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We performed several projects in the McMurdo Sound
region during the 1976-1977 field season in continuing
research on the glacial history of the McMurdo Sound
region. First, alpine moraines fronting Rhone, Hughes,
Sollas, and Canada Glaciers in Taylor Valley, as well as
moraine systems deposited by Taylor Glacier in Arena
Valley, were mapped and were sampled for soil studies.
Preliminary results of the soil studies are given by Bockheim
(1977). Second, moraines were mapped on and near the
McMurdo Ice Shelf; preliminary results are given by Kellogg
et al. (1977). Third, additional sediment samples were col-
lected at intervals of 10-centimeters from units exposed in
stratigraphic sections near Lacroix and Commonwealth
Glaciers in Taylor Valley. Samples from these and other
stratigraphic sections in the McMurdo Sound region are
undergoing particle-size and lithologic analysis, as well as
examination for microfossils. Fourth, the narrow inner por-
tion of Taylor Valley between Suess and Canada Glaciers,
where drifts deposited by Taylor Glacier and by Ross Sea ice
crosscut each other, was mapped in detail. Finally, 17
samples were collected for carbon-14 dating.

The results of the carbon-14 dating program have af-
forded insights into the chronology of recession of the last
grounded ice sheet to occupy McMurdo Sound. Earlier,
Denton et al. (1971, 1975) and Denton and Borns (1974)
suggested that grounded ice sheets have repeatedly filled the
Ross Sea and McMurdo Sound. During the last glacial max-
imum, a lobe from grounded ice in McMurdo Sound pro-
jected westward into Taylor Valley to the vicinity of Canada
Glacier. This lobe dammed a lake that reached a maximum
surface altitude of 310-320 meters in the valley. Strandlines
and deltas on the valley walls record the lake; the presence of
esker nets in lower Taylor Valley suggests a subglacial source
for the lake water.

We are now completing a program of carbon-14 dating of

layers of freshwater algae that occur within deltas deposited
at the margin of this lake. The results indicate that the lake
surface probably reached its maximum altitude 17,000 to
19,000 carbon-14 years ago, presumably concurrent with
maximum glacial extent. The lake surface dropped shortly
after 17,000 carbon-14 years ago, presumably because the
ice lobe in lower Taylor Valley receded into New Harbor at
the mouth of the valley. Subsequently, lake level rose in the
Lake Fryxell basin in lower Taylor Valley between 14,500
and 12,000 carbon-14 years ago, possibly in response to
glacier readvance.

During final ice recession, a lake was dammed between
grounded ice in New Harbor and the threshold of uncon-
solidated sediments that crosses Taylor Valley about 4
kilometers inland from New Harbor. Deltas that now occur
along Wales Stream were deposited at the edge of this lake.
Algae from the lowest of these deltas afforded an age of
8340± 120 carbon-14 years ago (QL-993); this date is max-
imum for final ice recession. The oldest dates of marine
shells near New Harbor are 6670 ± 200* carbon-14 years ago
(QL-191) from 8 and 9 at the mouth of Wales Stream, and
6150±80* carbon-14 years ago (QL-151) from emerged
marine sediments near the present shoreline (Stuiver et al.,
1976a, 1976b); these dates are minimum for final ice reces-
sion. Taken together, the dates suggest that final ice reces-
sion from New Harbor occurred between 8340 and 6670*
carbon-14 years ago.

Minimum ages for glacial recession from western McMur-
do Sound are also given by carbon-14 dates of Adamwcsium
colbecki shells and algae from emerged marine sediments
near the mouth of South Stream, located on the west coast of
McMurdo Sound about 12 kilometers north of New Harbor.

Carbon-14 dates of Adamussium colbecki and algae from emerged
marine deposits at the mouth of South Stream (77°27 'S.

163044'E.).

Laboratory	Date	Altitude* *
number	(C 14 years B. P.)	(m)	Material

QL-70	5930± 200	6.6	Algae***

QL-71	6010±70	8.1	Algae***

QL-1041	5280±400	9.3	Algae***

QL-72	6430±70*	6.0	A damussium colbecki

QL-96	6350±60*	4.5	Adamussiumcolbecki

QL-1042	6120±50*	4.0	Adamussiumcolbecki

* The dates on Adamussium colbecki shells are uncorrected for
deficiency in carbon-14 in antarctic marine waters, and hence
they are too old. The correction factor that eventually will be
applied to these dates will be between 800 and 1400 years.

** The altitude of all samples was surveyed from high-tide mark.
Tidal range is about 1 meter.
The algae samples were too decomposed for identification.
However, the algae probably grew in the drainage system of
South Stream and was carried into a shallow marine environ-
ment by South Stream.
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The shells probably have not been transported far, because
delicate valves from each sample were articulated. Although
it was too decomposed for identification, the algae probably
was of freshwater origin and was washed into a shallow
marine environment by South Stream. The figure and the
table show the sample localities and the carbon-14 dates.

George Denton, James Bockheim, Robert Ackert, John
Pastor, and Philip Davis were in Antarctica from 15 Oc-
tober to 15 December 1976. The research was supported by
National Science Foundation grant DPP 74-20991. We
thank the the helicopter pilots and crewmen of the Navy's
Antarctic Development Squadron Six for field support.
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Finite element calculation of ice
deformation

CHARLES RAYMOND

Geophysics Program
University of Washington
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This report describes 'progress on the development of
finite element computer programs for the calculation of
deformation of ice masses. Four types of programs have
been developed or are under development (table).

The first program is designed for analysis of rectilinear
flow, in which the flow velocity varies in a plane transverse

to the flow direction, but not along the flow direction. The
transverse section of a glacier is partitioned into triangular
"elements," and it is assumed that the strain rate is constant
within each element. The primary purpose is for analysis of
drag from the valley sides in glaciers or from laterally un-
dulating subglacial topography in ice sheets. It has been
used to analyse flow in seismicly measured cross sections of
Variegated Glacier (Alaska), as an aid in understanding the
dynamics of this surge-type glacier (Bindschadler and
others, 1975, 1977). Also, it has been used to analyse the ef-
fect of sliding velocity distribution on the pattern of surface
velocity in order to illuminate the potentialities and pitfalls
of calculating basal sliding rate from surface velocity
measurements (in preparation).

The second program is designed for analysis of plane
strain-rate flow, in which velocity varies with depth and
longitudinally, but not laterally. The longitudinal profile is
partitioned into quadrilateral elements suitable for planar
deformation of incompressible material (Nagtegaal and
others, 1974). The primary purpose is for analysis of situa-
tions where longitudinal velocity gradients are of major im-
portance such as near termini, ice falls, or places of
longitudinally undulating surface and bed topography. It
has been used by us or others for these types of problems
(Hooke, unpublished; Raymond, unpublished). A fine sub-
division into elements leading to a correspondingly large
number of velocity component and pressure unknowns is
necessary to get good results in most cases. Although the
solution method is practical for many problems, it has the
disadvantage that substantial amounts of computer core
and execution time are needed.

To overcome this disadvantage a third program was
developed for plane strain-rate flow. In this method a
glacier profile is partitioned into special, full-depth, glacier
"elements" by parallel lines perpendicular to the mean sur-
face slope. The shape of the depth profile of velocity is
assumed to be the same as for "laminar flow" of Nye (1952),
but the actual velocity magnitude is allowed to vary
longitudinally with a fifth order polynominal dependence
within each element. Only a small number of elements and
degrees of freedom are needed to describe a pointwise in-
compressible and continuous strain-rate field for a complete
glacier profile, which yields a great advantage in efficiency
in comparison to the more standard method of the second
program type. However, it does have its own disadvantages.
The most important is that it will not give good results when
the assumption about the shape of the depth profile of

Computer programs for calculation of deformation of ice masses.

Possible	 Method for
Application	 Element type	 Flow law	boundary conditions	nonlinear equations

Glacier - rectilinear flow

Glacier--planar deformation
Glacier-- planar deformation
Ice shelf— depth

independent deformation

Constant strain triangle
Quadrilateral

Full depth

Constant strain triangle

Power lawa
Power lawa

Power lawb

Power lawa

1.2.3.4,5
1,2.3.4.6
1,2.6

2, 3

Newton-Raphson
Newton-Raphson
Successive approx.

Successive approx.

Boundary condition types: (1) No slip. (2) Stress free. (3) Specified boundar y velocity distribution. (4) Specified boundary stress distribution.
(5) Relationship between slip velocity and boundary stress. (6) Periodic boundary condition.
aparameters may vary from element to element
bparameters must be constant throughout the glacier.
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