
oceanic ridge. Also remarkable is the absence of
abyssal plains in this sector, and thus the regional
sea-floor morphology is a very significant inter-
ruption between the Amundsen (E) and the
Wilkes (W) abyssal plains (figure).

We plan to complete the series of charts to in-
clude the entire antarctic continental margin and
adjacent sea floor south of 60°S. within the next
year.

We are grateful for the valuable assistance of
the Defense Mapping Agency Hydrographic
Center, and of Dennis E. Hayes of Lamont-
Doherty Geological Observatory, Columbia
University.

References

Hayes, D.E., and F.J. Davey. 1974. Bathymetry of the Ross
Sea (Plate I). In: Initial Reports of the Deep Sea Drilling
Project, 28. Washington, D.C., U.S. Government Print-
ing Office.

Matthews, D.S. 1939. Tables of velocity of sound in pure
water and sea water for use in echo-sounding and echo-
ranging. Publication. London, Admiralty Hydrographic
Department. 52p.

Vanney, J. R., and G. L. Johnson. 1976. Geomorphology of
the Pacific continental margin of the Antarctic Penin-
sula. In: Initial Reports of the Deep Sea Drilling Project,
28. Washington, D.C., U.S. Government Printing Office.
279-289.

Vanney, JR., and G.L. Johnson. In press. The
Bellingshausen- Amundsen Basins (southeastern Pacific):
major sea floor units and problems. Marine Geology.

Vanney, J.R., and G.L. Johnson. In preparation. Mor-
phology of the Ross Sea and adjacent sea floor.

Vanney, J. L. Dangeard, and G. L. Johnson. 1972. Con-
tribution a l'etude des fonds de la Mer de la Scotia et de
sea abords (Atlantique Austral). Rev. Geogr. phys. Geol.
dyn., H(S): 465-484.

McMurdo Sound sea-level changes
in the last 50,000 years
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Moscow 117234, Soviet Union

Well-known marine terraces lie as high as 23
meters in elevation on the McMurdo Sound
coasts. In the McDonald Beach (77°15'S.

166°21'E.) vicinity of Ross Island, rounded peb-
bles can be seen up to 28 to 30 meters in eleva-
tion, possibly marking a higher former sea level.
Additional evidence of relatively recent sea-level
changes comes from the distribution of tide
crevasses on and close to the northeast coast of
Brown Peninsula (78°05'S. 165°25'E.) and from
the nature of the deltas in the lower Salmon
Glacier valley (77°58'S. 164'05'E.).

A typical tide crevasse appears on the ice sur-
face as an elongated hollow bordered by two
parallel ice ridges covered by till; it contains some
remnant marine organisms. A group of tide
crevasses, the original pattern of which is de-
formed by the ice shelf movement, can be traced
for 5 to 10 kilometers seaward from the northeast
coast of Brown Peninsula (Miagkov, 1972). Their
position on the floating ice gives witness to the re-
cent rise in sea level. The magnitude of this rise
could be determined if we knew the water depth
there.

Another group of crevasses, superimposed on
the first ones, is active now. This group includes
three or four crevasses, located on the McMurdo
Ice Shelf within a 250- to 1,000-meter-wide strip
extending seaward from the shore. It too suggests
a recent rise in sea level. The adjacent slope's
steepness suggests that the rise was no more than
20 meters. It possibly was 15 meters, coinciding
with the depth of submerged terraces discovered
along the Ross Island shore by John Oliver,
Scripps Institution of Oceanography (oral com-
munication, December 1975).

A third group of three or four well-preserved
tide crevasses is parallel to the shore and has shell
fragments at the bottom. This group is up to 40
meters above sea level.

A horizontal strip also relatively rich in shell
fragments stretches along the northeast shore of
Brown Peninsula at an altitude of about 90
meters. This level in some places is accentuated
by a bench in the slope profile and a change in
the petrographical composition of the till cover.
These 90-meter features possibly correspond to
tide crevasses older than any described above.

All these groups of tide crevasses, with dif-
ferent stages of preservation and correspondingly
different ages, suggest the following changes in
sea level: (A) the lowering from not less than 90
meters to a level conforming to the depth of the
sound beneath the crevasse on the McMurdo Ice
Shelf, farthest from shore, (B) the rise to 40
meters, (C) the next lowering to possibly -15
meters, and (D) the current rise marked by the
youngest crevasses on the McMurdo Ice Shelf.

The magnitude of the first lowering may be
specified further using the results of a study of the
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Figure 1. Tide crevasses on
and close to the northeast
Brown Peninsula coast. 1 =
trace of the oldest visible
tide crevasse at 90 meters
in altitude (phase A); 2=
crevasses deformed by ice
movement on the McMur-
do Ice Shelf surface (phase
B);3 = tide crevasses 0 to 40
meters in altitude (phase
C);4 =outer of the youngest
crevasse group on the
McMurdo Ice Shelf surface
(phase D); 5 = moraine
cover of the ice shelf; 6 =

lakes.

gravel and sandy deltas of the Salmon Glacier
valley. The elevations of these deltas are 0 to
about 140 meters. The lower deltas are described
by Debenham (1921) and Speden (1960) as
lacustrine. Micropaleontological analysis of
deltaic deposits taken at 2, 35, 100, and 130
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Figure 2. The glacio-eustatic sea-level changes curve by
Shackleton and Opdyke (1973) (1), and the McMurdo Sound
level changes curve (2). Crosses mark the carbon-14 dates

available.

meters (first, seventh, ninth, and eleventh ter-
races) shows the presence of up to 20 species of
diatoms, including Nitzschia cylindrus Grun.,
Hantzschia amphioxys (Ehr.) Grun.,
H.pseudomorina Hust., Nazticula mutica Kutz.,
N. mutica var. ventricosa Kutz., N. contenta
Grun., N.pupula Kutz., N.pupula var. elliptica
Hust., N. cryptocephala Kutz., and Stauroneis
anceps Ehr. Less abundant foraminifera
(Cassidulina subacuta Gudina, Buccella hannai
arctica Voloshinova, Globigerina sp., and
Ehrenbergina sp.) and sponge spicules are in
samples from the first, seventh, and eleventh ter-
races. The good preservation of microfossils sug-
gests their appearance in situ. The quantity and
the species composition suggest an accumulation
of deltaic deposits in the near-shore seawater
freshened by the glacial melt. Hence the Salmon
Glacier deltas are of marine origin, in ac-
cordance with N. Nakai's conclusion that
mirabilite on the McMurdo Sound coasts up to
150 meters elevation is of marine origin (N.
Nakai, Nagoya University, oral communication,
December 1975). The shape of these deltas, and
their relationship to surrounding moraines,
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shows that they accumulated along the ancient
ice shelf edge during a general lowering of the sea
level. The highest deltas correspond perhaps to
that phase of lowering, the time of which is fixed
by the oldest of the visible tide crevasses (phase A)

For the determination of the age of these events
there are two groups of carbon-14 dates: a few
datings of the 7- to 13-meter marine terraces at
4,000 to 6,000 years old (Denton et al., 1975) and
a few of algae from the vicinity of Hobbs
Glacier. The oldest of the latter, obtained at
about 100 meters elevation, is roughly 40,000
years (Black, 1974; Black and Bowser, 1968).
Hence, phase A began more than 40,000 years
ago. The marine terraces of 4,000 to 6,000 years
of age correspond possibly to phase C.

All the sea-level changes discussed can be com-
pared with the glacio-eustatic sea-level curve of
Shackleton and Opdyke (1973). The result is
shown in figure 2, which suggests that for the last
50,000 years the relative sea-level changes in
McMurdo Sound have been caused by glacio-
eustatic fluctuation of sea level and by general
tectonic uplift of the coasts. The rate averaged
about 4 millimeters per year. The existence of
phase D shows the general uplift to be irregular,
and curve 2 of figure 2 is perhaps rather
simplified.

This work is part of a McMurdo Oasis glacio-
geomorphological study undertaken with the
support of the U.S. National Science Foundation
and the Geographical Faculty, Moscow State
University, U.S.S.R.
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Oceanographic measurements
under winter sea ice
in McMurdo Sound

VICTOR T. NEAL, HENRY CREW,
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Corvallis, Oregon 97331

The processes involved in the formation of Ant-
arctic Bottom Water (AABW) have interested
physical oceanographers since the discovery of
AABW in the Weddell Sea (Brennecke, 1921).
AABW is believed to form in several antarctic
regions such as the Weddell Sea, the Ross Sea,
and areas near the Amery and Shackleton ice
shelves. The influence of AABW on the world
ocean is discussed by Warren (1971).

Theories to explain the formation of AABW
generally assume that at least one of these pro-
cesses is involved: (1) freezing of seawater (Bren-
necke, 1921), (2) interaction between seawater
and ice shelves (Jacobs et al., 1970; Seabrooke et
al., 1971; Gordon, 1971), (3) wind effects (Gill,
1973; Killworth, 1973), and (4) double diffusion
related to melting of sea ice (Gill and Turner,
1969). Most theories infer that austral-winter
conditions are important, yet few winter
oceanographic measurements have been made.

Our main field program was not planned to
take place until 1975, but support was available
in 1974 so measurements were made then. The
1975 field program was cancelled for lack of
logistic support. Unfortunately, in 1974 we had
only one current meter and no CTD (conductivity-
temperature-depth recorder), so the field work
had to be done with less than the desirable
amount of equipment.
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