
The 1976-1977 austral summer was interesting at the
South Pole with respect to near surface meteorology, blow-
ing snow and precipitation. Three "storms" occurred during
this period, when moist air from the Weddell Sea was
transported to the Pole. Preliminary meteorological and
aerosol analyses indicate that these air masses retained many
characteristics of maritime air during 4- or 5-day trajec-
tories carrying them over the ice to the Pole.

Additional field work was done near the station.
Precipitating and blowing ice crystals were collected on
prepared grids, and the ice was sublimed away for par-
ticulate analysis. The specimens are now under electron
microscopic analyses in an attempt to determine the
physical properties of aerosol particles precipitated to the ice
cap after being captured by ice crystals.
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The large scale atmospheric pressure field at sea level in
the Atlantic sector of the Antarctic frequently is such that
stable, cold air masses in the lower layers of the atmosphere
move westward from the central Weddell Sea and pile up
along the mountain wall of the Antarctic Peninsula. This
leads to an increase of pressure only along the east and
southeast side of the mountains, and in consequence strong,
approximately coast-parallel surface winds from the south-
southwest or the southwest are observed in the extreme
northwest of the Weddell Sea (Schwerdtfeger, 1975). When
the cold air finally rushes northward through the Antarctic
Sound into the Bransfield Strait, it comes abruptly into an
area where a quite different pressure field must exist.

Daily weather observations indicate that synoptic condi-
tions of this type are a frequent phenomenon, particularly in
fall and winter when the circumpolar belt of lowest pressure
tends to lie farther north (between about 63° and 60°S.)
than in the rest of the year. On days with a weak, or near

zero, horizontal pressure gradient over the Bransfield Strait,
an interesting development can be observed. Having passed
through the mountain gap between the tip of the Peninsula
and Joinville Island to the east, the jet of cold Weddell Sea
air moves in an anticyclonic arc across the (about 150
kilometers wide) Bransfield Strait, as can be seen from curv-
ed cloud streets on satellite pictures, and arrives as cold
easterly wind at the south side of Kind George Island and a
northeasterly one farther to the west. The latter was first
noted 30 years ago by G. de Q . Robin (1949), and is con-
firmed by many more recent observations.

The path of the cold Weddell Sea air corresponds very
well to the theoretical concept of inertial motion, a flow pat-
tern to be expected when only the Coriolis force is acting (on
a right angle) on a moving body. In reality, of course, there
is also the frictional force between the relatively warm
underlying surface and the cold air moving over it. The flow
pattern, with and without friction, corresponding to an
original wind speed of 20 meters per second is shown in the
figure. The three trajectories have been computed with
simplifying assumptions. A more rigorous approach would
take into account that the cold air low-level jet, intruding
into the warmer air over the Bransfield Strait, modifies the
original pressure field so that the theory of geostrophic ad-
justment has to be applied. However, a detailed study of
several individual cases (Parish, 1977) shows that the above
sketch is quite realistic.

From the practical point of view it is worth noting that the
Antarctic Sound and the area north and northwest of it is
prone to sudden, violent changes of wind and weather. To
get a forewarning, attention must be given to the wind and
temperature observations of the two Argentine stations
Marambio (100 kilometers south of the Antarctic Sound)
and Matienzo (250 kilometers southwest). When cold south-
westerly or southerly winds of 30 knots or more start blowing
at these stations, it takes only a few hours for the low level jet
through the Antarctic Sound to develop.
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Trajectories of a low-level jet stream of cold air in inertial
motion after passing through the Antarctic Sound. As-
sumed initial speed is 20 meters per second trajectory (a)
for frictionless flow, (b) and (C) for flow modified by weaker

(as over ice) and stronger (as over water) surface friction.
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Weddell Sea pack ice is of particular interest. Sea ice per-
sists in the western Weddell Sea primarily as a result of the
diverting influence of the Antarctic Peninsula, which causes
winds and the Antarctic Coastal Current (East Wind Drift)
to bend northward to parallel the Peninsula. This move-
ment and the climatic effects of the Peninsula produce cold-
er conditions and create a perennial sea ice pack on the
Weddell Sea side of the Peninsula.

Figure 1 shows that the summer pack generally is persis-
tent west of 45°W. from 64°S. to the antarctic continent.
North of 67 0S. (the Antarctic Circle), the radiation balance
probably corresponds to other regions around Antarctica
that are relatively free of ice during summer. The Weddell
Sea pack, therefore, is associated with the export of ice from
higher latitudes, that is, the region off the Filchner Ice
Shelf. There, low air temperatures and relatively high winds
are conducive to ice formation and advection.

Figure 1 shows the course taken by U.S. Coast Guard Cut-
ter Burton Island in the Weddell Sea during February and
early March 1977. The cruise track roughly paralleled the
ice edge during this period. Each day, when flying condi-
tions permitted, morning and afternoon helicopter flights
were made to the ice floes at the edge of the pack within ap-
proximately 20 kilometers of the ship. The ship stations
shown were also the stations for a biological productivity ex-
periment conducted by Texas A & M University (El-Sayed
and Taguchi, 1977).

We measured ice salinity by obtaining cores using a 7.5-
centimeter SIPRE ice coring auger, then logging and cutting
the core into containers. The containers were covered and
returned to the ship, where the ice was melted and its
meltwater measured for salinity using a Beckman portable
conductivity/ salinity bridge. To save time, and because of a
shortage of containers and space on the ship, salinity sam-

pling was done much less frequently than ice thickness
measurements.

The thickness sampling consisted of thickness measure-
ments taken from holes drilled by hand augering (usually
three per floe) using a CRREL ice thickness drill,
measurements of ice height above sea level (ice "freeboard")
in the drilled holes, and measurements of snow depths at
several locations around the floes. We sampled 51 floes and
drilled 139 holes between 63° and 761S.

Figure 2 shows the variation of ice thickness with latitude
obtained from the transect line shown in figure 1. The floes
in the northern region (63° to 66°S.) were generally thicker
than 2 meters and in two regions (63'56'S. and 64'57'S.)
exceeded 3 meters on average. We sampled "unridged" ice
as much as possible, so the 3-meter thicknesses represent ice
as thick on average as multiyear pack ice in the central Arc-
tic (Ackley et al., 1976). At higher latitudes in the middle of
the Weddell Sea (69° to 71 °S.) ice thicknesses exceeded 3.5
meters (mean floe values).

We measured the thinnest ice at the southernmost loca-
tions (73° to 75 130'S.). On the average, thicknesses did not
exceed 2 meters below 73°S. Figure 2 shows that, except for
69 1S., the trend is from thicker ice in the north to thinner
ice in the south. We thus conclude that advection is an im-
portant component in accounting for ice distribution in the
Weddell Sea: a stationary thermodynamic model would pro-
duce the opposite distribution; that is, the thickest ice would
be found in the south, where the coldest conditions prevail.

Analysis is under way to relate the observed ice thicknesses
to an ice circulation model for the Weddell Sea. Supplemen-
tal information on ice structure is given by the salinities ob-
tained from the cores. Thickness and salinity will be related
to the drift pattern and will assist in the interpretation of
emitted radiation patterns received by remote sensing satel-
lites that can be used for all-season, all-weather mapping of
sea ice.

An interesting aspect of our work was the discovery of ap-
parent relationships between ice salinity and biological ac-
tivity (ice algae) shown by in vivo fluorescence meas-
urements, by the Texas A & M group, of the core meltwater.
Correlation coefficients as high as 0.9 were obtained be-
tween meltwater salinity and fluorescence. Variations of
available nutrients, light, and structural support in the ice
may affect the growth of ice algae, which may be a major
primary producer.

CPO Ken Thoeni and HM2 James Phillipini helped to
collect the ice thickness data. The support of Burton Island
(Captain James Fournier, commanding officer) and its Avia-
tion Detachment 62 (Lieutenant Commander Roger Love,
commanding officer) are gratefully acknowledged. Ken
Golden assisted in preparation of the figures. This work was
funded by National Science Foundation interagency agree-
ment DPP 76-15351.
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