
types—slate, siltstone, sandstone, and dacite—but not on
the coarse-grained intrusive rocks abundant in this area.
These intrusive rocks appear to be so readily grussified
that polish or striations, if originally present, were
quickly destroyed.

Striation directions indicate that the Orville Coast re-
gion was formerly overridden by a broad regional ice
sheet that flowed southward over the Sweeney and
Hauberg mountains into the present-day Ronne Ice
Shelf region. To the east, in the vicinity of the Wilkins
Mountains, the regional flow was to the southeast
(S50°E) as the ice overtopped this range and flowed into
the present-day Ronne Ice Shelf region. Regional flow
in the Behrendt and Merrick mountains was to the
southwest (S35°W). Projecting back from these regional
flow directions indicates an ice sheet center approxi-
mately 75 kilometers north of the Sweeney Mountains,
near the present divide of the Antarctic Peninsula.

Elevation differences between bedrock sites contain-
ing evidence of former glaciation and the present ice
surface ranged up to 450 meters. Elevation differences
on approximately 100 nunataks were measured with a
pocket altimeter. As no unglaciated summit could be
found, these measurements represent only the height of
the investigated nunatak above the surrounding ice sur-
face. Furthermore, the maximum difference (450 me-
ters) that was observed (on Mount Neuner, elevation
1,421 meters, in the southern Behrendt Mountains) was
based on the presence of striations on the summit area,
hence, ice must have been much thicker over this region.
The observed elevation difference clearly represents a
minimum value of the former ice thickness.

The Orville Coast and adjoining Ronne Ice Shelf re-
gions may be similar in glacial history to the Ross Sea
region (Thomas and Bentley, 1978). Evidence from the
McMurdo Sound region indicates that the Ross Sea was

occupied on several occasions by a large ice sheet more
than 1,000 meters thick. The last recessional phase of
this ice sheet correlated closely with the rapid rise of sea
level at the end of the late Wisconsin (Denton, Arm-
strong, and Stuiver, 1971). This ice sheet is thought to
represent an expansion of the West Antarctic Ice Sheet
(Denton et al., 1975).

Observations on the Orville Coast indicate that the ice
was much thicker in the past, suggesting that, at a min-
imum, areas of the present-day Ronne Ice Shelf may
have been occupied by a large ice sheet similar to that
in the Ross Sea area. It is assumed that the collapse of
this postulated ice sheet in the Ronne Ice Shelf region
also may have taken place within the last 18,000 years.

The field party was placed in the field by LC-130 air-
craft by VXE-6 on 3 November 1977 and was evacuated
on 2 February 1978. The party consisted of seven ge-
ologists (leader P. D. Rowley, J . M. Boyles, P. Carrara,
K. S. Kellogg, T. S. Laudon, M. R. A. Thomson, and W.
R. Vennum) and four topographic engineers (topogra-
pher in charge E. G. Schirmacher, D. E. Reed, R. A.
Schumtzler, and H. L. Zohn).

This work has been supported by National Science
Foundation grant DPP 76-12557.
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Glacial geologic observations in
the Dufek Massif and Forrestal

Range, 1978-79

STEPHEN J . BOYER

U.S. Geological Survey
Denver, Colorado 80225

Reconnaissance studies were made of the glacial geo-
logic record in the northern Pensacola Mountains as part
of the 1978-79 U.S. Geological Survey work on the Du-
fek intrusion (Ford et al., 1979) (figure 1). Almost no
published information exists on the glacial history of this
part of Antarctica. A lengthy glacial record is particu-
larly well displayed in Davis Valley, an unusually large
ice-free valley at the east end of Dufek Massif. Evidence

was found in this study for (1) very old subpolar- or
temperate-type valley glaciation; (2) a former ice sheet
level as much as 400 in than today; (3) multiple
advance and retreat of local alpine ice since the last ma-
jor ice sheet advance; and (4) a complex glacial, glacio-
fluvial, and lacustrine history in Davis Valley. This rec-
ord is tentavely correlated with that of the much better
know McMurdo area (Denton et al., 1971) as shown in
table 1.

Former ice-marginal channels. Spur ridges at many lo-
calities (figure 2) descend steeply from summit plateaus
before leveling out in well-developed saddles and rising
again, about 200 in less, to form distinct knobs. Den-
ton et at. (1971) suggest that the East Antarctic Ice Sheet
must have been wet based in carving the present Wright
and Taylor Valleys during its initial advance more than
4 m.y. ago. The spur saddles may similarly be related to
earlier wet-based glaciation, and they accordingly are
tentatively inferred to be the remains of an ice-marginal
drainage system formed during an early stage of the
East Antarctic Ice Sheet.
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Erratics and former ice levels. Glacial erratics were found
as high as 1925 in Saratoga Table, an elevation ap-
proximately 400 m higher than the present ice sheet
level. The highest erratic, of hornfels, was not strongly
weathered. A well-developed soil exists on granophyre
just above this erratic, which suggests that the area above
the erratic was not overrun by the ice sheet and there-
fore that the erratic approximately marks the former ice
limit. Well-developed soils exist at a number of summit
areas in the Forrestal Range. Four hundred meters rep-
resents a maximum estimate for the greater thickness of
the ice sheet because of more effective channeling of the
ice and because of isostatic adjustment at the periphery
of the East Antarctic Ice Sheet as it thins (Grindley,
1967). Evidence has been found for former ice sheet
levels 240 in 500 in than at present, respec-
tively, in the Dufek Massif (Aughenbaugh, 1961) and
Thiel Mountains (Andersen, 1963). The maximum ice
sheet stage here must have predated the Taylor II stage
of McMurdo Sound, as only the older advances were of
much greater magnitude than the present ice sheet
(Denton et al., 1970).
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Figure 1. Dufek Massif and Forrestal Range.

Figure 2. West spur of Mount Stephens, looking south-
westward from Saratoga Table. (Photo by A. B. Ford.)

Sorna Bluff moraines. A series of moraines lying on ice
at the base of Sorna Bluff were formed by local ice after
the ice sheet ceased to dominate ice flow in May Valley.
The oldest and most prominent moraine formed by ice
flowing off Saratoga Table and eastward, up May Valley.
Five younger moraines formed from ice flowing down
from "incipient cirques" on Sorna Bluff. The moraines
are doubtless younger than the last ice sheet advance
(Taylor II?). If alpine events were synchronous across
the continent, the oldest moraine may be equivalent to
the Alpine I stage in McMurdo Sound (table 1).

Davis Valley glaciation. Overlapping valley-glacier mor-
aines, ice sheet moraines, lake shorelines, and lateral
glacial channels show a lengthy and complex glacial and
glaciofluvial record involving at least 3 major glacial and
2 major "interglacial" events.

The oldest ice sheet glaciation is marked by erratics
of Dover Sandstone lying at elevations above 1,000 m.
(The floor of Davis Valley is about 500 in elevation.)
The erratics were removed from steeper slopes and re-
worked during the following interglacial stage, in which
poorly rounded gravel of the Dover was deposited on
the valley floor. A major readvance of valley glaciers
carried this gravel locally to an elevation of 750 m, where
it is found in the col at the south base of Forlidas Ridge.
This stage of glacial readvance is marked elsewhere by
5 gravelly moraines and 5 ice-marginal channels cut in
bedrock below 600 in the valley. A minimum of 6
advances of wet-based valley glaciers is recorded from
this stage. During the following interglacial stage, lake
shorelines were developed at five levels near the snout
of the modern Edge Glacier. One is a wave-cut terrace
in bedrock and the others are depositional shorelines.
The youngest major glacial event is marked by a series
of at least 4 moraines of an ice sheet moving up the
valley. These moraines ovelie older features in the valley
without disrupting them.
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Table 1. Tentative correlation of glacial events in Pensacola Mountains with those of McMurdo Sound

McMurdo Sound	 Pensacola Mts.	 Absolute Time
(Denton et al., 1971)	 (this study)	 Scale
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The glacial record in Davis Valley is worthy of a much
more detailed investigation than was possible during this
brief study of only a few days. The lake and glaciofluvial
features are particularly noteworthy, as evidence for
such processes in this part of the continent has not pre-
viously been reported. One of the greatest problems will
be in establishing the absolute age of these features and
of the moraines with which they are associated. Corre-
lations as shown in table 1 can at present only be con-
sidered as highly speculative.

This report is a product of grant DPP 77-22765 made
to the U.S. Geological Survey.
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During the 1977-78 field season, we discovered an
excellent exposure of tillite interbedded with hyaloclas-
tite at Shibuya Peak (75°9'S/133°39'W) and fresh glacial
striae on granitic bedrock directly beneath hyaloclastite
at Bowyer Butte (74°57'S/134°45'W). The relationships
we observed are similar to those described from the
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