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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. 

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 

k-l 
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 

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

increases with the time that a d. c. current is allowed to flow through 
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the rock; i. a. 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 polarieation 

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 I’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 mcme 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. S0me 
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w’ 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. 

v 

w’ 

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) : 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- 

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 

u 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 electrode8 are moved 

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

to 1000 feet ior (X). In each case, the decision a8 to the distance (X) 

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

x.&/ mineral deposit being sought, the size of the expected anomaly and the 

apeed with which it is desired to progress. 
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w 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 

v 
Stations on line x = Electrode gpreod length 

n = Electrode seporotion 

n-1 
I&.4 2,3f4$ 3,4%,6 4,5f6,7 5&,6 6,7%.9 

, /XAXXX\, 

n-1 I \;xxxx~,Fxy g M.S M.F M.E M.S 
1,2-3.4 2.3.4$ 3,4-5.6 4367 5.6-7.8 6,7-6.9 

n-2 M.S M.S M.S MS MS 
G-4,5 2,3-5.6 3,467 4,5%6 5.6-69 

w n-3 MS M.S M.S t&s 
12-5.6 2.3-6.7 3.4.7.6 4.5-89 dw.rcnt Meld Factor 

n-4 r&s M.S M~F 
1,2-67 2,3-7.6 3.4-69 FIG. 



McPHAR GEOPHYSICS LIMITED 

Rlrll?QRT ON TEW 

INDUGJSD POLAIUZATXON 

AND RMISTXVITY SURVEY 

ON TKE KID CLAIM GROUP 
4& 

MINING BIVE3lON, 8. C. 

F8R 

KENNCQ SX&‘LORATIQNS (WESTZFtN) LTD, 

I. INTfiODUGTION 

At the request of Mr. Hal Flaming, gmphyhist for the 

c.ozc”po’sy, an iuduced polwimtfon and reoistfvity ourvey has been 

carr&d out on the Kid Claim Opoup, &Way River Area, 8. C. on 

behalf of Karmco &aploratlozw (5% eatem) Limited. Tbe property is in 
hwh-7 

the liked Mning Divistonc in the s~uthwost corner of the on0 degree 

qwdrUate~a1 whose southeast CQ~UW is et 13)*X’, WON. 

Several area6 of high geochemical copper assaya ln the BOiJ 

havrs be*n located on the claim groLlp* The induced polarieatkon survey 

wau @Waned in order to locate any rub-murfaca copper mineraiiilatfoe 

that r&&t have been the, source of the gsochamical b&b. 

2, BREBENTATXON OF RESULTS 

The induced polarisation and rerPirtivity ra#mlts are &own 

on the following enclosed data plots. The results are plotted in the 

txsanxwr described La ths uotos p~scsding thfa report. 
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Line 6ON 

Line TON 

Line 80N 

ldMt 90N 

L&i XOON 

200' spread8 Dwg. x% R. 2900-f 

290’ epr$eds Dwg. X.P. 2900-2 

ZOO* epreadr Dwg. &P. 2900-3 

$00’ spreads Dwg. I. Z?. 2900-4 

200’ epreade Dwg. L P. 2900-5 

209’ wpre%do Dwg. 3. X’. 2900-6 

Also enclosed with thir tepoet is Dwg, Misc. 3357, a plan 

map OS &a~ Kid China QPOU~. The definite and posrtblo induced polrri58- 

tion anoxrdlsr are fndieated by eoltd and broken bare respectively on 

this plan map as well PB the data .plots. These bnro rspreestat the 6ur- 

face pxojsctlon of the anomeloue zone6 as interpreted from the location 

d the ttansmitter and receiver electrode8 when the anoxnelous values 

wexe nuswurab. 

Since the iuducsd polarisation meerorement ie esrenttally 

an averaging grocsro, as axe all potential mhhoda , It 18 Prequently 

di&Ult to cwmctly pinpoint the source of aa enomaly. CcrtaWy, no 

anom8Xy caa be located with snore accuracy then the epreed leagtbs 1. e. 

when uwhg 200’ spread8 the position of a narrow sulphide body can only 

be determined to lie between two ,,tetione ZOO’ apert. & order to Locate 

eo~cea at some depth, lerger spreads must b@ w&, wtth a correrpond- 

iug increase in the uncertainties of location. Therefore, while the ceder 

of the indicated momaly probably corresponds fairly weft with source, 

tbw length of the indtcated anamaXy elong tbe line should nM be teken to 

repreeent the exect edges of the momeloue meteri& 
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The outline of the eoneti contaiatng more than 1000 Pam 

co$per in tbs coil la also shown OIL thin mop.. 

3. BSSCU66ION OF RESULTS 

I&o 60N -, 

Them are two mnec on thir tie where the I. Pi effaate 

me 6lightly above background, but they ore not large enough in m#&pltodh 

to bs of much Lnter’art. 

,Lias 7ON 

There fr B definite I, P. anomaly at 5W to 1W on t&6 line. 

The cmuce appears to bs retitively sbmllow, and to bava 8ome width. 

Line BON 

The otrong anomaly La also meawred on thlq lins, rit U to 

6E. The soume appcws to be 5hakw when 200’ sprsade were utaedr 

but when the electrode separation was raducad to loo’, the values 

increars with seprratioa, 

Line 90N, 

The apparent I. 91, vahmr meanwed for large emparations in 

the pegIon from 0 to BE on thie line were ~mmnAou8. Tbto saggemts the 

source Ls at some distance from the line, dther at depth or off to the 

skie. It eauld represent the ead of the anomaloue zone located ta the 

In addition to the source at degtb, there are two placer along 
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the line whoro slightly anomalow valua~m were measured for II = 1. 

T&we mxms hwld be checked with rhorter spraade. 

Line 1OON 

There are only a few values above background an this line, 

and t&are is notbhg of intereet, 

4, CONGL’USXONS AND RECOMMENDiTfONS 

As shown olt Dw8. Zvfiec. 3357, the, I. P. anamaliso on 

Was 70N, Line BON, and Line 90N can be correlated iato a sone which 

~“ense just to tha wart of tho gsqckemicol bigbs, The anomalies could 

be caused b9 mlnara&ation whtch is aleo tke source of the kfgh coppqr 

VtiUW. 

A hole should bo drilled to test tkis anomaly, probably on 

L&m 70N whore it is strong and shallow. The pattern ahowo tkat there 

may bo more mlnaraliaatlon on the we&era edge of the aonep so a hole 

collared at bui aad drilled at t-45.) to the oaet should test the source, 

If the hole intsrracte minoralizotioa of aconomic interest, mote I. P. 

work should be considered for the tntermediate liaos in order to better 

locate the aoao. 

MC PUAB OSOPHYSXCS LdMiT ED 

Datud: July 11, 1962. 
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PRWiGRTY: It’d Clabn Group 

SPONSOR: Kwnnco Exploratlone {Weetwra) 
Ltd. 

LOCATION: Shwalay River Area 

TYP&‘Q$ SURVLGYr b&wxd P&trl&ion 

OP~ATINC MAN DAYS: 41.0 

EQWVALENT 8 HR.: MAN DAY& 61.5 

CONSULTXNG MAN DAY& 2.0 

DRAUUmLNG MAN DAYS: 2.0 

TOTAL MAN DAYS;, bs.9 

CONSULTANTS: 

A-//,49 
MINlNG DIVISION8 himd 

PU3VlNCE2 BrUieh Columbfa 

DATE STARTkiD Junw 14, 1062 

DATr: FXNISliED: June 25, 1962 

NUMBER OR STATIONS OCCUPIED! 
a7 

NUMBER QJ? READINGS TAKZN: 
570 

WI&Xi OF LINE SURVEYED2 2.9 

Philip 0. Hallof, 9 Minorce Place, Don Ahilln , Qntario 

FLELt, TSCHMCUNS: 
J. Lwe, 264 Oriolw Parkway, Toronto 7, Chtulo 
G. MacXay, R. R. #3, Tivwtion, Ontario 
3 Iieipwrrr - suppliwd l2y cllwnt 

F. 8. Pwwr, 38 Torrane Avsnu9, Toronto 6, Trio 
R. MacKwneie, 55 shan2mn Drlvw, scarhorough, 02ltaPlO 

Geophyalclet. 

Datcadr July 17, 1962. 



7.3/4 daya Qperating CL? $170. oojeey 
3 day6 Travel 1 
&l/Q Bey8 EM Weather ) 8-l/4 @ $ SO. OOj&y 
1 

16 
day Standby ) 

ExpenS68 - 2 men 

Airlam-Toronto-x&urn $566.00 
Airfrd&t aud Exc6se Bagg8$6 148.10 
Taxf 66.50 
lvLeal8 aad Accommoclation 96.45 
Tolephona and Telegraph 13.75 
supplm 22.56 

$1,317, SO 

412.30 

91% 36 

$2.645.36 

McPHAR GSO,J%YDIC& Llh$lTED 

Philip G. H&f; 
G4opliysici8t* 

Date& hly 17, 1962. 



CiGiTl2’lGATiii 

I, P&Up George Hallof, of the City of Toronto, Provinca of 

Gntmfo, da hereby certify thata 

1. t am PL geophyeicfet reukilng at 5 Minorca Place, Don Mille, 

(Toronto) Gntario, 

2. I am a graduate of the Maraachusettu hrtttute d Technology 

w&k 8 B, 8. Degree (19%) in t%ology end Geophyefcs , and 8 Ph.D. Degree 

(1957) in Geophyoios. 

3. I am P membor of the Society of Uxploration Oeoghyefcietlr 

and ths Europoan Aerociation of Zxploration Geophyelcirte. 

4. I hevo beon pr*ctMng my profeaoton for ten y4ass. 

5. I have no direct or hWec* intorert , nor do I expect to receive 

any intotest, direct or indirect, la tho property or socuritioe of Kennce 

Exploratfano (Wootorn) Ltd. 

6. The etatementr mado in thle report are based on a rtudy of 

publiuhed Uteraturs and unpubl@hed private reporta and goophyricel data. 

Doted at Toronto 

This 17th3ay of July 1962 

-, 
w 
















