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Abstract. We study low-frequency properties of the Antarc-
tic Bottom Water (AABW) flow through the Kane Gap (9° N)
in the Atlantic Ocean. The measurements in the Kane Gap
include five visits with CTD (Conductivity-Temperature-
Depth) sections in 2009-2012 and a year-long record of
currents on a mooring using three AquaDopp current me-
ters. We found an alternating regime of flow, which changes
direction several times during a year. The seasonal sig-
nal seems to dominate. The maximum daily average values
of southerly velocities reach 0.2 0 ms-1, while the greatest
north-northwesterly velocity is as high as 0.15 ms-1.The ve-
locity and transport at the bottom are aligned along the slope
of a local hill near the southwestern side of the gap. The
distribution of velocity directions at the upper boundary of
AABW is wider. The transport of AABW (© < 1.9 °C) based
on the mooring and LADCP (Lowered Acoustic Doppler
Current Profiler) data varies approximately within +£0.35 Sv
in the northern and southern directions. The annual mean
AABW transport through the Kane Gap is almost zero.

1 Introduction

Cold bottom waters over the major part of the Atlantic Ocean
are of the Antarctic origin. They are formed mainly in the
Weddell Sea near the Antarctic slope as a result of cascading
and mixing of cold and dense Antarctic Shelf Water through
the layer of warmer and more saline circumpolar waters. The
pathways of northward propagation of the formed Antarctic
bottom waters between the deep basins of the Atlantic Ocean
are confined to the depressions in the bottom topography.
These waters propagate from the Weddell Sea to the Sco-

tia Sea through several passages in the South Orkney Ridge.
Then, they penetrate to the Argentine Basin while merging
with the Antarctic Bottom Water transported from the Wed-
dell Sea through the South Sandwich Trench and with the
densest layers of circumpolar waters. We follow the defini-
tion of these waters given in Wiist (1936) and name Antarctic
Bottom Water (AABW) all the bottom waters propagating in
the Atlantic Ocean from Antarctica to the north. We note that
in different regions of the Atlantic Ocean the upper boundary
can be associated with different values of potential tempera-
ture (©) from 1.8 to 2.3 °C and density. This information is
given in some tables in Morozov et al. (2010a). The trans-
port of AABW to the Argentine Basin is estimated at 8 Sv
(Hogg, 2001). The waters are later transported to the Brazil
Basin along three pathways: the Vema Channel, the Hunter
Channel, and over the Santa Catarina Plateau, which is fre-
quently called in the literature the Santos Plateau (Hogg, et
al., 1999). The Vema Channel allows for the major part of the
AABW transport to the north, which is estimated at 3-4 Sv
(Morozov et al., 2010a). Figure 1 shows a scheme of AABW
propagation in the bottom layer (Morozov et al., 2010a).

After propagating to the north of the Brazil Basin, part of
AABW is transported to the eastern Atlantic Ocean through
the Romanche and Chain fracture zones (FZ). Another part
flows to the Equatorial Channel and Guyana Basin (Haii et
al., 1997) and later splits, propagating to the east through the
Vema Fracture Zone and to the northwest to the North Amer-
ican Basin (Morozov et al., 2010a).

The Vema, Romanche, and Chain transform fracture zones
are the main pathways for bottom water propagation to the
eastern Atlantic Basin. Before the bottom water enters the
Romanche Fracture Zone its temperature is 0.674 °C; the
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Fig. 1. Scheme of AABW propagation in the Atlantic Ocean.

coldest temperature at the entrance to the Chain Fracture
Zone is 0.682 °C (Mercier and Morin, 1997). The recent
measurements in 2011 recorded a temperature of 0.508 °C
before the Romanche Fracture Zone and 0.648 °C in the frac-
ture at 22°20/W (Morozov et al., 2012; Tarakanov et al.,
2013). The potential temperature at the entrance to the Vema
Fracture Zone is 0 = 1.33°C (Mantyla and Reid, 1983). The
lowest potential temperatures after the exit from the fracture
zones are 0 = 1.66 °C (Romanche) ando = 1.69 °C (Vema)
(Mantyla and Reid, 1983). The values are very similar due to
stronger mixing in the Romanche FZ.

Measurements of velocities using current meters in the
Romanche and Chain fracture zones revealed comparable
easterly transports of Antarctic waters of 0.66 and 0.56 Sv,
respectively (Mercier and Speer, 1998). These results are
close to the independent estimates of bottom water trans-
port through the Romanche Fracture Zone of 0.5 Sv obtained
using LADCP (Lowered Acoustic Doppler Current Profiler)
current measurements in 2005 (Morozov et al., 2010a). In
addition, the results of measurements in 2006 (Morozov et
al., 2010a) recorded a transport of 0.4 Sv over the main sill
of the Vema Fracture Zone (110N). These measurements are
near the lower limit of the published estimates. The values
were calculated for the transport below the 1.9 °C isotherm.
Other researchers report higher values: Fischer et al. (1996)
measured a transport of 1.8-2 Sv below 2 °C, McCartney et
al. (1991) reported 1.3-3.0 Sv, and Rhein et al. (1998) 1.1 Sv.
More information on the transport in the channels is given in
our book (Morozov et al., 2010a).
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Fig. 2. Bathymetry of the Kane Gap region with observations of
near-bottom potential temperature (°C) according to the WOD09
database. Historical stations are shown with dots of different color
depending on the temperature (see notations in the inset; our study
region is shown with a black square). Updated and adopted with
modifications from Morozov et al. (2010b).

Mantyla and Reid (1983) conclude that the waters that
propagate through the Romanche Fracture Zone influence
only the regions of the Guinea, Sierra Leone, and partly
Angola basins, whereas the waters that flow through the
Vema Fracture Zone influence the Gambia Abyssal Plain, the
Canary, and possibly the Iberian basins (van Aken, 2000).
They actually fill the entire bottom layer in the northeast-
ern Atlantic Ocean. A scheme of AABW propagation in
the Gambia Abyssal Plain was suggested in McCartney
et al. (1991). This scheme was illustrated in Morozov et
al. (2o10a) based on the recent measurements of potential
temperature near the bottom.

Antarctic Bottom Water propagates to the eastern Atlantic
Ocean through two main passages in the Mid-Atlantic Ridge:
the Vema Fracture Zone (at 110N) and Romanche and Chain
fracture zones (at the Equator) and then reaches the Kane
Gap west of Guinea. It is seen in Fig. 2 that the minimum
ever measured potential temperature by CTD (Conductivity-
Temperature-Depth) casts at the bottom, close to the Kane
Gap (at depths of 4600-4650 m that correspond to the depth
of'the sill), is 1.85 °C. This indicates that bottom waters with
temperatures lower than this value transported to the region
of the Kane Gap from the two sources are separated by the
sill in the gap, while warmer mixed waters can flow over the
sill. Thus, only the warmest part of Antarctic Bottom Wa-
ter (2.00 °C > o > 1.85 °C) can exchange over the sill of the
Kane Gap. We note that Fig. 2. was constructed on the ba-
sis of water sample data and CTD profilers from the WODO09
database (WODO09, 2009), supplemented with the results of
Hobart et al. (1975).

In 2009-2012, the scientists from the Shirshov Institute of
Oceanology significantly supplemented the available data set
of temperature and salinity in the Kane Gap. In May 2009
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Fig. 3. Bottom topography in the Kane Gap region based on
Smith and Sandwell (1997) and echo-sounding measurements dur-
ing cruises. Locations of CTD and LADCP stations in 2009-2012
and the mooring (diamond) are shown. The crosses indicate the be-
ginning and end of the bathymetry section in 2012.

we, for the first time, carried out the measurements of
currents. Before, even the direction of bottom water flow
through this passage was not clear. The only source of in-
formation about the currents was based on the oriented un-
derwater photos. According to these observations the current
was directed to the northwest, from the Sierra Leone Basin
to the Gambia Abyssal Plain (Hobart et al., 1975).

2 The data

In order to understand the flow of bottom water in the
Kane Gap we performed a series of CTD casts and long-
term mooring measurements at the sill of the gap (9°20/N,
19°51/ W, approximate depth 4560 m). This program started
in 2009 and has continued until now. During the period
2009-2012, we carried out five series of CTD (SBE-19) casts
combined with LADCP (RDI WHS 300 kHz) measurements
(Fig. 3, Table 1).

In May 2009, during a Russian expedition onboard the
R/V Akademik loffe, cruise 27 (Al-27), measurements of cur-
rents were performed for the first time near the main sill of
the Kane Gap (Fig. 3) using a FADCP combined with CTD
profiling (Morozov et al., 2010b); only one station was oc-
cupied. In October 2009 (cruise AI-29), we continued the
measurements in the Kane Gap (Fig. 3). A CTD section of
three stations was occupied combined with FADCP profil-
ing. In October 2010 (cruise AI-32), another CTD section
with FADCP measurements at four stations was occupied in
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Fig. 4. A scheme of the mooring location over the topographic sec-
tion across the Kane Gap. Crosses indicate the depths of current
meters. The horizontal scale is shown in the bottom right corner.

the Kane Gap (Fig. 3). In October 2011, during an expedi-
tion onboard the R/V Akademik Sergey Vavilov (cruise ASV-
34) a CTD section with FADCP measurements at five sta-
tions was conducted, and in October 2012 (cruise ASV-36),
a CTD section with FADCP measurements at four stations
was carried out. In October 2012, we also carried out a de-
tailed echo sounder survey in the region of the Kane Gap
along the line of the section.

In October 2010, we deployed a mooring with three
Nortek AquaDopp acoustic current meters (Figs. 3, 4) at
9°20.7/N, 10~"1TW . It was recovered in October 2011.
The mooring operation was carried out jointly with the
Royal Netherlands Institute for Sea Research (NIOZ). The
instruments measured currents at 1.5m from the head at
the operation frequency equal to 2MHz. The instruments
were fixed at 4352, 4477, and 4562 m. The deepest instru-
ment was 7m above the bottom. The sampling period was
600s (10 min). The sections in 2010 and 2011 were oc-
cupied immediately before and after the deployment and
recovery of the mooring.

All instruments used in the cruises were calibrated before
each cruise. The accuracies of SBE-19 sensors are 0.003 °C,
0.0005 Sm-1, and 1 dB. The accuracy of FADCP current
measurements in the bottom layer if the bottom track was
available is 0.01ms-1 and 5° of direction. The raw CTD
and FADCP data were processed using the standard soft-
ware FADCP Processing, version IX.7, which is described
in Visbeck (2002).

Of all mentioned data, only the measurements in
May 2009 were previously published (Morozov et al., 2010a,
b). The publications in 2011-2012 are cruise reports only
with the information of the activities in the cruises without
data analysis. In this paper we focus our attention on the ve-
locities and transports measured using FADCP and moored
instruments.
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Table 1. CTD stations at different cruises of the R/Vs Akademik loffe (Al) and Akademik Sergey Vavilov (ASV).

Date Station, cruise  Coordinates Lowest measurement/
ocean depth (m)
01.05 2009 2084 AI-27 0N O N, 19°51.3/W  4553/4565
30.10 2009 2159 AI-29 99°234rN, 19°49.F W 4567/4579
30.10 2009 2160 AI-29 09°2i.9'N, 19°50.9/W  4566/4572
31.10 2009 2161 AI-29 0" 0S'N,I"ss.s'w 4536/4549
20.10 2010 2423 AI-32 09°20.&N, 19°54.3/W  4502/4512
20.10 2010 2424 AI-32 0" 1.0N, 19°52.7/W  4444/4454
21.10 2010 2425 AI-32 09°22.2/N, 19°50.9/W  4540/4550
21.10 2010 2426 AI-32 99°23A4rN, 4545/4555
18.10 2011 2461 ASV-34 0" S.0'N, 19°42.5/W  4387/4397
18.10 2011 2462 ASV-34  99°23.9'N, 19°48.1/W  4549/4559
19.10 2011 2463 ASV-34  09°22.5/N, 19°50.FW  4566/4576
19.10 2011 2464 ASV-34  99°21.6rN, 19°52.0/W  4535/4545
19.10 2011 2465 ASV-34 0" 0.8'N, 19°54.5/W  4549/4506
24.10 2012 2474 ASV-36 0" s™ N, 19°44.0/W  4284/4292
24.10 2012 2476 ASV-36  99°23A4'N, 19°47.6/ W  4543/4551
24.10 2012 2477 ASV-36  09°22.0/N, 19°51.0/W  4558/4566
24.10 2012 2478 ASV-36  09°20.5/N, 19°54.5/W  4498/4506

3 Data analysis
3.1 Bottom topography

The echo sounder survey in October of 2012 revealed a lo-
cal hill at the southwestern slope of the Kane Gap. The
further analysis demonstrated significant influence of this
hill on the direction and structure of the bottom currents in
the entire section and at the location of the mooring. The
bathymetry measured in 2012 was taken into account when
we constructed a chart of the bottom topography (Fig. 3). It
was also used for all the sections occupied across the Kane
Gap (Figs. 5-8). We used the digital bottom topography of
the ocean (Smith and Sandwell, 1997) and recent changes
available in the internet as the basis for this chart (http:
/topex.ucsd.edu/cgi-bin/get data.cgi). The differences in the
bottom topography in the sections are related to slightly dif-
ferent lines of sections in each year.

3.2 Sections

The series of five measurements in 2009-2012 allowed us to
analyze the evolution of the near-bottom thermohaline struc-
ture and velocity in the Kane Gap. The temperature profile in
May 2009 is shown in Fig. 5 and four temperature, salinity,
and potential density <4 sections in 2009-2012 are shown
in Figs. ¢ and 7. The distributions of the velocity compo-
nent in the abyssal layer normal to the sections are shown
in Fig. sa-d. Figure 9 shows o - (salinity) curves for the
abyssal layer of these sections.

As seen from the distributions of potential temperature
over sections (Fig. 2) and bottom topography charts (Figs. 2,
3), the abyssal channel of the Kane Gap oriented from south-
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Fig. 5. Profiles of potential temperature (°C), salinity (S),
and normal-to-section velocity component (cms-1) measured in
May 2009 at station Al 2084 over the sill of the Kane Gap. Positive
velocities of the flow are directed to the northwest. The horizontal
scale is shown in the bottom right corner. The hill in the bottom to-
pography shown in Figs. 6-7 is located to the northwest of the line
shown here.

east to northwest is a narrow passage only for the coldest
part of AABW with potential temperature below approxi-
mately 1.9°C. The warmer waters propagate through a sig-
nificantly wider section. This fact does not allow us to use the
measurements in 2009-2012 to study in detail the properties
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Fig. 6. Sections of potential temperature (°C), across the Kane Gap in October 2009 (a), October 2010 (b), October 2011 (c), and October
2012 (d). Numbers of stations are shown above and coordinates are below. The horizontal scale is shown in the bottom right corner. Figure ¢ a

is adopted with modifications from Morozov et al. (2010a).

and structure of water exchange (and neither calculate the
transports) in the Kane Gap in the classical understand-
ing of AABW (below the 2 °C isotherm). Therefore, in this
study we shall consider only the layer of cold waters with
©< 1.9°C.

During the first visit to the Kane Gap in May 2009, when
only one CTD cast with an LADCP instrument was carried
out near the main sill of the Gap (Fig. 5), we unexpectedly
revealed a southeasterly abyssal current from the Gambia
Abyssal Plain to the Sierra Leone Basin with a sufficient ve-
locity of about 10 cms-1. The potential temperature at the
bottom was 1.850 °C.

In October 2009, 2010, and 2012, almost unidirectional (in
the general direction to the northwest) currents with veloci-
ties up to 10cms-1 in 2009, 13cms-1 in 2010, and 8cms-1
in 2012 were recorded during three of the four sections in the
AABW layer (Fig. 8a, b, d). The cores of the current were ob-
served in different places of the section approximately 200 m
over the bottom. In October 2009, the core of the current
was located close to the northeastern slope of the Kane Gap;
in 2010 and 2012 it was found near the local hill at the
southwestern slope. In addition, in 2009 and 2010, we found
additional weaker cores of the currents at the slopes oppo-
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site to the locations of the main cores. In October 2011, we
measured very weak differently oriented (southeasterly and
northwesterly) currents (in the central part of the gap) whose
velocities reached only 5cms-1 near the bottom (Fig. 8c).
It is seen in Fig. 7 that in all four sections, the densest
water was displaced either to the southwestern slope of the
Kane Gap or to the local hill near this slope. In October 2010,
we recorded one more core of dense water near the north-
eastern slope (Fig. 7b). We also note elevation of isopyc-
nals detected in all years of measurements over the north-
eastern slope of the channel for the water layer warmer than
© = 19°C. In three of the four sections, excluding Octo-
ber 2010, we observed horizontal thermohaline inhomogene-
ity in the AABW layer: the colder and lower saline (along
the isopycnals) water was located close to the northeastern
slope of the Kane Gap (Figs. 6, 7, 9). The maximum dif-
ferences in salinity along isopycnals reached 0.003. In ad-
dition, the existence of different intrusions of more and less
saline water types was recorded, for example near the bot-
tom at station 2463 (Fig. 9c). One can also see such intru-
sions at stations 2474, 2476 of the section in 2012 (Fig. 9d).
In October 2009 we observed a temperature inversion, which
was not density compensated (a loop in the bottom layer at
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Fig. 7. Sections of salinity, and potential density <74 across the Kane Gap in October 2009 (a), October 2010 (b), October 2011 (c), and Octo-
ber 2012 (d). Contour lines of potential density are shown with thick dash-and-dot lines. Numbers of stations are shown above and coordinates
are below. The horizontal scale is shown in the bottom right corner. Figure 7a is adopted with modifications from Morozov et al. (2010b).

station 2160 in Fig. 9a). We also indicate minimum potential
temperatures measured during the sections in different years:
1.846 °C in 2009, 1.836 °C in 2010, 1.855 °C in 2011, and
1.832 °C in 2012.

The estimates of transports in the layer 0 < 1.9°C were
0.27 Sv (to the southeast) in May 2009; 0.11, 0.19, and
0.12 Sv October of 2009, 2010, and 2012, respectively. In
October 2011, the transport estimates in two directions were
0.03 SVto the northwest and 0.05 Sv to the southeast, which
jointly gave an almost zero transport of 0.02 Sv to the
southeast. The transport was estimated by interpolating the
LADCP velocities onto a grid over the section across the
channel using 10m layers. The transport estimates through
the Kane Gap, even when the transport was the highest, are
almost two times smaller than the transport of bottom waters
through the Vema Fracture Zone, the source of bottom waters
in the northeastern Atlantic Ocean.

In this research we used the data of only one mooring. We
estimate the accuracy of calculating the transport based only
on one station. With this in mind we calculated the transport
based on the data of sections using only one LADCP profile
with extreme profiles of velocity. The obtained intervals of
transports were 0.06-0.20 Sv in October 2009, 0.03-0.22 Sv
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in 2010, —0.15-0.08 Sv in 2011, and 0.03-0.19 Sv in 2012.
Thus, the estimate of transport based on one station fluctu-
ates approximately within zbO.l Sv relative to the calcula-
tions based on the whole set of data along the section. The
bottom topography is another factor influencing the estimate
of transport. For example, the previously published transport
of May 2009 (0.16 Sv) (Morozov et al., 2010b) is almost
1.5 times smaller than the estimate of 0.27 Sv, owing only
to the new data that appeared in the digital bottom topogra-
phy database on the Internet (http://topex.ucsd.edu/cgi-bin/
get data.cgi) and also to the measurements during our echo
sounder survey in 2012.

3.3 Mooring

In May and October of 2009, we found oppositely directed
flows in the Kane Gap. This fact incited us to carry out long-
term measurements of currents and temperature in the Kane
Gap. We planned to deploy a mooring for a long period in
order to investigate the time variation of the flow. The moor-
ing with three current meters started to operate in the bottom
layer in October 2010.

www.ocean-sci.net/9/825/2013/


http://topex.ucsd.edu/cgi-bin/
http://www.ocean-sci.net/9/825/2013/

E. G. Morozov et al.: Transport of Antarctic bottom water through the Kane Gap 831

2161 2160 2159

October 2009

19°55W 19°50°
2465

i SN S SR U SO TSNS U NS Sy S
19°55°W 19°50 19°45'W

2423 2424 2425 2426

19°55'W 19°50'
2478

RN SR P Ty NS PUULENY Py Uy Y U PO SN S T T
19°55° 19°50' 19°45°W

Fig. 8. Sections of velocity (normal to the section, positive to the northwest) (cms *) across the Kane Gap in October 2009 (a), October
2010 (b), October 2011 (c), and October 2012 (d). Numbers of stations are shown above and coordinates are below. The horizontal scale is
shown in the bottom right corner. Figure s a is adopted with modifications from Morozov et al. (2010b).

Figure 10 shows the transport rose for all three current me-
ters. The rose (similar to the wind rose graph) was calculated
in two steps. In the first step we performed summing of all
velocity measurements in each of the 5° sectors. In the sec-
ond step, the transport estimates in each of the sectors were
normalized by the total transport over the 360° circle and re-
lated to the sector angle in degrees. In our case, the transport
rose almost repeats the rose of currents, i.e., the distribution
of currents by directions. However, since the transport rose
takes into account the intensity of the current, we present
only the transport rose here.

It is seen in Fig. 10 that the currents at depths of 4562 and
4477 m (at the lower and middle levels) have a bimodal struc-
ture. There are only two directions of transport. The transport
at 4562m is directed to the south with a slight deviation to
the east or to the north-northwest. The transport at 4477 m
changed slightly. The general directions of the flow are to
the south or to the north with a slight deviation to the east.
The mean velocities in the direction of the maximum trans-
port were 14 cm s-1 to the south and 11 cms_1 to the north at
the lower level; 17 and 12 cms-1, respectively at the middle
level. The maximum daily average velocities were 20 cm s-1
to the south and 15cms- 1 to the north at the lower level
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and 22 and 17cms_1, respectively at the middle level. These
directions of the currents do not correspond to the general
northwest-southeast orientation of the Kane Gap channel.
We think that it is presumably caused by the local orienta-
tion of the underwater hill slope, near which the mooring was
deployed.

Four directions are distinguished at a level of 4352 m. Two
of them approximately correspond to the directions of the
currents at the lower levels. The mean velocities in these
directions were 8cms-1 to the south and 10cms-1 to the
north; the maximum daily average values were 9cms-1 to
the south and 14cms-1 to the north. The two other direc-
tions are east-southeast and northwest. The main transport
at this level corresponds to these pairs of directions unlike
the transport at the middle and lower levels. The mean ve-
locities in both directions were 14 cms-1 to the southwest
and 9cms-1 to the northeast. These directions are actually
transverse relative to the orientation of the Kane Gap chan-
nel. This fact indicates that the currents at 4352 m adjust not
to the channel topography but to other constraints.

A peculiarity that can be seen in Fig. 10 is the asymmetry
of transport directions at the two lower levels. This asym-
metry determines the existence of a small current component

Ocean Sei., 9, 825-835, 2013
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Fig. 9. 0-S scatter plot of the bottom layer in the sections across the Kane Gap in October 2009 (a), October 2010 (»), October 2011 (c),
and October 2012 (d). Isopleths of potential density <4 are also shown.

normal to the Kane Gap channel. Its value averaged over time
at the bottom current meter was 1.6 cms-1 strictly to the west
and 1.3 cms_1 to the west with a slight deviation to the south
at the middle level. A similar calculation for the upper cur-
rent meter resulted in a velocity of 1.6 cms-1 strictly to the
west. This isjust a vector sum of year-long measurements of
differently oriented currents that hardly has a physical basis.

The graphs of the meridional velocity components with
daily averaging of the measurements for all three current me-
ters (Fig. 11) demonstrate high correlation of these curves at
sub-inertial frequencies. The currents of one direction with
minor exceptions (either southerly or northerly) were ob-
served simultaneously at all three levels. During the first six
months of the mooring operation, a period of 180 days is
clearly seen in the record (Fig. 11). However, the duration of
the record did not allow us to resolve such long periods by the
spectral analysis and only a 90 day period of sub-inertial mo-
tions was revealed in the first half of the time series and a 44
day period in the second half (Fig. 12). During the first three
months (November-January) the meridional current compo-
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nents were positive (to the north). Then, the direction of the
currents turned to the opposite and from February to the be-
ginning of April the meridional velocity components were
negative. In May 2011, the regime of the currents changed
to predominant oscillations with a higher (sub-inertial) fre-
quency. We estimate the average period of these fluctuations
of shorter period at 44 days (Figs. 11, 12). We note that such
effect was not seen in the zonal velocity component, which
is related to the presence of four transport directions at the
upper level unlike two at the middle and lower (Fig. 10).
The seasonal periodicity of current directions in the Kane
Gap can be related to the seasonal variability of trans-
port in the Romanche Fracture Zone found in Mercier and
Speer (1998). Thierry et al. (2006) showed that the sea-
sonal signal, which is observed in the Romanche Fracture
Zone, was caused by the propagation of equatorial Rossby
waves. This signal is thus likely to be confined to the equa-
torial band. However, an increase in the eastward velocity
and transport could increase the amount of AABW in the
Sierra Leone Basin that could partly discharge to the Gambia
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Fig. 10. Rose of the flow transports (percent per degree angle) over
a period of the year based on the data of three current meters located
at 4352, 4477, and 4562 m.

Abyssal Plain through the Kane Gap, and the northerly flow
in the passage could be a remote response to the seasonal
signal in the Romanche Fracture Zone.

Figure 11 also shows the daily average temperature
anomaly at all three levels. During the period when the cur-
rents had a northward meridional component, the temper-
ature of the transported bottom water was slightly cooler
than during the period of the southward transport. The great-
est temperature anomalies (both positive and negative) up to
0.05 °C were found at the middle and upper levels. The max-
imum temperature anomaly at the lower level was 0.025 °C.
We also note that temperature at the bottom (7 m above the
bottom) varied in the range between 1.80 and 1.92 °C. The
daily average temperatures vary between 1.82 and 1.88 °C.
These values exceed the minimum and maximum values
measured by CTD instruments. We emphasize that the mini-
mum temperature recorded by CTD measurements was 0 =
1.832 °C in October 2012 (Fig. 6d).

The correlation of the southward (northward) transport
with warming (cooling) of the bottom flow is most likely
explained by the fact that bottom waters from the southern
source (Romanche FZ) are cooler than those from the north-
western source (Vema FZ). This can also be seen in Fig. 2.
Cooler bottom temperatures (relative to the temperatures at
the sill) are found south of the Kane Gap rather than north of
it. However, this statement can be true only for the vicinity
of the Kane Gap. The other explanation of temperature de-
pendence on the direction of the flow related to the Ekman
friction can be as follows. The jet of the coldest water was
displaced to the southwestern slope, which is explained by
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the Ekman frictional boundary layer (Northern Hemisphere)
during the northward water flow (Speer and Zenk, 1993).
This effect is seen on three of the four temperature sections
(Fig. 6a, b, d) and not seen in Fig. 6¢c when the velocities
were low. The densest (coldest) water flowing in the channel
in the Northern Hemisphere is displaced to the left relative
to its motion, i.e., to the southwestern slope when the flow is
directed to the northwest, and to the northeast when the flow
is directed to the southeast. Considering that the temperature
measurements were made at the mooring, which was located
closer to the southwestern slope, this effect will be mani-
fested in the correlation between the direction of the current
and temperature. However, this effect seems not likely be-
cause the temperature difference measured on the mooring
during the year is approximately 0.1 °C, which is almost one
order of magnitude greater than the horizontal temperature
difference observed over the CTD sections.

In order to estimate the transport based on the data of
moored current meters we plotted a section similar to the one
for the station in May 2009 (Fig. 4). The transport calcula-
tion was made on the basis of three current meters in the layer
from 4352 m to the bottom. It is seen in Figs. 5 and 6a that
this depth is close to the isotherm 1.9 °C. The data were in-
terpolated on a vertical grid with a step of 10 m. Then, the
calculation was similar to the calculations from the FADCP
data over the sections.

The daily mean transport varied in this layer between
0.36 Sv to the south and 0.33 Sv to the north. The mean trans-
port over the period when the current had southward direc-
tion was 0.20 and 0.23 Sv when the current was directed to
the north. The total transport over the entire period of ob-
servations (lyr) was 0.014 Sv to the north. This transport
is determined by the westerly drift component of the cur-
rent mentioned above and seems to be quasi-constant. We
emphasize that this total transport does not characterize the
long-term transport through the Kane Gap (which is actually
zero). In some sense, this small value is random depending
on the specific point of the mooring location and line of the
section across the Kane Gap.

It is interesting to compare the transports based on the
FADCP data over sections in 2010 and 2011 with the trans-
ports based on the mooring data at the beginning and at the
end of'its operation. The transport over the period from 14:00
on 21 October 2010 to 14:00 FT on 22 October 2010 (be-
ginning of the mooring operation) was 0.23 Sv to the north,
and from 09:30 on 17 October 2011 to 09:30 on 18 Octo-
ber 2011 (last day) was 0.16 Sv to the south. The former is
close to the estimate of the transport during the section oc-
cupied in the closest time (0.19 Sv to the north in 2010); the
latter is strongly different (0.02 Sv to the south in 2011). We
note that the variation in the mean velocity over one day can
reach 10 cm s-1, which is especially characteristic of the pe-
riod of current reconstruction. This is clearly seen in Fig. Ila,
in which every daily record is denoted with a dot. The indi-
cations of such a situation are observed over the section in
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Fig. 11. Graphs of the current component along the main axis of the Kane Gap (north to south direction, positive to the north) (a) and
temperature anomaly (b). The bottom axis shows the sequential months of measurements.
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Fig. 12. Nearly raw spectra of kinetic energy from currents at 7m above the bottom for the periods between November 2010 and May 2011
(left) and between May and October 2011 (right). The 95 % confidence intervals are shown.

October 2011, which was occupied during the next day after
recovery of the mooring. This is manifested first of all in the
different directions of currents over the section.

We estimate the volume of bottom water transported
through the Kane Gap during unidirectional flow and the
square of the territory occupied by the water transported
through the channel. The mean transport during the longest
period of the permanent flow to the southeast (February-
April 2011) was 0.20 Sv. During this period, 1300 km3 of
AABW was transported to the south of the Kane Gap. If we
assume that the mean depth south of the Kane Gap is 4650 m
and the layer of AABW is located below 4000-4200 m, we
estimate that the region filled with the bottom water trans-
ported from the north is limited by a distance of approxi-
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mately 50 km from the sill of the Kane Gap. This estimate is
valid also to the north of the Kane Gap.

4 Summary

We analyzed the data of field measurements in the Kane
Gap (9°N), a deep passage between the Gambia Abyssal
Plain and Sierra Leone Basin in the Atlantic Ocean, to
study the low frequency flow of Antarctic Bottom Wa-
ter through this channel. The measurements in the Kane
Gap included five visits in 2009-2012 with CTD sections
and a year-long record of bottom currents by three cur-
rent meters. We found an alternating regime of flow, which
changes direction several times during a year. The maximum
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daily average velocities in the southern direction reached
0.20ms™!, while the maximum north-northwesterly currents
were as high 0.15ms~!. The transport of Antarctic Bottom
Water (< 1.9°C) varied approximately by +0.35 Sv based
on the LADCP and moored measurements, while the long-
term mean is almost zero (0.014 Sv to the north). The AABW
transported through the Kane Gap to the north and south will
not propagate over a distance exceeding 50 km.
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