
ice, outlet glacier terminus, etc.), areas of bedrock and blue ice,
and other glaciological features (medial moraines, crevasse
areas, etc.) (Scientific Committee on Antarctic Research 1980).
A more accurate delineation of the coast of Antarctica will be
important in the preparation of the new 1:5,000,000-scale map
of Antarctica initiated by the National Science Foundation, as
well as for retrospective and future climatological studies.

Other Related Antarctic Activities. Richard S. Williams, Jr., as a
participant in the Committee on Glaciology Workshop, Polar
Research Board, contributed several sections to chapter 6,
"Large Ice Masses," of the forthcoming National Research
Council's report, "Polar Science—A Strategy for the '80's." The
staff of the Satellite Glaciology Project was actively involved in
the modernization of the SCAR Library, a specialized archive of
maps and aerial photographs administered by the National
Mapping Division (NMD) of the U. S. Geological Survey. Efforts
are underway by NMD to establish computerized access to all
SCAR maps and aerial photographs and to prepare microfilm
cassettes of all aerial photographs for easier access to the Ant-
arctic research community. Richard S. Williams, Jr., prepared a
section for the Second Edition of the Manual of Remote Sensing
entitled, "Remote Sensing of Glaciers" (a part of the
"Glaciology" portion of chapter 31, "Geological Applications.")

Except for costs associated with Tony K. Meunier's 2-months
of field work in Antarctica as a member of William A. Cassidy's
National Science Foundation-funded project (DPP 78-21104), re-
search carried out on Antarctica under the Satellite Glaciology
Project was supported by the U.S. Geological Survey.

References

Brooks, R. L., R. S. Williams, Jr., J. C. Ferrigno, and W. B. Krabill. 1982.
Amery Ice Shelf topography from satellite radar altimetry (Abstract).
In P. R. James, J. E. Jago, and R. L. Oliver (Eds.), Volume of Abstracts,
Fourth International Symposium on Antarctic Earth Sciences, Ade-
laide University, Australia, August 1982.

Brooks, R. L., R. S. Williams, Jr., J . C. Ferrigno, and W. B. Krabill. In

press. Amery Ice Shelf topography from Satellite radar altimetry. In
Proceedings of the Fourth International Symposium on Antarctic Earth
Sciences. University of Adelaide, Australia, August 1982.

Ferrigno, J. C., and R. S. Williams, Jr. 1980. Satellite image atlas of
glaciers. In World Glacier Inventory, proceedings of the Riederalp
(Switzerland) Workshop, 17-22 September 1978. International Asso-
ciation of the Hydrological Sciences, IAHS-AISH publication 126.

Institut für Angewandte Ceodäsie. 1982. Antarktis Satellitenbildkarte,
im Massstab 1:3,000,000 (mit HOhenlinien der Eisoberfläche). Frank-
furt, Federal Republic of Germany: Author.

Scientific Committee on Antarctic Research. 1980. Standard symbols for
use on maps of Antarctica. Scientific Committee on Antarctic Research,
Working Group on Geodesy and Cartography (2nd ed.). Belconnen, ACT,
Australia: Division of National Mapping.

Williams, R. S., Jr. 1982. Recommendations for improved recovery of mete-
orites from Antarctica. (U.S. Geological Survey Report—(21 April
1982.) Reston, Va.: Internal administrative report.

Williams, R. S., Jr. In press. Remote sensing of glaciers. In R. N. Cold-
well (Ed.), Manual of Remote Sensing, Vol. 2 (2nd ed.). Falls Church,
Va.: American Society of Photogrammetry. Falls Church, Virginia.

Williams, R. S., Jr., and J. G. Ferrigno. 1981. Satellite image atlas of the
Earth's glaciers. In M. Deutsch, D. R. Wiesnet, and A. Rango (Eds.),
Satellite Hydrology (Proceedings of the Fifth Annual William I. Pecora
Memorial Symposium on Remote Sensing, Sioux Falls, South Dakota
June 10-15, 1979.) Minneapolis: American Water Resources
Association.

Williams, R. S., Jr., J . G. Ferrigno, I. M. Kent, and J. W. Schoonmaker,
Jr. 1982a. Landsat images and mosaics of Antarctica for mapping and
glaciological studies. Annuals of Glaciology, 3, 321-326.

Williams, R. S., Jr., T. K. Meunier, and J . C. Ferrigno. 1982b. Delinea-
tion of blue-ice areas in Antarctica from satellite imagery. (Abstract).
In C. Bull and M. E. Lipschutz (Eds.), Workshop on Antarctic Glaciology
and Meteorites. (Li'! Technical Report 82-03.) Houston: Lunar and
Planetary Institute.

Williams, R. S., Jr., 1. K. Meunier, and J . G. Ferrigno. 1983. Blue ice,
meteorites, and satellite imagery in Antarctica. The Polar Record,
21(134), 493-496.

Wolmarans, I. G., and J. R. Krynauw. 1981. Reconnaissance geological
maps of the Ahlmannryggen (sheet 1), Borymassivet (sheet 2), and Kirwan-
veggen (sheet 3) areas, Western Dronning Maud Lcnd, Antarctica. Pretoria:
South African Committee for Antarctic Research.

Global deformation of the Earth
caused by large-scale continental

glaciation: Implications for the
evolution of ice ages and the averaged

thickness of the lithosphere

DAVID A. YUEN

Department of Geology
Arizona State University

Tempe, Arizona 85287

GERALD SCHUBERT

Department of Earth and Space Sciences
University of California

Los Angeles, California 90024

Recently the phenomenon of true polar wander since the late
Cretaceous has been the subject of a number of investigations
(Anderson 1982; Gordon and Cape 1981; Jurdy 1982; Sabadini,
Yuen, and Boshi 1982), since it may have a bearing on the
diverse areas of mantle convection and the evolution of ice ages.
Such types of polar motions can influence as well the charac-
teristic time scale of ice ages from earlier geological epochs,
such as the Silurian which took place some 400 million years
ago.

In general, true polar wander is caused by changes in the
Earth's moment of inertia as a result of mass redistribution in its
interior and of the accompanying shape distortion of the planet.
The type of forcing we have focused upon is that due to the
waxing and waning of large ice sheets, which have periodically
plagued the Earth, most recently in the last few million years
(Shackleton and Opdyke 1976). In a previous work (Sabadini et
al. 1982) we found, on the basis of calculations using a three-
layer Earth model, that the late Cenozoic ice ages are capable of
producing a significant amount of net polar drift at a rate of
around 1 degree per 1 million years. This result suggests that
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true polar wander may furnish a mechanism which could even-
tually terminate the ice-age cycles. The argument stems from
the changes induced in the overall land-sea configuration with
respect to the rotational axis from this cumulative amount of
secular polar movement. This, in turn, would perturb the cur-
rent set of surface boundary conditions, which are favorable for
cyclic glaciation to occur by the Milankovitch theory (e.g., Im-
brie and Imbrie 1979). We have recently incorporated the densi-
ty jump associated with the 670 kilometer seismic discontinuity
into our model. The presence of density jumps produces an
extra relaxation mode, with a relaxation time in excess of a
million years, exceeding the typical time scale of an individual
glacial cycle. Consequently, the net motion of the rotation pole
produced by cyclic glacial forcing would display a none-
quilibrium behavior in the initial stages of an ice-age epoch
(Sabadini, Yuen, and Boschi in press). These results show an
initial transient net velocity of the order of 1 degree per million
years which, after a few million years, decays to a steady value
of the order of 1 degree per million years. It has been shown by
us (Sabadini et al. in press) that the length of a typical ice age
epoch, being around tens of millions of years is in fact control-
led by the time scale required for the steady-state polar shift to
proceed far enough so that the necessary conditions for the
Milankovitch mechanism can no longer be kept.

The response of the Earth to the late-Wisconsin deglaciation
event yields valuable information concerning the structure of
the Earth. It has been generally recognized that there is a con-
nection between secular polar movements and large-scale
glacial forcing (e.g., Nakiboglu and Lambeck 1980). From em-
ploying both sets of rotational data, polar variations from the 70
years of data from the International Latitude Service, and the
nontidal deceleration of the length of the day, an estimate of the

globally averaged lithosphere of between 130 and 200 kilo-
meters has been obtained by us (Yuen, Sabadini, and Boschi in
press).

This research was supported by the National Science Founda-
tion grants DPP 80-23723 and DPP 82-15015.
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