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McPHAR GEOPHYSICS LIMITED 

NOTES ON THE THEORY OF INDUCED POLARIZATION 

AJND 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 

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

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

0 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 grou,nd waters~. The 
I 

induced polarization effect takes place at’thd-se~;i.l’l~krfac’~s where the 

:,. ,?: ~;>,‘. *., 
mode of conduction changes iro& ion’ic”i;i the sol’uiions filling ‘the 

,*:~ :z .;-,,: !.,.’ ,. 
interstices of the rock to electronic in the metallic minerals present 

in the rock. .~L ” 

I 
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 stlrface, 

increases with the time that a d. c. current is allowed to flow through 



-- 

0 

0 

Q 

- 2 - 

the rock; i.:c. 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 bolarization occurs, the effective resistivity of the system 

I 
as a whole ~111 change a6 the frequency of the switching is changed. 

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

through each metallic interface depends upon the l.ength 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 forlnd to be very successful in mapping areas’ 

of sulphide mineralization, even those in which all other geophysical 

methods have been unsuccessful. ‘The induced polari zation measurement 

is more sensitive to sulphide content than other electrical measurements 

/ 
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because it is lnuch more dependent npon the sulphide <:ontent. As the 

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

increases much mc~re rapidlyrthan the resistivity decreases. 

Because of this increased sensitivity, it is possible’to 

locate and outline zones of less than 10% srll~phides that can’t be 

located by E. M. Met.hods. The method has been successful in locating 

the disseminated “porphyry copper” type mineralisation 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 polarixation than with E. M. 

Since there is no 1. 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 donfuses E. M. results. It wnould appear from scale model 

experiments and calculations that the apparent metal factors measured 

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

is of low resistivity. 

Apropos of this, it should he stated that the induced 

polarization measurements inclicatt: the totals amount of metallic 

constituents in the rock. Thus aI1 of the metallic minerals in the rock, 

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

galena, etc. are responsibl,c for the indur4 polarisation effect. Some 
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.o 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 pola:ization 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 el~ectrodes is an integer number (N) times 

0 the basic distance (X). 

The measurements are made along a surveyed line, with 

c$ 

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. 
I 

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. Tho rcsistivity values are plotted 

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

ment of a given value is determined by thi: 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’determincd by the distance 

(NX) b&we& 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 &re measured is the same as the interval over which the 
I 

electrodes are moved after a series of pot,ential readings has been made. 

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

fame equipment can be used for both detailed and reconnaissance surveys 

merely by changing the distance (X) 0ve.r which the electrodes are moved 

each time. In the past, intervals have been used ranging fr.om 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 

0 
mineral deposit being sought, the size of the expected anomaly and the 

speed with which it is desired to progretis. 
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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 DIPOILE-DIPOLE 

IN&ED POLARIZATION AND AESISWITY RESULTS 

---x .-“nx-.-----.-x-.-c 

x = Electrode spread length 
n = Electrode seporotion 

"-I 
1.2-3.4 2.3-4.5 3.4-5.6 4.567 5.6-7.8 6.7-8.9 
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McPHAR GEOPIHYSICS l~IMITED 

REPORT ON GZGPHYEICAL SU&Vr;Y 

(INIXJCZD iWLA.3IZ.ATIr3N) 

MATILDA IIu’Lir;T GROUP 

AL3&RNX MINIKG DIVISION, E. C. 

F OR 

VANIV EST MlPTli;KALS LIMITED 
-- 

1. INTHGL,UC?‘IQN 

At the request of 1/k-. L. Nnnson, a teat induced polarisation 

survey has been cnrriwl out ovez pa.rta of the Matilda Inlet Property on 

Flares Iclrmd for Vanweet Minerals ;iimitcd. Js showing of pyrrhotite, 

magnetite, and chalcopyrite had been reported to the west af Matilda 

Inlet and the purpose of the aurveyio:; was to oetablish wh&her the 

induced polarisation method could detect mioeralization of this type. 

Strong response was obtained ~vez this known rzinuralization and addi- 

tional lin 

f 

H on both the east and west side of the inlet were surveyed to 

locafe ally uthar mineralization on the property. 

The pole-dipolc’electrodc cmfiguration was used for all the 

The induced polsrization and resistivity rcnutts me ahowp 

on the following data plots which accompany thir, report. The results 

are plotted in the manner described in the notes preceding this report. 



Line o+oo 

Line 55 

Line 95 

Line 13s 

Base Line 2 

fast Area 

Line 25 

Line 14s 

Line 20s 

100’ npraaas 

100’ sZroads 

i 001 8prc23as 

100’ spreads 

iO0’ spreads 

100’ spreads 

100’ spreads 

100’ spreads 

100’ spreads 

100’ spresda 

100’ spreads 

Dwg. 1. P. 2’893-1 

Dwg. I.P. 2&3-2 

Dwg. 1. P. 2893-3 

Dwg. I. P. 2893-4 

ihvg. J. P. 2893-5 

2wg. I. e. 2893-6 

avg. 1. P. 2893-7 

Dw:;. 1. F’. 2893-8 

Uwg. I. 1’. 285*3.-j: 

j).+v,. I. P. 2G’:3-10 

Lhw& I.!?. 2893-11 

&~ck~sed with this report is .&vg. Misc. 471 1, a ~lsn r.rap 

sf the property at a scale of I’! = 200’. The definite and possible 

induced golarization anwr:aliec s:c indicated by solid and broke:1 bars 
I 

respectively 03: thir plan map sd well as the data plots, These bars 

represent the surface projection of the anomalous zcnes as interpreted 

from the locoticn of the trano.xitt.er and receiver electrodes when the 

Since t&e in,duced polarizntion inenaurcn-.ent is e6ijentially 

an averaging process, as are all potentisl methods, it is froq”ently 

0 
difficult to exactly pinpoint the 6ource of an anmlrly. Cortainl-y, no 

anomaly can be located with more acctxscy than the spread len;;th; i. e. 



when using 200’ spreads the position of a narrow stilphide budy can only 

be determined to lie between two atariuns ZOO’ apari.. In order to locate 

~ctirces at eomc depth, larger spreads must be used, with a corrcopond- 

11-18 kcrease in the uncertainties :>f location. Therefore, while the center 

of the indicated anomaly probably corresponds fairly well with sauce, 

the lerqth CA the indicated anomaly a,long the line rhouk! not be taken to 

represent rho exact edges of the arx~malou5 material. 

0 

0 

5mall metal factors indicate a possible anomaloor xone ei;- 

tending from 214 to 4K on this line. Although these values are several 

times background, they are consi.dere$ly 1~s than those obtain.4 over 

the showing and consequently arc coasideren to lx relniioely w:im;,?:,itunt, 

Moderate metal factcrs on this line indicate two possible 

anomalous sones. 

The first, which is centercd from 0 to 1% , appear? to be 

either deep or to the side of the line. This anomaly lies near the east 

edge of the,wide area of low resistivity t-hat extends from 0 to A?\$. 

Between 2.~2 agd 3E tha anomalous values occur 011 the first 

and r;acond readinga and are indicative of a shallow source. Low re- 

sistivities are also associated with this znsmaly. 



0 Line 5s; i~wfi. I. P. 72393-3. 

Similar to Line O+OO, two anomalous zones are indicated ‘oy 

mocJerate metal factors on this line. 

A deep source OF one remote from the line, appears to lie 

between 0 and l%i in an acea of low resiotivities. This anomaly occurs 

just west of the baselint! aa does the anomaly on Line O+OO. 

A s!:aUow source is indicated neai- i&that corresponds with 

the shallow anomaly on Line O+OO. 

Lint 9s; Dwg. 1. P. 2893-4 --- 

The largest metal factor found in the surveying occurs between 

CI and 1%’ near an outcrop of the known mineralisation. This is a ~itrong 
, \ u indication of a shallow zone of high metallic content and definitely warrants 

further investigation. The exact width of the mineralizcd area is difficult 

to determihe, ‘but it appears to be more than 100 feet wide on the t:hallowust 

portioxl with a possible broadening to the west at depth. 

This anomaly is associated with a pronounced resistivity l~ow, 

0 

A well-defined anomalous :one iu centered from 3?: to 4W. 

The results are similar to those obtaipcd on Line $5 and are probably 

due to a continuation of the same material. However, on Line 135 the 

shallowest portion of the source occurs on the cast tide of the anomalous 

area and the corretiponding reofstivity low. The data cilso sqgests a 

broadening to the west at depth which could extend for &IO to GO0 feet, 



0 

0 

0 

but similar results could be obtained frum a source parallelling the line 

to the south. The latter condition would be conaistcnt with the preliminary 

findings of the surface investigations .and should be checked by surveying- 

a series of N-S lines in this area. 

On the extrec,e webt end o,t Line 13S, near 13i;‘, several hi& 

vsluce indicate the presence of a *ecocd ntrony ansmaiy which is also 

associated with a resistivity low. Fu.r:har work should be carried out to 

dol%neatc these strong indications. 

deeper source or one lyin; to the side uf th;: line. r? the light ?f the 

reported outcrops the latter is considered th12 most likely. 

Helwcen 3s and ‘is the results ;up,ge5t B Sh2llOV~ sourc5Yof 

moderate metalfic content.. This anomaly correlctcs wall with the 

weaker and .remote indication s obtained In surveying Linze 040 and 5s. 

jr:owcver , it is possible tha? done of the three lines i?l this vicinity (i. e. 

Lines O+OO, 55, 2nd Ra;le Line 2) CZCSYB* the center of this anomaly 

axed additio 
1 

al detail i.ur weyin i should be carried out to delineate these 

at~ong indications. 

Line 25; lb& I. 1’. 2893-T - -- 

Severn1 small metal factore .3ccur on the west end of thz line 
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which suggest the possibility of an anomalous zone near the shore of 

Matilda Inlat. kdditioaal uurvcying in the vicinity would be difficult, 

due to the water, and it is s,uggrtsted that surface examination be made 

near the shoreline to determine the cause of the momaly. i‘hould the 

area prove to be of interest, additional surveying could be done on 

‘N-5 lines. 

Line 143; D.vg. I. P. 28?3-8 

The possible anomalous i;one betvreen 3 vi and <Ii is iudicat!vo 

of either a deep or ror.)~ote sourte. Addiiional detail surveying should be 

done to confirm these moderate magnitude indications. 

Savcra1 emall xctal factors are associated with low rcsistivities 

0 near the baseline, but additional data wouI3 he required tu aaso~s their 

importance. 

Line 205; Dwg. J. P. 2893-9 

The results on Lino’2OS are quite complex. 

The first and second separation data iudicate a broad zone of 

lsw metallic content which correlates with a broad area of low resistivitias 

and cauld b+ continuous from 13W to 20%. The shallowest ,mrtion of this 

anomalous material occurs near ‘18W, where surface minaraliration has 

he.en reported. 

En addition to the shallow effects, two high values are evident 

0 
on the wide separation data near 19W and %O!Q. These indicate a zone of 

I 
higher metallic co&ant located either at depth or to the side of the line. 
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0 

Additional surveying woulsl be r@uired to dotermine which is the 

correct interpretation. 

Line 242; DWQ. I. P. 2833-10 

There are no a::vmalous induced polarization effects con 

this line. 

Base L&ne 1; Rwg. I. I’. GI93-11 

A deep VT remote source is suggested by the wide sepa~ra- 

tion data b&wean 7s and 8% This area should be checked by detailed 

surveying. 

A remote 6ou.rce is auggeeted by the small valuea iri the 

vicinity of 175 and 18S. This possible anom.olous zone could be due to 

the side effect of the reported minsralization aear 18X’; on Line 24>. 

k third anomaly, r;uggestive of a narrow weakly mirxeraliaed 

cnndtictor, is located at Station 13 or between 16 and 2% 

appear to outline a zcge of high metallic content, Zone A, which cur- 

relates closely with the known showing-u reported to contain pyrrhotitc, 

magnetite 
)I 

and chalcopyrite. 
I 

ilone A apparently outcrops afid has a 

width of at least one hundred feet, and apprzcinble depth ejitcpt. An 

intonaive programme of drilling an,d/or trsnching should be carried 

out to determine the economic potinibilitics of this I.OILC. ‘The followiilg 

, 
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drill holes have bean spotted to test the better portions of the induced 

polarization aiomoly. Additional holes to cross section the zone will 

be required if the results are sufficiently encouraging. 

Line ‘IS at 0+5ou ; vertical, 200’ minimum 

Line 13s at 3~50%‘; vertical, ZOG’ minimum 

,:one A may extend further south or !xnd oharply westward. 

Lkteiled surveying should be carried out to delineate this anomaly and 

also the strong indication near l4W on L;ine 13:j. 

ii ecriee of reported outcrope and the weaker responses on 

Lines O.&O azd 55 suggest that Lone A extends further north. Thir 

portion of the zone is also shallow, but :he data indicates chat the ccurce 

i.? weaker (or narrower) and the depth extent is not as greet. 

Zone B is a pOSSible anomalou::~ zone that has baen infa+r& 

from the results on Line5 9&G, Xi, and Base Line 2. Itz existence is 

certain, but its exact I,ncation and extent ca::n~oL be determined from the 

limited data available. Detailed sxrveying in this area should be carried 

out tc dete?minc the locntion and attitude of the anoma’ly. 

of the anomalies near -i!‘; on Line 25 and 181: on Line 239. 

Qeep or remote soxcas have been indicated in the vicinity 



Uetaiied z+urveyiq should be carried ant to confir& the existence of 

these zones and to eetcblioh firmly their location. 

D. I31 but-herlend,, 
Geophysicist. 

Robert H. lk11, 
Geologist. 

&ted: June IY, l”6.2. 
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PROPERTY: Matilda Inlet i’roperty 

SPONSOR : Vanwest Minerals Limited PKO’VINC.&: British Columbia 

LOCATION: ~Matilda lxiet , Flares Island, 
Vamouver island 

TYPE OF SUiiViXU: Induced Polarization 

CONSULTf.NTS: 
‘a. B. :ktherland, $12 .&:glinton Avenue, Sast, Toronto 12, CJntario 
R. A. Yell, 12 Cottonwood Drive, Don Mills, Ontario 

FIELD TZCHNICIANS: 
F. Bottoa) I(3 Hursting i.venue, Toronto 10, Ontario I 
R. Auge, Box 313, Kspanola, Onterio 

DRAUGKTSMEN: 
R. MacKenzie, 55 shnnnon Dri,ve, Scarborough, Ontario 
D. Grant, 85 Yardley Avenue, Toronto 16, &&xrio 

D. 3. sutherlmd, 
Coo@hyaic,iot. 

Dated: June 19, 1962. 



- 11 - 

6 - 1 I2 davs Cberatinr 
-L-l;2 da& -J&s1 - ) 2 l/2 
1 day Bad ,eeather ) * <$ .$ bo. oO/day 

YTT-- 

$l,lOS.~O 

150.00 

~smses - &-orated on ‘> day 0 Df a total of 21 ( &irCeiVed to date) 

Transportation - Crew and Squipment 
(aa per contract) $ 80.00 

Transportation - Vancouver Island 48. 50 
Meals and Accommodation 77. H9 
Supplie 8 7. Or! 
Telephone and Tclegrn~h 32. b5 

$&b. 13 

nntecl: June 19, 196’. 

0 
\ 
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CERTIFICATE 

Dated at Toronto 

Thir, 19th day of June 1962 

I, Don Benjamin Sutherland of the City of Toronto, .i?rovince 

of Ontario, do hereby certify that : 

1. I am a geophysicist resicling at 412 Gglinton .-ivenue, t’ast: 

Torento 12, Ontario. 

2. I am a graduate of the University of Toronto in Physics 

and Geology with the degr’ee of Bachelor of Arts (1954); and a graduate 

of the University of Toronto in Physics with the dagree of Master of 

Arts (1955). 

3. I am a member of the Society of ~~ploratioi~ Geophysiciots 

and a member of the European Association of Gploration Geophysicists. 

4 . i I have been practising my profession for over seven years. 

5. I have no direct or indirect interest, nor do I expect to 

recpiva any interest directly or indirectly, ifi the property or securities 

of Vanwcst Mine&s Limited. 

6. Thee statements made in this report are based on a s~tudy of 

published geological literature and unpublished private reports. 
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Jan&y 7&t, 1963. 




























