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1. INTRODUCTION 

An Induced Polarization and Resistivity survey 

has been carried out for Laramide Resources Limited on the 

Mt. Sicker property, Mt. Sicker area, Victoria Mining 

Division, British Columbia. The property is located at 

about 48053' North Latitude and 123~52' West Longitude, 

approximately 16 kilometers northwest of Duncan, British 

Columbia (Figures 1 and 2). 

A paved road from Duncan passes near the base of 

Mt. Sicker. Access to the grid is via old logging roads 

which traverse Mt. Sicker. 

Since the 1800's economic mineralization has been 

noted in the Mt. Sicker area. Near the center of the 

Silver 2 claim a small massive sulphide-type showing is 

partly exposed along an old road cut. The present IP survey 

was conducted in order to delineate any metallic mineral- 

ization in the vicinity of the known showing. 

Field work was carried out in October of 1981 

using a Phoenix Model IPV-1 IP and Resistivity receiver 

unit in conjunction with a Phoenix Model IPT-1 IP and 

Resistivity transmitter unit, recording the polarizability 

as percent frequency effect (P.F.E.) between frequencies 

of 4.0 Hertz and 0.25 Hertz. Apparent resistivity measure- 

ments are normalized in units of ohm-meters, while metal 
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f a c t o r  v a l u e s  a r e  c a l c u l a t e d  accord ing  t o  t h e  formula:  

M.F. = (PFE x 1000)/Apparent R e s i s t i v i t y .  Dipole-dipole  

a r r a y  was used e x c l u s i v e l y ,  w i t h  a b a s i c  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 .  

The f i e l d  work was conducted under t h e  supe rv i s ion  

of M r .  P e t e r  Gardner, geophys ica l  crew l e a d e r ,  whose 

c e r t i f i c a t e  is a t t a c h e d  t o  t h i s  r e p o r t .  

2 .  DESCRIPTION OF CLAIMS 

The M t .  S i cke r  p r o p e r t y  c o n s i s t s  o f  5 c la ims  

as o u t l i n e d  below. 

RECORD DATE 
CLAIM NAME U N I T S  l!lmBER - 
Fang 20 534 8 May 1981 

S i l v e r  1 9 535 8 May 1981 

S i l v e r  2 12  5 36 8 May 1981 

S o l l y  9 537 8 May 1981 

T.L. 20 538 8 May 1981 

The c l a ims  a r e  owned and ope ra t ed  by Laramide 

Resources Limited of Vancouver, B.C.  

3. PRESENTATION 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  

a r e  shown on t h e  fo l lowing  d a t a  p l o t s  i n  t h e  manner desc r ibed  

L i n  t h e  n o t e s  a t t a c h e d  t o  t h i s  r e p o r t  ' ( p a r t  B ) .  



LINE ELECTRODE INTERVAL DWG. NO. 

32 W 50 meters I . P .  5818-1 

30 W 50  meters I . P .  5818-2 

28 W 50 meters I . P .  5818-3 

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- 

4018,  a p l a n  map o f  t h e  s u r v e y e d  g r i d  a t  a  scale o f  1 : 2 , 0 0 0 .  

The d e 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 ies  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 e g e n d ,  on t h i s  p l a n  map as w e l l  as on t h e  d a t a  p l o t s .  

These bars 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  a s  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  were 

measured .  

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 a r e  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  b e  

l o c a t e d  w i t h  more accuracy  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 c a n  o n l y  b e  de te rmined  t o  

l i e  between two s t a t i o n s  5 0  meters a p a r t .  I n  o r d e r  t o  

defini tely 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  

L ' s o u r c e ,  it is  n e 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  at  some d e p t h ,  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 th  a cor responding  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 ,  whi le  t h e  c e n t e r  

of  t h e  i n d i c a t e d  anomaly probably corresponds f a i r l y  

w e l l  w i th  t h e  sou rce ,  t h e  l e n g t h  of t h e  i n d i c a t e d  anomaly 

a long  t h e  l i n e  should not  be  taken  t o  r e p r e s e n t  t h e  exac t  

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

The g r i d  in format ion  shown on Dwg. 1.P.P.-B-4018 

h a s  been taken from maps made a v a i l a b l e  by t h e  s t a f f  of 

Laramide Resources Limi ted .  

4 .  DESCRIPTION OF GEOLOGY 

The M t .  S i c k e r  p r o p e r t y  is mainly u n d e r l a i n  by 

deformed f e l s i c  rocks  of t h e  Pa l eozo ic  S i c k e r  S e r i e s .  Along 

t h e  sou th  edge of t h e  claim b lock  t h e  v o l c a n i c  rocks  are 

i n  f a u l t  c o n t a c t  wi th  sedimentary rocks  of t h e  Cretaceous,  

Nanaimo Formation.  

The S i c k e r  S e r i e s  is h o s t  t o  s e v e r a l  massive 

s u l p h i d e  d e p o s i t s .  These d e p o s i t s  a r e  a s s o c i a t e d  wi th  

f e l s i c  v o l c a n i c  rocks .  

5.  DISCUSSION OF RESULTS 

R e s i s t i v i t y  l e v e l s  under  t h e  surveyed M t ;  S i c k e r  

g r i d  a r e  g e n e r a l l y  moderate t o  h igh  i n  magnitude. The 

apparen t  r e s i s t i v i t i e s  measured range from about 100 t o  

3000 ohm-meters. Background IP  e f f e c t s  a r e  low t o  moderate 
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i n  magni tude ,  r a n g i n g  from less t h a n  1 P.F.E. up t o  abou t  

3 P.F.E. 

R e l a t i v e l y  lower  a p p a r e n t  r e s i s t i v i t i e s  (less 

t h a n  500 ohm-meters) were measured a t  t h e  s o u t h e r n  end o f  

t h e  g r i d .  These lower  r e s i s t i v i t i e s  may r e f l e c t  t h e  p r e s e n c e  

a t  d e p t h  o f  t h e  s e d i m e n t a r y  r o c k s  o f  t h e  Nanaimo Format ion  

known to o u t c r o p  i n  t h e  v i c i n i t y .  

D e f i n i t e  and p r o b a b l e  I P  anomal ies  have  been  

n o t e d  on e v e r y  l i n e  s u r v e y e d .  These I P  anomal ies  are 

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

r e s i s t i v i t i e s .  The I P  a n o m a l i e s  form one  main b r o a d  e a s t - w e s t  

t r e n d i n g  zone ,  as can  b e  s e e n  on Dwg. 1.P.P.-B-4018. T h i s  

anomalous I P  zone ,  however,  is open t o  t h e  w e s t  and east of 

t h e  su rveyed  g r i d .  Also ,  t h e  anomaly on L i n e  28  W is open 

t o  t h e  n o r t h .  

There  a l s o  e x i s t s  one s e p a r a t e  narrow I P  anomaly 

o f  modera te  magni tude  l o c a t e d  on L i n e  32 W c e n t e r e d  a t  

S t a t i o n  0  + 25N. T h i s  anomaly is l o c a t e d  v e r y  c l o s e  t o  

t h e  r e s i s t i v i t y  c o n t a c t ,  which a l m o s t ,  c e r t a i n l y ,  marks 

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

The d e p t h  t o  t h e  t o p  o f  t h e  s o u r c e  o f  a l l  t h e  

I P  anomal ies  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 d e f i n i t e l y  

less  t h a n  one  d i p o l e  s p a c i n g ,  t h a t  is, less t h a n  50 meters 

s u b s u r f a c e .  A be t ter  e s t i m a t e  of  t h e  p a r a m e t e r s  d e s c r i b i n g  
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t h e  s o u r c e  c o u l d  n o t  b e  made b e c a u s e  t h e  computer 

i n v e r s i o n  programs a v a i l a b l e  c a n n o t  h a n d l e  a s o u r c e  much 

g r e a t e r  t h a n  3 d i p o l e  s p a c i n g s  wide.  

I t  is t h e  a u t h o r ' s  u n d e r s t a n d i n g  t h a t  t r e n c h i n g  

h a s  been done n e a r  t h e  c e n t e r  o f  t h e  I P  anomaly on L i n e  28W 

( r e f e r  t o  r e p o r t  by B e l i k ,  December 1981) .  P i t  5  un- 

covered  a  c h l o r i t i c  s c h i s t  w i t h  a  few narrow bands  o f  s e m i -  

mass ive  p y r i t e .  Wi th in  P i t  6 a s e r i c i t i c  s c h i s t  was found 

c o n t a i n i n g  up  t o  10% d i s s e m i n a t e d  p y r i t e  and minor c h a l c o -  

p y r i t e .  

6 .  SUMMARY AND RECOMMENDATIONS 

G e n e r a l l y ,  a p p a r e n t  r e s i s t i v i t i e s  o f  modera te  

magnitude w e r e  r e c o r d e d  o v e r  t h e  s u r v e y  a r e a .  R e l a t i v e l y  

low r e s i s t i v i t i e s  e v i d e n t  s o u t h  of S t a t i o n  50N on L i n e  

32W and s o u t h  o f  S t a t i o n  5 0 s  on L ine  30W may c o r r e s p o n d  t o  

s e d i m e n t a r y  r o c k s  o f  t h e  C r e t a c e o u s  Nanaimo Format ion .  

One main anomalous IP  zone h a s  been o u t l i n e d  by 

t h e  d a t a .  T h i s  I P  zone  c o r r e l a t e s  w i t h  s u l p h i d e  m i n e r a l -  

i z a t i o n  uncovered  by tes t  p i t s  n e a r  t h e  c e n t e r  o f  t h e  I P  

anomaly on L i n e  28 W .  

A s e p a r a t e ,  nar row I P  anomaly c l a s s i f i e d  as 

p r o b a b l e ,  h a s  a l s o  been d e t e c t e d  on L i n e  32 W c e n t e r e d  a t  

S t a t i o n  0  + 2 5  N .  
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I t  is recommended t h a t  b e f o r e  diamond d r i l l i n g  

is c o n s i d e r e d  t o  tes t  t h e  I P  anomal ies ,  a d d i t i o n a l  geo- 

p h y s i c a l  work b e  c a r r i e d  o u t .  I n  o r d e r  t o  c l e a r l y  d e f i n e  

t h e  l i m i t s  o f  t h e  anomalous I P  zone t h e  p r e s e n t  g r i d  s h o u l d  

b e  e x t e n d e d  t o  t h e  e a s t  and t o  t h e  w e s t  and L i n e  28W 

s h o u l d  b e  e x t e n d e d  t o  t h e  n o r t h .  Also ,  f o r  a b e t t e r  

estimate o f  t h e  d e p t h  t o  t h e  t o p  o f  t h e  s o u r c e  o f  t h e  I P  

a n o m a l i e s ,  d e t a i l e d  IP  s u r v e y i n g  u s i n g  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  is n e c e s s a r y .  

PHOENIX GEOPHYSICS 

OF 

P,/ A Bd?? ~ F Y D  
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: 1 0  J a n u a r y  1982 
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ASSESSMENT DETAILS 

PROPERTY: Mt. Sicker MINING DIVISION: Victoria 

SPONSOR: Laramide Resources PROVINCE: British Columbia 
Limited 

LOCATION: Mt. Sicker 

TYPE OF SURVEY: Induced Polarization and Resistivity 

OPERATING MAN DAYS: 3 DATE STARTED: 5 October 1981 

EQUIVALENT 8 HR. MAN DAYS: 4.5 DATE FINISHED: 9 October 1981 

CONSULTING MAN DAYS : 4 NUMBER OF STATIONS: 63 

DRAFTING MAN DAYS: 4 MMBER OF READINGS: 516 

TOTAL MAN DAYS: 12.5 KM . OF LINE SURVEYED : 3.0 
CONSULTANTS: 

F. DiSpirito, 2748 Oxford Street, Vancouver, B.C. 
P.A. Cartwright, 4238 W. 11th Avenue, Vancouver, B.C. 

FIELD TECHNICIANS: 

P. Gardner, 393 Connaught Avenue, Willowdale, Ontario. 

Ron Wakaluk , 7886 Vivian Drive, 

DATED: 10 January 1982 

Vanco uver, B.C. 

PHOENIX GEOPHY 



STATEMENT OF COST 

Laramide Resources Limited 

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  Survey, 
M t .  S i c k e r  Proper ty ,  V i c t o r i a  Mining Div is ion ,  
B r i t i s h  Columbia. 

PERIOD: 5 October 1981 - 9 October 1981 

CREW: P. Gardner 

3 Operat ing days @ $600/day 
1 Trave l  Day @ $300/day 

EXPENSES : 

Food 
Ferry 
Fuel  
Vehic le  

PHOENIX 

F. DISPIRIT0 

BRITISH 

DATED: 1 0  January 1982 



CERTIFICATE 

I ,  FRANK DISPIRITO, o f  t h e  C i t y  o f  Vancouver,  

P r o v i n c e  o f  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. I am a  g e o p h y s i c i s t  r e s i d i n g  a t  2748 Oxford 
S t r e e t ,  Vancouver,  B.C. 

2 .  I am a g r a d u a t e  o f  t h e  U n i v e r i s t y  o f  B r i t i s h  
Columbia w i t h  a  B.A.Sc. Degree i n  G e o l o g i c a l  
E n g i n e e r i n g .  

I am a P r o f e s s i o n a l  E n g i n e e r  r e g i s t e r e d  i n  t h e  
P r o v i n c e  of  B r i t i s h  Columbia. 

I have  been p r a c t i s i n g  my p r o f e s s i o n  f o r  7  y e a r s .  

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  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  o f  
Laramide Resources  L i m i t e d  o r  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  a r e  b a s e d  on 
a s t u d y  o f  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 o r  i n  
p a r t  f o r  a s sessment  and q u a l i f i c a t i o n  r e q u i r e -  
ments  b u 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 AT VANCOUVER, B.C.,  
t h i s  1 0 t h  day o f  J a n u a r y  1982.  

a2G 
r a n k  DiSpir '? to ,  P.Eng. 
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CERTIFICATE 

I ,  PAUL A. CARTWRIGHT, of t h e  C i t y  of Vancouver, 

Prov ince  of  B r i t i s h  Columbia, do hereby c e r t i f y  t h a t :  

1. I am a geophys i c i s t  r e s i d i n g  a t  4238 West 11 th  
Avenue, Vancouver, B.C.  

2 .  I am a  gradua te  of t h e  U n i v e r s i t y  of B r i t i s h  
Columbia, Vancouver, B.C.  w i th  a B.Sc. Degree. 

3 .  I am a member of  t h e  S o c i e t y  of  Exp lo ra t ion  
Geophys ic i s t s  and t h e  European Assoc ia t ion  of  
Exp lo ra t ion  Geophys 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  f o r  11 
y e a r s .  

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 ,  no r  do 
I expec t  t o  r e c e i v e  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  Laramide Resources Limited o r  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 based 
on a  s tudy  of pub l i shed  g e o l o g i c a l  l i t e r a t u r e  
and unpubl ished p r i v a t e  r e p o r t s .  

Permiss ion is g ran ted  t o  u se  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 -  
ments b u t  no t  f o r  a d v e r t i s i n g  purposes .  

DATED AT VANCOUVER, B.C.  
t h i s  1 0 t h  day of January 1982. 



CERT'IFICATE 

I ,  PETER GARDNER, o f  t h e  C i t y  o f  Toron to ,  

P r o v i n c e  o f  O n t a r i o ,  do h e r e b y  c e r t i f y  t h a t :  

1. I am 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  
393 Connaught Avenue, Wi l lowda le ,  O n t a r i o .  

2 .  I am a g r a d u a t e  o f  Radio  C o l l e g e  o f  Canada 
i n  E l e c t r o n i c s  Technology.  

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

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  crew 
l e a d e r  by Phoen ix  Geophysics  L imi ted  of  
200 Yorkland B l v d . ,  Wi l lowda le ,  O n t a r i o .  

DATED AT VANCOUVER, B.C. 
t h i s  1 0 t h  day of  J a n u a r y  1982.  

P e t e r  Gardner .  



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 geophys ica 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  or p o l a r i z a t i o n  o f  m e t a l l i c  or 

e l e c t r o n i c  conduc to r s  i n  a medium of i o n i c  s o l u t i o n  

conduct ion.  

T h i s  e l ec t ro -chemica l  phenomenon o c c u r s  wherever  

electrical c u r r e n t  is p a s s e d  through an a r e a . w h i c h  c o n t a i n s  

metallic m i n e r a l s  such  as base m e t a l  s u l p h i d e s .  Normally, when r-: 
\ 

L c u r r e n t  is p a s s e d  through the  ground, as i n  r e s i s t i v i t y  measure- 

ments, a l l  of t h e  conduct ion  t a k e s  p l a c e  through i o n s  p r e s e n t  

i n  t h e  w a t e r . c o n t e n t  o f  t h e  rock ,  or  s o i l ,  i . e . ,  by i o n i c  
- 

conduction. T h i s  is because  almost  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 described as "metallic1',- however, have  

s p e c i f i c  r e s i s t i v i t i e s . m u c h  lower  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  effect 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 conduct ion  changes from i o n i c  i n  the 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  rock  t o  e l e c t r o n i c  i n  t h e  

m e t a l l i c  m i n e r a l s  p r e s e n t  i n  t h e  rock. 

The b l o c k i n g  a c t i o n  or induced p o l a r i z a t i o n  mentioned 

t above, which depends upon the chemical  e n e r g i e s  n e c e s s a r y  to  
\- , 

I a l low t h e  i o n s  to  g i v e  u p ' o r  r e c e i v e  e l e c t r o n s  f r o m  t h e  metal l ic  



\ 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  is al lowed 

L 
t o  flow through 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  

metallic i n t e r f a c e  t h e  r e s i s t a n c e  to  c u r r e n t  f low i n c r e a s e s .  

Eventua l ly ,  t h e r e  is enough p o l a r i z a t i o n  i n  t h e  form of 

excess  i o n s  at 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  reduce  t h e  amount' 

o f  c u r r e n t  f l o w  th rough  - t h e  metal 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  of t h e  i n f i n i t e  number of 

so lu t ion-meta 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 o c .  v o l t a g e  used t o  create t h i s  doc. 

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  cause  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 o f  cha rge  c r e a t e s  a s m a l l  c u r r e n t  f l o w  , 

Cj which can be measured on t h e  s u r f a c e  of t h e  ground as a decaying  
. - 

f- p o t e n t i a l  d i f f e r e n c e .  
)L 

From an a l t e r n a t e  v iewpoint  it can  be s e e n  t h a t  i f  t h e  

d i r e c t i o n  of the  c u r r e n t  th rough  t h e  system 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  occurs ,  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 requency ~ 
I of  t h e  s w i t c h i n g  is changed. T h i s  is a consequence of t h e  fact 

t h a t  t h e  amount o f  c u r r e n t  - f lowing  Shrough. 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  has been 

p a s s i n g  through-  it 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 requency e f f e c t - o r  F.E. are 

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

s i n c e  the.measurement  o f  t h e  degree  o f  p o l a r i z a t i o n  is r e l a t e d  . 

t o  t h e  apparen t  r e s i s t i v i t y  o f  t h e  rock mass, it is found t h a t  t h e  

1 ~ -  m e t a l  f a c t o r  v a l u e s  or M;F. can be u s e f u l  v a l u e s  . . - ._ 



C determining 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  rock 

lu mass, The MF v a l u e s  are obta ined by normalizing t h e  FOE, 

values  f o r  va ry ing  resist ivi t ies ,  

The Induced P o l a r i z a t i o n  measurement-is  perhaps  t h e  

most powerful geophysical  method f o r  t h e  d i r e c t  d e t e c t i o n  of 

m e t a l l i c  s u l p h i d e  mine$alizat ion,  even when t h i s  mine ra l i za t ion  

is of very low concent ra t ion .  The lower l i m i t  o f  volume p e r  

cen t  su lph ide  necessary  t o  produce a recognizable  IP anomaly 

w i l l  vary wi th  t h e  geometry and geologic environment o f  t h e  

source, and t h e  method of  execut ing t h e  survey.  However, sulphide 

minera l iza t ion  of less than one p e r  cen t  by volume has been 

de tec ted  by t h e  IP  method under proper geo log ica l  condi t ions .  

The greatest app l i ca t ion  .of t h e  .IP method h a s  been 

\L I 
- i n  t h e  search  for  disseminated metallic su lph ides  of less than 

20% by volume. However, - it has  a l s o  been used s u c c e s s f u l l y  i n  

t h e  search  f o r  massive su lph ides  i n  s i t u a t i o n s  where, due' to - .  
source geometry, dep th  of  source,  or low r e s i s t i v i t y  o f  su r f ace  

l a y e r ,  t h e  EM method cannot be succes s fu l ly  app l ied ,  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  conductors ,  such as w a t e r - f i l l e d  shear  

zones, makes the IP  method a use fu l  t o o l  i n  checking EM anomalies 

which a r e  suspec t ed  of  being due t o  these  causes ,  

I n  normal f i e l d  app l i ca t ions  t h e  IP method does not  

d i f f e r e n t i a t e  between t h e  economicallp~ important  metal l ic  minerals  

such a s  c h a l c o p y r i t e ,  cha l coc i t e ,  molybdenite, ga lena ,  etc,, 

and the o t h e r  m e t a l l i c  minera l s  such a s  p y r i t e .  The Induced 
.- 
L P o l a r i z a t i o n  effect 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  , 

conducting m i n e r a l s  i n  t h e  rock mass. Other e l e c t r o n i c  conducting 



mate r i a l s  which can produce an *IP response are magneti te ,  
L 

p y r o l u s i t e ,  g r aph i t e ,  and some forms of  hemati te .  

I n  t h e  f i e l d  procedure, measurements o n ' t h e  sur face  

are made i n  a way "that a l lows . t h e  e f f e c t s  of lateral  'changes 

i n  t h e  p r o p e r t i e s  of  t h e  ground t o  be  s e p a r a t e d  from t h e  
b 

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 ;  'Current  is 

app l i ed  t o  t h e  ground at  two p o i n t s  i n  d i s t a n c e  (X) apar t .  

The p o t e n t i a l s  are 'measured. at two p o i n t s .  (X) f e e t  apa r t ,  i n  

l i n e  with t h e  cu r r en 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 are made'along a surveyed l i n e , . w i t h  

a cons tan t  d i s t a n c e - ( n ~ )  between 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  

F '. e l ec t rodes .  I n  most surveys,  s e v e r a l  t r a v e r s e s  are made with 

va r ious  va lues  of  (n);  i.e., (n)  = 1, 2, 3, 4, etc, The k ind  
i. 

of survey r equ i r ed  ( d e t a i l e d  o r  reconnaissance) dec ides  t h e  number 

o f  va lues  o f  (n)  used. 

In  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  apparent  

r e s i s t i v i t y ,  apparent  p e r - c e n t  frequency e f f e c t ,  and t h e  apparent  

me ta l - - f ac to r  measured f o r  each set of  e l e c t r o d e  posi t - ions  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  cen te 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  cen te r  

p o i n t  of  t h e  p o t e n t i a l  e l ec t rodes .  (See F igu re  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  values.  On a t h i r d  l i n e ,  below %he 

metal  f a c t o r  va lues ,  a r e  p l o t t e d  t h e  va lues  o f  t h e  percen t  

frequency e f f e c t .  The l a t e r a l  displacement o f  a given value is 

determined by t h e  l o c a t i o n  along 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 

.L 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 de te rmined  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 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  

is o n l y  one f a c t o r  whikh de termines .  t h e  dep th  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  then ,  

when contoured, are n o t  s e c t i o n  maps- o f  the electrical p r o p e r t i e s  

o f  t h e  ground under  t h e  su rvey  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 iven  survey must be c a r r i e d  out  u s i n g  t h e  

combined e x p e r i e n c e  ga ined  f r o m - 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 impor tan 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  procedure,  the 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 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  are moved after a series o f  p o t e n t i a l  

r e a d i n g s  h a s  b e e n  made. One o f  t h e  advan tages  of. t h e  ~ n d u c e d  

P o l a r i z a t i o n  method is t h a t  t h e  same equipment-  can''e used for 

b o t h  d e t a i l e d  and reconnaissance  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 . u s e d '  r a n g i n g  from 25 f e e t  t o  2000 

feet 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  o f  (n)  t o  b e  used is l a r g e l y  de te rmined  by t h e  

expec ted  size of t h e  minera l  d e p o s i t ' b e i n g  s o u g h t ,  ' t h e  size of  

C -. 
L t h e  expected  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  

I .  
f . .  p r o g r e s s ,  



C - The diagram i n  Figure A demonstrates the method used 

L i n  plot t ing the results .  Each value of the  apparent res i s t iv i ty ,  

apparent metal factor, and apparent per cent ' frequency effect  . 
is plotted and identified by  the  posi t ion 'of  the four electrodes 

when the measurement was made, . It can be seen that  the  values 

measured for  the largek values of (n) a re  plot ted far ther  

from the l i n e  indicating tha t  the  thickness .of the iayer  of 

the earth tha t .  is being tested is greater- than f o r  the smaller 

values of (n) ; i e , the depth. of the measurement is increased. 

The I P  measurement is basical ly obtained'by measuring 

the  difference i n  potential or  voltage ( A  V) obtained a t  .two 

operating frequencies. The voltage i s  the  product- of the current 1 

through the ground and the apparent r e s i s t i v i t y  of the ground, 

Therefore, i n  f i e l d  si tuat ions where the  current is very low 

due t o  poor electro.de contact, o r  the apparent r e s i s t iv i ty  is 

very low, o r  a combination of the two ef fec ts ;  -the value of 

(AV) the change is potential  w i l l  be too small t o  be 

measurable,. .The symbol "TLn on the  data plots .- indicates t h i s  

- si tuat ion.  

In  some si tuat ions spurious noise, e i ther  man-made 

o r -na tu ra l ,  will render it impossible t o  'obtain a reading. 

The symbol "N" on the data p lo t s  indicates a s ta t ion  at.which 

' i t  is too noisy t o  record a reading. If a reading can be obtained, 

but for  reasons of noise there is some doubt as  t o ' i t s  accuracy, 

the reading is bracketed i n  the data p lo t  ( ), 

f-, I n  certain s i tuat ions  negative values of Apparent 
! .\ Frequency Effect i r e  recorded, This may be due t o  the geologic . 



environment o r  spurious e l e c t r i c a l  e f f ec t s .  The actual  negative 

L frequency e f f ec t  value recorded is indicated on the  data  p lo t ;  

however, the  symbol "NEGv is indicated f o r  the  corresponding 

value of Apparent Metal Factor, ' I n  contouring negative values 

the  contour l i n e s  are  indicated t o  t he .nea re s t  pos i t ive  value 

i n  the  immedi'ate v i c in i ty  of t he  negative value. 

The symbol "NR" ind ica tes  t h a t  f o r  some reason the  

operator did not attempt t o  record a reading, although normal 

survey procedures would suggest t h a t  one was required. T h i s  

may be due- t o  inaccessible topography o r  0the.r s i m i l a r  

reasons. Any symbol ' other than- those'.discussed. above is unique - 
t o  a par t i cu la r  s i tua t ion  and is described 'within the- body 

e of t h e  report. 
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. . 
METHOD USED IN PLOTTING DIPOLE--DIPOLE " 

INDUCED P O L A R I Z A T I O N  AND R E S l S T l V l T Y  RESULTS '' i 

r - & 0  - a 
r . .  r - r 

S! CI l10hs on line ' - x = Eleclrode spreod tenglb 
n = EIectrode seporalton 

a * 9 
' 8  

- 
1 1 3 -  3,4 23-4.5 3.4-5.6 43-47 5.6-7.8 6.7- 8.9 

F. € F. t F, E. F- t F. E 
2 1.2-4.5 2.3-5.6 3.4-6.7 4.5-7*8-- 5,6-8.9 . 

F- L -EL F. L F-IL , 
3 1.2-5,6 23-6.7 3.4-7,8 43-8.9 Apporent Perce 

0 c-E. F.L. E€ Frequency Eff e 
4 2 - 6 7  2.3-7.8 3.4-8.9 
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Fig. A 
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