
which should be avoided in estimates of the Earth's
free-mode spectrum, where a precision of one part in
10,000 or better is obtained in the most favorable
cases. At Pole, all of the spheroidal modes may be ob-
served under the conditions most favorable theoret-
ically.

Analysis of Antarctic
Geophysical Data, 1967-1968

C. R. BENTLEY

Department of Geology and Geophysics
University of Wisconsin

The emphasis of the author's analysis of antarctic
geophysical data during the past year has been on
the properties of the ice sheet. Analysis of the intra-
glacial reflector lying a few hundred meters above
the base of the ice in many places throughout West
Antarctica has led to the conclusion that in the great
preponderance of examples the reflector is a layer
of ice contaminated by morainal debris. In most
cases, the debris probably occurs in one or several
bands, 10 in more in thickness, that are separated
by relatively clean ice. The material is probably in-
troduced into the ice from prominences in the sub-
glacial topography. There is a good possibility, how-
ever, that at one station the reflection arises from a
temperature-controlled velocity boundary rather than
from morainal debris.

Seismic refraction and reflection profiles have
proved that in many places the ice at depths greater
than 1,000 in so is highly anisotropic. The analy-
sis is continuing in order to find a best-fitting model
of the anisotropy, but it appears likely that at one
location, at least, there is a strong preferred orienta-
tion of crystal c-axes along the direction of ice flow
and at an inclination of about 45° from the vertical.

Analysis of the topography and gravity around
South Pole Station indicates that the observed secular
increase in gravity is due primarily to sinking of the
station rather than to horizontal movement of the
station, as has been suggested. There is a tentative
indication that local topographic variations of the
ice sheet's surface are stationary relative to the base
of the ice.

Theoretical analysis of the effect of the wave veloc-
ity gradient in the ice sheet on the propagation of
surface and body waves has been nearly completed.
It is hoped that this study will provide a satisfactory
explanation of surface-wave dispersion and phase
changes in multiple surface-reflected body waves. An
extensive comparison of short refraction profile wave
velocities with densities in the upper 50 in the firn
has also been carried out.

GLACIOLOGY

Testing for Antarctic Ice Surges

SHELDON JUDSON and JOHN T. HOLLIN

Department of Geological and Geophysical Sciences
Princeton University

"Surges" and "catastrophic advances" continue to
be reported from the valley glaciers of North America
and the Vatnajökull ice cap of Iceland. Professor
A. T. Wilson, of Victoria University, Wellington,
New Zealand, after studies in dry valleys bordering
McMurdo Sound, has suggested that periodic surges
of the antarctic ice sheet, injecting vast quantities of
ice into the antarctic seas, may be the cause of the
Pleistocene ice ages (Wilson, 1964).

It is diffiult at this stage to suggest tests for
Wilson's theory in Antarctica itself. However, J . T.
Hollin has pointed out that Wilson's surges would
have caused rapid rises of sea level of about 10-30
in during the change of climate late in each
interglacial period; these temporary rises would have
been followed by the slower falls of sea level to the
—100 in so of the ice ages (Hollin, 1965). The
best place to look for evidence for or against such
rises seems to be southern England, where each of the
last three interglacial periods has been divided into
several distinct pollen zones, and where sea-level
changes are recorded chiefly by molluscs. Evidence
has existed for some time for considerable aggrada-
tion in the Thames estuary late in the last, Ipswichi-
an, interglacial period, and for a sea-level rise of per-
haps 20 in in the Hoxnian interglacial period;
following recent work by R.G. West (1966), evidence
also exists for a rise late in the Cromerian interglacial
period.

Research under NSF grant GA-1038 aims to see
if these rises show the rapidity, amplitude, and tim-
ing implied by Wilson's theory, or whether they mere-
ly reflect, for example, some long-term or recurrent
down-warping of the land. Hollin has concentrated
his studies in the Thames estuary, where three rele-
vant interglacial sites exist and where, following a
systematic search, three additional sites have been
found. These sites, which lie beneath periglacial de-
posits, contain the bivalve Corbicula fluminalis,
which is distinctive of the English interglacial peri-
ods; the pollen in them is chiefly arboreal. They cover
elevations between 5 and 10 m above the present
sea level. Pollen counting is proceeding, and full
results will be reported next year. Having a total of
six sites in a small area will help, when the results
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are finally evaluated, to remove the difficulties that
arise when downwarping is taken into account.

Preliminary work has been done on two sites, one
near Bordeaux, France, and the other near Neptune
City, New Jersey. Samples from the French site were
collected by Judson, and a preliminary examination
of them by J. Donner, University of Helsinki, has re-
vealed the presence of a pollen representative of a
temperate climate of an as yet unidentified inter-
glacial period. The site near Neptune City, New
Jersey (in the Cape May Formation), is thought to
represent the last interglacial (Sangamon) period
(MacClintock, 1943). Collections made by Judson,
Grace Brush, and Paul MacClintock of Princeton
University at the Neptune City site are now being
processed by Brush.
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Deep Ice Core Study Program: Greenland

C. C. LANGWAY, JR.

U.S. Army Terrestrial Sciences Center *

In the spring of 1967, a short field trip was made
to Greenland to arrange for the transfer of all of
the "Site 2" and Camp Century ice cores to Hanover,
New Hampshire. This shipment amounted to ap-
proximately 2,000 m of core. The transfer was neces-
sary because of the Terrestrial Sciences Center's
termination of its major glaciological research activi-
ties in northern Greenland and the difficulties ex-
pected in transferring cores once the logistic facilities
at Camp Tuto were closed down. Also during the
1967 field trip, firn samples were collected at Camp
Century for oxygen-isotope and dissolved-solids
studies.

The geochemical investigations of all three com-
ponents of the material making up the ice cores (air,
ice, and foreign matter) have provided significant
data. A full program of core analysis is in progress
at the Center, and a variety of core studies are car-
ried out in collaboration with other institutions and
agencies.

* Formerly U. S. Army Cold Regions Research and Engi-
neering Laboratory.

The program has the following principal objec-
tives:

1. To continue ionic studies on cores obtained
from depths greater than 200 m to determine their
stratigraphy, total chemical budget, and ancient
precipitation chemistry. This approach involves
studying in detail, by means of atomic-absorption and
ultraviolet spectrophotometry, the dissolved solids
contained in small vertical increments of the cores.

2. To measure, in conjunction with the ionic
studies, the 018/016 isotope ratios in several thou-
sand sample increments from the deep ice core ob-
tained at Camp Century. A comparison of the ox-
ygen-isotope and dissolved-solids data will provide
the necessary measure to establish the value of using
chemistry as a stratigraphic tool. The oxygen-isotope
data will also allow climatological and historical
interpretations to be made over the entire profile.
This study is being carried out by Dr. W. Dansgaard
and associates at the University of Copenhagen.

3. To continue the investigation of the 1912
(Katmai) and 1883 (Krakotau) stratigraphic lay-
ers, as revealed in the ice core, for their microscopic
volcanic-dust content. Associated with this study,
Dr. E. E. Picciotto of the Free University of Brussels
is measuring the nickel concentration in the strati-
graphic layers of about 1908 (Tunguska event) from
the Camp Century inclined drift.

4. To continue the detailed stratigraphic and
physical-property laboratory measurements on the
core taken from depths below 200 m. Particular
emphasis will be given to investigating the bottom 15-
20 m of "dirty ice" by a silt-index technique; this
investigation will include a chemical and mineral-
ogical study of the suspended debris.

5. To continue, in cooperation with Dr. E. L.
Fireman of the Smithsonian Astrophysical Observa-
tory, the mineralogic and isotopic investigations of
fractions of the bulk dust collections (filtered from
nearly 107 liters of glacier meltwater at Camp Cen-
tury).

6. To investigate the physical, chemical, and
biological properties of the sub-ice material recovered
at Camp Century. Small samples of the 3.55-rn sub-
ice core have been provided to researchers interested
in viable organisms and total organic concentrations.
Physical studies planned for the sub-ice material in-
clude bulk density (void ratio), thermal conductivity
of the frozen material, and moisture content. In ad-
dition, a complete petrological analysis is planned.
Chemical and mineralogical analyses will be made
of the composition of interstitial water, mineral com-
position of the various-size fractions, trace element
relationships, and K/A dating of component pebbles.

7. To prepare for the 1968-1969 field work at
Byrd Station, related to the down bore-hole carbon-
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