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SUMMARY 

A third-order regional magnetic survey, in which observations 
of declination, horizontal intensity, and total intensity were made 
at nominal ten-mile (16-kilometre) intervals along all passable 
roads, was carried out in southern Queensland in 1967. The survey 
was part of a long-range plan to cover Australia by this means. 

Observations were made at 1065 stations along 20,000 
kilometres of road. Results were derived by electronic computer in 
Canberra as the field work progressed. A programme was developed to 
plot the stations and observed values on a Mercator projection, ready 
for contouring. Data will be updated to epoch 1970.0 for use in 
preparation of the set of,isomagnetic charts at that epoch. 

The 1967 results show that previous isomagnetic charts, 
produced from observations at greater station separation, will require 
revision in many places. 

1. INTRODUCTION 

A full third-order regional magnetic survey was carried out 
in Queensland by the Bureau of Mineral Resources (BMR) in 1967. 
Third-order surveys for the measurement of declination CD) only, 
had been made previously in Western Australia in 1962 (van der Linden~ 
1965a), South Australia and New South Wales in 1963 (van der Linden, 
1965b), and in New South Wales, Queensland, and Tasmania in 1964 
(van der Linden, 1968). 

The 1967 survey, which forms the subject of this Record, was 
the first in which all three 'elements of the geomagnetic field were 
measured at about 16-kilometre intervals along all roads and tracks. 
The elements measured were D, horizontal intensity (H), and total 
in tensi ty (F). 

Appendix 1 defines the types of magnetiC survey carried out, 
or to be carried out, by BMR. Previous surveys are considered to have 
been second-order, and had the following disadvantages~ 

(a) Most of the observations (about 7~fo) were made before 
1958, with comparatively inaccurate instruments (CIW 
magnetometers and earth inductors). 

(b) Many of the data (50% pre-1917) had to be updated 
using uncertain secular variation values. 

(c) The stations were fairly widely spaced. 

(except 
country 

The intention now is to abandon such second-order surveys 
for declination mapping, see Chapter 4) and instead cover the 
by a "one-off" third-order survey to supplement periodic 
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first-order re-occupations. A network of 58 first-order stations 
has been established and will provide accurate secular variation data. 
The third-order survey will provide closely spaced results of 
sufficient accuracy to provide fine control over the isomagnetic 
lines and to indicate how representative of the region are the first­
order results. 

In the third-order survey, elementary readings of inst­
ruments such as the QHM, Elsec proton precession magnetometer, and 
Wild TO compass theodolite can be made quickly. Up to 15 stations 
can be occupied per day, so large areas can be covered each field 
season. The station density will be increased by a factor of ten. 

2. ACCOUNT OF SURVEY 

Outline 

The survey was conducted in Queensland in the area south 
of latitude 200S from May to November 1967 by the author, assisted 
by field hand L. McAven. A location diagram and the station 
positions are shown in Plate 1, which also shows the first-order 
stations in the area. 

Instruments used were QHM306, Elsec PPM329,'and Wild TO 
compass theodolite 104407. Corrections applied were: 

Wild TO 104407 

QHM306 

+34.0 minutes (to declination) 

-55 gamma/gauss for H 

+1 degree 42 minutes for D 

The corrections for the 'Wild were determined before the 
survey (+34'), and during the survey (+35') with Askania Declinometer 
320. A determination at Toolangi Observatory after the survey gave 
+33.4'. The Elsec PPM has no correction. 

Readings of D, H, and F were taken along about 20,000 
kilometres of ~oad traverses, at 1065 locations. The traverses were 
from 65 to 80 kilometres apart, but in some areas wider spacing was 
necessa~ because of the scarcity of roads. 

Station positions were not marked on the ground, but were 
carefully marked on the 1:250,000 series planimetric maps. Most of 
the maps of the survey area are compiled from aerial photography, 
and their reliability is good. 

The weekly production target was set at fifty stations. 
At times the survey, because of bad weather or poor roads, fell 
behind this target but when conditions were better the back lag was 
caught up in a few weeks. 

v 
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For transport a station sedan was used. This vehicle 
was modified to cope with the outback roads, which are often very 
rough. It was fitted with a limited-slip differential! heavyduty 
springs and shock absorbers, and a protective shield under the 
sump and the petrol tank. Other protections were stone shields for 
windscreen and headlights, and a "bull bar" against straying 
animals. Quartz-iodine driving lights proved excellent for night 
dr~ving, and a second speedometer with tripmeter in front of the 
passenger was a great help in navigating and locating station 
positions. 

Some breakdowns occurred, all through damage by rocks, 
but these caused no significant loss of time as repairs were done 
very quickly by the local dealers. The rocky roads and the constant 
stopping and starting caused heavy wear of tyres. 

Observations were also made on 22 islands of the Great 
Barrier Reef. For this purpose the party joined the lighthouse 
service ship Cape Moreton. 

Station requirements 

A station location has to satisfy the following conditions: 

(a) Be at a sufficient distance from artificial sources of 
magnetic disturbance, e.g. wire fences (6 metres), telegraph 
posts~ culverts, drains etc (20 metres)! railway lines, 
high tension wires (at least 100 metres), bridges (3 x 
their length). 

(b) Be at least 3 metres away from the road, as most road 
building materials are magnetic. 

(c) Have an unobstructed view of the sun. 

Cd) Be away from volcanic or igneous rock outcrops. 

(e) Be identifiable on the map. 

Most of these conditions can be readily identified on the 
map or observed while driving along. 

Observing procedure 

The routine followed in the field by a party of two 
(driv~r A and navigator :8) travelling in one vehicle is: 

1. En route to the station, B selects the anticipated station 
position on the map and guides A to it. He is not strictly 
bound by the 16-kilometre distance between stations but makes 
his selection with the foregoing conditions in mind. 
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2. On arrival at the station, B marks the position and station 
number on the map, A and B unload the instruments, A then 
moves the vehicle at lease 50 metres, and B sets up 
instruments. 

3. A returns to the site (on foot); B concentrates on one 
instrument (say compass-theodolite) and begins to observe; 
A concentrates on the other instrument (in this case the QHM) 
and begins to observe, noting his findings in his own notebook. 
In this manner one set of QHM (plus pi and minus pi torsion) 
and two sets of sun observations (horizontal circle reading 
only) are made. The observer who finishes his set of observations 
first prepares the Elsec magnetometer and takes readings. 

4. The two observers change instruments; in this case A reads the 
compass-theodolite and B the QHM. At the end a check reading 
of the Elsec is made. The two independent readings by A and B 
are compared and A's readings are entered in the field notebook, 
if the readings agree; if they do not, the mistakes are 
located ora new set of observations is made. 

A typical instrument setup, showing the minimum distances 
between the ins truments j is shown in Figure 1. 

The only data left to be entered in the field notebook 
are: map co-ordinates j declination and Greenwich hour angle of the 
sun, and the chronometer corrections. These are extracted whenever 
holdups occur; two common causes of holdups are clouds obscuring 
the sun, and vehicle serviceing or repairs. 

The chronometer is rated daily at about the same hourj and 
the corrections are plotted on graph paper, from which the corrections 
at times of observation are interpolated linearly. 

To maintain good progress of the surveYj speedy observing 
and close co-operation at the station site are essential. It takes 
from two to three weeks for a team to become fully efficient in a 
strict survey routine. 

Rain in the outback, besides holding up observations, can 
make roads and creek crossings impassable for a considerable time. 
Therefore when heavy rain seems likely it is advisable to move to a 
district not affected by rain. 

3. RESULTS AND DISCUSSION 

Two computer programmes were written for handling the large 
amount of data. 

One computes all field observations (D, Hj F) and derives 
the other magnetic elements (X, Yj Z, I). The elevations of the 
stations are included in the dataj as required by the World Magnetic 
Survey Board. The other programme plots the station positions and 
the observed (or derived) values within a Mercator projection grid. 
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The results are rounded off to 10 gammas (H and Z), 0.05 
degrees of arc (D), and 10 metres (elevation). The elevations were 
obtained from spot heights or contours on the topographic maps. 

To smooth the noise caused by very local anomalies, D.M. 
Finlayson wrote a programme to obtain a running average of groups of 
three stationso From these smoothed values, contour maps of the 
magnetic elements D, I, H, X, Y, Z~ and F were drawn. These are 
presented in Plates 2 to 8. 

No efforts were made to smooth the contour lines to eliminate 
crustal and regional effects. This will be done later after a 
greater part of Australia has been surveyed. 

To compare the results with earlier results, the relevant 
sections of the 1957.5 isomagnetic maps of Eastern Australia 
(Parkinson & Curedale 1960) were superimposed on the new maps. After 
allowing for secular variation and the non-smoothing of the present 
maps, it was found that in many parts adjustments will have to be 
made to the earlier maps. These are up to 0.3 degrees in D, 0.5 
degrees in I, and 300 gammas in H, Z, and F. 

The north-western corner of the 1967 survey area had been 
surveyed in 1964 for declination only (van der Linde~,1968)j the 
two sets of results agree closely in this region. 

The nine-degree isogonic line that forms a loop north of 
the line connecting Augathella, Mitchell,and Roma (Plate 2) seems 
to be in error. It is largely influenced by the results of the 
traverse from Augathella to Taroomj this traverse will be repeated 
during the 1968 field seasono 

4. FUTURE PROGRAMME 

On the location diagram (Inset, Plate 1), Australia is 
divided into nine regions, of which the present survey covered Region 
F. The third-order surveys will be continued until the whole of 
Australia is covered. This is expected to be accomplished by J975. 
Thereafter first-order re-occupations every decade, and declination 
re-occupations every five years (at first-order stations), should 
suffice to provide accurate isomagnetic charts. 

To make all survey data compatible a computer programme 
is being developed which will adjust the data of the various surveys 
to a common epoch. Also a computer programme will be studied .. which 
eliminates local anomaly effects. The output of this programme is 
envisaged as a plot of smoothed isomagnetic lines. 
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APPENDIX 1 

NOTES ON REGIONAL MAGNETIC STATIONS 

1. First-order station. A first-order station is a place at 
which the geomagnetic field has been observed (or recorded with . 
"absolute" control) more or less continuously for two or three days, 
with an accuracy of 5 gammas or better in the absence of magnetic 
storms, and which is sufficiently well marked and located that 
re-occupation within three to five years will be possible. 

2. Second-order station. A second-order station is a place at 
which the field has been observed several times during one day with 
an accuracy of 5 gammas and which is marked so that re-occupation may 
be possible in the future. 

3. Third-order station. A third-order station is one at which 
the field, or one of its components, has been observed once with an 
accuracy of about 20 gammas (or the equivalent angle) and which is 
located only by a map. 

j 
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APPENDIX 2 

THE WILD TO COMPASS THEODOLITE 

As this instrument had not been used before in regional 
magnetic surveys a short description is given. 

The instrument is fitted with a swinging horizontal 
circle or compass card, to the under side of which a magnet is 
attached. The circle has a spring-mounted jewel bearing that can 
be lowered onto~steel pivot. Vihen the circle is lowered onto the 
pivot, the magnet sets the zero mark of the circle automatically to 
magnetic north; thus when the circle is clamped all readings become 
magnetic bearings. A prismatic optical system ensures that the 
circle is read at two diametrically opposed graduation lines. After 
coincidence setting of the lines by means of the optical micrometer 
their average value is given by a single reading. 

For magnetic declination determinations, horizontal circle 
observations of the sun are taken, giving the magnetic bearing of the 
sun with an accuracy of 1 minute of arc. The true bearing of the sun 
can be derived from the time of the instant of observation and the 
geographical co-ordinates. The difference between the magnetic 
bearing and the true bearing is the declination. 

During the sun observations the Wild-Roelofs Solar Prism 
attachment is used. This produces four overlapping images of the sun, 
with a small dark diamond shape in the centre. The cehtre of the 
sun can then be aimed at by simply setting the crosshairs over the 
diamond shape. An illustration of the images of the sun formed by 
the solar prism is shown in Figure 2. 

The instrument thus provides a quick and accurate way of 
measuring declination by sun observations only. A disadvantage is 
the limitation of the vertical angle of the telescope to 45 degrees. 

When the sun is higher than 45 degrees, declination is 
measured by using the zero reading of QHM 306 and sun observations 
made with the black mirror on the Askania circle • 

. \ 
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KILOMETRES^ THIRD - ORDER MAGNETIC STATIONS OCCUPIED 1967^ PLATE 1
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MAGNETIC INCLINATION OR DIP ANGLE IN DEGREES PLATE 3 I 
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HORIZONTAL MAGNETIC INTENSITY IN GAMMAS ( C.g.S. UNITS X 10-5 ) 
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VERTICAL MAGNETIC INTENSITY IN GAMMAS ( C.g.S. UNITS X 1.0-5 ) PLATE 7 z COMPILED AND DRAWN IN THE GEOPHYSICAL BRANCH, BUREAU OF MINERAL RESOURCES, GEOLOGY & GEOPHYSICS 
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