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PHOENIX GEOPHYSICS LIMITED 

N O T E S  ON T H E  T H E O R Y ,  METHOD OF F I E L D  O P E R A T I O N ,  

AND P R E S E N T A T I O N  OF D A T A  

F O R  T H E  I N D U C E D  P O L A R I Z A T I O N  METHOD 

Induced P o l a r i z a t i o n  as a geophysical measurement r e f e r s  

t o  t h e  b locking  a c t i o n  o r  p o l a r i z a t i o n  of metal l ic  or e l e c t r o n i c  

conductors i n  a medium of i o n i c  s o l u t i o n  conduction. 

T h i s  e lec t ro-chemica l  phenomenon occurs  wherever 

e l e c t r i c a l  c u r r e n t  i s  passed through an a r e a  which c o n t a i n s  m e t a l l i c  

minerals such as base m e t a l  su lphides .  Normally, when c u r r e n t  i s  

passed through t h e  g round , . a s  i n  r e s i s t i v i t y  measurements, a l l  of t h e  

conduction t a k e s  p l a c e  through i o n s  present  i n  t h e  w a t e r  con ten t  of t h e  

rock, o r  s o i l ,  i .e .  by i o n i c  conduction. This  i s  because almost a l l  

minerals have a much h i g h e r  s p e c i f i c  r e s i s t i v i t y  than  ground w a t e r ,  

The group of  mine ra l s  commonly descr ibed  as " m e t a l l i c " ,  however, 

have s p e c i f i c  res is t ivi t ies  much lower than  ground waters. 

induced p o l a r i z a t i o n  e f f e c t  t a k e s  p l ace  a t  those  i n t e r f a c e s  where t h e  

mode of conduct ion  changes from i o n i c  i n  t h e  s o l u t i o n s  f i l l i n g  t h e  

i n t e r s t i c e s  of the rock  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  mine ra l s  p re sen t  

The 
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The b locking  a c t i o n  o r  induced p o l a r i z a t i o n  mentioned 

above, which depends upon t h e  chemical e n e r g i e s  necessary  t o  a l low 

t h e  ions  t o  g i v e  up o r  receive e l e c t r o n s  from t h e  m e t a l l i c  su r f ace ,  

i nc reases  w i t h  t h e  t ime t h a t  a d.c. c u r r e n t  i s  allowed t o  flow through 

t h e  rock; i.e. as i o n s  p i l e  up a g a i n s t  t h e  meta l 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 low increases. Eventua l ly ,  t h e r e  is 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  apprec iab ly  

reduce t h e  amount of  c u r r e n t  f low through t h e  meta l l ic  p a r t i c l e .  This  

p o l a r i z a t i o n  takes p l a c e  a t  each of t h e  i n f i n i t e  number of solution-metal  

i n t e r f a c e s  i n  a mine ra l i zed  rock. 

When t h e  d.c. v o l t a g e  used t o  c r e a t e  t h i s  d.c. cu r ren t  

flow is c u t  o f f ,  t h e  Coulomb f o r c e s  between t h e  charged ions  forming 

t h e  p o l a r i z a t i o n  cause  them t o  r e t u r n  t o  t h e i r  normal pos i t i on .  This 

movement of charge  creates a small c u r r e n t  f low which can be 

measured on t h e  s u r f a c e  of t h e  ground as a -decay ing  p o t e n t i a l  d i f f e rence . .  

From a n  a l t e r n a t e  viewpoint i t  can  b e  seen t h a t  i f  t h e  

d i r e c t i o n  of t h e  c u r r e n t  through t h e  system i s  reversed  repea ted ly  

before  t h e  p o l a r i z a t i o n  occurs ,  t h e  e f f e c t i v e  r e s i s t i v i t y  of t h e  system 

as a whole w i l l  change as t h e  frequency of  t h e  swi tch ing  i s  changed. 

This i s  a consequence of t h e  f a c t  t h a t  t h e  amount of cu r ren t  flowing 

through each me ta l l i c  i n t e r f a c e  depends upon t h e  l e n g t h  of t ime t h a t  

cu r ren t  has  been pass ing  through it i n  one d i r e c t i o n .  

. 
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The v a l u e s  of t h e  p e r  cen t  frequency e f f e c t  or F.E. are 

a measurement of t h e  p o l a r i z a t i o n  i n  t h e  rock  mass. However, s i n c e  

t h e  measurement of t h e  degree of p o l a r i z a t i o n  i s  r e l a t e d  t o  t h e  apparent 

r e s i s t i v i t y  of t h e  rock  mass it  i s  found t h a t  t h e  metal  f a c t o r  va lues  o r  

M.F. are t h e  most u s e f u l  va lues  i n  determining t h e  amount of 

p o l a r i z a t i o n  p r e s e n t  i n . t h e  rock mass. The MF va lues  are obtained by 

normalizing t h e  F.E. va lues  f o r  vary ing  resist ivit ies.  

The induced p o l a r i z a t i o n  measurement -is perhaps t h e  most 

powerful geophys ica l  method f o r  t h e  d i r e c t  d e t e c t i o n  of meta l l ic  

su lph ide  m i n e r a l i z a t i o n ,  even when t h i s  m i n e r a l i z a t i o n  i s  of ve ry  

low concen t r a t ion .  The lower l i m i t  of volume pe r  cent  su lph ide  

necessary  t o  produce a recognizable  I P  anomaly w i l l  vary  wi th  t h e  

geometry and geo log ic  environment of t h e  source ,  and t h e  method of 

execut ing  t h e  survey. However, su lph ide  m i n e r a l i z a t i o n  of less than  

one p e r  c e n t  by volume has  been d e t e c t e d  by t h e  I P  method under 

proper g e o l o g i c a l  cond i t ions .  

The g r e a t e s t  a p p l i c a t i o n  of t h e  IP method has  been i n  t h e  

sea rch  f o r  d i sseminated  m e t a l l i c  su lph ides  of less t h a n  20% by volume. 

However, i t  has  a l s o  been used s u c c e s s f u l l y  i n  t h e  sea rch  f o r  massive 

su lph ides  i n  s i t u a t i o n s  where, due t o  sou rce  geometry, depth of source,  

o r  l o w  r e s i s t i v i t y  of  s u r f a c e  l a y e r ,  t h e  EMmethod cannot b e  success fu l ly  

appl ied .  

f i l l e d  s h e a r  zones,  makes t h e  I P  method a u s e f u l  t o o l  i n  checking EM 

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  conductors,  such as w a t e r  
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anomalies which are suspected of be ing  due  t o  t h e s e  causes. 

I n  normal f i e l d  a p p l i c a t i o n s  t h e  IP method does not  

d i f f e r e n t i a t e  between t h e  economically impor tan t  m e t a l l i c  minera ls  

such as cha lcopyr i t e ,  c h a l c o c i t e ,  molybdenite,  ga lena ,  etc., and t h e  

o t h e r  m e t a l l i c  m i n e r a l s  such as p y r i t e .  

is  due t o  t h e  t o t a l  of a l l  e l e c t r o n i c  conducting minera ls  i n  t h e  rock  m a s s .  

Other e l e c t r o n i c  conducting materials which can produce an  IP  response 

are magnetite,  p y r o l u s i t e ,  g r a p h i t e ,  and some forms of hematite.  

The induced p o l a r i z a t i o n  e f f e c t  

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

of t h e  ground t o  be sepa ra t ed  from t h e  e f f e c t s  of v e r t i c a l  changes i n  t h e  

p rope r t i e s .  Current i s  app l i ed  t o  t h e  ground a t  two p o i n t s  i n  d i s t a n c e  
% 

(X) a p a r t .  The p o t e n t i a l s  are measured a t  two p o i n t s  (X) f e e t  

a p a r t ,  i n  l i n e  w i t h  t h e  c u r r e n t  e l e c t r o d e s  i s  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 measurements are made a long  a surveyed  l i n e ,  w i th  

a cons tan t  d i s t a n c e  (IS) betwen t h e  n e a r e s t  c u r r e n t  and p o t e n t i a l  

e l ec t rodes .  I n  most surveys ,  s e v e r a l  t r a v e r s e s  are made wi th  v a r i o u s  

v a l u e s  of (n); i .e .  (n) = 1 , 2 , 3 , 4 ,  etc. The kind of survey requi red  

( d e t a i l e d  o r  reconnaissance) dec ides  t h e  number of va lues  of (n) used. 

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

apparent p e r  cen t  frequency e f f e c t ,  and t h e  apparent m e t a l  f a c t o r  
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measured for each set of e l e c t r o d e  p o s i t i o n s  are p l o t t e d  a t  t h e  

i n t e r s e c t i o n  of g r i d  l i n e s ,  one from t h e  c e n t e r  po in t  of t h e  c u r r e n t  

e l e c t r o d e s  and t h e  o t h e r  from t h e  c e n t e r  po in t  of t h e  p o t e n t i a l  e lec t rodes .  

(See F igu re  A . )  

p r o f i l e ,  above the m e t a l  f a c t o r  va lues .  

f a c t o r  va lues ,  are p l o t t e d  t h e  v a l u e s  of t h e  percent  frequency e f f e c t .  

l a t e r a l  displacement of a given v a l u e  i s  determined by t h e  l o c a t i o n  along 

t h e  survey l i n e  of t h e  c e n t e r  p o i n t  between t h e  c u r r e n t  and p o t e n t i a l  

e l ec t rodes .  The d i s t a n c e  of t h e  v a l u e  from t h e  l i n e  i s  determined by t h e  

. 

The r e s i s t i v i t y  values are p l o t t e d  a t  t h e  t o p  of t h e  d a t a  

On a t h i r d  l i n e ,  below t h e  metal 

The 

d i s t a n c e  (nX) between t h e  c u r r e n t  and p o t e n t i a l  e l e c t r o d e s  when t h e  

measurement w a s  made. 

The s e p a r a t i o n  between sender  and r e c e i v e r  e l e c t r o d e s  is  - 
only  one f a c t o r  which determines t h e  depth  to which t h e  ground is  being 

sampled i n  any p a r t i c u l a r  measurement-.--The-plots then;_when contoured, 

are not  s e c t i o n  maps of  t h e  e lectr ical  p r o p e r t i e s  of t h e  ground unde r  

t h e  survey l i n e .  The i n t e r p r e t a t i o n  of t h e  r e s u l t s  from any given survey 

must be c a r r i e d  o u t  u s ing  the combined exper ience  gained from f i e l d  

r e s u l t s ,  model s tudy  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 anomalous v a l u e s  are measured i s  

important in t h e  i n t e r p r e t a t i o n .  

I n  t h e  f i e l d  procedure, t h e  i n t e r v a l  over  which t h e  p o t e n t i a l  

d i f f e r e n c e s  are measured is t h e  s a m e  as t h e  i n t e r v a l  over which t h e  

e l e c t r o d e s  are moved a f t e r  a series of p o t e n t i a l  readings  has  been made. 
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i 

One of t h e  advantages of t h e  induced p o l a r i z a t i o n  method i s  t h a t  t h e  

same equipment can  be used f o r  bo th  d e t a i l e d  and reconnaissance surveys 

merely by changing t h e  d i s t a n c e  (X) over  which t h e  e l e c t r o d e s  are moved 

each time. 

t o  2000 f e e t  f o r  (X). 

and t h e  v a l u e s  of (n) t o  b e  used is l a r g e l y  determined by t h e  expected 

s i z e  of t h e  mine ra l  d e p o s i t  be ing  sought,  t h e  s i z e  of t h e  expected anomaly 

and t h e  speed w i t h  which it i s  d e s i r e d  t o  progress .  

I n  t h e  p a s t ,  i n t e r v a l s  have been used ranging from 25 f e e t  

I n  each case, t h e  d e c i s i o n  as  t o  t h e  d i s t a n c e  (X) 

The diagram i n  F igu re  A demonstrates t h e  method used 

i n  p l o t t i n g  t h e  r e s u l t s .  Each v a l u e  o f  t h e  apparent  r e s i s t i v i t y ,  apparent 

m e t a l  f a c t o r ,  and apparent  pe r  cen t  frequency e f f e c t  i s  p l o t t e d  and 

i d e n t i f i e d  by t h e  p o s i t i o n  of t h e  f o u r  e l e c t r o d e s  when t h e  measurement 

w a s  made. It can be seen  t h a t  t h e  v a l u e s  measured f o r  t h e  l a r g e r  va lues  

* 

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  i n d i c a t i n g  . t h a t  .the th i ckness  of 

t h e  l a y e r  of t h e  e a r t h  t h a t  is being  t e s t e d  i s  g r e a t e r  than  for t h e  s m a l l e r  

va lues  of (n); i.e. t h e  depth  of t h e  measurement is increased .  

The I P  measurement is b a s i c a l l y  obta ined  by measuring t h e  

d i f f e r e n c e  i n  p o t e n t i a l  o r  v o l t a g e  (bV)ob ta ined  a t  two o p e r a t i n g  

f requencies .  

and t h e  apparent r e s i s t i v i t y  of t h e  ground. 

The v o l t a g e  is t h e  product of t h e  c u r r e n t  through t h e  ground 

Therefore  i n  f i e l d  s i t u a t i o n s  

where t h e  c u r r e n t  i s  very low due t o  poor e l e c t r o d e  c o n t a c t ,  o r  t h e  

apparent r e s i s t i v i t y  i s  ve ry  low, o r  a combination of t h e  two e f f e c t s ;  t h e  

va lue  of ( A V )  t h e  change i n  p o t e n t i a l  w i l l  be too  small t o  be measurable. 

The symbol "TL" on the d a t a  p l o t s  i n d i c a t e s  t h i s  s i t u a t i o n .  
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I n  some s i t u a t i o n s  spurious no i se ,  e i t h e r  man made o r  na tura l ,  

w i l l  render i t  impossible  t o  obta in  a reading. 

data p l o t s  i n d i c a t e s  a s t a t i o n  a t  which i t  is  too noisy t o  record a reading. 

I f  a reading can b e  obtained, bu t  f o r  reasons of no i se  t h e r e  i s  some doubt 

a s  t o  i t s  accuracy, t h e  reading i s  bracketed i n  t h e  data p l o t  ( ). 

I n  c e r t a i n  s i t u a t i o n s  negat ive va lues  of Apparent Frequency 

The symbol "N" on t h e  

Effect a r e  recorded. 

spurious e l e c t r i c a l  e f f e c t s .  The a c t u a l  negat ive frequency e f f e c t  value . 

This may be  due t o  t h e  geologic environment o r  

recorded is  ind ica t ed  on t h e  da t a  p l o t ,  however, t h e  symbol "NEG" is 

indicated f o r  t h e  corresponding value of Apparent Metal Factor.  

contouring nega t ive  va lues  t h e  contour l i n e s  are ind ica ted  t o  t h e  nearest  

In 

pos i t ive  va lue  i n  t h e  immediate v i c i n i t y  of t h e  negat ive value. 
* 

The symbol "NR" i nd ica t e s  t h a t  f o r  some reason t h e  operator 

d i d  not a t tempt  t o  record a reading although normal survey procedures 

would s u g g e s t - t h a t  one was required.  This may be due t o  inaccess ib l e  

topography o r  o t h e r  s i m i l a r  reasons. Any symbol o the r  than those  

discussed above is unique t o  a p a r t i c u l a r  s i t u a t i o n  and is  described within 

the  body of t h e  r epor t .  

PHOENIX GEOPHYSICS LIMITED. 
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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  h a s  

been c a r r i e d  o u t  on  t h e  Copper 1-4 C l a i m s ,  O m i n e c a  M.D. o n  

behalf  of Mecca M i n e r a l s  Ltd.  

The p r o p e r t y  i s  l o c a t e d  approximately 20 k i l o m e t e r s  

sou th - sou theas t  of Telkwa, B . C . ,  a t  approximately 54' 31 

n o r t h  l a t i t u d e  and 127O 07'  w e s t  l ong i tude .  Access i s  

normally v i a  h e l i c o p t e r  from t h e  town of Smithers ,  l o c a t e d  

29 k i l o m e t e r s  t o  t h e  n o r t h .  

I n t e r e s t i n g  copper m i n e r a l i z a t i o n  has  been l o c a t e d  

i n  a showing on  t h e  p r o p e r t y .  The p r e s e n t  I P  and R e s i s t i v i t y  

survey w a s  p lanned  i n  o r d e r  t o  o u t l i n e  a d d i t i o n a l  

m i n e r a l i z a t i o n .  

F i e l d  work w a s  completed dur ing  e a r l y  August 1980, 

and u t i l i z e d  d ipo le -d ipo le  a r ray  w i t h  a b a s i c  i n t e r - e l e c t r o d e  

s e p a r a t i o n  o f  60 meters. Four d i p o l e  s e p a r a t i o n s  were 

recorded u s i n g  Phoenix Model IPT-1 IP and R e s i s t i v i t y  t r a n s -  

m i t t e r ,  and McPhar Model P660 IP and R e s i s t i v i t y  r e c e i v e r ,  

o p e r a t i n g  a t  0 .3  H z .  and 5 . 0  H z .  

The p a r t y  c h i e f  r e s p o n s i b l e  for t h e  f i e l d  work w a s  

Mr. George E l l i o t t .  

DESCRIPTION O F  THE CLAIMS 

The Copper 1-4 claims, each of e i g h t  u n i t s ,  were 

s t a k e d  by R . A .  Ruther ford  as  agent  f o r  Mecca M i n e r a l s  Ltd.  
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i n  t h e  pe r iod  25 - 26 J u l y  1978, and w e r e  recorded on 9 

August 1978. 

PRESENTATION OF RESULTS 

T h e  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  

are shown on t h e  fo l lowing  d a t a  p l o t s  i n  t h e  manner  d e s c r i b e d  

i n  t h e  n o t e s  preceding  t h i s  r e p o r t .  

L i n e  E l e c t r o d e  I n t e r v a l  Dwg. N o .  

8 W  60 meters I.P.-5214-1 

6W 60 meters 1.P.-5214-2 

4w 60 meters I .P.  -5214-3 

2w 

0 

60 meters 

60 meters 

I.P.-5214-4 

I .P.  -5214-5 

Also enc losed  w i t h  t h i s  r e p o r t  is Dwg. 1.P.P.-3083, 

a p l an  map o f  t h e  Copper 1-4 claims g r i d  a t  a scale  of 1:2500. 

The d e f i n i t e ,  p robab le ,  and p o s s i b l e  Induced P o l a r i z a t i o n  

anomalies are  i n d i c a t e d  by b a r s ,  i n  t h e  manner  shown on t h e  

legend,  on t h i s  p l a n  map as  w e l l  a s  on t h e  d a t a  p l o t s .  T h e s e  

b a r s  r e p r e s e n t  t h e  s u r f a c e  p r o j e c t i o n  of  t h e  anomalous 

zones a s  i n t e r p r e t e d  from t h e  l o c a t i o n  of t h e  t r a n s m i t t e r  and 

receiver e l e c t r o d e s  when t h e  anomalous v a l u e s  were measured. 

The g r i d  in fo rma t ion  shown on Dwg. 1.P.P.-3083 h a s  

been taken  from maps made a v a i l a b l e  by  t h e  s t a f f  o f  Mecca 

M i n e r a l s  Ltd.  
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DISCUSSION OF RESULTS 

F i v e  s h o r t  l i n e s  o n  t h e  Copper 1-4 C l a i m s  g r i d  

have been s u r v e y e d  u s i n g  t h e  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  t e c h n i q u e .  

One anomalous I P  zone  can  be s e e n  i n  t h e  data  

(Zone A), a l o n g  w i t h  a number of  o t h e r  i n d i v i d u a l  a n o m a l i e s ,  

which are low i n  magni tude  a n d  do n o t  a p p e a r  t o  be c o n n e c t e d .  

I P  Zone A is  o u t l i n e d  from t h e  v i c i n i t y  of L i n e  8W, 

s t a t i o n  2N t o  t h e  area o f  L i n e  2W, s t a t i o n  2s. A l l  o f  t h e  

anomal i e s  which c o n s t i t u t e  I P  Zone A have been i n t e r p r e t e d  

as  weakly anomalous f e a t u r e s ,  w i t h  t h e  e x c e p t i o n  o f  t h e  

s i g n a t u r e  detected on L i n e  8 W .  Here ,  a w e l l - d e f i n e d  r e g i o n f o f  

h i g h e r  t h a n  background f r e q u e n c y  effect  r e a d i n g s  c a n  be s e e n  

c o i n c i d e n t  w i t h  a n  area of lower  t h a n  normal r e s i s t i v i t y  

v a l u e s .  Metall ic s u l p h i d e  m i n e r a l i z a t i o n  would be t h e  most 

l i k e l y  c a u s e  o f  t h i s  s i g n a t u r e ,  w i t h  t h e  most c o n c e n t r a t e d  

m i n e r a l i z a t i o n  b e i n g  located e i t h e r  a t  d e p t h  ( g r e a t e r  t h a n  60 

meters) below L i n e  8 W ,  s t a t i o n  00 t o  s t a t i o n  4N or f u r t h e r  t o  

t h e  w e s t  o f  t h e  p r e s e n t  g r i d .  

SUMMARY AND RECOMMENDATIONS 

A s h o r t  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  s u r v e y  

h a s  been comple t ed  on f i v e  l i n e s  o f  t h e  Copper 1-4 claims. 

One anomalous I P  zone  ( I P  Zone A) ,  which may r e p r e s e n t  



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

I t  would a p p e a r  t h a t  t h e  most c o n c e n t r a t e d  p a r t  of t h e  source 

i s  s i t u a t e d  e i t h e r  a t  d e p t h b m e a t h  L i n e  8 W ,  a t  a p p r o x i m a t e l y  

s t a t i o n  2 N ,  or o f f  t h e  w e s t e r n  s i d e  of  t h e  s u r v e y  g r i d .  

I d e a l l y ,  i f  a t  a l l  p o s s i b l e ,  a d d i t i o n a l  I P  

s u r v e y i n g  s h o u l d  b e  comple ted  f u r t h e r  t o  t h e  w e s t  of L i n e  8 W ,  

i n  o r d e r  t o  bet ter  ascer ta in  t h e  t r u e  s i g n i f i c a n c e  of  I P  Zone 

A ,  b e f o r e  d r i l l  t e s t i n g  is  c o n t e m p l a t e d .  

Numerous o t h e r  weakly anomalous r e s p o n s e s  have been  

i n t e r p r e t e d  i n  t h e  d a t a ,  however,  none seem t o  form c o n t i n u o u s  

z o n e s ,  and a s  such  s h o u l d  r e c e i v e  low p r i o r i t y  f o r  f u r t h e r  

work. A d d i t i o n a l  work s h o u l d  be i n  t h e  form of  a c o r r e l a t i o n  

of a l l  e x i s t i n g  d a t a  t o g e t h e r  w i t h  t h e  I P  d a t a .  

P a u l  A .  C a r t w r i g h t ,  B.Sc. 
G e o p h y s i c i s t  

Dated:  September  2 3 ,  1980.  
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ASSESSMENT D E T A I L S  

PROPERTY: C r a t e r  Lake M I N I N G  D I V I S I O N :  O m i n e c a  

SPONSOR : Mecca M i n e r a l s  L t d .  PROVINCE:  B r i t i s h  C o l u m b i a  

LOCATION: S m i t h e r s  A r e a ,  B . C .  

TYPE O F  SURVEY: 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  

OPERATING MAN DAYS: 3 .5  DATE STARTED: A u g u s t  04, 1980 

EQUIVALENT 8 HR. MAN DAYS: 5 .25 DATE F I N I S H E D :  A u g u s t  08, 1980 

CONSULTING MAN DAYS: 1 

DRAFTING MAN DAYS: 1 

TOTAL MAN DAYS: 7 .25 

CONSULTANTS : 

NUMBER OF S T A T I O N S :  67 

NUMBER OF READINGS: 489 

KILOMETERS O F  LINE SURVEYED: 
4 .02  

P .  A .  C a r t w r i g h t  - 4238 West 1 1 t h  A v e n u e ,  V a n c o u v e r ,  B . C .  
F. D e S p i r i t o  - 2748 O x f o r d  S t ree t ,  V a n c o u v e r ,  B . C .  

, 

F I E L D  T E C H N I C I A N S :  

G .  E l l i o t t  - 50 Aurora C o u r t ,  A p t .  1109, A g i n c o u r t ,  O n t a r i o  

DRAUGHTSMAN: 

P. A .  C a r t w r i g h t  - 4238 West 1 1 t h  Avenue, V a n c o u v e r ,  B.C.  

PHOENIX G E O P H Y S I C S  L I M I T E D  

D a t e d :  S e p t e m b e r  23,  1980. 

Eng . 
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STATEMENT OF COST 

Mecca Minerals Ltd. - IP Survey 
Copper 1-4 Claims, Smithers, B.C. 

Crew: G. Elliott. 

Period: August 04, 1980 - August 08, 1980. 

Frequency Domain IP Survey 

3 1/2 Operating Days  @ $490.00 per day 

1 Organization Day @ $200.00 per day 

Mobilization - Demobilization 

$1,715.00 

200.00 

500.00 

$2 , 415.00 
a 

PHOENIX GEOPHYSICS LIMITED 

Eng . 

Dated: September 2 3 ,  1980. 
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CERTIFICATE 

I ,  P a u l  A .  C a r t w r i g h t ,  o f  t h e  C i t y  o f  V a n c o u v e r ,  P r o v i n c e  

o f  B r i t i s h  C o l u m b i a ,  d o  h e r e b y  c e r t i f y  t h a t :  

1. I a m  a g e o p h y s i c i s t  r e s i d i n g  a t  4 2 3 8  West 1 1 t h  A v e n u e ,  
V a n c o u v e r ,  B .  C .  

2 .  I a m  a g r a d u a t e  o f  t h e  U n i v e r s i t y  o f  B r i t i s h  C o l u m b i a ,  
B . C .  w i t h  a B .Sc .  D e g r e e .  

3 .  I a m  a member o f  t h e  S o c i e t y  o f  E x p l o r a t i o n  G e o p h y s i c i s t s .  

4 .  I h a v e  b e e n  p r a c t i s i n g  my p r o f e s s i o n  f o r  1 0  y e a r s .  

5 .  I h a v e  n o  d i r e c t  o r  i n d i r e c t  i n t e r e s t ,  n o r  do  I e x p e c t  
t o  r e c e i v e  a n y  i n t e r e s t  d i r e c t l y  o r  i n d i r e c t l y ,  i n  t h e  
p r o p e r t y  o r  s e c u r i t i e s  o f  Mecca M i n e r a l s  L i m i t e d  o r  a n y  
a f f i l i a t e .  

6. 

7 .  

T h e  s t a t e m e n t s  made  i n  t h i s  r e p o r t  a r e  b a s e d  o n  a s t u d y  
o f  p u b l i s h e d  g e o l o g i c a l  l i t e r a t u r e  a n d  u n p u b l i s h e d  p r i v a t e  
r e p o r t s .  

P e r m i s s i o n  i s  g r a n t e d  t o  u s e  i n  w h o l e  o r  i n  p a r t  f o r  
a s s e s s m e n t  a n d  q u a l i f i c a t i o n  r e q u i r e m e n t s  b u t  n o t  f o r  
a d v e r t i s i n g  p u r p o s e s .  

D a t e d  a t  V a n c o u v e r  

T h i s  22nd  d a y  o f  S e p t e m b e r  1 9 8 0 .  
P a u l  A .  C a r t w r i g h t ,  B .Sc .  
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CERTIFICATE 

o f  

1. 

2 .  

3. 

4 .  

5 .  

6. 

I ,  F rank  D i S p i r i t o ,  of t h e  C i t y  of Vancouver,  P r o v i n c e  

B r i t i s h  Columbia,  do he reby  c e r t i f y  t h a t :  

I a m  a g e o p h y s i c i s t  r e s i d i n g  a t  2748 Oxford S t r e e t ,  

Vancouver , B . C . 
I a m  a g r a d u a t e  of t h e  U n i v e r s i t y  o f  B r i t i s h  Columbia,  

w i t h  a B.A.Sc Degree i n  G e o l o g i c a l  E n g i n e e r i n g .  

I have  been p r a c t i s i n g  my p r o f e s s i o n  f o r  6 y e a r s .  

I have  no d i r e c t  or i n d i r e c t  i n t e r e s t ,  n o r  do I e x p e c t  

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

p r o p e r t y  or s e c u r i t i e s  of Mecca M i n e r a l s  L i m i t e d  or any 

a f f i l i a t e .  

The s t a t e m e n t s  made i n  t h i s  r e p o r t  are based  on a s t u d y  

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

r e p o r t s .  

P e r m i s s i o n  is g r a n t e d  t o  u s e  i n  whole o r  i n  p a r t  f o r  

a s s e s s m e n t  and  q u a l i f i c a t i o n  r e q u i r e m e n t s  b u t  n o t  f o r  

a d v e r t i s i n g  p u r p o s e s .  

Da ted  a t  Vancouver 
T h i s  2 3 r d  day  of September  1980. 

Eng . 
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CERTIFICATE 

I ,  G e o r g e  E l l i o t ,  of t h e  M u n i c i p a l i t y  of N o r t h  York, 
O n t a r i o ,  DO HEREBY CERTIFY THAT: 

1. I a m  a g e o p h y s i c a l  c r e w  l e a d e r  r e s i d i n g  a t  90 Aurora 
C r e s . ,  Wil lowdale ,  O n t a r i o .  

2 .  I a m  a g r a d u a t e  of S i r  S a n f o r d  F l e m i n g  T e c h n i c a l  Col lege ,  
L i n d s a y ,  O n t a r i o .  

3 .  I a m  p r e s e n t l y  e m p l o y e d  as a g e o p h y s i c a l  c r e w  leader 
b y  P h o e n i x  G e o p h y s i c s  L t d .  of 200 Y o r k l a n d  B l v d . ,  
Willowdale,  O n t a r i o .  

DATED AT VANCOUVER, B . C .  

t h i s  2 3 r d  d a y  of S e p t e m b e r  1980. 

E L 4  L E  + 
George E l l i o t .  














