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McPHAR GEOPHYSICS

NOTES ON THE THEORY, METHOD OF FIELD OPERA TION,

AND PRESENTATION OF DATA

FOR THE INDUCED POLA RIZA TION 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 pas sed 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, 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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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 exces s 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.

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 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 mas s. 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

neces sary 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 IP method has been in the

search for disseminated metallic sulphides of less than 200/, 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 succes sfuily

applied. The ability to differentiate ionic conductors, such as water

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

•

•

•

- 3 -
17400'1



•
- 4 -

anomalies which are suspected of being due to thes e causes.
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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 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 invest....

gations. The position of the electrodes when anomalous values are

measured is important in the interpretation.

1



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 polariz<ition 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 progres s.

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 thicknes s 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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value of (6 V l the change in potential will be too small to be measurable.

The symbol "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 ( l.

In certain situations negative values of Apparent Frequency

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

spurio,,"s electrical effects. The actual negative frequency effect value

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

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 IPmeasurement is basically obtained by measuring the

difference in potential or voltage (6 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

174008- 7 -

•

•

•



•

)

174009
- 8 -

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 symbol 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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METHOD USED IN PLOTTING DIPOLE- DIPOLE

INDUCED POLARIZAT'ION AND RESISTIVITY RESULTS

-x ." nx .of x-

r0J ! ! n07T ! , ,
2 3 4 5 6 7 8 9

Sta tions on line x = Electrode spread lenoth
n = Electrode separation

Apparent Resistiv;tv

•

n - 4

n - 3

n - 2

n -

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

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

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 P
1,2-34 2,3-4,5 3,4-5,6 4,5-6,7 5,6-7,8 6,7-89

/

9

Apparent Metal Factor

M.F, M.F
5,6-7fj 6l- 8,9

M.F M.F
4,5-7,8 5,6-8,9

M,F
4,5-8,9

n -
M.F M.F M.F. M.F

1,2-3,4 2,3' 4,ll 3,4-5,6 4,5-6,7
2 M.F M.F M.F.

n - - ',2-4,5 2,3-5,6 3,4-6,7

n _ 3 M.F M.F M.F.
1,2-5,6 2,3-6,7 3,4.-7,8

n _ 4 M.F M.F. M,F.
1,2 -6,7 2,3-7,8 3,4-9,9

Apparent Percent
Frequencv Effect

•

n - I

n - 2

n - 3

n - 4

~><y)()()(?
FE FE FE, FE FE FE

1,2- 3,4 2,3-4,5 3,4-5,6 4.S-6l 5,6-7,8 6l- 8,'
F.E. FoE, F,E F.E. F.E.

1,2-4,5 2,3-5,6 3,4-6,7 4,5-7,8 5,6-8,9
F.E. FE, F.E. F.E.

1.2-5,6 2,3-6,7 3.4-7,8 4.5-S,9
F.E. F.E. F.E,

1,2-6,7 2.3-7,8 3,4-8,9
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McPHAR GEOPHYSICS

REPORT ON THE

INDUCED POLARIZATION

AND RESISTIVITY SURVEY

ON THF

NORTH FARREL.L GRIO

TULL.AH AREA. TASMANIA

I"OR

ELP:CTROLYTIC ZINC COM1?ANY

OF AUSTRALASIALIMITF:)

I. INTR 0 DUC TION,

At the requeet of Electrolytic Zinc Company of Au.tralaeia Linlit.d

,.,. bave completed a brief induced polarization aDd re.ietivity .urve, in

the Tullah Area. Ta.man~. The fOl.1r line. surveyed ero.. the Farrell

Shaar north of the North Farrell Shaft.

At the old Farrell Mi.e. the ma.eive gale_ ore occ"rred a.

pode aDd vein. alon. the Farrell Shear. The ore bad width. of .Ix Inch••

to eIx feet. with on .boote haYIng .trike length. of 500 f.et. The hoet rock.

.....ere black slate•• containing db••minatod pyrite.

Prevlouely a e"U-potential ."rvey _4 a Turan electromagnetic

eur.ey bad been C0nl}11dcd on the grid north,of the North Farren Shaft.

Anomalle. were located by both type. of .un-ey•• and .e.eral lIale. have

beeD drilled in the area.
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Tt.. induced polari ...Uon and relli_tiYity u·aulta aro .lI.owD on

the fel.1owltlll enclosed <tata plote. 1'k. r.autt..... plotted in the ",-lUUIr

••crUMd in the lIot.,. phc.dllli lbi. topO"•

Aleo eaclo••d with tIlla npo" i. Owl_ 1. P. ? laS•• a pI.,. map

., t1l.. North F...ren Ori4 a' II aeal• • 1 1" " 100' _ The "annita and po.aibla

laliuc.dpolarbatlllla aDOmaUI8a are itloilcated by .0114 a.d broken ,*U

..••pectlvetly on thl. ,lan map a. well .a tlae .:Jataplota. The.. ba... 1"(I.,r••el1t

til." .udaee pro'e."e. of Ute a_lolla lUI..e. a. illt.'Pre'ed f ..om tb.. location

o! the trall.mltt... u4 receiver dl1ictro:.l4lli WMII thc allomalGue val",.a were

roll.Cll ...d.

51_" the inked polarhatioD meaalarem,ult ia " ...lIttally an

a.....'la. proc..... a. are all potaatlal methou. it la fr.qlleatly dlUlclllt to

_acUy pinpoint the aoure. of alllUlClmaly. Certainly. no _omaly can"

located witk ruore acecrae;y thaD the .pre." hu.,tll; 1. e. w1wn u.lhl 100'

IIIpr_4. the poa1t1on of a _1'1'091' lJlIlpAliU bo<ty call oaly be determined to Ue

IMt""'eea two .tattollB '00' apa,l't. In or"" to loeate .ource••t .ome 4eptb.

l.ar.or 'P....cb mu.t be u,ed, with. o ..r ••lJOaclia. inete.ae iu the IdIcer­

talatle. of locatlall. Tkel'.~I'., while tit. c"lIt..e of the it,dieated a_maly

probaWy cor"e.poadl Calrly well with .O\u·.... tA. l"ath of ell. in4leated

Ow,. No.

IP 5466-1

F 5466.2

In 5466-3

If' 5466-6

El¢c:trod~ Interval_

1BO feet

100 lett

too fe.t

100 lut

.Y!!.!.

IHN

UIN

119N

1l1N
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etaU .f El.ctrolythr. 2.lae c.mpaay 01 A~"'al••la l.lmite.t.

en_ \ttla. 100' 81eetr04. iaterv..l_. QII the Korth Farren Orl4•

the :iepth to the top I)' the aource ....U I40termhM the mil11:num dectl"ode

interval that ea. 1M ••a<t.

The preeeou of di..mniuucl PJ'rita 1_ tha black elate eOUBtry

d-.ta. TlK tr..1a 11" eff.,crtefrom thI. w",ak m..,Ullic mineTaHsaticm ""n bll
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I01+S0E toi 11 +50;;. The ttd,u o( th", lUlomaly uc relativ.ly "".ak aId

eoal4 '" ,,)ao to pyrite ill the IIlat(ls. Th.er" la a litI'Ql11'or • na rrow. al'k)maly

\:antl"ed at I09+00r to I/!lHlen:. Thi, ~f.lIl1;1 IN ~ to .. narrow I.urcil at

TtlIU. caDc:entratadmotalUc mi... ralhaUoa. It WQIIU hair. to IN check.d

.Ila, dotter electro4e lat.nale. (5•• Appeadb:).

GOIDO ol the 1 " nwaaurcm.uuI OJ! tbl. UI1e _rill 11IIlt leUaWo.

dae to IIOllIe. Theu 1, II! .ballow. url'_ 1I0lar.e at 101+00(; to I09+00E:

twt <:01114 be ch.c:k.,t IUIAna 50' d.dr'.).... i13tuvall. It c:0lI14 b. 4u. to a

vuy utJ'_ BOD. 01 ma.al". '~pJll<i. mineraliuUoll rath.... thaD to a

wider &ODo of iJytltle .late•

OQ thi' n ••• tlw 1"" ...maly 0••tr,4 at 108nOE corr,latel with

Ut_e loc.t.li .. Ute lllae. to the .orth. Tlae IP _omal, here i. cea,illerailly

""ak.r tluua to ill••0rUt. Th. ",eak IP eH.cta ..t ••d for .. c:o.aI4.raW.

dUtaac:. to the .ut. TIler.. ie •• iacre.a. in t,h. II? eff.cta at "pth••t

a_\lt 11 5+00 E to I '4+OO}:.

The•• lIfteeta cout" r~r••••t a. i_r•••• I. the c:o,u:eatratl_

., au1phlde mlIleftU..tiOll at ....th ta thl. area. Tho lD*a'l&I'_at, 'hfNId

be ..t ..4.4 to the e..at *- e_pleh" the .aomaJoua patte....

U •• 117N

The aRomalY _l'relatlllll wlUl the maia allomal.",. so.o l' centred

at 107+OCW to 108+00);;. Thi' ie t!!le ....u ... a-_11 01 &0,. moaauuc!•



Stac. tJae • • S ..4 ..... Q1e&alllrameata .....-.malINe. th.

D. D. Ii. T. p.l:n ."4 :l. D. H. T. 1".1 U ••em to haft adllquAtely
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If ....r ..... «l••:••la huhe, to .la f..t. of ..,....1•••·J1,ph1dp

_~c••• at co..l....lil...."It. p...kp••• mueb .. ZOO' tG Ul. te,. 1.

tG form Zon. B.
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McPHAR GEOPHYSICS

APPENDIX

THE INTERPRETATION OF

INDUCED POLARIZATION ANOMALIES

FROM RELATIVELY SMALL SOURCES
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The induced polarization method was originally developed to
detect disseminated sulphides and has proven to be very successful in 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 and 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'lre­
ment for n = I will be anomalous. In Figure 1 the depth is O. 5 units
(X = 1. 0 units) and the n = 1 value is definitely anomalous; the pattern
on the contoured data plot is typical for a relatively shallow, narrow,
near -vertical tabular source. The 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 the IP 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 I,
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 e(£ects 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 effect is measured for n " 2. or n = 3. For in­
stance, an anomaly originally located using X = 300' may be checked
with X = 2.00' 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 30' in width) zones of massive, high-grade, zinc -silver ore. An
electrode interval of 2.00' 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 = ZOO' 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 2.0N to 2.ZN, 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 (he 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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Theoretical Induced Polarization and Resistivity Studies Theoretical Induced Polarization and Resistivity Studies
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