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McPHAR GEOPHYSICS LIMITED

NOTES ON THE THEORY OF INDUCED POLARIZATION

AND THE METHOD OF FIELD OQPERATION

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 grdund 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 minérals 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



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, ¢, voltage used to créate this d, ¢, 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 élternate 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,
Thiélparameter 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 ”metai 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 great;er 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
suspec‘ted of being due to water filled shear zones or other ionic
conductors, There is also no effect from conductive overburden, which
frequently confl;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,

alena, etc, are responsible for the induced polarization effect, Some
g ’ P 4 P



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 intéger 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 wlith various
values of (N); i, e, (N) = 1, 2, 3, 4, etc, The kind of survey required
(detailed or rgconnaissance) 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



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 propertiés 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 a'fter a series of potential readings has been madae,
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,



McPHAR GEOPHYSICS LIMITED

REPORT ON THE |
INDUCED POLARIZATION & RESISTIVITY SURVEY
ON THE G,C, - HAB - BUY CLAIMS
LAIRD MINING DIVISION, B, C,

FOR
KENNCO EXPLORATIONS (WESTERN) LIMITED

1, INTRODUCTION

At the requeést of Mr, Hal Fleming, geophysicist for the
company, an induced polarizstion and resistivity survey has been
carried out on part of the Galore Creek Claim Group on behalf of
Kenneco Explorations (Western) Limited, The property is about 54
miles southwest of Telegraph Creek in the Laird Mining Division of
B, €, The latitude and lcmgitnd; co-ordinates of the 5, E, Corner of
the quadrilateral are 57° « 131°,

Previous geologic examination of the property has revealed
widely escattered chalcopyrite occurrences in the limited outcrop visible,
The induced polarization survey was planned to cover the property in an
attempt to cutline éoqea,af more concentrated metallic mineralization,
Because of the very it;gged terrain, the survey was limited to parts of
the G, C, , Hab, and Buy Claims, The measurements were made during

July, August, and September of 1961,

2, PRESENTATION OF RESULTS

The induced polarization and resistivity results from the



survey on the Galore Creek Claim Group are shown on the following data

plots in the accompanylng booklet, The rosults are plotted in the manner

described in the notes preceding this report,
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line 168N d.c, ond 5,0 cps 400 Spreads Dwg, L P, 2838-22

Line 160N .31 and 5,0 cpe 400' Spreads  Dwg, I, P, 2835-23

» Znclosed with this report is Dwg, Misc, 4665, a plan map
of the Galore Creek Avea, The definite and possible indaced polarization
anomalies are indicated by solid and broken bars respactively on this
plan map as well as the data plots, These barn‘ represent the surface
projection of the amwloua zones as interpreted from the location of the
transmitter and receiver electrodes when the anumalous values were
measured,

Since the induced polarization measurement is essentially

an averaging process, us are all potential methods, it is frequently dif-
ficult to exactly pingoint the source of &n anomaly, Certainly, no anomaly
cen bs located with more aceuracy than the spread length; i, . when using
400" spreads the position of a narrow sulphide body can only be determined
to lie between two aagi'ationﬁ 400" apart, In order to locate sources at some
depth, larger spreads must be used, with a cnrreapund!né increase in the.
uncertainties of lacgtim:. Thﬁerefure, while the center of the indicated
anomaly probably corresponds Iaigly well with scurce, the length of the
indicated anomaly along the line should not be taken to :;opraqen_t the exact

edges of the anomalous material,

3, DISCUSSION OF RESULTS

The results will be discussed line by line, starting with the
northernmost lina, The vrder in which the lines are discussed is not

necessarily the chronological order in which they were done, and is



certainly not the order of importance,

The grid is somewhat {rregular, since in many places it was
necessary to place the lines in a spot campatihla. with the topography
rather then on a grid, Some of the lines are ushorter than vmul&.otherwine
be desirable, for the aamé uuan.ﬂ Freqn@tly s BD increase in the
measured IP effect has been found Aat the end of a line, If the aﬁon&aly has
been left incomplets ,' it is becaua; the rugged topography &xéﬂe it imisrac-

ﬂ_c:al to extend the line farther,

i
Line K
This line is short (3200') and not much data is presented,
Howaevar , there is 3 small increase in the IP effects messured near the

conter of the line, The source seams to be located at 125 to 165,

Line 288 + 90N

The increased IP effects on the east end of this line are even
emaller than those Qaeasnred on Lins K, However, as in all of the results
ﬁera s even these small magnitude anomalies have been indicated since
thay could be of importance, The line would haﬁ to be Menﬁeé to coms=

pletely evaluate the anomaly,

Line 28] 4 60N R | )

This line is longer than the two to the north, and more data bas
been taken, There is a low magnitude, but definite anomaly at 154E on this
line, The mageitude and shape of the anomalous pattern suggests a narrow

source with a true IP effect much greater than the apparent values measured



using 400° spreads. The source seems to be narrow, shallow, and neayr
vertical, so the line should be surveyed with shorter spreads to better

locate and evaluate the cone,

Line 2721

The resistivity level on this line is relatively high, as it has
been on all the lines to the north, However, at the western end of the
line, the resistivity values decrease sharply. In addition, there is a
large increase in the IP effects for these eame readings, The line was
terminated because of the topography, However, because of the apparent
importancs of this anomaly, this line should be extended at some future
time, Even a fow measurements west of station 146E would he of great
use in evaluating th; anomaly,
ldne B

The resistivitics decrease on the western end of this line also,
The IP effects increase, but neither change is as great as on Line 272N,
Howaver , the small increase on Line B could represent the edge of &
laxger anomaly to the west, Therefore, this line should be extended to

the wast also, if it is ot all possible,

Line C

The weak anomaly found on the western end of the lines farther
north is centered ot 28W on Lina C, The source seems to be at least 400*
wide, and the apparent 1P effects are only slightly above background, In

addition, there is o naryow, stronger anomaly at 16W, The source of



this anomaly seems to be tabular, and dipping, since the pattern is
asymmetric, The best estimation for the dip would be to the west,

Since this source sppears to be narrow, and shallow, the line
should be repeated ueing shorter electrode separations to better evaluate
the anomaly, This anomaly is of particular importance, because it was
measured neing , 31 and 5,0 cps, The lines to the north were surveyed
using d, ¢, and 5,0 cps, and from similar minoralization, the effects using
this larger ftnqﬁeﬁcy difference ﬁould be expected to ba two to three times

larger,

Line s
There are two weak anomalies on this line, However, they
corrolate with the two anomalous zones located to the novth and therefors
have been marked, The sastern anomaly is shallow, but the western
anomaly was located with the larger electrode separations, indicating that

the source is at some depih,

This line did not extend far enough west to pick up both snnes; ,
but a weak anomaly was located at 6 W to 9W that corrvelatas with the eastern
gone, The anomaly is not complete, and the line should be extended to the

east to compiete the pattern,

line G
There are no large anomalous effects masasured on this ling,

except that the 1P values incressed on the eastern end of the line, The



resistivities on this line, and on Iine D, are very umiform and the level

is somewhat lower than farther to the north,

iine ¥
These results are very similer to those on Line G, with an

incrense in the measured IP effects at the eastern end of the line,

A lazrge magnitude anomaly was located on Line &£ » Centered
at 16W to 20W, The westorn edge of the anomaly is very sharp, while
the eastern edge is less distinct, Since the source is shallow, the maxi-
mum values were measured for the first separation, The line should be
m«sﬁr;rwod with shorter eloctrode separations, With shorter spreads,
the zone will be better located and the position, attitude, ete, of the source

can be bettsr predicted,

The results from this line, when 400* spreads were used, were
very similar to those oa Line E, The anomaly was re-checked using 200"
spzéndg, and the anomaly was still more definite, The source appears to
be more than 200" wide, and'vto still be shallow, In addition, there is some

indicstion of another scurce at depth to the west,

Line 216N
Thie line Is guite long, because the topegraphy pevmitted the

extension of the line to the east, Several anomalous sones were located



by the survey. The most definite anomalies are located at 200E, and at
2885 to 292E, The anomalies to the east ave considerably outside of the
zene covered by the rest of the survey, and thevefore suggest new areas
of intereet,

‘The anomaly at 200 correlates with & much weaker anomaly
to the south on Line 29&&3.' The pattern on Line 216N suggests a Barrow s

near vertical sons with some depth to the top,

Line 208N
This line {a shoyt, and the IP effects incrasse at both ends of
the Hne, Therefore, it would be necessary to extend the line in both

directicns to completely evaluate the importance of the anomalies, .

Line 200N

i*hiﬂ was the first of several long lines that ¢rossed the area
of interest ju& north of the glacler, There are several areas where weal
ansmalies are higher than ﬁaekgraund. Thé most important is probably
that at 180K to 184, and it should be checked with shorter spreads, This
zone gave the expected two to three fold fncreass in the measured IP effsct,

when the frequencies used were changed from , 31 ard 5,0 eps to d. ¢, and
5.0 cps, | |
Line 192N

The results along this line are uniformly low, except for a

slght increase in the 1P effects at the ends of the lines,

Line 184N
The IP effects measured on this line are much largsr in



magmnitode than those on line 192N, There are strong shallow anomalies
centered at 152K to 156E and at 228E, The zone at 152K to 156 & seema
to be more than 400" wide, while that at 228£ seems to be narrower,
Both of the zonee should be checked using shorter spreads,

In addition, there are several other zones of larger than back~

ground IP effects that should be investigated further,

‘Line 176N

The definite IP anomaliés on Line 184N are also present on
this line, The western zone seems to be broad, while those to the cast
are narzrower, The line should be extended to the east to complete the

ancmaly st the end of the line,

Line 168N

On this line, there were some measurements in the middle
of the line that could not be made due to the gi;cier. However , definite
anomalies were obtained on both sides of the glacier., These correlate
with the zones that have been traced on the lines to the north,

The most interesting anomaly {s at 156E to 1605, There is
a large magnitude anomaly there, that appears to have a shallow source,

This zone should be checked using shorter spreads,

Lins 160N
Some meassurements could not be made in the center of this
Mne due to the glacier; however, there is an anomaly at depth to the east,

and definitely anomalous values near the east edge of the glacier,
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4, CONCLUBIONS AND RECOMMENDATIONS

When the anomalies discussed above on the various lines are
plotted on the plan map, Misc, 4665, it can be seen that they correlate
well, The continuous length of the zones is unusual, since the scale is
1% < 1000 feet, At places, the IP anomaly correlates with known outcrops
of copper bearing mineralization, The first drilling on the anomaly at
152E to 1565 on Line 184N shows a considerable amount of copper bearing
minerclization as the source of that anomaly, Therefors,; it must be |
assumed that all of the zones are of great interest,

The anomalous zones themselves are of varying character,
with some of the anomalies | etrong and definite and othors weak and uncer-
tain, The areas of most interest, in terms of the strength of the IP

anomalies, have been listed below,

a) Line 184N, 152E:to 156K and Line 176N, 160E to 164E,

b) Line 184N, 208; Line 176N, 204E; and Line 168N, 156E to 1605,
) Line 184N, 228E, |

d) Line E, 16W to 20W and Line H, 16W to 20W,

e) Ling C, 16W,

£f) Line 272N, 146E, ‘

In these areas, additicnal induced polarization w‘wnrk‘ would be
necessary in order to completely evaluate the anomalies, Many of the xones
appear to be shallow asing 400 spreads, so shorter spreads are indicated,
Also, a line spacing of 800' is too much for drilling, so that intermediate

lines would be desirable in the areas of mazimum interest, Finally, an
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attempt should be made to extend those lines that show an annmaly at the
end, Even a few additional measurements would be of use in detcrmining

the importance of these anamnlies. :
McPHAR GEOPHYSICS LIMITED

e

-

Philip G. Hanof, _
Genphylicist.

Robert 4, Bell »
Geologist,

Dated : September 13, 1961,
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ASSESSMENT DETAILS

SPONEOR: Kennco Explovations . MINING DIVISION: Lalrd
(Western) Limited .-
PROVINCE: British Columbia

LOCATION: Galore Creek Area

TYPE OF SUﬁVE‘Y: Induced Polarization

OPERATING MAN DAYS: | 47-1/2 DATE STARTED: June 30, 1961
EQUIVALENT 8 HR, MAN DAYS: 61-114 DATE é‘mms September 15, 1961

CONSULTING MAN DAYS: 7.0 NUMBER OF STATIONS OCCUPIED:
. 307
DRAUGHTING MAN DAYS: - 8-1/2
NUMBER OF amsmvmmm MADE:
TOTAL MAN DAYS: 76-3/4 1,408

MILES OF LINE SURVEYED: 22,74

CONSULTANTS:
P, G, Hallof, 5 Minorca Place, Don Mills, Ontario
R, A, Bell, 12 Cottonwood Drive, Don Mills, Maﬂo

FIELD TECHNICIANS:
J. Peaver, Bancroft, Ontario
R. Fernholme, 467 Vaughan Road, Toronts, Ontario

DRAUGHTSMEN:

F, R, Peer, 38 Torrens Avenue, Toronto 6, Ontario
R, MacKensie, 55 Shannon Drive, Scarborough, Ontaric

McPHAK GEOPHY&ICS LIMITED

Geaphs;sicist. G

Dated : September 13, 1961,



SUMMARY OF COSTS

FIELD CREW - (2 men)
Time

&7-1/2 days Operating @ $170.60/day
29-1/2 days Travel and Bad Vieather @ $ 50, 00/day

Expenses
Ajrfare - 2/3 Total Round Trip « 2 men $392, 00
Aljr Express Charge - Equipment o 227.99
Meals & Accommodation {including travel
expenses) - 128,20
Telephone and Telagraph ' 46, 48

$ 8,075.00
1,475,00

794, 67
$10,344, 67

oot e
R

McPHAR GEOPHYSICS LIMITED

Philip G, Hallof,
Geophysicist,

Dated 1 September 13, 1961,
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