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1. INTRODUCTION 

Induced 

been  completed on 

P o l a r i z a t i o n  and  R e s i s t i v i t y  Surveys  have 

two s e p a r a t e  g r i d s  on t h e  Ta Hoola P r o j e c t ,  

Kamloops Mining D i v i s i o n ,  B r i t i s h  Columbia,  on b e h a l f  o f  

SMD Mining Company L t d . ,  p r o p e r t y  o p e r a t o r  and owner.  

The p r o p e r t y  is l o c a t e d  a p p r o x i m a t e l y  100  k i l o -  

meters due n o r t h  o f  t h e  C i t y  of Kamloops, B . C .  Access is  

v i a  t h e  Yellowhead Highway t o  t h e  hamle t  of L i t t l e  F o r t ,  B . C . ,  

and t h e n  w e s t  on Highway 24 f o r  a p p r o x i m a t e l y  1 2  k i l o m e t e r s  

b e f o r e  t u r n i n g  nor thward  on l o g g i n g  r o a d s  which t r a v e r s e  

t h e  p r o p e r t y .  

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

area h a s  been p r o v i d e d  by t h e  s t a f f  o f  SMD Mining C o .  L td .  ' 

"Geo log ica l  mapping on t h e  p r o p e r t y  h a s  o u t l i n e d  

t h e  Upper T r i a s s i c  ( N i c o l a  Group) ,  and Lower t o  Middle  Jurass ic  

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

v o l c a n i c  f l o w s ,  p y r o c l a s t i c  and e p i c l a s t i c  r o c k s  have  been  i n -  

t r u d e d  by s e v e r a l  Upper T r i a s s i c  d i o r i t e  p l u g s ,  and a younger 

m i c r o g r a n i t e  po rphyry .  The v o l c a n i c  r o c k s  a d j a c e n t  t o  t h e  

m i c r o g r a n i t e  porphyry  have  been a l t e r e d  t o  a b i o t i t e  

h o r n f e l s .  

The r o c k s  a round t h e  m i c r o g r a n i t e  po rphyry  s t o c k  

have  undergone v a r y i n g  d e g r e e s  of a l t e r a t i o n  and p y r i t i z a t i o n  

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

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

The r o c k s  on t h e  T a  Hoola 1-6 claims have  been 
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f o l d e d  and b l o c k - f a u l t e d .  T i g h t ,  i s o c l i n a l  f o l d i n g  w i t h  

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

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

120° t o  140°, p a r a l l e l  t o  t h e  s t r i k e  o f  t h e  b e d s ,  b u t  t h e i r  

p lunge  is n o t  know. A large f a u l t  zone  t r e n d i n g  130° t o  

1400 rough ly  p a r a l l e l s  t h e  c o n t a c t  between t h e  p r e d o m i n a n t l y  

v o l c a n i c  and v o l c a n i c - e p i c l a s t i c  f a c i e s " .  

"To t h e  s o u t h  and east  o f  t h e  m i c r o g r a n i t e  por -  

phyry  s t o c k s ,  l e a d - s i l v e r - c o p p e r  m i n e r a l i z a t i o n  is a s s o c i a t e d  

w i t h  an a r e a l l y  e x t e n s i v e  zone  of b r e c c i a t i o n  and a l t e r a t i o n .  

These l e a d - s i l v e r  and coppe r  a n o m a l i e s  are p e r i p h e r a l  t o  a 

cen t r a l  molybdenum c o r e  s u g g e s t i n g  t h a t  t h e y  are a s s o c i a t e d  

w i t h  a c a l c - a l k a l i n e  s y s t e m " .  

O b j e c t i v e  o f  t h e  p r e s e n t  I P  and R e s i s t i v i t y  s u r v e y s  

w a s  t o  o u t l i n e  any metal l ic  s u l p h i d e  m i n e r a l i z a t i o n  p r e s e n t  

on t h e  two g r i d  areas i n  q u e s t i o n .  

Phoen ix  Model IPV-1 I P  and R e s i s t i v i t y  r e c e i v e r  

u n i t s  w e r e  used i n  c o n j u n c t i o n  w i t h  Phoenix  Model IPT-1 I P  

and R e s i s t i v i t y  t r a n s m i t t e r s  powered by  1 . 0  kw m o t o r - g e n e r a t o r s .  

IP  e f f e c t  is r e c o r d e d  d i r e c t l y  as P e r c e n t  Frequency  E f f e c t  

( P . F . E . )  a t  o p e r a t i n g  f r e q u e n c i e s  o f  4 .0  H z  and  0.25 H z .  

Apparent  r e s i s t i v i t y  v a l u e s  are n o r m a l i z e d  i n  u n i t s  of  ohm- 

m e t e r s ,  w h i l e  m e t a l  factor v a l u e s  are c a l c u l a t e d  a c c o r d i n g  t o  

t h e  fo rmula :  M.F. =(P.F.E.  x 1000)  + Apparent  R e s i s t i v i t y .  

D i p o l e - d i p o l e  a r r a y  w a s  u t i l i z e d  t o  make a l l  o f  t h e  
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measu remen t s ,  w i t h  a bas ic  i n t e r e l e c t r o d e  d i s t a n c e  of 50 

meters. 

Four d i p o l e  s e p a r a t i o n s  were recorded i n  e v e r y  

case. Number of l i n e  k i l o m e t e r s  s u r v e y e d  d u r i n g  t h e  

p r e s e n t  s u r v e y  w a s  85.35 l i n e  k i l o m e t e r s .  

F i e l d  work w a s  carried out d u r i n g  J u n e ,  J u l y  and  

August  1 9 8 2 ,  u n d e r  t h e  s u p e r v i s i o n  o f  M e s s r s . S t e p h e n  H e n s h a l l ,  

Maur i ce  P a r e n t ,  John  Marsh and  Glen  M u l l a n ,  g e o p h y s i c a l  

crew leaders. T h e i r  c e r t i f i c a t e s  o f  q u a l i f i c a t i o n  are 

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

on t h e  s i t e  d u r i n g  t h e  c o u r s e  o f  two v i s i t s  t o  t h e  area. 

, 
2 .  DESCRIPTION O F  CLAIMS 

The Ta Hoola P r o p e r t y  c o n s i s t s  o f  13 c l a i m s  

c o m p r i s i n g  190 u n i t s ,  a n d  w a s  s t a k e d  i n  1981. 

Owner of t h e  claims is  SMD Mining  C o .  L t d .  

O p e r a t o r  i s  SMD Min ing  C o .  L t d .  

3 .  PRESENTATION OF DATA 

The 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  

are shown on  t h e  f o l l o w i n g  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 r e c e d i n g  t h i s  repor t .  
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a )  Ta  Hoola 1-6 Grid 

LINE 

119+52N 

118+23N 

117+08N 

114+64N 

113+42N 

112+20N 

111+00N 

109+76N 

108+54N 

107+32N 

106+10N 

104+88N 

104+88N 

103+00N 

103+00N 

102+44N 

102+44N 

101+22N 

101+22N 

100+00N 

100+00N 

99+00N 

99+00N 

97+56N 

97+56N 

96+00N 

95+12N 

93+90N 

92+68N 

91+46N 

90+24N 

ELECTRODE INTERVAL 

50 meters 
50 meters 
50 meters 
50 meters 

50  meters 
50  meters 
50 meters 
50 meters 
50  meters 
50 meters 
50 meters 
50 meters 
50  meters 
50 meters 
50 meters 
50 meters 
50 meters 
50  meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 

DWG. NO. 

I .P .  -5826-1 

1.P.-5826-2 

I .  P.  -5826-3 

1.P.-5826-4 

1.P.-5826-5 

1.P.-5826-6 

1.P.-5826-7 

1.P.-5826-8 

1.P.-5826-9 

I .P.-5826-10 

I .  P.  -5826-11 

1.P.-5826-12 

1.P.-5826-13 , 

I.P.-5826-14 

1.P.-5826-15 

I .  P. -5826-16 

1.P.-5826-17 

1.P.-5826-18 

I .  P.  -5826-19 

1.P.-5826-20 

1.P.-5826-21 

1.P.-5826-22 

1.P.-5826-23 

1.P.-5826-24 

I .  P .  -5826-25 

I .  P.  -5826-26 

1.P.-5826-27 

I .P .  -5826-28 

1.P.-5826-29 

1.P.-5826-30 

1.P.-5826-31 
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LINE 

89+02N 
87+80N 
86+58N 
85+36N 
83+50N 
82+86N 
81+56N 
80+06N 
1+00E 
2+00E 
3+00E 

ELECTRODE INTERVAL 

50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 

b) Ta Hoola 9-12 Grid 

8+OOS 

9+oos 
1o+oos 
11+oos 
12+00s 
13+00S 
14+00S 
15+00S 
16+00S 
17+00S 
18+00S 
19+oos 

50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 
50 meters 

DWG. NO. 

I .P.-5826-32 
I .P. -5826-33 
I. P. -5826-34 
1.P.-5826-35 
1.P.-5826-36 
1.P.-5826-37 
1.P.-5826-38 
I. P. -5826-39 
1.P.-5826-40 
1.P.-5826-41 
1.P.-5826-42 

I.P.-5825-1 
1.P.-5825-2 
1.P.-5825-3 
1.P.-5825-4 
1.P.-5825-5 
1.P.-5825-6 
1.P.-5825-7 
1.P.-5825-8 
1.P.-5825-9 
1.P.-5825-10 
I.P.-5825-11 
I.P.-5825-12 



-6- 

A l s o  e n c l o s e d  w i t h  t h i s  r e p o r t  are D w g s .  I . P . P .  

4023a,  4023b,  4022a ,  and 4022b, p l a n  maps o f  Ta Hoola 1-6 G r i d ,  

and t h e  T a  Hoola 9-12 Gr id  a t  a scale of 1:5000. The de- 

f i n i t e ,  p r o b a b l e  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 bars ,  i n  t h e  manner shown on t h e  l e g e n d ,  

on t h e s e  p l a n  maps as w e l l  as 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  o f  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  o f  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  w e r e  

measured. 

The c o n t o u r e d  F r a s e r  f i l t e r e d  P .F .E .  and  a p p a r e n t  

r e s i s t i v i t y  data  are a l s o  shown on t h e  above p l a n  maps. 

S i n c e  t h e  Induced P o l a r i z a t i o n  measurement is 

e s s e n t i a l l y  an a v e r a g i n g  p r o c e s s ,  as  are a l l  p o t e n t i a l  

methods,  it is  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  o f  an  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 a c c u r a c y  t h a n  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  50 meter 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  o f  a 

narrow s u l p h i d e  body can  o n l y  be d e t e r m i n e d  t o  l i e  between 

two s t a t i o n s  50 meters a p a r t .  I n  o 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 na r row,  s h a l l o w  s o u r c e  i t  is 

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

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

anomaly p r o b a b l y  c o r r e s p o n d s  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  s h o u l d  n o t  be 
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t a k e n  t o  r e p r e s e n t  t h e  e x a c t  e d g e s  of  t h e  anomalous mater ia l .  

The t o p o g r a p h i c ,  claim and g r i d  i n f o r m a t i o n  

shown on Dwgs. I .P.P.  4023a ,  4023b, 4022a ,  and 4022b,  have 

been t a k e n  f rom maps made a v a i l a b l e  by t h e  s t a f f  o f  SMD 

Mining Company L t d .  
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4 .  DISCUSSION OF RESULTS 

4 a .  Ta Hoola 1-6 Gr id  

The background l e v e l  of Induced  P o l a r i z a t i o n  v a l u e s  

r e c o r d e d  on t h e  Ta Hoola 1-6 g r i d  area is of m o d e r a t e l y  h i g h  

i n t e n s i t y ,  a s  are t h e  m a j o r i t y  of t h e  a p p a r e n t  r e s i s t i v i t y  

r e a d i n g s .  T h i s  s u g g e s t s  t h a t  t h e  e n t i r e  r e g i o n  is u n d e r l a i n  

by r o c k  t y p e s  which all h o s t  a t  least  some c o n c e n t r a t i o n  of 

d i s s e m i n a t e d  metal l ic  s u l p h i d e s .  

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

i n t e r p r e t e d  t o  be p r e s e n t  w i t h i n  t h i s  m i n e r a l i z e d  terrane. 

Each of t h e s e  anomalous IF zones  is d i s c u s s e d  s e p a r a t e l y  

be low,  and is i l l u s t r a t e d  on P l a n  Map Dwg. 1.P.P.-B-4023 a .  

I P  Zone 1 
, 

T h i s  f e a t u r e  is  o n l y  s e e n  on t h e  w e s t e r n m o s t  e n d s  of 

t h e  two most s o u t h e r l y  g r i d  l i n e s .  The r e s p o n s e  o u t l i n e d  

on L i n e  80+06N is o f  modera te  magni tude ,  w i t h  t h e  d e p t h  t o  

t h e  t o p  of t h e  s o u r c e  b e i n g  c o n s i d e r a b l y  less t h a n  50 meters. 

A d d i t i o n a l  s u r v e y  cove rage  would be r e q u i r e d  t o  f u l l y  d e f i n e  

t h e  n o r t h e r n ,  w e s t e r n  and s o u t h e r n  e x t e n t  of t h e  t r e n d .  

I P  Zones 2 a ,  2b, 2 c  

The s a m e  d i s c o n t i n u o u s  m i n e r a l i z e d  band ,  t i g h t l y  

f o l d e d  a l o n g  a r o u g h l y  n o r t h w e s t - s o u t h e a s t  a x i s ,  is  i n t e r -  

p r e t e d  t o  be t h e  s o u r c e  o f  a l l  t h r e e  o f  t h e  above  I P  zones .  

C o n s i d e r a b l e  v a r i a t i o n  i n  t h e  magnitude o f  t h e  I P  e f f e c t s  

w i t h i n  e a c h  zone is  e v i d e n t .  Data from Zone 2 a  shows t h e  most 
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anomalous r e s u l t s  on L i n e  97 3. 56N, between S t a t i o n  98  + 5 0 E  

and  S t a t i o n  99 + OOE. Here, t h e  s o u r c e  i s  r e l a t i v e l y  con- 

d u c t i v e ,  which ,  t o g e t h e r  w i t h  t h e  h i g h  magnitude I P  e f f e c t s ,  

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

Somewhat lesser c o n c e n t r a t i o n s  of s u l p h i d e s  would 

a p p e a r  t o  be t h e  c a u s e  o f  t h e  most anomalous r e s p o n s e  o u t l i n e d  

w i t h i n  zone 2 b ,  on L i n e  96 + OON,  between S t a t i o n  108 + OOE and 

S t a t i o n  109 + OOE. 

R e s u l t s  f rom Zone 2 c  are t h e  least  anomalous o f  t h e  

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

b e i n g  d e t e c t e d  i n  t h e  v i c i n i t y  of L i n e  100 + 00 N ,  between 

S t a t i o n  1 0 1  + 50 E and S t a t e i o n  1 0 3  + 00 E.  

The s o u r c e  of  zones  2 a ,  2b and  2 c  is b u r i e d  a t  a 

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

u s e d ,  i . e . ,  i t  is  c e r t a i n l y  less  t h a n  50 meters s u b - s u r f a c e .  

I P  Zone 3 

Data from o n l y  t w o  l i n e s ,  L i n e  102 + 44N and L i n e  

101 + 22N, o u t l i n e  t h i s  weakly anomalous f e a t u r e ,  which is 

i n t e r p r e t e d  t o  s t r i k e  p a r a l l e l  t o  I P  zone  2 c .  A m a r g i n a l  i n -  

crease i n  s u l p h i d e  c o n c e n t r a t i o n  above background c o u l d  

a c c o u n t  for t h e s e  r e s p o n s e s .  

I P  Zone 4 a .  4b 

Although Zone 4 a  and Zone 4 b  a p p e a r  t o  form one s i n g l e  

z o n e ,  t h e  c h a r a c t e r i s t i c s  o f  e a c h  are q u i t e  d i f f e r e n t .  I P  

Zone 4 a  a p p a r e n t l y  o u t l i n e s  a zone  o f  m i n e r a l i z a t i o n  y i e l d i n g  
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h i g h  g o l d  v a l u e s ,  which i s  c o n s i d e r a b l y  more c o n d u c t i v e  

t h a n  t h e  s o u r c e  of I P  Zone 4b. 

The two most i n t e r e s t i n g  a n o m a l i e s  r e c o r d e d  

o v e r  I P  Zone 4 a  are n o t e d  on L i n e  102 + 4 4 N  and L i n e  101 + 22N. 

Both l i n e s  c r o s s  t h e  s o u r c e  a t  a v e r y  s h a l l o w  a n g l e ,  which 

p r o b a b l y  a c c o u n t s  f o r  t h e  d i s t i n c t  "pant  leg" anomaly p a t t e r n s  

r e c o r d e d .  The t r u e  w i d t h  c o u l d  be.much less t h a n  50 meters. 

Depth t o  t h e  t o p  i s  p r o b a b l y  much less  t h a n  50 meters 

as w e l l .  

I P  Zone 5 

M a r g i n a l l y  anomalous I P  e f f e c t s  mark I P  Zone 5. 

However, most of  t h e  i n d i v i d u a l  anomaly s i g n a t u r e s  are , 

q u i t e  s imi l a r  t o  t h o s e  s e e n  i n  I P  Zone 4 a  where a 

na r row,  n e a r  s u r f a c e ,  s o u r c e  i s  a p p a r e n t l y  b e i n g  t r a v e r s e d  a t  

a s h a l l o w  a n g l e .  The amount of p o l a r i z a b l e  material c o n t a i n e d  

i n  t h e  s o u r c e  of I P  Zone 5 is  p r o b a b l y  much less t h a n  

i s  c o n t a i n e d  i n  t h e  s o u r c e  of I P  Zone 4 a .  

D a t a  f rom L ine  97  + 5 6 N  o u t l i n e s  t h e  m o s t  d i s t i n c t i v e  

r e s p o n s e ,  i n  t h e  area between S t a t i o n  110  + 5 0 E  and S t a t i o n  

111 + 5 0 E .  

IP  ZONE 6 

T h i s  anomalous I P  t r e n d  is i n t e r p r e t e d  t o  s t r i k e  

r o u g h l y  sou th -eas tward  from t h e  v i c i n i t y  of t h e  w e s t e r n  

end  of L i n e  1 0 7  + 32 N ,  t o  t h e  r e g i o n  of L i n e  99 + 00 N . ,  
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S t a t i o n  118 + OOE. I t  may, i n  f a c t ,  c o n t i n u e  f u r t h e r  east-  

ward i n  t h e  form of IP  Zone 8 ,  a l t h o u g h  t h i s  is  somewhat un- 

c l e a n .  

The s o u r c e  of t h e  zone  a p p e a r s  t o  be most con- 

c e n t r a t e d  i n  t h e  v i c i n i t y  of L i n e  101 + 22N and L i n e  

100 + OON, where modera te  magni tude  f r e q u e n c y  e f f e c t s  are 

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

low a p p a r e n t  r e s i s t i v i t y  v a l u e s .  

I P  ZONE 7 

D e f i n i t e l y  anomalous I P  r e s u l t s  d e t e c t  t h e  s o u r c e  

i n  t h e  area o f  L i n e  102 + 44N, between S t a t i o n  115 + OOE 

and S t a t i o n  116  + 00 E .  A n e a r - s u r f a c e ,  m o d e r a t e l y  , 

c o n d u c t i v e  t a r g e t  is i n d i c a t e d , l y i n g  immedia t e ly  a l o n g s i d e  

I P  Zone 6 .  Again,  t h e  r e l a t i o n s h i p  between I P  Zone 7 and 

I P  Zone 8 i s  u n c e r t a i n ,  w i t h  t h e  l a t t e r  q u i t e  p o s s i b l y  

b e i n g  an e x t e n s i o n  of t h e  fo rmer .  

I P  Zone 8 

A s  ment ioned p r e v i o u s l y ,  t h i s  zone may r e p r e s e n t  

t h e  s a m e  s o u r c e ,  or s o u r c e s  o u t l i n e d  by Zone 6 a n d / o r  Zone 

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

of I P  Zone 10 a l s o  may i n t e r s e c t  t h e  p o l a r i z a b l e  material 

g i v i n g  rise t o  Zone 8 .  

Very anomalous I P  e f f e c t s  can  be s e e n  i n  t h e  d a t a  

f rom L i n e  101 + 22N i n  t h e  i n t e r v a l  between S t a t i o n  1 2 1  + 00 E 
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and S t a t i o n  122 + 5 0 E .  T a r g e t  d e p t h  is less  t h a n  50 meters 

s u b - s u r f a c e ,  and  may be more c o n d u c t i v e  east  of S t a t i o n  

122 + 00 E. 

I P  ZONE 9 

T h i s  t r e n d  j o i n s  I P  Zone 10 n e a r  t h e  s o u t h e r n  

e n d s  of b o t h  z o n e s ;  however ,  t h e  p o l a r i z a b l e  s o u r c e  o f  t h e  

former  f e a t u r e  i s  g e n e r a l l y  i n d i c a t e d  t o  be less c o n c e n t r a t e d ,  

and nar rower  t h a n  t h e  l a t t e r .  

The n o r t h e r n  e n d  of I P  Zone 9 d i s p l a y s  t h e  h i g h e s t  

magni tude a n o m a l i e s ,  w i t h  t h e  r e s u l t s  from L i n e  112 + 20 N ,  

between S t a t i o n  115 + OOE and S t a t i o n  115 + 5 0 E  showing 

t h e  most p o t e n t i a l .  

I P  ZONE 1 0  

The p r e s e n t  i n t e r p r e t a t i o n  sees I P  Zone 10 

e x t e n d i n g  f rom t h e  v i c i n i t y  of L i n e  117  + 0 8 N ,  S t a t i o n  

118 + OOE t o  t h e  v i c i n i t y  o f  t h e  n o r t h e r n  edge  of  I P  Zone 8. 

I P  Zone 11 i s  t h o u g h t  t o  form t h e  n o r t h e a s t e r n  boundary  o f  

t h i s  w i d e ,  and  weakly t o  m o d e r a t e l y  anomalous t r e n d .  Areas 

marked as  p r o b a b l e  a n o m a l i e s  may o u t l i n e  l o c a l l y  more i n t e n s e  

m i n e r a l i z a t i o n  set  w i t h i n  t h e  o v e r a l l  m i n e r a l i z e d  m a s s .  One such  

area would be on L i n e  107 + 32N, between S t a t i o n  1 2 1  + 5 0 E  

and S t a t i o n  122  + O O E ,  w h i l e  a n o t h e r  would be l o c a t e d  unde r  

L i n e  113 + 42N between S t a t i o n  1 2 0 +  50E  and S t a t i o n  1 2 1 +  5 0 E .  
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IP  ZONE 11, I P  Zone 12 

These  t w o  z o n e s  dominate  t h e  I P  and R e s i s t i v i t y  

r e s u l t s  o b t a i n e d  on t h e  ex t r eme  n o r t h e a s t e r n  c o r n e r  of t h e  

Ta Hoola 1-6 g r i d .  

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

area cove red  b y  t h e  two I P  z o n e s ,  w i t h  t h e  w e s t e r n  boundary  

of  I P  Zone 11 being  formed by a l a r g e  f a u l t  s t r u c t u r e  

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

T h i s  f a u l t  is c l e a r l y  v i s i b l e  as  a r e s i s t i v i t y  l o w .  

The boundary b e t w e e n  Zone 11 and Zone 12 is es- 

t a b l i s h e d  on t h e  bas i s  o f  r e l a t i v e  magn i tude ,  w i t h  I P  r e s u l t s  

from t h e  l a t t e r  zone  b e i n g  more anomalous t h a n  t h e  f o r m e r ,  as 

are t h e  a p p a r e n t  r e s i s t i v i t i e s  v a l u e s .  

, 

Depths  t o  t h e  t o p  o f  t h e  c a u s a t i v e  s o u r c e s  o f  a l l  

t h e  i n d i v i d u a l  r e s p o n s e s  are i n t e r p r e t e d  t o  be c o n s i d e r a b l y  

less t h a n  50 meters. 

L ine  1 + O O E ,  L i n e  2 + OOE,  L i n e  3 + OOE 

These  l i n e s ,  l o c a t e d  j u s t  o f f  t h e  s o u t h e a s t  c o r n e r  

o f  t h e  main T a  Hoola 1-6 g r i d , w e r e  a l s o  s u r v e y e d .  

Al though a number o f  v e r y  weak anomal i e s  can  be 

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

r e s p o n s e s  i n t o  z o n e s ,  due t o  t h e  l i m i t e d  d a t a  a v a i l a b l e ,  

and t h e  low magni tude  o f  t h e  i n d i v i d u a l  anomal i e s .  
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4b.  T a  Hoola 9-12 G r i d  

R e s u l t s  of t h e  I P  and R e s i s t i v i t y  s u r v e y  on t h e  

Ta Hoola 9-12 g r i d  c o n f i r m  t h a t  d i s s e m i n a t e d  s u l p h i d e s  

p r o b a b l y  u n d e r l i e  t h e  whole g r i d  area,  as w a s  t h e  case on t h e  

Ta Hoola 1-6 g r i d  area. S e t  w i t h i n  t h i s  m i n e r a l i z e d  back-  

ground i s  a la rge  area of q u i t e  anomalous I P  e f f e c t s  g e n e r a l l y  

a s s o c i a t e d  w i t h  lower  t h a n  normal  a p p a r e n t  r e s i s t i v i t y  

v a l u e s .  T h i s  anomalous r e g i o n  i s  t h o u g h t  t o  be composed of 

a number of s e p a r a t e  z o n e s  of m i n e r a l i z a t i o n  as i l l u s t r a t e d  

on P l a n  Map Dwg. N o .  I .  P.P. -B-4022a. 

I t  a p p e a r s  t h a t  f o u r  ma jo r  z o n e s  are d e t e c t e d ,  

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

i n d i c a t e d  by t h e  p r e s e n t  i n t e r p r e t a t i o n ,  which is hampered 

by  t h e  f a c t  t h a t  most of t h e  z o n e s  are u n d e f i n e d  i n  t w o  o r  

more d i r e c t i o n s . T h e  s o u r c e  material i n  a l l  cases is less  t h a n  

50 meters s u b - s u r f a c e .  

One t r e n d  is marked as  s t r i k i n g  r o u g h l y  east-west 

across t h e  n o r t h e r n  e n d  of t h e  s u r v e y  g r i d ,  s u c h  t h a t  it 

i n t e r s e c t s  t h e  o t h e r  t h r e e  major anomalous z o n e s ,  which e x t e n d  

rough ly  n o r t h - n o r t h w e s t  a c r o s s  a l l  of t h e  g r i d  l i n e s .  

High c o n c e n t r a t i o n s  o f  meta l l ic  s u l p h i d e s  are 

a lmos t  c e r t a i n l y  p r e s e n t  w i t h i n  t h e  area c e n t e r e d  a round  

t h e  i n t e r s e c t i o n  of t h e  east-west s t r i k i n g  IP  zone  and t h e  

c e n t r a l  n o r t h - n o r t h w e s t  s t r i k i n g  t r e n d .  The r e g i o n  i n  

q u e s t i o n  h a s  d i m e n s i o n s  g r e a t e r  t h a n  500 meters by  500 meters. 

Two o t h e r  s h o r t e r  z o n e s  of enhanced s u l p h i d e  c o n t e n t  can  be 

seen  l y i n g  w i t h i n  t h e  c o n f i n e s  o f  t h i s  b l o c k .  Both  are 
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i n t e r p r e t e d  t o  s t r i k e  i n  a n o r t h - n o r t h e a s t  d i r e c t i o n .  

One zone  d e t e c t e d  by  t h e  p r e s e n t  s u r v e y  is 

c o m p l e t e l y  d e f i n e d ,  and can t h e r e f o r e  be e v a l u a t e d  w i t h  some 

c e r t a i n t y .  The c e n t e r  of t h e  t r e n d  can  be s e e n  e x t e n d i n g  

rough ly  a long t h e  1 0  + OOE b a s e l i n e  between L i n e  

13 + 00s and L i n e  16  + 00s. I n  e v e r y  case, a r e l a t i v e l y  

nar row,  n e a r - s u r f a c e  c o r e  d i s p l a y i n g  h i g h l y  anomalous I P  

e f f e c t s  and l o w e r  a p p a r e n t  r e s i s t i v i t y  v a l u e s  is e v i d e n t .  

The i n t e r v a l  b e t w e e n  S t a t i o n  9 + 50E and S t a t i o n  10 + OOE 

on L i n e  1 4  + O O S ,  o r  t h e  r e g i o n  between S t a t i o n  10 + 50E and 

S t a t i o n  11 + OOE on L ine  15 + 00s a p p e a r  t o  be t h e  most 

anomalous.  
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5. CONCLUSIONS AND RECOMMENDATIONS 

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 s  

have  b e e n  completed on t w o  g r i d s  on t h e  Ta Hoola P r o j e c t  

area. 

R e s u l t s  s u g g e s t  t h a t  b o t h  g r i d  areas are u n d e r l a i n  

by widesp read  d i s s e m i n a t e d  metal l ic  s u l p h i d e s  w i t h  v a r i o u s  

z o n e s  o f  greater m i n e r a l  c o n c e n t r a t i o n s  set  w i t h i n  t h e  

m i n e r a l i z e d  area. 

Conclusions and recommendations f o r  t h e  Ta  Hoola 1-6 

g r i d  and  t h e  Ta Hoola 9-12 g r i d  are g i v e n  s e p a r a t e l y  below. 

5a. Ta Hoola 1-6 G r i d  

Twelve p o t e n t i a l l y  s i g n i f i c a n t  z o n e s  of anomalous '  

I P  e f f e c t  are o u t l i n e d  by t h e  r e s u l t s  f rom t h i s  g r i d  area.  

P r i o r i t i e s  f o r  c a r r y i n g  o u t  a d d i t i o n a l  work recommended below 

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

I P  Zone 1 

A d d i t i o n a l  I P  s u r v e y i n g  is r e q u i r e d  t o  more f u l l y  

d e f i n e  t h e  n o r t h e r n ,  w e s t e r n ,  and s o u t h e r n  l i m i t s  of t h e  zone .  

IP Zone 2 a  

A d r i l l  h o l e  s p o t t e d  so  a s  t o  p a s s  a p p r o x i m a t e l y  

35 meters b e n e a t h  S t a t i o n  98 + 75E on L i n e  97  + 5 6 N  is 

recommended. 
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I P  Zone 2b 

A d r i l l  h o l e  l o c a t e d  so as t o  p a s s  through a 

p o i n t  approximate ly  35 meters below Line  96 + OON, S t a t i o n  

108 + 50E is recommended. 

I P  Zone 2 c  

D r i l l i n g  is recommended t o  t e s t  t h e  s o u r c e  of 

t h i s  zone. 

v e r t i c a l  is  sugges t ed .  The h o l e  shou ld  p a s s  roughly  60 meters 

benea th  S t a t i o n  102  + 25E, on L ine  100 + OON. 

A h o l e  d r i l l e d  towards  t h e  n o r t h e a s t  a t  45O from t h e  

IP  Zone 3 

F i l l - i n  l i n e s  shou ld  be surveyed  u s i n g  t h e  I P  

and R e s i s t i v i t y  method before d r i l l i n g  is c o n s i d e r e d  t o  t e s t  

t h e  s o u r c e  of t h e  I P  zone.  

I P  Zone 4 a ,  I P  Zone 4b 

I t  is unders tood  t h a t  t h e  s o u r c e s  of b o t h  of  t h e  

above zones have a l r e a d y  been e v a l u a t e d  by d r i l l i n g .  

IP  Zone 5 

A d r i l l  h o l e  s p o t t e d  t o  p a s s  approximate ly  

25 meters b e n e a t h  S t a t i o n  111 + OOE on Line  97 + 5 6 N  is 

recommended as  t h i s  zone cou ld  r e p r e s e n t  an e x t e n s i o n  of 

Zone 4 a ,  which y i e l d s  anomalous s i l v e r  v a l u e s .  
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I P  Zone 6 

D r i l l i n g  is recommended t o  t e s t  t h e  s o u r c e  of 

t h i s  zone ,  w i t h  a d r i l l  h o l e  l o c a t e d  so  as  t o  p a s s  

a p p r o x i m a t e l y  35 meters b e n e a t h  L i n e  100  + O O N ,  S t a t i o n  118 + 25E. 

I P  Zone 7 

I t  a p p e a r s  t h a t  t h e  s o u r c e  of t h i s  IP  r e s p o n s e  h a s  

been d r i l l e d  p r e v i o u s l y .  

IP  Zone 8 

A d r i l l  h o l e  l o c a t e d  t o  t r a v e r s e  t h e  area r o u g h l y  

50 meters be low L i n e  101 + 22N, S t a t i o n  1 2 l +  75E is 

s u g g e s t e d .  An a l t e r n a t i v e  would be t o  c a r r y  o u t  a d d i t i o n a l  

I P  and R e s i s t i v i t y  s u r v e y i n g  on n o r t h - s o u t h  l i n e s  b e f o r e  

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

, 

I P  Zone 9 

D r i l l i n g  is  recommended t o  better e v a l u a t e  t h e  

s o u r c e  of I P  Zone 9. A h o l e  s p o t t e d  t o  p a s s  a p p r o x i m a t e l y  

35 meters b e n e a t h  L ine  112 + 20N, S t a t i o n  115 + 3 5 E  is s u g g e s t e d .  

IP  Zone 10 

Two d r i l l  h o l e s  are recommended t o  t e s t  t w o  of t h e  

more anomalous p a r t s  of t h i s  I P  z o n e .  One h o l e  s h o u l d  be 

l o c a t e d  t o  p a s s  r o u g h l y  35 meters b e n e a t h  S t a t i o n  1 2 1  + O O E ,  

on L ine  113 + 42N, w h i l e  t h e  o t h e r  s h o u l d  p a s s  25 meters below 

L i n e  107  + 32N, S t a t i o n  1 2 1  + 75E.  
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I P  Zone 11. I P  Zone 12  

Sediments  are u n d e r s t o o d  t o  be t h e  cause of t h e s e  

anomalous I P  zones. N o  f u r t h e r  work is recommended a t  t h i s  

t i m e  . 

5b. Ta Hoola 9-12 

A l a r g e  s u l p h i d e  s y s t e m  may be p a r t i a l l y  o u t l i n e d  

by t h e  I P  and R e s i s t i v i t y  r e s u l t s  f rom t h e  Ta Hoola 9-12 

g r i d .  

C o n s i d e r a b l e  a d d i t i o n a l  I P  s u r v e y i n g  is  r e q u i r e d  

t o  more f u l l y  e v a l u a t e  t h e  m i n e r a l  d i s t r i b u t i o n  i n  t h i s  ; 

area. A t  p r e s e n t ,  anomalous zones are open i n  a l l  f o u r  

d i r e c t i o n s .  

One zone ,  however ,  h a s  been  f u l l y  o u t l i n e d  by t h e  

p r e s e n t  d a t a .  T h i s  t r e n d  c o u l d  be d r i l l - t e s t e d  i n  e i t h e r  of 

t h e  f o l l o w i n g  manners:  a d r i l l  h o l e  l o c a t e d  on L i n e  14 + 00s 

and p a s s i n g  a p p r o x i m a t e l y  35 meters b e n e a t h  S t a t i o n  9 + 75 E ,  

or a d r i l l  h o l e  s p o t t e d  so as  t o  p a s s  a p p r o x i m a t e l y  35 meters 

b e n e a t h  L i n e  15 + O O S ,  S t a t i o n  10 + 75E. 

PHOENIX GEOPHYSICS LIMITED 

P a u l  A .  C a r t w r i g h t ,  B .Sc . ,  
G e o p h y s i c i s t .  

Dated :  2 December 1982 
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ASSESSMENT DETAILS 

PROPERTY: Ta H o o l a  MINING D I V I S I O N :  K a m l o o p s  

SPONSOR: SMD M i n i n g  C o .  L t d .  PROVINCE: B r i t i s h  C o l u m b i a  

LOCATION: 100 km n o r t h  of K a m l o o p s ,  B.C. 

TYPE O F  SURVEY: 

OPERATING MAN DAYS: 186.75 DATE STARTED: 1 7  June 1982 

EQUIVALENT 8 H r .  Man D a y s :  280.2 DATE F I N I S H E D :  1 2  A u g u s t  1982 

CONSULTING MAN DAYS: 20 NUMBER OF STATIONS: 1707 

DRAFTING MAN DAYS: 28 NUMBER O F  READINGS: 11734 

TOTAL MAN DAYS: 328.2 KILOMETERS O F  L I N E  SURVEYED: 85.35 

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  

CONSULTANTS: 

Paul  A. C a r t w r i g h t ,  4238 W. 11 th  A v e n u e ,  V a n c o u v e r ,  B.C. 

F I E L D  

S. 
J. 
G. 
M. 
K. 
M. 
G. 
I. 
G. 

TECHNICIANS: 

H e n s h a l l ,  9 R o s c o e  A v e n u e ,  Trenton, Ontario. 
Marsh, 200 Y o r k l a n d  B l v d . ,  W i l l o w d a l e , O n t a r i o .  
M u l l a n ,  RR #2,  H u d s o n ,  Q u e b e c .  
Pa ren t ,  222 S t .  John Street ,  S t .  Leonard,  New B r u n s w i c k .  
C o r m a n ,  10891 B r o m l e y  Place, R i c h m o n d ,  B.C. 
D u g a s ,  G e n e r a l  D e l i v e r y ,  S t .  Leonard, New B r u n s w i c k .  
M o n t p e t i t ,  200 Y o r k l a n d  B l v d . ,  W i l l o w d a l e ,  Ontario. 
P a r f i t t ,  3092 West 38th A v e n u e ,  V a n c o u v e r ,  B.C. 
Richardson, 4161 C r o w n  C r e s c e n t ,  V a n c o u v e r ,  B.C. 

DRAUGHTSMEN: 

R. Walaluk, 7886 V i v i a n  D r i v e ,  V a n c o u v e r ,  B.C. 
G. Richardson, 4161 C r o w n  C r e s c e n t ,  V a n c o u v e r ,  B.C. 

PHOENIX GEOPHYSICS L I M I T E D  

Paul  A. C a r t w r i g h t ,  B . S c . ,  
G e o p h y s i c i s t .  

DATED: 2 D e c e m b e r  1982 
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STATEMENT OF COST 

SMD MI IING CO. LTD. 
IP AND RESISTIVITY SURVEY - Ta Hoola Property, B.C. 

PERIOD: June 17, 1982 to June 24, 1982. 
CREW : S. Henshall, M. Parent, G. Mullan, M. Dugas, G. Montpetit, 

G. Richardson 

PERIOD: June 25, 1982 to July 27, 1982 
CREW: S. Henshall, G. Montpetit, G. Richardson 

PERIOD: July 28, 1982 
CREW : S. Henshall, G. Montpetit, G. Richardson, K. Corman 

PERIOD: July 29, 1982 to July 31, 1982 
CREW: S .  Henshall, G. Montpetit, G. Richardson, G. Mullan, K. Corman, 

I. Parfitt 

PERIOD: August 1, 1982 
CREW: G. Mullan, G. Montpetit, G. Richardson, K. Corman, I. Parfitt 

PERIOD: August 2, 1982 to August 10, 1982 
CREW : G. Mullan, J. Marsh, G. Montpetit, G. Richardson, K.Corman, 

I. Parfitt , 

PERIOD: August 11, 1982 to August 12, 1982 
CREW: J. Marsh, G. Montpetit, G. Richardson 

DATA ACQUISITION 

85.35 line kilometers @ $ 490.00 

REPORT PREPARATION 

85.35 line kilometers (3 $75.00 

MOBILIZATION & DEMOBILIZATION 

DATED: 2 December 1982 

$ 41,821.50 

6,401.25 

1,770.00 

.$ 49,992.75 

PHOENIX GEOPHYSICS LIMITED 

Paul A. Cartwright, B.Sc. 
Geophysicist. 
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CERTIFICATE 

r t w r i g h t ,  of t h e  C i t y  of Va  C u v e r ,  

P r o v i n c e  of B r i t i s h  Columbia, do  h e r e b y  c e r t i f y  t h a t :  

1. 

2 .  

3. 

4. 

5. 

6. 

7. 

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  4238 W .  1 1 t h  Avenue, 
Vancouver ,  B.C. 

I a m  a g r a d u a t e  of t h e  U n i v e r s i t y  of B r i t i s h  Columbia,  
B.C.,  w i t h  a B . S c .  Degree.  

I a m  a m e m b e r  o f  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  o f  E x p l o r a t i o n  G e o p h y s i c i s t s .  

I have  been  p r a c t i s i n g  my p r o f e s s i o n  for 12 y e a r s .  

I have no  d i r e c t  or 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  or i n d i r e c t l y ,  i n  t h e  
p r o p e r t y  or s e c u r i t i e s  of SMD Mining Company L t d .  or 
any a f f i l i a t e .  

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 b a s e d  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 .  

, 

P e r m i s s i o n  is  g r a n t e d  t o  u s e  i n  whole or i n  p a r t  for 
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  bu t  n o t  
f o r  a d v e r t i s i n g  p u r p o s e s .  

DATED a t  Vancouver ,  B.C.  t h i s  2nd day of  D e c e m b e r  1982.  

P a u l  A .  C a r t w r i g h t ,  B.Sc. 
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CERTIFICATE 

I ,  S t e p h e n  H e n s h a l l  of T r e n t o n ,  O n t a r i o ,  

DO HEREBY CERTIFY THAT: 

1. I a m  a g e o p h y s i c a l  c r e w  leader r e s i d i n g  a t  9 Roscoe 
S t ree t ,  T r e n t o n ,  O n t a r i o .  

2 .  I a m  a graduate  of H a i l e y b u r y  S c h o o l  of M i n e s ,  
H a i l e y b u r y ,  O n t a r i o .  

3 .  I h a v e  b e e n  e m p l o y e d  a s  a g e o p h y s i c a l  c r e w  leader 
b y  P h o e n i x  G e o p h y s i c s  L i m i t e d ,  2 0 0  Y o r k l a n d  B l v d . ,  
Wil lowdale ,  O n t a r i o  for a per iod  of 3 y e a r s .  

DATED AT VANCOUVER, B.C. t h i s  2 n d  d a y  of December 1982. 

S t e p h e n  H e n s h a l l .  
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CERTIFICATE 

I ,  Maurice P a r e n t ,  of S t .  Leonard ,  New Brunswick,  

DO HEREBY CERTIFY THAT: 

1. I a m  a g e o p h y s i c a l  crew l e a d e r  r e s i d i n g  a t  
S t .  Leonard,  New Brunswick. 

2 .  I a m  a g r a d u a t e  of Radio C o l l e g e  of Canada,  
Toron to ,  O n t a r i o  (E lec t r i ca l  E n g i n e e r i n g ) .  

3 .  I have  been employed as a g e o p h y s i c a l  c r e w  l e a d e r  
by  Phoenix  Geophys ics  L i m i t e d ,  200 Yorkland  B lvd . ,  
Wi l lowdale ,  O n t a r i o  for a p e r i o d  of 4 y e a r s .  

DATED AT VANCOUVER, B . C .  t h i s  2nd day of D e c e m b e r  1982.  

Maurice P a r e n t  
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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 North York, 

O n t a r i o ,  DO HEREBY CERTIFY THAT: 

1. I a m  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  200 
Yorkland B l v d . ,  Wi l lowdale ,  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 lec t r i ca l  E n g i n e e r i n g ) .  

3 .  I have  worked w i t h  McPhar Geophys ics  Company from 
1968 t o  1975 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 as  a g e o p h y s i c a l  c r e w  l e a d e r  
b y  Phoenix  Geophys ics  L t d .  of 214 - 744 W .  H a s t i n g s  
S t r e e t ,  Vancouver,  B.C.  

DATED AT VANCOUVER, B.C.  t h i s  2nd day of D e c e m b e r  1982.  

John Marsh 
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CERTIFICATE 

I ,  Glenn Mul lan ,  of t h e  V i l l age  of Hudson, P r o v i n c e  of 

Quebec, DO HEREBY CERTIFY THAT: 

1. I a m  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  RR #1, 
Hudson, Quebec. 

2 .  I a m  p r e s e n t l y  employed as a g e o p h y s i c a l  c r e w  l e a d e r  
by Phoenix  Geophys ics  L t d .  of 200 Yorkland B l v d . ,  
Wi l lowdale ,  O n t a r i o .  

3 .  I have b e e n  p r a c t i s i n g  my v o c a t i o n  for abou t  f o u r  
y e a r s .  

DATED AT VANCOUVER, B . C .  t h i s  2nd day of December 1982. 

Glenn Mullan.  
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PART B 

PHOENIX GEOPHYSICS LIMITED 

c 

NOTES ON THE THEORY,METHOD OF FIELD OPERATION 

AND PRESENTATION OF DATA 

FOR THE INDUCED POLARIZATION METHOD 

Induced  P o l a r i z a t i o n  as a g e o p h y s i c a l  measurement 

refers 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 me ta l l i c  or  

e l e c t r o n i c  c o n d u c t o r s  i n  a medium 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  phenomenon o c c u r s  wherever  

e lec t r ica l  c u r r e n t  i s  p a s s e d  t h r o u g h  an  area which c o n t a i n s  

metal l ic  m i n e r a l s  s u c h  as b a s e  metal s u l p h i d e s .  Normal ly ,  when 

c u r r e n t  is p a s s e d  t h r o u g h  t h e  g round ,  as i n  r e s i s t i v i t y  measure- 

m e n t s ,  a l l  of 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  water c o n t e n t  o f  t h e  r o c k ,  o r  s o i l ,  i . e . ,  by i o n i c  

c o n d u c t i o n .  T h i s  is b e c a u s e  a l m o s t  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 water.  The g roup  of 

m i n e r a l s  commonly d e s c r i b e d  as "metal l ic" ,  however,  have  

s p e c i f i c  r e s i s t i v i t i e s  much l o w e r  t h a n  ground w a t e r s .  The 

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 o f  c o n d u c t i o n  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  o f  t h e  r o c k  t o  e l e c t r o n i c  i n  t h e  

metal l ic  m i n e r a l s  p r e s e n t  i n  t h e  r o c k .  

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  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  t o  

allow t h e  i o n s  t o  g i v e  up or r e c e i v e  e l e c t r o n s  from t h e  metal l ic  
. 



-2- 

s u r f a c e ,  increases 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  is a l lowed  

t o  f low th rough  t h e  r o c k ;  i . e . ,  as i o n s  p i l e  up a g a i n s t  t h e  

meta l l ic  i n t e r f a c e  t h e  res is tance t o  c u r r e n t  f l ow increases.  

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 l o w  t h r o u g h  t h e  meta l l ic  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  o f  t h e  i n f i n i t e  number 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  in 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  create t h i s  d . c .  

c u r r e n t  f l o w  is 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  n o r m a l  

p o s i t i o n .  T h i s  movement of c h a r g e  creates a s m a l l  c u r r e n t  f l ow 

which  c a n  be measured on t h e  s u r f a c e  of t h e  ground as 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 .  

, 

From an a l t e r n a t e  v i e w p o i n t  i t  can  be 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  sys t em is 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  as a whole w i l l  change as t h e  f r e q u e n c y  

of  t h e  s w i t c h i n g  is changed.  T h i s  is a consequence  of t he  fac t  

t h a t  t h e  amount 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  meta l l ic  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  t h r o u g h  i t  i n  one  d i r e c t i o n .  

The v a l u e s  o f  t h e  p e r  c e n t  f r equency  e f f e c t  o r  F . E .  are 

a measurement 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  mass. However, 

s i n c e  t h e  measurement 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  is related 

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  is 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. can  be u s e f u l  v a l u e s  
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d e t e r m i n i n g  t h e  amount o f  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 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 .  

The Induced P o l a r i z a t i o n  measurement is p e r h a p s  t h e  

most power fu l  g e o p h y s i c a l  method f o r  t h e  d i rec t  de t ec t ion  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  

is of ve ry  l o w  c o n c e n t r a t i o n .  T h e  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  produce  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  o f  t h e  

s o u r c e ,  and t h e  method o f  e x e c u t i n g  t h e  s u r v e y .  However, s u l p h i d e  

m i n e r a l i z a t i o n  o f  less 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 unde 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 .  
, 

The greatest  a p p l i c a t i o n  o f  t h e  I P  method h a s  been  

i n  t h e  search f o r  d i s semina ted  meta l l ic  s u l p h i d e s  o f  less  t h a n  

20% by volume. However, i t  h a s  a l so  b e e n  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  mass ive  s u l p h i d e s  i n  s i t u a t i o n s  where ,  due t o  

s o u r c e  geometry ,  d e p t h  o f  s o u r c e ,  or low r e s i s t i v i t y  of s u r f a c e  

l a y e r ,  t h e  EM method 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 .  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 w a t e r - f i l l e d  s h e a r  

z o n e s ,  makes t h e  IP  method a u s e f u l  too l  i n  c h e c k i n g  EM a n o m a l i e s  

which are 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 n o t  

d i f f e r e n t i a t e  between t h e  e c o n o m i c a l l y  i m p o r t a n t  meta l l ic  m i n e r a l s  

such  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 . ,  

a n d  t h e  o the r  meta l l ic  m i n e r a l s  s u c h  as p y r i t e .  The Induced  

P o l a r i z a t i o n  e f fec t  is  due  t o  t h e  t o t a l  of 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  
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materials which can  produce  an  I P  r e s p o n s e  are 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 .  

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

are 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  of l a t e r a l  changes  

i n  t h e  p r o p e r t i e s  o f  t h e  ground t o  be 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  is 

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  are measured a t  two p o i n t s  ( X )  feet  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  is  a n  i n t e g e r  number ( n )  t i m e s  

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

The measurements  are made 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  (nX) be tween  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 .  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  are made w i t h  

v a r i o u s  v a l u e s  of ( n ) ;  i . e . ,  ( n )  = 1, 2 ,  3, 4 ,  e t c .  The k i n d  

of s u r v e y  r e q u i r e d  ( d e t a i l e d  or r e c o n n a i s s a n c e )  decides t h e  number 

o f  v a l u e s  o f  ( n )  u sed .  

, 

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 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  measured  f o r  each  set o f  electrode p o s i t i o n s  are 

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  center 

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  f rom 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 .  ( S e e  F i g u r e  A )  The 

r e s i s t i v i t y  v a l u e s  are p l o t t e d  a t  t h e  t o p  o f  t h e  data  p r o f i l e ,  

above t h e  m e t a l  f a c t o r  v a l u e s .  On a t h i r d  l i n e ,  be low t h e  

metal f a c t o r  v a l u e s ,  are 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 .  The l a t e r a l  d i s p l a c e m e n t  of a g i v e n  v a l u e  is 

d e t e r m i n e d  by 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  o f  t h e  center 
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p o i n t  b e t w e e n  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  o f  t h e  v a l u e  from t h e  l i n e  is  d e t e r m i n e d  by t h e  

d i s t a n c e  ( n X )  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 s e p a r a t i o n  be tween  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  t o  which t h e  ground 

is b e i n g  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 c o n t o u r e d ,  are n o t  s ec t ion  maps o f  t h e  e lectr ical  p r o p e r t i e s  

o f  t h e  ground unde r  t h e  s u r v e y  l i n e .  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  f rom any g i v e n  s u r v e y  must be c a r r i e d  o u t  u s i n g  t h e  

comblned e x p e r i e n c e  g a i n e d  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  are measured is 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 .  

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 is 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  are moved a f t e r  a series o f  p o t e n t i a l  

r e a d i n g s  h a s  been  made. One o f  t h e  a d v a n t a g e s  o f  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  same equipment  can  be 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  chang ing  t h e  

d i s t a n c e  ( X )  o v e r  which t h e  electrodes 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 u s e d  r a n g i n g  from 25 f e e t  t o  2000 

fee 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 )  

a n d  t h e  v a l u e s  o f  ( n )  t o  be u s e d  is l a r g e l y  d e t e r m i n e d  by  t h e  

e x p e c t e d  s ize  of 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 ize  o f  

t h e  e x p e c t e d  anomaly and  t h e  s p e e d  w i t h  which i t  is desired t o  

p r o g r e s s .  
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T h e  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  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  metal factor ,  and 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  

is 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  o f  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. I t  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  of ( n )  are p l o t t e d  f a r the 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  o f  t h e  l a y e r  o f  

t h e  e a r t h  t h a t  is be ing  tested is g r e a t e r  t h a n  f o r  t h e  smaller  

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

T h e  I P  measurement i s  b a s i c a l l y  o b t a i n e d  by  measu r ing  

t h e  d i f f e r e n c e  i n  p o t e n t i a l  or 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  is t h e  p r o d u c t  of t h e  c u r , r e n t  

t h r o u g h  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  p o o r  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  is 

v e r y  l o w ,  or a combina t ion  o f  t h e  two e f f e c t s ;  t h e  v a l u e  of  

(AV) t h e  change  is  p o t e n t i a l  w i l l  be too s m a l l  t o  be 

m e a s u r a b l e .  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 .  

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 e n d e 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 .  

T h e  symbol "N" on t h e  data 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 

it  is  t o o  n o i s y  t o  record 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  o f  n o i s e  t h e r e  is some doub t  as  t o  i ts  a c c u r a c y ,  

t h e  r e a d i n g  is b r a c k e t e d  i n  t h e  data  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  of Apparent  

Frequency E f f e c t  are 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  
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envi ronment  o r  s p u r i o u s  e lectr ical  e f f e c t s .  The actual  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  is i n d i c a t e d  on t h e  d a t a  p l o t ;  

however,  t h e  symbol "NEG" is  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  of Apparent  Metal 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  are 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  immediate  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 .  

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  

s u r v e y  p r o c e d u r e s  would s u g g e s t  t h a t  one  w a s  r e q u i r e d .  T h i s  

may be due t o  inaccessible topography  or 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 un ique  

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

o f  t h e  r e p o r t .  
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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 -  DIPOLE 

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  

I 1 1 I 1 

I 2 3 4 5 6 7 8 9 

S t a t i o n s  on l i ne  x = E l e c t 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 a t i o n  

P P P 
n - 4  1,2 -6.7 2.3-7,8 3.4-8.9 

P P P P 

P P P P P 

P P P P P P 

n - 3  i12-5,6 2,3-6,7 3,4-7,8 4,5-8,9 Apparent  Resist iv i ty 
n - 2  

n - l  
1.2-4.5 2,3-5.6 3,4-6,7 4,5-7,8 5,6-8,9 

, 

8 A 
I 9 

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

M. F. M .F. M. F. M.F. M.E 

M.F. M.F M. F. M.F 
n - 3  . i12-5,6 2,3-6,7 3,4-7,8 4,5-8,9 Apparen t  M e t a l  F a c t o r  

M.F. M . F. M. F. 
1,2 -6,7 2,3-7,8 3,4 -8.9 n - 4  

n - 2  1,2-4.5 23-5,6 3.4-6,7 4,5-7,8 5,6-8,9 

F. EL F. E. F. E. F. E. F. E. F. E. 
n - l  112- 3,4 2,3-4,5 3,4-5,6 4,5-6,7 5,6-7,8 617- 8,s 

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 2,3-6,7 3,4-7,8 43-8,s Apparen Percent 
F.E. F. E. F. E. Frequency E f f e c t  

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

F i g .  A 










