
.thermo-elastic surface deformation of the local ice surround-
ing the station. The rate of observed tilt, when linearly ex-
trapolated to the center of the dome, corresponds to a station
sinking rate of about 3 centimeters per year, which is similar
to but smaller than the rate estimated for the old pole station
(15 centimeters per year) (Bentley).

On the basis of these findings, a search for a more tilt-free
location away from the station has been instituted in the 1978
winter season by R. Countryman.

This work was supported by National Science Foundation
grant DPP 76-17234.
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Glacial geology

Ross Sea glaciations: events in
Lower Victoria Valley
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The glacial geology of the Lower Victoria Valley in the
dry valleys area researched by Calkin (1971) was reexamined
during the 1977-78 field season in an attempt to determine
whether, and to what extent, lower Victoria Valley had been
invaded from the seaward side by ice of the Ross Sea glacia-
tions (Denton, 1971) and, if so, to examine the details of these
events. This research will be continued during the 1978-79
field season.

The field party of four, Harold W. Borns, Jr., Rollin C.
Glenn, Stephen A. Norton, and James S. Kite, all from the
University of Maine-Orono, spent 18 days in lower Victoria
Valley in January. We had anticipated approximately 15
more field days, but logistics could not be provided.

David Drewry from the Scott Polar Research Institute
supported the research by flying a radio echo sounding flight
along the east-west axis of the Victoria Lower Glacier to
determine the bedrock evaluation beneath the terminus of
Victoria Lower Glacier and the sea. The preliminary data
imply that the maximum elevation of the bedrock surface
below the ice is approximately 450 meters.

Calkin (1971) suggested that at its maximum the Victoria
Glacier had advanced westward about 8 kilometers from its
present terminus to the vicinity of Lake Vida and, at a later
time, terminated approximately 6 kilometers westward of its
present terminus. This is fundamentally correct; however,
time did not allow further analysis of this and possible addi-
tional glacial events of the Victoria Lower Glacier.

Cross-cutting end and lateral moraines representing
former glacier positions indicate that complex out-of-phase
relationships between the Victoria Lower Glacier and many
of the alpine cirque glaciers draining into the Lower Victoria
Valley have existed. This conclusion, based on morphology,
is supported by the presence of multiple drifts and buried
soils. Denton (1971) indicated that the Ross Sea glaciations
were out of phase with the alpine glaciations in nearby Taylor
Valley, and it seems reasonable to expect similar relation-
ships in adjacent valleys.

The majority of clasts in the drift in Lower Victoria Valley
appear to be locally derived (Calkin, 1971). However, ap-
proximately 1 percent of the drift in the valley is composed of
scoreaceous basalt clasts distributed rather uniformly across
and along the valley. These clasts were derived either from
broadly distributed outcrops beneath the Victoria Lower
Glacier, from the volcanic islands in the Ross Sea, or from the
sea floor to the east and were transported into the valley by
glacier ice moving inland from the Ross Sea.

The broad distribution of volcanic clasts and apparent
lack of in-place young volcanics in the lower Victoria Valley
area suggest that a Ross Sea source is the most reasonable ex-
planation.

In conclusion, the preliminary field work suggests the Vic-
toria Lower Glacier has expanded several times and out of
phase with at least many of the alpine glaciers that drain into
the valley. This evidence, coupled with the elevation of the
bedrock beneath the Victoria Lower Glacier and with the
presence of scoreaceous basalt clasts in the drift, suggests the
possibility that ice of the Ross Sea glaciations moved into
Lower Victoria Valley several times.

Mummified seals and algae resting on the youngest drift
have been collected; radiocarbon analyses of these materials
should provide minimum ages on the last glacial recession of
the Victoria Lower Glacier.

In the process of examining the glacial deposits of Lower
Victoria Valley, James S. Kite discovered an 18-kilogram
iron meteorite embedded in the till surface on the north side
of the valley floor approximately 1 kilometer in front of the
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Victoria Lower Glacier. The specimen subsequently was col-
lected by William Cassidy's meteorite collecting team. Ac-
cording to Cassidy this is the largest iron meteorite yet found
in Antarctica.

In addition to working in Lower Victoria Valley, Stephen
A. Norton and Harold W. Borns,Jr. spent 2 days at Carapace
Nunatak collecting cores for paleomagnetic determinations
from the mid-Jurassic age lavas previously studied by Borns
and Hall (1969). This work, in part, is in support of the
paleomagnetic studies of Brian Embleton of CSIRO in
Australia. He will analyze the cores and will collaborate with
Borns and Hall in publishing the results.
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Glacial geologic studies in the
McMurdo Sound region

MINZE STUIVER

Quaternary Research Center
University of Washington

Seattle, Washington 98195

GEORGE H. DENTON, THOMAS B. KELLOGG, and
DAVIDA E. KELLOGG

Institute for Quaternary Studies and Department of Geological
Sciences

University of Maine
Orono, Maine 04473

We carried out field work on several projects during the
1977-78 field season.

1. G. H. Denton, J . G. Bockheim, W. Karlen, and 0.
Melander mapped surficial deposits in Wright Valley be-
tween Wright Lower Glacier and Lake Vanda. The main
result was the recognition, on the basis of drift morphology
and soil-weathering studies, of four drift sheets deposited in
lower Wright Valley by westward-flowing ice. The first cor-
responds with Nichol's (1971) Triology drift; on the basis of
drift distribution and soil-weathering studies, we infer that
Triology drift correlates with the youngest Ross Sea drift
mapped throughout the McMurdo Sound region. Nichol's
(1971) Loop moraine marks the outer limit of the second
drift. Moraines on both valley walls about 2.4 kilometers west

of the Loop moraine mark the outer limit of the third drift.
Moraine segments on the north valley wall about 4.5
kilometers west of the Loop moraine mark the outer limit of
the fourth drift. The soil studies that differentiate the four
drifts are given in this volume by Bockheim (1978).

Denton and Bockheim mapped the Prospect Formation
that outcrops on the valley floor between Lake Vanda and
Bartley Glacier, discovering in the process a new exposure of
shell-bearing sediment near Lake Vanda. T. B. Kellogg and
D. E. Kellogg are searching for microfossils in samples from
this new exposure, as well as from the type Pecten site.

2. M. Stuiver and Denton collected additional algae car-
bon-14 ( 14C) samples from deltas deposited in a higher Lake
Vanda in Wright Valley and in Glacial Lake Washburn in
Taylor Valley; the altitudes of all sample sites were deter-
mined by leveling. Five of nine samples from Lake Vanda
deltas have been dated, giving consistent 14C ages of high lake
levels between about 2,100 and 2,900 years. Twenty-five of 38
samples from Glacial Lake Washburn deltas have been proc-
essed and given ages ranging from 18,170±70 years
(QL-1137) for high-level deltas to 8,340±120 years (QL-993)
for low-level deltas (Stuiver et al., in press).

3. A chronology has been obtained for young, ice-cored
moraine ridges that border most glaciers in the McMurdo
Sound region. Generally the ridges parallel glacier sides but
do not encircle glacier snouts. This suggests that glacier
tongues formerly were relatively short and wide but subse-
quently became narrow and long, overriding in the process
any frontal ice-cored moraine ridges. These ice-cored lateral
moraine ridges were called Alpine II by Denton and others
(1971) and Alpine I by Calkin and Bull (1972).

The ice-cored moraine ridges beside Suess Glacier in
Taylor Valley and Joyce Glacier in upper Garwood Valley
yielded 14C samples of freshwater algal layers in lacustrine
sediments that had become incorporated in the moraines
when the glaciers advanced into lake basins (see figure). A
sample from upturned lacustrine sediments in the ice-cored
moraine adjacent to Suess Glacier dated to 3,110±40 years
(QL-1 162). Three samples came from upturned lacustrine
sediments in the moraine beside Joyce Glacier. One dated to
3,960±30 years (QL-1 157). The other two dated to 5,810±160
years (QL-1 159) and 3,780±200 years (QL-1 158), coming
respectively from the base and the top of a 2-meter-thick, in-
tact block of upturned lacustrine sediments in the moraine.
Rhone Glacier in Taylor Valley exhibits lateral ice-cored
moraine ridges, but its terminus is now advancing over deltas
deposited into Glacial Lake Washburn about 16,470±250
years ago (QL-1046); this situation is compatible with many
other glacier tongues whose sides are bordered by ice-cored
ridges but whose • snouts project into older deposits. The
results suggest that alpine glacier sides attained their greatest
Holocene extent within the last 3,100 years but that alpine
glacier snouts now occupy their maximum Holocene posi-
tion.

4. Kellogg and others (1977) reported shell collections
and initial 14C dates from the McMurdo Ice Shelf. Several
additional 14C dates are now available. Five 14C dates on the
prominent debris band north of Black Island are, from north
to south: 6,600±60 (QL-166), 6,510±50 (QL-1126),
5,670±100 (QL-84), 4,610±100 (QL-1 127), and 1,260±30
(QL-1 128) years. Shell samples from the debris band that bor-
ders the northeast shore of Black Island have now yielded I4C
dates of 1,290±50 (QL-79), 3,620±40 (QL-1132), and

ANTARCTIC JOURNAL


