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Figure 1. Track of RV MARIA S. MERIAN, cruise MSM-73, and locations of hydrographic profiles (red, numbers 

denote profile numbers), deployed moorings (yellow), locations of inverted echo-sounders with pressure 

sensors (PIES, white), and Argo float deployments. Bathymetric contours are shown every 1000 m. 
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1. Objectives 
 
Physical oceanographic measurements conducted during cruise MSM-73 contributed to 

two different scientific projects: RACE-II (“Regional Atlantic ChangE”), sub-project 1.2, 

funded by the German Ministry for Education and Research (BMBF), as well as the priority 

program SeaLevel, funded by the German Research Foundation (DFG). Scientific work 

during cruise MSM-73 focused on collecting physical-oceanographic data along the 

geographic latitude of ~47°/48°N as well as along a net of survey lines crossing the 

Labrador Sea and the southern Irminger Sea and leading back from the Reykjanes Ridge 

to about 47°/48°N.  

Scientific tools comprised profiling of the entire water column using two lowered Acoustic 

Doppler Current Profilers (LADCP) and a Conductivity-Temperature-Depth-Oxygen 

(CTDO) unit, all attached to a carousel water sampler. Water sampling activities consisted 

of taking oxygen and salinity samples for the sake of conductivity-/oxygen-sensor 

calibration as well as taking samples for the analysis of anthropogenic trace gases 

(chlorofluorocarbon-12, CFC-12; sulphurhexafluoride, SF6). Furthermore, water samples 

were taken for a home-based analysis of oceanic concentrations of the noble gases 

helium and neon, carbon and oxygen isotopes ratios in seawater, as well total inorganic 

carbon (TIC) and total alkalinity (TA).  

Hydrographic station work was complemented by the recovery and redeployment of deep-

sea moorings located at the eastern and western continental margins of the North Atlantic 

(Goban Spur at the Irish shelf break; eastern flank of Flemish Cap; Flemish Pass).  

Several inverted echo-sounders carrying pressure sensors (PIES) were installed along 

47°/48°N as well as near the western exit of the Charlie-Gibbs Fracture Zone near 

52°30’N. Respective station work was related to data retrieval via acoustic telemetry, 

recovery, and redeployment of the devices. The deep-sea moorings and the PIES form the 

oceanic long-term observatory NOAC (“North Atlantic Changes”).  

Two vessel-mounted ADCP systems operated at 38 kHz and 75 kHz delivered velocity 

data of the upper water column. Further underway measurements focused on standard 

meteorological data and near-surface water temperatures and salinity.  

Measurements and data acquisition carried out during cruise MSM-73 were related to the 

following scientific questions and research objectives: 
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 What is the inventory of the anthropogenic trace gases CFC-12 and SF6 in 2018 

regarding the different water masses contributing to North Atlantic Deep Water 

(NADW); what is the respective formation rate of Labrador Sea Water (LSW) in the 

period 2015/16 to 2018? What are the water mass properties and spreading 

pathways of the particular LSW vintage present in 2018? 

 What is the storage rate of anthropogenic carbon in the subpolar North Atlantic in 

2018? To what degree has it changed compared to previous years? 

 What is the contribution of meltwater originating on the Greenland Ice Sheet to the 

water column in the eastern Labrador Sea off Greenland and to the south of Cape 

Farvel? 

 How far does the saline tongue of Northeast Atlantic Deep Water (NEADW) that 

spreads along interior pathways extend towards west in 2018? What governs the 

existence of interior pathways? 

 What is the strength of the deep water export across 47°/48°N in 2017-2018? What 

is the respective strength regarding the warm and saline import with the North 

Atlantic Current (NAC)? What is the portion of the NAC that crosses the Mid-Atlantic 

Ridge into the eastern basin in 2017-2018? To what degree is it linked to the 

location and variation of the Subpolar Front?  

 How much LSW leaves the subpolar North Atlantic through Flemish Pass in 2017 to 

2018, and how does it vary in comparison to the Deep Western Boundary Current 

(DWBC) located off Flemish Cap? 

 What is the strength of the northward slope current at the eastern boundary in 2017 

to 2018? What governs its variability? How variable is the general flow field in the 

eastern basin? Is there evidence for a southward recirculation across 47°/48°N in 

the eastern basin?  

2. Narrative of cruise MSM-73 

RV MARIA S. MERIAN left its berth in Cádiz, Spain, on April 06th, 2018, at 06:30 UTC. The 

scientific mission of cruise MSM-73 started at 07:18 UTC the same day, when continuous 

logging of underway data was switched on. Course was set towards the Irish shelf break at 

Goban Spur. While on transit towards north, a number of test stations were carried out in 
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deep water during April 08th to April 09th. These served to check the performance of the 

CTDO unit and the two LADCPs attached to the carousel water sampler. Furthermore, the 

functioning of acoustic releases at depth was verified as well as first calibration casts for 

moored sensors were carried out. Between April 10th and 13th, we conducted a high-

resolution CTDO/LADCP section along the crest of Goban Spur and started tracer 

sampling and data analysis. We also recovered and subsequently redeployed the two 

deep-sea moorings EB-1 and EB-3 as well as the PIES BP-32. 

Station work continued along a westward track until the morning of April 15th, 04:00 UTC, 

when a huge storm system the size of the North Atlantic forced us to abandon any station 

work for the next four days. Being forced to circumnavigate the storm system on a 

northern track, we could neither visit the PIES locations BP-33 and BP-34 at 47°/48°N nor 

carry out the intended station work along this line. 

We resumed scientific work on April 19th at 02:55 UTC, when we arrived at PIES station 

BP-12. The respective instrument was recovered, and hydrographic station work at 

distances of ~40 nm continued. Between April 21st and April 23rd, we recovered the 

bottom-mounted echo-sounders located at the PIES stations BP-27, BP-28, BP-29, and 

BP-31 and performed data retrieval via acoustic telemetry on PIES station BP-30. 

Between April 24th and April 25th, we recovered the two deep-sea moorings BM-22 and 

BM-24 and finished a high-resolution hydrographic section leading from the deep 

Newfoundland Basin to the shallow eastern side of Flemish Cap. Afterwards, we transited 

across Flemish Cap and carried out a CTDO/LADCP section across Flemish Pass. We 

recovered and redeployed mooring BM-25 the same day and headed west towards St. 

John’s, Newfoundland. Though all ship tanks were full of fuel at the beginning of the 

cruise, the available fuel was no longer sufficient for the remaining time of the cruise and 

distances to cover. Therefore, a port visit in St. John’s, Newfoundland, was required.  

Continuous logging of underway data was temporarily stopped on April 28th, 09:57 UTC, 

and at 10:30 UTC, we arrived at the pilot station of St. John’s. While refueling at the 

bunker pier, one participant officially disembarked. Having finished fueling work, we left St. 

John’s the same day, resumed scientific work at 12:42 UTC, and headed north towards the 

Canadian continental shelf break at about 51°30’N. Logging of underway measurements 

was resumed starting at 15:30 UTC. Between April 29th and 30th, we carried out a 

hydrographic section across the western boundary current system at station distances of 
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about 7-13 nm. Having arrived at 52°42.90’N/47°49.20’W, we turned towards the 

northwest and performed hydrographic casts at distances of about 40 nm. The clean-

seawater system and thus the thermosalinograph was shut down for maintenance reasons 

between May 02nd, 14:00 UTC and May 03rd, 12:55 UTC. The same day, we followed the 

so-called AR7W-line, a repeat hydrography line spanning the width of the Labrador Sea, 

towards its northeastern end near Greenland. Sampling of noble gas isotopes started in 

the center of the Labrador Basin and was preliminary finished when reaching the limit of 

the Greenlandic 3 nm-zone on May 05th.  

Between May 05th and May 08th, we followed a southern track along 44°W and an eastern 

track towards 44°W.  We used several stations for calibrating instruments to be moored at 

the end of the cruise against CTDO data and checked the functioning of acoustic releases 

in high pressure environments. 

Noble gas sampling was resumed again on May 08th when following the 44°W meridian 

towards Cape Farvel at the southern tip of Greenland. Between May 10th, 08:20 UTC, and 

May 11th, 06:00 UTC, we had to cancel station work due to deteriorating weather and sea 

state. We finished the hydrographic section along 44°W the same day when reaching the 

limit of the Greenlandic 3 nm-zone. 

Between May 10th and May 17th we headed along a southeastern section leading from 

Cape Farvel along the western flank of the Mid-Atlantic Ridge towards 47°/48°N and 

carried out water sampling for analyzing oceanic TIC and TA contents. On May 14th, we 

performed acoustic data retrieval at PIES location BP-15, and on May 17th, we redeployed 

an inverted echo-sounder at the PIES location BP-12. Afterwards, we headed west again 

along 47°/48°N. Between May 18th and 19th, we dropped three more PIES (BP-27, BP-28, 

and BP-31) along this latitude and redeployed the two deep-sea moorings BM-22 and BM-

24 on May 19th and 20th, thus finishing station work. 

Continuous logging of thermosalinograph data was stopped on May 22nd, 04:25 UTC. 

Logging of the remaining underway data was finished on 10:00 UTC the same day, which 

marked the end of the scientific mission MSM-73 of RV MARIA S. MERIAN. The vessel 

arrived at the pilot station of St. John's and was finally towed at pier 17 at 10:30 UTC the 

same day.   

In total, 172 hydrographic profiles were carried out during cruise MSM-73. Five deep-sea 

moorings were recovered and subsequently reinstalled again. Six PIES were recovered, 
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and five were deployed again. Seven Argo floats of type APEX were deployed along 

47°/48°N as well as in the Labrador Sea. All were programmed to drift at a parking depth 

of 1000 dbar and to cycle between 2000 dbar and the sea surface every ten days. 

Due to severe weather and sea state conditions outlined above, overall we lost five days of 

working time. Another work day was initially lost due to a required fuel stop in St. John’s, 

Newfoundland but could be compensated later through being able to proceed with 11-

12 kn whenever possible. As a consequence, hydrographic station work and PIES 

activities planned for the central part of the 47°/48°N section could not be carried out, and 

sections located to the southwest and south of Greenland had to be shortened. The pCO2-

system installed during the cruise to perform near-surface and atmospheric measurements 

of the partial pressure of carbon dioxide (CO2) could not be brought into operation due to 

severe multiple system malfunctioning. 
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Table 1. Participants of cruise MSM-73. 

 Name Institute Field of Activity 

1.  Kieke, Dagmar, Dr.  IUPHB/MARUM  chief scientist

2.   Arruda Monteiro da  
Silva, Ricardo (*) 

 DAL  pCO2 analysis, CTDO/LADCP 

3.  Binnemann, Nico  UHB  oxygen analysis

4.  Buinyi, Aleksei  IUPHB/MARUM  CTDO/LADCP, VMADCP processing 

5.  Bulsiewicz, Klaus  IUPHB  tracer analysis

6.  Feucher, Charlène, Dr.  UEA  CTDO/LADCP, data analysis 

7.  Huhn, Oliver, Dr.  IUPHB/MARUM  CTDO/LADCP, water sampling coordination

8.  Köllner, Manuela  BSH  mooring analysis, CTDO/LADCP 

9.  Nowitzki, Hannah  IUPHB/MARUM  PIES and Aquadopp preparation, CTDO/LADCP

10.  Oelsmann, Julius  IUPHB/MARUM  CTDO/LADCP, data processing 

11.  Röhler, Aaron  IUPHB/MARUM  tracer analysis

12.  Rohlfs, Nina  IUPHB/MARUM  tracer analysis

13.  Schneehorst, Anja  BSH  mooring preparation, Argo float deployments

14.  Steinfeldt, Reiner, Dr.  IUPHB/MARUM  CTDO data processing and calibration,  
 data analysis, salinometry 

15.  Uhde, Hans-Hermann  BSH  mooring preparation, Argo float deployment

16.  Wiegand, Kevin  IUPHB/MARUM  CTDO/LADCP, data processing 

17.  Wischnewski, Fanny  IUPHB/MARUM  LADCP processing, mooring preparation/analysis

(*) left in St. John’s, Canada, on 28 Apr 2018 

 BSH  Federal Maritime and Hydrographic Agency, Hamburg, Germany 

 DAL  Dalhousie University, Halifax, Canada 

 IUPHB  University of Bremen, Institute of Environmental Physics, Bremen, Germany 

MARUM  University of Bremen, Center for Marine Environmental Sciences, Bremen, Germany 

 UEA  University of Alberta, Edmonton, Alberta, Canada 

 UHB  University of Bremen, Faculty 2, Biology/Chemistry, Bremen, Germany 
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Table 2. Argo float deployments during cruise MSM-73. 

MSM- 
Station Float s/n WMO ID Argos ID Latitude Longitude Deployment 

Date/Time CTD # 

26-3 8448 3901666 53346 48°31.010‘N 15°00.130‘W
13 Apr 2018 

08:37 22 

30-3 8450 3901664 53350 47°39.708‘N 31°08.850‘W
19 Apr 2018 

07:58 26 

34-2 8451 3901663 53351 47°26.644‘N 34°28.751‘W
20 Apr 2018 

10:03 30 

42-4 8452 3901662 53352 47°07.306‘N 40°55.969‘W
23 Apr 2018 

07:55 38 

49-2 8453 3901661 53353 47°06.054'N 42°35.502'W
24 Apr 2018 

23:32 45 

122-2 8454 3901660 53344 56° 03.435'N 48°03.744‘W
07 May 2018 

15:15 119 

127-2 8449 3901665 53357 55° 08.173’N 44°00.025‘W
08 May 2018 

15:53 124 

All times are given as UTC. All deployed floats are of type Teledyne APEX and carry conductivity, 

temperature, and pressure sensors. The parking depth is 1000 dbar, the cycling period is 10 days. 

Table 3. Deep-Sea moorings recovered and deployed during cruise MSM-73. 

MSM-
Station 

Mooring 
ID Latitude Longitude Depth 

[m] 
Recovery 
Date/Time 

Deployment 
Date/Time 

CTD 
Profile 

20-1 EB-1/2 49°00.02’N 12°37.08’W 1530 11 Apr 2018
17:04 – 18:10

– 13 

22-1 EB-1/3 49°00.03’N 12°37.14’W 1534 --- 12 Apr 2018 
07:12 – 08:33 13 

18-1 EB-3/2 48°49.98’N 13°25.98’W 4453 11 Apr 2018
05:43 – 09:03

– 17 

19-1 EB-3/3 48°49.98’N 13°25.98’W 4453 --- 11 Apr 2018 
19:55 – 13:52 17 

48-1 BM-22/8 47°06.19’N 43°13.37’W 3048 24 Apr 2018
14:54 – 17:30

– 44 

175-2 BM-22/9 47°06.19’N 43°13.37’W 3048 --- 20 May 2018 
10:36 – 12:44 173 

47-2 BM-24/5 47°06.21’N 42°16.47’W 4008 24 Apr 2018
08:52 – 11:57

-- 43 

173-1 BM-24/6 47°06.21’N 42°16.47’W 4008 – 19 May 2018 
14:35 – 17:41 169 

73-2 BM-25/5 47°07.11'N 47°06.38'W 1003 25 Apr 2018
18:10 – 18:43

– 70 

73-4 BM-25/6 47°07.11’N 47°06.38’W 1003 –
 

25 Apr 2018 
21:33 – 21:43 70 

All times are given as UTC. The top buoy of all deployed moorings was equipped with radio 

beacons, flags, flashers, and Iridium or Argos beacons. 
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Table 4. Activities related to inverted echo-sounders with pressure sensors (PIES). 

MSM 
Station 

PIES 
ID s/n Latitude Longitude Depth 

[m] 
Deploy-ment

Date/Time 
Telemetry 
Date/Time 

Recovery 
Date/Time 

CTD 
# 

30 BP12/5 271 47°39.91'N 31°08.88'W 4090 --- --- 19 Apr 2018
02:56–05:19

26 

170 BP12/6 271 47°39.79’N 31°08.66’W 4094
17 May 2018
11:04–13:15

--- --- 167 

158 BP15/4 201 52°30.53’N 36°51.93’W 3387 --- 14 May 2018 
16:57–23:15 --- 155 

42 BP27/3 272 47°05.87'N* 40°52.54'W* 4200* --- --- 23 Apr 2018 
01:28–03:35

38 

172 BP27/4 302 47°06.11’N 40°53.04’W 4499
19 May 2018
06:35–08:04

--- --- 169 

39 BP28/3 302 47°10.29'N 39°29.63'W 4562 --- --- 22 Apr 2018 
03:44–05:24

35 

171 BP28/4 272 47°10.21’N 39°28.70’W 4605
18 May 2018
17:55–22:02

--- --- 168 

38 BP29/3 303 47°12.68'N 38°30.93'W 4608 --- 21 Apr 2018 
18:15–21:00 

21/22 Apr 
2018 

21:00–00:10
34 

37 BP30/2 235 47°18.06'N 37°21.70'W 4539 --- 21 Apr 2018 
09:00–12:00 --- 33 

46 BP31/2 240 47°05.48'N 42°00.38'W 4219 --- --- 
23/24 Apr 

2018 
23:38–00:57

42 

174 BP31/3 303 47°05.17’N 42°00.77’W 4246
20 May 2018
00:38–02:11

--- --- 170 

26 BP32/2 362 48°31.13'N 15°00.22'W 4793
--- 
 

13 Apr 2018 
05:30–08:03 
17:28–18:47 

13 Apr 2018 
19:55–21:49

22 

26 BP32/3 075 48°31.09’N 15°00.10’W 4784
13 Apr 2018
21:57–23:50

--- --- 22 

All times are given as UTC. All instruments were equipped with flags, radio senders, and flashers. 

PIES BP-27/3, BP-28/3, BP-29/3, and BP-31/2 were recovered carrying an additional currentmeter 

of type Nortek Aquadopp and additional buoyancy. They were redeployed without currentmeters. 

* The acoustic command system of the device showed problems. Therefore, no ranging possible, 

position/depth are only approximate values.  
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