
either as suggested by deformation measured in 1972 or
parallel to bubble lineation).

In Holdsworth's mapping the precise position of the
ice cliff probably was not critical, and the orientation of
it was even less important. Also, the angle between the
ice cliff and the line GB-Ti in 1972 was much more
nearly a right-angle than is shown for 1966 (fig.), and
there is no evidence for such a significant change in cliff
orientation. If cliff orientation is rotated about the tun-
nel entrance to accord with the first of the suggested
flow directions, the distance GB-Ti-ice cliff becomes 47.5
meters in 1966, indicating a 1.75-meter retreat. The sec-
ond alternative, most favored because bubble lineation
should follow deformation direction at the very base of
the glacier, gives a distance of 48.7 meters and a 0.55
meter retreat. The ice-cuffed margin of Meserve Glacier
adjacent to Meserve Hut has retreated at a net rate of
0.09 or 0.30 meter each year. The lower value is more
probably correct. If no change in the measured distance
has occurred, then a large and improbable rotation of
the ice cliff has taken place for which there is no ob-
servable evidence.

In assessing the state of balance of the Meserve ice
cliff in this area, Bull and Carnein (1970, p. 441)
found that between 1966 and 1967 the ice cliff should
have receded 0.049 meter. The distance was too slight
for them to measure, however, and they concluded there
was effectively no change. Their conclusion that long-
term balance of Meserve Glacier is probably very slightly
positive does not seem to be substantiated by any direct
measurement. A slightly negative balance is more prob-
able if the cliff is receding. In January 1974 the distances
Ti-ice cliff again will be measured, this time in two di-
rections: 1) in the line GB-Ti, and 2) in the line a0-T1.
These measurements may solve the problem, or create
new ones. Eileen McSaveney assisted in the 1972 ice
cliff observations. Dr. G. Holdsworth provided the ear-
her data. This work was carried out under National Sci-
ence Foundation grant GV-28804.
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Relative yearly totals of solar radiation
incident on various slopes for

latitude 770 30' S.

M. J . MCSAVENEY

Institute of Polar Studies
The Ohio State University

As part of a study of the evolution of a wave ogive
train on Meserve Glacier, Wright Valley, a numerical
simulation was made of yearly totals of solar radiation
incident on slopes of various azimuths and inclinations.
Results of this simulation may be useful to others inter-
ested in effects of solar radiation on various micro-envi-
ronments. The geographical bearing and altitude of the
sun were calculated at half-hourly increments through-
out that part of the year when the sun appears signifi-
cantly above the horizon at latitude 77 0 30' S., using the
relationship:

sin	= sin	sin 6 + cos i5 cos 6 cos t
where ?' is solar altitude, 0 is geographic latitude, 6
is declination of the sun and varies --L23.5  degrees
through the year, and t is the local hour angle of the
sun (equivalent to geographical bearing of the sun for
the northern hemisphere). Dates when the sun no
longer is significantly above the horizon were obtained
from tables in Kasten (1962).

A check then was made to ensure that the sun was
above the local topographical barrier. Wright Valley
was assumed to be an elliptical basin of constant wall
height with the point of computation at the center of
the ellipse. Then a check was made to ensure that the
angle of incidence of the radiation beam was positive
and greater than zero. Finally the magnitude of the in-
cident beam was modulated by the relative optical air
mass of the beam path, computed through the formula

m = 1/[sin V + a( + b)-c]
where m is relative optical air thass, 7' is solar altitude,
and a, b, and c are empirical constants equal to 0.15,
3.885, and 1.253 respectively (Kasten, 1964, equation
22, page 7, and table V, page 8)—and its component
in the plane of the slope accumulated. Totals were ac-
cumulated for slopes from —90 1 to +900 in 10-degree
increments and slope directions of 0 to 90 0 of azimuth
in 30-degree increments. The totals relative to a hori-
zontal surface are presented in the figure.

The simulation model contains no modulation for at-
mospheric dust or for water vapor. These factors are as-
sumed constant. This is a considerable simplification,
but the clean, cold antarctic environment is probably
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the closest approximation on earth to this model. The
topographical modulation is quite specific to Meserve
Glacier, but it is not a very significant source of error
for many other localities. This work was supported by
National Science Foundation grant GV-28804. Computer
time was made available by the Instruction and Research
Computer Center, The Ohio State University.
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Distribution of benthic foraminifera
at Arthur Harbor, Anvers Island

WILLIAM L. STOCKTON

Department of Geology
University of California, Davis

Primary works on the distribution of benthic foram-
inifera of the ocean around the Antarctic Peninsula
have been concerned with shelf and deep water faunas
(Heron-Allen and Earland, 1932; Earland, 1933, 1934,

1936; Herb, 1971; Echols, 1971) found at depths
greater than 200 meters. During 1971-1972, the distri-
bution of shallow water foraminiferans at depths of
less than 60 meters was investigated in Arthur Harbor,
adjacent to Palmer Station (fig. 1). This work is part
of a study of the biology and ecology of shallow water
foraminifera, supported by National Science Foundation
grant GV-31162 (Lipps et al., 1972). The samples were
taken from aboard a small boat, with the use of a small
mudgrab. They were stained with Rose Bengal to dif-
ferentiate live and dead foraminiferans, and sieved over
a 200-mesh sieve. The foraminiferans were picked wet.
For the purposes of this paper, no distinction is made
between dead and alive foraminiferans in relation to as-
pects of distribution.

Four basic assemblages were evident from the data
(table) which appeared to be correlated with depth and
relative exposure to wave action (fig. 1). Central Ar-
thur Harbor, uniformly shallow (about 30 meters), had
an assemblage of foraminfera dominated by Hip pocrepi-
izella hirudinea Heron-Allen and Earland. The relatively
narrow inlet to the south of the station was dominated
by Trochammina malovensis Heron-Allen and Earland,
and Psammosphaera fusca Schultze. The deeper portions
of the harbor, at its entrance, had a diverse fauna, with
Reophax dentaliniformis Brady and Cassidulina crassa
D'Orbigny as notable elements (fig. 2). The assem-
blage south of Bonaparte Point was dominated by C.
crassa and by a planktonic foraminferid, Globigerina sp.
Planktonic foraminifera were rare in the sediment within
the harbor.

The living-dead ratios (as indicated by a positive-
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