
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.

References

Brozena, J.M. 1984. A preliminary analysis of the NRL airborne gra-
vimetry system. Geophysics, 49, 1060-1069.

Brozena, J.M., and M.F. Peters. 1988. An airborne gravity study of
eastern North Carolina. Geophysics, 53, 245-253.

LaBrecque, J . , S. Cande, R. Bell, C. Raymond, J. Brozena, M. Kellar,
J.C. Parra, and C. Yanez. 1986. Aerogeophysical survey yields new
data in the Weddell Sea. Antarctic Journal of the U.S., 21(5), 69-70.

Field studies in the eastern
Sor Rondane Mountains,

East Antarctica, with the twenty-ninth
Japanese Antarctic Research

Expedition

EDWARD S. GREW

Department of Geological Sciences
University of Maine
Orono, Maine 04469

MASAO ASAMI

Department of Geological Sciences
College of Liberal Arts
Okayama University

Okayama, Japan

HIR0sHI MAKIMOTO

Geological Survey of Japan
Tsukuba, Japan

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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blende and subordinate hornblende gneisses and amphibolite.
These gneisses are commonly migmatized by intrusion of peg-
matite and granite. Garnet amphibolite, pyroxene granulite,
and garnetiferous pyroxene granulite are abundant locally.
Lenses 0.5 to 10 meters thick of marble containing graphite,
spinel, diopside, phiogopite, and forsterite are exposed in
northern Austhamaren, northwestern Balchen Mountain,
southern Balchen Mountain and in a northwest-trending belt
of garnetiferous granulites northwest of base camp II (figure
1). This belt is about a kilometer wide and extends at least 4
kilometers along strike. The marbles are associated with coarse-
grained aggregates of pargasite, diopside, scapolite, and other
calc-silicate minerals, which formed, at least in part, by me-
tasomatism, and locally with fine-grained granulites contain-
ing diopside, wollastonite and grossular. Lenses of calc-silicate
rocks also occur in southern Austhamaren and at Eremitten.

Garnet-hiotite-sillimanite gneiss in layers 0.5-3 meters thick
was found only at one locality north of base camp II. Other
distinctive rocks are manganese-rich quartzite and spessartine-
bearing rocks in a 0.5 meter-thick layer at Hettene, garnet
amphibolite in a lens 4 by 10 meters at Vesthjelmen and in a
15-meter-thick layer at Austhamaren, and fetid, sulfide-rich
rocks in lenses near base camp II. The garnet amphibolite at
Vesthjelmen contains randomly oriented plagioclase laths sev-
eral centimeters long.

Metaigneous rocks include melanocratic rocks, deformed dike
rocks, and an orthogneiss. The melanocratic rocks form lenses
up to several meters across and consist largely of clinopyrox-
ene, hornblende, or biotite, subordinate plagioclase, ortho-
pyroxene, and at two localities, olivine. These rocks are common
in migmatitic gneisses, particularly in Balchen Mountain, where
one body 300 meters long and up to 20 meters across is ex-
posed. We tentatively interpret these rocks to be premeta-
morphic mafic and ultramafic intrusives subsequently completely
recrystallized and largely broken into lenses during meta-
morphism and deformation. In contrast to the melanocratic
rocks, the dike rocks are clearly discordant and are less com-
monly broken into lenses. Nonetheless, the contacts of the
dike rocks with country rock are commonly folded and the
dike rocks are completely recrystallized. Biotitic dike rocks were
found at six localities in Firlingane, Vesthjelmen, and Balchen
Mountain; garnetiferous dike rocks with hornblende were found
at Austhamaren and Hesteskoen. A body nearly a kilometer
long of resistant orthogneiss, which appears black from a dis-
tance, crops out within a belt of migmatitic gneisses that is
adjacent to the marble-bearing belt of garnetiferous granulites
in Baichen Mountain. Mafic plutonic rocks intrude gneisses in
Firlingane; these rocks appear to be postmetamorphic.
Throughout the area veins of granite and pegmatite, com-
monly containing pink or red K-feldspar, cut earlier pegmatite
and granite, as well as the metaigneous rocks.

The quartzofeldspathic gneisses and associated hornblende-
rich rocks appear to have mineral assemblages characteristic
of the amphibolite facies. Orthopyroxene-bearing assemblages
indicative of granulite-facies conditions were found in some
of the metaigneous rocks of northern Baichen Mountain, that
is, in the orthogneiss and in a few of the melanocratic rocks,
as well as in a distinctive coarse-grained feldspathic rock in
northern Austhamaren. Garnet-pyroxene granulites of north-
ern Baichen Mountain represent more extensive tracts of gran-
ulite-facies assemblages. Southern Baichen Mountain and parts
of Eremitten and a nunatak north of Eremitten are composed
largely of granulite-facies rocks, including charnockitic gneiss,
pyroxene granulite, and rare garnet-pyroxene granulite.

Large-scale, recumbent, nearly isoclinal folds are exposed in
Vesthjelmen and in a nunatak southwest of Hettene. The hinge
zone of the Vesthjelmen fold extends horizontally for over a
kilometer of a cliff face oriented roughly perpendicular to the
fold axis, which appears to plunge gently west (figure 2). Var-
iations in structural trends in the Vesthjelmen-Austhamaren
area resulted from refolding of the recumbent isoclinal folds.
Another large-scale structure is the northwest-trending anti-
form mapped in northern Balchen Mountain (figure 1). On
Balchen Mountain, metamorphosed dike rocks and the or-
thogneiss, as well as the quartzofeldspathic gneisses and gran-
ulites, are deformed by abundant fault zones with displacements
of several meters to 10 meters, locally more. Rocks within the
fault zones are completely recrystallized as well as folded by
dragging along the faults. These fault zones appear to be re-
lated to the regional amphibolite- facie s metamorphism and
migmatization, a tectonothermal event that retrograded the
granulite-facies assemblages, which we interpret to be relict.

The latest event in the eastern Sor Rondane resulted in closely
spaced fracturing and narrow linear depressions, alteration of
high-temperature minerals such as garnet and pyroxene to
low-temperature minerals such as chlorite, epidote, and mus-
covite, and in emplacement of quartz veins with druses.

In addition to extensive sampling for petrologic studies, we
collected five samples of gneisses for uranium-lead isotope
analyses (zircon) and rubidium-strontium isotope analyses by
W.I. Manton (University of Texas, Dallas), and nine samples
for rubidium-strontium isotope analyses together with five
samples for samarium-neodymium isotope analyses by geo-
chemists at the Geological Survey of Japan. We hope that the
isotopic data obtained on these samples will clarify the ages
of the metamorphic events and original formation of the pre-
cursors to the gneisses. Pasteels and Michot (1968) suggested
ages near 600 million years for metamorphism and migmati-
zation, but we suspect that these events are older.

We thank the other members of the traverse team and of
the 29th JARE for their kind assistance and support. Grew's
research was supported by National Science Foundation grant
DPP 86-13241.

Figure 2. Photograph of recumbent isoclinal fold at Vesthjelmen,
view west. The distance between the two fold-noses is about a
kilometer. (Same fold illustrated by Van Autenboer and Loy 1972,
figure 2.)
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