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Among the major topographic features of coastal Marie Byrd
Land are isolated nunataks and mountain ranges composed of
granitic and metamorphic rocks and surmounted by a very flat
early Tertiary erosion surface. The erosion surface is of regional
extent (e.g., see Laudon 1972; LeMasurier and Rex in press;
Rutford, Craddock, and Bastien 1968) and clearly represents a
large region of very low topographic relief in early Tertiary

time. It has subsequently been disrupted by block faulting,
and the highest block-faulted remnant of the surface is now
found at Mount Petras (figure), 120 kilometers from the coast;
here it is coincidentally overlain by the thickest and most
extensive outcrop of late Oligocene-early Miocene palagonite-
tuff-breccia (hyaloclastite) in Marie Byrd Land. Hyaloclastite
is essentially a deposit composed of chips of volcanic glass
produced when lava is erupted beneath water or ice. The
Mount Petras hyaloclastite is elieved to have been produced
by volcanic eruptions beneath the antarctic ice sheet; together
with the underlying erosion surface, it provides an unusually
valuable record of the geologic environment of this region in
middle Tertiary time, roughly 25 million years ago. A reex-
amination of Mount Petras was begun during the 1977-78
field season, and the major results are summarized here.

Mount Petras stands 800 meters above the level of the con-
tinental ice sheet at an elevation of 2,867 meters. The entire
range from Peter Nunatak and Wallace Rock to Putzke Peak is
composed mainly of deeply eroded late Mesozoic volcanic and
plutonic rocks. Cataclastic gneisses crop out at Navarrette Peak
and Wallace Rock (figure). The most common composition of
the igneous rocks is rhyodacite, and their potassium-argon (K-
Ar) age is roughly 80 million years (LeMasurier and Wade
1976). The erosion surface is preserved on the rhyodacite at
the 2,700-meter level of the range, from Schwob Peak to the
north end of Mount Petras. Hyaloclastite rests on the surface
at Mount Petras proper. The contact was first visited by
LeMasurier during the 1967-68 season at a location where the
configuration of the erosion surface was not very clear. The
relief on the surface was estimated at that time to be roughly
400 meters (LeMasurier and Wade 1976). A more thorough
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Geological outcrop map of the Mount Petras massif.

investigation of the contact, by helicopter in 1977, shows
clearly that relief on the prevolcanic unconformity is less than
100 meters. This is comparable to the flatness of the Jones
Mountains erosion surface described by Rutford and others
(1968) and to other exposures of the surface in a number of
nunataks closer to the coast of Marie Byrd Land. There is no
evidence that the surface becomes more rugged inland, and
its value as a structural datum seems much greater now than
when described earlier (e.g., LeMasurier and Rex in press).

The hyaloclastite section extends from the erosion surface to
the summit ridge of Mount Petras and covers a total area of
roughly 1 square kilometer. Its thickness can be estimated
from the map to be roughly 150-200 meters. Our pilot
attempted to measure the thickness by helicopter altimeter,
and this yielded an estimate of 900 ± 100 feet (roughly 300
meters). The exposure was too precipitous to be measured
directly on the ground. The deposit is crudely stratified and
poorly sorted, in general, with a maximum clast size of about
1 meter. It is characterized by intervals of graded bedding,

and evidence of soft sediment flowage is common. Rounded
cobbles and hexagonal joint blocks of the underlying rhyo-
dacite are found interbedded in the hyaloclastite. They are
believed to be glacial erratics melted from the base of the ice
sheet at the time of eruption. Other evidence for a subglacial
environment of eruption is the very minimal low-temperature
oxidation of titanomagnetite grains in this deposit, compared
to submarine basalt. This criterion is the result of a separate
study by McIntosh and is reported elsewhere in this issue
(McIntosh and LeMasurier, Antarctic Journal, this issue). Two
new dates for this deposit are reported in the table. They are
similar to the age previously reported from the 1967 locality
and confirm that the deposit was formed in late Oligocene-
early Miocene time.

The significance of the deposit and the underlying erosion
surface is that they record the presence of a large ice sheet,
rather than a valley glacier, in earliest Miocene time. The
deposit lacks the thin laminations and abundance of scoria-
ceous clasts that seem to represent shallow-water (or thin-ice)

20	 ANTARcTIc JOURNAL



Whole rock potassium-argon age of the summit section hyaloclastite, Mount Petras, Marie Byrd Land

Sample	 Percent
number	 Location	potassium

PT67E	1 kilometer south of	1.47
Petras summit

PT67M	1 kilometer south of	1.33
Petras summit

13b	1 kilometer southwest of
Petras summit

avolume of radiogenic argon-40 per second per gram x .00001.
'Percent of radiogenic argon-40.

Vol.40Ar rad.	% 40Ar	Age
sec/gX 10-	 rad . b	(million years)	Remarks

	

0.1457
	

71.4	25.3 ± 1.0

	

0.1192
	

67.8	23.0 ± 1.0

22 ± 1	LeMasurier and
Rex in press

phreatomagmatic eruptions in this region. This implies that
in the earliest Miocene the ice was substantially thicker than
200 meters, the approximate thickness of the hyaloclastite at
Mount Petras. Furthermore, because hyaloclastites are subject
to high rates of erosion in Marie Byrd Land (Andrews and
LeMasurier 1973), we can infer confidently that the original
deposit was far more extensive than the present exposure.

The regional scale and low relief of the erosion surface offers
further evidence that the ice in Marie Byrd Land 21-25 million
years ago was a large ice sheet rather than valley glaciers. The
erosion surface offers clear evidence that the topography in
Marie Byrd Land has evolved from a very flat coastal plain in
early Tertiary time, to the present rugged terrain, largely by
tectonic displacements and constructional volcanic processes
accompanied by erosional dissection. The rectangular fault-
block outlines of basement nunataks only 100 kilometers
northwest of Mount Petras are remarkably fresh, suggesting
relatively recent fault activity. It is very likely that the topog-
raphy in late Oligocene-early Miocene time was much less
rugged than today and that there may have been no mountains
at all of any consequence. The record at Mount Petras suggests
that late Oligocene-early Miocene glaciers were large enough
to fill the existing valleys and cover the surrounding uplands
with an icecap of substantial thickness.

A more thorough exposition of the interrelationships of tec-
tonic evolution and glacial history in Marie Byrd Land is about
to be published in the proceedings of the August 1977 sym-
posium of the Scientific Committee on Antarctic Research
(SCAR), Madison, Wisconsin (LeMasurier and Rex in press).
The new information presented here suggests that the ice sheet
was larger and the topography less rugged 21-25 million years
ago than could be inferred from the information available
when the SCAR paper was presented. Recently, Matthews and
Poore (1980) and Barron, Thompson, and Schneider (1981)
have suggested that the marine isotope record and paleocli-
matic models could be consistent with the existence of an early
Tertiary and even Cretaceous ice sheet in Antarctica, depend-
ing on the assumptions one chooses to make. Their interpre-

tations are much easier to reconcile with the terrestrial record
in Marie Byrd Land than are interpretations that favor no large
volumes of ice in Antarctica prior to middle Miocene time
(e.g., Loutit and Kennett 1980).

This research has been supported by National Science Foun-
dation grants DPP 76-04396 and DPP 77-27546.
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