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Geomagnetic Secular Variation Over and Near
the Antarctic Continent

Takesi NAGATA*
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1. Introduction

It may be noticed in geomagnetic isopor charts that geomagnetic secular variations
in the southern hemisphere are much more complicated in pattern and intense in
magnitude than in the northern hemisphere. It seems that this aspect can be as-
certained in Figs. 1 and 2 which show the world isoporic chart for 1950-55%.

Remarkable regional anomaly in the geomagnetic secular variation in the region
of some hundreds kilometers south of the southern west coast of South Africa has
been studied by BULLARD? in connection with dynamo-theory of the geomagnetic non-
dipole field. On the other hand, foci of geomagnetic secular variation in and near
South America, a focus of minus in Z inland and another focus of plus in Z south
of the continental coast, have long been investigated by SrAucCITAIS®. However, the
behaviour of the southern parts of these intense foci of geomagnetic secular variations
has not yet been clarified.

In the Japanese Antarctic Research Expedition (JARE) programs, therefore, re-
search of geomagnetic secular variation in the vicinity of the Antarctic Continent has
been taken up as one of main purposes of the expedition. Geomagnetic works in
JARE may be classified into three categories, namely (a) continuous recording of geo-
magnetic three compoment variations by means of an ordidary magnetograph and a
direct vision magnetograph, with repeated absolute measurements for the base-line
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Secular variation for the period 1950-55, east component,

Fig. 1.

contour interval 10 gammas per year.
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Fig. 2. Secular variation for the period 1950-55, vertical component,

contour interval 20 gammas per year.
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determination at a magnetic observatory at Syowa Station, (b) repeating of magnetic
surveys on land and on fast ice, and (¢) total force surveys by means of a proton
precession magnetometer throughout the whole voyage of the expedition ship M/S
‘““Soya’’. Results of these observations seem to show that secular variation in the
geomagnetic field at Syowa Station and its neighbourhood has been extremery large.

2. Geomagnetic secular variation at Syowa Station
and its neighbourhood

Regular routine observation of the geomagnetic field has been continﬂued since
February 1959 at Syowa Station (69°00’S in latitude and 39°35’E in longitude) on East
Ongul Island. Change in the base-line values (i.e. value excluding daily variation
and disturbances) of D, H and Z at the station during period from February 1959 to
January 1960 is shown in Fig. 3. On the other hand, the first geomagnetic absolute
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Fig. 8. Secular variation of D, H and Z of Syowa station.

measurements were carried out in February 1957 at 8 regulation points on East Ongul
Island, and continuous recording of geomagnetic variation was also made during two
weeks in the early half of the month. In October 1959, re-measurements at the 8
points were made in order to find the secular variation. Disturbances and daily varia-
tions being eliminated for February 1957 and for October 1959 from these observed
values, average values of D, H and Z at these 8 points for the two epochs are plotted
in Fig. 8. The changes in the three components during the two epochs may give the
amount of secular variation during the period, namely for 2.67 years. From all data

given in Fig. 3, average secular variations at Syowa Station for the period of 1957-60
are obtained as follows.

X =— 1797/year, D =— 14.1 minutes/year,

Y=— 40 Y/year, H=-—28 Y/year.
Z =+ 18171/year,
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It may be noticed in the above result that geomagnetic secular variation, especially
in Z-component, around Syowa Station is markedly large.

. The existence of the large secular variation in this area was presumed when re-
sults of magnetic surveys on land and on fast sea-ice in Liitzow-Holm Bay in 1956-57%
were compared with the magnetic chart for 1945, compiled by VESTINE et al®. Differ-
ences, 1956 values minus VESTINE’s 1945 values amount to about +5Xx10% in Z, —2X
10% in H and less than one degree in D. Although it seems that some part of this
blg difference might be due to scarcity of data so far observed in this area, large
part of the difference might be attributed to accumulation of a certain large amount
of secular.variation since several tens years ago when geomagnetic measurements were
carried out at several points upon rare occasion. Actually, sense of the differences in
Z, H and D here is in agreement with those corresponding values during 1957-60, if
the differences are assumed to be due to the secular variation.

3. Geomagnetic secular variation over the Antarctic region

In the vicinity of the Antarctic continent, there have been two permanent magnetic
observatories, namely,

a) Macquarie Island Observatory (54°30’S in latitude and 158°57’E in longitude),

b) Orcadas del Sur Observatory (60°44’S in latitude and 44°44’W in longitude).
Further geomagnetic observation was continued from 1955 at Mawson (¢=67°35'S,
A=62°55'E) and was continued during three years 1952-54 at Heard Island (¢=53°02'S,
A=73°22'E). Just before IGY, a number of scientific stations were set up on the
Antarctic continent, and geomagnetic data at these stations are now available. Through
the courtesy of scientists and organizations in charge of magnetic observations at
these stations, as many geomagnetic data as possible have been collected by the author.
Names and localities of stations, from where geomagnetic data were obtained anyway,

are listed in Table 1.

Table 1.
‘ . 1‘ . . .
Name of station Latitude Longitude OI;eg;)éia }‘ X G /);rear) z
1. Byrd Station O 79°-59'S 120°-0E . IGY
2. Little America 78 -18 199 -50 \ 1IGY I+ 7. +45 +132
3. Scott Base 77 -51 166 -47  IGY | -3 +15 + 36
4. Halley Bay 75 -31 333 -24 , IGY | (—13 =39  + 170)
5. Charcot 69 -22 139 -01 | 1957
6. Syowa 69 00 35 -35 19579 | —79  —40  +181
7. Mawson . 67-35 62 -55 1955-8 | —71  —57  + 51
8. Dumont d'Urville | 66 -40 141 -01 1957 |
9. Mirny . 66 -33 93 -00 19568 | —94  —39  + 45
10. Wilkes |66 -15 110 -31 - IGY | (-87 —1 + 21)
11. Argentine Is. . 65-15 295 —44 | 1956-8 -3¢  —48  +131
12. Orcadas del Sur | 60 —44 315 06 193359 | —67  —14  + 93
13. Macquarie Is. | 54 -30 158 -57 19529 | —18  +47  + 16
14. Heard Is. l 53 -02 73 -22 | 19524 | 37  —44  — 98

|
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Generally speaking, it is rather difficult to extract the secular variation component
from geomagnetic data observed only during the one and a half year of IGY period, or
during a shorter period such as in French stations, Charcot and Dumont d’Urville,
because monthly mean values or even annual mean values of the geomagnetic three
components in the polar region are appreciably affected by geomagnetic activi"élv
originating in the upper atmosphere and the outer space. For example, remarkable
depression in absolute value of Z component was noticed for about half a year from the
end of 1957 through the early half of 1958 at Wilkes, Little America, Dumont d’Urville,
Charcot, Scott Base, and may be at Byrd Station also. Therefore it is hardly possible
to determine the secular variation rate for Dumont d’Urville, Charcot, and Byrd Station,
because of the shortness of the observation period and of the largeness of the varia-
tion due to disturbances, and for Wilkes estimated rates seem to give only the order
of their magnitude owing to the same reasons but less seriously, while the rates at
Little America and Scott Base seem to be reliable at least for their first figure, though
geomagnetic variations there were also subject to a fair amount of disturbances. A
remark must be made about the values at Halley Bay. It has been reported that the
Halley Bay Station on the ice-shelf has been drifting slowly so that it can not be
determined at present whether the observed values of secular variations are due to
real change with time in the geomagnetic field at a point or partly due to change
with place caused by the drifting. Therefore the secular variation rates given in Table
1 are more or less doubtful.

Throughout all the data tabulated in Table 1, it may be said that annual rates
of geomagnetic secular variations at Halley Bay and Wilkes are a little doubtful owing
to the above-mentioned reasons, while reliability of the rates at the other stations
seem to be sufficient for the purpose of the present work, estimated errors being less
than 15%.

On the other hand, data of geomagnetic secular variations for 1956-58 at repeated
stations, obtained by an Argentinian group, are reproduced in Table 2.

Tablf: 2.
= = = . .
. T . i VA
Name of station Latitude Longitude Oﬁegf& X ( T/Yy ear)
Ushuaia 54°-49’ S 251°-42'E 1956-8 —64 —29 +120
Esperanza 63 -22 303 -00 1956-8 —57 —26 +107
Merchior 64 -19 257 -00 1956-8 —49 —30 +132

Argentinian data, which were put in the writer’s hands by the courtesy of Prof.
L. SLAUCITAJS, include values at five other points near the latter two points in the
above Table, but they are not reproduced here, because the values at these stations
are nearly the same as at the above-listed near points. ‘
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Fig. 4. Isoporic chart for Z for 1955-60 in unit of y/year in the

southern hemisphere. Arrows represent H :(X',Y).
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Fig. 5. Isoporic chart for Z for 1955-60 in unit of y/year in the
northern hemisphere. Arrow represents ﬂ=(X,Y).
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4, Geomagnetic secular variations in the southern hemisphere
and their remarkable characteristics

Distribution of (X', I.’, Z ) values in the Antarctic area thus estimated are illustrated
in Fig. 4, tdgether with those at the other magnetic observatories in the southern
hemisphere. In this figure, Z value at an individual point is given by a numeral,
while I'I=(X', Y) is illustrated by a vector arrow. Lines of equal Z value in the
figure are drawn by assuming that curl (X, Y, VA )=0 and div (X, f’, VA )=0, 4<.e.
Vz(I:I,Y, Z )=0, on the earth’s surface and the origins of (X, I", Z ) are situated be-
neath the earth’s surface. ’

In Fig. 5, distribution of (X, Y, Z ) in the northern hemisphere is illustrated for
comparison. By comparing Fig. 4 with Fig. 5, it will be clearly noticed that geo-
magnetic secular variation in the southern hemisphere, especially around the Antarctic
continent, is rematkably larger than in the northern hemisphere. We may point out
four main foci of (X, Y, Z ) vectors in the southern hemisphere, namely, positive ones
in East Antarctica station and near Marie Byrd Land, and negative ones around
Heard Island and in the middle of South America. Amount of |Z| at each one
of these foci exceeds 1007/year, and especially that in East Antarctica is nearly
2007/year. This may be remarkable contrast with the feature in the northetn hemi-
sphere that a focus of Z is situated around Central Asia, its amount being only about
507/year or a little more. Corresponding to the above-mentioned characteristics of Z
distribution, those of H are also intense and complicated in the southern hemisphere.
It may be concluded thus that secular variation in the geomagnetic field is much
more active in the southern hemisphere than in the northern hemisphere with respect
to both of number of foci and their intensity.

As has already been shown by VESTINE® for geomagnetic secular variation for
1940-45, three foci, one in the northern hemisphere, one in South America, and one
between South America and Marie Byrd Land of Antarctica, could be interpreted
reasonably as due to changes in electric current vortices near the surface of the
earth’s core. However, there are two neighbouring foci near the coast of East
Antarctica, a positive Z focus on inland of East Antarctica and a negative Z focus
near Heard Island, distance between them along the great circle and difference be-
tween their intensities being about 25° and 3007/year respectively. It seems unlikely
that such a pair of intense geomagnetic secular variation foci very near to each other
can easily be understood as the effect of a local dynamo just beneath the surface of
the earth’s core, as suggested by BULLARD® in the case of the northern part of the
positive Z area dealt with here, even if the primary magnetic field affecting the
dynamo is assumed to be a strong toroidal one within the core. However, it is proved
to be possible that the origin of the pair can almost be attributed to a pair of radial
magnetic dipoles on the earth’s core surface, as illustrated in Fig. 6, which shows
a cross section of the earth along the great circle passing through Syowa and Heard
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Island. As shown in this figure, the upward
magnetic dipole has to have about 3.5x10%
emu/year in its annual rate of change in
moment, while the downward of 15° degree
apart is about 2/3 in its change in moment.
The diagram of the upper half of the
figure illustrates distribution curves Z and
H on the earth’s surface in the great
circle plane, derived from the pair of di-
poles, and circles in the diagram represent
observed annual rates Z and I.I, at four
stations, the direction of the latter being
nearly parallel to the great circle plane.
A fairly good agreement between observed
and calculated values will be seen in the
diagram.

Now, if the above-mentioned model of
a pair of radial magnetic dipoles on the
earth’s core surface is accepted, problem
will be what is real physical mechanism
for producing such a change of the form
of pair of dipoles. This will be a problem
to be solved in the future.
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Fig. 6. Distribution of Z and H along the
great circle plane passing through Syowa
and Heard Island in Antarctica.

Above: Observed values of Z and H
and those produced by a pair
of magnetic dipoles illustrated
below.
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