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PHOEN I X GEOPHYSICS LIMITED 

NOTES O N  T H E  T H E O R Y ,  M E T H O D  O F  F I E L D  O P E R A T I O N ,  

A N D  PRESENTATION OF D A T A  

F O R  T H E  I N D U C E D  POLARIZATION M E T H O D  

Induced 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  measurement r e f e r s  

t o  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  of m e t a l l i c  o r  e l e c t r o n i c  

conduc to r s  i n  a medium o f  i o n i c  s o l u t i o n  conduct ion .  

T h i s  e l e c t r o - c h e m i c a l  phenomenon o c c u r s  wherever  

e l e c t r i c a l  c u r r e n t  i s  passed  th rough  a n  area which c o n t a i n s  m e t a l l i c  

m i n e r a l s  such  as b a s e  m e t a l  s u l p h i d e s .  Normally,  when c u r r e n t  i s  

passed through t h e  ground,  as  i n  r e s i s t i v i t y  measurements,  a l l  of t h e  

conduct ion  t a k e s  p l a c e  th rough  i o n s  p r e s e n t  i n  t h e  water c o n t e n t  of t h e  

rock ,  o r  soil, i . e .  by i o n i c  conduc t ion .  T h i s  i s  because  a lmost  a l l  

m i n e r a l s  have  a much 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  ground w a t e r ,  

The group of  m i n e r a l s  commonly d e s c r i b e d  a s  "metallic", however, 

have s p e c i f i c  r e s i s t i v i t i e s  much lower  t h a n  ground w a t e r s .  

induced 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  where t h e  

mode of conduc t ion  changes  from 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  of t h e  r o c k  t o . e l e c t r o n i c  i n  t h e  meta l l ic  m i n e r a l s  p r e s e n t  

The 
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L 
i n  t h e  rock .  

The b l o c k i n g  a c t i o n  o r  induced p o l a r i z a t i o n  ment ioned  

above, which depends  upon t h e  chemica l  e n e r g i e s  n e c e s s a r y  t o  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  from 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 lowed  t o  f l o w  th rough  

t h e  rock ;  i . e .  as i o n s  p i l e  up a g a i n s t  t h e  me ta 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  t o  c u r r e n t  f low 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  enough 

p o l a r i z a t i o n  i n  t h e  form 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 ,  t o  a p p r e c i a b l y  

r e d u c e  t h e  amount o f  c u r r e n t  f low th rough  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  each  of  t h e  i n f i n i t e  number of  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  rock. 

When t h e  d . c .  v o l t a g e  used t o  c r e a t e  t h i s  d . ~ .  c u r r e n t  

f low i s  c u t  o f f ,  t h e  Coulomb f o r c e s  between t h e  cha rged  i o n s  forming  

t h e  p o l a r i z a t i o n  c a u s e  them t o  r e t u r n  t o  t h e i r  normal  p o s i t i o n .  

movement of  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  which c a n  b e  

measured on t h e  s u r f a c e  of  t h e  ground 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 .  

T h i s  

From a n  a l t e r n a t e  v i ewpo in t  i t  c a n  b e  s e e n  t h a t  if 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 rough  t h e  sys tem 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  t h e  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  of t h e  s y s t e m  

a s  a whole w i l l  change  as  t h e  f r equency  of t h e  s w i t c h i n g  i s  changed. 

T h i s  i s  a consequence  of t h e  f a c t  t h a t  t h e  amount of c u r r e n t  f l owing  

th rough  e a c h  m e t a l l i c  i n t e r f a c e  depends upon t h e  l e n g t h  of t i m e  t h a t  

c u r r e n t  h a s  been  p a s s i n g  th rough  i t  i n  one d i r e c t i o n .  
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The v a l u e s  of  t h e  p e r  c e n t  f requency  e f f e c t  o r  F.E.  a r e  

a measurement of t h e  p o l a r i z a t i o n  i n  t h e  rock  mass. However, s i n c e  

t h e  measurement of t h e  d e g r e e  of p o l a r i z a t i o n  i s  r e l a t e d  t o  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  found 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 re  t h e  most 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  amount of 

p o l a r i z a t i o n  p r e s e n t  i n  t h e  r o c k  m a s s .  The MF v a l u e s  are o b t a i n e d  by 

no rma l i z ing  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 .  

The induced  p o l a r i z a t i o n  measurement i s  pe rhaps  t h e  most 

powerfu l  geophys ica l  method f o r  t h e  d i r e c t  d e t e c t i o n  of  meta l l ic  

s u l p h i d e  m i n e r a l i z a t i o n ,  even  when t h i s  m i n e r a l i z a t i o n  i s  of v e r y  

low c o n c e n t r a t i o n .  The lower  l i m i t  of volume p e r  c e n t  s u l p h i d e  

n e c e s s a r y  t o  p roduce  a r e c o g n i z a b l e  I P  anomaly w i l l  v a r y  w i t h  t h e  

geometry and g e o l o g i c  envi ronment  of t h e  s o u r c e ,  and t h e  method of 

e x e c u t i n g  t h e  su rvey .  However, s u l p h i d e  m i n e r a l i z a t i o n  of l e s s  t h a n  

one  p e r  c e n t  by volume h a s  been  d e t e c t e d  by t h e  I P  method under  

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 .  

The 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  method h a s  been 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  of less  t h a n  20% by volume. 

However, i t  h a s  a l s o  been  used 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  massive 

s u l p h i d e s  i n  s i t u a t i o n s  where ,  d u e  t o  s o u r c e  geometry,  d e p t h  of 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  EM method cannot  be  s u c c e s s f u l l y  

a p p l i e d .  The a b i l i t y  t o  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 ,  such  as wa te r  

f i l l e d  s h e a r  zones ,  makes t h e  I P  method a u s e f u l  t o o l  i n  checking  EM 
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anomal i e s  which a re  s u s p e c t e d  of b e i n g  due  t o  t h e s e  c a u s e s .  

I n  normal  f i e l d  a p p l i c a t i o n s  t h e  I P  method does  not 

d i f f e r e n t i a t e  between t h e  economica l ly  i m p o r t a n t  me ta l l i c  m i n e r a l s  

s u c h  as c h a l c o p y r i t e ,  c h a l c o c i t e ,  mo lybden i t e ,  g a l e n a ,  e t c . ,  and t h e  

o t h e r  m e t a l l i c  m i n e r a l s  such  as  p y r i t e .  The induced p o l a r i z a t i o n  e f f e c t  

i s  due  t o  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  rock  mass. 

O t h e r  e l e c t r o n i c  conduc t ing  m a t e r i a l s  which can  produce  a n  I P  r e sponse  

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 ,  and some forms of  h e m a t i t e .  

In t h e  f i e l d  p rocedure ,  measurements  on t h e  s u r f a c e  a re  

made i n  a way 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  changes  i n  t h e  p r o p e r t i e s  

of t h e  ground t o  b e  s e p a r a t e d  from t h e  e f f e c t s  of v e r t i c a l  changes  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  t o  t h e  ground a t  two p o i n t s  i n  d i s t a n c e  

(X)  a p a r t .  The p o t e n t i a l s  a r e  measured a t  two 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  number (n)  times 

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

The measurements a r e  made a l o n g  a surveyed  l i n e ,  w i th  

a c o n s t a n t  d i s t a n c e  (a) betwen t h e  n e a r e s t  c u r r e n t  and p o t e n t i a l  

e l e c t r o d e s .  I n  most 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  made wi th  v a r i o u s  

v a l u e s  of (n ) ;  i . e .  (n)  = 1 , 2 , 3 , 4 ,  e tc .  The k ind  of su rvey  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  number o f  v a l u e s  of (n) used.  

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  of 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 equency  e f f e c t ,  and t h e  a p p a r e n t  me ta l  f a c t o r  



measured f o r  each  set of  e l e c t r o d e  p o s i t i o n s  a re  p l o t t e d  a t  t h e  

i n t e r s e c t i o n  of g r i d  l i n e s ,  one  from t h e  c e n t e r  p o i n t  of t h e  c u r r e n t  

e l e c t r o d e s  and t h e  o t h e r  from 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 . )  

p r o f i l e ,  above t h e  metal f a c t o r  values.  On a t h i r d  l i n e ,  below t h e  metal 

f a c t o r  v a l u e s ,  a re  p l o t t e d  t h e  v a l u e s  of t h e  p e r c e n t  f requency  e f f e c t .  The 

l a t e r a l  d i sp l acemen t  of  a g i v e n  v a l u e  i s  de termined  by t h e  l o c a t i o n  a l o n g  

t h e  survey  l i n e  of t h e  c e n t e r  p o i n t  between t h e  c u r r e n t  and p o t e n t i a l  

e l e c t r o d e s .  The d i s t a n c e  of t h e  v a l u e  from t h e  l i n e  i s  de termined  by t h e  

d i s t a n c e  (nx) between t h e  c u r r e n t  and p o t e n t i a l  e l e c t r o d e s  when t h e  

measurement w a s  made. 

The r e s i s t i v i t y  v a l u e s  a re  p l o t t e d  a t  t h e  t o p  of t h e  da t a  

The s e p a r a t i o n  between s e n d e r  and r e c e i v e r  e l e c t r o d e s  i s  

o n l y  one f a c t o r  which d e t e r m i n e s  t h e  d e p t h  to which t h e  ground i s  be ing  

sampled i n  any p a r t i c u l a r  measurement.  The p l o t s  t h e n ,  when con toured ,  

a r e  n o t  s e c t i o n  maps 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  of  t h e  ground under  

t h e  su rvey  l i n e .  

m u s t  be  c a r r i e d  o u t  u s i n g  t h e  combined e x p e r i e n c e  ga ined  from f i e l d  

r e s u l t s ,  model s t u d y  r e s u l t s  and t h e  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 .  The 

p o s i t i o n  of  t h e  e l e c t r o d e s  when anomalous v a l u e s  a r e  measured i s  

impor tan t  i n  t h e  i n t e r p r e t a t i o n .  

The i n t e r p r e t a t i o n  of  t h e  r e s u l t s  from any g iven  survey  

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  which t h e  p o t e n t i a l  

d i f f e r e n c e s  are  measured i s  t h e  same as  t h e  i n t e r v a l  o v e r  which t h e  

e l e c t r o d e s  a r e  moved a f t e r  a ser ies  of p o t e n t i a l  r e a d i n g s  h a s  been made. 
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c 
One of  t h e  advan tages  of  t h e  induced  p o l a r i z a t i o n  method i s  t h a t  t h e  

s a m e  equipment can  b e  used f o r  b o t h  d e t a i l e d  and r e c o n n a i s s a n c e  s u r v e y s  

mere ly  by changing  t h e  d i s t a n c e  (X) o v e r  which t h e  e l e c t r o d e s  are  moved 

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  have been used r ang ing  from 2 5  f e e t  

t o  2000 f e e t  f o r  ( X ) .  I n  each  case, t h e  d e c i s i o n  as t o  t h e  d i s t a n c e  ( X )  

and t h e  v a l u e s  of (n) t o  b e  used  i s  l a r g e l y  de t e rmined  by t h e  expec ted  

s i z e  of t h e  mine ra 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  of t h e  expec ted  anomaly 

and t h e  speed w i t h  which i t  i s  d e s i r e d  t o  p r o g r e s s .  

The d iagram i n  F i g u r e  A d e m o n s t r a t e s  t h e  method used 

i n  p l o t t i n g  t h e  r e s u l t s .  Each v a l u e  of  t h e  a p p a r e n t  r e s i s t i v i t y ,  appa ren t  

m e t a l  f a c t o r ,  and a p p a r e n t  p e r  cent f r equency  e f f e c t  i s  p l o t t e d  and 

i d e n t i f i e d  by t h e  p o s i t i o n  of  t h e  f o u r  e l e c t r o d e s  when t h e  measurement 

w a s  made. It can  be s e e n  t h a t  t h e  v a l u e s  measured f o r  t h e  l a r g e r  v a l u e s  

o f  (n) a re  p l o t t e d  f a r t h e r  from t h e  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  of 

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

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

The I P  measurement i s  b a s i c a l l y  o b t a i n e d  by measuring 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  two o p e r a t i n g  

f r e q u e n c i e s .  The v o l t a g e  i s  t h e  p r o d u c t  of  t h e  c u r r e n t  through t h e  ground 

and t h e  a p p a r e n t  r e s i s t i v i t y  of  t h e  ground. 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  

where t h e  c u r r e n t  is  v e r y  low due  t o  poor e l e c t r o d e  c o n t a c t ,  or 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  low,  o r  a combina t ion  of t h e  two e f f e c t s ;  t h e  

v a l u e  of  ( A V )  t h e  change i n  p o t e n t i a l  w i l l  b e  t o o  s m a l l  t o  be  measurable .  

The symbol "TL" on 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 .  
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I n  some 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  man made o r  n a t u r a l ,  

w i l l  r ende r  i t  i m p o s s i b l e  t o  o b t a i n  a r e a d i n g .  

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  which i t  i s  t o o  n o i s y  t o  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  be o b t a i n e d ,  b u t  f o r  r e a s o n s  of n o i s e  t h e r e  i s  some doubt  

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  ( ). 

The symbol "N" o n  t h e  

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  of Apparent  Frequency  

E f f e c t  a r e  r e c o r d e d .  T h i s  may be due  t o  t h e  g e o l o g i c  environment  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 .  The a c t u a l  n e g a t i v e  f r equency  e f f e c t  v a l u e  

recorded  i s  i n d i c a t e d  o n  t h e  d a t a  p l o t ,  however,  t h e  symbol "NEG" i s  

i n d i c a t e d  € o r  t h e  c o r r e s p o n d i n g  v a l u e  of Apparen t  Metal F a c t o r .  I n  

con tour ing  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  t o  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  immedlate  v i c i n i t y  of t h e  n e g a t i v e  v a l u e .  

The symbol  "NR" i n d i c a t e s  t h a t  f o r  some 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  t o  r e c o r d  a r e a d i n g  a l t h o u g h  normal su rvey  p r o c e d u r e s  

would sugges t  t h a t  o n e  w a s  r e q u i r e d .  T h i s  may be d u e  t o  i n a c c e s s i b l e  

topography o r  o t h e r  s i m i l a r  r e a s o n s .  Any symbol o t h e r  t h a n  t h o s e  

d i s c u s s e d  above is  u n i q u e  t o  a p a r t i c u l a r  s i t u a t i o n  and i s  d e s c r i b e d  w i t h i n  

t h e  body of t h e  r e p o r t .  

PHOENIX GEOPHYSICS LIMITED. 
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M E T H O D  U S E D  I N  P L O T T I N G  D I P O L E -  D I P O L E  

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

._ -x  - =  n x  - x- I 
I 

! I a a 1 
I 2 3 4 5 : 6 7 8 9 

. .  - 
S f o f t o n s  on l ine x = E l e c l r o d e  spread l e n g t h  

n = E l e c t r o d e  s e p a r o l l o n  
t 1 

I 
1 -  A 

9 

P P P P P P 

P P P P P i  

P P P P ,  

n - 1  1,2- 3,4 2,3-4,5 3.4-5.6 4,5-6,7 5,6-7,8 6,7-8,9 

t.z-4.s 2.3-5.6 3.4-6,7 4,5-7,8 5,6-8,9 Apparent R e s i s f i v i t y  n - 2  

n - 3  1,2-5,6 2,3-6,7 3.4-7.8 4.5-8.9 

n - 4  1,2-6.7 2,3-7,8 3,4-8,9 
P P P 

J 

9 

1,2-3,4 2 3 - 4 3  3.4-5,6 4,s-6,7 5,6-7,8 6,7-8,9 
M.F.- M.F.' - ME---. M.E '. M.E 

M.F. M.F. M .  F. M.F 
n - 3  1,2-5,6 23-6.7 3,4-7,8 4,5-8.9 A p p a r e n t  Metal F a c t o r  

M . F. M.F. M. F. 

n - 2  13-4.5 23-5.6 3.4-6.7 4,5-7,8 5,6-8,9 

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

F. E. Fa E. F. L F.E. F. E. 

F. E. - F. E. F.E. F. E. 
n - 2  1.2-4.5 2,3-5,6 3.4-6.7 4,5-7,8 5,6-8,9 

n - 3  1.2-5,6 22-6,7 3.4-7.8 4,5-8,9 *pparen Percent 
F. E. F. E. F r e q u e n c y  Effect  F. E. 

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

F i g .  A 



PHOENIX 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  

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

A N D  R E S I S T I V I T Y  S U R V E Y  

O N  T H E  

KISPIOX P R O P E R T Y ,  H A Z E L T O N  A R E A  

O M I N E C A  M I N I N G  D I V I S I O N ,  B . C .  

F O R  

A M O C O  C A N A D A  PETROLEUM COMPANY L T D .  

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

An 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  su rvey  has  been c a r r i e d  

o u t  f o r  h o c 0  Canada Pe t ro leum Company L t d . ,  on t h e i r  Kisp iox  P r o p e r t y  i n  

t h e  Omineca Mining D i v i s i o n .  

Haze l ton ,  B . C .  The c e n t r e  of t h e  c l a im group i s  p o s i t i o n e d  a t  about  

127' 45.5'  w e s t  l o n g i t u d e  and 55 22.5 '  n o r t h  l a t i t u d e .  ( F i g . # l ) .  

The p r o p e r t y  i s  l o c a t e d  abou t  1 4 . 5  km NNW of 

0 

Access t o  t h e  p r o p e r t y  i s  v i a  a secondary  g r a v e l  road n o r t h  from 

Hazel ton  t o  Ki sp iox  and then  NW by a bush road  t o  t h e  p r o p e r t y .  

The o b j e c t  of t h e  survey  w a s  t o  e x p l o r e  f o r  economic c o n c e n t r a t i o n s  

of metall ic s u l f i d e s  which might be a s s o c i a t e d  w i t h  molybdenum m i n e r a l i z a t i o n .  

The su rvey  w a s  c a r r i e d  o u t  i n  J u l y ,  1979 under  t h e  s u p e r v i s i o n  of 
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w P a r t y  Ch ie f ,  John  Marsh. H i s  c e r t i f i c a t e  of q u a l i f i c a t i o n  i s  appended t o  

t h i s  r e p o r t .  

T h i s  s u r v e y  i s  a n  e x t e n s i o n  of a n  ea r l i e r  survey  c a r r i e d  o u t  on 

t h e  Kisp iox  p r o p e r t y  by Phoenix Geophysics  Limi ted  i n  October ,  1975. 

A Phoenix  IPT-1, IPV-1 f requency  domain IP  sys tem o p e r a t i n g  a t  

0 .3  and 5 .0  Hz w a s  u sed  f o r  t h e  survey .  

2. DESCRIPTION O F  CLAIMS 

The K i s p i o x  p r o p e r t y  i s  h e l d  by Amoco under a n  op t ion ' ag reemen t  

w i t h  Messrs. John  and  Earl Sa rgen t .  

F i g u r e  82 shows t h e  Burn C l a i m  Group c o n s i s t i n g  of Burn 3 ,  4 and 

16 c l a ims .  The f i g u r e  a l s o  i l l u s t r a t e s  t h e  r e l a t ive  p o s i t i o n  of t h e  survey  

g r i d  t o  t h e  c la ims.  

'CI 
3 .  P R E S E N T A T I O N  OF RESULTS 

The 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  r e s u l t s  are  shown on t h e  

fo l lowing  d a t a  p l o t s  i n  t h e  manner d e s c r i b e d  i n  t h e  n o t e s  p reced ing  t h i s  

r e p o r t .  

L ine  

94N 

98N 

1 OON 

102N 

104N 

106N c 

E l e c t r o d e  I n t e r v a l  

100 meters 

100 meters 

60 meters 

200 meters 

100 meters 

100 meters 

100 meters 

100 meters 

Dwg.No. 

IP 5164-1 

I P  5164-2 

IP 5164-3 

I P  5164-4 

I P  5164-5 

I P  5164-6 

I P  5164-7 

I P  5164-8 



- 3 -  

A l s o  enc losed  w i t h  t h i s  r e p o r t  i s  Dwg. I . P . P .  3071 , a p l a n  map 

w of t h e  Kispiox P r o p e r t y  G r i d  a t  a scale of  1:5000. The d e f i n i t e ,  p robab le  

and p o s s i b l e  Induced P o l a r i z a t i o n  anomal i e s  are i n d i c a t e d  by b a r s ,  i n  t h e  

manner shown on t h e  l egend ,  on t h i s  p l a n  map as  w e l l  a s  on t h e  d a t a  p l o t s .  

These b a r s  r e p r e s e n t  t h e  s u r f a c e  p r o j e c t i o n  of t h e  anomalous zones as 

i n t e r p r e t e d  from t h e  l o c a t i o n  of t h e  t r a n s m i t t e r  and r e c e i v e r  e l e c t r o d e s  

when t h e  anomalous v a l u e s  were measured. 

S ince  t h e  Induced P o l a r i z a t i o n  measurement i s  e s s e n t i a l l y  a n  

a v e r a g i n g  p rocess ,  as are  a l l  p o t e n t i a l  methods,  i t  i s  f r e q u e n t l y  d i f f i c u l t  

t o  e x a c t l y  p i n p o i n t  t h e  s o u r c e  of a n  anomaly. C e r t a i n l y ,  no anomaly can 

be  l o c a t e d  w i t h  more accuracy  than  t h e  e l e c t r o d e  i n t e r v a l  l e n g t h ;  i . e .  when 

u s i n g  100m e l e c t r o d e  i n t e r v a l s  t h e  p o s i t i o n  of a narrow s u l p h i d e  body can  

o n l y  be determined t o  l i e  between two s t a t i o n s  l O O m  a p a r t .  I n  o r d e r  t o  

d e f i n i t e l y  l o c a t e ,  and f u l l y  e v a l u a t e ,  a narrow,  sha l low source  i t  i s  

n e c e s s a r y  t o  use  s h o r t e r  e l e c t r o d e  i n t e r v a l s .  I n  o r d e r  t o  l o c a t e  s o u r c e s  
'cr 

a t  some depth ,  l a r g e r  e l e c t r o d e  i n t e r v a l s  must be  used ,  w i t h  a co r re spond ing  

i n c r e a s e  i n  t h e  u n c e r t a i n t i e s  of  l o c a t i o n .  The re fo re ,  wh i l e  t h e  c e n t r e  of 

t h e  i n d i c a t e d  anomaly probably  co r re sponds  f a i r l y  w e l l  w i t h  s o u r c e ,  t h e  l e n g t h  

of  t h e  i n d i c a t e d  anomaly a l o n g  t h e  l i n e  shou ld  n o t  be taken  t o  r e p r e s e n t  

t h e  e x a c t  edges of t h e  anomalous m a t e r i a l .  

The c l a i m  and Gr id  i n f o r m a t i o n  shown on Dwg. I . P . P .  3071 h a s  been 

t aken  from maps made a v a i l a b l e  by t h e  s t a f f  of h o c 0  Canada Pe t ro leum Company 

Ltd .  Also shown on  Dwg. I.P.P.3071 a re  IP anomaly l o c a t i o n s  ob ta ined  from a 

p r e v i o u s  survey .  T h i s  i n f o r m a t i o n  w a s  p rovided  by Amoco. 
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4 .  DESCRIPTION OF GEOLOGY 

North trending moderately west dipping arkose, argillite and shale 

of the Jurassic Hazelton Group underlie much of the Kispiox property. 

Intrusive into these sedimentary rocks are several small stocks and dyke-like 

bodies of granodiorite and biotite feldspar-porphyry of Cretaceous 

to Tertiary age. Weak molybdenite and chalcopyrite mineralization occur in 

both intrusive varieties and in the altered hornfelsed sediments surrounding 

the intrusive bodies. 

5 .  DISCUSSION OF RESULTS 

The .recently completed extension of the IP survey on the Kispiox 

property has delinated the high resistivity core. A modified interpretation 

of sub-surface resistivities is shown in Dwg,I.P.P. 3071. This interpretation 

has outlined a high resistivity core surrounded by intermediate and l o w  

magnitude resistivities. b 
Apparent resistivities are influenced by one or more of the 

following factors or conditions; rock type; depth and nature of overburden; 

rock alteration which can result .in either increased or decreased resistivities; 

physical deformation such as faulting, brecciation etc; and/or mineralization. 

The high resistivity core likely reflects the less porous acid 

intrusives while the lower resistivities could reflect sedimentary horizons 

or a pyritic halo related t o  the intrusive. A zone of intermediate magnitude 

resistivities could reflect either hornfelsed sediments or altered intrusives. 

The high resistivity core displays a low but consistent frequency 

effect. This would suggest weakly disseminated metallic material in the acid 

intrusives. 

metallic sulfides. A few magnetometer profiles would investigate the possible 

The source of these frequency effects could be magnetite or 
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contribution from magnetite. 

A line by line description of the current IP survey results 

follows : 

Line 94N - Dwg. IP 5164-1 

The extended survey shows a dramatic drop in resistivities and 

increase in recorded IP effects. A s  a result the high resistivity core 

is delineated to the west and the low to intermediate magnitude resistivities 

were encountered along the west grid boundary. Weak to moderate magnitude 

IP effects correlate with the lower resistivities. 

Line 98N - Dwg. IP 5164-2,-3,-4 

Line 98N was extended to the west with l O O m  electrode intervals, 

detailed with shorter 60m intervals and investigated at greater depth with 

200m intervals. 

The lOOm survey extends the high resistivity core to the west, 

but suggests a limited depth extent of the higher resistivity material and 

confirms a narrow embayment of intermediate resistivities at 96+50E. A 

weak IP anomaly showing some depth to the source is centered at 96+50E. 

Noderate magnitude IP effects occur at the west end of the line correlating 

with the intermediate resistivity levels. 

The 6Om detail survey confirms the l O O m  results. The lower 

resistivity embayment isconfirmedand better defined at 96+70E. The weak 

but consistent frequency effects within the higher resistivities are also 

confirmed. The detail does suggest some variation in IP effect with 

stronger anomalies centred at 96+70E, 98+50E and 99+70E. 

The 200m survey basically confirms the results at the 6Om and 
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loom intervals. There i s  a suggestion that lower resistivity material dips 

under the higher resistivity core both to the east and west. Missed 

readings beneath lOlE unfortunately prevent investigation of resistivity 

levels in this vicinity. 

V 

Line 100N, Dwg. IP 5164-5 

The lOOm line extension again delineates the high resistivity 

core to the west. There is a definite indication of the lower resistivity 

material dipping easterly under the higher resistivities. 

Moderate magnitude IP effects correlate with the low resistivities 

at the west end of the line. 

Line 102N, Dwg. IP 5164-6 

This line is located north of the core of higher resistivities 

and is located entirely within the l o w  and intermediate resistivity environ- 

ment . 
* 

A strong IP anomaly occurs at the east end of the line correlating 

with very low resistivities. A moderate magnitude IP anomaly has been located 

at the west end of the grid line. Weak IP anomalies centred at 94E and 

97E both show some distance to the source estimated at about 25-50m. In 

both cases it could be a side effect from the strong IP anomalies encountered 

on Line 104N. 

Line 104N, Dwg. IP 5164-7 

This line lies almost entirely within the low to very low resistivity 

environment. Locally, intermediate magnitude resistivities were located 

at 95+50E and 104+50E. 

The line is almost continuously anomalous and IP effects are 
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moderate  t o  s t r o n g .  Some depth  t o  t h e  s o u r c e  i s  i n d i c a t e d  a t  92E, 99E - 

100E, and a t  t h e  east end of t h e  g r i d  l i n e  a t  abou t  106+50E. 

L ine  106N, Dwg. IP  5164-8 

Only a s h o r t  s e c t i o n  of  L ine  106N w a s  su rveyed .  A r e s i s t i v i t y  

change w a s  i n d i c a t e d  a t  about  92+50E w i t h  i n t e r m e d i a t e  l eve ls  t o  t h e  w e s t .  

T h i s  may be a n  i n d i c a t i o n  of a g e o l o g i c a l  change t o  t h e  no r thwes t .  The 

remainder  of t h e  l i n e  shows low res i s t iv i t ies  and s t r o n g  I P  e f f e c t s .  Some 

d e p t h  t o  t h e  s o u r c e  i s  sugges ted  and e s t i m a t e d  a t  a b o u t  25 - 50 meters. 

6.  S U H M A R Y  A N D  C O N C L U S I O N S  

An ea r l i e r  I P  and R e s i s t i v i t y  su rvey  of t h e  Ki sp iox  p r o p e r t y  has  

been extended t o  t h e  west and n o r t h .  A s  a r e s u l t ,  t h e  h i g h  r e s i s t i v i t y  c o r e  

h a s  been o u t l i n e d  and b e t t e r  d e f i n e d  and t h e  s u r r o u n d i n g  lower r e s i s t i v i t y  

a r e a s  a r e  a l s o  b e t t e r  l o c a t e d .  

The amount of follow-up i n v e s t i g a t i o n  of t h e  earlier I P  survey  

i s  n o t  known. C e r t a i n l y  t h e  s o u r c e  of t h e  moderate  t o  s t r o n g  I P  e f f e c t s  

which sur round t h e  h igh  r e s i s t i v i t y  c o r e  are  l i k e l y  known as a r e s u l t  of 

e a r l i e r  i n v e s t i g a t i o n s .  I f  n o t ,  a n  a t t e m p t  shou ld  b e  made t o  de te rmine  

t h e  sou rce  material  of t h e s e  anomalous I P  e f f e c t s .  

Very l i t t l e  I P  r e sponse  i s  o b t a i n e d  from t h e  m i n e r a l  molybdeni te .  

Sometimes t h e r e  are s u f f i c i e n t  metall ic.  s u l f i d e s  such  as p y r i t e  and cha lco-  ' 

p y r i t e  w i t h  t h e  molybdeni te  t o  cause  r e c o g n i z a b l e  I P  anomal ies .  In  o t h e r  

cases, t h e  meta l l ic  s u l f i d e s  occur  as  an  a u r e o l e  su r round ing  t h e  molybdeni te  

m i n e r a l i e d  body. Th i s  causes  a su r round ing  I P  anomaly w i t h  l i t t l e  o r  no 

IP  e f f e c t  from t h e  molybdeni te  c o n t a i n i n g b o d y .  For t h i s  r e a s o n ,  i t  i s  

recommended t h a t  s e v e r a l  v e r t i c a l  h o l e s  be d r i l l e d  t o  i n v e s t i g a t e  t h e  h igh  
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resistivity core. 

I-.--. 

Geologist 

HALLOF Philip G. H a l l o f ,  Ph. 
Geophysicist 

Expiry Dzts: F s h r a r y  25, 1980 

Dated: October 4 ,  1979 
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ASSESSMENT DETAILS 

PROPERTY: K i s p i o x  P r o p e r t y  M I N I N G  DIVISION : Omineca 

SPONSOR: Amoco Canada P e t r o l e u m  Co. L t d .  PROVINCE : B r i t i s h  Columbia  

LOCATION: H a z e l t o n  Area 

TYPE OF SURVEY: I n d u c e d  P o l a r i z a t i o n  
& R e s i s t i v i t y  

OPERATING MAN DAYS: 14.0 DATE STARTED: J u l y  9 ,  1979 

EQUIVALENT 8 HR. MAN DAYS: 21 .0  DATE FINLSHED: J u l y  1 7 ,  1979 

CONSULTING MAN DAYS: 2 .0 NUMBER OF STATIONS: 120 

DRAFTING MAN DAYS: 8 . 0  NUMBER OF READINGS: 873 

TOTAL MAN DAYS : 31.0 KM OF LINE SURVEYED: 11 .5  

CONSULTANTS : 

w A.W. Mul l an ,  310 - 885 Dunsmuir S t r e e t ,  Vancouver ,  B . C .  
P.G. H a l l o f ,  15 Barnwood C o u r t ,  Don M i l l s ,  O n t a r i o .  

FIELD TECHNICIANS : 

J. Marsh, 310 - 885 Dunsmuir S t r e e t ,  Vancouver ,  B . C .  
G. R i c h a r d s o n ,  4161 Crown C r e s c e n t ,  Vancouver ,  B . C .  
E x t r a  Labourer . :  : 
P. Mul l an ,  1440 S a n d h u r s t  P l a c e ,  West Vancouver ,  B .C .  

DRAUGHTSMEN : 

R. C. N o r r i s ,  3000 - 106 V i c t o r i a  P a r k  Avenue, W i l l o w d a l e ,  O n t a r i o .  
R . J .  P r y d e ,  R . R . # l ,  S h a r o n ,  O n t a r i o .  
P . J .  Anderson ,  40 L a n d f a i r  Cres., S c a r b o r o u g h ,  O n t a r i o .  
B. Boden, R . R . # l ,  O m e m e e ,  O n t a r i o .  

L 
Dated:  O c t o b e r  4 ,  1979 
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STATEMENT O F  COST 

Amoco Canada Pe t ro leum Company L td .  - I P  Survey 
Omineca Mining D i v i s i o n ,  H a z e l t o n ,  B.C.  

CREW: J. Marsh - G. R icha rdson  

PERIOD : J u l y  9 - J u l y  17,  1979 

7 Opera t ing  days  

2 days  1 Standby 
1 Bad Weather ) 

M o b i l i z a t i o n  

EXPJNSES : 

V e h i c l e  18.50 
Meals 95.54 
S u p p l i e s  13.29 
Telephone 25.00 

152.33 
+ 10% 15.23 

EXTRA LABOURERS 450.00 

+ 20% 90.00 

@ $490.00/day 

@ $190.00/day 

$3,430.00 

380.00 

1,285 .OO 

167.56 

540.00 

$5,802.56 

------.-.: 
G e o l o g i s t  

Dated: October 4 ,  1979 
W 



EVALUATION OF WORK : ADDENDUM 

1. Linecutting: From June 1 to June 15, 1979, 6050 metres 

of line were cut and chained. 

a) Costs: 

9 days (18 mandays) at $230.00/day = $2070. 

50. 1 standby day at $50.00/day - - 

TOTAL $2120. 
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CERTIFICATE 

I-, Ashton W. Mul l an ,  o f  t h e  C i t y  o f  Vancouver, i n  t h e  P r o v i n c e  

o f  B r i t i s h  Columbia, h e r e b y  c e r t i f y :  

1. That  I a m  a g e o l o g i s t / g e o p h y s i c i s t  and a f e l l o w  o f  t h e  G e o l o g i c a l  

A s s o c i a t i o n  of Canada, Geophys ics  D i v i s i o n ,  w i t h  a b u s i n e s s  a d d r e s s  a t  

310 - 885 Dunsmuir S t r e e t ,  Vancouver ,  B . C .  

2 .  That I a m  r e g i s t e r e d  a s  a m e m b e r  o f  t h e  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 t h e  P r o v i n c e s  o f  O n t a r i o  and B r i t i s h  Columbia. 

3 .  That  I h o l d  a B.Sc. d e g r e e  from M c G i l l  U n i v e r s i t y .  

4 .  That I have  been  p r a c t i s i n g  my p r o f e s s i o n  as a g e o l o g i s t / g e o p h y s i c i s t  

f o r  o v e r  twen ty - f ive  y e a r s .  

5. I have no d i r e c t  o r  i n d i r e c t  i n t e r e s t ,  n o r  do I e x p e c t  t o  r e c e i v e  

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

Amoco Canada Pe t ro l eum Company L t d . ,  o r  any a f f i l i a t e  

6 .  The s t a t e m e n t s  made i n  t h i s  r e p o r t  are based  on a s t u d y  of p u b l i s h e d  

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

7 .  Pe rmis s ion  i s  g r a n t e d  t o  u s e  i n  whole o r  i n  p a r t  f o r  assessment  and 

q u a l i f i c a t i o n  r e q u i r e m e n t s  b u t  

Dated a t  Vancouver 

T h i s  4 t h  day of October ,  1979 

n o t  f o r  a d v e r t i s i n g  purpose$,. 
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CERTIFICATE 

I ,  P h i l i p  George H a l l o f ,  of t h e  C i t y  of T o r o n t o ,  P r o v i n c e  of 

O n t a r i o ,  d o  h e r e b y  c e r t i f y  t h a t :  

1. I a m  a g e o p h y s i c i s t  r e s i d i n g  a t  15 Barnwood C o u r t ,  Don M i l l s ,  

O n t a r i o .  

2. I a m  a g r a d u a t e  of t h e  M a s s a c h u s e t t s  I n s t i t u t e  o f  Technology 

w i t h  a B.Sc. Degree (1952) i n  Geology and Geophys ic s ,  and a Ph.D. 

Degree (1957) i n  Geophysics .  

3 .  I am a member of t h e  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  and 

t h e  European A s s o c i a t i o n  of t h e  E x p l o r a t i o n  G e o p h y s i c i s t s .  

4. I a m  a P r o f e s s i o n a l  G e o p h y s i c i s t ,  r e g i s t e r e d  i n  t h e  P r o v i n c e  

of O n t a r i o ,  t h e  P r o v i n c e  of B r i t i s h  Columbia and t h e  S t a t e  of Arizona.  

5. I have  no  d i r e c t  o r  i n d i r e c t  i n t e r e s t ,  n o r  do I e x p e c t  t o  receive 

any i n t e r e s t  d i r e c t l y  o r  i n d i r e c t l y ,  i n  t h e  p r o p e r t y  o r  s e c u r i t i e s  of 

Amoco Canada Pe t ro leum Company L t d . ,  o r  any a f f i l i a t e .  

6. The s t a t e m e n t s  made i n  t h i s  r e p o r t  a r e  based on a s t u d y  of 

p u b l i s h e d  g e o l o g i c a l  l i t e r a t u r e  and unpub l i shed  p r i v a t e  r e p o r t s .  

7. P e r m i s s i o n  i s  g r a n t e d  t o  u s e  i n  whole o r  i n  p a r t  f o r  a s ses smen t  

and q u a l i f i c a t i o n  r e q u i r e m e n t s  b u t  n o t  f o r  a d v e r t i s i n g  pu rposes .  

Dated a t  T o r o n t o  

This  4 t h  day o f  Oc tobe r ,  1979 

Expirjj Da;e; February 25, 1980 
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CERTIFICATE 

I, JOHN MARSH, of t h e  M u n i c i p a l i t y  of 
N o r t h  York, O n t a r i o ,  DO HEREBY CERTIFY THAT: 

1. I am a g e o p h y s i c a l  c r e w  l e a d e r  r e s i d i n g  a t  
2 0 0  Yorkland  Blvd.  , W i l l o w d a l e ,  O n t a r i o .  

2 .  I a m  a g r a d u a t e  of t h e  C i t y  of Norwich 
T e c h n i c a l  C o l l e g e ,  U . K . ,  o r d i n a r y  N a t i o n a l  C e r t i f i c a t e  

( E l e c t r i c a l  E n g i n e e r i n g )  

3 .  I worked w i t h  McPhar Geophys ics  Company f r o m  
1 9 6 8  t o  1 9 7 5  as a g e o p h y s i c a l  c r e w  l e a d e r .  

4 .  I a m  p r e s e n t l y  employed a s  a g e o p h y s i c a l  
c r e w  l e a d e r  by P h o e n i x  Geophys ic s  Ltd .  of 
1424 - 355 B u r r a r d  S t ree t ,  Vancouver ,  B.C. 

Dated a t  Vancouver,  B.C. 

T h i s  2 9 t h  Day of July, 1 9 7 7  

\ I  

John Marsh 
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