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| SUMMARY
@ |

A small gradient.array survey over the Globe Mine area has located a large
area chrumulous.indhced polariz@tion response_which'is not elosed bﬁf to
the north, south, east or west. It is recommended that the area be'fepeated
using a ;afgqr gﬁadienﬁ_array f& better define the anomalous area and the

zones within it.
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A REPORT ON
GRADIENT ARRAY EIP SURVEY
OVER THE GLOBE MINE .
NEAR ZEEHAN. TASMANIA
ON BEHALF OF
RENISON LIMITED

INTRODUCTION

At the request of Mr. L.A. Newnham, Chief Geologist for Renison Limited,
Scintrex Pty. Ltd._ executed an electrical induced polarization survey using

the gradient array over the Globe Grid, Trial Harbour Road, Zeehan, Tasmania.
'I'h'e work was carried out by a four man crew under the leadership of Mr. I. Newby

over two days, 27th and 28th November, 1G80.

On-site geological direction was supplied by Renison Limited Geologist, Mr. P.
Roberts, while i:l:ie author and Mr. A.W. Howland-Rose wundertook such additibnal

supervision as was required.

METHOD
The gradient array method is briefly described in the attached appendix.

On the Glcbe grid one gradient atray was ‘employed for the whole grid, with

electrodes at 290N and 2505 on 160E.

A Scintrex IPTAA 3 kilowatt time domain ‘tr.'anSmitt,er was used for energisation with
a current of 1.5 amps. A standard 2 second energising cycle was produced, with

a Scintrex IFR-8 to wonitor.the primary and secondary fields with a three slice
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programme.

Only the middle slice (M;) has been used in the data profiles and contour maps.

A 10 metre potential dipole was employed throughout, and all data was calculated

using a programmable HP-97 calculater.

DATA PRESENTATION

The chargeability, in millivolts/volt, and apparent resistivity, in ohm-metres,
have been draftéd onto standard Renison sheets at the scale of 1:2000. Chargeability

and apparent resiétivity have also been contoured at 1:5000 on Renison standard

map sheets.

DISCUSSION OF RESULTS

Resistivity results show little over the area except to indicate the strike :of
the rocks to be more or less at right angles to the grid lines. Such a contour

plan is partly biassed by the grid lines and spacings.

Chargeability results over the area are generally high and the bulk of the area
is considered anomalous. Using the 10 metre poténtial dipole, a high resolution

is obtained. What is seen,.therefore, is individuval more polarizable zones within .

the main anomalous region.

Higher polarization is recorded on the southern side of the area compared to the
northern Side..'This_may.bé due to the southern electrode being placed within

polarizable material. The anomalous region is not closed off in the south by
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this survey and examination of lines 2700 and 2750 on the East Heemskirk grid
shows it extends at least towards the south-east. A better 'feel' for the area
would be obtained by using a larger array and placing the current electrodes

in background material outside the zone of anomalous polarization.

A nunber of possible linear marker zones are identified by the letter 'A' to
'H'. However, the correlation of these zones is partly due to the line spacings
and contouring effects. Geological input is important for such correlation,

the mineralisation may indeed be more pod~like and not continue from line to

line.. .

—— . . gy s

Zone _'A' ' appears the most continuous, most significant and interesting. This
passes through the area of old workings and continues strongly towards the southi-
east. The zone was picked on the previous gradient array survey on the East

Heemskirk grid and is open to the south-east.

Zone 'B' 1s fairly continuous but the correlation is poor on lines BOE and 120E

as the anomalous region has not been closed off on these lines. The zone is

possibly cnntin_uous with anomalies recorded on the East Heemskirk grid.

-

change around 160E, This break is most obvious towards the northern part of the
area, but zone 'A' appears to have only a slight displacement.

Zone 'D' is recorded only on line 160E. The polariiatian sources in this rééibn
appear more randomly oriented than elsewhere. This anomaly is not céfrelatéd'w%fh

sources on other lines. The_soufce in this case may mot be at right angles to



| 203008
SCINTREX B

the grid which would explain the irregular contour pattern in this region.

Zone 'E' is identified from a peak on line 00 at around 55S. It does not appear

to have a definite continuation, but anomalously high polarization continues to

the south-east, and is recorded again on line 2750N on the East Heemskirk grid.

Zones 'F', 'G' and 'H' are a series of polarization anomalies in the north-east

of the area although these anomalies are not as high as thase towards the 5outh.
The comparison with background is greater. Zone 'F' appears to die out to the
east, but 'G' and 'H' are not closed off to the east.

A line by line description follows.

Line 00 ..... A brodd zone of high chargeability is recorded between 30S and 100N.
Though a low chargeability is recorded at 135N, the zone is not pfoperly closed

off to both north and south.

Individual sources are suggested at 55, 20N, 45N, 75N, 95N, 120N and 150N.
Effects of sources overlap so depth calculations are not possible except at

150N where a makimum depth of 20 metres is indicated.
The resistivity profile shows little.

Line 40E ..... A broad zone of high chargeability is recorded over this line.
Althbugh chargéability'is lower towards the north,:this zone is not properly .

- closgd off to north or south.
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Responses from individual sources overlap and depths cannot be accurately
determined, Possible sources occur below 25S, 55, 15N, 40K and 80N, The source
at 40N appears deeper, of the order of 30 to 40 metres, while the rest of the

responses suggest shallower 20 metres maxima.

Line 80E ..... Two individual responses stand out on this line at 55 and 45N
from sources at depths of 20 metres and 10 metres téSpectively; Possible other
sources occur at south of 40S, 65N and 95N. The socurce at 58 coincides with a
slightly lower resistivity zone centred slightly south at 10S. Sources appear
to be steeply dipping.

The chargeability anomaly is not closed off to the south.

Liﬁe 120E ev-+. fhe major anomaly on this line peaks at around 20S but appears

to be due to two sources, one at 205 and one further to the north around 10N.

Each of these sources is apparently slightly less resistive as resistivity
minima are recorded at 255 and 5N. These are probably the surface expressions

of the sources. Depth of the sources is shallow at around a maximum of 20 metres.
Further sources occur at 50N which appears deeper at around a maximum of 40

metres, and at about 655 where the source locks to be at about 25 metres but

is not completely resolved.

Line 160E ..... Again on this line the chargeability anomaly is not closed off.

Probable sources occur at 558 at a depth of 10 metres; at about 20S where a

zone of high chargeability is not well defined - depth from the northern flank
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is indicated at about 10 metres; 10N, a chargeability source at about 20 metres;

40& and 65N where & source at a depth of about 20 metfes or more is not completely

resolved by these results.

Line 200E ..... ‘A chargeability anomaly on the southern end of this line 1s not
closed off. The source appears to be at 90S or further south. The overall shape
of the profile indicates the anomaly may be quite broad and the source deep or

dipping to the north.

At 355 a chargeable source occurs at a maximum depth of 20 metres but is not

completely feSblved.

A;'SS a chérgegble source whose response is not completely resolved.

At 20ﬂ.a chargeable source whiph appears shallow but is nét completely reéolved.
45N a chargeable source lying at a depth of around.30 metr;s

'SSN_ a chargeable source lies north of the end of the line.

Line i&OE- ciene Tﬁe chargeability remains high tﬁroughout the area surveyed by
this.line. A number of individual sources occur at 855 or to the south of the

end of the line.

558 a éhargeable source which lies at a maximum depth of aromd 20 metres.
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Three sources on the northern end of the line gave lesser responses but are
possibly due to deeper sources. These are at 0, 35N and 60N. Although a much

lower response than sources to the south, these still give a high chargeability

Line 320E ..... The southern end of this line does not adequately close off

the anomalous area. A major source lies somewhere to the south of 5N.

The anomaly due to this has further responses on the flanks at 25N and 45N plus

a smaller response at 65N,

The second major anomaly on the line is at 110N from a source at a maximum depth

of 25 metres.

~ A further minor response at 145N is not completely resolved.

CONCLUSIONS

The gradient induced polarization survey has shown the bulk of the area to have
a high pdlarization xéSponse. Partly this may be due to the electrodes, or in

particular, the southern electrode being placed in a high polarization source.

A number of.parallel zones within the overall anomalous area are identified and
appear to be fairly continuous from east to west. Some form of dislocation
occurs around 160E. Possibly this is a fault and there is some suggestion of a

polarizable source which is not at right angles to the line.

The area should be repeated using a larger gradient array but at the same potential

dipole spacing. _Furthér lines to the east and west would help define the area

“_
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better as would extensions of all lines to the north and south.

ResPecffully submitted on behalf of:

SCINTREX PTY. LTD.

G.J. STREET,M.Sc.,D.I.C,

GEOPHYSICIST
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APPENDIX

BRIEF SIMFLE COMMENTS ON THE GRADIENT, DIPOLE-DIPOLE AND POLE-DIPOLE ARRAYS

AND ON DECAY FORM

INTRODUCTION

In the case of the surveys discussed in tﬁis report, it is'important that the
geologist can relaté the geophysical data to the underlying geology if he is
to make the best use of thié data. It is the author's opinion that only the
geologi#t_will be able to relate the data to geology. For this reason brief,
simple comments follow on the sallent features of the gradiént, dipole~-dipole

-

and-pOIE*dipole'arrays. These comments show how the data relates to the volume

~ of underlying rock which influences it. Comments are also made on the decay form.

" DISCUSSION

Gradient Array:~ In this array both current electrodes are ﬁistant frﬁm the
potential dipole. Fig;re 1 displays the salient features of the primary current
flow and primary equipotential field generated during energisation and shows

the influence of terrain on the éurrent paths. 'Ffom this diagram it can be

seen that the apparent resistivity measureﬁent is a summation of a. volume of

material normal to the local slope, beneath the surface and at right angles

to the line.

The apparent resistivity will be biased by the influence of each current electrode,
but the relative values of adjacent readings can be considered to be reliable.

As each electrode 1is épproached, the readings become increasingly biased by

that electrode.
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Note particularly that the source volume is normal to glope and not vertically
beneath the potential dipole. Therefore all maximum depths refer to depths

below surface normal to the slope.

Note also that the volume of material closest to the potential electrodes will
influence the data most. It is difficult to easily quantify the complex relation-

ship between the volume of material sampled and its distance from the potential

dipole.

- Figure 2 displays the secondary current pattern generated from the decay of

induced polarization effect within a chargeable sulphide source, together with

the equipotential field generated by that decay. Note that due to the necessarily

curved nature of the current flow outside the body, the on-surface manifestation

is wider than the source width. Note also that the volume sampled in the primary
potential field (apparent resistivity pa) ié not necessarily the same volume as

is the secondary potential field (apparent chargeability Ma). This is, of course,

true for any array.

Dipole-Dipole:- 1In this array the current dipole is generally small, generally

20 to 100 meires; Figure 3:d13plays the current pattern in section and in plan

for a dipole-~dipole arra&. The equipotential P; and P; tap.a volume as shown |

in this diagram whose characteristics ére read on the n = 1 station and_ﬁlotted

as a single point midway between the transmitting dipole C1 to C2 and the potential
dipole P; to Pp. As progressively higﬁer n values are read, a deeper and wider

volume of material is sampled, this always being plotted midway between the

transmitting and receiving dipole, and at a.deeper level in the pseudo-section

presentation used in this report. It is vital to realise that this data point’
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does not represent the characteristics of the ground at the point plotted, but

that of the total volume sampled.

A further characteristic of the array is that where the effective spacing (n X a)

is greater than the depfh to the source, a ‘high' (or 'low', depending on
characteristics) will occur as each of the dipoles (i.é; transﬁitting Ci and C2
and potential P, an& sz pass uﬁer the.source of that anomaly. The resultant
45° patterns on the psgudo;seétion.DO NOT reptgsent dip, or even depth extent,
but merely represent a com@lex interference pattern over the.gource due to the
potential and current dipoles. For a single source, this double peak gfféct can
be tecognised as it tendé to have tw;.maxima displaced by (n X a_+ w) where v

is the width of the source. For multiple bodies this is difficult if not

impossibie to rescive by dipole-dipole arrays alone,

The enclosed Figure & shnws.the discharge of the ehergy stored in the body. As
can be seen, the area sampled in section is t#pped between the equipotentials
generated by the discharge of the stored energy. These will not necesssarily

be of the same form aé tHése fo; the résistivity daté, although they are, for
convenience, plofted.in the same format as'for resistivity. Again, it is vital
to note that theyrepresent the_volume sampled as shown in Figure 4, and not

the characteristics of thé.point.at which they are plotted; Double peaks also
occur as eacﬂ of the two seﬁs of electrodes pass over a source, where n X @ is
greater than the_depth to source. Where n X a 1is less than the depth to sﬁurce,

a single maximum will be produced midway between the energising and measuring

dipoles Cl /Cz&'ﬂd P] /Pz .

Pole-Dipole:~ This array is similar in princiﬁle to the dipolefdipdle array,
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except that a single electrodé is placed "close' to the potential dipole, with

an 'infinite' electrode placed 10 xXn X a away from thé ‘pole—dipole' set-up,

and, where practical, at right_angleé to it. The enclo#ed Figure 5 shows the
distribution of current flow in section and in plan; about the pole source C;.
The potential electrodes P, and P tap off the volume between them,'which is
cpntained between épheres whose centres are the polé éource. The_primary.cufrent
reading is normalised for the geometry and plotted in profile or pseudo-sécﬁion
format as per dipole-dipole, namely, midway between the closest potential and
current dpoles, which in the pseudo-section format is 45° towards the pole source.

The chargeability reading is generated in a similar fashion to that described for

dipole~dipole (Figure 4).

As with the.dipole-dipole array, a double peak will result when n X a is

greater than the depth to'source; however, with'pole-dipole it will be asymmetric,
This will be true for both major fesistivity features as well as for chargeability.'
féatures. An example of this asyﬁmetry for different dépth to spacing érrays is |

shown for the three-array. (The three-array is a pole-~dipole array when n = 1

and the a spacing is varied.)

The Choice Between Arrays:- = Even after some thirty years 6f active use of
gradient, dipole-dipole and pole-dipole arfays; controversy still reigﬁs.as to
the relative merit of the various arrays. Much depeﬁds on the object of the
programme, the terrain, the type of source soﬁght,'the type and_complexity of
the overburden/oxidation. Table 1 shows a compafison between arrays ﬁhich may
be helpful, taken from a fairly recent Canadian Geological Survey publication.
In resistive mountainous terrain the author prefers the gradient array as the

prime reconnaissance method due to the high productivity (2 to 5 times that for
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dipole~dipole), but this should be followed—up by detailed dipole-dipole or
éole-ﬂipole surveys as the gfadient array, while giving 'maximum depths',
cannot give ‘miﬁiﬁum depths' as moving source arrays can. Similarly pole-

or dipole-dipole surveys whiéh have cbﬁplex_br muliptle sources can very offen
be resolved by use of limited gradient array detail. While pole-dipdle is more
efficient to apply in mountainous terrain, it tends té jield aéymmetric‘dodblé

peak anomalies, however, to the trained observer, this is no disadvantage.

Brief Comments on Decay Form:- - In mast surveys three 'slices' of the decay

form for the induced polarization re?onsé'are acquired for each station as.

shown in Figure 7- Whilé six.slices are capabie of-ﬁéing méasured (M; to Mg),
théy are normally combined iﬁto pairs My + Mz = M) etc. as'shown in Figure 7(C).
Each of the slices M; to My is gormalised for a_'normalf decéy form such that
should the decay form be 'normal’ Hl_-.M3-= Mg. Thus the_pperator can immediately -
recognise any anomalous decay.fofms which may arisé from one of two majof sources.
Firstly the type of the source can influencé the'dé;ay form. Coarse grained
efficient sources such as sulphides show élaw decay forms, magnetic and %iné
grained sulphides offén_show fast decay forms. This can be shown as AM = Mg - Mi,
where positive Aﬁ infers slow decay form and negative AM fast decay form. A
superior parameter is AMn where o ‘ |

Mg ~ M,y
My

which is essentially AM normalised for the ampiitudé of the decay. &M and AMn

AMn = X 100 (in percent)

are merely short hand ways to profile changes in decay form and are essentially

qualitative and relative.

Decay forms can also demonstrate the ptésence of electromagnetic coupling as

Figure 7 shows. This is a regional effect as shown on Figure'ka). This will
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produce a normaliéed M1 sméllef than eitﬁer Ma or Ms.
Conclusion:- The above comments are indeed simplistic, and should_bg_cbqsidefed

as a guide only. The author would be pleased to supply references on additional,

reading on any of the poinfs commented upon.

A.W. HOWLAND-ROSE,MSc,DIC,AMAusIMM,FGS.
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{Tabie 3.1)

SCINTREXompnrzson of IP Survey Elcctro&c Arrayb '

(nﬂer Sumnir, 1972)

Advnnll[u )

’ Dis-di.p;-gu

" Bignsl

EM Coupling

Applied to Metallic Mineral Praspeéting: A Review"

H . Survey
o . Speed  lo-Noixe Refjection

Parallel Ficld Arrays Wenner Anomalies symmetrical - Requires more wire: larger fic)d H
Synchronous delector possible crew L o
Many cuse historics svailable Poor resolution . " Fair Good Fair

' Unfsvoursble in capscflive coupling
- . situstions
- $ehlumberger Symmetrical array Less horizontal resolution
Synchronous detection possible Unsuitebic for horizontst profiting
Fewer men required.: . .- " Capscitive coupling possible. .. Fuip Fair- ‘Fuir
Works well in layered garth . T .
Iy -
Grudient Map inlerpretation essicr Poor resclution with depth
Less masking by mnduelive Poor in Jow resistivily aress :
overburden Geomelric fuctor varien complexly Good Fair Poor
Penetration good: ul'er
. - Communications casich.
Can use two or more re'ceivers
Less topographic offect-:
Data easily contoured v plan
. " Useful where difficulty in making
g, good current contacts e

‘I-Aboul-a-?oim . o R

Threc-Array Good reconnaisssnce array. - Asymmetrics]

Eai i i) Fair Goed Good...
—w | Polo-Dipole, Cotlinesr Good resolution _Asymmetrical Ve
Good subsurface coverage Asymmetrical . Fair Fsir - Fair .

Perpendieular Three-Arrsy, Virtually eliminates EN coupling  More wire. needed Fairto  Fair Very Good
Pole-Dipole, Pole-Pole - - : ' Poor i

Felc-Pale (Two-Array) Smalier crew needed Suseep!ihle to m-sking by :

. - Less wire needed than for conductive wer-burden .
SOMC ATTAyS : Good Fair Poor
© Good penetration in nonconducuve
. overburden '
PR (Potentia) Drop Ratio) Sensitive to lateral variations Complex interpretation .
“Common mode” noise rejection E Fair Good Fair
r Symmetrical, good resolunon Slow unless cquipment is portabie s J
Good peneirauon . Resistivity 1opographic effects Fair Poar Fair
i o i ved
Dipole-Dipole, Parallel Special use for EM eouphng Nol uscd for routine surveying Poor Poor Fair
interpretation. ' . )
Down-the-Hole Arrays LR o

Azimuthal Array (One Fair for exploration purposes Interpretation complex
Polential Electrode Down Useful in finding the best search - Negative snomalies .
the Hole) direction . ) Strong geometric effects” . ‘

f‘ ‘ _ Mainly measures ehln:u in Fair Good Good
: . resistivity : .

'Radia] Arrey {One Current Good for explorstion purposes Interpretation enmp!gx .
Elecirode Down the Hole. Uscful in finding the best search  Negative anomalies Fair - Good - Good
misc-d-la-masse). direction Kot good for oblaining rock ’ :

Hole need not stay open ' properties
In-Hole Arravs . : . T -
tMore than Once Electrode Good for oblaining rock properties Current densities may be too large :
in the Hele) ‘ Good for sssaying Possible capacitive coupling problems Good Fair Good
Interpreiation simple Not designed for exploration purposes .. Co
Special equipment, exponsive
R . oo -
Extract from: Geological Survey of Canada - Paper 75-31 "Borehole.Geophysice

19
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