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McTJHAR GEOPHYSICS LIMITED 

NOTES ON THE THEORY O F  INDUCED POLARIZATION 

AND THE METHOD O F  FIELD OPERATION 

Induced Polar izat ion as  a geophysical measu remen t  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 lec t ro-chemica l  phenomenon occu r s  wherever  

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

mine ra l s  such a s  base  m e t a l  sulphides. Normally ,  when c u r r e n t  is  

passed through the ground, a s  in res i s t iv i ty  measu remen t s ,  a l l  of t he  

conduction takes  place through ions presen t  in  t he  water  content of the  

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

m ine ra l s  have a much higher specific res i s t iv i ty  than ground water.  

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

have specific res i s t iv i t i es  much lower than ground waters .  The 

induced polarization effect takes  place a t  those in te r faces  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 e lectronic  in the metal l ic  mine ra l s  p re sen t  

i n  the rock. 

The blocking action o r  induced polarization mentioned 

above, which depends upon the chemical  energ ies  neces sa ry  to  allow 

the ions to give up o r  rece ive  e lectrons f r o m  the metal l ic  su r f ace ,  

i nc reases  with the t ime that a d. c. cu r r en t  i s  all?wed to flow through 



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

r e s i s t ance  to c u r r e n t  flow inc rease s .  Eventually,  t he re  i s  enough 

polarization in the  f o r m  of exces s  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  part icle.  This polarization 

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

in  a minera l ized  rock. 

When the  d. c. voltage used to c r e a t e  th is  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 tu rn  to the i r  n o r m a l  position. This  

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

m e a s u r e d  on the  s u r f a c e  of the  ground a s  a decaying potential difference.  

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

direct ion of the cu r r en t  through the ays t em i s  r e v e r s e d  repeatedly 

before  the polarization o c c u r s ,  the  effective res i s t iv i ty  of the  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 the  f ac t  that  the  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  

c u r r e n t  has  been passing through i t  in  one direction.  

The values of the  "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  in  the  rock  m a s s  being surveyed. 

This  pa rame te r  has  been found to  be  very  success fu l  in  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  m e a s u r e m e n t s  



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

sulphide content of a rock  i s  i nc rea sed ,  the  "metal  fac tor"  of the rock  

inc rease s  much m o r e  rapidly than the  res i s t iv i ty  dec rease s .  

Because of this i nc rea sed  sensi t iv i ty ,  i t  i s  possible to 

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

located by E. M. Methods. The method has  been success fu l  in locating 

the disseminated "porphyry copper" type mineral izat ion i n  the  South- 

wes t e rn  United States.  

Measurements  and exper iments  a l so  indicate that  it should 

be possible to locate mos t  m a s s i v e  sulphide bodies a t  a g r e a t e r  depth 

with induced polarization than with E. M. 

Since t h e r e  i s  no I. P. effect f r o m  any conductor unless  i t  

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

suspected of being due to wate r  f i l led s h e a r  zones o r  other  ionic 

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

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

exper iments  and calculations that  the  apparen t  me ta l  f ac to r s  m e a s u r e d  

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  s ta ted that  t he  induced 

polarization measu remen t s  indicate the tota l  amount of metal l ic  

constituents in the rock. Thus a l l  of the  metal l ic  mine ra l s  in the  rock ,  

such a s  pyr i te ,  a s  well a s  the o r e  mine ra l s  chalcopyri te ,  chalcoci te ,  

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



oxides such a s  magnet i te ,  pyrolusi te ,  ch romi t e ,  and some f o r m s  of 

hemat i te  a l so  conduct by e lec t rons  and a r e  metal l ic .  All of the meta l l i c  

minera l s  in the rock will contribute to the induced polarization effect  

measu red  on the  sur face .  

In the f ie ld  procedure ,  measu remen t s  on the  su r f ace  a r e  

m a d e  in  a way tha t  allows the effects  of l a t e r a l  changes in  the  proper t ies  

of the  ground to be  s epa ra t ed  f r o m  the effects of ver t i ca l  changes in the 

proper t ies .  Cur ren t  is  applied to the  ground at two points a d i s tance  

(X) apar t .  The potentials a r e  measu red  a t  two o ther  points (X) f ee t  

a p a r t ,  in line with the  c u r r e n t  e lect rodes .  The dis tance between the  

n e a r e s t  c u r r e n t  and potential e lec t rodes  i s  an  integer  number  (N) t i m e s  

the  bas ic  dis tance (X). 

The measu remen t s  a r e  made  along a surveyed l ine ,  with 

a constant d i s tance  (NX) between the  n e a r e s t  c u r r e n t  and potential  

e lect rodes .  In mos t  su rveys ,  s e v e r a l  t r a v e r s e s  a r e  made  with var ious  

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

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

In plotting the r e s u l t s ,  the values of the apparen t  res i s t iv i ty  

and the apparent  m e t a l  factor  m e a s u r e d  fo r  each s e t  of e lec t rode  

positions a r e  plotted a t  the  in te rsec t ion  of g r id  l ines ,  one f r o m  the  

center  point of the cu r r en t  e lec t rodes  and the  o the r  f r o m  the cen t e r  

point of the  potential e lect rodes .  The  res i s t iv i ty  values a r e  plotted 

above the l ine and the  m e t a l  f ac to r  values below. The l a t e r a l  d i sp lace-  

ment  of a given value is  determined by the  location along the  su rvey  



line of the  cen te r  point between the  c u r r e n t  and potential electrodes.  

The dis tance of the value f r o m  the line i s  determined by the  dis tance 

(NX) between the  cu r r en t  and potential e lec t rodes  when the  m e a s u r e -  

ment  was made. 

The separat ion between sender  and r ece ive r  e lec t rodes  i s  

only one factor  which de te rmines  the depth t o  which t he  ground i s  being 

sampled in  any par t icu la r  measurement .  These plots then,  when 

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

ground under the  survey line. The interpreta t ion of the  r e su l t s  f r o m  

any given survey  mus t  be c a r r i e d  out using the  combined exper ience 

gained f r o m  field,  model and theore t ica l  investigations. The position of 

the e lec t rodes  when anomalous values a r e  measu red  mus t  be  used in the 

interpretation.  

In the field procedure ,  the interval  over  which the potential 

d i f ferences  a r e  measu red  i s  the  s a m e  a s  the interval  over  which the  

e lectrodes  a r e  moved af ter  a s e r i e s  of potential readings h a s  been made. 

One of the advantages of the induced polarization method is that  the  

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

m e r e l y  by changing the  dis tance (X) ove r  which the  e lectrodes  a r e  moved 

each t ime. In the  past ,  in te rva l s  have been used ranging f r o m  100 fee t  

t o  1000 fee t  f o r  (X). In each c a s e ,  the decision a s  to the dis tance (X) 

and the values of (N) is la rge ly  de te rmined  by the expected s i ze  of the  

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

speed with which i t  i s  de s i r ed  to p rogress .  



The d i ag ram in  F igu re  1 below demons t r a t e s  the method 

used in  plotting the resu l t s .  Each value of the  apparent  res i s t iv i ty  

and the apparent  "Metal fac tor"  i s  plotted and identified by the  position 

of the  four e lec t rodes  when the  measu remen t  was made. It can be  s e e n  

that  the  values m e a s u r e d  f o r  the l a r g e r  values of (n) a r e  plotted f a r t h e r  

f r o m  the line indicating that  the  thickness  of the  l aye r  of the  e a r t h  tha t  

is being tes ted is g r e a t e r  than f o r  t he  s m a l l e r  values of (n);  i. e. the  

depth of the  measu remen t  i s  increased.  

METHOD USED IN PLOTTING DIPOLE-DIPOLE 

INDUCED POLARIZATION AND RESISTIVITY RESULTS 

Stations on lme 
\/ x = Electrode spread length 

n = Electrode separation 
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3AR GEOPHYSICS LIMITED 

' I Q K  - 
request of Mr. W. W. Shaw, geophysicist for the Company. 

r t  tsvo additional induced polari~atlon t raverses  on the Sam 

rty for Amax Exploration Incorporated. The property is 

r of tile Qmineca Mining Division, in the southeast q:~adrant 

era1 whose SE corner is at 54.P;. l25.U'. 

The area is of intereat because of a molybdenite s:towing atld t!!e 

purpose of the survey was to amnist in outlirir~g a reas  of metallic rninerali- 

sation. A more extensive survey was carried out in 1966, a s  described in 

our report of December 7,1966. 

2, t 3 i l E S E > i T A T I O N  O F  R E S U L T S  

The Induced f,oiari%atian and Resistivity resultn a r e  shmm on 

the following data plots in the manner described in the notes praceding this 

report. 

Line 24%- 

Line 35s 

509 foot spreads 

300 foot spreads 



Enclosed with this report is h g .  I. E'. fi. 3295 ,  a plan map of 

the grid, showing tile geophysical results from trie two snrvcya, at a scale 

of I"  = 409'. Tho definite and posslbla indaced polarization anomalies a r e  

iidicatad by eolid anti bro!cen bare respectively on t h i s  plm map a8 well as 

the data plots. These ba r s  represerrt the surface prajection of the anomalous 

sones a s  interpreted from the loc8tian of the trr)r,sr.itter and receiver elcc- 

trodas whan tne anomalous values were measured. 

Since the induced polarization measurement i s  essentially an 

averaging process, a5 a r e  ZLU potential methods, i t  i s  frequently difficult to 

exactly pinpoint t?le source of an anomaly. Certainly. no anomaly can be 

located with more 2ccuracy than the sprslld length: i. e. when =sing 500' 

spreads the ponition of a narrow sulphide body can only be determined to 

lie between two stations 500' apart. In order to locrta sources a t  same 

depth, larger spreads must be used. with o corresponding increase in the 

uncertainties of location. Therefore, while the cantre of the indicated m o -  

maly probably corresponds fairly well with source, the length o: the  indicated 

anomaly along the line should not be token to  represent the cxret edges of the 

anomalous material. 

3. DISCUSSIOK O F  J E S U L T S  

Line 24% 

The previous data obtained with 300 foot .ectrode intervals in- 

dicated a possible anomaly near the Base Line, but the pattern was incomplete. 

This feature has now been checkad with 500 foot dlpoles and the results show 

a probable shallinv anomaly ceatred st the Base Line. 



Line 35s 

This i s  a new line and was surveyed u a l n ~  n 300 foot ittterval. 

There a r e  no eaaily recogpised anomalies but there is a slight increase in 

the XI.' effects on the entral portion of the traverse. Theae minor effects 

appear to correspond with porsible we& anomaliea obtained previously 

on Line 6% and Line 10E. 

4. S U M M A R Y  AWD R E C O M M E N D A T I O N S  

The two LP t raverse* have con(irm6d the resulta of the previous 

eurvw. Fuyther work is therefor warrlnted to  delimit the aeveral zones 

and to serve as a p i d e  tor a dr i l l  test. 
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