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INTRODUCTION 

T h i s p r o j e c t was i n i t i a t e d i n June 1981, and has been c e n t r e d around the 
C a r o l i n g o l d mine (MDI No. 092H/NW/007), s i t u a t e d a p p r o x i m a t e l y 18 
k i l o m e t r e s n o r t h e a s t of Hope. The main o b j e c t i v e s a r e : 

(1) R e g i o n a l mapping to o u t l i n e the r e l a t i o n s h i p between 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 and the a d j o i n i n g Ladner Group. The c o n t a c t 
between these u n i t s i s of economic i n t e r e s t b e c a u s e the C a r o l i n 
mine, s e v e r a l former g o l d p r o d u c e r s , and numerous g o l d o c c u r r e n c e s 
l i e c l o s e to i t . R e g i o n a l mapping d u r i n g t h i s i n i t i a l s eason was 
c o n f i n e d to an a r e a s t r e t c h i n g 13 k i l o m e t r e s s o u t h and 5 k i l o m e t r e s 
e a s t o f the C a r o l i n mine ( F i g u r e 1 ) . 

(2) D e t a i l e d mapping a t the C a r o l i n g o l d mine, w i t h p a r t i c u l a r emphasis 
on i n t e r p r e t i n g the s t r u c t u r a l h i s t o r y o f the r o c k s h o s t i n g the 
g o l d m i n e r a l i z a t i o n ( F i g u r e s 2, 3, and 4; T a b l e 1 ) . 

(3) G e o c h e m i c a l a n a l y s i s and, where p o s s i b l e , m i c r o f o s s i l i d e n t i f i 
c a t i o n on rock samples c o l l e c t e d from the e n t i r e r e g i o n . 
M i n e r a l o g i c a l . a n d t r a c e e l e m e n t s t u d i e s w i l l be u n d e r t a k e n on 
u n d e r g r o u n d ore samples taken from the Idaho Zone a t C a r o l i n mine 
and from o t h e r former g o l d mines i n the a r e a . 

TABLE 1. STRUCTURAL HISTORY OF THE CAROL IN MINE AREA 

S p o r a d i c a l l y developed, minor conjugate f o l d s a s s o c i a t e d with 
kink banding and c r e n u l a t l o n c l e a v a g e . 

?2 Open to t i g h t , disharmonlc f o l d s having s u b - v e r t i c a l t o 
e a s t e r l y d i p p i n g , s o u t h e a s t - s t r i k i n g a x i a l planes and n o r t h 
west to southeast, g e n t l y plunging axes. It Is the dominant 
f o l d episode In the area and i s a s s o c i a t e d with a widespread 
a x i a l planar s l a t y cleavage and mineral l l n e a t l o n . Some 
d i s r u p t i o n along f o l d limbs and a x i a l planes. 

F j Widespread s t r u c t u r a l Inversion of the Ladner Group and 
greenstone v o l c a n l c s , probably r e l a t e d to major recumbent 
f o l d i n g . No a s s o c i a t e d a x i a l plane f a b r i c r e c o g n i z e d . 

E a r l y t o Middle J u r a s s i c ? Unconformable d e p o s i t i o n of the Ladner Group sediments on a 
greenstone v o l c a n i c u n i t of unknown age. 

HISTORY AND PREVIOUS WORK 

By the e a r l y p a r t of 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 to the e a s t e r n edge o f the C o q u i h a l l a 
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Figure 2. The geology of the C a r o l i n mine area. 
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S e r p e n t i n e B e l t , These d i s c o v e r i e s e v e n t u a l l y l e d t o u n d e r g r o u n d 
p r o d u c t i o n from t h r e e d e p o s i t s , the P i p e s t e m , E m a n c i p a t i o n , and Aurum 
mines ( F i g u r e 1 ) . A l l t h r e e p r o p e r t i e s a r e now c l o s e d and the 
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 a r e d e s c r i b e d by C a i r n e s (1924, 
1929). M i n e r a l i z a t i o n a t the E m a n c i p a t i o n mine was i n q u a r t z v e i n s 
c u t t i n g a l t e r e d v o l c a n i c r o c k s whereas a t P i p e s t e m the g o l d - b e a r i n g v e i n s 
c u t s e d i m e n t a r y r o c k s of the Ladner Group. In b o t h d e p o s i t s g o l d i s 
a s s o c i a t e d w i t h s i l v e r , p y r i t e , and a r s e n o p y r i t e , w h i l 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 a r e r e p o r t e d from the E m a n c i p a t i o n p r o p e r t y . 
The E m a n c i p i t a t i o n a r e a was r e c e n t l y r e - e x a m i n e d by A q u a r i u s R e s o u r c e s 
L t d . ( C a r d i n a l , 1981). 

In 1927, the Aurum g o l d mine was d i s c o v e r e d j u s t s o u t h o f the Idaho Zone. 
S p e c t a c u l a r v a l u e s of 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 found i n 
the Hozameen f a u l t which i s a major f r a c t u r e m a r k i n g the e a s t e r n margin o f 
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 . A t Aurum, g o l d i s 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 , and p o s s i b l y m i l l e r i t e 
( C a i r n e s , 1929). 

S u r f a c e e x p o s u r e s of the Idaho Zone ( F i g u r e 4 ) , the 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 the c u r r e n t C a r o l i n mine o p e r a t i o n , were o r i g i n 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 ) . A t t h a t time the g o l d v a l u e s were n o t economic b u t the 
i n c r e a s e d p r i c e o f g o l d i n the e a r l y 1 9 7 0 f s l e d C a r o l i n Mines L t d . t o 
c o n d u c t a major e x p l o r a t i o n and d e v e l o p m e n t program on the p r o p e r t y . 
C u r r e n t o u t l i n e d o r e r e s e r v e s a r e as f o l l o w s : 

Tonnes Oz./tonne C u t - o f f Grade 

2 000 000 0.128 0.05 oz./ton Au 
1 500 000 0.141 0.08 oz./ton Au 

C a r o l i n mine s t a r t e d p r o d u c t i o n i n December 1981, and the m i l l s h o u l d 
h a n d l e a p p r o x i m a t e l y 1,500 s h o r t tons o f ore p e r day. 

B r i e f d e t a i l s on the g e o l o g y of the Idaho Zone were g i v e n by B a r r ( 1980), 
b u t most work on the d e p o s i t i s i n u n p u b l i s h e d f o r m ; t h i s i n c l u d e s work 
by C o c h r a n e , e t a l . (1974), G r i f f i t h s ( 1 9 7 5 ) , and a m i n e r a l o g i c a l and 
p e t r o g r a p h i c s t u d y on the ore zone by K a y i r a ( 1 9 7 5 ) . 

The r e g i o n a l g e o l o g y , i n v o l v i n g e a r l y major work by C a i r n e s (1924, 1929), 
was c o m p i l e d by Monger (1 9 7 0 ) . A d d i t i o n a l work r e l e v a n t t o the a r e a 
i n c l u d e s t h a t by M c T a g g a r t and Thompson (1967), C o a t e s (1970, 1974), and 
A n d e r s o n ( 1 9 7 6 ) . 

REGIONAL GEOLOGY 

In the C a r o l i n mine v i c i n i t y , 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 forms an 
e l o n g a t e n o r t h - n o r t h w e s t - t r e n d i n g u n i t t h a t s e p a r a t e s r o c k s of the l a d n e r 
and Hozameen Groups t o the e a s t and west r e s p e c t i v e l y ( F i g u r e 1 ) ; b o t h 
m a r g i n s o f the b e l t a p pear t o r e p r e s e n t major l o n g - l i v e d t e c t o n i c 
f r a c t u r e s . In the C o q u i h a l l a R i v e r a r e a , the b e l t e x c e e d s 2 k i l o m e t r e s 
i n w i d t h , b u t i t g r a d u a l l y t h i n s to the n o r t h and s o u t h u n t i l i n the 
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F i g u r e 5. Schematic s t r a t I g r a p h i c s u c c e s s i o n In the C a r o l i n mine area (not t o 
s c a l e ) : (1) f o l d i n g of the Ladner Group sedimentary rocks c o n t a i n i n g 
carbonaceous a r g l l l l t e s ( b l a c k ) ; (2) l a t e F^ high-angle reverse f a u l t i n g 
l o c a l i z e d along the carbonaceous horizon (black) w i t h i n the ?^ *o\<\ 
limb; (3) hydrothermal e p l g e n e t l c emplacement of suIphide-gold 
m i n e r a l i z a t i o n ( s t i p p l e d ) along the f a u l t s h a t t e r zone; and (3) l a t e 
normal f a u l t i n g (F) causing displacement of the mi n e r a l i z e d zone. 

92 



B o s t o n Bar and Manning Park a r e a s (Monger, 1970; C o a t e s , 1974) the 
Hozameen and L a d n er Groups a r e i n d i r e c t f a u l t c o n t a c t . The Hozameen 
F a u l t marks the e a s t e r n b o u n d a r y o f the b e l t w h i l e the f r a c t u r e a l o n g the, 
b e l t ' s w e s t e r n m a r g i n ( F i g u r e 1) i s c u r r e n t l y unnamed. Near C a r o l i n mine 
the b e l t i s d o m i n a t e d by two major r o c k t y p e s : m a s s i v e d a r k s e r p e n t i n i t e 
o f p r o b a b l e p e r i d o t i t e p a r e n t a g e ( C a i r n e s , 1929) and medium t o c o a r s e 
g r a i n e d , m a s s i v e and h i g h l y a l t e r e d h o r n b l e n d e d i o r i t e . The b a s a l t s , 
d i a b a s e s , and m u l t i p l e s h e e t e d dykes o b s e r v e d by A n d e r s o n (1976) were not 
seen i n t h i s p o r t i o n of the b e l t . 

S e r p e n t i n i t e i s the dominant r o c k t y p e and c h a r a c t e r i z e s the b e l t , e x c e p t 
i n the S e r p e n t i n e Lake v i c i n i t y ( F i g u r e 1) where d i o r i t e i s abundant and 
forms 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 e t r e s i n w i d t h . The age 
and g e n e t i c r e l a t i o n s h i p s between t h e s e two r o c k t y p e s a r e unknown 
beca u s e t h e i r r a r e l y o b s e r v e d c o n t a c t s a r e h i g h l y s h e a r e d . 

The Hozameen Group i n the map-area c o n s i s t s o f p h y l l i t i c a r g i l l i t e s 
i n t e r l a y e r e d w i t h b o t h m a s s i v e and r i b b o n c h e r t s . They have been 
s u b j e c t e d t o i n t e n s e d e f o r m a t i o n and l o w e r g r e e n s c h i s t metamorphism, and 
o t h e r t h a n t h e r i b b o n l a y e r i n g i n t h e c h e r t s , no s e d i m e n t a r y s t r u c t u r e s 
have been p o s i t i v e l y i d e n t i f i e d . Some s c h i s t o s e a r g i l l i t e s c o n t a i n h i g h 
l y deformed c l a s t s , b u t i t i s u n c e r t a i n whether t h e s e r e p r e s e n t sedimen
t a r y o r t e c t o n i c f e a t u r e s . E l s e w h e r e , t h e Hozameen Group i n c l u d e s s p i l -
l i t i c b a s a l t s ( g r e e n s t o n e s ) and minor l i m e s t o n e s i n t e r l a y e r e d w i t h c h e r t s 
and p e l i t e s ( D a l y , 1912; C a i r n e s , 1924; M c T a g g a r t and Thompson, 1967; 
Monger, 1970). Monger (1975) i n t e r p r e t s t h e group as a s u p r a c r u s t a l 
o c e a n i c sequence o f p o s s i b l y T r i a s s i c o r p r e - T r i a s s i c age. 

The L a d n e r Group ( C a i r n e s , 1924) c o n s i s t s o f a t h i c k sequence o f f i n e 
g r a i n e d , p o o r l y bedded, b l a c k s l a t y a r g i l l i t e s and w e l l - b e d d e d , g r e y -
c o l o u r e d s i l t s t o n e s w i t h minor amounts o f c o a r s e c l a s t i c s e d i m e n t a r y 
r o c k s . Most o u t c r o p s show e v i d e n c e o f low g r a d e metamorphism w i t h the 
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 , b u t i n many i n s t a n c e s 
t h e o r i g i n a l 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 . Graded bed
d i n g i s commonly o b s e r v e d i n the s i l t s t o n e s and c o a r s e c l a s t i c u n i t s , 
w h i l e o t h e r , l e s s common, s e d i m e n t a r y s t r u c t u r e s p r e s e n t i n c l u d e c r o s s -
b e d d i n g , r i p p l e m a r k i n g , s c o u r i n g , f l a m e , l o a d c a s t , b a l l and p i l l o w 
s t r u c t u r e s , and c h a o t i c s l u m p i n g . G r a d e d b e d d i n g and s c o u r s t r u c t u r e s 
i n d i c a t e t h a t most L a d n e r Group r o c k s a d j a c e n t t o t h e S e r p e n t i n e B e l t , 
i n c l u d i n g t h o s e h o s t i n g 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 mine, a r e 
s t r u c t u r a l l y i n v e r t e d ( F i g u r e s 3 and 4 ) . 

A b r o a d s t r a t i g r a p h i c sequence i s r e c o g n i z e d i n t h e L a d n e r Group 
c o n s i s t i n g o f a t h i n , lowermost u n i t c h a r a c t e r i z e d by a h e t e r o g e n e o u s 
a s s o r t m e n t o f c o a r s e c l a s t i c , p a r t l y v o l c a n o g e n i c , s e d i m e n t a r y r o c k s , 
t h a t p a s s upwards i n t o a t h i c k e r sequence o f f i n e t o medium g r a i n e d w e l l 
bedded s i l t s t o n e s . These a r e o v e r l a i n i n t u r n by a t h i c k u n i t o f v e r y 
f i n e - g r a i n e d , o r g a n i c , and i r o n - r i c h a r g i l l i t e s ( F i g u r e 5 ) . The lower 
c l a s t i c u n i t h o s t s t h e C a r o l i n g o l d m i n e r a l i z a t i o n ; i t i n c l u d e s 
d i s c o n t i n u o u s wedges o f greywacke, l i t h i c wacke, c o n g l o m e r a t e , and 
p o s s i b l e r e w o r k e d t u f f s w i t h i n t e r v e n i n g u n i t s o f a r g i l l i t e and f i n e l y 
b edded v o l c a n o g e n i c s i l t s t o n e s . P e b b l e s o f v o l c a n i c o r i g i n a r e common 
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w i t h l e s s e r amounts of q u a r t z , j a s p e r , and c h e r t ; one e x t e n s i v e 
c o n g l o m e r a t e u n i t c o n t a i n s f r a g m e n t s o f l i m e s t o n e t h a t a r e d e r i v e d from 
an unknown s o u r c e . C o c h r a n e , e t a l . (1974) m e n t i o n s p o s s i b l e w e l d e d 
t u f f s and v o l c a n i c bombs i n the lowermost s e c t i o n , w h i l e A n d e r s o n (1976) 
n o t e s the p r e s e n c e o f ' s e r p e n t i n e ( c l a s t s ) r e c o g n i z a b l y d e r i v e d from 
C o q u i h a l l a B e l t r o c k s ' b u t t h e s e o b s e r v a t i o n s were n o t v e r i f i e d i n t h i s 
s t u d y . The o v e r a l l upward f i n i n g o f t h e L a d n e r Group s u g g e s t s a 
p r o g r e s s i v e t e m p o r a l change from s h a l l o w t o d e e p e r water c o n d i t i o n s * The 
i n i t i a l r a p i d and c h a o t i c d e p o s i t i o n of n e a r - s h o r e e l a s t i c s was 
s u p e r c e d e d by e a r l y s i l t s t o n e s ( p r o x i m a l t u r b i d i t e s ) and l a t e r a r g i l l i t e s 
( d i s t a l t u r b i d i t e s ) . 

The L a d n e r Group o v e r l i e s a v o l c a n i c g r e e n s t o n e ( F i g u r e 5) o f unknown 
age, whose r e l a t i o n s h i p t o the o t h e r major r o c k u n i t s i n the a r e a i s 
c o n t r o v e r s i a l ( s e e D i s c u s s i o n ) . C o n s e q u e n t l y , t h e g r e e n s t o n e i s p r o 
v i s i o n a l l y s e p a r a t e d from the L a d n e r Group ( F i g u r e s 1, 2, and 5 ) . T h i s 
g r e e n s t o n e u n i t can be t r a c e d d i s c o n t i n u o u s l y f o r 13 k i l o m e t r e s a l o n g t h e 
e a s t e r n s i d e o f t h e Hozameen f a u l t , and now s t r u c t u r a l l y o v e r l i e s t h e 
L a d n e r Group b e c a u s e o f t h e r e g i o n a l t e c t o n i c i n v e r s i o n . Thus, i t s 
t h i c k e s t d e v e l o p m e n t , up t o 400 m e t r e s i n o u t c r o p w i d t h , o c c u r s on h i g h e r 
ground, w h i l e a l o n g t h e b ottom o f t h e L a d n e r C r e e k v a l l e y , s o u t h o f 
C a r o l i n mine t h e u n i t d i s a p p e a r s , and t h e L a d n e r Group i s i n f a u l t e d 
c o n t a c t w i t h 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 u r e 1 ) . The g r e e n s t o n e 
i s a h i g h l y a l t e r e d , f i n e t o medium g r a i n e d r o c k o f p r o b a b l e a n d e s i t i c 
c o m p o s i t i o n ( C a i r n e s , 1924). O u t c r o p s v a r y f r o m m a s s i v e t o v e r y weakly 
l a y e r e d and, i n p l a c e s , e x c e l l e n t p i l l o w s t r u c t u r e s a r e p r e s e r v e d w i t h 
some i n t e r p i l l o w b r e c c i a s , which i n one i n s t a n c e i n c l u d e c h e r t c l a s t s . 
Many g r e e n s t o n e o u t c r o p s c o n t a i n numerous dark g r e e n a n g u l a r f r a g m e n t s , 
i n a l i g h t e r g r e e n m a t r i x which c o u l d r e p r e s e n t e v i d e n c e o f 
a u t o b r e c c i a t i o n w i t h i n t h e l a v a s . Some g r e e n s t o n e s n o r t h o f C a r o l i n mine 
a l s o show e v i d e n c e o f t e c t o n i c b r e c c i a t i o n and s h e a r i n g ( S h e a r e r , p e r s . 
comm.)• 

In t h e v i c i n i t y o f t h e E m a n c i p a t i o n mine, t h e L a d n e r Group and t h e 
g r e e n s t o n e s a r e s e p a r a t e d by a f a u l t whereas f u r t h e r s o u t h t h e c o n t a c t 
a p p e a r s t o r e p r e s e n t an u n c o n f o r m i t y . N e a r t h e j u n c t i o n o f Dewdney Creek 
and th e C o q u i h a l l a R i v e r , t h e p i l l o w e d g r e e n s t o n e s a r e o v e r l a i n d i r e c t l y 
by f i n e l y l a m i n a t e d , v o l c a n o g e n i c s i l t s t o n e s o f t h e L a d n e r Group, b u t 
n o r t h e a s t o f S e r p e n t i n e Lake the c o n t a c t i s marked by a c o a r s e 
c o n g l o m e r a t e v a r y i n g from 1 t o 200 m e t r e s i n o u t c r o p w i d t h ( F i g u r e 1 ) . 

A v a r i e t y o f i n t r u s i v e r o c k s c u t t h e L a d n e r Group. E a s t o f L a d n e r C r e e k 
t h e m e t a s e d i m e n t s a r e i n t r u d e d by t h e N e e d l e Peak P l u t o n which has been 
d a t e d a t 39 Ma by K-Ar methods (Monger, 1970). The m e t a s e d i m e n t s 
a d j a c e n t t o t h i s g r a n o d i o r i t e body a r e c h a r a c t e r i z e d by a t h e r m a l 
metamorphic a u r e o l e up t o 0.75 k i l o m e t r e wide, w h i c h i s marked by t h e 
growth o f b i o t i t e and c o r d i e r i t e . 

O t h e r i n t r u s i v e r o c k s w i t h i n the L a d n e r Group a r e b r o a d l y s e p a r a b l e i n t o 
g r a n i t i c and m a f i c t y p e s . The l a t t e r form d y k e s , s i l l s and sub-rounded 
masses up t o 0.3 k i l o m e t r e i n w i d t h t h a t c o m p r i s e a h i g h l y v a r i e d s u i t e 
r a n g i n g f r o m l e u c o g a b b r o i c t o u l t r a m a f i c r o c k s ( F i g u r e 1 ) . G r a n i t i c 
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i n t r u s i v e r o c k s f o r m narrow dykes and s i l l s g e n e r a l l y l e s s t h a n 10 m e t r e s 
wide t h a t have been mapped as e i t h e r q u a r t z o r f e l d s p a r p o r p h y r i e s ; t h e 
l a t t e r a r e l o c a l l y o f s y e n i t i c c o m p o s i t i o n ( C a i r n e s , 1924). Some dykes 
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 and a r s e n o p y r i t e and a r e c u t by q u a r t z 
v e i n i n g ; C a i r n e s (1924, 1929) c o n s i d e r e d t h e s e b o d i e s t o be g e n e t i c a l l y 
r e l a t e d t o some o f t h e r e e f - h o s t e d g o l d i n t h e d i s t r i c t . 

GEOLOGY AND STRUCTURAL HISTORY OF THE CAROLIN MINE VICINITY 

The s u r f a c e g e o l o g y a r o u n d the C a r o l i n mine i s shown on F i g u r e 2 and 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 a r e a summarized on F i g u r e 6 and i n T a b l e 1. 
The 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 d e t a i l e d 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 mine a r e a r e v e a l t h a t most o f the s t r a t i g r a p h i c 
sequence, 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 Idaho Zone, 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 u r e s 3 and 4 ) . A f t e r t h i s e a r l y F^ t e c t o n i c 
o v e r t u r n i n g , t h e s u p r a c r u s t a l r o c k s were deformed by t h e F2 f o l d i n g and 
o v e r p r i n t e d by a weak t o i n t e n s e s l a t y c l e a v a g e w h i c h forms t h e dominant 
t e c t o n i c f o l i a t i o n i n a r e a . Thus, the s l a t y c l e a v a g e was imposed on 
i n v e r t e d b e ds. S e v e r a l g e n e r a t i o n s o f f a u l t movement s u b s e q u e n t l y 
o c c u r r e d , p a r t i c u l a r l y a l o n g t h e F 2 f o l d a x i a l p l a n e s and l i m b s . An 
e a r l y phase o f f a u l t s h a t t e r i n g a p p e a r s t o be s p a t i a l l y r e l a t e d t o 
s e v e r a l zones o f a l t e r a t i o n w hich a r e marked by e i t h e r q u a r t z , c a l c i t e , 
o r f e l d s p a r v e i n i n g and p e r v a 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 ( F i g u r e 4 ) . 
However, most o f t h e f r a c t u r e s shown on F i g u r e s 3 and 4 b e l o n g t o a l a t e r 
p hase o f g e n e r a l l y n o r m a l f a u l t i n g w h i c h p o s t - d a t e s and d i s p l a c e s t h e 
e a r l i e r a l t e r a t i o n z o n e s . The Idaho Zone ( F i g u r e 4 ) , 150 metres e a s t of 
t h e Hozameen f a u l t , forms t h e l a r g e s t s u r f a c e e x p o s u r e o f a l t e r a t i o n and 
i s t h e o n l y one t o d a t e i n which economic g o l d m i n e r a l i z a t i o n has been 
f o u n d . At a c u t - o f f g r a d e o f 0.05 ounce p e r t o n g o l d i t a p p e a r s t o form 
an i r r e g u l a r , s t e e p l y i n c l i n e d o r e body a p p r o x i m a t e l y 35 metres wide, 100 
m e t r e s deep, and o v e r 300 metres i n l e n g t h which i s s t i l l open down 
p l u n g e (R. N i e l s , p e r s . comm.). The d e p o s i t p a s s e s upward i n t o 
u n m i n e r a l i z e d c h l o r i t i c s c h i s t s , and t h e t o p o f t h e o r e zone p l u n g e s 
g e n t l y n o r t h w a r d a t a p p r o x i m a t e l y 25 d e g r e e s (W. C l a r k e , p e r s . comm.). 
The p r e d o m i n a n t m i n e r a l assemblage i n the zone c o m p r i s e s q u a r t z , 
p l a g i o c l a s e ( A n ^ ^ ) , c a r b o n a t e , c h l o 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 
p y r i t e ; o t h e r r a r e r opaque m i n e r a l s , i n d e c r e a s i n g o r d e r o f abundance, 
i n c l u d e m a g n e t i t e , c h a l c o p y r i t e , b o r n i t e , and g o l d ( K a y i r a , 1975). In 
o u t c r o p , the zone i s c h a r a c t e r i z e d by abundant s u l p h i d e s , i n t e n s e 
h y d r o t h e r m a l a l t e r a t i o n which w e a t h e r s t o g i v e a d i s t i n c t i v e b l a c k o r 
g r e y - c o l o u r e d r o c k , and a m u l t i - s t a g e network o f q u a r t z , c a l c i t e and 
a l b i t e v e i n i n g . Many v e i n s a r e o r i e n t a t e d p a r a l l e l t o t h e s l a t y 
c l e a v a g e , d e m o n s t r a t i n g t h a t some a l t e r a t i o n i n t h e Idaho Zone p o s t - d a t e s 
t h e main F 2 s t r u c t u r a l e v e n t . M i n e r a l i z a t i o n i n v o l v e d t h e spasmodic 
i n t r o d u c t i o n o f s i l i c a , c a r b o n a t e , Na, Fe, Cu, As, Mo, Sb, and Au, and 
T a b l e 2 shows t h e r e s u l t s o f some t r a c e e l e m e n t a n a l y s e s c o m p l e t e d on 
f r e s h , u n d e r g r o u n d samples c o l l e c t e d 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 
p o r t i o n s o f t h e Idaho Zone. C o c h r a n e ( p e r s . comm.) n o t e s t h a t s o i l s o v e r 
t h e s u r f a c e e x p o s u r e s o f t h e Idaho Zone c o n t a i n anomalous mercury v a l u e s , 
b u t u n d e r g r o u n d o r e samples ( T a b l e 2) show no s i g n i f i c a n t e n r i c h m e n t i n 
t h i s e l e m e n t . Thus a v e r t i c a l z o n i n g o f m e r c u r y c o u l d e x i s t i n t h e 
d e p o s i t . 
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F i g u r e 6. P o s t u l a t e d e v o l u t i o n a r y h i s t o r y of the C o q u i h a l l a Serpentine B e l t : 

(1) p r e - T r l a s s l c t o T r l a s s l c d e p o s i t i o n of the Hozameen Group (HG) 
o c e a n i c s u p r a c r u s t a l rocks (Monger, 1975). J u r a s s i c ( C a i r n e s , 
1924; Coates, 1974) d e p o s i t i o n of the Ladner Group (LG) a r c t r e n c h 
gap sediments onto ocean v o l c a n i c rocks (Anderson, 1976). OC = 
o c e a n i c c r u s t ; OY = oceanic v o l c a n i c r o c k s , 

(2) eastward o v e r t h r u s t l n g of the Hozameen Group along a h o r i z o n of 
s e r p e n t InI zed ocean c r u s t c a u s i n g F^ s t r u c t u r a l I n v e r s i o n In the 
Manning Park area (Coates, 1974); B = present e r o s i o n l e v e l In the 
Carol In mine a r e a . 

(3) F^ f o l d i n g r e s u l t i n g In a steepening of a l l u n i t s I n c l u d i n g the 
C o q u i h a l l a Serpentine B e l t (CSB), with l a t e r development of the 
Hozameen f a u l t (HF). DCS = Dewdney Creek S e r i e s ( C a i r n e s , 1924). 
NOTE: G r a n i t i c plutons o m i t t e d ; length of s e c t i o n 3 approximately 
15 kl1ometres. 
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The er^act c o n t r o l s o f m i n e r a l i z a t i o n a r e unknown. C l a r k e ( p e r s . comm.) 
n o t e s t h a t s e l e c t i v e r e p l a c e m e n t has o c c u r r e d i n t h e o r e zone w i t h 
p r e f e r e n t i a l e n r i c h m e n t o f t h e more b r i t t l e , c o a r s e - g r a i n e d s e d i m e n t s and 
a tendency f o r l e s s m i n e r a l i z a t i o n t o be p r e s e n t i n t h e f i n e r g r a i n e d 
a r g i l l i t e s . D e t a i l e d s u r f a c e mapping i n d i c a t e s t h a t t h e Idaho Zone i s 
l o c a t e d c l o s e t o t h e d i s r u p t e d limb, o f an F 2 f o l d ( F i g u r e 4) and i t i s 
n o t e w o r t h y t h a t t h e t o p o f t h e o r e zone and t h e F 2 f o l d axes b o t h have 
v e r y s i m i l a r p l u n g e s . C o n s e q u e n t l y , t h e Idaho Zone 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 t h e r m a l r e p l a c e m e n t d e p o s i t ( K a y i r a , 1975) t h a t was l a i d 
down a l o n g a h i g h - a n g l e r e v e r s e f r a c t u r e of l a t e F 2 age ( F i g u r e 7 ) . 
The p r e s e n c e of c a r b o n a c e o u s m e t a s e d i m e n t s a d j a c e n t t o the o r e b o d y 
(Cochrane, e t a l . , 1974; K a y i r a , 1975) c o u l d a l s o be s i g n i f i c a n t . 
I n i t i a l l y t h i s i n c o m p e t e n t h o r i z o n may have l o c a l i z e d the r e v e r s e f a u l t 
movements and l a t e r p r o v i d e d a f a v o r a b l e r e d u c i n g g e o c h e m i c a l e n v i r o n m e n t 

W e s t East 

F i g u r e 7. P o s t u l a t e d development of the Idaho Zone, C a r o l i n mine. 
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i n v e r s i o n of the L a d n e r Group a p p e a r s t o be s p a t i a l l y r e l a t e d to 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 a t h e r t h a n the Hozameen f a u l t . T h i s r a i s e s 
the p o s s i b i l i t y t h a t the b e l t and the F-j recumbent f o l d i n g share a 
g e n e t i c r e l a t i o n s h i p . One p o s s i b l e e x p l a n a t i o n i s t h a t 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 o r i g i n a t e d as a t h i n , s u b - h o r i z o n t a l u n i t of obducted 
o c e a n i c c r u s t o v e r w h i c h the Hozameen Group was t h r u s t i n an e a s t e r l y 
d i r e c t i o n ( F i g u r e 6 ) . S e r p e n t i n i z a t i o n p r e s u m a b l y accompanied t h i s 
movement w i t h the b e l t f o r m i n g the l u b r i c a t e d , s u b - h o r i z o n t a l s o l e below 
a nappe s t r u c t u r e whose e a s t e r l y t r a n s p o r t r e s u l t e d i n the F-j t e c t o n i c 
i n v e r s i o n of the u n d e r l y i n g L a d n e r Group ( F i g u r e 6 ) . T h i s mechanism 
would e x p l a i n the ab s e n c e o f a F-j t e c t o n i c f o l i a t i o n i n the l a d n e r 
Group which was p r o b a b l y u n l i t h i f i e d and n o t d e e p l y b u r i e d d u r i n g t h i s 
o v e r t u r n i n g e v e n t . S u b s e q u e n t F 2 d e f o r m a t i o n caused a r e f o l d i n g of the 
F-j s y n f o r m a l s t r u c t u r e ( F i g u r e 6) and s t e e p e n e d 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 i n t o i t s p r e s e n t s u b - v e r t i c a l p o s i t i o n , as s u g g e s t e d by 
McTag g a r t and Thompson (1967) and A n d e r s o n ( 1 9 7 6 ) . T h i s model i m p l i e s 
t h a t major t e c t o n i c d i s l o c a t i o n s o c c u r r e d a l o n g b o t h margins of the 
S e r p e n t i n e B e l t and t h a t the Hozameen f a u l t i s a l a t e , normal and 
r e l a t i v e l y minor f r a c t u r e l y i n g c l o s e t o one of the e a r l y t h r u s t p l a n e s 
( F i g u r e 6 ) . I f t h i s i n t e r p r e t a t i o n i s c o r r e c t , o t h e r ' A l p i n e - t y p e ' 
s e r p e n t i n e b e l t s i n the r e g i o n may a l s o r e p r e s e n t o b d u c t e d o c e a n i c 
m a t e r i a l m a r k i n g e a r l y , r e f o l d e d t h r u s t z o n e s . 

CONCLUSIONS 

The C a r o l i n mine o r e b o d y (Idaho Zone) i s h o s t e d i n a s t r u c t u r a l l y 
i n v e r t e d sequence o f Lad n e r Group s e d i m e n t a r y r o c k 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 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 . 

The Idaho Zone r e p r e s e n t s h y d r o t h e r m a l r e p l a c e m e n t m i n e r a l i z a t i o n t h a t 
i n v o l v e d the m u l t i s t a g e i n t r o d u c t i o n o f s i l i c a , c a r b o n a t e , Na, Fe, As, 
Mo, Sb, Cu, and Au. 

M i n e r a l i z a t i o n was emplaced a l o n g an e a r l y r e v e r s e f a u l t t h a t o c c u p i e s 
the d i s r u p t e d l i m b o f an o v e r t u r n e d f o l d . Incompetent c a r b o n a c e o u s 
s e d i m e n t a r y r o c k s l y i n g c l o s e t o the o r e zone may have l o c a l i z e d the 
r e v e r s e f a u l t i n g and g e o c h e m i c a l l y c o n t r o l l e d the subsequent g o l d 
m i n e r a l i z a t i o n . 

The w i d e s p r e a d t e c t o n i c i n v e r s i o n o f the L a d n e r Group appears to be 
s p a t i a l l y and g e n e t i c a l l y r e l a t e d t o 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 . The 
B e l t c o u l d r e p r e s e n t o c e a n i c c r u s t t h a t was o b d u c t e d and s e r p e n t i n i z e d 
d u r i n g e a s t e r l y d i r e c t e d , s u b h o r i z o n t a l t h r u s t i n g . These movements 
caused the s t r u c t u r a l i n v e r s i o n i n the L a d n e r Group and s u b s e q u e n t 
f o l d i n g s t e e p e n e d the b e l t i n t o i t s p r e s e n t s u b - v e r t i c a l p o s i t i o n . 
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