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McPHAR GEOPHYSICS LIMITED 

NOTES ON THE THEORY OF INDUCED POLARIZATION 

AND THE METHOD OF FIELD OPERATION 

Induced Polarization as a geophysical measurement refers 

to the blocking action or polarization of metallic or electronic 

conductors in a medium of ionic solution conduction. 

This electro-c’hemical phenomenon occurs wherever 

electrical current is passed through an area which contains metallic 

minerals such as base met:al 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 resiativity than ground water. 

The group of minerals commonly described as “metallic”, however, 

have specific resistivities much lower than ground waters. The 

induced polarization 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. 

‘L 

The blocking action or induced polarization mentioned 

above, which depends upon. the chemical energies necessary to allow 

v 
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 IBM 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. c’urrent 

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 rock 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 more sensitive to sulphi:de 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 

incr.eases much more rapidly than the resistivity decreases. 

Because of this incre,ased 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 “porphy~ry copper” type mineralization in the South- 

western United States, 

Measurements and experiments also indicate that it should 

b e possible to locate most massive sulphide bodies at a greater~ depth 

with induced polarization ,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 sre 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 a:3 the ore minerals chalcopyrite, chalcocite, 

galena, etc. are responsible for the induced polarization effect. Some 
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oxides such as magnetite,, pyrolusite, chromite, and some forms of 

hematite also conduct by electrons and are metallic. All 6f 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 separa.ted from the effects of vertical changes in the 

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

(X) 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 surwys, several traverses are made with various 

values of (N); i.e. (N) z I., 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 center 

point of the potential electrodes. The resistivity values are 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 
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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 resultjs. 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 greater than for the smaller values of (n); i.e. the 

depth of the measurement ia increased. 

METHOD USED IN PLOTTING DIPOLE-DIPOLE 

INDUCED POLARIZATION AND RESISTIVITY RESULTS 

v 
-Stations on line 

x = Electrode spread length _ 
n = Electrode separation 

n-1 

n-l 
1.2-3.4 2.3-4’5 3,4-5.6 4,5-q 5,6-78 6.7.8.9 

n-2 hw M.F M.F MF MF 
G-4,5 2.3-5.6 39-67 4,5.&g 5p3.9 

n-3 ME M.F M.F t&F 
1.25.6 2.3-67 3,4X8 4.5-89 

Plppxsnt Meld Fockv 

n-4 _ M.F M~F w 
I,2-6J 2,3-7.8 3,4-&Q w 
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1. INTRODUCTION 

2. BRESENTATION OF B;tESML’i?S 

The inducefi pzolattaatton and reeistivity reeulte two ahown on 

the follmning anclooed data plot*. Tba Wm%lte am plotted ia tile -es 

described la tbe onbee ~aceding this rejdorrt. 
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Line 300N 200’ slmcttoae lnestia Dwg. l?? 2237-1 
,I 

Line 135% 200; &ctPo& laterPale avg. ti 2237-2 

Ltue 13Qrd dQQv electPods iriterpalte &q+ Up 2237-3 
ts 

Ltrm 109EG 205’ eleckode iilterpale s3wi. IP 22374 
,, 

,IAna 1OOE 200’ &i&P&b htbPS%b ’ Da& Ip 2231-5 
,. ,I ,. 

Aim enclosed w&b tblm repoat la, Dwg. E&se. 3108, a plan map 
; I’ 

of the area coobped Prg tha tinrey. Tba de&&e and psdble induced p~larf- 

math-ah anoimalidti we Lndicated by solid aad ‘broken bars ~asgectively on tbits 
‘I 

‘&see the iu&u:ed pola&saMou measurement io aemitially tan 

aveoaglng pmcefss, ae am all poteatial methodst; ft it3 fPquemtly cliffic* 

$0 miactly plapotat thm souree of an anomaly. Cehtnly, no aiubmaly ma.3 be 

located wltb more &cewa& ,&an the aptead length; 9. s. tphen ulJtoar 200’ 

iapawd~ the pslMon af a, ikarmw auipldde body eaaiaialy bb datarmtned to 

Urn between two bteatons NW apart. In OP&P to locate sourcea at come 

da&, latges lrptegae must be uied, wikla a correspontling incaewe in the 

ouceptalntlae of locatiag. Thetafore, while 8he eeztter of the indicated am- 

maly’probabiy co?tie#pmnBre iekly well w&b souxce; the leo@b of &be ludkapeil 

exwxnely along the line t@mld dot be taken to xeprsment the exact edgeo of 

the aaom%ioue z?latdal. 

3. DL66U66lQN QF RESULTS 

The reaulte Patem $bm Spbale~ Creek A+@ ahow gpner‘ally high 
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2-112.daya Operating 

112~ da; &nslby 

EXpMl’ set3 

24/2,;payrr lA”*l e $69. oo/aay 
Airfare 
Taadi, etc. 
Meals, qaa Accomtpoaation 
Te&epbone and T&graph 
Freight 
Supplier 
wisce1lmla0ua 

C $185. OOielay ’ $ 462.50 

ygg- 
l 

10.00’ 

103.41 

21.oo 

19.9e 
23.19 

2.2fi 
w -’ 

367.83 ,, 

ISi.?Z 
l/2 - 

‘Ozz 
6q1.4-b 

Dated: Augast 24, Ii969 
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E. I 8x1 a geaphya&ht roddbqg at fo Mama Fla44, bxm Mills, 

(Toxento~ cm&trio. 

2. I sxa a gaw!b?o of the Matm8chw.sstb Inutituta of Tecbnelogy 

with a B. 8. Bosrea (1952) in Goelosy astd (C?,lophy&cs, and a ah. B. 

Degree El957) La Gaophyrksl. 

3, I 8Pn a mmber a# tho Bwiaty @f ExploTati4B% cioopllysicists 













- DOMINION OF-CANADA: 

PROVINCE OF EpcsH COLUMBL 

To Wrr: 

1, Ben A. Bradtshaw, Keanoo Eagloratione, (Western) Limited, 

of VatWOUV0? 

in the Prbvince of British’Columbia, do solemnly decli~re that the costs incurred on MdM)ll8mOlIt Work 
on the Goat and Kim ala&a groqps are aii follcrvs8 '4 

Wages8 A. Panteleyev 
0. Rayner 
H. Sutlterland 
H. Quaok 

July 4-B 8 110.46 
July 4-9, July 89 178.9s 
Jul~r 4-9, July 2540 194.71 
Jul~r 4-9, July 2940 163.60 a 
Jul~t 4-S, July 89-90 169.60 
Juhr 4-9, July %SGO llS.Sl 
July 4-9 73.96 I 

8. Fleming hlli asa 175.00 d 
81,109.41 

contraotor’s charges0 8 657.60 
Cther Chsr~EJ Bell Xelioopter 10 lus 8 $99/hr 990.00 

Sikorsky 9-56 two hre 0 sseo/hr 746.00 
Plane Charter S hre Q S6O/ku 400.00 
salt 300 lb6 BD 46 12.00 

S3,914.91 -L 

And I make this solemrrdeclaration conscientiously believing it to be-true, and knowing..that it is of 

the same force at&effect as if made under oath and by virtue of the “Canada Evidence Act.” 

Declared before me at the 

-cc-c/ , in the 

Province of British Columbia,, this /J 

day of /9&s: , A.D. i / 

Sub-mining Recorder 




