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+ 1, INTRODUCTION 

An Induced P o l a r i z a t i o n  and R e s i s t i v i t y  survey has been completed on the  
Alexis  p rope r ty ,  C l i n t o n  Mining Divis ion ,  B r i t i s h  Columbia, on behalf ~f Homestake 
Mineral Development Company, proper ty  ope ra to r  f o r  t he  owners, Imper ia l  Metals 
Corp. 

The p rope r ty  is  loca t ed  approximately 65k i lome te r s  south-southeast  of t he  
community of T a t l a  Lake. The c e n t e r  of t he  geophysical  g r i d  i s  s i t u a t e d  a t  an 
e l e v a t i o n  of approximately 6,500 f e e t  A.S.L., on t h e  west s i d e  of Chilco Lake. 
Access i s  v i a  h e l i c o p t e r  from T a t l a  Lake. (Map 1 )  

The fo l lowing  geo log ica l  summary of t he  p r o j e c t  a r e a  has been provided by 
t h e  s t a f f  of Homestake: 

"The Alexis  p rope r ty  i s  unde r l a in  by upper Cretaceous vo lcan ic  and 
sedimentary rocks  of t h e  Kingsvale Group. The r eg iona l  s t r i k e  i s  
no r thwes te r ly ,  wi th  s t e e p  d i p s ,  u s u a l l y  t o  t he  no r theas t .  Northwest 
t r e n d i n g f a u l t s ,  s u b s i d i a r y t o t h e  TchaikazanFaul t ,  cu t  through the  claims 
a r e a ,  and on one fault-bounded h i l l ,  t h e  "knob", s t r a t a  s t r i k e  no r theas t  
and d i p  northwest .  

C a l c i t e  a l t e r a t i o n ,  both i n  t h e  formof ve ins  andpe rvas ive ,  i swidesp read .  
Other forms of a l t e r a t i o n ,  s i l i c a  and c l a y  minera ls ,  a r e  r e s t r i c t e d  t o  
smal l  a r e a s  a few meters  square i n  t h e  v i c i n i t y  of t h e  knob showing. 

V i s i b l e  m i n e r a l i z a t i o n  occurs  mainly on t h e  knob showing (Map 4 ) ,  where 
c innabar  occurs  l o c a l l y  i n  r u s t y  weathering c a l c i t e  ve ins  and copper 
carbonate  mine ra l s  occur spo rad ica l ly .  Rocks wi th  geochem c a l l y  h i  h 1 5 mercury con ten t s  a r e  s c a t t e r e d  over an a r e a  of a t  l e a s t  0.7 km (0.3 m i .  ) 
S l i g h t  a r s e n i c ,  antimony, copper and z i n c  enrichments a r e  a s s o c i a t e d  wi th  
t h e  mercury on t h e  knob showing. Gold has not  been found except  f o r  a gold 
enrichment i n  a few s o i l  samples. 

The a l t e r a t i o n  and mine ra l i za t ion  a r e  probably f a u l t  cont ro l led ."  

Objec t ive  of t h e  p re sen t  IP  and R e s i s t i v i t y  survey was t o  i n v e s t i g a t e  t h e  
a r e a  immediately surrounding a view of c a l c i t e  a l t e r a t i o n ,  i n  order  t o  o u t l i n e  
anomalous concen t r a t ions  of m e t a l l i c m i n e r a l i z a t i o n ,  p o s s i b l y a s s o c i a t e d w i t h g o l d  
mine ra l i za t ion .  

A Phoenix Model IPV-1 IP and R e s i s t i v i t y  r ece ive r  u n i t  was used i n  
conjunct ion  wi th  a Phoenix Model IPT-1 IP  and R e s i s t i v i t y  t r a n s m i t t e r  powered by a 
1.0kwmotor gene ra to r .  I P e f f e c t  i s  r e c o r d e d d i r e c t l y a s  Percent  FrequencyEffect  
(P.F.E.) a t  ope ra t ing  f r equenc ie s  of 4.0 Hz and 0.25 Hz. Apparent r e s i s t i v i t y  
va lues  a r e  normalized i n  u n i t s  of ohm-meters, while  Metal Fac tor  va lues  a r e  
c a l c u l a t e d  accord ing  t o  t h e  formula: M.F. = (P.F.E. x 1000) t Apparent 
R e s i s t i v i t y .  



b 
Dipole-dipole a s say  was u t i l i z e d  t o  make a l l  of t h e  measurements, wi th  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 25meters .  Four d i p o l e  s epa ra t ionswere  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  surveyed d u r i n g t h e p r e s e n t  IPprogramwas 
2.05. 

F i e ld  work was c a r r i e d  out  dur ing  September, 1983, under t he  supe rv i s ion  of 
David Daggett ,  geophysical  crew l eade r .  H i s  c e r t i f i c a t e  of q u a l i f i c a t i o n  i s  
included wi th  t h i s  r e p o r t .  

2. DESCRIPTION OF (ZAIMS 

The p rope r ty  c o n s i s t s  of 70 claim u n i t s  t o t a l l i n g  approximately 1,600 
h e c t a r e s  (Map 2 ) .  

Claim Name Units Record No. Record Date 

Alexis  1 
Alexis  2 
Alexis  3 
Alexis  4 
Alexis  5 
Alexis  6 
Alexis  7 

b 
Alexis  8 
Alexis  9 
Alexis  10 
Alexis  11 
Alexis  12 
Alexis  13 
Alexis  14 
Alexis  15 
Alexis  16 
Sunshine 1 
Sunshine 2 
ALX 1 
ALX 3 

October 6 ,  
October 6,  
October 6 ,  
October 6 ,  
October 6 ,  
October 6,  
October 6 ,  

June 15, 
June 15, 
June 15, 
June 15, 
June 15, 
June 15, 
June 15, 
June 15, 
June 15, 

August 28, 
August 28, 

June 24, 
June 24, 

The claims descr ibed  a r e  owned by Imper ia l  Metals Corp., except  f o r  ALX 1 
and ALX 3 ,  which a r e  he ld  by Homestake Mineral Development Company. 

3. PRESENTATION OF DATA 

The 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  shownonthe fo l lowing  
d a t a  p l o t s  i n  t h e  manner descr ibed  i n  t he  notes  a t t ached  t o  t h i s  r e p o r t  ( P a r t  B). 



b LINE ELECTRODE INTERVALS DUG. NO. 

2 + 50N 
2 + OON 
1 + 50N 
1 + OON 

25 meters  
25 meters  
25 meters  
25 meters  

Also enclosed w i t h  t h i s  r e p o r t  i s  Dwg. No. 1.P.P.-B-2002, a p l an  map of t h e  
Alexis  Proper ty  Grid a t  a s c a l e  of 1:2500. The d e f i n i t e ,  probable and p o s s i b l e  
Induced P o l a r i z a t i o n  anomalies a r e  i nd ica t ed  by b a r s ,  i n  t h e  manner shown on t h e  
legend,  on t h i s  p lan  map as wel l  a s  on the  d a t a  p l o t s .  These ba r s  r ep re sen t  the. 
su r f ace  p r o j e c t i o n  of t h e  anomalous zones a s  i n t e r p r e t e d  from the  l o c a t i o n  of t h e  
t r a n s m i t t e r  and r e c e i v e r  e l e c t r o d e s  when the  anomalous va lues  were measured. 

Since t h e  Induced P o l a r i z a t i o n  measurement i s  e s s e n t i a l l y  an averaging 
process ,  a s  a r e  a l l  p o t e n t i a l  methods, i t  i s  f r e q u e n t l y  d i f f i c u l t  t o  e x a c t l y  
p inpoin t  t he  source of an anomaly. Ce r t a in ly ,  no anomaly can be loca t ed  wi th  more 
accuracy than t h e  e l e c t r o d e  i n t e r v a l  l eng th ;  i . e .  when us ing  25 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  of a  narrow su lphide  body can only be determined t o  l i e  
between two s t a t i o n s  25 meters  a p a r t .  I n  order  t o  d e f i n i t e l y  l o c a t e ,  and f u l l y  
e v a l u a t e ,  a  narrow, shal low source i t  i s  necessary  t o  use s h o r t e r  e l e c t r o d e  
i n t e r v a l s .  I n  o rde r  t o  l o c a t e  sources  a t  some depth ,  l a r g e r  e l e c t r o d e  i n t e r v a l s  
must be used,  wi th  a  corresponding inc rease  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 .  
Therefore,  while  t he  c e n t r e  of t h e  ind ica t ed  anomaly probably corresponds f a i r l y  
wel l  wi th  t he  source ,  t h e  l eng th  of t h e  ind ica t ed  anomaly along the  l i n e  should not  
be taken t o  r ep re sen t  t h e  exac t  edges of t h e  anomalous ma te r i a l .  

The topographic,  geologic ,  c laim and g r i d  information shown on Dwg. No. 
1.P.P.-B-2002 has been taken from maps made a v a i l a b l e  by t h e  s t a f f  of Homestake 
Mineral Development Company. 

4. DISCUSSION OF BESULTS 

The Induced 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  survey on the  Alexis  Property has 
de t ec t ed  t h r e e  zones of weakly t o  moderately anomalous IP  e f f e c t s .  None of t hese  
f e a t u r e s  appear t o  c o r r e l a t e  d i r e c t l y  wi th  t h e  mapped p o s i t i o n  of t he  ve in  of 
c a l c i t e  a l t e r a t i o n ,  which sugges ts  t h a t  non-conductive, and t h e r e f o r e  non- 
p o l a r i z i n g  carbonate  m a t e r i a l  only c o n s t i t u t e s  t he  vein.  

Eachof theanomalous IP  zones i s  shown on planmap Dwg. No. IPP-B-2002, and 
i s  discussed below. 

i) I P  Zone A 

This weakly anomalous f e a t u r e  i s  i n t e r p r e t e d  i n  t he  da t a  fromLine 1+50Nand 
Linel+OON,roughly centered  on s t a t i o n s  1+50W. The zone is  undefined t o t h e  south  
a t  p resent .  



t 
I n  g e n e r a l ,  t h e  source of Zone A i s  probably minor amounts of disseminated 

m e t a l l i c  su lph ides ,  as i n d i c a t e d  by t h e  f a c t  t h a t  t h e  weakly anomalous IP  values 
(P.F.E. ' s )  a r e  accompanied, f o r  t he  most p a r t ,  by background l e v e l  apparent  
r e s i s t i v i t y  readings .  The cons iderably  h ighe r  than  normal IP  e f f e c t s  ev ident  i n  
t h e d a t a f r o m L i n e  1+00N., i n  t he  i n t e r v a l  between s t a t i o n  1+50Wand s t a t i o n  1+25Wmay 
be u n r e l i a b l e ,  due t o  t h e  f a c t  t h a t  a l l  of t h e  h igh  magnitude va lues  a r e  measured 
us ing  one p o t e n t i a l  d i p o l e  only. 

Depth t o  t h e  source  of Zone A i s  probably l e s s  than  25 meters  sub-surface. 

ii) IP Zone B 

IP Zone B i s  o u t l i n e d  s t r i k i n g  i n  a roughlynorth-southdirection across a l l  
f o u r  g r i d  l i n e s ,  immediately west of t h e  c a l c i t e  vein.  Magnitudes of t he  
i n d i v i d u a l  anomalies which make up t h e  t r e n d ,  a r e  somewhat g r e a t e r  than t h e  
magnitudes of those  responses t h a t  c o n s t i t u t e  Zone A and Zone C. 

Disseminated su lph ide  m i n e r a l i z a t i o n  i s  t h e  most probable cause of t he  
anomalous IP  e f f e c t s ,  a s  somewhat h igher  than  background apparent  r e s i s t i v i t y  
r e s u l t s  a r e  g e n e r a l l y  co inc iden t  wi th  t h e  a r e a s  of i n t e r e s t i n g  IP  response. 

The source  of t h e  zone i s  i n d i c a t e d  t o  be l e s s  than  25 meters  sub- sur face .  

iii) IP Zone C 

i 
Weakly anomalous IP readings  form Zone C. This f e a t u r e  i s  i n t e r p r e t e d  t o  

l i e  immediately e a s t  of t h e  c a l c i t e  a l t e r a t i o n  ve in  on the  most n o r t h e r l y  t h r e e  
l i n e s  eva lua ted  by t h e  p re sen t  IP  and R e s i s t i v i t y  survey. 

Background l e v e l  apparent  r e s i s t i v i t y  measurements c o r r e l a t e  with t h e  
p o s i t i o n  of I P  Zone C on Line 2+50N and Line 1+50N. However, a narrow zone of low 
r e s i s t i v i t y i s  ev iden t  co inc iden t  wi th  t h e  zone onLine  2+00N, between s t a t i o n  0+25E 
and s t a t i o n  0+50E. The cause of t h i s  low r e s i s t i v i t y  f e a t u r e  i s  most l i k e l y  an 
i o n i c  conductor such as a f a u l t .  I f  m e t a l l i c  m i n e r a l i z a t i o n  were the  cause,  one 
would expect  amore  d e f i n i t e  IP response.  A s  was the  case  o f t h e o t h e r  zones ,dep th  
t o  t h e  source of I P  Zone C i s  i nd ica t ed  t o  be l e s s  than  25 meters  below the  sur face .  

iv) Other Anomalies 

Two s e p a r a t e ,  weakly anomalous IP  responses  a r e  i n t e r p r e t e d  i n  t he  d a t a  
from the  western end of Line 2+50N. The source  of t he  more e a s t e r l y  of t he  two 
anomalies is  probably very  narrow and sha l low,  a s  i nd ica t ed  by the  f a c t  t h a t  t he  
anomaly c o n s i s t s  of a s i n g l e  n=l  reading  only.  Depth t o  t he  second, more wes ter ly  
anomaly i s  a l s o  l e s s  t han  25meters ,  b u t t h e  width i s  cons iderable ;  i . e . ,  a t  l e a s t  50 
meters .  

5. SUMMARY AND BECOMMENDATIONS 

The 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  survey o f t h e  Alexis  P r o p e r t y g r i d  
-c-. had o u t l i n e d t h r e e  zones of weaklytomoderatelyanomalous I P e f f e c t s ,  a s w e l l  a s  two 

i s o l a t e d  IP  anomalies on t h e  western end of Line 2+50N. 



A l l  of t h e  anomalous I P  f e a t u r e s  a r e  most l i k e l y  caused by smal l  amounts of 
disseminated m e t a l l i c  suphides ,  wi th  Zone B o u t l i n i n g  t h e  h ighes t  r e l a t i v e  
concent ra t ions .  

No anomalous I P  e f f e c t s  o r  c o n s i s t a n t  r e s i s t i v i t y  s i g n a t u r e s  a r e  noted 
co inc ident  wi th  the  known carbonate  mine ra l i za t ion .  

I n i t i a l l y ,  one d r i l l  ho le  i s  r ecommended to te s t fo rgo ldva lues  a s soc i a t ed  
w i t h t h e  source of IPZoneB, themost  anomalous of t he  t h r e e  zones ou t l i ned .  Actual  
l o c a t i o n  of t h e  ho le  c o l l a r  should be decided a f t e r  t ak ing  i n t o  cons ide ra t ion  t h e  
l o c a l  topography. Perhaps a  s i n g l e  hole  could be spo t t ed  s o  a s  t o  f i r s t  t e s t  t he  
ve in ,  i f  d e s i r e d ,  be fo re  pass ing  i n t o  t h e  a r e a  of t h e  IP Zone B. 

Any o t h e r  a d d i t i o n a l  work should await  r e s u l t s  from t h e  f i r s t  d r i l l  hole.  

Geophysicist  

DATED: February 10, 1984 
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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  a s  a  g e o p h y s i c a l  measurement 

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

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

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

m e t a l l i c  m i n e r a l s  s u c h  a s  b a s e  m e t a l  s u l p h i d e s .  Normally,  when - 
c u r r e n t  is p a s s e d  t h r o u g h  t h e  g round ,  a s  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  w a t e r  c o n t e n t  o f  t h e  r o c k ,  o r  s o i l ,  i . e . ,  by i o n i c  

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

m i n e r a l s  commonly d e s c r i b e d  a s  " 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 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  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  

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  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  mentioned 

- 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  . 
a l l o w  t h e  i o n s  t o  g i v e  up o r  r e c e i v e . e l e c t r o n s  from t h e  m e t a l l i c  



s u r f a c e ,  i n c r e a s e s  w i t h  t h e  t i m e  t h a t  a  d . c .  c u r r e n t  is a l lowed  

t o  f low th rough  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 o f  

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

o f  c u r r e n t  f low 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  create 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  c h a r g e d  

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  of  t h e  c u r r e n t  t h r o u g h  t h e  sys tem 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  o f  t h e  sys tem a s  a  whole w i l l  change a s  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  o f  t h e  f a c 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  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  th rough  it  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 e q u e n c y  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  rock  mass. However, 

s i n c e  t h e  measurement of  t h e  d e g r e e  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  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  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  b e  u s e f u l  v a l u e s  



't 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 MF 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 powerful  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  of  

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  ve ry  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  of 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 under  p r o p e r  g e o l o g i c a l  c o n d i t i o n s .  

The g r e a t e s t  a p p l i c a t i o n  of  t h e  I P  method h a s  been - 
i n  t h e  s e a r c h  f o r  d i s s e m i n a t e d  m e t a l l i c  s u l p h i d e s  o f  less than  

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 e  EM method canno t  be  s u c c e s s f u l l y  a p p l i e d .  The a b i l i t y  

t o  d i f f e r e n t i a t e  i o n i c  c o n d u c t o r s ,  such  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  I P  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 ,  molybden i t e ,  g a l e n a ,  e t c . ,  

and t h e  o t h e r  m e t a l l i c  m i n e r a l s  such  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  p roduce  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  are 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  
L 

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  o f  t h e  p e r c e n t  

- f requency  e f f e c t .  The l a t e r a l  d i s p l a c e m e n t  o f  a  g i v e n  v a l u e  is 

de te rmined  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  c e n t e r  
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7- 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 

i s  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  o f  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  
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  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  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  b e  u s e d  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  feet  t o  2000 

f e e t  f o r  (X) .  I n  e a c h  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  o f  ( n )  t o  b e  used  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 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  o f  t h e  a p p a r e n t  r e s i s t i v i t y ,  

a p p a r e n t  m e t a l  f a c t o r ,  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  of  ( n ) ;  i . e . ,  t h e  dep th  of  t h e  measurement is  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  of  t h e  c u r r e n t  

th rough  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  i s  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  combinat ion  o f  t h e  two e f f e c t s ;  t h e  v a l u e  o f  

( A V )  t h e  change i s  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 "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  it 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 l lN1 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 is  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  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 doubt  a s  t o  i t s  a c c u r a c y ,  

t h e  r e a d i n g  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  o f  Apparent  

Frequency E f f e c t  are 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  
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't 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  i s  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 llNEG" 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  of  t h e  n e g a t i v e  v a l u e .  

The symbol "NR" i n d i c a t e s  t h a t  f o r  some r e a s o n  t h e  

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

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 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 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 

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

S t a t i o n s  on line x = Electrode spread length 
n = Electrode separation 

I 

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

M. F. M .F. M. F. M.F. M.F. n - 2  1,2-4,5 2,3-5,6 3.4-6,7 4,5-7,8 5,6-8,g 

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

n - 4  
1 M.F. M . F. M. F. 

1,2 -6,7 2,3-7.8 3,4-8,9 

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 

F. E. Fa 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,g 

F. E. , F. E. F.E. F.E. 
n - 3  1,2-5,6 2,s-6,7 3,4-7,8 43-8,9 Percent 

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

F i g .  A 
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