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1. Introduction 

An 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  S u r v e y  h a s  been  
c o m p l e t e d  on t h e  Snowf lake  C l a i m s ,  N i c o l a  Mining  D i v i s i o n ,  B r i t i s h  
Co lumbia ,  on b e h a l f  'of La ramide  R e s o u r c e s  L t d .  

T h e p r o p e r t y  i s  l o c a t e d  a p p r o x i m a t e l y  5  k m n o r t h e a s t  o f  t h e  
community o f  Aspen Grove ,  B.C. Access is v i a  4  km o f  g r a v e l  r o a d  
which  t u r n s  e a s t  o f f  Highway 5 ,  a b o u t 4  k m n o r t h  of  A s p e n G r o v e ,  B.C. 

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  of  t h e  p r o j e c t  a r e a  
h a s  b e e n  p r o v i d e d  by t h e  s t a f f  o f  La ramide  R e s o u r c e s  L t d .  

" T H E  A S P E N  G R O V E  A R E A  I S  W I T H I N  A  T E R R A I N  COMMONLY R E F E R R E D  T O  A S  

T H E  N I C O L A B E L T ,  A  E U G E O S Y N C L I N A L  U P P E R  T R I A S S I C  I S L A N D - A R C  R O C K  
A S S E M B L A G E .  M A S S I V E  A N D E S l T l C  F L O W S  A N D  C O A R S E  P Y R O C L A S T I C  

R O C K S  P R E D O M I N A T E  I N  T H E  C E N T R A L  P A R T  O F  T H E  A R E A  A N D  A  S E Q U E N C E  

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

E A S T E R N  M A R G I N .  T H E  S O U T H W E S T E R N  S E C T I O N  O F  T H E  A R E A  I S  

U N D E R L A I N  B Y  I N T E R C A L A T E D  V O L C A N I C L A S T I C  R O C K S ,  F L O W S ,  AND 
C A L C A R E O U S  S E D I M E N T A R Y  R O C K S  T H A T  A R E  P A R T L Y  C O V E R E D  B Y  C O A R S E  

V O L C A N I C  B R E C C I A .  

A  S E Q U E N C E  O F  M A S S I V E  R E D  T O  P U R P L E  A N D  G R E E N  A U G I T E  P O R P H Y R Y  
F L O W S ,  C O A R S E  V O L C A N I C  B R E C C I A  A N D  D l O R l T l Z E D  V O L C A N I C S  I S  
P R E S E N T  I N  T H E  C E N T R A L  P A R T  O F  T H E  R E G I O N .  T H I S  S E Q U E N C E  M A Y  

I N D I C A T E  T H E  E X I S T E N C E  O F  A  C E N T R A L  Z O N E  O F  P A R T L Y  S U B A E R I A L  

V O L C A N I C  C E N T R E S .  

I N T R U S I V E  R O C K S  W I T H I N  T H E  A R E A  A R E  M A I N L Y  D I O R I T I C A N D  A P P E A R T O  
B E  !N P A R T  C O M A G M A T I C  W l T H  T H E  N  I C O L A  V O L C A N  l C  R O C K S  B E C A U S E  O F  

S I M I L A R  C O M P O S T I O N  A N D  G R A D A T I O N A L  R E L A T I O N S H I P S .  S E V E R A L  
S M A L L  A R E A S  O F  M O N Z O N I T E  A N D / O R  S Y E N I T E  A R E  F O U N D  W I T H I N  T H E  

B E L T .  

T H E  S T R U C T U R E  O F  T H E  A S P E N  A R E A  I S  D O M I N A T E D  B Y  TWO R E G I O N A L ,  
N O R T H E R L Y - T R E N D I N G  F A U L T S  A B O U T  4 K I L O M E T R E S  A P A R T .  T H E Y  A R E  
L I N K E D  B Y  MANY S P L A Y S  A N D  A  T E R R A I N  S H A T T E R E D  B Y  B R I T T L E  

F R A C T U R E .  I N  C O N T R A S T ,  F O L D I N G  I S  O B S C U R E  A N D  MAY B E  S L I G H T  

E X C E P T  F O R  D R A G  N E A R  F A U L T S .  

T H E  S N O W F L A K E  P R O P E R T Y  I S  U N D E R L A I N  B Y  A  S E Q U E N C E  O F  F L O W S ,  

V O L C A N I C  F R A G M E N T A L S  AND R E L A T E D  V O L C A N I C L A S T I C  S E D I M E N T S  

I N T R U D E D  B Y  A  M A S S  O F  D I O R I T E - M O N Z O N I T E  ON T H E  W E S T - C E N T R A L  
P O R T I O N  O F  T H E  P R O P E R T Y ,  A N D  B Y  P L U G S  O F  D I O R I T E ,  D I O R I T E  
P O R P H Y R Y ,  A N D  D I O R I T E - M O N Z O N I T E  ON T H E  E A S T E R N  S I D E  O F  T H E  

P R O P E R T Y . "  





Previous work included ground magnetics, geological 
mapping, induced polarization, soil and rock geochemistry, VLF 
electromagnetics, and a considerable amount of drilling and 
trenching by at least seven different operators. 

Objective of the present IP and Resistivity Survey was to 
confirm the location of IP anomalies outlined by previous surveys, 
particularly in relation to past drilling results. 

A Phoenix Model IPV-1 IP and Resistivity receiver unit was 
used in conjunction with a Phoenix Model IPT-1 IP and Resistivity 
transmitter powered by a 2 kw motor-generator. IP effect is 
recorded directly as Percent Frequency Effect (P.F.E.)atoperating 
frequencies of4.0Hz and0.25 Hz. Apparent resistivity values are 
normalized in units of ohm-meters, while Metal Factor values are 
calculated according to the formula: M.F. = (P.F.E. x 1000) : 
Apparent Resistivity. 

Dipole-dipole array was utilized to makethemeasurements, 
with a basic interelectrode distance of 100 meters and 50 meters. 
Four dipole separations were recorded in every case. 

Field work was carried out during May 1983, under the 

L 
supervision of Peter Gardner, geophysical crew leader. His 
certificate of qualification is included with this report. 

2. Description of Claims 

The Snowflake Group consists of the following claims as 
outlined below: 

C l a i m  Record 
Name U n i t s  No.  D a t e  Recorded Expiry D a t e  Owner 

Snowflake 6 
Snowflake 2 4 
Snowflake 3 6 
Snowflake 4 8 
Snowflake 5 2 
Snowflake 6 6 
Snowflake 7 20 
Snowflake 9 20 
Snowflake 10 12 
Tule 10 4 

8 13 May 1975 
93 14 April 1976 
167 20 Aug. 1976 
211 11 Feb. 1977 
212 11 Feb. 1977 
321 16 Sept. 1977 
470 15 June 1978 
472 15 June 1978 
514 25 Oct. 1978 
322 16 Sept. 1977 

13 May 1985 
14 April 1986 
20 Aug. 1984 
11 Feb. 1985 
11 Feb. 1985 
16 Sept. 1984 
15 June 1983 
15 June 1982 
25 Oct. 1983 
16 Sept. 1984 

F. Gingell 
R.W. Yorke-Hardy 
R.W. Yorke-Hardy 
F. Gingell 
F. Gingell 
F. Gingell 
F. Gingell 
F. Gingell 
F. Gingell 
F. Gingell 
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O p e r a t o r  i s  L a r a m i d e  R e s o u r c e s  L i m i t e d .  

3. Presentation. of Data 

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  r e s u l t s  a r e  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  P a r t B  o f  t h i s  
r e p o r t .  

Line Electrode Interval ' Dwg- No- 

5 0  Meters 
1 0 0  Meters 

5 0  Meters 
1 0 0  Meters 

5 0  Meters 
1 0 0  Meters 

5 0  Meters 
1 0 0  Meters 

50 Meters 

Also e n c l o s e d  w i t h  t h i s  r e p o r t  i s  Dwg. 1.P.P.-B-3029,  a 
p l a n m a p o f t h e S n o w f l a k e G r i d  a t a  sca le  o f  1 : 5 , 0 0 0 .  The  d e f i n i t e ,  
p r o b a b l e  a n d  p o s s i b l e  I n d u c e d  P o l a r i z a t i o n  a n o m a l i e s  a r e  i n d i c a t e d  

b by b a r s ,  i n  t h e  manner  shown o n  t h e  l e g e n d ,  o n  t h i s  p l a n  map a s  w e l l  
a s  o n  t h e  d a t a  p l o t s .  T h e s e  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  a n o m a l o u s  z o n e s  as  i n t e r p r e t e d  f r o m  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  a n d  r e c e i v e r  e l e c t r o d e s  when t h e  a n o m a l o u s  v a l u e s  were 
m e a s u r e d .  

S i n c e  t h e  I n d u c e d  P o l a r i z a t i o n  m e a s u r e m e n t  i s  e s s e n t i a l l y  
a n  a v e r a g i n g  p r o c e s s ,  as  a r e a l l p o t e n t i a l m e t h o d s ,  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 o f  a n  a n o m a l y .  C e r t a i n l y ,  
n o  a n o m a l y  c a n  b e  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 n g  5 0  meter e l e c t r o d e  i n t e r v a l  t h e  
p o s i t i o n  o f  a n a r r o w  s u l p h i d e  body c a n  o n l y  b e  d e t e r m i n e d  t o  l i e  
b e t w e e n  t w o  s t a t i o n s  5 0  meter 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 ,  a n d  f u l l y  e v a l u a t e ,  a  n a r r o w ,  s h a l l o w  s o u r c e  i t  i s  n e c e s s 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 r g e r  e l e t r o d e  i n t e r v a l s  m u s t  b e  u s e d ,  w i t h  a 
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  o f  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 r e  o f  t h e  i n d i c a t e d  a n o m a l y  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  o f  t h e  i n d i c a t e d  
a n o m a l y  a l o n g  t h e  l i n e  s h o u l d  n o t  b e  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  o f  t h e  a n o m a l o u s  mater ia l .  

The  t o p o g r a p h i c  claim a n d  g r i d  i n f o r m a t i o n  shown on  Dwg. 
I .P .P .  -B-3029 h a s  b e e n  t a k e n  f r o m  maps made a v a i l a b l e  by t h e  s t a f f  
o f  L a r a m i d e  R e s o u r c e s  L i m i t e d .  



4.  Discussion of Results 

The  r e s u l t s  f r o m  t h e  p r e s e n t  I P  a n d  R e s i s t i v i t y  s u r v e y  on  
t h e  S n o w f l a k e  g r i d  i ' n d i c a t e  t h a t  r o c k  r e s i s t i v i t i e s  are  g e n e r a l l y  
q u i t e  low o v e r  t h e  e n t i r e  g r i d  a r e a .  T h i s  i s  c o n s i s t a n t  w i t h  t h e  
p r e s e n c e  o f  w i d e s p r e a d  f a u l t i n g  a n d  s h e a r i n g ,  a s  n o t e d  by M o r r i s o n  
i n  a r e p o r t  d a t e d  J u n e  3 0 ,  1981. 

F i v e ,  o r  p o s s i b l y  s i x ,  z o n e s  o f  a n o m a l o u s  I n d u c e d  
P o l a r i z a t i o n  e f f e c t s  a r e a l s o i n t e r p r e t e d i n t h e  d a t a ,  a n d a r e s h o w n  
on  P l a n  Map 1.P.P.-B-3029. Each  z o n e  i s  d i s c u s s e d  s e p a r a t e l y  
b e l o w .  

ZONE A 

T h i s  a n o m a l o u s  I P  t r e n d  i s  e v i d e n t  s t r i k i n g  a c r o s s  t h e  
s o u t h w e s t e r n e n d s o f L i n e 5 + 0 0 N W ,  L i n e 4 + 0 0  N W ,  a n d  L i n e  3+00 N W ,  a t  
w h i c h  p o i n t  it  i s  o p e n  t o  t h e  s o u t h .  I n  c o n t r a s t  t o  some o f  t h e  
o t h e r  z o n e s ,  t h e  s o u r c e  o f  t h i s  f e a t u r e  a p p e a r s  t o  b e  v e r y  n a r r o w ;  
i . e . ,  less t h a n  5 0  meters i n  t o t a l  w i d t h .  I t  i s  b e s t  s e e n  i n  t h e  5 0  
meter d i p o l e  d a t a  c o l l e c t e d  on  L i n e  4+00 NW b e t w e e n  S t a t i o n  8+00 SW 
a n d  S t a t i o n  8+50  SW. D e p t h  t o  t h e  t a r g e t  i n  t h i s  i n s t a n c e  i s  
i n d i c a t e d  t o  b e  less  t h a n  5 0  meters. 

ZONE B 

Zone B i s  o u t l i n e d  i n  t h e  d a t a  f r o m a l l  f i v e  g r i d  l i n e s ,  as  a 
r o u g h l y  n o r t h - n o r t h w e s t e r l y  t r e n d i n g  f e a t u r e ,  p o s i t i o n e d  
a p p r o x i m a t e l y  5 0 0  meters w e s t  o f  t h e  b a s e l i n e .  The  anomaly  
s i g n a t u r e s  i n  e v e r y  case show a  w i d e  ( g r e a t e r  t h a n  1 0 0  m e t e r s )  
r e g i o n  o f  a n o m a l o u s  I P  e f f e c t s ,  t h e  c e n t e r  o f  w h i c h  l i e s  a l o n g  t h e  
n o r t h e a s t e r n  m a r g i n  o f  a  h i g h e r  r e s i s t i v i t y  r o c k  t y p e .  T h e r e  d o e s  
n o t  a p p e a r  t o  b  a d i s c e r n a b l e  p a t e r n  o f  lower t h a n  b a c k g r o u n d  
r e s i s t i v i t y  v a l u e s  c o r r e l a t i n g  w i t h  t h e  a n o m a l o u s  P.F.E. r e a d i n g .  
T h i s  s u g g e s t s  t h e  s o u r c e  o f  Zone B  i s  d i s s e m i n a t e d  m i n e r a l i z a t i o n  
o n l y .  D e p t h t o t h e p o l a r i z a b l e r n a t e r i a l i s  e v e r y  w h e r e  less t h a n 5 0  
meters s u b - s u r f a c e ,  w h i l e  t h e  h i g h e s t  m a g n i t u d e  I P  a r e a d i n g s  a re  
n o t e d  i n  t h e  d a t a  f r o m  L i n e  6+00  NW b e t w e e n  S t a t i o n  5+00  SW, a n d  
S t a t i o n  5+50  SW. 

ZONE C 

G e n e r a l l y ,  w e a k l y  a n o m a l o u s  I P  e f f e c t s  mark I P  Zone C ,  
w h i c h  e x t e n d s  s o u t h e a s t w a r d  f r o m  t h e  v i c i n i t y  o f  L i n e  6+00 NW 
S t a t i o n  1 + 5 0  S W t o  b e y o n d  L i n e  3+00NW. A s  was  t h e  c a s e o f  Z o n e B ,  t h e  
a n o m a l o u s  I P  r e a d i n g s  l i e  a l o n g  t h e  f l a n k  o f  a z o n e  o f  h i g h 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 ,  a l t h o u g h  i n  t h i s  i n s t a n c e  t h e  h i g h  
r e s i s t i v i t y  m e a s u r e m e n t s  are  s i t u a t e d  t o  t h e  n o r t h e a s t  o f  t h e  I P  
t r e n d .  A g a i n  t h e r e  d o e s  n o t  a p p e a r  t o  b e  a  z o n e  o f  i n c r a s e d  -- c o n d u c t i v i t y  a s s o c i a t e d  w i t h  t h e  i n t e r e s t i n g  I P  v a l u e s ,  t h u s  
s u g g e s t i n g t h a t w e a k l y  d i s s e m i n a t e d m i n e r a l i z a t i o n  i s  t h e  s o u r c e  o f  

, I P Z o n e C .  



ZONE Dl, D2 

I t  i s  n o t  c e r t a i n  i f  Zone D l  a n d  Zone D2 r e p r e s e n t  t h e  same 
s o u r c e ,  a s  t h e r e  i s * c o n s i d e r a b l e  d i s p l a c e m e n t  o f  t h e  a n o m a l i e s  
i n v o l v e d  b e t w e e n  L i n e  8+00 NW a n d  L i n e  6+00 NW. I n  a d d i t i o n ,  t h e  
c h a r a c t e r  o f  t h e  i n d i v i d u a l  a n o m a l i e s  c h a n g e s  c o n s i d e r a b l y  b e t w e e n  
t h e  two l i n e s ,  w i t h  a much m o r e c o n d u c t i v e  s o u r c e b e i n g i n d i c a t e d t o  
u n d e r l i e  L i n e  8+00 NW ( Z o n e  D l ) .  

T h e  s o u r c e  o f  Zone D2 o n  t h e  o t h e r  h a n d ,  d o e s  n o t  a p p e a r  t o  
b e  n e a r l y  a s  c o n d u c t i v e ,  a n d  i s  o u t l i n e d  p r i m a r i l y  a s  a z o n e  o f  
i n c r e a s e d  p o l a r i z a b i l i t y  f o r m i n g  t h e  s o u t h w e s t e r n  e d g e  o f  a 
r e s i s t i v e  r o c k u n i t ,  w h i c h  i t s e l f  g i v e s u s e t o v e r y w e a k l y  a n o m a l o u s  
P.F.E. v a l u e s .  E v i d e n t l y ,  a v e r y  w e a k l y  m i n e r a l i z e d  r o c k  u n i t  i s  
p r e s e n t ,  w i t h  Zone D 2  o u t l i n i n g  a r e g i o n  o f  s l i g h t l y  more  
c o n c e n t r a t e d  m i n e r a l i z a t i o n  a l o n g  t h e  s o u t h w e s t e r n  m a r g i n .  

ZONE E 

Zone E may mark t h e  o p p o s i t e  c o n t a c t ,  t h a t  i s ,  t h e  
n o r t h e a s t e r n m a r g i n  o f t h e  w e a k l y  m i n e r a l i z e d u n i t m e n t i o n e d a b o v e .  
T h i s  r e l a t i o n s h i p  i s  u n c e r t a i n  a s  t h e  s o u r c e  o f  t h e  I P  z o n e  i s  
u n d e f i n e d  f u r t h e r  t o  t h e  n o r t h e a s t  a s  w e l l  a s  t o  t h e  s o u t h e a s t .  

L 

b 

5. Summary and Recommendations 

T h e p r e s e n t  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  on  
t h e  S n o w f l a k e  C l a i m s  h a s  o u t l i n e d  f i v e ,  o r  p o s s i b l y  s i x  s e p a r a t e  
a n o m a l o u s  z o n e s .  S o u r c e s  o f  a l l  o f  t h e  z o n e s  e x c e p t  o n e ,  Zone D l ,  
a p p e a r  t o  b e  p r i m a r i l y  d i s s e m i n a t e d  meta l l i c  m i n e r a l i z a t i o n .  I n  
t h e  c a s e  o f  Zone D l ,  w h i c h  i s  i n t e r p r e t e d  i n  t h e  d a t a  f r o m  t h e  
n o r t h e a s t e r n  e n d  o f  L i n e  8+00 NW o n l y ,  lower 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  s u g g e s t  t h e  p r e s e n c e  o f  more c o n d u c t i v e  m i n e r a l i z a t i o n .  

F u r t h e r  work o n  t h e  p r o p e r t y  s h o u l d  f i r s t  b e  i n  t h e  f o r m  o f  
a n  e v a l u a t i o n  o f  a l l  t h e  p r e v i o u s l y  e x i s t i n g  d a t a ,  e s p e c i a l l y  t h e  
d r i l l i n g  r e s u l t s ;  i n  o r d e r  t o  j u d g e  t h e  s i g n i f i c a n c e  o f  t h e  
a n o m a l o u s  I P  z o n e s  d e t e c t e d  by t h i s  y e a r ' s  I P  a n d  R e s i s t i v i t y  
s u r v e y .  
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PART B 

PHOENIX GEOPHYSICS LIMITED 

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  

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  o f  metal l ic  o r  

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

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

meta l l i c  m i n e r a l s  s u c h  a s  b a s e  metal s u l p h i d e s .  Norma l 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 r o u n d ,  as i n  r e s i s t i v i t y  measure-  

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

i n  t h e  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  g round  w a t e r .  The g r o u p  o f  

m i n e r a l s  commonly d e s c r i b e d  as " m e t a l l i c " ,  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  g r o u n d  w a t e r s .  The 

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

where  t h e  mode o f  c o n d u c t i o n  c h a n g e s  f rom 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  

meta l l i c  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  i n d u c e d  p o l a r i z a t i o n  m e n t i o n e d  

L 

a b o v e ,  wh ich  d e p e n d s  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  
6 

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



-2- 

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

m e t a l l i c  i n t e r f a c e  t h e  r e s i s t a n c e  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 

of  c u r r e n t  f low t h r o u g h  t h e  m e t a l l i c  p a r t i c l e . '  T h i s  

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

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 .  

c u r r e n t  f low is c u t  o f f ,  t h e  Coulomb f o r c e s  between t h e  charged  

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 .  T h i s  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 low 

which can  b e  measured on t h e  s u r f a c e  o f  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 .  

From an a l t e r n a t e  v i e w p o i n t  i t  can b e  s e e n  t h a t  i f  t h e  

d i r e c t i o n  o f  t h e  c u r r e n t  t h r o u g h  t h e  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  o f  t h e  sys tem a s  a  whole w i l l  change a s  t h e  f requency  

of t h e  s w i t c h i n g  is changed.  T h i s  is a  consequence o f  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 o w i n g  t h r o u g h  each  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  o f  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  of  t h e  p e r  c e n t  f r equency  e f f e c t  o r  F .E .  a r e  

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 of  t h e  d e g r e e  of  p o l a r i z a t i o n  is  r e l a t e d  
i 
i, - 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  mass,  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. can  b e  u s e f u l  v a l u e s  , 



' *- 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  

mass.  The MI? v a l u e s  a r e  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 r e c t  d e t e c t i o n  o f  

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

i s  o f  v e r y  low c o n c e n t r a t i o n .  The lower  l i m i t  o f  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  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  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  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  o f  t h e  I P  method h a s  been 
L 

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

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  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 ,  o r  low 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 6  EM method canno 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  a s  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  t o o l  i n  c h e c k i n g  EM a n o m a l i e s  

which a r e  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  IP  method does  n o t  

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  m e t a l l i c  m i n e r a l s  

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

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  s u c h  a s  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  is  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  r o c k  mass.  O t h e r  e l e c t r o n i c  c o n d u c t i n g  



m a t e r i a l s  which can produce  an I P  r e s p o n s e  a r e  m a g n e t i t e ,  

p y r o l u s i t e ,  g r a p h i t e ,  and some forms o f  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  

a r e  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  o f  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  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  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  is an i n t e g e r  number ( n )  t i m e s  

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  su rveyed  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) between 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 w i t h  - 
v a r i o u s  v a l u e s  o f  ( n ) ;  i . e . ,  ( n )  = 1, 2 ,  3 ,  4 ,  e t c .  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  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  o f  ( n )  u s e d .  

I n  p l o t t i n g  t h e  r e s u l t s ,  t h e  v a l u e s  o f  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 ,  and 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  e a c h  se t  o f  e l e c t r o d e  p o s i t i o n s  a r e  

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

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

m e t a l  f a c t o r  v a l u e s ,  a r e  p l o t t e d  t h e  v a l u e s  of  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  of  t h e  c e n t e r  , 
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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  o f  t h e  v a l u e  from t h e  l i n e  i s  d e t e r m i n e d  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 was made. 

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 , 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 ,  a r e  n o t  s e c t i o n  maps of  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  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  from 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  

combined 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  o f  

. ( 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 is i m p o r t a n t  
L 

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  a r e  measured is t h e  same a s  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  s e r i e s  o f  p o t e n t i a l  

r e a d i n g s ' h a s  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  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 chang ing  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  a r e  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 a n g i n g  from 25  f e e t  t o  2000 

f e e t  f o r  ( X ) .  I n  each  c a s e ,  t h e  d e c i s i o n  a s  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  d e t e r m i n e d  by t h e  

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

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 d e s i r e d  t o  
- 

p r o g r e s s .  
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The diagram 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 ,  

a p p a r e n t  m e t a l  f a c t o r ,  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 was made. I t  can b e  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 r e  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  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 b e i n g  t e s t e d  is g r e a t e r  t h a n  f o r  t h e  s m a l l e r  

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

t h r o u g h  t h e  ground and 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  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 ,  o r  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  low, o r  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  

( A V )  t h e  change is 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  b e  

measurab le .  The symbol I'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 .  

The symbol "N'l on t h e  d a t a  p l o t s  i n d i c a t e s  a  s t a t i o n  a t  which 

it 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  can  b e  o b t a i n e d ,  

b u t  f o r  r e a s o n s  o f  n o i s e  there is some doubt  a s  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  d a t a  p l o t  ( ) .  

I n  c e r t a i n  s i t u a t i o n s  n e g a t i v e  v a l u e s  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 b e  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 requency  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  o f  Apparent  Meta l  F a c t o r .  I n  c o n t o u r i n g  n e g a t i v e  v a l u e s  

t h e  c o n t o u r  l i n e s  a r e  i n d i c a t e d  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 was r e q u i r e d .  T h i s  

may b e  due 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 unique  

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 -  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  

S t a t i o n s  on l ine x = Elec t rode  spread length 
n  = Elec t rode  separa t ion  

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

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

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

n - l  P P 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 

n - 2  M.F. M .F. M. F. M . F. M.F. 
112-4,5 2,3-5,6 3,4-6,7 4,5-7,8 5,6-8,9 

n  - 3  M.E M.F M. F. M.F . 1,2-5,6 2,3-6,7 3,4-7,8 4,5-8,9 Apparent M e t a l  Factor  

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

F. E. Ft E. F. € F.E. n - 2  F. E.  
1,2-4,5 2,3-5,6 3,4-6,7 4,s-7,8 5,6-8,9 

F. E. F .  E. F.E. F.E. 
n - 3  I,Z-5,6 2,3-6,7 3,4-7,8 4,s-8,9 Apparent Percent 

n - 4  F.E. F. E. F. E. Frequency E f fec t  
1,2-6,7 2,3-7,8 3,4-8,9 

I F i g .  A 
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