
REPORT ON THE EXTENDED INDUCED POLARIZATION 

and RESISTIVITY SURVEY 

on the 

LOG 1 to 4 MINERAL CLAIMS 

MISSEZULA LAKE AREA; NICOLA MINING DIVISION 

NTS - 92H/15E UTM GRID - ZONE 10 

Latitude - 49’ 4 7 ‘  North - 5 516 950 

Longitude - 120° 3 4 ’  East - 675 300 

Prepared for BETHLEHEM COPPER CORPORATION 

by 

PHOENIX GEOPHYSICS LIMITED 

- Ashton W. Mullan, B.Sc. P.Eng. 
Geologist 

- Philip G. Hallof, Ph.D. P.Eng. 
Geophysicist MINERAL RESOURCES BRANCH 

February 22, 1980 



TABLE OF CONTENTS 

P a r t  A: 

P a r t  B: 

1. 

2. 

3. 

4 .  

5. 

6. 

7. 

a. 

9 .  

10. 

11. 

Notes on theory  and f i e l d  procedure 8 pages 

Report  11 pages 

I n t r o d u c t i o n  

Desc r ip t ion  of C l a i m s  

P r e s e n t a t i o n  of  Resu l t s  

Desc r ip t ion  of Geology 

Discuss ion  of Resu l t s  

Summary and Conclusions 

Assessment D e  t a i  1s 

Statement  of Cost 

C e r t i f i c a t e  - A.N. Mullan 

C e r t i f i c a t e  - P.G. Hal lof  

C e r t i f i c a t e  - J. Marsh 

P a r t  C: I l l u s t r a t i o n s  

P l a n  Map ( i n  pocket)  

IP  Data P l o t s  

1 

2 

2 

3 

/b 

5 

7 

8 

9 

10 

11 

6 p i eces  

Dwg.1.P.P. 4053-R 

h g 6 .  I? 5188-1 t O  -5 



PHOENIX GEOPHYSICS LIMITED 

NOTES ON THE THEORY,  METHOD OF FIELD OPERATION, 

A N D  PRESENTATION OF DATA 

FOR THE I N D U C E D  P O L A R I Z A T I O N  METHOD 

Induced Polar iza t ion  a s  a geophysical measurement r e fe r s  

to  t h e  blocking ac t ion  o r  po lar iza t ion  of meta l l ic  o r  e lectronic  

conductors i n  a medium of ion ic  so lu t ion  conduction. 

This electro-chemical phenomenon occurs wherever 

e l e c t r i c a l  current  is passed through an area which contains metal l ic  

minerals such as base metal sulphides. Normally, when current i s  

passed through t h e  ground, a s  i n  r e s i s t i v i t y  measurements, a l l  of the 

conduction takes  place through ions present i n  t h e  water content of the 

rock, or  s o i l ,  i.e. by ion ic  conduction. This i s  because almost a l l  

minerals have a much higher s p e c i f i c  r e s i s t i v i t y  than ground water, 

The group of minerals commonly described a s  "metallic", however, 

have s p e c i f i c  r e s i s t i v i t i e s  much lower than ground waters. 

induced polar iza t ion  e f f e c t  t akes  place a t  those in te r faces  where the 

mode of conduction changes from ion ic  i n  the solut ions f i l l i n g  the 

i n t e r s t i c e s  of t h e  rock t o  e l ec t ron ic  i n  the  meta l l ic  minerals present 

The 
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in t h e  rock. 

The blocking ac t ion  or induced polar iza t ion  mentioned 

above, which depends upon t h e  chemical energies necessary t o  allow 

the ions t o  give up or receive electrons from the  meta l l ic  surface,  

increases with t h e  time t h a t  a d.c. current is allowed t o  flow through 

the  rock; i.e. as ions p i l e  up against  the meta l l ic  i n t e r f ace  the  

resis tance t o  cur ren t  flow increases.  Eventually, t he re  i s  enough 

polar izat ion i n  t h e  form of excess ions a t  the in t e r f aces ,  t o  appreciably 

reduce the  amount of current  flow through the meta l l ic  p a r t i c l e .  T h i s  

polar izat ion takes  place a t  each of the i n f i n i t e  number of solution-metal 

in te r faces  i n  a mineralized rock. 

When t h e  d.c. vol tage used t o  c rea te  t h i s  d.c. current 

flow i s  cut o f f ,  t h e  Coulomb forces  between the  charged ions forming 

the  poIar iza t ion  cause them t o  return t o  t h e i r  normal posit ion.  

movement of charge c rea t e s  a small current flow which can be 

measured on t h e  su r face  of t h e  ground a s  a decaying po ten t i a l  difference.  

This 

From an  a l t e r n a t e  viewpoint it can be seen tha t  i f  t he  

d i rec t ion  of t h e  cur ren t  through the  system i s  reversed repeatedly 

before t h e  po la r i za t ion  occurs, the e f fec t ive  r e s i s t i v i t y  of t he  system 

a s  a whole w i l l  change a s  the  frequency of t he  switching is changed. 

This i s  a consequence of t h e  f a c t  t ha t  the amount of current flowing 

through each m e t a l l i c  i n t e r f ace  depends upon the length of time tha t  

current has been passing through it i n  one direct ion.  
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The values of t h e  per cent frequency e f f e c t  o r  F.E.  are 

a measurement of t h e  po la r i za t ion  i n  t h e  rock mass. 

t he  measurement of t h e  degree of po lar iza t ion  is re la ted  t o  the  apparent 

r e s i s t i v i t y  of t he  rock mass it is  found t h a t  t h e  metal fac tor  values o r  

M.F. are the  most usefu l  values i n  determining t h e  amount of 

polar izat ion present i n  t h e  rock mass. 

normalizing the  F . E .  values  f o r  varying r e s i s t i v i t i e s .  

However, s ince  

The MF values a r e  obtained by 

The induced polar iza t ion  measurement i s  perhaps the most 

powerful geophysical method f o r  t h e  d i r e c t  de tec t ion  of metal l ic  

sulphide mineral izat ion,  even when t h i s  mineral izat ion is  of very 

low concentration. The lower l i m i t  of volume per cent sulphide 

necessary t o  produce a recognizable I P  anomaly w i l l  vary w i t h  the 

geometry and geologic environment of t h e  source, and the method of 

executing t h e  survey. However, sulphide mineralization of l e s s  than 

one per  cent by volume has been detected by t h e  I P  method under 

proper geological conditions.  

The g rea t e s t  appl ica t ion  of t he  I P  method has been i n  t he  

search for  disseminated me ta l l i c  sulphides of l e s s  than 20% by volume. 

However, it has a l s o  been used successful ly  i n  t he  search f o r  massive 

sulphides i n  s i t u a t i o n s  where, due t o  source geometry, depth of source, 

or  low r e s i s t i v i t y  of sur face  layer ,  t h e  EM method cannot be successfully 

applied.  The a b i l i t y  t o  d i f f e r e n t i a t e  ion ic  conductors, such a s  water 

f i l l e d  shear zones, makes t h e  I P  method a useful  t oo l  i n  checking EM 
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anomalies which are suspected of being due t o  these  causes. 

I n  normal f i e l d  appl icat ions t h e  I P  method does not 

d i f f e r e n t i a t e  between the  economically important metall ic minera ls  

such as cha lcopyr i te ,  chalcoci te ,  molybdenite, galena, etc., and the  

o ther  meta l l ic  minerals  such as pyr i te .  

is due t o  t h e  t o t a l  of a l l  e lec t ronic  conducting mine ra l s  i n  the  rock mass. 

Other e l e c t r o n i c  conducting mater ia ls  which can produce an I P  response 

a r e  magnetite, pyro lus i te ,  graphi te ,  and some forms of hematite. 

The induced polar iza t ion  e f f ec t  

I n  t h e  f i e l d  procedure, measurements on the  surface are 

made i n  a way t h a t  allows the  e f f e c t s  of l a te ra l  changes i n  the  properties 

of t h e  ground to be  separated from t h e  e f f e c t s  of v e r t i c a l  changes i n  rhe  

proper t ies .  

(X) apa r t .  The p o t e n t i a l s  are measured at  two poin ts  (X) feet  

apa r t ,  i n  l i n e  with t h e  c u r r e n t  e lectrodes i s  an in teger  number (n) t i m e s  

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

Current is a p p l i e d  t o  t h e  ground at  two poin ts  i n  distance 

The measurements are made along a surveyed l i n e ,  with 

a constant  d i s t a n c e  (nX) betwen the  nearest  current  and poten t ia l  

e lectrodes.  In  most surveys, several  t r ave r ses  a r e  made with various 

values  of (n); i . e .  (n) = 1 , 2 , 3 , 4 ,  etc. The kind of survey requi red  

(de ta i led  or reconnaissance) decides the  number of values of (n) used. 

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

apparent per  cent  frequency e f f ec t ,  and the  apparent m e t a l  f ac tor  



- 5 -  

measured f o r  each set of e l ec t rode  pos i t i ons  are p lo t ted  a t  the  

in te rsec t ion  of gr id  l i nes ,  one from t h e  center  point of t he  current  

electrodes and t h e  o ther  from t h e  center  point of t h e  po ten t i a l  electrodes.  

(See Figure A . )  

pro f i l e ,  above the m e t a l  f a c t o r  values.  

f a c t o r  values, are p lo t t ed  the va lues  of t h e  percent frequency e f f ec t .  

l a t e r a l  displacement of a given value is  determined by the  locat ion along 

the  survey l i n e  of t h e  center  po in t  between the  current  and po ten t i a l  

electrodes.  

d i s tance  (IS) between t h e  cur ren t  and p o t e n t i a l  e lectrodes when the  

The r e s i s t i v i t y  values  are p lo t t ed  a t  the  top of t he  d a t a  

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

The 

The d i s t ance  of t h e  va lue  from t h e  l i n e  i s  determined by t h e  

measurement w a s  made. 

The separa t ion  between sender and receiver  e lectrodes i s  

only one f a c t o r  which determines t h e  depth t o  which the  ground i s  being 

sampled i n  any p a r t i c u l a r  measurement. The p l o t s  then, when contoured, 

are not sec t ion  maps of the  e l e c t r i c a l  p roper t ies  of t he  ground under 

the  survey l ine .  

must be car r ied  out  using the  combined experience gained from f i e l d  

r e s u l t s ,  model study resul ts  and the  theo re t i ca l  invest igat ions.  

posi t ion of t he  e lec t rodes  when anomalous values a r e  measured i s  

important i n  t h e  in t e rp re t a t ion .  

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 

The 

In t h e  f i e l d  procedure, t h e  i n t e r v a l  over which the  poten t ia l  

d i f fe rences  are measured is t h e  same as t h e  i n t e rva l  over which the  

electrodes are moved a f t e r  a series of po ten t i a l  readings has been made. 
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One of t he  advantages of t h e  induced po la r i za t ion  method is t h a t  the 

same equipment can be used f o r  both de t a i l ed  and reconnaissance surveys 

merely by changing t h e  d is tance  (X) over which t h e  electrodes a r e  moved 

each t i m e .  

to  2000 feet f o r  (X). I n  each case, t h e  decis ion a s  t o  t h e  dis tance (X) 

and t h e  values of (n) t o  be used is l a r g e l y  determined by the  expected 

s i z e  of t he  mineral deposit  being sought, t he  s i z e  of t he  expected anomaly 

and t h e  speed with which it i s  desired t o  progress. 

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

The diagram i n  Figure A demonstrates t he  method used 

i n  p l o t t i n g  the  r e s u l t s .  Each value of t he  apparent r e s i s t i v i t y ,  apparent 

metal f a c t o r ,  and apparent per cent frequency e f f e c t  i s  plot ted and 

iden t i f i ed  by the pos i t ion  of t h e  four e lec t rodes  when the  measurement 

was made. It can be seen t h a t  t h e  values measured f o r  the la rger  values 

of (n) a r e  p lo t ted  f a r t h e r  from t h e  l i n e  ind ica t ing  t h a t  the thickness of 

the l a y e r  of t h e  e a r t h  t h a t  i s  being tes ted  is g rea t e r  than for the smaller 

values of (n) ;  i .e. t he  depth of t h e  measurement i s  increased. 

The I P  measurement is bas i ca l ly  obtained by measuring the  

d i f f e rence  i n  po ten t i a l  o r  voltage (AV)obtained a t  two operating 

frequencies. The vol tage i s  the  product of t he  current through the ground 

and t h e  apparent r e s i s t i v i t y  of t h e  ground. Therefore i n  f i e l d  s i tua t ions  

where t h e  current i s  very low due t o  poor e lec t rode  contact ,  o r  t he  

apparent r e s i s t i v i t y  i s  very low, or a combination of the two ef fec ts ;  t he  

value of ( A V ) t h e  change i n  po ten t i a l  w i l l  be  too small t o  be measurable. 

The symbol "TL" on t h e  da ta  p lo t s  ind ica tes  t h i s  s i tua t ion .  



- 7 -  

I n  some s i t u a t i o n s  spurious noise ,  e i t h e r  man made o r  na tura l ,  

w i l l  r ende r  it impossible t o  ob ta in  a reading. 

data  p lo t s  ind ica tes  a s t a t i o n  a t  which it is too noisy t o  record a reading. 

I f  a reading can be obtained, but  f o r  reasons of noise there  i s  some doubt 

as t o  i t s  accuracy, t he  reading is bracketed i n  the  data plot  ( ). 

I n  ce r t a in  s i t u a t i o n s  negat ive values 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 ec t s .  The ac tua l  negative frequency e f f e c t  value 

recorded i s  indicated on the  da ta  p l o t ,  however, the symbol "NEG" i s  

indicated f o r  the corresponding value of Apparent Metal Factor. 

contouring negative values t h e  contour l i n e s  a r e  indicated t o  the nearest  

pos i t ive  value i n  t he  immediate v i c i n i t y  of t he  negative value. 

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

In  

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

attempt t o  record a reading although normal survey procedures did not 

would suggest t ha t  one was required.  This may be due to  inaccessible 

topography o r  other s i m i l a r  reasons. 

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 i s  described within 

the body of the report .  

Any symbol other than those 

PHOENIX GEOPHYSICS LIMITED. 
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PHOENIX GEOPHYSICS L I M I T E D  

REPORT ON THE 

E X T E N D E D  I N D U C E D  POLARIZATION 

A N D  RESISTIVITY SURVEY 

O N  THE 

L O G  CLAIMS, MISSEZULA LAKE A R E A  

N I C O L A  M I N I N G  DIVISION, B . C .  

92H/NE 

FOR 

BETHLEHEM C O P P E R  CORPORATION LTD.  

1. I N T R O D U C T I O N  

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 w a s  c a r r i e d  out  

f o r  Bethlehem Copper Corporation on t h e  Log Claims. 

r e s u l t s  are d i scussed  i n  t h e  Phoenix r e p o r t  da ted  J u l y  19, 1979. The survey 

has  been extended t o  cover t h e  east and w e s t  c la im areas as w e l l  as two 

c e n t r a l  f i l l - i n  l i n e s  t h a t  were n o t  a c c e s s i b l e  ear l ier  i n  t h e  year  due to  

f looding .  

The i n i t i a l  survey 

The p rope r ty  i s  loca ted  about 36 km n o r t h  of P r ince ton  j u s t  t o  

the  west of Missezula  Lake i n  t h e  Nicola  Mining Div i s ion ,  B.C. 

of t h e  Log Claims i s  pos i t i oned  a t  about 49'47' n o r t h  l a t i t u d e  and 120 33.5' 

The c e n t r e  

0 
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w e s t  longi tude .  

P r ince ton  highway No. 5, provid ing  good access to t h e  proper ty .  

A 9.5 km grave l  road l e a d s  s o u t h e a s t e r l y  from t h e  Merritt- 

The o b j e c t  of t h i s  survey ex tens ion  w a s  t o  i n v e s t i g a t e  a major 

east-west t r end ing  anomalous IP  zone for c o n t i n u i t y ;  bo th  on s t r i k e  and 

near  t h e  c e n t r e  where l o c a l  f looding  prevented l i n e  completion. 

The survey ex tens ion  w a s  c a r r i e d  o u t  i n  l a t e  November and e a r l y  

December, 1979 under t h e  d i r e c t i o n  of P a r t y  Chief John Marsh. 

of  q u a l i f i c a t i o n  is appended t o  th i s  r e p o r t .  

H i s  c e r t i f i c a t e  

A Phoenix IPT-1, IPV-1 frequency domain I P  system was used f o r  

the survey ,  o p e r a t i n g  a t  0 . 3  and 5.0 Hz. 

2. DESCRIPTION OF CLAIMS 

The Log C l a i m  Group c o n s i s t s  of  fou r  claims; Log 1 - 4 inc lus ive .  

Bethlehem Copper Corporat ion L t d . ,  is t h e  r e g i s t e r e d  owner. 

3. PRESENTATION OF RESULTS 

The Induced P o l a r i z a t i o n  and R e s i s t i v i t y  r e s u l t s  are shown on t h e  

fo l lowing  d a t a  p l o t s  i n  t h e  manner desc r ibed  i n  t h e  no te s  preceding t h i s  

r e p o r t .  

L ine  

99,150E 

100,150E 

100,400E 

10 1,400E 

10 1,650E 

- Elec t rode  I n t e r v a l  

100 meters 

100 meters 

100 meters 

100 meters  

100 meters 

h g .  NO: 

IP 5188-1 

IP  5188-2 

I P  5188-3 

I P  5188-4 

I P  5188-5 
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Also enclosed with th i s  report  i s  Dwg. I .P.P,  4053-R, a plan map 

of the Log Claims G r i d  a t  a sca le  of 1:10,000. The d e f i n i t e ,  probable and 

possible Induced Polar izat ion anomalies a re  indicated by bars ,  i n  the manner 

shown on the legend, on t h i s  plan map as well  as on the data  p lo ts .  These 

bars represent the surface projectlon of the anomalous zones as interpreted 

from the locat ion of the transmitter and receiver electrodes when the 

anomalous values w e r e  measured. 

Since the Induced Polarization measurement i s  essent ia l ly  an 

averaging process, as a r e  a l l  po ten t ia l  methods, i t  i s  frequently d i f f i c u l t  

to  exactly pinpoint the source of an anomaly. Certainly,  no anomaly can be 

located with more accuracy than the electrode in t e rva l  length; i . e .  when 

using 100 meter e lectrode in te rva ls  the posi t ion of a narrow sulphide body 

can only be determined to  l i e  between two s t a t ions  100 meters apar t .  I n  ' 

order to  de f in i t e ly  loca te ,  and fu l ly  evaluate,  a narrow, shallow source i t  

is necessary t o  use shor te r  electrode in te rva ls .  I n  order to  loca te  sources 

a t  some depth. l a rge r  electrode in te rva ls  must be used, with a corresponding 

increase i n  the uncer ta in t ies  of location. Therefore, while the centre of 

the indicated anomaly probably corresponds f a i r l y  well with source, the length 

of the indicated anomaly along the l i n e  should not be taken to  represent the 

exact edges of the anomalous material. 

The G r i d  and Claims information shown on Dwg. I .P.P.  4053-R has been 

taken from maps made avai lable  by the s t a f f  of Bethlehem Copper Corporation 

L t d .  

4. D E S C R I P T I O N  OF G E O L O G Y  

Tr i a s s i c  Nicola volcanics and Jurassic  intermediate intrusives  are 

the dominant rock types of the region. 
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The LOG claims are u n d e r l a i n  by Nicola  metavolcanics t h a t  have 

been in t ruded  by a s m a l l  p lug  of  medium gra ined  syenod io r i t e  and monzonite. 

This i n t r u s i v e  i s  weakly minera l ized  w i t h  copper and i s  extremely d r i f t -  

covered. The lower areas of  the p rope r ty  are covered by T e r t i a r y  flows. 

5. DISCUSSION OF RESULTS 

The a d d i t i o n a l  IP  surveying  completed i n  December 1979 confirms 

t h a t  Zone A and Zone B are probably t h e  same f e a t u r e  and t h a t  t h e  zone 

cont inues beyond t h e  survey g r i d  bo th  t o  the east and w e s t .  

A l i n e  by l i ne  d i s c u s s i o n  of  t h e  I P  ex tens ion  survey r e s u l t s  

fol lows : 

Line 99,150 - Dwg. I P  5168-1 

A weak, w e l l  def ined  IP  anomaly, w i t h  t h e  ind ica t ed  top of  t h e ,  

sou rce  shal low r e l a t i v e  t o  t h e  100 meter e l e c t r o d e  i n t e r v a l ,  occurs  between 

99,900N and 100,600N. The anomalous IP  e f f e c t s  are s i m i l a r  t o  those  

encountered on t h e  ad jacen t  L i n e  99,4003. This sugges ts  t h a t  Zone A - B 

cont inues w e s t  beyond t h e  p r e s e n t  survey g r i d .  

Line 100,150E - Dwg. I P  5188-2 

Line 100,150E and Line 100,400E cover t h e  i n t e r v a l  where l o c a l  

f looding  prevented l i n e  completion du r ing  la te  sp r ing .  

This  l i n e  was surveyed ove r  the f rozen  s u r f a c e  of t h e  small l a k e  

and does not  j o i n  e x a c t l y  w i t h  t h e  p rev ious ly  surveyed p o r t i o n  of t h e  l i n e  

south  of  t h e  l ake .  

A weak I P  anomaly showing some depth t o  t h e  source has  been 

o u t l i n e d  between Line 99,600N and Line 100,100N. 

t o  t h e  no r th  a t  g r e a t e r  depth.  The anomaly i s  pos i t ioned  over t h e  e a s t e r n  

It may cont inue f u r t h e r  
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edge of t h e  small lake.  It i s  assumed t h a t  t h e  i n d i c a t e d  cover  over  t h e  

anomaly c o n s i s t s  of  water and l a k e  bottom sediments.  

a n a l y s i s  of similar d a t a  on ad jacent  Line 99,9003 sugges t s  a depth of about 

95 meters. 

A computer i nve r s ion  

Line 100,400E - Dug. I P  5188-3 

The anomaly on t h i s  l i ne  i s  weak and broad w i t h  anomaly d e f i n i t i o n  

poorer  than on ad jacen t  l i n e s .  The anomaly i s  s t r o n g e s t  between 99,6008 

and 99,700N where a depth  of 50 - 100 meters  i s  i n d i c a t e d .  There appears 

t o  be  some depth t o  the source  under t h e  e n t i r e  anomalous f e a t u r e  and i t  

could b e  q u i t e  deep under -  100,000N. 

Line 101,400E - Dwg. 1P 5188-4 

Weak t o  moderate magnitude I P  e f f e c t s  occur  between 99,100N and 

99,700N. The s t r o n g e s t  IP  e f f e c t s  occur  a t  some depth  near 99,400N. A 

repor ted  bedrock outcropping  near  t h i s  s ta t ion sugges t s  that  unmineralized 

rock may o v e r l i e  the anomalous source.  The I P  e f f e c t s  are shal low r e l a t i v e  

t o  t h e  e l e c t r o d e  i n t e r v a l  between 99,100N t o  99,300N and n o r t h  of 99,500N. 

Line  101,650E - Dug. IP  5188-5 

The frequency e f f e c t  d a t a  sugges t  a s o u t h  d ipping  source  o r i g i n a t i n g  

nea r  a topographic  h igh  a t  99,450N. A w e l l  def ined  r e s i s t i v i t y  low centred 

a t  99,200N sugges t s  a more minera l ized  source  a t  a depth of approximately 

100 meters. Zone A - B probably extends east of  t h e  p re sen t  I P  g r id .  This 

p o s s i b i l i t y  could b e  i n v e s t i g a t e d  by ex tending  the g r i d  t o  t h e  east 

6. SUMMARY AND CONCLUSIONS 

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 was c a r r i e d  Out 
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during May, 1979 on the Log Claims property. This i n i t i a l  work located 

three zones, Zone A, Zone B and Zone C. Zone A and Zone B were open on 

s t r i k e  t o  the eas t  and w e s t  respect ively,  and there  was a good poss ib i l i t y  

tha t  Zone A and Zone B were continuous. Flooding around a small lake 

prevented completion of two intervening survey l ines .  

During late November and ear ly  December, 1979, additional I P  

surveying was carr ied out to inves t iga te  both the s t r i k e  continuity and 

extension on s t r i k e  of Zone A and Zone B. The two l i nes  i n  between Zone A 

and Zone B were run a f t e r  freeze-up over rhe frozen lake. T h i s  work confirms 

tha t  the two zones a re  one and the same feature .  The l i nes  surveyed both 

t o  the east  and west confirm extensions on s t r i k e  i n  both direct ions.  

I t  is understood tha t  some d r i l l i n g  has now been carr ied out to 

invest igate  the I P  anomaly source. 

be correlated with the geophysical r e s u l t s  before deciding on addi t ional  

anomaly investigation. 

It  i s  recommended that  the d r i l l  r e su l t s  

&”., 
PHOENIX GEOPHYSICS I&#&&$ 

Dated:  February 22, 1980 

~~ 

miry Date: February 25, 1981 
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A S  S E S  SMEN T D E T A I L S  

PROPERTY: Log C l a i m s  MINING D I V I S I O N :  N i c o l a  

SPONSOR: B e t h l e h e m  C o p p e r  Gorp-Ltd. PROVINCE: B r i t i s h  C o l u m b i a  

LOCATION: Missezula Lake A r e a  

TYPE OF SURVEY: Induced P o l a r i z a t i o n  
A n d  R e s i s t i v i t y  

OPERATING MAN DAYS : 14.0  DATE STARTED: N o v e m b e r  2 4 ,  1979 

EQUIVALENT 8 HR. MAN DAYS: 21.0 DATE FINISHED:  D e c e m b e r  9 ,  1979 

CONSULTING MAN DAYS : 4.0 NUMBER OF STATIONS: 108 

DRAFTING MAN DAYS : 7 . 5  NUMBER OF READINGS : 933 

TOTAL MAN DAYS: 32.5 KM. OF L I N E  SURVEYED: 1 0 . 3 ' K M  

CONSULTANTS : 

A.W. Mullan, 310 - 885 D u n s m u i r  S t r ee t ,  V a n c o u v e r ,  B.C. 
P.G. H a l l o f ,  15 B a r n w o o d  C o u r t ,  D o n  M i l l s ,  O n t a r i o .  

F I E L D  TECHNICIANS: 

J. Marsh, 310 - 885 D u n s m u i r  S t r ee t ,  V a n c o u v e r ,  B.C. 
G. O l s e n ,  B o x  3 7 4 ,  Princeton, B.C. 

DRAUGHTSMEN : 

R.C. Nor r i s ,  106 - 10 K e n n e t h  A v e . ,  W i l l o w d a l e ,  O n t a r i o .  
R . J .  Pryde,  R . R . # l ,  S h a r o n ,  O n t a r i o .  
P.J. Anderson, 40 Landfa i r  C r e s c e n t ,  Scarborough, O n t a r i o .  

G e o p h y s i c i s t  

D a t e d :  February 22 ,  1980 

Expiry Date: February 25, 1981 
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STATEMENT OF COST 

Bethlehem Copper Corp. - I P  Survey 
Missezula  Lake Area, B.C. 

CREW: J. Marsh - G. Olsen - 
PERIOD: November 24 - December 9 ,  1979 

7 Opera t ing  days 
1 Bad Weather 

Mobi l i za t ion  

@ $750.OO/day 
@ $375.#O/day 

$5,250.00 
375.00 

500 .OO 

$6,125.00 

PHOENIX GEOPHYSICS LIMITED 

@ P h i l i p  G. H a l l o f ,  P.E 
Geophys ic i s t  

Expiry Date: February 25, 1981 

Dated: February 22,  1980 
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ADDENDUM TO STATEMENT OF COST 

P r e p a r a t i o n  of 8.1 km of geophys ica l  l i n e  
du r ing  t h e  pe r iod  October 22  - 26 ,  1979 

Amex Exp lo ra t ion  Se rv ices  L t d .  
i nvo ice  da ted  October 30, 1979 $1,887.31) 

TOTAL GEOPHYSICAL COST $8,012.30 



/AMEX EXPLORATION SERVICES LTD. 
Confidential Work 

BOX 286 BUS. 3 76-0433 
RES. 376-7490 1714 C L I F F O R D  Am. KAMu)oPS, B.C. 

-3s- A A. (AB) ABLETT 

VLB 466 

October 30th 1979. 
). . .  

Bethlehem Copper Corporation 
Suite 2100- Guiness Tower, 
1055 West Hastings Street, 
Vancouver, B.C. 

Attention: Mr. Erik Andersen 

STATEMENT OF ACCOUNT: 

RE: Geophysical Grid preparation on LOG group mineral 
claims, Missezula Lake Project. 

Amex Fees: 

8.1 kilometers @$233.00/km 

Total Requested 

Resvect f u l l y  

$1887.30 / . ' 

$1887.30 f 
i 

I 

Amex Job Number 79-82 

" O V E R  50,000 M I N E R A L  CLAIMS A N D  UNITS S T A K E D  F O R  T H E  M I N I N G  I N D U S T R Y "  
MAGNETOMETER AND GEOCHEMICAL SURVEYS, CLAIM STAKING,  L I N E  CUTTING,  SURVEYING, ETC. 
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CERTIFICATE 

I; Ashton W. Mullan, of the City of Vancouver, in the Province 

of British Columbia, hereby certify: 

1. That I am a geologist/geophysicist and a fellow of the Geological 

Association of Canada, Geophysics Division, with a business address at 

310 - 885 Dunsmuir Street, Vancouver, B.C. 

2. That I am registered as a member of the Association of Professional 

Engineers of the Provinces of Ontario and British Columbia. 

3. That I hold a B.Sc. degree from McGill University. 

4. That I have been practising my profession as a geologist/geophysicist 

f o r  over twenty-five years. 

5 .  I have no direct or indirect interest, nor do I expect to receive 

any interest directly or  indirectly, in the property o r  securities of 

Bethlehem Copper Corporation Ltd., o r  any affiliate. 

6. The statements made in this report are based on a study of published 

geological literature and unpublished privave reports. 

7. Permission is granted to use in whole or in part for assessment and 

qualification requirements 

Dated at Vancouver 

This 22nd day of February, 

but not 

1980 

for advertising 
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CERTIFICATE 

I 

I, P h i l i p  George H a l l o f ,  of t h e  C i t y  of Toronto,  Province of 

Ontar io ,  do hereby c e r t i f y  t h a t :  

1. I am a geophys ic i s t  r e s i d i n g  a t  15 Barnwood Court ,  Don M i l l s ,  

Ontar io .  

2. I a m  a g radua te  of t h e  Massachuse t t s  I n s t i t u t e  of Technology 

wi th  a B.Sc. Degree (1952) i n  Geology and Geophysics, and a Ph.D. 

Degree (1957) i n  Geophysics. 

3. I am a member of t h e  S o c i e t y  of Exp lo ra t ion  Geophysicis ts  and 

t h e  European Assoc ia t ion  of t h e  Exp lo ra t ion  Geophysicis ts .  

4. I a m  a P r o f e s s i o n a l  Geophys ic i s t ,  r e g i s t e r e d  i n  t h e  Province 

. of Ontar io ,  t h e  Province  of B r i t i s h  Columbia and t h e  S t a t e  of Arizona. 

5 .  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 ,  nor  do I expect t o  r e c e i v e  

any 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  proper ty  o r  s e c u r i t i e s  of 

Bethlehem Copper Corporat ion Ltd . ,  or any a f f i l i a t e .  

6. The s t a t emen t s  made i n  t h i s  r e p o r t  are based on a s tudy of 

publ ished geo log ica l  l i t e r a t u r e  and unpubl ished p r i v a t e  r e p o r t s .  

7.  Permission i s  g ran ted  t o  u s e  i n  whole o r  i n  p a r t  for assessment 

and q u a l i f i c a t i o n  requi rements  b u t  n o t  f o r  a d v e r t i s i n g  purposes. 

Dated a t  Toronto 

This 22nd day of February,  1980 

Expiry Date: February 25, 1981 
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CERTIFICATE 

I, JOHN MARSH, of the Munic ipa l i ty  of 
North York, Ontar io ,  DO HEREBY CERTIFY THAT: 

1. I am a geophysical  c r e w  l e a d e r  r e s i d i n g  a t  
200 Yorkland Blvd., Willowdale, Ontario.  

2. I a m  a g radua te  of the Ci ty  of Norwich 
Technical Col lege ,  U.K., ord ina ry  Nat iona l  C e r t i f i c a t e  

( E l e c t r i c a l  Engineering) 

3. I worked wi th  McPhar Geophysics Company f r o m  
1968 t o  1975 as a geophysical  c r e w  l eade r .  

4 .  1 am p r e s e n t l y  employed as a geophysical  
c r e w  l e a d e r  by Phoenix Geophysics Ltd. of 
310 - 885 Dunsmuir Street; Vancouver, B.C. , a  

Dated a t  Vancouver, B.C. 

Th i s  29 th  Day of J u l y ,  1977 

John Marsh 














