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1. Objectives

Measurements conducted during cruise  MSM-28 contribute to the cooperative research 

project RACE (Regional Atlantic Circulation and Global ChangE), which is funded by the 

German Federal Ministry of Education and Research (BMBF). Investigations were carried 

out in the framework of work package 1.2 (NOAC,  NOrth  Atlantic  Changes), affiliated to 

the University of Bremen, Germany, and the German Federal and Maritime Hydrographic 

Agency (BSH), Hamburg, Germany.

The primary objectives of cruise MSM-28 were:

1) To  exchange  two  deep-sea  mooring  arrays  installed  across  the  Deep  Western 

Boundary Current (DWBC) east of Flemish Cap at 47°N and along the western 

flank of the Mid-Atlantic Ridge (MAR). Both arrays serve to measure the velocity 

structure and temperature and salinity  of  different  components  of  North  Atlantic 

Deep Water  (NADW) as well  as of  the North Atlantic  Current  (NAC).  Since the 

DWBC mooring array could not be completely recovered during the previous cruise 

MSM-27, it was not redeployed.

2) To analyze the strength and variability in the strength of the exported NADW in 

relation to the variations in the strength of the NAC in the Newfoundland Basin.

3) To infer the main pathways of the NADW components and the NAC in the open 

subpolar North Atlantic and the strength of the subpolar gyre as it crosses the MAR.

4) To estimate the present rate of formation of Labrador Sea Water (LSW), inferred 

from changes of tracer inventories. 

5) To assess the role of LSW formation and different NAC circulation patterns for the 

lateral propagation of heat and freshwater anomalies.
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2. Narrative of cruise MSM-28

RV Maria S. Merian left St. John's/Newfoundland on May 09th, 2013, at 14:15 UTC. Having 

passed the 12 nm-zone1,  continuous logging of underway data (thermosalinograph and 

vessel-mounted Acoustic Doppler Current Profilers (ADCP), operated at 38 and 75 kHz) 

was switched on at 16:56 UTC. Northern course was set, and station work began on May 

10th, 2013, 16:55 UTC, by conducting a first hydrographic section consisting of stations 

271/001 to 278/008 (Table 6) that crossed the Deep Western Boundary Current (DWBC) at 

the latitude of ~53°N. Station work included vertical casts carried out with a conductivity-

temperature-depth-oxygen (CTDO) sensor package and two lowered ADCPs operated at 

300 kHz and attached to a water sampler unit. Water samples were taken with respect to 

analyze oceanic  concentrations  of  chlorofluorocarbon-12 (CFC-12),  sulphurhexafluoride 

(SF6),  salinity  and  oxygen.  The  latter  two  parameters  were  used  to  calibrate  the 

conductivity and oxygen sensors of the CTDO sensor package. 

Having  finished  this  section  on  May  11th,  RV Maria  S.  Merian headed  towards  the 

northwest  to  begin station work along the approximate course of  the so-called  AR7W 

section. This hydrographic repeat line crosses the central Labrador Sea in northeastern 

direction from the Canadian to the Greenland continental shelf. The presence of an ice 

field on the Labrador Shelf, however, made a small detour necessary. Station work along 

the AR7W section, therefore, started at a water depth of around 3000 m and was carried 

out towards the Canadian shelf again. 

Having finished the shallowest  station on the Canadian side of  the section (May 12 th, 

station  285/015,  450 m),  the  vessel  turned  towards  the  northeast  and  continued 

hydrographic  station  work  at  a  water  depth  of  3100 m (May 12th,  station  286/016).  At 

station distances varying between 15 and 33 nm, RV Maria S. Merian crossed the central 

Labrador Sea but on its way faced severe cross seas due to variable wind and wave 

conditions. On May 15th, the shallowest station on the Greenland side of the AR7W section 

was conducted (station 300/030). Afterwards, the vessel turned south and followed the 

48°W meridian back into the central  Labrador Sea again. On May 16 th,  the first out of 

seven APEX floats (Table 2) contributing to the global Argo program was deployed. 

Having reached the southernmost station of the 48°W-section (May 17 th, station 309/039), 

a southeastern course was set towards the Northwest Corner of the Newfoundland Basin, 

1 nm = nautical mile
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station distances were 32-34 nm as was the case for the 48°W section. On May 19th, the 

southernmost station of the section that followed the axis of the Labrador Sea was carried 

out  (station  317/047).  Subsequently,  course  was  set  towards  north,  and  RV Maria  S. 

Merian started her ascend towards Kap Farvel at the southern tip of Greenland (station 

distances of 31 nm). Before entering the Greenlandic Exclusive Economic Zone (EEZ) the 

second  APEX float  was deployed.  Very calm sea state and favorable low winds were 

experienced until May 21st. Wind rapidly increased while approaching Greenland. On May 

22nd, wind speeds exceeded 12 Beaufort (Bf). Though station work could still be carried out 

at 10 Bf (station 334, 64), it had to be interrupted subsequently due to very unfavorable  

weather conditions. 

Work was presumed again on May 23rd, when  RV Maria S. Merian headed towards the 

southeast and approached the Mid-Atlantic Ridge (MAR, station 350/080). On May 24 th, 

the third APEX float was deployed. Between May 26th and May 29th, the deep-sea mooring 

GFZ (Table 4) was recovered and redeployed at the western exit of Charlie-Gibbs Fracture 

Zone, deep-sea moorings FFZ-1 and FFZ-2 were recovered at the western exit of Faraday 

Fracture  Zone,  as  well  as  four  locations  with  inverted  echo-sounders  equipped  with 

pressure sensors (PIES) installed at the sea-bottom were visited (Table 3). Recorded PIES 

data consisting of measurements of acoustic travel time and pressure was retrieved via 

acoustic telemetry, another instrument was placed next to PIES BP-15 (new location BP-

15a), and PIES station  BP-13 was given up by recovering the installed instrument and 

preparing it for redeployment at another location. 

On May 28th,  RV Maria S. Merian reached the latitude of 47°N and turned west. While 

station distances were about 50 nm in the beginning, spacing was reduced to 2 nm when 

crossing the DWBC east of Flemish Cap (stations 355/085 to 377/107). During May 31st 

and June 1st,  four  additional  PIES were deployed along the 47°N section in the deep 

Newfoundland  Basin.  Furthermore,  two more  APEX floats  were  deployed  on May  1st. 

While crossing the DWBC unfavorable wind and sea state conditions led to kinks in the 

conducting sea cable of the vessel's winch EL2 that was successfully used until  then. 

Stations 371,  373,  375-377 were run using winch EL1, after  which station work using 

winch EL2 was presumed again. This winch was in operation for the entire remaining time 

of the cruise. 

Having finished hydrographic station work east of Flemish Cap,  RV Maria S. Merian left 
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the DWBC region and sailed 136 nm towards Flemish Pass. On June 3rd, mooring  BM-

25/2 was placed on the western side of Flemish Pass at a water depth of ~1000 m. After 

another  transit  of  126 nm,  station  work  was  presumed  again  on  June  4 th at  the 

northeastern flank of Flemish Cap. Another hydrographic section crossing the DWBC at 

station distances of 11 to 22 nm followed (stations 379/109 to 386/116).

RV  Maria  S.  Merian then  crossed  the  Newfoundland  Basin  and  headed  again  on  a 

northeastern course towards the northern end of  the PIES-line at  the MAR (transit  of  

309 nm).  On  June  6th,  hydrographic  station  work  was  continued  along  the  PIES  line 

following  the  western  flank  of  the  MAR  (hydrographic  stations  387/117  to  406/136). 

Between June 7th and June 9th,  deep-sea moorings FFZ-1 and FFZ-2 were redeployed 

again, and the entire array was extended by adding a fourth mooring (MFZ) at the western  

exit of Maxwell Fracture Zone further south.

On June 9th, RV Maria S. Merian arrived again at 47°N and continued its course along this 

approximate  latitude  towards  the  eastern  side  of  the  subpolar  North  Atlantic.  Station 

distances of  58 nm were chosen to  be able  to  cross the West  European Basin while 

measuring in the remaining time of the field period of cruise MSM-28. The last two APEX 

floats were deployed in the West European Basin on June 13 th.  On June 14th,  the last 

hydrographic stations crossing the boundary current on the eastern side of the subpolar 

North Atlantic were conducted. Station distances were reduced to 18-38 nm. Station work 

was finished at  09:33 UTC the same day, when RV Maria S. Merian started a transit of 

1556 nm  towards  Tromsø/Norway,  the  intended  port  of  arrival.  Continuous  logging  of 

underway data was stopped on June 19th,  16:00 UTC. On June 20th,  04:00 UTC, the 

vessel arrived at the pilot station and docked in Tromsø harbour at 06:40 UTC the same 

day, when cruise MSM-28 was finished.
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Table 1. Participants of cruise MSM-28, RV Maria S. Merian

Name Institution Field of Activity

1. Kieke, Dagmar IUPHB chief scientist

2. Abels, Lotte IUPHB CTD/lADCP watch

3. Böke, Wolfgang IUPHB technics, PIES/CTD/IUPHB moorings

4. Bulsiewicz, Klaus IUPHB tracer analysis

5. Denker, Claudia BSH CTD/lADCP watch

6. Hauck, Dennis BSH technics, BSH moorings and float deployment

7. Hertzberg, Stefan IUPHB CTD/lADCP watch

8. Koopmann, Nikolaus IUPHB CTD/lADCP watch

9. Lahl, Rebecca IUPHB CTD/lADCP watch

10. Lange, Julia IUPHB tracer sampling

11. Löb, Jonas IUPHB CTD/lADCP watch

12. Müller, Vasco IUPHB CTD/lADCP watch

13. Peters, Maike IUPHB tracer sampling

14. Roessler, Achim IUPHB vessel-mounted and lowered ADCP data 
processing, PIES analysis

15. Steinfeldt, Reiner IUPHB salinometry, CTD data processing and 
calibration

16. Stendardo, Ilaria IUPHB oxygen analysis

17. Uhde, Hans BSH technics, BSH moorings and float deployment

BSH: Bundesamt für Seeschifffahrt und Hydrographie, Hamburg, Germany

IUPHB: Universität Bremen, Institut für Umweltphysik, AG Ozeanographie  Bremen, 
Germany
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Table 2. Argo-floats deployed during cruise MSM-28

Float s/n WMO-ID Argos-ID Latitude Longitude
Deployment
Date/Time

CTD-Profile

6655 4901417 128461 56°36.65'N 48°00.75'W 16 May 2013
23:14

307/037

6656 4901418 124862 56°22.39'N 43°56.16'W
20 May 2013

23:26
326/056

6657 4901419 128463 56°29.51'N 40°57.48'W
24 May 2013

05:24
339/069

6658 4901420 128464 47°11.18'N 39°00.49'W
31 May 2013

18:03
363/093

6659 6901227 128465 47°17.57'N 37°21.38'W
31 May 2013

02:22
360/090

6660 6901228 128466 48°42.67'N 17°05.72'W
13 Jun 2013

03:22
416/146

6661 6901229 128467 48°57.45'N 14°13.33'W
13 Jun 2013

18:45
418/148

All times are given as UTC. 

Table 3. List of PIES activities carried out during cruise MSM-28

PIES 
ID s/n Latitude Longitude

Depth 
[m]

Deployment
Date/Time

Telemetry
Date/Time

Recovery
Date/Time

CTD
Profile

BP-12/4 201 47°40.11'N 31°08.95'W 4090 --- 29 May 2013
10:57-13:30

--- 355/085
406/136

BP-13/3 272 49°01.15'N 32°36.69'W 3952 ---
28 May 2013
17:26-22:06

28 May 2013
22:27-23:48

354/084

BP-14/2 271 51°25.70'N 35°26.33'W 3604 ---
27 May 2013
04:41-07:54

---
351/081
391/121

BP-15/2 075 52°30.50'N 36°51.60'W 3386 ---
26 May 2013
03:00-05:38

---
439/079
387/117

BP-15a/1 235 52°30.48'N 36°51.63'W 3386
26 May 2013
05:51-06:59

--- --- 349/079

BP-27/1 272 47°05.84'N 40°52.53'W 4498
01 Jun 2013
11:23-13:15

--- --- 366/096

BP-28/1 240 47°09.68'N 39°30.06'W 4584
31 May 2013
22:26-00:25

--- --- 364/094

BP-29/1 302 47°12.52'N 38°31.09'W 4610
31 May 2013
11:39-13:33

--- --- 362/092

BP-30/1 303 47°17.52'N 36°21.47'W 4546
31 May 2013
00:25-01:58

--- --- 360/090

PIES: Inverted echo-sounder with pressure sensor. All instruments were equipped with flags, radio 

senders and flashers. All times are given as UTC. 
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Table 4. Moorings deployed/recovered at the Mid-Atlantic Ridge, cruise MSM-28

Mooring 
ID

Latitude Longitude
Depth

[m]
Deployment
Date/Time

Recovery
Date/Time

CTD Profile

GFZ/1 52°35.00'N 36°56.00'W 3269 --- 26 May 2013
09:20 – 12:52

350/080

GFZ/2 52°35.00'N 36°56.00'W 3269
26 May 2013
16:09 – 19:35

--- 350/080

FFZ-1/4 50°58.35'N 34°51.00'W 4327 ---
27 May 2013
11:15 – 15:03

352/082

FFZ-1/5 50°58.35'N 34°51.00'W 4335
07 Jun 2013
06:57 – 11:37

--- 393/123

FFZ-2/4 49°55.66'N 33°49.66'W 4194 ---
28 May 2013
06:45 – 10:45

353/083

FFZ-2/5 49°55.01'N 33°49.90'W 4030
08 Jun 2013
07:02 – 11:03

--- 398/128

MFZ/1 47°59.99'N 31°24.99'W 4020
09 Jun 2013
07:02 – 11:03

--- 405/135

All times are given as UTC. All recovered moorings were equipped with Iridium beacons and flags. 

GFZ/2 was also deployed with an attached Iridium beacon.

Table 5. Moorings deployed in Flemish Pass, cruise MSM-28

Mooring 
ID

Latitude Longitude
Depth

[m]
Deployment
Date/Time

CTD Profile

BM-25/2 47°07.11'N 47°06.38'W 1014 03 Jun 2013
16:54 – 17:10

378/108

All times are given as UTC. The mooring was equipped with two radio beacons, two flashers, and 

a flag.
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Table 6. List of CTD/lADCP/Tracer-Stations, MSM-28
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Table 6. Continued …
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Table 6. Continued …
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