n g a n e s e o x i d e a n d r u s t i n g , 
i n t e n s e a l b i t i c a l t e r a t i o n , t o g e t h e r w i t h 
s u l p h i d e m i n e r a l i z a t i o n and a dense n e t w o r k 
o f q u a r t z v e i n i n g . The r e p l a c e m e n t - t y p e 
s u l p h i d e - a l b i t e - q u a r t z m i n e r a l i z a t i o n i s 
p r e f e r e n t i a l l y h o s t e d i n wackes and l i t h i c 
w ackes and t o a l e s s e r e x t e n t i n s i l t s t o n e s , 
w h i l e t h e t h i n s l a t y a r g i l l i t e u n i t s i n t h e 
mine s e q u e n c e a r e g e n e r a l l y u n m i n e r a l i z e d 
(Ray e t a l . , 1 9 8 3 ) . 

W h i l e t h e I d a h o zone f o r m s t h e l a r g e s t 
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S O U T H N O R T H 
^3500 

_3200 

_ 3100 

.3000 

. 2900 li 

_ 2900 

. 2800 

.2700 ft. 

L A D N E R 
G R O U P 
Jurass ic 

Ea r l y T r iass i c? 

M S SLATY ARGILLITE 

SILTSTONE 

V VV V V 
v v v v v 
vv vv y 

HETEROGENOUS CLASTIC 
SEQUENCE WACKES WITH MINOR 
CONGLOMERATES AND SILTSTONES 

VOLCANIC GREENSTONE 

AREAS OF NO EXPOSURE 

— W f c B E D D I N G - C L E A V A G E RELATIONSHIP 

m SERPENTINITE 
YOUNGING DIRECTION 

F i g u r e 12. G e o l o g i c a l s e c t i o n s a c r o s s t h e C a r o l i n mine a r e a . ( A f t e r Ray 1 9 8 2 ) . 
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m i n e r a l i z e d e x p o s u r e i n t h e mine v i c i n i t y , 
o t h e r q u a r t z - v e i n e d , s u l p h i d e - b e a r i n g , 
h i g h l y a l t e r e d o u t c r o p s e x i s t i n t h e mine 
a r e a ( F i g . 11) and f u r t h e r n o r t h where t h e 
l o w e r c l a s t i c u n i t o f t h e L a d n e r G r o u p i s 
w e l l d e v e l o p e d . Many o f t h e s e a l t e r e d 
o u t c r o p s a r e a s s o c i a t e d w i t h l a t e , p o s t -
m i n e r a l i z a t i o n f a u l t i n g a n d r e s e m b l e t h e 
w e a t h e r e d e x p o s u r e s o f t h e I d a h o z o n e i n 
a p p e a r a n c e . A f e w , i n c l u d i n g t h e 'McMaster 
zone' ( F i g . 10) , a r e a l b i t e - r i c h and c a r r y 
some g o l d b u t many o f t h e s e s u l p h i d e - b e a r i n g 
o c c u r r e n c e s h a v e n o t y e t been a d e q u a t e l y 
t e s t e d . 

STRUCTURAL HISTORY OF THE CAROLIN MINE AREA 

T h e s t r u c t u r a l h i s t o r y o f t h e m i n e 
v i c i n i t y i s shown i n T a b l e 6. The f i r s t 
d e f o r m a t i o n a l e p i s o d e r e c o g n i z e d i n t h e mine 
a r e a r e s u l t e d i n t h e t e c t o n i c i n v e r s i o n o f 
b o t h t h e L a d n e r G r o u p and t h e S p i d e r Peak 
F o r m a t i o n , a l t h o u g h no r e l a t e d f o l d s o r 
s t r u c t u r a l p l a n a r f a b r i c s a r e r e c o g n i z e d . 
The s e c o n d d e f o r m a t i o n a l e v e n t p r o d u c e d t h e 
d o m i n a n t f o l d p h a s e i n t h e mine a r e a ( T a b l e 
6 ) . T h i s f o r m e d b o t h u p r i g h t and o v e r t u r n e d 
m i n o r and m a j o r f o l d s , t h e l a t t e r h a v i n g 
e s t i m a t e d w a v e l e n g t h s o f 60 t o 110 m i n 
l e n g t h and a m p l i t u d e s between 25 and 50 m i n 
h e i g h t ( F i g . 12; Ray, 1 9 8 2 ) . These f o l d s 
v a r y f r o m c o n c e n t r i c t o s i m i l a r i n s t y l e and 
some o f t h e s m a l l s c a l e s t r u c t u r e s h a v e 
d i s r u p t e d , f a u l t e d h i n g e z o n e s , a l o n g w h i c h 
q u a r t z v e i n s a r e l o c a l l y i n j e c t e d ( F i g . 1 5 ) . 
T h e D2 e v e n t w a s a s s o c i a t e d w i t h t h e 
i m p o s i t i o n o f a weak t o i n t e n s e a x i a l p l a n a r 
s l a t y c l e a v a g e i n t h e s i l t s t o n e s a n d 
a r g i l l i t e s , t o g e t h e r w i t h a w e l l - m a r k e d 
b e d d i n g - c l e a v a g e i n t e r s e c t i o n l i n e a t i o n 
o r i e n t a t e d s u b p a r a l l e l t o t h e f o l d a x e s . 
T h e c l e a v a g e a n d m i n e r a l l i n e a t i o n a r e 
g e n e r a l l y a b s e n t i n t h e c o a r s e r g r a i n e d 
wacke u n i t s . 

V a r i o u s s t e r e o p l o t s o f s u r f a c e 
s t r u c t u r a l d a t a ( F i g . 16; Ray and N i e l s , 
1985a) show t h a t most D2 f o l d s a r e o v e r 
t u r n e d ' t o t h e s o u t h w e s t and h a v e s o u t h 
e a s t e r l y s t r i k i n g a x i a l p l a n e s t h a t d i p 
s t e e p l y , a t a n a v e r a g e o f 7 5 ° , t o t h e 
n o r t h e a s t . L i n e a t i o n p l o t s d e m o n s t r a t e t h a t 
t h e D2 f o l d a x e s i n t h e mine a r e a have an 
a v e r a g e p l u n g e o f 12° i n a n o r t h w e s t e r l y 
d i r e c t i o n ( F i g . 1 6 ) ; t h i s i s e s s e n t i a l l y 
s i m i l a r t o t h e e s t i m a t e d 20° n o r t h w e s t e r l y 
p l u n g e o f b o t h t h e C a r o l i n mine o r e b o d y and 
t h e a x i s o f i t s c o n t r o l l i n g a n t i f o r m a l 
s t r u c t u r e ( S h e a r e r and N i e l s , 1 9 8 3 ) . 

The t e m p o r a l r e l a t i o n s h i p b e t w e e n t h e 
g o l d m i n e r a l i z a t i o n and t h e D2 f o l d i n g i s 
unknown, a l t h o u g h some o f t h e q u a r t z v e i n s 
i n t h e d e p o s i t h a v e f o l l o w e d t h e s l a t y 
c l e a v a g e ; t h i s c o u l d i n d i c a t e t h a t t h e 
m i n e r a l i z a t i o n e i t h e r a c c o m p a n i e d o r 
s u c c e e d e d t h e D2 s t r u c t u r a l e p i s o d e . The 
o r i e n t a t i o n o f t h e l a t e r f a u l t i n g , w h i c h 
d i s p l a c e s t h e o r e z o n e s ( S h e a r e r and N i e l s , 

1 9 8 3 ) , has a l s o been s t r o n g l y c o n t r o l l e d by 
t h e a x i a l p l a n a r s l a t y c l e a v a g e r a t h e r t h a n 
t h e s e d i m e n t a r y b e d d i n g ( F i g . 16) and t h i s 
f r a c t u r i n g i s p r e f e r e n t i a l l y c o n c e n t r a t e d i n 
t h e h i n g e z o n e s o f t h e l a r g e and s m a l l s c a l e 
f o l d s ( F i g . 1 5 ) . 

APPROXIMATE LEVEL 
OF GOLD MINEP.ALIZATIOIV-
ATCABOLIN MINE 

COQUIHALLA E 

t f fJPV . 
1 l a y v v v v 

BASAL CONGLOME 

SEHPFNIINITE AND GABE-PO 

F i g u r e 13. S t r a t i g r a p h y i n t h e C a r o l i n mine 
a r e a . ( A d a p t e d a f t e r R a y , 1982; S h e a r e r and 
N i e l s , 1 9 8 3 ) . 

GEOLOGY AND MINERALOGY 
OF THE CAROLIN MINE DEPOSIT 

D u r i n g t h e f i r s t y e a r o f t h e m i n i n g 
o p e r a t i o n , t h e p r e c i s e g e o l o g i c a l c o n t r o l s 
o f t h e g o l d m i n e r a l i z a t i o n w e r e unknown. 
S u r f a c e g e o l o g i c a l m apping o v e r t h e d e p o s i t 
(Ray, 1982) r e v e a l e d t h e p r e s e n c e o f b o t h 
u p r i g h t and a s y m m e t r i c , l a r g e s c a l e D2 f o l d s 
( F i g . 1 2 ) ; i t w a s s p e c u l a t e d t h a t t h e 
g e o m e t r y o f t h e d e p o s i t was i n f l u e n c e d by 
t h e s e s t r u c t u r e s . However, i t was u n c e r t a i n 
w h e t h e r t h e o r e z o n e s w e r e c o n f i n e d t o 
s p e c i f i c f o l d e d s e d i m e n t a r y l i t h o l o g i c a l 
h o r i z o n s , o r w h e t h e r t h e y were c o n t r o l l e d by 
an a x i a l p l a n a l f e a t u r e s u c h a s c l e a v a g e o r 
s h e a r s u r f a c e s . S u b s e q u e n t u n d e r g r o u n d 
m a p p i n g ( S h e a r e r a n d N i e l s , 1 9 8 3 ) 
d e m o n s t r a t e d t h a t t h e s u l p h i d e - a l b i t e - q u a r t z 
g o l d m i n e r a l i z a t i o n i s b o t h l i t h o l o g i c a l l y 
a n d s t r u c t u r a l l y c o n t r o l l e d ; i t i s 
p r e f e r e n t i a l l y c o n c e n t r a t e d i n f a v o u r a b l e 
beds w i t h i n t h e h i n g e r e g i o n s o f a co m p l e x 
a n t i f o r m a l D2 f o l d ( F i g . 14) . A b o u l d e r 
c o n g l o m e r a t e m a r k e r h o r i z o n ( S h e a r e r a n d 
N i e l s , 1983) w i t h i n t h e l o w e r p o r t i o n o f t h e 
L a d n e r Group s u c c e s s i o n was a l s o r e c o g n i z e d 
a t t h e mine ( F i g . 13) ; t h i s i s s i m i l a r t o 
t h e L a d n e r G r o u p s u e c e s s i o n i d e n t i f i e d 
e l s e w h e r e i n t h e d i s t r i c t (Ray, 1 9 8 2 ) . 

A l o n g i t u d i n a l g e o l o g i c a l c r o s s - s e c t i o n 
a c r o s s t h e C a r o l i n mine d e p o s i t a t 766 N o r t h 
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i s shown on F i g u r e 14. The d e p o s i t p l u n g e s 
g e n t l y n o r t h w e s t , s u b p a r a l l e l t o t h e p l u n g e 
o f t h e D2 f o l d a x e s i n t h e a r e a ( F i g . 1 6 ) . 
The o r e mo s t a m e n a b l e t o o p e n l o n g h o l e 
s t o p i n g i s l o c a t e d i n t h e t h i c k e n e d r e g i o n s 
o f t h e f o l d h i n g e . Two w e l l - d e v e l o p e d o r e 
b o d i e s h a v e b e e n d e l i n e a t e d ( S h e a r e r and 
N i e l s , 1983) , an upper (No. 2) and a l o w e r 
(No. 1) z o n e s ; t h e s e a r e s e p a r a t e d f r o m e a c h 
o t h e r by t h e 'Mine f a u l t ' ( F i g . 1 4 ) . A 
t h i r d , p a r t i a l l y o u t l i n e d m i n e r a l i z e d l e n s 
has been o u t l i n e d b e l o w t h e l o w e r , No. 1 
zon e . 

F i g u r e 14. C a r o l i n mine - v e r t i c a l c r o s s 
s e c t i o n a t 7 6 6 N o r t h ( l o o k i n g n o r t h ) . 
( A d a p t e d a f t e r S h e a r e r and N i e l s 1 9 8 3 ) . 

F a v o u r a b l e m e t a s e d i m e n t a r y l i t h o l o g i e s 
f o r g o l d - s u l p h i d e m i n e r a l i z a t i o n i n c l u d e 
w a c k e s , l i t h i c w a c k e s , p e b b l e c o n g l o m e r a t e s 
and s i l t s t o n e s , w h i l e s l a t y a r g i l l i t e s a r e 
g e n e r a l l y b a r r e n . The M i n e f a u l t , w h i c h 
t e n d s t o f o l l o w a n i n c o m p e t e n t u n i t o f 
c a r b o n a c e o u s a r g i l l i t e s , c r o s s c u t s t h e 
s t r a t i g r a p h y and i s t h e most i n t e n s e zone o f 
s h e a r i n g s e e n u n d e r g r o u n d ; s u b p a r a l l e l , b u t 
l e s s i n t e n s e f r a c t u r e s , t h e 'Sump' and 1 F 
f a u l t s ' ( F i g . 1 4 ) a r e a l s o p r e s e n t . 
P r e l i m i n a r y d a t a s u g g e s t s t h e l o w e r (No. 1) 

o r e b o d y i s w i d e r and has more o r e t o n n a g e 
t h a n t h e upper (No. 2) o r e b o d y , b u t t h a t t h e 
l a t t e r has h i g h e r g r a d e m i n e r a l i z a t i o n i n 
p a r t s . L i m i t e d p o l i s h e d s e c t i o n s t u d i e s 
( S h e a r e r , 198 2) i n d i c a t e t h a t t h e i p p e r 
o r e b o d y i s p y r i t e d o m i n a n t , w h i l e t h e l o w e r 
i s p y r r h o t i t e r i c h ; c o n s e q u e n t l y t h e d e p o s i t 
as a w h o l e may be m i n e r a l o g i c a l l y z o n e d . 

The m i n e r a l i z e d wackes i n t h e I d a h o zone 
c o n s i s t l a r g e l y o f q u a r t z , a l b i t e - o l i g o c l a s e 
and c a l c i t e w i t h l e s s e r amounts o f c h l o r i t e , 
s e r i c i t e a n d o p a q u e m i n e r a l s . T h e s e 
o p a q u e s , w h i c h make up between 1 and 15% o f 
t h e r o c k by vol u m e , a r e m a i n l y p y r r h o t i t e , 
a r s e n o p y r i t e , p y r i t e and m a g n e t i t e . L e s s 
common o p a q u e s , i n d e c r e a s i n g a b u n d a n c e , 
i n c l u d e c h a l c o p y r i t e , b o r n i t e a n d g o l d 
( K a y i r a , 1 9 7 5 ) . O r e s p e c i m e n s a r e 
c h a r a c t e r i z e d by c o a r s e , s u b h e d r a l c r y s t a l s 
o f p y r i t e a n d a r s e n o p y r i t e w i t h f i n e r 
g r a i n e d d i s s e m i n a t i o n s a n d c l u s t e r s o f 
p y r r h o t i t e , m a g n e t i t e a n d p y r i t e . The 
m a g n e t i t e shows no s p a t i a l a s s o c i a t i o n w i t h 
s u l p h i d e s and i s t h e o l d e s t opaque m i n e r a l 
p r e s e n t i n t h e o r e . A r s e n o p y r i t e a l s o 
a p p e a r s t o h a v e b e e n i n t r o d u c e d e a r l y 
b e c a u s e some c r y s t a l s a r e p a r t l y rimmed w i t h 
s m a l l b l e b s o f p y r i t e and p y r r h o t i t e . The 
p y r r h o t i t e i n t h e p y r r h o t i t e d o m i n a n t 
s e c t i o n s o f t e n c o n t a i n e x s o l u t i o n r o d s o f 
p y r i t e ; t r a c e a m o u n t s o f s p h a l e r i t e a r e 
p r e s e n t i n t h e o r e . S m a l l g r a i n s o f g o l d , 
up t o 0.02 mm i n s i z e , o c c u r e i t h e r a s 
i n c l u s i o n s w i t h i n p y r i t e and a r s e n o p y r i t e o r 
as r i m s on p y r i t e and c h a l c o p y r i t e . G o l d i s 
a l s o s e e n w i t h i n some q u a r t z , c a l c i t e and 
f e l d s p a r c r y s t a l s w h e r e i t f o r m s m i n u t e 
g r a i n s t h a t a r e a p p a r e n t l y s p a t i a l l y 
i n d e p e n d e n t o f t h e s u l p h i d e s . V i s i b l e g o l d , 
h o w e v e r , i s g e n e r a l l y r a r e t h r o u g h o u t t h e 
I d a h o z o n e ; i t i s b e s t s e e n as f l a t , t h i n 
p l a t e s a n d s m e a r s a l o n g f a u l t s u r f a c e s . 
R a r e r f o r m s o f v i s i b l e g o l d i n c l u d e spongy 
o r l e a f - l i k e m a s s e s , s m a l l s c a l e s and s m a l l 
r o d s . 

A l t h o u g h t h e I d a h o zone i s c h a r a c t e r i z e d 
by an i n c r e a s e i n s u l p h i d e s , q u a r t z v e i n i n g 
a n d a l b i t i c a l t e r a t i o n , n o t a l l a r e a s 
c o n t a i n i n g t h e s e f e a t u r e s a r e n e c e s s a r i l y 
e n r i c h e d i n g o l d . F o r e x a m p l e , p y r i t i c 
a r g i l l i t e s w i t h a b u n d a n t q u a r t z v e i n i n g 
o c c u r w i t h i n and a d j a c e n t t o t h e I d a h o zone 
b u t t h e s e r o c k s c o n t a i n no g o l d . G e n e r a l l y , 
h o w e v e r , t h e a u r i f e r o u s h o r i z o n s a r e 
i n t i m a t e l y and s p a t i a l l y a s s o c i a t e d w i t h 
s u l p h i d e s and q u a r t z v e i n i n g ; by c o n t r a s t 
a l b i t i z a t i o n i s w i d e s p r e a d t h r o u g h o u t t h e 
mine and p r o d u c e s a s o d i u m - r i c h h a l o t h a t 
e x t e n d s a t l e a s t 60 m f r o m t h e o r e b o d y (Ray 
and N i e l s , 1 9 8 5 b ) . I n t h i n s e c t i o n t h r e e 
g e n e r a t i o n s o f a l b i t i z a t i o n a r e r e c o g n i z e d . 
D i s s e m i n a t e d and p a r t i a l l y a l t e r e d a l b i t e -
o l i g o c l a s e ( A n 3 _ i 5 ) c r y s t a l s make up a 
s i g n i f i c a n t p r o p o r t i o n o f t h e f i n e - g r a i n e d 
o r e g r o u n d m a s s and r e p r e s e n t s t h e o l d e s t 
g e n e r a t i o n o f a l b i t i c m a t e r i a l . T h i s 
d i s s e m i n a t e d a l b i t i c g r oundmass i s c u t by 
n u m e r o u s t h i n , f o l d e d v e i n s o f p o o r l y 
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t w i n n e d s e c o n d g e n e r a t i o n a l b i t e . The 
y o u n g e s t m a t e r i a l g e n e r a l l y f o r m s v e i n l e t s 
and d i s s e m i n a t e d masses t h r o u g h o u t t h e o r e 
z o n e , c o m p r i s i n g c o a r s e , w e l l - t w i n n e d a l b i t e 
c r y s t a l s (An3_5) up t o 8 mm i n l e n g t h w i t h 
l o c a l l y d e f o r m e d t w i n p l a n e s . I n p a r t s , 
s m a l l a n g u l a r f r a g m e n t s o f s u l p h i d e - r i c h o r e 
a r e e n t i r e l y e n g u l f e d i n t h i s t h i r d 
g e n e r a t i o n a l b i t i c m a t e r i a l . 

The c o m p l e x , n e t w o r k q u a r t z v e i n i n g i n 
t h e d e p o s i t r e p r e s e n t s many p h a s e s o f q u a r t z 
i n j e c t i o n . S i g m o i d a l g a s h f r a c t u r i n g and 
t h e w i d e v a r i a t i o n i n v e i n d e f o r m a t i o n , f r o m 
h i g h l y f o l d e d t o a p p a r e n t l y u n d e f o r m e d , 
s u g g e s t s t h e m u l t i s t a g e i n j e c t i o n o c c u r r e d 
d u r i n g a p e r i o d o f r e c u r r e n t s t r u c t u r a l 
d e f o r m a t i o n . The w h i t e q u a r t z v e i n s a r e 
g e n e r a l l y l e s s t h a n 15 cm w i d e and a t l e a s t 
t h r e e p h a s e s a r e r e c o g n i z e d ; a l l a p p e a r t o 
p o s t d a t e t h e g o l d - s u l p h i d e m i n e r a l i z a t i o n . 
Many v e i n s a r e m o n o m i n e r a l i c b u t i n o t h e r s 
t h e q u a r t z c r y s t a l s a r e i n t e r g r o w n w i t h 

S W IME 

F i g u r e 1 5 . D2 f o l d s i n L a d n e r G r o u p 
s i l t s j s o n e s . N o t e q u a r t z v e i n s ( c r o s s 
p a t t e r n ) and d i s r u p t e d h i n g e z o n e s . (Taken 
f r o m a p h o t o g r a p h o f r o a d o u t c r o p 290 m ENE 
o f o l d I d a h o a d i t , C a r o l i n m i n e ) . 

v a r i a b l e a m o u n t s o f c a l c i t e , a l b i t e and 
c l i n o z o i s i t e . I n r a r e i n s t a n c e s , some w h i t e 
q u a r t z v e i n s c o n t a i n s m a l l f l a k e s o f 
p y r o b i t u m e n w h o s e o p t i c a l a n d p h y s i c a l 
c h a r a c t e r i s t i c s s u g g e s t i t has a c q u i r e d a 
m a t u r a t i o n e q u i v a l e n t t o m e t a - a n t h r a c i t e . 
These p y r o b i t u m e n f l a k e s i n t h e q u a r t z v e i n s 
a r e b e l i e v e d t o r e p r e s e n t o r i g i n a l amorphous 
c a r b o n a c e o u s m a t e r i a l d e r i v e d f r o m t h e 
w a l l r o c k s , a n d m e t a m o r p h o s e d d u r i n g t h e 
q u a r t z v e i n i n j e c t i o n . S i n c e m e t a -
a n t h r a c i t e f o r m s b e t w e e n 2 3 8 ° a n d 266° 
C e l s i u s a t an e q u i v a l e n t p r e s s u r e o f a b o u t 
0.2 GPa (Brownlow, 1 9 7 9 ) , i t s p r e s e n c e may 
i n d i c a t e t h e a p p r o x i m a t e t e m p e r a t u r e -
p r e s s u r e r a n g e a t t a i n e d i n t h e I d a h o zone 
d u r i n g t h e i n t r o d u c t i o n o f t h e g o l d . 

Some q u a r t z v e i n s t h a t c u t and p o s t d a t e 
t h e m a i n D2 s l a t y c l e a v a g e a r e s e e n i n t h i n 
s e c t i o n t o be f o l d e d and c o n t a i n s t r a i n e d 
q u a r t z c r y s t a l s e l o n g a t e d p a r a l l e l t o b o t h 
t h e D2 f o l d a x i a l p l a n e s and s l a t y c l e a v a g e . 
T h e s e v e i n s a r e i n t e r p r e t e d t o be o f l a t e D2 
age, b e i n g i n j e c t e d a f t e r t h e m a i n c l e a v a g e 
d e v e l o p m e n t , b u t b e f o r e t h a t p e r i o d o f 
d e f o r m a t i o n had c e a s e d . 

W h i l e q u a r t z v e i n i n g i s u b i q u i t o u s i n 
t h e I d a h o z o n e , c a l c i t e v e i n i n g i s f a r l e s s 
a b u n d a n t and t e n d s t o be l o c a l i z e d . The 
c a l c i t e v e i n s pos t d a t e a l l o t h e r v e i n i n g 
e p i s o d e s and show no e v i d e n c e o f f o l d i n g . 
However, m i n o r f a u l t i n g has o c c u r r e d a l o n g 
some c a l c i t e v e i n s and i n t h i n s e c t i o n many 
c a l c i t e c r y s t a l s e x h i b i t d e f o r m e d t w i n 
p l a n e s . 

The C a r o l i n mine d e p o s i t i s b e l i e v e d t o 
r e p r e s e n t an e p i g e n e t i c , r e p l a c e m e n t - t y p e 
o r e b o d y , a l t h o u g h t h e age and p r e c i s e o r i g i n 
o f t h e m i n e r a l i z i n g f l u i d s a r e unknown. I t 
i s p r o b a b l y s i g n i f i c a n t t h a t 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 an o v e r t u r n e d , d i s r u p t e d D2 
f o l d a n d i s a p p a r e n t l y a b s e n t w i t h i n 
a d j a c e n t u p r i g h t , c o n c e n t r i c , n o n - d i s r u p t e d 
D2 s t r u c t u r e s . T h i s s u g g e s t s t h a t t h e f a u l t 
z o n e s a c t e d as c o n d u i t s f o r t h e f l u i d s and 
t h a t m i n e r a l i z a t i o n was p a r t l y c o n t r o l l e d by 
a t e c t o n i c a l l y g e n e r a t e d p e r m e a b i l i t y 
r e s u l t i n g f r o m t h e D2 b r i t t l e f r a c t u r i n g o f 
t h e more c o m p e t e n t u n i t s . However, t h e r e i s 
c o n f l i c t i n g e v i d e n c e o n w h e t h e r t h e 
m i n e r a l i z a t i o n a c c o m p a n i e d o r p o s t d a t e s t h e 
D2 d e f o r m a t i o n . Some s t r u c t u r a l e v i d e n c e 
d e t e r m i n e d f r o m t h e c o m p l e x q u a r t z v e i n i n g 
s u g g e s t s t h a t t h e m i n e r a l i z a t i o n w a s 
c o n t e m p o r a n e o u s w i t h t h e D2 d e f o r m a t i o n ; 
t h u s t h e d e p o s i t w o u l d be M i d d l e t o L a t e 
C r e t a c e o u s i n a g e . A l t e r n a t i v e l y , t h e 
m i n e r a l i z a t i o n a t C a r o l i n m i n e c o u l d be 
g e n e t i c a l l y and t e m p o r a l l y r e l a t e d t o a 
s o d i u m - r i c h magmatic e v e n t t h a t o c c u r r e d i n 
t h e d i s t r i c t d u r i n g t h e T e r t i a r y . Swarms o f 
a l b i t i c f e l s i c s i l l s , c o n t a i n i n g up t o 8.5% 
Na20 i n t r u d e t h e L a d n e r Group n o r t h and e a s t 
o f C a r o l i n m ine; t h e s e a r e p r o b a b l y r e l a t e d 
t o t h e 39 Ma N e e d l e Peak p l u t o n (Monger, 
1 9 7 0 ) w h i c h o u t c r o p s 6 km e a s t o f t h e 
d e p o s i t ( F i g . 8 ) . S i l l s o f t h i s t y p e 
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p r o b a b l y h o s t e d t h e g o l d a t t h e d e f u n c t Ward 
mine ( T a b l e 5) and i f a g e n e t i c r e l a t i o n s h i p 
b etween t h e C a r o l i n mine m i n e r a l i z a t i o n and 
t h e a l b i t i c s i l l s c o u l d be p r o v e d , i t w o u l d 
s u g g e s t t h e d e p o s i t i s L a t e E o c e n e i n age. 

TABLE 6 
HI STORY OF EVENTS IN CAROL IN MINE AREA 

Ag-o 

Middle to Late 
Cretaceous 

Middle to Late 
Cretaceous 

Midd le to La te 
Cretaceous 

E a r l y J u r a s s i c to 
E a r l y Cretaceous 

E a r l y T r i a s s i c (?) 

Event 

Late f a u l t i n g - southeast - t rend Ing set fo l lowed by 
a nor theast to e a s t - n o r t h e a s t I y s t r i k i n g s e t . 

Large s c a l e dext ra l s t r i k e - s l i p movement along the 
Hozameen fau I t . 

i n t r u s i o n of the Needle Peak pluton and r e l a t e d 
f e l s i c dyke swarm. 

D3 - Asymmetric f o l d i n g . Local kink f o l d i n g and 
s t r a i n s l i p c leavage development. 

D2 - Major c o n c e n t r i c to s i m i l a r - t y p e , open to 
t i g h t asymmetric f o l d i n g with s o u t h e a s t - s t r i k i n g 
ax ia l p lanes and gent ly I n c l i n e d , 
nor thwest -p lung ing axes. Development of reg iona l 
s l a t y c leavage and mineral l i n e a t i o n . 

D1 - E a s t e r l y d i r e c t e d t h r u s t i n g along the Hozameen 
f a u l t caus ing local s t r u c t u r a l Inversion of the 
Ladner Group and o l d e r v o l c a n i c greenstones. 

D e p o s i t i o n of the Ladner Group and other younger 
sedimentary rocks of the Pasayten t rough. 

UUUUUU Unconformity 

Greenstone v o l c a n i c e r u p t i o n . 

F i g u r e s 18 t o 21. I t must be n o t e d t h a t 
t h e s e a r e q u a n t i t a t i v e v a l u e s a n d n o 
a l l o w a n c e h a s b e e n made f o r a n y v o l u m e 
c h a n g e s , as d e s c r i b e d by G r e s e n s ( 1 9 6 7 ) . I n 
add i t i o n t o t h e e l e m e n t s shown, a n a l y s e s 
a l s o were c o m p l e t e d f o r Cu, Hg, P 2 U 5 a n ^ 
S r O . W h i l e C u w a s v e r y w e a k l y , b u t 
s p o r a d i c a l l y a n o m a l o u s (up t o 310 ppm Cu) i n 
some m i n e r a l i z e d h o r i z o n s , t h e o t h e r t h r e e 
e l e m e n t s showed no anomalous v a l u e s t h r o u g h 
o u t t h e d r i l l h o l e s . 

173 POLES 
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123 POLES 
N 

37 POLES 
N 
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GEOCHEMISTRY OF THE IDAHO ZONE 

Some w h o l e r o c k a n d t r a c e e l e m e n t 
r e s u l t s f r o m m i n e r a l i z e d and u n m i n e r a l i z e d 
wackes a t C a r o l i n mine a r e shown i n T a b l e 7. 
A r e c e n t g e o c h e m i c a l s t u d y (Ray and N i e l s , 
1985b) i n d i c a t e s t h a t s p e c i f i c a u r i f e r o u s 
h o r i z o n s a t C a r o l i n mine have c o m p l e x and 
v a r i a b l e m a j o r and t r a c e e l e m e n t z o n i n g 
p a t t e r n s i n w h i c h g o l d i s s o m e t i m e s , b u t n o t 
a l w a y s , a s s o c i a t e d w i t h a n o m a l o u s amounts o f 
e i t h e r A g , Mo, A s , o r Sb. T h i s s t u d y 
i n v o l v e d t h e c o l l e c t i o n o f 50 c o r e s a m p l e s 
f r o m two d r i l l h o l e s t o t a l l i n g 130 m i n 
l e n g t h w h i c h c r o s s c u t a p o r t i o n o f t h e 

* d e p o s i t ( F i g . 1 7 ) . F o u r s u l p h i d e - r i c h , 
a u r i f e r o u s h o r i z o n s a r e i n t e r s e c t e d i n t h e 
two h o l e s ; a s i n g l e 9-m-wide zone i n I U - 4 9 , 
w h i l e I U - 5 3 i n t e r s e c t e d a n a r r o w u p p e r 
h o r i z o n , and 1 1 - m - t h i c k m i d d l e u n i t and a 
n a r r o w l o w e r z o n e . T h e s e a r e d e s i g n a t e d 
a u r i f e r o u s z o n e s A, B, C and D r e s p e c t i v e l y 
( F i g s . 18 t o 2 1 ) . H o l e IU-49 p a s s e s t h r o u g h 
zone A ( F i g . 1 7 ) , b u t IU-53 o n l y p a r t i a l l y 
i n t e r s e c t s t h e h i n g e p o r t i o n o f a f o l d e d 
o r e b o d y ( z o n e C) ; t h u s i t l i e s e n t i r e l y 
w i t h i n a r e p e a t e d h a n g i n g w a l l s e q u e n c e ( F i g . 
17) . C o n s e q u e n t l y , t h e n a r r o w m i n e r a l i z e d 
u n i t s B and D may r e p r e s e n t t h e same f o l d e d 
a u r i f e r o u s h o r i z o n , a l t h o u g h t h e i r 
d i s s i m i l a r g e o c h e m i s t r y makes t h i s u n l i k e l y . 

T r a c e a n d m a j o r e l e m e n t g e o c h e m i c a l 
p l o t s f o r t h e two d r i l l h o l e s a r e shown on 

F i g u r e 16. L a d n e r G r o u p - C a r o l i n m i n e 
( s u r f a c e ) . L o w e r a r e a e q u a l a r e a 
p r o j e c t i o n . A - p o l e s t o b e d d i n g ; B - p o l e s 
t o s l a t y c l e a v a g e ; C - m i n e r a l l i n e a t i o n s ; 
D - f a u l t s ; E - q u a r t z v e i n s . Numbers i n 
b r a c k e t s a r e c o n t o u r i n t e r v a l s i n p e r c e n t . 

Ore zone A c o n t a i n s m a r k e d l y h i g h e r g o l d 
v a l u e s a d j a c e n t t o i t s f o o t w a l l and h a n g i n g -
w a l l s e c t i o n s a n d a c l e a r c o r r e l a t i o n 
b etween g o l d and s i l v e r i s a p p a r e n t ( F i g . 
1 8 ) . M i n e r a l i z a t i o n i n t h i s h o r i z o n i s a l s o 
a s s o c i a t e d w i t h anomalous v a l u e s o f Mo, Sb 
and As - t h e l a t t e r r e f l e c t i n g t h e p r e s e n c e 
o f a r s e n o p y r i t e . H o w e v e r , t h e s e t h r e e 
e l e m e n t s a r e c o n c e n t r a t e d p r e f e r e n t i a l l y i n 
t h e h a n g i n g w a l l o f zone A, wh i l e Mo, f o r 
e x a m p l e , i s a b s e n t i n t h e f o o t w a l l . B y 
c o n t r a s t , none o f t h e t h r e e a u r i f e r o u s z o n e s 
i n t e r s e c t e d i n I U - 5 3 c o n t a i n a n o m a l o u s 
q u a n t i t i e s o f Ag o r Mo. 

A u r i f e r o u s h o r i z o n s A, B a n d C a r e 
a s s o c i a t e d w i t h w i d e b a r i u m d e p l e t i o n zones 
( F i g . 18 and 2 0 ) . The b a r i u m i s p r e s u m a b l y 
a s s o c i a t e d w i t h p o t a s s i u m f e l d s p a r , s i n c e 
d e p l e t i o n c o i n c i d e s w i t h a d r o p i n t h e 
p o t a s s i u m c o n t e n t ( F i g . 19 and 2 1 ) . As 
e x p e c t e d , t h e s u l p h i d e - r i c h z o n e s i n b o t h 
h o l e s a r e a s s o c i a t e d w i t h a d e c r e a s e i n 
w a t e r c o n t e n t ( H 2 O + ) a n d an i n c r e a s e i n 
s u l p h u r . S u r p r i s i n g l y , t h e t o t a l i r o n and 
t i t a n i u m v a l u e s d r o p i n p a r t s o f z o n e s A, B 
and C. T h i s i s p a r t i c u l a r l y n o t i c e a b l e 
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a d j a c e n t t o t h e h a n g i n g w a l l s o f z o n e s A and 
C where i t r e f l e c t s b o t h t h e p r e s e n c e o f 
a r s e n o p y r i t e and t h e e f f e c t s o f d i l u t i o n 
c a u s e d by an i n c r e a s e i n s i l i c a and q u a r t z 
v e i n i n g . S i l i c a and CaO g e n e r a l l y c o r r e l a t e 
n e g a t i v e l y t h r o u g h o u t b o t h h o l e s ; S iO 2 
v a l u e s i n c r e a s e s h a r p l y i n t h e h a n g i n g w a l l 
p o r t i o n s o f z o n e s A and C, w h e r e q u a r t z 
v e i n i n g i s a b u n d a n t , b u t d r o p s o f f i n t h e 
f o o t w a l l s e c t i o n s . T h e s e S i 0 2 ~ e n r i c h e d 
a r e a s l i e a d j a c e n t t o n a r r o w Si02 d e p l e t i o n 
z o n e s s i t u a t e d i n t h e c o u n t r y r o c k 
i m m e d i a t e l y above t h e h a n g i n g w a l l s o f zon e s 
A and C. The MgO c o n t e n t d e c r e a s e s i n t h e 
o r e h o r i z o n s , p a r t i c u l a r l y i n t h e 
h a n g i n g w a l l s e c t i o n s o f z o n e s A and C, b u t 
i n c r e a s e s i m m e d i a t e l y above t h e s e a u r i f e r o u s 
hor i z o n s . 

F i g u r e 1 7 . L o n g i t u d i n a l c r o s s - s e c t i o n 
t h r o u g h t h e I d a h o zone - 837 N o r t h - s h o w i n g 
l o c a t i o n o f d r i l l h o l e s IU-49 and IU - 5 3 . 

Compared t o u n m i n e r a l i z e d L a d n e r G r o u p 
s i l t s t o n e s and wackes o u t s i d e t h e mine a r e a , 
w h i c h a v e r a g e l e s s t h a n 4% N a 2 n * t h e e n t i r e 
130-m-long s e c t i o n o f b o t h IU-49 and IU-53 
i s a n o m a l o u s l y e n r i c h e d i n so d i u m . D e s p i t e 
t h i s , t h e r e l a t i o n s h i p b e t w e e n 
m i n e r a l i z a t i o n a nd t h e s o d i u m c o n t e n t i s 
v a r i a b l e . Sodium l e v e l s r i s e m o d e r a t e l y i n 
p a r t s o f a u r i f e r o u s z o n e s A and C, b u t d r o p 
i n z o n e s B and D. A n a r r o w s o d i u m d e p l e t i o n 

h a l o e x i s t s w i t h i n and i m m e d i a t e l y a b o v e , 
t h e h a n g i n g w a l l p o r t i o n o f z o n e s A, C and D 
( F i g s . 19 and 2 1 ) . 

TABLE 7 
WHOLE ROCK AND TRACE ELEMENT ANALYSES. A COMPARISON 

BETWEEN MINERALIZED AND UNMINERALIZED WACKES 
FROM THE IDAHO ZONE (CAROLIN MINE) 

25163M1 25164M1 25167M1 25168M2 

SIO 55.20 6 0 . 6 2 5 3 . 1 1 48.92 
A I 2 6 3 12 .64 15 .42 14.51 14 .05 
F e 7 0 , 7 . 1 1 0 . 4 5 1 .20 0 . 2 2 
Fe6 3 2 . 3 9 3 . 8 9 7.94 6.26 
MgO 0 .82 0 . 6 8 1 .16 3 . 3 0 
CaO 2 . 6 6 2 .37 4 . 4 9 9 .07 
N a 2 0 7.49 9 . 0 9 7.81 2 . 4 5 
K 2 6 0 . 0 5 0 . 0 9 0 . 3 0 2 .84 
TIO, 0 . 3 3 1 . 0 0 1 . 2 2 0 . 8 3 
HnO 0 . 0 6 0 . 0 7 0 . 1 1 0 . 1 3 
CO 2 .08 2 .78 3-46 6.85 
s 2 3 .84 1 . 9 1 3.41 0 . 1 2 

Au ppm 17.5 16.0 3 . 5 <1 
Ag ppm <I0 <10 <10 <10 
As 6.23 0 . 4 6 1.18 0 .007 
Cu ppm 8 9 81 161 49 
Hg ppb 72 112 78 76 
Sb ppm 185 13 <10 <10 
Mo ppm 75 20 <2 <2 
W ppm 8 1 9 13 <2 
Cr ppm 16 24 29 2 2 
Ba ppm <100 <100 155 1 184 
NI ppm 14 12 18 8 
Pb ppm 21 15 15 16 
Sn ppm <t <1 <1 <1 
Co ppm 19 13 20 15 

In per cent except as noted 

'Su Iph Ide - r I ch wackes In Idaho zone showing a l b i t e 
metasomatism and abundant quar tz ve in ing 

^Unminera l i zed wackes ad jacent to the Idaho zone. Some 
quartz ve in ing but no su l ph i des or a l b i t i c a l t e r a t i o n 

The r e l a t i o n s h i p and d i s t r i b u t i o n o f 
e l e m e n t s w i t h i n and a d j a c e n t t o t h e g o l d -
b e a r i n g z o n e s A, B and C show many common 
c h a r a c t e r i s t i c s . By c o n t r a s t , t h e l o w e r m o s t 
a u r i f e r o u s zone D i s g e o c h e m i c a l l y u n i q u e ; 
i t i s a s s o c i a t e d w i t h a s h a r p d r o p i n S i 0 2 
v a l u e s , d e s p i t e v i s i b l e q u a r t z v e i n i n g and 
w i t h i n c r e a s e s i n CaO, t o t a l Fe and T i 0 2 
( F i g . 2 1 ) . A l s o , t h i s z o n e i s n o t 
a s s o c i a t e d w i t h e i t h e r b a r i u m o r p o t a s s i u m 
d e p l e t i o n ; i n s t e a d t h e g o l d m i n e r a l i z a t i o n 
i s m a r k e d by a n i n c r e a s e i n t h e s e t w o 
e l e m e n t s ( F i g s . 20 and 2 1 ) . 

I n c o n c l u s i o n , t h i s g e o c h e m i c a l s t u d y 
s h o w s 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 a t 
C a r o l i n m i n e i s a s s o c i a t e d w i t h c o m p l e x 
e l e m e n t z o n i n g and t h a t t h e most d r a m a t i c 
e l e m e n t c h a n g e s g e n e r a l l y o c c u r w i t h i n and 
i m m e d i a t e l y above t h e h a n g i n g w a l l s e c t i o n s 
o f t h e o r e h o r i z o n s . The u n i q u e g e o c h e m i c a l 
c h a r a c t e r o f a u r i f e r o u s zone D, compared t o 
zone s A, B and C, s u g g e s t s t h a t t h e C a r o l i n 
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F i g u r e 18. G e o l o g y and t r a c e e l e m e n t g e o c h e m i s t r y o f h o l e I U - 4 9 , C a r o l i n m ine. ( A f t e r Ray 
and N i e l s , 1 9 8 5 ) . 

m i n e o r e b o d y c o n t a i n s two m i n e r a l o g i c a l l y 
d i s t i n c t o r e s u i t e s . T h e d e p o s i t i s 
s u r r o u n d e d by a w i d e , s o d i u m - e n r i c h e d 
e n v e l o p e t h a t e x t e n d s a t l e a s t 60 m beyond 
t h e m i n e r a l i z a t i o n . The l a t e r a l e x t e n t o f 
t h i s e n v e l o p e i s unknown and a p r o g r a m w i l l 
s h o r t l y be u n d e r t a k e n t o e s t a b l i s h i t s t r u e 
d i m e n s i o n s . L i t h o g e o c h e m i c a l s a m p l i n g t o 
o u t l i n e o t h e r a r e a s o f s o d i u m e n r i c h m e n t 
p r o b a b l y r e p r e s e n t s a v i a b l e e x p l o r a t i o n 
t o o l f o r l o c a t i n g s i m i l a r g o l d d e p o s i t s 
i n t h e d i s t r i c t . L i k e w i s e , t h e b a r i u m and 
p o t a s s i u m d e p l e t i o n z o n e s f o r m v a l u a b l e 
e x p l o r a t i o n d r i l l t a r g e t s s i n c e t h e y a r e 
g e n e r a l l y t w i c e a s wi d e as t h e i r a s s o c i a t e d 
g o l d - b e a r i n g h o r i z o n s . C o n s e q u e n t l y , f u t u r e 
u n d e r g r o u n d d r i l l i n g p r o g r a m s t o l o c a t e 
e x t e n s i o n s o f t h e o r e zo n e s a t C a r o l i n mine 
w i l l p r o b a b l y i n c l u d e r o u t i ne b a r i u m o r 
p o t a s s i u m a n a l y s i s t o t e s t f o r any d e p l e t i o n 
i n t h e s e e l e m e n t s . 

F i g u r e 2 0 . G e o l o g y a n d t r a c e e l e m e n t 
g e o c h e m i s t r y o f h o l e I U - 5 3 , C a r o l i n mi ne. 
( A f t e r Ray and N i e l s , 1 9 8 5 ) . 

9-25 



RAY ET AL. 

> 

F i g u r e 19. G e o l o g y and m a j o r e l e m e n t g e o c h e m i s t r y o f h o l e I U - 4 9 , C a r o l i n m i n e . ( A f t e r Ray 
and N i e l s , 1 9 8 5 ) . 
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EMANCIPATION GOLD MINE 
G.E. Ray and D.G. C a r d i n a l 

INTRODUCTION 

The d e f u n c t E m a n c i p a t i o n g o l d mine i s 
s i t u a t e d a p p r o x i m a t e l y 2.5 km s o u t h e a s t o f 
C a r o l i n mine ( F i g . 10) , c l o s e t o T a n g e n t 
C r e e k , a s m a l l t r i b u t a r y o f t h e C o q u i h a l l a 
R i v e r . The mine o r i g i n a l l y c o m p r i s e d f i v e 
a d i t s , t h e most e x t e n s i v e o f w h i c h was 180 m 
l o n g and had s e v e r a l c r o s s c u t s . Ore was 
t r a n s p o r t e d v i a an o v e r h e a d b u c k e t and c a b l e 
s y s t e m down t o a m i l l l o c a t e d j u s t above t h e 
a b a n d o n e d C a n a d i a n P a c i f i c K e t t l e V a l l e y 
r a i l w a y l i n e ( F i g . 22) . The m i l l u s e d a 
p e t r o l e u m f u e l e d e n g i n e a n d h a n d l e d 
a p p r o x i m a t e l y 6 t o n s o f o r e p e r s h i f t . The 
m i l l f o u n d a t i o n s a r e s t i l l d i s c e r n i b l e , b u t 
the b u c k e t and c a b l e s y s t e m i s no l o n g e r i n 
e x i s t e n c e . 

B e tween 1916 and 1941, E m a n c i p a t i o n mine 
r e p o r t e d l y p r o d u c e d 90 kg o f g o l d , w h i c h 
makes i t t h e s e c o n d l a r g e s t p r o d u c e r i n t h e 
C o q u i h a l l a g o l d b e l t a f t e r C a r o l i n m i n e 
( T a b l e 5) . The o r i g i n a l r e s e r v e s , o v e r a l l 
g r a d e and p r o d u c t i o n s t a t i s t i c s a r e unknown; 
a p a r t i a l l i s t o f o r e s h i p m e n t s d u r i n g t h e 
i n i t i a l y e a r s o f m i n i n g a r e a s f o l l o w s : 

Y e a r Tons S h i p p e d V a l u e i n D o l l a r s 

1916 3 'About $ 1500' 
1917 61 $21000 
1918 19 S 9250 

I n t h e e a r l y y e a r s o f p r o d u c t i o n t h e o r e 
was hand s o r t e d and as g o l d was p r i c e d a t 
$20 p e r o u n c e , i t s u g g e s t s t h e g r a d e o f t h i s 
m a t e r i a l v a r i e d f r o m 17 t o 24 o u n c e s Au p e r 
t o n ! (580 t o 822 grams Au p e r t o n n e ) . 

F o r s e v e r a l d e c a d e s f o l l o w i n g W o r l d I I 
the mine a r e a was i g n o r e d , b u t i n 1980 and 
1981, A q u a r i u s R e s o u r c e s L t d . c a r r i e d o u t an 
e x p l o r a t i o n and d iamond d r i l l i n g p r o g r a m ; 
t h e m o s t e x t e n s i v e ad i t a t t h e mine was 
reo p e n e d and s a m p l e d . The s u r f a c e g e o l o g y 
a t t h e n e w l y opened a d i t e n t r a n c e w i l l be 
examined d u r i n g t h i s f i e l d t r i p . 

L i t e r a t u r e r e l e v a n t t o t h e E m a n c i p a t i o n 
mine i n c l u d e t h a t by C a i r n e s (1920, 1924, 
1929) , B u l l i s (1971), C a r d i n a l (1981) and 
Ray (1984) . 

GEOLOGY AND MINERALIZATION 

T h e g e o l o g y o f t h e m i n e a r e a a n d a 
d i a g r a m m a t i c g e o l o g i c a l s e c t i o n t h r o u g h t h e 
d e p o s i t a r e s h o w n on F i g u r e s 22 a n d 23 
r e s p e c t i v e l y . The g o l d - b e a r i n g v e i n s a r e 
h o s t e d w i t h i n a wedge-shaped, f a u l t - b o u n d e d 
s l i c e o f a l t e r e d g r e e n s t o n e s b e l o n g i n g t o 
t h e E a r l y T r i a s s i c ( ? ) S p i d e r P e a k 
F o r m a t i o n . T h e s e g r e e n s t o n e s a r e m o s t l y 

METALS 

F i g u r e 22. G e o l o g y o f t h e E m a n c i p a t i o n mine 
a r e a ( G e o l o g i c a l mapping by G.E. Ray, 1 9 8 2 ) . 

m a s s i v e , b u t t h e e a s t e r n p o r t i o n o f t h e 
f a u l t wedge c o n t a i n s some e l o n g a t e d s h e a r e d 
c l a s t s t h a t p r o b a b l y r e p r e s e n t a q u a g e n e 
b r e c c i a s . I m m e d i a t e l y t o t h e w e s t ( F i g . 
23) , t h e g r e e n s t o n e s a r e i n f a u l t c o n t a c t 
w i t h s e r p e n t i n i t e s o f t h e C o q u i h a l l a 
s e r p e n t i n e b e l t . S h e a r e d t a l c w i t h i n t h e 
E a s t H o z a m e e n f a u l t i s s e e n i n T a n g e n t 
C r e e k . 

To t h e e a s t , t h e u n c o n f o r m a b l e c o n t a c t 
b e t w e e n t h e g r e e n s t o n e s and t h e Lower t o 
M i d d l e J u r a s s i c L a d n e r Group i s o c c u p i e d by 
a h i g h a n g l e r e v e r s e f a u l t ( F i g . 23) . The 
La d n e r Group youngs e a s t w a r d away f r o m t h e 
o l d e r g r e e n s t o n e u n i t ( F i g . 22) and m o s t l y 
c o m p r i s e s s l a t y a r g i l l i t e s and s i l t s t o n e s . 
I m m e d i a t e l y a d j a c e n t t o t h e g r e e n s t o n e s 
t h e r e i s a 1 t o 2-m-wide u n i t o f l i t h i c 
w acke and s i l t s t o n e c o n t a i n i n g c h e r t and 
v o l c a n i c c l a s t s ; t h i s i s i n t e r p r e t e d as a 
f a u l t e d remnant o f t h e c o a r s e c l a s t i c l o w e r 
p o r t i o n o f t h e L a d n e r Group s u c c e s s i o n w h i c h 
f u r t h e r n o r t h , a r o u n d C a r o l i n mine e x c e e d s 
200 m i n t h i c k n e s s . 

T h e r e a r e t h r e e p r i n c i p a l s e t s o f q u a r t z 
v e i n s a t t h e m i n e , a l l o f w h i c h a r e 
c o n t r o l l e d b y a r e l a t e d , c o m p l i m e n t a r y 
f r a c t u r e s y s t e m t h a t d e v e l o p e d d u r i n g 
r e v e r s e movements a l o n g t h e E a s t Hozameen 
f a u l t ( F i g . 2 3 ) . The t h r e e s e t s a r e t h e 
f o o t w a l l ' B o u l d e r v e i n 1 , t h e h a n g i n g w a l l 
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'Dyke v e i n ' , between which are a s e t of 
i r r e g u l a r , r e v e r s e c l i p p i n g ' F l a t v e i n s ' 
( F i g . 23). Both the Dyke and Boulder veins 
f o l l o w , i n p a r t , r e v e r s e f r a c t u r e s ; the F l a t 
v e i n s occupy second o r d e r , s i g m o i d a l - t y p e 
t e n s i o n f r a c t u r e s f o r m e d d u r i n g t h e 
n o r t h e a s t e r l y d i r e c t e d t h r u s t movements 
along the f o o t w a l l and hangingwall f a u l t s . 

-The Boulder v e i n , which i n p a r t f o l l o w s 
the f a u l t e d , unconformable c o n t a c t between 
the greenstone and the Ladner Group ( F i g . 
23), i s the widest v e i n on the p r o p e r t y , but 
g e n e r a l l y c a r r i e s l i t t l e or no g o l d . I t i s 
n o r t h - n o r t h e a s t e r l y s t r i k i n g , d i p s between 
50 and 60° west and reaches a maximum of 4.6 
m i n width. I t mainly comprises m i l k y to 
mas s i v e q u a r t z , w i t h s p o r a d i c but t r a c e 
amounts of carbonate and some disseminated 
s u l p h i d e s ; i n decreasing order of abundance 
t h e s e a r e p y r i t e , a r s e n o p y r i t e a n d 
c h a l c o p y r i t e . In some p a r t s both margins of 
the v e i n pass out to a b r e c c i a t e d zone up to 
3 m t h i c k . T h i s c o m p r i s e s a n g u l a r , 
s i l i c i f i e d c l a s t s of f r a c t u r e d country rock 
e n c l o s e d w i t h i n a v e i n q u a r t z m a t r i x . 
L o c a l l y , the western margin of the Boulder 
v e i n passes i n t o a 1 to 4-m-wide zone of 
h i g h l y a l t e r e d greenstone which i s marked by 
s i l i c i f i c a t i o n , some c a r b o n a t e and d i s 
seminated p y r 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 
and c h a l c o p y r i t e , but no g o l d ( C a r d i n a l , 
1981). D r i l l i n g by Aquarius Resources L t d . 
i n d i c a t e s t h a t t h i s a l t e r e d zone cont i n u e s 
w i t h d e p t h , but the Boulder v e i n q u i c k l y 
pinches out down d i p ( F i g . 23). 
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The hangingwall Dyke v e i n was probably 
the most important r e g a r d i n g ore tonnage as 
i t was stoped f o r 85 m along s t r i k e and over 
40 m down d i p ( B u l l i s , 1971). L i k e the 
Boulder v e i n , i t too i s n o r t h e r l y s t r i k i n g , 
but d i f f e r s i n t h a t i t i s t h i n n e r (between a 
few c e n t i m e t r e s and 0.6 m i n t h i c k n e s s ) and 
i t s d i p v a r i e s w i t h depth. In the higher 
par t s of the mine workings the Dyke v e i n 
d i p s 40° westward, but w i t h depth the v e i n 
gets shallower u n t i l i t e v e n t u a l l y forms a 
g e n t l y u n d u l a t i n g , s u b h o r i z o n t a l s t r u c t u r e 
( F i g . 23) . The Dyke v e i n mainly comprises 
t u r b i d , r i b b o n - t e x t u r e d q u a r t z . L o c a l l y i t 
c o n t a i n s a l t e r e d t h i n s l i c e s of c o u n t r y 
r o c k , some s h e a r e d s h e e t s of c h l o r i t e , 
together w i t h carbonate, gypsum and nodules 
of pink a l b i t e . The p r i n c i p a l s u l p h i d e s i n 
d e c r e a s i n g o r d e r o f a b u n d a n c e a r e 
p y r r h o t i t e , a r s e n o p y r i t e , p y r i t e , 
c h a l c o p y r i t e and m a r c a s i t e . C a i r n e s (1929) 
c o n c l u d e d t h a t p y r i t e and p r o b a b l y t h e 
p y r r h o t i t e were the e a r l i e s t s u l p h i d e s and 
t h a t they were succeeded by the gold and 
a r s e n o p y r i t e ; the c h a l c o p y r i t e may a l s o have 
b e e n c o n t e m p o r a n e o u s w i t h t h e l a t t e r 
m i n e r a l s . C a i r n e s (1929) a l s o r e p o r t s the 
l o c a l p r esence of e n a r g i t e (CU3ASS4) and 
s p e c t a c u l a r amounts of f r e e g o l d i n the Dyke 
v e i n ; the g o l d - s i l v e r r a t i o i n the v e i n was 
6 t o 1. The q u a r t z , s u l p h i d e and g o l d 
contents a p p a r e n t l y decreased i n the v e i n 
b o t h down d i p and a l o n g s t r i k e t o t h e 
northwest. 

Between the Boulder and Dyke v e i n s are 
the F l a t v e i n s , which c o m p r i s e numerous 
v e i n l e t s and q u a r t z l e n s e s , together w i t h at 
l e a s t t h r e e more prominent q u a r t z v e i n s . 
These s t r i k e northwest and d i p between 30 t o 
4 5° nor t b e a s t ; however, even the l a r g e s t 
F l a t v e i n does not exceed 7 cm wide and soon 
pinches out wit h depth ( F i g . 23). They are 
r e l a t e d to and s p l a y out from, the Dyke v e i n 
and compr i s e q u a r t z w i t h minor c a l c i t e , 
p l a g i o c l a s e and gypsum, together w i t h f r e e 
g o l d and s u l p h i d e s . T h e s e v e i n s a r e 
noteworthy i n c a r r y i n g some of the hig h e s t 
g o l d values i n the mine, p a r t i c u l a r l y where 
they i n t e r s e c t the Dyke v e i n ( C a i r n e s , 1929; 
B u l l i s , 1971). 

To summarize, the m i n e r a l i z a t i o n at the 
Emancipation mine i n c l u d e s two types t h a t 
a r e p o s s i b l y g e n e t i c a l l y and t e m p o r a l l y 
r e l a t e d . One of these i s barren s i l i c e o u s -
c a r bonate-sulphide replacement a l t e r a t i o n of 
the greenstones which i s a s s o c i a t e d w i t h the 
Boulder v e i n and i t s h o s t i n g f r a c t u r e . The 
second type i s r e p r e s e n t e d by the g o l d -
s u l p h i d e - b e a r i n g q u a r t z v e i n s w h i c h are 
h o s t e d i n the g r e e n s t o n e s and which are 
c o n t r o l l e d by a complimentary set of reverse 
movement induced f r a c t u r e s . 

F i g u r e * 23. D i a g r a m m a t i c v e r t i c a l c r o s s 
s e c t i o n through the Emancipation g o l d mine, 
Hope, B r i t i s h C o l u m b i a . (Adapted a f t e r 
C a r d i n a l 1981). 
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