
The Minnesota and Union Glaciers cut across the dominant
structural trend of the mountains, while the Newcomer and
Nimitz Glaciers follow it. We also sounded along six gravity
profiles made earlier by U.S. scientists studying major struc-
tural features of the Ellsworth Mountains.

A short flight to the southwest of the Ellsworth Mountains
was used to fill in a blank area on the NSF/Scott Polar Research
Institute and Technical University of Denmark grid of radio-
echo sounding flights (Drewry et al. 1979). The remaining two
flights concentrated on the Ronne Ice Shelf. The ice rises and
western boundary of the ice shelf appear to be morphologically
similar to each other but sufficiently different in character from
the rest of Ellsworth Land to provide a constraint to the size
of a possible Ellsworth Mountain microcontinent (Schopf 1969;
Watts and Bramall 1980).

Navigation was by means of a Doppler radar system. The
accuracy was very good, errors of only a few kilometers being
observed after flights lasting up to 8 hours. Most of the flying
was carried out at about 10-meter terrain clearance in order to
gain maximum penetration of the ice sheet. Low flying allowed
successful sounding even in areas of extensive crevassing;
surface reflections from the spectacular jumble of rifts, cre-
vasses, and rumples on Pine Island Glacier obscured the bot-

tom echo when flying at altitudes of a few hundred meters
above the surface but caused no loss of echo when flying at 10
meters.

This work was supported by National Science Foundation
grant DPP 78-20679 to I. W. D. Dalziel of Lamont-Doherty Geo-
logical Observatory, Columbia University.
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Analysis of RIGGS data, 1980_1981*
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Analysis of gravity data from the Ross Embayment continues
at the Geophysical and Polar Research Center. Sea-shelf grav-
ity data from cruises 32, 51, and 52 of the USNS Eltanin, which
have been approximately adjusted to the new gravity datum
(IGSN 71) and geodetic reference system (GRS 67), have been
used to extend the Ross Ice Shelf Geophysical and Glaciological
Survey (RIGGs) gravity data to the edge of the Ross Sea conti-
nental shelf.

Except for a few isolated anomalies, free-air gravity anomaly
values in the Ross Embayment (figure) are negative. Free-air
gravity anomalies trending parallel to the Transantarctic
Mountains dominate the map. These anomalies are superim-
posed on a regional free-air gravity anomaly field that
increases from a minimum of -30 milligals near the Siple
Coast to -15 milligals near Ross Island and near the edge of
the Ross Sea continental shelf. The regionally negative char-
acter of the free-air gravity anomaly field favors an extended
Ross Ice Sheet model for late Wisconsin time.

A spectral analysis technique described by Lewis and Dor-
man (1970), applied to the free-air anomaly, Bouguer anomaly,
and bathymetry maps of the Ross Embayment, reveal that
topographic loads with wave lengths greater than 500 kilo-
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*Contribution 397, University of Wisconsin-Madison, Geophysical
and Polar Research Center.

Free-air gravity anomaly map of the Ross Embayment. The contour
Interval Is 10 milligals.
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meters appear to be overcompensated. The relationship of
gravity anomalies to short wavelength features shows consid-
erable scatter, which precludes modeling of the gravitational
response to topographical loading in terms of properties of the
crust and upper mantle.

Models of the 204 kilometers of local gravity profiling done
in the vicinity of the three RIGGS base camps, Q13, C-16, and
J-9, were computed using the Taiwani method (Talwani and
Ewing 1960; Talwani, Worzel, and Landisman 1959). Faults
with throws as large as 500 meters occur in the gravity models
for each of these stations, as well as at RIGGS stations RI and BC
(Whiting 1975). All the faults except the one at BC, which strikes
grid NE-SW, strike parallel to the predominant trend of the
free-air gravity anomaly map, indicating a relationship
between local and regional tectonics beneath the Ross Ice Shelf.
The fault at BC may be related to a secondary trend running
grid NE-SW through Crary Ice Rise.

RIGGS electrical resistivity profiles have been discussed
elsewhere (Bentley 1977, 1979; Shabtaie and Bentley 1979).
Model resistivities calculated in those studies assumed that
the resistivity varied with temperature and density only,
although the potential importance of ionic impurities was rec-
ognized. We are changing our computer program to take ionic
impurities, which vary with depth at a particular site and with
distance from the ocean front (Herron and Langway 1979), into
account. We hope thereby to improve estimates of bottom-
mass balance rates on the Ross Ice Shelf.

Many of the complexities in the ice shelf that have been
revealed by recent geophysical and glaciological investigations
could be important in iceberg structure. Rift zones, surface
and bottom crevasses, ridge/troughs, and other features
revealed by radar sounding could substantially modify the
hydraulics of iceberg towing and/or lead to disintegration in
the course of transport. Bottom crevasses with different
shapes, sizes, and spacings are abundant in ice shelves. Radar
profiles normal to the ice shelf barrier in some places show
regularly spaced rifting upstream from the barrier, suggesting
a periodic calving, and reveal differential bottom melting near
the barrier that would cause icebergs to have a dome-shaped
surface. From the relationship between elevation and total ice
thickness of the Ross Ice Shelf, expressions for the thickness/
freeboard ratios of tabular icebergs calved from the ice shelf
have been obtained. For more details see Shabtaie and Bentley
(in press).

As part of a project to study the history of the ice sheet in
the Ross Embayment, a program has been developed to solve
Mahaffy's (1974, 1976) equations for computation of time-
dependent thickness changes in ice sheets and has been
applied to a digitized version of the Hughes and others (1981)
reconstruction of the antarctic ice sheet as it existed during the
late Wisconsin glacial maximum. The purpose of the experi-
ment was to investigate the feasibility of using the Mahaffy
model for computation of the load changes on the Earth asso-
ciated with shrinkage of the ice sheet from its apparent late-
glacial maximum size. The reconstruction of Hughes and
associates (1981) was used as a starting point because it is (at
present) the only complete reconstruction of the ice sheet at a
former time that is based on a synthesis of geologic evidence
and the mechanics of iceflow.

The ice sheet was assumed to move via shear strain parallel
to the geoid; basal sliding was assumed to be zero everywhere.
The accumulation rate was taken to be constant at 0.17 meters
per year (about average for the present ice sheet). A flow law
exponent of 3 was used, with a flow law constant appropriate

for ice at about - 10°C. The modeled ice sheet was not allowed
to advance beyond the edge of the continental shelf. A 111-
kilometer grid was used, and the modeled time period was
1,200 years, with 50-year time steps.

The model predicted thickening in most areas, accompanied
by smoothing of the ice sheet surface. The locations of former
ice streams (assumed to exist in places where present ice
streams exist) are reflected in the reconstruction of Hughes
and others (1981) by troughs with low surface slopes, and
these, in particular, tended to fill in rapidly. These results
indicate that ice sheet behavior cannot be modeled realistically
without taking account of basal sliding.

Further analysis of the characteristics of the radar reflecting
bands in the grid eastern part of the Ross Ice Shelf (Bentley
1981) suggests that over the past 1,500 years (1) the input from
east antarctic outlet glaciers has been steady, (2) except near
the ice front, no areally extensive region exhibits a bottom
melting or freezing rate greater than 0.1 meter per year, and
(3) variations as large as an order of magnitude in the ice input
from the sections of the Transantarctic Mountains between
outlet glaciers have occurred. Comparison of those variations
with oxygen isotope records suggests climatic control (Bentley
in press).

This research was supported by National Science Founda-
tion grant DPP 79-20736.
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