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MePBAR GEOPHYSICS

NOTES ON THE THEORY, METHOD OF FIELD OPERATIO~

AND PRESENTATION OF DATA

FOR THE INDUCED POLARIZATION METHOD

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 s.uch as base m·etal 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, 1. e. by ionic conduction. This is because almost all

minerals have a much higher specific resistivity than ground wa~er.

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
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When the d. c. voltage used to create thi.s d. c. current

flow is cut off, the Coulomb forces between the charged ions forming

the polarization cau,se them to return to their normal position. This

movement of charge creat.es a small current flow which can be

measured on the surface of the ground as a decaying potential difference.

Froman 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 theamollnt of current flowing

through each metallic interface depends upon the length of time that

current has been pas sing through it in one dh:ection.



~

Ie
I
I
I
I
I
I
I
II

••
I
I

•
I

•.-
I

- 3 -

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 obtained 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 t!le 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 IP 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
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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 respons e

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 fro In the effects 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 reconnaissance) 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
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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 secon d 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 reconnais sance 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 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. When

the F. E. values are plotted as superscripts to the MF values the third

section of data values is not presented and the F. E. values are not

contoured.
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TheaCtllal data plots includeq. with the report are prepared

utilizing an IBM 36Ql75 Computer anq. aCalcomp 770/763 Incremental

Plotting System. The data values are calculated,plotted, and contoured

according toa programme developed by McPhar Geophysics. Ce.tain

symbols have been incorporated into the programme to exPlain v'l.rious

situations in recording the data in the field.

The IP 'measurement is basically obtained by measuring the

<;lifference i.n potep.tialor voltage (AV) obtained at two op.eratiJ1g frequen­

cies. The voltage is the pro<;luct of the current through the ground an<;l

the apparent resistivity of the groun<;l. Therefore in fiel<;l situations

where the current is very low due to poor ...lectrode cOJ'tact, or the

apparent resistivity is very low, or a combip.ation of the two effects; the

valu... of (A V) the change in potential will be too small to be measurable.

The symbol "TV' on the data plots indicates this situa.tion.

In some situationS spurious noise, either man made or natural,

will render it impossible to obtail1 a reading. The symbol "N" on the

data plots indi¢ates a station at which it is too noisey to record a reading.

If a reading can be obtained, but for reasons oinoise there is some doubt

as to its accuracy, the reading is bracketed in the data plot ( l.

In certain situations negative values of Apparent Frequency

Effect are recorded. This may be due to the geologic environment pr

spurio1!s electrical effects. The actual negative frequency eff...ct value

record ...d is indicated on the data plot, however the symbol ":NBC" is



the body of the report.

would suggest that one was required. This may be. due to inaccessible

cussed above is unique to a particular situation and is described within

indicated fOJ:" the cOJ:"J:"esponding value of AppaJ:"ent Metal FactoJ:". In
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The symbol "NR" indicates that for some reason the operator

topography or other similar reasons. Any symbol other than those dis-

did not attempt to record a reading although normal survey procedures

contouJ:"ing negative values the contour lines are indic;ated to the nearest

positive value in the immediate vicinity of the negative value.
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Apparent Percent
Frequency Effect

x = Electrade spread length
n = Electrode separation

Fig. A

M.F. MF M.F. M.F. M.F. M.F
1,2-3,4 2,3'4,5 3,4-5,6 4,5-6,7 5,6-7,8 6,7-8,9

M.F. M.F. M.F- M.F. M.F.
1,2·4,5 2~-5,6 3,4~6," 4,5·7,8 5,6·8,9

M.F. M.F M.F. M.F
1,2-5,6 2,3-6,7 3,4.-7,8 4,5-8,9 Apparent Metal Factor

M.F- M.F M.F.
',2-6,7 2,3-7,8 3,4"8,9

METHOD USED IN PLOTTING DIPOLE- DIPOLE

INDUCED POLARIZAT10N AND RESISTIVITY RESULTS

-x --.1...c.......~~~n X -----o_....-x--.

r0J! ,n®n",2i---:!-3----'4'----l:!:'5L--....L:6iJ....--:!:'7---'8~-~9

Sta ti ons an line

p p P
1,2 - 6,7 2,3-7,8 3.4-8,9

-------.........., P P P P
1,2-5,6 2,3-6,7 3,4-7,8 4,5-8,9 Apparent Resistivitr<

p p p p P
1,2-4,5 2,3-5;6 3,4-6,7 4,5-7,8 5,6-8,9

P P P P P
1,2- 4 2,3-4,5 3,4-5,6 4,5-6,7 5,6-7,8
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McPHAR GEOPHYSICS

R£PORT ON THE

INDUCED POLARIZATION

AND RESISTIVITY SURVEY

AT

MELBA FLAT, TASMANIA

FOR

ELECTROLYTIC ZINC COMPANY

OF AUSTRALASIA LIMITED

1. INTRODUCTION

At the request of Electrolytic Zinc Company of Australasia

LiInited, an induced polarization and resistivity survey has been completed

at Melba Flat, Tasmania.

The rocks in the area are argillites and graywackes of the

Cambrian Cri:mson Creek Formation. In places the argillites contain finely

disseminated pyrite.

The IP traverses test lead-zinc geochemical soil anomalies

(Dwgs. IP 5467-1 and IP 5467-2), The probable source of the anomalies

is small fissure veins of massive galena and sphalerite with minor amounts

of pyrite. The in4uced polarization and resistivity survey was carried out

to try to locate the source of any metallic mineralization in the grid area.

2. PRESENTATION OF RESULTS

The induced polarization and resistivity results are shown on

'''".



the following data plots in the manntlT desc.ribed m the notes preceding this

report.

No plan map ill enclosed With this report, since the IF survey was

completed to test specific geoellemicd anomalies. only. The definite and

possible induced polari$ation anomalies are indicated by. solid ll.nd broken

bars on the data plots. Thes e bars repres ent the surface· projection of the

anomalous zones as interpreted from the location of the trans.:m.itter and

receiver electrodes when the anomalous values were measured.

Since the induced polarization measurement is essentially an

averaging process, as are allpotential methods, it ill frequently difficult

to exactly pinpoint the source of an anomaly. Certainly, no anomaly Clil-n

be located with more accuracy than the spread length; 1. e. when using 100'

spreads the position of a narrow sulphide body can only be determined to

lie between two stations 100' apart. In order to locate sources at some

depth, larger spreads must be used, with a corresponding increase in the

uncertainties of location. Therefore, while the centre of the indicated

anomaly probably corresponds fairly well with source, the 1enSth of the

indicated anomaly along the line should not be taken to represent the exact

edges of the anomalous material•

Geological data was provided by professional staff of the

Electrolytic Zinc Company of Australasia Limited.
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3. DISCUSSION OF R;ESU LTS

IP .anoma.1ies were loca.ted on b(j.th lines of the survey. The

anan>aliesha"e been r6latecl to the magnetic .and geochemic:al profi1es
, . .

which were aupp,1.ieiiby;Electiolytic Zinc Company of Australaaia Limite.d.
, ,', .. ,.' " . -..' " ,.

Line 108

Fiv~ inomali.swere located on this line. l'heanomaly trom

1Z+50W to 13+S0W is we'&)t al'ld shalloW. .Itc:orrel~tes with a Well.1,{ g/!loc.hemica.l

anomaly, for both lel\fi and zinc.

'.I'he.anomaly fran> lOW to IIW iBshallow ~'!lt of greater magXlittide

and correlates with a fairly .trong geochemical hiJhfor lead. Thb anOJ:l).aly
, 0'.' . ,. ',',",.

should be detailed withahorter el~¢t;Oc:lel'nterV.b.($••,.Appendix.).
• ,'_._,,' ',W,,' --~ . "

The anomaly fran>8W to 9W ~s shallow and weak in magnitude:

,the .ouree l.8 probably "ei'y narrOW. The anl)malyeorre.ponds witha~ve­

. :average geo.chernicalV--l"',elf for both lead and zinc.

'.I'heanom.ll.lyfr\)IIl 4WtoS+SOWhaa a weaker extenstdn to6+50W.•

The stronger portion of. the l!-no;na.lyc:orrespDnds with ageoch$bieal high
" . - . ~- ,

{or lead:. The anomalYi' poor;ly defined,as sevltr"l of the readings are
. . .

negativ6: a detailed.iiunreyiwith sh"rter ~o'ctrede intervals sh9uldaic:\ln
'. ',' " -',' i'·'.-"'::'····..'..:. ' ,:'" "'--"" ..

interpreting the data.

The last artdnialy 'Qri91.,JbU!;4!i8~'.troq.r PQ:rt~n,fro.n;, ay,rto JW

and a we..ker portionfrcimO to Z'W'. Thei~t"onger l1Iortion'suggeet's a nar,/:,ow
" .. ·7·~.' ':";'", .",.' . '.'>.... .,

sour",e and correlates ",itha fairly strong.geocp.em.ical ..~omalyfor lead.
.' .".' .' .'.'.' .' -'.' ~

~. ,; y;::--"".' ",i,

The weaker pottlo1l,.¢orrelates with !It very.. strong lead geQchemic:a1 anomaly;

the Pattern of.thil pQrtion of the anomaly I!luggeetla les s concentrated aour ce

'I
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than from 2W to 3W .. The anomaly from 2Wto 3W'houl.c:l be detailed with

shorter electrode intervals to better define the source. (See Appendix).

Linel1!?

T.hree anomalies were located on. this line. The anomaly fro:m

lZ+50W to 13+50W i~ moderately strong:and extends to depth. It corr~ates

with high lead values and de.creasblg zinc values.

A weait a'n,o:maly was located frOm. 7W to 8W which extends to

!lo:me depth. The third llinpmaly is :moderately strong from ZW to3W and

has weak extensions to 1+50W and 30+-50W. Theano:maly, which is in-

complete, correlate. 'With higlt lead values and with increased zinc values.

The line could be elctended to the east to better define this ano:maly •

4. CON CL U S ION S

The IP aJ:1omalies correlate well with the geoche:miCa.i anomalies.

Several 6f the ano:maliessuggestvery narrow sources and should be detailed

with shorter electrode intervals. (See Appendix).' Sugge-tions for detail

work are e:mbodiedin the tihcussion of results.·.:

MCPE.'.JUt.•.. G...
EO

f¥Y3:.I. :. ~.Z.LTD..~a..

Dated: JUfie 26.1970

."
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McPHAR GEOPHYSICS

APPENDIX

THE INTERPRETATION OF

INDUCED POLARIZATION ANOMALIES

FROM RELATIVELY SMALL SOURCES

The induced polarization method was originally developed to
detect disseminated sulphides and has prOven to be very successfulin the
search for "porphyry copper" deposits. In recent years we have found
that the IP method can also be very useful in exploring for more con-

. centrated deposits of limited size. This type of source gives .sharp IP
anomalies that are often difficult to interpret.

The anomalous patterns that develop on the contoured data
plots will depend on. the size, depth and position of the source aj).d the
relative size of the electrode interval. The data plots are not sections
showing the electrical parameters of the ground. When the electrode
interval (X) is appreciably greater than the width of the source, a large
volume of unmineralized rock is averaged into each measurement. This
is particularly true for the large values of the electrode separation (n).

The theoretical scale model results shown in Figure 1 and
Figure 2 indicate the effect of depth. If the depth to the top of the source
is small compared to the electrode interval (i. e. d X) the meas'lte­
ment for n = 1 will be anomalous. In Figure 1 the depth is O. 5 units
(X = 1. 0 units) and the n = I value is definitely anomalous; the pattern
on the contoured data plot is typical for a relatively shallow, narrow,
near -vertical tabular source. Tl,e results in Figure 2 are for the same
source with the depth increased to 1. 5 units. Here the n = 1 value is not
anomalous; the larger values of (n) are anomalous but the magnitudes are
much lower than for the source at less depth.

When the electrode interval is greater than the width of the
source, it is not possible to determine its width or exact position between
the electrodes. The true IP effect within the source is also indeterminate;
the anomaly from a very narrow source with a very large true IP effect
will be much the same as that from a zone with twice the width and 1/2
the true IP effect. The theoretical scale model data shown in Figure 3
and Figure 4 demonstrate this problem. The depth and position of the
source are unchanged but the width and true IP effect are varied. The
anomalous patterns and magnitudes are essentially the same, hence the
data are insufficient to evaluate the source completely.

The normal practise is to indicate theIP anomalies by solid,
broken, or dashed bars, depending upon their degree of distinctiveness.
These bars represent the surface projection of the anomalous zones as
interpreted from the location of the transmitter and receiver electrodes
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when the anomalous values were measured. As illustrated in Figure 1,
Figure 2, Figure 3 and Figure 4, no anomaly can be located with more
accuracy than the spread length. While the centre of the solid bar
indicating the anomaly corresponds fairly well with the source, the length
of the bar should not be taken to represent the exact edges of the anomalous
material.

If the source is shallow, the anomaly can be better evaluated
using a shorter electrode interval. When the electrode interval used
approaches the width of the source, the apparent effects measured will
be nearly equal to the true effects within the source. When there is some
depth to the top of the source, it is not possible to use electrode intervals
that are much less than the depth to the source. In this situation, one
must realize that a definite ambiguity exists regarding the width of the
source and the IP effect within the source.

Our experience has confirmed the desirability of doing detail.
When a reconnaissance IP survey using a relatively large electrode in­
terval indicates the presence of a narrow, shallow source, detail with
shorter electrode intervals is necessary in order to better locate, and
evaluate, the source. The data of most usefulness is obtained when the
maximum apparent IP effllct is measured for n = 2 or n = 3. For in­
stance, an. anomaly originally located using X = 300 I may be checked
with X = 200' and then X = 100'. The data with X = 100' will be quite
different from the original reconnaissance results with X = 300'.

The data shown in Figure 5 and Figure 6 are field results from
a greenstone area in Quebec. The expected sources were narrow (less
than 3D' in width) zones of massive. high-grade, zinc -silver ore. An
electrode interval of 200' was used for the reconnaissance survey in order
to keep the rate of progress at an acceptable level. The anomalies located
were low in magnitude.

The very weak, shallow anomaly shown in Figure 5 is typical
of those located by the X = 200' reconnaissance survey. Several anomalies
of this type were detailed using shorter electrode intervals. In most cases
the detail measurements suggested broad zones of very weak mineralization.
However, in the case of the source at ZON to 22N, the measurements with
shorter electrode intervals confirmed the presence of a strong, narrow
source. The X = 50' results are shown in Figure 6. Subsequent drilling
has shown the source to be 12.5' of massive sulphide mineralization con­
taining significant zinc and silver values.

The change in the anomaly that results when the electrode in­
terval is reduced is not unusual. The X = 50' data more accurately locates
the narrow source, and permits t]>e geophysicist to make a better evaluation
of its importance. The completion of this type of detail is very important,
in order to get the maximum usefulness from a reconnaissance IP survey.
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