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The western Weddell Basin is one of the most inaccessible
regions of the earth because of heavy year-round ice cover.
Consequently, the potential field data sets gathered by satellite
and aircraft are our best source of information concerning the
regional structure of this region.

A comparison of the gravity field and bathymetry of the
western Weddell led Bell et al. (1990) to suggest that the location
of a strong gravity gradient along the eastern margin of the Antarc-
tic Peninsula could correspond to the shelf edge, implying signifi-
cantbathymetry errors in compilation of the General Bathymetric
Chart of the Oceans (GEBCO) map 5:16 (Johnson et al. 1983) and
most of the available digital bathymetric data sets of the region
which are derived from this cartography. We developed bathym-
etry and sediment thickness maps of the western Weddell margin
using aeromagnetic data gathered by the USAC aerogeophysical
survey (United States, Argentina, Chile) and the combined USAC
aerogravity (Brozena et al. 1987) and Geosat gravity (Haxby and
Hayes 1991; Marks and McAdoo 1992) data sets.

The western margin of the Weddell Basin developed in Middle
to Late Jurassic time, as evidenced by the seafloor-spreading
pattern (LaBrecque and Barker 1981; LaBrecque et al. 1986) and
the observation of shallow marine sediments on the western
Weddell margin, the Falkland Plateau (Ludwig and Krashennkov
et al. 1980) and the Magallanes Basin (Natland et al. 1974). The
Jurassic and younger sedimentary accumulation on the western
margin of the Weddell (Elliot 1988) has been termed the Larsen
Basin (Macdonald et al. 1988).

We determined the relationship between gravity and bathym-
etry or the admittance function (Kamer and Watts 1982) for a
reference region where both the gravity and bathymetry have
been mapped and applied the admittance function as a transfer
function to estimate bathymetry in a region where only gravity
was available. We selected the northwestern Weddell, where
bathymetry has been relatively well measured by satellite-navi-
gated icebreakers (Keller et al. 1985), as the reference area. Five
profiles were extracted from the gridded gravity and bathymetry
of this reference area within the latitude bounds of 65 S to 66 S.
An average of the admittance function was estimated from the
five profiles. We applied the correction of equation 6 to 21 profiles
in a 350-kilometer latitudinal band from 66 S to 69.5 S. Because
of lack of good gravity data and the apparent curvature of the
margin we could not extend our inversion farther south. Instead
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Figure 1. Revised bathymetry for the Weddell derived from the
admittance inversion. Older GEBCO contours are displayed as
heavy dashed 1-kilometer contour interval.

we interpolated the bathymetry from 70 S to its intersection with
the southern continental slope near 72 S and 53S W, which is a
better explored region. To estimate of bathymetry along the
margin south of 695 Sand west of 53S Wwe assigned abathymét-
tic value of 500 meters to 10 points along the gravity maximum
and regridded the bathymetry, using the eastern GEBCObathym-
etry and the western revised bathymetry in the area described'
above. Figure 1 displays the estimated bathymetry. The GEBCO
bathymetry is shown as heavy black-dashed thousand-meter
contours. If the structure and gravity/ topography relation is the
same as for the northern Weddell margin, then the shelf edge is
located along the gravity maximum and the GEBCO shelf edge
for the western Weddell Basin is in error by as much as 100
kilometers eastward along the southwestern margin of the basin.

We estimated crustal structure from the depth to magnetic
basement calculations. We analyzed the USAC magnetic profiles,
assuming that the distribution of sources is constant, perpendicu-
lar to the flight path. Most profiles in the USAC aerosurvey were
flown perpendicular to regional trends in the magnetic anomaly
pattern; therefore, we expect this to be a valid assumption. We
used a variation of the spectral analysis technique, as described
by Spector and Grant (1970) and Treitel et al. (1971). The region
was covered with approximately four depth estimates per thou-
sand square kilometers. We corrected the depth estimates for
aircraft altitude and averaged them within a 40-kilometer grid
interval. One check on the accuracy of the gridded estimates was
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Figure 2. Depth to magnetic basement in the Weddell Basin. Contour
Interval is one kilometer. Revised bathymetry is shown as heavy
dashed 1-kilometer contours.
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Figure 3. Estimated thickness of nonmagnetic overburden (sediment
thickness) using revised bathymetry(flgure 1)and depth to magnetic
basement (figure 2). Revised bathymetry is plotted as heavy dashed
line at 1-kilometer intervals.

a comparison of the estimated source depth in the Drake Passage,
where seismic data and well identified seafloor-spreading anoma-
lies permit a reliable identification of the magnetic source depth
of between 4 to 5 kilometers below sea level. Our estimated source
dpthsin the Drake Passage are accurate to within 20 percent. The
results also compared very well (less than 1 kilometer) with the
V1erner deconvolution estimates for the Bransfield region of
Prra Yanez (1988), who used a combined USAC and Chilean
arosurvey data set (Parra et al. 1984) to estimate depth to
nkagnetic basement.

Figure 2 displays a contour map of the depth to magnetic
basement. Basement generally dips eastward from the shoreline
of the Antarctic Peninsula, with a rapid increase in depth which
averages 12-14 kilometers along and near the 510 west meridian.
The deepening of magnetic basement well west of the shelf edge
as mapped by GEBCO could indicate either a major sedimentary
basin within the margin or, as we believe, an error in the GEBCO

athymetry. Over the oceanic crust (refer to figure 1) the base-
ment tends to shoal as the crust becomes younger. Note that near

e shear zone of the northwestern Weddell the basement is deep
0-11 kilometers) over the Jurassic crust and more shallow (less

t an 9 kilometers) over the Cretaceous and younger crust to the
ast of the shear zone. The more shallow crust is still quite deep

f r the youngest crust, which should be Oligocene to Eocene age,
lthough sediment accumulations may be depressing the crust in

t s area. This crustal shoaling is also coincident with a strong

gravity gradient in the Geosat gravity field and steeper gradients
in the magnetic field.

In the final step we used the revised bathymetry to estimate
the thickness of the nonmagnetic overburden by differencing the
depth to magnetic basement (figure 2) and the revised bathym-
etry of figure 1. Because we used magnetic depth to basement
estimates in this work, we refer to our isopachs as thickness of
nonmagnetic overburden.

The thickness of nonmagnetic overburden (figure 3) for the
Larsen Basin increases from approximately 3-4 kilometers at the
eastern shoreline of the Antarctic Peninsula (similar to the esti-
mates of Renner et al. 1985) to about 4-6 kilometers at the edge of
the shelf.

Seaward of the shelf edge the nonmagnetic overburden in-
creases dramatically to 8-10 kilometers. LaBrecque et al. (1989)
consider this region to be the site of earliest rifting in the Weddell
Basin during the Middle Jurassic. The eastward increase in non-
magnetic overburden is also observed by the only seismic results
recorded in the eastern Peninsula by Keller et al. (1989), who
reported a 4* eastward slope in the Mesozoic and younger sedi-
ments on James Ross Island and sediment thickness on the order
of 4-5 kilometers. Magnetotelluric experiments (del Valle et al.
1988) report 6.7 kilometer sediment layer on Seymour Island, in
fair agreement with our estimates. The study also presents results
over the Robertson Island region (near 65*S 595* W), where they
find an anticline in the basement flanked by sediments up to 4
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kilometers thick. Grikurovet al. (1990) also gathered amultichan-
nel seismic profile across the northern margin and report sedi-
ment thickness which corresponds to our estimates. The results
also locate several basins along the shelf edge which should be of
Jurassic age. The basins are generally located in areas between the
intersection of southwest-northeast striking magnetic anomalies,
which we have interpreted to be fracture zone trends, and the
shelf edge. In the southwestern portion of the region (near 71 S
and 60 W), we observed a broad deepening of magnetic base-
ment and a consequent thickening of nonmagnetic overburden in
the southwestern Weddell Basin near 70 S and 60 W. This may
be a northward continuation of the 10-kilometer deep basin
(Kadmina et al. 1983) which extends northward beneath the
Ronne Ice Shelf. Maslanyj and Storey (1990) also report basement
depths on the order of 10 to 12 kilometers surrounding the Haag
Nunataks at the base of the Antarctic Peninsula.

Since the first publication of these results in Ghidella and
LaBrecque (1991a, b), the Anzone (1989) program (Ice Station
Weddell program), which was provided with our revised bathym-
etry, has returned bathymetric data from a drifting ice station and
helicopter stations along the continental slope of the western
Weddell. The results are in excellent agreement with our bathy-
metric predictions. For 127 soundings distributed over the re-
gion, the mean difference between predicted and observed to-
pography averaged less than 80 meters, with a standard distribu-
tion of 52 meters. A maximum error occurred in the interpolated
region at 70.30 S and 551) W, where the gravity field displays a
strong negative seaward gradient. The estimated topography,
was 2,406 meters while the measured depth is 1,130 meters,
suggesting a very steep continental slope to the east of this point.
This study amply demonstrates the utility of long-range aero-
magnetic and aerogravity surveys in estimation of the crustal
structure of the antarctic margins.
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