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Abstract An over�ow of dense cold water from the Faroese Channels across the Wyville Thomson Ridge
(WTR) into the Rockall Trough was recorded during the 136th cruise of the RRS James Cook in June 2016.
This event happened in the eastern part of the ridge. The remotely operated vehicle ISIS deployed for a
collection of coral samples recorded an abrupt drop in temperature at 500-m depth. Speci�cally, the water
temperature decreased from 8.73 to 6.74 �C and salinity from 35.26 to 35.16. This rapid drop happened
over 20 min, with the fastest rate of water temperature decrease of 1.10 �C occurring just over 1 min 50 s.
The numerical modeling conducted to reproduce the event has shown that a massive over�ow took place
in the WTR section, which is close to the Darwin Mounds. The over�ow has led to resuspension of bottom
sediments; the remotely operated vehicle sampling program in the area of the Darwin Mounds terminated
due to low visibility. The numerical experiments have shown that tidally induced over�ows over the WTR
can occur periodically under spring tidal conditions. The model allowed us to identify two places in the
eastern part of the WTR where the tidally driven over�ows more realistically can happen.

Plain Language Summary The paper concerns deep water circulation in Northern Atlantic. A rare
event of the Faroe-Shetland Bottom Waters over�ow through the Wyville Thomson Ridge to the Darwin
Mounds was registered during the 136th cruise of the Royal Research Ship James Cook in June 2016. The
over�ow was observed in the eastern segment of the Wyville Thomson Ridge. The reason for a spillage
of the cold bottom waters from the Faroese Channels over the Wyville Thomson Ridge to the Darwin
Mound is discussed in the paper based on the observational data and the results of numerical modeling.
The Massachusetts Institute of Technology general circulation model reproduced the baroclinic tidal
processes developed in the area. Numerical experiments con�rmed a high probability of over�ows induced
by cross-channel tidal oscillations during spring tidal conditions.

1. Introduction
The water exchange across the Greenland-Iceland-Scotland Ridge is a part of the Atlantic Meridional Over-
turning Circulation. In this area warm, saline equatorial waters �ow northward as surface currents, while
cold fresher water returns back, partly in surface layers along the Greenland coast and partially as deep bot-
tom currents over�owing the Greenland-Scotland Ridge in several locations (Hansen & Østerhus, 2000). The
main part of southward moving Norwegian Sea Deep Water �ows via Faroese Channels (FC), which include
the Faroe-Shetland Channel (FSC), Wyville Thomson Basin, and the Faroe Bank Channel (FBC; Ellett, 1991;
Kuijpers et al., 1998; Saunders, 1990; Figure 1a). The FBC over�ow transports about 2.2 – 0.2 Sv of FSC bot-
tomwaters (Hansen et al., 2016) feeding the Iceland-ScotlandOver�owWater, which is one of themajor deep
water masses in the North Atlantic (Hansen & Østerhus, 2000).

TheWyville Thomson Ridge (WTR) separates the FSC and FBC from the southerly located Rockall Trough (RT),
a steep-sided, deep water basin. This ridge, with its sill depth of 400�500 m, is a natural geological barrier
that prevents penetration of the cold Faroe-Shetland Channel Bottom Water (FSCBW) from FSC to RT (see
Figure 1a). As a result of a blockage, the deep cold water is normally constrained within the FSC and FBC
�owing northwestward along the WTR to the FBC (yellow arrows in Figure 1a). A comprehensive analysis of
the deep water dynamics in the area has been provided by McCurtney and Mauritzen (2001) who analyzed
the historical conductivity, temperature and depth (CTD) station data andmooring time series recorded over
last six decades and reconstructed a steady state circulation in the FCs.
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Key Points:
� Observational evidence of the Faroese
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Darwin Mounds area is reported

� The observed over�ow in the eastern
part of the Wyville Thomson Ridge is
replicated numerically

� Spring tidal currents across the
Faroese Channels are responsible for
the over�ow
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Figure 1. (a) Overview map showing main seabed topographic features of the Faroese Channels (FC), including
Faroe-Shetland Channel (FSC), Wyville Thomson Ridge (WTR), and Faroe Bank Channel (FBC). Bathymetric features
labeled: Faroe Bank (FB), Rosemary Bank (RB), and the Bill Bailey�s Bank (BBB). Yellow arrow shows the main route of the
bottom waters in the FC, and the white ones depict the most probable position of the WTR over�ows. Red dotted lines
show the boundaries of the model domain with the position of the lock shown by the green line. Zoom of the dashed
rectangle is shown in panel (b). The red dotted arrow shows the position of the over�ow event recorded during the
JC136 cruise, and the solid red line depicts the location of the main over�ow predicted by the model. The positions of
the CTD stations and remotely operated vehicle dives are shown by green and white dots, respectively. The depth in
both panels is shown in meters, and the contour interval between thick isobaths in panel (b) is 500 m. The topographic
features include Wyville Thomson Basin (WTB) and the Rockall Trough (RT).

From time to time, the equilibrium conditions in the channels are violated, and the FSCBW escapes from the
FBC in southeastward direction over�owing theWTR and penetrating into the RT (white arrows in Figure 1a).
The FSCBW enters the RT through a deep and narrow channel that crosses theWTR crest at its deepest 644-m
depth saddle point (Ellett & Roberts, 1973). As recently recognized (Johnson et al., 2010), the FSCBWover�ow-
ing theWTRmakes a signi�cant contribution to the formation of the intermediate watermass in the northern
RT and the Hatton-Rockall Basin (Sherwin et al., 2015) located to the south and west of theWTR. One particu-
larly strong WTR over�ow was observed in situ and reported by Sherwin (2010). This over�ow was recorded
as a downslope propagated gravity current with maximum downstream velocity up to 1.2 m/s at a depth of
about 100 m above the bottom.

In the present paper we analyze the observational data set that shows an alternative spill location for theWTR
over�ow. This event occurred in the eastern sectionof theWTR in June 2016during the 136th cruise of the RRS
James Cook. In this cruise, the observational campaign was focussed on the collection of biological species
and video surveying in a wide area that included the WTR and RT. The principal tool for biological sampling
in this cruise was the ROV ISIS 6500 (German et al., 2003) that collected cold water corals in the areas of the
WTR, Rosemary Bank, George Bligh Bank, Rockall Bank, and Anton Dohrn Seamount.

The over�ow that happened in the eastern section of the WTR (along red doted line, Figure 1b) resulted in a
resuspensionof bottomsediments thatmade all further ROV samplings in the RT area impossible. The analysis
of this unusual over�ow event and its driving forces is a principal goal of the present paper. Its structure is as
follows. We start with the discussion of the data collected during the JC136 cruise. This section is followed by
themodel results that show somepossible locations for theWTRover�ow. Thepaper endswith the discussion
and conclusions of the study.

2. Measurements
The measurements in the WTR area commenced with the deployment of the ROV for the collection of cold
water coral samples. Figure 1b shows the position of the 283rd ROV dive on 4�5 June 2016 in the eastern part
of the RT. During this dive, the ROV operated between 520- and 580-m depth. It was equippedwith a Sea-Bird
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