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of Britinh Columbia indieetee that the induced polarimotion metlmd can 

be used te iofzatet, and cmtline, itones of molybdmum minalrallnatien 

&ni$ar to that wbiub fhc geologists hope to lacata !n the Nasrr River 

AXea. 

Hew%v%Pr it has b%tm feud in o&et ueae that the mioeti- 

aation af most 8couomic interest may not be aatMctated with the larlgest 

ma@t~Ma LQ anomslfrra. Zoning c8n mktt, and the moiybdenite can- 

c%ntPatlene can be &tb%P within tb% mo8t coneentPat%d &Q&its mined* 

aaticea, 03 to the e&de. 1% is necaeeary to taet at oi the aawnakmta z.tme~) 

that a?% b4Eat%d* 

The ta8t starvep on the vall%ycRiag%~u cwm Croups, i?% 

the Nam Ftive* aPear wa8 planned in an attempt to deternine the type of 

anomaliee to be cqwcted from the rninesrrllaatton tbat baa been lwated. 

2. PRESENTATEON OF RESULTS 

Tbe kducad polarisation and dzilRnS ramalts eke &own ap the, 

fobwing enclosed data pletrr. The rem& ape plotted kr the -et de- 

BErtbed fa tbe notw ptecedingl tbie mpo*t. 

Valw-RidJw Zen% 

Llna 10 

Line 5s 

L&m 9s 

300’ electrode intembls 

300’ elect?od% blt%Pval8 

300’ electrode intervsla 

300’ alact*od% iotcsPval8 

300’ electrode &atex9aie 

Dwg.zF 24724 

Dwg. LB 2472,-2 

Dv3g.I. 2472-3 

Dwg.xP 2473-1 

Dwg. B? 24733 
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the we& comt d Bxlt&h Columbia. The ton~n of dios#mhksted tier&i- 

s&ion (pyxite-cb&~Ce-molybdenite] 04uaUp contain 3% to WY3 me2aWc 

mhm~osr, and they CUB be located and o&lined eaetly wttb IF. 

MO& of @&I areas of geologic Wewe am areai of acid 20 inn- 

ta~mecUat6 krtsr\urive*g in We typeb of rack the rerbiutivitiel am high ad 

the bac~round lJ? effec0a axe very low. with ideal condit16ae St 45 posldble 

to smtlhe soaaee cd very small conc~atims of matallie minerals. Enclooed 

with thfe report is Btgure 1. This da@ plo2 8bowe the lP xamltu fxom a 

mineraliaed sane Xtteentiy located in B. C. Tb4 to2831 amcbuut of metallif3 

mtnexalieation p~le~112 L gaily L. 2!%1 buwevex, because the miaerorfe 

axe molybdeni$e and t#cwrdt6, and because tbsre is a very &xge vwlume 

w 
of mhwalksed mek, she mne may be an orebody, The IP anomaly ia $0~ 

in magnltode but quit4 deBflaG. 

u 

Until d8ilMxig ba8 bean complcEed, sad tie mit&a&e pxcrMnt 

have been determined, it ie necareaxy to condder oven ww93p rP ano- 

~di861 of pO2en2ia1 htOxeU% fn a giV4n area (l$b moxl) def&ite p 8nO- 

maliss may be dus $0 pyrite, with nones OS mont sconomid value can- 

tabing lwm metall& mberalisaticm and glvkg weaker IF’ aaona9ue8. 

The geologic txaminatime uod the llboxt hole. alxesdy drtiled 

in the Narrr River Area bavs ehown tba wideupread pxeranee of mofyb- 

denom minexalicatlon. Moat of the miaexa%isatioo pxsrent ocauxe to 

naxxow, relathly high-gsda @one@. The induced polaxfsation mea*uxe- 

mtntr wexe made wing 300t dectxode htexvalnr they wem not deeigwtd 

to detect the irsWidt&, aaxxow souxeee. The tast auxveylwas planned tn 
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a0 at&ma* to Locate tho8s volumee OI rack tbat contained &mugb vein&&e 

and @dogera to give aa appraciable fP effect for the ant&s volume of. 

tke+oclh , ., 

a) VaUey-SUdtge Zone 

Thebackgronndrest~UdtiseandW efieCt8 onthe8e Wee &IS8 
. . : 

area fai+ty typical far wbakw4 have cone to axgect la areap uf rebttvely 

ftwh, unaltered, am-potouc hatturbivs8. 'Pbam axe scam% mmnant8 (d 
i 

,. .‘. 
*s8lllts. 

Ths W re8dt8 on S.&L3 15 are typiaL The baclQpund &Me 

are Imar, *th three moderate8 ma&ud~ .hnemalies indicated The ano- 
: d 

maI%ss at the eastern and western agdr ef the line are not~complately 
., 

ited w&tb (perhap 200’ &3 4W) and there ie a &finite in~rea88 with ffeptb 
(target appaxmt tp effects for n ~2.3. ) ¶!hte mm should :be hrpced by 

eburmyblg closely cpace0 parallel, lhea. 

On&&se 5Stksrearetwo we&isnomialia8t&mayrSpieS&t 
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oamll eoncen&rat.hna of metallk mineralfmatlon. Since the *ouraes uta 

&allow (meunrred for n’l). the anomafies +,x&n be batter evaluatsd n&q 

$hort%r el%ctreas intervale. 

Tbemaksbtbe~reaaretbeoXder~ unfwmwab$e granite, which 

would be expecter? to b&v% a bigb rsrristitity. There IQ a mir)or fax&t mapped 

to the eoutbeaet, and it may pam to the weat Ox itm extrapt$latetl pcwttlon. 

Tbie &&n&e W ammaly oould be due to naetailia mineru~~tion ass&d 

w&b tba fmllt. The anomnly te quite date, aad the+ aaurcte ia not klmwni 

cletall is wammte&. Tbo measurennente with SOW electrob hteaw& th3uld 

ba repeated& w&b the electrode sites sbSftQ4 190 feet. If t&a aaomaiy ie, con- 

finned, itpsrs 108’ to the north an& et&h mbould be eurveycea. 

Qnly two, very weak X3? anwU0m were located on LLts 98. They 

probably dc mat was*aat fwther inttmbst a$ this timm. emapt to sdm 

that the we& s3nomaly centered at 16E 80 19E correlates c&a&y with We 

anodaa, loaated at WOO on Line 1s and 8E ma JAna 9% l$ the three ano- 

malias do correlate in this way, the kttrib dtrecttoa is eaktly parulkd to 

tbatoftbeknewofault. 

b) SmfuZone 

The El? WQ&S at this aona 8f &era&satfon are quite different 
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from .Uloee ta, the weet. On each lb tbeve la a veoy sharp resislUvity 

contact with b&h a+3t$yky rock9 to the east and lower.~restsUvtty 

rocks to the west. The high xeuhUvity make to the east probably 

repteeent a’fxesh grtita. : : 

The low reaietivi~ rocks to the west alet eitXieF .a bigbly.. ,’ 

altsm¶d, @oToaS irAtTusiV8 ox a more porous meta-Rebiment (elate : 1’ 

or hosnfel P) There ars large magnitude, varkkble IF eff@cts in the 

Sow reeietivIty mck@. The SP effects suggest conceatxatlane of metallic! 

&emslimaUon lx8 the xaage 1% to EO%r the wsomaloue effect5 oboiously 

tiead weetwaed, beyend ths po&ion Op the lines wh have wrveyed. 

/ .'~ 

4, CONCLusfONs 
.' 

The Lnduced pekdmaUon end wwktivity cast survey an the 

Valley4Udge-&&u G&&m Groups bae ehoosn the presence of metals 

mimralimation at sevaral locaUwea. L.&n43 of the aaomalha indicate 

very weakly direeminated mimwalk&ion, Wile othelro eiiggeet a-e 

of me?% concentTat%d mineralimauon, mxthar m work ie waml&d 

to better evaliate the iraomaUee and determine if drilling te wwwauted, 

The anomaly located at O+OO an S.&e IS at the Valley-EUdge 

Zone ia definite, and it occurs tn ELII. area of known molybdenum mine&& 

isation, The Ip Buectra &ow an increase fn eonceotsation of met&k 

minera&maUou w&b deptk, 80 that 8ny for&et drlll&np lo tbie area 

ebauld estend to d 8 of 300 to BOO fed 
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1, PhiMp George Hallef, ef the City of Townto, Province 

of Ontario. do hereby cesMy that: 

1. I am a geophysiciet residky at B Minorca mace, Don b&l&, 

(ToTonto), ontapio. 

2. I am a graduata of the Wiammchwcstta Inetituta ef Technelmgy 

with a B.S. Degree (1952) in Geology and GeopbysPes, and a Pb. D. 

D%gtea ( 1957) in Geophyeics . 

3. I am a mtrmber al the Society of E@oxat%on G@mpbyteiciete 

and the European Aseociatien of tbe Ex@oration Geopbyeicfjete. 

4. I have bean gractidmg my pr&seim for ten yeisra. 

5. S have 90 direct or indirect interest, nor de I enpeet to 

receive any inters&. direct Or indirect, in the property 08 seedsfoe 

af Blarrs River Mlnea Limited. 

6. The statemante made in this repoot am baead an a study of 

publtabed literature and uapubliehed private reports end geephyeksl da%%. 

Dated at Toronto 

Thie 26th day of July, 1966. 

4; 



McPHAR GEOPHYSICS LIMITED 

,- 
u 

w 

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 interfacethe 

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 a8 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 



- 3 - 

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 ‘I type mineralization in the South- 

western United States. 

Measurements and experiments also indicate that it should 

be possible to locate most massive suiphide 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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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. 

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 cover 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 

-iI “K X---c 

I 2 “c/ 4 5 6 7 8 9 

Stations on line x = Electrode spread length 
n = Electrode sqiorotion 

n-l 

n-l 

i (g%gd-gg) ~ 

M,F M.F M.F M.F M.E 
(Z-3.4 2,3-4,5 3,4-5,6 4,5-67 5JF7.6 6n3.9 

n-2 

n-3 

n-4 

M,F M~F M~F ME MF 
12-45 2,3-5.6 3+6,7 4.5-78 58-89 

MF M.F M.F t&F 
l.ZS.6 2,3-6.7 397.8 4,s8.9 

Plpparcnl ,Melol FOClDr 

M.F ME MF 
lP6.7 2,3-7.8 3,4-e:, w 
























