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SUMMARY 

Self-potent ia l  and VLF-EM f i e l d  s t rength  measurements were 
taken across  VLF-EM Frase r - f i l t e r  anomalies i n  August, 1973 
on t h e  Greenstone Creek property o f  Nicola Copper Mines. 
Also a s o i l  geochemistry survey w a s  car r ied  out and t h e  
samples t e s t e d  f o r  copper. 

The purpose of t h e  SP work w a s  t o  determine whether any of 
t h e  VLF-EM anomalies were caused by massive sulphides. 
That o f  t h e  VLF-EM f i e l d  s t rength  w a s  t o  f ind  out whether o r  
not VLF-EM anomalies A and B were caused by one source. 
of t h e  s o i l  sampling w a s  t o  l o c a t e  probable a reas  of copper 
aulphides and t o  f ind  out i f  any of these  a reas  cor re la ted  
w i t h  t h e  VLF-EM anomalies. 

T h a t  

A Sabre model G18A w a s  used f o r  t h e  SP measurements and 
t h e  r e s u l t i n g  data  w a s  prof i led.  A Sabre model 27 VLF-EM 
rece iver  w a s  used f o r  t h e  f i e l d  s t rength  measurements and 
t h e  r e s u l t i n g  data d iu rna l ly  corrected and a l s o  prof i led.  

The s o i l s  were t e s t e d  f o r  copper by t h e  hot ac id  extract ion 
and atomic absorption method. 
s t a t i s t i c a l l y  analyzed f o r  t h e  background and anomalous 
threshold parameters and then p lo t t ed  and contoured. 

The r e s u l t i n g  data  w a s  

Except f o r  one possible  exception, t h e  SP measurements 
produced no anomalies. The VLF-EM f i e l d  s t rength  highs 
cor re la ted  almost exact ly  with t h e  VLF-EM Frase r - f i l t e r  
highs. 
i so l a t ed  anomalies and 1 very l a r g e  anomaly. 

The s o i l  geochemistry survey produced a number of 
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(ii) 

CONCLUSIONS 

The VLF-EM anomalies a r e  not  caused by massive 
sulphides. 

The VLF-EM anomalies A and B r e f l e c t  2 d i f f e r e n t  
sources,  respect ively.  It i s  therefore  very l i k e l y  
these  2 anomalies a r e  caused by a s e r i e s  of faults 
( o r  shear  zones) . 
Except f o r  2 possible  exceptions,  copper mineral izat ion 
does not seem t o  be r e l a t e d  t o  t h e  VLF-EM anomalies. 
This does not  preclude t h e  possible  exis tence of o ther  
mineral izat ion.  

The l a r g e  copper s o i l  geochemistry anomaly located on 
t h e  eas te rn  pa r t  of t h e  survey a rea  could be caused 
by e i t h e r  copper mineral izat ion o r  a d i f f e r i n g  rock-type 
containing a higher background amount of copper. 

REC OMMENDA T IONS 

It is  recommended t o  s h i f t  t h e  emphasis of explorat ion on 
t h i s  property from t h e  VLF-EM anomalies t o  t h e  l a r g e  s o i l  
geochemistry anomaly. This anomaly should be explored i n  
t h e  following manner: 

1) The area should be thoroughly prospected and t h e  
geology mapped i n  order  t o  determine whether a copper 
mineral izat ion o r  a d i f f e r e n t  rock-type is t h e  
caus i t i ve  source. 
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(iii?) 

If no outcrops can be located,  then t renching,  shallow 
percussion d r i l l i n g  and/or shallow diamond d r i l l i n g  
should be considered i n  order  t o  car ry  out t h e  
object ive mentioned i n  1). 

Dependent on t h e  above r e s u l t s ,  t h e  s o i l  geochemistry 
survey should be expanded t o  t h e  north,  south and east .  

Also dependent on t h e  above results, 3 l i n e s  of induced 
polar iza t ion  survey should be ca r r i ed  out across  t h e  
anomaly, 

Respectful ly  submitted 

GEOTRONICS SURVEYS LTD. 

David d, Mark 
Geophysicist 

September 26, 1973 
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GEOPHYSICAL AND GEOCHEMICAL REPORT 
on a 

SELF-POTENTIAL , VLF-EM AND SOIL GEOCHEMISTRY SURVEYS 
KR & K CLAIMS 

GREENSTONE CREEK, KAMLOOPS M.D., B.C. 

INTRODUCTION AND GENERAL REMARKS 

This  r epor t  d i scusses  t h e  resul ts  of a se l f -po ten t i a l  (SP) 
and very low frequency electromagnetic work (VLF-EM) f i e l d  
s t rength  measurements ca r r i ed  out by t h e  writer on t h e  
Greenstone Creek property of Nicola Copper Mines Ltd. during 
August 7 and 8 ,  1973. 
r e s u l t s  of s o i l  samples picked up by employees of Nicola 
Copper during t h e  middle of August. 

Also discussed are t h e  copper-tested 

The above-mentioned work w a s  ca r r i ed  out as recommended i n  
a r epor t  by t h e  wr i t e r .on  a VLF-EM survey over t h e  property. 
The r epor t  revealed seve ra l  anomalies, a f e w  of which were 
f a i r l y  strong. 

The purpose of t h e  SP work w a s  t o  f ind  out t h e  probabi l i ty  
of any of t h e  VLF-EM anomalies being caused by massive 
sulphides. 
t h e  area and SP is  a good explorat ion t o o l  f o r  shallow 
depos i t s  of t h i s  type. 

Copper mineral izat ion occurs i n  massive form i n  

The purpose of t h e  VLF-EM f i e l d  s t rength  measurements w a s  
t o  f i n d  out i f  t h e  2 l a r g e s t  VLF-EM anomalies, A and B,  
were caused by one l a r g e  source, o r  2 separa te  sources. 
t h e  caus i t i ve  source i s  one, then dip-angle measurements 
w i l l  be anomalous on i t s  edges (such as anomalies A & B) and 
f i e l d  s t r eng th  measurements w i l l  be anomalous over t h e  

If 
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complete source. Conversely, i f  A and B a r e  r e f l e c t i n g  
2 sources respect ively,  then t h e  f i e l d  s t rength  
measurements w i l l  be anomalous only where A and B a r e ,  
t h a t  is, where t h e r e  i s  a cond-uctor. Since it w a s  no 
ex t ra  t rouble  t o  measure t h e  f i e l d  s t rength  where t h e  SP 
w a s  being car r ied  out ,  t h e  o ther  VLF-EM anomalies were 
measured a l s o  . 
The s o i l  geochemistry w a s  car r ied  out t o  determine how 
probable any of t h e  VLF-EM anomalies a r e  caused by copper 
sulphides. 

The descr ip t ions  of  loca t ion ,  access ,  physiography, h i s to ry  
of previous work and geology were given i n  t h e  w r i t e r ' s  
previous repor t  and therefore  are not repeated here. 

PROPERTY AND OWNERSHIP 

The property i s  composed o f  1 2  contiguous mineral claims 
as shown on f igu re  2 and as described below: 

C l a i m  Name Record Number Expiry Date 
KR & K 200-211 97255-97266 June 2 ,  1974 

A l l  claims are wholly owned by Nicola Copper Mines Ltd. of 
Surrey;B.C. 

GEOPHYSICS 

A. INSTRUMENTATION & THEORY 

1) Self-potent ia l  
The SP instrument used w a s  a model G-18-A manufactured 

by Sabre Electronic  Instruments Ltd. of Burnaby, B.C. It 
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is  a t r ans i s to r i zed  mil l ivol tmeter  w i t h  a high input  
impedance and has  a s e n s i t i v i t y  of 2mv./meter d iv is ion  
on t h e  100 mv. scale .  Unglazed, porous porcelain pots  
were used f o r  t h e  electrodes and a copper sulphate  
so lu t ion  w a s  used f o r  t h e  e lec t ro ly te .  

Self  p o t e n t i a l s  a r e  produced i n  t h e  c rus t  of t h e  ea r th  
from a va r i e ty  o f  processes t h a t  are chemical, physical  
and electromagnetic inductive.  Sulphide bodies produce 
a p o t e n t i a l  from chemical processes t h a t  range i n  
magnitude from a few t e n s  o f  m i l l i v o l t s  t o  several  
hundred m i l l i v o l t s  and, i n  r a r e  cases ,  above 1,000 
mi l l i vo l t s .  The causes of sulphide s e l f  po ten t i a l s  i s  
not  f u l l y  understood o r  agreed upon by geophysicists.  
However, t h e  more accepted theory i s  t h a t  t h i s  ' ba t t e ry  
ac t ion '  i s  caused by a d i f fe rence  i n  pH i n  the  upper 
ground water e l e c t r o l y t e s  (more ac id ic )  and t h e  lower 
ground water e l e c t r o l y t e s  ( l e s s  ac id i c )  and i s  abet ted 
by t h e  oxidat ion of sulphides  near  t h e  surface forming 
ac ids  t h a t ,  therefore ,  increase t h e  contrast .  The 
current  caused by t h e  p o t e n t i a l  flows from t h e  apex of 
t h e  sulphide body t o  some point  a t  depth (terminus of 
deposi t  o r  point  of minimum a c i d i t y ) ,  i n t o  t h e  w a l l  rock, 
back t o  t h e  surface and back i n t o  t h e  sulphide apex. A 
negat ive pole  i,s thus  created a t  ground surface and, 
therefore ,  except f o r  a few r a r e  cases ,  sulphide bodies 
a r e  r e f l ec t ed  by negat ive anomalies. 

Two f i e l d  methods a r e  i n  common pract ice .  One measures 
t h e  p o t e n t i a l  i t s e l f  and i s  car r ied  out by keeping one 
e lec t rode  f ixed  and moving t h e  o ther  a t  equal in te rva ls .  

Geotronics Surveys Ltd. 



The o t h e r  measures t h e  p o t e n t i a l  g rad ien t  and i s  
c a r r i e d  out by moving both e l ec t rodes ,  with a 
f i x e d  i n t e r v a l ,  u sua l ly  100 f e e t .  The da ta  from one 
method can be ca l cu la t ed  from t h e  d a t a  from t h e  o the r  
method. 

2) VLF-EM 
The VLF-EM f i e l d  s t r e n g t h  measurements were c a r r i e d  ' 

out  by VLF-EM r e c e i v e r  Sabre model 27 manufactured by 
Sabre E lec t ron ic  Instruments Ltd. of Burnaby, B.C. 
This  instrument i s  designed t o  measure t h e  d i p  angle  
and f i e l d  s t r e n g t h  of a very lowfrequency electromagnetic 
f i e l d .  VLF-EM theory  w a s  discussed i n  t h e  writer's 
previous r epor t .  

B o  SURVEY PROCEDURE 

1) Se l f -po ten t i a l  

g r i d  only ac ross  t h e  VI,F-EM anomalies with a magnitude 
g r e a t e r  than  10'. 
e lec t rode  f i x e d  and moving t h e  o t h e r  a t  5o-foot i n t e r v a l s .  

The s e l f - p o t e n t i a l  readings were taken on t h e  e x i s t i n g  

'They were taken by keeping one 

2) VLF-EM F ie ld  S t rength  
F i e l d  s t r e n g t h  measurements were taken on 2 l i n e s  

ac ross  VLF-EM anomalies A and B as we l l  as ac ross  t h e  
VLF-EM anomalies SP measurements were being taken. 
i ngs  were taken a t  50-foot i n t e r v a l s .  The procedure 
used w a s  t o  hold t h e  instrument i n  a ho r i zon ta l  pos i t i on  
and then  r o t a t e  it i n  a ho r i zon ta l  plane u n t i l  t h e  f i e l d  
s t r e n g t h  meter showed a minimum. 
t h e  f i e l d  s t r e n g t h  reading. The minimum w a s  ad jus ted  t o  
read 50 emu's (electromagnetic units) o f f  of each VLF-EM 
anomaly. 

A l l  read- 

This  minimum cons t i t u t ed  
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The f i e l d  s t r eng th  d i u r n a l  change w a s  monitored by 
checking back t o  t h e  first s t a t i o n  read on each l i n e .  

C. COMPILATION OF DATA 

1) Se l f -po ten t i a l  

v i s u a l l y  ad jus ted  so t h a t  t h e  average value w a s  
approximately zero m i l l i v o l t s  ( i .e.  so  t h a t  t h e  p o s i t i v e  
p a r t s  of t h e  p r o f i l e  approximately equalled t h e  nega t ive  
p a r t s ) .  
( s h e e t s  1 and 2 are found i n  t h e  w r i t e r ' s  previous r epor t ) .  

P r o f i l e s  of t h e  SP measurements were drawn and then  

The p r o f i l e s  were then  t r a c e d  onto shee t  3.  

2) VLF-EM F i e l d  S t rength  

f o r  d i u r n a l  change. 
ad jus ted  so t h a t  t h e  background value w a s  approximately 
50 emu's. 

The f i e l d  s t r e n g t h  measurements w e r e  first cor rec ted  
P r o f i l e s  were then  drawn and v i s u a l l y  

These were then  t r a c e d  onto shee t  3 .  

The VLF-EM F r a s e r - f i l t e r  p r o f i l e s  were a l s o  t r a c e d  onto 
shee t  3 .  

Do DISCUSSION OF RESULTS 

The se l f -po ten t i a l  p r o f i l e s  do not  show any s i g n i f i c a n t  
anomalies over the  VLF-EM anomalies. There i s  some 
c o r r e l a t i o n  between small nega t ive  SP measurements and VLF-EM 
highs but t h e s e  are considered by t h e  w r i t e r  t o  be too  small 
t o  ob ta in  any meaningful i n t e r p r e t a t i o n .  
however, t h a t  t h e  c a u s i t i v e  sources  of t h e  VLF-EM anomalies 
are not  massive sulphides.  

It can be concluded, 

- Geotronics Surveys Ltd. 
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On t h e  eastern end of L -4 S ,  t h e  SP p r o f i l e  reaches a 
high of 31 mvs. 
possibly be t h e  western edge of an SP anomaly. 
i n t e r e s t i n g  t o  note  t h a t  a few hundred f e e t  f u r t h e r  eas t  
i s  a l a r g e  copper s o i l  geochemistry anomaly (as w i l l  be 
discussed below). 

This  i s  becoming s ign i f i can t  and could 
It i s  

The VLF-EM f i e l d  s t rength  readings across  anomalies A 
and B shows anomalous i n  t h e  same loca t ions  but not  i n  
between. Therefore anomalies A and B are r e f l e c t i n g  2 
separate  conductors. 

The o ther  F rase r - f i l t e r  anomalies a r e  v e r i f i e d  qu i t e  wel l  
by t h e  f i e l d  s t rength  readings,  Therefore, none of these  
e i t h e r  a r e  r e f l e c t i n g  t h e  edge of  a l a r g e r  conductor, 

SOIL GEOCHEMISTRY 

A. Survey Procedure ' 

foot  cen ters  and 5O-foot centers  where t h e r e  were VLF-EM 
anomalies, The colour of t h e  s o i l  samples w a s  apparent ly  
reddish-brown and therefore  w a s  probably B layer .  
Samples were dug with a mattock, usual ly  t o  a 6- t o  8- inch 
depth, and placed i n  brown, wet-strength paper bags. 

The samples were picked up on t h e  ex i s t ing  g r i d  a t  100- 

B. Test ing Procedure 

North Vancouver, B.C. 
and then s i f t e d  through a -80 mesh screen. 
amount of t h e  s i f t e d  material is then put i n t o  a t e s t  tube 

All samples were t e s t e d  by Bondar-Clegg & Co. Ltd. of 
The sample is  first thoroughly dr ied  

A measured 

Geotronics Surveys Ltd. 
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with subsequent measured addi t ions  of agua regia .  
mixture i s  next heated f o r  a c e r t a i n  length of time. 
The p a r t s  per  mil l ion (ppm) copper is  then measured by 
atomic absorption. 

This 

C. Treatment o f  Data 
The values  i n  ppm copper were first grouped i n t o  a 

logari thmic i n t e r v a l  of 0.075. 
f o r  each i n t e r v a l  w a s  then calculated and then p lo t t ed  
against  t h e  co r re l a t ing  i n t e r v a l  t o  obtain t h e  logarithmic 
cumulative frequency graph as shown i n  f igu re  3 .  

The cumulative frequency 

The coe f f i c i en t  of deviat ion,  i nd ica t ive  of t h e  range o r  
sperad of values  w a s  calculated t o  be 0.14 a r e l a t i v e l y  
low value . 
The graph shows t h e  mean background value t o  be about 50 ppm 
taken a t  t h e  50% l eve l .  The sub-anomalous threshold value 
(a  term used by t h e  w r i t e r  t o  denote t h e  minimum value 
t h a t  i s  not considered anomalous but s t i l l  important as an 
ind ica to r  of  mineral izat ion)  i s  taken a t  one standard 
deviat ion from t h e  mean background value which i s  a t  t h e  
16% l e v e l  and i s  i n  t h i s  case about 70 ppm. The anomalous 
threshold value i s  two standard deviat ions away a t  t h e  2s 
l e v e l  and i s  on t h i s  property 9r+ ppm. 

The graph shows a break a t  t h e  1.3% l e v e l  which therefore  
ind ica t e s  t h a t  t h e r e  is a small increase of copper values  
above 100 ppm on t h e  KR & K C l a i m  Group. 

Geotronics Surveys Ltd. . 



The r e s u l t s  on Sheet 4 were contoured a t  approximately 
an i n t e r v a l  equal t o  one standard deviation. Th i s  gave 
a sub-anomalous contour of 70 ppm (which w a s  dashed in )  
and anomalous contours of 95, 130, 180 and 240 ppm 
(which were drawn i n  so l id ) .  

D. Discussion of Resul ts  

As mentioned above, t h e  mean background value is 
50 ppm. 
volcanics ,  which i n  t h e  w r i t e r ' s  experience commonly 
v a r i e s  between 5 and 25 pprn. 

This i s  a r e l a t i v e l y  high value f o r  Nicola 

The r e s u l t s  mapped on Sheet 4 show12 small, i so l a t ed  
anomalies and one very l a r g e  anomaly. 
anomalies a r e  of l i t t l e  f u r t h e r  i n t e r e s t .  One c o r r e l a t e s  
poorly w i t h  VLF-EM anomaly C which therefore  could wel l  
be coincidental .  
VLF-EM anomalies A and B. Larry Sookochoff, geological  
engineer,  and t h e  w r i t e r  noted minor chalcopyri te  when 
examining t h e  outcrops i n  t h i s  a rea  (August 7, 1973). 

The i so l a t ed  

Two o ther  copper highs are found between 

The l a r g e  anomaly, which is found on t h e  eastern pa r t  of 
t he  survey area ,  is character ized by t h e  following: 

i) 

ii) 

The s t r i k e  appears t o  be north-south 

It measures 900 by 2200 f e e t  and i s  open on t h e  
north, south, and east ends. 

It is  composed almost e n t i r e l y  of sub-anomalous 
values  with a f e w  i so l a t ed  anomalous values. 

iii) 

Geotronics Surveys Ltd. 



i v )  

v) 

T h i s  
o r  a 

9 

One i so l a t ed  anomalous value co r re l a t e s  with 
VLF-EM anomaly E. 

The whole anomaly i s  found on gent le  t e r r a i n .  

l a r g e  anomaly i s  r e f l e c t i n g  e i t h e r  copper sulphides  
d i f f e r e n t  rock-type w i t h  a higher background amount 

of copper. The d i f f e r e n t  rock-type ( i f  t h i s  i s  t h e  
cause) i s  explained by t h e  largeness  of t h e  anomaly and 
it containing almost only sub-anomalous values. 

The anomalous values  a t  t h e  south end near  t h e  lake  are 
l i k e l y  a r e s u l t  of swamp-type copper ion accumulation. 

Respectful ly  submitted, 

GEOTRONICS SURVEYS &TD. 

Ofl---//4 David . Mark 

Geophysicist 

September 26, 1973 
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n 

. 
David ' G t  Mark 
Geophysicist 

September 26, 1973 

Geotronics Surveys Ltd. 
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ENGINEER’S CERTIFICATE 

I, Thomas R. Tough, of t h e  C i ty  of Vancouver 
i n  t h e  Province of B r i t i s h  Columbia, do hereby c e r t i f y  
tha t :  

I a m  a Consulting Geologist  and an  Associate  
with T.R. Tough & Associates  Ltd., wi th  o f f i c e s  a t  
519 - 602 West Hastings S t r e e t ,  Vancouver, B.C. 

I fu r the r  c e r t i f y  that :  

I a m  a graduate of t h e  Univers i ty  of B r i t i s h  
Columbia (1965) and hold a B.Sc. degree i n  
Geology. 

I have been p r a c t i s i n g  i n  my profess ion  f o r  
t h e  p a s t  eight yea r s  and have been a c t i v e  i n  
t h e  mining indus t ry  f o r  t h e  pas t  f i f t e e n  years.  

I a m  r e g i s t e r e d  with t h e  Associat ion of 
Professional  Engineers of B r i t i s h  Columbia. 

I have s tudied  t h e  accompanying r epor t  dated 
September 26, 1973, on a Se l f -po ten t i a l ,  VLF-EM 
and S o i l  Geochemi-stry Survey, submitted by 
Geotronics Surveys Ltd. ,  w r i t t e n  by David G. , ’ 
Mark, Geophysicist ,  and concur with f ind ings  
t h e r e i n  . 
I have no d i r e c t  o r  i n d i r e c t  i n t e r e s t  whatsoever 
i n  t h e  property descr ibed he re in ,  nor  i n  t h e  
s e c u r i t i e s  of Nicola C o p w - ~ s  Ltd. (NPL) and 
do not  expect t o  rece/i 6 any’i’n-k?b!gest t he re in .  J . 

L . . ~ J’ . 
December 31, 1973 

Geotronics Surveys Ltd. 








