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McPHAR GEOPHYSICS LIMITED 

REPORT QN THE 

INDUCED POLARLZATION 

BMD RE%ZgZIVITY SURVEY 

COUNTS LAKE PROPERTY 

FWSER LA- AREA, BRITISH COLUMBIA 

FOR 

AMAX EXPILORATION INCORPORATED 

1. INTRODUCTION 

At the re+*& of Mr. W. W. Show, geopkysieist for the 

Gompsny an tndwed polarhation and resistivity nrrvay has been 

carried out an the Counts Lake Property la the Fraser Lalre Arao 

of British Columbia far Amax Exploratien TncorporatQ$. The pro- 

peaty lies in the Odnsca  W i n g  Dfvisfen tn the NW qwdrazlt af the 

1' quadrilateral whose SE corner is a t  53%, laA'W. 

Ovsrburdea i m  rsported to be qdtm heavy in the area but 

float fn&cates that the central part of the grid is wderbtin by lyasey 

Granite. The En&k b r h  M~ltraeaaite occurs on the northern edge 

of the grid while most of the santhens blf cpf the prmerty is underlain 

by diorfte. A geocheinical anomaly ie  located o11 the southern part of 

the; Casey Grraite near its centact with the dierite. Minor - molybdanlte ..- 
mineraUsation is wiQalg scattered in all rock types am smears on 

fracture planes and irregular qmarta vebiste. Minar pyrite ond tracer . - 



gS chakopyrite acearr in the Gasq Grkntae rad &~rite.  Swarms Bf dikes -- 
cwt tha CP*ey Graaite and r a m  of the more barie ones are 5 ot 18 fast 

wide urd cmtain up t s  5 percent ilisaemiar,t.tf pyrite. 

The IP fiekb surveying war c a r r i d  mt in June 1967. The 

2. P R E S E M T A T I B N  O F  RESULTS 

do&a ploba in the mrnaer described in the notss primding this reprprt, 
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Eaclesed witb thim report i s  Dwg. Wac. 3262, a plan map 

af the grid at a scale Of 1" - 500 fert. The definftc a d  posrible inducd 

polarisation an~atolies are ladtea$& by sdid and broken bars recp~ctively 



on xRis plon mrp a8 wall or the d.to plow. There bars mpeseat the 

surface proje&.sa of the imomrlas saMs as interpreted from the 

loca$iaa of the tr*asaaftkr sad rlt.irr?+ e l c t r d e s  whea Ule anomrl~tm 

mbeo were muswab. 

Siacs the Lnduced proiarisktiaa meamwemaat I6 es8eatially an 

aveny;lng procam, r r  are all p&aaMat methods. it Ls frequ-tly Mficult 

to eaactly pinpoiat the Musrce stf an .a-ly. CerM1i1.y~ so  molfl~iy con 

be located w i a  mere accurrey than the e r ead  length: i. e. when using 

300' spreads the porrttioa at a lurroa strZphLae body can amly be deter- 

rained tcp lie between hPo rtations 3Et(11 apart. l[n order to locate stnrrces 

at rome depth, larger rprrudr must be us&. with r co~respcslding in- 

errure in the mcertointier of loeatiaps. Therdare, while the center of 

tks indicated mosraky probahly lyorre e frlrly well with sbuxcs, the 

l a n e  of tke heU~1t.d rnomrly alowg the We &aaLd not be fakm to rep- 

res-t the w e t  &gas ak the .momrlsua materid. 

3. DZSCUSOION OF R E S U L T @  

Mort of tho tP reqmnres encounters8 an the praperty are 



mch as  the chants near 35 on 40s Pad at the base ltrs on ZQE. "Phis 

ferhue has been co r r eh td  from line t a  ffac and is shorn on the plaa 

mrp. Tkere is no arldarce of W a  chragc we& of Line Q. 

lSnc M E  

Narrmv o h s W  w r c e s  mog be the caum af the weak effects 

n6ar Sf-4 utd 11M. Dst.lUng with rRQrter . p r ~ d 5  would be ~equired to 

cQartirm these ~bmofi*s but they are toe weak to wsrraat further work 

at prerurt. 

Liao ME 

A week .helhv scrurce is ekmm betwe* 0 a d  aM. It hra 

be- interpret4 frer~ll raskl factar w k e s  that are only twice backgmmnd 

pmd probably rqaraaantr a afi@t krkcreawe in msOlUte contest. 

Line 20E 

As oa Ltne ME, a wil)..k s h n l i ~ ~  m r e e  ~ ~ e u r s  &at north 

of the base h e .  between 0 .,nd 6N. 

Weaker Indication* edtead gr~rorn 3S to lW. 



and t r m  15s to MS. with weaker mfnerpSirrMen in the area Batneat 

these twa ~~0rnaU.e. 

Lins low - 
A n ~ l o u e  dfrcts etend over tks mtire length of this traverse. 

scurce with some d+ te its top 



mica1 Bf those &Wind war sawrcsa of very law rnetartte c ~ n t a t .  The 

ate thrrt tbia znaterirf is @k artaallva cm the weatsrn pegtian 
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McPHAR GEOPHYSICS LIMITED 

NOTES ON THE THEORY O F  INDUCED POLARIZATION 

AND THE METHOD OF FIELD OPERATION 

Induced Polarization a s  a geophysical measurement  r e f e r s  

to  the blocking action o r  polarization of metal l ic  o r  e lectronic  

conductors in a medium of ionic solution conduction. 

This e lectro-chemical  phenomenon occur s  wherever  

e lec t r ica l  cur ren t  i s  passed through an a r e a  which contains metal l ic  

minera ls  such a s  base  m e t a l  sulphides. Normally, when cu r ren t  is 

passed through the ground, a s  in res is t ivi ty  measurements ,  a l l  of the  

conduction takes  place through ions present  in the  water  content of the 

rock, o r  so i l ,  i. e. by ionic conduction. This i s  because almoat a l l  

minera ls  have a much higher specific res is t ivi ty  than ground water. 

The group of mine ra l s  commonly descr ibed a s  "metallic", however, 

have specific res is t ivi t ies  much lower than ground waters.  The 

induced polarization effect takes place at  those interfaces  where  the 

mode of conduction changes f r o m  ionic in the solutions fi l l ing the 

in te rs t ices  of the rock  to  electronic in the metall ic minera ls  present  

i n  the rock. 

The blocking action o r  induced polarization mentioned 

above, which depends upon the chemical  energies  necessa ry  to  allow 

the ions to give up o r  receive electrons f r o m  the metal l ic  su r f ace ,  

increases  with the t ime that a d. c. cu r ren t  is allowed to flow through 



the rock; i. e. a s  ions pile up against  the metal l ic  interface the 

r e s i s t ance  to  cu r r en t  flow increases .  Eventually, t he re  i s  enough 

polarization in the f o r m  of excess  ions a t  the in te r faces  to  effectively 

s top a l l  cu r r en t  flow through the metal l ic  particle.  This polarization 

takes  place a t  each of the infinite number  of solution-metal  in te r faces  

in  a minera l ized  rock. 

When the d. c. voltage used to c r e a t e  this  d. c. c u r r e n t  

flow i s  cut off, the Coulomb f o r c e s  between the charged  ions forming  

the polarization cause  them to r e t u r n  to the i r  n o r m a l  position. This  

movement of cha rge  c r e a t e s  a s m a l l  c u r r e n t  flow which can be 

measu red  on the su r f ace  of the ground a s  a decaying potential difference. 

F r o m  an  a l te rna te  viewpoint it can  be seen  that  if the 

direct ion of the  cu r r en t  through the s y s t e m  i s  r e v e r s e d  repeatedly 

before  the polarization o c c u r s ,  t he  effective res i s t iv i ty  of t he  s y s t e m  

a s  a whole will  change a s  the  f requency of the  switching i s  changed. 

This  i s  a consequence of t h e  f ac t  that  t he  amount of c u r r e n t  flowing 

through each  meta l l i c  in te r face  depends upon the length of t i m e  that  

cu r r en t  has been passing through it i n  one direction. 

The values of t he  "metal  fac tor"  o r  "M. F. " a r e  a m e a s u r e  

of the amount of polarization presen t  i n  t he  rock  m a s s  being surveyed, 

This  pa rame te r  has  been found to  b e  very  success fu l  i n  mapping a r e a s  

of sulphide mineral izat ion,  even those i n  which a l l  o ther  geophysical  

methods have been unsuccessful.  The induced polarization m e a s u r e m e n t  

i s  more sensi t ive  to  sulphide content than other  e l ec t r i ca l  measu remen t s  



because it i s  much m o r e  dependent upon the  sulphide content. As the 

sulphide content of a rock i s  increased ,  the "metal  fac tor"  of the rock  

inc reases  much m o r e  rapidly than the resis t ivi ty  decreases .  

Because of this  increased  sensit ivity,  i t  i s  possible to  

locate and outline zones of l e s s  than 10% sulphidss that can ' t  be  

located by E. M. Methods. The method has  been successful  in locating 

the disseminated "porphyry copper" type mineralization in  the South- 

wes tern  United States. 

Measurements  and experiments  a l so  indicate that it should 

be possible to locate most  mass ive  sulphide bodies a t  a g rea t e r  depth 

with induced polarization than with E. M. 

Since the re  is no I. P. effect f r o m  any conductor unless i t  

i s  metal l ic ,  the method i s  useful in checking E. M. anomalies that  a r e  

suspected of being due to  water  fi l led s h e a r  zones o r  other ionic 

conductors. There  i s  a l so  no effect f r o m  conductive overburden, which 

frequently confuses E. M. resul ts .  It would appear  f r o m  sca le  model 

experiments and calculations that the  apparent  meta l  fac tors  measu red  

over a mineral ized zone a r e  l a r g e r  if the ma te r i a l  overlying the zone 

i s  of low resist ivity.  

Apropos of t h i s ,  i t  should be stated that the  induced 

polarization measurements  indicate the total  amount of metal l ic  

constituents in the rock. Thus a l l  of the metal l ic  minera ls  in the rock ,  

such a s  pyrite,  as  well a s  the o r e  mine ra l s  chalcopyrite,  chalcocite,  

galena, etc. a r e  responsible fo r  the induced polarization effect. Some 



oxides such a s  magnetite,  pyrolusite,  chromite ,  and some f o r m s  of 

hematite a lso conduct by electrons and a r e  metall ic.  All of the metal l ic  

minera ls  in the rock will contribute to the induced polarization effect 

measured  on the surface.  

In the field procedure,  measurements  on the sur face  a r e  

made  in a way that  allows the effects of l a t e ra l  changes in the propert ies  

of the ground to  be  separated f r o m  the effects of ver t ical  changes in the 

properties. Current  i s  applied to  the ground at two points a dis tance 

(X) apart .  The potentials a r e  measured  a t  two other  points (X) fee t  

apar t ,  in line with the cu r ren t  electrodes.  The distance between the 

n e a r e s t  cur ren t  and potential e lectrodes i s  an integer number (N) t imes  

the basic  distance (X). 

The measurements  a r e  made  along a surveyed l ine,  with 

a constant distance (NX) between the nea res t  cur ren t  and potential 

electrodes. In most  surveys ,  s eve ra l  t r a v e r s e s  a r e  made with various 

values of (N); i. e. (N) = 1 ,  2 ,  3 ,  4 ,  etc. The kind of survey required 

(detailed o r  reconnaissance) decides  the  number of values of (N) used. 

In plotting the r e su l t s ,  the values of the apparent  res is t ivi ty  

and the apparent meta l  factor  measured  fo r  each s e t  of electrode 

positions a r e  plotted at  the intersection of gr id  l ines ,  one f r o m  the 

center point of the cur ren t  e lectrodes and the other  f r o m  the center  

point of the potential electrodes. The resis t ivi ty  values a r e  plotted 

above the line and the me ta l  factor  values below. The l a t e ra l  displace-  

ment of a given value i s  determined by the location along the survey 



line of the center  point between the cu r ren t  and potential electrodes.  

The distance of the value f rom the line i s  determined by the distance 

(NX) between the cu r ren t  and potential e lectrodes when the m e a s u r e -  

ment  was made. 

The separat ion between sender  and rece iver  e lectrodes i s  

only one factor  which de termines  the depth to  which the  ground i s  being 

sampled in any par t icular  measurement .  These plots then, when 

contoured, a r e  not section maps of the e lec t r ica l  propert ies  of the 

ground under the survey line. The interpretat ion of the resu l t s  f r o m  

any given survey must  be  c a r r i e d  out using the combined experience 

gained f rom field,  model and theoret ical  investigations. The position of 

the electrodes when anomalous values a r e  measured  mus t  be used in the 

interpretation. 

In the field procedure,  the interval  over which the potential 

differences a r e  measu red  is the  s a m e  a s  the interval  over  which the 

electrodes a r e  moved af ter  a s e r i e s  of potential readings has  been made. 

One of the advantages of the induced polarization method i s  that  the 

s a m e  equipment can b e  used f o r  both detailed and reconnaissance surveys 

mere ly  by changing the dis tance (X) over  which the electrodes a r e  moved 

each time. In the past ,  in tervals  have been used ranging f r o m  100 fee t  

to  1000 fee t  for  (X). In each c a s e ,  the decision a s  to the distance (X) 

and the values of (N) i s  largely determined by the expected s i ze  of the 

mine ra l  deposit being sought, the s i ze  of the expected anomaly and the 

speed with which it i s  des i r ed  to progress .  



The diagram in Figure 1 below demonstrates the method 

used in plotting the results. Each value of the apparent resistivity 

and the apparent "Metal factor" i s  plotted and identified by the position 

of the four electrodes when the measurement was made. It can be seen 

that the values measured for the larger  values of (n) a r e  plotted farther 

from the line indicating that the thickness of the layer of the earth that 

i s  being tested is greater than for the smaller  values of (n); i. e. the 

depth of the measurement i s  increased. 

METHOD USED IN PLOTTING DIPOLE-DIPOLE 

INDUCED POLARIZATION AND RESlSTlVlTY RESULTS 

Stations on line 
b' x = Electrode spread length 

n = Electrode separation 

n- l P P P P 

I 

MF M F MF' 
\ 

n-I M F MF' MF 
1.2-3.4 2,3 45 3,4-$6 4.5-67 5,6-7.8 6,7-8.9 
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INDUCED POLARIZATION AND R E S I S T I V I T Y  SURVEY 
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