MARINE MAGNETIC ANOMALIES IN BRANSFIELD STRAIT, ANTARCTICA
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Abstract: Bransfield Strait is considered to be formed by back arc extension. However, the process involved in the
extension is not fully understood due to the lack of information on the crustal structure. A marine magnetic survey
was carried out to study the crustal structure of Bransfield Strait during the 1990/91 summer season. Eight profiles,
with the length of 40 km to 70 km, across the strait were recorded; the total length is about 400 km. Diurnal magnetic
variation was corrected from the data by using the observation made at the Chinese station on King George Island
during the period, and the total intensity anomalies were calculated by subtracting the IGRF value (with 1985
coefficients). The distinctive anomalies commonly shown on the profiles are interpreted to be caused by two kinds
of igneous bodies. One is a magnetic basement deduced as plutons of the Andean Intrusive Suite, and the other is
basaltic dykes intruded along the ridge axis. The anomalies by the basaltic dyke range from 2000 nT to 200 nT. This
variation is related to the depth to the dykes since the anomalies decrease with water depth. The various shapes of the
dykes are suggested by two dimensional modeling. The dyke model suggests that the amount of extension is greater
and the process stopped earlier in the eastern basin than in the western basin. This regional variation of extension is
possibly due to the westward migration of compressive stress. Because of the small scale of spreading compared to
that of normal ocean floor, the irregular pattern of spreading in the back arc basin may readily be caused by a small
change of stress field of plate motion. The mechanism of irregular spreading can also be explained by the diffusion

model.
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Introduction

Bransfield Strait, between the Antarctic Peninsula and the
South Shetland Islands, can be divided into three subbasins
(western, central and eastern) of more than 1 km deep (Fig.
1). The strait is considered to be formed by back arc
extension related to the subduction along the South Shetland
Trench (Ashcroft, 1972; Barker and Griffiths, 1972; Davey,
1972).

A back arc basin is a small ocean basin whose origin is
related to the subduction at the trench system (Taylor and
Karner, 1983). The majority of back arc basins are distrib-
uted at the western part of the Pacific Ocean. Although the
process of back arc spreading is not clearly known, this
spatial distribution suggests a global mechanism due to the
interaction of the major plates (Molnar and Atwater, 1978;
Chase, 1978; Wu, 1978; Uyeda and Kanamori, 1979; Dewey,
1980). Bransfield Strait is, however, remote from the Pacific
rim of back arc basins, and is tectonically the most active
region in Antarctica. These facts motivate many studies in
this region but the tectonism including the extensional
processes is still controversial (e.g. Barker and Dalziel,
1983).

Many authors (e.g. Sclater, 1972; Karig, 1974; Hawkins,
1976; Uyeda, 1977) suggested that the spreading process of
back arc is different from that of major ocean basins. This
suggestion was supported by the observations of the weak
magnetic lineation, that is, low intensity and poor fidelity in
back arc basins such as Japan Sea and Tyrrhenian Sea
(Taylorand Karner, 1983). Thus it is very important to study
the extensional processes of the basin in Bransfield Strait,
and should have our first consideration to the magnetic

structure of the basin. Parra et al. (1984) obtained the mag-
netic structure of the basin by airborne survey. However, his
survey covered only the western half of the strait. In addi-
tion, it does not include the bathymetric survey.

Shipborne experiment with the bathymetric survey was
carried out for the back arc basin in Bransfield Strait during
the 1990/91 austral summer season. We present the magnetic
anomalies from this experiment and interpretation of the
crustal structure beneath the Bransfield Basin.

Experiment

From December 20, 1990 to January 4, 1991, marine
magnetic survey was carried out for the eight profiles with
the length of 40 km to 70 km, across three subbasins (Fig. 1).
The total length of the profiles is about 400 km. The location
of the survey line was determined accurately by the Global
Positioning System (GPS).

Total magnetic field intensity was measured by a proton
magnetometer towed at 60 m behind the vessel. The average
speed of the vessel was kept at 10 km/h. Diurnal variation
recorded at the Chinese station in King George Island and
the International Geomagnetic Reference Field (IGRF) value
with the 1985 coefficients (Barraclough, 1987) were used
for correction to obtain magnetic anomalies.

Interpretations

The magnetic anomalies along the profiles are shown with
bathymetry data (Figs. 2-9). Among the profiles, Lines 1, 2,
3, 4 and 8 show distinctive anomalies ranging from 500 to
2000 nT through the subbasins. This high anomaly value
seems to be caused by high magnetization of the igneous
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Fig. 1. Map of Bransfield Strait showing topography and locations of the magnetic survey lines from 1 to 8. The

shaded areas indicate the basin deeper than 1000 m.

intrusions related to the extensional processes of Bransfield
Strait. The amplitude of the anomalies is strongly correlated
with the water depth of the basin floor. For instance, the
subbasin with the anomalies over 1000 nT is shallower than
1000 m (see Lines 1 and 2), and the profiles showing less
distinctive anomalies such as Lines 5, 6 and 7 have deep
subbasins with the water depth of more than 2000 m.
Actually the difference in the magnitude of anomalies is due
to local heterogeneity of the depth to the igneous intrusions.

Other than the area right above intrusions, anomaly values
are generally positive in the shallow region and negative in
the deep subbasin. However, the variation of the anomalies
appears to be smoother than the topographic change of the
sea bottom. This suggests that the anomalies with long
wavelength are produced by rather deep magnetic sources.
The sources must be calc-alkaline plutons of the Andean
Intrusive Suite, which was confirmed by large anomalies
from aeromagnetic survey (Parra ef al., 1984).

According to the previous seismic experiments (Ashcroft,
1972), the Bransfield Basin is covered with the thick sedi-
ments amounting to about 2.5-5 km. The magnetization of
this sedimentary layer can be neglected on the basis of the
specimens with a small average of less than 0.05 A/m
(Allen, 1966).

The magnetic source in the basin, as a consequence of the
foregoing, can be simplifed as the igneous intrusion and the
Andean Intrusive Suite. The anomalies of the Andean In-
trusive Suite are produced by induced and remanent mag-
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netization, which were found as in the same direction of the
earth’s present magnetic field (Allen, 1966). The igneous
intrusion, too, was thought to be magnetized as the same
direction with the present field to account for the large
positive anomaly (Barker, 1976). A structural model with
these layers was made on the basis of anomalies of each
profile by using two dimensional modeling program (Won
and Bevis, 1987). We focus on the long wavelength anoma-
lies for lack of information on detailed crustal structure of
the basin. Theoretical values reproduced from the model
show good agreement with the observed anomalies when
the magnetization of the basaltic dykes and the plutons are
assumed to be 10 A/m and 6 A/m respectively (Figs. 2-9).

The rocks are believed to have magnetic property above
a certain depth within the crust. Parra et al. (1984) used the
top 10 km of the crust for his model in Bransfield Strait and
Maslanyj and Storey (1990) considered the top 15 km for the
aeromagnetic model of West Antarctica. The top 10 km of
crust is considered in this study since deeper crust below 10
km yields insignificant contribution. The interpretation for
each line is as follows.

Line 1

The shift of anomalies from positive to negative at the SE
side is well explained by the bedrock sloping down to 5 km
depth (Fig. 2). Atthe NW side, the anomaly peak higher than
1000 nT is caused by a narrow dyke rising all the way up to
the sea bottom which is shallower than 1000 m.
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Fig. 2. (Top) Observed magnetic anomalies with calculated
values for Line 1. The solid line represents the observed anoma-
lies. Crosses correspond to the calculated values reproduced from
the model described in the bottom panel. (Middle) The bathym-
etry data for Line 1. Vertical exaggeration is 8X. (Bottom) Crustal
model of Line 1. & Sedimentary rocks. [ Andean Intrusive Suite:
magnetization, 6 A/m, B Zone of basaltic intrusive: 10 A/m.
Inclination of the present magnetic field of —55° is applied.
Vertical exaggeration is 2X.
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Fig. 3. Same as Fig. 2 for Line 2.

Line 2

The profile shows a positive anomaly of about 2000 nT
over 10 km width (Fig. 3). It may fairly be presumed that this
large anomaly is influenced by the nearby igneous body of
Deception Island where volcanic activity is still taking
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Fig. 4. Same as Fig. 2 for Line 3.
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Fig. 5. Same as Fig. 2 for Line 4.
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