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Knowledge of the dry valley region of southern
Victoria Land is now sufficient to allow a construction of its relief history. This paper presents some
conclusions that are based on the author's field observations in 1970-1971, on aerial photographs,
phototheodolite surveys, and maps, and on numerous sources in the literature.
The history begins with neotectonic movements—
the Victoria Orogeny—that broke the early-Tertiary
peneplain and led to emergence of the Ross Sea
depression and the Transantarctic Mountains.
Remnants of the peneplain may still lie under
glacial-marine sediments at the bottom of the Ross
Sea. Preservation of this surface on the ice-covered
east-antarctic lowlands is less probable, owing to
prolonged glacial erosion. Also, geophysical data
show that the east antarctic relief is sharp, having
developed a vertical range of 300 to 500 meters. In
the mountains along the Scott Coast, the peneplain
surface has been denuded utterly.
Two stages of neotectonic movement
Two stages of neotectonic movement are recognized: differentiated block movements, followed by
general movements that are initially mainly descending and later ascending. Examination of the
different altitudes of the separated basement sills of
the Ferrar Group suggests that the earth's crust
there is broken into three large 40- to 50-kilometerwide blocks and several smaller 10- to 15-kilometer-wide coastal blocks. These blocks differ in
altitude by 300 to 500 meters; they are uplifted
above the Ross Sea bottom by about 5,000 meters.
All the blocks are inclined to the west. The Royal
Society Range is on the highest part of the most inclined large block. The Mackay Glacier valley is a
graben, but the other valleys are of erosional origin.
Comparison of the linear elements of existing
relief with the distribution and shapes of the different intrustive and effusive bodies suggests that
linear elements of the main relief (the continental
and Ross archipelago coastlines and others) follow
the old (early-Paleozoic Ross Orogeny) faulting of
northeast and north-northwest directions. The diDr. Miagkov, a Soviet Union exchange scientist to the U.S.
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rection of small valleys is determined by the new
(Tertiary Victoria Orogeny) east-northeast and
north fault system. The large Ferrar, Taylor,
Wright, and Victoria Valleys include the alternating sections of both "old" and "new" directions.
Erosion by water
The Scott Coast valleys were developed in the
earlier differentiated block movements stage in preglacial time. This conclusion is based on these
facts: Under the climate conditions of icy Antactica, the small alpine glaciers of the dry valleys
region cannot erode their beds because the lower
ice layers are frozen to the ground. Thus, the alpine glacier tongues on the slopes of Taylor and
Wright Valleys did not produce appreciable hollows. The well preserved small lava cones in the
dry valleys region testify to the low rate of denudation—not more than 5 millimeters per thousand
years—under a glacial climate. Published sources
suggest an average accumulation rate of both terngenetic and biogenetic sediments on the antarctic
sea bottom as less than 10 millimeters per thousand
years. Hence, glacial and nonglacial erosion together could not have constructed the existing
valleys during the time of continental glaciation.
Obviously, it was water erosion, possibly under
climate conditions of the "warm" mountain glaciation, that produced the valleys. Before the continental ice sheet appeared, neotectonic block movements partly deformed the water-eroded, valleys.
An apparent result of this deformation is the lack
of the orographically normal mouth of the Victoria
Valley system: after this system was cut in, the
coast was uplifted, and the drainage system was
closed. During continental glaciation, glacial erosion sculpted only the lower sections of the main
river valleys; the mode of this erosion is discussed
below.
Erosional terraces
The differentiated block movements stage is reflected in the present parcelling of the once intact
dolerite sills and in the warping of the Victoria Valley system, whereas the later stage of general vertical neotectonic movements has its geomorphological
expression in flat erosional terraces. These terraces
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extend over the whole region and cross tectonic
elements. Being superimposed on the sharp mountain relief, they are not visible on topographic
maps. A summit surface scheme (see map) reveals
them: equal-altitude lines are drawn according to
the heights of the ridges and without attention to
the heights of the erosional valleys. Though at some
places the equal-altitude lines cannot be traced accurately, their general shape suggests erosional terraces at altitudes of approximately 2,000 to 2,400
meters and 1,000 meters.
Not all these terraces are structural. Their position relative to the other forms of relief shows that
the upper terraces are older than the lower ones
and that all terraces are younger than the erosional
valleys. The geomorphology of the region as a
whole, and the peculiar shapes of the terraces, suggest that erosion of floating ice produced the terraces when the relative sea level was lowering. The
floating ice shelf moving along the coast was the
principal agent of erosion, and the floating tongues
of outlet glaciers were secondary ones. Thus the
erosional terraces are at least as young as the continental glaciation.
As it was cutting the erosional terraces, the floating ice also cut such "strange" forms (compared to
usual mountain glaciation) as the passes at 1,700
to 1,800 meters altitude in the western Asgard
Range, the valleys connecting Wright Valley and
the Victoria Valley system (Bull Pass and the
Clark Glacier valley), and others. Interception of
the upper Ferrar Valley by Taylor Valley was
caused by erosion of the floating outlet glacier,
which was deflected northward by the pressure of
what is now the source of Ferrar Glacier; the relative sea level then stood 2,000 meters above its
present position.
2,400-meter uplift
Examination of the dry valley region relief shows
that evidence of floating ice extends up to 2,300
or 2,400 meters altitude. These figures define the
full amplitude of the neotectonic uplift. The speed
of the uplift probably varied, and at times the sea
level may have stabilized or even risen. During
progressive uplift, the ancient valleys emerged and
the lower parts of the large valleys developed as
fjords. The outlet glacier tongues, having wet bases,
could erode more actively than the cold mountain
glaciers of the adjacent ranges. The downvalley
rise of the floors of Wright and Taylor Valleys and
the resulting undrained plots there cannot have
been caused by the land glaciers. This feature is
clear in fjords, where the outlet glaciers, getting
afloat, spread and became thinner as they moved
seaward. Such a situation remains in Ferrar Valley.
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The funnel-shaped mouths of Wright and Taylor
Valleys are widened by the ice shelf tongues, which
pushed westward up the partly flooded valleys
when there were no powerful outlet glaciers.
Floating ice also brought the till that paves
Taylor, Wright, McKelvey, and other valleys and
the moraines on the lower (up to 650 meters above
present sea level) slopes of Brown Peninsula and
Black Island and elsewhere around McMurdo
Sound. The local mountain glaciers and land-based
outlet glaciers could not then and cannot now produce large amounts of till, although they partially
redeposited older till. Moving, floating ice deposited the moraines of Taylor and Wright Valleys, but
the floating ice of the Victoria Valley system was
much less mobile owing to the almost complete
orographical separation of these valleys from the
sea. Light, rectilinear stripes can be seen on the
McKelvey Valley moraine; these stripes probably
show the position of crevasses that formed in the
ice shelf when it grounded. This plot is possibly
the only one around the dry valleys where marine
or even preglacial deposits may be preserved under
the till.
End moraine loops
When the solid ice in Taylor and Wright Valleys
broke as a result of a lowering sea level or diminishing outlet glaciers or both, the separating upper
and lower tongues deposited the end moraine loops.
Throughout the continental glaciation, relative sea
level had determined the characteristics of the outlet glaciers; now, separated from the ice shelf, the
outlet glaciers were controlled mostly by climate.
Because the erosional valleys lack submerged extensions, the sea is at roughly the same level that
it was when water finished eroding the valleys.
(The submarine hollow at the foot of Mackay
valley is of tectonic origin.) Analysis of moraines
around McMurdo Sound shows that the sea level
is now dropping from about 200 meters altitude.
Some peculiarities of the McMurdo Sound coasts
and bottom relief could be interpreted as evidence
of a lower (but not more than by 200 meters) sea
level in the past, but other explanations of these
peculiarities are possible.
Among the absolute dates in the literature, these
seem most probable: neotectonic movements began
about 40 million years ago (earlier than elsewhere
on earth), and continental glaciation started 15 to
20 million years ago. Based on data on the magnitude of preglacial denudation, not less than 10
million years passed between the beginning of the
Victoria Orogeny and the beginning of the icyAntarctica climate. There is no real basis yet for
determining the duration of the neotectonic fall
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and the following (current) uplift. Gradual movement of the continent to the subpolar position and
then the polar position seems to be the most probable cause of the continental glaciation.
A more detailed discussion of these conclusions
and a full list of references appear in Miagkov
(1971, 1972, in press).
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USNS Eltanin Cruise 53
THOMAS D. AITKEN
Lamont-Doherty Geological Observatory
Columbia University

Cruise 53 of USNS Eltanin was a geophysical
cruise that began in Lyttelton, New Zealand, on
April 10, 1972, and ended in Fremantle, Australia,
on June 9, 1972 (see map). This 59-day, 11,400nautical-mile cruise was a continuation of Cruise
52 surveying for the Deep Sea Drilling Project.
Some of these sites have since been drilled by Gbmar Challenger.

Continuous seismic profiler, gravity, and magnetic data were collected during the cruise. On and
near the survey sites, stations were taken. On each
of the 25 stations a core sample and cameranephelometer films were taken; on one station
(S-22) a second core was taken. Two long-term,
near-bottom current meters were taken; however,
only one of them worked.
Fifty-eight sonobuoys were deployed during the
cruise. At least two sonobuoys were used in each
survey site. The final third of the sonobuoys was
used to study the basement structure under the continental margin.
The 26 cores were taken by Florida State University personnel; the balance of the data on Cruise
53 were collected by Lamont-Doherty Geological
Observatory researchers.
Dr. Aitken was the U. S. Antarctic Research Program representative on Cruise 53.

Eltanin Cruise 53 track.
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