
barometric year at the South Pole into unequal summer and
winter segments.

Due to the relative shortness of the record for 1977-1979, we
are unable to separate the tidal from the nontidal effects and
hence cannot determine the gravimetric factor for the solar
long-period tides at this time. We expect that our ability to
separate the tidal and nontidal effects will be significantly im-
proved by expanding our record with 3 additional years of data
from the South Pole (1980-1982), which will soon be available.

This research was supported by National Science Foundation
grant DPP 81-17325. We thank Tadashi Yogi (1977), Robert Coun-
tryman (1978), and Carl Morris (1979) for collecting the data
used in this investigation.
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USCGC Glacier cruise I, December
1982—January 1983: Reconnaissance
of hyaloclastites in the western Ross

Sea region

1,800 meters) hyaloclastite-rich volcanic sections along the Hal-
lett Coast and those in Marie Byrd Land. This raised the ques-
tion of whether these differences were related to variations in
the physical and chemical character of the lava or to differences
in glacial history and related styles of eruptions. For example, it
was clear from Hamilton's (1972) descriptions that crystalline
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A field reconnaissance of Cenozoic volcanic rocks from Cape
Adare (170°E 71°20'S) along the Hallett Coast to Beaufort Island
(167E 76°58'S) was undertaken by us as a cooperative project on
board USCGC Glacier during the 1982-1983 field season. (See
figure.) Our combined objectives included a geochemical study
of the McMurdo volcanics and a comparison of western Ross
Sea hyaloclastites with similar rocks in Marie Byrd Land. This
preliminary report emphasizes field observations that are perti-
nent mainly to the hyaloclastite study and presents an alter-
native to previously published interpretations of the Hallett
pyroclastor rocks.

Hyaloclastites are volcanic deposits composed predomi-
nantly of fragmented volcanic glass. The rapid chilling of lava to
produce glass and the fragmentation of the glass to produce
hyaloclastite are both caused when lava interacts with abundant
water during an eruption. In Antarctica, hyaloclastites have
been interpreted as products of subglacial eruptions in both
Marie Byrd Land (Le Masurier 1972; Le Masurier and Rex 1982)
and in the Hallett Volcanic Province, along the western coast of
the Ross Sea (Hamilton 1972). Ice levels respectively 2,000
meters and 1,600 meters higher than the present level have
been inferred in these regions from the thicknesses and eleva-
tions of hyaloclastites.

Prior to cruise I, it was apparent from published reports that
there were some major differences between the thick (up to
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Index map of the western Ross Sea region, after Gair and others
(1970) and Hamilton (1972).
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lava interbeds (called nodular lavas and megapillows) in the
hyaloclastite tuffs and breccias were perhaps two or three times
more abundant in the Hallett Province than in Marie Byrd
Land. Futhermore, the Hallett megapillows were larger and
more regularly jointed than the most closely comparable lava
interbeds in Marie Byrd Land. Dikes of both lava and tuff are
abundant in the Hallett volcanic piles but are virtually absent in
the equally well exposed rocks of Marie Byrd Land. These
comparisons pertain mainly to the eastern cliff sections of the
Adare and Hallett Peninsulas and Coulman Island. On the
western flank of Adare Peninsula and adjacent southwestern
Robertson Bay, Jordon (1981) found what he describes as a
westward dipping sequence of basaltic and trachytic rocks that
reach a maximum thickness of 1,500 meters. These rocks are
predominantly subaerial flows and reddish brown scoria, ex-
cept for a palagonite breccia unit that forms the basal 150-200
meters of the section. Published potassium/argon ages of the
Hallett volcanics include 13 dates from the Adare Peninsula,
that cluster in the 6-12 million-year range, two dates of 5.4
million years and 6.6 million years from the Hallett Peninsula,
and one of 7.3 million years from Coulman Island (Hamilton
1972; Kreuzer et al. 1981).

Our observations during cruise I concentrated on the spec-
tacular seaward (or eastern) cliff exposure of the Adare and
Hallett Peninsulas and on the offshore islands. We verified the
abundance of crystalline rock as dikes and as sheets interbed-
ded with tuff. We were also impressed by the common occur-
rence of red and black cinders, bombs, and flow rock that are
characteristic of subaerial Strombolian deposits; by the pres-
ence of extensive yellow- and green-colored hydrothermal al-
teration around dike swarms; and by the common occurrence of
autobrecciated flow rock. In the latter breccias, fragmentation is
produced by continued flowage of viscous lava rather than by
the explosive interaction of lava and water that characterizes the
formation of hyaloclastite tuffs and breccias. The hyaloclastite
tuffs that we observed did not seem to us to occur as a well-
defined basal pedestal overlain by subaerial volcanic rocks and
thus, we could not confidently gain an impression of former ice
levels. Instead they occurred in most cases as remnants of tuff
cones interbedded with Strombolian deposits and autobrecci-
ated flows. Our preliminary conclusion is that the volcanoes
along the western Ross Sea margin contain a larger proportion
of subaerial volcanic rock throughout the section than Hamilton
envisaged and that this accounts for most of the differences
between the Hallett Province volcanoes and the hyaloclastite
sections in Marie Byrd Land.

Hamilton (1972) estimated that ice levels around the Adare
Peninsula had been previously as much as 1,200 to 1,600 meters
above sea level, a figure based on elevations of glacial erratics,

the thickness and elevation of ice contact breccias on the east
side of the peninsula, and the calculated hypothetical level of an
ice sheet grounded at the edge of the continental shelf. We could
not find convincing evidence for eruptions beneath an ice sheet
that stood 1,200 to 1,600 meters above sea level around the
Adare Peninsula, though we do not question the evidence of
higher post-volcanic ice levels represented by the erratics. We
suspect that the volcanic piles in the Hallett Province, and at
Franklin and Beaufort Islands represent eruptions that were
predominantly periglacial rather than subglacial with alternat-
ing episodes of Strombolian, phreatomagmatic, and shallow
subglacial activity. It is premature to speculate on the signifi -
cance of these observations in the context of Ross Sea glacial
history. Our field identification of subaerial deposits,
hyaloclastites, and hydrothermal alteration need further docu-
mentation by petrographic, X-ray, and geochemical studies,
and the chronology of the deposits is not yet well enough
established to provide constraints on the timing of ice-level
changes in the Miocene and Pliocene. These laboratory studies
are just getting under way at the time of writing.

This study was supported by National Science Foundation
grants DPP 80-20836 and DPP 80-20002 (to P. R. Kyle). We are
pleased to acknolwedge the capable and enthusiastic support of
Captain P. R. Taylor and all members of the crew of USCGC Glacier
and the Coast Guard helicopter detachment.
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