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SUMMARY

During Feburary and March 1974, the Bureau of Mineral
Resources made two short geophysical surveys of the Elura
Prospect, near Cobar, NSW. The surveys, undertaken with the co-
operation of the Electrolytic Zinc Company of Australia Limited,
were designed to evaluate down-hole systems and field test newly
acquired equipment. Geophysical methods used were surface and
down-hole induced polarization (time and frequency domain),
mise-a~la-masse, gravity, and magnetics.

Owing to an unfavourable geo-electric environment, the
surface induced polarization tests were only partly successful in
indicating the presence of massive sulphides intersected by
drilling. Down-hole measurements provided useful diagnostic
information for the interpretation of the surface induced polar-
ization anomalies. Experiments using in-hole electrodes are
recommended to overcome the problems associated with surface
induced polarization measurements in areas of thick conductive

overburden.

The mise-~a-la-masse, gravity, and magnetic data indicate
the presence of a steeply plunging pipe-like sulphide body at
depth. A detailed gravity survey is recommended as the most
effective method of evaluating the Elura Prospect and as a guide
for further development drilling.



1. INTRODUCTION

During February and March 1974 the Bureau of Mineral
Resources (BMR) carried out geophysical surveys of the Elura
Prospect, near Cobar, NSW (Pl. 1). The surveys, undertaken with
the co-operation of the Electrolytic Zinc Company of Australia
Limited (EZ), were designed to evaluate down-hole systems and
field test newly acquired geophysical equipment.

The surveys were made within a 500 m x 500 m gridded
area containing two drill holes which intersected sulphide
mineralization. The grid and the location of the holes are shown
in Plate 2. Principal methods were surface and down-hole induced
polarization (IP) in both time and frequency domain, and mise-a-
la-masse. Very limited gravity and magnetic data were also
obtained to assist the interpretation of the electrical surveys.

Personnel engaged on the surveys were R.D. Ogilvy
(Party Leader), P.W.B. Bullock (Geophysicist, J.W. Williams
(Technical Officer), and H.G. Reith (Technical Assistant).

2. GEOLOGY

The Elura Prospect lies west of the main ore deposits
of the Cobar region. The regional geological setting and miner-
alization of the area is described by Rayner (1969) and Suppel &
Stevens (1973).

The survey area is flat with extensive alluvial cover
and little outcrop. The Elura Prospect is considered to lie
within the Lower Devonian Amphitheatre Beds which rest unconform-
ably on the Cobar Group. Preliminary mapping based on drilling
revealed a deeply oxidized zone about 90 m thick, below which the
country rock consists predominantly of massive siltstone inter-
bedded with thin bands of fine sandstone and greywacke. The
formations are strongly deformed but indicate an agprogimate
north-northwest strike and a dip to the east of 70°-80".

There is no surface expression of mineralization but
drilling to test geochemical and geophysical anomalies inter-
sected massive sulphide mineralization below the base of oxida-
tion. The mineralization consists predominantly of massive
pyrite with significant galena and sphalerite.

3. PREVIOUS GEOPHYSICAL INVESTIGATIONS

In August 1973, Seigal Associates Australasia Pty Ltd
carried out two IP/resistivity depth soundings and ten gradient
array IP traverses in the area. This survey, designed to assess
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the geo-electric environment and outline possible subsurface
mineralization, indicated a zone of anomalous chargeability
centred below 19980N/ 20200E.

A detailed ground magnetic and radiometric survey was
conducted by EZ. No anomalous radiometric response was obtained
but the magnetics indicated an anomaly of amplitude 150 nT,
centred on 20000N/20150E. A detailed gravity survey supported by
electromagnetic, resistivity, and S-P measurements has also been

made.

4, GEOPHYSICAL TECHNIQUES

Surface techniques

The gradient array IP survey previously conducted by
Siegel Associates was repeated in part using the same electrode
geometry and BMR's newly acquired Huntec time domain IP equip-
ment. The work was intended to assess the comparative field
performance of the Huntec equipment and to more clearly define
the anomalous zone of chargeability indicated by Seigel Assoc-
iates. 8Six traverses from 19900E to 20400E were surveyed using a
single current dipole of 1000 m and a potential dipole of 50 m
moved at 25 m intervals. An inductive coupling test at 20000N/
20100E using various delay and integration times showed that an
optimum IP response with negligible coupling would be obtained
with a delay time of 120 ms and integration time of 60 ms (see
Appendix 1). Accordingly these delay and integration times were
used in the gradient array survey.

Frequency domain IP measurements were carried out on
20200E to test the BMR's Austral IP equipment and permit a
comparison of time and frequency domain IP data. Measurements
were made at 3.0Hz and 0.3Hz using a 100 m dipole-dipole electrode

configuration.

Gravity and magnetic measurements were made over the
major zone of interest to assist the interpretation of the
electrical surveys. Gravity measurements were made on cross—
traverses 20000N and 20100E at station intervals of 25 m using a
LaCoste & Romberg gravity meter. Magnetic measurements were made
on cross—-traverses 20000N and 20150E at an average station
interval of 25 m using a Geometrics G816 proton precession mag-
netometer. Magnetic measurements were made with the sensor head
8 ft above ground level to reduce noise caused by laterite.
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The gravity and magnetic surveys produced co-incident
anomalies centred approximately on 20000N/20150E which, were
attributed to sulphide mineralization at depth. The location of
the mineralization indicated by the magnetic and gravity surveys
was used to assess the geological significance of the electrical
results.

Down-hole techniques

Owing to the collapse of DDH1, only DDH2 was available
for down-hole geophysical investigations.,

Down-hole IP/resistivity measurements were recorded
with both time and frequency domain IP equipment., Measurements
were made using probes with 10 ft (3.05 m) and 30 ft (9.14 m)
dipole-dipole arrays to locate possible 'near misses' and to
establish the intrinsic response of the mineralization.

An attempt to record self-potential (SP), resistance,
and gamma-ray logs using the Widco Portalogger was prevented by
several partial blockages in the drill hole.

A mise-~a-la-masse survey was carried out -in an attempt
to delineate the extent of massive sulphides which were inter-
sected below 282 m in DDH2. The sulphide body was energized
using an in-hole copper electrode attached by insulated cable to
the Austral IP transmitter. The return current electrode was
placed approximately 3 km south-east of DDH2. Surface potential
measurements were made using a Fluke d.c. voltmeter.

Physical property measurements

Laboratory determinations of susceptibility, remanent
magnetization, and specific gravity were made on split drill core
supplied by EZ. The results are shown in Appendix 2.

5. RESULTS

Geo-electric section

A re-evaluation of Seigel Associates' IP/resistivity
depth sounding at 20000N/20100E confirmed that the geo-electric
environment was in general unfavourable for the routine applica-
tion of surface electrical prospecting techniques. The geo-
electric section shows that, apart from a thin resistive surface
layer, the weathered country rock is more or less uniformly
conductive to a depth of 95 m, resulting in a reflection coeffic-
ient of 0.91 between conductive overburden and fresh bedrock. It
is considered that in this environment, time domain and, in
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particular, frequency domain IP methods may not be capable of
detecting small conductive or polarizable targets below the base
of oxidation. '

Surface IP

(i) Time domain IP The results are presented in Plate
2 as contour maps of average chargeability and apparent resistiv-
ity. The average chargeability 1s a composite parameter of four
chargeability measurements (Hutchins, 1971). '

The chargeability contours show a north-northeast-
trending IP anomaly approximately 100 m long and 100 m wide,
centred on 20000N/20250E. In the anomalous area, peak charge-
abilities of the order of 10 ms were recorded against fairly low
background chargeabilities of about 4 ms. An isolated peak
chargeability reading was obtained at 19850N/20400E. The corres-
ponding apparent resistivity contours show few features. The
absence of a resistivity low associated with the maximum IP
response is probably due to the deep weathering and the type of
array used. The IP/resistivity response is consistent with a
body which is narrow relative to its depth and is vertical or
near vertical,

During the course of the survey, difficulty was
experienced with the synchronization of the Huntec receiver and
field measurements could not always be obtained using normal
operational procedures. Preliminary tests carried out at Elura
and in subsequent areas suggest that inductive coupling may have
been a significant factor in the synchronization failure.
Although further tests are required to fully assess the courses
of the malfunction, it appears that the Huntec receiver cannot be
used for low coupling arrays in areas of highly conductive
overburden. :

(ii) Frequency domain IP The dipole-dipole results on
Traverse 20200E are presented in Plate 3 together with drilling
results.

The percent frequency effect (PFE) results indicate a
weak but distinct anomaly centred on 20200E/20000N. The maximum
PFE recorded was only 1.4%; this value nevertheless is anomalous
compared with background values of about 0.4%. The apparent
resistivity results clearly indicate the presence of the conduc-
tive overburden by the increase of apparent resistivity with
dipole separation. The metal factor values show an anomaly below
20000N for the 500 m dipole spacing (n = 5). The symmetric PFE
anomaly and the general characteristics of the apparent resistiv-
ity pattern for dipole separations 500 m and 600 m (n = 5 and 6)
which show high resistivities surrounding a zone of low resistiv-
ity, imply, like the time domain data, a relatively narrow source
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at depth. Assuming a homogeneous half-space, this would indicate
a source at a depth of approximately 160 m, which is immediately
below the established depth of weathering. Drill hole DDH 2

sited on 20200E intersected sulphides below 20000N at a vertical

“depth of 244 m. The IP source could therefore represent either

an upward extension of the sulphides intersected by DDH2 or an
isolated mineralized occurrence.

Down-hole IP

The time and frequency domain IP results in DDH2 are
presented in Plates 4 and 5 respectively.

(i) Time domain IP In the massive sulphide zone the
profiles for both 10-ft and 30-ft dipoles show a distinct IP
anomaly accompanied by a marked decrease in apparent resistivity.
The chargeability anomaly is characterized by amplitude fluctia-
tions ranging from 10 to 180 ms compared with a relatively
uniform IP response of about 200 ms in the surrounding host rock;
a massive siltstone lithology. Corresponding resistivity meas-
urements indicate resistivities of less than 1.0 ohm-m in the
massive sulphides against background levels of 100-2000 ohm-m in
the siltstone. The down-hole measurements established that
beneath the oxidized surface layer, both.a strong IP and resis-
tivity contrast exist between the sulphide mineralization and the
country rock; a fact not evident from surface measurements owing
to the masking effect of the conductive overburden. The in-hole
measurements support the possibility that the surface time and
frequency domain IP anomalies are due to sulphide mineralization
below the oxidized layer.

It should also be noted that the down-hole IP and
resistivity anomalies commence at a depth of about 260 m. Although
sulphide veinlets were intersected around 260 m, the magnitude
and width of the IP/resistivity response implies the presence of
a larger sulphide body adjacent to DDH2 but not intersected until
a depth of 282 m. This observation supports, in part, the con-
tention that the massive sulphides intersected in DDH2 have an
upward extension.

(ii) Frequency domain IP The frequency domain results
(P1. 5) have similar features to the equivalent time domain
measurements. The maximum PFE is more than 10% in the massive
sulphide zone compared with a maximum surface response of 1.4%.

A comparison of time and frequency domain IP data was
not, in general, possible. Both time and frequency domain IP
profiles show an erratic response in the sulphide =zone, charact-
erized by large variations in chargeability amplitude and
negative PFEs. These effects, not uncommon with in-hole measure-
ments, may be due to the geometry of the polarizable body and the
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inhole electrodes, or to inductive electromagnetic'effects.
Further experimental work using different electrode geometrics
would assist interpretation of the in-hole data.

Mise-a-la-masse

The mise-a-la-masse results (Pl. 6) show the distribu-
tion of surface potentials when current was introduced into the
massive sulphides intersected below 282 m in DDHZ2. _

- The equipotential contours are regular and nearly
~elliptical. The majJor axis strikes north and is interpreted to
reflect the approximate strike direction of the sulphide body.

In addition, the equipotential contours are more widely spaced
towards the north than to the south, east, and west. These
characteristics of the potential pattern would be compatible with
an ellipsoidal or pipe-like body plunging steeply north.

It should also be noted that the centre of the poten-
tial contours does not correspond to the vertical projection of
the current electrode in DDH2 but is offset some 80 m to the
south and closer to the magnetic and gravity anomalies centred on
20000N/20150E. Generally a potential high will occur over the
centre of mass of a sulphide body irrespective of its depth and
shape or the position of the energizing electrode. The position
of the potential maximum and the lack of distortion indicate that
the sulphide intersection in DDH2 could be part of a larger sul-
phide mass centred below 20000N/20150E.

6. DISCUSSION

The interpretation of the gravity, magnetic, and mise-
a-la-masse data indicates a dense, conductive, magnetic pipe-like
body centred approximately below 20000N/20150E at a depth of
about 114 m to 140 m.

The position of the IP anomaly obtained in the surface
time domain IP survey is offset from the position of the body
interpreted from the mise-a-la-masse, gravity, and magnetic data.
Although this disparity is not easily explained, the down-hole IP
measurements indicated that in the rock types encountered only
the sulphide mineralization showed anomalous polarization effects.
The surface IP anomaly therefore probably reflects a shallow
mineralized occurrence offset, though not necessarily unrelated
to, the deeper massive sulphides intersected by DDH2,

The laboratory measurements confirmed that a fairly
strong density and magnetization contrast could be expected
between the sulphides and country rock. Gravity and magnetic
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methods are therefore viable alternatives to electrical methods
for further exploratory work. However, it should be noted that
remanent magnetization may assume a more significant role than
induced magnetization, and if quantitative evaluations of the
magnetic data were required then comprehensive testing of labora-
tory samples should be undertaken to accurately determine the
relative strength and direction of the remanent component.

7. CONCLUSIONS

Owing to adverse geo-electric conditions, the surface
IP measurements were only partly successful in resolving anomal-
ies attributable to the massive sulphides. The results did
serve, however, to indicate the general areas of interest.

The down-hole IP measurements, although limited,
provide useful diagnostic information for the interpretation of
surface IP anomalies. It is possible that alternative measuring
techniques using in-hole electrodes could enhance surface
measurements and assist exploration below the conductive over-
burden. Consideration should be given to the development and
testing of such techniques if further experimental work were made
in the area.

The mise-a-la-masse, gravity, and magnetic data indi-
cate a sulphide body centred approximately below station 20000N/
20150E. Interpretation based on the data available indicates
that the body may have a pipe-like form plunging steeply to the
north., Drilling control and additional rock property measure-
ments are required for a more refined quantitative evaluation of
the potential field data.

In view of the flat terrain, and an unfavourable geo-
electric environment, it would appear that the Elura Prospect is
most suited to evaluation by a detailed gravity survey. Gravity
data would better resolve the distribution of sulphide bodies at
depth and provide a guide to development drilling.
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APPENDIX 1

INDUCTIVE COUPLING TEST

Because of the large transmitting dipole used in the
gradient array IP survey and the high conductivity of the over-
burden, electro-magnetic inductive effects can be expected. To
determine the extent of such effects, a complete transient decay
curve was obtained at 20000N/20100E and the inductive coupling
and chargeability components were determined using a graphical,
approximate procedure described in a paper by Hutchins (1971)
supplied with the manual for the Huntec M-3 induced polarization
receiver.

Forty-five values of chargeability (M) were obtained by
varying the delay and integration times. The data were plotted
as a function of time on semi-logarithmic paper and Hutchins'
method was applied. The result is shown in Plate 7,

The observed chargeability is represented by the curve
(t), the inductive coupling is represented by the curve fl(t)
and the chargeability by the curve f,(t). The results show that
for delay times greater than 75 ms tﬁe chargeability is larger
than the inductive coupling.

On the basis of these results the Elura gradient array
survey was conducted using a delay time of 120 ms and an inte-
gration time of 60 ms. With this arrangement M, starts at 120
ms, and M, ends at 1020 ms. Such a choice of tiImes will maximize
the IP resSponse but eliminate inductive coupling.
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APPENDIX 2

PHYSICAL PROPERTY MEASUREMENTS OF MASSIVE SULPHIDE SAMPLES,
- ELURA PROSPECT.

Remanent

Susceptibility magnetization Specific
Laboratory No. (10—6 SI units) (A/m) gravity
75/306 150 | 0.006 3.63
75/307 12000 164 4,44
75/308 500 4,40
75/ 309 9500 _ ' 4.62
75/310 210 4,25
73/311 170 0.002 4,76



PLATE 1
' o i |
. ! i45° 45’ “Tindarey” f 146°00'
\‘ // - -
P :
[} - 3 \\ 2
A " ?SURVEY AREA \‘\ 3
Il i P Sees
[l \\\
Y N\ "Coronga Downs',
7 :
N\ (
o e N
’;' /"’ --‘.
_-""a"Bundella”
- 31015 N7 31°15" —
7/ “Cable Downs” Moquilambo” & ™
"
’/
y
“Fairview" . -
. " . L/a"Maryvale"
Buckwaroon' s _ -~ R
1
[
- 31°30'
Y
BARRIER HIGHWA
WILCANNIA .
145945’ 146° 00
L !
(]
NSW Sydney
ELURA PROSPECT
COBAR NSW
LOCALITY MAP
5 [¢] 5 10 km
[ 4 1 )
Record No./976/47 H55/B7 —IA




PLATE 2

AVERAGE CHARGEABILITY

(milliseconds)

- APPARENT RESISTIVITY

r T T T T T T 1
19800 E 19900 20000 20100 202005 20300 20400 20500 E
0.

T T ~3L 7 T
20200 N [- T T ] \ +
20100 5_0’:> 4

~
20000 -/- .' T
5.0j :o:.
19900 T ] / 1 4
DDH/2 C;&O
13800 [ T T 3 . L
5,0 T D/sluze:g W 1
L Jh J.. J J _L
)
" T/ T T ]
20200N | T Q- T AL
20100 F T - T T
e
L + +
20000 - 50Jg\]; P +~-/+_: -
E——
N
19900 T T i W +
PE
L + %0
L ! . 1
{9800
257 ) .
L J. JL J- .JL J_ o 1
P

19800 E
L

19900
1

20000 20100
1 1

20200
1

20300 20400 20500 E
L ) )

Record No./1976/74

SURFACE IP RESULTS (TIME

(ohm-metres)

IP_PARAMETERS
GRADIENT ARRAY
C,C5 = 1000m

DOMAIN)

CONTOUR INTERVAL — 2:5ms

CONTOUR INTERVAL — 250Qm

H55/B7-2




19600 N I9J700 I98100 19900 20?00 20:00 20200 20?00 20‘100 205|OO N
L | ]

) PERCENTAGE FREQUENCY EFFECT
05 0l (%)

I9600N 19'1100 IQBIOO 19900 200100 20100 20200 ZO?OO 20400 20500 N
L | ) )| ] J

APPARENT RESISTIVITY

i a g8 g mm N (ohm - metres)

©
©

§ |8.7 -
g
Q
g
~
©
>
Q
~N
19600 N 19700 19800 19900 20000 20100 20200 20300 20400 20500 N
1 ! | 1 I 1 ] I 1 I
METAL FACTOR
58 48 314 413 a1 262 67
250 77 351 273 476 431 281 263 322 230
L4 [ ] ] ° (] L[] L) °
294
L]
397
[ ]
_ ODH 2
19600 N 19700 19800 / 19900 20000 20100 20200 20300 20400 20500 N
0o— | ] 1 1 ! 1 1 1 ] J
DRILLING RESULTS
£ 100 -
Q
E
¥
[
a
=)
200 o SURFACE IP RESULTS
(FREQUENCY DOMAIN)
= . TRAVERSE 20200 E
., “SULPHIDES
7\,
300 -

€—!8/GGH
~O
o
o
n
Lo
o
3
¢ 31vd




Lb/9L6/ 0N pi028Yy

v—L8/GGH

APPARENT  RESISTIVITY {ohm-metre)

CHARGEABILITY (ms)

E SILTSTONE
SULPHIDES ( VEINLETS)

E SULPHIDES ( MASSIVE)

ol 10 10 1000 2000 0 a0 80 120 160
) T T 1 1 o T 1 i 1 T T T T L
GEOLOGY DEPTH(m)
) / 160 /-
L - /
[
. 170+ '\:
pe
— T /
r oy
— 180+ /I /
\\ \o
ER— .y\.
\
g 190 + \- \\
\
m—j—y \\ .\ /I.
\ /|
_ ! [] 200 4 oo
A\ f
—_— /\/ ! \
Tl Y
== g | .’I /
T L
— il \ \ \\
S ': | 2204 \,"
» 'l
—= L !
\
oy / 2304 7\
]
fe | .
—— N v/
O\ ¥
= N
T /
PP \ ® ® |
o/\o/ \1\\'
SR ,/\\ 250 1 \ \
/ . 5
.// ./ \OZ
m | e
- ,-/ / 260 + | \ \\‘-\
_____ — .
- — - / \\\
L C \// \.
e [ . e
L — / + AT
/ / 270 \).///
L ./// //// \.
// - . ./ P
/A 2801 ' =
/ \\, \\‘\. "
l //// O /,—”
o 290 4 =TT
: \| : \-
' 1 ]
/ |l ./
/ |
¢ 3004
IP PARAMETERS
s— 3:05m DIPOLE - DIPOLE PROBE
—-e=~— 914 m DIPOLE -DIPOLE PROBE
g = 120 o= } TIME DOMAIN 1P
tp = 60ms
. LEGEND

DOWNHOLE IP RESULTS
(TIME DOMAIN)
DDH 2

v 31vd




----——-------———----\

Lt /9L6/ ON PI023Y

S—28/GSH

APPARENT

10

RESISTIVITY

(ohm—metre)
100

PERCENTAGE FREQUENCY

EFFECT (%)
1000 2000 0 4 8 12

o}l} -0
~ T
GEOLOGY

e

]
7

]
r—
— —
p——
}._—__
] p
_________ -7

-
o
/
/
/
/
.
/
/
/
/
D)

|IP PARAMETERS

305m DIPOLE— DIPOLE PROBE
30 Hz

FREQUENCY MAIN |
03 Hz } © 0o P

LEGEND

F—] sitsTone
SULPHIDES (VEINLETS ONLY)

E SULPHIDES (MASSIVE)

1 1 i3 | I { I L

DEPTH (m) /'

w7 <

yd
o

e

210 |- /

H 220 | /
L J
230 |- \o
N
N
L 240 |- /
AN
[ ] L]
!
/
/
I \
L L

i 250 |- \\
/
7/
260 | .\.

270 -
~
ZBOF -ve PFE
\
290 |- . |
/
300L .

DOWNHOLE IP RESULTS
(FREQUENCY DOMAIN)
' DDH 2

S 31vd




LE/926/ ON pI1023Y

8—:18/6SH

20 500 N

20 400

20 300

20 200

20 100

20 000

19 900

19 800

19 700

19 600

19 500N

SURFACE POTENTIALS

LEGEND
& VERTICAL PROJECTION OF
DRILLHOLE
? MINERALIZED INTERSECTION
% PROJECTED ON SURFACE
VERTICAL PROJECTION OF
T CURRENT ELECTRODE
x MAXIMUM SURFACE
POTENTIAL
et CONTOUR INTERVAL = 25mV/A

EARTHING IN DDH 2 AT
DRILL DEPTH 3I5m
0

1 1 = 1 [\

] )
20 000 20 200 20 400 20 600 E

© 5
(&)

N

1

[
19 800 E

MISE A LA MASSE RESULTS

9 31vid




L7961 ON Pi026Y

v6—18/GSH

' Ny .
NORMALIZED AMPLITUDE A (M) (in percent)

o = Observed M values

INDUCTIVE COUPLING

TIME (seconds)

TEST AT 20000N/20100E

t
o ")
e~ X .
o e\-~-\p§
""""" ©
- | 1 i | - i ' L | - i 1 -
. 0 o)} o2 03 04 05 06 o7 o8 .09 I-0 I 2 3 4 -5 1-6 7

4L 3.vid




	Front Cover
	Title Page
	Table Of Contents
	Summary
	Introduction
	Geology
	Previous Geophysical Investigations
	Geophysical Techniques 
	Surface Techniques
	Down-Hole Techniques
	Physical Property Measurements

	Results

	Geo-Electric Section
	Surface IP
	Down-Hole IP
	Mise-A-La-Masse

	Discussion
	Conclusions
	References
	Appendices
	Appendix 1
	Appendix 2

	Plates
	Plate 1
	Plate 2
	Plate 3
	Plate 4
	Plate 5
	Plate 6
	Plate 7




