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SUMMARY

Two deep resistivity depth probes at right angles were carried out

near Mildura, Victoria. The survey was undertaken to provide information

for proposed magnetotelluric work in the same area, and to field-test newly

acquired high-power resistivity equipment.

The results were interpreted as a five-layer case with resistivities

ranging from 0.5 to 58 ohm-m, and with the top of the deepest layer at 720 m.

This interpretation correlates well with other geolOgical information.



1. INTRODUCTION 

Mildura is located in western Victoria on the Murray River (Plate 1).

The area is flat, sparsely populated,and crossed by roads in N-S and E-W

directions.

Quaternary sands and gravels overlie Tertiary and Cretaceous rocks

which have been proved in several bores. Bore indications are that the beds are

horizontally layered, and this evidence is supported by two seismic surveys

(Branson, Moss, & Taylor, 1972; Watson, 1962).

This general area was chosen for a deep electrical investigation

because the local geology was simple, there was good access, and sites could

be selected which were clear of towns or houses.

The purpose of the investigation was to find the resistivities and

thicknesses of the strata for correlation with proposed magnetotelluric work

and to assess the capabilities of a newly obtained high-power transmitter

for deep resistivity investigations.

Two resistivity depth probes at right angles were placed about

five kilometres north of Pirlta, a railway Station on the line from Redcliffs

to Morkalla (Plate 1). The work was done by a party from the Engineering

Geophysics Group, consisting of B.H. Dolan, E.J. Polak, D.C. Ramsay (geophysicists),

and R.C. Watson (draftsman) during the week from 9 to 14 April 1973.

2. GEOLOGY AND PREVIOUS GEOPHYSICS

The pre-Permian basement geology of the area is not very well

known, since none of the bores penetrate formations earlier than Permian.

Wentworth No. 1 bore, 58 km north of the depth probe (Plate 1), proved a

sequence of Quaternary, Tertiary, Cretaceous, and Permian (A.O.G., 1962),

and penetrated 6 m into a pre-Permian conglomerate. Plate 2 shows the geological

and electrical loge of Wentworth No. 1 bore.
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Wentworth No. 1 bore was drilled on shot-point No. 30 of Traverse 

F of the BMR seismic survey (Iiatson, 1962), which showed a reflection at 275 m 

correaponding to the top of Eocene, and another at 381 m near the top of 

Cretaceous. A reflection and refraction at 564 m is close to the top of the 

lower Palaeozoic basement found in the bore at 626 m. Another reflection at 

762 m is below the de~th reaohed by the bore. ~le resistivity log of the bore 

shows a very high-resistivity basement overlain by medium-resistivity beds 

up to the top of OligoceDf,~ 

Traverse G of the BMR seismic survey is looated about 8 km north of 

the resistivity probe. The traverse vas repeated ·in 1972 (Bjanson, Moss & 

Taylor, 1972) in a suooessful attempt to obtain reflectioQ from the mantle. 

Seismic retractions indicate three layers with a velocity ot 1.5 km/s down to 

150 m,followed by velocity ot 2.15 km/~ to 740 m, and a bottom refractor with 

a velocity of 4.9 km/s. 

,. gmODS AND EQUIPMENT 

The resistivity of a rock depends on the resistivity of the rock 

matrix and of the fluid that occupies the pore spaces within the rock. If 

the res~stivity of the interstitial fluid is constant, the resistivity meaaured 

depends mainly on the porosity of the material. Even above the water-table 

there is normally sufficient moisture tor the measured resistivity to be 

substantiaily lower than that of the rock matrix. 

Depth probing is. used to determine vertical variation in electrical 

resistivity. There are several arrangem,nts ot ~lectrodes which can be used 

in electrical surveys (Heiland, 1946). 
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In the Schlwnb'erger arrangeoent, which was used on the survey, 

four electrodes are placed in line, and the separation of potential electrodes 

is kept small compared with the separation of the current electrodes. The 

current electrodes are then advanced in stages to reach the maximum spacin~, 

which will be rouGhly six tines the depth of investigation. On this zurvey 

maximum spacing was six kilometres. 

The apparent resistivity in olm-metres at any spacing is calculated 

from a measurement of the potential drop, the current applied, and a factor 

depending on the geometrical arraneeoent of the electrodes. A graph of a 

depth probe is then obtained by plotting on a log-log scale the apparent 

resist:ivity value against the spacin~. Generally two depth probes at right 

• anp,les are taken on each localion; these are considered sufficient to guard 

against the possibility of excessive electrical anisotropy, although ideally at 

least three probes in different directions should be made. The result3 of the 

depth probes are shown in Plate 4. 

There are several methods of interpretation of the resistivity data, 

sooe only qualitative, others quantitative. In the interpretation of the results 

from l''1ildura the following sequence of interpretation has been adopted. 

The initial interpretation was done by use of the BI·jR precalculated 

two-layer curves, superimposed on the field curves (van Nostrand & Cook, 1966). 

The process of interpretation was repeated for underlying resistivity layers 

using the HUD'lr.lel ('931) equivalence principle. 

The values for the thicknesses and resistivities obtained from 

two-layer curve interpretation were then fed into the Cyber 7600 computer. 

Two programs were used to check the interpretation: one developed by Cook 

(,969) based on the method of van Dam (,965), and one byA.A.R. Zohdy (pers. 

comm.) • 
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Professor K. Vozoff's program (pers. comm.) was also used. This

IIprogram does not require an initial interpretation by use of two-layer curves.

The field data were fed into the Cyber 7600 and the print-out showed the

resistivities and thicknesses of the layers, and the percentage deviation of the

theoretical curve from the field curve at all computed points.

During the survey an induced polarization transmitter manufactured

by Geotronics Pty Ltd was used. This instrument transmits a square-wave

pulse of constant current amplitude. The pulse may be varied up to 20 A peak-

to-peak with a maximum of 800 V potential difference between the current

electrodes. The frequency is also variable: 0.3 and 0.1 Hz were used during

the survey.

The layout of the receiving unit as assembled by BMR is shown in

Plate 3. The receiving unit included a telluric compensator to back off the

potentials due to natural earth currents.

4. RESULTS 

The results of interpretation are shown in Plate 4.

The similarity of values obtained in the E-W and N-S measurements

indicates that there is probably no significant resistivity anisotropy in rock

layers at depth. It was therefore decided to concentrate on the interpretation

of the E-W data only, as more field measurements were taken in this probe.

The best-fitting curve obtained by superposition of two-layer

curves gave a three-layer interpretation as follows:

Thickness (m)^Depth to bottom, (m)^Resistivity (ohm-m)

^25^ 25^ 5.0

^425
^

450^ 0.7

28.0
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This interpretation was then fed into the Cook modelling program, which produced

the curve shown in Plate 4; the fit is good except in the middle portion.

The Vozoff program produced the following four-layer interpretation

(not shown in the plate):

Thickness (m) Depth to bottom (m)^Resistivity (ohm-m)

  

25 • 25 5.0

135 160 0.5

560 720 1.4

58.0

An additional layer, 4 m thick with resistivity 3 ohm-m, was then introduced

at the surface to account for the downturn shown in the first few field points.

This five-layer interpretation was next fed into the Zohdy modelling program,

and produced a curve which is a very good fit with the field data (See Plate

4). There is also a good correlation between the resistivity interpretation and

the seismic refraction data (also shown in Plate 4).

An attempt was made to fit a six-layer interpretation using the

Vozoff and Zohdy programs, but the results (not shown) differed considerably

from the field curve.

5. CONCLUSIONS 

The five-layer interpretation of the Mildura deep resistivity probe

fits the vertical distribution of resistivities as shown in Plate 2 (due

allowance being made for 60 km site separation) and the results of BMR seismic

work at both sites.
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Geological 
interpretation"

Above the water
table

II
"Depth of
weathering".^

IIThe depth of
shot-holes in
the seismic
survey II
Depth to top of
Oligocene

II
Depth to Lower
Palaeozoic
basement II5^ 58.0

The geological interpretation was assisted bythe additional
II

geological information available from drill loge and from the results of

seismic refraction work.^ II

Comparison of seismic and resistivity data indicates that resistivity
I

depth probing could be used in the area to locate two resistivity horizons:

the top of Oligocene and the top of the Lower Palaeozoic basement.^II

The Geotronics induced polarisation transmitter proved to be a II

suitable current source for obtaining apparent resistivity measurements with

the Schlumberger arrangement, for a current electrode spacing of up to six^II

kilometres, which was the maximum spacing tested. This permitted interpretations II

to a depth of the order of one kilometre.

II
6. REFERENCES 

AUSTRALIAN OIL & GAS, 1962 - Well completion Report A.O.G. Wentworth No. 1

bore, N S W. Bur. Miner. Resour. Aust. Petrol. Search Subs. Acts 

(unpubl.).

BRANSON, J.C., MOSS, F.J., & TAYLOR, F.J., 1972 - Deep crustal reflection

seismic test survey, Mildura, Victoria, and Broken Bill, NSW, 1968.

Bur. Miner. Resour. Aust. Rec. 1972/127 (unpubl.).

Layer Thickness Depth to bottom Resistivity
(m) (ohm-m)

1 4 4 3

2 21 25 5

3 135 160 0.5

4 560 720 1.4



7.

COOK, B.G., 1969 - Automatic computation of apparent resiativity curves.

Bur. Miner. Resour. Aust. Rec. 1969/32 (unpubl.).

HUMMEL, J.W., 1931 - A theoretical study of apparent resistivity in surface

potential methods. Am. Inst. Min. Met. Eners. Tech. Pub]. 418.

HEILAND, C.A., 1946 - GEOPHYSICAL PROSPECTING. N.Y. Prentice Hall. 

van DAM, J.C., 1965 - A simple method for the calculation of standard graphs

to be used in geo-electrical prospecting. Geophvaical Prospecting, 13,

37-65.

van NOSTRAND, R.G., & COOK, IA., 1966 - Interpretation of resistivity data.

U.S. Geol. Survey Professional Paper 499.

WATSON, S.J., 1962 - Murray Basin seismic survey, 1960. Bur. Miner. Resour.

Aust. Rec. 1962/164 (unpubl.).



I 
I 
I 
I 
I 
I 
I 
I 
I 
.1 
I 
I 
I 
I 
I 
I 
.1 
.1 
I 

141°00' 

I 
I 

,n°)O' + I 

I 
Sl~ 
-JI-J ~ ~ 

::I~ 
VI 

~I; 
XI:::> 1-1° :::> VI 

° VlI~ 
w 
z 

STURT 

I I 

I I 
I I 

HWY 

I 
\ 
I 

141"30' 

+ 

+ 

+ 

AOG 

Morkollo~... I 

I 'I I Me~lf~ IYo'r~~ J I 
\ I I I I 1 I 

I 1 __ '') J I ( I 
34~ 30' 1+ I \ I JL I JL 

I I I--~, I T 

jT.s!P..!.orn_ }-------.... - .... _L _____ L__ L .. --} -- -~- ---- ---~ 

I LEGEND 
I . + OHP r~$lsI1Vlfy probe I f97J '/ l ---- SeIsmIC fro¥erses, 1960+1968 

Railway 
erib I Highway 

~ I Major rood 
------ Minor rood 

~,~ 

~I~ 
<fl~ 

~I> 
~ t4fOoo' 

10 0 
",,"" til 

I 

I NT 

10 
I 

1 1 

20 
I 

QL.O 

30 
I 

40 
I 

50 
I 

60 KILOMETRES 
I 

+ 

WA 
I I 
r-----1------.... · 

MtLOURA DEEP RESISTIVITY 

SURVEY 1973 

I S A I . 
I NSW 

LOCALITY MAP .\ 
1 """ ..... , 

Record No, 1975/25 

PLATE I 

I54/85-17A 



>-
0:::: 

Feet Metres 

SPONTANEOUS 
POTENTIAL CURVE 

Feet 

« z 
0:::: 
W 
~ 
0:::: 

:3 
a 

w 

Fluvialtle 
sands 

63 

110 

z ______________ _ 
192 w 

u o 
-.J 
0... 
~. 

w 
Z 
W 
U 
o 
~ 

w 
z 
w 
u 
o 
(!) 

-.J 
o 

w 
z 
w 
u 
0 w 

0:::: 
w 
0... 
0... 
=> 
0 
~ 

W 
-.J 
0 
0 -
:2: 

U) 

=> 
0 
W 
u 
~ 
w 

0:: 
w 
a... 
CL 
::> 

w 
--1 
0 
0 

~. 

Equivalents of 
Lox ton Sands 223 

Bookpurnong 
Beds 

Equivalents of 

Pata 

Limestone 

Equivalents of 

Morgan 

264 

358 

410 

462 

492 

0:: 
w Limestone 575 

607 
617 

~ 

3------

z 
« 
CD 
-.J « 
I 
z « 
I-
0.. 
« 
c\... 

Equivalents of 
Mannum 

Formation 
------- 680 

Equivalents of 
Gambier 

Limestone 
and 

Ettrick 
Formation 

Knight 

Group 

Alb/an-
Aptian 
Sediments 

805 
826 

857 

910 

990 

1032 
1054 

1106 

1273 

0:::: ----- 1427 
u 

1455 
0:::: Equivalents of w 
~ z 1491 
0 « Rom a 

19·20 
.>::::': ":/'~.'<'~.:'.:. 
:~'.:~ ..... -.~: ..... 

33·53 . ..... 
• • I • . . '. '.. . . 

t '.... 

'. " . . .. 
~~~~ 58·52 
:;.~:i;i0 

67·97 

109·12 

124·97 

Grey buff sand and grit 

Grey buff clayey sand 

Grey buff coarse sand 

Grey-brown silty sand 

Brown pyritic silty sand 

Brown sandy pyritic stltstone 

Dark grey pYrttic sIltstone 

Grey carbonaceous and 
pyritIc SIltstone 

~'·:-:':'G:.::(;F'<i: 140·82 ---~ .. --~----- . 
~~:~"::.~:i:.·:·."(§:::· 149.96 Grey brown silty shell sand 

175·26 

185·01 
/ / .L 188·06 

/ / 

/ / / / / • COR E I 
/ / / 207-26 
I I I 

J I I 
I I I 

I I I 
1 ~ I 

I I 1 
111 

I I I 
I I 1 / 245.36 

t::z;/::/z::;::/:z:;:::j2 51 . 77 
/ 

Bron/sh pyotic siltstone 

Dark grey pyntic and carbonaceous 
shelly mudstone 
Grey carbonaceous and glaucomtic 
sl/tstone 
Grey bryozoal marl 

Grey fairly dense bryozoal 
limestone 

Light grey fine marly limestone 

Greenish -grey glaucon/tic marl 

Brown glauconitic sandstone 

Grey coarse gotty sandstone 

Grey sandstone 

Grey coarse quartz got 

Green-grey Sl/tstone 

e~~~~ 434·95 Green-grey carbonaceous and 
~~~~±r4St.~~l glauconitic siltstone 
~ .. ... :.. Brownish dolomt/lc sandstone 

.' . 
' ...... ', . 

Millivolts 
10 

-H+ 

-.J l-
n. 
« Formation 

',,' ,',', .. 
Green-grey fine glaucomtic felspathle 
sandstone and siltstone 

z 
« 
~ 
0:::: 
W 
0... 

Glacigenes 

1583 482·50 
Grey carbonaceous mudstone 

1604 ·0.···.··.0. 48890 
':z:::;::-.~.~: 

;~:':~'.:. 

1688 ~"'-""';'-"""---I 514·50 

-.-.-.. - .. ----- ~.-

: ....... :.:.~ ... 
Q. '0" .a,' ~_ 
.. _ .... _ .. \ . . . .. . ' .. 
::?'- ::~:: COR E 4 

.:.~~$ ....• \ Light grey, claystone w/th 
~: '0' CI sand lentlcles 

.gt~ CORE 5 

........ ' .-.-. -.. '.-.-.' 
• I' •• 

~~:·".:7 . .. - ' .. - ..... 
~.o.~· -.. -.-... ~. 

1'-' . ' .. '. . .... 
.... ' ... : .. '::-,:." CORE 6 ......... _ .... 
. ~.·.·~4· 

--------- 2055 ..... :. '. :' : .. 626·36 
Early-Palaeozoic Rocks

2081 
I£>~.'.~¢:~ t 63429 Grey conglomerate 

100 

500 

1000 

RESISTIVITY CURVE 

fMetres 

o 

30-48 

152-40 

304·80 

609·60 

Ohm-metres 
10 

WENTWORTH NO.1 BORE LOG 
Record No. 1975/25 

SEISMIC TRAVERSE F 
SHOT-POINT NO.30 
(Watson 1962) 

Feet Metres 

20 

902·23 -+--+- 275 (Reflection) 

I 250·00-+--+- 381 (Reflection) 

PLATE 2 

1850· 39-+--+- 564 (Reflection and Refraction) 

2500.00U 7l ( Reflection) 

154/85-18 



- - - --

G'l 
.l' 
(]I 

o 
I 

iD 
1> 

Potential 

electrode 

- -- - - --
10J\.. 

I· 35 v r---f----+-..., 

5. P compensator 

Fluke 

high impedance 

voltmeter 

I!P alP 

7 decade 

resistance box 

Moseley 

recorder 

- - - - - - --

RESISTIVITY RECEIVER 

BLOCK DIAGRAM 

Potentiol 

electrode 



I 0·1 
APPARENT RESISTIVITY (Ohm-metres) 

1·0 10·0 

SEISMIC TRAVERSE G 
100.0 ' (WATSON .. 1962,BRANSON etAI 1972) 

1m 

PLATE 4 

I I I I I I I I , I I I 
I " 

I I , I I , II . 
! 

'1 '0 

)1 I 

I 
r 

I 

)1 I -
I 

-
- -
-

-

I 
I 

10 

...... 
II> 
Cb .... ..... 
Cb 
E; 

U I 
I 
I , 

X f-, 

10m ~ 

. ' 

1 
I· 
I 
I· 
I 
I 
I 
I 

~ 
~ 
'<t 

.... 
Cb 
~ .... 
Cb 
.(;) 

E: 
~ 
~ 
I.> 
It) 
'-

< 
<::l 100 
i::: 
'<t 
~ 

~ 
l...J 
It) 

l...J 
<::l 
<::l 

~ 
<..J 
l...J 
-..J 
l...J 

, 
I 

- ! -)~ f-

- 1 f-
I 

I ~. x f-/ . 
- x f-I / I f-

- /. I-

- ! f-
r.. 

W o ' 

, -
C' , - I. f-, 

I , 
- I' f-

I 

I~~ I-

~- ~-----------~-~---.1 '~ 

~ . . 
f-

"' 
. I 

-
I -
I 

~~.,. I 
: 
.1 

1000 

LEGEND 

100m 0 0 N-S field points 

x ><. E -W field points 

150m 
E-W INTERPRETATION 

Five-layer interpretation 

~ 
- - - . Three -layer interpretation 

t: 

~ -"< Computer modelled curve of 

~ five-layer interpretation (ZOHDY) 
C\J , 

" " , Computer modelled curve of 

three-layer interpretation (COOK) 

740m 
4 ·9Irm/'; . Seismic velocity 

IOOOm 

' .: .. 

-, 

.. ~ 

,. 

I 
I .. 

x .. I 
I 

I 
a I 

I 

1 
f-

0 

INTERPRETATION 

I 
I 

- I f-

- .. I I-

-
I 

l-

I 
l-
I-

I I I I I I I I I I I I I I I I I. I I I I I I I 10000 IOOOOm 

I Record No. 1975/25 154/B5-16 


	Front Cover
	Title Page
	Table of Contents
	Summary
	1.
Introduction
	2.
Geology
	3.
Methods and Equipment
	4.
Results
	5.
Conclusions
	6.
References
	Plates
	Plate 1
	Plate 2
	Plate 3
	Plate 4




