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SUMMARY 

Information about the secular variation of the magnetic field in .
Australia can be derived from 20 field-magnetic stations as well as the mag-
netic observatories-at •atheroo and Toolangl. At Toolangi (or at Melbourne

• before the Toolangi observatory was built) changes in the direction of the
magnetic field are available-as far back as 1858.^•

• S^Isoporic charts constructed 'from this information indicate con-
• siderable rotation of the D isopors. The westward drift of the magnetic
declination is greater in the south than in the north. The westiard-drift
of the H isopors was interrupted during 1915-45 by a south-easterly
drift of a positive focus.

•

71.
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10 INTRODUCTION 

In 1962 and 1963 the Bureau of Mineral Resources, Geology and
eophkeics, established . a network of first-order magnetic stations over

Auetralia (van der Linden, 1965a & 1965b). The object of this network is
to establish a basis for more accurate measurements of the secular'variation
of the.elements of the geomagnetic field.

Twenty of these stations .were repeat stations and had bean
.occupied - -a number of times since they were first established in the 1912-1914
.pperiod by the Department of Terrestrial Magnetism of the Carnegie Institution
! of Washington. •

,^For each field station and also for the magnetic observatories at
Toaarg•nd Watheroo, graphs are presented showing the variation with time
-of the Measured or derived magnetic elements, -declination (D), horizontal
intehsity (4), and inclination (I). The positions of the stations are shown
in Plate 1. '

. - Based on these graphs, isoporic charts have been drawn showing a

) The secular variation - of D and H for ten-year periods from 1915
to 1965.

• (b) The secular variation of the vertical intensity (Z) an
inclination (I) for' ^period 1955 to 1965.

( ) The overall secular -variation during the period 1912 to
1962 of each element Dy H, 1y and Z. •

2. SOURCES OF DATA 

. .^, The graphs and isoporic charts are based on observations at 20
. first-order field stations reoccupied in the 1962 and. '1963 surveys.

Values of earlier observations-were obtained from publications by
Bauer and Fleming (1915) 9 - Bauer, Fleming, Fisk, Peters, and Barnett (1921),
Fisk (1927), and Wallis and Green (1947) and from reports and-records of the
Bureau of Mineral Resources, Geology and Geophysics.

- The yearly meanrvalues resulting from continuous recordings at
the magnetic observatoriea at Toolangi and Watheroo provided accurate data
for the construction of graphs of secular change at these placA. The
magnetic:observatory at Watheroo was replaced by Gnangara, about 80 miles further
south, ,in 1958. During 1958 both observatories were in operation.

30 TREATMENT OF DATA

!ield stations 

For each-field station, graphs showing the variation of the mag-
. netic elements D v H, and I were drawn smoothly connecting the observed or
derived values at known epochs. .

At some stations, there was too large a time lapsebetween repeat
observations. The rate of change of the magnetic elements is not constant
with time. To' ^for this non-linearity, graphs at stations with large
time lapses were drawn to conform in shape to the graphs at the nearest
magnetic observatory or the nearest magnetic stations lhaving more information.
When the interv,a1 between observations exceeds five years, the graphs represent
Its . values of the elements with considerable uncertainty. •

Observatories 

Similar graphs for Toolangi and Watheroo were drawn by ?connecting
the yearly mean values of D9 H9 and I for each observatory. The graphs for
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Watheroo were extended from 1956 to 1962 by using the values from the
Gnangara observatory corrected for station difference. The relatively
short distance (80 miles) between the observatories allows this extra-
polation.

- By plotting the yearly values of D and I at Toolangi - from 1958.  to
1962 an illustration of the variation of the direction of the vector field
was obtained.

Isoporic charts -

Secular variation. From 1915 to 1935, there were more' dhanges in
secular variation in D and H than in the following years. For this interval
the rate of change per year was scaled from -the graphs of each station for
2i-year periods.

For 1935 to 1965 the rate of change was scaled for the periods
1935-45, 1945-55, and 1955-65. For the last period the secular variations of
I and Z--were also scaled or derived.

For each element the secular variation values were plotted and
charts were drawn showing the isopors (lines of equal magnetic change) in
Australia: The charts for the *year periods were used as a basis to draw
charts of the mean value of secular variation for the periods 1915-25 and
1925-35.

A

Total change. The differences of the observed or derived value
'between 1912 and 1962 for each magnetic element D9 H9 I, and Z were plotted
and charts were drawn showing the isopors of the total change over Australia
during this fifty-year period.

For D, a chart was produced showing bar diagrams at each' magnetic
station and observatory. Each bar represents the magnitude of the secular
change every successive ten years of the fifty-year period.

4. PRESENTATION OF DATA

All data are presented by graphs and charts. The positions of
the magnetic stations and observatories of which data are used are shown in
Plate 1.

In Plates 2 to 23, graphs are presented showing the variation .of
the magnetic elements D, H, and I fm 1912 to 1962 at each of the twenty
field stations and at the obaervatories at Toolangi and Watherdo. Plate 24
shows_ the ,variation from 1858 to 1962 of the direction of the-total intensity
at Toolangi.

,
gcular and total variation charts are shown in Plates.25 to 3 .

5. DISCUSSION OF RESULTS 

'lhe.graphs-and charts depict the history,.. over the last fifty years,
of -the change with time of, the components of the magnetic field over Australia.

With the exception of the two observatories no accurate assessment
of the-secular variation is obtained.. The time lapses between repeat
observations have been too great at-many field stations. The interpolations
necessary allow only a generalised 'picture of the secular Change to be - shown
on most of the giaphs.

However, a broad outline has been obtained and -the graphs can'aerve
as a basis for the isoporic charts. These give a fairly good indication, of
the mean rate of secular variation of D and H during ten-year periodsfrom
1915 to 1965, of the total change in D, H, I , and Z over the last fifty

years, and of the mean rate of secular variation of I and Z in the last decade.
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Declination

During the period 1915-25 the secular variation of D was small.
There was a weak negative change over eastern Australia and'a small positive
change (change of D towards the east) of two minutes of arc' in the most
western part.

In the following periods the secular variation was positive over
Australia, the positive change becoming stronger. The" strongest , gradient
was in 1945-55, when the secular variation varied frOm 0 in the north" to
+6 minutes per year in Tasmania.

The pattern of the isopors shows an anti-clockwise movement, which
is most apparent from 1925 to 1955. In Plate 33 the bar diagrams at each
magnetic station show the values of mean secular variation and the relation
to each decade.

The total change over fifty years (Plate 27)' ranges from 10
minutes/year eastward in the far north to 150 minutes/year eastward in Tasmania,
a gradual change with the isopors almost parallel in an east-west direction.

In Australia the isogonic lines (lines of equal magnetic declination)
are in a north-south direction in a fan-like pattern. The apex of the fan is
in-Antarctica.

An eastward change of declination means that 'an isogonic line will
Move westward. The total change chart indicates that during the last fity--,
,years the _westward drift of the isogonic lines was much greater in the south
than in the north.:- For example, the plus-five-degrees - isogon dRifted about
75 mil,' ^degree of longitude,' to the west in latitude 10 03 anclisibOut
300 miieS j or. 5 degrees of longitude, to the west in latitude 40 °S .

'--^• ^f.

. From 1915 to 1955 (Plates 28 to 30) the pattern of the H isop lors
was strongly influenced by a positive zone. This was situated near Java
during 1915-25 and expanded over Australia in a south-easterly direction
until 1945-55. From then it moved to the south-west away from Austialia.

This expdnsion divided a negative 'zone, which was over Australia' in
1915-25, into two parts. The south-western part 'moved to the south-west and
is off' the charts in 1935-45. The eastern part remained stationary, but
when the positive zone began its westward swing in 1945-55, it also moved to
the west and formed a negative fCcus of -20, gammas/year near'the - east Coast
of Australia. In 1955-65, the positive zone has moved west over the Indian
Ocean and a negative zone Was well established in Australia, with a focus
of -30 gammas/year in the north.

The foci of the H isopors normally have a westward drift. This
was interrupted during 1915-1945 by the south-easterly drift of a .positive
focus. This caused an inflection in most of the plots of H as a function of
tithe.

As with the isopors of D, the isopors of H also have a tendency
to turn anti-clockwise.

The total change over fifty years (Plate 30) indicates a decrease
in horizontal intensity of 800 gammas along the north-east coast, gradually
decreasing to 300 gammas along the west coast. This indicates a rotation of
H isodynamic lines about a point in the Indian Ocean.

Inclination and vertical intensity

The secular variation chart for inclination for 1955-65 (Plate 31)
shows an area of about +3 minutes per year (inclination increases negatively
by three minutes per year) in the north. The plus-one-minute isopap is
approximately coincident" withthe coastline over the southern part of Australia.
The total change over fifty years ranges from +100 minutes in the north to +40
minute's in Tasmania. This indicates a separation of'the isoclinic li#es, which



run roughly east-west.

The secular variation chart for vertical intensity for 1955-65
(Plate 32) shows an isopor of +35 gammas/Year in the north-west. The isopors
gradually diminish to -15 gammas/Year in the south-east. As with inclination,
the vertical intensity is negative in most of the southern hemisphere an
increase thus means increasing negatively. The total change over fifty
years ranges from +400 gammas along the coast of New South Wales to +1600
gammas along the west coast of Australia. This pattern indicates a
rotation of Z isodynamic lines about a point in the Pacific Ocean.

6. FUTURE WORK

More control stations and . reoccupations eve±y five years are planned.

New instruments .will be introduced, 'in the 1966 field season.
A three-component (D o H, and Z) fluxgatemagnetograph is being developed to
enable continuous recording of the magnetic field during the reoccupation of
a field,atatiom. The magnetograph. will be standardised at each-field station
by observations with a declinometer, a WM, and a proton magnetometer.
The vertical intensity will,be-derived from :the proton magnetometer readings
and H-scalings from the fliixgate magnetograph.
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