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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 t h e  

F rase rgo ld  Proper ty ,  Car iboo Min ing  D i v i s i o n ,  B r i t i s h  Columbia, on b e h a l f  o f  Eureka 

Resources, Inc.  

The p rope r t y  i s  l oca ted  approx imate ly  50 km eas t  o f  t h e  community o f  

Ho rse f l y ,  B.C. Access i s  v i a  t h e  Ho rse f l y  and McKay R i v e r  l o g g i n g  roads. 

The f o l  l ow ing  geo log ica l  d e s c r i p t i o n  o f  t h e  p r o j e c t  area has been p rov ided  

by t h e  s t a f f  o f  Eureka Resources, Inc.  

"Geographical ly, t h e  Frasergo l  d  p r o p e r t y  i s  s i t u a t e d  
a1 ong t h e  eas te rn  edge o f  t h e  Quesnel l  i a  T e c t o n o s t r a t i  g raph i  c  
Terrane i n  t h e  Quesnel Lake map area. The boundary between t h e  
Quesne l l  i a  Terrane and t h e  western edge o f  t h e  No r th  American 
Craton i s  marked by a  t h i n  s l i c e  o f  S l i d e  Mountain Oceanic 
Terrane. Because o f  t h e  s e a - f l  oor  sp read ing  processes, 
Q u e s n e l l i a  hasbeen sweptnor theastwardsand has c o l l i d e d w i t h  
t h e  western marg in  o f  t h e  Nor th  American Craton. Th i s  
c o l 1  i s i o n  has r e s u l t e d  i n  t h e  obduc t ion  o f  t h e  S1 i d e  Montain 
Terrane a n d t h e e a s t e r n  p o r t i o n  o f t h e  Q u e s n e l l i a  Terrane on to  
t h e  Omineca C r y s t a l l i n e  B e l t .  

W i t h i n  t h e  nor theas t  co rner  o f  t h e  p rope r t y ,  Omineca 
B e l t  rocks are represented by t he  Kaza group. Th i s  group 
c o n s i s t s  o f  h i g h l y  metamorphosed La te  P ro te rozo i c -Ea r l y  
Paleozoic  miogeosyncl i n a l  sediments. 

The S1 i d e  Mountain Terrane i s represen ted  by a  s e r i e s  
o f  La te  Paleozoic i n te rmed ia te  t o  ma f i c  v o l c a n i c  rocks w i t h  
remnant u l t r a m a f i c  lenses and pods a t  i t s  base. These rocks  
occur  as a t h i n  s t r i p  a long t h e  no r theas t  edge o f  t h e  p roper ty .  

Approximately 90 percen t  of  t h e  p r o p e r t y  i s  u n d e r l a i n  
by rocks  o f t h e  Q u e s n e l l i a  Terrane. Th i s  t e r r a n e  i s  composed 
o f  a  sequence o f  vo l can i c  and sedimentary rocks  o f  t h e  Upper 
T r i a s s i c  t o  Lower Ju rass i c  age. On t h e  F rase rgo ld  p roper ty ,  
o n l y t h e b a s e o f t h e  Q u e s n e l l i a  Terrane i s  represen ted  and has 
been i n f o r m a l l y  named Black P h y l l i t e  U n i t .  Th i s  u n i t  has 
in te rbedded m a f i c  vo l can i cs  and p h y l l  i t e s  a t  i t s  base, which 
grade upward i n t o  a  t h i c k  sequence o f  b l a c k  p h y l l i t e s  w i t h  
l e s s e r  s i l i c e o u s  sediment. Then, t h e  u n i t  grades i n t o  a  
mixed vo lcan ic ,  p h y l l  i t e  assemblage and f i n a l  l y  i n t o  massive 
v o l c a n i c  b recc ias ,  t u f f s  and f lows. 

e 



The p rope r t y  i s  s i t u a t e d  on t h e  no r theas te rn  1  imb o f  
t h e  Eureka sync l ine .  The general  t r e n d  o f  s t r a t i g r a p h y  i s  
130" - 140" w i t h  d i p s  gene ra l l y  l e s s  t h a n  4 5 O  t o  t h e  southwest. 
The predominant f o l i a t i o n  t r e n d s  s u b - p a r a l l e l  t o  s t r a t i g r a p h y  
however it d i p s  more s teep ly  t o  t h e  southwest a t  60°. The 
r e g i o n a l  f o l d i n g  i s  r e f l e c t e d  on severa l  sca les  f rom 10 ' s  of  
m i l l i m e t e r s  t o  several  meters as observed f rom diamond 
d r i l l i n g  and rock exposures. 

The f o l i a t e d  p h y l l i t e s  c o n t a i n  abundant (up t o  30%) 
synmetamorphic ve ins and lenses o f q u a r t z .  Qua r t z  s t r u c t u r e s  
appear compat ib le  w i t h  t h e  nor thwest  t r e n d  and d i p  o f  
f o l i a t i o n .  These quar tz  ve ins  c o n t a i n  v a r i a b l e  amounts 
( u s u a l l y  l e s s  than 10 pe rcen t )  o f  p y r i t e ,  p y r r h o t i t e  and 
anke r i t e .  From f i e l d  observa t ions ,  a  sha l low (5O - 15O) 
nor thwest  t r e n d i n g  plunge has been noted f o r  s o m e o f t h e q u a r t z  
veins.  Veins have been l o c a l l y  f o l d e d  i n t o  recumbent 
s t r u c t u r e s ,  producing qua r t z  kno ts  i n  t h e  h inge  o f  f o l d s .  
S t r e t c h i n g  o f  qua r t z  s t r u c t u r e s  i s  a1 so noted, p roduc ing  p i n c h  
and swe l l  features. "  

Prev ious work inc luded  a  cons ide rab le  amount o f  d r i l l i n g ,  which has 

o u t l i n e d  a  zone o f  encouraging g o l d  values. 

1 

O b j e c t i v e  o f  t h e  present IP and R e s i s t i v i t y  Survey was t o  map t h e  e x t e n t  o f  

t h e  known minera l  i z a t i o n  a long  s t r i k e .  

A Phoenix Model IPV-1 I P  and R e s i s t i v i t y  r e c e i v e r  u n i t  was used i n  I 

c o n j u n c t i o n  w i t h  a  Phoenix Model IPT-1 I P  and R e s i s t i v i t y  t r a n s m i t t e r  
I 

i 
powered by a  2  kw motor-generator.  I P  e f f e c t  i s  recorded d i r e c t l y  as 

Percent  Frequency E f f e c t  (P.F.E.) a t  o p e r a t i n g  f requenc ies  of  4.0 Hz and 1 
0.25 Hz. Apparent r e s i s t i v i t y  va lues  a r e  norma l i zed  i n  u n i t s  o f  ohm- 

meter, w h i l e  Metal Fac to r  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) Apparent R e s i s t i v i t y .  

D ipo le -d i po le  a r ray  was u t i l i z e d  t o  make t h e  measurements w i t h  a  bas i c  

i n t e r e l e c t r o d e  d i s tance  o f  50 meters.  Four d i p o l e  separa t ions  were 

recorded i n  every case. 

F i e l d  work was c a r r i e d  ou t  d u r i n g  January 1985, under t h e  supe rv i s i on  of 

David Daggett , geophysical  crew 1  eader. H i s  c e r t i f i c a t e  o f  qua1 i f i c a t i o n  

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



2. Description of  Claims 

The Frasergo ld  p rope r t y  c o n s i s t s  o f  t h e  f o l l o w i n g  c la ims,  which have been 

grouped f o rassessmen tpu rposes in to theEu reka  Nor th  and EurekaSouthCla imGroups.  

CLAIMS CONSTITUTING FRASERGOLD PROPERTY AND EXPIRY DATES 

Claim Tag Record Date 
Name Units Number Number Date Staked Recorded Expiry Date* 

Mac 9 23411 1286 21  Sept/79 19 Oct/79 1989 

Mac 2 

Mac 7 8 80450 6249 9 Ju ly184 27 Ju ly184  1988 

Mac 8 

Mac 9 

Mac 9 F r  1 04447 6204 15 June184 16 Ju l y /84  1988 I 

Mac 12 F r  1 04449 6253 14 Ju ly184 27 Ju ly185 1989 

Kay 10 6 61638 1961 21 Sept/80 25 Sept/80 1992 

Alpha 2 

90 u n i t s  

(*) Expi ry dates 1 i sted  i n c l  ude assessment work f i  1 ed 
subsequent t o  t h e  1984 f i e l d  season. Arnoco i s  
a w a i t i n g  approval  o f  these  assessment c r e d i t s  by 
t h e  B.C. Dept. o f  Mines. 



EUREKA SOUTH CLAIM GROUP 

CLAIM TAG RECORD DATE DATE EXPIRY 
M E  UNITS NUMBER NUMBER STAKED RECORDED DATE* 

Kay 1 1 390472M 1182 11 Augl79 4 Sept/79 1 988 

Kay 2 1 390473M 1183 11 Augl79 4 Sept l79  1988 

Kay 3 1 390474M 1184 11 Aug/79 4 Sept l79 1 988 

Kay 4 1 390475M 1185 11 Augl79 4 Sept/79 1988 

Kay 5 1 390476M 1186 11 Augl79 4 Sept l79 1 988 

Kay 6 1 390477M 1187 11 Aug/79 4 Sept l79  1988 

Kay 7 1 390478M 1188 11 Augl79 4 Sept l79 1 988 

Kay 8 1 390479M 1189 11 Augl79 4 Sept l79  1988 

Kay 9 20 61637 1810 12 Ju ly180 11 Aug180 1992 

Kay 11 2 61639 1962 21 Sept180 25 Sept.180 1990 
( 3  
k 1' 

Kay 12 20 78773 4631 12 Jan183 26 Jan183 1992 

Mac 3 

Mac 4 2 68003 3075 18 Dec180 23 Dec180 1988 

Mac 5 4 80451 6248 19 Ju ly184 27 Ju ly184 1989 

Mac 6 9 68005 3077 17 Dec/80 23 Dec180 1991 

Mac 10 F r  1 80120 6231 21 June/84 19 Ju ly184 1989 

Mac 11 F r  1 04448 6252 13 Ju ly184 27 Ju ly184 1988 

73 U n i t s  

(*)  E x p i r y  dates 1 i s t e d  i n c l u d e  assessment work f i l e d  
subsequent t o  t h e  1984 f i e l d  season. Amoco i s  
a w a i t i n g  approval o f  these assessment c r e d i t s  by 
t h e  B.C. Dept. o f  Mines. 



Presentat ion o f  Data 

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 re  shown on the  

f o l l o w i n g  data p l o t s  i n  t h e  manner described i n  Par t  B o f  t h i s  repor t .  

L ine  Elect rode I n t e r v a l  Dwg. No. 

2 + OOW 

24 + OOE 

33 + OOE 

50 + OOE 

55 + OUE 

60 + OOE 

50 meters 

50 meters 

50 meters 

50 meters 

50 meters 

50 meters 

Also enclosed w i t h  t h i s  r e p o r t  i s  Dwg. 1.P.P.-B-3040, a  p lan  map o f  t h e  

Frasergo ld  Property  g r i d  a t  a  sca le  o f  1:10,000. The d e f i n i t e ,  probable and 

e : poss ib le  Induced Po la r i za t i on  anomal i e s  are i n d i c a t e d  by bars, i n  t h e  manner shown 

on t h e  legend, on t h i s  p lan  map as we1 1  as on t h e  data p l o t s .  These bars represent 

t h e  sur face p r o j e c t i o n  o f  t he  anomalous zones as i n t e r p r e t e d  from t h e  l o c a t i o n  of 

t r a n s m i t t e r  and rece iver  e lect rodes when t h e  anomal ous val  ues 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, as are  a l l  p o t e n t i a l  methods, i t  i s  f requen 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  source o f  an anomaly. Ce r ta in l y ,  no anomaly can be l oca ted  w i t h  more 

accuracy than the  e lec t rode i n t e r v a l  length;  i .e. when us ing  50 meter e lec t rode 

i n t e r v a l s  t h e  p o s i t i o n  o f  a  narrow su lph ide  body can on l y  be determined t o  l i e  

between two s t a t i o n s  50 meters apar t .  I n  order  t o  d e f i n i t e l y  loca te ,  and f u l l y  

evaluate, a  narrow, shal low source, i t  i s  necessary t o  use sho r te r  e lec t rode 

i n t e r v a l  s. I n  order t o  1 ocate sources a t  some depth, 1  arger  e l  ect rode i n t e r v a l  s  

must be used, w i t h  a  corresponding increase i n  t h e  u n c e r t a i n t i e s  o f  l oca t i on .  

Therefore, w h i l e  the  center  o f  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 t h  t h e  source, t h e  l eng th  o f  t he  i nd i ca ted  anomaly along t h e  l i n e  should no t  

be taken t o  represent the  exact edges o f  t h e  anomalous m a t e r i a l .  
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The topographic ,  c la im,  and g r i d  i n f o r m a t i o n  shown on Dwg. 1.P.P.-9-3040 

has been taken  from maps made a v a i l a b l e  by t h e  s t a f f  o f  Eureka Resources, Inc.  

4. Discussion o f  Results 

A t  l e a s t  two h i g h l y  conduct ive and p o l a r i z a b l e  zones (Zone A, Zone C )  a r e  

de tec ted  by t h e  I P  and R e s i s t i v i t y  da ta  recorded over  t h e  F rase rgo ld  g r i d  area. The 

observed margins o f  these two t r ends  have been f u r t h e r  subd iv ided  i n t o  two 

a d d i t i o n a l  zones o f  somewhat l e s s e r  c o n d u c t i v i t y .  Zone A l ,  Zone C1. 

A1 1 o f  t h e  above features,  t oge the r  w i t h  a  f i f t h  zone (Zone B),  a r e  bes t  

i l l u s t r a t e d  by t h e d a t a  c o l l e c t e d  on t h e  3 m o s t e a s t e r l y l i n e s :  L i n e  50+00E, L i n e 5 5  

+ OOE and L ine  60 + OOE. Zones A, A l ,  C and C1 a r e  i n t e r p r e t e d  t o  extend as f a r  

westward as L i n e  24 + OOE. While s i m i l a r  geophys ica l  s i gna tu res  a r e  seen i n  t h e  I P  

and R e s i s t i v i t y  da ta  acqui red on L i n e  2  + OOW, t h i s  1  i n e  i s  l o c a t e d  a t  t o o  g rea t  an 

i n t e v a l  f rom t h e  nex t  1  i n e  ( L i n e  24 + OOE) t o  a1 low c o r r e l a t i o n  o f  anomalous zones 

ove r  t h e  i n t e r v e n i n g  d is tance.  

Each anomalous I P  zone i s  d iscussed sepa ra te l y  below. 

Zone 

Th i s  zone i s  i n d i c a t e d  t o  s t r i k e  across t h e  n o r t h e r n  ends o f  L i ne  24 + OOE 

th rough t o  Line60+OOE. As such, t h e t r e n d  i s  u n d e f i n e d t o t h e w e s t ,  n o r t h  

and east.  

A ve ry  conduc t i ve  and q u i t e  p o l a r i z a b l e  source appears t o  be present.  

B lack banded and carbonaceous p h y l l i t e s  a r e  mapped i n  t h e  area o f  t h i s  

anomalous I.P.zone, and a r e  almost c e r t a i n l y  t h e  cause o f  t h e  anomalous 



Zone A 1  

IPZone A 1  i s i n t e r p r e t e d t o l i e  a long  t h e  sou thernmarg in  o f  IPZone A. Th is  

former t r end  i s  marked as a  r e g i o n  o f  o n l y  moderate c o n d u c t i v i t y  

accompanied by moderately anomalous I P  e f f e c t s  (P.F.E. ) . 

The p r e v i o u s l y  d iscovered m ine ra l  i zed zone c o n t a i n i n g  very  anomalous go ld  

va lues  c o r r e l a t e s  very  we1 1  w i t h  t h e  p o s i t i o n  o f  I P  Zone A l ,  which i s  we1 1  

ou t1  i n e d  i n  t h e  da ta  recorded on t h e  t h r e e  easternmost 1  ines,  and may extend 

westward as f a r  as L i ne  24 + OOE. 

Depth t o  t h e  t op  o f  t h e  source o f  I P  Zone A 1  i s  i n d i c a t e d  t o  be 1  ess than  one 

d i p o l e  l e n g t h  (50 meters) beneath t h e  sur face.  

Zone B 

The t r e n d  i s  on l y  de tec ted  i n  t h e  da ta  measured on L i n e  50 + OOE, L i ne  55 + 

OOE, and L i n e  60 + OOE. The c h a r a c t e r  o f  t h i s  zone i s  ve ry  d i f f e r e n t  f rom 

any o f t h e o t h e r  zones i n  t h a t  t h e  p r e s e n c e o f t h e  zone i s m a r k e d  b y v e r y h i g h  

magnitude I P  e f f e c t s ,  unaccompanied by any anomalous r e s i  s t i  v i t y  values. 

It t h e r e f o r e  appea rs tha t  t h e  source o f  I P  ZoneB i s  a h i g h c o n c e n t r a t i o n o f  

d isseminated meta l1  i c  su lph ides,  b u r i e d  a t  a  depth o f  l e s s  than  50 meters 

sub-surface. 

Zone C 

The source o f  t h i  s  geophysical  response appears t o  be ve ry  s i m i l a r  t o  t h a t  

o f  I P  Zone A which i s  thought  t o  be caused by carbonaceous b lack  p h y l l  i t e s .  

Zone C i s  marked on l y  on t h e  extreme southern ends o f  L i n e  33 + OOE, and L ine  

50 + OOE. 



Zone C1 

Th i s  zone i s  i n t e r p r e t e d  t o  e x i s t  a1 ong t h e  n o r t h e r n  con tac t  o f  Zone C, and 

i s m o d e l l e d  a f t e r  t h e  s i gna tu re  p rov idedby  IPZone A l .  That i s ,  I P  Zone C1 

may o u t l i n e  a  d i s c r e t e  zone o f  moderate ly  conduc t i ve  and p o l a r i z a b l e  

m a t e r i a l  l y i n g  a long t h e  marg in  o f  a  more conduc t i ve  and p o l a r i z a b l e  body 

(Zone C). 

It i s  hoped tha t  IPZoneC l  i s i n d i c a t i n g t h e  p r e s e n c e o f a m i n e r a l i z e d t r e n d  

s i m i l a r  t o  t h e  go ld  bea r i ng  zone o u t l i n e d  by I P  Zone Al. 

5. Sumnary and Recmendati ons 

F i v e  anomalous I P  zones have been de tec ted  by t h e  Induced Pol a r i  z a t i  on and 

R e s i s t i v i t y  Survey on t h e  Frasergo ld  Proper ty .  

One o f  these I P t r e n d s ,  ZoneA1 ,co r re l a tes  w i t h  t h e  p o s i t i o n  o f  p r e v i o u s l y  

d r i l l e d  m i n e r a l i z a t i o n ,  which i s  assoc ia ted  w i t h  very  anomalous g o l d  values. I 
1 

I 
t 

Another o f  t h e  IP  zones, Zone C1,  may be d e t e c t i n g  a  s i m i l a r  m inera l  i z e d  

band, and should be i n v e s t i g a t e d  f u r t h e r .  

I n i t i a l l y ,  a d d i t i o n a l  work should be i n  t h e  form o f  i n f i l l  IP  and 

Resi  s t i v i t y  su rvey ing  t o  b e t t e r  eva l  ua te  t h e  I P  response between e x i s t i n g  1  ines .  

D r i l l i n g  p r i o r i t i e s  cou ld  then be es tab l i shed .  

PHOENIX GEOPHYSICS LIMITED 

PA 4. &+ 
Paul A. Ca r tw r i gh t ,  B.Sc. 

Geophys ic is t .  

Dated: 16 October 1985 
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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  passed  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  such  a s  b a s e  m e t a l  s u l p h i d e s .  Normal ly ,  when 

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

men ts ,  a l l  of  t h e  conduc t ion  t a k e s  p l a c e  th rough  i o n s  p r e s e n t  

i n  t h e  water c o n t e n t  of  t h e  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  because  a lmos 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 of  

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  conduc t ion  changes  from i o n i c  i n  t h e  s o l u t i o n s  

f i l l i n g  t h e  i n t e r s t i c e s  of  t h e  r o c k  t o  e l e c t r o n i c  i n  t h e  

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 

CJ above,  which depends upon t h e  chemica l  e n e r g i e s  n e c e s s a r y  t o  . 
a l l o w  t h e  i o n s  t o  g i v e  up o r  r e c e i v e  e l e c t r o n s  from t h e  m e t a l l i c  



fi -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  is  a l lowed 

t o  f l o w  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  

metall ic 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 th rough  t h e  m e t a l l i c  p a r t i c l e .  T h i s  

p o l a r i z a t i o n  t a k e s  p l a c e  a t  each  o f  t h e  i n f i n i t e  number of  

s o l u t i o n - m e t a l  i n t e r f a c e s  i n  a  m i n e r a l i z e d  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  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  cha rge  c r e a t e s  a  s m a l l  c u r r e n t  f low 

cj which can  be measured on t h e  s u r f a c e  o f  t h e  ground a s  a  decay ing  

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 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  e a c h  m e t a l l i c  i n t e r -  

f a c e  depends  upon t h e  l e n g t h  of  t i m e  t h a t  c u r r e n t  h a s  been 

p a s s i n g  t h r o u g h  i t  i n  one d i r e c t i o n .  

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

a  measurement of  t h e  p o l a r i z a t i o n  i n  t h e  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  o f  p o l a r i z a t i o n  is  r e l a t e d  

L 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 of  p o l a r i z a t i o n  p r e s e n t  i n  t h e  r o c k  

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 i s  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  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  

is 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  of  less than  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 

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 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  of  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 cannot  be s u c c e s s f u l l y  a p p l i e d .  The a b i l i t y  

t o  d i f f e r e n t i a t e  i o n i c  c o n d u c t o r s ,  such  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 anomal ies  

which a r e  s u s p e c t e d  of  be ing  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 d o e s  n o t  

d i f f e r e n t i a t e  be+ween 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 ,  ga lena . ,  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  conduc t ing  



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 of  h e m a t i t e .  

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

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  of  l a t e r a l  changes 

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

e f f e c t s  of  v e r t i c a l  changes i n  t h e  p r o p e r t i e s .  C u r r e n t  is  

a p p l i e d  t o  t h e  ground a t  two p o i n t s  i n  d i s t a n c e  ( X )  a p a r t .  

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

a  c o n s t a n t  d i s t a n c e  (nX) 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  

c? 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  of ( n ) ;  i . e . ,  ( n )  = 1 ,  2 ,  3 ,  4 ,  e t c .  The k i n d  

of  s u r v e y  r e q u i r e d  ( d e t a i l e d  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 )  used .  

I n  p l o t t i n g  t h e  r e s u l t s ,  t h e  v a l u e s  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 equency  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  of  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  of  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  

metal 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  
C 

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  o f  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  of  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 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  

is  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  

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  su rvey  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  ga ined  from f i e l d  r e s u l t s ,  model s t u d y  

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

c: 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  

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 of  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 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  a r e  moved e a c h  t i m e .  In  

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  de te rmined  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  

t h e  e x p e c t e d  anomaly and t h e  

p r o g r e s s .  

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  

s p e e d  w i t h  which i t  is d e s i r e d  t o  
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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  of  t h e  l a y e r  of  

t h e  e a r t h  t h a t  is  b e i n g  t e s t e d  i s  g r e a t e r  t 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 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  o f  t h e  c u r r e n t  

f - >  
x- 1 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  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  combinat 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  

m e a s u r a b l e .  The symbol "TL" on t h e  d a t a  p l o t s  i n d i c a t e s  t h i s  

s i t u a t i o n .  

I n  some s i t u a t i o n s  s p u r i o u s  n o i s e ,  e i t h e r  man-made 

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

The symbol "N" 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 ,  

bu$ f o r  r e a s o n s  of  n o i s e  t h e r e  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  ( ) .  

c 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  
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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 Metal  F a c t o r .  I n  c o n t o u r i n g  n e g a t i v e  v a l u e s  
( 

t h e  c o n t o u r  l i n e s  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 imilar  

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 

CS o f  t h e  r e p o r t .  
I 
I 
I 
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