
that time, and they required air support from
USCGC Westwind.

The overall aim of the program was to make a
comprehensive assessment of the mass balance of
the Anvers Island ice cap, but, because working
conditions on the cap are so greatly hindered by
bad weather, the entire cap could not be studied.
Therefore, the southern section (approximately 380
km2 ) was taken as representative of the whole.

As data representative of all of the ice cap from
the coastal areas to the inland regions were sought,
a "profile" system was employed in the study.
Over 1,000 accumulation poles and 68 ice-move-
ment stations were established during the first year
in the field. The rate of accumulation was mea-
sured at these poles at frequent intervals, and dur-
ing the latter part of 1966 the ice-movement net-
work was resurveyed.

As very few rock outcrops occur on the ice cap,
the number of fixed reference points available is
limited. To accomplish the survey, therefore, a sys-
tem of open traverse lines was employed. Prelimi-
nary azimuth was established by celestial observa-
tions at a point near Palmer Station, from which
control was extended to a fixed point on Litch-
field Island, where the ice-movement survey was
begun. From that position, all traverse distances
were measured with Tellurometers (model MRA
1), and the intervening angle was measured with
a Wild T2 theodolite.

The field data are still in the early stages of
analysis, but preliminary calculations indicate that
the ice is moving at a rate of about 6.5 cm per day
at the ice cliffs behind Arthur Harbor. Snow ac-
cumulation, which increases significantly with alti-
tude, is very high and may prove to be the high-
est on record in Antarctica. The maximum annual
snowfall, 6.8 m, was recorded at an altitude of
850 m; this snow was of relatively high density.
Preliminary calculations have yielded the follow-
ing accumulation values for various altitudes:

Altitude (m)	Accumulation
(m water)

850	 2.7
700	 2.4
500	 1.6
300	 1.1
200	 0.6

The ice cap appears to be relatively warm,
which may reflect the extremely high incidence of
cloud cover there (the annual average cover for
1965 was 7.88 tenths and for 1966, 8.18 tenths).
Ice temperatures measured at depths of 10-12 m
ranged from —0.8°C. at 200 m elevation to —4.9°C.
at 840 m elevation. Thus the ice cap might be

described either as subpolar or between subpolar
and temperate.

Melting occurs over the entire surface of the
ice cap during summer, and much of the area of
the ice cap lies within the soaked and saturated
zones (Benson, 1959). There is an extensive per-
colation facies but no dry-snow zone. The classi-
cal ablation zone, where mass is lost by melting
and runoff, is virtually absent; where it exists, it
is restricted to very small areas on the coastal
ramps. The equilibrium line appears to lie at ap-
proximately 100 m elevation. The major loss of
mass is by calving at the ice cliffs, which charac-
terize the coastal boundary of the entire ice cap.

This program was supported by the Na-
tional Science Foundation under grants GA-165
and GA-747 to the Ohio State University
Research Foundation.
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Physiography and Bottom Currents
in the Bellingshausen Sea

BRUCE C. HEEZEN and
CHARLES D. HOLLISTER

Lamont Geological Observatory
Columbia University

A study has been completed of the bottom
photographs obtained at over 400 Eltanin stations
in the Bellingshausen Sea. Nearly all of the major
types of bottom are found north of the Antarctic
Convergence (Polar Front), including rocky out-
crops, littered rocks and nodules (with and with-
out evidence of having been moved by currents),
and soft, undisturbed mud. In the deeper waters
of the Bellingshausen Sea, scattered rocks and
nodules, together with rock outcrops, are seen in
the vast majority of photographs. Of the photo-
graphs taken at almost 100 camera stations on the
crest and upper flanks of the Mid-Oceanic Ridge,
nearly half reveal rock outcrops, many of which
are craggy; several of the outcrops are clearly
pillow lava. Immediately to the north of the Con-
vergence, rocks and rock outcrops are found on
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the ocean-basin floor as well as on the Mid-Oceanic
Ridge.

Many of the photographs from the ocean-basin
floor reveal evidence of current winnowing
or scour (Figs. I and 2). However, between the
Convergence and the limit of pack ice, rock out-
crops and even scattered rocks are rare, and most
of the photographs reveal a muddy bottom which
is anomalously smooth. South of the limit of pack
ice there are increasing numbers of scattered, prob-
ably ice-rafted boulders on the muddy sea floor.
Immediately off the southern tip of South America,
ripple marks and strong scour marks have been
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observed at depths of over 4,000 m. South of these
ripple marks is a prominent distributional pattern
of manganese nodules, and still farther to
the south the bottom is characteristically muddy
with occasional ice-rafted boulders. Ice-rafted
boulders appear more frequently in the sector im-
mediately to the west of the Antarctic Peninsula.

The strengths and directions of currents are shown
in Fig. 2. The photographic evidence indicates that
the strongest current in the areas examined is located
beneath the axis of that part of the antarctic cur-
rent which flows from west to east at the base of
the Mid-Oceanic Ridge.

Physical Oceanography Aboard Eltanin,
1966

ARNOLD L. GORDON

Lamont Geological Observatory
Columbia University

By the end of 1966, Eltanin had completed her
619th hydrographic station since entering antarctic
waters in 1962. The year began with a return
cruise (the 22nd) to the Scotia Sea and the area
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Figure 1. Photograph of
OCeaii bottom showing evi-
dence of scour and fill.

Figure 2. Strengths and di-
rections of ocean-bottom
currents as indicated by ori-
ented bottom photographs.
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east of the South Sandwich Islands. The data ob-
tained clarified some of the problems concerning
bottom circulation that arose during the study of
data gathered on previous cruises. It appears that
the main northward penetration of antarctic bot-
tom water is east of the South Sandwich Trench.
In addition, cold bottom water derived from the
Trench, or a location east of it, is carried north-
west of South Georgia at least to 40°W. The very
rapid change of bottom temperature observed pre-
viously in the northern Drake Passage was found
to extend farther eastward into the Scotia Sea and
must represent an extremely swift bottom current.

Beginning with Cruise 25, Eltanin was equipped
with a continuously operating, in situ, salinity-tem-
perature-depth (STD) recorder. This instrument
facilitates the study of the microstructure (includ-
ing the numerous secondary inversions) of the
water column from the sea surface to the bottom.
Such detailed observations could not be obtained
with the Nansen bottle casts made previously. The
STD data are recorded in analog form for imme-
diate study and in digital form for more detailed
study conducted on computers at Lamont. For
calibration, six Niskin bottles with reversing ther-
mometers, each of which could be tripped at will
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