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Ocean-science studies in the Amundsen,
Bellingshausen, and Ross Seas

An oceanographic expedition to the Amundsen and
Bellingshausen Seas

STANLEY S. JACOBS, HARTMUT H. HELLMER, PETER SCHLOSSER, and WILLIAM M. SMETHIE, JR., Lamont-Doherty Earth
Observatory of Columbia University, Palisades, New York 10964

S
ince the earliest days of antarctic exploration, the southern
Amundsen and Bellingshausen Seas have been regarded

as nearly impenetrable due to a thick and typically perennial
sea-ice cover. Scattered observations indicated that the conti-
nental shelves there were likely to be overlain by relatively
fresh waters at the sea surface, "warm" Modified Circumpolar
Deep Water (MCDW) at depth, and an ocean circulation that
resulted in little, if any, bottom water formation. Upwelling
deep water, however, is the primary source of surface and
shelf waters, and basal melting of the ice shelves is a signifi-
cant factor in mass balance of the ice sheet (Jacobs 1992). Fur-
ther, satellite passive microwave data showed that the
Amundsen and Bellingshausen Seas region had recently expe-
rienced a retreat of its sea-ice cover (Jacobs and Comiso
1993). The icebreaker Nathaniel B. Palmer was thus engaged
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from 14 February to 5 April 1994 to conduct an oceanographic
investigation along the southeast Pacific-antarctic continen -
tal margin (figure 1).

To enhance the scientific return from that undertaking,
the National Science Foundation and other agencies support-
ed several projects that complemented the primary ocean
measurements. These included geochemical sampling for
carbon dioxide, chlorofluorocarbons (CFCs), helium isotopes,
oxygen isotopes, tritium, and nutrients. Biology projects, bot-
tom-sediment sampling, and underway gravity and magnet-
ics were added to take advantage of the potentially unique
ship's track. Glaciologists from the New Zealand Department
of Conservation and the British Antarctic Survey collaborated
in aspects of the program related to ice shelves and icebergs.
Underway meteorological and bathymetric records were
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Figure 1. Track and stations of Nathaniel B. Palmer cruise 94-2 in the Amundsen and Bellingshausen Seas. The cruise began at McMurdo Station
(approximately 167E) on 14 February and ended at Punta Arenas, Chile, on 5 April 1994. The Antarctic Peninsula is at the right, and negative
coordinates denote west and south.
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maintained, along with sea surface temperature and salinity,
when the Palmer was not in heavy ice. A participant from the
Antarctic Artists' and Writers' Program captured on film and
canvas whatever could not be recorded in digital form. Brief
reports from several of the cooperative projects follow this
introduction (Ainley; Gelatt, Hill, and Scotton; Hayes and
McTaggert; Helimer and Jacobs; Jacobs; Jenkins, Jacobs, and
Keys; Keys and Jacobs; Rubin et al.; all Antarctic Journal, in
this issue).

Conductivity-temperature-pressure-oxygen (CTD-O)
profiles were made with a Seabird 911+ system to within 10
meters of the seafloor at 157 locations along the ship's track
(figure 1). Up to 24 depths were sampled in the vertical with a
General Oceanics Rosette, typically at alternate stations and
dependent upon water column characteristics, the pace of
shipboard analyses, and the availability of containers for
postcruise processing. Over 1,600 dissolved oxygen samples
were analyzed by M. Noonan on the ship's new Scripps Insti-
tution of Oceanography, Ocean Data Facility (ODF) automatic
oxygen titration system. A similar number of nutrient [silicate
(SiO3), phosphate (PO4), and nitrate-plus-nitrite (NO3+NO2)]
samples were analyzed by ODF's D. Masten on the ship's Alp-
kem Rapid-Flow Analyzer. In addition, Masten thawed and
processed over 500 nutrient samples frozen on the preceding
Polar Sea cruise.

Approximately 950 CFC, 360 helium-tritium, and 680 iso-
topic oxygen-18 (6180) samples were drawn and sealed by M.
Kias, R. Weppernig, and others for later analyses at Lamont-
Doherty Earth Observatory. The CFC, helium-tritium, and
oxygen isotope measurements will be used to investigate the
circulation of recently formed subsurface water masses, and
the amount of glacial meltwater present (e.g., Jacobs, Fair-
banks, and Horibe 1985, pp. 59-85; Trumbore, Jacobs, and
Smethie 1991). The helium isotope data will be used together
with stable isotopes to study
• the exchange of the near-surface waters with the atmos-

phere and with underlying MCDW,
• the entrainment of Circumpolar Deep Water (CDW) into

the winter mixed layer (e.g., Schlosser, Roether, and
Rohardt 1987) and the associated heat flux, and

• the interaction of shelf waters with the ice shelves and the
resulting formation of Ice Shelf Water (e.g., Schlosser et al.
1990).

Tritium data will serve as an indicator of the mean residence
times of shelf waters. The tracer data taken on this cruise pro-
vide a critical link between the South Pacific World Ocean Cir-
culation Experiment (WOCE) data set and the continental
slope and shelf of the southern oceans.

The late-summer Palmer track and station spacing were
constrained somewhat by the sea ice, but we found the going
easier than expected. Heterogeneous and highly fractured
icefields prevented access only to relatively small regions of
very compact, thick, and large ice floes. A substantial fraction
of the pack consisted of new and thin ice, generally snow-cov-
ered, but only rarely displaying a wet appearance. We extend-
ed three recent WOCE meridional sections (P17E, P18, and
P19) southward onto the continental shelf and reoccupied

several WOCE S4 stations. At one of these locations (figure 2),
the upper CDW was much closer to the sea surface in 1994
than 2 years earlier. The deep temperature change with time
for this station pair is in the opposite sense to that reported
throughout much of the Bellingshausen Basin (Swift 1993).

Preliminary results reveal that the Amundsen and Bel-
lingshausen Seas shelves are remarkably different from simi-
larly broad shelf regions in the Ross and Weddell Seas. The
local bottom topography differs widely from that shown on
currently available charts; canyons or depressions often
extend to or along the coastline. MCDW is present throughout
the shelf region at depths below the top few hundred meters.
This water is more than 2°C warmer than any such inflows in
the Ross and Weddell Seas and extends beneath the fringing
ice shelves where it must contribute to high basal melt rates.
It may also limit the growth of congelation ice and provide a
sensible heat component to the coastal polynyas. Further, it is
probably related to the lack of a strong frontal zone near the
continental slope and shelf break in this region.

We encountered very large numbers of icebergs, similar
to 1992 observations along the antarctic circle in this sector
(Belldn and Jacobs 1993). Many were apparently aground on
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Figure 2. A comparison of preliminary temperature, salinity, and oxy-
gen data at bottle sample levels above 2,000 decibars on Palmer sta-
tion 74 on 9 March 94 (solid dots) and WOCE-S4-loffe station 715 on
4 March 92, both at 67.00°S 108.54 0W. The loffe measurements were
made available by J. Swift.
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shoals and surrounded by close or fast ice, forming ice penin-
sulas or islands. In combination with frequent light easterly
and northerly winds, these aggregations must contribute to a
slow ocean circulation on the shelf and to the maintenance of
some coastal polynyas. Observations during circumnaviga-
tion of the world's oldest iceberg (B-b) suggest that its
perimeter is afloat and melting at the bottom. High precipita-
tion in the Amundsen and Bellingshausen Seas may counter
the positive buoyancy imparted by subsurface melting, how-
ever, increasing the duration of iceberg grounding.

The Nathaniel B. Palmer crew and Antarctic Support
Associates technical support group assisted in making NBP94-
2 a productive cruise. J. Comiso, M. Horkey, J. Andrews, and K.
Wood provided helpful satellite sea-ice information, and the
Lamont Arctic group provided a Guildline salinometer. The
U.S. Coast Guard generously loaned a back-up CTD/rosette
system, from which the bottles and bottom-contact sensor
were heavily used. R. Guerrero and J. Albarracin assisted with
the CTD/ rosette/ computer operations, and S. O'Hara man-
aged an underway geophysics program for C. Raymond. This
research was supported by National Science Foundation
grants OPP 92-20009, OPP 94-12910, and OPP 94-08081.
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Sea-ice evolution in the Amundsen and Bellingshausen Seas
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S
atellite passive microwave data revealed a record decrease
in sea-ice extent in the Bellingshausen Sea (62-100°W)

through all seasons from mid-1988 through early 1991 (Jacobs
and Comiso 1993). Following a relatively high ice cover in
1986-1987, this retreat removed most of the typically perenni-
al icefield in the 1989-1991 summers, when monthly ice
extents were 30-60 percent below the 1973-1986 average. The
sea-ice changes were inversely correlated with annual average
surface temperatures along the west coast of the Antarctic
Peninsula (see also Weatherly, Walsh, and Zwally 1991); tem-
peratures reached a historic high in 1989 (figure 1). A mini-
mum ice extent in 1989 also coincided with greater cyclonic
activity and stronger southward winds, whereas the maxi-
mum extent in 1986 corresponded to more northward winds,
particularly during the winter months (figure 2).

This sea-ice retreat was one factor that led to the Febru-
ary and March 1994 Amundsen and Bellingshausen Seas
cruise on the Nathaniel B. Palmer. Underway observations of
ice extent and type were made by several groups aboard the
Palmer. Satellite imagery was obtained through the Antarctic
Support Associates (Wood 1993), assisted by individuals at the
National Aeronautics and Space Administration/ Goddard
Space Flight Center in Greenbelt, Maryland, the National Ice
Center in Suitland, Maryland, and the Antarctic Research
Center in La Jolla, California. Cryologists on the Polarstern
and at O'Higgins Station concurrently obtained ERS-1/SAR
(European Research Satellite/ synthetic aperture radar) data
and a number of sea-ice cores in the Amundsen and Bellings-
hausen Seas region (Haas and Vielhoff 1994). The ice and
ocean data sets have yet to be fully reduced, but in the inter-
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