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A B S T R A C T 

G e o p h y s i c s of the C o p p e r M o u n t a i n and I n g e r b e l l e O r e B o d i e s i n B r i t i s h C o l u m b i a 

W . M . D O L A N , A m a x E x p l o r a t i o n I n c . , D e n v e r , C o l o r a d o , 

E . J . B A L L A N T Y N E , J R . , N e w m o n t M i n i n g C o r p o r a t i o n of C a n a d a L i m i t e d , 
T o r o n t o , O n t a r i o and 

T . N . M A C A U L E Y , N e w m o n t M i n i n g C o r p o r a t i o n of C a n a d a L i m i t e d , 
V a n c o u v e r , B . C . 

In 1966 N e w m o n t M i n i n g C o r p o r a t i o n of C a n a d a L i m i t e d 
d i s c o v e r e d a s i g n i f i c a n t amount of d i s s e m i n a t e d coppe r m i n e r a l i z a t i o n on the 
w e s t s i de of the S i m i l k a m e e n R i v e r e l e v e n m i l e s south of P r i n c e t o n , B . C . 
T h i s d i s c o v e r y b e c a m e the I n g e r b e l l e o r e body . In 1967 the C o p p e r M o u n t a i n 
o r e bod i e s on the eas t s ide of the r i v e r w e r e p u r c h a s e d f r o m The G r a n b y 
M i n i n g C o m p a n y L i m i t e d . B o t h of these p r o p e r t i e s a r e now h e l d b y N e w m o n t 1 s 
w h o l l y - o w n e d s u b s i d a r y , S i m i l k a m e e n M i n i n g C o m p a n y L i m i t e d . O r e r e 
s e r v e s r e c o v e r a b l e f r o m open p i t m i n i n g a r e e s t i m a t e d to be 76 m i l l i o n tons 
of 0 . 53% c o p p e r . The o r e b o d i e s a r e d i s s e m i n a t e d coppe r d e p o s i t s o c c u r r i n g 
i n a g g l o m e r a t e , tuf f and andes i t e of the U p p e r T r i a s s i c N i c o l a G r o u p . S t o c k s 
and i r r e g u l a r m a s s e s of d i o r i t e - m o n z o n i t e - s y e n i t e l i e ad jacent to the d e p o s i t s . 

The i n t r u s i v e m a t e r i a l i s m a g n e t i c , w h i l e the v o l c a n i c s and o r e 
zones a r e no t . The o r e b o d i e s l i e , t h e r e f o r e , i n an a r e a of l o w m a g n e t i c 
r e l i e f as s e en f r o m the h e l i c o p t e r and g r o u n d m a g n e t i c da t a . A p y r i t e h a l o i s 
g e n e r a l l y p r e s e n t a r o u n d the o r e , w h i c h g i v e s I P a n o m a l i e s of l a r g e r a r e a l 
ex t en t t han the o r e z o n e s . T h e r e a r e no r e s i s t i v i t y a n o m a l i e s d i r e c t l y 
a s s o c i a t e d w i t h the o r e . 

G e o p h y s i c s d i d not c o n t r i b u t e to the o r i g i n a l d i s c o v e r i e s . N o t 
w i t h s t a n d i n g , the a p p l i c a t i o n of g e o p h y s i c s i n s u p p o r t of the d r i l l i n g p r o g r a m 
and g e n e r a l e x p l o r a t i o n , was of s i g n i f i c a n t v a l u e . 

G r o u n d e l i m i n a t i o n a lone , once the c o m b i n e d r e l a t i o n s h i p of 
m a g n e t i c s , I P and r e s i s t i v i t y was u n d e r s t o o d , was a v i t a l c o n t r i b u t o r . 
F u r t h e r to that m u c h of the u n d e r s t a n d i n g and i n s i g h t d e v e l oped d u r i n g the 
g e o l o g i c m a p p i n g was d e r i v e d f r o m cons tan t a w a r e n e s s of the g e o p h y s i c a l d a t a . 



I N T R O D U C T I O N 

T h i s pape r w i l l p r e s e n t a s u m m a r y of the g e o p h y s i c a l 
r e s u l t s of r e c e n t e x p l o r a t i o n e f f o r t s on two c o p p e r d e p o s i t s i n 
s o u t h e r n B r i t i s h C o l u m b i a , n a m e l y C o p p e r M o u n t a i n and I n g e r b e l l e . 

The I n g e r b e l l e o r e body i s l o c a t e d ten m i l e s sou th of 
P r i n c e t o n , B . C . The H o p e - P r i n c e t o n h i ghway , w h i c h f o r m e r l y 
c r o s s e d the depos i t , h a s been r e l o c a t e d to the w e s t . The C o p p e r 
M o u n t a i n o re bod i e s l i e one m i l e to the eas t on the oppos i t e s ide of 
the S i m i l k a m e e n R i v e r c a n y o n ( F i g u r e 1). 

C o p p e r M o u n t a i n was f i r s t s t a k e d for c oppe r i n 1892. 
F r o m 1925 to 1930 and l a t e r f r o m 1937 to 1957, The G r a n b y M i n i n g 
C o m p a n y p r o d u c e d a p p r o x i m a t e l y 35 m i l l i o n tons of o r e a v e r a g i n g 
1. 08% coppe r l a r g e l y f r o m u n d e r g r o u n d w o r k i n g s . I n c l u d e d i n the 
35 m i l l i o n tons w e r e 2 . 4 m i l l i o n tons of 0. 76% coppe r f r o m s e v e r a l 
open p i t s n e a r the m a i n u n d e r g r o u n d m i n e . 

In J a n u a r y , 1966, N e w m o n t op t ioned a g r o u p of c l a i m s 
on the w e s t s i de of the S i m i l k a m e e n R i v e r , oppos i t e C o p p e r M o u n t a i n , 
that b e c a m e known as the I n g e r b e l l e p r o p e r t y . I n i t i a l e x p l o r a t i o n i n 
the v i c i n i t y of known coppe r show ings c o n s i s t e d of b u l l d o z e r t r e n c h 
i n g , m a p p i n g , s a m p l i n g and a g r o u n d m a g n e t i c s u r v e y . The e n c o u r a g 
i n g r e s u l t s of e a r l y d r i l l i n g l e d to v a r i o u s g e o p h y s i c a l s u r v e y s , a 
l a r g e p r o g r a m of d e t a i l e d d r i l l i n g and u n d e r g r o u n d d r i f t i n g . 

C o i n c i d e n t w i t h the a c t i v i t y on I n g e r b e l l e , G r a n b y d r i l l e d 
i n the v i c i n i t y of i t s f o r m e r open p i t m i n e s . In D e c e m b e r , 1967, 
N e w m o n t p u r c h a s e d t h e i r C o p p e r M o u n t a i n p r o p e r t y and i n c r e a s e d 
the e x p l o r a t i o n w o r k d u r i n g 1968 and 1969. B o t h of these p r o p e r t i e s 
a r e now h e l d by N e w m o n t ' s w h o l l y - o w n e d s u b s i d i a r y , S i m i l k a m e e n 
M i n i n g C o . L t d . 

O r e r e s e r v e s r e c o v e r a b l e b y open p i t m i n i n g a r e e s t i 
m a t e d to be 76 m i l l i o n tons of 0. 53% c o p p e r . S m a l l , but r e c o v e r a b l e 
q u a n t i t i e s of go ld and s i l v e r a r e p r e s e n t . P r o d u c t i o n began i n 
M a r c h , 1972. The r a t e of m i l l p r o d u c t i o n i s i n e x c e s s of the d e 
s i g n e d c a p a c i t y of 15, 000 tons p e r day . The I n g e r b e l l e d epos i t i s 
b e i n g m i n e d f i r s t , and w i l l be f o l l o w e d by two C o p p e r M o u n t a i n o r e 
b o d i e s . 

G E N E R A L G E O L O G Y 

F o r a c o m p r e h e n s i v e d e s c r i p t i o n of the geo logy of the 
two d e p o s i t s , the r e a d e r i s r e f e r r e d to an a r t i c l e i n the A p r i l , 1973 
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C . I . M . B u l l e t i n b y T . N . M a c a u l e y , o r B u l l e t i n 59 of the B r i t i s h 
C o l u m b i a D e p a r t m e n t of M i n e s and P e t r o l e u m R e s o u r c e s b y V . A . 
P r e t o . 

A n a p p r e c i a t i o n of the g e n e r a l geo logy of the e n v i r o n m e n t 
of the two d e p o s i t s w i l l be ga ined f r o m F i g u r e 2, p a r t i c u l a r l y as i t 
a p p l i e s to the subsequen t g e o p h y s i c a l d i s c u s s i o n . 

The o l des t r o c k s i n the i m m e d i a t e a r e a b e l o n g to the 
N i c o l a G r o u p of L a t e T r i a s s i c age and i t i s w i t h i n these r o c k s that 
m o s t of the o r e i s l o c a t e d . T h e s e c o n s i s t of a n d e s i t e s , tu f f s , a g 
g l o m e r a t e s , a r g i l l i t e s and s i l t s t o n e s . Due to t h e i r l e n s y n a t u r e , 
l o c a l l y i n t ense a l t e r a t i o n , and the l a c k of a good m a r k e r b ed , t h e i r 
s t r a t i g r a p h y and s t r u c t u r e a r e not w e l l u n d e r s t o o d . L o c a l l y , t h i s i s 
p a r t i c u l a r l y e x e m p l i f i e d b y the fac t that geo logy , g e o p h y s i c s or 
g e o c h e m i s t r y i n any c o m b i n a t i o n have not b e en v e r y s u c c e s s f u l i n 
c a t e g o r i z i n g the u n i t s w i t h i n the N i c o l a ove r any c o n s i d e r a b l e d i s t a n c e . 
H o w e v e r , i t c a n be s a i d that at I n g e r b e l l e the N i c o l a r o c k s d i p about 
15° to the n o r t h . A t C o p p e r M o u n t a i n gent le to m o d e r a t e d i p s 
p r e v a i l g i v i n g an uneven u n d u l a t i n g p a t t e r n excep t w h e r e they a r e 
f o l d ed down s t e ep l y a ga ins t the C o p p e r M o u n t a i n S t o c k . F a u l t i n g 
and f r a c t u r i n g a r e w i d e s p r e a d i n the b e l t of v o l c a n i c s that hos t the 
o r e b o d i e s a l though a l t e r a t i o n has t r a n s f o r m e d m a n y of t h e m in to 
h a r d c o m p a c t r o c k s . 

S e v e r a l L a t e T r i a s s i c s t o c k s and n u m e r o u s s m a l l i r 
r e g u l a r i n t r u s i v e m a s s e s i n t r u d e the N i c o l a g r o u p . T h e y a r e 
i m p o r t a n t as they have a s t r u c t u r a l and gene t i c r e l a t i o n s h i p to the 
o r e , and a r e t h e m s e l v e s l o c a l l y m i n e r a l i z e d . The two m a j o r i n t r u 
s i v e s that bound the b e l t of N i c o l a r o c k s a r e the C o p p e r M o u n t a i n 
S t o ck to the sou th and the L o s t H o r s e c o m p l e x to the n o r t h . A n o t h e r 
i n t r u s i v e , the V o i g t s t o ck , l i e s to the e a s t . 

The C o p p e r M o u n t a i n s t o c k i s the l a r g e s t o f the t h r e e 
i n t r u s i v e s, b e i n g a p p r o x i m a t e l y f i ve by two and o n e - h a l f m i l e s i n 
s i z e . The n o r t h e a s t p o r t i o n of the c on tac t d i p s i n w a r d 45 to 85° . 
The w e s t e r n con tac t i s t r u n c a t e d b y a fau l t s y s t e m , h e r e i n a f t e r r e f e r r e d 
to as the B o u n d a r y F a u l t , that s t r i k e s a p p r o x i m a t e l y n o r t h - s o u t h and 
d i p s s t e e p l y w e s t w a r d . T h i s s t o c k i s c o m p o s e d of t h r e e m a j o r r o c k 
t ypes , e x e m p l i f y i n g d i f f e r e n t i a t i o n . The ou te r zone i s a d i o r i t e , the 
i n t e r m e d i a t e zone i s a m o n z o n i t e and the c o r e i s a s y e n i t i c p e g m a t i t e . 

The L o s t H o r s e c o m p l e x i s i n r e a l i t y a g r o u p of i n t r u s i o n s , 
o c c u r r i n g i n a b e l t two to f our t h o u s a n d feet w i d e , e x t end ing f r o m the 
V o i g t s t o c k on the eas t to the B o u n d a r y F a u l t on the w e s t . T h e s e r o c k s 
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r a n g e f r o m syen i t e to d i o r i t e i n c o m p o s i t i o n , and a r e a l s o qui te 
v a r i a b l e i n c o l o u r , t e x t u r e , and mode of o c c u r r e n c e . T h e y c o n t a i n 
v o l c a n i c i n c l u s i o n s , i gneous b r e c c i a s , and t h e i r m a r g i n s a r e 
i r r e g u l a r and s o m e t i m e s g r a d a t i o n a l due to a l t e r a t i o n . Weak 
c h a l c o p y r i t e / p y r i t e m i n e r a l i z a t i o n o c c u r s i n m a n y p l a c e s w i t h i n 
t h i s c o m p l e x and f o r m s a p o r t i o n of the P i t 2 o re body . 

The V o i g t s t ock to the eas t i s c o m p o s e d of m e d i u m -
g r a i n e d d i o r i t e . 

N o r t h - s o u t h , s t e e p l y - d i p p i n g f e l s i t e d ykes c u t t i n g the 
v o l c a n i c s , i n t r u s i o n s and the m i n e r a l i z a t i o n r ange f r o m a few feet 
to m o r e than a h u n d r e d feet i n w i d t h . 

T e r t i a r y v o l c a n i c s and m i n o r c o n g l o m e r a t e s f r o m the 
P r i n c e t o n G r o u p a r e found to the wes t of the B o u n d a r y F a u l t , n o r t h 
of the L o s t H o r s e i n t r u s i o n s , and i n a t r o u g h about 300 feet b y 
2 , 4 0 0 feet and 100 feet deep o v e r l y i n g p o r t i o n s of the C o p p e r M o u n t a i n 
o r e b o d i e s . 

M I N E R A L I Z A T I O N 

The su i t e of m i n e r a l s o c c u r r i n g i n the o r e d e p o s i t s i s 
r e l a t i v e l y s i m p l e . H o w e v e r , the shape of the d e p o s i t s and the 
d i s t r i b u t i o n of the o r e m i n e r a l s w i t h i n t h e m a r e i r r e g u l a r . 

The c o p p e r m i n e r a l i z a t i o n at I n g e r b e l l e o c c u r s e n t i r e l y 
as c h a l c o p y r i t e . T h e r e i s g e n e r a l l y a p y r i t e a s s o c i a t i o n and a l l 
s u l p h i d e s a r e u n e v e n l y d i s t r i b u t e d t h r o u g h the hos t r o c k s . They 
o c c u r m a i n l y as f ine d i s s e m i n a t i o n s , w i t h s o m e f r a c t u r e - c o a t i n g s 
and a few c o a r s e r v e i n s . The t o t a l s u l p h i d e content v a r i e s f r o m 2 to 
5% b y v o l u m e but s ome of the p y r i t i c m a t e r i a l on the f r i n g e s of the 
o r e body c a r r i e s up to 12% s u l p h i d e s b y v o l u m e . L o c a l l y p y r r h o t i t e 
has been o b s e r v e d . 

A t C o p p e r M o u n t a i n the o r e i s s l i g h t l y d i f f e r en t than at 
I n g e r b e l l e . The P i t 2 d e p o s i t c a r r i e s 2 to 8% su lph idesas c h a l c o p y r i t e / 
p y r i t e m a i n l y i n the f o r m of f r a c t u r e - c o a t i n g s and v e i n l e t s . M u c h of 
the P i t 1 d e p o s i t c o n s i s t s of v e r y f ine c h a l c o p y r i t e / p y r i t e d i s s e m i n a 
t i o n s i n a g g l o m e r a t e s and tu f f s . A t h i r d type of o r e i s that found i n 
the f i n e - g r a i n e d tuff b eds ad jacent to the C o p p e r M o u n t a i n S t o c k . It 
c o n s i s t s of b o r n i t e / c h a l c o p y r i t e f r a c t u r e f i l l i n g s w i t h l i t t l e a s s o c i a t e d 
p y r i t e . 
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A s m e n t i o n e d be f o r e , p y r i t e o c c u r s w i t h the c h a l c o p y r i t e 
m i n e r a l i z a t i o n , but i s a l s o w i d e l y d i s t r i b u t e d e l s e w h e r e . A t 
I n g e r b e l l e i t i s found at the m a r g i n s on a l l bu t the n o r t h s i d e of the 
depos i t , and a l s o i n the a r g i l l i t e to the wes t of the B o u n d a r y F a u l t . 
A t C o p p e r M o u n t a i n , t h e r e i s no c l e a r t endency for a p y r i t e zone to 
be p r e s e n t a r o u n d the o r e d e p o s i t s , though i t i s w i d e l y d i s t r i b u t e d 
t h r o u g h the N i c o l a and L o s t H o r s e r o c k s i n m a n y a r e a s . 

M a g n e t i t e o c c u r s as an a c c e s s o r y m i n e r a l i n the s t o c k s 
and i n the l e s s a l t e r e d p o r t i o n s of the N i c o l a v o l c a n i c s , w h i l e m a g n e 
t i t e of a l a t e r o r i g i n o c c u r s i n a v a r i e t y of f o r m s . It i s n o r m a l l y 
absen t f r o m the m o r e a l t e r e d a l b i t i z e d v o l c a n i c s that c o m p r i s e the 
p r i n c i p a l ho s t r o c k f o r c oppe r m i n e r a l i z a t i o n . It i s t o t a l l y absent i n 
the m o s t i n t e n s e l y a l t e r e d r o c k s , w h i c h c a r r y on ly o c c a s i o n a l t r a c e s 
of m i n e r a l i z a t i o n . T h i s i n v e r s e r e l a t i o n s h i p of m a g n e t i t e to c oppe r 
i s i l l u s t r a t e d i n the g e o p h y s i c a l s e c t i o n . 

H E L I C O P T E R M A G N E T I C S U R V E Y 

In 1967 a h e l i c o p t e r m a g n e t i c s u r v e y was execu t ed u s i n g 
a N e w m o n t - b u i l t p r o t o n p r e c i s i o n m a g n e t o m e t e r . N e i t h e r an a l t i m e t e r 
n o r a p a t h - r e c o v e r y c a m e r a w e r e e m p l o y e d . N a v i g a t i o n w a s c o n t r o l 
l e d v i s u a l l y w i t h the a i d of a i r p h o t o g r a p h s . B e c a u s e of the f o r e go ing , 
h e r r i n g b o n e i s no ted on the m a g n e t i c m a p ( F i g u r e 3), p a r t i c u l a r l y 
w h e r e t i e l i n e s d i d not p r o v i d e an adequate b a s i s fo r a d j u s t m e n t . 

The z o n i n g of the C o p p e r M o u n t a i n S t o ck to the south of 
the m a p a r e a i s i m m e d i a t e l y e v i d e n t . The d i o r i t i c outer p o r t i o n of 
the s t ock e x h i b i t s a m a g n e t i c h i g h . The m o n z o n i t i c s e c t i o n , as one 
m o v e s i n w a r d t o w a r d s the c o r e , i s s o m e w h a t i n t e r m e d i a t e and not 
c l e a r l y d e f i n e d . The p a g m a t i t i c c o r e o c c u r s as a d i s t i n c t l o w . The 
m a g n e t i c e x p r e s s i o n o b s e r v e d ove r the C o p p e r M o u n t a i n S tock i s 
r e g a r d e d as c l a s s i c a l f o r w e l l d i f f e r e n t i a t e d i n t e r m e d i a t e i n t r u s i v e s . 

O n the e a s t e r n m a r g i n of the m a p the d i o r i t e of the V o i g t 
s t o ck i s e x p r e s s e d as a m a g n e t i c h i g h . The L o s t H o r s e i n t r u s i o n s to 
the n o r t h i n p a r t e x p r e s s t h e m s e l v e s as a m o d e r a t e m a g n e t i c r i d g e . 
F r o m the a i r , the N i c o l a G r o u p be tween the i n t r u s i v e s and the 
P r i n c e t o n G r o u p to the wes t of the B o u n d a r y F a u l t and n o r t h of the 
i n t r u s i v e s a r e e x p r e s s e d as r e l a t i v e m a g n e t i c l o w s . To the southwes t 
a m a g n e t i c h i g h c o i n c i d e s w i t h an a r e a of known T e r t i a r y b a s a l t s . 
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G R O U N D M A G N E T I C S U R V E Y 

In 1968, h a v i n g a c c u m u l a t e d da ta f r o m n ine d i f f e r en t 
m a g n e t i c s u r v e y s c o v e r i n g bo th I n g e r b e l l e and the C o p p e r M o u n t a i n 
a r e a , the c o m p u t e r f a c i l i t i e s of N e w m o n t E x p l o r a t i o n w e r e u t i l i z e d 
to c o m p i l e a s i n g l e g r o u n d m a g n e t i c m a p ( F i g u r e 4) . 

T h e r e a r e s e v e r a l s i n g u l a r l y w e l l - d e f i n e d f e a tu r e s on 
the g r o u n d m a g n e t i c s ; the m o s t s t r i k i n g one and the m o s t e a s i l y s een 
i s the con tac t of the C o p p e r M o u n t a i n S t o c k south of P i t 1 and the o l d 
m i n e . 

W e s t of the B o u n d a r y F a u l t , the m a g n e t i c s a r e f la t , 
r e f l e c t i n g the absence of i n t r u s i o n s . The fau l t n o r t h of I n g e r b e l l e 
does not appear to be s t r a i g h t . The i r r e g u l a r i t i e s i n d i c a t e d on the 
g e o l o g i c a l m a p a r e deduc t ed f r o m the m a g n e t i c s , b e c a u s e of the 
absence of o u t c r o p . 

In a c r u d e s ense t h e r e i s a c h a i n of h i g h e r m a g n e t i c 
f e a tu r e s ex t end ing n o r t h w a r d f r o m the C o p p e r M o u n t a i n S tock m a r g i n , 
j u s t to the wes t of the o l d h i g h w a y . T h e s e a r e i n t e r r u p t e d by two 
s e c t o r s of i n t e r m e d i a t e to l ow m a g n e t i c f e a t u r e s . The s o u t h e r n 
m o s t of these two s e c t o r s e s s e n t i a l l y c o i n c i d e s w i t h the I n g e r b e l l e 
o r e body ; the n o r t h e r n m o s t , 2, 400 feet n o r t h of the I n g e r b e l l e zone, 
c o i n c i d e s w i t h a zone of c o p p e r m i n e r a l i z a t i o n known as the R e d B u c k 
zone . The R e d B u c k zone, w h i l e not c o m m e r c i a l , saw m i n o r coppe r 
m i n i n g i n e a r l i e r d a y s . 

A t C o p p e r M o u n t a i n , m a g n e t i c s e x h i b i t l e s s c o r r e l a t i o n 
w i t h m i n e r a l i z a t i o n . N o n e t h e l e s s , t h e r e a r e s e v e r a l f e a tu r e s w o r t h 
n o t i n g . E x t e n d i n g n o r t h w a r d f r o m the i n t r u s i v e con tac t wes t of 
P i t 1 i s a s e r i e s of d y k e s and i n t r u s i v e o u t l y e r s that a r e e x c e e d i n g l y 
w e l l e x p r e s s e d on the m a g n e t i c s , and indeed a l s o on the r e s i s i t i v i t y , 
w h i c h w i l l be d i s c u s s e d l a t e r . A t the P i t 2 o re body , a zone of 
m a g n e t i c h i g h s t r e n d s e a s t - w e s t . It i s r e a s o n a b l e to sugges t that 
these m a g n e t i c f e a t u r e s a r e r e l a t e d to the s o u t h e r n con tac t of the 
L o s t H o r s e c o m p l e x r e f l e c t i n g con tac t m e t a s o m a t i s m . O n the 
n o r t h e r n p o r t i o n of the m a g n e t i c m a p , t h e r e a r e a s e r i e s of h i ghs 
that a r e r e l a t e d to c o n c e n t r a t i o n s of m a g n e t i t e i n b r e c c i a s and other 
phases of the L o s t H o r s e c o m p l e x . 

In g e n e r a l , the l o w m a g n e t i c s be tween the L o s t H o r s e 
c o m p l e x and C o p p e r M o u n t a i n S t o ck r e f l e c t the N i c o l a V o l c a n i c s as 
on the h e l i c o p t e r m a g n e t i c s . 
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D e s p i t e c o n s i d e r a b l e e f f o r t s to c a t e g o r i z e r o c k types 
m a g n e t i c a l l y , on l y l i m i t e d g e o l o g i c a l c o n f i r m a t i o n w a s f o r t h c o m i n g . 

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 

The r e s u l t s of e ight d i f f e r en t I P s u r v e y s have been c o m 
b i n e d and a r e shown on th i s s l i d e . D i f f e r e n t a r r a y s , s p a c i n g s , 
e q u i p m e n t and c o n t r a c t o r s w e r e u s e d on the v a r i o u s s u r v e y s , m a k i n g 
a m e a n i n g f u l p r e s e n t a t i o n d i f f i c u l t . T h e r e f o r e , for i l l u s t r a t i o n p u r 
p o s e s , t h i s s i m p l i f i e d p r e s e n t a t i o n shows a r e a s above b a c k g r o u n d 
and above t w i c e b a c k g r o u n d . W h i l e s o m e w h a t s i m p l i f i e d , the absence 
of masking by the o v e r b u r d e n of su l ph id e d i s t r i b u t i o n s m a k e s t h i s 
i l l u s t r a t i o n r e a s o n a b l y v a l i d . 

The m a j o r i t y of the d a t a w e r e t a k e n u s i n g a g r a d i e n t a r r a y 
i n a s e r i e s of 2, 000 by 2, 000- foo t c on t i guous b l o c k s , w i t h a c u r r e n t 
e l e c t r o d e s p r e a d of 6, 000 feet and a 200- foo t r e c e i v i n g d i p o l e . L i n e s 
w e r e 200 feet a p a r t and a s t a t i on s p a c i n g of 100 feet was u s e d . Two 
r e c e i v e r p a r t i e s w e r e e m p l o y e d s i m u l t a n e o u s l y f o r e f f i c i e n c y . 

S t a r t i n g i n the w e s t e r n s e c t i o n , the B o u n d a r y F a u l t i s 
w e l l e x p r e s s e d due to the p r e s e n c e of the p y r i t i c a r g i l l i t e s i m m e d i a t e l y 
w es t of the f au l t . 

The i n t r u s i v e s have , i n g e n e r a l , l o w c h a r g e a b i l i t i e s . The 
c h a r g e a b i l i t y da ta , c o u p l e d w i t h the m a g n e t i c s , m a k e an e x c e l l e n t 
m a p p i n g t o o l for the c o n c e a l e d i n t r u s i v e c o n t a c t s . 

A s m i g h t be e xpec t ed at I n g e r b e l l e , the a r e a l extent of the 
I P r e s p o n s e i n the v i c i n i t y of the o r e b o d i e s i s l a r g e r , a p p r o x i m a t e l y 
t h r e e t i m e s , than the o re zone , due to the p y r i t i c h a l o . A l t h o u g h 
l a r g e r , the I P i n conjunct ion w i t h the m a g n e t i c and r e s i s t i v i t y da ta 
s e r v e d to con f ine the d r i l l i n g p a t t e r n . F u r t h e r m o r e , the I P e f f e c t i v e l y 
a i d e d i n e l i m i n a t i n g g r o u n d away f r o m the o re zone . T h i s has o p e r a t i n g 
c o n n o t a t i o n s , as w e l l as i t s use for e x p l o r a t i o n , i n that the I P a s s i s t e d 
i n e l i m i n a t i n g g r o u n d f r o m the p r o s p e c t i n g i n t e r e s t that was s u i t a b l e 
f o r was t e d u m p s i t e s . 

O n the C o p p e r M o u n t a i n s i d e , i t s h o u l d be no ted that the 
t o t a l a r e a of above b a c k g r o u n d ef fect i s p e r h a p s f ive t i m e s the a r e a of 
the o re b o d i e s . T h u s the g r o u n d e l i m i n a t i o n advantage was l e s s than 
on the I n g e r b e l l e s i d e . 
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The o re zone at P i t 1 i s w e l l d e l i n e a t e d by the t w i c e 
b a c k g r o u n d con tour l i n e . The m i n e r a l i z a t i o n r e s p o n d s w e l l to I P b e i n g 
a t r u e d i s s e m i n a t e d su l ph id e body w i thou t a p y r i t e h a l o . 

The da ta i n the v i c i n i t y of the P i t 2 o r e body a r e m o r e 
e r r a t i c , a t t r i b u t a b l e i n p a r t to c o a r s e r m i n e r a l i z a t i o n and , i n p a r t , to 
i n c o m p l e t e c o v e r a g e i n the p i t . N e v e r t h e l e s s , i n l a r g e m e a s u r e the 
a n o m a l y to the e a s t of the p i t does o c c u r ove r that p o r t i o n of the o re 
z o n e . 

The t w i c e b a c k g r o u n d c h a r g e a b i l i t y o c c u r r i n g o v e r the 
u n d e r g r o u n d m i n e i s p a r t i a l l y i n t e r p o l a t e d f r o m the da ta t aken on 
oppos ing s i d e s . G r o u n d s u b s i d e n c e p r e c l u d e d e f f e c t i v e c o v e r a g e . 
T h e r e i s adequate e v i d ence s u p p o r t i n g the i n t e r p o l a t i o n . 

S o m e of the p r a c t i c a l c o n s i d e r a t i o n s i n u s i n g the g r ad i en t 
a r r a y d e s e r v e d i s c u s s i o n . The g r a d i e n t w o r k , as p r e v i o u s l y m e n 
t i oned , was c o n d u c t e d i n con t i guous b l o c k s . T h i s , c o u p l e d w i t h the 
absence of o v e r b u r d e n m a s k i n g e f f ec ts , m e a n s that the con tour 
p r e s e n t a t i o n of the c h a r g e a b i l i t y i s r e p r e s e n t a t i v e of the s u l p h i d e 
d i s t r i b u t i o n , m u c h as a m a g n e t i c c on t ou r m a p i s r e p r e s e n t a t i v e of 
m a g n e t i t e d i s t r i b u t i o n . A n i m p o r t a n t advantage was thus d e r i v e d 
f r o m the g e o l o g i s t b e i n g ab le to i m m e d i a t e l y r e - a s s e s s the I P da ta i n 
the l i g h t of new d r i l l h o l e i n f o r m a t i o n . 

R E S I S T I V I T Y 

The r e s i s t i v i t y da ta ( F i g u r e 6) i s now c o m p a r e d to the 
c h a r g e a b i l i t y d a t a . 

It w i l l be no ted that the I n g e r b e l l e o r e zone l i e s i n a 
r e l a t i v e l y b r o a d zone of m o d e r a t e r e s i s t i v i t i e s , g e n e r a l l y of the o r d e r 
of 200 to 500 o h m m e t e r s . T o the south of the o re zone , the d i o r i t e 
p o r t i o n of the C o p p e r M o u n t a i n S t o ck e x h i b i t s r e s i s t i v i t i e s that a r e 
a p p r e c i a b l y h i g h e r , r a n g i n g f r o m 500 to 1, 000 o h m m e t e r s . To the 
w e s t i n the a r g i l l i t e s r e s i s t i v i t i e s d r o p to v a l u e s l e s s than 100 o h m 
m e t e r s . 

O n the C o p p e r M o u n t a i n s i d e , the L o s t H o r s e c o m p l e x i s 
l a r g e l y e x p r e s s e d b y m o d e r a t e to h i g h r e s i s t i v i t i e s , i . e . 200 to 1, 000 
o h m m e t e r s , w i t h the h i g h e s t o c c u r r i n g o v e r the i n t r u s i v e o u t l y e r 
i m m e d i a t e l y to the wes t of P i t 1. 
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G e n e r a l l y s p e a k i n g , the o r e zones e x h i b i t r e s i s t i v i t i e s 
v e r y s i m i l a r to the r e s t of the v o l c a n i c s . 

The r e s i s t i v i t y - c h a r g e a b i l i t y p a t t e r n s e x h i b i t e d h e r e a r e 
not s u r p r i s i n g . D i s s e m i n a t e d c oppe r o c c u r r e n c e s r a r e l y a p p r e c i a b l y 
a l t e r the r e s i s t i v i t i e s of the c o n t a i n i n g r o c k s . The I P da ta t h e r e f o r e 
m u s t u s u a l l y be a n a l y z e d as though e a c h r o c k u n i t w e r e p a r t of a 
s e p a r a t e s u r v e y . 

F U R T H E R G E O P H Y S I C A L W O R K 

A n a i r b o r n e e l e c t r o m a g n e t i c s u r v e y f a i l e d to r e v e a l any 
s i g n i f i c a n t c o n d u c t o r s on the p r o p e r t y and a l i m i t e d p r o g r a m of g r o u n d 
E M i n the v i c i n i t y of the P i t 2 o r e body p r o d u c e d s i m i l a r r e s u l t s . It 
w a s c o n c l u d e d that E M i s an ine f f e c t i v e t o o l i n the s e a r c h for t h i s 
type m i n e r a l i z a t i o n . 

F i g u r e 7 i s a n o r t h - s o u t h g e o l o g i c a l s e c t i o n t h r o u g h 
I n g e r b e l l e . The p r o f i l e s show tha t the h i g h e s t c h a r g e a b i l i t i e s and 
m a g n e t i c s o c c u r to the south (left s ide) of the o re z ones , w h e r e c o n 
s i d e r a b l e p y r i t e and l e s s e r p y r r h o t i t e and m a g n e t i t e a r e p r e s e n t . T o 
the n o r t h of the o r e body s u l p h i d e s a r e n e a r l y absent and m a g n e t i t e i s 
c o n c e n t r a t e d i n c e r t a i n phases of the L o s t H o r s e i n t r u s i v e r o c k s . 

F i g u r e 8 p o r t r a y s the m a g n e t i c s u s c e p t i b i l i t y v e r s u s 
c o p p e r a s s a y s on a s e c t i o n 200 feet w e s t of the g e o l o g i c a l s e c t i o n . 
The p l o t s to the le f t of the d r i l l h o l e s a r e the a s s a y e d c o p p e r v a l u e s . 
T h e m a g n e t i c s u s c e p t i b i l i t y i s on the r i g h t hand s ide of the h o l e s . 
The s u s c e p t i b i l i t y i n f o r m a t i o n was ob ta ined w i t h a c o n t i n u o u s l y -
r e c o r d i n g m a g n e t i c s u s c e p t i b i l i t y m e t e r , r e s p o n d i n g to the t r a v e r s i n g 
of a s e n s i n g head a l ong the c o r e , w i thou t r e m o v a l f r o m the c o r e 
b o x e s . The i n s t r u m e n t was d e v e l o p e d b y N e w m o n t E x p l o r a t i o n L i m i t e d . 

The c o m b i n e d c o p p e r - s u s c e p t i b i l i t y s e c t i o n i l l u s t r a t e s the 
i n v e r s e r e l a t i o n s h i p e x i s t i n g b e tween the c o p p e r and m a g n e t i t e . A n 
e a r l y r e c o g n i t i o n of t h i s i n v e r s e r e l a t i o n s h i p i s what p r o m p t e d the 
d e v e l o p m e n t of the i n s t r u m e n t . U n f o r t u n a t e l y , t h i s w o r k w a s s o m e 
what a f te r the fac t and of an e x p e r i m e n t a l n a t u r e , but i t po in t s up an 
a p p l i c a t i o n of m a g n e t i c p h y s i c a l p r o p e r t i e s that h a s c o n t r i b u t e d to a 
b e t t e r u n d e r s t a n d i n g of the g eo l ogy . H a d the e q u i p m e n t b e e n a v a i l a b l e 
s o o n e r , a s s i s t a n c e i n e x a m i n a t i o n of the c o r e m i g h t have been 
r o u t i n e l y p r o v i d e d . 
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C O N C L U S I O N 

It i s c o n c l u d e d tha t : 

The I n g e r b e l l e and C o p p e r M o u n t a i n o re bod i e s a r e not 
r e a d i l y d i s t i n g u i s h a b l e on m a g n e t i c s u r v e y s . 

T h e y a r e l o c a t e d w i t h i n an a r e a of I P a n o m a l i e s that 
a r e s e v e r a l t i m e s the s i z e of the o r e b o d i e s . 

The v o l u m e and/or d eg r e e of i n t e r c o n n e c t i o n of s u l p h i d e s 
i n these d e p o s i t s a r e i n s u f f i c i e n t to de tec t w i t h e l e c t r o m a g n e t i c or 
r e s i s t i v i t y m e t h o d s . 

W h i l e g e o p h y s i c s d i d not c o n t r i b u t e to the o r i g i n a l 
d i s c o v e r i e s , the a p p l i c a t i o n of g e o p h y s i c s i n s u p p o r t of the d r i l l i n g 
p r o g r a m and g e n e r a l e x p l o r a t i o n was u n q u e s t i o n a b l y of s i g n i f i c a n t 
v a l u e . C e r t a i n l y g r o u n d e l i m i n a t i o n a l one , once the c o m b i n e d 
r e l a t i o n s h i p of m a g n e t i c s , I P and r e s i s t i v i t y w e r e u n d e r s t o o d , was 
a v i t a l c o n t r i b u t o r . F u r t h e r to that , m u c h of the u n d e r s t a n d i n g and 
i n s i g h t d e v e l oped d u r i n g the g eo l o g i c m a p p i n g p r o g r a m was d e r i v e d 
f r o m cons tan t a w a r e n e s s of the g e o p h y s i c a l p o r t r a y a l s . 

We w o u l d l i k e to thank the o f f i c e r s of S i m i l k a m e e n 
M i n i n g C o . and N e w m o n t M i n i n g C o r p o r a t i o n of C a n a d a for p e r m i s s i o n 
to p u b l i s h t h i s p a p e r . 
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D e p o s i t s i n P r i n c e t o n , B . C . , C I M B u l l e t i n , V o l . 66, 
N o . 732, pp . 105, 1973 . 

P r e t o , V . A . G . , Geo l o g y of C o p p e r M o u n t a i n , B . C . Dep t . of M i n e s 
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W. M . D O L A N 

W i l l i a m M . D o l a n r e c e i v e d h i s B . S . and M . S . d e g r e e s 
i n g e o p h y s i c s f r o m the U n i v e r s i t y of U t a h i n 1956 and 1957 r e s 
p e c t i v e l y . P r i o r to that he had s e r v e d four y e a r s i n the U . S . 
N a v y A i r C o r p s . 

D o l a n w a s a g e o p h y s i c i s t engaged i n bo th e l e c t r o 
m a g n e t i c r e s e a r c h and p r o s p e c t i n g o p e r a t i o n s w i th N e w m o n t 
E x p l o r a t i o n , f i r s t i n 1955, then f r o m 1957 to 1966. F r o m 1966 to 
1970 he was C h i e f G e o p h y s i c i s t for N e w m o n t M i n i n g C o r p o r a t i o n of 
C a n a d a L t d . S i n c e the b e g i n n i n g of 1970 he has h e l d the p o s i t i o n of 
C h i e f G e o p h y s i c i s t for A m a x . 

D o l a n i s a m e m b e r of the C I M M , S o c i e t y of E x p l o r a t i o n 
G e o p h y s i c i s t s , past P r e s i d e n t of the C a n a d i a n E x p l o r a t i o n 
G e o p h y s i c s S o c i e t y ( K E G S ) , S i g m a X i and the A s s o c i a t i o n s of 
P r o f e s s i o n a l E n g i n e e r s of bo th B . C . and O n t a r i o . 

T . N . M A C A U L E Y 

T e r r e n c e N . M a c a u l e y was b o r n i n S u d b u r y , O n t a r i o , 
and s t u d i e d g e o l o g i c a l e n g i n e e r i n g at Q u e e n ' s U n i v e r s i t y ( B . S c , 
1958), and M i c h i g a n T e c h n o l o g i c a l U n i v e r s i t y ( M . S c , 1962) . 
F o l l o w i n g p o s i t i o n s w i t h S h e r r i t t G o r d o n M i n e s i n L y n n L a k e , 
M a n i t o b a , and w i t h F r a n c R . J o u b i n and A l g o m a C e n t r a l R a i l w a y i n 
the A l g o m a d i s t r i c t of O n t a r i o , he j o i n e d N e w m o n t M i n i n g C o r p o r a t i o n 
of C a n a d a i n 1965 . In the p e r i o d 1966 to 1970 he w a s e m p l o y e d i n 
the e x p l o r a t i o n and d e v e l o p m e n t of N e w m o n t ' s c oppe r d e p o s i t s n e a r 
P r i n c e t o n , B . C . 
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E . J . B A L L A N T Y N E , J R . 

E d w i n J . B a l l a n t y n e , J r . r e c e i v e d h i s B . S . and M . S . 
d e g r e e s i n M i n i n g E n g i n e e r i n g - g radua t e w o r k b e i n g done i n g e o p h y s i c s 
f r o m M i s s o u r i S c h o o l of M i n e s i n I960 and 1961 r e s p e c t i v e l y . P r i o r 
to that he had s e r v e d f our y e a r s i n the m i l i t a r y s e r v i c e , the l a s t two 
and o n e - h a l f y e a r s as a N a v a l A v i a t o r w i t h the U . S . M a r i n e C o r p s . 



B a l l a n t y n e w o r k e d for the N e w J e r s e y Z i n c C o m p a n y as 
a r e s e a r c h and e x p l o r a t i o n g e o p h y s i c i s t f r o m 1961 to 1967. He 
c o n d u c t e d g e o p h y s i c a l e x p l o r a t i o n p r o g r a m s i n the U n i t e d S ta tes 
and C a n a d a . In a d d i t i o n , i n 1963 he j u s t i f i e d one of the f i r s t i n -
house d i g i t a l c o m p u t e r s to be u s e d for g e o p h y s i c s i n the m i n i n g 
i n d u s t r y . 

In 1967 he j o i n e d N e w m o n t and s e r v e d as C h i e f 
G e o p h y s i c i s t f o r N e w m o n t P t y . L t d . i n A u s t r a l i a for o v e r two 
y e a r s . S in c e the b e g i n n i n g of 1970 he has h e l d the p o s i t i o n of C h i e f 
G e o p h y s i c i s t of N e w m o n t M i n i n g C o r p o r a t i o n of C a n a d a L t d . 

B a l l a n t y n e i s a m e m b e r of the S o c i e t y of E x p l o r a t i o n 
G e o p h y s i c i s t s , E u r o p e a n A s s o c i a t i o n of E x p l o r a t i o n G e o p h y s i c i s t s , 
C a n a d i a n E x p l o r a t i o n G e o p h y s i c a l S o c i e t y ( K E G S ) , C I M M and the 
A s s o c i a t i o n of P r o f e s s i o n a l E n g i n e e r s of O n t a r i o . 
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