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PART A REPORT 

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  

Norse C la im Group, Kamloops M i n i n g  D i v i s i o n ,  a t  t h e  request  o f  B i l l  Meyer, 

E x p l o r a t i o n  Manager f o r  Teck Corporat ion.  

The p r o p e r t y  i s  l o c a t e d  approx imate ly  22 km east -southeast  o f  t h e  community 

of Spences Br idge, B.C. Access i s  v i a  a system o f  l o g g i n g  and d r i l l  roads o f f  

Highway 8 ( M e r r i  t t-Spences B r i d g e )  . See F i g u r e  1. 

Previous work on t h e  p r o p e r t y  has been c a r r i e d  ou t  by severa l  opera tors  and 

i n c l u d e s  gc:jphysical surveys (Magnetic, E lect romagnet ic ,  Seismic, I P  and 

R e s i s t i v i t y ) ,  geochemical surveys, t r e n c h i n g  and d r i l l i n g  (bo th  diamond and 

percuss ion) .  

The o b j e c t i v e  o f  t h e  present  I P  and R e s i s t i v i t y  Survey was t o  l o c a t e  areas 

o f  d i  ssemi nated s u l  ph i  de m i  n e r a l  i z a t i  on which cou ld  be i n d i  c a t i  ve o f  a porphry 

copper d e p o s i t  . W 

A Phoeni x Model IPV-1 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 c e i v e r  u n i t  

was used, t o g e t h e r w i t h  a PhoenixModel IPT-1 I P  a n d R e s i s t i v i t y t r a n s m i t t e r p o w e r e d  

by a 2.0 kw motor-generator.  I P  e f f e c t s  a r e  recorded as Percent Frequency E f f e c t s  

(PFE) a t  o p e r a t i n g  f requenc ies  o f  4.0 Hz and 0.25 Hz, w h i l e  Apparent R e s i s t i v i t y  
values a r e  normal i zed i n  u n i t s  o f  ohm-meters. A 1  1 work employed t h e  d i  p o l  e - d i p o l  e 

a r r a y  w i t h  a 150 meter e l e c t r o d e  separat ion.  Four d i p o l e  separa t ions  were recorded 

i n  every case. 

F i e l d  work took  p l a c e  d u r i n g  t h e  p e r i o d  October 17, 1986 t o  November 10, 
1986, under t h e  s u p e r v i s i o n  o f  bo th  Paul A. C a r t w r i g h t ,  P. Geoph., and Michael  3. 

Cormier, B.Sc. T h e i r  c e r t i f i c a t e s  o f  q u a l i f i c a t i o n  are  i n c l u d e d  w i t h  t h i s  r e p o r t .  

2) DESCRIPTION OF CLAIMS 

The Norse C l a i m  Group c o n s i s t s  o f  t h e  f o l l o w i n g  minera l  c la ims,  which are  
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a l s o  i l l u s t r a t e d  i n  F i g u r e  2. 

C l a i m  U n i t s  Record No. E x p i r y  D a t e  

SV#21 18 

SV#22 18 

SV#23 18 

SV#24 18 

SV#25 18 

SV#26 9 

Norse #6 12 

6532 

6533 

6534 

6535 

6536 

6537 

6304 

27 Feb. 1987 

27 Feb. 1987 

27 Feb. 1987 

27 Feb. 1987 

27 Feb. 1987 

27 Feb, 1987 

27 June 1987 

The c la ims a r e  h e l d  by Teck C o r p o r a t i o n  under an o p t i o n  agreement f r o m p l a n e t  Photon 

Ventures L td .  

3) DESCRIPTION OF GEOL06Y 

W' 
The f o l l o w i n g  g e o l o g i c a l  d e s c r i p t i o n  has been taken f r o m m a t e r i a l  p rov ided 

by t h e  s t a f f  o f  Teck Corporat ion.  

"The Guichon Creek Batho l  i t h  under1 i es an area o f  400 square m i  l e s  i n  t h e  
Highland Va l ley .  The 
major  phases show a n e a r l y  c o n c e n t r i c  arrangement and i n  genera l  decrease i n  age 
inward. The youngest phases, t h e  Bethlehem and Bethsaida, occur i n  t h e  c e n t r a l  
p o r t i o n  o f  t h e  b a t h o l i t h  and a r e  t h e  hos t  rock f o r  a l l  o f  t h e  major  o r e  bodies i n  t h e  
High1 and Val 1 ey. The c e n t r a l  c o r e  area, t h e  Rethsaida phase, i s  quartz-monzoni t e  
i n  composi t ion.  The surrounding Bethlehem phase i s  g r a n o d i o r i t e  i n  composi t ion.  

It i s  a concordant i n t r u s i v e  and has 10 phases o r  v a r i e t i e s .  

F a u l t i n g  i n  t h e  Highland V a l l e y  has been extens ive.  However, t o  d a t e  
(1983), o n l y  a few o f  t h e  major f a u l t s  have been mapped. The p r i n c i p l e  f a u l t  i s  t h e  
nor th -south  t r e n d i n g  Lornex F a u l t .  T h i s  f a u l t  has o f f s e t ,  and i n  t u r n  has been 
o f f s e t ,  by t h e  east-west t r e n d i n g  f a u l t s .  It i s  g e n e r a l l y  b e l i e v e d  t h a t  t h e  
Bethlehem and Bethsaida i n t r u s i v e s  and t h e  nor th -south  and east-west f a u l t s  a r e  t h e  
l o c i  f o r  o r e  d e p o s i t i o n  i n  t h e  Highland Va l ley .  

The Lornex F a u l t  which s t r i k e s  nor th -south  i s  l o c a t e d  i n  t h e  v a l l e y  o f  
Skuhost Creek i n  t h e  c e n t e r  o f  t h e  c l a i m  block."  
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w 4) PRESENTATION OF DATA 

U 

The d i p o l e - d i p o l e  a r r a y  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  f o l l o w i n g  d a t a  p l o t s  i n  t h e  manner descr ibed i n  P a r t  B of t h i s  r e p o r t .  

Line 

3500 N 
3250 N 
3000 N 
2750 N 
2500 N 
2250 N 
2000 N 
1750 N 
1500 N 
1250 N 
1000 N 

750 N 
500 N 
250 N 
000 N 
750 S 
1250 S 

Electrode Interval 

150 Meters 
150 Meters 
150 Meters 
150 Meters 
150 Meters 
150 Meters 
150 Meters 
150 Meters 
150 Meters 
150 Meters 
150 Meters 
150 Meters 
150 Meters 
150 Meters 
150 Meters 
150 Meters 
150 Meters 

Dwg. No. 

IP-5873-1 
I P-5873-2 
IP-5873-3 
I P -587 3 -4 
IP-5873-5 
I P -587 3 -6 
I P-5873-7 
I P-5873-8 
I P -5873 -9 
IP-5873-10 
IP-5873-11 
IP-5873-12 
IP-5873-13 
IP-5873-14 
IP-5873-15 
I P-5873-16 
IP-5873-17 

A l s o  enclosed w i t h  t h i s  r e p o r t  a r e  Dwg. Nos. I.P.P.-B-4150A and -41508, 
1:5,000 s c a l e  contoured p l a n  maps o f  t h e  Fraser  F i l t e r e d  PFE and Apparent 

R e s i s t i v i t y  r e s u l t s  r e s p e c t i v e l y .  Anomalous zones, as i n t e r p r e t e d  f rom 

i n s p e c t i o n  o f  t h e  pseudosections, are o u t l i n e d  on Dwg, No. I.P.P.-B-4150A. 

It should be noted t h a t  t h e  s t a t i o n  p o s i t i o n s  on t h e  g r i d  l i n e s  were 

determined u s i n g  d i s t a n c e s  measured a long t h e  slope. The above mentioned p l a n  

maps, however, represent  a t r u e  h o r i z o n t a l  plane, u s i n g  i n c l i n o m e t e r  da ta  gathered 

d u r i n g  t h e  survey. 

A l l  o f  t h e  topograph ica l  and c l a i m i n f o r m a t i o n  enclosed w i t h  t h i s  r e p o r t  i s  

d e r i v e d  f r o m  mater i  a1 f u r n i  shed by Teck C o r p o r a t i  on. 
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w 
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 a r e  a l l  t h e  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 i n p o i n t  t h e  source o f  an anomaly. C e r t a i n l y  no anomaly can be l o c a t e d  w i t h  more 

accuracy than 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  a 150meter  e l e c t r o d e  

i n t e r v a l ,  t h e  p o s i t i o n  o f  a narrow s u l p h i d e  body can o n l y  be determined t o  1 i e  

between two s t a t i o n s  150 meters apar t .  I n  o r d e r  t o  d e f i n i t e l y  l o c a t e ,  and f u l l y  

eva lua te  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 r d e 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 w i t h  a corresponding inc rease i n  t h e  u n c e r t a i n t i e s  o f  l o c a t i o n .  

5) DISCUSSION OF RESULTS 

The present  d i p o l e - d i p o l e  I P  and R e s i s t i v i t y  survey employed an e l e c t r o d e  

spacing o f  150meters and recorded d a t a  f rom 1 t o  4 d i p o l e  separat ions,  r e s u l t i n g  i n  

a depth o f  p e n e t r a t i o n  o f  approx imate ly  300 meters. These s p e c i f i c a t i o n s  were 

deemed necessary i n  o r d e r  t o  p e n e t r a t e  l a r g e  th icknesses  o f  overburden known t o  

e x i s t  i n  t h e  area. Whi le  t h e  depth t o  bedrock i s  o f t e n  g r e a t  i n  t h e  c e n t r a l  and 

n o r t h - c e n t r a l  g r i d a r e a s , m u c h l e s s  cover i s  p resent  n e a r t h e e d g e s  o f t h e g r i d w h e r e  

a number o f  bedrock outcrops are  e v i d e n t  on t h e  eas tern  and western ends o f  some o f  

t h e  g r i d  l i n e s .  

PrJ' 

As p r e v i o u s l y  mentioned, t h e  anomalous zones have been marked on Dwg. No. 
I.P.P.-B-4150A, a p l a n  map o f  t h e  PFE data  a f t e r  be ing  sub jec ted  t o  a Fraser  F i l t e r .  

T h i s  f i l t e r i n g  process i s  a t y p e  o f  moving average which can have t h e  e f f e c t  o f  

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

separat ions.  Therefore,  t h e  anomalous zones i n d i c a t e d  on t h e  p l a n  map a r e  based 

n o t  o n l y  on t h e  f i l t e r e d  values, b u t  a l s o  i n c l u d e  i n t e r p r e t a t i o n  o f  t h e  PFE pseudo- 

s e c t i o n s  (Dwg. Nos. IP-5873-1 t o  -17). 

Each o f  t h e  anomalous zones i l l u s t r a t e d  on Dwg. No. I.P.P.-B-4150A a r e  

d iscussed b e l  ow. 
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w Zone A 

T h i s  anomaly l i e s  a t  t h e  western edge of t h e  p r o p e r t y  and has been 

c l a s s i f i e d  as "probable".  It i s  t y p i f i e d  by moderate magnitude I P  e f f e c t s  (P.F.E.) 

accompanied by h i g h e r  than background apparent r e s i s t i v i t y  data.  Because o f  i t s  

p r o x i m i t y  t o  t h e  g r i d  boundary, no t  enough i n f o r m a t i o n  has been gathered t o  f u l l y  

e v a l u a t e  Zone A. It i s  even p o s s i b l e  t h a t  t h e  source of t h e  anomalymay l i e  o u t s i d e  

t h e  western edge o f  t h e  g r i d .  

Zone B 

T h i s  zone i s  t h e  s t r o n g e s t  and most w e l l  d e f i n e d  anomaly on t h e  g r i d .  It 

can b e d e t e c t e d  as f a r  n o r t h  as t h e w e s t e r n  end o f  L i n e  2500N and as f a r  south as L i n e  

0 where i t  i s  open t o  t h e  southeast.  The zone i s  bes t  d e f i n e d  i n  t h e  v i c i n i t y  o f  

S t a t i o n  21OOW on L i n e  250N, where depth t o  t h e  t o p  of t h e  c a u s i t i v e  source i s  

es t imated  t o  be w i t h i n  one d i p o l e  separat ion,  i .e. 150 meters. T h i s  anomaly i s  a l s o  

c h a r a c t e r i  zed by moderate magnitude PFE values. The accompanying apparent 

w r e s i s t i v i t y  values are  o f t e n  r e l a t i v e l y  h i g h  i n  magnitude compared t o  t h e  

surrounding values. I t  i s  f e l t  t h a t  t h i s  i s  t y p i c a l  o f  r e s i s t i v i t y  va lues 

assoc ia ted  w i t h  bedrock as opposed t o  those recorded w i t h i n  overburden. 

I n  general  terms, i t  may be s t a t e d  t h a t  f o r  a g i v e n  % conten t  of p o l a r i z a b l e  

m a t e r i a l  , a r e s i  s t i  ve rock t y p e  w i  11 g i v e  r i s e  t o  a h i g h e r  magnitude PFE measurement 
than w i l l  a more conduct ive  rock type. T h i s  i n v o l v e s  t h e  r e l a t i v e  p e r m e a b i l i t i e s  

o f  t h e  samples i n  q u e s t i o n  and t h e  b lockage o f  e l e c t r o l y t e  condu i ts  by t h e  

p o l a r i z a b l e  m a t e r i a l .  The reader  i s  r e f e r r e d  t o  P a r t  B of  t h i s  r e p o r t  f o r  more 

i n f o r m a t i o n  w i t h  regard t o  t h e  I P  e f f e c t .  

I n  t h i s  p a r t i c u l a r  s i t u a t i o n ,  anomalous PFE va lues a r e  assoc ia ted  w i t h  

apparent r e s i s t i v i t y  measurements f e l t  t o  be c h a r a c t e r i s t i c  o f  r e s i s t i v e  bedrock. 

Therefore,  w h i l e  t h e  inc rease i n  I P  e f f e c t  i s  encouraging, t h e  cause may n o t  be due 

s o l e l y  t o  an inc rease i n  t h e  conten t  of  p o l a r i z a b l e  mater i  a1 present .  The t h i n n i n g  

conduc t i vecover , comb inedw i th the  averaging e f f e c t  i n t r i n s i c  t o t h e  I P t e c h n i q u e ,  

W 
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may be a c o n t r i b u t i n g  f a c t o r .  

Zone C 

w 

Zone C i s  a l a r g e  s c a l e  f e a t u r e  which i s  de tec ted  on a l l  o f  t h e  l i n e s  

surveyed. From L i n e  0 t o  L i n e  1000N, t h e  anomaly appears t o  c o n s i s t  o f  a s i n g l e  

source which i s  then i n t e r p r e t e d  t o  d i v i d e  i n t o  two separate branches i n  t h e  area 

between L i n e  750N and L i n e  1250N. 

I n  general ,  weakly anomalous I P  e f f e c t s  c o n s t i t u t e  Zone C, a l though 

somewhat h i g h e r  than usual  PFE values a r e  recorded sporadi  c a l  l y  a1 ong t h e  1 ength o f  
t h e  more eas tern  branch as w e l l  as on L i n e  750N and L i n e  1000N. Higher than 

background apparent r e s i s t i v i t y  values almost always c o i n c i d e  w i t h  t h e  p o s i t i o n s  of 

t h e  e l e v a t e d  I P  e f f e c t s .  

Depth t o  bedrock i s  thought  t o  be on t h e  o r d e r  o f  200 meters i n  p laces 

o v e r l y i n g  Zone C. Diamond d r i l l  h o l e  No. DDH-2, p r e v i o u s l y  d r i l l e d  near S t a t i o n  

750W on L i n e  2500N, was te rmina ted  a t  250 f e e t  i n  overburden w i t h o u t  encounter ing 

basement rocks, whi l e  d i  amond d r i  11 h o l e  No. DDH-6 was abandoned a t  480 f e e t  s t i  11 i n  

overburden. T h i s  h o l e  was l o c a t e d  near S t a t i o n  700W on L i n e  1000N. 

Zone C1 

Zone C 1  i s  thought  t o  be a southern ex tens ion  o f  Zone C. I t  may be noted 

t h a t  t h e  eas tern  edge o f  t h i s  zone i s  c o i n c i d e n t  w i t h  t r e n c h i n g  c a r r i e d  ou t  d u r i n g  

p r e v i o u s  work on t h e  proper ty .  

Zone D 

Located near t h e  eas tern  end o f  L i n e  1250S, Zone D i s  marked by somewhat 

Again, p rev ious  anomal ous PFE values, coup1 ed w i t h  h i  gh apparent r e s i  s t i  v i  t i  es. 

t r e n c h i n g  c o i n c i d e s  w i t h  t h e  anomaly. Zone D remains open t o  t h e  s0ut.h. 
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6) S W A R Y  AND RECOmENDATIONS 

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  

Norse C la im Group on b e h a l f  o f  Teck Corporat ion.  

Several  zones o f  anomal ous I P  e f f e c t s  (PFEs), accompanied by re1 a t i  v e l y  

h i g h  magnitude Apparent R e s i s t i v i t y  values, have been o u t l i n e d  (Dwg. No, 1.P.P.-B- 

4150A). Whi le p o s s i b l y  i n d i c a t i v e  of t h e  presence o f  i n t e r e s t i n g  m e t a l l i c  

m i n e r a l i z a t i o n ,  i t  i s  f e l t  t h a t  these moderately anomalous areas should be viewed 

w i t h  a degree o f  cau t ion .  The low magnitude t r e n d s  de tec ted  by t h e  present  survey 

cou ld  be a t t r i b u t a b l e  t o  an inc rease i n  t h e  r e s i s t i v i t y  o f  t h e  background rock 

r a t h e r  than t o  an inc rease i n  t h e  amount o f  p o l a r i z a b l e  m a t e r i a l  present.  

A1 1 avai  1 ab1 e data,  bo th  geophysical  and otherwise,  should be c a r e f u l l y  

eva lua ted  b e f o r e  proceeding w i t h  f u r t h e r  work. I f  a d e c i s i o n  i s  made t o  c a r r y  ou t  a 

d r i l l  program on t h e  proper ty ,  i t  i s  f e l t  t h a t  Zone B, i n  t h e  v i c i n i t y  o f  S t a t i o n  

2100W on L i n e  250N, would be t h e  most favourable area t o  i n v e s t i g a t e .  
V 

PACIFIC GEOPHYSICAL LTD. 

Paul A .  C a r t w r i g h t ,  P. Geoph. 

Michael  J .  Cormier, B.Sc. 

Dated: 10 December 1986. 
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7) ASSESSMENT DETAILS 

Proper ty :  Norse 

Sponsor: Teck C o r p o r a t i o n  

M i  n i  ng D i  v i  s i  on: Kaml oops 

Province: B r i t i s h  Columbia 

Locat ion :  22 km ESE o f  Spence's Br idge, B.C. 

Type of Survey: Induced Pol  a r i  z a t i  on and Resi  s t i  v i  t y  

Operat ing Days: 24.0 Date S t a r t e d :  October 17, 1986 
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PART B 

NOTES ON THE THEORY,MCTHOD OF FIELD OPERATIOR 

AKD PRESENTATIOK OF DATA 

FOR THE IhDUCED POLARIZATIOX XETHOD 

I n d u c e d  P o l a r i z a t i o n  as a g e o p n y s i c a l  m e a s u r e m e n t  

r e f e r s  to 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 z t i o n  of me ta 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 of i o n i c  s o l u t i o n  

c o n d u c t i o n .  

T h i s  e lec t ro-chemica l  p h e n o m e n o n i o c c u r s  a h e r e v e r  

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  a n  area w h i c h  c o n t a i n s  

m e - , z l l i c  r i n e r a l s  s u c h  as base me ta l  s u l p h i d e s .  

c u r r e n t  i s  p a s s e d  t h r o u g h  t h e  g r o u n d ,  a s  i n  r e s i s T i v i t y  m e a s u r e -  

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

i n  t h e  water  c o n t e n t  of t h e  r o c k ,  o r  s o i l ,  i . e . ,  b y  i o n i c  

C o n d u c t i o n .  T h i s  i s  because almost a l l  m i n e r a l s  h a w  a much 

h i g h e r  s p e c i f i c  r e s i s t i v i t y  t h a n  g r o u n d  wa te r .  T h e  g roLp  of 

minera ls  commonly d e s c r i b e d  as " m e t a l l ~ c "  , h o w e v e r ,  n a v e  

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  g r o u n d  wa te r s .  

i n d u c e d  p o l a r i z a t i o n  e f f e c t  t akes  p l a c e  2 t  t h o s e  i n t e r f a c e s  

w h e r e  t h e  mode of c o n d u c t i o n  c h a n g e s  iron; i o n i c  i n  t h e  s o l u t i o c s  

f i l l i n g  the 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 .  

? ;oi-nal ly ,  when 

T h e  

T h e  b l o c k i n g  a c t i o n  o r  i n d u c e d  p o l a r i z a t i o n  m e n t i o n e d  

a b o v e ,  w h i c h  d e p e n d s  upon t h e  c h e m i c a l  ene rg ie s  n e c e s s a r y  t o  

allov: t n 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  r n e t a l l i c  



-2 -  

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

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

metal l 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 l o w  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 

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

o f  c u r r e n t  f l o w  t h r o u g h  t h e  m e t a l l i c  p a r t i c l e .  

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-? a m i n e r a l i z e d  rock .  

T h i s  

When t h e  d . c .  v o l t a g e  u s e d  t o  create  t h i s  d . c .  

c u r r e n t  f l o w  is c u t  o f f ,  The Coulomb f o r c e s  b e t w e e n  t h e  c h a r g e d  

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

p o s i t i o n .  

n n i c h  c a n  b e  m e a s u r e d  on  t h e  s u r f a c e  o f  t h e  g r o u n d  as a d e c a y i n g  

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

T h i s  movement o f  cha rge  c r ea t e s  a sma l l  c u r r e n t  f l o w  
aw 
4 

From a n  a l t e r n a t e  v i e w p o i n t  i t  c a n  be  s e e n  t h a t  l 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  s y s t e m  i s  r e v e r s e d  

r e p e a t e d l y  b e f o r e  t h e  polarization occurs, t h e  effective 

r e s i s t i v i t y  o f  t h e  s y s t e m  as a w h o l e  w i l l  c h a n g e  a s  t h e  f r e q u e n c y  

o f  t h e  s w i t c h i n g  is c h a n g e d .  T h i s  1s a c o n s e q u e n c e  of t h e  fact 

t h a t  t h e  amount  of c u r r e n t  f l o w i n g  t h r o u g h  each m e t a l l i c  :n:er- 

f a c e  d e p e n d s  u p o n  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  beer, 

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

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

a measurement o f  t h e  polarization i n  t h e  rock  mass. However, 

s i n c e  t h e  m e a s u r e m e n t  o f  :he 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  a p p a r e n t  resistivity of t h e  rock  mass,  it is f o u n d  t h a t  t h e  

metal f a c t o r  v a l u e s  or Y . F .  c a n  be u s e f u l  v a l u e s  

-%d 
d 
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dv d e t e r m i n i n g  t h e  amount o f  polarization p r e s e n t  i n  t h e  rock 

mass. 

v a l u e s  for v a r y i n g  r e s i s t i v i t i e s .  

The MF va lues  a - 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 .  

The I n d u c e d  . : o l a r i z a t i o n  m e a s u r e m e n t  i s  p e r h a p s  t h e  

most p o w e r f u l  g e o p h y s i c a l  method f o r  t h e  d i rect  d e t e c t i o n  o f  

me ta 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 ,  e v e n  when t h i s  m i n e r a l i z a t i o n  

i s  of  v e r y  l o w  c o n c e n t : - a t i o n .  The  l o w e r  l i m i t  o f  vo lume p e r  

c e n t  s u l p h i d e  necessary  t o  p r o d u c e  a r e c o g n i z a b l e  XP anomaly  

w i l l  v a r y  w i t h  t h e  g e o i x t r ’ y  a n d  g e o l o g i c  e n v i r o n m e n t  o f  t h e  

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

m i n e r a l i z a t i o n  of less t h a n  one p e r  c e n t  by vo lume  h a s  b e e n  

d e t e c t e d  by t h e  I P  method u n d e r  p r o p e r  g e o l o g i c a l  c o n d i t i o n s .  

The  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  of l e s s  t h a n  

20% by vo lume .  

t h e  s ea rch  f o r  m a s s i v e  s u l p h i d e s  i n  s i t u a t i o n s  w h e r e ,  d u e  t o  

s o u r c e  g e o m e I r y ,  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  El! m e t h o d  c a n n o 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 ,  s u c h  as n 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  tool i n  c h e c k i n g  EY a n o r a l i e s  

wh ich  are  s u s p e c t e d  o f  b e i n g  d u e  t o  t h e s e  c a u s e s .  

However ,  i t  h a s  a l s o  b e e n  u s e d  s u c c e s s f u l l y  i n  

I n  n o r m a l  f i e l d  a p p l i c a t i o n s  t h e  I P  me thod  d o e s  no t  

d i f f e r e n t i a t e  between t h e  e c o n o m i c a l l y  i m p o r t a n t  m e t a l l i c  minera ls  

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

and  t h e  o t h e r  m e t a l l i c  mine ra l s  s u c h  as  p y r i t e .  T h e  I n d u c e d  

P o l a r i z a t i o n  e f f e c t  is d u e  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 I i n g  
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materials w h i c h  c a n  p r o d u c e  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 ,  a n d  some forms of h e m a t i t e .  

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

are  made i n  a way t h a t  a l lows t h e  e f f e c t s  of l a t e r a l  changfas  

i n  t h e  p r o p e r t i e s  of t h e  g r o u n d  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  c h a n g e s  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  to t h e  g r o u n d  a t  t w o  p o i n t s  i n  d i s t a n c e  ( X )  a p a r t .  

The p o t e n t i a l s  are m e a s u r e d  a t  t w o  p o i n t s  ( X )  feet  a p a r t ,  i n  

l i n e  w i t h  t h e  c u r r e n t  e l e c t r o d e s  is a n  i n t e g e r  number  ( n )  t i m e s  

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

The  m e a s u r e m e n t s  are made a long  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  ( n X )  b e t w e e n  t h e  nearest  c u r r e n t  a n d  p o t e n t i a l  

e l e c z r o c i e s .  I n  mos t  s u r v e y s ,  s e v e r a l  t r a v e r s e s  a re  made w l r h  

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

of s u r v e y  r e q u i r e d  ( d e t a i l e d  or 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 

of v a l u e s  of ( 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  values of  apparent 

r e s i s t i v i t y ,  a p p a r e n t  p e r  cent f r e q u e y c p  e f f e c t ,  a n d  t h e  z p - , a r e n t  

metal f a c t o r  m e a s u r e d  f o r  e a c h  set  of e l e c I r o d e  p o s i t i o n s  z 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 ,  o n e  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  a n d  t h e  o t h e r  f r o m  t h e  c e n r e r  

p o i n t  o f  t h e  p o t e n t i a l  e l e c t r o d e s .  ( S e e  F i g u r e  A )  The  

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

above  t h e  metal f a c t o r  v a l u e s .  On a t h i r d  l i n e ,  b e l o w  t h e  

d e  t e mi n e  d by t h e  l o c a t  i o n  a l o n g  t h e  s u r v e y  l i n e  o f  t h e  center 
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p o i n t  b e t w e e n  t h e  c u r r e n t  a n d  p o t e A t i a 1  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 ?  is de termined  by t h e  

d i s t a n c e  (nX) b e t w e e n  t h e  c u r r e n t  2nd p o t e n t i a l  e lec t rodes  

cv 

when t h e  m e a s u r e m e n t  w a s  made. 

T h e  s e p a r a t i o n  b e t w e e n  s e n d e r  a n d  r e c e i v e r  e l ec t rodes  

is o n l y  o n e  f a c t o r  w h i c h  d e t e r m i n e s  t h e  d e p t h  to w h i c h  t h e  g r o u n d  

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

when c o n t o u r e d ,  are  n o t  s 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 u n d e r  t h e  s u r v e y  l i n e .  T h e  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 a n y  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 su 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 a n o m a l o u s  v a l u e s  a r e  m e a s u r e d  is i m p o r t a n t  

i n  t h e  i n r 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  w h i c h  t h e  

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

over which the electrodes are  moved a f t e r  a ser ies  of  p o r e n t i a l  

r e a d i n g s  h a s  been made. One of t h e  a d v a n I a g e s  o f  t h e  I n d u c e d  

P o l a r i z a t i o n  m e t h o d  i s  t h a t  t h e  s a n e  e q u i p m e n t  c a n  be  used for 

b o t h  d e t a i l e d  a n d  r e c o n n a i s s a n c e  s u r v e y s  m e r e l y  b y  c h a n g i n g  t h e  

d i s t a n c e  (X) o v e r  w h i c h  t h e  e l e c t r o d e s  a r e  moved each t i m e .  I n  

t h e  p a s t ,  i n t e r v a l s  h a v e  been  u s e d  r a n g i n g  from 2 5  f e e t  t o  2000 

f e e t  f o r  ( X ) .  I n  e a c h  case,  t h e  d e c i s i o n  as to t h e  d i s t a n c e  (X) 

a n d  t h e  v a l u e s  of ( n )  to b e  u s e d  is l a r g e l y  d e t e r m i n e d  b y  t h e  

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

L’ t h e  e x p e c t e d  a n o m a l y  and t h e  s p e e d  K i t h  w h i c h  i t  i s  d e s i r e d  to 

p r o g r e s s .  



T h e  diagram i n  F i g u r e  Et d e m o n s t r a t e s  t h e  method u s e d  

in p l o t t i n g  t h e  r e s u l t s r  

a p p a r e n t  metal factor, and a p p a r e n t  p e r  c e n t  frequency 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  b y  t h e  p o s i t i o n  of t h e  f o u r  e l e c t r o d e s  

when t h e  m e a s u r e m e n t  w a s  made.  

m e a s u r e d  for t h e  l a r g e r  v a l u e s  of ( n )  are  p l o t t e d  f a r t h e r  

from t h e  l i n e  indicating 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  tes ted is  grea te r  t h a n  for t h e  smal le r  

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

.The I P  m e a s u r e m e n t  i s  L a s i c a l l y  obTained b y  m e a s u r i n g  

E a c h  \.:.,lue of t h e  a p p a r e n t  r e s i s t i v i t y ,  

I t  c a n  be s e e n  t h a t  t h e  v a l u e s  

t h e  d i f f e r e n c e  i n  p o t e n t i a l  or v o l t a g e  ( A  V )  o b t a i n e d  a t  t w o  

o p e r a t i n g  f r e q u e n c i e s .  

t h r o u g h  t h e  g r o u n d  a n d  t h e  a p p a r 2 n t  r e s i s t i v i t y  o f  t h e  g r o u n d .  

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

due  t o  poor  e l e c t r o d e  c o n t a c t ,  or t h e  a p p a r e n t  r e s i s t i v i t y  is 

v e r y  low,  o r  a c o m b i n a t i o n  of t h e  t w o  e f f e c t s ;  

( A V )  t h e  c h a n g e  i s  p o t e n t i a l  w i l l  b e  too s m a l l  t o  be  

m e a s u r a b l e .  T h e  s y m b o l  "TL" o n  t h e  d a r a  p l o r s  i n d i c a t e s  t h i s  

T h e  v o l u a g e  i s  t h e  p r o d u c t  of t h e  c u r r e n t  

t h e  v a l u e  of 

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  noise, e i t h e r  man-rade. 

or natural, w i l l  r e n d e r  i; i m p o s s i b l e  to o b t a i n  a r e a d i c f .  

T h e  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  x k i c h  

i t  is  too  n o i s y  t o  record a r e a d i n g .  If a r e a d i n g  can be o b r z l n e d ,  

b u t  f o r  r e a s o n s  of  n o i s e  t h e r e  is  some d o u b t  as  t o  i t s  a c c u r a c y ,  

t h e  r e a d i n g  i s  b r a c k e t e d  i n  the d a t a  p l o t  ( > .  
I n  c e r t a i n  s i t u a t i o n s  n e g a t i v e  v a l u e s  of  A p p a r e n r  

F r e q u e n c y  E f f e c r ;  a r e  recorded.  T h i s  may b e  d u e  t o  t h e  g e o l o g i c  
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e n v i r o n n e n t  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 .  T h e  a c t u a l  f i e g a t i v e  
c" 

frequency ef fec t  v a l u e  r e c o r d e d  is  i n d i c a t e d  o n  t h e  d a t a  7 1 0 ~ ;  

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 l n g  

v a l u e  of A p p a r e n t  bletal F a c t o r .  

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

i n  t h e  i z x n e d i a t e  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 .  

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

o p e r a t o r  a 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  norma l  

s u r v e y  p r o c e d u r e s  wou ld  s u g g e s r  t h a t  o n e  w a s  r e q u i r e d .  

may be  due  t o  i n a c c e s s i b l e  t o p o g r a p h y  or o t h e r  s i m i l a r  

r e a s o n s .  Any symbol o t h e r  t h a n  t h o s e  d i s c u s s e d  a b o v e  is  u n i q u e  

T h i s  

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

o f  t h e  r e p o r t .  LW 
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METHOO U S E D  I N  PLOTTING D I P O L E -  OIPOLE 

f i g .  A 

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 "  RESULTS 

-x-nx -X- 

I 1 I 1 

1 2 3 4 5 6 7 8 9 

S t a t i o n s  on l ine x = Electrode spread length 
n = Electrode seoora t ion  

P P P 

P P P P 

P P P P P 

P P P P P P 

n - 4 I,Z - 6 , 7  2 ,3 -7 ,8  3 ,4 -8 ,9  

n - 3  1,2-5,6 2,3-6,7 3,4-7,8 4,5-8,9 Apparent ResiS? iv l?y  

n - 2  i ,2 -4 ,5  2.3-5.6 3.4-697 405-7.8 5.6-8,9 

n - I  

M F  M F  M F  M F  M F  M F  

M F  M .F M F  M F  M E  

M F  M F  M F  M F  
n - 3  . 1,2-S,6 2,3-6,7 3,4-7,8 4,5-8,9 Apparent  M e t a l  F a c t o r  

n - l  t,2-3,4 23-43 3,4-5,6 4,5-6,7 5.6-7,0 6,7-@,9  

n - 2  12-4.5 2.3-5.6 3.4-6.7 4,5-7,8 5 .6 -8 .9  

M F  M F  M F  
n - 4  1,2-6,7 2.3-7,8 3,4-6.9 

L 

)i9/ I 7 

F f  FE. F E  F E  F. E .  F. E. 
1,2- 3.4 2.3-4,5 3,4-5,6 4,3-6,7 5,6-7,0 6 , 7 - 0 , 9  n - l  

F. E. Fa E. F E ,  F.E. F. E. 
0 - 2  1,2-4,5 2.3-5,6 3.4-6.7 4 ,5 -7 ,8  5 , 6 - 8 , 9  

F E. F. E. F.E.  F. E. 
n - 3  1,2-5,6 2,3-6,7 3.4-7,8 4 5 - 0 . 9  Apporen t Percent 

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



c 

IIORSE CLO I M  GROUF 

YRNLOOPS bl 0 1 P . C  

L I N E  N O  -358011  

<-X->C-N %- ><- x -> 
A .-!il-- u Ltl 

\ ,’ 
. *  

X = l 5 0  METERS 
PLOTT 1NG . I  
P O I N T  --> X 

F R E 0 IJ E NC Y ( HER T Z ) D W G 
0 . 2 5 ;  4 . 0  

NOT E - C 0 N T D IJ R S DR T E SURVEY ED ’ 01: T - El OIJ, e 5 
A T  LOGARITHMIC 

- 2 , - 3 , - 5 , - 7  I N T E R V A L S .  1 , - 1  5,-10 5 
RPPRn’”ED/?JL- DATEA~&--&S-- 

PLlJS ERSH 9 . 2 3  
F R O M  0 5 T O  2 . 9  

, 

P A C I F I C  G E O P H Y S I C A L  L T C !  
I IIOUCED POL R R  I ZRT I OEl AN D FE S I 3 T I !I I T Y  SIJPIJE ’1’ 

TECK NORSE PROPERTY L I N E  35OON X - 1 5 0 M  RHO ( O H M - M )  

1 5 1 6 1 7 1 8 1  9 I 1 0  I l l  1 1 2  1 1 3  1 1 4  I 1 5  I 1 6  1 1 7  I 1 8  I 1 9  I 
24001.1 __ 2 1 9 o w  1800W 1 5 0 o w  120011 900W 600W 

N.1 - 
11.2 - 

565 N.3 - 
59 1 

269 281 

N = 4  

N = 5 N.5 - 

N.6. 

1 -- 
I T E C K  NORSE PROFEFTY L I N E  3 5 0 0 N  X*l59M PFE 

6 I 9  1 1 0  I 1 1  I 1 2  I 1  3 1 1 4  I 1 5  I 1 6  I 1 7  I 18 I 1 9 I 2 0  I 2 1  I 2 2  
240011 210cJw 1800W 1 5 0 0 1 ~  1200W 990W 69061 3 0 0 w  0 

tl = 5 Itl== u - k  N - 5  1 



L I N E  N O  - 7 P 5 0 l l  

-biFEF-Fmm-FR I S 1 6 1 7 1  8 I 9  I 1 0  I l l  1 1 2  I 1 3  1 1 4  1 1 5  1 1 6  1 1 7  I 1 8  I 1 9  I 2 0  I 2 1  I 2 2  
- c 0YBorNRLl ie7/s0w!----  2400W 2108W 1800W 150011 l 2 0 0 W  900W 600W 300W 0 -_ I N T S P F R E T A T I O N  

N -  1 362 319 41s 261 215 N - 1 .  

N = Z  

N - 3  

N.4 

206 H = 2  

352 336 374 363 345 394 370 32'\- 435 317 268 225 2 6 3 )  251 300 250 297 225 2 k G t F  '3z' 278 2 6 6 \ '  536 641 597 
N - 3 .  N a 4  - 
N . 5 .  

N.6 N.6. t . . . . . . . . . * . 

<-%-><-N X- ><- x -> 

. D 1 P 0 L E U 1 0  E R 1 5 1 6  1 7  I 8 I 9  I 1 0  I l l  I 1 2  1 1 3  1 1 4  I 1 5  I 1 6  I 1 7  I 1 8 I 1 9  1 2 0  1 2 1  1 2 2 -  
COORDINATE 270011 2400W 2 1 0 0 w  l B 0 0 W  1500W 1200W 900W 60015 300W 0 
I N T E R P R E T R T I O N  

H s I .  

M32 - 

N.3. 

N = 4 .  

.N'5 E ( - 5 .  

. H = 6  H . 6 .  

.H.I  .8 ,,- 1 1 1 .9 .9 \ .6 .6 .y .8 -> .8 

, N = 2  .>' 1.1 I 12 1.2 --7\ .9 .9 .8 

. N * 3  1.1 --/v 1.1 ct3\ 1.2 1 1) .9 9J 1.1 1.1 

. N = 4  :.3 ,,?l.l /;\ 'l.3>\ 1.1 / .9 /Te 1.1 1.2 

-. ,- 

P L O T T I N G  . ' \ '  ' 
P O I N T  .--3 x X = I S 0  METERS 

FREQUENCY ( H E R T Z )  DWG. E I O .  - I .  P .  - 5 8 7 3 - 2  
0 . 2 5 1  4 . 0  

II 0 T E - C 0 I4 T 0 UPS DATE SURVEYED: OCT-NOtJ/ !36 

A F P R nu E n 2 -  AT L D G A R I T H M I C  
I N T E R V A L S .  1 , - 1  S 

PLIJS EACH 0 2 5  
FROM 0 . 9  T O  2 0 

- 2 , - 3 , - 5 , - 7  5 . - 1 0  DATE-!&-Z+%L 

P A C I F I C  G E O P H Y S I C A L  L T D .  
I N DUC E 0 P 0 L A R I 2 A T  I ON R I4 D RE 5 I S T I V I T Y S I.lR I! E Y 

[--PROPERTY L I N E  3 2 5 0 N  X = l S 0 M  RHO (OHM-M) 

[-NORSE PROPERTY L I N E  3 2 5 0 N  X ~ 1 5 0 M  METRL FACTOR 1 
1 5  I 1 9  I 2 6  I 2 1  I 2 2  6 1 7 1  8 I 9 I 1 0  I l l  I 1  2 1 1 3  1 1 4  I l S  1 1 6  1 1 7  1 1 0  I 

2400W 2 1 0 0 w  1800W 1500W 120011 90011 600W 3PPW 0 

t l -  1 

. N - 2  

N = 3  

. I t s 4  

N.5 N = 3  

ll.6 
. -A- _ _ L _ _ A _ _ L  _ _ _ _  L -vu-- a -_- 



c 
T E W .  C O R P O R A T I O N  

tIORSE C L A I M  GROUP 

r n r i L o o r s  PI D , B  c 

L I I I E  N O  - 3 1 O O N  

6- x -><- N X W < - X - +  

\ , ,- , . ,  P L O T T I N G  . ,  
X-150  METERS P O l N T  -) X 

O U G .  N 0 . - I  . P . - 5 8 7 3 - 3  FREQUENCY ( H E R T Z )  
a 2 5 i 4 . 8  

DRTE SURVEYED:  O C T - M O V / 8 6  

APPRouEoNS/ 

NOTE-  CONTOURS 

AT I H T E R V A L S .  L O G A R I T H M I C  1 I - 1 . 5  

P L U S  ERCH 9 2 5  
FPOM 9 . 5  TO 2 8 

- 2 .  - 3 ,  - 5 ,  - 7  s, - 1 8  D R T E.+/SL 

P A C I F I C  G E O P H Y S I C A L  L T D .  
l N D U C E D  P O L A R I Z A T I O N  AND R E S I S T I V I T Y  SURVEY 

-____ . - __  - 
TECK NORSE PROPERTY L I N E  3989N X 9 1 5 8 M  RHO ( O H M - M )  I 

42  729 57 

2W 245 276 223 

_ _ _ ^  . - _-. _. -- 
O R S E  P R O P E R T Y  LINE 3 9 0 8 ~  X-15BM P F E  

. _. ---_ ._ _. 
TECK NORSE PROPERTY L I N E  3 9 O 9 N  X = 1 5 O M  METAL FACTOR I 



I c 

T E C K  C O R P O R A T I O N  

NORSE C L A I M  GROUP 

KAMLOOPS M . 0 . I B . C .  

L I N E  NO . - 2 7 9 0 N  

<-X-X-MX- > c x 3  

. ,’ . ” . ,  
X = l S E  METERS 

P L O T T  I N G  . . 4  
P O I N T  _II) x 

DWG. N O . - I . P . - S S 7 3 - 4  FREOUENCY ( H E R T Z )  
E .  251 4 . 0  

NOTE- CONTOURS DATE SURVEYED 3 O C T - l l O V / 8 6  
AT L O G A R I T H M I C  
I N T E R V A L S .  l , - l . S  
- 2 , - 3 , - 5 . - 7 . 5 , - 1 0  

RP PR o v  EO-B.ZL-- 

P L U S  E A C H  8 . 2 5  
FROM 0 . 5  TO 2 0 

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

216 255 2 

I T E C K  NORSE PROPERTY L I N E  2 7 5 0 N  X = I S B M  METAL FACTOR 

N - 2  

N = 4  



c 4 

T E C K   CORPORATION^ 
HORSE C L A I M  GROUP 

KRIILOOPS M 0 . j E . C  

<-X+<-N X- > + X 3  

-. . 
\ ,' 

a . ,  . ,  
X - 1 5 8  METERS 

PL 0 T T I N  G 
P O I N T  --9 X 

FREQUENCY ( H E R T Z )  DWG. N O . - I . P . - 5 8 7 3 - 5  
0 , 2 5 , 4 .  E 

ORTE SURVEYED,OCT-Nn'J /85 NOTE- CONTOURS 
R T  LOGARITHMIC 
I N T E R V R L S .  1 I - 1 . 5  RPPRoUED- 

PLUS ERCH 0 . 2 5  
FROM 8 . 5  T O  2 . 0  

- 2 . - 3 . - 5 . - 7 . 5 , - 1 0  D O T E  N4d. a 7 k 6  

P A C I F I C  G E O P H Y S I C A L  L T D .  
L I N E  NO -2SREH INDUCED P O L A R I Z A T I O N  R N D  R E S I S T I V I T Y  SURVEY 

I T E C K  NORSE PROPERTY L I N E  2SEON X-150M RHO (OHM-M) 1 

261 243 257 

S04: 3 9 ; 7 < & % $ ? i 1 7  374 3$-<69 251 273 2 0 ; ' G 6 \ 2 W / 3 1 9  

N - 4  

N - 3  509 5 3 9  303 483 w 6 9 8 '  328 337 361 \,,, 244 239 (189 182 

I N - 4  537 ' 396 357 666 5 6 r 3 3 9  396 328 303 221 219 248 261 285 

N=5  N - 5  

N=6  N o 6  

___ ~. 
TECK NORSE PROPERTY L I N E  25EON X-1SOM PFE 1 

I S  1 6  I 7  I 8  I S  1 1 0  I l l  1 1 2  1 1 3  1 1 4  1 1 5  1 1 6  1 1 7  I 1 8  I 1 9  1 2 0  1 2 1  1 2 2  
24EEW 21E0W l8EEW 15EBW 12EEW 98011 6EBW 3EEW 0 

N - 1  - 
N - 2 .  

.N.3 1.1 1.2 N 1 3 .  

- N - I  

.E112 

1.2 i.1 

. N * 4  1.2 47 4 3  13L 1.1 N 1 4 .  

N - 5  N = 3  

N = 6  N u 6  



f 

T E C K  C O R P O R A T I O t - 4  

NORSE C L A I M  GROUP 

KAMLOOPS M . D . r B . C .  

L I N E  110 . -2250N 

<-X-><-NX- > C X 3  

, 
/ . , , 

\ ,  

'. 
P L O T T I N G  . ,  
P O I N T  ____3 x X - 1 5 0  METERS 

FREQUENCY ( H E R T Z )  DWG. N O . - I . P . - 5 8 7 3 - 6  
0 . 2 5  I 4 , 0  

DATE SURVEYED.OCT-NOU/86 NOTE- CONTOURS 
A T  L O G A R I T H M I C  
1 N T E R V R L S .  I I - 1 .  S RPPRoVEDnsc 

P L U S  ERCN 0 . 2 5  
- 2 , - 3 , - 5 . - 7 . s , - 1 0  DRTE N ~ V .  a 71% 
FROM 0.S TO 2.0 

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

TECK NORSE PROPERTY L I N E  2 2 3 0 N  X - l S B M  RHO (OHM-M) 1 
I S I 6  I i I 8  I 9  I 1 0  I 1 1  1 1 2  1 1 3  1 1 4  1 1 5  1 1 6  1 1 7  1 1 8  1 1 9  1 2 0  1 2 1  1 2 2  

2 4 8 0 W  2100W te00u s 0 0 w  1 2 0 0 w  908W 60011 300W 0 

TECK NORSE PROPERTY L I N E  2 2 S 0 N  X - l l B M  P F E  

_ P I P O L E  NJNBER I s I s I i I e I 9 1 1 8  1 1 1  1 1 2  1 1 3  1 1 4  1 1 s  1 1 6  1 1 7  1 1 8  1 1 9  1 2 0  1 2 1  1 2 2  
-COORDlNRTE 2 7 0 0 U  2 4 0 0 U  2 1 e w  1ae0u 1500W 1200W 900W 680W 30811 0 
J-Ml ERPRE T R  1 I ON 
N- 1 N - 1 .  

N - 2  N-2. 

N.3 N.3. 

N.4 N . 4 .  

.. . __ .- ---____ 1 TECK NORSE PROPERTY L I N E  2250N X = 1 5 0 M  METAL FRCTOR 1 



T E C K  C O R P O R A T I O t 4  

I I O F S E  CLA I N  GROUF 

b n ~ ~ o n r s  M o I B  c 

<- X -><- N X--'<-X4 

/ . ., P L O T T I N G  . ,  
P O I I I I  ---4 Y X = l S 0  M E T E R S  

P A C I F I C  G E O P H Y S I C F l L  L T D .  

. t 1=1  

11.2 

-11-3 

. W r 4  

324 450 434 459 311 333 x-w 17011 387 152 1 2 6 7 - 2 T 5 y e  

454 39s 452 374 362 314 485 49&3&33 AT185 1 8 : 3 7 9  401 \ \ 689 

565) 311 / i;;;) 350 25YT 441 f i 0 y  ,,&7 2 7 3 b p  303 304 \5c10 

3 3  529 496 332 259 304 G 5  548 e 4 7 6  4 9 3  289 353 @\=<4 

1 
__._ - _---___- - - _  - 

TECK EIOPSE PROFERTY L I N E  2 8 9 0 N  S-15OM P F E  

t l -5 il = 5 

11 - I: N - 6  
> .  . . . ..I . . . , .  . . _ I  



f 

<- x -><- N x ->+- x -> 

1 

,- 
\ I  
\ I  

'. 
X . 1 9 0 .  METER3 

P L O T T I N G  
P O I t l T  ---> x 

FREQUENCY (HEP7.Z )  D U G .  NO.- I  P - 9 8 7 3 - 8  
0 . 2 5 ; 4 . 0  

NOTE- CONTOURS D R T E  SUPVEYED O C T - 1 1 0 ' 1  , e 6  

A T  I N T E R V A L S  LOGARXTHMIC I ,  - 1  5 

P L U S  E R C t I  0 2 5  
FROM 0 5 T O  2 R 

ArPR"'EVn_f_L__ 

- 2 ,  - 3 ,  - 5 ,  - 7 s , - I 0 on TE--N--~~/zL 

P A C I F I C  G E O P H Y S I C A L  L T D  
I I4DUCE 0 POLAR I ZA T X ON R tI U PES X S T I I! I T Y SUP!,'€ i 

[-cmNnRSE PROPERTY L X N E  1 7 5 0 N  X s 1 5 0 M  RHO ( O H M - M )  

1 9  I 2 0 I 2 1  I 2 2  
3 @ 03-..---0-- . -  

N =  1 

N = 2 

H - 3  

N.4 

_2_ 

t :I: H = 5 

N.C 

-- __-----._I____- 
[ E K  NORSE PROPERTY L l E l E  1 7 5 B N  X = 1 5 0 M  P F E  

11.5 11.5 

I I  a c t1-6 
. . . . & _ .  L _  . ,  , 4 1 . .... ... ..... . L L 1 I 



c G 

<- X -h- N X ->G X -> 

r 
I 

, . ,  P L O T T I N G  . ,  
X.150 METERS P O I N T  --+ X 

OWG. NO - 1 . F  -5873-9 FREQUENCY ( H E R T Z )  
0 . 2 5 ;  4 . 0  

NOTE- CONTOURS OR TE S UR'JEY E 0 . O C  T - E l  0 it 7 G 
FlT L O G R R I T H N I C  - I ,  APPROIJED-.kLXS.-- 

F L U S  F P O M  ERCH 0 . 5  T O  0 . 2 5  2 . 9  
- 2 ,  - 3 ,  -5, - 7 . 5 ,  - I 0 ORTE>-~ a ? / g t L -  

P A C I F I C  G E O P H Y S I C A L  L T D .  
I NOUCE D P O L n R  I Z R T  I O N  RN D HE S I S T I'V I T Y S1lF')E Y 

-a- 

N = 4  

11.3 

-- 
( - N I ) m - L I N E  150011 X - 1 5 0 M  P F E  

11.5 tl - T Ill.< . . .  6 . .  __.. .- . * . , . .  .... . , . ,  I . . I 2 . * , ... ...-. 11.6 . 



T E C K  C O R F O R A T I O t 4  

HORSE C L R I r I  GROUP 

Y A M L O O P S  M n c 

L I I l E  N O  - 1 2 5 R N  

'. r. 

' I ,  P L O T T I I I G  \ ,  
P O I I I T  --* x X-158 METERS 

FREQUENCY ( H E R T Z )  n w G .  NO.-I P - 5 8 7 3 - 1 0  
0 2 5 1 4 . 8  

DR T E SUR UE Y E D ' OC 1 - 11 O!!  / 3 5 NOTE- CONTOURS 
R T  L O G R R I T N M I C  
I N T E R V A L S .  I I -I , S  HPPR@"ED-.L_-- 

PLlUS EACH 0 . 2 9  
- 2 ,  - 3 ,  - 5 ,  - 7 .  5, - I  a m i  E-Y-.-z#L- 

F R O M  8 . 3  T O  2 9 

P A C I F I C  G E O P H Y S I C H L  L T D .  
I NOUCED POL RR I Z R T  I ON R I I  U P E S  I S T  I U I T Y SUP !!E Y 

- 
TECK NORSE PROPERTY L I N E  1 2 5 E N  %-ISBN R H O  ( O H M - M )  

11-2 

N - 4 3?2 3 i E  452 332 /5 

k 7 ~  .9/ 1.2 \* .9 .B , .4 .6 t1- 1 

.N-2  .7 .4 11.2 
c____4 

- t l Q 3  ? ( 3 . . 4 - h , : \ . 6  --- Ii - 3 

. N = 4  6 . 3  1.4 1.3 a 12 'r 11=4 



T E C E  C O E F O R H T I O t 4  

NORSE C L R I M  GROUP 

<- X -?<- N X -><- X --3 

.. , P L O T T I N G  \ ,  
P O I N T  ___3 X X-I50 METERS 

DWG. NO.-I.P.-58i3-II FREOUENCY ( H E R T Z )  
0.25; 4 . 0  

I IOTE- CONTOURS 
AT LOGRRITHMIC 
I N T E R V A L S  I . - !  5 ~ - . . -  
- 2 . - 3 , - 5 , - 7  5 , - 1 0  
FLIJS ERCH 8 2 5  
F R O M  0 S T O  P R 

i n n c n o r s  N n , R  c 

1 I H E  110 - I R O O N  

-- 
I T E C K  NORSE PROPERTY L I N E  188814 X-lS0M RHO (0HM-M) 

DATE SUR'JE f E D  OCT-1iOV 

RFPRO'JED. f? 
DRTE-&.=.=-E&.-. 

9 6  

P A C I F I C  G E O P H Y S I C A L  L I D .  
I I IDU C E D P OLRR I ZR T IO tl At1 D RE 5 1 S T I 'J I 1 Y S UF VE 'i 

5 1 6  1 7  1 8  I 9 I 28- 
13BBW 1088W 7 0 0 U  400W 1 8 8J- 

9 I 10 I A i  I 12 I 13 1 1 4  15  1 16 I 1 7  I 18 I 1 
2 2 0 B W  1980W 1 6 0 0 W  7 744- ! --e--c---+----L 461 526 513 N.1 

668 74g 5 S : F S ? < 3 9 8  618 804 yb& 580 t i-2 

556 t1=3 

t i  = 4 " m l Q  ' b 4 8 9  &?' ,452 445 

N - 3  353 333 418 

738 &%h 4133 431 511 

1 ,-----~----- ~ 

T E C k  NORSE FROPEPTY L I N E  I R R B t l  X-ISOM F F E  



T E C K  C O R F O R H T I O t * l  

IIORSE C L R  Ill GPOl IF  

<-- X ->+- N X -X- X --> 

, 
\ 

'. . ,  PLOTT I Hi; . d  

P U I I I 1  -3 It  X.150 METERS 

h R M L O n F S  tl D i R  C 

L l l l F  Il l?  - 7 5 n N  

P A C I F I C  G E O P H Y S I C A L  L T D .  
I NOUCEO P O L A R  I2 R T  I O N  R I I  Cl P E  :; I S T  I !I I T ' I  TIUP'VE I 



6- X -><- N X -X- X -> 

r '. . ,I P L O T T I N G  , ,  
P O I I I T  -> X X = l S B  METEPB 

OWG N O  - I  P - 5 5 7 3 - 1 3  F RE OI(E N C  Y < HEP T I ) 
0 2 5 ; 4  0 

P A C I F I C  G E O P H Y S I C H L  LTC!. 
I l l  DUC E 0 POLRP I Z R T  I O N  A l l  O PE 5 I S T  I c' I T Y 5lJP VE f 

- __ - . I TECY NORSE PROPEPTY L I N E  5 0 0 N  X-150M RHO ( O H M - M >  I 
I S I 6 I 7 I 9 I 9 I 10 I 1 1  I 1 2  I 1 3  I 1 4  I If  I 1 6  I 17  I 1 0  I 1930161120 I 2 1  2 2  

240011 21001.1 1800W 1 9 0 0 w  1 2 0 0 w  w.O w 600W 
1 

t El16 N = 5  " - 6  N-5 1 



c 

IIOESE C L R  It1 GPOl IP  

l f l M L 0 O r S  M . D  r R  r 

<-X->"---N X- >+- X -> 

A r  . F,? , 
FPEOUEHCY ( H E R T Z )  DWG. N O . - l  P -5373-1.1 

0 2 5 i 4 . E  

NDTE-  CONTOURS D A T E  S U RUE Y E D : O C  T - t I O  'I 8 6 
RT L O G A R I T H M I C  
I N T E R V R L S  1 I - 1 ,  S RFFFO'"E" O X L  

PLIJS ERCH c) 2 5  
- 2 I - 3 ,  - s I - 7 s I - i o  D ~ T E  --NwA-~-KC..- 
F R O M  0 . 5  T O  2 .c )  

P A C I F I C  G E O P H Y S I C A L  L T D .  
I I 4  D U CE D P 0 L RR I 2 R T I ON AN @ PF S I '; T I I.! I T Y 5 llF tl F Y 

N = l  

t i -2  

N - 3  

tI= 1 

.N=2  

.N=3 341 392 @ <524 

. N * 4  414 323 394 11.4 

ti. I 

N = 2 

FI = 3 

N.4 

11-5 N = 5  

11-6 11.6 I - - -  I . .  . 1 .___ . - .  . I  . . . . I  . - I . .. . .... ..  ,L A -1 I 8 1 L I L c I _ _ _ . J _ - .  



T E C K  C O R F O R H T I O N  

tIORSE C L R  I M  GROUP 

kRMLOOI'S M @ 1 8  C 

<- X -><- N X ->e X-> 

\ . '  PLOT r I t l G  . .  
P O I N ?  ---+ X X.150 METERS 

D b l G .  N O . - 1  . P . - S 8 7 3 - 1 5  FREQUENCY ( H E R T Z )  
9 . 2 5 1 4 . 0  

NOTE- CONTOURS DRTE SURVEYED OCT-NI )V/86  

I N T E P U R L S  1 , - 1  5 APPRO'JED n' 
- 2 , - 3 .  - 5 , - 7  5 , - 1 0  
PLUS ERCH R 29 

R T  L O G A P I T H M I C  L 

F R O M  e s T O  2 0 

D A T E>&Z6- 

P A C I F I C  G E O P H Y S I C H L  L T D  

1 -__I___ -__. __.- 

[K IIOPSE PROPERTY L I N E  0 0 0 N  X 9 1 5 0 M  RHO ( O H M - M )  

N = 2  

ti .) 4 

N - 5  

N.6 



TECK H O P S E  PROPERTY L 7 5 Q S  X = I 5 E M  RHO ( O H M - M )  

D I F o L E H ~ B  E R 5 1 6  1 7  1 8  I 9 I l Q .  I 
t S Q E  5 5 0 E  8-5 Q E C a o R o l N R l E T g W  I ' I 5QW 

- I - t i  1 E RFR E 1 R T I O N  

- N = 2  

- N = 3  

.N=4 

l i e 2  

li 3 I 

TECK NORSE PR@PEF:TY L 7 5 Q S  X = l S Q M  M E T A L  FRCTOR 

tl = 4 H = 4 3.1 ,'' ."lr9' ' 1.3 -1.4 ' I .Q 

N-5 

11-6 

M=S 

11.6 
1 .-. 1 1 1 ....... 1 ___._ _ _  ̂.___ _1 ~ 

DUG. N O  - 1  P . - 5 8 7 3 - 1 6  

T E C K  C O R P O R A T I O H  
NORSE C L A I M  GROUP 

KRMLOOPS 1 1 . D . i B . C  

L I N E  I i O  - 7 5 0 9  

G-X-><-IIJX- ><--X-> 

, 
. I  

% ,  P L O T  T 1 HG 
P O I I I T  > x  X = 1 5 Q  METERS 

FREQUENCY ( H E R T Z )  D R T E  SURVEYED OCT-HDV/86  
8.251 4 . 0  RPPRclVED 

f l - r  c N 0 T E - 
A T  L O G A R I T H M I C  - 
I N T E R V A L S  I I - I ,  S 

F L U S  EACH 0 25 
F R O M  E 5 113 2 R 

C 0 N T O  IJ R S 

- 2 , - 3 , - 5 , - 7  s . - i o  ~ A T E J L - .  a 7 / k  



( T E C I ( E E  PROPERTY L I N E  125QS X = 1 3 8 M  R H O  (OHM-M) 

N = 5 .  

N.6 - 1::: , , , 

O U G  , NO. - I . P - J 8 7 3 -  1 7 

T E C K  C O E P O E A T I O t - 4  
NORSE C L A I M  GPOIJP 

YRMLOOPS M D ; P  C 

L I N E  NO - 1 2 5 6 5  

X - I S B M  PFE 

6 1 7  1 9  1 9  1 1 0  
6 5 Q E  - 9 5 Q E  . 

t4=3.  

N -4  

N - 5 .  

t1-6.  

N.5 

_ .  

I m I ( O R S E T Y  L I N E  1 2 5 8 s  X - I 5 0 M  METAL FACTOR I 

<- X-><- N X -M- X --> 

FREQUENCY ( H E R T Z )  DATE SURVEYED OCT-NOV186 
APPROVE0 E 2 S i 4 . E  

NOTE- CONTOURS - A T  L O G A R I T H M I C  
1NTERUALS 1 , - 1  5 
- 2 . - 3 . - 5 , - 7  5 , - l 8  O A T E W - & . . - - . -  

FRO11 8 S T O  2 0 
P L ~ J S  E A C H  a 29 

P H C f F I C  G E O P H Y S I C R L  L T D .  
I N b U C E O  P O L R R I  Z A T  1011 A H  h P E S  I S t  f U t  T Y  SIIR'IEY 
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SV # 23 
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sv #21 
1 

SV#24 

.................... ................... . . . . . . . . . . . . . . . . . . .  Y 50' 20' I 

3 
-C 
C 
0 
c 

3 

/ 
'=T NORSE NORTH GROUP T E C K  C O R P O R A T I O N  

KAMLOOPS MINING DIVISION, B.C. 
................ ................. -71 NORSE SOUTH GROUP NORSE CLAIM GROUPS ?_. .. 

0 

K I LO M ETE R S  
NTS: 921 / 6E 








