
COMMONWEALTH OF AUSTRALIA

DEPARTMENT OF NATIONAL DEVELOPMENT

BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
r‘EN.1111:0E

RECLIVED

2 4 NOV 1964

HE40 °MU V-j1\1--- •

RECORD No, 1962/6

REGIONAL GRAVITY SURVEY,

CENTRAL AND NORTHERN AUSTRALIA

1959

by

A.M. RADESKI

The information contained in this report has been obtained by
the Department of National Development, as part of the policy
of the Commonwealth Government, to assist in the exploration
and development of mineral resources. It may not be published
in any form or used in a company prospectus or statement without
the permission in writing of the Director, Bureau of Mineral
Resources, Geology and Geophysics.

4



kl'■‘\x^' 8 04
1:10EIVLU

2 4 NOV 1964.

CONTENTS

ABSTRACT

1. INTRODUCTION

2. CONTROL INFORMATION

3. FIELD WORK

4. REDUCTION OF RESULTS

Gravity^ 2
Barometric levelling^ 3
Bouguer anomalies^ 3

5. ACCURACY OF RESULTS^ 4

Observed gravity^ 4
Elevation^ 4
Bouguer anomalies^ 4

6. CONCLUSIONS
^

5
7. REFERENCES
^

6

APPENDIX
^

7

Table 1. List of gravity stations : with principal facts (G65-23 to 26).

Table 2. Comparison of gravity results with land survey (G65-27).

ILLUSTRATIONS

Plate 1. Gravity station and flight connexions (G69-406).

Page

1

1

2

2



ABSTRACT 

In May and June 1959 a regional gravity survey was
conducted in Northern and Central Australia to provide additional
data for a gravity map of Australia. 131 gravity stations were
established, mostly in Northern Territory and Queensland. Commercial
air transport was used; its advantages and limitations for this
application are discussed. This form of transport enabled a large
area to be covered rapidly with fairly accurate observed gravity
values; however, the accuracy of the anomalies calculated is low,
chiefly because of reliance on barometric levelling.



1.^INTRODUCTION

In 1959 an assessment was made of the gravity coverage in
Australia. In two large areas in Central and Northern Australia there .
was no gravity information available and it was decided to make a
survey to obtain some information rapidly. This Record describes
the results of the survey.

For convenience it was decided to make use of commercial
air transport throughout these areas. It was realised that gravity
readings could be taken only at airstrips visited by regular flights;
however, even these scattered readings would be useful for geodetic
purposes and for compiling a gravity map of Australia. Certain
disadvantages of this method of operation were recognized. Strict
drift control of the gravity meter (by frequent returns to a base
station) could not be obtained. For most of the stations, elevations
could be obtained only by barometric methods, and the accuracy of the
gravity anomalies at these stations was even more seriously reduced by
the limited number of returns to a base station.

The locations of the stations occupied are shown on Plate 1.

The survey took placebetween 15th May and 20th June 1959.
Flying for survey purposes occupied 27 days; a distance of about
19,000 miles was flown. All the field work was done by the author.

2.^CONTROL INFORMATION'

Gpavitv Control

For control purposes eleven BMR pendulum stations were
re-occupied.

Some of the stations established by Woods Hole Oceanographic
Institution (Woollard, 1952) were also re-occupied; it was, however,
impossible to locate some for which re-occupation was planned.

Elevation cotntrol

Before the commencement of the survey, certain topographic
information on airfields was obtained from the Department of Civil
Aviation. The positions and elevations of 27 airfields were given as
accurate; the geographical co-ordinates of the remainder were stated to
be accurate to within half a minute of arc. The elevations of 62
airfields were given as 100 ft; these were not based on reliable
information.

In view of the inadequacy of available elevation control it
was decided to supplement it by taking barometric readings at the same

• time as the gravity readings.
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3. FIELD WORK

For gravity measurements Worden geodetic gravity meter
No. 140 was used. For barometric levelling Askania microbarometer
type Gb5 No. 531306 was used.

131 stations were established and 40 of them were re-occupied
at least twice to provide drift control. The distance between stations
ranged from 12 to 400 miles; the distribution of the stations was
dictated by flight schedules.

Elevations of 86 airstrips were established by barometric
levelling; readings on 15 of them were repeated at least twice.

Readings were taken every time the aircraft landed, whether
the airstrip was included in the original plan or not.

On overnight stops readings were taken to establish the
large-dial/small-dial ratio of the gravity meter for various parts
of the large-dial range.

Immediately aftDr landing, the gravity meter was set up,
usually close to a building or the windsock if there was one.
A station description was taken, using compass and estimating distances
by eye. Finally, if there was enough time, the microbarometer was read.

The gravity meter was hand-held on all flights. The micro-
barometer was usually transported on the back seat, or between mail
bags in the rear of the cabin. In the latter case, access to it was
rather difficult, and a few pressure readings were lost because of this.

In cases where pendulum stations were not easily accessible,
auxiliary stations were set up, usually at airport passenger lounges.

In some places visited more than once, exact re-occupation of
the gravity station was not possible, because the aircraft did not stop
at the same place on the airfield and it was too far to walk to the
original station in the limited time available. In those cases, readings
were taken to eliminate the possibility of a gross error, but only one
reading was used in computing.

4. REDUCTION OF RESULTS

Gravity

The computing of gravity results was carried out in two
stages. In the first stage all readings taken at 14 base stations
comprising 11 pendulum stations (Dooley et al, 1961) or auxiliary
stations tied to them, and also Halls Creek, Katherine, and Mt Isa,
were reduced. In all, 58 readings were plotted on one drift sheet,
and the intervals between them were worked out. It was considered that
the drift control was adequate. The mean value of all determinations of
large-dial/small-dial ratio in the interval involved was used. The
intervals thus obtained were carefully compared with differences between
values of pendulum stations. Some of the results of Woods Hole
Oceanographic Institution surveys were also tnken into consideration.
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The 1957 values for the 11 pendulum stations (Wyndham, Victoria River
Downs, Tennant Creek, Alice Springs, Leigh Creek, Broken Hill,
Townsville, Longreach, Cloncurry, Birdsville, and Quilpie) were accepted,
and all 14 base stations were adjusted to fit between them.

There is also a pendulum station at Halls Creek, but the
pendulum value was not used, as the station was probably not exactly
re-occupied during the present survey.

In the second Stage, gravity values for all other stations
were computed in the conventional manner; the intervals were adjusted to
make them fit between base stations. In both stages the graphic method
of 'least squares' adjustment for misclosure errors (Smith, 1951) was -
used.

Values for all stations in central-western Queensland were
fitted between the pendulum stations at Quilpie and Birdsville. All
readings were corrected for tidal effects in the way described by
Goguel (1958).

Barometric levelling 

The microbarometer readings were converted to millimetres of
mercury, using the maker's constants. Then the instrument temperature
correction was applied and the results were expressed in millibars.

The microbarometer readings were found to be consistently
higher than data from the Commonwealth Bureau of Meteorology; consequently
1.28 millibar was subtracted from all readings. The data supplied by
the Bureau of Meteorology consisted of 3-hourly readings of barometers
and thermometers at 20 weather stations. Barometer readings at the
meteorological stations were corrected for gravity, temperature, and
index error.

The resulting atmospheric pressures at the meteorological
stations close to the route of each flight were reduced to a common
reference level. They were then interpolated in time, to obtain
pressures at the time of each microbarometer reading. As the next step
a weighted average pressure for the given time was computed; weight,
inversely proportional to distance from the microbarometer station,
was given to the pressure at each meteorological station. Thus the
most probable value for atmospheric pressure (at the reference level)
at the time and place of each microbarometer reading was obtained.

The difference between that pressure and the corrected
microbarometer pressure reading was a measure of the difference between
the altitude of the microbarometer station and the reference level;
using suitable tables (Bureau of Meteorology, 1954) the elevation of the
station was then established, a correction being made for atmospheric
temperature.

Bouguer anomalies 

Bouguer anomalies were computed in the usual manner, assuming
the density of rocks between station level and Mean Sea Level to be
2.67 g/cm3 .^'Theoretical gravity' values were taken from Bureau of
Mineral Resources tables based on the International Ellipsoid. The
latitudes used were those published by the Department of Civil
Aviation (D.C.A., 1955)
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Microbarometer elevations were used wherever available; in
other cases those supplied by D.C.A. were used. No terrain corrections
were applied.

A list of the stations occupied, with their geographical
co-ordinates, elevations, observed gravity values, and free air and
Bouguer anomalies, is given in Table 1.

5. ACCURACY OF RESULTS

?bserved aravitv

The estimate of accuracy of the observed gravity values is
based on misclosures around gravity-meter loops tied to the pendulum
stations. Possible errors in the accepted pendulum-station values are
not considered here. The misclosure in the biggest loop (Alice Springs -
Wyndham -Katherine-Alice Springs) was 0.28 mgal; there were 26 intermediate
stations, the distance was close to two thousand miles, and gravity
intervals exceeded 300 mgal^After considering these factors and the
means of transport used, it is the opinion of the author that this
misclosure, which is fairly representative for the survey, is within
acceptable limits.

It is estimated that the final adjusted observed gravity values
are accurate to within 0,15 mgal, if the 1957 pendulum values are accepted
as correct.

Elevation

To check the accuracy of the microbarometer readings, 5
stations with known altitudeswere occupied with the microbarometer, the
mean error in elevation readings was 19ft. The accuracy may also be
judged by repeatability of results. 15 stations were repeated and the
mean difference between readings was 31 ft (after exclusion of an
extremely bad station it was reduced to 21 ft). It is thought that
even after allowing for certain systematic errors the accuracy of
accepted values is within ± 30 ft.

In view of the large distances involved and scarcity Of
meteorological information, better accuracy could not be expected; It
was necessary to discard the results of barometric levelling done on days.
when meteorological conditions were unstable.

Bouguer anomageg

equation: The accuracy of Bouguer anomalies was assessed using the

EBA = gob
2 4. 0.0036 h2 0.64 X 2

^

where E BA^error in Boanguer anomaly, in mgal

^

gob
^error in observed gravity, in mgal

error in elevation, in feet

^X^
error in latitude, in minutes of arc.
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The term 0.0036 h
2
 represents the variance introduced by inaccuracy of

elevation, and 0.64 X the variance from latitude uncertainty.

The elevations of the gravity stations are divided into
three classes according to accuracy:

Class 1.

Class 2.

Class 3.

Assuming the error in
0.5 minute, Bouguer

are:-

Accurate - error probably does not exceed 5 ft.

Levelled barometrically - accuracy t 30 ft.

D.C.A. elevation - accuracy 100 feet.

observed gravity to be±0.15 mgal, and in latitude
anomaly errors computed from the above equation

61asp Error

0.52 mgal1

2 1. 85^"

3 6.02^"

The main sources of error for Class 1 stations are errors in latitude and
elevation; for Classes 2. and 3, almost all the Bouguer anomaly error is
due to errors in elevation.

6, CONCLUSIONS

The feasibility of using outback air services for regional .
gravity surveys has been established.

It seems to be by far the cheapest and fastest method of
establishing some sort of gravity coverage of large areas that are
served by suitable air services. The cost of transport for the whole
survey was about £480 1 and the field work was done by one officer. The
distribution of stations could be improved very considerably by
supplementing scheduled flights with chartered deviations, as all
airlines operating light aircraft in the area are prepared to make
deviations at approximately 2/6d a mile.

There were certain irregularities in the gravity-meter drift;
they may perhaps result from flying in non-pressurised aircraft. In
any future work of similar character it would be desirable to keep a
record of flying conditions, to investigate this possibility.

It is possible that the Bureau of Meteorology would agree
to take barometer readings at hourly instead of 3-hourly intervals at
some weather stations, if requested before the commencement of a future
survey. This would apply chiefly to Airmet stations, and it would
improve the accuracy of barometric levelling in the vicinity of such
stations.
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The Askania microbarometer is considered to be a suitable
instrument for this type of work, but if employed as an 'absolute'
instrument it should be checked against a standard barometer. Also,
the elastic hysteresis effect should be checked, as the instrument has
always to be read directly after descent of the plane, a practice
contrary to the maker's recommendations.

Owing to weather conditions and other commitments of Connellan
Airways, it was not possible to occupy all the stations planned. It is
considered that in the dry season about 90 percent of airstrips included
in timetables are actually visited. •

It has been suggested by some T.A.A. pilots that it might be
desirable to approach the operational branches of the airlines concerned
before the start of a survey of this kind; they probably would issue
instructions to pilots, covering such points as holding the 'plane on the
ground for a . specified minimum time and taxiing to the same point on
the airstrips.

In two cases intervals between stations occupied by Woods Hole
Oceanographic Institution (Woollard, 1952) were . remeasured; the difference
in the Alice Springs-Wyndham interval (233 meal) was 0.11 mgal too great
and in the Alice Springs-Cloncurry interval (2.3 mgal) 0.03 mgal too low.
This suggests that there are no marked differences, within the accuracy
of the measurements, between the calibration of the Bureau's Worden
No. 140 and the North American Standard Calibration.

Certain irregularities in large-dial/small-dial ratio were
discovered. They may be due to uneven graduation of the large dial;
this could be checked with a toolmaker's microscope or similar instrument.
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APPEND X

After completion of this Record the results of the 1959
Northern Territory gravity survey, conducted by B.C. Barlow of the
Bureau, were made available to the author.

In the course of that survey 9 stations included in this
Record were re-occupied; their positions and elevations were determined
by a Department of the Interior survey party.

Barlow's gravity work was done with a Worden gravity meter and
was based on Alice Springs pendulum station and on previously established
Bureau surveys. The accuracy of his work is considered to be higher,
owing to much better drift control and lack of sudden changes of pressure
and temperature which are unavoidable when using air transport.

On comparing the observed gravity results it was found that the
mean difference and standard deviation are -0.24 0.20 mgal; however,
if one station (Georgina Downs) is excluded they are -0.30 0.05 mgal.
The mean difference (-0.30 mgal) is within the accuracy of the pendulum
network, and the small standard deviation confirms the accuracy of the
survey, which was assumed to be - 0.15 mgal.

Mean difference and standard deviation of elevation are
-18.3^15 ft.

The results at these 9 stations are included in Table 2 which
shows a comparison between the gravity results obtained in the two types
of survey.
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