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I n d u c e d P o l a r i z a t i o n a s a g e o p h y s i c a l m e a s u r e m e n t r e f e r s 

to t h e b l o c k i n g a c t i o n o r p o l a r i z a t i o n o f m e t a l l i c o r e l e c t r o n i c 

c o n d u c t o r s i n a m e d i u m of i o n i c s o l u t i o n c o n d u c t i o n . 

T h i s e l e c t r o - c h e m i c a l p h e n o m e n o n o c c u r s w h e r e v e r 

e l e c t r i c a l c u r r e n t i s p a s s e d t h r o u g h a n a r e a w h i c h c o n t a i n s m e t a l l i c 

m i n e r a l s s u c h a s b a s e m e t a l s u l p h i d e s . N o r m a l l y , w h e n c u r r e n t i s 

p a s s e d t h r o u g h t h e g r o u n d , a s i n r e s i s t i v i t y m e a s u r e m e n t s , a l l o f t h e 

c o n d u c t i o n t a k e s p l a c e t h r o u g h i o n s p r e s e n t i n t h e w a t e r c o n t e n t o f t h e 

r o c k , o r s o i l , i . e . b y i o n i c c o n d u c t i o n . T h i s i s b e c a u s e a l m o s t a l l 

m i n e r a l s h a v e a m u c h h i g h e r s p e c i f i c r e s i s t i v i t y t h a n g r o u n d w a t e r . 

T h e g r o u p o f m i n e r a l s c o m m o n l y d e s c r i b e d a s " m e t a l l i c " , h o w e v e r , 

h a v e s p e c i f i c r e s i s t i v i t i e s m u c h l o w e r t h a n g r o u n d w a t e r s . T h e 

i n d u c e d p o l a r i z a t i o n e f f e c t t a k e s p l a c e a t t h o s e i n t e r f a c e s w h e r e t h e 

m o d e o f c o n d u c t i o n c h a n g e s f r o m i o n i c i n t h e s o l u t i o n s f i l l i n g t h e 

i n t e r s t i c e s o f t h e r o c k to e l e c t r o n i c i n t h e m e t a l l i c m i n e r a l s p r e s e n t 
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i n t h e r o c k . 

T h e b l o c k i n g a c t i o n o r i n d u c e d p o l a r i z a t i o n m e n t i o n e d 

a b o v e , w h i c h d e p e n d s u p o n the c h e m i c a l e n e r g i e s n e c e s s a r y to a l l o w 

t h e i o n s t o g i v e up o r r e c e i v e e l e c t r o n s f r o m t h e m e t a l l i c s u r f a c e , 

i n c r e a s e s w i t h t h e t i m e t h a t a d . c . c u r r e n t i s a l l o w e d to f l o w t h r o u g h 

t h e r o c k ; i . e. a s i o n s p i l e u p a g a i n s t t h e m e t a l l i c i n t e r f a c e t h e 

r e s i s t a n c e to c u r r e n t f l o w i n c r e a s e s . E v e n t u a l l y , t h e r e i s e n o u g h 

p o l a r i z a t i o n i n t h e f o r m of e x c e s s i o n s a t t h e i n t e r f a c e s , to a p p r e c i a b l y 

r e d u c e t h e a m o u n t o f c u r r e n t f l o w t h r o u g h t h e m e t a l l i c p a r t i c l e . T h i s 

p o l a r i z a t i o n t a k e s p l a c e a t e a c h o f t h e i n f i n i t e n u m b e r o f s o l u t i o n - m e t a l 

i n t e r f a c e s i n a m i n e r a l i z e d r o c k . 

W h e n t h e d . c . v o l t a g e u s e d to c r e a t e t h i s d . c . c u r r e n t 

f l o w i s c u t o f f , the C o u l o m b f o r c e s b e t w e e n t h e c h a r g e d i o n s f o r m i n g 

t h e p o l a r i z a t i o n c a u s e t h e m to r e t u r n to t h e i r n o r m a l p o s i t i o n . T h i s 

m o v e m e n t o f c h a r g e c r e a t e s a s m a l l c u r r e n t f l o w w h i c h c a n b e 

m e a s u r e d o n t h e s u r f a c e o f the g r o u n d a s a d e c a y i n g p o t e n t i a l d i f f e r e n c e . 

F r o m a n a l t e r n a t e v i e w p o i n t i t c a n b e s e e n t h a t i f t h e 

d i r e c t i o n o f t h e c u r r e n t t h r o u g h t h e s y s t e m i s r e v e r s e d r e p e a t e d l y 

b e f o r e the p o l a r i z a t i o n o c c u r s , t h e e f f e c t i v e r e s i s t i v i t y o f t h e s y s t e m 

a s a w h o l e w i l l c h a n g e a s t h e f r e q u e n c y o f t h e s w i t c h i n g i s c h a n g e d . 

T h i s i s a c o n s e q u e n c e o f t h e f a c t t h a t t h e a m o u n t o f c u r r e n t f l o w i n g 

t h r o u g h e a c h m e t a l l i c i n t e r f a c e d e p e n d s u p o n t h e l e n g t h o f t i m e t h a t 

c u r r e n t h a s b e e n p a s s i n g t h r o u g h i t i n o n e d i r e c t i o n . 
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T h e v a l u e s o f t h e p e r c e n t f r e q u e n c y e f f e c t o r F . E . a r e 

a m e a s u r e m e n t o f t h e p o l a r i z a t i o n i n t h e r o c k m a s s . H o w e v e r , s i n c e 

t h e m e a s u r e m e n t o f t h e d e g r e e o f p o l a r i z a t i o n i s r e l a t e d to t h e a p p a r e n t 

r e s i s t i v i t y o f t h e r o c k m a s s i t i s f o u n d t h a t t h e m e t a l f a c t o r v a l u e s o r 

M . F . a r e t h e m o s t u s e f u l v a l u e s i n d e t e r m i n i n g t h e a m o u n t o f 

p o l a r i z a t i o n p r e s e n t i n the r o c k m a s s . T h e M F v a l u e s a r e o b t a i n e d b y 

n o r m a l i z i n g t h e F . E . v a l u e s f o r v a r y i n g r e s i s t i v i t i e s . 

T h e i n d u c e d p o l a r i z a t i o n m e a s u r e m e n t i s p e r h a p s t h e m o s t 

p o w e r f u l g e o p h y s i c a l m e t h o d f o r t h e d i r e c t d e t e c t i o n o f m e t a l l i c 

s u l p h i d e m i n e r a l i z a t i o n , e v e n w h e n t h i s m i n e r a l i z a t i o n i s o f v e r y 

l o w c o n c e n t r a t i o n . T h e l o w e r l i m i t o f v o l u m e p e r c e n t s u l p h i d e 

n e c e s s a r y to p r o d u c e a r e c o g n i z a b l e I P a n o m a l y w i l l v a r y w i t h t h e 

g e o m e t r y a n d g e o l o g i c e n v i r o n m e n t o f t h e s o u r c e , a n d t h e m e t h o d o f 

e x e c u t i n g t h e s u r v e y . H o w e v e r , s u l p h i d e m i n e r a l i z a t i o n o f l e s s t h a n 

o n e p e r c e n t b y v o l u m e h a s b e e n d e t e c t e d b y t h e I P m e t h o d u n d e r 

p r o p e r g e o l o g i c a l c o n d i t i o n s . 

T h e g r e a t e s t a p p l i c a t i o n of t h e I P m e t h o d h a s b e e n i n t h e 

s e a r c h f o r d i s s e m i n a t e d m e t a l l i c s u l p h i d e s o f l e s s t h a n 2 0 % b y v o l u m e . 

H o w e v e r , i t h a s a l s o b e e n u s e d s u c c e s s f u l l y i n t h e s e a r c h f o r m a s s i v e 

s u l p h i d e s i n s i t u a t i o n s w h e r e , d u e to s o u r c e g e o m e t r y , d e p t h o f s o u r c e , 

o r l o w r e s i s t i v i t y o f s u r f a c e l a y e r , t h e E M m e t h o d c a n n o t b e s u c c e s s f u l l y 

a p p l i e d . T h e a b i l i t y to d i f f e r e n t i a t e i o n i c c o n d u c t o r s , s u c h a s w a t e r 

f i l l e d s h e a r z o n e s , m a k e s t h e I P m e t h o d a u s e f u l t o o l i n c h e c k i n g E M 
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a n o m a l i e s w h i c h a r e s u s p e c t e d o f b e i n g d u e to t h e s e c a u s e s . 

I n n o r m a l f i e l d a p p l i c a t i o n s t h e I P m e t h o d d o e s n o t 

d i f f e r e n t i a t e b e t w e e n the e c o n o m i c a l l y i m p o r t a n t m e t a l l i c m i n e r a l s 

s u c h a s c h a l c o p y r i t e , c h a l c o c i t e , m o l y b d e n i t e , g a l e n a , e t c . , a n d t h e 

o t h e r m e t a l l i c m i n e r a l s s u c h a s p y r i t e . T h e i n d u c e d p o l a r i z a t i o n e f f e c t 

i s d u e to t h e t o t a l o f a l l e l e c t r o n i c c o n d u c t i n g m i n e r a l s i n t h e r o c k m a s s . 

O t h e r e l e c t r o n i c c o n d u c t i n g m a t e r i a l s w h i c h c a n p r o d u c e a n I P r e s p o n s e 

a r e m a g n e t i t e , p y r o l u s i t e , g r a p h i t e , a n d s o m e f o r m s of h e m a t i t e . 

I n t h e f i e l d p r o c e d u r e , m e a s u r e m e n t s o n t h e s u r f a c e a r e 

m a d e i n a w a y t h a t a l l o w s t h e e f f e c t s o f l a t e r a l c h a n g e s i n t h e p r o p e r t i e s 

o f t h e g r o u n d to be s e p a r a t e d f r o m t h e e f f e c t s o f v e r t i c a l c h a n g e s i n t h e 

p r o p e r t i e s . C u r r e n t i s a p p l i e d to t h e g r o u n d a t t w o p o i n t s i n d i s t a n c e 

( X ) a p a r t . T h e p o t e n t i a l s a r e m e a s u r e d a t t w o o t h e r p o i n t s (X ) f e e t 

a p a r t , i n l i n e w i t h t h e c u r r e n t e l e c t r o d e s i s a n i n t e g e r n u m b e r (n) t i m e s 

t h e b a s i c d i s t a n c e ( X ) . 

T h e m e a s u r e m e n t s a r e m a d e a l o n g a s u r v e y e d l i n e , w i t h 

a c o n s t a n t d i s t a n c e ( n X ) b e t w e e n t h e n e a r e s t c u r r e n t a n d p o t e n t i a l 

e l e c t r o d e s . In m o s t s u r v e y s , s e v e r a l t r a v e r s e s a r e m a d e w i t h v a r i o u s 

v a l u e s o f (n) ; i . e . (n) = 1, 2 , 3, 4 , e t c . T h e k i n d o f s u r v e y r e q u i r e d 

( d e t a i l e d o r r e c o n n a i s s a n c e ) d e c i d e s t h e n u m b e r o f v a l u e s o f (n) u s e d . 

I n p l o t t i n g t h e r e s u l t s , t h e v a l u e s o f t h e a p p a r e n t r e s i s t i v i t y , 

a p p a r e n t p e r c e n t f r e q u e n c y e f f e c t , a n d t h e a p p a r e n t m e t a l f a c t o r 



m e a s u r e d f o r e a c h s e t o f e l e c t r o d e p o s i t i o n s a r e p l o t t e d a t t h e i n t e r 

s e c t i o n o f g r i d l i n e s , o n e f r o m t h e c e n t e r p o i n t o f t h e c u r r e n t e l e c t r o d e s 

a n d t h e o t h e r f r o m t h e c e n t e r p o i n t o f t h e p o t e n t i a l e l e c t r o d e s . (See 

F i g u r e A . ) T h e r e s i s t i v i t y v a l u e s a r e p l o t t e d a b o v e t h e l i n e a s a m i r r o r 

i m a g e o f t h e m e t a l f a c t o r v a l u e s b e l o w . O n a s e c o n d l i n e , b e l o w t h e 

m e t a l f a c t o r v a l u e s , a r e p l o t t e d t h e v a l u e s o f t h e p e r c e n t f r e q u e n c y e f f e c t . 

I n s o m e c a s e s t h e v a l u e s o f p e r c e n t f r e q u e n c y e f f e c t a r e p l o t t e d a s 

s u p e r s c r i p t s o f t h e m e t a l f a c t o r v a l u e . I n t h i s s e c o n d c a s e t h e f r e q u e n c y 

e f f e c t v a l u e s a r e n o t c o n t o u r e d . T h e l a t e r a l d i s p l a c e m e n t o f a g i v e n 

v a l u e i s d e t e r m i n e d b y t h e l o c a t i o n a l o n g t h e s u r v e y l i n e of t h e c e n t e r 

p o i n t b e t w e e n t h e c u r r e n t a n d p o t e n t i a l e l e c t r o d e s . T h e d i s t a n c e o f t h e 

v a l u e f r o m t h e l i n e i s d e t e r m i n e d b y t h e d i s t a n c e ( n X ) b e t w e e n t h e c u r r e n t 

a n d p o t e n t i a l e l e c t r o d e s w h e n t h e m e a s u r e m e n t w a s m a d e . 

T h e s e p a r a t i o n b e t w e e n s e n d e r a n d r e c e i v e r e l e c t r o d e s i s 

o n l y o n e f a c t o r w h i c h d e t e r m i n e s t h e d e p t h to w h i c h t h e g r o u n d i s b e i n g 

s a m p l e d i n a n y p a r t i c u l a r m e a s u r e m e n t . T h e p l o t s t h e n , w h e n 

c o n t o u r e d , a r e n o t s e c t i o n m a p s o f t h e e l e c t r i c a l p r o p e r t i e s o f t h e 

g r o u n d u n d e r t h e s u r v e y l i n e . T h e i n t e r p r e t a t i o n o f t h e r e s u l t s f r o m 

a n y g i v e n s u r v e y m u s t b e c a r r i e d o u t u s i n g t h e c o m b i n e d e x p e r i e n c e 

g a i n e d f r o m f i e l d r e s u l t s , m o d e l s t u d y r e s u l t s a n d t h e o r e t i c a l i n v e s t i 

g a t i o n s . T h e p o s i t i o n o f t h e e l e c t r o d e s w h e n a n o m a l o u s v a l u e s a r e 

m e a s u r e d i s i m p o r t a n t i n t h e i n t e r p r e t a t i o n . 
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I n t h e f i e l d p r o c e d u r e , t h e i n t e r v a l o v e r w h i c h t h e p o t e n t i a l 

d i f f e r e n c e s a r e m e a s u r e d i s t h e s a m e a s t h e i n t e r v a l o v e r w h i c h t h e 

e l e c t r o d e s a r e m o v e d a f t e r a s e r i e s o f p o t e n t i a l r e a d i n g s h a s b e e n m a d e . 

O n e o f t h e a d v a n t a g e s o f the i n d u c e d p o l a r i z a t i o n m e t h o d i s t h a t t h e 

s a m e e q u i p m e n t c a n b e u s e d f o r b o t h d e t a i l e d a n d r e c o n n a i s s a n c e s u r v e y s 

m e r e l y b y c h a n g i n g t h e d i s t a n c e ( X ) o v e r w h i c h the e l e c t r o d e s a r e m o v e d 

e a c h t i m e . I n t h e p a s t , i n t e r v a l s h a v e b e e n u s e d r a n g i n g f r o m 25 f e e t 

to 2 0 0 0 f e e t f o r ( X ) . In e a c h c a s e , t h e d e c i s i o n as to t h e d i s t a n c e ( X ) 

a n d t h e v a l u e s o f (n) t o b e u s e d i s l a r g e l y d e t e r m i n e d b y t h e e x p e c t e d 

s i z e o f t h e m i n e r a l d e p o s i t b e i n g s o u g h t , t h e s i z e o f t h e e x p e c t e d a n o m a l y 

a n d the s p e e d w i t h w h i c h i t i s d e s i r e d to p r o g r e s s . 

T h e d i a g r a m i n F i g u r e A d e m o n s t r a t e s t h e m e t h o d u s e d 

i n p l o t t i n g t h e r e s u l t s . E a c h v a l u e o f t h e a p p a r e n t r e s i s t i v i t y , a p p a r e n t 

m e t a l f a c t o r , a n d a p p a r e n t p e r c e n t f r e q u e n c y e f f e c t i s p l o t t e d a n d 

i d e n t i f i e d b y t h e p o s i t i o n o f t h e f o u r e l e c t r o d e s w h e n t h e m e a s u r e m e n t 

w a s m a d e . It c a n be s e e n t h a t t h e v a l u e s m e a s u r e d f o r t h e l a r g e r v a l u e s 

o f (n) a r e p l o t t e d f a r t h e r f r o m the l i n e i n d i c a t i n g t h a t t h e t h i c k n e s s o f 

t h e l a y e r o f the e a r t h t h a t i s b e i n g t e s t e d i s g r e a t e r t h a n f o r t h e s m a l l e r 

v a l u e s o f (n) ; i . e. t h e d e p t h o f t h e m e a s u r e m e n t i s i n c r e a s e d . W h e n 

t h e F . E . v a l u e s a r e p l o t t e d a s s u p e r s c r i p t s t o t h e M F v a l u e s t h e t h i r d 

s e c t i o n o f d a t a v a l u e s i s n o t p r e s e n t e d a n d t h e F . E . v a l u e s a r e n o t 

c o n t o u r e d . 



T h e a c t u a l d a t a p l o t s i n c l u d e d w i t h t h e r e p o r t a r e p r e p a r e d 

u t i l i z i n g a n I B M 3 6 0 / 7 5 C o m p u t e r a n d a C a l c o m p 7 7 0 / 7 6 3 I n c r e m e n t a l 

P l o t t i n g S y s t e m . T h e d a t a v a l u e s a r e c a l c u l a t e d , p l o t t e d , a n d c o n t o u r e d 

a c c o r d i n g to a p r o g r a m m e d e v e l o p e d b y M c P h a r G e o p h y s i c s . C e r t a i n 

s y m b o l s h a v e b e e n i n c o r p o r a t e d i n t o t h e p r o g r a m m e to e x p l a i n v a r i o u s 

s i t u a t i o n s i n r e c o r d i n g t h e d a t a i n t h e f i e l d . 

T h e I P m e a s u r e m e n t i s b a s i c a l l y o b t a i n e d b y m e a s u r i n g t h e 

d i f f e r e n c e i n p o t e n t i a l o r v o l t a g e (A V ) o b t a i n e d a t t w o o p e r a t i n g f r e q u e n 

c i e s . T h e v o l t a g e i s t h e p r o d u c t o f t h e c u r r e n t t h r o u g h t h e g r o u n d a n d 

t h e a p p a r e n t r e s i s t i v i t y o f t h e g r o u n d . T h e r e f o r e i n f i e l d s i t u a t i o n s 

w h e r e t h e c u r r e n t i s v e r y l o w d u e to p o o r e l e c t r o d e c o n t a c t , o r t h e 

a p p a r e n t r e s i s t i v i t y i s v e r y l o w , o r a c o m b i n a t i o n o f t h e t w o e f f e c t s ; t h e 

v a l u e o f (A V) t h e c h a n g e i n p o t e n t i a l w i l l b e t oo s m a l l to b e m e a s u r a b l e . 

T h e s y m b o l " T L " o n t h e d a t a p l o t s i n d i c a t e s t h i s s i t u a t i o n . 

I n s o m e s i t u a t i o n s s p u r i o u s n o i s e , e i t h e r m a n m a d e o r n a t u r a l , 

w i l l r e n d e r i t i m p o s s i b l e to o b t a i n a r e a d i n g . T h e s y m b o l " N " o n t h e 

d a t a p l o t s i n d i c a t e s a s t a t i o n a t w h i c h i t i s t o o n o i s e y to r e c o r d a r e a d i n g . 

I f a r e a d i n g c a n b e o b t a i n e d , b u t f o r r e a s o n s o f n o i s e t h e r e i s s o m e d o u b t 

a s t o i t s a c c u r a c y , t h e r e a d i n g i s b r a c k e t e d i n t h e d a t a p l o t ( ) . 

I n c e r t a i n s i t u a t i o n s n e g a t i v e v a l u e s o f A p p a r e n t F r e q u e n c y 

E f f e c t a r e r e c o r d e d . T h i s m a y b e d u e to t h e g e o l o g i c e n v i r o n m e n t o r 

s p u r i o u s e l e c t r i c a l e f f e c t s . T h e a c t u a l n e g a t i v e f r e q u e n c y e f f e c t v a l u e 

r e c o r d e d i s i n d i c a t e d o n t h e d a t a p l o t , h o w e v e r t h e s y m b o l " N E G " i s 
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i n d i c a t e d f o r t h e c o r r e s p o n d i n g v a l u e o f A p p a r e n t M e t a l F a c t o r . I n 

c o n t o u r i n g n e g a t i v e v a l u e s t h e c o n t o u r l i n e s a r e i n d i c a t e d to t h e n e a r e s t 

p o s i t i v e v a l u e i n t h e i m m e d i a t e v i c i n i t y o f t h e n e g a t i v e v a l u e . 

T h e s y m b o l " N R " i n d i c a t e s t h a t f o r s o m e r e a s o n t h e o p e r a t o r 

d i d n o t a t t e m p t to r e c o r d a r e a d i n g a l t h o u g h n o r m a l s u r v e y p r o c e d u r e s 

w o u l d s u g g e s t t h a t o n e w a s r e q u i r e d . T h i s m a y b e d u e to i n a c c e s s i b l e 

t o p o g r a p h y o r o t h e r s i m i l a r r e a s o n s . A n y s y m b o l o t h e r t h a n t h o s e d i s 

c u s s e d a b o v e i s u n i q u e to a p a r t i c u l a r s i t u a t i o n a n d i s d e s c r i b e d w i t h i n 

t h e b o d y o f t h e r e p o r t . 



METHOD USED IN PLOTTING Dl POLE - Dl POLE 

INDUCED POLAR IZAT ION AND RES I ST IV ITY R E S U L T S 

n x 

K>1 
Stat ions on line x = Electrode spread length 

n = Electrode separation 

1,2 -6,7 2,3-7,8 3,4-8,9 
P P P P 

1,2-5,6 2,3-6,7 3,4-7,8 4,5-8,9 Apparent Resistivity 

P P P P P 
1,2-4,5 2,3-5,6 3,4-6,7 4,5-7,8 5,6-8,9 

P P P P P P 
,2-3.4 2,3-4,5 3,4-5,6 4,5-6,7 5,6-7,8 6,7-8.9 

M.F M F. M.F. M.F M.F M. F 
1,2-3,4 2,3-4,5 3,4-5,6 4,5-6,7 5,6-7,8 6,7-8,9 

MF. M.F. M.F. M.F. M.F. 
1,2-4,5 2,3-5,6 3,4-6,7 4,5-7,8 5,6-8,9 

M.F M F M.F M.F 
1,2-5,6 2,3-6,7 3,4-7,8 4,5-8,9 Apparent Metal Factor 

M.F. M.F. M.F 
1,2 -6,7 2,3-7,8 3,4-8,9 

2 

3 

4 

F E_ F.E_ F.E. F.E. F. E. F.E. 
1,2-3,4 2,3-4,5 3,4-5,6 4,5-6,7 5,6-7,8 6,7-8,9 

F.E. F, E. F.E. F.E. F.E. 
1,2-4,5 2,3-5,6 3,4-6,7 4,5-7,8 5,6-8,9 

F.E. F.E. F.E. F.E. 

1,2-5,6 2,3-6,7 3,4-7,8 4,5-8,9 Apparent Percent 

F.E. F.E. F.E. Frequency Effect 
1,2-6,7 2,3-7,8 3,4-8,9 

Fig . A 



M c P H A R G E O P H Y S I C S L I M I T E D 

R E P O R T O N T H E 

R E C O N N A I S S A N C E I N D U C E D P O L A R I Z A T I O N 

A N D RESISTIVITY S U R V E Y 

O N T H E 

A L I C E - O F T E N C L A I M G R O U P 

A F T O N A R E A . K A M L O O P S MINING DIVISION. B . C . 

F O R 

C A I R N MINES L T D . ( N . P . L . ) 

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

At the request of M r . A . R. Henna, V ice -Pres ident of C a i r n 

Mines L t d . (N. P . L . ) » we have completed a Reconnaissance Induced 

Polarisation and Resistivity Survey on the Al ice -Of ten C l a i m Group. 

The area of interest l ies within the Kamloops Mining Divis ion, about 

thirteen m i l e s , by road, f r o m the town of Kamloops. 

In the Kamloops A r e a , several copper deposits of economic 

interest are known* The disseminated copper mineralisation (of the 

"porphyry copper" type) is associated with Jurass ic age intrusive* 

(Iron-Mask Batholith. Guichon Batholith. etc . ) that have intruded the 

Nicola Volcanic* and Sediments of T r i a s sic age. 

Litt le is known about the geology of the A l i c e - O f t e n C l a i m 

Group. The regional geologic picture shows that the area is underlain 
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by N i c o l a V o l c a n i c * • No m i n e r a l i z a t i o n is known on the c l a i m s . T h e 

r e c o n n a i s s a n c e Induced P o l a r i z a t i o n and R e s i s t i v i t y s u r v e y *va« olaTmed 

i n a n attempt to locate any zones of m e t a l l i c m i n e r a l i s a t i o n that might 

be p r e s e n t , but h i d d e n by the o v e r b u r d e n . A s shown in tbe A p p e n d i x 

to this r e p o r t * the Induced P o l a r i z a t i o n m e t h o d has been found to be 

v e r y useful in th is f o r m of. e x p l o r a t i o n . 

T h e c o m p a n y ' s g e o l o g i c a l consultant has r e c o m m e n d e d that a 

m a g n e t i c s u r v e y and a g e o c h e m i c a l s o i l s a m p l i n g s u r v e y a l s o be c o m 

p l e t e d . 

2. P R E S E N T A T I O N OF R E S U L T S 

T h e i n d u c e d P o l a r i z a t i o n and R e s i s t i v i t y r e s u l t s a r e snown on 

the f o l l o w i n g e n c l o s e d data p l o t s . T h e r e s u l t s a r e plotted i n the m a n n e r 

d e s c r i b e d in the notes p r e c e d i n g th is r e p o r t . 

L i n e E l e c t r o d e Intervals Owg. N o . 

56N 300 feet l . P . 5959-1 

52N 300 feet I. P . 5959-2 

4 8 N 300 feet I. P . 5959-3 

4 4 N 300 feet L P . 5959-4 

4 0 N 300 feet 1. P . 5959-5 

36N 300 feet I. P . 5959-6 

32N 300 feet I. P . 5959-7 

2 8 N 300 feet l . P . 5959-8 



Also enclosed with this report is Dwg. X. P . P . 3533, a plan 

map of the Al ice -Often C l a i m Group G r i d at a scale of 1" = 4 0 0 s . 

The definite* probable and possible Induced Polarisation anomalies 

are indicated by bars , in the manner shown on the legend, on this 

plan map as well as on the data plots. These bars represent the 

surface projection of the anomalous sones as interpreted from the 

location of the transmitter and receiver electrodes when the anomalous 

values were measured. 

Since the Induced Polarisation measurement is essentially an 

averaging process , as are a l l potential methods, it is frequently diffi

cult to exactly pinpoint the source of an anomaly. Certainly , no 

anomaly can be located with more accuracy than the electrode interval 

length; i . e . when using 300' electrode intervals the position of a 

narrow sulphide body can only be determined to lie between two stations 

500* apart. In order to definitely locate, and fully evaluate, a narrow, 

shallow source it is necessary to use shorter electrode intervals . In 

order to locate sources at some depth, larger electrode Intervals must 

be used, with a corresponding increase in the uncertainties of location. 

Therefore , while the centre of the indicated anomaly probably corresponds 

fair ly well with source* the length of the indicated anomaly along the line 

should not be taken to represent the exact edges of the anomalous m a t e r i a l . 

The c l a i m boundary information shown on Dwg. I. P . P . 3533 has 

been taken from maps made available by the staff of C a i r n Mines L t d . (N. P . L . ) 
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3* DISCUSSION O F R E S U L T S 

The rec«nt survey shows that the Al ic« : -Ofter C l a i m Group i i 

underlain by rocks with a moderately high resistivity* The resistivity 

level suggests non-porous rocks that are unusual for the Nicola Group 

rocks in the Kamloops A r e a , The magnetic survey and a complete geo

logical examination may help to clarify the geologic picture. 

The Induced Polarisation results are of definite interest. 

There are two types of Induced Polarisation anomalies shown. In a few 

places* there are narrow* shallow anomalies that suggest narrow sources . 

However, because 300' electrode intervals were used for the survey the 

sources cannot be fully evaluated; they could be due to massive m i n e r a l i s a 

tion. The anomalous zones have a l imited strike length and are of little 

immediate interest. However* if significant amounts of copper m i n e r a l i s a 

tion are located elsewhere on the c l a i m group* it wi l l be desirable to better 

locate and evaluate the narrow sources by repeating the measurements 

using shorter electrode intervals . 

The most important I. P . anomalies on th. Al ice -Often C l a i m 

Group lie at the southeastern corner . Moderate magnitude, definite l . P . 

anomalies were measured on several lines, as shown on the plan map, 

the anomalies can be correlated to form an anomalous zone. 

The zone suggests the presence of a substantial volume of d i s 

seminated metallic mineralization. The concentrations could be two to 

four per cent. A s explained in the Appendix to this report , this amount 

of mineralisation can be of economic importance, if the proper minerals 

are present. 



It would be necessary to extend the measurements to the south 

and east in order to fully determine the lateral extent of the m i n e r a l i s a 

tion. On Line 32N and Line 28N the measurements for X - 300* and 

n » 1 are definitely anomalous. This suggests a relatively shallow 

depth to the top ( i . e . less than 300'). The depth to the top could be 

better evaluated by repeating the measurements using shorter electrode 

intervals. 

4. CONCLUSIONS A N D R E C O M M E N D A T I O N S 

The Reconnaissance Induced Polarisation and Resistivity survey 

on the Al ice -Often C l a i m Group has outlined an anomalous zone of 

definite interest at the southeastern corner of the c la im group. The 1 . 1 0 . 

results suggest the presence of a substantial volume of disseminated 

metallic mineral isat ion. This type of mineralisation can be of great 

economic interest in the Kamloops A r e a * particularly if the mineralization 

is contained within intrusive rocks . 

The anomalous zone should be compared with the available geo

logical and geochemical data. If the source of the I. P . anomaly is not 

known, dri l l ing would be warranted. Several vert ical percussion d r i l l 

holes in the interval f rom 24+00E to 33+00E on Line 32N should determine 

the type of metallic mineralisation causing the I. P . anomalies . The holes 

would have to be dri l led to a depth of 250' to 350*. 

If the mineralisation intersected is of economic interest , the 

I« P» measurements should be extended in order to determine the lateral 



Ashton W. Mul lan , 
Geologist. 

Dated: August 10, 1972. 



McPHAR GEOPHYSICS 

A P P E N D I X 

E X P E C T E D IP A N O M A L I E S F R O M " P O R P H Y R Y C O P P E R " T Y P E 

Z O N E S O F D I S S E M I N A T E D S U L P H I D E M I N E R A L I Z A T I O N 

O u r e x p e r i e n c e in other a r e a s has shown that the i n d u c e d 

p o l a r i z a t i o n m e t h o d c a n be s u c c e s s f u l l y u s e d to locate , and out l ine , 

zones of d i s s e m i n a t e d sulphide m i n e r a l i z a t i o n of the " p o r p h y r y c o p p e r " 

type . In m o s t c a s e s the i n t e r p r e t a t i o n of the IP r e s u l t s is s i m p l e and 

s t r a i g h t f o r w a r d . T h e r e s u l t s shown in F i g u r e 1 and F i g u r e 2 a r e t y p i c a l . 

INDUCED POLARIZATION 
AND 

DRILLING RESULTS « - 2 - « . 

n-3 

n - 4 - 4 K > 
FROM 

37 N 4QN 4 ? N 46 N 49 N 52 N 55N 58N 61N 64 N 67 N 7QN 

(P/Zir)Q 

n - l 4 8 0 / 570 590 / 3 0 4 / / 6 9 62 

35 150 

39 

COPPER MOUNTAIN AREA 

GASPE, QUEBEC 

LINE-31 N 

FREQUENCIES-0 31 a 2 5 CPS. 

«— x -»*- nx -« x -» 

/ s 
X EQUALS 300 FEET 

n - l 

37N 4Q N 43N 4 6 N 49N 52 N 55 N 58N 6IN 64 N 67N 70N 

(Ft)o 
2 5 \ 3 4 \ 5 0 \ J 7 y 7 2 

37N 40 N 4?N 46N 4 9
) { B M | B ^ B M ^ N 5 $ N 6 l - N 6 * N 67N 7QN 

(Mf)a 
\ ^ / 2 8 

37N 40N 43N 46N 49N 5gN 55N 58 N 6I.N 6 4 N 67N 7QN 

SULPHIDE 
MINERALIZATION 

-^SURFACE 

-DISSEMINATED 
COPPER ORE 

(4% TOTAL SULPHIOES) 
FIG. I 
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T h e s o u r c e of the m o d e r a t e magni tude IP a n o m a l y shown i n 

F i g u r e 1 contains a p p r o x i m a t e l y 4% m e t a l l i c m i n e r a l i z a t i o n . T h e zone i s 

of l i m i t e d l a t e r a l extent a n d enough c o p p e r i s p r e s e n t to m a k e the m i n e r a l i 

zat ion " o r e g r a d e " . T h e p r e s e n c e of the s u r f a c e oxidat ion can be seen in 

the fact that the a p p a r e n t IP effects i n c r e a s e for n = 2. 

INDUCED POLARIZATION l 9 S c s l 3 S " s 9 S 7 S 5 S 3 S I N 3 N 

AND W Z i r ) Q 

DRILLING RESULTS 
FROM 

91 n - l -

n - 2 — 91 90 

n - 3 77 93 

n - 4 —75 77 82 

43/ 50 50/ 38/ 65 \*4^ 
6 4 5 0 ( 4 5^* 9 ) 66 69 

62 68 51 / 81 / 70 /89) 
62 61 71 58 / 82 / 67 / 89 / 65 

WESTERN NEW MEXICO 

U.S.A. 

LINE-40W 

FREQUENCIES-0 31 a 2 5 CPS 

«— x nx x -» 

X 
/ \ 

X EQUALS 200 FEET 

n - l 

I9S f7S I5S I3S IIS 9S 7S 5S 3S IS IN 3N 

(Fe)o 
^5 / 25 50 \**S 6 0 ^ 5 30 20 3 5 3 0 

4 0 4 7 / f r O 7 0/^8 5 8 4 S9 I 70 7 0 5 5 5 5 

H -4— 5 0 A 4 5 / 7 0 7 0 I 7 6 9 0 9 0 9 0\ 70 6 0 6 5 ' 4 4 

I9S I7S I5S I3S IIS 9S 7,S 5S 3S IS IN 3N 

(Mf)o 
n - l 46 / 5 0 

67 58 / 86 

I9S I7S I5S 13 S MS 

' 5 ^ / ( J 9 ^ / ' 0 7 1 3 9 V ? ° V J O 53 54 68 

t / 1 1 7 128y/̂ b) 133 150 I25)\63 61 67 
£|07/98) (j93X 136 132 137 / 86 ̂ ~79) 62 
5 86 /123 148 126 / f t ? ) /86 90 /73 67 

DRILLED TO 910' 

9S 7S 5S 3.S IS I.N 3N 
'3% to \ 1 3 0 
>6% SULPHIDES 

I 260 
7% to 12% 
SULPHIDES 3so' 

OVERBURDEN 

5% to 10% SULPHIOES 

5% SULPHIDES 

FIG.2 

T h e I P a n o m a l y shown in F i g u r e 2 has about the same magnitude 

as that d e s c r i b e d above . It should be noted that a p p r e c i a b l y g r e a t e r c o n 

c e n t r a t i o n s of m e t a l l i c m i n e r a l i z a t i o n a r e p r e s e n t ; f u r t h e r , t h e r e i s l i t t le 

o r no c o p p e r p r e s e n t . T h e s e r e s u l t s i l l u s t r a t e the fact that IP r e s u l t s c a n 

not be u s e d to d e t e r m i n e the exact amount of m e t a l l i c m i n e r a l i z a t i o n p r e s e n t 

o r to d e t e r m i n e the e c o n o m i c i m p o r t a n c e of a m i n e r a l i z e d zone. In some 

geologic s i tuat ions z o n i n g i s p r e s e n t ; the zones of m i n e r a l i z a t i o n of g r e a t e s t 

e c o n o m i c va lue m a y conta in l e s s t o t a l m e t a l l i c m i n e r a l i z a t i o n than other 

zones i n the s a m e g e n e r a l a r e a . 
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In the p r o p e r geologic e n v i r o n m e n t , the method w i l l detect even 

v e r y low c o n c e n t r a t i o n s of m e t a l l i c m i n e r a l i z a t i o n . T h e I P r e s u l t s shown 

i n F i g u r e 3 located the o r e zone at the B r e n d a P r o p e r t y n e a r P e a c h land , 

B . C . T h e zone contains 1. 0 to 1. 5 p e r cent m e t a l l i c m i n e r a l i z a t i o n ; h o w 

e v e r , the m i n e r a l i z a t i o n i s " o r e g r a d e " b e c a u s e only m o l y b d e n i t e and c h a l c o -

p y r i t e a r e p r e s e n t . 

INDUCED POLARIZATION ».» 2°.» " i w I2.w 8.w 4." 
AND 

0 4E 8E I2E I6E 20E 

(P/2rr)0 

DRILLING RESULTS 
FROM 

BRENDA AREA 

PEACHLAND, B.C. 

LINE- 8S 

FREQUENCIES - 0 31 a 5 0 CPS 

«•— x —~- nx - ~ » - x 

X 
/ \ 

X EQUALS 400 FEET 

n-l -
n-2 
n -3 
n-4 

.267 222 242 287 24§/ 396 \850/ \£38 
420 \200 228 272/" 310 346 387 334J 

320j (lOO\242 (302 356 (̂ 290 236 247 V . 
322 /297\ I92 \ 270\ 32 2 368\ 245 /196\ 222 

3^ (»92 

24W 20W I6W I2W 8W 4W 0 
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n-2 

n-3 

n.4 
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40 4 3 35 3 0 / 2 6 / / ' I 4 

^ 0 ) 3 5 30 3 0 (2 0 / » 2 (0 6 

2 5 3 2 3 0 3 0\ /18 X^K) 

30 / T o \ /KT (N) 15 24 

24W 20W I6W I2W 8W 4W 0 4E 8E I2E I6E 20E 

(Mf)a 
7 5/\v2_9y y&8 

7 ( 6 3 \ 3 6 30 

^ T i o N T 7 ^ \ \ 4 0 

ffzT (N) 7 9 

24W 20W I6W I2W 8W 4W 0 4E 8E 12 E I6E 20E 

DISSEMINATED 
SULPHIDE ZONE 

FIG.3 
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W G . H A I N S W O K T H 

C O N S U L T I N G G E O L O G I S T 

INTRODUCTION 

T h i s p r o g r e s s r e p o r t on t h e Kamloops a r e a p r o p e r t y o f CAIRN MINES L T D , ( N . P . L . ) 

f o l l o w s t h e c o m p l e t i o n o f P h a s e I and P h a s e I I as recommended i n t h e a u t h o r * s 

r e p o r t o f A p r i l 2 0 t h 1 9 7 2 . 

A p r o g r e s s r e p o r t was i s s u e d by t h e w r i t e r on May 2 4 t h 1972 c o v e r i n g t h e 

r e s u l t s o f t h e e a r l y o p e r a t i o n s on t h e p r o p e r t y . The r e c o m m e n d a t i o n s o f t h a t 

d a t e i n c l u d e d a r e s t r i c t e d i n a r e a 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 w h i c h o p e r a t i o n 

h a s s i n c e b e e n c a r r i e d o u t by t h e company. 

The p r o p e r t y was v i s i t e d by t h e w r i t e r n e a r t h e c o m p l e t i o n o f t h e 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 on June 3 0 t h 1 9 7 2 . 

SUMMARY & CONCLUSIONS 

The c o m p l e t e d s u r v e y s have shown t h e CAIRN MINES LTD ( N . P . L . ) c l a i m b l o c k 

t o have a n o m a l o u s c o n d i t i o n s e x i s t i n g i n a l l s u r v e y s . 

The e a s t e r n h a l f , p a r t i c u l a r i l y t h e c e n t r a l and s o u t h e r n p o r t i o n s , c a r r i e s 

more a n o m a l o u s d e v e l o p m e n t s t h a n i t s w e s t e r n c o u n t e r p a r t . 

T h e r e i s a m o d e s t , a l t h o u g h n o t s t r o n g , c o i n c i d e n c e b e t w e e n t h e Induced 

P o l a r i z a t i o n , g e o c h e m i c a l and e l e c t r o m a g n e t i c s u r v e y s . I n p a r t i c u l a r t h e 

p r o p e r t y ' s s t r o n g e s t s o i l a n o m a l y l i e s i n t h e g e n e r a l a r e a o f t h e i n d u c e d 

p o l a r i z a t i o n h i g h r e s u l t s . The e l e c t r o m a g n e t i c s u r v e y c o i n c i d e s i n p a r t w i t h 

t h e s o i l s and t h e l . P . The m a g n e t o m e t e r a n o m a l y (a T l o w f ) s e e m i n g l y has no 

c o n n e c t i o n w i t h t h e o t h e r s u r v e y a n o m a l i e s . 

The a g r e e m e n t b e t w e e n p o r t i o n s o f t h e v a r i o u s s u r v e y s p l u s t h e i r m o d e r a t e 

t o s t r o n g i n t e n s i t i e s w a r r a n t f u r t h e r c h e c k i n g t h r o u g h a l i m i t e d d r i l l p r o g r a m . 
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RECOMMENDATIONS 

The a r e a o f s t r o n g e s t a n o m a l y o v e r l a p s h o u l d be c h e c k e d o u t by s u r f a c e d r i l l i n g . 

The w r i t e r recommends a d i a m o n d d r i l l p r o g r a m o f , i n i t i a l l y , a 1000 f e e t . T h i s 

p r o g r a m s h o u l d c h e c k o u t t h e I . P . , s o i l and E . M . a n o m a l i e s c o i n c i d e n t a l l y e x i s t i n g 

on l i n e 28 b e t w e e n 20+00 E a s t and 26+00 E a s t . The d r i l l h o l e s s h o u l d be v e r t i c a l , 

t o d e p t h s o f 350 f e e t e a c h and l o c a t e d a t 20+00 E a s t 
23+oo E a s t 
26+00 E a s t 

C o s t e s t i m a t e s f o r t h i s p r o g r a m : 

1000 f e e t BQ d r i l l i n g @ $ 9 . 5 0 / f t . 

C o r e g r a b b i n g , s a m p l e p r e p a r a t i o n e t c , 

C o r e a s s a y i n g 

C o n s u l t a t i o n 

M i s c . 

$ 9 , 5 0 0 

700 

350 

500 

500 

C o n t i n g e n c i e s 1C$ 

1 1 , 5 5 0 

1 , 1 5 0 

T o t a l » 3 1 2 , 7 0 0 

S h o u l d t h e r e s u l t s f r o m t h i s l i m i t e d p r o g r a m be e n c o u r a g i n g , t h e n c o n s i d e r a t i o n 

s h o u l d be g i v e n t o a n expanded d r i l l p r o g r a m w o r k i n g on a g r i d n e t w o r k . 

LOCATION & ACCESS 

L o c a t i o n o f t h e c l a i m g r o u p i s some e l e v e n m i l e s s o u t h w e s t o f t h e c i t y o f 

K a m l o o p s , B r i t i s h C o l u m b i a . The c l a i m s l i e w i t h i n t h e Kamloops M i n i n g D i v i s i o n . 

A t a p o i n t 12 m i l e s s o u t h o f t h e T r a n s C a n a d a H i g h w a y , on t h e K a m l o o p s - L a c 

L e J e u n e r o a d , CN C o m m u n i c a t i o n s have a n a c c e s s r o a d t o t h e i r r e p e a t e r s t a t i o n . 

A t t h e 3 i m i l e m a r k e r on t h i s r o a d , CAIRN MINES has pushed a r o a d n o r t h t o a 

p o i n t s l i g h t l y b e l o w t h e i r n o r t h e r n b o u n d a r y . T h i s r o a d s h o u l d o n l y be t r a v e l l e d 
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by a f o u r w h e e l d r i v e v e h i c l e . 

PROPERTY 

S i n c e t h e l a s t p r o g r e s s r e p o r t , CAIRN MINES has p u r c h a s e d f r o m B r i a n H a n n a , 

a c l a i m g r o u p i m m e d i a t e l y a d j o i n i n g t h e CAIRN b l o c * t o t h e w e s t . T h e r e a r e 

e i g h t e e n ( 1 8 ) c l a i m s i n t h e g r o u p c a l l e d t h e LODI 1-15 i n c l u s i v e p l u s t h e LODI 

1 7 - 1 9 i n c l u s i v e . T h e s e c l a i m s were r e c o r d e d i n V a n c o u v e r on June 2 0 t h 1 9 7 2 . No 

w o r k h a s b e e n done o n t h e s e c l a i m s . The n e w l y - p u r c h a s e d g r o u p l i e s b e t w e e n t h e 

B r o n c o g r o u p t o t h e n o r t h and t h e C a s h g r o u p on t h e s o u t h . 

SURVEYS 

The f o l l o w i n g s u r v e y s have been c o m p l e t e d as p e r r e c o m m e n d a t i o n s : 

( 1 ) C l a i m S u r v e y 

( 2 ) M a g n e t o m e t e r S u r v e y 

( 3 ) S o i l S a m p l i n g S u r v e y 

(4 ) E l e c t r o m a g n e t i c S u r v e y 

(5) 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 

A c c o m p a n y i n g t h i s r e p o r t i s a c o m p o s i t e map s h o w i n g t h e r e s u l t s o f a l l f i v e 

s u r v e y s . 

C l a i m S u r v e y 

R e f e r t o r e p o r t o f May 2 4 t h 1 9 7 2 . 

M a g n e t o m e t e r S u r v e y 

The o r i g i n a l s u r v e y o n t h e s m a l l g r i d showed a n i r r e g u l a r m a g n e t i c ' l o w 1 

r u n n i n g e a s t - w e s t a c r o s s t h e c e n t r a l p o r t i o n o f t h e c l a i m g r o u p . W i t h t h e e x p a n d 

ed g r i d t h i s m a g n e t i c a n o m a l y has been t r a c e d f a r t h e r t o t h e e a s t where i t p a s s e s 

o u t o f t h e CAIRN g r o u n d . To t h e w e s t t h e anomalous s i t u a t i o n shows a weak 

a t t e n t u a t i o n t o f i n a l l y d i e o u t w i t h i n t h e c l a i m s . 

S o i l S a m p l i n g S u r v e y 

T h r e e new s o i l a n o m a l i e s w e r e u n c o v e r e d i n t h e e x p a n d e d s u r v e y . I n a d d i t i o n 



s e v e r a l p r e v i o u s l y d i s c o v e r e d a n o m a l i e s were expanded o r c u t - o f f . 

I n a d d i t i o n t o t h e o r i g i n a l 695 s a m p l e s c o l l e c t e d a n a d d i t i o n a l 421 s a m p l e s 

w e r e t a k e n t h i s t i m e m a k i n g a t o t a l o f 1116 s a m p l e s c o l l e c t e d o v e r t h e f u l l 

c l a i m b l o c k . 

The 3 new s o i l a n o m a l i e s have been d e s i g n a t e d K , L and M . 

A n o m a l y f A f - r e m a i n s as b e f o r e . A v e r a g e 123 ppm C u . 

A n o m a l y ' B 1 - has b e e n expanded r a t h e r w e a k l y t o t h e s o u t h w e s t . I t s a v e r a g e 
c o u n t i s 109 ppm C u . 

A n o m a l y f C ! - a s b e f o r e . A v e r a g e 93 ppm C u . 

A n o m a l y ' D 1 - a s b e f o r e . A v e r a g e 234 ppm C u . 

A n o m a l y ' E 1 - no c h a n g e . A v e r a g e 127 ppm C u . 

A n o m a l y f F ! - T h i s s i t u a t i o n has b e e n g r e a t l y e x p a n d e d . S o i l a s s a y s h a v e 
shown a h o o k - u p w i t h a n o m a l y ! J f p r e v i o u s l y l y i n g t o t h e 
s o u t h . I n a d d i t i o n s e v e r a l n a r r o w bands have b e e n i d e n t i f i e d 
e x t e n d i n g t o t h e n o r t h and e a s t f r o m t h e o r i g i n a l o u t l i n e s . 
I t s a v e r a g e c o u n t i s 164 ppm C u . 

A n o m a l y f G f - No c h a n g e . A v e r a g e 91 ppm C u . 

A n o m a l y ! H f - No c h a n g e . A v e r a g e 95 ppm C u . 

A n o m a l y 1 J f - As s t a t e d t h i s a n o m a l y has been expanded i n t o t h e a n o m a l y f F f 

p i c t u r e . 

A n o m a l y f K f - T h i s new s i t u a t i o n has d e v e l o p e d a t t h e e a s t e r n b o u n d a r y o f 
t h e p r o p e r t y on l i n e s 20 and 2 4 . A v e r a g e 91 ppm C u . 

A n o m a l y f L f - A n a r r o w l e n s o f m i n o r i m p o r t a n c e e x t e n d i n g f r o m l i n e 48 t h r o u g h 
t o l i n e 56 n e a r t h e e a s t e r n b o u n d a r y . A v e r a g e 111 ppm C u . 

A n o m a l y 'Mf - T h i s new a n a m o l y l i e s n e a r t h e b a s e l i n e i n t h e s o u t h e r n p a r t o f 
t h e p r o p e r t y . I t i s r a t h e r weak h a v i n g a c o u n t o f 105 ppm C u . 
I t r e m a i n s o p e n t o t h e s o u t h . 

The r e c e n t s u r v e y has j u s t i f i e d t h e s i g n i f i c a n c e g i v e n i n e a r l i e r r e p o r t s t o 

a n o m a l y f F ' . T h i s i s p r o b a b l y t h e s t r o n g e s t d e v e l o p m e n t on t h e p r o p e r t y . I t 

e x t e n d s o v e r 750 f e e t i n a n o r t h - s o u t h d i r e c t i o n w i t h a w i d t h v a r y i n g f r o m 

25 t o 100 f e e t . 

E l e c t r o m a g n e t i c S u r v e y 

The e x p a n s i o n o f t h i s s u r v e y t o t h e c o m p l e t e g r i d has c o n f i r m e d t h e r e l a t i v e l y 
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q u i e t c o n d u c t i v i t y o f t h e c l a i m b l o c k . However s e v e r a l a r e a s o f good c o n d u c t i v i t y 

were u n c o v e r e d . 

A r e l a t i v e l y s t r o n g a r e a e x t e n d s f r o m l i n e 12 t h r o u g h t o l i n e 28 o v e r a w i d t h 

o f 3 0 f e e t n e a r t h e e a s t e r n b o u n d a r y . T h i s c o n d u c t i v e zone i s f l a n k e d on t h e 

w e s t b y a p r o n o u n c e d E . M . l i n e a r . 

A n o t h e r zone o f w e a k e r p r o m i n e n c e l i n e s up i n t h e s o u t h e a s t c o r n e r o f t h e c l a i m 

b l o c k . 

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 

T h i s s u r v e y was u n d e r t a k e n by M c P h a r G e o p h y s i c s o f V a n c o u v e r who c o v e r e d a n 

a r e a r o u g h l y o f 7.9 l i n e m i l e s . T h e a r e a i n c l u d e d i n t h e s u r v e y e x t e n d e d f r o m 

l i n e 28 n o r t h t o l i n e 5 6 . O n l y t h e e a s t e r n p o r t i o n s o f l i n e s 2 8 , 3 2 and 56 w e r e 

c o v e r e d w h e r a s t h e e a s t e r n and w e s t e r n p o r t i o n s o f t h e l i n e s w e r e r u n on t h e 

r e m a i n i n g l i n e s . 

The l . P . s u r v e y d i s c l o s e d a n a n o m a l o u s c o n d i t i o n e x i s t i n g f r o m l i n e 48 s o u t h 

t o l i n e 2 8 . A t t h e n o r t h e r n end t h e a n o m a l y a p p e a r s t o d e e p e n w h i l e l o s i n g some 

o f i t s i n t e n s i t y . On l i n e 28 and 3 2 i t i s r e l a t i v e l y s t r o n g (4 t i m e s b a c k g r o u n d ) 

and a t a m o d e r a t e d e p t h (150 t o 200 f e e t ) . The a n o m a l y r e m a i n s open b e l o w l i n e 

2 8 . I t i s n o t t o o w i d e v a r y i n g f r o m 300 t o 800 f e e t t h r o u g h t h e l i n e . The 

s t r u c t u r e t r e n d s n o r t h - s o u t h b u t a t t h e n o r t h end t a k e s a s h a r p s w i n g t o t h e 

n o r t h w e s t b e f o r e d y i n g o u t on l i n e 5 2 . 

T h e r e i s a r e l a t i v e c o i n c i d e n c e w i t h p o r t i o n s o f s o i l a n o m a l y ! F f p a r t i c u l a r i l y 

i n t h e w i d e r and h i g h e r g r a d e a r e a s o f t h e l a t t e r s i t u a t i o n ( l i n e 28 and p o r t i o n s 

o f l i n e 3 2 ) . I t a l s o a g r e e s i n p a r t w i t h a n E . M . c o n d u c t i v e z o n e . The l . P . 

s u r v e y , u n f o r t u n a t e l y , d o e s n o t c a r r y f a r enough s o u t h t o e s t a b l i s h i d e n t i t y 

w i t h t h e s o u t h e r n p o r t i o n o f t h i s same E . M . z o n e . 

The 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 c u t s a c r o s s t h e m a g n e t i c l o w i n i t s n o r t h e r n 

s e c t i o n s and has no a p p a r e n t r e l a t i o n s h i p t o t h i s m a g n e t i c s i t u a t i o n . 

I n a l l , t h e 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 i s o f modest d i m e n s i o n s and i n t e n s i t y . 
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I t has no strong t i e s with any previous surveys but has se v e r a l c o i n c i d i n g 

areas with the E.M. and geochem surveys. 

Of i n t e r e s t i s the f a c t that rock samples taken from the numerous outcrops of 

the claims show l i t t l e , i f any, p y r i t e . Copper sulphides are i n the same 

c l a s s i f i c a t i o n . 

A report i s awaited from McPhar Geophysics on the CAIRN induced p o l a r i z a t i o n 

survey. 

R e s p e c t f u l l y submitted, 

W.G. Hainsworth P.Eng. 
Vancouver, B.C. 

Ju l y 8, 1972. 
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W . G . H A I N S W O R T H 

C O N S U L T I N G G E O L O G I S T 

INTRODUCTION 

At the request of Mr..A.R. Hanna, associated with 
CAIRN MINES LTD., t h i s report has been prepared f o r the 
company concerning t h e i r recent claim block a c q u i s i t i o n 
i n the Kamloops area of B r i t i s h Columbia. The information 
contained herein i s based on intensive study and evaluation 
of g eological data pertaining to the area i n general and 
information obtained during a v i s i t to the property on 
March 29, 1972. 

The property i s a copper prospect located i n the 
Kamloops Mining D i v i s i o n of B r i t i s h Columbia. 

SUMMARY AND CONCLUSIONS 

The twenty-four claim group (Alice-Often) of CAIRN 
MINES i s located eleven miles southwest of the c i t y of 
Kamloops, B r i t i s h Columbia. It i s i n the Kamloops Mining 
D i v i s i o n . 

The claims have been acquired following the recent 
success of Afton Mines with their d r i l l i n g f o r copper 
mineralization. No work i s known to have been done i n the 
past on the CAIRN block of claims. (b 

Nicola volcanics are known to underlie c e r t a i n 
areas of the claims but government geological maps show 
the contact with the Nicola Lake Batholith to l i e a short 
distance to the east. 

& A magnetic low, i t s cause yet unknown, i s located 
within the core of the claims block. 

The CAIRN block of ground i s within an area that i s 
active at the present time and has seen strong a c t i v i t y i n 
the past. Known copper occurrences, some with good outlined 
tonnages, are scattered through the general area. The 
Alice-Often claims are situated within a good geologic 
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framework, and contain an i n i t i a l target.- They are well 
worthy of a f u l l scale exploration program. 

RECOMMENDATIONS 

The CAIRN group of claims should be investigated 
i n three phases: 
The f i r s t phase should be a preliminary survey l i m i t e d i n 
scope with a target of defining the aeromagnetic low i n 
terms of ground location* 
The second phase should encompass the f u l l twenty-four 
claims i n a reconnaissance type program. 
The t h i r d phase should be a detailed program confined to 
targets delineated i n the e a r l i e r phases. 

Phase one should be a l i n e cutting plus magnetometer 
survey r e s t r i c t e d to the central group of claims ( A l i c e 53 
to 56 and A l i c e 62 and 64)(and p a r t i a l A l i c e 51,52,57,58, 
60 and 66). A north-south baseline should be cut with 
picket l i n e s turned o f f at 400 foot i n t e r v a l s . Dependant 
upon magnetometer survey r e s u l t s the l i n e s can be length
ened or intermediate l i n e s added. 

Phase two should consist of entending the baseline 
and the picket l i n e s to cover the f u l l block of claims. 
Several sets of surveys could then be carried out. A 
geological survey, a s o i l sampling campaign and a magnet
ometer survey are recommended. In addition, an el e c t r o 
magnetic survey using a Ronka EM 16 instrument would out
l i n e c e r t a i n structures and a s s i s t i n the f u l l i n t e r p r e t 
ation of the claims. 

Phase three would be confined to targets outlined 
by the e a r l i e r programs. An induced p o l a r i z a t i o n survey 
would be included at this time. Preliminary diamond d r i l l 
ing of r e s t r i c t e d footage would follow the l.P. program. 
Dependant upon r e s u l t s a f u l l scale grid-type d r i l l i n g 
program would be l a i d on. Expenditure estimates f o r the 
recommended programs are: 
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PHASE 1 y 

Line Cutting 10 miles £ SlOO/mile = 1,000.00 
Magnetometer Survey 10 miles § % 75/mile = 750.00 
Interpretation & Consultation = 500.00 
Claim Survey = 500.00 
Contingencies = 750.00 

$3,500.00 

PHASE 11 

Line Cutting 20 miles § SlOO/mile = 2,000.00 
Magnetometer Survey 20 miles @ $ 75/mile = 1,500.00 
Geological Survey 27 miles @ Z 50/mile = 1,350.00 
S:oil Sampling Survey 1400 samples @£4 per = 5,600.00 
Electromagnetic Survey 27miles @ & 75/mile = 2,025.00 
Interpretation & Consultation = 1,500.00 
Contingencies 2,025.00 

£16,000.00 

PHASE 111 

At t h i s stage the number of targets which w i l l be 
delineated are unknown, consequently estimates of 
expenditures are of l i t t l e value. 

From the above figures i t can be seen that the property 
can be thoroughly examined i n two stages f o r expenditures 
s l i g h t l y under the $20,000 fig u r e . 
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LOCATION & ACCESS 

The claim block l i e s eleven miles southwest of the 
c i t y of Kamloops. In terms of the most active property i n 
the area, the group l i e s seven miles due south of the 
Afton Mines d r i l l i n g area. I t s co-ordinates are approxim
ately 50° 33 f North Latitude and 120° 32f West Longitude. 

Access to the claims i s made at a point 12 miles 
south of the TransCanada highway on the Kamloops-Lac 
Le Juene road. B.C. Tel has an access road into t h e i r 
repeater s t a t i o n which enters the southern portion of the 
claims. Numerous logging roads e x i s t i n the north portion 
and i t i s quite possible that some may lead out to the 
roadway. 

PROPERTY 
CAIRN MINES claim block located i n the Kamloops 

Mining D i v i s i o n of B r i t i s h Columbia i s composed of twenty-
four (24) contiguous claims held by r i g h t of l o c a t i o n . The 
claims were staked f o r a Mr. A.Ablett of Kamloops who i n 
turn sold them to CAIRN MINES LTD. 

The claims were recorded i n the Kami oops Mining 
Recorders o f f i c e on February 23,1972. 

The names of the claims within the block are 
OFTEN 1,3 and 5 and the ALICE 11 and 13 plus the ALICE 
49-67 i n c l u s i v e . 

To the time of t h i s report, no record numbers have 
been made available. 

t 

TOPOGRAPHY 

The topography of the claims can best be described 
as a gentle r i s e from the southeast corner, approximately 
5000 feet above sealevel, to a height of 5500 feet along 
the western boundary. Local r e l i e f i s not extreme seldom 
exceeding 30 to 50 feet. 

The ground i s moderately timbered with spruce,fir 
and pine. Several areas i n the northern reaches have been 
logged i n the past. 

The overburden does not appear to be too thick. The 
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amount of rock exposures i s unknown due to the snow mantle 
at the time of examination. However several side h i l l 
exposures were observed and examined. c 

HISTORY OF THE AREA 

The area belongs to the well-established Kamloops 
copper b e l t . The mineral deposits of t h i s area are represented 
by a number of diverse types. The p r i n c i p l e copper deposits 
occur as vein structures, shear zone f i l l i n g s and disseminated 
material. ' 

The Kamloops copper b e l t i s t i g h t l y wrapped around 
the Iron Mask Batholith. Most producers of the past have been 
located on the rim of t h i s i n t r u s i v e body. A few have been 
located within the T r i a s s i c volcanics but none are known to 
have produced within the core of the i n t r u s i v e . 

The copper producers were most active during the 
iy04-1930 era. Such notable names as the Iron Mask Mine, 
Copper King, and the Evening Star were the p r i n c i p l e oper
ations of that time, producing i n excess of 5£ m i l l i o n pounds 
of copper. ( 

Several attempts have been made i n the past decade 
to revive the production e f f o r t s i n t h i s area. The r i s e to 
prominence of the Highland Valley to the southwest has 
spurred these endeavours. In l a t e 1971 a l i t t l e known mining 
company ca l l e d Afton Mines had i t s property returned by a 
senior mining company. After a refinancing period the 
company embarked on a d r i l l i n g program of i t s own. S t a r t i n g 
i n November, by A p r i l 1972 i t had outlined an orebody of 
modest dimensions but exceptional copper grade. I t had also 
p r e c i p i t a t e d a heavy staking rush followed by company claim 
a c q u i s i t i o n s and strong underwritings. At the time of writing 
the Kami oops area i s one of the 'hottest' camps i n the 
mining industry of B r i t i s h Columbia. 
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GEOLOGY 
Geologically the large area under consideration l i e s 

within the In t e r i o r Plateau b e l t . Portions of t h i s plateau 
within the Kamloops area i s underlain by T r i a s s i c age 
volcanics assigned to the Nicola Series. Intrusive into these 
volcanics are Jurassic bodies, the more notable being the 
Iron Mask Ba t h o l i t h near Kamloops and the Guichon Batholith 
i n the Highland Valley. Overlying the Nicola Series and the 
in t r u s i v e s are much younger.volcanics belonging to the 
Kamloops Series. 

Extending south from the Iron Mask Ba t h o l i t h i s the 
lengthy but r e l a t i v e l y narrow, north-south oriented, Nicola 
Lake Batholith. There are some copper-gold deposits assoc
iated with t h i s structure. 

The CAIRN group of Alice-Often claims l i e s several 
miles west of the northwest corner of t h i s l a t t e r intrusive 
body. 

The claims are represented on government geological 
maps as being completely underlain by Nicola volcanics. The 
writer v e r i f i e d the presence of these volcanics during the 
examination. 

The general trend of t h e ^ o l c a n i c s i s northwest-
southeast on the CAIRN ground~with apparent dips to the 
west. 

In structure the Alice-Often group l i e s close to 
an embayraent of the Nicola Lake Batholith. These embayments 
have at times proved good traps f o r mineralization. 

AEROMAGNETIC RESULTS 

The area has been covered by an aeromagnetic survey 
sponsored by the Federal government and undertaken by 
Lockwood Survey Corporation Ltd. from 1966 to 1968. The 
r e s u l t s are available i n Geophysics Paper 5217 e n t i t l e d 
"Cherry Creek". 

The r e s u l t s of t h i s survey show a magnetic depression 
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occupying the greater bulk of the central group of claims. 
The magnetic i n t e n s i t i e s i n the area are not strong and are 
within the keeping of a volcanic formation. The p o s s i b i l i t y 
e x i s t s that t h i s magnetic low may represent an offshoot 
f i n g e r of an i n t r u s i v e . Equally possible i s the l o c a t i o n of 
a l e s s intense magnetic phase of the volcanics. 

One of the i n t r i g u i n g features of this flow f i s 
that Afton Mines s i m i l a r i l y nas a magnetic low i n close 
proximity to their d r i l l i n g . -

I t should be stated that the aeromagnetic map shows 
a f a i r number of these magnetic lows throughout the area. 
The s i g n i f i c a n c e of each low w i l l only be r e a l i z e d following 
g e o l o g i c a l work within i t s area. 

ADJOINING PROPERTIES 

A close neighbour of CAIRN MINES i s Canadian Johns-
Mansville. Their large claim holdings l i e d i r e c t l y to the 
east and straddle the volcanic-granodiorite contact. Johns-
Mansville acquired the ground some three years ago and i t i s 
rumoured that they have a substantial s o i l anomaly within 
t h e i r boundaries. They have done a large amount of trenching. 

Adjoining d i r e c t l y to the south i s a large block of 
ground recently acquired by Scandia Mines Ltd. of Montreal. 
This company i s preparing f o r a f u l l program on their 
property. They are said to be discussing the property 
l o c a t i o n with two major companies. 

Respectfully submitted, 

Vancouver, B.C. 
A p r i l 20, 1972 

W.G. Hainsworth P.Eng. 
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527 - 470 G r a n v i l l e St., 
Vancouver, B.C. 
March 24, 1972 

The President and D i r e c t o r s , 
Cairn Mines L t d . , 
411 - 1200 '/.est Pender St., 
Vancouver, B.C. 
Gentlemen: 

This l e t t e r report i s pr e l i m i n a r y to a f u l l report 
on the recent C a i r n Mines a c q u i s i t i o n of claims i n the Afton 
area of the Kamloops d i s t r i c t . 

The claims have not as yet been v i s i t e d f o r an 
examination by the w r i t e r 30 that t h i s report i s b a s i c a l l y 
of a broad information nature. 

The twenty-four claims acquired by Cairn Mines are 
the OFTEN 1,3, and 5 and the ALICE 11 and 49-67 i n c l u s i v e . 
They are loc a t e d i n the Kamloops Mining D i v i s i o n of B r i t i s h 
Columbia approximately seven miles due south of the Afton 
Mines d r i l l i n g area and a h a l f mile west of Connolly Lake. 
The Kamloops-Lornex road, v i a Lac Le Jeune, i s two and a 
h a l f miles to the south east. 

Afton Klines has been proving up by percussion and 
diamond d r i l l i n g a copper zone some eight miles west of the 
c i t y of Kamloops and c l o s e l y a d j oining TransCanada Highway 
1. To date the discovery zone measures 1600 f e e t by 300 
fe e t . Percussion holes have been put down to three hundred 
foot depths whereas the diamond d r i l l s have penetrated 
deeper than ei g h t hundred f e e t . A recent consultants report 
f o r Afton Mines puts t h e i r i n f e r r e d ore at 36 m i l l i o n tons. 
Mo copper grade has been attached to t h i s tonnage f i g u r e . 
An inventory grade from f i f t y percusibn holes published to 
date gives a copper grade of 0.604$ over an average width 
of 160 f e e t . The prime mineral i n native copper but narrow 
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sections of ch a l c o p y r i t e with minor b o r n i t e have been 
logged i n some of the l a t e r holes. Magnetite and hematite 
are accessory minerals. Government aeromagnetic maps show 
a magnetic low a short distance to the southwest of the 
Afton d r i l l i n g area. This low i s associated with the 
northwestern f r i n g e of the Iron Mask Batholith,presumably 
the host rock of the Afton m i n e r a l i z a t i o n . 

The C a i r n Mines claim block i s shown on the 
government g e o l o g i c a l maps to be u n d e r l a i n by N i c o l a 
volcanics.The claims are l o c a t e d close to the contact 
with the N i c o l a Lake B a t h o l i t h . This i n t r u s i v e stock i s 
r e l a t e d i n age and composition to the Iron Mask B a t h o l i t h . 
An eromagnetic depression i s contained w i t h i n the eastern 
p o r t i o n of the claim block. There i s a p o s s i b i l i t y that 
t h i s 'low* might represent an offshoot f i n g e r of the 
i n t r u s i v e . 

A close neighbour of C a i r n Mines i s Canadian 
Johns M a n v i l l e . Their l a r g e group of claims l i e s d i r e c t l y 
to the east and st r a d d l e s the v o l c a n i c - g r a n o d i o r i t e 
contact. Johns M a n v i l l e acquired t h i s ground some three 
years ago and i t i s rumoured that they have a s u b s t a n t i a l 
s o i l anomaly w i t h i n t h e i r boundaries. 

The C a i r n block of ground l i e s i n an area that 
i s a c t i v e at the present time and has seen strong a c t i v i t y 
i n the past. Known copper occurrences,some with good o u t l i n e d 
tonnages, are scattered through the area. The ALICE-OFTEN 
claims are s i t u a t e d w i t h i n a good geologic s t r u c t u r e . A 
f u l l scale e x p l o r a t i o n program should be undertaken as 
soon as weather permits. 

R e s p e c t f u l l y submitted, 

V,*G. Hainsworth P.Eng. 
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RECOMMENDATIONS 

The C a i r n group o f c l a i m s s h o u l d be i n v e s t i g a t e d i n t h r e e 

phases: 
The f i r s t phase s h o u l d be a p r e l i m i n a r y s u r v e y l i m i t e d i n scope 
w i t h a t a r g e t o f d e f i n i n g t h e a e r o m a g n e t i c low i n terms o f ground 
l o c a t i on. 

The second phase WCEFW encompass the f u l l t w e n t y - f o u r c l a i m s i n 
a r e c o n n a i s s a n c e t y p e program. 

The t h i r d phase wsw+d be a d e t a i l e d program c o n f i n e d t o t a r g e t s 
d e l i n e a t e d i n the e a r l i e r p h ases. 

Phase one would be a l i n e c u t t i n g magnetometer s u r v e y 
r e s t r i c t e d t o the c e n t r a l group o f c l a i m s ( A l i c e 53 t o 56 and 
A l i c e 62 and 64) (and p a r t i a l A l i c e 66-60-57-58 - 5 1-52). A n o r t h -
s o u t h b a s e l i n e s h o u l d be c u t w i t h p i c k e t l i n e s t u r n e d o f f a t 
400 f o o t i n t e r v a l s . magnetometer s u r v e y r e s u l t s the l i n e s can 
be l e n g t h e n e d o r i n t e r m e d i a t e l i n e s added. 

Phase two would c o n s i s t o f e x t e n d i n g the b a s e l i n e on 
p i c k e t l i n e s t o cov e r t h e f u l l b l o c k o f c l a i m s . S e v e r a l s e t s o f 
s u r v e y s would then be c a r r i e d o u t . A g e o l o g i c a l s u r v e y , a s o i l 
s a m p l i n g campaign and a magnetometer s u r v e y a r e recommended. In 
a d d i t i o n , an e l e c t r o m a g n e t i c s u r v e y u s i n g the Ranka EM 16 would 
o u t l i n e c e r t a i n s t r u c t u r e s and a s s i s t i n t h e f u l l i n t e r p r e t a t i o n 
o f the c l a i m s . 

Phase t h r e e would be c o n f i n e d t o t a r g e t s o u t l i n e d by 

the e a r l i e r programs. An induced p o l a r i z a t i o n s u r v e y would be 

i n c l u d e d a t t h i s t i m e . P r e l i m i n a r y diamond d r i l l i n g o f r e s t r i c t e d 
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f o o t a g e would f o l l o w the I. P. program. Dependent upon r e s u l t s a 
f u l l s c a l e g r i d - t y p e d r i l l i n g program would be l a i d on. 
E x p e n d i t u r e e s t i m a t e s f o r the recommended programs a r e : 

PHASE 1 

L i n e C u t t i n g 10 M i l e s @ $ 1 0 0 / m i l e = 1 , 0 0 0 . 0 0 

Magnetometer Survey 10 M i l e s @ $ 7 5 / m i l e = 7 5 0 . 0 0 

I n t e r p r e t a t i o n and C o n s u l t a t i o n = 500 . 0 0 

Cont i ngenci es = 7 5 0 . 0 0 

C l a i m Survey = 5 0 0 . 0 0 

$ 3 , 5 0 0 . 0 0 

PHASE 

L i n e C u t t i n g 20 M i l e s @ $100/mile = 2,000.00 
Magnetometer Survey 20 M i l e s @ $ 55/mMe = 1,500.00 

G e o l o g i c a l Survey 27 M i l e s @ $ 50 / m i l e = 1,350.00 
S o i l Sampling Survey 1,400 Samples @ $4.00/samp1e = 5,600.00 

E l e c t r o m a g n e t i c Survey 27 M i l e s @ $ 75/mile = 2,025.00 
I n t e r p r e t a t i o n and Consu1 t a t i o n = 1 ,500.00 

Cont i ngenci es = _2,025 .J2Q 

$16,000.00 

PHASE 111 

At t h i s s t a g e the number o f t a r g e t s w h i c h w i l l be d e l i n e a t e d 
a r e unknown, c o n s e q u e n t l y e s t i m a t e s of e x p e n d i t u r e s are o f l i t t l e 
va1ue. 

R e s p e c t f u l l y submi t t e d , 

W. G. H a i n s w o r t h , P. Eng. 

WGH/cu 




