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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-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 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. 

The blocking action or induced polarization mentioned 

above, which depends upon the chemical energies necessary to allow 

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 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 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 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 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 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 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 

(W 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) r 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 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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i/ 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- 

v 

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 polarieation method is that the 

same equipment can be used for both detailed and reconnaiesance ~urvey8 

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

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

to 1000 feet for (X). In each ca8e, the decision ae to the distance (X) 

and the values of (N) is largely determined by the expected eize 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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‘U 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 greater than for the smaller values of (n); i. e. the 

depth of the measurement is increased. 

METHOD USED IN PLOTTING DIPOLE-DIPOLE 

lN&CED POLARIZATION AND RESISTIVITY RESULTS 

l 2 jl /;1 i 6 5 

V 
Stations on line x = Electrode spread length 

n q Electrode seporotion 

n-l 
2.3f45 3,4!5,6 4,5p-67 5f5.6 6.753.9 

n-2 

n-3 

n-4 

hw M.S r&s MS MS 
R-4.5 23-5.6 3.4-67 4,5-m 5.6-6.9 

MS M.S M.S M.F 
19-5.6 2.3-67 3,4.7,8 4,5-a.9 Plppor*nt Melo, r=octor 

M,S M,S M,F 
12-67 2.3-7.6 3,4-69 FIG. 
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1, XNTRQDWCTtGN 

At the regwst of Mr. lb1 Flex&g, geeophy@iaiet for ehe 

eonspny, a brfef induced polaslzatou and ree~a6i~~ survey bae been 

cwrted aut on part of aho lPoroehy cl&n Gmup on bsbalf of Ioenrico 

~pb~a6ions (Westarqj Zd?x&ed, The pmpmy is locat& in the 

Omfaaab Mining DLvbion in 6ha north0ast qubdrasut of the one degree 

quadrilateral whose eoutbaaet comar ia at 55*N - #25*W. 

A few line6 WepIe 5IlPW)raa On the &-U’OQSti~ to &a&? aBy 

fmb-aurfbce minerblfcaeion &at might ba associatad with favourable 

georo(ait2al and gaoebsraical &kdicbtfOns napped by alla kcelmC0 uplotati%xw’ 

SW. B: wae 0xgecbf3 tab6 any anombl0w i0dicatlou.a would have to be 

;E~,llost543 by a xnocd compflrte survey at mxn~ future eirna. 

2. PB&GiCNTATXQN QF R&6ULTS 

The inducad pola&ation an8 meiativity oaeultrs are s&ma on 
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the faUchv@ emclosed d&e plots, The results are pketad in the mannef 

&acrribed in the notee prsc&in$ thle report. 

Bwg. LP. 29Ql-1 

Dwg. I. a, 2901-2 

Dwg. LP. 2901-3 

Dwg. L P” 2901-4 

Dwg. LP. 2901-s 

Dwg, LP, 2901-6 

Dwg. LP. 2901-7 

6inso the inauco~ pohisatids maaeuremsnt Is, essentially an 

~av%r&@ag QXVCkWS , 88 tar&? d2 potential methods, it te frequently difficult 

to atract@ pinpoint the source vf im anorrmiy. Cartaialy, no rrnomaiy can 

be heated with more eccoaecy than thn apsead lengthy i. e. when using 

200’ ~QWUiS the poeitiva of a LIQxPoW otJ~hi&i b04y ~a0 dy bo detwmbd 

to us bQhoeen two station@ 200’ aQ&xt. ha osdw to locate 8owces at some 

d@h, &wger spreads muet be used, with a correspondiag Lncrcaae in the 
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arzcertalnfise of location. Themfore, while the center of the indicated 

iammaly prohahly corresponds feirly well with aourize, the length of the 

indicated momaly along the Mne should not be taken to represent the 

6zaet B&es af the unomalou8 muteriel. 

3. DSSGUBSION OF RESULTS 

A Itght-weir&t recoaaeieeance L I?. unit wne used in the 

~urv%y~ In onPer to sgmd the survey ia the are6 of rugged tarWxa. 

The wdt is battery powered, and wsighhs 70 pound& There we8 a large 

emoun$ of electrical noirm meaeared In the Xopn Aree wMle the survey 

was heiog madsi as 8 *eat& it wa6 cUffhilt to muke uccutate frequency 

e&et measurements for the larger vnluee, of (n) in ‘regions whers the 

6qqarent rarsistititierp were low. When there 9vak3 8ome noiee prsmm@ 

in tlie meusurement, the vtiluee are shown Ln bvacketo on the data plots, 

rind tie values shown should be tnlen as minimuma. When no mea6ure- 

merits w8re gossihle du6 to noioe, a question mark hoe been plotted insteed 

of a readiqg. 

The reconnatoaancs L,P. reeufte on the i’brothy Group show 

several area6 where the maasunvd f. P. dfects are above background. 

T&e most fmportnnt of tkese are on tie western end af l&e O-t00 and 

I&e 8N. Borne further L P. meu8ur6naents would be warranted in We 

8SWiR ia OWbr t0 f&y QVUiU%t8 it8 iXk~OrtaoC6. 

lvlcw 0E0pwpslcs LxMlTED 

PGEptsr 

Date& July 16, 1962. 

atulip G, HpUof,~’ 
Gsoghyeicist, 



- 4 - 

PRQPERTY: Dorothy Claim Group MSNSNG DSVSSSON; Omiaece 

SPONSQRr SSenaco Ew.#orationa (Western) PRCWSNC&,: Britleh Columbia 
S.&l. 

LOCATIONI Hogem Area 

QP&%ATfNG MAN DAYS; 30.0 

EQUIVALENT 8 HR. MAN DAYS: 45.0 

CONSULTXNG MAN DAYS: I.0 

DRAUONTSNG MAN DAYS: 2.5 

TOTAL MAN DAYS: 48.5 

DATE START&Dr June 17, 1962 

DATE FSNISHED: June 30, 1962 

NUMBER OS STATIONS dCCUPIE33e 
105 

NUMDIZR W StEADSlUGS TAKLm 
728 

bdlLELj OF I&NE SURVEYW: 3.7 

CONSULTANTS: 
PMSig Ei, HaSloP, 5 Miaorca Place, Don Mills, Ont4rio 

3. Lee, 264 Oriole Patkwtty, Toronto 7, Ontario 
G, bSat%ay, St. R. #3, Tiverton, Ontario 
3 EItslgere - eupplied hy c&3ti 

a, IO. Peer, 38 Torrens Avuum, Toronto 6, Ontarlo 
Lz. MacK4aai0, 55 Sh4nnoa Drive, Gearborough, Ontario 

Dated: My 17, 1962. 
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I&gem Area - Dorothy Property 

6 Operating daye 0$170.00/day 
1 Bid beathsr daya ) 1 Travel day 1 2 c; $80.00 /day 

AMare- 2 men - Yiatson Lalcs-Vancouver- 
Toronto $46.00 

Airh&glt * izqaQn%ent 31.98 
Travel i&x-es - 2 men (Accommo&ation B 

lhRlt#) 12.50 

$1,020.00 

100.00 

90.08 

$1,210.48 

Dated: JuIy 17, 1962, 



t, Pholip George Hallof, of tlw City al Torento, Province of 

Onkariv, do hereby cet%l.fy theft 

t, I am a geophyotcist reelcilng et 5 Minorea Place, Don Wile 

(Totonto), GntaAo. 

2, I am o graduate of the Maeeacbusettte tratitute of Tecbnologp 

with a 1El. 5. Dogreo (1952) in Geology and Geophyeice , and a Ph.D. Degree 

(1957’) in Geophysics. 

a. X am a member of the Bociew, rsf Exploration C@ophyeicfrte 

and the European Ausoclation of &p&ration Geophyeidet. 

4. I have been practising my profeeeion for ten yeers. 

6. I have nv cUract or lndiioct Mezest, nor a0 t expect to rocelve~ 

any htemrt, direct oz LoBlrect, Pn 6he property or aeeurltios d Kennco 

Ek%glvratione (Western) Lta# 

6. The statOmont5 mpdo in this report ar0 basoa on a may of 

pubuehd literature and unpnbliehed private reports anti goophyetcal data. 
,+ 

Datea at Toronto 

This 17th day of July 1963 


















