F
9




»

996002
McPHAR GEOPHYSICS

NOTES ON THE THEQRY, METHOD OF FIELD OPERATION,
AND PRESENTATION OF DATA -

 FOR THE INDUCED POLA RIZATION METHOD .

Induced Polariza't{on aé a geophysical measurement refers
to the blocki’ng action or pola.rizat_ion of mefallic or eiectronic
éondu'ctofs m a medium of ionic solution conduction.

_.’I"i@i.s electro-chemical _phenomeﬁcn occurs wherever :
eleétri;al current is passet—i_through a_.Ill. are.a which ¢onta.i1;s metallic
minerals such as base metal .sulphides. Normally, when currentis
passed through the g-round,_' as in resistivity measurements, .a.ll 'o'f.the
conduction fakes place through ions pfesent 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 ”nﬂetallic”, however, -

‘have specific resistivities much lower than groun'd waters. The

induced polar_ization effect takes 'pla.c'e' 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 n‘eceésary‘,to_ allow

‘the ions to give up or receive electrons from the metallic surface,

increases with the time that ad.c. cilrr_ent'-i_-s_iallowed to flow through

‘the rock; i.e. ‘as.ions p"irl’e‘ up against the metallic interface the

resistance to current flow increases. Eventually, there is enough

_ pplarizatidn in the form of excess ions at the iﬁthfac‘es, to appreciably -

reduce tl:-xe"amcbunt of ‘cu;‘:,x__-_ent‘ﬂbw through the metallic particle. This

' pola.rizati__on'tékes piac'_e-'at -each of the infinite number of solution-metal

interfaces in a mineralized rock..
 When the d. c. voltage used to crea_té this d.c. current

flow is. ch_t. off, the Coulomb forces between the cha,:r_ge'd ions forming

_'the_.poié;rization cause them to return to their'normal ijo_s'-itid_n._'_ This '

movement of charge creates a small current flow which can be
measured on the surface of the ground as a d'e‘ca,yip'g potential difference.

: _From’*é,n alternate v{ewpoint it can be seen that if the . .

. direction of the cﬁffént through the system is reversed repeatedly.

'before the ‘polar_i.'z'atiq'n‘ occurs, the effective resistivity of'the system

as a Wholé' -_will‘ change as the f_requenéy of the switching is changéd.
This is a consequence of the fact thét the -amount of cﬁri-ent flowing

through each mcf:_'t-a_llic_ interface depends upon the length of time that |

current hé,s',been passing through it in one direction,. .
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‘The values of the per cent frequency effector F E, are

a measurement of the polarization in the rock mass, However, since

the measurement of the degree of polé.rization 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

pblarization preéént in the rock mass, The MF values are obtained by

normalizing the F, E, values fp'r varying resistivities.

The induced polarization measurement is pefha.ps 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 re‘cognizéblé IP anomaly will vary with the

geometry and geologic environment of the source, and the method of

exe:cutiﬁg_. the survey. However, guipﬁide- fninera,lization of less than
one per cent_;b:y’ volume has Béeh detected by the IP method under
proper geological coﬁditions.- :

The éfeatesﬁ application of_éhe IP method has been in the
search for di_ssemihaied metallic sulphides of. less than 2-0.% by vdlume.
However, it has also been uséd .suéc_eésfﬁlly’ in thé_ search for massive
sﬁlphides in si.tu.a.tibn's_. whefe,- due to source geon.“x*étry, depth of source,
or low resisfivi:ty of__éurface layer, .the EM method can ,nbt he éuccessfully
applied.. The 'ability.t'o différeﬁtiate ionic condﬁétors.__sgch as -wa'ter

fi.lled shear zones, makes the TP method a ﬁseful 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 me.ta_llic minerals -such as pyrite. The induced polarization effect
_is due to.t-he total of #11 electronic conducting minerals in the rock mass;
Other._.'el'ectronic co_nductiﬁg materiéls whi;h- can produce an [P respon'se'.
are magnetite, pyrolu.site, graphite, and some forms of hematite,

In the field procedure, measurements oﬁ the surface are
made in a way that a.llows.the effeéts of lateral changes in the properties
of the ground to be sei:.arated from thé effects of vertical changes in the
properti_es._‘ Current is.épplied to the ground é.t two points in distance

{X) apart. The potentials are measured at two othér points {X) feet

 apart, in line with the current electrodes is an integer number (n} times

the basic distance (X).

The meésurements are made along a surveyed line, with
a constant distance (nX) between the nearest current and potential
electrodes. 'In moét surveys, several traverses are made with various
values of (.n); 1 e. (n) =1, 2', 3,4, etc.'. 'I‘he.kirid of survey required
(detailed or recohnai'ssance) decides the number of values of (n) used,

In p.lbtting the results, the values of the apparent'reéisti.vitf,

apparent per cent frequency effect, and the apparent metal factor
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measured for each set bf' electrode positions are plotted at the inter-
section of grid lines, one from the center point' of the current electrodes
and the §ther from the cent.er.point of the potential electrodes. (See
Figure A.) The resistivity value.s 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 ca.ées the values of per cent frequency effect are plottéd as
superscripts of the metal factor valu.e. In this second case the frequency
effect values; are ﬁot contoured. The lateral displacement of a given
v.alue is déterminéd by the locatiqn along the survey line of the éeﬁtér

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 .potentia.l electrodes when the measurerﬁent.was made.

| The separ'atic;n between sender and rev;'ei.v'er ellectrodes is
only one factor which dete.rm.inea the depth to which the ground is being
éampled in any particular measurement. The plots then, when
contoured, are not. sectiqn maps of the electrica.l'. 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 posgition 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, 'inter.vals' 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

siie of the mineral deposit being-soﬁght, the size of the expected anomaly
and the speéd with'which- it is desired to progress;- |

The di.a'gram in Figure A demonstrates the method used
in p‘lotting t.h;B r-es.ults. Each v_a.l.ue._of the apparent resistivity, apparent
metal factor, and appar'ént per cent freqﬁency effect is plotted and
identified by the positioﬁ of the four electrodes when the measurement
was made. It can be seen. that the values _mea.sured_. for the larger values
of (n) are ploftea fa.rther from the line ir_:dica.ting that the thickness of
the layer of the eartﬁ that is being tested is greater than for the sméller

values of (n); i. e. the depth of the measurement is increas_ed. - When

the ¥, 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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The actual data ploté included with the report are prepared

' utilizing an IBM 360/75 Computer and a Calcomp 770/763 Incremental

Plotting -Systém, ‘T:l_tie_'-ﬂata va,lﬁes are calculated, plotted, and contoured

- according td:‘a' prqgra‘mrﬁé'-develope_d’ by McPhar'-Geophysi-cﬁs. .'Ce..rt'ain_.

syrnbois__haire been ihq-qrpora_ted into the programme té__.éxp‘léiﬁ various o
situations in recording the data in the field,
The IP 'm_easurémeﬁ_t is basically obtained by measuring the

difference in potentia_.l-":drairolta._gé {(AV) obtained. at two operating frequen-

cies. '.The":‘voltage is the product of the-current' throﬁgh the .'gll'ound. and
* the apparent resistivity of the ground, Therefore in field situations .7

-where the current is very 'lbwf_-ﬂdﬁé to poor _e,'lec"tr_od.e c'ont'a'-'cf, : or‘.t'he‘ :

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 b'e"'m‘éasurable._

‘The symbol "TL" on the daf-a pl'ots- i-ndi'cate_s-.this s‘i‘fuati-on.'

.- 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 o.f__r;o'iée_'there is some doubt

as to its a'c:cﬁfacy, the reading is 'b_ra,cketed.‘i_n the data plot {).

In certain situations negative valu'e_s of Apparent Frequency Ny

- Effect are recorded. This may be due to the geologic environment or
.spurious electrical _effeété. The actual negative frequency effect value

.‘recorded 'is.'iﬁdi:cated'on the da,ta. plot, however the symbol "NEG' is
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indicated for tﬁe corresponding value of Apparent Meteil_ Factor. In
contouring n_e'gati\;el values .l;he éontour lines are indicated to the nearest
positive value in the immediate Vic_:inity. of the negétivg value.

' . The symbol "NR" .indic-ates that for..some rea..éon the operator
did not attempt to. record a readihg although normal Sufvey procedure.s
would su.lg'g'est that one was required. This may be due to inaccessible
t.op.ograpkhy or other similar reasons. Any symbol other thari those dis-
cussed é.bove is ‘unique to a particular situation aﬁd is deéscribed within
the body of t.he. report. |
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~ METHOD USED IN PLOTTING DIPOLE-DIPOLE
"INDUCED POLARIZATION AND RESISTIVATY RESULTS
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Electrode separation

P p 2
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P p P P

P P p P P
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PP P p P p
L2-34 23-45 34-56 4567 56-78 6,7-8,9

F k3 F. £ MF ,
,2-3,4 23-45 3456 45-67 56-78 67-8,9

M.F. M.F. ~M.F. M.F. M.F

2-4,5 23-56 34-67 - 45-78 56-89
U MF - MF MF - MF

M.F. M.F
3-7,

M.F..
- 1L,2-6,7 2, 4-8

7,8 .3,48,9

\WW
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Fig. A
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McPHAR GEOPHYSICS

REPGCGRT 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
Limited, an induced polarization and resistivity survey ha.'s. been completed
‘at Melba Flat, Tasmania. |

The rocks in the area are argillites énd graywackes of the -
Cambrian Crimson Creek Formation. .'In places the argillites contain finel'y‘
disseminated pyrite.

The IP traverses test lead-zinc geOchemical soil a,nomalies.
(Dwgs. IP 5467-1 and IP 5467-2). The probabie s'oﬁr_ce of the anomalies
is small fissure v'ei.-ns_ of massive ga-le'na and sphalerite with minor amounts
of pyrite. Thé induced polarization and resistivitf 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

-
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the following data plots in the manng;_ described in the notes p__recédin_g’ this

report.
' rLiné ' o - Electrode Iﬁterva_lg o | =.{.,...1351»*;.,1‘10. _
105 100 feet 1P 54674
148 © 100 feet o IP 54672

‘No .plan map is enclos‘ed.. w_ith tﬁis report, since the IP survey was
c.o_rn-pleigéd to teat specific g'edél;éniical anomalies only. The definite and
.pos s.iblé indﬁced ﬁélari_za,ti_on anomalies are indiéé.fed by édlid and broken

- bars oﬁ the data piots. . Thes e. bars re-ﬁres en_f the rsu:rface "érojectiox} of the
anomalous zone.enias inter pz}éfed from the lo‘catio\n of the traﬁéfﬁitﬁer and
receivler.,qelectx_'odes whgn'the anomalous vélges were méasufed_.
.4 Siﬁce the induced éolarization meacurement is e_gsentially an
' averaging process, a# .a.\re' gil‘ potential methods, it is frequently difficuit
to exactly pin;;Oin_.t the s'burce: of an anomaly. Certainly, no anomaly can
-be. located with more aécﬁ-ré‘-c}} than thé spread length; i.re. when using 100‘l
s-prea;'ds the pogition of # na..r_,ro-w sulphide body can onljr be deter.m'ii'xe'd to
lie between two §tations 100' apart. In order to lo.c;.te sources at some
depth, .Hrger spreads musf--be'used, wit}_r.a corresponding iz_a‘creaéé’in the
unéertaix;ties of location. 'I'l_i'erefore, whiie the centre of the indicated -
anorﬁaly probably cb.fff‘es éonds fai;ly well with source, the ien@fh of the
indicated anomaly along the line should not be takeﬁ' to represent the exact
edges of fhe 5.nqmi'§t_lo'ﬁs materia}. o
_ Geologica_l &é_u‘ca. was pr.ovided by prbf_é#sibna.l staff of the

Electrolytic Zinc Company of Australasia Limited.
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3 DISGUSSION QF RESULTS

IP a.nomaliea were located on hoth lines of the survey. The-'

’ anomahes ‘have ‘been related to the magnetzc a.nd geachemical proﬁles .

whu:h were auppl;.ed by Electrolytn: Zinc Compa.ny of Austra.lasia Lmuted

i Li'ng 108

Fwe anomahas ‘were located on this hne. The anoma.ly from
12+50W to 13+§0W ts weu.k and shallw It correh.tes with a: weak gaochermca,l o

a.nomaly for both leaxi and mnc

The anomaly from IOW to IIW is sha.llow but of greater magnitude EES

) and correlates w;th a fairly strong geochmical high for lead Thm anomaly

should be detaﬂed with Bhorter elét:trude intervals. {sca .&ppendix)

The anamly from 8w to 9W is shallow and waak in ma.gnitude,

B 'the source ise probably very narrow. The anomaly corres ponds with- above—

'i-average geochemica]f valned for both J.ead and zinc.

The anamalv,- from 4w to 5+50W hau a. Weaker extension to 6+50W

" The stronger portion of the a.mmﬂy corresponda with a geochemical high |

" _for lead. The anomalv is paarly defined as several of the readmgu are

_ negative. a deta.ﬂed'i urvey’ with shorter alectrode interva.ls should aid in

-_'\‘1‘ .

- The last anomaly ‘on thc line his w atranger portion frnm ZW to 3W_ L

and a weaker porﬁon f«rom 0 to Z‘W 'I'he stronger portion suggeats a narrow

- sour ce and- correla.tes with a fairly strong geo«:hemical a.nomaly fe:r lead. .

3 “:“w‘

E The weaker pcrtwn correlatea vnth a very strong lead geachem:.cal anomaly, ‘

the pattern of . thia partiun of the anomaly suggesta a leas conc&:ntrated Bource:
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than from ZW to 3W The anama.ly from 2ZW to 3W :hould be detailed with

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

Line 148 :

.’Bhree" anoma.lies were Ié'cﬁ.ted on thia line. The anomaly from"

- .li__: 12+50W to 13+50W 13 moderately strong and extends to depth. It correlates

'w1th h1gh lead values and decreasing zinc valueu.

A weak anomaly was located frOm W to BW which extends to
ao£ne' depth. The third annma.ly is moderately strong from ZW to ‘3W and

has weak extensions to 1+50W a.nd 3+50W The anomaly, which ia in~

| complete, correla.tes with high Iead values and with increased zinc values.

The. line could be extended to.the east to better defme this a.nomaly.

4, CONCLUS’ION'S'

The IP anomalies correlate well With the geochemical anomahes .

o . Several of the anoma.lies suggest vVery narrqQw sources a.nd ahonld be detaxled

:w1th ahorter electrode Mtervals {See Appendix) Sug‘gqstiona for detail

work a.re embodiud in the dis cusgsion of results

McPHAR GEOPHYSI 'S PTY LTD.

b-atéa: Jlme26,1970 .
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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 gwes sharp IP

anomalies that are often difficuit to interpret.

The anomaloﬁs 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 deéfinitely 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 [P 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 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 anommaly 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 [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 IP effect is measuredforn=2 orn = 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 gquite

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-.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 anormaly 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 usefulness from a reconnaissance [P survey. _
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Theoretical Induced Polarization and Resistivity Studies
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