
within the Sobral Formation) may be related to global changes
in sea level.

The plant record reflects a gradual climatic change from cool-
temperate in the Late Cretaceous to somewhat cooler temper-
atures in the Tertiary, and although many relatives of Seymour
Island marine invertebrates subsequently adapted to deeper
water environments in lower latitudes, the Seymour species
inhabited shallow waters.

Not only does Seymour Island excel in its range, diversity,
and fidelity of preservation of marine fossils, but their strati-
graphic record reveals patterns of faunal development and
change not seen elsewhere during this time interval. It appears
that the high-latitude Weddellian biogeographic province
(Antarctica, the then co-terminous New Zealand and Aus-
tralia, and the adjacent tip of South America) was sufficiently
isolated from the rest of the world's faunas to constitute a
place ("holding tank") where endemic evolution produced new
taxa that subsequently dispersed to lower latitudes. Correla-
tions based on more cosmopolitan taxa indicate that many
marine invertebrates as well as terrestrial plants occur earlier
in Weddellia than in other parts of the Southern Hemisphere
(and, in fact, occur earlier at Seymour Island than in New
Zealand and Australia which separated from Antarctica at about
80 and 55 million years, respectively). This pattern is described
as "high latitude heterochroneity."

A major finding is that there is no catastrophic extinction at
the time of the Cretaceous/Tertiary boundary as expressed at

Seymour Island. Species become extinct and others originate
at various levels as the Cretaceous/Tertiary boundary is ap-
proached and surpassed in the Lopez de Bertodano Formation
but, in contrast to virtually all other geologic sections in the
world, no cataclysmic extinction is observed at any part of the
latest Cretaceous/earliest Tertiary sequence on Seymour Is-
land. Weddellian marine and land (plant) biota appear to have
been effectively immune to whatever caused the terminal Cre-
taceous extinctions elsewhere.

Another intriguing question involves the early dispersal of
marsupials between South America and Australia prior to the
time when Australia broke away from Antarctica. Whereas this
question is not resolved, late Eocene land mammals (marsu-
pials) and gigantic ground birds show that dispersal from low-
latitude South America into Wedellian province had taken place
by then, and likely even earlier.

This research was supported by National Science Founda-
tion grant number DPP 85-21368.
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Gravity data provide insight into crustal structure, particu-
larly in conjunction with magnetic data. Over oceanic regions,
gravity information can delineate fracture zones, seamounts,
ocean plateaus, aseismic ridges, and continental margin edge
effects. Structural lineations can often be traced beneath sed-
iment cover that would obscure such features in bathymetry.
Where bathymetry and sediment thickness are known, gravity
can be used to estimate crustal plate thickness or strength.
Gravity over land serves as a remote sensing probe of the
density structure beneath the Earth and is used for oil and
mineral exploration as well as research into the composition
and structure of the Earth's crust, mantle, and core.

Gravity data over land or ice are conventionally collected as
stationary point measurements. Although stationary surveys
can be difficult, time consuming, and expensive, the technol-
ogy is relatively simple, consisting of the determination of the
force required to support a known test mass. These measure-
ments can usually be reduced to free-air anomaly data with
an error of <1 milligals if the measurement height can be
determined accurately. Measurements over the ocean are done
from moving platforms, i.e., ships. Dynamic gravimetry adds
complexity to the stationary case. The test mass cannot be
completely stabilized due to the platform motions: the motions
of the mass are averaged over some time period and the sup-
porting forces vary as required to keep the mass within some
limits of travel. This procedure yields a measurement which
is a spatial average of the gravity field along some length of
the ship track. In addition, vertical accelerations must be re-
moved from the signal and the gravimeter must be kept level
with respect to the local vertical.

Vertical acceleration of the vehicle can be divided into, first,
that due to changes in altitude with respect to the center of
the Earth and, second, that required to travel at a constant
height over a curved rotating Earth. For a ship, the first type
is due primarily to waves and, when averaged over several
minutes, is close to zero. The limiting factor is the determi-
nation of the second type of vertical acceleration, termed the
Eötvös correction, which is computed from course, speed, and
latitude. Shipboard data under ideal conditions with excellent
navigation are accurate to 1-2 milligals for wavelengths >2-
3 kilometers.
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While shipboard gravity measurements are accurate, ships
are slow, expensive, and cannot operate in heav y ice cover.
The Naval Research Laboratory, therefore, undertook the de-
velopment of an airborne gravity measurement system (Broz-
ena 1984). Airborne measurement adds several difficulties to
dynamic gravimetry. The first type of vertical acceleration men-
tioned above may not be simply removed by averaging. It must
be independently determined from extremely precise altime-
try. In addition, the greater speed of aircraft extends the re-
quired time averaging of the data over a longer length of the
vehicle track, reducing short wavelength anomaly resolution.

The airborne gravity measurement system was originally
limited to use over open water since the only source of suf -
ficiently precise altimetry available was a prototype radar de-
signed at the Naval Research Laboratory. The ocean provides
a nearly flat surface from which to reference the radar altitudes.
A high-resolution barometric sensor was later added to the
airborne gravity measurement system to determine altitude
and vertical acceleration provided that occasional absolute al-
titudes could be obtained from the radar. The radar altitude
"fixes" determine the slopes of the isobaric surfaces of the
atmosphere. The updated system proved capable of root-mean-
square accuracies better than 3 milligalvins for anomaly wave-
lengths >15 kilometers over an area of North Carolina (Brozena
and Peters 1988). The region consisted of roughl y half land
and half water.

We believed that the ice-covered ocean basins around Ant-
arctica presented an analogous situation to the North Carolina
test region. The pressure altimeter would provide primary height
data which would be corrected for atmospheric conditions
whenever the aircraft crossed a lead in the pack ice where an
absolute radar altitude could be obtained. The U.S-Argentina-
Chile program to conduct an aerogravity and aeromagnetic
study of the antarctic margins was formed as a consortium of
investigators from Lamont-Doherty Geological Observatory,
the Naval Research Laboratory, the Instituto Antartico Argen-
tino and the Sevicio Nacional de Geologia y Mineria de Chile
(LaBrecque et al. 1986).

We have now completed three field deployments of the Na-
val Research Laboratory P-3A Orion equipped with the air-
borne gravity measurement system and magnetometer system
(figure) to Punta Arenas, Chile. These deployments comprised
27 flights to the western Weddell and eastern Bellingshausen
seas. Preliminary reduction of the aerogravity data has pro-
duced two gravity maps over the regions that cover a total of
650,000 square kilometers. Average track spacing for the maps
is 40 kilometers and the data mis-tie at track crossings is <3
milligals root-mean-square. Ice coverage for both regions was
more than 70 percent. We were able to survey, quickly and
accurately, an area that would be practically impossible to study
by conventional means. A surprising result was that the sea-
ice, except for imbedded bergs, is essentially flat for wave-
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Cutaway of the Naval Research Laboratory's P3 Orion with the airborne gravity measurement system installed showing the system
components.
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lengths of interest (>15 kilometers). The pressure altimetry
proved unnecessary except to connect the radar data across
the bergs and over the grounded ice shelf. Because the radar
is considerably more accurate than the pressure sensor, we
were able to produce higher quality gravity maps with less
effort than anticipated.

The U.S.-Argentine-Chilian team is presently using the grav-
ity and magnetic maps to analyze the tectonic development of
the margins and ocean basins around the Antarctic Peninsula
and will publish a series of reports and maps on the results
in the coming year. A joint Naval Research Laboratory/Na-
tional Geodetic Survey research program in centimeter-level
aircraft positioning from interferometric mode global position-
ing is planned to extend the airborne gravity measurement
system for use over continental regions. This would make it

possible simultaneously to gather gravity, magnetics, and ab-
solute terrain or ice elevations over Antarctica and anywhere
else that an aircraft can operate.

This work was supported by National Science Foundation
grant DPP 86-00663.
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The Sør Rondane Mountains (71°30' to 72°30'S 21° to 28°E)
are composed of medium- to high-grade metamorphic rocks,
in places extensively migmatized, and of plutonic rocks rang-
ing from gabbro to granite in composition (Van Autenboer
1969; Van Autenboer and Loy 1972), and from 520 to 600 mil-
lion years in age (Pasteels and Michot 1968). Japanese geolo-
gists have studied the central and western parts of the Sor
Rondane during the 25th through 28th Japanese Antarctic Re-
search Expeditions (JARE) (1984-1987) (Asami and Shiraishi
1987; Ishizuka and Kojima 1987; Kojima and Shiraishi 1986;
Shiraishi and Kojima 1987). Consequently, the exposures east
of Byrdbreen (figure 1) were the primary objective of the field
work during the 29th JARE.

Field work was carried out during a traverse by oversnow
vehicles departing Asuka Camp (71°32'S 24 008'E) on 6 January
1988 and returning to Asuka on 3 February 1988 (Asami, Mak-
imoto, and Grew in preparation). Three base camps were es-
tablished east of Byrdbreen (figure 1) and a fourth near Tvitaggen
(71°40'S 25°E) in the central Sor Rondane, where we sampled
at three localities. Travel to outcrops from the base camps was
largely by snowmobile.

The exposures we examined in the eastern Sor Rondane are
composed of quartzofeldspathic gneisses with biotite or horn-
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