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Modes of Gravity Anomaly Distributions in Relation to the
Crustal Structure of the Antarctic Continent

Katsutada KAMINUMA®* and Megumi MIZOUE**
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Abstract: An analytical method is introduced in applying the gravity data to
the study of crustal structure by using a reduced gravity anomaly when the thickness
of ice sheet is unknown. The reduced gravity anomaly designated as 4g,(mgal) is
defined by the equation of 4g, =4g,—2zGp(H—Hh), where 4gy,(mgal) is the free air
anomaly, H (m) is the elevation of measurement point and 4(m) is the elevation of the
point to which gravity anomaly 4g, should be reduced. The density of ice sheet
and the universal constant of gravitation are designated as p(g/cm?®) and G respec-
tively. For the practical convenience, the value of / should be taken as constant
and larger than or equal to the maximum value of H. The space bounded by the
two levels of # and H is assumed to be filled up. with ice sheet with density p in the
reduction procedure. The reduced gravity anomaly 4g, thus introduced is physi-
cally equivalent to the free air anomaly reduced to the points on the surface of ice
sheet extending with the constant elevation 4.

Predominant modes of the spatial distribution of reduced gravity anomalies
Ag 4000 are found in two ranges of wave length, i. e., the shorter wave-length range
of 100-200 km and the longer wave-length range of more than 1,000 km. The
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mode of the shorter wave-length range is possibly correlated with topographical
features of the rock and ice sheet interface, while the mode of the longer wave-
~ length range is characterized by a decrease of 4g.pp toward the inland part of the
continent. The result of the gravity data analysis leads to a conclusion that the
crust of the Antarctic Continent is in a regional isostatic equilibrium common to
-the other continental regions on the earth, though the thickness of the crust in
West Antarctica is relatively thinner than that in East Antarctica.

1. Introduction

The scientific surveys in Antarctica have been extensively carried out since the
third International Geophysical Year (IGY) starting from 1957. As one of the main
subjects, the crustal structure of the continent (EVISON et al., 1960; WOOLLARD, 1962)
have been studied with various geophysical means by overcoming all difficulties caused
by the unavoidable severe field conditions.

Structural features of ice sheet and upper crust have been gradually clarified by
seismic explosion studies in some limited parts of the continent despite the fact that
most of the seismic explosion experiments ever operated in Antarctica were compara-
tively small in the explosive power and consequently were limited in.the length of
survey lines (BENTLEY, 1964 and 1965), except the deep seismic sounding operated by
Russian scientists in the vicinity of Novolazarevskaya Station (KOoGAN, 1972).

Soon after the installation of long-period seismographs in Antarctica in the early
stage of the IGY, the preliminary estimation of the thickness of the crust of East and
West Antarctica was given by EvisoN et al. (1960), and Kovacu and PRress (1961) using
the group velocity of surface waves. The crustal thickness was estimated as 35-40 km
beneath East Antarctica, 30-35 km beneath West Antarctica and 5-10 km in the oceanic
regions surrounding the continent. No other reliable estimates from surface wave
group and/or phase velocity have ever been provided mainly due to insufficient number
of long-period seismographs operated in Antarctica.

The gravimetric survey in Antarctica was started at the early stage of the expedition
in the 20th century. The number of gravity stations in the inland part of the Antarctic
Continent has increased remarkably since the IGY in 1957-1958 owing to cooperative
efforts of traverse parties from various nations.

Gravity data thus accumulated up to the present are available for the study of
regional modes of gravity anomaly distributions with special reference to the crustal
structure. Neither the free air nor the Bouguer reduction can provide gravity anom-
alies which permit direct interpretation in terms of underground structures in such a
region as Antarctica where the thickness of ice sheet is scarcely known with sufficient
accuracy.

A simple gravity reduction system is proposed in this connection to get standardized
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gravity anomalies considering the existence of a thick ice sheet layer and the undulatory
ice sheet-bedrock interface. The gravity reduction introduced consists of the following
two procedures, i. e., reduction of gravity value to the surface at the level higher than
or equal to the maximum height of ice sheet surface, and addition of the gravity effect
produced by filling up the space between the two surfaces with material having ice sheet
density.

2. Analytical Method

The area and the mean elevation of the Antarctic Continent are 12.5X 10° km?
and 2,300 m respectively. The ice sheet with the mean thickness of 1,880 m (BENTLEY,
1964) covers the vast continent, only 2% of which is free from snow or ice. Therefore,
information on the thickness of ice sheet is essential for the reduction of gravity data to
study the internal structure of the earth.

When the gravity data are used in the study of crustal structure, however, a great
difficulty arises from the fact that an accurate knowledge of the thickness of ice sheet
under the gravimetric observation points has scarcely been obtained. To avoid this
troublesome situation for the gravity data analysis, a reduced gravity anomaly is intro-
duced in this report.

The reduced gravity anomaly designated as 4g, (mgal) is defined by the following
equation,

dg,=49,—2zGp(H—h)
=49,—0.0419(H—h)
where 4g, (mgal): the free air anomaly,
H (m): the elevation of measurement point,

h (m): the elevation of the point to which gravity anomaly 4g, should be
reduced,

mantle

Fig. 1. A concept of reduced gravity anomaly Ag, is illustrated. A4g, is a free air anomaly
observed at the point of elevation H.
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o (g/cm®): the density of ice sheet,

G (cm?/g-s?): the universal constant of gravitation.

The relation of # and H in the above equation is shown in Fig. 1. The value of 4
should be taken as constant and larger than or equal to the maximum value of H for the
practical conveniences. The space bounded by the two levels of 2 and H is assumed to
be filled up with ice sheet with density p in the reduction procedure. The reduced
gravity anomaly 4g, thus introduced is physically equivalent to the free air anomaly
reduced to the points on the surface of ice sheet horizontally extending with constant
elevation A.

3. Reduced Gravity Anomaly along the Traverse Route

The reduced gravity anomaly is calculated from gravity data which were measured
by the Japanese traverse party from Syowa Station to the South Pole in 1968-1969.
The measurements were carried out with a LaCoste and Romberg gravimeter at the
observation points of every four kilometers along the traverse route (YANAI and
KAKINUMA, 1971). More than six hundred gravimetric observation points are estab-
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Fig. 2. The gravimetric observation points of the inland parts of Antarctica are established
along the traverse which are shown by solid and dotted lines. The dotted line is the
traverse route of Japanese party from Syowa Station to the South Pole in 1968—69.
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lished along the traverse route which is shown by a dotted line in Fig. 2. The position
(latitude and longitude), elevation and gravity value including free air anomalies are
given for all points. On the other hand, the thickness of ice sheet is not available for
most of the points.

The elevation of the highest observation point through the traverse route is over
3,700 m. Then 4,000 m is taken as the value of 4 in the equation introduced in the
previous section and p is taken as 0.9 g/cm?®,

The reduced gravity anomalies along the survey routes are given in Fig. 3. The
maximum value of the reduced gravity anomalies g, is 160 mgal at the points around
70°S and the minimum value is —15 mgal at 8§9°S.

Predominant modes of the spatial distribution of reduced gravity anomalies
Ag4000 are found in the two wave-length ranges, as shown in Fig. 3, i. e., the shorter
wave-length range of 100-200 km and the longer wave-length range of more than 1,000
km. The mode of the shorter wave-length range is possibly correlated with topographi-
cal features of the Antarctic bedrock and ice sheet interface. On the other hand, the
mode of the longer wave-length range is characterized by a decrease of 494, values
toward the inland part of the continent where the altitude of ice sheet surface is higher
than that in the marginal parts.

A remarkable decrease of 4g,0 values around the 89°S is interpreted as an indica-
tion of the topographical variation of basement rocks beneath the thick ice sheet.
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Fig. 3. The reduced gravity anomalies of 4dgs00 along the traverse route from Syowa
Station to the South Pole.
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Fig. 4. The reduced gravity anomalies and elevations averaged over every one degree
along the traverse route from Syowa Station to the South Pole.

The mean reduced gravity anomalies averaged over every one degree in the latitude
are shown with solid circles in Fig. 4. The mean elevations corresponding to the gravity
data are also given with open circles. The predominant mode of the longer wave-
length range clearly represented in Fig. 4 is considered to reflect the regional variation
of the crustal thickness of the continent. In this connection, the lower values of the
mean reduced gravity anomaly found in the central part of East Antarctica of Precam-
brian shield can be correlated with the increase of the thickness of the crust.

4. Regional Variation of the Thickness of the Crust
of the Antarctic Continent

Gravity data measured in and around Antarctica are compiled by GRUSHINSKY
et al. (1972). More than 6,000 gravity stations have been established in the last ten
years. Most of these observations have been carried out by the traverse parties of
scientific expedition for the inland area of Antarctica. The Japanese party participated
in the observation for the traverse route from Syowa Station to the South Pole as de-
scribed in the previous section.

The traverse routes for which gravity survey was accomplished are given in Fig. 2.

The reduced gravity anomalies are calculated using the data hitherto presented in
various publications (YANAI and KAKINUMA, 1971; GRUSHINSKY et al., 1972). The
value of £ is also taken as 4,000 m. The mean reduced gravity anomalies in West and
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East Antarctica, are obtained by averaging data in the areas of 76°-85°S and 80°-140°W,
and 74°-85°S and 35°-135°E, are shown in Fig. 5. The mean value in West Antarctica
is 92 mgal, whereas it is 30 mgal in East Antarctica. It is remarkable that the values of
49000 in West Antarctica are relatively larger than those in East Antarctica as shown in
Fig. 5. Inother words, it is highly probable that the crustal structure of East Antarctica
is different from that of West Antarctica, which agrees with geographical and geological
data (CRADDOCK, 1972). The thickness of the crust estimated from the surface wave
study is 35-40 km in East Antarctica and 30-35 km in West Antarctica (EvISON et al.,
1960).

Unit: m gal

Fig. 5. Mean reduced gravity anomalies in Unit: m gal 0 2000 kn
West and East Antarctica, averaged -
data in the areas of 76°-85°S and
80°-140°W, and 74°-85°S and 35°-
135°E.

Fig. 6. A contour map of the reduced
gravity anomaly 49000

The contour map of the reduced gravity anomalies is given in Fig. 6. The reduced
gravity anomalies in West Antarctica and the marginal area of East Antarctica are
relatively large compared with the inland part of East Antarctica. Some of 4g.o00
values in East Antarctica are negative. This mode of gravity anomaly distributions
characterizes one of the geophysical features of East Antarctica which is regarded as an
old and stable Precambrian continent.

The result of the gravity data analysis leads to a conclusion that the crust of East
Antarctic Continent is possibly in a regional isostatic equilibrium common to the other
continental regions, though the thickness of the crust in West Antarctica is significantly
less than that in East Antarctica by 2.5-4 km corresponding to gravity anomaly dif-
ference as large as 60-100 mgal when the mean density contrast 40=0.6 g/cm® between
the crust and the upper mantle is assumed.
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5. Conclusion

An analytical method is introduced in applying the gravity data to the study of
crustal structure of Antarctica by using a reduced gravity anomaly when the thickness
of ice sheet is unknown. The reduced gravity anomalies 4g, are calculated from the
gravity data observed in Antarctica, taking 4 as 4,000 m to be defined as the elevation
of the point to which free air anomaly 4g, should be reduced. Modes of the distribu-
tion of reduced gravity anomalies dg,y, have two predominant wave-length ranges,
i. e., the shorter wave-length range of 100-200 km and the larger wave-length range of
more than 1,000 km. The former mode seems to be correlated with topographical fea-
tures of the Antarctic bedrock and ice sheet interface and the later mode seems to reflect
the regional variation of the thickness of the crust in the continent. ’

The remarkable decrease in 4g,4o values toward the inland part of East Antarctica
indicates that the regional isostatic equilibrium condition is satisfied in the continent.
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