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McPHAR GEOPHYSICS

NOTES ON THE THEORY, METHOD OF FIELD OPERATION

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 solutién conduction.

This electro-chemical phenomenon occurs wherever
electrical current is passed through an area which contains metallic
mineralé such as base metal sulphides, Normally, when current is

passed through the ground, as in resistivity measurements, all of the
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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 chh 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
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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 idns to give up or. receive electrons from the metallic surface,
increaées with the time that a d.c. current is allowed to flow through
the rock; i. e. as.ionsl 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 amoﬁnt of current flow through the metallic particle. This
polarization takes plé.ce at each of the infinite number of solution-metal
in_terfaces 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 polé.rizati_on cause them to réturn to Vtheir 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 cur.rent through the system is reversed repeatedly
before the polarization dCCurs, the effective resistivity of the system
éé a whole will ﬁhange as the frequency of the switching is changed.
This is a consequence of fhe fact that the amount of current flowing
through each metallic interfaée depends upon the length of time t'hét_

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 relafed to the apparent *~
resistivity of the rock mass it is found that the metal factor values or t’
M. F. are the most useful value_é in détermining- 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 o
geometry and geologic environment of the source, and the method of
executing the survey. Ho.wever, sulphide mineralization of less than ik
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, _ i
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 I[P 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
a.fe magnetite, pyrolusite, graphite, and some forms of hematite.

In the field procedure, measurements on the sﬁrface are
made in a way that allows the effects of lateral changes in the properties
of the ground to be separatéd 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 ngarest current and potential
electrodes. In most surveys, several traverses are made with various
values of {n); i.e. {n) =1, 2.,73, 4, etc, The kind'.of survey reqﬁired
(detailed or reconnaissance) decides the number of values of (n) used.

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

a'pparent 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 va.lués 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 a.r e 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 measure.ment was made.

The separation between sender -a;nd recéiver 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 no£ section maps of the electrical properties of the
ground under the survey line. The interpretation. of the resulté 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 el.ectrodes 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 LA
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)

)
e
i
I
;

and the values of (n) to be used is largeiy determined by the expected
size of the mineral deposit being sought, the size of the expected anomaly : r
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.

F ;
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The actual data plots included with the report are prepared
utilizing an IBM 360/75 Computer and a Calcomp 770/763 Incremental
Plotﬁng System. The da.ta values arg calculated, plotfed, and contoured
ac;:ording to a programme developed by McPhar Geophysics., Certain
symbols have been incprgofatéd into the programme to exélain various
situations‘ in feﬁording thé daté in the field.

The_. ipP r.n.easqr:ement is basically ob.t.ained by measui'ing the
différen_ce in potent_ia'.l or‘\}o'ltage (A\/ ) zo.btaingd at two operating frequen- ..
cies. The vqltége is '1l:he p:tfoduct of the c.:urrent: throlugh the ground and
the é;;)parent reéistivity of the g'.round. Therefore in field situations
where the current is very low due to poorl electrode contact, or the
apparent resistivity is very low, or a combination of the two ¢ffects; the
value of (A V) the change in potenﬁal will be too small fo be ;neasurable,
The symbol "TL" én the data plots i_nd.ic-ate's. fhis situation.

In some s'.itu.aitions'.spuridus noise, either man m.ade or natural,
will render it impossible to obtain a reading. .The symbol '"N'" on the
data plots indilcate.s a station at \;vhi‘c_h 1.t is tq'o'n_oisey to record a reading.
If a reading can be ob_ta.ineci, but fof reasons of noise there is some doubt
as to its accuracy, the 'rea.ding is bracketed in the data plot ().

In cértain gituations negative valueé.of Apparent Frequency
Effect aré recorded, This may be due to the ;_geologic environment or
spurious electrical effects. .The actua_l. nggative frequency effect valﬁe

recorded is indicated on the data plot, however the symbol '""NEG" is
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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 sirnilar 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 POLARIZATION AND RESISTIVITY RESULTS
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1. INTRODUCTION

At the request of E?luctrolyﬂc' Zinec Company of Australasia .Limitod:'."-c-—?'

.wo. have completed a brief induced polarization and resistivity survey in
the Tullah Area, Tasmania. The four lines surveyed cross the Farrell
Shear north of the North Farrell Shaft.

At the oid Farrell Mine, the massive galeﬁn ore occurred as
pods and velns along the Farrell Shear. The ore had widths of six inches
to six feet, with ore shoote having strike lengths of 500 feet. The host rocks
we're- black slates, containing disseminated pyrite. |

'Prev.ioualy‘ a self-potential survey eand a Turan ele.ctromagne'tic
luﬁey had been cormnpleted on the gﬂd north of tha. North Farrell Shaft,
Anomalles wefa located by both typﬁs of lur\'r_q‘yl. and several holil have

bean drilled in the area.




. 174612

2. PRYSEUNTATION OF RUEXULTS

The induced polarisstion and rasistivity results are shown on
the feilowing encloaed data plots. The results are plotted in the manner

described in the notes procediag this repoﬂ:.'

_.-Li__:_x_g Llectrode Intervals Dwg. No,
123N 100 feet 17 8466-1
12IN 100 feet ' 17 5466-2
119N 150 faet 1 5466-3

117N _ ' 140 feat 1P 5446-4

Alse enclosed with thie report is Dwg, 1.1, 7, 2854, a plan map

of the North Farrell Grid at a scala of 1'* = 200', The definite and posﬂ_bh
induced polarization anomalies are indicated by solid and broken bars
respectively on this plan map as. well as the data plots. These bars represent 4
thez surface projection of the anomalous zones & interpreted from the location *
of the transmitter and recaiver clecirodes when the anomalous values were ) :T

measared,
Since the induced polarization measurement is rssentially an
averaging process, as are all potential methods, it is frequently difficalt to

exactly pinpoint the source of an anomaly. Certainly, no anomaly can be

located with more accuracy than the spresd lengih; i. o, whon using 100"
eproads the position of g narrow .uulphld.o body can ouly be determined to lie
batween two stations 100’ apart. In order to locate sources at soxme depth,
larger spreads must be used, with a corresponding increase in the uncoer-

:-: taintles of io.cat:lm.. _ Thor:ﬁo;o. while the c-"ntu. of the indicated anomaly

.prﬂﬂb:lhly corresponds fairly .w'oll with source, the lemgth of the indicated
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snomaly slong the line should not be taken t¢ represent the exact ¢.lges
of the anomalous material.
The topagraphic information shown on Dwg. 1.F.P. 2854, and
the geaphysical information, have been taksn from maps supplled by the

staff of Flactrolytie Zine Company of Australasia Limited.

3.

m_s;-'_ USSION OF RESULTS
| The known minerslization at ihe Farrell Mine was mansive;
| however: the zanes were very narrow, As explaised i§ the ﬁppendlx to
this report, only weak apparent 1° -H«;t- can ba a#actad if relatively
large electrode .!niurvill are used in the purvey. This would be the case,
even using 100' electrode intervals, on the Nofth Farrell Grid,

FX | -q:_ﬁlalned in the Appendix, the narrow nmu.u can be bstter
located, and evalaated, using shorter slectrode _lntorﬁlu. However, if
there is conslderable Mﬂurhn. ar = well developed weathered layer,
the dapth to the top of the source will dotermine the min:inum elactrods
interval that can be used.

The presence pf disserninated pyrite in the black slate country
rocks in the Tulleh Aua will definitely complicate the loterpretation of the
data., The true I7 effects from this woak metallic mineralization will ba
lcss than the truc {7 effects from the massive are. However, thc ;w‘ldthn
of the pyritic slate bnﬁ_dl will be greater than the widthe of the ore ronaes,
ths apparant 1™ oﬂfnctg. meagurad using 100’ electrode intervals may be
greater for the pyritlc' siate bandas, {See Appendix).

. Line 123 |

This survey on tbh line gives & broad anomaly that sxtends from
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107+50% to 1114537 . The edges of the anomaly are relatively weak and

gould be Juec 1o pyrite 1o the slates, There is s strouger, narrow, asocnsly
contred st 1094001 to 1994505, This could be due to 2 narrow saurce of
more cencentrated metallic mineralization. It would have to be checked

using shorter clectrods intervals. (See Appendix),

tipa 121 !{_

Comae of the | racasursments on this line were not reliable,
due to noise. There is # shallow. purrow source ot 108+00E to 109+00F
that could hu checke:d using 30' electrode inmrvﬂl. it could be due to &
very marrow zonsn of massive sulphide mineraiisation rather than to &

wider zone of pyritic slate,

Line 119N
On this line, the 1? anomaly centred st 103450F correlates with.

those _lﬁnt-d on the lhﬁs'lﬂ the north, The IF snomaly here is considerably
weaksr than to the morts. The wm. I1? effects extond for a considerable

~ distance to the east, There ie §n'£ncmau in the [P effects at depth. st
about 113+400F to 1144+00F., |

These effects could repressnt an inecresse in the concoatration

af sulphide mineralization lt.mth in this ayea. The messurements should

be extended to the east to complete the anomalous pattern.

Line 117N
The anomaly u'rnhtlng with the main ancrealous zone s centred

at 107400F te 108400K. This 1s the woskest Anomaly of thase moasurad,
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This would indiceta that the concentration of minerslization in Zone A ia

increasing to the nerth.

Therec is & second amomaly at depth. to the sast, on this line

also. The source is ceatred, at coasiderable é-,_mh. at 110400¥ to 111+00F. -
This anomaly has been wrulute& with the lese definite anomaly oa Lize 119N, A
to form Zone B.
Since the n = 3 and A = 4 measurements are anomalous, the
source is at considerable depth, perhaps as mucﬁ ss 200' to.thu tep, In
o-'min‘tu better -aiglium the ﬁurea. the measurements would have to be
_ umtcﬁ using £ 'r 150 and X = 300, If the pamm are not dofinite, the
m.l-tﬁnmmu shouild be uMad with the electrods sites shifted m-hﬂ! |

interval,

4. CONCLUSIONS AND RECOMMYNDATIONS
L anomalles ﬁrq mumrn;d.:m eagh nl the fear lines surveyed
on the North Farrell G-rm’. As ahown on the plas map (Dwg. I.. o, 3 | 7084)
the anorcalies can e correlated inte mle;. Zoae A correlates with the
£.7, and E, M, enomalies pravtouuty lncn;ﬁd. It seems to be the -naﬁhem
extension of the Farrell Shegr, | N |
D.D.H., T.7,13% snd 2.D.H. T.7.134 seem to have adoquately
tested Zone £, The two holes ‘dlrl not intargect sulphide mlmﬁllntien.
hut they did imeruetldu lode shanr. The heles did interuc;t. black slatas,
w-.l_g!:“pyr:lte.. H the core fromn these holas iz available, laboratory measure-

mants would indieate tha magnritude of the 7 affests in the vlate.

Ha ‘uqrﬂw rocao;, six im:hei. to aix faet, of massive sulphide
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miuuralls;tlou is present within Zone £, ‘neasurenents with very sbort
zloctrode intervals coulcl pirhupl sepayate thg anomaliae from the two
sourced, There is no evidence of dapth in thé 100! epread data. The
hq;hu slrsady drilled mnr have missed 2 narrow cone of wulphide mineraii-
sation that iz present; however, it would hw to have a Umitad etrike
longth.

 Zoue B, at depth to the east, is much less definite thaz
Zoue A, M mmm in this panluoa_co_u!d bhe of possible iatcrest,

further work vdulal be warraniad se that

drill test ean be planmed,

f. Burneide,
Gﬂﬂm.‘d“'

Dated: June 26, 1970
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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 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 measure-
ment for n = 1 will be anomalous. In Figure 1 the depth is 0.5 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 [P 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

i
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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 [P effect within the source.

Our experience has confirmed the desirability of doing detail.
When a reconnaissance [P 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 I[P effect is measured forn= 2 o0orn =3, For in-
stance, an anomaly originally located using X = 300' 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 gréenstone area in Quebec. The expected sources were narrow (less
than 30' in width) zones of magsive, high-gra‘de_, 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 20N 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 the 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 usefuiness from a reconnaissance IP survey.
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Theoretical induced Polarization and Resistivity Studies
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