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The United States - Russian Ice Station Weddell expedition of February to
June 1992 provided a detailed view of the circulation and stratification of the
western Weddell Sea. There a narrow band of the warmest Weddell Deep
Water, which comprises the bulk of the water column, is advected along the
western boundary current axis and underlain by a very cold, highly
oxygenated benthic layer. Within that layer, at some locations, a low salinity
variety of Weddell Sea Bottom Water is displaced upward by more saline
bottom water. The low salinity type is primarily introduced into the deep
ocean immediately west of General Belgrano Bank and incorporates Ice Shelf
Water from the Ronne Ice Shelf. It snakes northward near the 3000 m isobath,
descending to depths >4000 m near 65°S, 50°W to feed the eastward-flowing
northern limb of the Weddell Gyre. The saline type comes from High Salinity
Shelf Water that descends into the deep ocean at a number of sites along the
western shelf. Thermohaline and oxygen properties within the benthic layer
differ little from shelf waters, indicating minor mixing between slope plumes
and Weddell Deep Water. The high salinity bottom water is dense enough to
have reached the sea floor without thermobaric effects, but the low salinity
variety must first attain a depth of =500-800 dbar. The average salinity of the
benthic layer is too low to provide for the cold end-member mixing
component within Weddell Gyre deep water. This suggests that recent bottom
water formation is less saline, containing more glacial ice meltwater than in
past decades. The total Weddell Sea Bottom Water (<-0.7°C) formation rate is
estimated to be 4.0-4.8 Sv for the February - June 1992 period. A trough in
the main pycnocline over the upper slope, associated with the Antarctic Slope
Front, represents a convergence zone dividing the continental margin from
open ocean contributions to deep reaching convection. On its seaward side
sinking occurs into the deep water, and on its shoreward side the denser sur-
face water penetrates to the sea floor. Within the axis and somewhat seaward
of the pycnocline trough, a relatively cold, low salinity layer, containing
glacial meltwater from the southeastern Weddell Sea, forms the upper part of
the pycnocline. The resulting increased upper water column stability, the
greater depth of the warm core in this sector and the absence of strong mixing
inhibits vertical heat flux in the western Weddell Sea, contributing to its
perennial sea cover.

1. INTRODUCTION

The Weddell Gyre is the largest of the cyclonic gyres
occupying the region between the Antarctic Circum-
polar Current (ACC) and Antarctica, stretching from the
Antarctic Peninsula to 30°E. Its unique environmental
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setting allows water of abyssal ocean density to have
nearly isopycnal communication with the surface ocean,
sea ice, glacial ice and cold polar atmosphere. The
ensuing sea-air-ice heat and freshwater fluxes lead to the
formation of the coldest, densest ocean water masses of
global importance:Weddell Sea Bottom Water (WSBW),
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Fig. 1. Conductivity-temperature-depth (CTD) stations
occupied during the Ice Station Weddell [Huber et al., 1994]
project. Casts from the Ice Station are shown as dots, from
the helicopter as plusses, from the Federov as triangles,
and from the Palmer as solid boxes. The lines connecting
individual stations locate the sections displayed in Figures
5to 9, including Palmer cruises 92-2. Palmer cruise 92-1
stations are unconnected. The bottom bathymetry (1, 2, 3,
and 4 km isobaths) are taken from LaBrecque and Ghidella
[1993]. GB stands for General Belgrano Bank.

which in a more dilute form is called Antarctic Bottom
Water (AABW).

Deacon [1937, 1979] provides important historical
perspective on this region. The excellent papers of Gill
[1973], Carmack and Foster [1975a,b] and Foster and
Carmack [1976a,b] mark the beginning of the modern
era of Weddell Sea physical oceanographic research, as
does Weiss et al. [1979] for chemical and tracer oceano-
graphy. In more recent years many useful studies have
described the Weddell Gyre stratification and circulation.
Fahrbach et al. [1998] provide a comprehensive
summary of Weddell circulation and water masses. Orsi
et al. [1993] discuss Weddell Gyre water masses based
on isopycnal analysis, while Mensch et al. [1996; this
volume] and Weppernig et al. [1996] bring the added
dimension of tracer chemistry to water mass origin and
residence time studies. Gouretski and Danilov [1993]
detail features of the Gyre's eastern boundary. Fahrbach
et al. [1994a; 1995] and Muench and Gordon [1995]
discuss the circulation and water masses of the western
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boundary current, south of a line connecting Joinville
Island (Figure 1) to Kapp Norvegia (71°20'S; 11°40'W),
forming the western embayment of the Weddell Gyre.
Gammelsrgd et al. [1994] focus on the continental shelf
water masses. Gordon and Huber [1990; 1995] and
McPhee et al. [1996] discuss the relatively large vertical
heat flux between the surface and deep water within the
interior Weddell Gyre. Martinson [1990], Akitomo et
al. [1995] and Alverson and Owens [1996] present
models of vertical fluxes and convection within that
region, while Robertson et al. [1995] and Lytle and
Ackley [1996] consider vertical heat fluxes in the
western Weddell Sea. Robertson et al. [this volume]
model the Weddell Sea tidal currents. Foster and
Middleton [1984], Muench et al. [1990a,b; 1992],
Locarnini et al. [1993] and Whitworth et al. [1994]
discuss the oceanographic regime of the northwest
Weddell Sea and its interaction with the Scotia Sea at
the Weddell-Scotia Confluence.

The objective of this study is to present a detailed
overview of the thermohaline stratification and inferred
circulation of the western edge of the Weddell Sea. This
work was made possible by the collection of an exten-
sive array of oceanographic observations during the
United States - Russian Ice Station Weddell project of
1992 [ISW Group 1993; Figure 1]. Sections 2 and 3
present the sea surface relief of the Weddell Gyre relative
to 1000 decibar (dbar) and the background to the Weddell
Ice Station Expedition. Section 4 provides the basic Ice
Station Weddell physical oceanographic data in profile,
section and potential temperature versus salinity (6/S)
format. Section 5 discusses various aspects of the cir-
culation, convection and water mass structure, and the
global importance of Weddell Sea Bottom Water. Sec-
tion 6 lists the major conclusions of this study.

2. WEDDELL GYRE CIRCULATION

The dynamic height of the sea surface relative to
1000 dbar pressure provides a view of the baroclinic
surface circulation pattern of the Weddell Gyre (Figure
2). Baroclinic shear within the interior of the gyre is
small, typically less than 2 cm s, reaching 4 cm s
over Maud Rise. Muench and Gordon [1995] reported
higher shear of about 6 cm s over the continental shelf
break and upper slope in the western sector. A charac-
teristic of the continental margin is that geostrophic
flow of the sea surface relative to an assumed zero flow
at the sea floor is opposite in direction to the surface
current observed by iceberg and buoy drift [Tchernia and
Jeannin, 1983; Ackley and Holt, 1984; Barber and
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Fig. 2. Height of the sea surface of the Weddell Gyre relative to the 1000 decibar (dbar)
pressure surface, in dynamic meters, for an ocean of 0°C and 35 psu in salinity. For areas with
depths <1000 dbar, the surface values relative to 250 dbar are added to the regional average 250
relative to 1000 dbar value. Station control, including the data from Figure 1, is shown as dots

along with the 2000 m and 3000 m isobaths.

Maud Rise is the seamount centered at 65°S,

30°E; Kapp Norvegia is the coastal feature near 12°W.

Crane, 1995] and by direct current measurements
[Muench and Gordon, 1995; Fahrbach et al., 1992,
1994a]. Muench and Gordon [1995] found that the
strongest northward geostrophic current (10 - 13 cm s™)
relative to near surface currents occurred at the sea floor
within the very cold benthic layer. Hollister and Elder
[1969] inferred strong northward bottom currents in the
western Weddell from a study of compass oriented sea
floor photographs. Heywood et al. [1997] determined a
baroclinic (referenced to the sea floor) westward trans-
port of a 4 Sv (1 Sv = 10° m’s™!) for the eastern Weddell
continental slope current across 17°W, but this value
rose to 14 Sv when hull mounted Acoustic Doppler
Current Profiler data were employed for geostrophic re-
ference. Clearly an assumed zero velocity layer at the
sea floor is not a legitimate reference for circulation
along the continental margin.

Strong bottom currents associated with narrow boun-
dary currents over steep topography are evident in other
long-term measurements. Bersch et al. [1992] measured
bottom speeds of 1.5 to 5.2 cm s over the flanks of
Maud Rise. Fahrbach et al. [1992] reported average

westward bottom speeds of 2 - 6 cm s over the shelf
and slope near Kapp Norvegia, with higher values at
=670 m near the shelf break, and currents of 3 to nearly
7 cm s adjacent to Vestkapp (near 20°W). Foldvik et
al. [1985a] measured bottom flow of 6 to 7 cm s 100
m above the 630 m sea floor, associated with a dense
plume emanating from the mouth of the Filchner
Depression [Foldvik et al., 1985b]. Barber and Crane
[1995] measured bottom flow of 7 to 11 cm s™! in about
4000 m of water near 63.5°S and 42°W where the
western boundary current of the Weddell Gyre turns east-
ward. Fahrbach et al. [1994a] found bottom currents of
=10 cm s over the slope adjacent to Joinville Island,
but weak bottom velocities over the deep, flat sea floor.
Rather than a shear field forced by the wind stress at the
sea surface, increasing westward speed with increasing
depth may be the consequence of strong buoyancy
(thermohaline) forcing along the continental margin, the
associated formation of dense water and its escape along
the sea floor to the deep ocean. While a deep zero
reference level leads to an accurate portrayal of the
general pattern of surface circulation over the deep
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ocean, a near-zero surface flow may be more appropriate
along the Weddell Sea continental margin.

The southern limit of the ACC is defined in its baro-
clinic mode by closely-spaced isopleths, best represented
by the 0.4 dyn m contour between 55° and 60°S, which
coincides with the definition of Orsi et al. [1995].
South of this ACC limit the Weddell Gyre bulges
northward into the eastern Scotia Sea and around South
Sandwich Islands, returning southward near 20°W.
Klepikov [1964] and Bagriantsev et al. [1989]
speculated that the Weddell Gyre may at times break
into eastern and western cells along this meridian. East
of the Greenwich Meridian, the Weddell Gyre's northern
edge tracks along the mid-ocean ridge. The eastern boun-
dary occurs between 10° and 30°E, where sea surface
dynamic height contours are oriented north-south over a
distance of nearly 2000 km from 55° to 70°S. Only part
of the water flowing poleward along the eastern boun-
dary turns into the Weddell Gyre, as 0.36 - 0.50 dyn m
height anomaly isopleths return to the eastward flow.

The broad central trough of the Weddell Gyre, below
0.30 dyn m, extends westward from 10°E, is aligned
northeast-southwest, and passes to the north of Maud
Rise. A small isolated baroclinic cyclonic cell over
Maud Rise [Bersch et al., 1992], not detected by direct
current measurements, may be overwhelmed by
opposing topographic controlled barotropic circulation.
The relatively rapid rise of sea level as Antarctica is
approached marks the westward flowing coastal current,
the southern limb of the Weddell Gyre. Over the con-
tinental slope (near 1500-m depths) a crest in the baro-
clinic field extends from the eastern Weddell Sea near
25°W along the western rim of the Weddell Sea. A drop
in sea level over the continental shelf denotes an east-
ward baroclinic flow, but the strong outflow of dense
bottom water drives overall flow to the west and north,
as noted above and evidenced by Eulerian and
Lagrangian current measurements. Because of this
effect, the baroclinic field does not clearly reveal the
western boundary current of the Weddell Gyre, though
its does mark regions where bottom water and not wind
stress controls the baroclinic shear.

The 1989 - 1992 observations from Kapp Norvegia
to Joinville Island [Fahrbach et al. 1994a)], showed a
Weddell Gyre transport of 29.5 Sv, 90% of which is
contained in narrow jets following the continental
slope. Using current measurements for geostrophic
reference, Muench and Gordon [1995] found that western
boundary current transport increased from 12 Sv in the
southwestern Weddell to about 28 Sv northward across
the Ice Station sections. This increase is compensated
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by westward flow from the interior of the gyre into the
western boundary region. About 5-6 Sv of the north-
ward transport, coupled to bottom speeds in excess of
10 cm s, is contained within a 300-500 m-thick cold
bottom layer of WSBW.

3. ICE STATION WEDDELL

Ice Station Weddell in 1992 was the first inten-
tional scientific Southern Ocean ice drift station. Esta-
blished in the western Weddell Sea by the joint efforts
of the United States and Russia [ISW Group, 1993], the
station drift followed closely that of the Endurance in
1915. Ice Station Weddell was deployed in this largely
unexplored corner of the Southern Ocean on 11
February 1992 at 71°48'S, 51°43'W from the Akademik
Fedorov. After a northward drift of nearly 700 km in 3.5
months, the station was recovered by the Fedorov and
by the Nathaniel B. Palmer on 9 June 1992 at 65°38'S,
52°25'W. Oceanographic data obtained during the project
included 137 Conductivity-Temperature-Depth (CTD)
profiles [Huber et al. 1994] from the Ice Station and its
helicopters and from supporting ships. Current meter
observations were made from the main camp and from
remote sites to define the mean and long period currents
[Muench and Gordon, 1995] and the higher frequency
components [Levine et al. 1997]. Microstructure
measurements were made to investigate vertical fluxes
[McPhee and Martinson, 1994; Robertson et al., 1995].
Sea ice thermodynamics and dynamics were studied from
in situ and satellite sensors [Lytle and Ackley, 1996].
Atmospheric boundary layer measurements defined the
wind stress acting on the ice floe [Andreas and Claffey,
1995].

4. WESTERN WEDDELL SEA
THERMOHALINE STRATIFICATION

4.1 Profiles

Deep Ocean. Thermohaline stratification within
the deep water column (Figures 3a, 3b) has the basic
character of the interior Weddell Gyre. A cold, low
salinity surface mixed layer is separated by a rather weak
pycnocline, only 0.054 sigma-0 units from 200 m to
350 m on station 35, from a thick layer of warmer,
saltier Weddell Deep Water (WDW). The low salinity
summer surface layer at station 16, with a sharp
seasonal pycnocline at 30 to 50 m, gradually gives way
to a more homogeneous surface layer as winter condi-
tions become more fully established during the ice floe
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Fig. 3a and 3b. Profiles of potential temperature (PT), salinity (SA), sigma-0 (SO), rosette

bottle oxygen (RO) and oxygen saturation (OS)

vs. pressure (in dbar, roughly equal to meters)

for typical Ice Station CTD casts. The insert shows the lower 400 dbar of the water column,
using sigma-2 (S2, the density referenced to 2000 dbar).

drift. Remnants of the summer surface water were not
fully removed until station 45 (May 1, 1992), and by
station 35 the surface to 50 m salinity contrast is only a
tenth of the difference measured at station 16, twenty-
five days earlier.

Below the WDW, a thin, cold, oxygenated benthic
layer is the most dramatic stratification of the western
Weddell Sea. This feature has continuity with the
benthic layer over the adjacent continental slope and is
considered to be the seaward extension of plumes that
drain the shelf of dense water. The very low temperature
(<-0.8°C) of the benthic layer identifies it as WSBW
[Carmack, 1974, 1982]. The sharp drop in temperature
as the sea floor is approached begins near the -0.6°C
isotherm. For ice camp stations 5 to 60 the thickness of
the layer colder than -0.6°C is 127 m with a standard
deviation of 33.6 m. From station 61 to 70, the ice floe

drifted to shallower water, near 2500 m, and the benthic
layer thickens rapidly, with a mean thickness of 289 m
and a standard deviation of 172 m. Gordon et al. [1993]
state that the temperature salinity relationship within
this thicker benthic layer indicates vertical mixing, but
with some added inflow of cold shelf water, as also
noted by Weppernig et al. [1996] using Ice Station
stable isotope data. The thin, stratified benthic layer
persists in deeper water to the north and east of the
northern limits of the ice station data (e.g. Palmer
cruises 92-1 and 92-2 stations 4 and 2, both in just over
3000 m of water; and at Palmer 92-2 stations 7 and 8 in
approximately 4300 m), indicating that benthic layer
mixing is stronger over the inshore, steeper slopes of
the northwest Weddell Sea.

Over the southern flank of the Scotia Ridge at
Palmer 92-2 stations 10 and 11 (Figure 1) at 3700 m a
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thick benthic layer has identical T/S properties to the
thick layer at the northern ice camp stations. Similar
mixing processes have either extended to this region or,
more likely, the thick benthic layer produced to the west
is advected and has descended to deeper water along the
South Scotia Ridge. Additionally, a significant descent
of the thin, more stratified WSBW benthic layer occurs
further offshore in the northwestern Weddell Sea. The
promontory of shallower topography east of Joinville
Island narrows access to Powell Basin [Tectonic Map of
the Scotia Arc, 1985] and may guide this flow into
deeper water. WSBW that enters the Powell Basin
endures a longer pathway and is exposed to greater
amounts of vertical mixing.

The benthic layer at station 35 (Figure 3b) displays a
salinity minimum (s-min) of 34.608 and a potential
temperature of about -1°C, 100 m off the sea floor, with
a much colder bottom salinity maximum (s-max) of
34.616. This salinity sequence within the cold benthic
layer is observed at many of the ice floe stations and
reveals the presence of two types of WSBW, with dif-
fering thermohaline histories, within a single water
column [Gordon et al. 1993]. Station 16 (Figure 3a)
shows only the s-min variety, indicating that the saline
WSBW is injected into the deep ocean at a site further
to the north. The upper portion of the benthic layer
from the -0.5°C to the benthic s-min would be unstable
in sigma-0, the density calculated at one atmosphere
pressure, e.g. 27.850 at 2300 m and 27.844 at 2600 m
on station 35. However, density referenced to higher
pressures indicates in situ static stability, e.g., sigma-2
of 37.183 and 37.198 for the same depths. This reveals
the important role of the thermobaric effect, i.e., that
cold water is more compressible than warm water
[McDougall, 1987] in stabilizing the deep water column
and presumably in driving deep convection. Since the
upper part of the benthic layer is stable only at
pressures greater than 500-800 dbar, surface water
contributing to the s-min must extend below 800 dbar
before the thermobaric effect can produce free convection
to the sea floor.

Oxygen concentration within the high salinity
bottom water in contact with the sea floor nearly
matches surface water levels. At station 35 oxygen con-
centrations are 7.48 ml 1" at the sea surface and 7.33 ml
I"! at the sea floor. Both surface and benthic oxygen con-
centrations are about 85% of saturation. Within the s-
min layer the oxygen concentration is about 80% of
saturation, 6.67 ml 1! at station 35 and 6.72 ml 1" at
station 16. For all Ice Station measurements, the
bottom oxygen averages 6.73 ml 1", 80% of saturation
with a standard deviation of 0.31 ml I'. Bottom
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oxygen is highest (over 7.0 ml 1) at stations 26, 35,
37, 38 and 39, which have a strong bottom salinity
maximum (s-max) representation, although not all
stations with strong bottom s-max have oxygen con-
centration >7.0 ml 1"'. These stations fall along the
southern flank of a zonally oriented ridge near 68.4°S
(Figure 1) which may guide seaward outflow of WSBW,
perhaps within the Endurance Canyon [Schenke et al.,
this volume]. The similarity between surface water and
benthic layer oxygen concentrations indicates that
surface water reaches the sea floor without much dilu-
tion by the oxygen poor WDW. Oxygen saturation
decreases with distance from the sea floor, but a thin
"inner" sheet of the descending plume is apparently pro-
tected by the outer layers of the plume from significant
mixing with WDW.

Weppernig et al. [1996] find that the s-min water
within the benthic layer is enriched in helium (“He), a
clear sign of glacial melt, which they deduce is drawn
from Ice Shelf Water formed beneath the Filchner-
Ronne Ice Shelf. The bottom s-max layer is lower in
4He but is depleted in oxygen isotopes (8180), also
indicative of glacial melt. However, the s-max lacks the
high 4He signal, and is inferred to be that derived from
Western Shelf Water (or High Salinity Shelf Water,
HSSW) which contains glacial melt from the leading
edge of the ice barrier, but has lost its “He to the
atmosphere. Weppernig et al. [1996] indicate that the
contribution of Filchner-Ronne Ice Shelf Water
diminishes toward the north, but that slightly elevated
4He concentrations at stations 38 and 44 suggest a
possible meltwater contribution from the Larsen Ice
Shelf (Figure 1), as also suggested by Fahrbach et al.
[1995] and Muench and Gordon [1995]. Using CFC and
tritium data collected during the Ice Station drift,
Mensch et al. [this volume] find a nearly uniform influx
of newly formed WSBW from the western edge of the
Weddell Sea.

Weppernig et al. [1996] calculated that about 70%
WDW, 25% shelf water and 5% surface water is required
to produce the properties of the <0°C water. The
average oxygen concentration at station 16 (Figure 3a)
for water colder than 0°C is 5.5 ml I'', and WDW has an
oxygen. concentration of 4.86 ml I"". The shelf water
would thus need an oxygen concentration of 7.3 ml 1",
about what is observed adjacent to the Ronne Ice Shelf
[Gammelsrpd et al. 1994]. However, as noted above, the
high bottom oxygen in the benthic layer implies that
purer forms of shelf water descend to the deep sea floor.
Within the benthic layer, bottom oxygen of approxi-
mately 6.8 ml/l, only 0.5 ml/l below that of the shelf
water, blended with WDW oxygen of 4.8 ml/l imply a
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Fig. 3c and 3d. As in Figure 3a, but for typical continental margin stations obtained by
helicopter. No oxygen data were obtained at the helicopter stations.

ratio of shelf to deep water of 80:20. The Weppernig et
al. [1996] and Mensch et al. [this volume] studies
combine tracer budgets and the Foster and Carmack
[1976a] mixing recipe to infer that =5 Sv of bottom
water colder than 0°C is formed in the Weddell Sea,
similar to the value derived from geostrophic cal-
culations by Muench and Gordon [1995] (Section 5).

4.1.2 Continental Shelf

Over the continental shelf, the profiles in Figures 3c
and 3d reveal near freezing point surface and bottom
temperatures (-1.88°C), with a weak maximum (t-max,
-1.4°C at station 2; -1.71°C at station 21) at mid-depth,
marking an intrusive remnant of WDW. Salinities range
more widely from 34.39 at the surface to 34.72 at the
bottom (540 m) of station 2. The continental shelf t-
max core layer salinity of 34.55 is not the water
column maximum, as is the situation within the deep
water column. Station 21 salinity ranges from 34.43 at

the surface to 34.64 at the shelf floor (460 m). The
bottom potential temperature and salinity at station 2
matches that of the HSSW next to the Ronne Ice Shelf
[Gammelsrpd et al., 1994], and is presumably advected
from that region along the western shelf of the Weddell
Sea (section 4.3).

4.1.3  Potential temperature versus

salinity for profile stations

The 6/S range of water masses of the western edge of
the Weddell Sea (Figure 4) shows that surface water
covers the low salinity range near the freezing point of
sea water. Toward higher salinity values, warmer water
indicates the presence of WDW, more evident within the
deep water, where it is separated from the surface water
by a rather weak pycnocline. Dilute forms of WDW
spread onto the continental shelf, forming the weak
shelf t-max. With increasing depths from the WDW t-
max core layer, salinity gradually decreases to the
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Potential Temperature

Salinity

Fig. 4. Potential temperature (°C)/salinity (psu) diagram
for the stations in Figure 3, with sigma-0 isopycnals.
WDW is the Weddell Deep Water; HSSW is High Salinity
Shelf Water; ISW is Ice Shelf Water. Shelf t-max is the
shelf water temperature maximum. Also labeled are the
pycnocline, surface water and benthic salinity minimum
and maximum.

benthic s-min, which is often undercut by the more
saline form of WSBW, forming a bottom s-max.

The densest water observed over the shelf represents
northward spreading of HSSW from the southwestern
shelf [Gammelsrpd et al., 1994]. The cold lower Ice
Shelf Water is also widespread, with its low 8"O and
high 4He values indicating that it contains glacial
meltwater. It results from HSSW that has spread below
the ice shelves, where it melts glacial ice, assisted by
the pressure induced lowering of the sea water freezing
point [Schlosser et al. 1990]. On the basis of the 6/S
relationship, the Ice Shelf Water can be viewed as a
source for the low salinity WSBW, and HSSW as the
source for the high salinity WSBW.

4.2 Sections

Meridional Section. A meridional section
(Figure 5) depicts the thermohaline stratification of the
southern inflow and northern outflow of the western
boundary current. The Fedorov stations from 47° to
52°W represent the southernmost crossing of the lower
continental slope. Both temperature and salinity fields
show the characteristic deepening of the interface
between the cold, low salinity surface layer and the
relatively warm, saline WDW as the continental margin
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is approached from the deep ocean. This marks the
geostrophic adjustment of the stratification within the
western boundary current. Here the core of the WDW t-
max lies between 500 and 700 m, substantially deeper
than the 200 to 300 m depths within the gyre interior
[Gordon and Huber, 1990]. The t-max core exceeding
0.6°C at station 6 is part of a filament of more con-
centrated WDW carried within the axis of the western
boundary current (Section 5.2). Seaward of the >0.6°C
WDW axis, Ice Station CTD casts 7 and 8 and Fedorov
stations 1 and 2 (Figure 1; Huber et al. [1994], reveal
homogeneous temperature and salinity layers of up to
100 m in thickness from the lower pycnocline to the t-
max. These are similar to steps attributed to double
diffusion by Muench et al. [1990a] and Muench [1991].
Helicopter CTD stations (particularly station 4), Palmer
92-1 (station 2) and Palmer 92-2 (stations 6, 7 and 8),
all east of the ice station trajectory, also display step
stratification within the pycnocline. Double diffusion is
more active east of the continental margin and seaward
of the axis of the warmest t-max (section 5.2).

Bottom temperatures below -1.0°C indicate injection
of cold WSBW east of the Fedorov stations. The
Fedorov section shows this cold benthic layer is fresher
than 34.61, clearly a product of the Ice Shelf Water
variety of WSBW [Foldvik et al., 1985b], though not
necessarily drawn from as far east as the Filchner
Depression (section 5.3). Within the central portion of
Figure 5, the 500 - 700 m WDW t-max cools northward
while the bottom temperature warms from -1.5°C to
-1.2°C. The benthic layer is generally low in salinity,
but a higher bottom salinity produces an s-min slightly
offset from the sea floor. This bottom s-max is first ob-
served at station 19 as a 0.01 salinity increase in the
lower 20 m, and by station 26 this feature has mixed 50
m upward into the benthic boundary layer. The bottom
s-max exceeds the overlying s-min by 0.01 on stations
19, 25 to 28, 35, 38, 47 to 49, and 61, showing no
apparent correlation with bottom depth. A slight ten-
dency at these stations for a thicker benthic layer
(distance between the sea floor and the -0.6°C isotherm),
indicates that the more regionally common s-min
variety of WSBW is displaced upward by the salty
variety.

The northern end of Figure 5 (the Palmer 92-2
section), extends to the southern flank of the South
Orkney Island platform, crossing the cold outflows from
the Weddell Sea. The shallowest expression of the
WDW t-max marks the gyre axis at station 7 near
64.5°S. The WDW t-max along the section generally
ranges between 0.4° and 0.5°C, exceeding 0.5°C only in








