Figure 1. Isopachous map showing
Ice thickness for part of the Ross
Ice Shelf.

berge, 1968). The isopachous map of Fig. 1 will also
provide a better basis for planning any future research
projects, such as drilling through the shelf ice.
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Volcanic Evidence for Early Tertiary
Glaciation in Marie Byrd Land
WESLEY E. LEMASURIER
Department of Geological Sciences
University of Colorado

Evidence for the existence of an ice cap in West
Antarctica as early as Eocene time has been found
in the Cenozoic volcanic suite in Marie Byrd Land.
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The data suggest that Antarctica has supported an ice
cap for as long as the continent has occupied a polar
position.
The volcanic evidence for glaciation consists of
vitric tuff-breccia deposits (hyaloclastites) that are
composed of lenses and pillow-like masses of crystalline basalt enclosed in a matrix of sideromelane tuff.
Deposits like these have been described from sea-floor
localities (Bonatti, 1967; Moore and Fiske, 1969),
and from volcanoes in Iceland that evidently erupted
beneath the Quaternary ice cap (Kjartansson, 1966;
Saemundsson, 1967). The volcanic record of glaciation provides somewhat different information from
that which is usually recorded by tills. Tills record
ablation, and they often mark the position of the glacial terminus at the time of deposition. Terrestrial hyaloclastites, on the other hand, by their textures and
structures, simply record the presence of ice. They
may also record past thicknesses of ice if, at the time
of eruption, the volcano builds itself above water level
and begins to erupt subaerial flows.
The Marie Byrd Land basaltic hyaloclastites are
found in the basal part of the volcanic succession,
which is exposed principally in ranges near the coast.
The oldest section found in this study occurs at Turtle
Peak, a nunatak located 3 km west of Mount Murphy,
and has been dated as 42 (±9) million years. Other
hyaloclastite sections provide a scattered record of
glaciation since the Eocene. Two sections along the
USAS Escarpment have yielded dates of 31.3 (±2.0)
m.y. and 19.4 (± 1.5) m.y., and sections at Mount
Petras, the Crary Mountains, and Shibuya Peak
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Figure 1. Basaltic hyaloclastites at Mt. Murphy, Marie Byrd Land,
showing the lenticular, sub-horizontal stratification that is common to these deposits. Thickness of the section shown is approximately 800 m. Dark lenses are crystalline basalt; light layers are
palagonitized sideromelane tuff. A sample from the top of this
section yielded a potassium-argon date of 800,000 years.

(Hobbs Coast) were found to be 22.2 (±1.6), 7.0
(±1.1), and 6.6 (±0.7) m.y. old, respectively. At
Mount Murphy proper, which consists entirely of
basaltic hyaloclastite, a date of 800,000 years was obtamed (Fig. 1).
The Marie Byrd Land coast hyaloclastite sections
vary in thickness from less than 100 m for old erosional remnants, to roughly 2,000 m for the very young
Mount Murphy section. The Pliocene section in the
Crary Mountains, which is protected by a capping of
resistant subaerial flows, has a thickness of 1,200 m,
and the Eocene Turtle Peak section is roughly 300400 m thick. These thicknesses suggest that the ice was
at least 300-400 m thick in the Eocene, 1,200 m in
the Pliocene, and 2,000 m in the Pleistocene. No section was found that clearly records an absence of ice
for any time since the Eocene. A complete report on
the glacial history of the coast of Marie Byrd Land, as
recorded in the volcanic deposits, is to be published in
the proceedings of the 1970 SCAR/JUGS Symposium
on Antarctic Geology and Solid Earth Geophysics.
Perhaps the most interesting prospect raised by the
new data is the possibility that the inception of antarctic glaciation coincided with the drift of the continent into a polar position during early Tertiary time.
It has been difficult to link Northern Hemisphere glaciations with the polar shifts determined from paleomagnetic data (Cox, 1968), and it may be that a
combination of polar position and elevation produced
conditions favorable for continental glaciation in Antarctica long before such conditions existed in the
Northern Hemisphere.
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Antarctic Ice Surges
JOHN T. HOLLIN

Department of Geological and Geophysical Sciences
Princeton University
Wilson's (1964) theory of ice ages suggests that
these were caused by "surges" of the antarctic ice
sheet, injecting vast quantities of ice into the world's
oceans (every 100,000 years or so). Hollin (1965)
pointed out that such surges would also have caused
rapid rises of sea level, of about 10-30 m, precisely at
the break of climate in each interglacial. Recently,
several papers have contained hints of such a rise in
the last interglacial. For example, in Washington,
D. C., Knox (1966) claims that a cypress swamp at
7-12 m was covered by a rapid rise of sea level to over
18 m late in the last interglacial. In Virginia, Oaks
and Coch (1963) suggest that a "Great Bridge" sea
level at about —3 m was followed by a rapid rise to a
"Norfolk" level at about 13 m; the latter "may be no
older than Sangamon." In Lebanon, Sanlaville (1969)
has in the last interglacial a principal sea level, with a
rock platform and cliff, at 9 m, followed by a faint
(brief, before the regression into the last glacial?)
level at 21 m. The slight difference in the first levels
at these places may be due to tectonic or other factors;
what is interesting is the similar rise at each place.
The worldwide review of sea levels by Zeuner (1959)
assigned to the last interglacial a 17 m "Main Monastirian" level and a 7 m "Late Monastirian." The more
recent data above suggest that Zeuner's levels may be
real, but reversed, with the 7 m early and the 17 m
late. Pehaps the 7 m level is represented in the eastern
U.S.A. by the Suffolk scarp (Oaks and Coch, 1963)
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