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The Romanche Fracture Zone is a deep (up to
7850 m in the Vema Deep at 18°30′ W), long passage
in the equatorial zone of the Mid�Atlantic Ridge in the
Atlantic. This fracture along with the Chain Fracture
Zone located a few degrees to the south (Fig. 1) pro�
vides the inflow of cold Antarctic waters from the
western part of the Atlantic to the eastern basins of the
equatorial zone. Then this water spreads to the south
into the Angola Basin and, possibly, to the north
through the Kane Gap. In the latter case, this water
merges with the water transported from the West
Atlantic through the Vema Fracture Zone at 11° N and
fills the abyssal of the northeastern Atlantic basins.
Thus, the Romanche and Chain fracture zones are
very important elements in the water exchange of bot�
tom waters between the West and East Atlantic.

The Romanche and Chain fracture zones were
intensively studied in 1991–1994 within the French
projects ROMANCHE�I, II, III (part of the Interna�
tional WOCE Program). Many CTD�profiling sta�
tions were occupied within this project, and moorings
with current meters were deployed in both fractures
[5]. A multibeam bathymetric survey was also per�
formed in the region of these fractures. These were the
most precise measurements with modern instruments.
Starting from 2001, the scientists of the Russian Acad�
emy of Sciences have conducted systematic studies of
Antarctic Bottom Water propagation in the abyssal
channels of the Atlantic [7]. In particular, in 2005 and
in 2009–2011 the investigations were carried out in the
Romanche and Chain equatorial fracture zones. Pro�
filing of the ocean to the bottom was performed at sta�
tions in the fractures using CTD�profiles SBE�19 and

SBE�25 combined with acoustic velocity profiler RDI
WHS, 300 kHz.

The Romanche Fracture zone located between
22°30′ W and 12° W practically at the equator is
approximately 800 km long. The width of the fracture
varies from 10 to 40 km. The Chain Fracture Zone is
located approximately between 20° W and 10° W slightly
south of the equator. The length of the active zone
exceeds 300 km, and the width of the fracture is
approximately 10 km.

Several orographic obstacles are located in each of
the fractures along the pathways of the easterly abyssal
water flow. The main obstacle in the Chain Fracture
Zone is located at the longitude of 12°24′ W. The depth
of the main sill is 4100 m. The main sill of the
Romanche Fracture zone is located at 13°42′ W, and
its depth is 4350 m (Fig. 1). The section of potential
temperature along the Romanche Fracture Zone
based on the data of the French expedition in 1991–
1992 shown in Fig. 2 demonstrates that each of the
orographic obstacles prevents the overflow of the cold
bottom water and only overlying warmer water over�
flows the sills. Under specific conditions the downflow
from the sill can form an abyssal cataract.

In 2009 during cruise 27 of the R/V Akademik Ioffe,
such a cataract was found over the main sill in the east�
ern part of the Chain Fracture Zone. According to the
data of the previous expeditions, a sharp increase in
the bottom temperature and salinity was found in this
region. Such an increase is obviously related to block�
ing of the coldest water propagation by an underwater
barrier. Strong mixing precisely in the sill region
caused by the tidal currents, possible cataracts, and
generation of tidal internal waves is not excluded.

The supposition about the existence of an under�
water cataract in this region was confirmed by a good
correlation between the patterns of currents and the
temperature profiles measured in 2009 with the results
of the laboratory modeling of underwater cataracts at
the Institute of Oceanology and the Institute of
Hydrodynamics [1, 4]. The results of field measure�
ments in the Chain Fracture Zone were published in
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[7]. The laboratory experiments conducted at the
Institute of Hydrodynamics were carried out in a tank
5.2 m long and 0.6 m high. A two�layer stably stratified
fluid at rest filled a channel with a sloping bottom. A
tinted fluid of greater density in the tank was poured
from the left along the slope. As a result of the entrain�
ment of fluid from the upper layer, the density of the
flow became nonuniform by depth. The flow partly
penetrated into the lower layer and continued its
spreading along the slope as a density current. The
mixed part of the flow remained at the interface
between the homogeneous layers and propagated to

the right in the form of an intrusion (Fig. 3a). A similar
pattern of the gravity flow splitting over the slope was
observed in the region of the abyssal cataract in the
Chain Fracture Zone (Fig. 3b).

The finding of an abyssal cataract in the Chain
Fracture Zone initiated similar investigations and
search for a cataract in the Romanche Fracture Zone,
in which the geological structure of the sills is very sim�
ilar to the Chain Fracture zone. Previously, abyssal
cataracts were found in the Strait of Denmark, where
cold arctic water overflows the threshold between Ice�
land and Greenland and flows down along the slope.
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Fig. 1. Bathymetric chart of the Romanche and Chain Fracture Zones.
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Fig. 2. Distribution of potential temperature in the bottom layers along the Romanche Fracture Zone based on the data in 1991.
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A similar cataract is known in the Strait of Gibraltar,
in which the Mediterranean water flows to the Atlantic
[9]. In the international journals, this phenomenon is
frequently called overflow; however, the term cataract
is also found in the literature [9].

A region of sharp depth increase along the axis of
the Romanche Fracture Zone between longitudes
13°17′– 13°13′ W near a nameless sill with a depth of
4350 m was selected as the study area in cruise 32 of
the R/V Akademik Ioffe. The bathymetry of this region
strongly resembles the bathymetry of the region in the
Chain Fracture Zone, where we found in 2009 a pow�
erful abyssal cataract with a water transport of approx�
imately 0.5 Sv (1 Sv = 106 m3/s; the estimate is given
for the layer of Antarctic Bottom Water with the
potential temperature less than 1.9°C). A sharp
increase in the fracture depth exists near this sill of the
Romanche Fracture Zone from approximately 4350 m
to more than 5000 m. Before the measurements we

performed an echo�sounding survey along the path�
way of the section and used these data to select the
coordinates of three stations. The location of the
deepest station was selected so that it was located in
the lower part of a sharp cliff with a depth jump from
4800 to 4970 m at a distance of 200–300 m from the
cliff. The expected depths at the other two stations
were 4675 and 4265 m, respectively.

Figure 4 shows the depth dependence of potential
temperature along the cataract in the Romanche
Fracture Zone aligned with the zonal velocity compo�
nent measured with lowered ADCP at three stations
east of the sill. The figure illustrates the flow structure
variation as it descends from the sill. At the station
occupied immediately over the sill, the vertical tem�
perature gradient exceeded 1°С per 200 m, and the
bottom velocities were as high as 32 cm/s. It is note�
worthy that such a high temperature gradient is char�
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Fig. 3. Laboratory experiment at the Lavrent’ev Institute of Hydrodynamics, Siberian Branch, Russian Academy of Sciences, in
a tank 5.2 m long and 0.6 m high (a); splitting of stratified flow in the Chain Fracture Zone (b). Solid lines show the vertical veloc�
ity profiles at two profiling stations with the corresponding scales in the upper part of the figure. The dark�gray color shows the
bottom. The light�gray color shows the jets of the bottom currents.
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Fig. 4. Latitudinal section of potential temperature in the Romanche study region. The isotherms are shown with thin solid lines.
The density contour lines are shown with dashed–dotted lines. The zonal velocity profiles near the bottom are shown with a thick
line. The velocity scales for each station (cm/s) are shown at the bottom. Vertical lines show the location of profiling stations. The
bottom is shown with a dark�gray color.
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acteristic not of the bottom layers but of the subsurface
thermocline layer.

After propagating the sill, the flow splits into three
layers. The part of the flow with the smallest density
continues its motion at the depths of the sill (4200–
4300 m) as an intrusion. The water of greatest density
slides down the slope. The vertical velocity component
estimated from the geometrical considerations is 1–
2.5 cm/s. As a result of mixing, a supercritical flow of
intermediate density is formed in the layer between the
bottom jet and the surrounding fluid that gains energy
as it deepens owing to a decrease in the potential
energy of the flow. This process is an evolution of the
mixed layer over the lee slope [2]. At the final stage of
the development of the descending gravity current, the
entrainment of the surrounding fluid and further tur�
bulent mixing balance the downwelling force and the
velocity of the flow stabilizes. The negative buoyancy
of the mixed layer relative to the stratified fluid at rest
gradually decreases, and the flow transforms into an
intrusion when it reaches the depth with a denser fluid.
The supercritical current jet formed during this pro�
cess transforms to a subcritical current as an internal
hydraulic jump at a specific distance from the cataract
foot. A steep rise of the isopycnal and isothermal sur�
faces is observed in this place (with a depth difference
of the order of 100 m), which is a characteristic indi�
cator of the hydraulic jump of the cold Antarctic water.

An opposing current above 3900 m is an interesting
peculiarity of the observed current structure. Actually,
at this level the current velocity turns to zero, and
below in the core of the powerful flow of Antarctic
water, the velocity gradients are very high. Such high
velocity gradients indicate the possible existence of
developed wave structure in the current beyond the sill
formed by intense internal waves. The structures of
this type are well known for the stratified atmospheric
currents over the terrain obstacles. They are called lee
waves [8]. Under favorable conditions even if the
obstacles are relatively not high (700–800 m), the gen�
erated lee waves can spread upwards to a height of
7000 m. However, if opposing currents exist, the
upward propagation of these perturbations in the lay�
ers is blocked in the intermediate layer, where the
velocity of the flow turns to zero. Such a critical layer
plays the role of a fluid boundary preventing propaga�
tion of waves from the region where they are generated
to the adjacent regions of the current. Therefore, we
can suppose that the critical layer at a depth of 3900 m
limits from above the zone of high velocity gradients in
the vicinity of the cataract. Similar localized structures
in stratified currents with a hydraulic jump down�
stream from the obstacle and a critical layer above it
were observed, for example, in laboratory experi�
ments [3].

A velocity decrease almost to zero near the bottom
due to friction is a characteristic peculiarity of the
velocity distribution at the shallowest and intermedi�
ate stations. The flow slides down over this boundary
friction layer. At the same time, the flow at the deepest
station does not penetrate into a deep depression
(underwater lake of cold water) but flows along the
45.91 isopycnal (isotherm 1.6°С) and even ascends. It
is likely that a rise in the bottom topography east of our
stations at another sill of the fracture at an approxi�
mate longitude of 13° W (sill E in Fig. 2) facilitates the
ascent of the flow.

The water temperature in the deep depression
(13°35′ W and eastern) is less than 1.25°С. We did not
find such cold water at the sill and at the intermediate
station. Water with this temperature was found only
west of 13°17′ W. Our French colleagues obtained a
similar result in 1991 [6]. This coldest water can fill the
deep depression during periodical bursts with strong
currents when the bottom water overflows the main sill
and the sill at 13°17′ W. It is also possible that a narrow
gap exists in the bottom of the fracture, along which
the coldest water continually flows down, but our sta�
tion was not located in this gap.
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