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Figure 1a: Overview over the measurements carried out during Leg 1 of POSEIDON
cruise 294. Red dots indicate CTD/LADCP stations.

Figure 1b: Overview over the measurements carried out during Leg 2 of POSEIDON
cruise 294. Red dots indicate CTD/LADCP stations.

Figure 1c: Overview over the measurements carried out during Leg 3 of POSEIDON
cruise 294. Red dots indicate CTD/LADCP stations.

1. Aims of the cruise
RV POSEIDON cruise 294, leg 1 - 3 were carried out by the Institut für Meereskunde of
the University of Hamburg. Researchers and students from the Institut für Umweltphysik
of the University of Bremen and from the Niels Bohr Instituttet for Astronomi, Fysik og
Geofysik of the University of Copenhagen also participated.
The cruise had several objectives:
• to educate undergraduate students in the handling of oceanographic instrumentation
and in the collection and analysis of field data,
• to map the cold overflow to the North Atlantic and the warm inflow to the Nordic Seas
over the ridge system between Greenland, Iceland and the Faroe Islands, through the
Faroe-Bank Channel, and across the Wyville Thomson Ridge and to study its
variability and
• to recover several temperature-pressure recorders in the overflow path.
The planning and preparation of the cruise involved the participating students and was
carried out during seminars at the participating universities. Following a review of the
recent literature, an analysis of historical data and the experiences made during the
previous student cruises the observational programme was designed. Hydrographic
stations were occupied along several sections crossing the in- and overflow. The
University of Hamburg financed the experiment.
The result from these preparations are summarised on a WEB site and can be found under
www.qfy.ku.dk/~dq, together with some preliminary results from the cruise itself.
2. Narrative
Leg 1
Friday, 6. September 2002
Reykjavik, sunny, NE 4-5 Bft., 12° C.
After arrival of the scientific crew onboard, the equipment was installed and secured. In
the afternoon we received instructions on emergency procedures. RV POSEIDON left
Reykjavik harbour at 19:50 sailing towards Denmark Strait.
Saturday, 7. September 2002
Noon position: 66°08’ N 25°39’W, sunny, SW 6 Bft, 8°C
After steaming the whole night we arrived at the first CTD station at 10:30 a.m. Problems
with hard- and software forced us to start the measurements without bottles on the rosette
sampler and without the LADCP. On the way to the station the measurement positions for
the next 36 hours along the section from the northwest Icelandic shelf towards the coast
of Greenland across the Denmark Strait were planned. The night was really dark when we
made the first radar contact with icebergs crossing our way.
Sunday, 8. September 2002
Noon position: 67°17’ N 28°54’W, foggy, SW 3-4 Bft, 4°C
Work with the CTD was continued. Water temperatures at the surface dropped to less
than 3° C and because of fog there was low visibility, between ½ and 1 NM. The section

comprising 33 stations was completed 20 miles off the coast of Greenland. From here we
steamed towards our next section on the Iceland-Faroe-Ridge just east of Iceland.
Monday, 9. September 2002
Noon position: 67°08’ N 23°30’W, foggy, E 2-3 Bft, 7°C
We are still on our way to the eastern Iceland-Faroe-Ridge. While steaming, we started
on processing of the CTD-data from the Denmark Strait section and the students prepared
and heard talks about the Acoustic Doppler Current Profilers (ADCP). In the morning we
saw a very big, wonderful blue iceberg and some dolphins. In the afternoon came two
whales and a large school of dolphins. After dinner the students learned from one of the
very friendly sailors how to do sailor’s knots. Then they met again to discuss the
processed CTD data. From the technical side we managed to get the rosette water sampler
and the lADCP going, both of which will be used on the Iceland-Faroe section.
Tuesday, 10. September 2002
Noon position: 66°33’ N 14°15’W, sunny, SE 4 Bft, 7°C
We are still on passage to the Iceland-Faroe-Ridge. During the night the string of tourist
attractions of the previous day was prolonged by an impressive aurora borealis that only
later faded away in the fog. During the day we continued working with data processing
and interpretation that were discussed during several meetings. The students were also
given instructions on how to operate the lowered ADCP, and how to handle the rosette
water sampler. In the afternoon they were guided through the engine room by one of the
engineers, followed by a brief course in basic navigation techniques given by the mate.
After dinner they had another knot-seminar. Then two of them gave a seminar on the
principles of the CTD operation.
Wednesday, 11. September 2002
Noon position: 64°12’ N 11°50’W, sunny, S 3-4 Bft, 10°C
The first station on the Iceland-Faroe-Ridge about 12 miles off the coast of Iceland was
reached at 1 a.m. The measurements now include the collection of 3 water samples and of
a current profile with the lADCP. Problems occur with the ship’s ADCP, because both,
software and the gyro-compass failed to work properly. Data processing for the Denmark
Strait section was completed and the results discussed and documented. The distribution
of temperature and salinity along the present section looks rather different to the one seen
a year ago during the Kommandor Jack cruise, in as such there was much less overflow
water found in the western deep trench off Iceland.
Thursday, 12. September 2002
Noon position: 63°02’ N 09°27’W, foggy, S 4 Bft, 11°C
Work along the Iceland-Faroe Ridge continues, showing a thick patch of cold overflow
water about half way between the islands. In parallel we continued data analysis of the
Denmark Strait section and the students started writing their scientific report for the Web
page, explaining what we observed and how we see these observations in the light of
earlier studies. The procedures for the CTD data processing were streamlined and
documented to be used by the students of the cruise’s second and third legs.
Friday, 13. September 2002
Noon position: 61°24’ N 08°22’W, sunny, E 1 Bft, 13°C
The Iceland-Faroe-Ridge section was completed after 44 stations at about 3 a.m. A thick
layer of cold overflow water had been observed over the central part of the ridge. It

appeared to be associated with a large cyclonic eddy that reached to the surface and split
the Atlantic inflow into two branches. After steaming onto the Faroe-Bank, a final section
on this leg was covered across the Faroe-Bank-Channel, before work commenced at 8
p.m. The final seminar later smoothly turned into a farewell party, were the impressions
from the cruise were discussed and plans for the future made.
Saturday, 14. September 2002
Torshavn, foggy, E 1 Bft, 12°C
RV POSEIDON arrived in Torshavn on the Faroe Islands at 6:15 a:m: and the first leg of
cruise POS294 ended. The students left for the airport at 8:30 a.m. but one of the flights
to Copenhagen had bee cancelled due to the fog. The Danish group had to stay one more
night on the islands. Likewise some of the students from the second leg did not land, but
after a seven hour stay in the aircraft landed back in Copenhagen.
Leg 2
Sunday, 15. September 2002
Noon position: Torshavn, foggy, WNW 4 Bft, 12°C
The rest of the scientific crew arrived on the ship at 1 p:m. and POSEIDON sailed at 1:45
p.m. towards the western part of the Iceland-Faroe-Ridge to repeat the CTD section of the
previous leg and to recover several moorings layed with SV KOMMANOR JACK in July
2001. The new students received safety instructions and during a first seminar in the
evening the scientific objectives of the cruise were discussed.
Monday, 16. September 2002
Noon position: 61°24’ N 08°22’W, cloudy, WSW 5 Bft, 9°C
During the morning the students received an introduction into the different instruments
and learned how to operate the CTD and lADCP. After morning coffee a fire drill was
carried out and the life boats were tested. At 13:40 we started to dredge for the
westernmost temperature/pressure recorder mooring, but failed to retrieve the instrument.
Due to difficulties with the positioning of the mooring we decided to forgo searching for
the remaining moorings. In parallel the students received a course in basic navigation,
held by the second mate. We continued to steam towards the Icelandic continental shelf
and the CTD section started with the first station around 9 p.m. During the night we
worked our way towards the east, repeating the CTD stations from the first leg over the
top of the Iceland-Faroe Ridge.
Tuesday, 17. September 2002
Noon position: 63°48 N 11°41 W, partly cloudy, SW 2 Bft, 9° C
During the whole day we were still collecting data with the CTD and the LADCP on the
Iceland-Faroe-Ridge. The early morning shift saw a beautiful sunrise - all cameras
producing tacky postcards. At 15:00 we had a meeting distributing the work that has to be
done for the report. In the evening the sailors taught the students some sailor's knots.
Wednesday, 18. September 2002
Noon position: 63°51 N 8°52 W, overcast, E 3-4 Bft, 7° C

The western part of the CTD/lADCP section was completed at 2 a.m. and POSEIDON
steamed northward to the start of a section from the Norwegian to the Icelandic Basin,
crossing the Iceland Faroe Ridge. Normal station work started again after breakfast, some
groups were busy in the computer laboratory doing data analysis. The first meeting for
the day was held at 10:45 a.m. during which updates on data and measurements were
discussed. In the afternoon the students had a tour to the vessel's main engine room,
where the officer in charge explained how the engine works. For most it was really an
exciting experience. Later in the evening, the last meeting for the day was held. During
this period, updates on measurements and data that have been obtained so far were
discussed and compared with those of the previous leg last week.
Thursday, 19. September 2002
Noon position: 62° 31' N 10° 55' W, cloudy, NW 4Bft, 9° C
In the morning we finished the CTD and LADCP measurements on the Iceland-FaroeRidge cross-section, the last station on this cross-section took place at 1 p.m. Afterwards
we steamed to the next station, continuing with the last part of our Iceland-Faroe-Ridge
section from 8 p.m. onwards. In the afternoon we took group photos on deck and we had
a meeting to report the progress in our different tasks.
Friday, 20. September 2002
Noon position: 62° 20' N 8° W, cloudy
Work continued on the along ridge section which was completed early evening. Poseidon
then steamed towards the Faroe Bank Channel to occupy two sections, one across the
channel's exist, and one across the narrowest region. Besides their normal watch duties
the students were busy preparing figures and texts for their reports, which were discussed
during several meetings and seminars during the day.
Saturday, 21. September 2002
Noon position: 61° 33' N 8° 9' W, partly cloudy
The Faroe Bank Channel sections were completed at 1 p.m., and the vessel set course
towards Tórshavn. During the afternoon laboratories were cleaned and the final touches
put on the reports. R.V. POSEIDON arrived in Torshavn on the Faroe Islands at 6:30
p.m. and the second leg of cruise P294 ended.
Leg 3
Sunday, 22. September 2002
Torshavn, sunny, E 1 Bft, 12°C
The scientific party of the second leg left the ship after breakfast and took the bus to the
airport. The new scientific crew arrived and Poseidon left the harbour in Torshavn at 8
p.m., steaming for the first section of the 3rd leg.
Monday, 23. September 2002
Noon position: 62°06' N 11°00' W, cloudy SW 5 Bft SW, waves 2-2.5 m
We steamed all night and arrived at the first station at 62°25' N 11°00' W during the
morning. This was the first station on a section going due south - a continuation of a
section from Leg 2. During the first station we were all introduced to the equipment and
procedures. The weather is so far gentle and only one suffers from seasickness. All

instruments are working well although we had a total power failure - for 5 min during the
afternoon.
Tuesday, 24. September 2002
Noon position: 61°06' N, 11°00' W, partly cloudy, W 2Bf, Waves 0 - 0.5m
In the morning we continued with our first section giving some of the deepest stations on
the cruise - with each station taking about 90 min. At about noon we finished this section
along the 11° W longitude and set a northeasterly course towards the beginning of the
next section. In the afternoon we held our first scientific meeting to plan the dataanalyses, which can be performed after the first section. At about 9 p.m. we reached the
first station of our second section: a north-south section on the 8° 55 W longitude.
Wednesday, 25 September 2002
Noon position: 61°24' N, 8°55' W, overcast, W 5/6 Bft., waves 3-4 m, Relative Humidity:
72%.
Late in the morning we finished the second section of this leg (stations 869 to 880)
steaming from north to south parallel to the first section, but closer to the Faroe Islands
(at longitude 8° W). We have already processed the CTD data of the first two sections,
making contour plots of density, salinity, temperature, geostrophic velocities and
concentrations of some water masses from the zone (particularly NSDW and NSAIW), as
well as the TS diagrams. We have discussed these results in our second scientific
meeting. So far our results coincide with the known fact that each one of these water
masses crosses from the Nordic Seas to the North Atlantic at different sides of the Faroe
Islands.
Thursday 26. September 2002
Noon position: 61°29 N, 8°14 W, overcast, W 4 Bft., waves 1-1.5m, 12 C, Relative
Humidity: 78%.
At about 01:30 this morning we finished the third section of this leg (stations 881 to 891)
steaming from west to east taking our last station at a position south of the Faroe Islands
(7°W 61°03N). We have processed the CTD data of this section as well as the LADCP
data of the last two sections. The ship steamed northwest, parallel to the Faroe Islands for
about 5 hrs to station 892 to begin the forth section (stations 892 to 902). The
measurements were started at 7:00 and ended at 17:00. We continued the measurements
with a number of shallow stations across the Faroe Bank.
Friday 27. September 2002
Noon position: 60°20 N, 7°01 W, overcast, WSW 6 Bft., waves 3-4 m
During the night we encountered quite strong currents at stations 909 and 910 near 60°
17' N - 8° 0' 1W and 60° 20' N - 8° 20' W as we used more than 640 m of wire to reach a
depth of 547 m. This afternoon we are nearly done with the fifth and last section of the
cruise along the Wyville Thomson Ridge. Due to some fishing vessels in the area of
station 918 we may had to deviate northward from our planned cruise track. We
completed this final section around 1800 utc and hereafter started our streaming towards
the North Sea and Kiel.
Saturday 28. September 2002
Noon position: 59° 06 N, 0° 29' W, overcast, SSW 5 Bft., 13° C, waves 2-2.5 m

The Poseidon is steaming to Kiel, making good progress due to the fine weather. This
morning the students gathered in the lab to continue the processing of the data. One group
started working hard to complete the salinity analyses for the last two boxes of water
samples. A second group proccessed the last LACDP data and final contour plots of all
the sections of the cruise. The third group did the packing of the equipments used on the
cruise. About 6.20 p.m. local time, we had a meeting and again all the groups were
asigned to tomorrows duties.
Sunday 29. September 2002
Noon position: 57° 41 N, partly cloudy, W 5, sea 2-2.5 m, 15 °C
Work on data evaluation and interpretation continued.
Monday 30. September 2002
Noon position: 55° 43 N, 10° 47 E, partly cloudy, SW 5, sea 1 m, 14.5 °C
RV Poseidon arrived in Kiel and went alongside her berth at the Institute für
Meereskunde at 10 p.m., and a successfull cruise with interested and motivated students
ended. In total they had run 242 CTD stations, covering the ridge from the Greenland to
the Scotish Shelf.
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4. Technical information
CTD/Rosette
Altogether 242 full depth standard hydrographic stations were occupied during the cruise,
employing a SeaBird SBE911plus CTD-O2 sonde and a RDI lADCP, attached to a
SeaBird carousel 24 bottle water sampler. Profiles were run to within 10-15 m of the
bottom. At all stations water samples were taken from three depth levels (10 m depth,
mid-depth and 10 m above the bottom). The water samples were analysed onboard for
salinity, using a Guildline Autosal salinometer. One of the water bottles was also
equipped with protected and unprotected reversing thermometers, providing temperature
and pressure check values for the CTD sensors.
5. Preliminary results
The results presented here were compiled by the students during the course of the cruise
and can, in a slightly different form, also be seen on their WEB page www.qfy.ku.dk/~dq.
The data used for producing these results are not calibrated.

Leg 1:
Water mass exchange through Denmark Strait
Three main water masses pass through Denmark Strait: at the eastern side of the Strait the
Irminger Current carries warm and saline Atlantic Water northward, cold and low salinity
Polar Water flows southward in the East Greenland Current, in the central and western

side and near the bottom dense overflow waters from the Nordic Seas and the Arctic
Ocean pass through the Strait. This overflow water sinks into the deep Irminger Basin to
depths between 2000m and 4000m and contributes to the Great Conveyor Belt circulation
of the World Ocean.
At the beginning of leg 1 of POSEIDON cruise 294, CTD measurements were taken
along a section crossing Denmark Strait just north of the sill. Starting in the east, 33
stations were occupied from the Icelandic shelf across the deep trench onto the Greenland
Shelf. The nominal station spacing was 5 nautical miles (fig.1a).
The three principle water masses can be distinguished in this hydrographic section. In the
upper layers the temperature distribution (fig. 2a) clearly shows the front separating the
Atlantic from the Polar Water, which is located over the continental slope of Iceland in
the very eastern part of the Strait. Compared to historical observations, this is a very
eastern location. Finally the overflow waters, in contrast, are better seen in the salinity
(fig. 2b) and potential density distributions (fig. 2c), with values above 34.9 and 27.9
kg/m3, respectively.
In the upper 200 m of the water column both temperatures and salinities are highly
variable and characterised by intrusions between high and low salinity waters. This is
indicative for high stirring and mixing activity that may be caused by the presence of
meso-scale eddies throughout the Strait. Such eddies can be seen in the density
distribution, by undolation of the pycnocline with length scales of several tens of
kilometres. A possible origin of these eddies are instabilities of the frontal zone.
Figure 2d shows the temperature-salinity distribution of the Denmark Strait section..
Given in boxes are the water mass definitions by Hansen and Øserhus (2001, Progress in
Oceanography) and Saunders (2001, WOCE book). Modified North Atlantic water
(MNAW) has a temperature of 7.0-8.5 °C and a salinity between 35.1-35.3. Polar Water
is characterised by temperatures of about. -1 °C down to the freezing point and salinities
lower than 34.5. The Denmark Strait overflow water (DSOW) is identified by
temperatures between -1 and 2 °C and salinities of 34.7-35.0. The black dots in the TS
diagram refer to data collected in the upper 80 m of the water column and show the effect
of summer heating, in particular over the Greenland shelf. Not considering this layer that
is influenced by local air-sea fluxes, the remaining water parcels can all be explained as a
mixture between the three basic water masses.

Figure 2: a) Temperature distribution of the Denmark Strait section during leg 1.
b) Salinity distribution of the Denmark Strait section during leg 1.
c) Density distribution of the Denmark Strait section during leg 1.

Figure 2d: TS-diagram of the Denmark strait section (stations 678-710) during leg 1
Some conclusions:
•

The water in Denmark Strait consists of three basic water masses and mixtures
between them.

•

During the POSEIDON cruise in September 2002 the front between Polar- and
Atlantic waters was located very much to the east.

•

There is evidence for strong eddy activity in Denmark Strait.

•

Summer heating substantially modifies the near surface water, in particular over
the Greenland Shelf.

Water masses on the Iceland Faroe Ridge
The Iceland-Faroe Ridge is much shallower than Denmark Strait and the Faroe Bank
Channel and it is common opinion that the cold overflows are sporadic and associated
with the passage of eddies rather than steady as in the deep passages. The main water
masses exchanged over the ridge are: East Icelandic Water at the Icelandic shelf and
slope, Atlantic Water over the whole width of the ridge and near the bottom dense
Overflow Waters through the various up to 450 m deep trenches in the ridge.
42 CTD profiles were taken along a section along the top of the Iceland Faroe Ridge from
the Icelandic to the Faroes shelfs. Station positions were the same as those occupied in

July 2001 during the S/V Kommandor Jack cruise. Station spacing varied between 3 and
8 nautical miles.
In the distribution of temperature, salinity and potential density (figure 3 a, b, c) the three
different watermasses can easily be distinguished. In the eastern part of the plot on the
Icelandic shelf, the cold and low salinity Modified East Iceland Water (MEIW) is seen.
This water originates in the north and flows southward. It consists of mixed water from
the Irminger and East Greenland Currents. In the middle of the section Norwegian Sea
Arctic Intermediate Water (NSAIW) can be identified. This water mass also flows
southward. Finally the Modified North Atlantic Water (MNAW) was found in both the
eastern and the western part of the section. This watermass is characterised by relative
high temperatures and high salinities. In between these regions of MNAW eddy activity
is observed. The strongest eddy in the centrel ridge area devides the MNAW in eastern
and western branches. On both sides on this two further eddies are observed.These are,
however, not as strong as the one in the centre.

Figure 3a, b, c: Temperature, salinity and density distribution along the Iceland Faroe
Ridge during leg 1.

Deep outflow through the Faroe Bank Channel
The Faroe Bank Channel is the deepest passage in the Greenland Scotland Ridge with a
sill depth of about 860 m. On average 1.9 Sv of water with temperatures below 3°C pass
over the sill, reaching velocities of up to 1.3 m/s.
Figure 4 shows the temperature-salinity distribution of the Faroe Bank Channel section
during leg 1. Given in boxes are the water mass definitions by Hansen and Øserhus
(2001, Progress in Oceanography). Modified North Atlantic water (MNAW) has a
temperature of 7.0-8.5 °C and a salinity between 35.0-35.3. The overflow water from
intermediate depths in the Norwegian Sea (NSAIW) is identified by temperatures
between -1 and 0.5°C and salinities around 34.85-34.92.

Figure 4: TS-diagram of the inner Faroe-Bank section (stations 753-764) during leg 1

Leg 2
Water masses on the Iceland Faroe Ridge
Figure 5a shows the temperature-salinity distribution of the Iceland Faroe Ridge section.
Given in boxes are the water mass definitions by Hansen and Øserhus (2001, Progress in
Oceanography). Modified North Atlantic water (MNAW) has a temperature of 7.0-8.5 °C
and a salinity between 35.0-35.3. Modified East Icelandic Water is characterised by
temperatures below 4° and salinities lower than 34.8. The overflow water from
intermediate depths in the Norwegian Sea (NSAIW) is identified by temperatures
between -1 and 0.5°C and salinities around 34.85.

The properties of EIW and MEIW are not totally clear defined, but TS diagrams of the
measurements have been plotted in order to get a clearer picture of the different water
masses. After building these TS diagrams and avoiding to consider the surface water
(because there are too much interactions with the atmosphere) it is clearly visible that
most of the data points correspond to a mixing between three different water masses .
Two end points of the triangle are clearly defined as being the MNAW and the NSAIW,
the third one, which is located around 2°C and 34.673 PSU, seems to be EIW.

Figure 5a: TS-diagram of the Iceland Faroe Ridge sections (stations 711-752, 766-831)
during leg 1and 2.
Figure 5b,c show the velocity measured by the lowered ADCP. The upper figure
represents the east-west component of the velocity (red: eastward, green: westward) and
the lower one the north-south component (red: northward, green southward). The water
on the Icelandic shelf flows southward, a core of south-westward flowing water and
northward flowing water in the same regions as we observed the MNAW. This is how
one would expect the watermasses to flow over the Iceland-Faroe-Ridge.

Figure 5b,c: Velocity distribution of the Iceland Faroe Ridge section. Upper panel: Eastwest component (cm/s) with red lines representing the eastward and green lines
representing the westward flow. Lower panel: North-south component (cm/s) with red
lines representing the northward and green lines representing the southward flow.

In the cross section of the Iceland-Faroe Ridge (figure 5 d,e,f) the front between the cold
Arctic water in the north and the warmer Atlantic water in the south can be clearly seen.
At this high latitude and just regarding relatively large scale motions the coriolis
parameter is strong enough to affect the current which is geostrophic. Since the pressure
gradient is towards the north the upper light water will flow north-eastward (figure 5 g,h).

Figure 5: d) Temperature distribution across the Iceland Faroe Ridge during leg 2.
e) Salinity distribution across the Iceland Faroe Ridge during leg 2.
f) Density distribution across the Iceland Faroe Ridge during leg 2.

Figure 5: g) East-west component of the velocity distribution across the Iceland Faroe
Ridge (cm/s). Red lines represent the eastward and green lines represent the
westward flow.
h) North-south component of the velocity distribution across the Icelnad Faroe
Ridge (cm/s). Red lines represent the northward and green lines represent the
southward flow.

Leg 3:
General section description of the waters found in the area surrounding the FaroeBank Channel
Generally four different layers can be observed (figure 6, 7, 8). In the top 50 meters a
homogeneous and low saline layer is observed. This mixed layer is caused by wind stress
at the surface creating a vertical velocity shear and therefore induces turbulent mixing.
The low salinity is due to the fact that the layer is diluted by freshwater from
precipitation. Underneath we find a layer of warm and saline Atlantic water flowing into
the Nordic Seas. Going from west towards east this layer becomes more saline as it
approaches the Continental Slope Current. At the bottom a layer of dense, fresh and cold

water is found, with a distinctive gradient in the temperature, salinity and density. This is
the overflow water flowing out of the Nordic Seas. In addition several stations display a
well mixed layer above the bottom (bottom Ekman layer) due to the presence of a
vertical velocity shear ( no velocity at the sea floor).
In figure 6 the dense overflow water as a bottom layer at the entrance of the Faroe Bank
Channel can be observed. The isopycnals seem almost horizontal which is actually a
combination of two forces. The Coriolis force displaces the isopycnals to the right hand
side of the flow while bottom friction induces a bottom Ekman transport to the left. In
figure 7 and figure 8 the Coriolis force becomes dominant and the overflow water is
pushed to the north-eastern side of the channel.

Figure 6: a) Salinity distribution of the entrance section through the Faroe Bank Channel
during leg 3.
b) Temperature distribution of the entrance section through the Faroe Bank
Channel during leg 3.
c) Density distribution of the entrance section through the Faroe Bank Channel
during leg 3.

Figure 7: a) Salinity distribution of the inner section through the Faroe Bank Channel
during leg 3.
b) Temperature distribution of the inner section through the Faroe Bank
Channel during leg 3.
c) Density distribution of the inner section through the Faroe Bank Channel
during leg 3.

Figure 8: a) Salinity distribution of the exit section through the Faroe Bank Channel
during leg 3.
b) Temperature distribution of the exit section through the Faroe Bank Channel
during leg 3.
c) Density distribution of the exit section through the Faroe Bank Channel
during leg 3.
The Wyville-Thomson Ridge
The Wyville-Thomson Ridge (figure 9 a,b,c) separates the Faroe-Shetland Channel in
the north from the Rockall Channel in the south and has a sill depth between 450m and
600m. In the surface layer the Continental Slope Current (CSC) transports warm and
saline water to the Nordic seas. This branch of the North Atlantic Current is the warmest
and most saline which is seen as the salinity maximum at top left corner of Fig 9. The
cold and fresh overflow water through the Faroe-Shetland Channel flows towards south
but is blocked by the Wyville-Thomson Ridge and therefore the major part of the water
changes its southerly flow to a north-westerly flow through the deeper Faroe Bank
Channel. However, a small portion of the overflow water spills over the ridge at three
distinct sills at depths between 550m to 600m.

Figure 9: a) Salinity distribution of the Wyville-Thomson Ridge during leg 3.
b) Temperature distribution of the Wyville-Thomson Ridge during leg 3.
c) Density distribution of the Wyville-Thomson Ridge during leg 3.
General TS-characteristics of the leg 3 sections
In general, the characteristics of the measured water masses can be described as a mixing
between warm and salty water masses such as North Atlantic Water (NAW) and
Modified North Atlantic Water (MNAW) and cold and fresh water masses as Modified
East Icelandic Water (MEIW), Norwegian Sea Arctic Intermediate Water (NSAIW) and
Norwegian Sea Deep Water (NSDW). There are, however, a number of differences
between the sections - some of which will be discussed here.
In the Iceland-Faroe Ridge (IFR) section, shown by the black dots in Figure 10, a distinct
mixing line from MNAW to MEIW is observed but stops at around 4°C. Water on this
line mixes with that on the mixing line between MNAW and NSAIW also present in this
section. To explain this feature we look closer at a special case: Station 860, located 200
km south of the IFR. This displays a characteristic salinity maximum about 50 m above
the bottom. This maximum coincides with the interface between water on the
NSAIW/MNAW mixing line and the overlaying water placed on the MEIW/MNAW
mixing line. We believe that the rather large vertical extent of the mixing, i.e., 50-100m,
is made possible by the combination of a low stratification and a velocity shear. In fact, a
profile of the Richardson number for this station shows a minimum ( 0.2) at this depth.
The velocity shear for the IFR section has been plotted in Fig. 10. In the detailed TSdiagram (Fig. 11) the black dots show the special S-shape resulting from the interfacial
mixing between water on two different mixing lines.

Characteristic for the Wyville-Thomson Ridge (WTR) section, shown by the green dots
in Fig. 10, is the clear NAW imprint due to the Continental Slope Current. Also, the only
trace of pure NSDW observed in our sections was found over the WTR. We suspect that
the topographical steering exerted by the ridge is able to deflect the isopycnals far enough
upwards for pure NSDW to spill over. As this section is also the one closest to the exit
from the Nordic Seas, it has the lowest degree of entrainment.

Figure 10: TS-characteristics of all sections of leg 3. Source water masses are marked
with blue boxes and their ranges are taken from Hansen and Østerhus (2000): North
Atlantic Water (NAW) (35.35--35.45,9.5--10.5 C), Modified North Atlantic Water
(MNAW) (35.10--35.30,7.0--8.5 C) , Modified East Icelandic Water (MEIW) (34.70-34.90,1.0--3.0 C) , Norwegian Sea Arctic Intermediate Water (NSAIW) (34.87--34.90,
-0.5--+0.5 C) , Norwegian Sea Deep Water (NSDW) (34.91,<-0.5 C) . The five sections
are marked in different colours.

Figure 11: TS-characteristics for stations 869 (black), 883 (blue) and 886 (red). Source
water masses as in the general TS-diagram (Fig. 10).
The Deep Overflow Water Masses
On leg 3 of the cruise a southward continuation of the section across the Iceland-Faroe
Ridge (IFR) was performed. Examination of the combined section reveals two cores of
cold and fresh overflow water on the southern side of the ridge. The interesting question
is: whether these cores are the same water mass spilling over the ridge or if they are
different in origin. In order to address this problem water mass analyses were made and
an example is shown in Fig. 12. We assume a mixing of the three water masses
Norwegian Sea Deep Water (NSDW), Modified East Icelandic Water (MEIW) and
Modified North Atlantic Water (MNAW). The percentages of NSDW are shown both for
the IFR-section (of leg 3) and the exit Faroe Bank Channel (FBC) section. It is seen that
the concentration of NSDW is higher in the lower core on the IFR than in the upper one.
The concentration in the FBC core is higher than both of these and we found that the
concentration increased even further when moving upstream (entrance and inner FaroeBank Channel section are not shown).
Replacing NSDW with NSAIW (Norwegian Sea Arctic Intermediate Water) in the
analysis (not shown) we found that the lower core on the IFR and the FBC-core fall
outside the triangle and are thus not represented by the decomposition. This seems
indicative of the cores being strictly NSDW with NSAIW completely absent, a somewhat
counterintuitive observation: Heavy NSDW flowing alone through the FBC without the
lighter NSAIW, which is known to overflow along much the same paths as NSDW
(Hansen and Østerhus, 2000). This motivates a closer look at the TS-diagram for the
cores. It turns out that the TS-characteristics of the entrance FBC-section can be
interpreted in terms of a three layer system with NSDW overlain by NSAIW and an
Atlantic water mass - either MNAW or NAW - on top.

The red dots in Fig. 11 show a station in the eastern part of exit FBC section. First, a line
is seen from the Atlantic water towards NSAIW - this is the mixing across the
MNAW/NSAIW-interface. Secondly, a vertical part is seen within the range of NSAIW.
This may be the imprint of the original cooling of this water mass during its production.
Finally, the line turns towards the NSDW (colder and saltier) and thus represents mixing
across the lower interface. This three-layer structure, however, only holds in the eastern
part of the section. As can be seen from the density plot (Fig 9) the western part is
strongly influenced by the bottom Ekman current: This transport at the bottom displaces
upwards the isopycnals which become very close. The structure is almost two layered
and consists of NSDW overlain by MNAW and the blue mixing line for the western
stations of the section go directly towards MNAW without the detour around NSAIW
(Fig. 10).
These structural features become less pronounced as we move downstream from the
Faroe-Shetland Channel and when we reach the exit section, just mixing between the
North Atlantic water masses and a point between NSAIW and NSDW is seen. This point
lies outside the triangle of MNAW, MEIW and NSAIW used in the water mass analysis.
This explains the odd absence of NSAIW: The admixture of NSDW simply pulls the
points outside the triangle. The two cores on the IFR both lie on the mixing line between
our "overflow point" and MNAW, with the lower core having a larger concentration of
overflow water. This larger concentration is the reason that only the upper core could be
decomposed using NSAIW. So the lower core could not have spilled from the upper, and
must have taken the FBC-route. It is unlikely that the upper core stems from the FBC,
since friction and gravity would have forced it to fall and merge with the lower core.
Instead, it is probably the result of eddy activity on the ridge enabling the heavy water
mass to spill over. We conclude that the two cores are of the same origin, namely a
mixture of NSDW and NSAIW, but have taken different routes.

Figure 12: Water mass composition. Shown is the amount of Norwegian Sea Deep Water
(NSDW) in percent when the water is assumed a mixture of NSDW, Modified East
Icelandic Water and Modified North Atlantic Water. The two sections are the IcelandFaroe Ridge section (of leg 3) and the exit Faroe Bank Channel section. White areas
denote regions where the points fall outside the triangle spanned by the three water
masses.
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