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SLIT:MARY

An experimental programme of gamma—ray logging of water
bores in the Queensland portion of the Great Artesian Basin was u7Adertakein
by the Bureau of Mineral Resources in 1960.

The results show that correlation between widely—spaced bores
is difficult owing to lenticularity of the beds. The suggested
correlations are guided by contour maps of the area which were compiled
from drillers' logs of varying qu'ality.

Where the bores axe close together the correlations are more
reliable.
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1.^INTRODUCTION

The Great Artesian Basin of eastern Australia covers a
land area exceeding 670,000 square miles, of which approximately
430,000 square miles lie in the state of Queensland. Within the
QueensItutd portion of this basin approximately 2600 artesian water
bores have been drilled during a period of some 75 years. In
.addition, an average of 22 new bores are drilled each year. Of
the 2600 bores drilled, approximately 250 are deeper than 3000 ft,
and 1200 are between 1000 ft and 3000 ft deep.

These bores, together with a greater number of sub-artesian
bores, represent a valuable source of information relating to the
artesian aquifer system and subsurface geology within the Mesozoic
sediments. Moreover, because in this region structural features in
the pre-Mesozoic sediments and in the bedrock are frequently reflected
in the Mesozoic sediments, the bores may represent a source of information
useful in the search for oil. At present, the only information available
from most of these bores is the drillers' logs, of which many are
incomplete and of doubtful reliability.

During the early part of 1960, discussions were held between
the Department of Development and Mines (Queensland), the Irrigation
and Water Supply Commission (Queensland), the Queensland Petroleum
Exploration Group, and the Bureau of Mineral Resources, Geology and
Geophysics, to consider means whereby an investigation of the water .

bores could be made. As a result of these discussions, the Bureau
of Mineral Resources undertook an experimental gemma-ray logging
programme comprising about 20 bores in south-west Queensland. The
results of this logging are the subject of this Record.

The field work was done by the authors, with the assistance
of the Commission's officers, during the periods 3rd September to 3rd
October and 21st October to 7th November 1960. During the survey,
22 bores were logged including one oil well, one oil scout-bore, and
three sub-artesian water bores. For these bores a total of 42,504 ft •
of gamma log and 11 9 139 ft of temperature log were obtained. In
addition most ef these bores were tested with a dummy probe to a total
of 36,321 ft, and other bores, which were not legged because of blockages
or high temperatures, were also tested.

The following bores, which were on the original programme,
were not logged for the reasons given:

Bore^IWSC Registered^Reason —
No.

Ashling^4^Owner's permission, refused

Bonus Downs^1601^It^e^e

' Blythesdale^4990^Blocked at 56 ft

Darrawong No. 1^4531^It^"^8 ft

Tallyabra^7311^e^" 13 ft

Windorah^154^II^"^0 ft

Toledo^5096^Reported collapsed

Mildleton^4533^Headwork unsafe

Noondoo^13,820^Exceeds temperature limit of probe
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2.^GEOLOGY 

The geology of the Queensland portion of the Great Artesian
Basin has been described in detail (Whitehouse, 1954) and is only
briefly discussed here.

The boundary Of that part of the basin lying in south-west
Queensland is shown on Plate 1. The basin assumed its basic form
early in the Mesozoic era and is filled with Mesozoic sediments
consisting mainly of calcareous clay formations and non-calcareous,
arenaceous beds which contain the aquifers. A generalised cross-
section (after Whitehouse, 1954) thrOugh the beds of the eastern
part of the basin is shown in Plate 2.

Aquifers within the Blythesdale Group are the upper of
the important aquifers, but the BUndamba-Group sandstone delivers
the greatest supply of water. Minor aquifers occur higher in the
series, mainly in the Winton Formation, and are a useful source of
water for sub-artesian bores.

By studying the drillers' logs, Whitehouse (1954) prepared
cross-sections (verified independently by W.D. Mott, then of the
Geological Survey of Queensland) and structural contour plans for
bedrock, the base of the Rolling Downs Group, and the topography.

For the purpose of this Record, the Commission's definition
of artesian and sub-artesian bores is accepted. An artesian bcre is
one which flows on completion whereas a sub-artesian bore does not
flow although water rises in the bore. As the number of bores tapping
the artesian water supply has increased, the available water has
decreased, causing many bores to cease flowing. These bores, which
are now equipped with pumps of various types, are still classified
as artesian bores.

3.^bETHODS AND EQVIPMENT

Logging_

After a bore has been cased, information on the types of
formations penetrated can only be obtained by means of instruments
lowered within the casing. This prevents the use of electrical or
sonic velocity logging. The majority of new bores are drilled by
cable-tool methods and are cased progressively; consequently, apart
from the taking of samples during drilling, the same limitations apply
from the start. Three logging methods are available under those
conditions:

(a) gamma-ray logging, in which the natural radioactivity
of the formations is measured,

(b) neutron logging, in which a high-energy neutron source
is introduced into the bore, and the interaction of the
surrounding formations and the radiation is measured,

(c) temperature logging, in which the temperature of the
fluid inside the casing is measured.
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Of these methods, neutron logging might be dangerous if the
radioactive source was lost in a bore. This is an important
consideration when logging old productive water bores of doubtful physical
condition. Temperature logging is not of great value, but May indicate
major formation changes and the presence of aquifey.s by their different
temperature gradients. Gamma-ray logging is a safe and useful method
in an experimental programme of this type.

In gamma-ray logging, a conventional radiation counter,
either a Geiger•Muller tube or the more sensitive scintillation crystal,
responds to.a proportion of the gamma iap3 from the nearby formation.
By various electronic devices a D.C. voltage i0 produced which is
proportional to the intensity of radiation at the counter.

For this experimental logging survey, a scintillation-type
counter was used. The scintillometer, together with the electronic
counting circuitry, is enclosed in a watertight 2-in.-diameter steel
tube about 6 ft long. This gamma-ray 'probe' or 'tool' is connected
to a recorder through . a three-conductor armoured cable contained on a
winch drum. while the probe is lowered or raised in the bore by the
winch, a continuous log is made of the radioactivity of the formations
through which the probe passes (Kokesh, 1951; Schlumberger, 1958) . .

For the first part of the survey a 'idco 4000-ft logger,
converted to a 10,000-ft logger, was used; for the latter part, a
Failing Logmaster with about 6000-ft of cable was used. Failing
gamma-ray and temperature probes were used throughout the survey.
The gamma-ray probes have a maximum operating temperature of 140°F.

The logs made by means of the Failing temperature probe, of
which the sensitive element was a thermistor, were checked, usually at
three depths, against temperature recorded by conventional maximum
thermometers tied to the logging cable.

In equipment of this type, it may be expected that the
strain exerted on the logging cable, while logging up the hole, will
cause the cable to stretch. It is found by experience that with the
type of cable used, the stretch amounts to about 1 ft per 1000 ft of
cable in the hole. With the Widco logger, an additional error resulted
from the use of a cable of different size from the one for which the
measuring device was constructed. This error amounts to an increased
depth measurement of 8 ft per 1000 ft. The logs presented in this
Record have been adjusted to eliminate these depth errors.

Elevations 

To obtain structural information, the surface elevation at
each bore site is required. The Commission has details for elevations .
for many of the bores, but not for all of them.

Because the bores are widely spaced, high-accuracy elevation
control is not necessary. A simple method is to measure the barometric
pressure at each site and to compare these values with the routine daily
meteorological observations of barometric pressure at stations of known
elevation. From this information the elevation of the bore site can be
computed (Brombacher 9 1944 and Table 1). 'Alternatively, barometric
readings may be made at the bore site and at an adjacent bench mark if
available. For this purpose two 2-in pocket aneroid barom.gt s were
used.

ZUREEET OF MINERAL BES°U RCE3

GEOPHYSICAL LIBRARY
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Control data for height computation were obtained from the
daily pressure and temperature observations of the Bureau of Meteor-
ology. The elevations of the bores were related to meteorological
stations in the area, 2.2L., the group of bores . No. 20 to 24 were
related to stations at Cadlpie, Windorah, and Thargomindah.

A comparison Of a computed elevation with the known
elevation at three stations indicates that the computed values are
too low by . an average of 90 ft. The elevations of all the bores
calculated by this manner have been corrected to allow for the dis-
crepancy. These adjusted elevations, as well as the surface elevations
for the otber bores, are shown on the relevant log heads (Plates 9 to
20). All elevations are referred to mean sea level as datum.

4.^INTERPRETATION

General introduction 

Apart from the bores logged by the authors, gamma-ray logs
of one other oil well (A.A.O., in preparation) and one other water
bore are included and used in this Record. The oil-well information
is included to give lithologieal and stratigraphic control from a
well which has been drilled and sampled with additional checks made
by cutting cores.

For reference each of the bores is given a number (apart
Irrigation and Water Supply Commission Registration number),
used in the text and plates of this Record. Where space
the bore registration number is also shown on the plates.

For reference purposes, Table 1 shows the bores logged,
data relating to the bores. Complete data relating to
are tabulated on the log head for that bore (Plates 9 to 20).

Correlation of lops

A study of the gamma-ray logs independently of other data
shows that correlation with reasonable reliability is virtually impossible,
except in regions where the bores are close together. Even in the
group of closely-spaced bores, viz. No. 11, 12, and 13, the correlation
is not entirely certain. The suggested stratigraphy in each bore is
shown along with the gamma-ray log (Plates 9 to 20), the stratigraphic
sequence in AA0 Latemore No. 1 and Timbury Hills No. 2 having been
used as a basis. No attempt ha o been made to differentiate the cover
of Cainozoic sediments where it is present.

The difficulty of correlation is illustrated in Plate 3
in which the gamma-ray log of the South Plains bore has been dram
at Several elevations. Apparent correlations are shown exhibiting
only gentle dips, whereas the true correlation would correspond te a
much larger dip. The supposed correlations are not perfect, nor
would they be expected to be perfect, for it is known from outcrops
that the various sandstones are not continuous but lenticular.

from the
which is
permits,

with some
each bore
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Only five of the 24 bores, viz. No. 6, 7 9 .17, 20, and 23,
were in a static state when logged. Temperature logs of only two
of these, viz. No. 6 and 20, were obtained.^In the other three,
breakdown of the probe prevented the logs being made. Consequently
the temperature logs cannot be expected to help with the correlation
of the gamma-ray logs.

The only remaining source of data is the lithologic logs
which, if they exist, are commonly incomplete or doubtful. The
reliability of the litholOgic logs has been discussed and illustrated
in the report of a committee set up by the Queensland Government to
investigate certain aspects relating to the Queensland portion of the
Great Artesian Basin (Co-ordinator-General's Department, 1954).
Plate 4, illustrating the varying quality of the lithologic logs, is
taken from the committee's report which states . (p. 21) 'Occasional
great contrasts between adjacent bores, as expressed by the lo are
as often as not an indication of nothing more than differences in
observation and interest o2 the operators'.

Subsurface contour maps were compiled by Whitehouse (1954)
after a study of the lithologic logs of numerous bores in the Artesian
BaEin. These maps have been used as a guide in correlating the gamma-
ray logs (Plates 5 to 7), but the reliability of the correlations is
not considered to be very high. The most satisfactory correlations
are those between the closely-spaced group of bores, viz. No. 8 to 13
(Plates 5 and 8).^Several zones on these logs show similar patterns
that can be correlated with reasonable certainty. The water-bearing
sandstones do not correspend here to the same zones in each bore;
consequently correlations based on the water horizons would be in
error.

The subsurface contour maps do not aid the correlation of
Bores No. 20 to 24 because either the maps do not extend as far west
as these bores or the bores are not deep enough to penetrate the
formation boundaries contoured. However, a contour map (Whitehouse,
22,4_cit.) of two water-bearing horizons within the Rolling Downs 0

Group, for the region bounded approximately by longitude 143 ° to 146
east and latitude 2.4-° to 27 0 south serves as a rough guide. According
to the contour maps, Bores No. 20 to 24 penetrate formations about
2000 ft higher in the sequence than those penetrated by Bores No. 18
and 19.^As Bores No. 20 to 24 are shallow, correlation with Bores
No. 18 and 19 is not possible.

Temperature logs

The temperature logs are subject to errors on acoount of the
unknown effect of pressure on the icercury thermometers used for calibrat-
ing the probe. The logs have been corrected by subtracting 5°F per
1000 ft increase in depth from the temperatures read on the mercury
thermometers, following the exnerience of Ogilvie (1954), but the
accuracy of the logs is doubtful. Therefore no detailed discussion
of the temperature gradient recorded is warranted.

In most cases the temperature legs de not give the static
temperature gradient within the formations. Where the bore was flowing,
the recorded gradient would dererd on the temperature of the water at
the point of entry and on the rate of flow. Where a pumped bore was
legged soon after the pump was stopped, the water in the bore would
not have had time to attain temperature eouilibrium with the formations.
Thus,^either type of bore, the measured gradient would be smaller
than the static temperature gradient in the formations. Only in the
case of a standing bore would the static gradient be recorded.
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The Yunnerman bore (Plate 14) is peculiar in showing a:local
decrease in temperature at approximately 1330 ft, opposite what appears
to be a sandstone bed. No water flow was logged at this depth at the
time of drilling, indicating that the bed is not in contact with'
pressure Water. The high thermal conductivity shown by the temperature
anomaly seems to indicate, however, that the bed is a porous, water-
bearing sandstone. Presumably it is a sand lens.

5^CONCLUSIONS

The interpretation of the gamma-ray logs leans heavily on
Whitehouse's geological work, which is based on not-very-reliable •
drillers'-logs. Where the bores are closely spaced, however, the
gamma-ray logs indicate the dip of the strata even though the geological
formations cannot be picked on the logs without reference to Whitehouse's
work.

6. FURTHDR 1OR1( 

Following discussions with the various organisations concerned
with this work (see Introduction), it was agreed that an extension of
the experimental logging programme should be done in 1961.

In particular, areas to be investigated are in the region
of known basement ridges and the object will be to determine whether
the deeper sediments wedge out against these ridges. The emphasis
is to be on logging groups of closely-spaced bores.

To assist the extension of the programme, an experimental
thermally-insulated outer case, for use with the scintillation-type
gamma-ray probe, has been constructed. This will enable bores to be
logged in which the temperatures exceed the present permissible maximum,
viz. 140°F.
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