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1.0 REPORTING PARAMETERS 

4 

The f o l l o w i n g document r e p r e s e n t s a s h o r t g e o l o g i c a l 
a n a l y s i s of the r e s u l t s of d r i l l i n g on the Mt. M i l l i g a n p o r p h y r y 
c o p p e r - g o l d o c c u r r e n c e . Emphasis i s p l a c e d on s a l i e n t f e a t u r e s of 
l i t h o l o g y , s t r u c t u r e and the s t y l e and form of a l t e r a t i o n and 
m i n e r a l i z a t i o n a t Mt. M i l l i g a n . Most of these comments s h o u l d 
have d i r e c t a p p l i c a t i o n to subsequent e x p l o r a t i o n w i t h i n the 
d e p o s i t a r e a . T h i s r e p o r t has been prepared a t the r e q u e s t of 
Mr. J . Fra n z e n . 

The a n a l y s i s i s based on the a u t h o r ' s p e r s o n a l e x a m i n a t i o n 
of some 18,000 metres of c o r e , as w e l l as s e l e c t e d s y n o p t i c d r i l l 
l o g s , and 1:2500 s c a l e g e o l o g i c a l c r o s s s e c t i o n s . Access t o 
complete a s s a y d a t a , d e t a i l e d 500 s c a l e c r o s s s e c t i o n s , and 
g e o l o g i c a l l e v e l p l a n s was not a v a i l a b l e a t the time of w r i t i n g . 
For t h i s reason, the r e p o r t a d d r e s s e s broader s c a l e and g e n e r a l 
f e a t u r e s of t h i s d e p o s i t . T h i s r e p o r t i s a c o n c e p t u a l summary, 
and i s not a s u b s t i t u t e f o r a comprehensive g e o l o g i c a l r e p o r t . 
T h i s summary does not document the r e s u l t s of d r i l l i n g 
subsequent t o DDH 89 - 135. 

The comments which f o l l o w r e l a t e t o the l i t h o l o g y , 
a l t e r a t i o n , s t r u c t u r e and m i n e r a l i z a t i o n a t Mt. M i l l i g a n . They 
s h o u l d be used i n c l o s e c o n j u n c t i o n w i t h the 500 s c a l e g e o l o g i c a l 
c r o s s s e c t i o n s and 2000 s c a l e 1050 m. g e o l o g i c a l l e v e l p l a n . 
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2.0 MT. MILLIGAN: REGIONAL TECTONIC FRAMEWORK 
4 

S e v e r a l l a r g e s c a l e t e c t o n i c f e a t u r e s may i n f l u e n c e the 
p o t e n t i a l f o r e x p l o r a t i o n on the p r o p e r t y and camp s c a l e : 

i . The d e p o s i t i s l o c a t e d w i t h i n an a l k a l i n e i n t r u s i v e and 
v o l c a n i c s u i t e immediately o f f b o a r d from the P a l e o z o i c 
c o n t i n e n t a l margin (GSC Map 1424 - A ) . T h i s t e c t o n i c 
environment, f a v o r s the development and emplacement of both 
a l k a l i n e and u l t r a b a s i c i n t r u s i v e s u i t e s a s s o c i a t e d w i t h 
p e r s i s t e n t , and deep r o o t e d e x t e n s i o n a l environments. 

W i t h i n t h i s t e c t o n i c framework, a d d i t i o n a l i n t r u s i v e b o d i e s , 
c l o s e l y r e l a t e d i n space and time t o the known m i n e r a l i z a t i o n on 
a t Mt. M i l l i g a n are l i k e l y t o be d e v e l o p e d . 

i i . No e v idence e x i s t s f o r the p r e s e n c e s of major t e r r a n e 
b o u n d a r i e s w i t h i n the Mt. M i l l i g a n a r e a . S i g n i f i c a n t metamorphic 
or l i t h o l o g i c d i s c o n t i n u i t i e s a r e not d e f i n e d a c r o s s the 
p r i n c i p l e west t o southwest v e r g i n g , low a n g l e (Rainbow) f a u l t . 

i 
The p o l a r i t y of the Rainbow F a u l t , opposes the r e g i o n a l 

t r e n d s of the more common n o r t h e a s t v e r g i n g s t r u c t u r e s . T h i s 
d i f f e r e n c e i n s i g n , and the f i n d i n g t h a t the Rainbow F a u l t i s 
m i n e r a l i z e d , i n f e r s a unique g e n e s i s f o r the p r i n c i p l e known 
f a u l t on t h i s p r o p e r t y . 

• i i i . R e g i o n a l metamorphic grades w i t h i n the p r o j e c t a r e a 
appear t o be s u b g r e e n s c h i s t , and perhaps as low as l a u m o n t i t e . 

L o c a l p e r t u r b a t i o n s of the low grade f i e l d , eg. t o p h r e n i t e -
p u m p e l l y i t e , may r e f l e c t the i n f l u e n c e of h y d r o t h e r m a l a c t i v i t y 
r e l a t e d t o m i n e r a l i z a t i o n . Such changes are i d e n t i f i a b l e i n hand 
specimen ( d r i l l c o r e ) , and have been documented w i t h i n o t h e r 
c l o s e l y r e l a t e d d e p o s i t s eg. Susut (Wilson and S i n c l a i r , 1987). 
These s h i f t s are one of s e v e r a l l i t h o l o g i c and c h e m i c a l v e c t o r s 
which may be u t i l i z e d t o a s s e s s and d i r e c t d r i l l r e s u l t s 
p a r t i c u l a r l y w i t h i n u n t e s t e d a r e a s . 

i v . S u p r a c r u s t a l rocks i n the v i c i n i t y of the d e p o s i t appear 
to b e l o n g t o the Upper T r i a s s i c T a k l a group. T h i s a l k a l i n e , and 
o f t e n h i g h l y p o t a s s i c s e r i e s , extends i n narrow b e l t a c r o s s the 
e a s t e r n margin of the C o r d i l l e r a , and i n c l u d e s e q u i v a l e n t r o c k s 
of the R o s s l a n d , N i c o l a , S t u h i n i a and T a k l a groups (Mortimer, 
1986). The c l o s e s p a t i a l r e l a t i o n s h i p between i n t r u s i v e r o c k s 
and c o e v a l v o l c a n i c s , o f t e n documented i n these environments, 
(Souther, 1977; P r e t o , 1979; Fox, 1975) may not a p p l y t o the Mt. 
M i l l i g a n d e p o s i t . 
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P r e l i m i n a r y age d a t a on a l t e r a t i o n m i n e r a l o g y , and s e l e c t i v e 
i n t r u s i v e r o c k s a t Mt. M i l l i g a n , suggests L a t e Cretaceous t o Mid 
T e r t i a r y igneous and hydrothermal e v e n t s . These u n e x p e c t e d l y 
young ages are not viewed as impediment t o the development of 
d i s c o r d a n t copper g o l d m i n e r a l i z a t i o n on the p r o p e r t y . To the 
c o n t r a r y , an even broader window of i n t r u s i o n s , of v a r i o u s ages, 
may i n i t i a t e m i n e r a l i z i n g e v e n t s . 

3.0 MT. MILLIGAN: LITHOLOGY 

3.1 SUPRACRUSTAL ROCKS 

V o l c a n i c rocks a t Mt. M i l l i g a n , are c o r r e l a t e d r e g i o n a l l y 
w i t h Upper T r i a s s i c l i t h o l o g i e s , c h i e f l y T a k l a Group which form 
the core of the Quesnel Trough. 

S e l e c t e d whole rock c h e m i c a l data s u g g e s t ' s , t h a t most of 
these r o c k s , based on the a l k a l i s i l i c a p l o t of I r v i n e and 
Baragar (1971), l i e w i t h i n an a l k a l i n e f i e l d . Based on hand 
specimen d a t a , t h r e e major v o l c a n i c u n i t s a r e used t o d e s c r i b e 
the m a j o r i t y of r o c k s w i t h i n the d e p o s i t a r e a : ; 

U n i t 3: L a t i t i c Flows and Fragmentals 

U n i t 2: Tr a c h y t e T u f f s and Flows 

U n i t 1: A n d e s t i t i c Flows and Fragmentals 

A t i g h t l y c o n s t r a i n e d c h e m i c a l c l a s s i f i c a t i o n of these r o c k s 
has not y e t been f o r m u l a t e d , and would r e q u i r e a s i g n i f i c a n t l y 
l a r g e r d a t a base. The rock names, c u r r e n t l y based on handspecimen 
d a t a , may be r e v i s e d when an updated whole rock a n a l y t i c a l base 
d e v e l o p s . 

Short d e s c r i p t i v e comments f o r each of these major u n i t s 
f o i l o w s : 

U n i t 3: L a t i t i c Flows and Fragmentals 

In an u n a l t e r e d form the p r i n c i p l e d i a g n o s t i c f e a t u r e s of 
the s e u n i t s a r e : 

i ) A v e r y dark c o l o u r index, C.I.> 40, i n u n a l t e r e d 
r o c k s . 

i i ) R e l a t i v e l y h i g h p r i m a r y m a t r i x potassium, i n both 
f r a g m e n t a l and f l o w forms. M a t r i x p o t a s s i u m f e l d s p a r t y p i c a l l y 
ranges from 40 - 60 p e r c e n t . 
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i i i ) W i t h i n f l o w sequences, s h o r t stubby pyroxene 
c r y s t a l s a re abundant i n the m a t r i x and are u s u a l l y much (more 
abundant than amphibole. H a r r i s (1989) s u g g e s t s t h a t mos*t of 1 
t h e s e ..pyroxenes appear, i n t h i n s e c t i o n , t o be f i n e g r a i n e d 
a c t i n o l i t e , p o t e n t i a l l y a f t e r pyroxene. P i l l o w e d f l o w sequences 
have not been i d e n t i f i e d i n d r i l l c o r e . The g e n e r a l absence of 
v e s i c l e s , i n flo w members, sugg e s t s t h a t the subaqueous 
d e p o s i t i o n of these r o c k s o c c u r r e d a t s i g n i f i c a n t water depth's, 
g r e a t e r than 1000 metres. The g e n e r a l absence of c o a r s e c l a s t i c 
and carbonate r o c k s a l s o suggest deep water d e p o s i t i o n a l 
c o n d i t i o n s . 

i v ) Fragmental components of t h i s s e r i e s a r e q u i t e 
d i v e r s e r a n g i n g from e x t r e m e l y c o a r s e p y r o c l a s t i c s t o f i n e 
g r a i n e d ash flows and c r y s t a l t u f f s . D i s t r i b u t i o n of c o a r s e 
p y r o c l a s t i c s does not appear r e l a t e d t o l o c a l a v o l c a n i c c e n t r e . 
Mapping of fragment s i z e v a r i a t i o n s i s u n l i k e l y t o prove a u s e f u l 
e x p l o r a t i o n t o o l f o r t h i s s t y l e of m i n e r a l i z a t i o n due t o the 
s t r o n g l y diachronous nature of the v o l c a n i c and i n t r u s i v e e v e n t s . 

U n i t 2: Trach y t e T u f f s and P y r o c l a s t i c s 

Rocks i n t h i s c a t e g o r y form some of the most u s e f u l 
s t r a t i g r a p h i c and s t r u c t u r a l markers on the p r o p e r t y . Because of 
t h e i r unique c h e m i s t r y these u n i t s a r e a l s o important as a 
f a v o r a b l e host f o r o r e . In the v i c i n i t y of the main d e p o s i t , 4 t o 
5 t r a c h y t e t u f f u n i t s may be r e l i a b l y i d e n t i f i e d . These u n i t s 
range i n t h i c k n e s s from o n l y a few metres t o s e v e r a l t e n s of 
metres. P r i n c i p l e d i a g n o s t i c f e a t u r e s of these u n i t s a r e : 

i . P r i m a r y matrix potassium i s abundant, o f t e n f o r m i n g 
g r e a t e r than 70% of the rock volume. P o t a s s i c f e l d s p a r s a r e 
p r e s e n t as extremely f i n e g r a i n e d m i c r o l i t h s . 

i i . R e s i d u a l m a f i c s are e x t r e m e l y low, < 5%, rock volume. 
M a f i c c o n t e n t may s l i g h t l y i n c r e a s e toward l a t i t e c o n t a c t s . 
C o l o u r ranges from a s o f t p e a r l g r e y t o d u l l b l a c k green. 

i i i . F i n e g r a i n e d t u f f a c e o u s u n i t s , may be l o c a l l y w e l l 
bedded, o f t e n near the upper and lower c o n t a c t s of more massive 
members. These u n i t s appear t o form as d i s t a l t u r b i d i t e s . The 
s t r a t i g r a p h i c a l l y lowest, t r a c h y t e t u f f o f t e n d i s p l a y s massive 
lower d i v i s i o n s bounded above by f i n e l y l a m i n a t e d bedded 
sequences. These f e a t u r e s are o f t e n c i t e d as d i a g n o s t i c of 
subaqueous p y r o c l a s t i c f l o w d e p o s i t s ( F i s h e r , 1982). T e x t u r a l 
f e a t u r e s i n d i c a t i v e of ash f a l l s a r e g e n e r a l l y absent. 



i v . Coarse fragments, l a p i l l i and l a r g e r , a re o n l y r a r e l y 
noted w i t h i n t r a c h y t i c r o c k s . C h l o r i t e f i l l e d amygdales,^ or 
p o s s i b l y p o r p h y r o b l a s t i c c h l o r i t e o v o i d s , n u c l e a t i n g around 
p y r i t e , are i n f r e q u e n t l y noted. 

v. Rapid l a t e r a l changes i n t h i c k n e s s may be noted w i t h i n 
these t u f f a c e o u s u n i t s . These changes appear to r e f l e c t p r i m a r y 
t o p o g r a p h i c f e a t u r e s and are on the s c a l e of s m a l l t h i r d o r d e r 
b a s i n s . 

U n i t 1 A n d e s i t i c Flows and P y r o c l a s t i c s 

A n d e s i t i c v o l c a n i c s occupy the s t r a t i g r a p h i c base of t h i s 
s u c c e s s i o n . These r o c k s are dominant i n the s o u t h w e s t e r l y 
p o r t i o n s of the map a r e a . Many of the b o r e h o l e s on the Creek and 
Esker Zones are c o l l a r e d i n t h i s s e r i e s . S i g n i f i c a n t f e a t u r e s of 
these u n i t s i n c l u d e : 

i . The dominance of amphibole p h e n o c r y s t s over pyroxene. 
U n l i k e l a t i t i c flows and p y r o c l a s t i c s , amphiboles w i t h i n U n i t 1 
are c l e a r l y and r e a d i l y i d e n t i f i a b l e . 

i 
i i . An i n c r e a s e i n ma t r i x p l a g i o c l a s e . Well p r e s e r v e d a l b i t e 

p h e n o c r y s t s are e a s i l y i d e n t i f i a b l e w i t h i n the rock m a t r i x . 
E l e v a t e d p l a g i o c l a s e c o n t e n t s cause the o v e r a l l c o l o u r index of 
the rock t o de c r e a s e , 20 - 40%. 

i i i . Fragmentals w i t h i n t h i s sequence a r e g e n e r a l l y 
u n a l t e r e d , dominated by l a p i l l i s i z e f r a c t i o n s , and o f t e n 
h e t e r o l i t h i c . 

i v . V a r i a t i o n s of t h i s i n t e r v a l may i n c l u d e t r a c h y a n d e s i t e s . 
These r o c k s a re c h a r a c t e r i z e d by s t r o n g l y e l e v a t e d p r i m a r y 
p o t a s s i u m f e l d s p a r w i t h i n the m a t r i x , o f t e n w i t h i n m e g a c r y s t i c 
amphibole and pyroxene flo w s , and c r y s t a l t u f f s . 

3.2 INTRUSIVE LITHOLOGIES 

Age r e l a t i o n s between the f o l l o w i n g i n t r u s i v e r o c k s are used 
o n l y i n an r e l a t i v e sense. T e n t a t i v e ages on the monzonite and 
i n t r u s i v e r e l a t e d a l t e r a t i o n , suggests t h a t these r o c k s are much 
younger than J u r a s s i c ages i n i t i a l l y a s s i g n e d t o them. Of the 
fo u r i n t r u s i v e u n i t s d e s c r i b e d , two appear t o be contemporaneous 
w i t h m i n e r a l i z a t i o n ( U n i t s 4 and 5) and two c l e a r l y p o s t - d a t e 
m i n e r a l i z a t i o n ( U n i t s 6 and 7 ) . Capsule d e t a i l s of each of the 
broad c a t e g o r i e s a re b r i e f l y summarized: 
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U n i t 4: Monzonite and R e l a t e d i n t r u s i o n s 

Most of the m i n e r a l i z a t i o n on the p r o p e r t y may be d i r e c t l y 
or i n d i r e c t l y r e l a t e d t o a r e l a t i v e s m a l l 300 x 400 metre, 
d i s t o r t e d o v a l shaped monzonite s t o c k . I t i s u n l i k e l y t h a t t h i s 
body r e p r e s e n t s the k i n d of composite i n t r u s i o n b e s t r e p r e s e n t e d 
by the H o t a i l u t h , S t i k i n e and Hogem b a t h o l i t h s , a l l of which 
have p r o t r a c t e d i n t r u s i o n h i s t o r i e s . However, used i n the c o n t e x t 
of N o r t h c o t e (1969), the main monzonite body may be c h a r a c t e r i z e d 
by a s e r i e s of phases c l o s e l y r e l a t e d t e m p o r a l l y . C o n t a c t s 
between phases may be sharp, sometimes b r e c c i a t e d and a l s o 
d e f i n e d by dykes. C o m p o s i t i o n a l v a r i a t i o n s w i t h i n phases a r e 
t y p i c a l l y g r a d a t i o n a l . V a r i a t i o n s w i t h i n the monzonite and 
r e l a t e d i n t r u s i o n s i n c l u d e : 

i . Syenomonzonite: T h i s rock forms a minor component of the 
main monzonite body, u s u a l l y forming minor dykes (0.5 t o 10m's) 
a p p a r e n t l y d i s c o r d a n t t o the main monzonite. The predominance of 
d u l l r e d p o t a s s i c f e l d s p a r , > 60%, and p r o p o r t i o n a t e l y d e c r e a s e d 
p l a g i o c l a s e f e l d s p a r , , < 20 p e r c e n t , amphibole and b i o t i t e (< 
5%) c h a r a c t e r i z e these r o c k s . A l l of these components appear 
p r i m a r y . 

i 
i i . P o r p h y r i t i c Monzonite: T h i s u n i t forms the p r i n c i p l e 

m i n e r a l i z e d dyke on the p r o p e r t y and has s i g n i f i c a n t economic 
importance due i t s c l o s e s p a t i a l r e l a t i o n t o both copper and g o l d 
m i n e r a l i z a t i o n ( c f . DDH 89 - 115). Moderate t o crowded 
p l a g i o c l a s e l a t h e s , (25-40%), l i g h t g r e y c o l o r e d m a t r i x p o t a s s i c 
f e l d s p a r (50%) and l e s s e r hornblende and b i o t i t e a r e the 
p r i n c i p l e components of t h i s r o c k . 

C o n t a c t r e l a t i o n s between the p o r p h y r i t i c monzonite and the 
main s t o c k may be c r o s s c u t t i n g , but a r e not y e t c o n c l u s i v e l y 
e s t a b l i s h e d . C o ntact r e l a t i o n s between t h i s dyke and the 
s u p r a c r u s t a l s a re c l e a r l y d i s c o r d a n t , w i t h the dyke rock 
t y p i c a l l y c u t t i n g up s e c t i o n a t low a n g l e s . The m a j o r i t y of th e s e 
c o n t a c t s a re a l s o f a u l t bounded. 

i i i . I n t r u s i o n B r e c c i a s and X e n o l i t h i c Monzonite: Both of 
thes e rock types may be c l o s e l y r e l a t e d . Both u s u a l l y a r e 
developed w i t h i n , and d e f i n e , the c o n t a c t phase of the main 
i n t r u s i v e body. Fragmentation w i t h i n i n t r u s i o n b r e c c i a s may be 
e x t r e m e l y a n g u l a r w i t h l i t t l e e v idence of r e s o r p t i o n of v o l c a n i c 
m a t e r i a l . In c o n t r a s t , the x e n o l i t h i c phases o f t e n does show 
p a r t i a l a s s i m i l a t i o n of v o l c a n i c fragments. 

i v . Monzonite - Melano and Leuco Phases: I n t r u s i v e r o c k s 
forming the main sto c k are c h a r a c t e r i z e d by pink t o gr e y pink 
p o t a s s i c f e l d s p a r m a t r i c e s , which s u p p o r t s u b - a l i g n e d p l a g i o c l a s e 
p h e n o c r y s t s . A l l phenocrysts are q u i t e s m a l l , 1.0 t o 4.0 mm, the 
e n t i r e i n t r u s i v e body i s f i n e g r a i n e d . V a r i a t i o n s between melano 
and l e u c o phases are u s u a l l y d e f i n e d by s h i f t s i n the 
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percentage of m a t r i x K-spar, and by v a r i a t i o n s i n b i o t i t e , 
magnetite and hornblende. Changes between these two phases o f t e n 
appear t o be g r a d a t i o n a l and may not form mappable u n i t s a t ^ t h e 
p r e s e n t map s c a l e (1:2000). 

V e r y f i n e g r a i n e d f r e e 
d i s t r i b u t e d a t low l e v e l s , 1.0 
phases. 

Although not d e f i n i t i v e , 
i n t r u s i o n g e n e r a l l y f a v o r s the 
l a t e r , phases of t h i s body. 

q u a r t z , <0.5 mm, p h e n o c r y s t s are 
- 2.0%, i n both melano and l e u c o 

copper m i n e r a l i z a t i o n w i t h i n the 
more p o t a s s i c , and p o t e n t i a l l y 

U n i t 5: D i o r i t e s and D i o r i t i c S u b v o l c a n i c I n t r u s i o n s 

These roc k s a r e i d e n t i f i e d as s y n m i n e r a l i n t r u s i o n s based on 
a l t e r a t i o n l e v e l s and s u l p h i d e ( p y r i t e ) development. They may be 
e a s i l y i d e n t i f i e d on the b a s i s of abundant p a l e cream m a t r i x 
p l a g i o c l a s e , a s e p a r a t e p h e n o c r y s t i c p l a g i o c l a s e phase and w e l l 
d eveloped amphibole p h e n o c r y s t s . 

These i n t r u s i o n s are b e s t developed w i t h i n Zone 66, eg a t 
the base of b o r e h o l e s 89-88 and 89-92, as w e l l w i t h i n s e l e q t e d 
a r e a s of the Creek and Esker Zones. In the l a t t e r , d i o r i t i c 
s u b v o l c a n i c i n t r u s i o n s may host g o l d m i n e r a l i z a t i o n i n d i s c r e t e 
v e i n s . 

U n i t 6: P o s t - M i n e r a l D i o r i t e s 

Both f i n e g r a i n e d and g l o m e r o p o r p h y r i t i c p l a g i o c l a s e d i o r i t e 
dykes have been d r i l l e d throughout the p r o p e r t y . These dykes are 
g e n e r a l l y s u b v e r t i c a l , and may have a p r e f e r e n t i a l n o r t h s o u t h 
a l i g n m e n t . Most of them average 2.0 t o 10. m's t h i c k , and are 
d i s c o r d a n t t o a l l other s t r u c t u r e s except U n i t 7 ( T r a c h y t e 
Dykes). 

The dykes are u n a l t e r e d and u n m i n e r a l i z e d . Due t o t h e i r 
r e l a t i v e l y s m a l l volume, p r o b a b l y l e s s than 5% of the t o t a l rock 
mass, i t i s not l i k e l y t h a t these b o d i e s w i l l s i g n i f i c a n t l y 
d i l u t e m i n e r a l i z a t i o n w i t h i n the main d e p o s i t a r e a . 

U n i t 7: T r a c h y t e Dykes 

These e x t r e m e l y f i n e g r a i n e d , l i g h t g r e y dykes, are the 
youngest and v o l u m e t r i c a l l y l e a s t s i g n i f i c a n t dyke rock on the 
p r o p e r t y . The m a t r i x i s composed v e r y f i n e g r a i n e d p o t a s s i c 
f e l d s p a r s (70%) which may support r a r e (<5%) f i n e g r a i n e d 
p l a g i o c l a s e . These r o c k s seldom exceed 2.0 m's i n t r u e t h i c k n e s s . 
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4.0 MT. MILLIGAN: STRUCTURE 

4 

S t r u c t u r a l r e l a t i o n s w i t h i n the c u r r e n t a r e a of d r i l l i n g on 
the p r o p e r t y are r e a s o n a b l y s t r a i g h t f o r w a r d . 

i . S u p r a c r u s t a l l i t h o l o g i e s , s t r i k e 20 - 30 degrees west of 
n o r t h , and d i p modestly east, 30 t o 50 d e g r e e s . C l o s e t o i n t r u s i v e 
c o n t a c t s , 50 - 75 metres or l e s s , s t r a t i g r a p h y steepens and may 
l o c a l l y be r e f l e c t e d i n t o s t e e p drape f o l d s , s u b p a r a l l e l t o the 
i n t r u s i v e c o n t a c t s . 

i i . With v e r y l i m i t e d e x c e p t i o n s s t r a t i g r a p h y on t h i s 
p o r t i o n of the p r o p e r t y i s u p r i g h t , based on s e d i m e n t a l o g i c 
younging f e a t u r e s . 

i i i . On both the e a s t e r n and western margins of the 
i n t r u s i o n , c o n t a c t s , a l t h o u g h somewhat i r r e g u l a r are west d i p p i n g 
a t 45 - 70 degrees. The n o r t h e r n c o n t a c t of the i n t r u s i o n , L 
98+00 N, rakes t o the s o u t h . 

i v . P e n e t r a t i v e secondary f a b r i c s w i t h i n s u p r a c r u s j b a l 
l i t h o l o g i e s are e x t r e m e l y weak. Bedding c l e a v a g e l i n e a t i o n 
i n t e r s e c t i o n s are t y p i c a l l y a b s e n t . These d a t a suggest t h a t a l l 
p e n e t r a t i v e p l a n a r f a b r i c s , w i t h i n s u p r a c r u s t a l s , are p r i m a r y i n 
o r i g i n and r e p r e s e n t o r i g i n a l d e p o s i t i o n a l s u r f a c e s . Some of the 
apparent d e f o r m a t i o n of these s u r f a c e s , p a r t i c u l a r l y w i t h i n f i n e 
g r a i n e d t u f f a c e o u s u n i t s , i s s o f t sediment i n o r i g i n . 

v. Well d e f i n e d f a u l t s t r u c t u r e s have been r e p e a t e d l y 
encountered w i t h i n the a r e a of d r i l l i n g and demonstrate a t l e a s t 
t h r e e d i s t i n c t forms: 

1. Low angle r e v e r s e f a u l t s . 

The Rainbow F a u l t i s a p e r s i s t e n t e a s t d i p p i n g , n o r t h 
s t r i k i n g , low angle r e v e r s e f a u l t . The f a u l t i s a c o n t r a c t i o n 
f a u l t based on the l o s e of t r a c h y t i c t u f f markers i d e n t i f i e d on 
l i n e 91 + 00 N, between b o r e h o l e s 89-88 and 89-92. A b s o l u t e 
d i s p l a c e m e n t s have not been d e t e r m i n e d . T h i s s t r u c t u r e may be 
used by the p o r p h y r i t i c monzonite dyke as a s t r u c t u r a l weakness 
and f a v o r e d zone of emplacement. 

2. E a s t n o r t h - e a s t s t r i k i n g d e x t r a l f a u l t s . 

One of these s t r u c t u r e s i s c l e a r l y d e f i n e d on the 1050 m. 
g e o l o g i c a l p l a n . O f f s e t s a c r o s s t h i s f a u l t are d e f i n e d by 
d i s p l a c e d t r a c h y t e t u f f s . G e n e r a l s t r i k e r e l a t i o n s w i t h i n t h i s 
f a u l t may c l o s e l y c o r respond t o the o r i e n t a t i o n and p o s i t i o n of 
v e i n systems i n the Creek zone. A s i m i l a r , but as y e t u n d e t e c t e d 
f a u l t system, may be c l o s e l y l i n k e d t o the f o r m a t i o n of shear 
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hosted v e i n s i n the Esker Zone. N o r t h - e a s t s t r i k i n g d e x t r a l 
f a u l t s , l i k e l y s u b v e r t i c a l i n o r i e n t a t i o n , appear to p r e d a t e 
f o r m a t i o n of the low a n g l e Rainbow f a u l t . 

3. Normal F a u l t s . 

A s i g n i f i c a n t normal f a u l t s t r u c t u r e o f f s e t s the p o r p h y r i t i c 
monzonite, s e v e r a l 1 0 f s of metres, between b o r e h o l e s 89 - 71 and 
89 -73, L 97+00 N. The o r i e n t a t i o n of the d i p s u r f a c e of t h i s 
s t r u c t u r e i s c u r r e n t l y e n i g m a t i c . In the s o u t h e a s t c o r n e r of the 
p r o p e r t y , t h i s broad f a u l t appears m o d e r a t e l y e a s t d i p p i n g , t o 
the n o r t h , west d i p s are r e q u i r e d . S e v e r a l b o r e h o l e s eg. 89 - 93, 
89 - 88, 89 - 111 a r e e s s e n t i a l l y c o l l a r e d i n a v e r y s i g n i f i c a n t 
f a u l t . The width of t h i s f a i l u r e i s not c o n s i s t e n t w i t h the 
development of a s i n g l e d i s c r e t e f a u l t system. I t i s l i k e l y t h a t 
the l a r g e apparent widths of t h i s f a u l t , i n the s o u t h e a s t c o r n e r 
of the d e p o s i t a r e a , ( L 93+00N t o L 90+00N, 136 t o 138 E) i s 
caused by the development of anastomosing b r i d g e s t r u c t u r e s 
l i n k i n g s e v e r a l zones of f a i l u r e . These f a u l t s appear t o be p o s t 
m i n e r a l i z a t i o n , have formed a t v e r y h i g h c r u s t a l l e v e l s and have 
been r e p e a t e d l y a c t i v a t e d . Extreme b r i t t l e f a i l u r e , complete 
gouge development and the f o r m a t i o n of e x t e n s i o n a l c a r b o n a t e 
b r e c c i a s a r e a l l common. i 

5.0 MT. MILLIGAN: ALTERATION 

A l t e r a t i o n s t y l e s a t Mt. M i l l i g a n conform q u i t e w e l l w i t h 
porphyry copper a l t e r a t i o n models developed p r i n c i p a l l y f o r 
c a l c - a l k a l i c s e t t i n g s , eg. M c M i l l a n and P a n t e l e y e v (1980). The 
unique bulk c h e m i s t r y of h i g h l y p o t a s s i c v o l c a n i c r o c k s and the 
m o n z o n i t i c t o s y e n i t i c nature of the i n t r u s i o n s does i n t r o d u c e 
m o d i f i c a t i o n s t o the s t a n d a r d a l t e r a t i o n p a t t e r n s . The d e p o s i t 
l a c k s a p h y l l i c c o r e , which p o t e n t i a l l y r e f l e c t s the a l k a l i n i t y 
of hydrothermal s o l u t i o n s and l i m i t e d development of hydrogen i o n 
metasomatism. 

The d i s t r i b u t i o n of a l t e r a t i o n w i t h i n the d e p o s i t a r e a i s 
h i g h l y asymmetric. P e n e t r a t i o n of p o t a s s i c , p r o p y l i t i c and 
carbonate a l t e r a t i o n assemblages i s much s t r o n g e r over the 
e a s t e r n f l a n k of the main i n t r u s i v e body. T h i s asymmetry may be 
r e l a t e d t o the d i s t r i b u t i o n of l a r g e s c a l e f a u l t s t r u c t u r e s , 
which ar e predominant on the e a s t e r n h a l f of the d e p o s i t a r e a . 
I t may a l s o r e f l e c t the d i s t r i b u t i o n of a much more d i v e r s e 
range of a l k a l i n e rock types over the e a s t e r n f l a n k of the 
i n t r u s i o n . 
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P r i n c i p l e f e a t u r e s of a l t e r a t i o n a t Mt. M i l l i g a n may be 
summarized as f o l l o w s : 

i . P o t a s s i c A l t e r a t i o n . 

T h i s a l t e r a t i o n s u i t e forms p r o x i m a l t o the main i n t r u s i v e 
body and i n a s s o c i a t i o n w ith s m a l l e r dyke forms. W i t h i n t h i s 
a l t e r a t i o n zone, dominate secondary s i l i c a t e s i n c l u d e p o t a s s i u m 
f e l d s p a r s and hydrothermal b i o t i t e . S u l p h i d e and oxide phases are 
dominated by m a g n e t i t e - c h a l c o p y r i t e - p y r i t e . These assemblages are 
s t a b l e and form as a r e s u l t of w a l l r o c k - f l u i d i n t e r a c t i o n s w i t h 
weakly a l k a l i n e s o l u t i o n s above 300° C (Hudson, 1983). 

Secondary p o t a s s i c a l t e r a t i o n assemblages d e v e l o p i n a l l 
rock forms, both v o l c a n i c and i n t r u s i v e . I t i s most e a s i l y 
i d e n t i f i e d w i t h i n l a t i t i c v o l c a n i c s where s t r o n g , d i f f u s e washes 
of a p h a n i t i c , g r e y pink K-spar r e p l a c e s m a f i c s and p r i m a r y 
f e l d s p a r . K-spar i n t h i s s e t t i n g o f t e n forms p e r v a s i v e 
replacement of the p r e - e x i s t i n g rock m a t r i x . In t r a c h y t e t u f f s , 
s e c o n d a r y K-spar may be d i f f i c u l t t o d i s t i n g u i s h from the 
abundant p r i m a r y p o t a s s i c f e l d s p a r m i c r o l i t h s i n the r o c k . 
Corroded c r y s t a l forms, a l t e r a t i o n b y p r o d u c t s and l o c a l 
p e r m e a b i l i t y changes are u s e f u l parameters i n d i s t i n g u i s h i n g j t h e 
o r i g i n s of p o t a s s i c f e l d s p a r s . 

In i n t r u s i v e r o c k s , secondary p o t a s s i c f e l d s p a r i s u s u a l l y 
p r e s e n t w i t h i n w e l l d e f i n e d K-spar r i c h v e i n l e t s and 
m i c r o v e i n l e t s . P e r v a s i v e replacements have not been noted. M a t r i x 
f e l d s p a r i n the monzonite stock i s g e n e r a l l y p r i m a r y . 

Hydrothermal b i o t i t e commonly d e v e l o p s i n v o l c a n i c r o c k s i n 
c l o s e p r o x i m i t y , 100 m's or l e s s , t o the monzonite s t o c k . 
Secondary b i o t i t e i s e x t remely f i n e g r a i n e d , < 0.5 mm, and dark 
brown b l a c k i n c o l o u r . I t i s u s u a l l y i n t i m a t e l y a s s o c i a t e d w i t h 
secondary K-spar and magnetite. 

A l l of the c o n t a c t e f f e c t s seen p r o x i m a l t o the main 
i n t r u s i o n are metasomatic, none appear t o be i s o c h e m i c a l , or 
q u a l i f y i n the s t r i c t sense as h o r n f e l s e d . 

C o n t a c t s between a l t e r a t i o n phases, eg. p o t a s s i c -
p r o p y l i t i c , are seldom sharp, and o n l y r a r e l y a r e w e l l d e f i n e d 
a l t e r a t i o n f r o n t s noted. 

i i . P r o p y l i t i c A l t e r a t i o n 

P r o p y l i t i c a l t e r a t i o n assemblages a r e d e veloped up t o 500 
m's from the main monzonite s t o c k . T h i s assemblage forms i n 
response t o f a l l i n g temperature c o n d i t i o n s , 230° C, and a s h i f t 
t o s l i g h t l y more a c i d i c hydrothermal s o l u t i o n s (Hudson, 1983). 
The a l t e r a t i o n assemblage i n c l u d e s e p i d o t e , a l b i t e , c a r b o n a t e , 
c h l o r i t e and p y r i t e . P r o p y l i t i c assemblages o f t e n form c o a r s e 
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a g g r e g a t e s , s e v e r a l em's a c r o s s , which form from the core out, 
the sequence p y r i t e - e p i d o t e - c a r b o n a t e . A l b i t i z a t i o n » i s 
s p o r a d i c a l l y developed w i t h i n the p r o p y l i t i c zone, * but 
v o l u m e t r i c a l l y i s v e r y s u b o r d i n a t e t o e p i d o t e dominated 
a l t e r a t i o n t y p e s . 

P r o p y l i t i c assemblages may a l s o form the main components of 
s m a l l p y r i t e - e p i d o t e stockwork and carb o n a t e v e i n complexes. 
These v e i n l e t s are o f t e n a s s o c i a t e d w i t h h i g h e r grade g o l d zones 
d i s t a l t o the s t o c k . 

T h i s a l t e r a t i o n form i s o n l y seen i n v o l c a n i c r o c k s , and i s 
most obvious i n l a t i t i c and a n d e s t i t i c f r a g m e n t a l s . W i t h i n 
t r a c h y t e t u f f s , e p i d o t e - a l b i t e seldom forms, and the assemblage 
s h i f t s t o c h l o r i t e - carbonate - p y r i t e . As i n l a t i t i c v o l c a n i c s , 
t h i s a l t e r a t i o n type may a l s o be r e l a t e d t o g o l d m i n e r a l i z a t i o n . 

i i i . Carbonate A l t e r a t i o n 

Development of carbonate a l t e r a t i o n i s the most d i s t a l of 
a l l a l t e r a t i o n sequences which are r e l a t e d t o the main i n t r u s i o n . 
P e r v a s i v e c a r b o n a t i z a t i o n , > 40% m a t r i x c a l c i u m c a r b o n a t e , 
d e v e l o p s i n the extreme south e a s t e r l y p o r t i o n s of Zone 66, eg. L 
90+00 N, 133+00 t o 137+00 E. 

T h i s a l t e r a t i o n sequence i s dominated almost e x c l u s i v e l y by 
c a l c i u m carbonate, and d e v e l o p s d i s t a l l y t o e p i d o t e and 
p r o p y l i t i c assemblages. T h i s a l t e r a t i o n type may more s i m p l y 
r e p r e s e n t a mon-mineralogic v a r i a t i o n of a p r o p y l i t i c form. 
P e r v a s i v e c a r b o n i t i z a t i o n , o c c u r s w i t h o u t a s t r o n g s u l p h i d e or 
oxide a s s o c i a i o n , and o n l y i n v o l c a n i c r o c k s . I t i s not 
b e l i e v e d t o be f a v o r a b l e assemblage f o r the development of copper 
- g o l d m i n e r a l i z a t i o n . 

W i t h i n , and v e r y c l o s e t o , < 50 m's, the monzonite s t o c k , 
i r o n r i c h carbonates appear as the e a r l y s t a b l e form of 
c a r b o n a t e . T h i s carbonate i s v e r y f i n e g r a i n e d , < 0.25 mm, and 
c o r r e c t i d e n t i f i c a t i o n i n handspecimen i s d i f f i c u l t . 

P o s t p o r p h y r y - m i n e r a l i z a t i o n c a r b o n a t e a l t e r a t i o n may found 
as carbonate f i l l e d e x t e n s i o n a l v e i n s w i t h i n a l l rock t y p e s on 
the p r o p e r t y . T h i s narrow v e i n s , u s u a l l y l e s s than 0.5 m, may 
a l s o o c c u r i n f a u l t and shear zones w i t h a s s o c i a t e d v e i n type 
base and p r e c i o u s m e t a l s . 
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6.0 MT. MILLIGAN: MINERALIZATION 

M i n e r a l i z a t i o n a t Mt. M i l l i g a n o c c u r s i n t h r e e p r i n c i p l e 
forms, w i t h i n d i f f e r i n g temporal, l i t h o l o g i c and hydrothermal 
systems. These i n c l u d e ( i ) f a u l t and shear r e l a t e d v e i n s , ( i i ) 
p o rphyry s t y l e m i n e r a l i z a t i o n developed i n t e r n a l t o the main 
s t o c k , and ( i i i ) porphyry s t y l e m i n e r a l i z a t i o n formed i n the 
e n c l o s i n g v o l c a n i c s , e x t e r n a l t o the i n t r u s i o n . 

6.1 FAULT AND SHEAR ZONE RELATED BASE AND PRECIOUS METAL 
VEINS. 

M i n e r a l i z a t i o n of t h i s form may show o n l y a l o o s e s p a t i a l 
l i n k a g e t o the main i n t r u s i v e event. Two q u i t e d i f f e r e n t examples 
may be used t o c h a r a c t e r i z e t h i s type of m i n e r a l i z a t i o n : 

i . ) 79 V e i n . 

A w e l l d e f i n e d q u a r t z carbonate v e i n system i s i n t e r s e c t e d 
i n b o r e h ole 89 - 79 a t a p p r o x i m a t e l y the 155 metre mark. 
S p h a l e r i t e and g a l e n a are the p r i n c i p l e base metals and s e r v e as 
u s e f u l i n d i c a t o r s f o r f a v o r a b l e p r e c i o u s metal development. i 

The v e i n system i s hosted by l a t i t i c f r a g m e n t a l s , which 
demonstrate moderate s e r i c i t i z a t i o n , s u l p h i d a t i o n and the 
development of green micas, w i t h i n a 1.0 t o 2.0 metre envelope 
around the p r i n c i p l e v e i n . T h i s s t r u c t u r e i s i n t e r s e c t e d a t 
r e l a t i v e l y o b l i q u e a n g l e s t o the core a x i s , 30 d egrees; t r u e 
t h i c k n e s s e s may be s i g n i f i c a n t l y l e s s than i n t e r s e c t e d w i d t h s . 

Veins appear t o be emplaced i n a s t e e p l y o r i e n t a t e d n o r t h 
s o u t h s t r i k i n g f a u l t system, which i s i n t e r s e c t e d t o the s o u t h i n 
b o r e h o l e 89 - 94. T h i s s t r u c t u r e i s c l e a r l y i d e n t i f i e d on the 
2000 s c a l e 1050 m g e o l o g i c a l l e v e l p l a n . 

V e i n systems w i t h i n the Creek and E s k e r zones share some 
s i m i l a r i t i e s t o the 79 v e i n i n t e r s e c t i o n . However, v e i n s i n t h e s e 
two o c c u r r e n c e a r e a s may c a r r y semi-massive p y r i t e 
c o n c e n t r a t i o n s , and s l i g h t l y weaker development of q u a r t z and 
carbonate gangue p r o d u c t s . V e i n widths ar e t y p i c a l l y i n the range 
of 1.0 t o 2.0 metres. T e x t u r a l r e l a t i o n s i n the massive 
s u l p h i d e s , the nature and d i s t r i b u t i o n of a l t e r a t i o n h a l o ' s t o 
the v e i n s , and the l i t h o l o g i c s e t t i n g a l l i n d i c a t e t h a t v e i n s 
and s u l p h i d e s of the Creek and Esker zones ar e not s y n g e n e t i c and 
s o l e l y r e p r e s e n t d i s c r e t e , d i s c o r d a n t shear h o s t e d v e i n s . 

The c u r r e n t d a t a base, on these v e i n s t r u c t u r e s , i n 
p a r t i c u l a r t h e i r s i z e , the s t r e n g t h of a l t e r a t i o n and f a b r i c 
development, suggests t h a t t h e y s h o u l d be c o n s i d e r e d a low 
p r i o r i t y e x p l o r a t i o n t a r g e t . 
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i i . Rainbow F a u l t 

Gold m i n e r a l i z a t i o n a s s o c i a t e d w i t h t h i s f a u l t appears t o 
form as a d i f f u s e envelope, w i t h i n and e x t e r n a l t o , t h i s low 
a n g l e f a u l t . A l t h o u g h the main f a u l t s t r u c t u r e i s o c c a s i o n a l l y 
m i n e r a l i z e d , s t r o n g e s t g o l d v a l u e s are more o f t e n o b t a i n e d i n 
p r o x i m i t y t o the h a n g i n g w a l l p l a t e . 

The zone d i f f e r s r a d i c a l l y from s t r u c t u r a l l y h o s t e d 
m i n e r a l i z a t i o n of the 79 V e i n , Creek and E s k e r zones, i n the much 
weaker development of d i s c r e t e l a r g e s c a l e q u a r t z carbonate 
v e i n s . In the s o u t h e a s t zone, or Zone 66, h i g h e r grade g o l d 
m i n e r a l i z a t i o n may be r e l a t e d t o the f o r m a t i o n of s m a l l 
anastomosing p y r i t e - c a r b o n a t e - e p i d o t e v e i n l e t s as w e l l as 
amorphous p y r i t e e p i d o t e a g g r e g a t e s . These v e i n s a r e u s u a l l y l e s s 
than 1.0 cm i n w i d t h , and d i s p l a y narrow 1.0 - 2.0 cm a l t e r a t i o n 
h a l o ' s . These s t r u c t u r e s , and the more amorphous s u l p h i d e forms, 
may sum c u m u l a t i v e l y t o form minable widths, 10's of metres. 

S u l p h i d a t i o n of the host r o c k s i n t h i s f a u l t r e l a t e d 
e n v e l o p e , p y r i t e t y p i c a l l y ranges i n the o r d e r 5 - 1 5 p e r c e n t , 
can o n l y be c o n s i d e r e d modest w i t h i n a camp s c a l e s e t t i n g . 

i 
M i n e r a l i z a t i o n r e l a t e d t o t h i s f a u l t i s d i s c o r d a n t t o 

s t r a t i g r a p h y , i t may a l s o be d i s c o r d a n t t o the dominant i n t r u s i v e 
r e l a t e d a l t e r a t i o n assemblages. A d d i t i o n a l work s h o u l d be done t o 
d e f i n i t i v e l y demonstrate the p o t e n t i a l concordance or d i s c o r d a n c e 
between i n t r u s i v e r e l a t e d a l t e r a t i o n p a t t e r n s and those 
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 i n the s o u t h e a s t zone. 

The p e r s i s t e n c e of t h i s f a u l t s t r u c t u r e and the g e n e r a l 
c o n t i n u i t y of m i n e r a l i z a t i o n w i t h i n i t , r e n d e r s i t an important 
e x p l o r a t i o n t a r g e t over the s o u t h e a s t p o r t i o n s of the p r o p e r t y . 
T h i s s t r u c t u r e i s l i k e l y t o p e r s i s t a l o n g s t r i k e t o the s o u t h 
(s o u t h of L i n e 88+00 N) and p o t e n t i a l l y t o u n t e s t e d r e g i o n s a l o n g 
s t r i k e t o the n o r t h ( n o r t h of L i n e 99+00 N). 

6.2. INTRUSIVE RELATED MINERALIZATION: EXTERNAL TO THE 
MONZONITIC STOCK ( V o l c a n i c Hosted) 

I n t r u s i v e r e l a t e d m i n e r a l i z a t i o n e x t e r n a l t o the main s t o c k , 
w i t h i n v o l c a n i c l i t h o l o g i e s , d evelops i n the f o l l o w i n g forms: 

i ) . Laminated Bedding P a r a l l e l S u l p h i d e Replacements 

W i t h i n bedded t r a c h y t e t u f f s , c h a l c o p y r i t e and p y r i t e may 
form bedding p a r a l l e l l a m e l l a . These s t r u c t u r e s are t y p i c a l l y 2.0 
t o 5.0 em's i n width, and may s i g n i f i c a n t l y enhance o v e r a l l 
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copper grades. T h i s form of s u l p h i d e replacement i s w e l l 
demonstrated i n borehole DDH 89 - 123, and i s d i r e c t l y r e l a t e d t o 
both enhanced copper (0.8%) and g o l d (0.03 o z . / t ) m i n e r a l i z a t i o n 
over s i g n i f i c a n t w idths, 25.8 metres. 

T h i s type of s u l p h i d e replacement c l e a r l y demonstrates the 
s i g n i f i c a n c e of bulk rock c o m p o s i t i o n i n i n f l u e n c i n g the s t y l e , 
form and s t r e n g t h of m i n e r a l i z a t i o n . W i t h i n s u p r a c r u s t a l r o c k s , 
t r a c h y t e t u f f s o f t e n appear p r e f e r e n t i a l l y s u l p h i d i z e d . The 
a c t u a l component of the bulk rock c h e m i s t r y which f a v o r a b l y 
i n t e r a c t s w ith t r a n s g r e s s i n g hydrothermal f l u i d s i s not y e t 
known. R e g a r d l e s s , the end r e s u l t i s a the development of a 
f a v o r a b l e host rock t o m i n e r a l i z a t i o n . 

T r a c h y t e t u f f u n i t s w i l l c o n t i n u e t o s e r v e both as e x c e l l e n t 
s t r a t i g r a p h i c markers and as f a v o r e d ore h o s t s t o the development 
of h i g h e r grade copper-gold zones. Continued d e l i n e a t i o n of 
t r a c h y t e - i n t r u s i v e c o n t a c t zones may c r i t i c a l l y enhance the 
o v e r a l l t e n o r of t h i s d e p o s i t . 

The d a t a base t o date, s u g g e s t s t h a t t h i s form of 
m i n e r a l i z a t i o n forms o n l y i n c l o s e p r o x i m i t y , 50 t o 75 metres, of 
an i n t r u s i v e s o u r c e . D i s t a l replacement b o d i e s have not as y e t 
been i d e n t i f i e d . 

i i ) . Stockwork C h a l c o p y r i t e V e i n l e t s 

In v o l c a n i c r o c k s , stockwork c h a l c o p y r i t e v e i n s a i . 
g e n e r a l l y modestly developed. Most o f t e n these v e i n s p e n e t r a t e 
v o l c a n i c r o c k s i n c l o s e p r o x i m i t y , 75 - 100 metres of i n t r u s i v e 
c o n t a c t s . Dominate gangue m i n e r a l o g y i n c l u d e s c a r b o n a t e s , 
e p i d o t e - c h l o r i t e , K - f e l d s p a r and l e s s e r s i l c a - a l b i t e . 

H a i r l i n e s u l p h i d e f i l l e d f r a c t u r e s u r f a c e s , w i t h o u t 
s i g n i f i c a n t gangue m a t e r i a l , may i n terms of t h e i r net metal 
c o n t e n t , be a more s i g n i f i c a n t s u l p h i d e from than v e i n l e t s 
a s s o c i a t e d w i t h a w e l l d e f i n e d gangue m i n e r a l o g y . 

A l l v e i n forms are d i s c o r d a n t t o a l l rock t y p e s , i f any 
l i t h o l o g i c c o n t r o l e x i s t s , i t i s e x t r e m e l y weak. 

In most of v e i n systems, s i l i c a i s a s u b o r d i n a t e component. 
The e x c e p t i o n a l l y w e l l p r e s e n t e d c h a l c o p y r i t e q u a r t z stockwork 
i n t e r s e c t e d i n borehole 89-135, i s a s t r o n g e x c e p t i o n t o the 
g e n e r a l f i n d i n g . Very s t r o n g g o l d v a l u e s w i t h i n t h i s stockwork 
ar e s u r p r i s i n g i n l i g h t of the e x t r e m e l y l i m i t e d w a l l rock 
i n t e r a c t i o n e f f e c t s i d e n t i f i e d on v e i n margins. The h i g h g o l d and 
copper v a l u e s w i t h i n a s i l i c a r i c h system s u g g e s t s t h a t s i l i c a t e -
s u l p h i d e stockworks r e p r e s e n t a v e r y l a t e hypogene m i n e r a l i z i n g 
event, s i m i l a r to t h a t i d e n t i f i e d i n other p o r p h y r y s e t t i n g s , eg. 
A f t o n ( c f . Wong, 1987). 
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The c o n t r o l on the emplacement of these l a t e v e i n s becomes 
an e x t r e m e l y important e x p l o r a t i o n problem. A s t r o n g e f f o r t 
s h o u l d be made to determine the o v e r a l l o r i e n t a t i o n of the 
s i l i c a t e s u l p h i d e envelope as w e l l as the mean o r i e n t a t i o n of 
i n d i v i d u a l v e i n s , T h i s may be a c h i e v e d from a c a r e f u l e x a m i n a t i o n 
of the v e i n forms from b o r e h o l e s near DDH 89-135. An o v e r r i d i n g 
s t r u c t u r a l c o n t r o l may be i n e f f e c t . 

i i i ) . C h a l o c o p y r i t e - B o r n i t e D i s s e m i n a t i o n s and A g g r e g a t e s . 

D i s c r e t e s u l p h i d e a g g r e g a t e s , without a v i s i b l e stockwork 
c o n t r o l appear t o be the most d i s t a l form of s u l p h i d e development 
on the Mt. M i l l i g a n p r o p e r t y . 

T h i s m i n e r a l i z e d form most o f t e n d e v e l o p s w i t h i n p r o p y l i t i c 
a l t e r a t i o n assemblages, and i n hand specimen, m a g n e t i t e -
c h a l c o p y r i t e g r a i n s appear t o n u c l e a t e around i r o n r i c h m a f i c 
p r e c u r s o r s . I t i s u n l i k e l y t h a t t h i s n u c l e a t i o n o c c u r s i n the 
absence of enhanced rock p e r m e a b i l i t y v i a m i c r o f r a c t u r e s . These 
f r a c t u r e s may be below hand specimen r e s o l u t i o n . A r o l e of 
p r i m a r y p e r m e a b i l i t y , eg. s i z e and a n g u l a r i t y of v o l c a n i c 
fragments, cannot be d e f i n i t i v e l y demonstrated as a c o n t r o l l i n g 
f a c t o r t o t h i s more d i s t a l form of m i n e r a l i z a t i o n . P r i m a r y 
p e r m e a b i l i t y c o n t r o l s on p o r p h y r y m i n e r a l i z a t i o n have been 
proposed f o r m i n e r a l i z a t i o n i n o c c u r r e n c e s between M e r r i t t and 
P r i n c e t o n ( P r e t o , 1979) and f o r the QR d e p o s i t ( M e l l i n g and 
Watkinson, 1988). 

Depending on the presence or absence of b o r n i t e two s u l p h i d e 
phase groups d e v e l o p : 

1. c h a l c o p y r i t e - p y r i t e - magnetite 

2. b o r n i t e - c h a l c o p y r i t e - magnetite 

In b o r n i t e r i c h zones, eg DDH 89-105, d i s s e m i n a t e d p y r i t e i s 
s i g n i f i c a n t l y d ecreased r e l a t i v e t o o t h e r s u l p h i d e forms. B o r n i t e 
i s d e p o s i t e d p r o x i m a l l y t o the main s t o c k , c h a l c o p y r i t e - p y r i t e , 
d i s t a l l y . 

The presence of d i s s e m i n a t e d b o r n i t e , c l o s e t o the monzonite 
s t o c k , may permit the development of a h i g h grade copper s h e l l 
j u x t a p o s e d a g a i n s t the i n t r u s i o n . T h i s zone would become a 
p r i o r i t y d r i l l t a r g e t w i t h subsequent i n f i l l d r i l l i n g , and a 
p r e f e r r e d t a r g e t type f o r subsequent s t e p out e x p l o r a t i o n work. 
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6.3. INTRUSIVE RELATED MINERALIZATION, INTERNAL TO THE MAIN 
STOCK, RELATED DYKE PHASES AND HYBRIDIZED CONTACT 
ZONES. * 

M i n e r a l i z a t i o n w i t h the s t r o n g e s t s p a t i a l and temporal l i n k s 
t o the main i n t r u s i v e event may be q u i c k l y summarized i n the 
f o l l o w i n g manner: 

i . M i n e r a l i z a t i o n W i t h i n H y b r i d i z e d C o n t a c t Phases 

M i n e r a l i z a t i o n hosted i n the immediate p r o x i m i t y t o the 
i n t r u s i v e s t o c k , 25 - 50 metres, o f t e n o c c u r s w i t h i n a v o l c a n i c 
rock form which has been s t r o n g l y contaminated by i n t r u s i v e rock 
s u i t e s . I n t r u s i v e and hydrothermal c o n t a m i n a t i o n of v o l c a n i c 
r o c k s i n c r e a s e s towards the i n t r u s i v e c o n t a c t . M i n e r a l i z e d 
c o n t a c t phases have been d r i l l e d which f l a n k the main i n t r u s i v e 
body, and are a s s o c i a t e d with s e v e r a l l e s s e r dyke phases 
i n c l u d i n g the p o r p h y r i t i c monzonite. 

C o n t a c t phases are intended here t o i n c l u d e , c l a s s i c a l 
i n t r u s i v e b r e c c i a s , x e n o l i t h i c i n t r u s i o n s and dyke swarms. A l i i of 
these components commonly develop w i t h i n 25 metres of the main 
i n t r u s i v e c o n t a c t . Contact r e l a t i o n s may be e x t r e m e l y i r r e g u l a r 
f o r t h i s h y b r i d rock form. 

M i n e r a l i z a t i o n i n t h i s zone i s dominated by copper. Gold 
v a l u e s , even i n the c o n t e x t of t h i s d e p o s i t , tend t o be weak. 
C h a l c o p y r i t e may d i s p l a y a d i v e r s e range of form, i n c l u d i n g w e n 
d e f i n e d copper r i c h v e i n s , f r e q u e n t l y w i t h a p o t a s s i c gangue, 
d i s c r e t e a g g r e g a t i o n s , f i n e d i s s e m i n a t i o n s and l a t e h a i r l i n e 
f r a c t u r e s . Magnetite b r e c c i a s , w i t h a s s o c i a t e d c h a l c o p y r i t e , 
o f t e n a re a s s o c i a t e d with t h i s l i t h o l o g i c t y p e . The t y p i c a l l y 
s t r o n g m i n e r a l i z a t i o n which develops i n th e s e zones r e f l e c t s the 
r a p i d changes i n bulk rock and hydrot h e r m a l c h e m i s t r y , and 
f r e q u e n t l y e x c e l l e n t s t r u c t u r a l p r e p a r a t i o n encountered i n these 
zones. 

M i n e r a l i z a t i o n hosted by c o n t a c t phases s i g n i f i c a n t l y 
i n c r e a s e s the e f f e c t i v e s i z e of t h i s s t o c k . More i m p o r t a n t l y , 
t h e y may c o n t a i n a d i s p r o p o r t i o n a t e l y h i g h e r net metal c o n t e n t , 
r e l a t i v e t o core zones. T h i s h y b r i d i z e d rock t y p e , and 
m i n e r a l i z e d s e t t i n g , i s an extremely important d r i l l t a r g e t on 
the p r o p e r t y . The i r r e g u l a r nature of c o n t a c t a t t i t u d e s , and 
modest widths of the c o n t a c t s h e l l s may n e c e s s i t a t e t a r g e t i n g of 
b o r e h o l e s on other than e a s t west / n o r t h s o u t h azimuths. 
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i i . ) Stockwork and Disseminated M i n e r a l i z a t i o n - I n t e r n a l t o 
I n t r u s i v e C o n t a c t s . 

W e l l d e f i n e d , narrow, u s u a l l y l e s s than 0.5 cm., 
c h a l c o p y r i t e stockworks are o f t e n found i n the main i n t r u s i v e 
body. The s t r e n g t h of p o t a s s i c a l t e r a t i o n s e l v e d g e s are the 
p r i n c i p l e d i s t i n g u i s h i n g f e a t u r e s of t h e s e v e i n l e t s , when 
compared to the carbonate - s i l i c a t e stockwork v e i n l e t s hosted 
by v o l c a n i c r o c k s . The o v e r a l l d i s t r i b u t i o n , and age r e l a t i o n s 
of a v e r y l a r g e v a r i e t y of stockwork v e i n l e t s has as y e t not 
been w e l l e s t a b l i s h e d . C h a l c o p y r i t e i s the dominant copper 
s u l p h i d e i n these stockwork systems. 

A l l v e i n systems i n t e r n a l t o the s t o c k show evi d e n c e i n hand 
specimen f o r m u l t i p l e e pisodes of h e a l i n g and r e f r a c t u r i n g . Both 
p o t a s s i c and s i l i c a t e v e i n s i n the s t o c k may be m i n e r a l i z e d . The 
v e r y youngest, c a r b o n a t e - c h l o r i t e - q u a r t z v e i n s a r e u n m i n e r a l i z e d . 

E x t r e m e l y f i n e g r a i n e d , < 0.5 mm, c h a l c o p y r i t e - magnetite 
d i s s e m i n a t i o n s may r e f l e c t d e p o s i t i o n of a p r i m a r y melt s u l p h i d e 
and o x i d e phase, p r i o r t o l a t t e r stockwork m i n e r a l i z a t i o n . 
B o r n i t e i s an i n s i g n i f i c a n t copper phase i n the monzonite s t o c k . 
D i s s e m i n a t e d m i n e r a l i z a t i o n may occur u n e x p e c t e d l y throughout the 
main body of the monzonite. T h i s f i n d i n g p r e c l u d e s assuming t h a t 
any p o r t i o n of the monzonite s t o c k , f o r the example the core 
zone, i s u n m i n e r a l i z e d . 

For both stockwork and d i s s e m i n a t e d forms of m i n e r a l i z a t i o n , 
s t r o n g e s t s u l p h i d e d e p o s i t i o n appears t o occur near components of 
the s t o c k most s u b j e c t to r a p i d changes i n bulk rock c h e m i s t r y , 
i e . c h e m i c a l t r a p s , and w i t h i n s t r u c t u r a l l y f a v o r a b l e s i t e s . 
These c o n d i t i o n s a re p r o v i d e d by l a r g e x e n o l i t h i c r a f t s 
p e n e t r a t e d deep w i t h i n the main i n t r u s i o n , eg. DDH 89 - 110. 

7.0 GENERAL COMMENTS 

Based on the map and d r i l l d a t a a v a i l a b l e t o d a t e , DDH 89¬
135, s e v e r a l o b s e r v a t i o n s a re r e l e v a n t t o the g e n e s i s and 
economic p o t e n t i a l of t h i s d e p o s i t and i t s immediate s u r r o u n d . 

i . The Mt. M i l l i g a n d e p o s i t f i t s c l o s e l y a model d e s c r i b e d 
by S i l l i t o e (1979), f o r porphyry copper g o l d d e p o s i t s , d e p o s i t s 
w i t h g r e a t e r than 0.5 g/T Au. These d e p o s i t s a r e c h a r a c t e r i z e d by 
f e l d s p a r s t a b l e a l t e r a t i o n assemblages ( b i o t i t e - K s p a r ) , and are 
u s u a l l y r e l a t e d t o the emplacement of p l u t o n s a t s h a l l o w depths, 
1.5 t o 4.0 km. 
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i i . The t e c t o n i c s i g n i f i c a n c e of a l k a l i n e magmas v a s t l y 
outweighs t h e i r d i s t r i b u t i o n . These unusual igneous r o d k s , 
u s u a l l y form a l o n g major t e c t o n i c s u t u r e s , c o l l i s i o n boundaries, 
and may p r o v i d e a c c e s s t o deep mantle f l u i d s . The a s s o c i a t i o n 
between a l k a l i n e r o c k s and p o r p h y r y copper d e p o s i t s has l o n g been 
r e c o g n i z e d i n the Western Canadian C o r d i l l e r a . More r e c e n t l y , i n 
Archean systems, s t r o n g l i n k a g e s are c u r r e n t l y b e i n g d e v e l o p e d , 
p r i n c i p a l l y by C o l v i n e and h i s co-workers a t the OGS, between 
l a t e a l k a l i n e i n t r u s i o n s and g o l d m i n e r a l i z i n g e v e n t s . 

i i i . Higher grade zones i n t h i s p o r p h y r y s t y l e d e p o s i t a r e 
u ndoubtedly c o n t r o l l e d by s p e c i f i c and p r e d i c t a b l e s t r u c t u r a l , 
l i t h o l o g i c and hydrothermal parameters. S u c c e s s f u l p u r s u i t of 
these zones w i l l r e q u i r e q u a n t i t a t i v e and s e m i - q u a n t i t a t i v e 
e v a l u a t i o n of these c o n t r o l s . I n c l u d e d i n t hese c a t e g o r i e s would 
be the f o r m u l a t i o n of s e m i - q u a n t i t a t i v e a l t e r a t i o n maps, 
s t r u c t u r e contour maps of the d i s t r i b u t i o n of p r i n c i p l e 
l i t h o l o g i c and s t r u c t u r a l f e a t u r e s , and the c o n s t r u c t i o n of 
d e t a i l e d grade t h i c k n e s s c o n t o u r p l o t s . 

i v . C o n t i n e n t a l Gold C o r p o r a t i o n i s i d e a l l y p o s i t i o n e d ^ t o 
u t i l i z e and a p p l y the e x p e r t i s e developed on the Mt. M i l l i g a n 
d e p o s i t p roper, t o more e f f e c t i v e l y guide and d e l i n e a t e 
subsequent e x p l o r a t i o n on the p r o p e r t y . In a d d i t i o n , the d a t a 
base a c q u i r e d a t Mt. M i l l i g a n may e q u a l l y be a p p l i e d t o the 
e v a l u a t i o n and development of copper g o l d o c c u r r e n c e s i n s i m i l a r 
t e c t o n i c s e t t i n g s , eg. R o s s l a n d , N i c o l a and r e l a t e d v o l c a n i c 
groups, a c r o s s the Western C o r d i l l e r a . 
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