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Abstract: The Bransfield Strait is a relatively deep and narrow channel between the South Shetland
Islands and the Antarctic Peninsula contributing to the water transport between the Pacific and
Atlantic sectors of the Southern Ocean. The strait can be divided into three deep separate basins,
namely, the western, central, and eastern basins. The sources of deep waters in the three basins
are different, leading to differences in thermohaline properties and water density between the
basins. The difference in water density should in turn cause intense deep currents from one basin
to another through narrow passages over the sills separating the basins. However, there are still
no works dedicated to such possible overflows in the Bransfield Strait. In this study, we report
our new CTD and LADCP measurements performed in 2022 over the watersheds between the
basins. Quasisimultaneous observations of the main circulation patterns carried out at several
sections allowed us to analyze the evolution of thermohaline and kinematic structures along the
Bransfield Strait. Volume transports of waters in the strait were estimated on the basis of direct
velocity observations. These new data also indicate the existence of intense and variable deep current
between the central and eastern basins of the strait. The analysis of historical data shows that the
mean flow is directed from the central to the eastern basin. In addition, LADCP data suggest the
intensification of the flow in the narrow part of the sill between the basins, and the possible mixing of
deep waters at this location.

Keywords: Bransfield Strait; deep overflow; CTD; LADCP; bottom circulation

1. Introduction

The Bransfield Strait (BS) is an important passage for Antarctic waters in the region
of the Antarctic Peninsula, which contributes to the zonal water transport between the
Pacific and Atlantic sectors of the Southern Ocean. The strait extends over 460 km from
the west—southwest to the east—northeast (true direction is 60° relative to the north), and is
bounded by the South Shetland Islands from the northwest and the Antarctic Peninsula
from the southeast. The BS region is characterized by strong climatic changes [1] that affect
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the oceanographic, meteorological, glaciological, and biological conditions [2]. The BS
region is also important because of its high biological productivity [3]. In particular, the
region is a key source of Antarctic krill (Euphausia superba) to the Southern Ocean [4-6], and
the region is a significant spawning, breeding, and overwinter habitat of E. superba [7-9]
and another abundant euphausiid in Antarctic waters, Thyssanoessa macrura [10]; the BS is
one of the significant regions for commercial krill fishing [11-13].

The hydrography of the Bransfield Strait is highly dependent on the complicated
bathymetry [1,14]. From a geomorphological point of view, the BS can be considered as a
sequence of three basins (Figure 1), namely, the western (WB), central (CB), and eastern (EB)
basins [15,16]. Modern bottom topography data GEBCO2021 suggest that the maximal depths
of these basins are 1370, 1960, and 2750 m, respectively. The basins are separated by relatively
shallow sills. The maximal depth of the sill between the WB and CB is 630 m; the depths of the
sill between the CB and EB slightly exceed 1000 m. The WB is connected to the Bellingshausen
Sea through the Gerlache Strait and other gaps between Smith, Low, and Hoseason islands, and
to the Drake Passage through the Boyd Strait (Figure 1). The EB is open to the Weddell and
Scotia seas through relatively shallow sills; their depths do not reach 800 m.
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Figure 1. (a) Bathymetry of the Bransfield Strait and (b) the region of the overflow between the central
and eastern basins. (a) The upper layer circulation schematic is shown by black arrows. Western,
central, and eastern basins of the strait are shown with green, yellow, and orange, respectively.
CTD/LADCP stations performed in 2022 are shown by white dots; historical CTD stations from
World Ocean Database (WOD2018) used in this study are shown by grey dots. The bottom relief is
shown according to the GEBCO2021 database; the shoreline is based on the GSHHS data [17]. Station
7390 (not shown) repeats station 7352.
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The thermohaline structure of the upper BS layer is formed by two water masses,
namely, transitional zonal water with Bellingshausen Sea influence (TBW) and transitional
zonal water with Weddell Sea influence (TWW) [18,19]. According to [1], typical character-
istics of these waters are 8 > 1 °C, S < 34.1 psu (TBW flow) and 6 <1 °C, S > 34.1 psu (TWW
flow). TBW waters propagate to the northeast along the South Shetland Islands in the form
of a narrow high-velocity jet called the Bransfield Current [19-22]. Additionally, modified
Circumpolar Deep Water (mCDW) with temperatures 6 > 1 °C and salinities >34.5 psu is
stably observed within the Bransfield Current in a depth range of 200-450 m [23,24]. The
maximal velocities of the Bransfield Current are observed at the sea surface and linearly
decay towards the bottom [22,25,26]; its transport is approximately 1 Sv on the basis of
direct velocity measurements [27]. The authors in [28] showed that the diurnal tide essen-
tially affects the Bransfield Current; the same effect was observed in [29]. The TWW is
located in the southern part of the strait and spreads southwestward along the Antarctic
Peninsula [23]; the velocities of this flow are much lower than those in the Bransfield
Current and usually do not exceed 20-30 cm/s [30]. Further inflows of TWW waters from
the BS to the West Antarctic Peninsula slope are caused by wind forcing [31]. TWW and
TBW waters are separated by two fronts: the Peninsula Front divides these waters at the
sea surface and the Bransfield Front divides them in the deeper layers. The Bransfield Front
is located much closer to the South Shetland islands than the Peninsula Front is.

The thermohaline structure of waters within the Bransfield Strait was repeatedly
studied on the basis of in situ CTD data [15,24,32-36]. Deep layers of the BS basins are
filled with relatively cold, saline, and dense waters from the continental shelf of the western
Weddell Sea [32,33]. During the last few decades, the freshening and lightening of these
waters have been observed [24,34,37]; their variability is caused by changes in source waters,
and negatively correlated with Southern Annular Mode [38]. As the water density in the
deep layers differs from one BS basin to another, one might expect that deep overflows
can exist over the sills between the basins. However, there are no studies dedicated to
direct measurements over the sill points between the WB and CB, and between the CB and
EB. Regarding available data, the WOD2018 database contains 27 CTD profiles in the CB
and 18 profiles in the EB, but there are no stations near the sill between these basins. The
same lack of data is observed in the region of the sill between the WB and CB. LADCP data
are even less available than CTD data. Regarding Shipboard ADCP measurements (for
example, [27,30]), the maximal depth of such velocity profiles does not exceed 300-400 m,
which is not sufficient for the studies of the bottom circulation between the deep basins of
the BS. A recent work by [39] also showed that geostrophic velocity calculations based on
hydrographic data do not reproduce actual ocean circulation patterns in the strait. This fact
emphasizes the importance of direct velocity measurements in the BS. The objective of this
paper is to study deep-water exchange between the basins of the BS based on the new data
collected in January and February 2022. We used both CTD and LADCP profilers for the
synchronous measurements of thermohaline and kinematic structures of currents.

The paper is structured as follows: we describe our in situ CTD and LADCP mea-
surements in Section 2. In Section 3, we analyze the spatial thermohaline and kinematic
structure of flows over the sill between the WB and CB (Section 3.1), and between the CB
and EB (Section 3.2). The results are discussed in Section 4, followed by conclusions in
Section 5.

2. Materials and Methods

This study is focused on the water exchange between the deep basins of the BS. For
this purpose, we combined in situ measurements of temperature, salinity, and velocities
performed during austral summer in January and February 2022. In this section, we
describe our approach for station selection (Section 2.1), and the applied equipment and
data processing techniques (Section 2.2).
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2.1. Sections across the Strait

A total of 34 stations were performed within the BS from 21 January to 14 February
2022 (Table 1) in the 87th cruise of the research vessel Akademik Mstislav Keldysh. The
measurements were performed almost at the bottom from the ship that maintained its
position at the station with accuracy not worse than 200 m. The stations were organized
in three sections, up to nine stations each across the strait (Figure 1); two relatively short
but high-resolution sections were located at the sill point between the central and east
basins. The GEBCO2021 bathymetry grid of 15” resolution was used for the selection of
the stations. The major part of the BS region has been covered by multibeam echosounder
surveys. Their locations are shown with green in the right upper panel of Figure 2 based on
the data from GEBCO2021 Type Identifier (TID) grid. Three BS basins are clearly seen along
the thalweg of the strait (Figure 2). The first section was located over the ridge between
the WB and CB; the second and third sections were located in the CB, allowing for us to
trace how water properties change along the strait. Two additional sections were located
across and along the sill between the CB and EB. These sections were performed with
very high resolution (the distance between stations here was approximately 2 km), which
allowed us to study deep overflow between the CB and EB. Because the GEBC0O2021 grid
contains multibeam echosounder data for the entire strait, the depths of our stations and
own single-beam measurements using Kongsberg EA600 echosounder coincided very well
with the GEBCO bathymetry.
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Figure 2. Depths along the thalweg of the Bransfield Strait and location of CTD/LADCP measure-
ments. (a) Bottom topography according to the GEBCO2021 database, shoreline is based on GSHHS
data [17], thalweg is indicated with dark red solid line, CTD/LADCP sections shown with black solid
lines, colored dots show the locations of CTD stations along the thalweg presented in (c). (b) areas
with ocean bottom measured with multibeam soundings indicated with green; the data were taken
from TID file of GEBCO2021 database. (c) Ocean depth along the thalweg of the BS (shown with
gray) and location of CTD stations along the strait; the deepest CTD/LADCP station was selected at
each transect. Station numbers correspond to Table 1; colors are indicated in the bottom panel.
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Table 1. Coordinates of stations carried out in the Bransfield Strait in January and February 2022.

Station Number Timlza(;iff 0) Coordinates CTb ]%eg;?},l’n:éOcean Me;;l;):}i'z;fen ts
Section 1
7318 26 January 2022 15:08 63°26.4' S 60°05.7 W 102/110 CTD/LADCP
7319 26 January 2022 17:09 63°20.0' S 60°13.4' W 613/616 CTD/LADCP
7320 26 January 2022 18:58 63°14.5' S 60°19.4' W 531/536 CTD/LADCP
7321 26 January 2022 21:41 63°09.9' S 60°25.5' W 660/666 CTD/LADCP
7322 26 January 2022 23:20 63°05.8' S 60°29.9' W 650/655 CTD/LADCP
7323 27 January 2022 00:48 63°03.1" S 60°32.8' W 368/373 CTD/LADCP
Section 2
7308 24 January 2022 09:12 63°10.0" S 58°20.1' W 186/191 CTD/LADCP
7309 24 January 2022 11:59 63°02.2" $58°35.7/ W 184/190 CTD/LADCP
7310 24 January 2022 14:00 62°54.0' S 58°53.2' W 742/746 CTD/LADCP
7311 24 January 2022 19:23 62°36.9' $59°27.2' W 1271/1276 CTD/LADCP
7313 25 January 2022 16:58 62°33.5' $59°33.8' W 392/397 CTD/LADCP
7314 25 January 2022 21:05 62°35.0' $59°31.8' W 606/612 CTD/LADCP
7315 26 January 2022 00:04 62°35.9' $59°29.3' W 988/994 CTD/LADCP
7316 26 January 2022 01:54 62°40.0' $ 59°22.0' W 1403/1409 CTD/LADCP
7317 26 January 2022 06:23 62°44.9' $59°11.7 W 1412/1422 CTD/LADCP
Section 3
7294 21 January 2022 11:29 62°52.0' $57°09.4' W 148/152 CTD/LADCP
7295 21 January 2022 14:00 62°49.5' 5 57°15.8' W 167/171 CTD
7296 21 January 2022 15:26 62°45.6' $57°25.8' W 214/218 CTD
7297 21 January 2022 17:17 62°40.0' S 57°39.6' W 716/720 CTD
7298 21 January 2022 20:59 62°37.0' S 57°52.0' W 1227/1232 CTD/LADCP
7299 21 January 2022 23:25 62°31.0" S 58°08.0' W 1768/1773 CTD
7301 22 January 2022 21:00 62°26.4' $58°21.1' W 1055/1063 CTD
7305 23 January 2022 15:55 62°21.0' S 58°36.8' W 748/751 CTD
7306 23 January 2022 20:29 62°23.0' S 58°30.0' W 1319/1323 CTD
Overflow
7352 31 January 2022 19:27 62°10.9' S 56°41.0' W 1016/1023 CTD/LADCP
7354 01 February 2022 14:41 62°12.6' $56°35.8' W 968/972 CTD/LADCP
7355 01 February 2022 16:01 62°11.5' 5$56°38.5' W 897/902 CTD/LADCP
7356 01 February 2022 17:18 62°10.1' S 56°43.1’' W 925/931 CTD/LADCP
7357 01 February 2022 18:31 62°09.2' $56°46.2' W 905/911 CTD/LADCP
7387 14 February 2022 05:26 61°57.0 5 56°10.0' W 2373/2379 CTD/LADCP
7388 14 February 2022 09:46 62°08.9' S 56°36.5' W 1160/1165 CTD/LADCP
7389 14 February 2022 11:16 62°10.0' S 56°38.9' W 1135/1139 CTD/LADCP
7390 14 February 2022 12:48 62°10.9' 5 56°40.7" W 1000/1006 CTD/LADCP
7391 14 February 2022 14:37 62°08.4' $56°31.8' W 1206/1212 CTD/LADCP
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2.2. In Situ Measurements and Data Processing

The stations were performed using the lowered acoustic Doppler current (LADCP) and
conductivity, temperature, depth (CTD) profilers mounted on a General Oceanics GO1018
rosette water sampler. The CTD measurements were performed along all three sections;
the LADCP data are available only for Sections 1 and 2 due to technical reasons. Exact
information about the type of measurements at each station is presented in Table 1. The
water sampler was equipped with a Valeport VA500 altimeter allowing for measurements
close to the ocean bottom (3-7 m above the seafloor; see Table 1 for more details). An
Idronaut Ocean Seven 320plus CTD probe was used for the measurements together with an
MKplus Deck Unit. CTD data were collected using standard package REDAS5 version 5.78.
The declared accuracy of CTD measurements is 0.001 °C for temperature, and 0.001 mS/cm
for conductivity sensors. The CTD data from the World Ocean Database (WOD2018) were
used for addressing potential temperature and salinity variations in the bottom layer of
the CB and EB. This database contains 27 CTD profiles in the CB, and 18 profiles in the EB
carried out in different years and seasons (only profiles deeper than 1500 m were taken
into account). Most stations were performed during the austral summer season. Thus,
18 stations of 27 in the CB, and 14 stations of 18 in the EB were occupied from November
to February. The observation period covered the 1980s and 1990s; three stations in the
EB were performed in 1975-1976. The LADCP data measured with a TRDI WorkHorse
Monitor 300 kHz profiler were processed using programming package LDEO Software
version IX.10 [40]. Data from the shipborne acoustic doppler current profiler (SADCP)
TRDI Ocean Surveyor 75 kHz were used for more reliable data processing in the upper
ocean layer. The accuracy of velocity measurements estimated by the processing program is
usually 3-4 cm/s. In the bottom layers, due to the bottom track signals, the errors decreased
to 1-2 cm/s. The results of LADCP processing were corrected by subtracting the tidal
velocities. The barotropic tide was calculated on the basis of the TPXO 9.1 global inverse
tide model [41].

3. Results

We analyzed the spatial kinematic and thermohaline structures of the currents within
the BS at several transects across the strait; their locations are presented in Figure 1 and
Table 1. The observations included CTD and LADCP stations from the surface to the bottom.
The results of these measurements are discussed separately for the western (Section 1) and
eastern (Section 2) margins of the CB.

3.1. Water Exchange between Western and Central Basins

The results of our measurements along three sections in the western part of the CB are
shown separately on the basis of LADCP (Figure 3) and CTD (Figure 4) data. Previously,
such measurements were performed in the CB, and allowed for investigations of the
spatial structure of currents [26,27,30,35] and thermohaline properties of waters within the
strait [16,23,37,42,43]. Some of these studies were focused on a single transect in different
parts of the strait [25,26,35,39]. However, there are no studies focused on the sills between
deep basins or where the structure of the TBW and TWW flows were analyzed on the basis
of several quasisimultaneous crossings of the strait with synchronous CTD and LADCP
measurements. Velocity data were projected to the direction along the strait (true direction
is 60°). CTD data are available for all three sections; LADCP measurements were performed
only at two western sections (Sections 1 and 2; see Figure 2 for their location). Two major
circulation patterns were clearly observed at both sections: the fast and narrow Bransfield
Current is located in the northwestern part of the strait, while the flow of waters from
the Weddell Sea is observed along the Antarctic Peninsula. The main result is that TWW
flow was observed at Section 1, the westernmost. It was previously suggested that TWW
flow recirculates within the BS and does not propagate as far to the west through the
entire strait [27,42]. The velocities of this flow do not decrease along the TWW path: the
maximal velocities are 23 cm/s at Section 2 and 36 cm/s at Section 1. On the other hand,
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the Bransfield Current that transports TBW waters significantly changes between these
sections. The maximal velocities changed from 24 cm/s at Section 1 to 52 cm/'s at Section 2.
The maximum was located at a 260 m depth at Section 1; at Section 2, the maximal velocities
were observed at the sea surface. The total volume transports of TBW waters based on
LADCP measurements were 1.19 Sv (Section 1) and 2.54 Sv (Section 2). The corresponding
values of TWW transports were 0.77 Sv and 1.82 Sv. No significant currents were observed
in the bottom layer of the sill between the WB and CB; the conditions in the bottom layer
over the sill between CB and EB were significantly different and are discussed below in
more detail.

TBW flow TWW flow TBW flow TWW flow
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Figure 3. Along-strait LADCP velocity distributions at two sections across the BS: (a) Section 1 over
the watershed between the WB and CB and (b) Section 2 in the CB. Locations of TBW and TWW
flows are indicated at the top of each panel; stations are indicated by solid black lines. The bottom
relief is shown according to the GEBCO2021 database.

The CTD data are available for all three sections across the CB of the strait (Figure 4).
Potential temperature and salinity distributions showed quite similar structures; at all
sections, TBW and TWW flows were clearly distinguished on the basis of different ther-
mohaline properties. The warmest waters were observed within the Bransfield Current;
the maximal water temperature changed along the strait from 1.27 °C (Section 1) to 1.56 °C
(Section 2) and 1.52 °C (Section 3); the corresponding variations of the minimal salinity
were 34.22, 34.14, and 34.24 PSU. At depths of 200450 m, a core of mCDW waters was
observed at all sections; their properties changed along the strait from 1.08 to 1.13 and
1.08 °C, and 34.73 to 34.73 and 34.71 psu. The minimal potential temperature in the upper
200 m was observed near the Antarctic Peninsula within the TWW flow. Along this flow,
thermohaline properties changed from —0.73 °C and 34.60 psu (Section 3) to —0.62 °C
and 34.57 psu (Section 2), and —0.66 °C and 34.58 psu (Section 1). The minimal potential
temperature in the CB, —1.65 °C, was observed at the deepest point of the strait at station
7299; the minimal potential temperature over the watershed between the WB and CB was
—0.95 °C (station 7321), confirming the well-known fact that the bottom waters of the CB
originated directly from the waters of the Weddell Sea.
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Figure 4. (a,c,e) Potential temperature and (b—f) salinity distributions at three sections across the
Bransfield Strait. Data for (a,b) Section 1, (¢,d) Section 2, and (e,f) Section 3. Isolines of potential
density anomalies shown with dashed contours. Locations of CTD stations are indicated with solid
lines. The bottom relief is shown according the GEBCO2021 database.

3.2. Deep-Water Overflow between Central and Eastern Basins

The overflow between the CB and EB was studied on the basis of a transect performed
over the sill between the basins (Figure 5). The deepest point of the watershed between the
basins is 1050 m based on the GEBCO2021 database. The transect included five stations
and was oriented across the deep overflow. Along-flow velocity, potential temperature,
salinity, and potential density relative to the sea surface are shown in Figure 5. Velocities
over entire water column along the section were quite low (less than 10-15 cm/s). TBW
and TWW flows are located at some distance away from the transect between two basins;
the Bransfield Current was observed north of our stations, closer to the South Shetland
Islands, while the inflow of waters from the Weddell Sea is located closer to the Antarctic
Peninsula. On the basis of the data of our section, the intensification of currents was
observed in the bottom layers. Two separate high-velocity jets were observed at station
7357 and 7352. The first jet with maximal velocity equal to 22 cm/s was located at the
deepest point of the section. The coldest (minimal potential temperature was —1.31 °C) and



Water 2022, 14, 3193

9o0f 16

densest (maximal potential density anomaly relative to the sea surface was 27.87 kg/m?)
waters were observed at this point. The second jet with the maximal velocity, equal to
21 cm/s, was observed at station 7357. Its location near the steep slope could be caused by
the Coriolis force, which displaced the jet to the left in the Southern Hemisphere. A very
thin bottom layer of cold waters was also observed at station 7354; this layer was formed
by the overflow of cold waters from the central basin.
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Figure 5. Structure of the deep overflow between the CB and EB of the strait: distribution of the
(a) northeastern velocity (true direction is 45°) based on LADCP data, (b) potential temperature, and
(c) salinity based on CTD data. Contours of potential density anomalies are shown with dashed
black lines. Positions of stations are indicated with vertical solid lines together with the numbers of
the stations.

The measurements in the region of the deep overflow between the CB and EB were
performed twice with an interval of two weeks on 1 and 14 February 2022. The first survey
included measurements at five stations across the bottom flow; the second survey consisted
of four stations along the overflow. The station at the sill point between the basins was
performed twice during both surveys. The direction of the deep overflow changed during
these two weeks. The LADCP velocities measured in the bottom layer are shown in Figure 6.
We present the maximal velocities in the 100 m bottom layer and averaged velocities in
the bottom layers with thicknesses of 50 and 100 m. The magnitudes and directions of
these velocity vectors were very close. For example, the maximal velocity of the overflow
was 22 cm/s, while average velocities were 19 and 18 cm/s for the 50 and 100 m layers,
respectively. As for the measurements at the same point performed two weeks later, the
flow was directed in the opposite direction, from the EB to CB. The velocities of this opposite
flow reached 18 cm/s (maximal value), 16 cm/s (averaged in the 50 m bottom layer), and
14 cm/s (averaged in the 100 m bottom layer). These changes in currents are shown in
Figure 7 in more detail. Corresponding changes in the potential temperature and salinity
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between the measurements over the sill point between the basins were 0.47 °C (from —1.31
to —0.84 °C) and 0.02 psu (from 34.62 to 34.64 psu), respectively. A sharp thermocline was
observed at depths of 880-920 m at station 7352; the vertical potential temperature gradient
reached 0.01 °C/m (1 °C per 100 m depth). When the current changed direction in two
weeks (station 7390), such a strong thermocline was not observed.
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Figure 6. Measured LADCP velocities in the bottom layer over the sill point between the central and
eastern basins of the BS. (a,b) Maximal velocities averaged (c,d) in the 50 m bottom layer and ((e,f))
the 100 m bottom layer. (a,c,e) Data measured on 1 February; (b—f) measurements performed two
weeks later (on 14 February). The magnitude of currents is shown in both the colors and lengths
of the arrows; all color and vector scales are the same in all panels. The relief is based on the

GEBCO02021 database.
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Figure 7. (a) Potential temperature, (b) salinity, and (c) along-flow velocity profiles measured at the
same location over a sill point between the central and eastern basins on 1 February 2022 (station
7352, orange line) and 14 February 2022 (station 7390, blue line). Horizontal dashed line at a depth of
870 m indicates the upper boundary of the bottom layer with high velocities.

4. Discussion

Different properties of waters from the separate BS basins are caused by different path-
ways of propagation of Weddell Sea waters, which is the source of these waters. Differences
in temperature and salinity define the density of deep waters in these basins, which in
turn define the dynamics of deep layers within the strait. Temperature-salinity diagrams
(Figure 8) were used for the analysis of thermohaline water structure at all studied sections.
The densest waters were observed in the deepest part of the CB (Section 3, Figure 8c); the
maximal recorded potential density anomaly at station 7299 was 27.89 kg/m?. Such dense
waters were not observed at Section 1 (Figure 8a) between the WB and CB, confirming the
fact that the deepest layers of the CB are filled by TWW waters from the east. The minimal
potential temperature in the bottom layer of the CB was —1.65 °C, which is quite close to
the freezing-point temperature (—1.90 °C for waters with 34.65 PSU salinity). This fact
indicates the possible importance of the local ice formation effects during austral winter.
It is quite possible that cooling and ice formation over the shelves of the BS (which are
sufficiently wide in the southern part of the strait near the Antarctic Peninsula) can cause
the formation of such dense waters within the CB. More winter measurements are needed
for studies of such processes in the strait.

For addressing the temporal variability of thermohaline properties of the deepest
waters within the Bransfield Strait, we analyzed the modern World Ocean Database
(WOD2018). Temperature-salinity diagrams allowed us to compare the maximal den-
sities of deep waters in the CB (Figure 9a) and EB (Figure 9b).These data show that the deep
waters in the CB are colder, saltier, and denser than waters in the EB. The minimal potential
temperature in the CB usually reaches —1.75 °C, while waters in the EB are always warmer
than —1.42 °C. Salinity in the deep layers of the CB significantly varies, but it is usually
greater than that in the EB, which contributes to the observed density differences. The
maximal density in the CB reaches 27.89 kg/m?3, but it does not exceed 27.82 kg/m? in the
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EB. Thus, the mean bottom flow through the studied sill should be directed from the CB
to the EB. Continuous observations are required to evaluate the magnitude of the deep
overflow, and the question regarding the source of deep water in the central basin requires
further studies.
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Figure 8. Temperature-salinity diagrams including the freezing-point temperature (magenta line)
and sigma contours (gray lines) at the hydrographic stations at different sections in the BS. From west
to east: (a) Section 1, (b) Section 2, (c) Section 3, (d) section across the deep overflow. The locations of
the sections are shown in Figures 1 and 2. The colors of the dots indicate depths of measurements; see
color scale in (c). The freezing-point temperature was calculated on the basis of EOS80 equations [44].

CTD data from several profiles are presented in Figure 10 for a more detailed analysis
of water transformation along the strait. Stations 7321, 7317, 7299, 7352, and 7387 were
established at the deepest points along the thalweg of the BS. The coldest (—1.65 °C) and
densest (27.89 kg/m?) waters were located in the CB (station 7299). Despite the fact that the
EB is deeper (2750 against 1960 m in the CB), the waters in the EB are not as cold and dense
as those in the CB. This indicates that the bottom water in the EB has not been directly
transported from the TWW flow from the Weddell Sea, but appeared there due to the
overflow from the CB. During propagation, these waters mix with overlaying warmer and
more saline waters leading to the observed decrease in density. Regarding the overflow
between the basins (station 7352), the bottom waters there are colder than any waters at
these depths in the CB or EB. In fact, a potential temperature isotherm of —1.30 °C was
observed at a depth of 1105 m in the CB (station 7299) and at a depth of 1000 at the sill
point between the basins (station 7352), indicating that deeper layers of the CB are involved
in the studied overflow.
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Figure 9. Temperature-salinity diagrams including the freezing-point temperature (magenta line)
and sigma contours (gray lines) at the available hydrographic stations in the WOD2018 database
for the (a) central and (b) eastern basins. Only full-depth profiles deeper than 1500 m were selected
from the database. The colors of the dots indicate depths of measurements; see color scale in (b). The
freezing-point temperature was calculated on the basis of EOS80 equations [44].
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Figure 10. Potential temperature, salinity, and potential density along the thalweg of the BS:
(a) location of stations relative to the basins of the strait, (b) temperature-salinity diagram, (c) profiles
of potential temperature, (d) salinity, and (e) potential density. The colors of stations are the same in
all panels. All profiles at depths of the overflow (850-1050 m) are shown in the insets in more detail.
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Temporal variability in the flow between the CB and EB needs to be studied in more
detail. Our two stations with a time interval of two weeks showed significant variability
of currents between the basins. One of the possible reasons of such variability is tides;
tidal motions are intensified over underwater ridges such as the watershed between the
CB and EB. However, the calculations of tidal velocities at the exact time and positions
of stations 7352 and 7390 based on the TPX09.1 model show that variability cannot be
completely explained by tidal motions. Thus, tidal velocities were 8.1 cm/s to the northeast
(direction 48° relative to the north) at the time of station 7352, and 7.8 cm/s to the east
(direction 88°) at the time of station 7390. The measured LADCP velocities are sufficiently
higher. One of the other possible causes of such a variability are internal seiches. Some
similar mechanisms were suggested for the variability in the overflow in the Denmark
Strait [45]. In any case, further measurements of currents over this sill point are needed for
better understanding the properties of the observed overflow, their temporal and spatial
variability, and dynamic aspects that drive this intense current in this narrow gap between
the basins.

5. Conclusions

Thermohaline structure and water dynamics in the BS during austral summer of
2022 were analyzed on a series of CTD/LADCP sections across the strait. The analysis
was focused on the water exchange between the CB and adjacent basins; this exchange
significantly differed in the western and eastern margins of the CB. The main result for
the western margin is that there is a significant flow of TWW waters along the Antarctic
Peninsula that continues up to the western basin. It was previously suggested that all
these waters recirculate within the CB as a part of cyclonic circulation in the strait. Our
direct velocity measurements show that the TWW flow transports 0.77 Sv to the WB. At
the same time, there was no significant overflow of deep and dense waters between the
WB and CB due to the relatively shallow sill separating the basins. The situation over
the watershed between the CB and EB was completely different. The underwater ridge
there was much deeper and reaches a depth of more than 1000 m at the sill point. At that
point, a strong intensification of deep currents was observed; the maximal bottom velocities
reached 22 cm/s. This bottom flow is very variable and sometimes changes its direction.
More direct velocity measurements are needed at this point for the detailed analysis of the
bottom overflow and its temporal variability.
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