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McPHAR GEOPHYSICS LIMITED 

U 
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 baae metal sulphides. Normally, when current is 

v 

passed through the ground, as in resistivity measurements, al1 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 almoet 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 



- 2 - 

ii 

u 

u 

the rock: i. e. as ions pile up against the metallic interface the 

resistance to current flow increases. Eventually, there i@’ enough 

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

atop all current flow through the metallic particle. This polarization 

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

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 rna8s 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 

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 “porphyry copper” type mineralization in the South- 

western United States. 

Measur&ents and experim,ants 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 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 separated 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 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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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) b t e ween 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 greater 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--r 

Stations on line 

5 6 7 El 9 

x = Electrode spread length 
n q Electrode seporotion 

MF M.S M.S MS MS 
IZ-4J 2,3-5.6 39-67 4,5-m 5&8.9 

MS M.F M.S hw 
h25.6 2.3-67 3fI~7.6 4.5-6.9 Apprent Meld F*ctor 

M.S M,F MF 
1,2-6J 2.3-78 3,4-6.9 m 



McPHAR GEOPHYSICS LIMITED 

w 
REPORT ON TEEi 

INDUCED POLARIZATIQN 

AND RESISTI’MTY SW3VEY 

ON TE-IE 

Y. Iv. CWM GRQUB 

JACK WILSON C-M AR= 

FOR 

KmCO EXl?I.$UTIO~S (VJESTER~) LTD. 

1. INTRODUCTPQN 

i- 
w 

At the requaet of Mr. Z-I. W. Fleming, geophysicist for the 

Coxnpany. aa induced polariaation and reeistivity swvey base been carried 

out on the J. W. CIaim Group in the Jack Wilson Cseek Area of B&i& 

Columbia for Kemco Exploratione (VIestern) Ltd. The property ie in the 

Liatd Wiing Division, in the soutbweet! quadrant of the 1” quadrilateral 

whose eoutaaast coraw is at 57*N-131‘97. 

Jack Wlscm Creek flows through t80 center of the area of 

interest, and a geochemkal anomaly for ceppes has previously been 

located in the area. ?n addition, 811 wtcrop containing cogpei? &era& 

sation baa been fuund at apprdmately 125N en the base line. The induced 

piariaation eurvey was planned to determine. if poeeible, the extemt of 

tbe mherarlhed aone seen in the outcrop. ad to locfste any other w.mas 

of similar mine+alieaticm that might be preeant. 

L . 
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at PRESENTATION OP RESULTS 

The induced polarieation and reeiettvity reeults are &own cn 

the following ~neloeed data plots. The remlto axe plotted in the manner 

described in the notee prscetig thle report. 

l&se Mae 

Liae 105N 

200’ electrode katemmlo 

200’ electrode intervals 

Line ,itoN 200’ electrode intor~ls : 

Line 13ON 
“ioo’ ~~ctr~~.~~~rva15. 

Line 138N 200’ electrode b&sval5 
,.. ~.. 

Line 14&H .’ ,’ 200’ elerzple intexval8 ,I 

Dwg. IP 2234-l 

Dwg. I.@ 2234-2 

.n?lg. II? 2234-3 

mg. IP 2234-4 

Dwg. kp 223415 

?w.. up =94-e ., ., 

lockted v&h more ac&&cy~& the’ &Z.&B lengtbi ‘I.‘& when u&g 200’ 

o&dls the p&i~~ of a &row sul&l&%e Barry CWI only be deterxdned to 

lie between two station5 200’ apart. In order to locate eowceo at eomo 



depth. Larger egreada muot be tneed, w&h a ccrreegolzafng increaee in the 

uncertdatleo d location. Therefore. while ?.he center of the hlic5tCa 

anomaly probably corresponds PaMy well with BQUPC~. the kuqtb of the 

indicated 8nom8ly Alma, the line should no6 be taken to co~reoenb, &Be asact 

edgas of the 8smmalo?as material. 

3. DPZ3tCUSSION OF RESULTS 

TBQ 6.opog~apby in the area of haereat b8e determinsd, to a 

certain estent, 623% poWion d the line5 noed POa: the SUsVey. 

Tbiaie lb10 wao surveyed along the &ream valley, in 8 paitbn 

to ~Y566 ebt? ~WWB COG@? d~%r&wtf~n. %%9 r86~&3 &OW D i%%Od%FSe&! 

magnhde .%mmaly centerred at GE-N, with weakea II? effects to thy nart3-1 

end sou$b. The BQU~CB appeare to be ehall~~. eszcl the BOUPCB could be 

beeter poeiti5ned ueing QbOr6%aT d.ectrod% hltemle. 

TBB anomaly io not large in magnhde, and the pattern doee 

not suggest a large volwne uf maeeke mfneralhati~. The effect& conid 

certainly be chto k, a bmad 5one of elleeezninated minexaLiPinticm ench oo 

has been fmmd 6x2 Ike G8lo~e C8eek Propwty. 

Tbs XP ansm8ly, even 6be w88k effects, ,880 accompanied by 

a decrease! tss reeisMvi6y. This increase in porosity could be due to a rock- 

type change, or mwe probably, more internee alteration. The lowea reek- 

Pivltfeo 8ppe58 to edend at dfqtb 80 the north, and a& come futuae tism the 

tie migb6 be mrveyed using larger elec6rode imbervala 60 look doepr to 

68% rrortb. 



Only weah D? effects we8e mwurc8 on this Ilne. 
‘L, 

Iins corzelate with those meaewed op I&Q 100E. Pn a@Mt$cp,, these 

appears: te, be a aismtlsr ano~ly: to,$h$e eaet. 

iloB 138N 
,.” ,.. ‘, 

,’ 
” There am no anomalous IP affects on thie lima. 

Line 146N 

Tboaa are no aaomaloue ES? ef%ecto on th5e line. 

we&c anomallee wem located 00 %hhe moth, but there is no% enough data 

~. %o @3xzsc%ly locate %hQ 0ourcoe. 



The Uues were ,limited by topogaqhy,. +nd it io poeaibla that 

the eone a0cate.d at 125N on Line LOOE ~extendo east-west additbmll 

measurements would be necessary to o&Use the sou.mm Wowever,~~ 

before additional geophysical ,WOP& is carried out, ,it. would be desirable 

to aetermbie the 6?xtent a4d copper. contenr, of rhQ mher%ua%atloll cerueiaing 

the .%I? anomaly. A drill hole positioned to pase below .l25N on Line 1OOE 

at a depth of 15,O to 200 feet should intereect the 8ourae. 

sf the mlnePzLlk%tion 5s d ecoz1o=BIc ixawest, further xe w&k 

c&n be planned to outline the aones. 



PBOPEBTY: J. W. Claim Group 

WONBOR: Kennco Exploration (Western) bib. 

LOCATION: Jack Wilson Creek Area 

TYPE OF SURVEY: Induced Polarisatioa 

OPERATiMC M&l DAYS: 17. 5 

EQUIVALENF E) Wt. NLW DAYS: 22.0 

CQNSULTING AiAN DAYS: 1. 5 

DRAUGX-ITXNG hLAN DAYS: 3.0 

TOTAL MAN BAYS: 26.5 

CONSJLTANTB: 

h4XNXNG SXVXSXON: Lfard 

PROVXNCE: British Cohmbin 

BAa;E B’TARTED: July 17;.1965 

BAT@ FXNISI-IED: July 24.1945 

DJUMBEA OF STATIONS 
OCCUPIEB: 64 

NWYk&S%t OF 9UC.kWINGS TAKEN: 
398 

h~X&EO OF LINE SULPVEYED: 2.19 

I?. Q. Hallof, 5 &Unorca Place. Don Iviille. Ontario. 

FXXCLD TECIINICIAN5: 

J. Parker, Boa 340, Choiceland. Saskatchewan. 
P. Bellehumeur, BOX 72, Remora, Ontario. 
3 helpere supplied by client. 

F. R. ??aar, 38 Torrenroe Avenue, Toronto 6. Untario. 
R. woods, Apt. 401, 1222 YOPk A/iilla ROE&j, Don &ale, Ontatio. 

c 
Bate& Auguuet 18.1965 



SUMiMARY OF COST 

J. W. Claim Group 

3.-l/2 days Ojhrating 

1-1/2 days &mdIay 
Q $165. OOlaaY ’ ., $ 647. so,, 

Q $ 6S.OOlday 97.90. 

3 days Travel @$ 65.OoIday 195.00. 
8 940.00. 

Airfare $192.00 
Taxis, etc. 10.00 
Meals and Accommodation 103.41 
Telephone and Telegraph 21.00 
Freight 15.98 
Sumlies 23.19 

Dateda Auguet 18,1965 

WkF%AR GEOPI-XYSICS LiMITED 

Geophysicist. ’ 



I[, Bbilip Geo~~e33allof, of the City & Toronto,’ Province 

of Chta~io, do hereby certify tbat: 

1. I am a geopbyeicitit r&3iding at 3 PLikorea Place, 0on WUs, 

Toronto, Ontario. 

” a. IL am a gradhnate of the Massachueetts Institute of Technology 

wttb a B. S. Degrea (1952) in Geology and Oeophyeies. aad a Ph. 0. 

Degree (1957) in Geophysics. 

3. 4 am a member of tbs Society of Exploration Geophysicists 

and the European Association of tbe Esplo~ation Geophyeicists. 

4. I have been practising my profession for tan yeare. 

3. I have no direct or iudirect intereet, nor do I expect to 

receive any interest, direct or indirect, in the property ot eecuritiee 

of Kennco Explorationo (Weetern) Limited. ; 

6. The statements made in tbie report are baaed 41 a study of 

published literature and unpubliehsd private reports and geophysical data. 

Dated at Toroato 

Thim, 18th day of August 1965. 
















