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McPHAR GEOPHYSICS

NOTES ON THE THEORY, METHOD OF FIELD OPERATION
AND PRESENTATION OF DATA

FOR THE INDUCED PCLARIZATION METHOD

Induced Polarization as a geophysical measurement refers
to the blocking action or pelarization 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. ¢, 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 appreciably
reduce the amount of 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.

Frorm 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 a2 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,
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The values of the per cent frequency effect or F, E, are
a measurement of the polarization in the rock mass, However, since
the measurement of the degree of polarization is related to the apparent
resistivity of the rock mass it is found that the metal factor values or
M, F, are the most useful values in determining the amount of
polarization present in the rock mass, The MF values are cobtained by
normalizing the F, E, values for varying resistivities,

The induced polarization measurement is perhaps the most
powerful geophysical method for the direct detection of metallic
sulphide mineralization, even when this mineralization is of very
low concentration, The lower limit of volume per cent sulphide
necessary to produce a recognizable IP anomaly will vary with the
geometry and geologic environment of the source, and the method of
executing the survey., However, sulphide mineralization of less than
one per cent by volume has been detected by the IP method under
proper geological conditions.

The greatest application of the 1P method has been in the
search for disseminated metallic sulphides of less than 20% by volume,
However, it has also been used successfully in the search for massive
sulphides in situations where, due to source geometry, depth of source,
or low resistivity of surface layer, the EM method can not be successfully
applied, The ability to differentiate ionic conductors, such as water

filled shear zones, makes the IP method a useful tool in checking EM



anomalies which are suspected of being due to these causes.

In normal field applications the IP method does not
differentiate between the economically important metallic minerals
such as chalcopyrite, chalcocite, molybdenite, galena, etc., and the
other metallic minerals such as pyrite. The induced polarization effect
is due to the total of all electronic conducting minerals in the rock mass,
Other electronic conducting materials which can produce an IP response
are magnetite, pyrolusite, graphite, and some forms of hematite.

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 effecis of vertical changes in the
properties. Current is applied to the ground at two points in distance
{X) apart. The potentials are measured at two other points (X) feet
apart, in line with the current 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 recommaissance) decides the number of values of {n) used.

In plotting the results, the values of the apparent resistivity,

apparent per cent frequency effect, and the apparent metal factor



measured for each set of electrode positions are plotted at the inter-
section of grid lines, one from the center point of the current electrodes
and the other from the center point of the potential electrodes. (See
Figure A.) The resistivity values are plotted above the line as a mirror
image of the metal factor values below. On a second line, below the
metal factor values, are plotted the values of the per cent frequency effect.
In some cases the values of per cent frequency effect are plotted as
superscripts of the metal factor value. In this second case the frequency
effect values are not contoured. The lateral displacement 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 measurement 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. The 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 results, model study results and theoretical investi-
gations. The position of the electrodes when anomalous values are

measured is important in the interpretation.
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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 25 feet
to 2000 feet for (X). In each case, the decision as to the distance (X)
and the values of {n) to be used 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.

The diagram in Figure A demonstrates the method used
in plotting the results. Each value of the apparent resistivity, apparent
metal factor, and apparent per cent frequency effect 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 plotied 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, When
the F. E, values are plotted as superscripts to the MF values the third
section of data values is not presented and the ¥, E, values are not

contoured,



The actual data plots included with the report are prepared
utilizing an IBM 360/75 Computer and a Calcomp 770/763 Incremental
Plotting System. The data values are calculated, plotted, and contoured
according to a programme developed by McPhar Geophysics, Certain
symbols have been incorporated into the programme to explain various
situations in recording the data in the field.

The IP measurement is basically cobtained by measuring the
difference in potential or voltage {A V) obtained at two operating frequen-
cies. The voltage is the product of the current through the ground and
the apparent resistivity of the ground. Therefore in field situations
where the current is very low due to poor electrode contact, or the
apparent resistivity is very low, or a combination of the two effects; the
value of {A V) the change in potential will be too small to be measurable.
The symbel "TL" on the data plots indicates this situation.

In some situations spurious noise, either man made or natural,
will render it impossible to obtain a reading. The symbol ""N* on the
data plots indicates a station at which it is too noisey to record a reading.
If a reading can be obtained, but for reasons of noise there is some doubt
as to its accuracy, the reading is bracketed in the data plot ().

In certain situations negative values of Apparent Frequency
Effect are recorded, This may be due to the geologic environment or
spuricus electrical effects. The actual negative frequency effect value

recorded is indicated on the data plot, however the symbol "NEG" is



indicated for the corresponding value of Apparent Metal Factor. In
contouring negative values the contour lines are indicated to the nearest
positive value in the immediate vicinity of the negative value.

The symbol "NR'" indicates that for some reason the operator
did not attempt to record a reading although normal survey procedures
would suggest that one was required. This may be due to inaccessible
topography or other similar reasons, Any symbeol other than those dis-
cussed above is unique to a particular situation and is described within

the body of the report,
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McPHAR GEOPHYSICS LIMITED

REPORT ON THX
INDUCED POCLARIZATION
AND RESISTIVITY SURVEY
ON THE
TETACHUCK PROPERTY
TETACHUCK LAKE AREKA
OMINECA MINING XVWSION, B.C,
FOR

NORANDA EXPLORATION COMPANY, LIMITED

1. INTRODUCTION

During May 1972, an Induced Polarisation and Resistivity survey was
sarrisd cut oun the Tetachuck Preporty, of Noranda Ixploratioa Cempany,
Limited in the Tetachuck Lake Ares, Ominecs Miniag Division, British
Celumbia. Ths property is located appreximataly 115 air miles seutheast
of Smithers, B.C. at sppromimately $3°24'N latitude and 125°40'W lengituds.
Access te the preperty is by helicopter frem heliceptsr bases at Smithers.
Heuston, or Burns Lake to a halicepter pad situsted within the claim greup,
Elevatiens o the prepsrty rangs frem 3,200 to 4,379 feet above sea level.

The geophysical survey werk discussed In this report was carried

out ea the following claims of the Tetachuck Preperty.
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Claim Recerd Number Mining Division
Codet #22 89587 Ominees
Cedat #24 89389 Omineca
Gedet $33 89598 Ominecs
Godet #34 89599 Ominses
Godat #3535 894600 Omineca
Gedet #36 39401 Ominsca
Godet #37 89602 Ominscs
Godot §38 89603 Ominscs
Gedet 49 Fr 39614 Ominscs
Codet 410 Fr 89615 Ominscs
Godst #14 Fr 89418 Ominece
Gedet #1535 ¥Fr 9619 Omineca
Gedet #16 Fr 39620 Omireca
Godet #18 Fr 93933 Ominecs
Qodot $19 ¥r 93934 Ominecs
Qodet #43 98927 Omincea
Godat 45 "N Ominecs
Clodet #47 98931 Omineca
Godot #21 Fr 200300M (Tag Number) Ominsca

The claims are registered in the aame of Noranda Expleration
Cempsny, Limited (No Parsonal Liakility).

The southeastara portion of the Tetachuck propsriy is assurned
to e underiain by a coarse-grained, relatively unaitered, granediorite;
however, outcrep is limited to the main cresk crossing the propasty in a
southeast direction. To the north and west, andesitic and dassltic recks
outcrop along the heights of land., 'The IP survey was carried out {n order
to outline romes of metallic mineralization of possible economic significance

which may occur on the preperty. Disseminated pyrite, chaleepyrite and
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melybdenite minerslisation has been located in the Totachuck Lake ares.
This minerslizstion is wauslly associsted with granediorvite intruding
velcanics.

The IP survey was carried sut empleying a McPhar variable
frequency Induced Polarination unit utilining the dipele-dipole slecirede
ceafiguration and 400 foct dipeles. Twoa dipele separations (n = 1,2) were
recorded and the frequencies empleyed ware 0,31 Hu and 5.0 Ha.

2. PRESENTATION OF RESULTS
The Inducsd Pelarisation sad resistivity results are shown e
the fellowing data plets in the manusr described in the notes preceding this

repert.

Lise Electrode Intervels Dwg. No.
12400N 400 feet IP 5960-1
11600N 400 foot IP 5960-2
10800N 400 {oet I 5960-3
10400N 400 feat 1P $960-4
10000N 400 feet - IP 5960-5
9600N 400 feot IP 5960-6
9200N 400 foet | IP 5960-7
8400N 400 feet 1P $960-8

Also anclosed with this report ia Dwg. 1.P. P, 3534, a plan map of
the area saxveyed at a scale of 1" = 400!, The definite, probahle and possible
Induced Polarisation snomalies are indicatad by bars. in the manner shown on

the legend, om this plan map as well as on the dasa plots. Thess bars represent



the surface projection of the anomalous sones as isterpreted {rem the
location of the transmitter and receiver slectredes when the asoraaleus values
wars measured.
Since the Induced Polarination measursment is sssextially an
averaging process, as are all potential methods, it is frequently difficult
to exactly piapoint the source of an anomaly. Certsinly, no amemaly can be
located with more accuracy than the slectrods interval langth; {. 6. whan
using 400' electzods intervals the position of & sarrow sulphide bedy cxa
only bs determined to lie between two stations 48¢' apart. Iu ovdar te
definitely 1ocate, and fully svaluate, a narrow, shallow sourece it is neces-
sary to use shorter electrode intervals. In order to lecate seurces at seme
dapth. larger slectreds intervals must be usad, with a correspending ingrease
in the uncertaintion of location, Thersfore, while the centrs of the indicated
anomaly probably corresponds fairly well with source, the langth of the
indicated sasmaly along the line sheuld not be takea to represent ths sxact
sdges of the anomaleus materiai.
The locatisn of survey lines relative te claim beundavies. the mame
and relative positions of the claims and the geclegic data indicated on the maps
sad discussed in the report, ars based npon infermation suppiied by Neranda

Exploratien Company, Limited.

3. DISCUSSION OF RESULTS
Eight lines were surveyed with the [P methed an & recommaissancs
basis readiag enly two dipole separations {n = 1,2).

The IP survey results are characterized by relatively high dackgreund



apparent resistivity respense and maderate to low backgrousd IP respense.
No significanily lazge wouss of anomalous 1P respense were indicated although

areas of above hachgreund response de occur.

Values of spparent resistivity are gensrally lowsr at the westars
extent of the lines suggesting aither an increass in dapth of surficial cover
or & change in rock typs. Areas of above background IV respense have

baen locited in tha western pertion of the grid,

4 SUMMARY AND CONCLUSIONS
Ne signifiesatly large xons of aneraalous IP respense was lecated

by the IP survey results. Abdeve background respamse is indicated in the
wasters periion of the grid, Of interest is the respense on Line 19300N frem
station B4E te the east. Extension of the survey coverage on this line te the
west would bs requived to preperly svaluate this respense.

Furthor work in the form of diamend drilling or trenching in the
areas of adeve hackground IP response would saly de wazrranted {f there werse

supperting geolegical and/or geochamiesl information and if weskly
dissersinated metallic mineralisation could be of ssememnic significance.

Dated:s August 2. 1472 Expiry Date: Aprit 25, 1573



ASSESSMENT DETAILS

PROPERTY: Tetachuck Property MINING DIVISION: Ominsca

SPONSCR: Norands Exploration PROVINCK: British Columbia
Company, Limited

LOCATION: Taeatachuek Lake Area

TYPE OF SURVEY: Induced Polarixation

OPERATING MAN DAYS: 16 DATE STARTED: May 25, 1972
EQUIVALENT 8 HR, MAN DAYS: 24 DATE FINIBHED: June 2, 1972
CON3SULTING MAN DAYS: z NUMBER OF STATIONS: 122
DRAUGHTING MAN DAYS: 4 NUMBER OF READINGS: 328
TOTAL MAN DAYS: 30 MILES OF LINE SURVEYED: 8.63
CONSULTANTS:

David K. Fountain, 62 Patina Drive, Willowdale 428. Ontarie

FIELD TECHNICIANS:

J. Parker. Box 340, Choiceland, Saskatchewan
E. Novotay, ¢ o 669 Valdes Drive, Kamloops, B.C,
Plus Extra Labour: Supplisd by Clieat

DRAUGHTSMEN:

B. Marr, $8 Glencrest Blvd. Teronto 16, Ontario
G. Hines, 60 Oak Avenus, Richvale, Ontario.
N. Lade. 299 Jasper Avanus, Cshawa, QOntario

McPHAR GEOPHY$IES

%

Geophysicist]

BRITISH
c
oryme’

SN e 5
= GINES

Expiry Date: Apcit 25, 1973

Dated: August 2, 1972



INTERIM* STATEMENT OF COST

Tetachuck Property.
Tetachuck Lake Area

Crew: John Parker - Ed Novotny

4 days Operating @ $240.00/day $ 960.00
1 day Preparation )

2 3/4 days Travel ) 4! days @ $100.00/day 450,00

3/4 day Standby )
_i‘ d&y Standby ) N.C.

1,410.00
Expenses received to date

Vehicle expense 292.00
Meals 92. 50
Supplics %, 80
+10% 390, 30
39,03

429.33

$1.839.33

* Note: This statement reflects at least 90% of the total cost; there may
be a few minor charges not yet received by ug rad hence not inciuded in the
foregoing.

McPHAR GEOP:};S!%TED
5N

Dated: August 2, 1972 %Q’;Gmﬁ/%

Exoiry Date: Antil 75. 1973



CERTIFICATE

1. Duvid Kirkman Fountain, of the City of Terento., Province

of Ontarie, do certify that:

1. I am a geophysicist residing at €2 Patina Drive, Willowdale 428,
Ontario,

2, I am a graduate of the University of Toronto with a Bachelor
of Applied Science Degree in Ingineering Physics {Geophysies).

3. 1 am & member of the Bocisty of Exploration Geophysicists,
the Europesn Association of Exploration Geophysicists and the Canadian
Institute of Mining and Metallurgy.

4. 1 am a Registered Professional Engineer in ths Previnces
of Britiah Columbia, Manitobs and Ontario, a Registersd Professional
Geophysicist in the Province of Alberts and a Registered Professional
Geoclogist in the State of Califernia, snd have besn practising my prefessiea
for sleven yaars.,

5. The statements made in this report are based on a study of
published geological literature and unpublished private reperts.

6. Permission is granted to use in whole or in part for assess-

ment and qualification requirements but net for advertising purposes.

ey

Dated at Teremnte

This 2ad duay of August, 1972

Expiry Date: Anrit 26 1073
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