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McPHAR GEOPRYSICS

NOTESON TIn:;'I'HEORY, METHOD OF FIELD OPERA TIOf\\

AND PRESENTATION OF DATA

FOR THE INDUCED POLARIZATION METHOD

Ind\lced Polarization as a geophysical meaS\lrement r<;lfers

to the blocking action or polarization of metallic or electronic

cond\lctors <lna medi\lm 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

p<assed thro\lgh the ground, as in resistivity meas\lrements, all of the<

conduction takes place through ions presentin 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 min~rals commonly described as "metallic", howevet,

have specific tes<istivities mlich lower than ground waters. The

induced polarization effec;t takes place <at those interfaces where the

mode of conduction changes from ionic in the solutions filling the

interstices< c:>f~he rock to electtonic in th,,< metallic minerals present
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in the rock.

The blocking action or induced polarization mel1tioned

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 metal1icinferface the

resistance to current flow increases. Eventually, there is enough

polariza.tion in the form of excess ions at the interfaces, to appreciably

reduce the amOUl1t of current flow through the metallic particle. This

polarization takes place at each of the infinite number of solution-metal

interfaces in a miner.alized 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 polarizafiol1 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 fre'luency of the switching is changed.

This is a consequence of·theJact that the amount of current flowing

through each metallic interface depends upon the length of time that

current has been passing through it in one direction.
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'the values of the per cent frequency effect or F. E. are

.. a measurement of the polario:>ation in the rock mass. However, since

themea~urementof the degree of polario:>ation 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

polario:>ation present in the rock mass. The MF values are obtained by

normalio:>ing the F. E. values for varying resi stivities.

The induced polario:>ation measure:rnent is perhaps the most

powerful geophysical method for the direct detection of metallic.

sulphide mineralhation, even when this mirieralio:>ation is of very

low.concentration. The lower limit of volume per cent sulphide

necessary to produce a recognio:>able 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 sulphi<iesofless than <'0% 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 besucces sfully

applied, The ability to diiierentiateionicconductors, such as water

filled shear o:>ones, 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 th.e economically important metallic minerals

such as chalcopyrite, chalcocite, molybdenite, galena, etc., and the

other metallic minerals such, .as pyrit,e. The induced polarization effect

is due to the total of all electronic conducting minerals 'in therock mass.

Other electronic conducting materials which can produce an IP response

are magnetite, pyrolusite, graphite, and. s9me forms of hematite.

In the field procedure, measurements on the surface, are

made in a way that allows th,e 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 pointsiridistance

(X) apart. The potentials are measured at two other points (X) feet

apart, in line with the current electrodes is an integer number (1'1) times

thebaslc distanc.e (X);

The measurements are mad,e along a surv~yed line, with

a constant distance (nX) between the nearest current and potential

electrodes. In most Surveys, several traverses are· made with various

values of (1'1); i. e. (1'1) =1,2, 3,4, etc. The kind of survey required

(detailed or reconnais sance) decid,es the number of values of (1'1) used.

In p:1otting 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 apovethe li~e as a mirror

image of .the metal factor valu.es below. Ona second line, below the

metal factor values·, are plotted the values of the pe.r cent frequency effect.

In some cases the values of per cent frequency effect are plotted as

superscripts of the metal factor value. In this seco~ 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 .

. T:\leseparatio~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 t:\len, 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 valu.es 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 inter:val over whkh 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 <l.re 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 slze of the expected <l.nomaly

and the speed with which it is desired.to progres s.

The di<l.gram in F1gure A demonstrates the method used

in plotting the results. Each vallie 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 plottedfal:'ther from the line indicating that the thickness of

the layer of the earth that is being tested 1s 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.



The actual data plots included with the report are prepared•
• 7 • 058009

•

•

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 vari.ous

situations in recording the data in the field.

The IP measurement 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

value of (6 V) the change in potential will be too s.mall to be measurable.

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

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

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

data plots indicates a station at which it is too noisey to record a reading.

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

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

In certain situations negative values of Apparent Frequency

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

spurio1!ls electrical effects. The actual negative frequency effect value

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 ar", 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 POLARIZATtON AND. RESISTIVITY RESULTS

r<PJ ! ! .R?o ' , ,
1 2--......,3~--,...---!4----,....L.5~'----,...-":!6.L---~7---!8::--~9

Sto tions on line X : Electrode spread. lenoth
n = Electrode separation

987

p p. P
1:,2~ 6,7 2'i3-7,8 3 j4-8,9

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

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

/

n - 4

n - 3

n - 2

n - I

•
Apparent Meta I Factor

M.F M.F. M.F
4,5-6l 5,6'-7,8 6,7-8.9

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

M.F
4,5 -8,9

M.F
-3,4"8,9

M.~ M.F. M.F.
1,2~3,4 2.3- 4,5 .3,4":5,,6

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

M.~ M.~ M.~

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

M.F. M.F.
1,,2-:-6,7 2,3 -7,8

n -

n - 2

n - 3

n - 4

Apparent Percent
Frequency Effect

•

n -

n - 2

n - 3

n - 4

~·.WX)?~7X· )7
_____ ..F.E. . F.E. F.E. F.E. F.E. F.E.

1,2- 3,4 2,3,-4,5 314'"'5,6 4,5-6l 5.,6;'7,8 6,7- 8,9
____~__ ·F.E. F,E. F.E. F.E. F.E.

1,2-4,5 :2...3":5,6 ':3i4'-6,7 4,5-7,8 5,6-:8,9
FE. ·F.E. . F.E. F.E.

1.:2",:5,6 2,3.;6,7 3,4,-7,8 4,5-8,9
1'.E. F.E. F.E.

1,2-6,7 _2:~:3-7,8 3,4.,8,9

9

I"
5cm
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1. INTRODUCTIO

At th. 1" u••t of MlDopll Propri.tary Ltd•• I'll uced polarlaation

aDd r.d.tivlty .ur".y ba. lI••n carri. out on the c: pany'. Nato•• proJ.ct

in N. W. Tumaala.

Iron or. d..po.it. have lI••a known to exi.t lD the ar.a alDc:e 1919.

T • maan.tic aurveya fo ••veral osnaU•• aDd a.v.ral loc:ationa w.r•

• u••••ted for lamoncl drill hol.a to t ••t the allomaU... Two 01•• w.r.

drilled; the .ulphi ee chalc:opyrit. aad pyrrhotite were found lD ...oc:lation

ith pyrit•• ma.n.tit., lim_it. and ematite.

ith the di.c:o".ry o! the.ul ide.. the omaU•• took on an added

lDtere.t, and the lD4uced polarieation aDd r ••i.tivlty aurv.y "II•• planned to

te.t the ma.netic: anomaU•• aDd to try to flDd ec:onomic: c:oncentration. of ore.

(In 1959 a .overnm.nt aerosna.netic: .urvey ..... c:arried out .Dd thia .....

followed up in 1959 by a .rouDd rna etic: aurvey).

The depo.it. oc:c:ur lD Prec:.mbri.n aedlmenbry roc:ke ••harply

folded and f.ulted lDto antic:llDe. and aync:llDe. with a northeuterly trend.
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The .ediment. are wu:omormably overlain by Ordovician conalomerate•

and intruded by Devonlan aranite.. The intru.lve aranite. are couldered

to be aenetlcaUy related to the lron depo.ita. All of the.e rock unlte bave

been covered by baealt flowe of Terltary aae.

The iron depoelt. are malnly hematlte wlth aome maanetite aDd

appear to be connected wlth a fracture or ahear sone etrUdna nortbea.t.

2. PRESENTATION OF RESULTS

The induced olarlsation aDd resistivity result. are .hown on the

followina c:losed data plots. The reeult. are plotted In the manner desc:rlbed

in the otee prec:edlna thl. report.

Lin. Electrod. Interval. DWI.No.

10+00S 200 feet IP 5341-1

10+008 100 feet IP 5341-2

12+505 200 feet IP 5341-3

12+505 100 feet IP 5341-4

15+008 200 feet IP 5341-5

15+005 100 fe.t IP 5341-6

17+50 200 feet IP 5341-7

17+50 100 feet IP 5341-8

20+005 300 feet IP 5341-9

20+008 200 feet IP 5341-10

23+005 300 feet IP 5341-11

23+00 200 feet IP 5341-12

23+00 100 feet IP 5341-13



'V 058014
~ - 3 -

~ El.ctrocl. Int.rvals Dwa.No.

26+005 300 f••t IP 5341-14

26+00 200 f.et IP 5341.15

26+00 100 fe.t IP 5341.16

27+50 300 f. t IP 5341·17

27+ 0 200 f.et IP 53.U·1I

29+.505 200 feet IP 5341-19

29+50 100 fe.t IP 5341-20

32+50 300 f.et IP 5341-21

32+50 200 feet IP 5341-22

35+00 200 feet IP 5341-23

37+50 200 feet IP 5341·24

40+005 200 fe.t IP 5341·25

Enclo. eel with i. report i. Dw,. I. P. P. 4536. a laa ma p of the

ar.a at a .cale of 1" .. 400'. The definite and ouibl. buluceel olariaation

mall•• are indicated by .olid aa bro en ban re.p ctively 0 this lan

map a. weU a. the data lot.. The.e bar. r. re••• the .urface rojectioD

of tbe omaloue a_e. a. int.rpreted from the location of the tran.mitt.r

aJMl receiver .lectr e. wh_ t e anOlDalolle yalue. were mea.ured.

ince the iDcluced polarbatio mea.ur«nellt ia .....tially aa

averalial roc.... u are all pot.ntial methoele. it ie frequ_tly dWicult

to exactly inpoint the eourc. of all anomaly. Certainly. DO a olnaly can

b. located th Inore ccuracy thall t • apread lalllth: i ••• when inl 200'

epreade the poaitioll of a narrow aulphide yean ollly e detennlaed to Ue
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1 1" I' apr.ada m t b. \UI d. wit a corr••pondla I cr.a•• la the

c.rta ti. f locatio • Th.r.for • n. • ca tre of the iDdlcat anomaly

1'0 1»ly correa ODda I Ir1y wen I aourc., t • len, I the lacIlcatad.

1y alon, the lin a oul ot b talt to re r.a at the. ct d, a of the

".OITlalona m terial.

Geo1o,ical lalormatio a 0 ta ad. from licatlou f tb.

uatralia. Burea of MlD.ral a.ao rc.a, Geo1oIY and Ci ophyaica.

Broad an liea wara fo 0. e....ry lin. of tb. aur...ey. Th•••

_omali•• for tb. moat rt lie itbin the lar,a mapatic bi,h, but ......r&1

a1ao lie outai • or eat bayo It, dicattaa the 1'... ca of a OD-

ma,n.tic .ourc.. The two drill 01.. 1'0'" that the .trOD' ma,n.tic

l,he are auociatacl Ith

.w.phld...

,D.tit , ao taD -ma,D.tic .ourc•• mnat be

A &0 a II' a • -ma,Detic .ourc. i. indicated at the e at.rn

e of Lla 12+5 Llae 17+00. Line 12+50 and LiD•

15+005 wow. • Ddeet to e .aat to obtain comp1.te data to

o tlilla the _OO:l&ly. The aourc ap are at a depth of mol'. than

1 t (200 I t) a t 0 DOl' enuno.t 1 •• aDd at a depth b.tw. Il 100

fe t and 200 feet L" .17+50 •

AD aDO 1yof Illt.r••t i. centracl at bout a ti 300 0 Lin.

26+00 wit t ••1.ctrode t.rval at 100 f••t. It i. atroll' aDd .....U.ahaped.

The aourc of thi. omaly call be tracK OD Lin. 27+50 ( • deap anomaly
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Line 32+50 (Owl. 5341.2Z. centre ZOOI:) Line 35+005 ( WI. 5341·23, centre

ZOOE). The .ource appeara to b. at a de th lreater tba ZOO feet (1 unit) aDd

t. I. a eak area of the malnetic hi,h.

4. CONCLU IONS ANO RECOMM NOATIONS .,

Orillinl ha. confirmed the re._ce of .u! hide. in the Natone iron

de o.lta and the induced polarization a re.l.tint., aurvey ba•• own anomalie.

over the Ireate.t pert of the larle mapetic hilh over the de .it.. ADomalie.

have al.o been found ol1taide of the mainetic ilh lid lt i••Ulluted that

4rUUq te.t aome of th••e omaUe••

1) A 45 delree hole coUareel at 400+50E OIl Line 26+005. driUed to a

depth of ZOo feet, ahowd teet the .ource of the anomal., on thi. line.

Tbl••ource i.e "er., weakly main tlc.

Z) Vertical hoI•••hou.ld b. drilled at a) .tation 1000W. Line 10+005

b) .tation lZOO ,Line 20+00S and atation 900 • Lin. Z3+00 to

te.t the broad, atroq anomaUe. lylnl outal • of the malnetic blah.

The anomali•• are .troDlut 0 D" 3 or n " 4 ao tbe drill hole•

• howd reach a total depth of at lea.t Z unit., or 400 1.et.

3) Lin. 12+ 50 a Lin. 15+00 ahou.ld be ext.Dded to compl.te the

data _ the aource of the anomalie. on the•• linea. The aource

I.. deeper to the north. therefore electrode interval. of ZOO feet

.houlcl be u.ed. The aame anomaly 011 Line 17+ SO i.e better elined

with electr e intervale of lOO feet. The pattern Une ...m. to in-

dlcate either the end of the .ource or elee lt i. off the eDd of the

aource.
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The induc~d polarization method was originally developed to
detectdisseminateds~Iphidesand has proven to be very successful in the
search for "porphFy,copper";deposits; In recent years we have found
that the IP method ca.n also be very useful in exploring for more con~

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

Theanornalous patterns that develop on the contoured data
plots willdeperid on the si'ze, depth and position of the source and the
relativesiJ1le of the electrode interval. The data plots are not soections
showing the eloectricalparameterSof the ground. When the electrode
interval (Xl is appreciably greatetthan 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 eJectrode separation (n).

The theoretical scale model results shown in Figure I 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 Xl the meaS'lre­
ment for. n, = I will be anomalous. In Figure I the depth is O. 5 un,its
(X ;: 1. 0 units) and then = 1 value is definitely anomalous; the pattern
On the contQureddata plot is typical for a relatively shallow, narrow,
near -vertical tabularsOlircoe. The roesults in Figure 2 aroe for the same
s()urce with, the depth' increased to 1. 5 units. Here the n= I value is not
anonlalo~s; the larger .valuoes of (n) are anomalous btlt the magnitudes are
much lowe:rthan for the source at les s depth.

Wh.ell theeloectrode interval is greater than the width of the
source, itisp'otpossible to determinoe its width or exa.ct positi()nbetween
the electrodes .. The true IP effoect within the source is alSo im:ieterminate;
thoe anomaly from .a very narrow sour<;e with avery largetruoe IP effect
will be much thoe samoe as that from a zone with twice th'e width and 1/2
thoe true IP effect. The theoteticalscale model data shown in Figure 3
and Figuroe 4,deiponstrate this problem. The depth and position of the
source are pnchanged but the width and truoe IP effect are varied. The
anomalous patterns and magnitudoes are essentially the same, hence the
data are insufficient to evaluate the source completely.

Thoe normal practise ill.to indica.te the IP an.omaliesby solid,
broken, or da.shedba.:rs", doependingupon their degree of. distinctivenes s.
These bars repteseritthe surface projection of the, anomalous 'zones as
illterpreted from the location of the transmitter and receiver electrodes
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when the anomalous valv.es were measured. As illustrated in Figure I,
Figure Z,Figure 3 an.dFipre 4, no anomaly can be located with more
acCuracy than th.,spr.,ad length. WhHethe centre of the solid bar
indicating1;he anomalycorres.pouds fairly well with the source, the length
of the bar shQuld not 'be til.l<;ento repr <!l Sent the exact edges of the anomalous
material.

. .

If th<!l's(;lurc¢is sbll.Uow,the anoIIlalycan be better. evaluated
using a shorter el.,ctrode. intEj1;'val.· When the electrode interval used
approache.s the width Qfthe sov.rce, the apparent effects IIleasured will
be nea1'1yequaltothetrtJ,ee{fects within theSOllrce. When there is some

depth to the top of the SOUrce, it is not possible to use electrode intervals
that are IIluch less~.thedepthto the source. In this situation, one
must realize that a'definiteambiguity exists regarding the widtt> of the
source an.d theIP effect. within.thesource.

Our eXperience has confirIIled the desirability Of doing detail.
When a reconnaissarice IP survey using a relatively large electrode in­
terval indicates the presence of anarrc>w".$ha.llc>w source, detail with
'shorter electrode intervals is necesliary in order to,better locate, ap.d
evaluate, the sourc'e. The data Of most usefulness ics obtained when the
ma>e:iIIlUm appa-renttP effect.is measur.ed'for.n = Z or n = 3. For in­
stance, an anomaly originally located using X = 3011'rnay be checked'
with. X = ZOO' an4 ~X"O 100'. The data with X = 100'wili be quite
different<from the original reconp.aissance results with X =300'.

The data shown in F~gure 5 and Figure 6 .are field results from
a greenstone area in Quebec. The expected sources were narrow (le.ss
than 30' in width) .~onesofmassive,high-grade, zinc ~silver ()re. An
electrode interval ofioo' wasus'ed for the reconnaissancesurvey'in order
tokellp the rate of progress at an acceptable level. The ariomalies located
were low in magnitude. .. .

. The very weak, shallow ariOtrlaly shown in Figure 5istypical
of thoselocat~dby.theX = ZOO' reconnaissance survey. Several,anomalies
of this type were detailed using shorter electrode intervals. ' InIIlost cases
the detll;iln"1~surerrientssuggested broad zones of very weak mineralization.
}iowever, in the case of the e;ouJ:;ce at 20Nto 22N, t1).e measurements with
shorter electrode interv,+lsconfirmedthepresence.qf a strong, ,narrow
source,Thej{;= 50'renltsare shown in Figul'e 6. Subsequent drilling
has llhownthe source to be 12.5' of;massive sulphide mineralization con­
taining significant zinc and, silver values.

The change in theall.O:r:na.ly that results when the electrode in­
terval is reduced.isnotunusual.;rheX= 50'dat~,moreaccurately locates
the narrow source,and permits t]aegeophysicist to make a better evaluation
of its importance .. The completic)n of thj;s me of detail is very important,
ino.rder tog,et the maximumusefulnes:!I,.from a reconnaissance IP survey.
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70 9Il 95 110 38 62 73 N - 2
N - 2

NAmNE AREA
?UII --- ~ N.W.103 58 115 1112 .. 127 TASMANIA, AUSTRALIAN - 1 62 79 N - 1

RESISTIVITY (APP .1 IN l'HM FEET / 211 (L WPF IWPF WPF RESISTIVITY [APP.I IN l'HM FEET / 211
WPF !WPF26W 211W 22W 20W 18W 16W ll1W 12W lOW 8W 6W IIW 2W 0 2E liE ?E 8E toE 12E LINE N~.- 17.5S

I
•••••••••••• 11 ••11111111 ••••• 11.11.11.11 '1'1'1'111""11"', ' •••• 1.111 ••••••• '111 •• 1 ?

METAL FACTl'R lAPP .1 I
METAL FACTl'R lAPP. I ElECTRODE Cl'NFIGURRTIl'N

'-X ill If: NX ~ If: X-'

~ N - 1 £>0 J!J-
N - 1

"- "107 271 3B N - 2 "- "
N - 2

"- ""- /

Pll'TTING "- ""- "N - 3 150 1811 139 576 288

~'~ N - 3. Pl'INT -X x= 200'

N - II 212 396 690 ~ 225 . ~ 157 ~ 138 N - II SURFACE PROJECTIl'N
l'F ANOHRll'US ZONES

N - 5 DEFINITE
N - 5

PRl'BABlE 111111111111111

Pl'SSIBlE "",

FREQUENCIES: 0.31-2,5 Cps26W 2IlW 22Il 20W 18W 1611 IIlW 12W lOW 8W 611 IlW 2W 0 2E lIE BE BE lOE 12E,

FREQUENCY EFFECT lAPP .1 IN Y. FREQUENCY EFFECT lAPP ,I IN Y. Nl'TE: Cl'NTl'URS AT
ll'GARITHMIC INTERVALS
1.-1,5-2.-3.-5,-7,5-10 DATE:N - 1

~
7.8 II

~
Iq 3.8 • 3.5 6.8

~~
N - 1

GN - 2 7.5 II I' II II 3.8 2.8 N - 2
5cm .-1,..

N - 3 10 13 13 15 12 q.O 7.0 q.5 3.0 8.0 q.8 N - 3

~ ~ McPHRR GELJPHrSICSN - II 11\ II 15 12 9.8 9.3 9.5 q.o 3.8 ~ 6.0 N - 1I

INDUCED P~LARIZATI~N AND RESISTIVITY SURVEYN - 5
N - 5

NInE, THIS PLln WAS PfltDJCEO WITH AN IBI1 380/75 tm1l'IJTER ANJA CALcmt' PLlnTER



LTD.

DWG. Nl'. - 1. P. - 534J -8058030

NATl'NE AREA
N.W. TASMANIA. AUSTRALIA

MIN~PS PlY.N - 3

N - 5

N -2

N - 1,1

N - 1

68

,$%

52

55

83

125

97

170

160

158

III

1511

85

156

205/
1781113

1011

85

30

11060

58

69

67

183176

120

122

1t9

128

N - 1

N - 1,1

N - 3

N - 2

N - 5

LI NE Nl'. - _ .....1....L7....,.5....S'--

/ 2nWPFWPFWPF

I
RESISTIVITYI lAPP.) IN OHM FEET
WPF WPF WPF

16~W..:-_~_.:.15i.W -,-_1J...IIW 1J...3~W 1...2_W__-:-_1...1_W -1....0-W-t-"i'illiill;;;,,;;;,~9iiWiiiiiiiiiiii_,;t~i'i~iill;;;lIiilli'iI"iiIl;;;II;;; ..ill....7-W--...,.--....6_101__,_....5_101 ....1,1_101 ....3_"1__,_...2_101 ...1_101 ...0 ,....,....:-....~1,::-;....~,:;;..ii"IIi'i,i'iIl'ii..;;;II~~,i'i~i'iIl'ii..;;;IIi'i....." ....:-....~::_:E....~....---....q-E----...5-E"iiIl'ii..;;;lIii..i'iI"ii..;;;II;;;..;';~r.~i",?? ...7rE__+_....8_E ---'~E

RESISTIVITY lAPP.) IN OHM FEET / 2n

METAL FACTOR lAPP.) METAL FACTOR lAPP.) ELECTRODE CONFIGURATION
-X • E NX • E X-

100'

SURFACE PROJECTION
OF ANOMALOUS ZONES

DEFINITE
PROBABLE 111111111111111

POSSIBLE / /, / / /

.... /
.... /

.... /
.... /

PLOTTING ........ //
POINT -X X =

N - 1,1

N - 5

N - 1

N - 2

N - 3

2935

21 29

12 29

55 53

68 68N - 1,1

N - 1

N - 2

N - 3

N - 5

5cm

GE~PHYSICSMcPHRR

NOTE: CONTOURS AT
LOGARITHMIC INTERVALS
1.-1.5-2.-3.-5.-7.5-10

FREQUENCIES: 0,31-2,5 CPS

N - 3

N - II

N - 2

N - 12.8

FREQUENCY EFFECT lAPP.) IN Yo

9.D

5.3 / \ 2.3

~ NEG 5.5

~... ,.. ~..,?~
5.5 7.D ~\ 1/1.8" /::/Q.3

12

8.5

11

7.8

11

9.52.D

3.8

2.5

3.5

3.D

2.5

2.D

3.D

3.D 1.5

3.8

IS

IS

13

13 ID

17

5.3

16

9.3

12

6.D

12

7.D

11

12

6.8

5.3

8.5

181/ ISW IIIN ISW 12W ItW lOW ' 9W 81/ 7W 81/ SW lIN ' 3W 2W lW 0 IE 2E 3E lIE Sf 6E 7E 6E Sf
L.' -!.-' -!.-' -'-, -'-, --'-, --'-,------'-,------'-,------'-,------'-,------'-,------'-,------'-,-----'-,-----'-,-----'-,-----'-,-----!.-'-----'-,-----'-,-----'-,-----!.-'- -!.-' -'-, ~I

FREQUENCY EFFECT lAPP.) IN Yo

N - 1

N - 1,1

N - 3

N - 2

INDUCED P~LARIlATI~N AND RESISTIVITY SURVEY
N - 5 N - 5

NnE. THIS PLel WAS PllClDUCEO WITH AN IBI1 360/75 ctlI1PUTEIl fIN) R Cfl.CfH' PLelTEA







N - 5 N - 5 058033

3369

LTD.

..
DWG. N~.- LP.-5341-11

NAT~NE AREA
N.W. TASMANIA, AUSTRALIA

MIN~PS PTI.

N - II

N - 3

N - 1

N - 2

87n

n

99

52

j ~.~
8.1 5.3 . 7.0

~
qO q7

8S 25 IS 19 - 17 IS

21 22 . q7

~ /?~55 20 ~ ql 71 q9

N - 2

N - 1

N - 3

N - II

300'

SURFACE.~ROJECTION

OF ANOMALOUS ZONES

DEFINITE
PROBABLE 111111111111111

POSSIBLE / / / / /

. , /, /
0' /, /

PLOTTING " //
POINT --X X =

LINEN~.- ~2~3~S___

N - 2

N - II

N - 3

N - 5

18E15E

METAL FACTOR lAPP.) ELECTRODE CONFIGURATION
-X ~ of NX----'

12E

RESISTIVITY lAPP.) IN OHM FEET / 2w

9E6E3E3101
•••• 111 ••• 11 ••••••••••••• 1111 •• ,.,. 1""III ••• 'tll

6W

TL

TL1511

/WPF /WPF WPF! WPF

33W 30101 27101 21110l 21W 18W 15W 12W 9W

/ I
? ••••• ,1111111 •••••• 111 ••

METAL FACTOR lAPP.)

RESISTIVITY lAPP.) IN OHM FEET / 2w

N- II

N - 2

N - 3

N - 5

N - 1

Scm

McPHRR GE~PHISICS

INDUCED P~LARIlATI~N AND RESISTIVITY SURVEY
ImE. THIS PLOT WA3 PlIllOUCED WITH AN IBH 360/75 CllIlf'UTEII Alii A CAlallt' PLOTTEA

o

I""

FREQUENCIES: 0.31-2.5 CPS

NOTE: CONTOURS AT
LOGARITHMIC INTERVALS
1.-1.5-2.-3.-5.-7.5-10

33W 30W 27W 2lIW 21W 1811 15W 12W 9W BW. 3W0 00 !IE BE !IE 12E 15E 18E, ! , , , , , , , , ,

FREQUENCY EFFECT lAPP. ) IN Yo FREQUENCY EFFECT lAPP. ) IN Yo

N - 1 10

~
19 13 . 12 5.3 • 6.0 1t.8 1t.5 N - 1

N - 2 18 l' 12 16 lit 11 11 8.0 N - 2

~
N - 3 18 16 I' 25. 17 o. 12 11 N - 3

~1~ ~:;:~~N - II 8.0 TL 11 26 l' ! 1.0 N - II

N - 5 N - 5







N - 5

N - I!

N - 3

N - 2

N - 1

N - 5

oe~8(\QG DWG. N~.- LP.-5341-14u '""" v21 29 29 ~o

~
13

~;j~
as "(.\ I~O N - I! . ,

3372
23 52 qg

'--.. 16 18 ~ 56 12 N - 3 MINCjPS PTY. LTD.
C) ij5

~
55 <:) 6Il N - 2 NAmNE AREA

/62 N.W. TASMANIA, AUSTRALIA61 50 38 62 19 .~ ~ 62 68 N - 1

RESISTIVITY (APP.) IN 3HM FEET / 2n

METAL FACT3R (APP.)

WPF rPF WPF WPF PL WPF WPF

33101 jow 27101 21!W 21101 18101 15101 12101 9101 6101 3101 0 3E

I I /............. ••••• 11 •••••• 11 ••• 11 •••• ... 111111 IUIIIIII .. IIIII. I"'"

I

!WPF

6E
I

RESISTIVITY lAPP.)
WPF

9E 12E

I

IN 3HM FEET / 211
!WPF 'WPF

15E 18E

(APP. )

LINE N~.- ~2~6~S--,-

ELECTR3DE CONFIGURATI3N
-x NX 'E X-

300'
I

SURFACE'P~OJECTION

OF ANOMALOUS ZONES

DEFINITE
PROBABLE 111111111111111

POSSIBLE / / / / /

, /, /, /, /

PLOTTING " //
POINt "'--+X X =

N - 1

N - 2

N ,- I!

N - 3

N - 5

150 I~ 105
.~~

113

290 ~ 336

~168 -
~oo 660 210

~ 1580 TL 315

21S

510 ~::::=236==::::::::=-286_/
1l9S.~ 605 52D~

N - 1

N - 3

N - I!

N - 2

N - 5

APPROVED:

DATE: I / .

5cm

McPHRR GECjPHYSICS
INDUCED P~LARIZATI~N AND RESISTIVITY SURVEY

Nt7TE. THIS PLlJI WAS PIIOOUCED WITH AN 1111 360/15 CM'UTEIl AWO A CALCllIf' PlmER

FREQUENCIES: 0.31-2.5 CPS

N3TE: CONT~URS AT
LOGARITHMIC INTERVALS
1.-1.5-2.-3.-5.-7.5-10N - 1

N - I!

N - 3

N - 2

N - 5

FREQUENCY EFFECT lAPP.) IN Yo

~
7.3 5.3

9.5 9.3

~ 9.3

~TL 13 9.3 7.5 6.3 0.5

1\

8.3

21

III

27

13

19

13

III

II

III

15

12

_7_'5__

7

'_

3

__9'_8...'~

/16

13

III

'-- --' ~ -'- ..I.- '__ ~ _'_ 33W_'! 3OW.L.1 --'2?'-W 2.L~ --'2~'-W I.L.~ I..J.~~ I2W.L.! ~..J.\lW _'_!iW ..J.;'W _'_? ..J.~ _'_6E _'9E I_L.2E.:_ .:..ISEi:.:_ ..::JI8E

FREQUENCY EFFECT lAPP.) IN F.

N - 1

N - 2

N - I!

N - 3

N - 5

j

,
I
I
t



N - 5 N - 5

058037 DWG. N~.- I.p.-5341-15
N - It 12

/ 1/
116

~
61 50 65 81 N - It

~
f""tr~3
.:)04

N - 3 26 61 56 SI 116 56 N - 3
MIN~PS" PTr. LTD.

N - 2 110 N - 2 NAT~NE AREA
N.W. TASMANIA, AUSTRALIA

N - 1 82 22 80 N - 1

RESISTIVITY lAPP. ) IN OHM FEET / 211 RESISTIVITY lAPP. ) IN OHM FEET / 211
WPF

~PF
11tH 12101 10101 Bioi 6101 ItH 2101 0 2E ItE 6E BE 10E 12E LINE Nl'-- 26S

? •••• III ••••••••• II'S'I •••• " 11.11 ••••• 1.' •••••

METAL FACTOR lAPP. ) METAL FACTOR lAPP. ) ELECTRODE CONFIGURATION
-X .. E NX

N - 1
~

82

u~
S23 N - 1

~I
, ./

N - 2 26S N - 2 "- ./, ./
"- ./

PLOTTING
, ./

~
"- ./

N - 3 1186 1611 S5II 1111 N - 3 POINT ~X X= 200'- ~N - It 1510~ 125 2ijS Sij N - II SURFACE PROJECTION
."- -

OF ANOMALOUS ZONES

N - 5 N - 5 DEFINITE
PROBABLE 111111111111111

POSSIBLE /////

. ':' FREQUENCIESI 0.31-2,5 CPS
IIlW 12W 1011 8W 8W IlW 2W 0 2E lIE 6£ lIE 10E 12E

I , I , I , I , , , , I , ,

FREQUENCY EFFECT lAPP. ) IN Yo FREQUENCY EFFECT lAPP. ) IN Yo NOTEI CONTOURS AT
">".~ ..

LOGARITHMIC INTERVALS

N - 1 N - 1 1.-1.5-2.-3.-5.-7.5-10 DATEI
5.3 6.8 5.5

~
7.0 2.5 -~

N - 2 II 7.8 . 5.8 9.3 9.3 N - 2 Scm --II"

N - 3 13 9.8 9.3 II N -: 3
> McPHRR GE~PHrSICSN - It "" ~ N-It19 II 12 II 8.3 3.0

INDUCED P~LARIZATI~N AND RESISTIVITY SURVEY
N - 5 N - 5 , -

NInE. THIS pL!rr WAS PlltllUCEO WITH AN IBH SSOn5 C!lI1PUTEA fill) A CAlCfll1P PlmEA



N - 5 N - 5
058038 DWG. NI3.- 1. P. -5341-16

N - II 11111

/
187 15 25 611 50 N - II

..... r· ~~ 4
<i~'

N - 3 195 51 51 N - 3
MIN~PS- PTY. LTD.

N - 2 ISS 66 38 35 N - 2 NATI3NE AREA

~ N.W. TASMANIA, AUSTRALIA
N - 1 181 70 1111 37 N - 1

RESISTIVITY lAPP. ) IN t'HM FEET / 2n RESISTIVITY lAPP. ) IN t'HM FEET / 2n
WPF WPF WPF

11101 3101 1101 0 IE 2E 3E liE 5E 6E 8E 9E LINE NI3.- 26S
l"ln "......

METAL FACTM lAPP. ) METAL FACTt'R lAPP.) ELECTRt'OE Ct'NFIGURATIt'N
.-X it E NX

N - 1
~

25 5Il

~
N - 1

, /

N - 2 29 20 112 N - 2
, /as 23 , /, /

PLt'TTING
, /, /

N - 3 22 29 25 N - 3 Pt'INT .:=-X X = 100'

N - II 36 '" 211 28 20 25 N - II SURFACE PROJECTION
t'F ANOMALt'US ZONES

N - 5 N - 5 DEFINITE
PROBABLE 111111111111111

Pt'SSIBLE /////

, , FREQUENCIES: 0.31-2.5 CPS.
IlW !III 2W lW 0 IE 2E SE lIE 5E BE 7E BE 9E, I I I I I I I I I I I I

FREQUENCY EFFECT lAPP. ) IN /. FREQUENCY EFFECT lAPP. ) IN /. Nt'TE: ~NTOORS AT
LOGARITHMIC INTERVALS
1.-1.5-2.-3.-5.-7.5-10 DATE:N - 1

~
11.5 11.5 3.8

~
2.0 N - 1

N - 2 11.5 8.3 8.8

~
N - 2

I-
5cm

-I

N- 3 N - 3 -_._---. - _.. _- )

11.3 1.3

N - II '" N - II
McPHRR GE~PHYSICS

5.3 11.5 8.8 1.3

INDUCED PI3LARIIATII3N AND RESISTIVITY SURVEY
N - 5 N - 5 -

NOTE. THIS PLlJT illS PIlllIlUCEO WITH AN 1811 360/75 C1lIlPUTEA Ai'll A CALCfII1P PLlJTTEA

I .



3375

LTD.

DWG. NO. - 1. P. - 5341-17

NATONE AREA
N.W. TASMANIA, AUSTRALIA

058039

MIN~PS PTY.N - 3

N - I!

N - 5

N - 2

N - 1

59

65

51

78

~
19 22

17

SS. 51

SI

50

27/--.....
50N - 3

N - I!

N - 2

N - 5

N - 1

IN OHM FEET / 2nRESISTIVITY lAPP,)
WPF !WPF

21101 18101

METAL FACTOR CAPP.)

WPF

lSW 12101
?

9101 6101
/WPF

3101
!WPF

o
'I"'" .1111.1.11.1 •• 1111

3E 6E

RESISTIVITY lAPP.) IN OHM FEET / 2n I
WPF

9E 12E lSE 18E

METAL FACTOR CAPP.) I
LINE NO.-. 27.5S

ELECTRODE CONFIGURATION
-X ~ E NX ~E X-

N - 1

N - 2

N - 3

N - I!

N - 5

~~-0ff"
~.~qsa

ijij~~- ~
--5ijD--~~~ (ijDD

IS

IS

19

N - 1

N - 2

N - 3

N - I!

N - S

" /" /" /" /

PLOTTING "" //
POINT -X X = 300'

SURFACE PROJECTION- .. ~

OF ANOMALOUS ZONES

DEFINITE
PROBABLE 111111111111111

POSSIBLE """""

FREQUENCY EFFECT CAPP.) IN Y.

APPROVEDe

DATEe

5cm

McPHRR GE~PHYSICS

NOTEe CONTOURS AT
LOGARITHMIC INTERVALS
1.-1.5-2.-3.-5.-7,5-10

FREQUENCIESe 0,31-2,5 CPS

N - 1

N - I!

N - 2

N - 3

18E
I

lSE
I

12E
I

2.0

FREQUENCY EFFECT lAPP.) IN Y.

lIE
I

6E
I

Sf
I

II

8.0

D
I

II

III

6.0

sw
I

II

7.3

6W
I

9.5

7.3

9W
I

9.0

17~ III

20 "" 17 ---1-6--~----2--1----IS........""

12W
I

ISW
I

lew
I

21W
I

N- 1

N - 2

N - I!

N - 3

INDUCED P~LARIlATION AND RESISTIVITY SURVEY
N - 5 N - S

ImE. THIS PLIJI WAS PRllllUCED WITH AN 1811 360/75 ctlIlPUTER Alii A CALCllIt> PLIJITER



, - oj

Scm

GE(jPHYSICS

10(

McPHRR

N~TE: C~NT~URS AT
LOGARITHMIC INTERVALS
1.-1.5-2.-3.-5.-7,5-10N - 1

N - 2

N - 3

3.8 N - II

FREQUENCY EFFECT (APP.) IN %

3.5

~
5.5 11.0

8.5 11.5

8.0 8.0

8.0 /10 II

8.3

? •••••• 111 ••• 111 •••••• 1111.1111 ••• 11111111111111 •• 111•• '11111.'I'lt~•• • 111;111111.11111.11 ••• 11 ••••••••••• 111· ••••••••• 11 ••• 1111'" ?. .

9.5

FREQUENCY EFFECT lAPP.) IN %

N - 5 N - 5
05801.10 DWG. NI'. - 1. P. - 5341-18

N - II 27 119

~
117

~
68 N - II ,

~

3376
N - 3 31 1111 71 68 62 N - 3 MIN(jPS PTY. LTD.

~GN - 2 57 68 N - 2 NATl'NE AREA

--::~ N.W. TASMANIA. AUSTRALIA
N - 1 S5 57 N - 1

RESISTIVITY (APP. ) IN ~HM FEET / 2w / RESISTIVITY (APP. ) IN ~HM FEET / 2w
WPF WPF

WPF WPF

l11W 12W lOW 6W llW 2W 0 2E llE 6E BE 10E 12E LINE NI'.- 27.5S ,.;.-_.-

N - 1

N - 2

N - 3

N - II

METAL FACT~R CAPP. ) METAL FACTOR CAPP. ) ELECTRODE C~FIGURATI~N

-X iI. NX .E X-

N - 1
..::::'37~

85

~
N - 1

, /

N - 2 1110 96 99 N - 2
, /, /, /

~11I7
PLOTTING

, /, /

N - 3 268 113./ 151 N - 3 P~INT. --x X = 200'

\

~N - II 298 3IIS 370 ·219 2911 55 N - II SURFACE .rR~JECTION

OF A~MALOUS Z~NES

N - 5 N - 5 DEFINITE
PR~BABLE 111111111111111

P~SIBLE /////

FREQUENCIES: 0,31-2.5 CPS
IIIN 12W lOW 8W 8W lIN 2W 0 2E lIE BE BE HIE 12E, , , , , , , , I , , I I ,

l N - 5 N - 5
INDUCED PI'LARIlATII'N AND RESISTIVITY SURVEY

NClTE. TH13 PUll NA3 I'MlUcED WITH AN 1811 360/75 CllItI'UTER AICl A CALCM PLIrrTER



N - 5 N - 5
058041 DWG. N~.- LP.- 5341-19

N - ij 17 92 81/ 102 -sal 29

~
31 30 ij3 102 N - ij

GY" \ 3"''''7ill
'" 101N - 3 ijO 22 21 90 N - 3 MINeJPS PTY. LTD.

N - 2 92 50 n -sa 33 92 N ~ 2
NAT~NE AREA

~ ~ N.W. TASMANIA, AUSTRALIA611 81 15 -ij8N - 1 31 38 81 N - 1

RESISTIVITY lAPP.) IN OHM FEET / 2n
IWPF WP~~WPF /WPF r WPF WPF WPF WPF IWPF

RESISTIVITY lAPP.) IN OHM FEET / 2n

~W
WPF

22W 2pW 16W lijW i I 12W lOW ~W ijW 2W 0 , 2E ilE 6E 8E 10E l~E LINE N~ .• - 29.5S.

/ II
? ..... ff !

I
II "'"1'1111 t ••••••••• II ••••••••••• •'1 ..

METAL FACTOR lAPP. ) / / METAL FACTOR lAPP.) ELECTRODE CONFIGURATION
-X I: E NX 1: .. X--.

N - 1 111 51 6S ij2
-ij~./ 58 189 191 ij8 N - 1

~
" /

N - 2 121 58 19 120 928 G 30 N - 2 " /

" /

" /

5~
PLOTTING " /

'" ~II
" /

N - 3 82 12ij 115 315 N - 3 POINT -X X = 200'

N - il 890 136 1611 281 ij81 ~ 313 12 N - ij SURFACE PROJECTION
OF ANOMALOUS ZONES

N - 5 N - 5 DEFINITE
PR08A8LE 111111111111111

POSSIBLE /////

FREQUENCIES: 0,31-2.5 CPS
22W 20W 1811 16W 1'lW 12W lOW 811 6W 'lW 2W 0 2E lIE BE BE \lIE 12E

• • •

FREQUENCY EFFECT (APP. ) IN I. FREQUENCY EFFECT lAPP. ) IN I. NOTE: CONTOURS AT
LOGARITHMIC INTERVALS

N - 1 Q.3
3.3 ~::.~ U

3.3 7.0 N - 1 1.-1.5-2.-3.-5.-7.5-10 DATE:7.5 3.3

N - 2 6.0 5'3.~Q'6 II 12 N - 2
/" ----------------

"~.
I'"

5cm
-I

N - 3 6.6~5'8 6.0 8.5 N - 3 I
10 9.8 '. ----_.. -

McPHRR GEeJPHYSICSN - il 12.

" 17
13 "

9.0 7.5~ 6.3 9.6 12 9.8 N - ij

INDUCED P~LARIlATI~N AND RESISTIVITY SURVEY
N - 5 N - 5

NOTE, THIS Plln WAS PIlClllUCED WITH AN 1811 360n5 CllHPUTER AND A CAlcM PllnTER



N - 5 N - 5

0580 /12 DWG. NIJ.- I.P.- 5341 -20
N - q 31 118 110

~
15 52 911 92 N - q

35'78
N - 3 119 59 38 15 76 66 N - 3

·MIN~PS PTY. LTD.
N - 2 62 58 71 52 N - 2 NATlJNE AREA

/;;" N. W. TASMANIA, AUSTRALIA
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