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Abstract

METEOR-cruise 50 took place in the North Atlantic Ocean with measurements north of 40°N
(Figure 1). The cruise began on 7 May 2001 in Halifax and ended on 12 August 2001 at the
shipyard in Rendsburg. METEOR-cruise 50 consisted of four legs with activities in Physical
Oceanography and Marine Chemistry.

During the first leg (Halifax - St. John’s) the changes of the deep circulation and water mass
distribution were investigated in the Irminger Sea within the context of the SFB 460 of IfM Kiel.
The southern zonal section was a repeat survey of the western part of the WOCE A2 section. For
measuring water mass transports a deep reaching profiling Acoustic Doppler current meter
(Ocean Surveyor) was used for the first time. Another ADCP was lowered with the CTD
(LADCP). To characterize the water masses, CTD hydrography and tracer measurements (Freon)
were carried out. The Deep Water Export Array located within the western boundary current off
the Grand Banks as well as moorings at 53°N and the Mid-Atlantic Ridge at about 45°N were
recovered and redeployed.

The second leg (St. John's - St. John's), also operated by IfM Kiel, was dedicated to mooring
work and hydrographic measurements in the Labrador Sea and at the 53°N mooring array, again
within the context of the SFB 460. The hydrographic measurements were a continuation of
annual repeat surveys since 1996 to investigate the variability of water mass transformation and
its relation to the large scale deep circulation. In the Labrador Sea, a number of tomography and
convection moorings were recovered and redeployed.

During the third leg, (St.Johns — Reykjavik) mooring work and hydrographic measurements
were carried out by IfM Hamburg along sections normal to the southeastern slope of Greenland.
The scientific objectives were the long-term description of the composition of the Denmark
Strait Overflow and its temporal variability, in continuation of the work of the EU Project
VEINS on the Variability of Exchanges in the Northern Seas.

The return leg (Reykjavik - Germany) took place in the overflow regions around Iceland and
particularly in the eastern basin of the subpolar North Atlantic. The investigation concentrated
primarily on the spreading and mixing of water masses of the region. The field program was part
of research initiatives of IfM Kiel (SFB 460) and BSH Hamburg (repeat of WOCE section Al).
Observations of the deep circulation and of mass distributions included meaasurements of
current, nutrients, CO, and tracers. In addition, a research group from GEOMAR Kiel
investigated methane sources that were detected during an earlier cruise at the Mid-Atlantic
Ridge.

Zusammenfassung

Die METEOR-Reise M50 fand im Nordatlantischen Ozean statt, nérdlich von 40°N (Abbildung
1). Die Reise begann am 7. Mai 2001 in Halifax und endete am 12. August 2001 in der Werft
Rendsburg. Die METEOR-Fahrt 50 setzte sich aus vier Fahrtabschnitten zusammen, die
physikalisch-ozeanographische und meereschemische Arbeiten beinhalteten.

Im ersten Abschnitt (Halifax - St. John’s) wurden im Rahmen des SFB 460 der Universitit
Kiel die Anderungen der Tiefenzirkulation und Wassermassenverteilung in der Irminger See
untersucht. Dabei stellte der siidliche Zonalschnitt eine wiederholte Aufnahme des westlichen
WOCE A2-Schnittes dar. Zum Einsatz fiir die Bestimmung von Wassermassentransporten
kamen erstmalig ein neuer tiefreichender Schiffs-ADCP (ocean surveyor) sowie ein an der CTD-
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Fig. 1: Cruise track of METEOR cruise M 50.

Sonde mitgefierter ADCP (LADCP). Zur Charakterisierung der Wassermassen wurden CTD-
Hydrographie und Tracermessungen (Freone) durchgefiihrt. Im tiefen westlichen Randstrom bei
den Grand Banks wurde der seit 1997 installierte Tiefenwasserexport-Array ausgetauscht.
Ebenfalls aufgenommen und wieder ausgelegt wurden Verankerungen bei 53°N sowie am
Mittelatlantischen Riicken bei ca. 45°N.

Im zweiten Abschnitt (St. John's - St. John's) standen Verankerungsarbeiten ergénzt durch hy-
drographische Messungen in der Labradorsee und beim 53°N Verankerungsarray im Vorder-
grund. Diese Reise fand ebenfalls im Rahmen des Kieler SFB 460 statt. Die hydrographischen
Messungen stellten eine Fortfiihrung von jéhrlich seit 1996 stattfindenden Messungen dar, um
die Variabilitdt der Wassermassentransformation und ihre Auswirkungen auf die Tiefenzirkula-
tion zu untersuchen. Es wurden eine Reihe von Tomographie- und Konvektionsverankerungen
geborgen und wieder neu ausgelegt.

Auf dem dritten Fahrtabschnitt (St. Johns — Reykjavik) wurden Verankerungsarbeiten und
hydrographische Messungen entlang der Siidostkiiste Gronlands von Kap Farvel bis zur Déne-
markstrale unter der Leitung des Instituts fiir Meereskunde der Universitit Hamburg durch-
gefiihrt. Das wissenschaftliche Ziel hierbei ist die ldngerfristige Zustandsbeschreibung der Over-
flow-Komponenten im nordwestlichen Atlantik und die Erfassung ihrer zeitlichen Variabilitét
und schlieBt dabei an das EU-Projekt VEINS (Variability of Exchanges in the Northern Seas) an.

Wihrend des letzten Fahrtabschnittes (Reykjavik - Deutschland) bestand das Ziel darin, die
Ausbreitung und Vermischung von Wassermassen in den Overflow-Gebieten um Island und
speziell im oOstlichen Becken des subpolaren Nordatlantiks zu untersuchen. Die Arbeiten
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gehorten zu den wiederholt durchgefiihrten Feldprogrammen des Kieler SFB 460 und des Ham-
burger Bundesamtes fiir Seeschiffahrt und Hydrographie (WOCE-Schnitt A2). Die Beobachtun-
gen zur Tiefenzirkulation und zu Massenverteilung mit zugehdrigen Stromungsmessungen um-
fassten auch Néhrstoff-, CO,- und Tracermessungen. Ferner wurde den friiher entdeckten Spuren
von Methanausscheidungen am Mittelatlantischen Riicken von einer GEOMAR-Forschergruppe
aus Kiel nachgegangen.

Reseach Objectives

The research of METEOR cruise M 50 was mainly in the context of the Kiel Sonderforschungsbe-
reich 460 as well as on the VEINS/ASOF projects.

Sonderforschungsbereich SFB 460

The Sonderforschungsbereich SFB 460 , Dynamics of thermohaline circulation variability*
started in 1996 at Kiel University. Main objective of the SFB 460 is to investigate the variability
of the watermass formation and transport processes in the subpolar North Atlantic and to gain an
understanding of its role in the dynamics of the thermohaline circulation and the ocean uptake of
anthropogenic CO,. The variability of circulation and water mass distribution are closely related
with climate changes in northern Europe through the North Atlantic Oscillation (NAO). These
connections are a focus of the ongoing research.

The research program of the SFB is based on a combination of physical-oceanographic,
marine chemistry and meteorological observation programs, which are operated in close
interaction with a continuous series of numerical models with moderate (50 km), high (15 km)
and very high resolution (5 km), allowing a simulation of current structures and variability over a
wide range of space and time scales. The main interests are, first of all, the water mass formation
processes and the circulation of deep water in the subpolar North Atlantic, their interaction and
integral effects, especially with regard to the uptake of anthropogenic CO,. Second, the
variability of the ocean - atmosphere interaction is investigated, and modelling investigations of
large-scale aspects and causes of this variability are supplemented by the analysis of fluxes from
different meteorological standard models in comparison with observations.

The legs M50/1, M50/2 and M50/4 were carried out within the context of the SFB 460.
Several cruises had been carried out during the last three years to improve the data basis with a
wide range of hydrographic, tracer and current measurement techniques for investigating the
variability of the circulation in the North Atlantic. During the three M50-legs the study of the
pathways of the deep circulation and variability of water mass distribution were of prime
interest. Besides the shipboard measurements, a large part of the work was mooring work and the
deployment of floats.

The marine chemistry group took samples on legs 1 and 4 for the analysis of total dissolved
inorganic carbon, alkalinity, nutrients and dissolved oxygen. All analyses were carried out on
board. Nutrients will be used mainly as indicators for water mass properties, while the other
parameters are needed to calculate the uptake of anthropogenic CO, into the water column. A
significant signal can be expected even at greater water depths in the study area. Transport of
anthropogenic CO, into the Deep Water is mainly through the thermohaline circulation. Hence,
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the investigations carried out during this cruise will serve to detect variations in later studies
within the SFB.

VEINS/ASOF

VEINS (Variability of Exchanges in the Northern Seas) was an EU-MAST Project focussing on
the variability of oceanic fluxes between the Arctic Ocean and the Northern North Atlantic for a
period of three years. It was aimed at developing a cost-efficient array for the long-term
monitoring of the polar and subpolar contributions to the decadal climate variability.

VEINS achieves a synoptic coverage of fluxes through Fram Strait, the Western Barents
Shelf, the Iceland-Scotland Ridge and the Denmark Strait, including the continental slope of SE-
Greenland. The latter was the work area for cruise leg M50/3, where the fluctuations of the
Denmark Strait Overflow Water (DSOW)-transports and the entrainment of Atlantic water are
major controls of North Atlantic Deep Water formation.

At present a new program "Arctic Subarctic Ocean Fluxes" (ASOF) is being planned in
cooperation between several European partners, the US and Canada. The ASOF objective is
monitoring of the ice export from and water mass exchange between the Arctic Ocean and the
Atlantic and Pacific for the foreseeable future
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3.2 Research Program

The cruise leg M50/3 was a continuation of the work done in the EC- project VEINS (Variability
of exchanges in the Northern Seas), where eighteen countries contributed to field work and
modeling of the transport fluctuations through the major ocean passages between the Arctic
Ocean and the Northern North Atlantic. This cruise focussed on the fluxes and the changes in the
properties of water masses in the area from the Denmark Strait to the southern tip of Greenland.
It is a repeat of the METEOR cruise M39/5 in 1997, the VALDIVIA cruise 173 in 1998, the
METEOR cruise M45/4 in 1999 and the Poseidon cruise 263 in 2000.

The ideas about the composition of the Denmark Strait Overflow Water (DSOW) have
changed considerably within the last couple of years. This changing view did also arise due to
the long term measurements within the VEINS program. Some of these measurements were also
done on previous cruises with FS METEOR. Actually the overflow is related to the waters of the
western boundary currents of the Nordic Seas. This results in Arctic, Polar and Atlantic
contributions to the Denmark Strait Overflow. The present concept consists of equal
contributions of Arctic Intermediate Waters, Arctic Ocean Deep Waters and recirculated Atlantic
Water in the composition of overflow waters.

Of course this composition can change with time. On longer temporal scales the atmospheric
forcing changes, and the formation of water masses depends also on this forcing. The
predominant signal of this changes is the North Atlantic Oscillation. The exact nature of the
relations between changes in atmospheric forcing and changes in the composition and strength of
the overflow is still unclear and a subject of our investigations. But recently a coherence was
found between inter-annual temperature changes of the DSOW at 64°N, changes in the
temperature in the Greenland Sea and also with changes in the Atlantic Waters in the
Westspitsbergen Current.

For several years now hydrographic sections were taken regularly along the East Greenland
continental slope south of Denmark Strait. Several moorings are deployed along one of this
sections at about 64°N. This mooring line consists of 6 moorings with current meters, two
inverted echo sounders and one bottom mounted ADCP. This field word is a cooperative effort
of institutions from Germany, Iceland, Finland and Great Britain.

The METEOR cruise 50/3 aims at repeating those six standard sections, with the difference that
the southernmost section will be extended till the Mid-Atlantic Ridge (Fig. 3.1). For a better
characterization of water masses, CFC's and SF6 measurements will be taken on these sections.
The moorings will be re-covered and then deployed again. A new kind of mooring was deployed
on the shelf last year with FS POSEIDON. This mooring consists of a tube, about 50m long, with 2
integrated temperature and salinity sensors (microcats). The goal of the tube itself is to protect
the sensor from being destroyed by ice. This mooring will also be recovered and two such
moorings will be deployed.
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Fig. 3.1: Positions of the stations made during M50/3 and numbers of the VEINS hydrographic
sections. The mooring array is located along section 3, the tube moorings are located on the
shelf at the western end of section 4. The spacing of depth isolines is 1000 m.

3.3 Narrative of the Cruise

The RV METEOR left St. John's on June 21, 2001 and headed to 58°47,8° N 030°49,8* W, a point
above the Mid-Atlantic-Ridge, arriving on June 25. From there a hydrographic section was taken
towards the southern tip of Greenland. This section was a repeat of the western part of WOCE
section A1E, the eastern part was occupied at the same time by RV COMMANDER JACK.
Regretfully, due to problems with the CTD cable on RV COMMANDER JACK, the ships didn't
meet and there is a time gap of 5 days between both parts.

This first section, the westernmost stations compromising also VEINS section 6, was finished
on June 28. The hydrographic work continued with VEINS section 5, a section perpendicular to
the continental shelf north of the first section. The CTD system worked very well and also
showed no problems during the rest of the cruise. Station positions and section numbering are
given in table 1 in chapter 3.6 and shown in figure 3.1.

The survey of the next two sections was interrupted by mooring work. While CTD work can
also be done during night and not so good weather, we needed daylight and fine weather for the
mooring work. We recovered one and deployed two tube moorings at the western end of section
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4. The tube could only be recovered in two pieces, but no instrument was lost. The deployment
of the tubes, with a length of about 45 m quite bulky, was much easier as expected. The weather
was also very fine during deployment and we had a fantastic view of the Greenland coast. Along
section 3 a total of eight moorings were successfully recovered and deployed.

After the mooring work we continued the hydrographic work with 3 sections perpendicular to
the continental rise, connected with stations along a water depth of about 2000 m. As the weather
had been quite reasonable during the whole cruise, we had enough time to increase the spatial
resolution of this last sections up to about 5 nautical miles between stations. Due to ice section 1
could not started as far north on the shelf as planned.

Along the CTD sections, although not at every station, water was sampled at 10 to 20 levels
for analysis of CFC's. At some selected stations water samples were taken for the analysis of SF6
in the overflow water, at other stations some samples were taken for the analysis of alkenones.

Continuos measurements were taken with up to two vessel mounted ADCP's. The pCO; in air
and surface waters were analyzed, surface waters were filtered for the determination of alkenons
and meteorological measurements were done on a routinely basis. The acquisition computer (an
old 286) of the 150 Hz ADCP broke done on July 8 and could not be repaired. Also many of the
data was also lost, because the hard disk couldn't be read from another computer. But the second
ADCP with 75 Hz showed no problems during the whole cruise.

RV METEOR arrived in the port of Reykjavik on July 15, 2001.

3.4 Preliminary Results
3.41 Hydrography

The hydrographic measurements were done with a Seabird CTD, the same instrument as the legs
before. The pressure offset in air of 0.0 to 0.2 dbar and was neglected, a comparison with the
reversing thermometers showed that no in situ calibration of temperature and pressure were
necessary. Bottle salinities were determined with an AUTOSAL salinometer, which was
calibrated using standard seawater. The conductivity showed a constant offset of 0.0018 mS/cm,
after calibration the accuracy for conductivity (respective salinity) is better then 0.003 (see
Figure 3.2). Samples for oxygen were taken and analyzed regularly. This values were used to
calibrate the oxygen sensor on the CTD.

At section 1 (see Figure 3.3) the Denmark Strait Overflow water can be clearly seen as a layer
of low salinity and temperature sitting on the Greenland slope. This layer can be traced till the
southernmost section 6, although with increasing temperature and salinity due to mixing with
ambient water. The core of the overflow, located at about 1500 m to 2000 m depth, is connected
with the also dense, cold, low salinity waters on the shelf. The water on the shelf is only slightly
less dense ( 62~37.10 kg/m®) then the overflow (6~37.20 kg/m’). So there is the possibility that
part of the waters denominated overflow does not originate from the Denmark Strait sill but
comes from the shelf.

In comparison with previous cruises and historic data (see Figure 3.4) it can be noted:
Compared to last year (2000) the salinity (and temperature) of the overflow increased slightly,
but did not reach the high salinity values of 1996 and are comparable to the values in the years
1994 and 1995.



METEOR-Berichte 02-2, Cruise 50, Leg 3, St. John’s — Reykjavik

Fit 0: 1.81499011e-003;

P

A conductivity ( mS/cm)

2L 4
-4 1 1 | 1 1 |
300 500 1000 1500 2000 2500 3000
pressure (dbar)
5 * T T T T T T

¥
4%  Fit0: 1.54374943e-005; -

A salinity ( *10 _3)

3% " i
*
-4 * * |
_5 1 1 | | | 1
500 1000 1500 2000 2500 3000
pressure (dbar)
Fig. 3.2: Difference between CTD and bottle data in conductivity before calibration (a) and in

salinity after calibration (b).



3-6 METEOR-Berichte 02-2, Cruise 50, Leg 3, St. John’s — Reykjavik

35.4

500

35

1000

pressure [dbar]

1500

2000

o I I S R

w
N

0 50 100 150 200 250
cumulative distance [km]

500

& 1000 ~
g o
[ <)
4
7
o
1500
2000
0 50 100 150 200 250 -2

Fig. 3.3: Salinity (a) and potential temperature (b) along section 1.



METEOR-Berichte 02-2, Cruise 50, Leg 3, St. John’s — Reykjavik 3-7

Fig. 3.4:

salinity
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a) Mean 6/S (averaged along isopycnals) diagrams for sections 3 and 4 of cruise M50/3
compared to previous cruises. b) Salinities of stations in the region of VEINS section 6 for a
density layer around 0,=37.20 kg/m3. Circles are the median values of each profile in the
density range +- 0.07, crosses and stars the minimum, respective maximum salinities in the
density range +- 0.10. The median values of each year are connected with lines, the heavy
line being the median values.
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3.4.2 Moorings

The current and temperature data from the recovered Aandera current meters was available
shortly after recovery. Data from the inverted echo sounders needs more processing and is still
not available.

The recovered tube moorings had fallen apart in two pieces. It did not break, but split into two
pieces because of loosened screws. From the pressure record (see Figure 3.5) it can be deduced
that it happened in the end of January 2001. After this the two parts were connected just with an
rope of 45 m length. The new tubes that were deployed have another connection between the
individual elements, that should be more durable. The whole mooring tilted quite strongly,
resulting in depth excursion of more than 100 m. Because it also happened after the tube went
apart it is not ice but most probably the effect of strong currents. The drag on the tube is too
strong compared to its buoyancy, the new tubes have a smaller diameter and should therefore
have a better drag/buoyancy relation. The dominant signals in the pressure signal (and therefore
also in the velocity, although no current meter was attached to the mooring) are the tides. There
is no peak at the inertial frequency.

Rohrverankerung, Druck unten und Differenz unten-oben
180 T T T T

Fig. 3.5: a) Time series of
160/ 8 pressure at the lower instrument
of the tube mooring and diffe-
rence of pressures between the
upper and lower instrument. b)
Power spectrum of the pressure
at the lower instrument. Vertical
lines gives the frequencies of
or | the M2, S2, K1 O1 tides and of

w| WMWWMWWMWW ] the inertia frequency.
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343 Tracer Measurements (CFC-11 and CFC-12)

The discussion of the measurements of this leg are given in the chapter for leg M50/4.

3.44 Alkenones
(A. Kirch)

Alkenones are methyl and ethyl ketones consisting of chains of 37-40 carbon atoms with two
double bonds up to four. These compounds are produced, probably as membrane lipids, by
various Haptophyceae algae. In marine environments the coccolithophorid species Emiliania
huxleyi is dominant and is well-known for its large blooms in the euphotic zone of the oceans.

The biosynthesis of alkenones in marine systems depends on the ambient water temperature.
For example, in low temperature regimes, the amount of higher unsaturated ketones is increasing
with temperature. The degree of unsaturation of C;; alkenones (only methyl ketones) is usually
expressed in terms of UX;, and UX;; indices. Since the UX5; and U5, indexes (the compositions
of the alkenones) remain unchanged when released after the end of coccolithophorid blooms,
they can be traced from the the euphotic zone down to the sediment. Successful temperature
calibrations in field and laboratory experiments allows the use of UX;; and U5, indices for the
reconstruction of sea surface paleotemperatures.

The estimate of paleo-pCO, by measuring the 8"°C values of the alkenones, might add a
valuable new aspect to the application of alkenones as biomarkers. Atmospheric CO, exchanges
across the atmosphere-ocean interface. Dissolved CO, is transformed into organic carbon, for
example during the biosynthesis of the alkenones, resulting in a characteristic isotopic signature.
However, the isotopic signature may also influenced by environmental and growth conditions,
such as the availability of light and nutrients, which makes the reconstruction of the pCO,
doubtful.

The aim of our study is the determination of the "*C isotopic signature of long-chain
unsaturated methyl ketones (Cs; alkenones) during coccolithophorid blooms in the North
Atlantic Ocean. The °C signal will be observed from the formation of alkenones during the
bloom until the burial in the sediment.

During the cruise METEOR M50/3 samples were taken for the analysis of the alkenones in the
euphotic zone (from the surface down to the chlorophyll maximum). Additionally,
complementary samples for the determination of particulate organic carbon (POC), suspended
particulate material (SPM), chlorophyll and nutrients were taken. pCO, was measured almost
continuously as described for M50/1 (see leg 1, 1.4.5).

A comprehensive list of the samples taken during the cruise is given in table 2 in chapter 3.6.

3.5 Weather and Ice Conditions during M50/3

When the METEOR left St. John's, NF, Canada, on June 21, 2001, a gale center of 990 hPa had
just entered the Labrador Sea, moving east and filling slowly. Northwesterly winds of 6 to 7 Bft
were felt on the ship's position while she headed northeast for the starting position of the first of
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several hydrographic sections in waters off Southeastern Greenland. On June 23, a trough
encircling the slowly filling gale center caused a temporary intensification from 1000 hPa to 995
hPa at 53 North 25 West. At the same time, a flat low just east of Southeastern Greenland had
intensified to 1000 hPa, and between those two lows the METEOR experienced southwesterly
winds of 5 Bft on June 25 when hydrographic work was about to begin. Filling of the low over
the Irminger Sea reduced wind velocity to 4 Bft and direction to back east so that work was
unhampered. When the research vessel reached Walloe, southeastern Greenland, on June 28,
northeasterly winds were up to 6 Bft just because of the coast's proximity. This was shown when
the ship went out into the Irminger Sea, heading for the starting position for the next
hydrographic section on June 29 when wind force was down to 4 Bft again. Meanwhile the
wedge of high pressure that extended from central to southern Greenland over the Inland Ice had
weakened so that winds remained northerly 4 Bft on June 30 when the ship reached mooring
arrays at 63°North so close to the coast that it showed clearly and in bright sunshine. The air
masses originated from over the Inland Ice indeed because an air temperature of 2°C was the
chilliest one recorded during the cruise.

At the same time a low migrating east from Newfoundland had reached the area southeast of
Greenland, central pressure being 992 hPa. As it turned northeast during July 1, northeasterly
winds increased to 7 Bft on the METEOR's probing position. As the low started to fill winds were
slow to abate to North 5 Bft on July 2, but by July 3 conditions were light and variable, and the
opportunity was being taken to recover and deploy again a new type of mooring consisting of a
tube 50 m long with built-in CTD instruments.

However, a gale center that had been tracked from southwest of the Great Lakes to the
northern rim of Hudson Bay, then swinging east, had reached the Labrador Sea by July 3, filling
there but inducing a new low on the east coast of southern Greenland that quickly intensified into
a gale center 1003 hPa by July 4 when the METEOR experienced North to Northwest 7 Bft. These
gales were short-lived because the gale center quickly moved away to Iceland. During the next
two days winds were light and variable. However, meanwhile the gale center from the Labrador
Sea was following the track taken by the low it had induced, central pressure in the Irminger Sea
being 1000 hPa by July 7 when the METEOR observed strong northwesterly to northerly winds of
6 Bft. The low then filled further swinging southeast and eventually merging with the next of it's
kind.

In June, a prominent feature of the average North Atlantic weather chart had been absent: the
Azores High. If it was there, it had been weaker than normal, or the subtropical high could be
found near to its winter position at Bermuda. Now it established itself just west of the Azores
with a central pressure of over 1030 hPa. Opposing a low, albeit a weak one, in the vicinity of
Iceland, the scene is set for quick developments starting in the greater Newfoundland area. There
was no long wait: during July 8, a low of 1003 hPa passed Goose Bay, Labrador, Canada,
heading east and developing into a gale center by noon of the same day at 55 North 43 West. By
July 9, central pressure was 993 hPa at 57 North 20 West, and by July 11, central pressure was
997 hPa at the Scottish eastern coast. The storm center then turned northeast to lie to the south of
the Lofot islands, Norway, in the evening of July 12, central pressure being 991 hPa. During July
9, a vital part of the cold air masses involved in the circulation of the gale center passed
Denmark Strait, and METEOR, working to the west of that passage, observed northeasterly gales
of 7 to 8 Bft. So she was not being hard hit.
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When the ship reached the area south of Ammassalik, eastern Greenland, winds were down to
light and variable, and as a low to the leeward side of the high mountains in that area was
forming there was an exceptional view from afar including a fantastic Fata Morgana that
emphasized the rim of the ice that barred access to the coast, not to mention hills being shown
upside down in a considerable height above the ground.

During the last few days of the voyage there were light to moderate westerly winds that
backed to moderate easterlies when our research vessel headed for Reykjavik, Iceland, calling
there on July 15.

Ice charts were closely monitored as they were issued by the Danish Meteorological Institute,
being sent to the ship by the Institut fiir Meereskunde, University of Kiel, or by the Bundesamt
fiir Seeschifffahrt und Hydrographie, Hamburg. When the ship was still on her way to
Greenland, accessibility of mooring positions near the coast was in question, but when this
question became vital, new ice charts reassured free access to the positions. Icebergs were seen
but a few.

3.6 List of Stations

Table 1: CTD-Station List

EXPO- Section Stat. Cast Cast Date Time Position Bottom Meter Max Bottom Comments

CODE Name No. No. Type mmddyy UTC Code Latitude Longitude Code depth Wheel Press. Dist.

06MES50/3 161 01 ROS/CTD 062101 1220 BE 50 18.67 N 47 48.99 W GPS 2710

06MES50/3 161 01 ROS/CTD 062101 1318 BO 50 18.62 N 47 49.23 W GPS 2714 2682 1500 Test

Station

06ME50/3 161 01 ROS/CTD 062101 1411 EN 50 18.29 N 47 49.48 W GPS 2715

06ME50/3 VEINS-6 162 01 ROS/CTD 062501 1442 BE 58 47.79 N 30 49.68 W GPS 1264

06ME50/3 VEINS-6 162 01 ROS/CTD 062501 1507 BO 58 47.75 N 30 49.34 W GPS 1225 1237 14

06ME50/3 VEINS-6 162 01 ROS/CTD 062501 1545 EN 58 47.63 N 30 48.92 W GPS 1259

06ME50/3 VEINS-6 163 01 ROS/CTD 062501 1733 BE 58 52.02 N 31 30.00 W GPS 1518

06ME50/3 VEINS-6 163 01 ROS/CTD 062501 1827 BO 58 52.03 N 31 29.88 W GPS 1513 1487 1505 14

06ME50/3 VEINS-6 163 01 ROS/CTD 062501 1913 EN 58 52.02 N 31 29.91 W GPS 1516

06ME50/3 VEINS-6 164 01 ROS/CTD 062501 2145 BE 58 56.18 N 32 10.18 W GPS 1770

06ME50/3 VEINS-6 164 01 ROS/CTD 062501 2221 BO 58 56.04 N 32 09.56 W GPS 1778 1751 1770 14

06ME50/3 VEINS-6 164 01 ROS/CTD 062501 2326 EN 58 56.09 N 32 09.07 W GPS 1627

06ME50/3 VEINS-6 165 01 ROS/CTD 062601 0141 BE 59 00.28 N 32 49.54 W GPS 2157

06ME50/3 VEINS-6 165 01 ROS/CTD 062601 0223 BO 59 00.53 N 32 48.44 W GPS 2136 2126 15

06ME50/3 VEINS-6 165 01 ROS/CTD 062601 0312 EN 59 00.72 N 32 47.31 W GPS 2141

06ME50/3 VEINS-6 166 01 ROS/CTD 062601 0543 BE 59 04.04 N 33 30.06 W GPS 2315

06ME50/3 VEINS-6 166 01 ROS/CTD 062601 0621 BO 59 04.10 N 33 29.68 W GPS 2329 2295 2322 14

06ME50/3 VEINS-6 166 01 ROS/CTD 062601 0721 EN 59 04.18 N 33 29.44 W GPS 2325

06ME50/3 VEINS-6 167 01 ROS/CTD 062601 0926 BE 59 07.91 N 34 10.38 W GPS 2302

06ME50/3 VEINS-6 167 01 ROS/CTD 062601 1014 BO 59 07.82 N 34 10.38 W GPS 2298 2268 2293 14

06ME50/3 VEINS-6 167 01 ROS/CTD 062601 1117 EN 59 07.87 N 34 10.11 W GPS 2281

06ME50/3 VEINS-6 168 01 ROS/CTD 062601 1529 BE 59 13.05 N 34 59.88 W GPS 2726

06ME50/3 VEINS-6 168 01 ROS/CTD 062601 1621 BO 59 13.06 N 34 59.77 W GPS 2709 2733 15

06ME50/3 VEINS-6 168 01 ROS/CTD 062601 1724 EN 59 13.01 N 34 59.86 W GPS 2281

06ME50/3 VEINS-6 169 01 ROS/CTD 062601 1946 BE 59 18.01 N 35 50.08 W GPS 3119

06ME50/3 VEINS-6 169 01 ROS/CTD 062601 2048 BO 59 17.91 N 35 50.12 W GPS 3120 3097 3137 14

06ME50/3 VEINS-6 169 01 ROS/CTD 062601 2200 EN 59 17.82 N 35 50.24 W GPS 3120

06ME50/3 VEINS-6 170 01 ROS/CTD 062701 0025 BE 59 22.98 N 36 40.11 W GPS 3121

06ME50/3 VEINS-6 170 01 ROS/CTD 062701 0124 BO 59 23.04 N 36 39.86 W GPS 3100 3101 3139 15

06ME50/3 VEINS-6 170 01 ROS/CTD 062701 0231 EN 59 23.15 N 36 39.58 W GPS 3120

06ME50/3 VEINS-6 171 01 ROS/CTD 062701 0501 BE 59 27.99 N 37 29.99 W GPS 3139

06ME50/3 VEINS-6 171 01 ROS/CTD 062701 0608 BO 59 28.02 N 37 30.02 W GPS 3139 3111 3154 14

06ME50/3 VEINS-6 171 01 ROS/CTD 062701 0723 EN 59 28.11 N 37 29.93 W GPS 3140

06ME50/3 VEINS-6 172 01 ROS/CTD 062701 0951 BE 59 33.04 N 38 20.34 W GPS 3060

06ME50/3 VEINS-6 172 01 ROS/CTD 062701 1051 BO 59 33.10 N 38 20.32 W GPS 3061 3040 3072 14

06ME50/3 VEINS-6 172 01 ROS/CTD 062701 1204 EN 59 33.11 N 38 20.15 W GPS 3061

06ME50/3 VEINS-6 173 01 ROS/CTD 062701 1358 BE 59 36.98 N 38 59.98 W GPS 2946

06ME50/3 VEINS-6 173 01 ROS/CTD 062701 1455 BO 59 36.96 N 39 00.04 W GPS 2944 2954 12

06ME50/3 VEINS-6 173 01 ROS/CTD 062701 1600 EN 59 37.01 N 38 59.85 W GPS 2947

06ME50/3 VEINS-6 174 01 ROS/CTD 062701 1804 BE 59 42.06 N 39 40.11 W GPS 2795

06ME50/3 VEINS-6 174 01 ROS/CTD 062701 1900 BO 59 42.08 N 39 40.00 W GPS 2796 2764 2800 14

06ME50/3 VEINS-6 174 01 ROS/CTD 062701 2005 EN 59 42.03 N 39 40.10 W GPS 2798

06ME50/3 VEINS-6 175 01 ROS/CTD 062701 2157 BE 59 45.97 N 40 15.17 W GPS 2638

06ME50/3 VEINS-6 175 01 ROS/CTD 062701 2246 BO 59 45.87 N 40 15.34 W GPS 2636 2611 2636 14

06ME50/3 VEINS-6 175 01 ROS/CTD 062701 2345 EN 59 45.94 N 40 15.43 W GPS 2638

06ME50/3 VEINS-6 176 01 ROS/CTD 062801 0130 BE 59 49.97 N 40 50.04 W GPS 2383

06ME50/3 VEINS-6 176 01 ROS/CTD 062801 0215 BO 59 50.03 N 40 50.08 W GPS 2381 2354 2376 15

06ME50/3 VEINS-6 176 01 ROS/CTD 062801 0303 EN 59 50.11 N 40 50.35 W GPS 2375

06ME50/3 VEINS-6 177 01 ROS/CTD 062801 0409 BE 59 51.95 N 41 09.93 W GPS 2061

06ME50/3 VEINS-6 177 01 ROS/CTD 062801 0449 BO 59 52.00 N 41 10.04 W GPS 2036 2036 2049 14
N W

06ME50/3 VEINS-6 177 01 ROS/CTD 062801 0537 EN 59 52.00 41 10.11 GPS 2059
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METEOR-Berichte 02-2, Cruise 50, Leg 3, St. John’s — Reykjavik 3-13
06ME50/3 VEINS-4 207 01 ROS/CTD 070301 1811 EN 63 00.01 N 40 35.33 W GPS 414
06ME50/3 VEINS-4 208 01 ROS/CTD 070301 1853 BE 62 57.92 N 40 24.84 W GPS 220
06ME50/3 VEINS-4 208 01 ROS/CTD 070301 1903 BO 62 57.93 N 40 24.97 W GPS 218 205 208 14
06ME50/3 VEINS-4 208 01 ROS/CTD 070301 1912 EN 62 57.96 N 40 25.06 W GPS 218
06ME50/3 VEINS-4 209 01 ROS/CTD 070301 2018 BE 62 51.93 N 40 07.04 W GPS 1698
06ME50/3 VEINS-4 209 01 ROS/CTD 070301 2054 BO 62 52.01 N 40 07.13 W GPS 1694 1670 1684 14
06ME50/3 VEINS-4 209 01 ROS/CTD 070301 2134 EN 62 51.96 N 40 07.05 W GPS 1695
06ME50/3 VEINS-4 210 01 ROS/CTD 070301 2236 BE 62 46.95 N 39 49.95 W GPS 1931
06ME50/3 VEINS-4 210 01 ROS/CTD 070301 2313 BO 62 46.91 N 39 49.14 W GPS 1932 1906 1924 14
06ME50/3 VEINS-4 210 01 ROS/CTD 070301 2351 EN 62 46.80 N 39 49.36 W GPS 1935
06ME50/3 VEINS-4 211 01 ROS/CTD 070401 0100 BE 62 40.98 N 39 31.11 W GPS 1974
06ME50/3 VEINS-4 211 01 ROS/CTD 070401 0136 BO 62 40.95 N 39 31.10 W GPS 1974 1932 1953 14
06ME50/3 VEINS-4 211 01 ROS/CTD 070401 0217 EN 62 40.96 N 39 31.05 W GPS 1976
06ME50/3 VEINS-4 212 01 ROS/CTD 070401 0330 BE 62 35.02 N 39 13.11 W GPS 2029
06ME50/3 VEINS-4 212 01 ROS/CTD 070401 0405 BO 62 35.07 N 39 13.02 W GPS 2030 1999 2019 14
06ME50/3 VEINS-4 212 01 ROS/CTD 070401 0444 EN 62 35.08 N 39 12.95 W GPS 2032
06ME50/3 VEINS-4 213 01 ROS/CTD 070401 0550 BE 62 30.00 N 38 56.12 W GPS 2166
06ME50/3 VEINS-4 213 01 ROS/CTD 070401 0635 BO 62 30.05 N 38 56.31 W GPS 2160 2125 2150 14
06ME50/3 VEINS-4 213 01 ROS/CTD 070401 0725 EN 62 30.19 N 38 56.77 W GPS 2165
06ME50/3 VEINS-4 214 01 ROS/CTD 070401 0845 BE 62 23.98 N 38 37.97 W GPS 2280
06ME50/3 VEINS-4 214 01 ROS/CTD 070401 0930 BO 62 24.20 N 38 38.68 W GPS 2269 2250 2266 14
06ME50/3 VEINS-4 214 01 ROS/CTD 070401 1013 EN 62 24.38 N 38 38.96 W GPS
06ME50/3 VEINS-4 215 01 ROS/CTD 070401 1143 BE 62 17.90 N 38 20.53 W GPS 2368
06ME50/3 VEINS-4 215 01 ROS/CTD 070401 1228 BO 62 17.88 N 38 20.61 W GPS 2366 2334 2365 14
06ME50/3 VEINS-4 215 01 ROS/CTD 070401 1320 EN 62 17.84 N 38 20.58 W GPS 2369
06ME50/3 VEINS-4 216 01 ROS/CTD 070401 1429 BE 62 12.08 N 38 03.04 W GPS 2491
06ME50/3 VEINS-4 216 01 ROS/CTD 070401 1518 BO 62 12.01 N 38 02.96 W GPS 2490 2460 2488 14
06ME50/3 VEINS-4 216 01 ROS/CTD 070401 1608 EN 62 12.02 N 38 03.02 W GPS 2490
06ME50/3 VEINS-3 217 01 ROS/CTD 070501 0205 BE 63 49.97 N 36 58.15 W GPS 357
06ME50/3 VEINS-3 217 01 ROS/CTD 070501 0215 BO 63 50.03 N 36 58.51 W GPS 356 334 335 14
06ME50/3 VEINS-3 217 01 ROS/CTD 070501 0224 EN 63 50.02 N 36 58.67 W GPS 354
06ME50/3 VEINS-3 218 01 ROS/CTD 070501 0311 BE 63 46.01 N 36 51.15 W GPS 629
06ME50/3 VEINS-3 218 01 ROS/CTD 070501 0328 BO 63 46.06 N 36 51.37 W GPS 580 568 571 14
06ME50/3 VEINS-3 218 01 ROS/CTD 070501 0340 EN 63 46.13 N 36 51.52 W GPS 550
06ME50/3 VEINS-3 219 01 ROS/CTD 070501 0425 BE 63 42.03 N 36 43.13 W GPS 1715
06ME50/3 VEINS-3 219 01 ROS/CTD 070501 0500 BO 63 42.08 N 36 43.22 W GPS 1711 1691 1696 14
06ME50/3 VEINS-3 219 01 ROS/CTD 070501 0541 EN 63 42.01 N 36 43.72 W GPS 1675
06ME50/3 VEINS-3 220 01 ROS/CTD 070501 0654 BE 63 33.89 N 36 27.91 W GPS 1800
06ME50/3 VEINS-3 220 01 ROS/CTD 070501 0733 BO 63 33.83 N 36 28.09 W GPS 1796 1766 1785 14
06ME50/3 VEINS-3 220 01 ROS/CTD 070501 0807 EN 63 33.77 N 36 28.25 W GPS 1792
06ME50/3 VEINS-3 221 01 MOR 070501 0829 BE 63 32.60 N 36 29.10 W GPS Recovery
of mooring F2/ADCP
06ME50/3 VEINS-3 221 01 MOR 070501 0928 EN 63 31.90 N 36 28.60 W GPS
06ME50/3 VEINS-3 222 01 ROS/CTD 070501 1010 BE 63 29.98 N 36 20.00 W GPS 1942
06ME50/3 VEINS-3 222 01 ROS/CTD 070501 1049 BO 63 29.95 N 36 20.13 W GPS 1942 1909 1930 14
06ME50/3 VEINS-3 222 01 ROS/CTD 070501 1135 EN 63 29.96 N 36 19.79 W GPS 1949
06ME50/3 VEINS-3 223 01 MOR 070501 1157 BE 63 28.70 N 36 18.80 W GPS Deployment of mooring
UK1/IES-2001
06ME50/3 VEINS-3 223 01 MOR 070501 1245 EN 63 28.69 N 36 18.81 W GPS
06ME50/3 VEINS-3 224 01 ROS/CTD 070501 1246 BE 63 28.69 N 36 18.76 W GPS 1988 80 co2
06ME50/3 VEINS-3 224 01 ROS/CTD 070501 1305 EN 63 28.74 N 36 18.97 W GPS 1987
06ME50/3 VEINS-3 225 01 MOR 070501 1414 BE 63 22.40 N 36 03.80 W GPS Deployment of mooring
G1-2001
06ME50/3 VEINS-3 225 01 MOR 070501 1502 EN 63 21.80 N 36 04.30 W GPS
06ME50/3 VEINS-3 226 01 MOR 070501 1547 BE 63 17.60 N 35 52.90 W GPS Deployment of mooring
UK2-2001
06ME50/3 VEINS-3 226 01 MOR 070501 1619 EN 63 17.00 N 35 53.10 W GPS
06ME50/3 VEINS-3 227 01 MOR 070501 1742 BE 63 07.50 N 35 31.50 W GPS Deployment of mooring
G2-2001
06ME50/3 VEINS-3 227 01 MOR 070501 1805 EN 63 07.00 N 35 31.90 W GPS
06ME50/3 VEINS-3 228 01 ROS/CTD 070501 2034 BE 63 25.99 N 36 13.11 W GPS 2097
06ME50/3 VEINS-3 228 01 ROS/CTD 070501 2115 BO 63 25.96 N 36 13.10 W GPS 2100 2075 2097 14
06ME50/3 VEINS-3 228 01 ROS/CTD 070501 2202 EN 63 25.93 N 36 13.53 W GPS 2096
06ME50/3 VEINS-3 229 01 ROS/CTD 070501 2248 BE 63 23.02 N 36 06.00 W GPS 2201
06ME50/3 VEINS-3 229 01 ROS/CTD 070501 2331 BO 63 21.89 N 36 06.55 W GPS 2198 2172 2194 14
06ME50/3 VEINS-3 229 01 ROS/CTD 070601 0015 EN 63 21.94 N 36 07.00 W GPS 2198
06ME50/3 VEINS-3 230 01 ROS/CTD 070601 0108 BE 63 18.09 N 35 58.13 W GPS 2306
06ME50/3 VEINS-3 230 01 ROS/CTD 070601 0154 BO 63 17.98 N 35 58.35 W GPS 2306 2298 14
06ME50/3 VEINS-3 230 01 ROS/CTD 070601 0235 EN 63 17.89 N 35 58.21 W GPS 2310
06ME50/3 VEINS-3 231 01 ROS/CTD 070601 0329 BE 63 14.03 N 35 49.65 W GPS 2415
06ME50/3 VEINS-3 231 01 ROS/CTD 070601 0414 BO 63 14.01 N 35 49.95 W GPS 2419 2384 2413 14
06ME50/3 VEINS-3 231 01 ROS/CTD 070601 0515 EN 63 14.00 N 35 50.09 W GPS 2417
06ME50/3 VEINS-3 232 01 ROS/CTD 070601 0602 BE 63 09.97 N 35 42.89 W GPS 2511
06ME50/3 VEINS-3 232 01 ROS/CTD 070601 0653 BO 63 10.00 N 35 42.95 W GPS 2511 2478 2510 14
06ME50/3 VEINS-3 232 01 ROS/CTD 070601 0742 EN 63 10.02 N 35 42.95 W GPS 2510
06ME50/3 VEINS-3 233 01 ROS/CTD 070601 0850 BE 63 02.01 N 35 27.98 W GPS 2655
06ME50/3 VEINS-3 233 01 ROS/CTD 070601 0940 BO 63 02.04 N 35 27.84 W GPS 2654 2636 2660 14
06ME50/3 VEINS-3 233 01 ROS/CTD 070601 1036 EN 63 01.93 N 35 27.99 W GPS 2654
06ME50/3 VEINS-3 234 01 ROS/CTD 070601 1233 BE 62 54.09 N 35 13.00 W GPS 2717
06ME50/3 VEINS-3 234 01 ROS/CTD 070601 1312 BO 62 54.27 N 35 12.27 W GPS 2718 2700 2720 13
06ME50/3 VEINS-3 234 01 ROS/CTD 070601 1400 EN 62 54.10 N 35 11.57 W GPS 2719
06ME50/3 VEINS-3 235 01 ROS/CTD 070601 1506 BE 62 45.98 N 34 58.07 W GPS 2764
06ME50/3 VEINS-3 235 01 ROS/CTD 070601 1559 BO 62 46.16 N 34 57.58 W GPS 2773 2745 2775 14
06ME50/3 VEINS-3 235 01 ROS/CTD 070601 1700 EN 62 46.30 N 34 57.68 W GPS 2773
06ME50/3 VEINS-3 236 01 ROS/CTD 070601 1808 BE 62 37.93 N 34 42.95 W GPS 2806
06ME50/3 VEINS-3 236 01 ROS/CTD 070601 1906 BO 62 38.16 N 34 42.67 W GPS 2806 2792 2813 14
06ME50/3 VEINS-3 236 01 ROS/CTD 070601 2002 EN 62 38.33 N 34 42.53 W GPS 2806
06ME50/3 VEINS-3 237 01 ROS/CTD 070601 2111 BE 62 29.91 N 34 28.00 W GPS 2842
06ME50/3 VEINS-3 237 01 ROS/CTD 070601 2206 BO 62 29.97 N 34 28.10 W GPS 2842 2812 2850 14
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