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INTRODUCTION 

The Highmont copper-molybdenum d e p o s i t s a r e i n the s o u t h 
p a r t of the H i g h l a n d V a l l e y p o r p h y r y copper d i s t r i c t 125 m i l e s 
n o r t h e a s t of Vancouver ( F i g u r e 1 ) . They i n c l u d e f i v e l a r g e , , 
low grade m i n e r a l i z e d zones w h i c h c l u s t e r t o g e t h e r on the west 
s l o p e s of Gnawed M o u n t a i n a t s u r f a c e e l e v a t i o n s between 5200 
and 5700 f e e t , o f w h i c h Nos. 1 ( E a s t ) and 2 (West) zones a r e 
f u l l y e x p l o r e d and t o g e t h e r c o n t a i n s u f f i c i e n t open p i t ore t o ' 
s u s t a i n a 25,000 t o n p e r day m i n i n g o p e r a t i o n . The d e p o s i t s 
l i e 4 m i l e s due s o u t h of the Bethlehem mine and 2 m i l e s s o u t h ­
e a s t of the L o r n e x mine. 

A l t h o u g h the Highmont d e p o s i t s were v e r y l a r g e l y h i d d e n by 
a t h i n m a n t l e of g l a c i a l t i l l , the nearby h i g h e r ground exposes 
showings of copper and molybdenum s u l p h i d e s , w h i c h a p p a r e n t l y 
were e x p l o r e d by p r o s p e c t o r s i n the 1930s. Because of the w i d e l y 
s c a t t e r e d m i n e r a l i z a t i o n and f a v o u r a b l e g e o l o g y the Gnawed 
M o u n t a i n a r e a was r e p e a t e d l y i n v e s t i g a t e d f r o m 195 7 onward, and 
a few s h o r t h o l e s were d r i l l e d i n the Highmont zones p r i o r t o 
1960. I n 1962 the Highmont p r o p e r t y was a c q u i r e d by T orwest 
R e s o u r c e s (1962) L i m i t e d w h i c h conducted an i n d u c e d p o l a r i z a t i o n 
s u r v e y and d i d diamond d r i l l i n g t h a t d i s c o v e r e d a p a r t of the No. 1 
zone. I n 1966, a f t e r a p e r i o d d u r i n g w h i c h the p r o p e r t y was 
o p t i o n e d t o a major m i n i n g company, Highmont M i n i n g C o r p o r a t i o n was 
formed w i t h Torwest as c h i e f s h a r e h o l d e r t o c o n t i n u e the development. 
A l a r g e amount o f p e r c u s s i o n d r i l l i n g and some diamond d r i l l i n g was 
done on a g r i d p a t t e r n i n 1966 and 1967 w h i c h o u t l i n e d the No. 1 
zone and i n d i c a t e d the e x i s t e n c e of the No. 2 and o t h e r zones. 
T h i s programme drew f i n a n c i a l s u p p o r t f r o m N i p p o n M i n i n g Company 
L i m i t e d , and l e d t o b u l k s a m p l i n g i n the No. 1 zone by means of an 
a d i t and r a i s e s . The r e s u l t s of the i n i t i a l phase of underground 
e x p l o r a t i o n d e t e r r e d Nippon from f u r t h e r p a r t i c i p a t i o n . S u b s e q u e n t l y , 
new f i n a n c i n g was a r r a n g e d w h i c h a l l o w e d s a t i s f a c t o r y c o m p l e t i o n of 
the s a m p l i n g programme i n the No. 1 zone and a c o n t i n u a t i o n o f the 
p r o p e r t y e x p l o r a t i o n . I n 1969 Teck C o r p o r a t i o n L i m i t e d e n t e r e d i n t o 
a f i n a n c i a l arrangement t o c o n t i n u e the e x p l o r a t i o n , w i t h the r i g h t 
t o f i n a n c e the p r o p e r t y t o p r o d u c t i o n . By A p r i l 1971, m e t a l l u r g i c a l 
t e s t s and a l l o t h e r phases of the f e a s i b i l i t y s t u d y were c o m p l e t e d . 

GEOLOGICAL SETTING 

The H i g h l a n d V a l l e y d i s t r i c t l i e s n e a r the c e n t r e o f the G u i c h o n 
b a t h o l i t h . T h i s Lower J u r a s s i c b a t h o l i t h o c c u r s i n b l o c k - f a u l t e d 
t e r r a i n ; i t i s f a c e t t e d i n p l a n , h a v i n g an a x i s 40 m i l e s l o n g w h i c h 
i s d i r e c t l y s l i g h t l y west of n o r t h . The major phases of the b a t h o l i t h 
a r e c o n c e n t r i c a l l y d i s p o s e d , w i t h o l d e r q u a r t z d i o r i t e s o c c u r r i n g 
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toward the m a r g i n , a younger q u a r t z d i o r i t e as an i n t e r m e d i a t e 
r i n g , and a s t i l l younger g r a n o d i o r i t e f o r m i n g an e l o n g a t e 
c e n t r a l c o re t h a t i s a l i g n e d a l o n g the a x i s from H i g h l a n d 
V a l l e y southward f o r a d i s t a n c e of about 12 m i l e s ( N o r t h c o t e , 
1 9 6 9 ) . From t h i s core a 4 0 0 - f o o t wide dyke of g r a n o d i o r i t e 
p r o j e c t s e a s t w a r d a c r o s s the Highmont p r o p e r t y t o Gnawed M o u n t a i n . 

I n the H i g h l a n d V a l l e y d i s t r i c t , a l l t h r e e phases a r e 
p r e s e n t and a r e d i s s e c t e d by a n o r t h - t r e n d i n g swarm of d a c i t e 
and r h y o l i t e p o r p h y r y dykes t h a t i s 10 m i l e s l o n g and s e v e r a l 
m i l e s w i d e , as shown i n F i g u r e 2. Most of the p o r p h y r y d y k e s 
a r e s t e e p l y d i p p i n g and s t r i k e p r e d o m i n a n t l y n o r t h . Some dykes 
w i t h i n the swarm adopt o t h e r a t t i t u d e s and may s w e l l and b r a n c h 
t o f o r m i r r e g u l a r i n t r u s i o n s and a s s o c i a t e d i n t r u s i v e b r e c c i a s . 
These i r r e g u l a r p o r p h y r y and b r e c c i a i n t r u s i o n s m o s t l y o c c u r 
where n o r t h e r l y dykes i n t e r s e c t w e s t - n o r t h w e s t e r l y c o n t a c t s of 
the m a jor phases and they i n c l u d e the l o c a l i t i e s of the Highmont, 
Bethlehem, T r o j a n ( S o u t h S e a s ) , and K r a i n ( N o r t h P a c i f i c ) d e p o s i t s . 

The i m p o r t a n c e of n o r t h e r l y and w e s t - n o r t h w e s t e r l y s t r u c t u r a l 
t r e n d s , and e s p e c i a l l y of i n t e r s e c t i o n s of the s e t r e n d s , i s 
e v i d e n c e d by the d i s t r i b u t i o n o f the major copper-molybdenum 
d e p o s i t s and o f o t h e r f e a t u r e s i n c l u d i n g the f o l l o w i n g : 
(1) t o u r m a l i n e a l t e r a t i o n , w h i c h f o l l o w s a n o r t h e r l y a l i g n m e n t 
r o u g h l y s i m i l a r t o t h a t o f b r e c c i a , (2) major f a u l t s and t o p o g r a p h i c 
l i n e a m e n t s of w h i c h the n o r t h - t r e n d i n g L o r n e x f a u l t and the 
d i s j o i n t e d w e s t - n o r t h w e s t e r l y H i g h l a n d V a l l e y l i n e a m e n t a r e examples, 
(3) p o s t - m i n e r a l T e r t i a r y v o l c a n i c f l o w s and r e l a t e d m i n o r i n t r u s i o n s . 
These t r e n d s and d i s t r i b u t i o n s s u g g e s t the e x i s t e n c e o f s t r u c t u r a l 
b e l t s w h i c h may have r e s u l t e d f r o m s t r e s s p a t t e r n s i n the under­
l y i n g basement ( F i g u r e 2 ) . The p o r p h y r y dyke swarm a p p e a r s t o 
i d e n t i f y a n o r t h - t r e n d i n g s t r u c t u r a l b e l t w h i c h i s c r o s s e d by 
s e v e r a l s u b s i d i a r y , w e s t - n o r t h w e s t e r l y b e l t s i n w h i c h f r a c t u r i n g , 
i n t r u s i o n , r o c k 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 r e c o n c e n t r a t e d . 
The most s o u t h e r l y s u b s i d i a r y b e l t r e c o g n i z e d i s t h a t w h i c h c o n t a i n s 
the Highmont and L o r n e x d e p o s i t s . Any c o n t i n u a t i o n a l o n g s t r i k e o f 
t h i s b e l t or of o t h e r s i s c o n j e c t u r a l beyond the l i m i t s shown and 
c o u l d be a f f e c t e d by p o s s i b l e f a u l t o f f s e t s . 

LOCAL GEOLOGY 

The Highmont p r o p e r t y i s u n d e r l a i n c h i e f l y by the Bethlehem 
q u a r t z d i o r i t e , r e p r e s e n t i n g the i n t e r m e d i a t e phase of the b a t h o l i t h 
( F i g u r e 2 ) . The extreme w e s t e r n p a r t of the p r o p e r t y i s o c c u p i e d by 
the B e t h s a i d a g r a n o d i o r i t e r e p r e s e n t i n g the c e n t r a l c o r e of the 
b a t h o l i t h . The c o n t a c t d i p s e a s t a t 65 d e g r e e s and i s commonly 
f a u l t e d i n d r i l l h o l e s . A composite dyke 400 f e e t wide e x t e n d s e a s t -
s o u t h e a s t w a r d f o r n e a r l y 2 m i l e s f r o m t h i s c o n t a c t t o the summit of 
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Gnawed M o u n t a i n and i s a p r i n c i p a l g e o l o g i c a l f e a t u r e of the 
p r o p e r t y . The dyke i s emplaced i n s t r o n g l y f r a c t u r e d q u a r t z 
d i o r i t e . I t c o m p r i s e s p o r p h y r i t i c B e t h s a i d a g r a n o d i o r i t e and 
l a t e r i n t r u s i o n s of q u a r t z p o r p h y r y and b r e c c i a . A l t h o u g h 
c o n s i d e r a b l y f i n e r g r a i n e d t h r o u g h o u t than i t s c o u n t e r p a r t i n 
the c e n t r a l c o r e t o the west, the p o r p h y r i t i c g r a n o d i o r i t e 
shows l i t t l e d e c r e a s e i n g r a i n s i z e a t i t s c o n t a c t s w i t h the 
q u a r t z d i o r i t e . Q u a r t z p o r p h y r y b o d i e s , w h i c h a r e b e s t exposed 
on the h i g h e r ground e a s t of the p r o p e r t y , p o s s e s s i r r e g u l a r 
shapes and l o c a l o f f s h o o t s t h a t extend as dykes i n t o the n earby 
q u a r t z d i o r i t e . Some of t h e s e dykes p o s s e s s a p h a n i t i c m a r g i n s 
t h a t i n d i c a t e c h i l l i n g . The r e m a i n i n g q u a r t z p o r p h y r y has an 
a p l i t i c groundmass t h a t a p p a r e n t l y i n d i c a t e s an a r r e s t e d 
c r y s t a l l i z a t i o n due t o w i d e s p r e a d and sudden l o s s o f v o l a t i l e s . 
T h i s i n f e r r e d e x p l o s i v e escape of v o l a t i l e s from the p o r p h y r y 
i s b e l i e v e d t o have caused the f o r m a t i o n of a d j a c e n t b o d i e s of 
b r e c c i a , w h i c h c o n s i s t s of abundant a n g u l a r f r a g m e n t s of the 
l o c a l r o c k s , i n c l u d i n g a p h a n i t i c q u a r t z p o r p h y r y , t h a t a r e 
embedded i n a c l a s t i c m a t r i x l a r g e l y r e p r e s e n t i n g p o r p h y r y . 
Some f r a g m e n t s c o n t a i n b a r r e n q u a r t z v e i n s , thus i n d i c a t i n g t h a t 
f r a c t u r i n g and a l t e r a t i o n o f the h o s t r o c k s was i n i t i a t e d b e f o r e 
b r e c c i a t i o n and s u g g e s t i n g t h a t the b r e c c i a b o d i e s occupy p a r t s 
of e a r l y f r a c t u r e zones. The o n l y b r e c c i a body r e c o g n i z e d t o 
date on the Highmont p r o p e r t y i s i n the s o u t h p a r t of the No. 1 
zone. 

Copper-molybdenum m i n e r a l i z a t i o n o c c u r s i n a l l the above-
mentioned r o c k t y p e s . On the Highmont p r o p e r t y , seven m i n e r a l i z e d 
zones a r e r e c o g n i s e d , of w h i c h the Nos. 1, 2 and 5 zones a r e 
p r o v e n o r e b o d i e s and the o t h e r zones a r e p a r t l y e x p l o r e d . The 
two s outhwesternmost zones (Nos. 5 and 7) a r e s m a l l d e p o s i t s 
o c c u p y i n g shear zones p a r a l l e l t o and on e i t h e r s i d e of the main 
g r a n o d i o r i t e c o n t a c t . The f i v e o t h e r zones a r e l a r g e r and lower 
i n grade and they a r e ranged on e i t h e r s i d e of the dyke m a i n l y i n 
q u a r t z d i o r i t e e x c e p t f o r the w e s t e r n m o s t , or No. 6 zone, w h i c h 
l i e s w h o l l y w i t h i n the B e t h s a i d a g r a n o d i o r i t e . As p r e s e n t l y known, 
these f i v e d e p o s i t s p o s s e s s maximum d i m e n s i o n s r a n g i n g f r o m 1,200 
f e e t t o 3,600 f e e t and a r e e l o n g a t e d e i t h e r w e s t - n o r t h w e s t w a r d , 
w h i c h i s p a r a l l e l t o the dyke, o r n o r t h - n o r t h w e s t w a r d . T o g e t h e r they 
occupy the b e s t m i n e r a l i z e d p a r t s o f a more or l e s s c o n t i n u o u s 
f r a c t u r e zone t h a t i s more t h a n a m i l e l o n g and i s r o u g h l y b i s e c t e d 
by the dyke. T h i s f r a c t u r e zone p r o b a b l y c o n t i n u e s n o r t h - w e s t w a r d 
a l o n g the g r a n o d i o r i t e c o n t a c t t o the v i c i n i t y of the L o r n e x mine. 

The Highmont ore zones l i e b e n e a t h o v e r b u r d e n w h i c h a v e r a g e s 
12 f e e t t h i c k o v e r the Nos. 1 and 2 zones, and i s m a i n l y g l a c i a l t i l l . 
The d i r e c t i o n of i c e movement d u r i n g d e p o s i t i o n of the t i l l was f r o m 
the n o r t h w e s t , as shown on the g e o c h e m i c a l p l a n s ( F i g u r e 8 (a) and ( b ) ) . 
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O x i d a t i o n of the ore i s v e r y l i m i t e d and has p e n e t r a t e d downward 
o n l y near f a u l t s ; f o r example, a l o n g the e a s t s i d e o f the No. 1 
zone . 

The p r i n c i p a l economic m i n e r a l s a r e c h a l c o p y r i t e , b o r n i t e , 
and m o l y b d e n i t e w h i c h o c c u r p r e d o m i n a n t l y i n v e i n s and f r a c t u r e s 
but a r e a l s o d i s s e m i n a t e d i n s i g n i f i c a n t amounts i n the a d j a c e n t 
a l t e r e d r o c k . The copper s u l p h i d e s i n the Nos. 1 and 2 zones 
show a d i s t i n c t m i n e r a l z o n i n g t h a t i s r o u g h l y p a r a l l e l t o the 
dyke, w i t h b o r n i t e accompanying c h a l c o p y r i t e a p p r o x i m a t e l y i n 
e q u a l amounts t o d i s t a n c e s of about 700 f e e t and 1,200 f e e t 
n o r t h w a r d f r o m the dyke i n the Nos. 1 and 2 zones, r e s p e c t i v e l y , 
t h e n a zone of c h a l c o p y r i t e w i t h minor p y r i t e and r a r e l y b o r n i t e , 
f o l l o w e d a t the n o r t h e r n l i m i t s of ore by a d e c r e a s e i n the amount 
of p y r i t e w h i c h may l o c a l l y amount t o 1% of the r o c k . The 
p r e s e n c e of t h i s m i n e r a l z o n i n g n o r t h of the dyke i s shown on the 
v e r t i c a l g e o l o g i c a l s e c t i o n s ( F i g u r e 9 (a) and ( b ) ) . A s i m i l a r 
z o n i n g , w h i c h may e x t e n d southward from the dyke i n the a r e a of 
the Nos. 3, 4 and 6 zones, has n o t been s u b s t a n t i a t e d . No 
s y s t e m a t i c p a t t e r n i s d e t e c t e d i n the d i s t r i b u t i o n of m o l y b d e n i t e , 
w h i c h i s p r e s e n t t h r o u g h o u t the o r e . The o n l y o t h e r m e t a l l i c 
m i n e r a l i n t r o d u c e d i n a p p r e c i a b l e amount i s s p e c u l a r h e m a t i t e , 
whose w i d e s p r e a d d i s t r i b u t i o n i n m i n e r a l i z e d f r a c t u r e s has not 
been s t u d i e d i n r e l a t i o n t o z o n i n g . 

F o ur t y p e s of v e i n s or f r a c t u r e - f i l l i n g s a r e commonly r e c o g n i z e d 
w i t h i n the o r e b o d i e s : 

Type (1) v e i n s c o n t a i n e s s e n t i a l l y q u a r t z , c h a l c o p y r i t e , and b o r n i t e 
i n a d d i t i o n t o s c a t t e r e d f l a k y m o l y b d e n i t e , and they range i n w i d t h 
g e n e r a l l y between 1/16 i n c h and 1 i n c h . I n these v e i n s q u a r t z has 
a vuggy t e x t u r e ; c h a l c o p y r i t e and b o r n i t e occupy the c e n t r a l p a r t 
o f the v e i n ; and a 1 t o 2 i n c h wide e n v e l o p e o f a l t e r e d w a l l r o c k i s 
c h a r a c t e r i z e d by r e l a t i v e l y c o a r s e (1 mm.) f l a k e s o f w h i t e s e r i c i t e , 
and commonly by t o u r m a l i n e c l u s t e r s . T h i s e n v e l o p e i s p i n k - c o l o u r e d 
n ear the v e i n because of abundant K - f e l d s p a r , w h i c h i s i n t r o d u c e d 
p r i n c i p a l l y on f r a c t u r e s c o n t a i n i n g t y p e s (1) and (2) v e i n s . 

Type (2) v e i n s c o n t a i n q u a r t z and c h a l c o p y r i t e , i n p l a c e s w i t h 
p y r i t e and minor m o l y b d e n i t e , and t h e y range i n w i d t h t o 4 i n c h e s . 
The q u a r t z i s m a s s i v e r a t h e r t h a n vuggy and i t may e n c l o s e t o u r m a l i n e ; 
c h a l c o p y r i t e i s n o t r e s t r i c t e d t o the c e n t r e of the v e i n , and s e r i c i t e 
i s n o t c o n s p i c u o u s i n the w a l l r o c k . 

Type (3) v e i n s a r e c e r t a i n l y l a t e r t h a n Type (1) v e i n s and they 
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c o n t a i n q u a r t z , m o l y b d e n i t e and c l a y m i n e r a l s i n w i d t h s up 
t o 3 f e e t . The q u a r t z i s g r e y i s h , b r e c c i a t e d , and seamed by 
m o l y b d e n i t e and c h a l k y w h i t e c l a y m i n e r a l s . The l a t t e r a l s o 
o c c u r a t the edge of the v e i n as a v a r i e g a t e d b l a c k , cream, 
or y e l l o w gouge. These v e i n s commonly o c c u r i n a l t e r e d 
w a l l r o c k t h a t i s i n t e n s e l y a r g i l l i c . 

Type (4) v e i n s a r e b a r r e n and a p p a r e n t l y l a t e r t h a n the m i n e r a l i z e d 
v e i n s . They c o n s i s t of g r e y i s h - w h i t e q u a r t z w i t h a f i n e g r a i n e d 
sugary t e x t u r e . 

A l s o o c c u p y i n g v e i n s and f r a c t u r e s a r e c a l c i t e , s i d e r i t e , 
e p i d o t e , z e o l i t e s ( i n c l u d i n g p r e h n i t e ) , and gypsum. W a l l r o c k 
a l t e r a t i o n i s l a r g e l y c o n t r o l l e d by f r a c t u r i n g and i s l o c a l l y 
i n t e n s e . S e v e r a l a l t e r a t i o n t y p e s a r e r e c o g n i z e d w h i c h i n c l u d e 
t h o s e mentioned above i n d i s c u s s i o n of v e i n s as w e l l as p e r v a s i v e 
development of c h l o r i t e and g r e e n s e r i c i t e . 

The mapped f r a c t u r e p a t t e r n on the 5400 L e v e l i n the No. 1 
zone i s w e l l d e f i n e d and m a i n l y i n v o l v e s f r a c t u r e s of f o u r d i s t i n c t 
a t t i t u d e s , whose r e l a t i v e abundance i s i l l u s t r a t e d by F i g u r e 4. 
The m a j o r i t y of f r a c t u r e s i n t h i s p a r t of the d e p o s i t b e l o n g t o 
two major s e t s (F^ and F2) and many of the r e m a i n i n g f r a c t u r e s 
b e l o n g t o two m i n o r s e t s (f-^ and f2)« The a t t i t u d e s o f t h e 
f r a c t u r e s e t s a r e as f o l l o w s : 

F^ s t r i k e 140° - 150°; d i p 80° n o r t h e a s t . 

F2 s t r i k e 040° - 050°; d i p 45° n o r t h w e s t . 

f-^ s t r i k e 075°; d i p v e r t i c a l . 

f£ s t r i k e 095°; d i p v e r t i c a l . 

The f r a c t u r e s a r e n o t u n i f o r m l y d i s t r i b u t e d i n the d e p o s i t 
b u t r a t h e r they tend t o be c o n c e n t r a t e d i n swarms of p a r a l l e l 
f r a c t u r e s . Each swarm e x t e n d s p a r a l l e l t o the f r a c t u r e d i r e c t i o n 
and i t s w i d t h i s as much as 200 f e e t . Swarms of m i n e r a l i z e d F-̂  
and F2 f r a c t u r e s c o i n c i d e underground w i t h 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 , 
as shown i n F i g u r e 5. 

I n the Nos. 3 and 4 zones w h i c h l i e s o u t h o f the d y k e , m i n e r a l ­
i z a t i o n p r o b a b l y i s c o n t r o l l e d l a r g e l y by f r a c t u r e s p o s s e s s i n g a 
component of s o u t h e r l y d i p , as i n d i c a t e d on the v e r t i c a l g e o l o g i c a l 
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s e c t i o n s ( F i g u r e s 9 (a) and ( b ) ) . 

Shear zones and f a u l t s a r e numerous and p a r t l y f o l l o w 
the same d i r e c t i o n s as the v e i n s and f r a c t u r e swarms. A l t h o u g h 
showing e v i d e n c e of p o s t - m i n e r a l movement t h e i r a c t u a l d i s p l a c e ­
ments a r e unknown. Two n o r t h e a s t e r l y f a u l t s w h i c h a p p a r e n t l y 
f o r m the e a s t e r n l i m i t of ore i n the Nos. 1 and 2 zones, 
r e s p e c t i v e l y , seem t o i n v o l v e no major d i s p l a c e m e n t a c c o r d i n g 
t o the mapped g e o l o g y ( F i g u r e 3 ) . 

DRILLING AND SAMPLING 

P e r c u s s i o n and R o t a r y D r i l l i n g : 

P e r c u s s i o n d r i l l i n g i n 1966 and 1967 l a r g e l y p r e c e d e d 
diamond d r i l l i n g and i t e f f e c t i v e l y l o c a t e d most o f the Highmont 
d e p o s i t s . A l t o g e t h e r , more than 60,000 f e e t of wet p e r c u s s i o n 
d r i l l i n g was done i n 2\- i n c h d i a m e t e r h o l e s t h a t were d r i l l e d 
v e r t i c a l l y t o a d e p t h of 250 f e e t on 2 0 0 - f o o t c e n t r e s a l o n g 
e a s t - w e s t l i n e s spaced 200 f e e t a p a r t a t the No. 1 zone and 
400 f e e t a p a r t a t the Nos. 2, 3 and 4 zones. R o t a r y d r i l l i n g 
was t r i e d i n 1966 and was d i s c o n t i n u e d a f t e r t h r e e h o l e s were 
d r i l l e d , b e i n g found t o o slow and e x p e n s i v e . 

Diamond D r i l l i n g : 

Between 1966 and 1970 diamond d r i l l i n g t o t a l l i n g more than 
130,000 f e e t was done on the p r o p e r t y , u s i n g BQ w i r e l i n e equipment 
w i t h c o n v e n t i o n a l w a t e r c i r c u l a t i o n and s l u d g e c o l l e c t i o n . Core 
r e c o v e r y a v e r a g e d about 85%. D r i l l i n g i n 1968 t e s t e d the Nos. 1 
and 2 zones t o a v e r t i c a l d e p t h of 500 f e e t ; l a t e r d r i l l i n g was 
deeper and i t r e v e a l e d t h a t m i n e r a l i z a t i o n p e r s i s t s t o d e p t h s 
of a t l e a s t 1,300 f e e t . 

B u l k S a m p l i n g and Ore Reserve C a l c u l a t i o n : 

B u l k s a m p l i n g was c o n f i n e d t o the No. 1 zone and was done 
by means of a 5 x 7 f o o t a d i t d r i f t w h i c h was c o l l a r e d a t 5400 
f e e t e l e v a t i o n and d r i v e n southward i n the zone t o o b t a i n 
maximum ba c k s of 250 f e e t . D r i f t i n g and c r o s s - c u t t i n g t o t a l l e d 
2860 f e e t ; r a i s i n g t o t a l l e d n e a r l y 1,000 f e e t and i n c l u d e d t h r e e 
v e r t i c a l and f o u r i n c l i n e d r a i s e s . 

Rounds were mucked, s t o r e d , c r u s h e d and sampled i n d i v i d u a l l y . 
The c r u s h i n g and s a m p l i n g p l a n t c o u l d h a n d l e 200 t o n s p e r day and 
i t i n c l u d e d a jaw c r u s h e r and a s e t o f r o l l s w h i c h r e d u c e d the 
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muck t o minus 3/4 i n c h . T h i s p r o d u c t was conveyed t o the top 
of a tower where a Denver C u t t e r - t y p e sampler took a l / 1 2 0 t h 
p o r t i o n as sample and the r e m a i n d e r dropped i n t o a b i n f o r 
r e m o v a l t o f i e l d s t o r a g e , where i t was a v a i l a b l e f o r f u t u r e 
r e f e r e n c e . The 400 l b . sample was r e d u c e d by g y r a t o r y c r u s h e r 
t o a 5-mesh p r o d u c t w h i c h was c u t by a V e z i n sampler i n the 
r a t i o of 20:1. The l a r g e r p o r t i o n (380 l b s . ) was boxed and 
made a v a i l a b l e f o r m e t a l l u r g i c a l b e n c h - t e s t i n g . The 20 l b . 
sample was s p l i t f o u r ways by a J o n e s r i f f l e , one p o r t i o n b e i n g 
r e t a i n e d a t the p r o p e r t y and the o t h e r t h r e e b e i n g s e n t f o r 
a s s a y . Between rounds the muck b i n s and a l l p l a n t and equipment 
were swept c l e a n . 

A s s a y i n g was checked c o n s t a n t l y by u s i n g one p r i n c i p a l 
a s s a y l a b o r a t o r y and s u b m i t t i n g p u l p r e j e c t s t o i n d e p e n d e n t 
a s s a y e r s . 

T o t a l s of 1,144 f e e t of d r i f t i n g and c r o s s - c u t t i n g and 
979 f e e t of r a i s i n g c o i n c i d e w i t h diamond d r i l l h o l e s . S a m p l i n g 
d a t a from t h e s e s e c t i o n s were used to e s t a b l i s h the f o l l o w i n g 
c o r r e l a t i o n s between b u l k sample a s s a y s and diamond d r i l l c ore 
a s s a y s : 

% Cu i n b u l k sample = % Cu i n diamond d r i l l c ore x 1.12 

% M0S2 i n b u l k sample = % M0S2 i n diamond d r i l l c o r e x 1.15 

These c o r r e l a t i o n s i n d i c a t e i n c r e a s e s of 12% i n Cu c o n t e n t 
and 15% i n M0S2 c o n t e n t o f b u l k samples r e l a t i v e t o r e c o v e r e d 
diamond d r i l l c o r e . The lower a s s a y s thus e v i d e n c e d of diamond 
d r i l l c o r e a r e due t o below-average r e c o v e r i e s i n core of 
m a t e r i a l of above-average g r a d e . A l t e r e d and sheared ground 
g i v e s the w o r s t r e c o v e r y and i s commonly w e l l m i n e r a l i z e d , 
e s p e c i a l l y i n r e g a r d t o m o l y b d e n i t e , as i l l u s t r a t e d by the f o l l o w i n g 
u nderground c h a n n e l samples w h i c h were t a k e n a c r o s s t h r e e t y p i c a l 
s h e ar zones : 

Channel (1) Channel (2) C h a n n e l (3) 

% Cu % MoS 2 % Cu % MoS 2 % Cu % MoS 2 

Hanging w a l l 0 31 0.010 0 18 0 012 2 64 0.016 
Shear zone 0 43 0.353 0 56 0 300 0 11 0 l l l 2 
F o o t w a l l 0 94 0.060 0 20 0 052 0 21 0.052 
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G r a p h i c a l comparisons of c o r 
b u l k sample a s s a y s ( F i g u r e s 6 and 
r e c o v e r y i n core o b t a i n e d from h i 
i l l u s t r a t e the v a l i d i t y o f u s i n g 
i n c a l c u l a t i o n of ore r e s e r v e s a t 

e r e c o v e r y and a s s a y s w i t h 
7) demonstrate the reduced 

gher grade m a t e r i a l and they 
the above-mentioned c o r r e l a t i o n s 
Highmont. 

Sludge a s s a y s from the diamond d r i l l h o l e s were g e n e r a l l y 
h i g h e r than a s s a y s of the c o r r e s p o n d i n g c o r e . D i f f i c u l t y was 
e x p e r i e n c e d i n o b t a i n i n g u n i f o r m s l u d g e r e c o v e r y and c o n s e q u e n t l y 
s l u d g e a s s a y s were n o t employed f o r c a l c u l a t i n g ore r e s e r v e s . 
P e r c u s s i o n h o l e a s s a y s were l i k e w i s e n o t employed because they 
appeared t o o h i g h i n comparison w i t h o t h e r a v a i l a b l e sample d a t a . 
However, the r e l a t i o n s h i p s between c o r e r e c o v e r y , c o r e a s s a y s and 
sl u d g e a s s a y s were s t u d i e d and found t o be s i m i l a r f o r b o t h the 
Nos. 1 and 2 zones, thus f u r t h e r c o n f i r m i n g the v a l i d i t y of 
the c o r r e l a t i o n s used i n c a l c u l a t i n g ore r e s e r v e s . 

GEOCHEMICAL SURVEYS 

S o i l samples were c o l l e c t e d a t the base of the "B" H o r i z o n 
a t an average d e p t h of about 10 i n c h e s . The samples were a n a l y s e d 
f o r t o t a l copper, c o l d - e x t r a c t a b l e c opper, and molybdenum. I n 
a d d i t i o n , 20 v e r t i c a l p r o f i l e s were sampled i n t r e n c h e s and t e s t 
p i t s . 

G e n e r a l i z e d c o n t o u r s of t o t a l copper and molybdenum a r e shown 
on F i g u r e s 8 ( a ) and 8 ( b ) . The most n o t a b l e f e a t u r e i s the a b r u p t 
i n c r e a s e i n m e t a l c o n t e n t near the n o r t h e r n and n o r t h w e s t e r n edges 
of the main ore zones. Background v a l u e s i n the n o r t h e r n p o r t i o n 
of the p r o p e r t y a r e l e s s t h a n 100 p.p.m. copper and l e s s t h a n 
2 p.p.m. molybdenum. The o r e b o d i e s a r e r e f l e c t e d by v a l u e s of 
g r e a t e r t h a n 250 p.p.m. copper and 8 p.p.m. molybdenum. The 
g e o c h e m i c a l p a t t e r n i n the s o u t h e r n and w e s t e r n p o r t i o n s o f the 
p r o p e r t y i s complex, a p p a r e n t l y the r e s u l t of g l a c i a l d i s p e r s i o n 
as w e l l as of r a t h e r w i d e s p r e a d copper-molybdenum m i n e r a l i z a t i o n . 
The s t r o n g e s t v a l u e s f o r b o t h copper and molybdenum o c c u r o v e r a 
broad a r e a on the s l o p e of Gnawed M o u n t a i n a l o n g the g l a c i a l t r e n d 
s o u t h e a s t of the main ore zones. The d r i l l i n g r e s u l t s i n the a r e a 
s u g g e s t t h a t t h i s i s m a i n l y a t r a n s p o r t e d m e t a l anomaly, augmented 
by l o c a l sub-economic m i n e r a l i z a t i o n . 

The t o t a l c o p p e r : c o l d e x t r a c t a b l e copper r a t i o s and the r e s u l t s 
of the p r o f i l e s a m p l i n g i n d i c a t e t h a t m e c h a n i c a l movement due t o 
g l a c i a t i o n was of much g r e a t e r i m p o r t a n c e t h a n s a l i n e d i s p e r s i o n 
even i n the immediate v i c i n i t y of the ore zones. However, s a l i n e 
d i s p e r s i o n i s i m p o r t a n t l o c a l l y and p r o v i d e s a c l u e t o the s o u r c e 
of the anomalous m e t a l v a l u e s . 
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GEOPHYSICAL SURVEYS  

Induced P o l a r i z a t i o n : 

S e v e r a l i n d u c e d p o l a r i z a t i o n s u r v e y s were c a r r i e d out o v e r 
p o r t i o n s o f the p r o p e r t y . These i n c l u d e d b o t h time-domain and 
f r e q u e n c y - d o m a i n methods. The g e n e r a l i z e d r e s u l t s of the most 
complete su r v e y (McPhar f r e q u e n c y domain) a r e shown i n F i g u r e 8 ( c ) . 
Comparable r e s p o n s e was o b t a i n e d by the o t h e r s u r v e y s . 

The I.P. method gave v e r y weak but s i g n i f i c a n t r e s p o n s e over 
the known ore zones. The main d e p o s i t s a r e r e f l e c t e d by f r e q u e n c y 
e f f e c t s i n the range of 1.0 t o 2.5 p e r c e n t . Response of t h i s 
magnitude i s n o t u n e x p e c t e d i n v i e w o f the v e r y s m a l l s u l p h i d e 
c o n t e n t of the o r e . The anomalous r e s p o n s e e x t e n d s some d i s t a n c e 
n o r t h of the ore zones, r e f l e c t i n g a p a r t i a l p y r i t i c h a l o . 

Re s i s t i v i t y : 

The r e s i s t i v i t y d a t a w h i c h were o b t a i n e d i n the I.P. s u r v e y 
do n o t r e f l e c t the kno^n economic m i n e r a l i z a t i o n . Hence the 
" M e t a l F a c t o r " w h i c h i s a f u n c t i o n of r e s i s t i v i t y as w e l l as 
p e r c e n t f r e q u e n c y e f f e c t can be m i s l e a d i n g . 

V.L.F. E l e c t r o m a g n e t i c : 

E l e c t r o m a g n e t i c s u r v e y s u t i l i z i n g the VLF t r a n s m i t t e r near 
S e a t t l e were of l i m i t e d use i n o u t l i n i n g f a u l t s . The h i g h e r -
grade No. 5 ore zone showed moderate VLF-EM r e s p o n s e . However, 
the r e s u l t s a r e not d i a g n o s t i c and the main u s e f u l n e s s of the 
method was i n p r o v i d i n g i n f o r m a t i o n on t r e n d and c o n t i n u i t y . 

M a g n e t i c : 

A i r b o r n e and ground m a g n e t i c s u r v e y s were c a r r i e d o u t . 
B o t h t e c h n i q u e s i n d i c a t e t h a t the m a g n e t i c p r o p e r t y o f the ore 
zones i s i n d i s t i n g u i s h a b l e f r o m t h a t of the a d j a c e n t r o c k . 
There a p p a r e n t l y i s no s i g n i f i c a n t d e s t r u c t i o n or i n t r o d u c t i o n 
of m a g n e t i t e d u r i n g a l t e r a t i o n o r m e t a l l i z a t i o n . A f a i r l y s t r o n g 
m a g n e t i c g r a d i e n t a l o n g the s o u t h s i d e of the main ore zones 
r e f l e c t s the g r e a t e r m a g n e t i t e c o n t e n t o f the B e t h l e h e m phase 
r o c k s n o r t h of the dyke ( F i g u r e 9 ( a ) and ( b ) ) . A m a g n e t i c 
p r o p e r t y d i f f e r e n c e between the B e t h l e h e m and B e t h s a i d a p hases 
i s i n d i c a t e d by a lower m a g n e t i c i n t e n s i t y o v e r the r o c k s of the 
B e t h s a i d a phase. 
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PLANNED MINING OPERATION 

Completed f e a s i b i l i t y s t u d i e s i n d i c a t e t h a t the Highmont 
Nos. 1 and 2 zones can s u p p o r t a v i a b l e m i n i n g and m i l l i n g 
o p e r a t i o n a t 25,000 tons p e r day. 

The Nos. 1 and 2 zones w i l l be mined as two s e p a r a t e p i t s . 
The E a s t P i t (No. 1 zone) w i l l be 870 f e e t deep y i e l d i n g 123.5 
m i l l i o n t o ns of ore a t an average grade of 0.2877, Cu and 0.042% 
M0S2, w i t h an i n d i c a t e d waste t o ore r a t i o o f 1.03:1. The West 
P i t (No. 2 zone) w i l l be 610 f e e t deep y i e l d i n g 26.5 m i l l i o n t o ns 
of ore g r a d i n g 0.273% Cu and 0.093% M0S2 w i t h an i n d i c a t e d waste 
t o o r e r a t i o o f 1.79:1. 

D u r i n g the f i r s t f i v e y e a r s of o p e r a t i o n the c u t - o f f grade 
w i l l be 0.25% copper e q u i v a l e n t and m a t e r i a l g r a d i n g between 
0.20% and 0.25% copper e q u i v a l e n t w i l l be s t o c k p i l e d . (Copper 
e q u i v a l e n t = Cu, p l u s M0S2 x 2.2) 

P i l o t s c a l e m e t a l l u r g i c a l t e s t s made on 400 tons of mined 
m a t e r i a l i n d i c a t e d t h a t over 907, of the copper and o v e r 807, of 
the m o l y b d e n i t e w i l l be r e c o v e r e d . The copper c o n c e n t r a t e w i l l 
grade a t l e a s t 307, copper and 2 o z / t o n s i l v e r . The m o l y b d e n i t e 
c o n c e n t r a t e w i l l grade about 547, molybdenum s u l p h i d e and 
a p p r o x i m a t e l y 0.0177, rhenium. 

Recent d r i l l i n g has i n d i c a t e d the p o s s i b i l i t y t h a t the 
Nos. 3 and 4 zones s o u t h of the dyke w i l l s u p p o r t a s i n g l e open 
p i t 3,000 f e e t l o n g and a t l e a s t 500 f e e t deep. 
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