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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 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 rdck to electronic in the metallic min&rals 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 syrface, 

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 conf:ses 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. SOlTll2 
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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 

(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) z 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) between the current and potential electrodes when the measure- 

ment was made. 

,&i 

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 

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

speed 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 

.,I !’ 
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 

frqm 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 

LX “X x- ,. _” 

I 2 ;h 74 5 6 7 8 9 

Slotions on tine 
\/ Y = Electrode spread lenglh 

n = Electrode separation 

n-1 
k-3.4 2.3-45 3R5.6 4,5-67 5.6-7.6 6.7-8.9 

n-2 ?AF M.F M~F MF ME 
l2-4.5 2,3-5,6 39-67 4,5%8 5w3.9 

w 
n-3 MF M.F M.F M~F 

1.2~56 2,3-6.7 3.4-7.8 4.5-8.9 Plppored Meld FDClW 

n-4 _ M,F M,F MAE 
I,2-67 2,3-7.6 3,4+m FIG. 



Five lines were surveyed in the Axkamfxly No. 6 Area acro88 

&ha, contact betwean the Nicola E?erise as14 the porphyry Wruarive. Xn 

atition, a single line wae run acmes the Aearco No. a Cht to dfreceig 

compre the PreqUencg X, Z?. remltrs with thoee predouely 0btdnecP w&la 



‘i-J the pulse apparatw. 

The surveying &as casri?d aut during $egtemlwr 1962. 

The facsarcad gwalariaatiosi ad rasirtivity reeulte ate shown 

oa the following data plots which asco~~y thiar report. Tim results 

are plotted in the manaea +3scrfbed ia the note8 preceding this report. 

x&w 64N 
,’ 

4,?0-foot sgm2ada 

3QO-foot eprsadle 
,I 

fOO.fsof sgreaasr 

QOQ -foot rpreaa8 
.' '/,, 

EQO-fee, apreode 
: 

40thfoot spraade :. 

Dwg. X.P. 2937.1 

law@. X.P. 2937-e 

. I.P. 2937-S 

Dwg. X.6. 2937-6 
‘!I 

Asarco No. 1, ‘Cut Area ” 

LinQ1W' 400-iloot ippreaela 

, 

1clwg. X.P. 2937-7 

,’ 
Eacloee$ w&h thie report ia, Misc. 4730, a plan map :, 3.’ 

of pqwt of the property at m, ecale of 1” to 200 feet. The dell&e and 

poeeihle in$uoadpota~iaatfm~o~f~sa are indicatedby soll~and , ,’ 
ge ceargsctively oa this plan rxkap as werll.ae the data plate. L . 

These bars rapreeent the surface p%?ojectloa of the ~aonsafous aCmea .I 

ae iaterp?eted from the location of the taenatitter aad receiver electrodes 
.’ 
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when the s3smrdQu8 value8 wer’e mearumd. CJ . . 

w 

Since t+e iaduaed polarinration measuxement is esae+ally 

WA 6W%Sl@l%&j PDOWJSS, a% are EJ@ @L’t%ZXtiRl m%thOdS, it $8 fr%QU%llt& 
.’ 

difficult te orzactly pinpoint the source of an anomaly. Certainly, no 

aaomsly oaa be located wit& more accuracy than the spread kqth; 
, 3 ., . . 

f . s. when wiag 200’ epmida the p&dtion of a mm& eulghidci body 
‘. 

to locate sotic& at some $k@h, larger spoesds must be uLied, w&b a 

cor*es*ding iacreaee in the uncertaintiers of location. Thwefore, 
‘I 

whh the oentex of the indicated ammdy probably correspkde’fairly 

waU.‘fRith sc&ce, the length of the indicated anom& al&g tba line 

rrhould nat be tasken tcs repreoemt ‘& oxact edges of.ths ano*oua 
_’ ,’ 

rnate%Ptai. ,. 
.’ 

A. ,APmMALY MO. 6 ARW 

Some anomalous reoponee wae obta%ned on eacb,of the lfnes 

suxveyad on this portfon of thrs property. Together tbeee appear to 

forre R eondinuouer son% that coLncidi3e titi tb contRct betkeen tb 

Line 43N; Bwg. 1.P. 2937-1 
/ 

A moderate but quite definite anomaly fe centsted at 14W 

Qln this tine. The westera edge of the anomaly is indefixxite whne the 



The ~OUPCB cappare to be aballow campared to the opreed 

fen@ of 400 feet and probably s to dq%Ja &a the vi&S&y of 14w 

to fk3W,, 

Line S2VJa91 Bwi. 1.P. 2937-2 

1 values i8MiCbive ol a &aUOw, weak source occur 
., 

b t&m victity of 1UW. Larger metal factors occur cm the wide esgarra- 

tiom near 143 -1 VW imlkath~ i more concentrated f3outc6 eit2mr at depth 

or to the sido of tiu3 lb. Theee results are ahailar to thoee obtained 

on t+ wide segtarathne on Line S&4 at 13-16W and togetmtarr may 

rsprqsent a &eper md bstter portion d the oource. B[t la not dear 

W whsrther the89 teeult8 rsgweaent two 8eparate ftsaiuree or, one 8onep 

plunging to the wecot, wad fo~rgarbg Ln intcsnafty with depth. 

Line sm; a&g. I.P. 2937-3 

The result0 on thii 1Lne are quite oompi& 

A eliall- and r@lativaly narrow 8c5urcet 48 Sadioated to lb 

between 13W 8~~3 l&W by the values for N-1 aad M-2. Additional BUT- 

veying with shorter sgeeiade would be worthwhile t~,comfirrnr this inter- 

pretati&. Tkere is a small magnetic high frcm IS-)6W but it I8 

diffieqlt to a88888 its import8ncs, 

Larger aaad perhapw more signliicant metal f&&or value8 

AFB appaient for N-3 tam3 M-4 at &a came locality c)a We liad. As 

previausly mentioned tbers are sbdlar to the results obtained on 
i/ 
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Line 52N asd nnay ixAkate a deeper and more concentratead 8wwee. 

Line 6ON; Drwn. I.P. 2937-B and -5 

This line wa5 fitst eurvey%d wfth 600 foot epreads (Dwg. X.P. 

2T37-4). cOPal~%Tr?rd t43 &hi8 %pP%ad l%Xb&#h the dtBfidtf-3 %PAOXk%dy fPt5mS 

64OW appear 00 be XIEIPPOW f&allow aad due ta a relatively conceatrae5d 

BOUPfaa . Sidlar to Line 52N the east edge d thst aaomaIy.i%well-defined 

V&MB the westera edge Sslr quits Lndistlnct and a weaker conelnuntion of Thea 

suggested by th~3 sontou~ patteonr Ehia appear8 to be conaietent with the 

geclo&al mapping. 

The line woe detailed w&b an electro& qwead of 208 feet 

(Dwg. I.B. Z’j37*fil* On this data pleat the a~omalou8 80ufce appear5 

to ba cheap with respect to tie ~sprsad lean@a and eugpw&rs a depth of the 

tfJp of roughl9 200 fe,et. Thsee results aoe the best obtaPned irr tbie 

vi&s&y and @et drilling bee been recommsaded on this line to establish 

the cause of the anomalies. 

Althoug$a there it3 a waak nnagnetlc hi& in tie vicinity of NV? 

on this lfne, the reeulta do not appear to be clwmly correlated with 

the induced gdetrisatfon anomaly. 

Line 64&i, I?wg. I.F. 2$37-6 

A weak axxmaly occus~ at about 1OVf 00 this line. I&e most 

of the other wlomaliee in taie axea, it fs aesocfated with a Siiaitinct 

rosietivity law, These appearti to be no sOgr&cant magnetic relief’ ’ 

on thie part erf the tmverse. 



fxok about 6N to 12N at %balkaw depth. Xt iar eomewbat difficult to judge, .- 

b& %lia mt+dlie mataria reported in Cut No. i EOIM be typical of We 

zhallow ZOUFCO . 
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be teat&I by a vrsstical hch. at lQM, Paowavor, a Wlgls hole may not 

tlloTougbly t%st the anomaly. 

AddNon& zurveyiag with zmalle~ spreads on a&jacent finea would 

reduce tlm present uncsrtaknty in ahe locatfon of thiz anomaly. 

Coaqxas=ing the McPhar reeulte with those of the Hunting Sumey, 

W% flad that the limits of the zbakaow SOUPCQIS agtee reaeonrsbly weu 

considlaiin[s that the &kPbar data was taken with 4OQ foot spread5 and 

cansaquently cannot be expected to locate the edge of a rahzllol;~ ~OUPCB 

with an accuracy of. b&tar than zeveral hundmd feet. with the k4cBhar 
z/ 

data, the deeper zourca appear8 to bz only om or two eaparatioaz wide and 

firmly the nortbem U&t of the, dcaper ooumx. 

A zeriez sf weak to medekte fndmxtd potarizatio~:~ndieattMie 

euggmt that a zoom of azomzlmxe metal factor WaatsxW estendz mom of 

ho5 contiauoufJly Brrsmn 48EJ to &@I, Thf5 zone appseav ta coincide with 

an ia9erred fault at or near the contact of tba Nicola Seriesr aad the ’ 

porphyry intz-ueilve, 

Furt.be+ inveetfgationz zhould be made of them anomalie~l which 

vasy in both dsgth and %ntenzity . Pollowinng dlscuz&$cvaa with Mr. R. b. 

Stohls, Senior Enginmr far the company, the following drill bole haz 

bzsen zgetted to tezt the moat favourable resulte: 





CC?Nf3ULTANTS: 

l3, B, &&herland , 412 Egliafm Avenue, East, Apt.‘ 604, T%ronts 12, Ontario 
l?,G.Mlofr 5 Minorca P&ace, Don Milla, Bntario. 

SIELti T~C~~~~: 



89.77 

85‘ 30 

ll,QO 

20,681 

30.39 

$1,‘145.10 
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CERTfFICATE . 

I, ?hn Benjamin Sutherland, of the City of Toi~mts’, 

Province of Untaris, do bereby~cerbify that: 
t 

1. i %rn a geQphyJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoici8t residing at a12 sg1inton &et, T&$Mato, Ontario. , 

2, 1 am a graduate of the Unlversfty of Torontp in Physics & CZeology 

with the degree of Bncrhalor of Arts (1953); ad with the degree of Master of 
, 

ATts 0954). 

3. I am a member d the Society of Eqloration Ceophyeicieto and 

a membar of the Baropem Association of Exploraticm Geopbyeiciats. 

%. ’ ‘I have been praotioiug my profession for over efgbt years. 

5‘ I hEPVe PO direct 03: indirect Were&, nor do L expect to 

recetive any interact directly or indiUsectPy in $be pro$erty OF securities 

of Ceapleral Resources Ltd. . . 

6. The etatemmts made in this report are baaed on a etudy of the 

publiehed geological literature and unpubliehed private rerporta . 

Dated at Toronto. 

This 8 day of PJovember 1962 

Ekm B. SutbsrlanB. Bt4.A. 
. ^. - I ._ - 


















