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Abstract: Geomagnetic anomaly field vectors were obtained in Enderby Basin during the 30th Japanese Antarctic
Research Expedition. The strike of two-dimensional magnetic structures at their boundary positions are derived from
the vector anomaly data in the west Enderby Basin, south of 55°S. The strikes obtained can be interpreted as the
directions of magnetic anomaly lineations originated by seafloor spreading (seafloor spreading anomalies) and
fracture zones. The characteristics of seafloor spreading anomaly and fracture zone trends reveal the following: (1)
E-W and WNW-ESE trending seafloor spreading anomalies between 55°S and 57°S along the west observation line
(line W), (2) NNE-SSW and NE-SW trending fracture zones between 56°S and 63°S along the east observation line
(line E), (3) WNW-ESE trending seafloor spreading anomalies and NE-SW trending fracture zones south of 61°S
along line W and (4) WNW-ESE trending seafloor spreading anomalies and NNE-SSW trending fracture zones south
of 63°S along line E. The seafloor spreading anomaly and fracture zone trends of (1) and (3) are in good agreement
with magnetic anomaly lineations previously proposed. Seafloor spreading anomaly and fracture zone trends of (2)
and (4) are identified for the first time in this study.
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Introduction

Magnetic anomaly lineations in the Indian Ocean are an
important key to understand the evolution of the mid-ocean
ridge and related breakup of Gondwanaland. Anomaly lin-
eations in the North and Central Indian Ocean have been
well established (e.g. Royer and Sandwell, 1989), but those
in the South Indian Ocean have, until now, remained un-

known. Severe weather and sea ice conditions in the South
Indian Ocean prevented sea surface surveys. The STCM
(Shipboard Three Components Magnetometer; Isezaki, 1986)
is easy to operate even under these circumstances, because
the sensors of this system are fixed on the ship’s deck.
Another merit of this observation is that geomagnetic
anomaly field vectors can be obtained and the strike of two-
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Fig. 1. Geomagnetic three component anomaly observation lines (W and E) in the west Enderby Basin.
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dimensional magnetic structures, such as the magnetic
anomaly lineations, at their boundary positions are derived
from only one observation line.

The STCM measurements were carried out during the
summer cruise of the 30th Japanese Antarctic Research
Expedition (JARE-30) between Africa and Antarctica along
two observation lines (Fig. 1). Preliminary results along
these observation lines are described in Nogi et al. (1990).
In this paper, we present the seafloor spreading anomaly and
fracture zone trends determined from the vector anomalies
in the west Enderby Basin, south of 55°S.

Data Processing

The geomagnetic field vectors were calculated from the
observed data using the method of Isezaki (1986). The
residual field of each component was calculated by sub-
tracting IGRF85 field (IAGA Division I Working Group 1,
1987). Short wavelength anomalies (<3 km), regarded as a
noise caused by ship yaw, were filtered by B-spline curve
fitting with a node interval of 7 km. Corrections for diurnal
geomagnetic variations were not made, because the obser-
vations were made all during geomagnetic quiet days and
the wavelength (approximately 600 km) is much longer than
those we are investigating.

The strikes of the two-dimensional magnetic structures at
their boundaries were determined from geomagnetic vector
anomaly data (Seama et a/., 1992). The boundary positions
were determined by searching for peaks in the intensity of
the spatial differential of vector anomalies, ISDVA. The

ISDVA can be expressed as \5(’2 +Y? +7?  where X', Y’
and Z' are the spatial differentials of northward, eastward
and downward components, respectively. The ISDVA is
known to have a peak at the boundary position of a two-
dimensional magnetic structure (Fig. 2; Seama et al., 1992).
The strikes can be obtained using the fact that vector
anomalies should have no component parallel to the direc-
tion of the two-dimensional source. This means that vector
anomalies must be restricted to one plane. The strikes can be
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Fig. 2. Example of boundary determination of two-dimensional
magnetic structures using a simple magnetic block model. Mag-
netic structures extend to infinity in the N-S direction. Y and Z
show variations of eastward and downward components of the
geomagnetic field. “Diff” shows the variations of the ISDVA (the
intensity of spatial differential of vector anomalies). (a) Example
of magnetic structures with normal and reverse polarity blocks.
(b) Example of structures with the same polarity and a structural
offset like a fracture zone.
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obtained by calculating the planes in which the vector
anomalies are restricted. Assuming a horizontal two-dimen-
sional magnetic structure, inclination of the restricted plane
must be zero. However, inclinations calculated from actual
vector anomaly data are distributed around zero. Small
inclinations show that the estimated magnetic structure is
stable and approximated by a horizontal two-dimensional
structure. As an adoption criterion of small inclination, we
only used magnetic structures whose inclinations were less
than 15°,

Profiles along the Observation Lines

Profiles of the three components of the obtained magnetic
anomaly are shownin Fig. 3. X, Y and Z show the northward,
eastward and downward components, respectively. Figure 3
also shows the ISDVA and the strikes determined from
vector anomaly data at the peaks in the ISDVA. Sea bottom
topography and free-air gravity anomalies measured si-
multaneously are also shown in Fig. 3.

North of 60°S along line W, magnetic anomaly ampli-
tudes are small, about 100 nT, while they increase to almost
500 nT south of 60°S. Along line E, changes in magnetic
anomaly amplitudes are not observed and their amplitudes
are about 250 nT.

The calculated strikes of two-dimensional magnetic
structures are shown in Fig. 4. North of 58°S along W,
mainly WNW-ESE trends are observed. South of 58°S
along W, WNW-ESE and NE-SW strikes are dominant. The
major trend along line E is NE-SW.

Magnetic Anomaly Lineations and Fracture Zones

Seafloor spreading anomaly and fracture zone trends are
determined by combining the obtained strikes with sea
surface gravity and topographic data. Strikes above sea-
mounts, indicated by the free-air gravity anomaly and to-
pographic features were eliminated.

The strikes above short wavelength (<100 km) gravity
troughs from the free-air gravity anomaly data were regarded
as fracture zone trends. These directions are shown by the
dashed lines in Fig. 5.

Strikes located above flat gravity anomaly variations and
topography features were regarded as seafloor spreading
anomalies. The strikes with constant trends over 200 km
withoutdisruption by topographic feature were also regarded
as seafloor spreading anomaly trends. Inferred seafloor
spreading anomalies are summarized in Fig. 5 by thick solid
segments.

E-W and WNW-ESE trending seafloor spreading
anomalies between 55°S and 57°S along line W (a in Fig. 5)
havebeen created by the present Southwestern Indian Ridge.
Their trends are similar to the axial trend of the present
Southwestern Indian Ridge. The anomaly trend at the south
end of line W coincides with previously identified strikes of
anomaly number 20 (Royer et al., 1988). These seafloor
spreading anomalies are located near the present South-
western Indian Ridge axis. Therefore, these seafloor
spreading anomalies must be younger than anomaly 20 and
created by the present Southwestern Indian Ridge.

WNW-ESE trending seafloor spreading anomalies are
identified south of 61°S along line W (b in Fig. 5) and south
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Fig. 3. Profiles of the X (northward), Y (eastward) and Z (downward) components of the magnetic anomaly, free-
air gravity anomaly data (FA), sea bottom topography (DEP) and the intensity of spatial differential of vector
anomalies (ISDVA) along the observation lines. Strikes (STR) of two-dimensional magnetic structures calculated
from geomagnetic vector anomaly data are also shown. Location of W and E observation lines is shown in Fig. 1.
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Fig. 4. Strike of two-dimensional magnetic structures. Bathymetric data is based on ETOPOS and the contour interval

is 1000 m.
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Fig. 5. Interpreted seafloor spreading anomalies (solid) and fracture zones (dashed) in the west Enderby Basin. Dotted
line indicates a long tectonic lineament observed in SEASAT data (after Royer et al., 1988).

of 63°S along line E (d in Fig. 5). Three seafloor spreading
anomaly strikes between 63°S and 65°S along line W (b in
Fig. 5) are in good agreement with those previously identi-
fied by Bergh (1977). To the south, two of these coincide
with anomaly M2 and M4 (Bergh, 1977). The other WNW-

652 Y.NOGI et al.

ESE trending strikes are newly discovered anomalies. Sea-
floor ages around this region (Royer et al., 1988) suggest

that these strikes are also M sequence magnetic anomaly
lineations.

NE-SW and NNE-SSW trending fracture zones between









