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Density, magnetic susceptibility, and compressional-wave
velocity have been determined for 47 hand samples taken from
the McMurdo Sound region. The samples included McMurdo
volcanics, lower crustal xenoliths found in the volcanics, and
Cenozoic sedimentary rocks. Susceptibilities were also deter-
mined for 38 additional volcanic samples.

The 53 volcanic samples were collected in Taylor and Wright
Valleys as part of a ground magnetic survey program (Ervin and
Wolf 1977). The outcrops sampled were located near Mount
Coates, Mount J . J. Thomson, Sollas Glacier, and Nussbaum
Riegel in Taylor Valley, near Goodspeed Glacier in Wright Valley,
and near Meserve Glacier in the Asgard Range between the two
valleys.

The 13 crustal xenoliths were collected from the McMurdo
volcanics by I . Berg, who has identified them as lower-crustal,
granulite-facies rocks. Four of the samples came from Half
Moon Crater on Hut Point Peninsula, eight from Fostor Crater
near the head of Koettlitz Glacier, and one from Taylor Valley.

The Cenozoic sedimentary samples were taken from glacial
erratics found in the McMurdo area and sampled by R. Powell.
Of the 21 samples, three were taken from the Taylor Valley
threshold, three from the Strand Moraines, one from the Brown
Peninsula, and 14 from the Mount Discovery area.

The samples were prepared for velocity measurements by
cutting parallel faces, resulting in path lengths that ranged from
4.06 to 9.68 centimeters. After gluing transducers to the cut

faces, the time for a compressional wave to traverse the sample
was measured using a commercially available seismic timer. The
associated velocity could then be calculated. Velocities for the 15
volcanic samples ranged from 1,938 to 4,840 meters per second,
with a mean value of 3,451 meters per second. Attempts to
determine velocities for the xenoliths were unsuccessful be-
cause the computed values were either zero or unreasonably
low. This is possibly caused by the presence of microfractures in
the samples or by the chemical alteration reported by Ericksen
(1975). Velocities for the Cenozoic sedimentary rocks varied
widely, ranging from a low of 1,024 meters per second to a high
of 4,766 meters per second and averaging 2,402 meters per
second.

Densities were determined by standard methods, with these
results: volcanic rocks: 1.86 to 3.02 grams per cubic centimeter;
xenoliths: 2.52 to 3.05 grams per cubic centimeter; and sedimen-
tary erratics: 1.98 to 2.79 grams per cubic centimeter.

Magnetic susceptibilities were determined using a Scintrex
CTU-2 meter with an external sensor so the samples did not have
to be crushed or cored. The volcanics exhibited the highest
susceptibilities, ranging from 0.0002 to 0.008 centimeter-gram-
second units, with an average of 0.0023 centimeter-gram-sec-
ond units. The xenoliths were considerably lower, ranging from
0.00003 to 0.00018 centimeter-gram-second units, with a mean
of 0.00008 centimeter-gram-second units. The largest variation
was in the sedimentary erratics, which had a low of 0.000008
and a high of 0.0025 centimeter-gram-second units, with a
mean of 0.00028 centimeter-gram-second units.
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Rates of geomorphic modification in
ice-free areas southern Victoria Land,

Antarctica
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Continuing research on the nature and rates of geomorphic
processes in ice-free areas of southern Victoria Land concen-

trated during the 1984 - 1985 austral summer on recovering
samples from 11 sites established the preceding year (Maim
1985). Over 600 abrasion targets and 240 sand-trap specimens
were recovered after exposure for 1 year. Significant damage to
sand collectors and visible abrasion of targets at several sites
attest to strong winds of consistent but short duration. Calcula-
tions suggest free-stream wind speeds approaching 70 meters
per second (250 kilometers per hour; 155 miles per hour).

Preliminary results from one site, antarctic dry valley (ADv)

site 1, within the dune field in eastern Victoria Valley, were
reported earlier (Malin 1984, 1985). This article reports on a
cccmparison of 2 consecutive years at that same site and on some
preliminary studies of other geomorphic features. A full report
on the initial results for the other 10 sites is presently in
preparation.
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Figure 1. (Left) Mass collected by sand traps at Victoria Dunes during 2 sequential years. (Right) Mass abraded from nonwelded tuff targets.
Top, facing north and east: bottom, facing south and west. ("cm" denotes "centimeter?' "gm/cm 2" denotes "grams per square centimeter?'
"ADV" denotes "antarctic dry valley?')

Abrasion in the Victoria Dunes. The test site is located at approx-
imately 77°22'S 162°10'E at an altitude of 375 meters. It is ap-
proximately 1.8 kilometers south-southeast of the tip of Packard
Glacier, about a third of the way from the dune field crest toward
the stream connecting Victoria Lower Glacier with Lake Vida.
First results for a short-term (16-day) exposure indicated a max-
imum annual abrasion rate for rocks exposed to dune sand of
about 0.25 millimeter for basalt and 1.00 millimeter for non-
welded volcanic tuff (Malin 1984). A 1-year exposure experi -
ment gave lower results (0.03 millimeter for basalt and 0.50
millimeter for tuff; Malin 1985), suggesting both year-to-year
variability and nonuniform abrasion during a given year.

This year's results confirm this wide range in year-to-year
variation: maximum annual abrasion determined from a 407-
day exposure was approximately 0.05 millimeter for basalt, 0.10
millimeter for dolerite, and 3.70 millimeters for the nonwelded
tuff. Figure 1 shows the differences between the two year-long
exposures in the amount of sand collected from each of four
directions (as a function of height) and the similar differences in
the amount of abrasion of the tuff. Note that the height scale (x-
axis) is expanded by a factor of two for the abrasion target
graphs. The lower amounts of sand collected near the surface
reflect (1) the lower velocity of particles (they have greater

difficulty getting into the sand traps), (2) self-interference be-
tween particles within the lower portion of the saltation curtain,
and (3) some divergent aerodynamic pressure developed by the
movement of air around and through the sand collectors and
their support structure.

The values noted above are nearly a factor of 100 times lower
than the rates determined by a laboratory wind-tunnel experi-
ment (Miotke 1979, 1982). The conclusion that ventifacts .
can be formed within a few decades or, at most, a few centuries"
(Miotke 1979, 1982) is not supported; a longer interval (100 times
or greater) is more likely, and is geologically more reason-
able, given the age of debris distributed within the ice-free areas
by past glaciations. However, two exceptions must be placed on
interpretation of the results reported here. First, although the
sand flux at site 1 is the highest available within the dry valleys,
this does not mean that the abrasion is the greatest, because the
very existence of the dunes argues that their locale is not sub-
jected to winds of either sufficient magnitude or duration to
export the sand. Second, preliminary inspection of samples
recovered from other sites indicates that enhanced abrasion
occurs in areas of coarser debris, where both the mass of the
impacting particles and the wind speeds needed to move them
are significantly greater than at the dunes. Although winds
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Figure 2. Aerial photograph of ripple field in Allan Hills. Photograph
taken at an altitude of 100 meters (325 feet) above ground level, on 6
x 9 centimeters (2.25 x 3.25 inches) film with a 105-millimeter lens.
Trench near center is about 2 meters long.

capable of transporting these particles are rare, considerable
abrasion takes place when they do occur. I have a paper in
preparation which will explore these exceptions.

Large ripples and waveforms in the Transantarctic Mountains. Dur-
ing the 1982 - 1983 austral summer, H. Borns (University of
Maine) noted a large number of remarkable ripple forms during
his field work in the Allan Hills. He suggested that these rip-
ples, composed of pebbles and cobbles, might be wind-formed,
although fluvial or subglacial origins were thought to be more
likely. Denton et al. (1984) use fields of these ripples (which are
seen throughout the Transantarctic Mountains and are inter-
preted to have been formed by subglacial sheet flow) to infer
major ice-flow directions for ice-sheet episodes.

During a brief visit to the Allan Hills at the end of the 1983 -
1984 season, I noted that the ripples have sufficient diversity of
form and constituent materials to warrant a thorough investiga-
tion of the relative importance of wind in their formation, and
more likely, modification. The specific interest for this project is
the potential for transport of pebble-sized materials by the rare
but strong winds noted by our dry-valley experiment.

During the 1984— 1985 season, I surveyed six ripple fields in a
relatively small (about 2-kilometer square) area within the north
central portion of the Allan Hills. Maximum ripple wavelength
was in excess of 30 meters, with an amplitude more than 2
meters; most were much smaller. Figure 2 shows an aerial view
of a portion of one field of ripples (Allan Hills ripple site 2A).
The ripples in this figure are about 30 centimeters in amplitude
and exist as isolated deposits resting on bedrock. In many
places, the ripples form a continuous surface layer of variable
thickness, although rarely in excess of 50 centimeters. Figure 3
shows the wavelength/amplitude relationship for represen-
tative fields of ripples in the Allan Hills and at two additional
sites, one atop the Dais in upper Wright Valley and one within
"Cirque 6" (as numbered eastward along the south wall of upper
Wright Valley).

Many of the ripples appear to owe a significant portion of
their wave form to the underlying bedrock. Mostly the ripples
are very thin mantles of debris, and the largest amplitudes and
wavelengths measured are clearly those of the bedrock wave
forms. At each site, a trench was excavated, and the stratigraphy
was measured and sampled. Some ripples have well defined
internal bedding, but for the most part such features are absent.
Sedimentological analyses of the ripple samples are presently
under way. Studies of sorting parameters, microscopic exam-
ination of particle surfaces, and numerical models of sediment
transport capacity will be used in an attempt to decipher the
mechanisms by which the ripples evolved. Such studies may
also help to determine the relationships between the ripples
and the ice-sheet overriding episodes.
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support of the helicopter pilots and crews of VXE-6, none of this
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Figure 3. Ripple wavelength versus amplitude plot for representative ripple fields in the Allan Hills and Asgard Range. The Dais values are
plotted on both graphs for reference. ("m" denotes "meter:' "cm" denotes "centimeter:')
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Deep seismic soundings along the
boundary between East and West

Antarctica
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The seismic reflection data collected during the 1982 - 1983
and 1983 - 1984 seasons has been processed. The location of
each seismic line is shown in figure 1. The data from two east-
west lines have good reflectors which show the configuration of
a deep basin. The north-south line was shot across the 1982 -
1983 line to get a three-dimensional image, but this turned out
to be extremely poor data because of instrument malfunction.

The profile from 1982 - 1983 season data is shown in figure 2.
It is characterized by abnormally strong multiples and highly
irregular seafloor bathymetry to a distance of 25 kilometers
from Ross Island. The bathymetric changes on the seafloor
generate side-scattered waves which appear as steeply dipping
linear events having a crossing pattern. The irregularity in the
seafloor is believed to have been caused by glacial modification.
Similar relief features are observed further north on the U.S.
Geological Survey (USGs) side-scan-sonar record (Eittreim and
Cooper 1984). Sideswipe from the McMurdo Sound Ice Shelf
and Ross Island are also observed especially near Ross Island.
Additional noise below 7 seconds is attributed to flexural waves
travelling through sea-ice. Strong multiples are due to un-
usually high velocity seafloor sediments (2.1 to 2.5 kilometers
pr second).

A prominent unconformity can be traced from 0.7 second at
t e west end of the section to 1.8 seconds at the east. The
r flectors above the unconformity are generally noncontinuous
a d relatively weak. This shallow layer also contains hyperbolic
r flectors which are observed typically on seismic data recorded
fr m glacial sediments. The layer has an average velocity of 2.4
ki ometers per second and is believed to be Cenozoic glacial
sei.iments.
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The western half of the profile shows strong dipping reflec-
tors down to maximum 7 seconds at 28 kilometers from Ross
Island. These reflectors are discontinuous, but each reflector
can be traced from 25 to 47.5 kilometers from Ross Island. Their
sudden disappearance and strong diffraction pattern at 47.5
kilometers suggest high-angle normal faulting which is down-
dropped to the east. A region of chaotic reflection pattern is
observed at about 20 kilometers from Ross Island. This region is
assumed to represent displaced sedimentary strata extending to
the faulted basement which is downdropped to the west from 4
to 6 seconds on the time section.

Several low-angle faults are observed within the basin bound-
ed by high-angle faults on both sides. Each sedimentary layer
within the basin progressively thickens eastward. These
growth faults suggest that the layered strata are syntectonic
sediments which were deposited under an extensional environ-
ment. Because there was a period of widespread extension in
Antarctica accompanied with igneous activity, it is believed that
the layered strata are syntectonic sediments of Jurassic and
younger age. The unconformity which divides the strata from
above Cenozoic glacial deposits supports this idea. Seismic
energy below 7 seconds was not sufficient to see the crust-
mantle boundary in the reflection profile, but Moho
(Mohorovicic discontinuity) depth of 21 kilometers below sea
level was found from a previous 200 kilometers refraction data
(McGinnis et al. in press). The thinned crust and the thick
sedimentary pile (maximum depth of 13 kilometers) suggest
that a graben formed by a rifting process possibly during the
intrusion of the Ferrar dolerites.
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Figure 1. The locations of 1982 - 1983 and 1983 - 1984 season
seismic lines. Dots on the 1982 - 1983 reflection transect give the
locations of recording sites for refraction profiles reported by
McGinnis et al. (in press). ("Km" denotes "kilometer.")
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