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McPHAR GEOPHYSICS LIMITED N O T E :  CONTOURS AT 
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INDUCED POLARIZATION AND RESISTIVITY SURVEY 
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SURFACE PROJECTION 
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McPHAR GEOPHYSICS LIMITED 
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ELECTRODE CONVIWRATION 
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McPHAR GEOPHYSICS LIMITED 

NOTES ON THE THEORY OF 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 or  polarization of metal l ic  o r  e lectronic  

conductors in  a medium of ionic solution conduction. 

This electro-chemical phenomenon occurs  wherever  

electr ical  cur rent  i s  passed through an a r e a  which contains metal l ic  

minera ls  such a s  base  me ta l  sulphides. Normally, when cu r ren t  i s  

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

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

rock, o r  soil ,  i. e. by ionic conduction. This is because almost  a l l  

minera ls  have a much higher specific resietivity than ground water. 

The group of minera ls  commonly descr ibed a s  "metallic", however, 

have specific resis 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 filling the  

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

in  the rock. 

The blocking action o r  induced polarization mentioned 

above, which depends upon the chemical energies  necessary  to allow 

the ions to give up o r  receive electrons f r o m  the metal l ic  sur face ,  

increases  with the t ime that a d.c. cu r ren t  i s  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, there  i s  enough 

polarization in the f o r m  of exces s  ions a t  the interfaces  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 ia fk+rmrmber  of solution-metal  in te r faces  

i n  a mineral ized rock. 

When the d. c. voltage used to c r ea t e  this  d. c. cu r r en t  

flow is cut off ,  the Coulomb f o r c e s  between the charged ions fo rming  

the polarization cause  them to r e tu rn  to  the i r  no rma 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 

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 cur ren t  - through the s y s t e m  i s  r e v e r s e d  repeatedly 

before  the polarization occu r s ,  t h e  effective res is t ivi 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  is a consequence of t he  fac t  that  t he  amount of cu r r en t  flowing 

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

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

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

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

This  pa rame te r  has  been found to  b e  very successful  in  mapping a r e a s  

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

methods have been unsuccessful. The induced polarization measu remen 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  factor"  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% sulphides 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  i s  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  filled shea r  zones o r  other ionic 

conductors. The re  is 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  measured  

over  a mineralized 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 resistivity. 

Apropos of th 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  pyri te ,  a s  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 as magnetite, pyrolusite, chromite, and some forms of 

hematite also conduct by electrons and a r e  metallic. A l l  of the metallic 

minerals in the rock will contribute to the induced polarization effect 

measured on the surface. 

In the field procedure, measurements on the surface a r e  

made in a way that allows the effects of lateral changes in the properties 

of the ground to be separated from the effects of vertical changes in the 

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

(X) apart. The potentials a re  measured at  two other points (X) feet 

apart,  in line with the current electrodes. The distance between the 

nearest  current and potential electrodes is an integer number (N) times 

the basic distance (X). 

The measurements a r e  made along a surveyed line, with 

a constant distance (NX) between the nearest current and potential 

electrodes. In most surveys, several t raverses  a r e  made with various 

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

(detailed or  reconnaissance) decides the number of values of (N) used, 

In plotting the results ,  the values of the apparent resistivity 

and the apparent metal factor measured for each set  of electrode 

positions a r e  plotted at the intersection of grid lines, one from the 

center point of the current electrodes and the other from the center 

point of the potential electrodes. The resistivity values a r e  plotted 

above the line and the metal factor values below. The lateral  displace- 

ment of a given value is determined by the location along the survey 



I 
1 line of the center  poiut between the  c u r r e n t  and potential electrodes.  

The dis tance of the value f rom the line i s  determined by the dis tance 

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

ment was made. 

The separat ion between sendc r and rece iver  e lec t rodes  is 

only one factor which de te rmines  the depth to  which the ground is being 

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

contoured, a r e  not sect ion maps of thc: e l e r t r ~ c a l  properties of the 

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

any given su rvey  m u s t  be c a r r i e d  out  using the combined experience 

gained f rom field,  model  and theore t ica l  investigations. The position of 

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

interpretation. 

In the field procedure ,  the interval  over  which the potential 

differences a r e  measu red  is t h e  s a m e  a s  the in te rva l  over  which the 

electrodes a r e  moved af te r  a s e r i e s  of potential readings h a s  been made. 

One of the advantages of the induced polarization method i s  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 di$tance (X) o v e r  which the e lec t rodes  a r e  moved 

each time. In the pas t ,  in te rva ls  have been used ranging f r o m  100 fee t  

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

and the values of (N) i s  l a rge ly  determined by the expected s i z e  of the  

m i n e r a l  deposit  betng sought, the s i z e  of the expected anomaly and the  

speed with which i t  is d e s i r e d  to progress .  






