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IbltcPHAR GEOPHYSICS 

NOTES ON THE THEORY, METHOD OF FIELD OPERATION, 

AND PRESENTATION O F  DATA 

FOR THE INDUCED POLARIZATION METHOD 

Induced Polarization a s  a geophysical measurement re fers  

to the blocking action o r  polarization of metallic o r  electronic 

conductors in a medium of ionic solution conduction. 

This elec tro-chemical phenomenon occurs wherever e 
electrical  current  is passed through an a r e a  which contains metallic 

minerals such a s  base ,metal sulphides. Normally, when current  is 
. .  

passed through the ground, as  in resistivity measurements,  ali 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 all 

minerals have a much higher specific resistivity than ground water. 

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

have specific resist ivit ies much lower than ground waters. The 
, .  

induced polarization effect takes place a t  those interfaces where the 

mode of conduction changes from ionic in the solutions filling the 

e interstices of the rock to electronic in the metallic minerals present  e interstices of the rock to electronic in the metallic minerals present  



in the rock. 
7 

The blocking action o r  induced polarization mentioned 

above, which depends upon the chemical energies necessary to allow 

the ions to give up 01' receive electrons f rom the metallic surface,  

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

the rock; i. e. a s  ions pile up against the metallic interface the 

resis tance to cur ren t  flow increases .  Eventually, there is enough 

polarization in the form of excess  ions at  the interfaces,  to appreciably 

reduce the amount of current  flow through the metall ic particle.  

polarization takes place at each of the infinite number of solution-metal 

interfaces in a mineralized rock. 

This 

When the d. c. voltage used to create  this d. c. cur ren t  

flow is cut off, the Coulomb forces  between the charged ions forming 

the polarization cause them to return to their  normal position. This 

movement of charge cr'eates a small cur ren t  flow which can be 

measured on the surface of the ground as a decaying potential difference. 

F r o m  an alternate viewpoint i t  can be seen that i f  the 

direction of the current  through the system is reversed  repeatedly 

before the polarization occurs ,  the effective resist ivity of the system 

as a whole will change as the frequency of the switching i s  changed. 

This is a consequence of the fact that the amount of cur ren t  flowing 

through each metallic interface depends upon the length of t ime that 

. curren t  has been passing through it  'in one direction. 



The values? of the per  cent frequency effect or’ F. E. a r e  

a measurement of the polarization in-the rock mass .  However, since 

the measurement of thte degree of polarization is related to the apparent 

resistivity of the rock mass  i t  is found that the metal  factor values o r  

M. F. a r e  the most  useful values. in determining the amount o f .  

polarization present  in the rock mass.  

normalizing the F. E. values for varying resist ivit ies.  

The MF values a r e  obtained by 

The induced polarization measurement i s  perhaps the most 

powerful geophysical method for the direct  detection of metallic 

sulphide mineralization, even when this mineralization is of very 

low concentration. 

necessary to produce a recognizable IP anomaly will vary‘with the 

geometry and geologic environment of the source,  and the  method of 

The lower limit of volume per  cent sulphide 

. 

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

one per  cent by volume has been det.ected by the IP method-under 

proper geological conditions. 
1 ,  

The greatest  application of the IP method has been in the 

search  for disseminated metallic sulphides of less  than 20% by volume. 

However, it has also heen used successfully in the search  for  massive 

sulphides in situations where, due to source geometry, depth of source,  

o r  low resist ivity of surface layer,  the EM method can not be successfully 

applied. 

* .  

The ability t o  differentiate ionic conductors, such a s  water 

‘ f i l led shear  zones, makes the IP method a useful tool in checking EM 

, 
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measured for  each s e t  of electrode positions are pldtted a t  the inter- _ _  

section of grid l ines ,  one f r o m  the center point of the current  electrodes 

and the other f rom the center point of the potential electrodes. 

Figure A. ) The resist ivity values a r e  plotted above the line a s  a m i r r o r  

image of the metal  factor values below. 

metal factor values, a r e  plotted the values of the pe r  cent frequency effect. 

In some cases  the values of pe r  cent frequency effect a r e  plotted.as 

superscr ipts  of the meta l  factor value. 

effect values a r e  not contoured. 

value is determined by the location along the survey line of the center 

point between the current  and potential electrodes. 

value from the line is determined by the distance (nx)  between the current  

and potential electrodes when the measurement was made. 

(See 

On a second line, below the 

In this second case  the frequency 

The la te ra l  displacement of a given 

The distance of the 

The separation between sender and receiver  electrodes is 

only one factor whiclh determines the depth to which the ground is being 

sampled in any particular measurement.  The plots then, when 

contoured, a r e  not section maps of the electr ical  properties of the 

ground under the survey line. 

any given survey must  be car r ied  out using the combined experience 

The interpretation of the resul ts  f rom 

gained f r o m  field re,sults, model study resul ts  and theoretical investi- 

gations. The position of the electrodes when anomalous values a r e  

measured is imoortant in  the i 
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indicated for the corresponding value of Apparent Metal Factor. In 

contouring negative villues the contour lines a r e  indicated to the neares t  

positive value in the immediate vicinity of the negative value, 

The symbol "NR" indicates that for some reason the operator 

did not attempt to record a reading although normal survey procedures 

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

topography o r  other similar reasons. Any symbol other than those dis- 

cussed above i s  unique to a particular situation..and is described within 

the body of the report. 

. .  

. .  



METHOD U S E D  IN BLOTTING D I P O L E -  DIPOLE 

I N D U C E D  P O L A R I Z A T S O M  A N D  W E S I S B I V I V Q  RESULTS 

v L L  I 2 3 4 5 6 7 0 9 

SVaVions on ling x = ElecPPoda, SgPQad l@ngvh 
n = ElecVroBe segereviow 

n - 4  

n. - 3 
n - 2  

_. P P P 
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5 6 7 8 9 
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prercnt invertigstjoa W I ~  haterrdad ta test for the prosceca of any con- 

culrtrrtioar of metallic miluarals and ana performed during December, 1969 
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CYPRUS EXPLORATION CORP. LTD. 

AREA "B" SKUHUN CREEK CLAIMS, HIGHLAND VALLEY AREA, KAMLOOPS M.D., B.C. . 
S C A L E  

ONE INCH EOUALS FOUR MILES 

D N  H 1970 



Department of 

Mines and Petroleum Resources 
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Pro,rpect, 0 Pro,rpect, 

Lias 44E. Lias44E. ' 

. .  

0 
. I  



0 

Expiry h ie :  April 25, 1970 
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