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McPHAR GEOPHYSICS LIMITED 

NOTES ON THE THEORY OF INDUCED POLARIZATION 

AND THE METHOD OF FIELD OPERATION 

Induced Polarisation as a geophysical, measurement refers 

to the blocking action or polarisation of metallic or electronic 

conductors in a medium of ionic solution conduction. 

I. 

This electro-chemical phenomenon occurs wherever 

electrical current is passed through an area which contains metallic 

minerals such as base metal sulphides. Normally, when current is 

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

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

rock, or 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 as “metallic”, however, 

have specific resistivities much lower than ground waters. The 

induced polarisation effect takes place at those interfaces where the 

mode of conduction changes from ionic in the solutions filling the 

interstices of the rock to electronic in the metallic minerals present 

in the rock, 

The blocking action or induced polarization mentioned 

above, which depends upon the chemical energies necessary to allow 

1. 
the ions to give up or receive electrons from the metallic surface, 

increases with the time that a d. c. current is allowed to flow through 
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the rock; i. e. as ions pile up against the metallic interface the 

resistance to current flow increases. Eventually, there is enough 

polarization in the form of excess ions at the interfaces to effectively 

stop all current flow through the metallic particle. This polarization 

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

in a mineralized rock. 

When the d. c. voltage used to create this d. c. current 

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 creates a small current flow which can be 

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

From an alternate viewpoint it can be seen that if the 

direction of the current through the system is reversed repeatedly 

before the polarization occurs, the effective resistivity of the system 

as a whole will change as the frequency of the switching is changed. 

This is a consequence of the fact that the amount of current flowing 

through each metallic interface depends upon the length of time that 

current has been passing through it in one direction. 

The values of the “metal factor” or “M. F. ” are a measure 

of the amount of polarization present in the reck mass being surveyed. 

This parameter has been found to be very successful in mapping areas 

of sulphide mineralization, even those in which all other geophysical 

methods have been unsuccessful. The induced polarization measurement 

is mm-e sensitive to sulphide content than other electrical measurements 
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because it is much more dependent upon the sulphide content. As the 

sulphide content of a rock is increased, the “metal factor” of the rock 

increases much more rapidly than the resistivity decreases. 

Because of this increased sensitivity, it is possible to 

locate and outline zones of less 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- 

western United States. 

Measurements and experiments also indicate that it should 

be possible to locate most massive sulphide bodies at a greater depth 

with induced polarisation than with E. M. 

Since there is no I. P. effect from any conductor unless it 

is metallic, the method is useful in checking E. M. anomalies that are 

suspected of being due to water filled shear zones or other ionic 

conductors. There is also no effect from conductive overburden, which 

frequently confuses E. M. results. It would appear from scale model 

experiments and calculations that the apparent metal factors measured 

over a mineralized zone are larger if the material overlying the zone 

is of low resistivity. 

Apropos of this, it should be stated that the induced 

polarization measurements indicate the total amount of metallic 

constituents in the rock. Thus all of the metallic minerals in the rock,, 

such as pyrite, as well as the ore minerals chalcopyrite, chalcocite, 

galena, etc. are responsible for the induced polarizaticmeffect. Some 
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. . oxides such as magnetite, pyrolusite, chromite, and sdme forms of 

hematite also conduct by electrons and are metallic. All 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 are 

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 is applied to the ground at two points a distance 

(Xl apart. The potentials are 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 are made along a surveyed line, with 

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

electrodes. In most surveys, several traverses are 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 are plotted at the intersection of grid lines, one from the 

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

point of the potential electrodes. The resistivity values are plotted 

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

merit of a given value is determined by the location along .the survey 
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line of the center point between the current and potential electrodes. 

The distance of the value from the line is determined by the distance 

(NX) between the current and potential electrodes when the measure- 

ment was made. 

The separation between sender and receiver electrodes is 

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

sampled in any particular measurement. These plots then, when 

contoured, are not section maps of the electrical properties of the 

ground under the survey line. The interpretation of the results from 

any given survey must be carried out using the combined experience 

gained from field, model and theoretical investigations. The position of 

the electrodes when anomalous values are measured must be used in the 

interpretation. 

In the field procedure, the interval over which the potential 

differences are measured is the same as the interval over which the 

electrodes are moved after a series of potential readings has been made. 

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

same equipment can be used for both detailed and reconnaissance surveys 

merely by changing the distance (X) over which the electrodes are moved 

each time. In the past, intervals have been used ranging from 100 feet 

to 1000 feet for (X). In each case, the decision as to the distance (X) 

and the values of (N) is largely determined by the expected size of the 

mineral deposit being sought, the size of the expected anomaly and the 

speed with which it is desired to progress. 
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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” is 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) are plotted farther 

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

is being tested is gre~ater than for the smaller values of (n); i. e. the 

depth of the measurement is increased. 

METHOD USED IN PLOTTING DIPOLE-DIPOLE 

INDUCED POLARIZATION AND RESISTIVITY RESULTS 

-X nx- -x- 

l 2 
3i A4 

5 6 7 8 9 

Stations on line 
\/ x = Electrode spread length 

n= Electrode seporotion 
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aad the apexes ccruld net be fully w&Wed. 



&wing the 1953 field 6ea8on. detailed 1. P. xneamuwnentr 

were made uring B rtandard I. P. unit, The higher power evatlable in 

the tranmnftter made it poe~kble to make reliable merrurernentr ia the 

preeeace of the electrical noise preeent. The anomaMe* have been r&own 

to be definite, and revera are strong enough to warrant drilling. 

2, fiRESENTATICW i:F KESWLTS 

‘The induced polariradon and +e*i&ivity rarrulk are r&own 

on the followbg eocloeed data plate. The reoultr are platted in the 

manner described in the notoe preceding thee rcsport. 

Line 32.9 200’ EIectroda Segaaration, 

Line 24s LOO’ Electrode Separ;atioar 

Lins l&S 200’ Electrode Separation8 

100’ Electrode Separations 

Line 83 200’ Blactrode Sep~fatio~e 

100’ Electrode Seprrraticww 

Line 45 200’ Electrode Sepeuatiools 

100’ Electrode Separationa 

Line C; 290’ Electrode Separations 

Line SN 200’ Ehctrrrde Separationa 

.Line 16N 200’ Electrode Separatisnr 

100’ Electrode Separationa 

Lhe 24N 200’ Electrode Separations 

Line 32s 2&Y Electrode Separations 

CW$. I. P. ;LO98-1 

Cwg. I.P. 2096-2 

Dwg. f. P. 2098.3 

Dwg. I, P. 2098-4 

Rwg. I. P, 2091-5 

Dwg. 1. P. 2098-6 

DWQ. E. P. 2098-7 

Dwg. I. P. 2099.3 

3avg. 1. P. 2093-9 

. I. F. 2098.10 

Dwg. L. P. 2098-l 1 

&rg. 1. P. 2098.12 

Dwg. I. P. 2693-11 

Dwg. I. P. 2093-14 



Line 44N 

100’ Electrode 3eparatlonlp Dwg. 1. P. 2098-35 

200' Ektrode Saparadons DIR%. I. P. 2093.14 

Alao enclore8 wltk thi8 repast is Dwy. Misc. 4045, a plan mop 

af the Derotby Claim Graup. The definite atrd possible induced polarisation 

aaemahs are LAicBtted by imUd and broken bar8 respectively on this plaa 

map as well a8 she data plots. ‘Thwebare re~m6sntthe ou~f0cep~o,jec#on 

of the aaomalow WWMI atl interpretad from the location of the traasmittar 

and receiver electrodea when the aaomrlow values were measure& 

StaCe the fndwed palarisation nteaauvmxent to erw&idiy an 

averegging pmce88. am are all pcttemUo1 method*, it is frequently diffhxlt 

ta exactly plapokat the 8ource of an armmniy. Gertaialy, ncb anomaly csn 

be located wrftk more accuracy tkao the spread lea&q i. a. when wing 204 

8praallr the position of a wrraw sulphide body can only be detern-&tod ta 

lie between tws3 rtetlonrr 200’ apret. Ia ardcs t 3 bcate naurcw ot mm(r 

depth, larger l preadrr maat be wed, with a correrpondiag iacrewe in tha 

tmcertaintisr of location. Therefore, wkils the csnter of tke indicated 

aaamaty probably correqamdir fairly well with lource, the leqtk of the 

indicated anomaly along the Unit should nat be takea to reprewat the exact 

edgm of tke anomalow~ material. 

3. I3ISCUSSIGN CF RESULTS 

Tiaere are several anamalour zones iadkoted by the 1. F. rem&e 

from 1953 on the Dorothy Claim Group. Many of the snomaliee creed 

relatively high freqwacy effect8 On -areas of high rerlrrtivity, arut tharafare, 
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Lhe 32s 

Theme are twa weak anomaliss on this llna. lb wantern 

anomaly indtcatm a s&llow, ~atrow source, and the data doea not extend 

far emuyb to the aart to complete the csastern anotrafy. 

Liae 24S 

There are 6everal weak anomalies cm this lina also. The 

moat definite is the deeper anomaly 8t 19% k-, 23W. 

Line 165 

There are eeveral shallow an~malier in the reg:iun 4Vi ta 14E 

on Lias 16s. ‘IThay are of larger magnitude than the imcsrtzalte8 cur the &mm 

to the rout&. The datailad results using lOO* dscttade intmvalr rbw a 

strong rhauow anomaly at 2E to 3E. The ammalous pattern ruggerto a 

source of eoncantratsd n~ctallic mineraliaatkm, with a width of 100’ w 

leas. 

Them are two broad, weak anomalies tndkated by these results. 

The detail aring iQ0’ rprrodb OQ the eartern amxrtaly confirma the width 

of the SOPIC~, a& ~4th tb shorter spreads there 11 oome dapth Ladicated 

to the top, 35 the SQUCC. 

‘The anomabw effects meraeured in the broad azxmaalic~ are 

mew* or less uniform, ldcatiug that the appwreat effect8 nearwed are 

approximately equal to the true I. P. effects within the e~urcai. Th8 anemaliee 



Sevarai of the a.aamalia83 on thim lint carrshte with the brcbnd 

ommalier located to the oouth. Howeverr the broad aaomsly al: depth at 

li%i% t0 19%’ is Of fZW@BP Wi.?b@‘litud~, GUkd pl’di+ab~y rCtpXt8eQttS XXIOZ'Q 

concentrated minerelisatlon. T~Q shallow anomaly at 14E ia of different 

character, and should be checked with aarter electmde Lntewafs. 
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