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SUMMARY 

S o i l  sampling and VLF-EM surveys  w e r e  c a r r i e d  o u t  over  t h e  
Sophia Lake p r o p e r t y  of Lakewood Mining Co. Ltd (NPL) 

du r ing  September 1977, and an induced p o l a r i z a t i o n  survey 

du r ing  August, 1978. The p r o p e r t y  i s  l o c a t e d  on and around 
Sophia Lake, 22 kms n o r t h e r l y  of Merrit t ,  B r i t i s h  Columbia. 

Access t o  t h e  p r o p e r t y  is  ga ined  by a d i r t  road  l e a v i n g  

t h e  Merrit t-Logan Lake g r a v e l  road  and c a n  be d r i v e n  by t w o -  
wheel d r i v e  v e h i c l e .  The t e r r a i n  cons i s t s  m a i n l y  of l i g h t l y  

f o r e s t e d  g r a s s l a n d s  w i t h  s l o p e s  t h a t  are  mainly g e n t l e .  The 
o b j e c t  of t h e  su rveys  was t o  locate economic s u l p h i d e  m i n e r a l i -  
z a t i o n  as  i s  found o n  nearby Swakum Mtn. o r  t h e  Tolman Lake 

p r o p e r t y .  

The work t o  d a t e  p r i o r  t o  t h e  s t a k i n g  of t h e  Sophia C l a i m  
has  c o n s i s t e d  of t r e n c h i n g .  

The p r o p e r t y  i s  u n d e r l a i n  by a sequence of l imes tone ,  a r g i l l i t e ,  

greywacke, conglomerate  and a n d e s i t e  porphyry, of t h e  Nicola  

Group which i s  Upper T r i a s s i c  i n  age. P o s s i b l y  a d i o r i t i c  

i n t r u s i v e  a l so  o c c u r s  on t h e  p r o p e r t y .  

M i n e r a l i z a t i o n  o c c u r s  as  p y r i t i z a t i o n  and a s s o c i a t e d  s p h a l e r i t e ,  

ga l ena  and c h a l c o p y r i t e  i n  t h e  n o r t h  t r e n c h  zone. P y r i t e  w a s  
a l so  encountered i n  d r i l l  h o l e  N o .  2 ,  and ga lena  and 

s p h a l e r i t e  w i t h i n  d r i l l  h o l e  N o .  3 .  

The government aeromagnet ic  map shows three l i n e a t i o n s ,  one 

q u i t e  s t r o n g  t h a t  s t r i k e  th rough  t h e  p r o p e r t y  and are  s u g g e s t i v e  

of r e g i o n a l  f a u l t s .  There is a l so  a smal l  h igh  t h a t  may be 

r e f l e c t i n g  t h e  d i o r i t e  i n t r u s i v e ( ? )  which Sookochoff noted.  

I- GEOTRONICS SURVEYS LTD. I 
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The VLF-EM read ings  and so i l  samples were taken  every 100 f e e t  
on 400-foot s e p a r a t e d  l i n e s .  The VLF-EM r e a d i n g s  were F raze r -  
f i l t e r e d ,  p l o t t e d ,  and contoured.  The s o i l  samples w e r e  t e s t e d  
f o r  l e a d ,  z i n c ,  copper ,  s i l v e r  and t u n g s t e n  and t h e  r e s u l t s  
p l o t t e d ,  s t a t i s t i c a l l y  ana lyzed ,  and  contoured .  

The I . P .  survey ,  f requency domain, w a s  done wi th  a d i p o l e  
l e n g t h ,  d i p o l e  s e p a r a t i o n ,  and r e a d i n g s  t aken  every 50 meters. 
The r e s i s t i v i t y  and metal f a c t o r  v a l u e s  w e r e  c a l c u l a t e d ,  and 
t h e s e  a long  wi th  t h e  frequency e f f ec t ,  w e r e  s t a t i s t i c a l l y  

ana lyzed ,  p l o t % e d  and contoured.  

CONCLUSIONS 
1. The p rope r ty  i s  favourable  t o  t h e  p o s s i b i l i t y  of i t  

c o n t a i n i n g  a body of economic m i n e r a l i z a t i o n  f o r  t h e  fo l lowing  
r e a s o n s  : - 

a )  Limestone is  known t o  occur  on t h e  p r o p e r t y .  Th i s  rock  
t y p e  a long  wi th  greens tone  are h o s t s  t o  s u l p h i d e s  on t h e  
Swakum d e p o s i t s .  

b )  An aeromagnetic high of l o w  i n t e n s i t y  occu r s  on t h e  
Sophia Claim and may r e f l e c t  a d i o r i t e  i n t r u s i v e ( ? )  as  
noted  by Sookochoff. Th i s  h igh  could  be r e l a t e d  t o  t h e  
Swakum Mtn. h igh  of much g r e a t e r  i n t e n s i t y  which is i n t e r -  
p r e t t e d  t o  ref lect  a n  i n t r u s i v e  a s s o c i a t e d  wi th  t h e  Swakum 
Mtn. d e p o s i t s  . 

c )  Three aeromagnetic l i n e a t i o n s  i n t e r p r e t t e d  t o  be f a u l t s  
cross i n  t h e  a r e a  of Sophia Lake. 

d )  Copper, l e a d ,  z i n c ,  s i l v e r ,  go ld  and t u n g s t e n  
m i n e r a l i z a t i o n  occur  on ly  t w o  kms t o  t h e  southwest on 
Swakum Mtn. Copper, l e a d ,  z i n c  and s i l v e r  m i n e r a l i z a t i o n  
occur  on ly  two kms w e s t  around Tolman Lake. 

1 GEOTRONICS SURVEYS LTD. 1 
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e )  Much p y r i t i z a t i o n  and minor g a l e n a ,  s p h a l e r i t e  and 
c h a l c o p y r i t e  occur  on t h e  Sophia C l a i m .  

2 .  The VLF-EM h a s  r evea led  s e v e r a l  conductors  on t h e  p r o p e r t y  
ranging  i n  s t r e n g t h  from weak t o  moderate.  The s t r i k e  is 
mainly n o r t h e a s t e r l y ,  bu t  i s  a l s o  n o r t h e r l y .  

The conduc to r s  are l i k e l y  f a u l t s ,  s h e a r  zones  and contacts .  

3. The s o i l  sample r e s u l t s  appear  t o  occur  i n  a t  l ea s t  s i x  
zones.  

4. Of t h e  s o i l  sample r e s u l t s  (done on o n l y  t h r e e  l i n e s ) ,  t h e r e  
i s  f a i r l y  good c o r r e l a t i o n  between t h e  l e a d  and z i n c  
anomalies  which is not unexpected. There is  a l s o  a good 
c o r r e l a t i o n  between t h e  s i l v e r  and copper anomalies  sugges t ing  
t e t r a h e d r i t e  t o  be t h e  c a u s i t i v e  sou rce .  The t u n g s t e n  
anomalies  c o r r e l a t e  on ly  i n  a minor way w i t h  t h e  copper 
anomalies .  

5. Some of t h e  geochemistry anomalies  c o r r e l a t e  w i t h  t h e  VLF-EM 
conduc to r s  i n d i c a t i n g  some of t h e  m i n e r a l i z a t i o n  t o  be 

s t r u c t u r e  (probably s h e a r  zones)  r e l a t e d .  

6. The m o s t  i n t e r e s t i n g  I . P .  r e s u l t s  occur  on  t h e  nor thwes tern  
p a r t  of t h e  survey area where no s o i l  sample r e s u l t s  are 
a v a i l a b l e .  Anomaly A is  composed of t w o  s e p a r a t e  a n o m a l i e s  
t h a t  may be r e f l e c t i n g  p y r i t  i z a t  ion  su r round ing  a n  economic 
s u l p h i d e  body. Anomaly B correlates  w i t h  known p y r i t i z a t i o n  
and a s s o c i a t e d  base  meta l  s u l p h i d e s .  Cons ide r ing  t h e  number 
of I . P .  anomalies  w i t h i n  t h e  northwest  s e c t i o n ,  and 
c o n s i d e r i n g  t h e  f a c t  t h a t  t hey  a t  l eas t  r e f l e c t  p y r i t e ,  t h i s  
area is  q u i t e  amenable t o  t h e  p o s s i b l e  l oca t ion  of 
base  m e t  a1 su lph ides .  

GEOTRONICS SURVEYS LTD. 



low ( i . e .  metal f a c t o r  h igh )  o c c u r s  between t h e  east 
and w e s t  s e c t i o n s  of  geochemistry anomaly 6 and p robab ly  
i s  caused by an  a s s o c i a t e d  body of p y r i t e .  

I 

8. Anomaly D and an a s s o c i a t e d  smaller anomaly correlates 
w i t h  l e a d  geochemistry r e s u l t s ,  and t o  a lesser e x t e n t ,  
wi th  z i n c ,  copper, and s i l v e r  geochemistry r e s u l t s .  

RECOMMENDATIONS 
The r e s u l t s  t o  d a t e  are  very  p o s i t i v e  and d e f i n i t e l y  w a r r a n t  
f u r t h e r  e x p l o r a t i o n  a s  fo l lows :  

1. S o i l  Geochemistry - t h e  rest  of t h e  survey  g r i d  should  
be s o i l  sampled so  t h a t  I .P .  anomalies  A ,  B ,  C ( n o r t h e r n  ’ 

p a r t ) ,  E and F are  covered by t h e  s o i l  su rvey .  The sampling 
i n t e r v a l  is  p robab ly  adequate  a t  25 meters on t h e  120-meter 
s e p a r a t e d  l i n e s ,  b u t ,  cons ide r ing  t h e  p o s s i b l e  low i o n  
m o b i l i t y ,  it i s  p r e f e r a b l e  t o  sample every  1 2 . 5  meters on 
60-meter s e p a r a t e d  l i n e s .  The samples should  be a s sayed  
f o r  a t  least  copper  and z i n c ,  and p r e f e r a b l y  l e a d  and 
s i l v e r  a s  w e l l .  S i l v e r  and copper c o r r e l a t e  t o g e t h e r  so 
w e l l  t h a t  a n a l y s i s  f o r  s i l v e r  could  be d i spensed  w i t h .  
However, c o n s i d e r i n g  t h e  s m a l l  a d d i t i o n a l  cost and t h a t  e x t r a  
in format ion  is  g a i n e d ,  s i l v e r  a n a l y s i s  i s  recommended,in any 
case. 

Cons ider ing  t h e  h igh  cost of t h e  t u n g s t e n  a n a l y s i s ,  i t  is 
recommended no t  t o  ana lyze  f o r  t u n g s t e n .  I t  may p rove  u s e f u l  
a t  a l a t e r  d a t e ,  however, and ,  t h e r e f o r e ,  t h e  samples should  
be kept f o r  a t  least  two y e a r s .  

GEOTRONICS SURVEYS LTD _ -  
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2. I . P .  Survey - T h i s  should  be cont inued  i n  a l l  d i r e c t i o n s ,  
c o n s i d e r i n g  t h a t  I . P .  a n o m a l i e s  are  open on  a l l  s i d e s  of 
t h e  g r i d .  Any new areas of  I . P .  surveying ,  of c o u r s e ,  
should  a l so  be covered by s o i l  sampling and VLF-EM su rveys .  
The I . P .  survey pa rame te r s  should be kept  as  is ,  t h a t  i s ,  
a d i p o l e  l e n g t h ,  s e p a r a t i o n ,  and r ead ing  i n t e r v a l  of 50 
meters, u n l e s s  t h e  overburden depth  i s  expected t o  be g r e a t e r  
t han  15 meters, t h e n  100 meters. 

3. Diamond D r i l l i n g  - A s  of now, there  are  d e f i n i t e  d r i l l  t a r g e t s  
on s o i l  anomalous zones 1, 2 ,  4 ,  p o s s i b l y  5 ,  and 6 .  The I P  
anomalies  no t  covered by t h e  s o i l  sampling could be d r i l l e d  
as  w e l l ,  e s p e c i a l l y  anomaly A eas t .  However, t h e  l o c a t i o n  
of d r i l l  t a r g e t s  could  be dec ided  more 
t h e  s o i l  sampling is  carried o u t .  

GEOTRONICS SURVEYS LTD 



GEOPHYSICAL-GEOCHEMICAL REPORT 

on 

INDUCED POLARIZATION 

VLF-EM AND SOIL SAMPLE SURVEYS 

SOPHIA CLAIM 

SOPHIA LAKE, NICOLA M . D . ,  B.C.  

I I 

INTRODUCTION AND GENERAL REMARKS 

T h i s  r e p o r t  d i s c u s s e s  t h e  survey procedure ,  compi la t ion  of 

d a t a ,  and t h e  i n t e r p r e t a t i o n  of a n  induced p o l a r i z a t i o n  ( I . P . )  

su rvey ,  a ve ry  l o w  frequency e l ec t romagne t i c  (VLF-EM) survey 
and a s o i l  sampling survey over  t h e  Sophia C l a i m  i n  t h e  

M a m i t  Lake area of  t h e  Nicola Mining D i s t r i c t .  

The VLF-EM survey w a s  c a r r i e d  o u t  by Quilum Exp lo ra t ions  Ltd 

o f  S e c h e l t ,  B.C.  f o r  Lakewood Mining du r ing  t h e  f i r s t  p a r t  

of September, 1977. A r e p o r t  w a s  w r i t t e n  on t h e  r e s u l t s  a long  

w i t h  magnet ic  survey  r e s u l t s  by John B. Davies and subsequent ly  

submi t ted  f o r  assessment c r e d i t s .  The w r i t e r ,  however, has  re- 
i n t e r p r e t t e d  t h e  r e s u l t s  and, t h e r e f o r e ,  inc luded  them i n  t h i s  

r e p o r t .  

The s o i l  sampling w a s  c a r r i e d  o u t  i n  t h e  l a t t e r  p a r t  of September, 

1977 by  Quilum Exp lo ra t ions  Ltd .  f o r  Lakewood Mining on 
on ly  t h r e e  l i n e s  r e s u l t i n g  i n  a t o t a l  number of samples of 144. 
These w e r e  subsequent ly  t e s t e d  f o r  l e a d ,  z i n c ,  s i l v e r ,  copper 
and t u n g s t e n .  

GEOTRONICS SURVEYS LTD. 
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The  induced p d l a r i z a t i o n  survey  w a s  c a r r i e d  ou t  by pe r sonne l  

of  Lakewood Mining du r ing  August, 1978. 

The purpose of c a r r y i n g  o u t  t h e  v a r i o u s  surveys  w a s  t o  l o c a t e  

p robab le  zones of  economic s u l p h i d e  m i n e r a l i z a t i o n .  The s o i l  

sampling, h o p e f u l l y ,  should  r e f l e c t  t h e  m i n e r a l i z a t i o n  d i r e c t l y .  

The purpose of t h e  VLF-EM survey  w a s  t o  locate t h e  m i n e r a l i z a t i o n  
d i r e c t l y  as w e l l  as t o  locate  s t r u c t u r e  a s s o c i a t e d  wi th  s u l p h i d e  

m i n e r a l i z a t i o n .  That of t h e  I . P .  survey w a s  t o  l o c a t e  f r a c t u r e -  

f i l l i n g  o r  d isseminated  ( i . e .  non-massive) s u l p h i d e s  which 

could  mean l o c a t i n g  p y r i t i z a t i o n  a s s o c i a t e d  wi th  t h e  economic 

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

PROPERTY AND OWNERSHIP 

The p r o p e r t y  i s  comprised of o n e  20-unit  claim as  shown on  
F igu re  1 and a s  desc r ibed  below: 

C l a i m ,  N a m e  Tag No. No.Units Record No. Expi ry  D a t e  

Sophia 34090 20 176( 9 )  Sept  10/78 

Two y e a r s  have been a p p l i e d  from t h e  I . P .  survey ,  which, i f  

accepted ,  w i l l  g i v e  a new e x p i r y  d a t e  of September 10 ,  1980. 

The claim is  owned by Lakewood Mining Co.Ltd of Vancouver, B r i t i s h  

Columbia. 

LOCATION AND ACCESS 

The  claim is  l o c a t e d  on t h e  north-western f l a n k  of Swakum 

Mountain, 22 a i r  k i l o m e t e r s  N l O O E  of t h e  town of Merr i t t  and 

f o u r  m i l e s  S25OE of t h e  s o u t h  end of M a m i t  Lake. 

0 The geographica l  c o o r d i n a t e s  are  50 1 8 . 5 '  n o r t h  l a t i t u d e  and 

120° 44 W l o n g i t u d e .  

GEOTRONICS SURVEYS LTD. 
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Access is  e a s i l y  gained by two-wheel d r i v e  v e h i c l e .  One t r a v e l s  
northwest  f o r  about t h r e e  m i l e s  towards Spences Bridge,  a long  

Highway N o .  8 o u t  of Merritt t o  t h e  no r the r ly - runn ing  Logan 

Lake g r a v e l  road .  One t h e n  goes  up t h i s  road f o r  about 19 kms. 

t o  j u s t  p a s t  Tolman Creek where t h e r e  is  an  e a s t e r l y - r u n n i n g  

d i r t  road .  The p rope r ty  is about 10 kms.up t h i s  road .  

PHYSIOGRAPHY 

The Sophia Lake p rope r ty  l i e s  w i t h i n  t h e  phys iographic  d i v i s i o n  
known as t h e  Thompson P l a t e a u  which i s  p a r t  of t h e  I n t e r i o r  
P l a t e a u  s y s t e m .  The Thompson P l a t e a u  is t y p i f i e d  by g e n t l y  

r o l l i n g  upland of  low r e l i e f ,  f o r  t h e  most p a r t  l y i n g  between 
1 , 2 0 0  and 1 ,500  meters, but  w i t h  prominences of more r e s i s t e n t  

rock  r i s i n g  above it such as  Swakum Mountain a t  1 , 7 2 3  meters. 
The p l a t e a u  i s  c u t  by numerous c r e e k s  and r i v e r s  producing 

s t eep - s ided  v a l l e y s  and gorges .  

The above d e s c r i p t i o n  is very  t y p i c a l  of t h e  p r o p e r t y  which 

h a s  a n  e l e v a t i o n  vary ing  from about  1 , 4 6 0  meters a . s . 1 .  t o  
1 , 5 6 0  meters a . s .1 .  t o  g i v e  a r e l i e f  of 100 meters. The t e r r a i n  
is l a r g e l y  f l a t  t o  g e n t l y  r o l l i n g .  

The v e g e t a t i o n  could be cons ide red  open-fores ted  g r a s s l a n d  

w i t h  t h e  trees be ing  p i n e ,  f i r  and sp ruce .  I n  some areas thel;e 

is a number of d e a d f a l l s .  

Water is p l e n t i f u l  on t h e  p r o p e r t y  w i t h  t h e r e  be ing  a t  l eas t  
t h r e e  l a k e s ,  ( 2  s m a l l  ones  i n  t h e  southwest  c o r n e r ) ,  one of 

which is  Sophia Lake , -and  connec t ing  s t r eams .  

HISTORY OF PREVIOUS WORK 

P r i o r  t o  t h e  s t a k i n g  of t h e  c l a i m  (1976) ,  t r e n c h i n g  w a s  done 

on t h e  p r o p e r t y  a t  a t i m e  unknown t o  t h e  w r i t e r .  Also, t h r e e  
sha l low h o l e s  were diamond d r i l l e d  by Lakewood Mining ear l ier  
i n  1978. 

- GEOTRONICS SURVEYS LTD. 
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GEOLOGY 

Accord ing  t o  t h e  G.S.C. map of t h e  area,  t h e  p r o p e r t y  is 
u n d e r l a i n  o n l y  by t h e  Upper T r i a s s i c  Nicola Group o f  r o c k s .  

These  are  compr i sed  of  g r e e n s t o n e ,  a n d e s i t e ,  ba sa l t ,  a g g l o m e r a t e ,  
breccia t u f f ,  minor  a r g i l l i t e ,  l i m e s t o n e  and cong lomera te .  

The closest i n t r u s i v e  is  t h e  Guichon Creek  B a t h o l i t h  which 

i s  of Upper T r i a s s i c  t o  Middle  Ju ra s s i c  Age and which is  less 
t h a n  7 kms. t o  t h e  w e s t .  I t  is composed o f  a c i d i c  i n t r u s i v e s ,  
t h e  main o n e s  b e i n g  q u a r t z  m o n z o n i t e ,  g r a n o d i o r i t e ,  and q u a r t z  

d i o r i t e .  

The geology of t h e  p r o p e r t y  h a s n ' t  been  mapped, though L .  

Sookochoff ,  geological  e n g i n e e r , h a s  s p e n t  abou t  a day on t h e  

p r o p e r t y .  I n  t h e  area of  t h e  t r e n c h e s  j u s t  east o f  t h e  b a s e l i n e  
on l i n e s  D and E ,  h e  n o t e d  a c o n t a c t  ( n o r t h e a s t  s t r i k i n g ? )  

between l i m e s t o n e  t o  t h e  east and  a r g i l l i t e  t o  t h e  w e s t  as  w e l l  
as  some base m e t a l  m i n e r a l i z a t i o n .  I n  t h e  second set o f  
t r e n c h e s  200 meters w e s t  o f  t h e  b a s e l i n e  on l i n e s  G and H ,  

Sookochoff n o t e d  what a p p e a r e d  t o  be a n  i n t r u s i v e  d i o r i t e  w i t h  

a s s o c i a t e d  p y r i t  i z a t  i o n .  

T h e r e  are  many o c c u r r e n c e s  of m i n e r a l i z a t i o n  th roughou t  t h e  area 
w i t h i n  t h e  Nicola r o c k s .  The best known and c l o s e s t  are  t h o s e  on 
Swakum Mountain c e n t e r i n g  about 2 kms. t o  t h e  s o u t h e a s t  o f  t h e  

l ega l  claim p o s t .  The G.S.C. shows s i x  d i f f e r e n t  d e p o s i t s  on 

i t s  maps. They a l l  o c c u r  as v e i n s ,  d i s s e m i n a t i o n s  and r e p l a c e -  

ment d e p o s i t s  i n  l i m e s t o n e  a n d  g r e e n s t o n e  which are i n t e r b e d d e d  
w i t h  each  o t h e r .  The ore m i n e r a l s  g e n e r a l l y  c o n s i s t  of g a l e n a ,  

s p h a l e r i t e ,  c h a l c o p y r i t e ,  p y r r h o t i t e ,  p y r i t e  and  t e t r a h e d r i t e  

i n  m o s t  of t h e  d e p o s i t s  as w e l l  as s c h e e l i t e  i n  o n e  of t h e  d e p o s i t s .  

A l l  of t h e  d e p o s i t s  c a r r y  s i g n i f i c a n t  v a l u e s  i n  g o l d  and  s i l v e r .  

I- GEOTRONICS SURVEYS LTD. I 
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An e x p l o r a t i o n  program is  a p p a r e n t l y  g o i n g  t o  be u n d e r t a k e n  

s h o r t l y  on t h e s e  d e p o s i t s .  

About t w o  kms. t o  t h e  w e s t  of t h e  Soph ia  c l a i m  is  t h e  Tolman 

Lake p r o p e r t y  h e l d  by Ruskin Developments L t d .  Work on t h i s  

p r o p e r t y  h a s  c o n s i s t e d  of  t r e n c h i n g ,  a d i t  work, d r i l l i n g ,  

VLF-EM s u r v e y i n g ,  and s o i l  s ampl ing .  Wi th in  two o c c u r r e n c e s ,  
t h e  m i n e r a l i z a t i o n  o c c u r s  as  s p h a l e r i t e ,  c h a l c o p y r i t e ,  g a l e n a ,  

and  p y r i t e ,  w i t h  s i l v e r  v a l u e s  which i s  found i n  a zone  o f  

b r e c c i a t e d  and b l e a c h e d  a n d e s i t e ,  w i t h  q u a r t z  and ca lc i te  
fo rming  t h e  m a t r i x .  The t h i r d  o c c u r r e n c e  is more of  t h e  

v e i n - t y p e  b u t  c o n t a i n s  t h e  s a m e  m i n e r a l s .  

AEROMAGNETIC INTERPRETATION 

The a e r o m a g n e t i c  s u r v e y  w a s  f lown by t h e  Lockwood Survey 
C o r p o r a t i o n  L t d  from J u n e  t o  September ,  1967 f o r  t h e  governments  

o f  b o t h  B r i t i s h  Columbia and Canada. I t  w a s  f lown a t  a t e r r a i n  

c l e a r a n c e  o f  1 , 0 0 0  f e e t  on east-west l i n e s  a t  about  one-ha l f  

m i l e  a p a r t .  

The m a g n e t i c  e x p r e s s i o n  f o r  t h e  area on and  around t h e  p r o p e r t y  
is r a t h e r  t y p i c a l  of t h e  N i c o l a  v o l c a n i c s .  I t  c o n s i s t s  o f  

s m a l l ,  l o w - i n t e n s i t y  magne t i c  h i g h s  and l o w s ,  v a r y i n g  from 

2 , 4 8 0  gammas t o  2 , 8 5 0  gammas. A l o c a l  e x c e p t i o n  is  a 3 ,700-  
gamma h i g h  found Qwo-kms. t o  t h e  S.IV7; on Swakum Mountain.  

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

d e p o s i t s  of  Swakum Mountain.  What c o u l d  be a s s o c i a t e d  w i t h  t h i s  

h i g h  is  a s m a l l  h i g h  o f  2 , 7 7 0  gammas found on t h e  Sophia  C l a i m .  

O f  p a r t i c u l a r  i n t e r e s t  t o  t h i s  p r o p e r t y  are t h r e e  ae romagne t i c  

l i n e a t i o n s  t h a t  c r o s s  i n  t h e  area of Soph ia  Lake. These  s t r i k e  

N30W, N30E, and  e a s t e r l y .  These l i n e a t i o n s  are v e r y  l i k e l y  

r e g i o n a l  f a u l t s .  

~ The l i n e a t i o n s  are shown on F i g u r e  2 .  

I GEOTRONICS SURVEYS LTD. I 
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VLF-EM SURVEY 

1. Ins t rumen ta t ion  and Theory: 
A VLF-EM r e c e i v e r ,  Model 27, manufactured by Sabre  E l e c t r o n i c  
Instrumenks L t d ,  of Burnaby, B.C.  w a s  used f o r  t h e  su rvey .  
T h i s  ins t rument  is  designed t o  measure t h e  magnet ic  component 
of a very l o w  f requency  (VLF) e l ec t romagne t i c  f i e l d .  The U.S. 
Navy submarine t r a n s m i t t e r  l o c a t e d  a t  S e a t t l e ,  Washington 
and t r a n s m i t t i n g  a t  18 .6  KHz, w a s  used.  

I n  a l l  e l e c t r o m a g n e t i c  p r o s p e c t i n g ,  a t r a n s m i t t e r  produces an 
a l t e r n a t i n g  magnet ic  f i e l d  (pr imary)  by  a s t r o n g  a l t e r n a t i n g  
c u r r e n t  u s u a l l y  through a c o i l  of w i r e .  I f  a conduc t ive  m a s s  
such as a s u l p h i d e  body is  w i t h i n  t h i s  magnetic f i e l d ,  a 
secondary a l t e r n a t i n g  c u r r e n t  is induced w i t h i n  i t  which i n  t u r n  
induces a secondary magnetic f i e l d  t h a t  d i s t o r t s  t h e  primary 
magnetic f i e l d .  I t  is  t h i s  d i s t o r t i o n  t h a t  t h e  EM r e c e i v e r  
measures. The VLF-EM u s e s  a frequency range from 16 t o  24 K H z . ,  

whereas most EM ins t rumen t s  u s e  f r e q u e n c i e s  r a n g i n g  from a 
few hundred t o  a f e w  thousand K H z .  Because of i t s  r e l a t i v e l y  
high f requency ,  t h e  VLF-EM can p i c k  up bod ies  of  a much lower 
c o n d u c t i v i t y  and t h e r e f o r e  is  more s u s c e p t i b l e  t o  c l a y  beds ,  
e l e c t r o l y t e - f i l l i n g  f a u l t  o r  s h e a r  zones and po rous  h o r i z o n s ,  
g r a p h i t e ,  carbonaceous sed iments ,  l i t h o l o g i c a l  a o n t a c t s  a s  
w e l l  as  s u l p h i d e  bod ies  of t o o  low a c o n d u c t i y i t y ,  f o r  o t h e r  
EM methods t o  p i c k  up. 

Consequently,  t h e  VLF-EM has  a d d i t i o n a l  u s e s  i n  mapping 
s t r u c t u r e  and i n  p i c k i n g  up su lph ide  bodies  of  t oo  l o w  a 
c o n d u c t i v i t y  f o r  convent iona l  EM methods and too  s m a l l  f o r  
induced p o l a r i z a t i o n  ( i n  p l a c e s  it c a n  be used i n s t e a d  of  I . P . ) .  
However, i ts s u s c e p t i b i l i t y  t o  lower conduct ive  b o d i e s  r e s u l t s  
i n  a number of anomalies ,  many of them d i f f i c u l t  t o  e x p l a i n  

, and, t h u s ,  VLF-EM p r e f e r a b l y  should not  be i n t e r p r e t e d  without  
a good g e o l o g i c a l  knowledge of t h e  p r o p e r t y  and /o r  o t h e r  

~ i geophysical  and geochemical surveys .  
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2.  Survey Procedure:  
A b a s e l i n e ,  running N20E w a s  cha ined ,  compassed and marked 
eve ry  100 f e e t  by f l a g g i n g  t a p e  th rough  t h e  c e n t e r  of t h e  
p r o p e r t y .  The survey  l i n e s  were run  S70E a t  400-foot i n t e r v a l s  
and were cha ined ,  compassed and marked every  100 f e e t  by  

f l a g g i n g . a s  w e l l .  Readings by t h e  VLF-EM r e c e i v e r  w e r e  t aken  
eve ry  100 f e e t  wi th  t h e  ins t rument  f a c i n g  towards t h e  t r a n s -  
m i t t e r  a t  S e a t t l e .  

A magnetic survey  w a s  c a r f i e d  o u t  a t  t h e  same t i m e  bu t  t h e  
r e s u l t s  were n o t  a v a i l a b l e  t o  t h e  w r i t e r .  Apparent ly  t h e  magnetic 
e x p r e s s i o n  w a s  ve ry  f l a t , .  

3. Compilation of  Data:  
The r e a d i n g s  w e r e  reduced by t h e  w r i t e r  by  apply ing  t h e  F r a z e r  
f i l t e r .  F i l t e r e d  d a t a ,  as  shown o n  F i g u r e  4 ,  are p l o t t e d  between 
t h e  r ead ing  s t a t i o n s .  The p o s i t i v e  f i l t e r e d  v a l u e s  w e r e  contoured 
a t  i n t e r v a l s  of 4O. 

The F r a z e r  f i l t e r  is  e s s e n t i a l l y  a 4-point  d i f f e r e n c e  o p e r a t o r  
which t r ans fo rms  z e r o  c r o s s i n g s  i n t o  peaks ,  and a low-pass 
smoothing o p e r a t o r  which reduces  t h e  i n h e r e n t  h igh  f requency  
n o i s e  i n  t h e  d a t a .  The re fo re ,  t h e  n o i s y ,  non-contourable data 

are t ransformed i n t o  less  no i sy ,  c o n t o u r a b l e  data. Another 
advantage of t h i s  f i l t e r  i s  t h a t  a conductor  t h a t  does no t  show 
up as a c ross -over  on  t h e  u n f i l t e r e d  d a t a  q u i t e  o f t e n  w i l l  show 
up on t h e  f i l t e r e d  d a t a .  

SOIL GEOCHEMISTRY SURVEY 

1. Survey Procedure:  
The s o i l  samples w e r e  t a k e n  a t  each  s p o t  where VLF-EM r e a d i n g s  
w e r e  t a k e n ,  t h a t  is, every 100 feet  on 400-foot l i n e s  bu t  on ly  
on l i n e s  C ,  D ,  and E .  The samples w e r e  t aken  wi th  an auger  
and t h e  hor izon  sampled w a s  B,  t h e  c o l o u r  of  which v a r i e d  from 
da rk  brown t o  l i g h t  brown t o  r e d .  The dep th  t h e  sample w a s  

GEOTRONICS SURVEYS LTD 
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t aken  from w a s  about 30 c m s .  Samples were p laced  i n  brown 
wet -s t rength  paper  bags  w i t h  g r i d  co -o rd ina te s  marked the reon .  

2 .  T e s t  ing  Procedures  : 
A l l  samples w e r e  t e s t e d  by Vangeochem Lab Ltd.  of North 
Vancouver, B .C .  The sample is  f irst  thoroughly d r i e d  and then  
s i f t e d  through an -80 mesh s c r e e n .  A measured amount of t h e  
s i f t e d  material  is t h e n  pu t  i n t o  a t e s t  t u b e  w i t h  subsequent 
measured a d d i t i o n s  of a s o l u t i o n  of p e r c h l o r i c  and n i t r i c  acid.  
T h i s  mixture  is  next  heated f o r  a c e r t a i n  l e n g t h  of t i m e .  
The p a r t s  p e r  m i l l i o n  (ppm) coppe r ,  l e a d ,  z i n c ,  s i l v e r  o r  t u n g s t e n  
is  then  measured by atomic a b s o r p t i o n .  

3. Treatment of D a t a :  
The v a l u e s  i n  ppm copper ,  t u n g s t e n  and z i n c  w e r e  grouped i n t o  
logari thmic i n t e r v a l s  of 0 .10 ,  s i l v e r ,  0.05, and l e a d ,  0 . 0 7 5 .  

The cumula t ive  frequency f o r  each i n t e r v a l  of each e l emen t  

w a s  t h e n  c a l c u l a t e d  and t h e n  p l o t t e d  a g a i n s t  t h e  c o r r e l a t i n g  
i n t e r v a l  t o  o b t a i n  t h e  l o g a r i t h m i c  cumula t ive  frequency graphs 
as shown on F i g u r e  2. 

The c o e f f i c i e n t  of d e v i a t i o n ,  i n d i c a t i v e  of t h e  range or 
sp read  of v a l u e s  w a s  c a l c u l a t e d  f o r  s i l v e r ,  l e a d ,  z i n c  and 
copper  t o  be 0 .13 ,  0 .11 ,  0 .16 ,  and 0.18 r e s p e c t i v e l y ,  a l l  some- 
what low f i g u r e s .  The re fo re ,  t h e  r ange  of v a l u e s  i s  rather n a r r o w .  
T h i s  s t a t i s t i c a l  parameter  is  i n d i c a t i v e  of how w e l l  t h e  e l e m e n t  
has  been mechanica l ly  o r  chemica l ly  d i s p e r s e d .  Cons ider ing  t h e  
lower t h a n  average  v a l u e ,  one cou ld  t h e n  s a y  t h e  d i s p e r s i o n  ra te  
f o r  each element is ra ther  l o w .  T h i s  is  unusual  f o r  z inc  which 
is g e n e r a l l y  moderately h igh  b u t  may be l i m i t e d  by o rgan ic  
a c t i v i t y  and c o p r e c i p i t a t i o n  w i t h  l i m o n i t e .  

I n  c o n t r a s t ,  t h e  c o e f f i c i e n t  of d e v i a t i o n  f o r  t u n g s t e n  is  
c a l c u l a t e d  t o  be 0 .31  i n d i c a t i n g  t h e  d i s p e r s i o n  ra te  t o  be 
r e l a t i v e l y  h igh .  

GEOTRONICS SURVEYS LTD. ~ .- 
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O t h e r  s t a t i s t i c a l  p a r a m e t e r s  are t a k e n  from t h e  g raph .  The 
mean background v a l u e  i s  t a k e n  a t  t h e  50% l e v e l .  The sub-anomalous 
t h r e s h h o l d  v a l u e  ( a  t e r m  u s e d  by t h e  w r i t e r  t o  d e n o t e  t h e  

minimum v a l u e  t h a t  is  n o t  c o n s i d e r e d  anomalous b u t  s t i l l  
i m p o r t a n t  a s  a n  i n d i c a t o r  o f  m i n e r a l i z a t i o n )  is  t a k e n  a t  one  
s t a n d a r d  d e v i a t i o n  from t h e  mean background v a l u e  which  is  
a t  t h e  16% l e v e l .  The anomalous t h r e s h o l d  v a l u e  i s  two s t a n d a r d  
d e v i a t i o n s  away a t  t h e  23% l e v e l .  

The parameters t a k e n  from t h e  g r a p h  are  a s  fo l lows :  ( v a l u e s  
are  i n  p a r t s  per m i l l i o n )  

T h e  l e a d ,  z i n c ,  S i l v e r ,  Copper , '  and t u n g s t e n  v a l u e s  w e r e  p l o t t e d  
on  F i g u r e s  5 t o  9 r e s p e c t i v e l y  a t  a scale of 1:3000 (1 ern - 3 0 m ) .  

T h e  v a l u e s  w e r e  t h e n  c o n t o u r e d  a t  a n  i n t e r v a l  of  one s t a n d a r d  
d e v i a t i o n  b e g i n n i n g  a t  t h e  sub-anomalous t h r e s h h o l d  v a l u e .  
T h i s  c o n t o u r  w a s  dashed  i n  whereas t h e  anomalous c o n t o u r s  w e r e  
drawn i n  s o l i d .  

I INDUCED POLARIZATION SURVEY 

1. I n s t r u m e n t a t i o n  and  Theory :  
The induced  p o l a r i z a t i o n  equipment u s e d  w a s  frequency-domain 
t y p e  manufac tu red  by S a b r e  E l e c t r o n i c  I n s t r u m e n t s  L td .  of 
Burnaby,  B.C. A 1 2 - v o l t  lead-acid b a t t e r y  w a s  u sed  f o r  a 

GEOTRONICS SURVEYS LTD. ..- I 
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power source  t o  g i v e  a power p o t e n t i a l  of 500 w a t t s .  

The t r a n s m i t t e r  o u t p u t  v o l t a g e  is 125,  250, 375, or 500 
v o l t s  w i t h  s e l e c t i o n  by a swi t ch .  The t r a n s m i t t e r  c u r r e n t  
v a r i e s  up t o  1 ,000  mi l l iamperes .  The s e l f - p o t e n t i a l  buckout 
i s  opera ted  manually by a 10-turn p r e c i s i o n  p o t  w i t h  a range  
of - + 1 v o l t .  

There are b a s i c a l l y  two methods of I . P .  su rvey ing ,  f requency-  
domain and t i m e  domain. Both methods are dependent upon a 
c u r r e n t  f lowing  across a n  e l e c t r o l y t e - e l e c t r o d e  i n t e r f a c e  
or an  e l e c t r o l y t e - c l a y  p a r t i c l e  i n t e r f a c e ,  t h e  former be ing  
c a l l e d  e l e c t r o d e  p o l a r i z a t i o n  and t h e  l a t t e r  be ing  c a l l e d  
membrane p o l a r i z a t i o n .  

I n  time-domain e l e c t r o d e  p o l a r i z a t i o n ,  a c u r r e n t  is  caused 
t o  flow a long  e l e c t r o l y t e - f i l l i n g  c a p i l l a r i e s  w i t h i n  t h e  
rock. I f  t h e  c a p i l l a r i e s  are  blocked by c e r t a i n  m i n e r a l  
p a r t i c l e s  t h a t  t r a n s p o r t  c u r r e n t  by e l e c t r o n s  ( m o s t  s u l p h i d e s  
some ox ides ,  g r a p h i t e ) ,  i o n i c  cha rges  b u i l d  up a t  t h e  par t ic le -  
e l e c t r o l y t e  i n t e r f a c e ,  p o s i t i v e  o n e s  where t h e  c u r r e n t  e n t e r s  
t h e  p a r t i c l e ,  and n e g a t i v e  ones where i t  l e a v e s .  T h i s  accumu- 
l a t i o n  of cha rge  creates a v o l t a g e  t h a t  t e n d s  t o  oppose t h e  

c u r r e n t  f low a c r o s s  t h e  in te r face .  When t h i s  c u r r e n t  is  s topped 
t h e  created v o l t a g e  s l o w l y  decreases as t h e  accumulated i o n s  
d i f f u s e  back i n t o  t h e  e l e c t r o l y t e .  Thus is produced t h e  induced 
p o l a r i z a t i o n  effect  . 

I n  membrane p o l a r i z a t i o n  a similar effect  o c c u r s .  A charged 
c l a y  p a r t i c l e  a t t r ac t s  o p p o s i t e  charged i o n s  f rom t h e  e l e c t r o -  
l y t e  i n  t h e  c a p i l l a r y  around t h e  p a r t i c l e .  I f  a c u r r e n t  is 
fo rced  through t h e  c a p i l l a r y ,  t h e  charged i o n s  are  d i s p l a c e d .  

GEOTRONICS SURVEYS LTD. I 
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When t h e  c u r r e n t  is  s topped ,  t h e  i o n s  s l o w l y  d i f f u s e  back 

t o  t h e  same equ i l ib r ium s t a t e  as b e f o r e  t h e  c u r r e n t  f low.  T h i s  

e x p l a i n s  I . P .  anomalies where no m e t a l l i c - t y p e  m i n e r a l s  e x i s t .  

Frequency-domain I . P .  is based on t h e  f a c t  t h a t  t h e  r e s i s t a n c e  

produced a t  t h e  e l e c t r o l y t e - c h a r g e d  p a r t i c l e  i n t e r f a c e  d e c r e a s e s  
w i t h  i n c r e a s i n g  frequency.  Two pa rame te r s  commonly used f o r  

measuring frequency-domain induced p o l a r i z a t i o n  are frequency 

e f f e c t  and metal f a c t o r  ( a s  i n  t h i s  s u r v e y ) .  The one used f o r  
time-domain measurements is c h a r g e a b i l i t y .  

I n  t h e  p r o c e s s  of c a r r y i n g  o u t  an I . P .  su rvey ,  two o t h e r  geo- 

p h y s i c a l  methods are used and measured. These are s e l f - p o t e n t i a l  
( S . P . )  and r e s i s t i v i t y .  T h e  S .P .  must be n u l l e d  by t h e  I . P .  

receiver i n  ord,er t o  o b t a i n  a c c u r a t e  I . P .  measurements and i s  a 
measure of t h e  ' b a t t e r y  a c t i o n '  of t h e  ground. The r e s i s t i v i t y  

v a l u e  is  c a l c u l a t e d  from t h e  v o l t a g e  and c u r r e n t  r e a d i n g s  

o b t a i n e d  whi le  measuring t h e  I . P .  e f f e c t  and t h e r e f o r e  can be 

u t i l i z e d  t o  determine how r e s i s t i v e  (or conduc t ive )  t h e  ground is. 

2.  Survey Procedure:  

The d ipo le -d ipo le  a r r a y  w a s  used w i t h  a n  e l e c t r o d e  sp read  

( o r  d i p o l e  l e n g t h )  of 50 meters a t  o n l y  t h e  f i r s t  s e p a r a t i o n  
(n = 1). The two f r e q u e n c i e s  used were 0 .3  H z  and 10Hz. 

Non-polar iz ing,  unglazed p o r c e l a i n  p o t s  w i t h  a copper e l e c t r o d e  

and copper  s u l p h a t e  e l e c t r o l y t e  w e r e  used f o r  t h e  p o t e n t i a l  

e l e c t r o d e s .  S t a i n l e s s  s tee l  s t a k e s  w e r e  used f o r  t h e  c u r r e n t  

e l e c t r o d e s .  

Readings were t aken  every 50 meters on 120-meter s e p a r a t e d  l i n e s  
t r e n d i n g  N70W-S70E. The I . P .  g r i d  is somewhat d i f f e r e n t  from 

t h e  EM-soil sampling g r i d .  The l i n e s  are f a i r l y  close t o  be ing  

t h e  same but  a new b a s e l i n e  w a s  pu t  i n  add t h e  s t a t i o n s  were 
f l agged  a t  25 meter i n t e r v a l s .  

GEOTRONICS SURVEYS LTD. 
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3 .  Compilation of  Data: 
The three t y p e s  of d a t a ,  d e s c r i b e d  as  fo l lows ,  were p l o t t e d  
on survey  p l a n s  a t  a scale of 1:3000. 

1. Percen t  f requency effect  ( F i g u r e  10) - t h i s  is  t h e  a c t u a l  
measure of t h e  induced p o l a r i z a t i o n  e f f e c t  i n  a frequency 
domain survey .  The t e r m  is  d e r i v e d  from t h e  pe rcen tage  change 
i n  t h e  e l e c t r o d e - e l e c t r o l y t e  t r a n s f e r  impedance a t  t h e  two 
d i f f e r e n t  f r e q u e n c i e s .  A d i s semina ted  s u l p h i d e  body would 
c a u s e  a large change. Th i s  p r o p e r t y  is  measured d i r e c t l y  i n  
t h e  f i e l d .  

The frequency e f f e c t  d a t a  were s t a t i s t i c a l l y  analyzed by 
grouping it i n t o  l o g a r i t h m i c  i n t e r v a l s  of 0 .10 and p l o t t i n g  
these on a graph as shown.on F i g u r e  3 .  

The t h r e s h h o l d  v a l u e s  w e r e  determined a s  fo l lows :  

Mean background v a l u e  (50%) 6.2% 
P o s s i b l y  anomalous l e v e l  

1 / 2  s t a n d a r d  d e v i a t i o n  below 

50% (31%) 8 .2% 
Probably anomalous l e v e l  (or 

sub-anomalous) 1 s t a n d a r d  
d e v i a t i o n  below 50% (16%) 10 .8% 

D e f i n i t e l y  anomalous l e v e l  
2 s t a n d a r d  d e v i a t i o n  below 
50% (2i$%) 18.5% 

The d a t a  w e r e  p l o t t e d  on F i g u r e  10 and  contoured w i t h  8 ,  

10 ,  18 and 32% c o n t o u r s .  The 8% con tour  w a s  d o t t e d  i n ,  
t h e  lo%,  dashed,  and  t h e  18 and 32% c o n t o u r s  drawn i n  
s o l i d .  

2 .  R e s i s t i v i t y  ( F i g u r e  11) - t h i s  is a measure of how r e s i s t i v e ,  
or i n v e r s e l y ,  how conduct ive  t h e  overburden and/or  bedrock 
is. Most o f t e n  a d i s s e m i n a t e d  s u l p h i d e  body is  expressed  by 
a r e s i s t i v i t y  low. The r e s i s t i v i t y  v a l u e s  i n  ohm-meters 

GEOTRONICS SURVEYS LTD .- 
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were a r r i v e d  a t  by d i v i d i n g  t h e  r e c e i v i n g  v o l t a g e  by  t h e  

t r a n s m i t t e r  c u r r e n t  and m u l t i p l y i n g  by 942 (a  geometr ic  
fac tor  p e c u l i a r  t o  t h e  d ipo le -d ipo le  a r r a y  wi th  a d i p o l e  
l e n g t h  of 50 meters and a d i p o l e  s e p a r a t i o n  of n = 1 ) .  

The r e s i s t i v i t y  d a t a  w a s  a l s o  s t a t i s t i c a l l y  analyzed by 
grouping i t  i n t o  l o g a r i t h m i c  i n t e r v a l s  of 0.10 and p l o t t i n g  
it on a graph  ( F i g u r e  3 ) .  Unlike t h e  I . P .  d a t a ,  t h e  
r e s i s t i v i t y  l o w s  are  p r i m a r i l y  of importance.  The parameters  
were determined as f o l l o w s :  

Anomalous t h r e s h h o l d  
low value-2 s t a n d a r d  
d e v i a t i o n s  above 50% (97*%) 40 ohm meters 

Sub-anomalous t h r e s h h o l d  l o w  
value-1 s t a n d a r d  d e v i a t i o n  
above 50% (84%) 90 ohm meters 

Mean background v a l u e  (50%) 220 ohm meters 

Sub-acomalous t h r e s h -  
hold h igh  value-1 s t a n d a r d  
d e v i a t i o n  below 50% (16%) 510 ohm meters 

Anomalous t h r e s h h o l d  h igh  
value-2 s t a n d a r d  d e v i a t i o n s  
below 50% ( a % )  1200 ohm meters 

The r e s i s t i v i t y  data  w e r e  p l o t t e d  on F igu re  11 and contoured  
w i t h  t h e  60 and 100 ohm-meter con tour s  drawn i n  s o l i d  
500, 1200, 2800 and 6600 ohm meter con tour s  dashed i n .  
T h i s  g i v e s  a contour  i n t e r v a l  of 1 s t a n d a r d  d e v i a t i o n .  The 
background contour  w a s  no t  drawn i n .  

3. Metal f a c t o r  ( F i g u r e  1 2 )  - t h i s  commonly used parameter  
w a s  dev i sed  t o  show t h e  c o r r e l a t i o n  between I . P .  r e s u l t s  and 
r e s i s t i v i t y  r e s u l t s  s i n c e  o f t e n  t h e  c a u s i t i v e  s o u r c e s  of I .P .  

anomalies  such as  d i s semina ted  or  f r a c t u r e - f i l l i n g  s u l p h i d e  

bod ies  have a l o w  r e s i s t i v i t y .  T h i s  is caused by t h e  s u l p h i d e s  
themselves  o r  e l e c t r o l y t e - f i l l e d  f r a c t u r e s  so o f t e n  a s s o c i a t e d  
w i t h  a s u l p h i d e  body. 
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v a l u e  and m u l t i p l y i n g  by 1000. A s  a r e s u l t ,  i t  is  not  a measure 
of any one p h y s i c a l  p r o p e r t y  but  a combination of t w o .  

The metal f a c t o r  d a t a  were s t a t i s t i c a l l y  analyzed t h e  same 
way a s  t h e  metal f a c t o r  d a t a  t o  g i v e  t h e  s t a t i s t i c a l  pa rame te r s  
as fo l lows :  

Mean background v a l u e  25 

Sub-anomalous t h r e s h h o l d  v a l u e  60 

Anomalous t h r e s h h o l d  va lue  140 

The data were p l o t t e d  on F igu re  12 and contoured a t  an i n t e r v a l  
of o n e  s t anda rd  d e v i a t i o n .  The sub-anomalous contour  of 60 w a s  
dashed i n  whereas t h e  anomalous con tour s  were drawn i n  s o l i d .  

4 .  Compilation Map ( F i g u r e  13) 
T h i s  map w a s  drawn t o  show t h e  c o r r e l a t i o n  of t h e  d i f f e r e n t  

surveys .  The VLF-EM anomalies  are shown drawn a s  a s o l i d  l i n e  
which r e f l e c t s  t h e  center of t h e  anomalies .  A l l  t h e  o t h e r  r e s u l t s ,  
l e a d ,  z i n c ,  s i l v e r ,  copper ,  t u n g s t e n ,  I . P .  and r e s i s t i v i t y ,  are 
shown by t h e  sub-anomalous contours .  

DISCUSSION OF RESULTS 

1. VLF-EM 
Largely because t h e  w r i t e r  chose t o  contour  down t o  Oo t h e r e  

are  numerous anomalies  as shown on t h e  VLF-EM survey  map ( F i g u r e  4 ) .  

The main  s t r i k e  of t h e s e  anomalies is  p r i m a r i l y  n o r t h e a s t e r l y  
and, secondly,  n o r t h e r l y .  The c a u s i t i v e  sou rce ,  i n  a l l  p r o b a b i l i t y  
i s  s t r u c t u r e  such a s  f a u l t ,  s h e a r ,  f r a c t u r e  or c o n t a c t  zones 
i n c l u d i n g  t h e  weak anomalies  o u t l i n e d  on ly  by t h e  ()-degree contour .  
T h i s  w a s  found t o  be t h e  case on t h e  VLF-EM survey done o v e r  
t h e  Tolman Lake p r o p e r t y  t o  t h e  w e s t .  

I- GEOTRONICS SURVEYS LTD. I 
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I t  appears ,  looking  a t  t h e  compi la t ion  map ( F i g u r e  13), t h a t  a l l  
of l i n e s  C ,  D ,  a n d  E are anomalous i n  a t  l eas t  one  m e t a l .  
However, it must be remembered t h a t  t h e  metal i o n s  w i l l  spread 

o u t  f r o m  the i r  c a u s i t i v e  s o u r c e  and t h e r e f o r e  ref lect  a 
larger area of m i n e r a l i z a t i o n  t h a n  is  a c t u a l l y  t h e  case, even 
though on t h i s  p r o p e r t y  t h e  i o n  m o b i l i t y  of copper, l e a d ,  z i n c  

~ 

~ and s i l v e r  is  f a i r l y  l o w .  T h e r e  are also many one-value anomal ies  

For ease i n  i d e n t i f i c a t i o n ,  e s p e c i a l l y  i n  c o r r e l a t i n g  w i t h  

t h e  s o i l  geochemistry and I . P .  r e s u l t s ,  t h e  a n o m a l i e s  (which 
could  be called conduct ive  z o n e s )  have been label led by t h e  
s m a l l  l e t t e r s ,  a t o  p. 

The long ,  l i n e a r  anomalies ,  such  as  g ,  j, m ,  n ,  and poss ib ly  p ,  
are q u i t e  l i k e l y  due t o  f a u l t  zones .  These  are sometimes 
re la ted t o  m i n e r a l i z a t i o n  as w a s  found on t h e  Tolman Lake 

property where long  l i n e a r  anomalies c o r r e l a t e d  d i r e c t l y  w i t h  
t h e  zones of m i n e r a l i z a t i o n .  

Anomaly 1 correlates d i r e c t l y  w i t h  a zone of p y r i t i z a t i o n ,  
which, as  i s  shown, has  been t r e n c h e d .  

Anomaly n could  w e l l  be caused by t h e  c o n t a c t  be tween l i m e s t o n e  
and a r g i l l i t e .  The wri ter  is u n s u r e  of where t h e  c o n t a c t  o c c u r s  
but i t  probably r u n s  n o r t h e r l y  through the  t r e n c h e s .  If t h i s  

i s  t h e  case, then  anomaly n i s  o f f s e t  t o  t h e  east of t h e  c o n t a c t  
and t h e n  may be caused by an associated f a u l t  o r  shear zone. 

Some of t h e  VLF-EM anomalies cor re la te  q u i t e  w e l l  w i t h  t h e  s o i l  
geochemistry r e s u l t s  as  w e l l  a s  t h e  I . P .  r e s u l t s .  These  w i l l  

be d i scussed  below. 

2. S o i l  Geochemistry: 
The s o i l  s ampl ing  w a s  done o n l y  on  l i n e s  C ,  D ,  and E ,  and n o t  
east of about 4 5 0 E .  T h i s ,  t h e r e f o r e ,  l i m i t s  t h e  c o r r e l a t i o n  w i t h  
t h e  geophys ica l  r e s u l t s  t o  t h e s e  t h r e e  l i n e s .  
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t h a t  are anomalous i n  o n l y  o n e  o r  t w o  metals and t h e s e  have 
a tendency of " c l u t t e r i n g  up" t h e  compi l a t ion  map. 

T h e r e f o r e ,  looking  c a r e f u l l y  a t  t h e  s o i l  geochemistry anomalies, 
t h e y  c a n  be d iv ided  i n t o  a t  least  s i x  anomalous zones on  t h e  

basis  of s t r e n g t h ,  s ize ,  and co r re l a t ion .  These  are l a b e l l e d  
by  t h e  numbers 1 t o  6 .  A l l  of t h e  zones  are open i n  a t  least  one  
d i r e c t i o n  and,  t h e r e f o r e ,  g i v i n g  t h e  s ize  of t h e  zone i s  u s u a l l y  
of no  va lue .  

Zone 1 is  p r i m a r i l y  a l e a d  anomaly and as such can be d i v i d e d  
i n t o  two main  zones, east and w e s t .  I t  is  a l s o  anomalous, i n  
m a i n l y  sub-anomalous v a l u e s ,  i n  z i n c ,  s i l v e r ,  and copper .  
Zone 1 w e s t  r e a c h e s  a h igh  of 72 ppm l e a d  a n d  i s  open t o  t h e  
n o r t h ,  s o u t h  and w e s t .  

Zone 1 east reaches a h igh  of 81 ppm l e a d ,  137 pprn z i n c ,  
and 87 ppm copper and is open t o  t h e  n o r t h  and sou th .  

The l e a d ,  z i n c  and copper anomalies  t r e n d  i n  a very d e f i n i t e  
n o r t h e r l y  d i r e c t i o n  and are ve ry  l i n e a r  i n  shape.  (To  see t h i s  

i n  t h e  l e a d  anomal ies ,  see t h e  l e a d  su rvey  p l a n ) .  T h i s ,  coupled 
w i t h  t h e  f ac t  t h a t  t h e  anomalies  cor re la te  w i t h  VLF-EM 

anomal ies ,  c ,  d ,  e ,  and f ,  which a l s o  s t r i k e  m a i n l y  i n  a n o r t h e r l y  
d i r e c t i o n ,  sugges t  t h a t  t h e  c a u s i t i v e  s o u r c e s  are s h e a r  zone 
r e l a t e d .  

Zone 1 east correlates w i t h  a n  I . P .  anomaly open t o  t h e  w e s t .  
Zone 1 w e s t  w a s  not  covered by t h e  I . P .  survey .  

Zone 2 i s  a c o r r e l a t i o n  of  a l l  f i v e  meta ls  t h a t  w e r e  t e s t e d  as 
w e l l  as VLF-EM anomaly h ,  a 1-value I .P .  anomaly, and a 
r e s i s t i v i t y  high.  The 5 metals,  i n  o r d e r  of importance and wi th  
t h e  h i g h e s t  v a l u e  i n  brackets are  copper  (87 ppm), s i l v e r  ( 1 . 7  ppm) 
t u n g s t e n  (170 ppm), z i n c  (127 ppm) and lead (20  ppm). The s t r i k e  
is v e r y  d e f i n i t e l y  N20E and it  is  open t o  bo th  t h e  n o r t h  and 
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s o u t h .  The l i n e a l  s h a p e  as  w e l l  as i t s  c o r r e l a t i o n  w i t h  VLF-EM 

anomaly h s u g g e s t ,  l i k e  Zone 1, t h e  c a u s i t i v e  s o u r c e  is  s h e a r -  
z o n e  related.  The r e s i s t i v i t y  h i g h  (1- v a l u e )  o c c u r s  on t h e  
w e s t e r n  s i d e  of t h e  VLF-EM anomaly. T h e  r e s i s t i v i t y  h i g h  may 
be r e f l e c t i n g  a d i f f e r e n t  rock- type ,or ,  s imp ly  b e d r o c k  o c c u r r i n g  
c l o s e  t o  t h e  s u r f a c e .  

Zone 3 is  c o n s i d e r e d  a minor anomaly s i n c e  it is  a c o r r e l a t i o n  
of f o u r  metals w i t h  1 -va lue  h i g h s .  I t  c o n t a i n s  t h e  h i g h e s t  
l e a d  v a l u e  of 265 ppm which o c c u r s  on l i n e  D.  The o ther  three 
metals are copper (57 ppm), s i l v e r  (1 .2  ppm), and z i n c  (92 ppm) 
and these o c c u r  o n l y  on l i n e  C .  T h e r e  i s  a l so  a c o r r e l a t i o n  
w i t h  VLF-EM anomaly i. 

Zone 4 is  p r i m a r i l y  anomalous i n  coppe r  (105 ppm) and s i l v e r  
(1.8 ppm) f o l l o w e d  by  l e a d  ( 2 0  ppm). T h e r e  is no  c o r r e l a t i o n  
w i t h  VLF-EM o r  I . P .  anomal i e s  t hough  VLF-EM a n o m a l i e s  k and j 

f l a n k  t h e  n o r t h e a s t e r n  and s o u t h w e s t e r n  s ides .  The s t r i k e  of 

Zone 4 a v e r a g e s  N20E w i t h  it b e i n g  open ma in ly  t o  t h e  n o r t h .  

Zone 5 i s  p r i m a r i l y  a large t u n g s t e n  anomaly c o n t a i n i n g  s e v e r a l  
anomalous v a l u e s ,  t w o  o f  which are 100 ppm. I t  is open ma in ly  
t o  t h e  s o u t h  a n d  appears t o  s t r i k e  N20E as  w e l l .  VLF-EM 

anomaly j o c c u r s  on t h e  w e s t e r n  s i d e  and ,  m, on t h e  e a s t e r n  s i d e .  
Zone 5 c o r r e l a t e s  w i t h  a 1 -va lue  I . P .  anomaly as  w e l l  as b e i n g  
open t o w a r d s  a major r e s i s t i v i t y  low t o  t h e  s o u t h .  

Zone 6 is  q u i t e  p o s s i b l y  t h e  m o s t  i n t e r e s t i n g  z o n e .  I t ,  l i k e  

Zone 1, is  composed of an e a s t e r n  s e c t i o n  and a w e s t e r n  s e c t i o n .  
These  two s e c t i o n s  are  s e p a r a t e d  by an  I . P .  h i g h / r e s i s t i v i t y  
low t r e n d i n g - i n  a n o r t h e a s t e r l y  d i r e c t i o n .  Zone 6 p r o b a b l y  o c c u r s  
w i t h i n  l i m e s t o n e .  

Zone 6 w e s t  is  composed of  f i v e  metals i n  o r d e r  of impor t ance ,  
t u n g s t e n  (150 ppm), z i n c  (115 ppm), s i l v e r  (1 .4  ppm) coppe r  
(50 ppm) and  lead (20 ppm). T h i s  zone  w a s  p a r t i a l l y  d r i l l e d  
by D.D.H.  #2 (about 200 feet  a t  -45O) which  e n c o u n t e r e d  much 
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p y r i t i z a t i o n ,  and which accord ing  t o  Sookochoff, d i d n ' t  go 
deep enough. The s t r ike  appea r s  t o  be N20E and i t  is  open 
t o  t h e  n o r t h .  

Zone 6 is a c o r r e l a t i o n  of a l l  t h e  metals except t u n g s t e n .  
I n  o r d e r  of importance,  t h e y  are  z i n c  (184 ppm), l e a d  (32  ppm), 
s i l v e r  (1 .2  ppm) and copper  (42 ppm). The s t r i k e  is p robab ly  
about N l O E  w i t h  t h e  anomaly be ing  open t o  t h e  n o r t h .  

VLF-EM anomalies n and p occur  on t h e  w e s t e r n  and e a s t e r n  edges  
r e s p e c t i v e l y ,  showing t h a t  t h e  c a u s i t i v e  sou rce ,  l i k e  a l l  t h e  

o t h e r s ,  i s  s t r u c t u r e  r e l a t e d .  

Add i t iona l  comments on t h e  s o i l  geochemistry survey are as 
fo l lows :  
The copper and s i l v e r  anomalies c o r r e l a t e  t o g e t h e r  t h e  best 
sugges t ing  q u i t e  s t r o n g l y  t h a t  t h e  c a u s i t i v e  sou rce  is t e t r a h e d r i t e .  

Zinc and l e a d ,  i n  g e n e r a l ,  c o r r e l a t e  f a i r l y  w e l l  t o g e t h e r ,  which 

is  u s u a l l y  t h e  case. 

The tungs t en  anomalies  occur  p r i m a r i l y  by  themselves ,  b u t  i t s  
best c o r r e l a t i o n  appea r s  t o  be copper .  I n t e r e s t i n g l y ,  a lmost  
a l l  t h e  tungs t en  anomalies ,  no matter what s ize ,  appear  t o  
c o r r e l a t e  w i t h  a VLF-EM anomaly. 

3. 1 . P . - R e s i s t i v i t y  
From t h e  p o i n t  of view of t h e  IP  r e s u l t s ,  t h e  most i n t e r e s t i n g  
a r e a  is t h e  nor thwes tern  s e c t i o n  of t h e  survey g r i d  because  
of t h e  numerous I . P .  v a l u e s .  Sookochoff noted what cou ld  be a 

d i o r i t i c  i n t r u s i v e  i n  t h i s  area and a s s o c i a t e d  s u l p h i d e s  may be 

what is  caus ing  t h e  h i g h e r  number of anomalous v a l u e s .  

Anomaly A is t h e  s t r o n g e s t  I .P.  anomaly of t h e  survey.  I t  is  
composed of two s e c t i o n s  t h a t  come t o g e t h e r  t o  t h e  s o u t h  i n  a V .  

The  w e s t e r n  s e c t i o n  s t r ikes  N20W, is 450 meters long  by 70 

meters w i d e ,  and r e a c h e s  a h igh  of 15%. The e a s t e r n  s e c t i o n  
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s t r i k e s  n o r t h e r l y ,  is  80 meters wide by a t  least  360 meters 
long  be ing  open t o  t h e  n o r t h ,  and has  a h igh  of 40%, t h e  h i g h e s t  
on t h e  p rope r ty .  

Zone A east c o r r e l a t e s  e x c e l l e n t l y  w i t h  a r e s i s t i v i t y  l o w  
r e s u l t i n g  i n  a very  high metal f a c t o r  anomaly ( F i g u r e  1 1 )  
making it t h e  most i n t e r e s t i n g  I . P .  anomaly of t h e  survey .  The 
c a u s i t i v e  sou rce  i s  i n  a l l  l i k e l i h o o d  s u l p h i d e s  which is  
probably  p y r i t e  and p o s s i b l y  o t h e r  s u l p h i d e s .  Cons ider ing  t h e  
shape  and s t r e n g t h  of t h e  anomaly, t h e  c a u s i t i v e  sou rce  is 
probably  c l o s e  t o  t h e  s u r f a c e  w i t h  overburden dep th  i n  t h e  area 
of t e n  meters. 

Zone A w e s t  ha s  p a r t i a l  c o r r e l a t i o n  wi th  t h e  r e s i s t i v i t y  r e s u l t s  
r e s u l t i n g  i n  a metal f a c t o r  anomaly of sub-anomalous v a l u e s  o n l y  
on l i n e  H. 

Both s e c t i o n s  of  anomaly A may be  r e f l e c t i n g  t h e  o u t e r  edges 
of a mine ra l i zed  zone r e s u l t i n g  i n  a mine ra l  body w i t h  a 
d iameter  i n  t h e  o r d e r  of a t  least  200 meters ( i t  is  open t o  
t h e  n o r t h ) .  T h i s  q u i t e  o f t e n  o c c u r s ,  e s p e c i a l l y  i n  t h e  case 
o f  porphyry copper  o r e  bod ies ,  where t h e  I . P .  h i g h s  r e f l e c t  
p y r i t i z a t i o n  on t h e  pe r ime te r  of t h e  main body of ore. T h i s  
cou ld  a l so  be  s a i d  of zone A east  o u t l i n i n g  a body of economic 
m i n e r a l i z a t i o n  wi th  anomaly B or any of  t h e  l -va lue  I . P .  h i g h s  
w i t h i n  t h i s  area. 

Anomaly B h a s  a d iameter  of about  200 meters and r e a c h e s  a h igh  
of 21%. The metal f a c t o r  con tour s  sugges t  i t  s t r i k e s  N20E 
and is  connected t o  t h e  I . P .  h igh  on  L i n e  D t o  t h e  sou th .  

T h i s  anomaly c o r r e l a t e s  w i t h  a well-known zone of  p y r i t i z a t i o n  
t h a t  has  been t r enched .  

Zone C c o n s i s t s  of two I . P .  h i g h s  which t h e  m e t a l  f a c t o r  v a l u e s  
sugges t  are of t h e  same zone. The zone s t r i k e s  n o r t h e a s t e r l y  
and has  a l e n g t h  of over  600 meters. The I . P .  a n o m a l i e s  r e a c h  a 
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high  of  12.5% but  t h e  metal f a c t o r  anomaly r e a c h e s  a h igh  of  

1250, which i s  t h e  h i g h e s t  on  t h e  p r o p e r t y ,  l a r g e l y  because 
of t h e  c o r r e l a t i n g  ve ry  low r e s i s t i v i t y  v a l u e  of 1 0  ohm-meters. 

A s  mentioned p r e v i o u s l y ,  zone C o c c u r s  between t h e  east and 

w e s t  s ec t ions  of s o i l  geochemistry anomaly 6 .  V e r y  p o s s i b l y  

t h e  I . P .  h i g h  i s  r e f l e c t i n g  a heavy zone of p y r i t i z a t i o n  

a s s o c i a t e d  w i t h  t h e  economic s u l p h i d e s .  

Anomaly D o c c u r s  on t h e  western edge of  t h e  survey  g r i d  and 
t h e r e f o r e  is open t o  t h e  w e s t .  I t  r e a c h e s  a h igh  of o n l y  11.5% 

bu t  correlates ve ry  w e l l  w i th  s o i l  geochemistry Zone 1, 
e s p e c i a l l y  t h e  l e a d  r e s u l t s .  N o  m e t a l  f a c t o r  anomaly o c c u r s  h e r e  

s i n c e  t h e  anomaly  D correlates  w i t h  a r e s i s i t i v i t y  h igh ,  which 

p o s s i b l y  may r e f l e c t  an i n t r u s i v e .  The i n t r u s i v e  could  a l so  
p o s s i b l y  be an exp lana t ion  f o r  t h e  s o i l  geochemistry h i g h s  
( i . e .  t h e  anomalous so i l  v a l u e s  are  a r e s u l t  of a n  increase i n  
background).  However, t h e  l e a d  v a l u e s  are  t o o  h igh  t o  be 

exp la ined  as  such .  

Anomalies E and F occur  on t h e  e a s t e r n  edge of t h e  survey  g r i d ,  
s t r i k e  n o r t h e a s t e r l y  and are  open t o  t h e  east .  Like  Zone A ,  

anomaly E coupled wi th  Zone C cou ld  be r e f l e c t i n g  t h e  p e r i m t e r  

of a body o f  m i n e r a l i z a t i o n .  T h i s  may appear  t o  be a n  o u t s i d e  
p o s s i b i l i t y ,  bu t  i t  is  a p o s s i b i l i t y  t h a t  should  be kept  i n  
mind. 

Cons ider ing  it is  q u i t e  l i k e l y  t h a t  t h e  I . P .  a n o m a l i e s  r e f l e c t  

p y r i t i z a t i o n ,  i t  is q u i t e  p o s s i b l e  t h a t  t h e r e  is  a s s o c i a t e d  

gold  v a l u e s .  

The r e s i s t i v i t y  r e s u l t s  of a n  I . P .  survey  are p r i m a r i l y  of  

i n t e r e s t  where t h e  r e s i s t i v i t y  lows c o r r e l a t e  w i t h  I . P .  h ighs .  
H e r e  t h e  r e s i s t i v i t y  l o w  is  caused by t h e  s u l p h i d e  m i n e r a l i z a t i o n  

and/or  e l e c t r o l y t e - f i l l e d  f r a c t u r e s  a s s o c i a t e d  w i t h  t h e  s u l p h i d e  

zone. 
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R e s i s t i v i t y  l o w s  can a l so  be caused by swamps. T h i s  may be t h e  
case w i t h  t h e  s u r v e y ' s  l a r g e s t  r e s i s t i v i t y  l o w  a t  t h e  sou the rn  
edge of t h e  g r i d  s i n c e  it occur s  next t o  Sophia Lake. 

Q u i t e  o f t e n  r e s i s t i v i t y  r e s u l t s  are  simply a r e f l e c t i o n  of t h e  

overburden t h i c k n e s s  wi th  t h e  r e s i s t i v i t y  h ighs  r e f l e c t i n g  
t h i n  overburden and r e s i s t i v i t y  l o w s r e f l e c t i n g  t h i c k  overburden 

A s  mentioned ear l ie r ,  r e s i s t i v i t y  h ighs  can a l so  r e f l e c t  
i n t r u s i v e s ,  e s p e c i a l l y  i n  a sedimentary bedrock environment.  

R e s p e c t f u l l y  submi t ted ,  
GEOTRONICS SURVEYS LTD.,  

Davih G .  Mark 
Geophysicis t  

October 18, 1978 
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