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Abstract 

 An international and inderdisciplinary team of geoscientists collected a series of water and 

sediment samples and performed geophysical mapping of the sea floor as well as glacio-

isostatic measurements during tif!fyqfejujpo!NTN!16014!pg!uif!S0W!ȨNbsjb!T/!Nfsjboȩ!in West 

Greenland waters between June 15 and July 4, 2007. This expedition improved our understanding 

of the interaction between hydrosphere, geosphere, and climatic changes in West Greenland 

coastal waters and its impact on environmental change during the Late Quaternary. Using a set 

of hydrographic, geophysical, sedimentological, paleontological, and geodetical methods the 

following results have been achieved during the expedition and during post-cruise studies: i) 

Finalizing a geodetical network that records glacio-isostatic adjustment in the central West 

Greenland area led to the identification of vfsujdbm!ejtmpdbujpot!pg!uif!fbsuiȦt!dsvtu!jo!Xftu 

Greenland, which has been used for model parameterization. ii) Using multibeam echosounder 

survey, mapping of the sea floor in the Disko Bay area and along the expeditions cruise track 

along the shelf has been performed. Identification of p loughmarks illustrate  different drift 

directions of icebergs, indicating variations in the flow path of ocean currents. iii)  On board 

measurements of geochemical and sediment-physical parameters revealed the good quality of 

the collected marine sediment cores for high-resolution, millennial to decadal scale, 

paleoceanographic reconstructions and periodicity analyses. iv) The impact of anthropogenic 

activity on sediment properties and on the aquatic ecosystem that resulted from lead/zink 

mining close to Maarmorilik )ȪCmbdl!Bohfm!NjofȨ*!has been studied within the Qaumarujuk Fjord.  

 

 

Kurzfassung 

 Ejf!Fyqfejujpo!NTN!16014!gýisuf!ebt!G0T!ȨNbsjb!T/!Nfsjboȩ!wpn!26/7/!cjt!5/8/3118!jo!Gkpsef!

und Schelfgebiete Westgrönlands. Ein internationales und interdisziplinäres Team von 

Geowissenschaftlern untersuchte die Wechselbeziehung zwischen Hydrosphäre, Geosphäre, 

Anthroposphäre und Klimaänderungen in Westgrönldischen küstennahen Gewässern sowie 

dessen Einfluss auf die Umweltbdingungen im Spätquartär. Durch Anwendung von 

hydrographischen, geophysikalischen, sedimentologischen, paläontologischen und 

geodätischen Methoden konnten während und nach der Expedition bisher folgende Ergebnisse 

erzielt werden:  i) Ein geodätisches Meßnetz zur Identifikation von glazio-isostischen 

Bewegungen in Westgrönland wurde komplettiert und Daten für die Parametrisierung von 

Modellen gewonnen. ii) Seismoakustische Aufnahmen vom Meeresboden im Bereich der Disko 

Bucht und entlang der Expeditionsroute auf dem Schelf ermöglichte eine morphologische 

Kartierung von Eisberg-ȪQmpvhinbslȨ!Sjdiuvohfo, welche auf strömungsbedingte Änderungen 

der Driftrouten hindeuten. iii) Die bereits auf dem Schiff erfolgten Messung von geochemischen 

und physikalischen Parametern vedeutlichten, das die gewonnenen marinen Sedimentkernen 

das Potenzial haben paläozeanographische Änderungen auf tausenjährigen bis 

multidekadischen Skalen aufzulösen und sich zur Durchführung von Zeitreihenanalysen eignen. 

iv) Spuren anthropogener Aktivitäten zeigen sich in Sedimenten des Qaumarujuk Fjords anhand 

erhöhter Schwermetallkonzentrationen. Diese Anomalien sind auf den Blei/Zink Bergbau in 

Cfsfjdi!Nbbsnpsjmjl!)ȪCmbdl!Bohfm!NjofȨ*!{vsýdl{vgýisfo/ 
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1. Introduction 

 The expedition MSM 05/03 on the German RV ȨNbsjb!T/!Nfsjboȩ!took place between June 15 

and July 4 in 2007 on the shelf and fjords of West Greenand, on board scientists from 

Denmark/Greenland, Germany, Russia, Sweden, and The Netherlands. Their general aim was to 

study the interaction between hydrosphere, geosphere, and climatic change in the coastal 

waters of West Greenland and to improve our knowledge on its impact on environmental change 

during the Late Quaternary. The team of geologists, geophysicists, marine geochemists, 

palaeontologists, geodesists, and paleo-oceanographers performed an interdisciplinary 

measuring and sampling campaign along transects from the head of three Fjords, i.e. the Nuuk 

Fjord, Nordre Strømfjord, and Ummannaq Fjord, towards the shelf edge, as well as in the Disko 

Bay, and therefore contributed to following research topics: 

 

(1.) Reconstruction of climate and ice dynamics in West Greenland during the late Pleistocene 

and Holocene. 

(2.) Influence of climate change and anthropogenic forcing on biogeochemical cycles during the 

Holocene.  

(3.) Glacio-jtuptubujd!efgpsnbujpo!pg!uif!Fbsui!dsvtu!boe!juȦt!jogmvfodf!po!dpbtubm!qspdfttft/! 

 

 The sampling program and on-board measurements and post-cruise work aimed to indentify 

drivers of environmental and oceanographic changes within the fjords (East-West transets) as 

well as along the shelf between 64° N and 72° N (South-North transect). Figure 1 shows the work 

areas: 

- Nordre Strømfjord 

- Disko Bay 

- Vaigat and Ummannaq Fjord 

- Nuuk Fjord 

 The spatiotemporal pattern of climatic, oceanographic and isostatic changes has been 

investigated at selected sediment core sites within the Nuuk Fjord, the Nordre Strømfjord, the 

outer Uummannaq Fjord and Disko Bugt area, using micropaleontological and geochemical 

proxis. Within the Disko Bay area, extensive seismoacoustic profiling led to the identification of 

sedimentary basins that contained undisturbed and massive sediment packages of Holocene 

origin, which were particularly needed for oceanic and climatic reconstructions within the area 

and the potential influence of meltwater pulses from the Greenland Ice Sheet on regional 

environmental conditions. Extensive sea floor mapping provided valuable information about 

iceberg drift in the Disko Bay area.  

 The Nordre Strømfjord is a suitable area to study changes in the behavior of the vertical crust 

movements from the edge of the Greenland Ice Sheet toward the shelf area in West Greenland. 

In oder to identify and improve our knowledge on recent vertical crustal deformations and the 

range of sea-level variations, geodetic observations have been carried out in the fjord using 

autonomously operated GPS receivers and pressure tides gauges. The impact of anthropogenic 

activity via mfbe0{jod!njojoh!pg!uif!ȨCmbdl!Bohfm!Njofȩ!bu!Nbsnpsjmjl on local environmental 

conditions has been studied within the Qumarjuruk Fjord using geochemical analyses on set of 

short sediment cores.  
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 This report presents all data collected during the expedition MSM05/03, i.e. onboard 

mesurements on water and sediment samples and provides an overview about post-cruise 

studies, including publications .  

 

 
 

Fig. 1.1: Bathymetric map of central West Greenland including cruise track (red line) and the study areas 

(blue boxes) of the MSM05/03  cruise in June/July 2007. 
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2. Methods and devices 

2.1 Subbottom profiling (R. Endler, G. Nickel) 

Npsqipmphz-!ejtusjcvujpo-!boe!mbzfsjoh!pg!tfejnfout!xbt!jowftujhbufe!vtjoh!uif!!ȨBUMBT!

QBSBTPVOE!Q81ȩ!tvccpuupn!qspgjmjoh!tztufn/!Uif!nbjo!ubtl!xbt!up!gjoe!pqujnbm!tbnqmjoh!

locations in the predefined working areas. Parametric echosounders work both as low-frequency 

sediment echosounders and as high-frequency narrow beam echsounders (to measure water 

efqui*/! Uifz! nblf! vtf! pg! uif! tp! dbmmfe! Ȩqbsbnfusjdȩ! fggfdu! xijdi! qspevdft! beejujpobm!

(secondary) frequency components through non-linear interaction of two signals with high, 

slightly different (primary) frequencies at high sound pressures. The new, low (secondary) 

frequency components propagate within the narrow cone of the high (primary) frequencies. 

Therefore, the footprint size is comparably small and both lateral and vertical resolution are 

significantly improved. The directivity pattern of the low frequency components shows no 

significant side lobes and remains nearly constant for different secondary frequencies. The 

insonified volume is the same and comparable results are obtained for different secondary 

frequencies. Parametric systems have a high system bandwidth and can therefore transmit short 

pulses without ringing (e.g. 1 period of 12 kHz). This makes parametric systems particularly 

useful for high resolution surveys in shallow water areas. Furthermore, short pulses, narrow 

beams and the absence of side lobes result in less volume and bottom surface  reverberation 

compared to linear systems. This improves the signal to noise ratio and therefore the usable 

depth range (penetration depth). Suitable for operations from 10 m to 10 000 m the ATLAS 

PARASOUND P70 operates at primary frequencies of 18-39 kHz to provide secondary frequencies 

as low as 500 Hz. With a secondary parametric source level of approximately 206 dB this 

provides bottom penetration >200 m with resolution <15 cm depending on bottom characteristics. 

A detailed description of the system can be found at www.atlashydro.com.  

 

 The Parasound echosounder was permanently operated during the cruise. The profile 

trackplots are depicted in Fig. 2.1.1.  The system worked very unstable. Nearly one total system 

reset per day was required to  keep the echosounder properly in operation. This caused data 

gaps, sometimes more then on hour per day. Parasound sfjtnphsbnt!pg!uif!Ȩtfdpoebsz!mpx!

gsfrvfodzȩ!xfsf!ejhjuj{fe-!qsfqspdfttfe-!qsjoufe!boe!tupsfe!po!ibseejtl!jo!b!TFHZ-uzqf!Ȩ/qt4ȩ!

gpsnbu!vtjoh!uif!ȨQbsbtupsfȩ!- program. Unfortunately, the program stores only the envelope, not 

the full wave form. This makes the file handling easier, but a lot of information is lost  and the 

postprocessing possibilities of these data are limited. Therefore, rawdata were stored as 

Ȩyyy/bteȩ!gjmft/!Up!hfu!uif!gvmm!xbwf!gpsn!ebub!jo!b!tfhz!gpsnbu!pvu!pg!uif!Ȩyyy/bteȩ!gjmft!ofx!

sofuxbsf!uppmt!ibt!up!cf!xsjuufo/!Cvu!vq!up!opx!uif!ebub!gpsnbu!pg!uif!Ȩyyy/bteȩ!jt!opu!bwbjmbcmf/!!

The online prints were used for the selection of the coring stations. Acoustic profile images (from 

ps3 Ȣ files) of sampling stations were created using IOW Ȣ software (see enclosure).  An overview 

about the morphology and the sediment cover of the Nordre Stroemfjord is depicted in Fig. 2.1.2, 

as a composite of Parasound records.  
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Fig 2.1.1: Usbdlqmpu!pg!ȨQbsbtpvoeȩ!qspgjmft!)cmbdl!mjoft*!boe!tbnqmjoh!tubujpot!)sfe!eput* obtained druing 

MSM05/0 3. 
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Fig.2.1.2.:   Tubdlfe!ȨQbsbtpvoeȩ!qspgjmf!)mpxfs!qbsu*!pg!uif!ȨOpsesf!Tuspfngkpseȩ!xjui!usbdlqmpu!)vqqfs!

part) and  locations of the sampling stations.   

 

 

2.2 Multibeam echo-sounding (W. Weinrebe) 

2.2.1 Kongsberg (Simrad) EM-120 deep-water multibeam echosounder 

 The EM 120 system is a deep-water multibeam echosounder providing accurate bathymetric 

mapping up to full ocean depth. A system overview is presented in Fig. 2.2.1. Basic components 

of the system are two linear transducer arrays in a Mills cross configuration with separate units 

for transmit and receive. The nominal sonar frequency is 12 kHz with an angular coverage sector 

of up to 150° and 191 beams per ping. The emission beam is 150° wide across track, and 2° along 

track direction. The reception is obtained from 191 beams, with widths of 2° across track and 20° 

along track. Thus the actual footprint of a single beam has a dimension of 2° by 2°. Achievable 

swath width on a flat bottom will normally be up to six times the water depth dependent on the 

character of the seafloor. The angular coverage sector and beam pointing angles may be set to 

vary automatically with depth according to achievable coverage. This maximizes the number of 

usable beams. The beam spacing is normally equidistant with equiangle available.  

  

 For depth measurements, 191 isolated depth values are obtained perpendicular to the track 

for each ping. Using the 2-way-travel-time and the beam angle known for each beam, and taking 

into account the ray bending due to refraction in the water column by sound speed variations, 

depth is calculated for each beam. A combination of amplitude (for the central beams) and phase 

(slant beams) is used to provide a measurement accuracy practically independent of the beam 

pointing angle.  
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 Fig. 2.2.1: Overview of the Kongsberg EM120 beam pattern.  

 

 

2.2.2 Kongsberg (Simrad) EM-1002 shallow-water multibeam echosounder 

 The EM1002 multibeam echosounder is a shallow-water system for surveying the seafloor 

down to a depth of 1,000 m. The nominal sonar frequency is 95 kHz with an angular coverage 

sector of up to 150° and 111 beams per ping. The actual footprint of a single beam has a 

dimension of 2.3° by 2°. Achievable swath width on a flat bottom will normally be up to 1,500 m 

or more than seven times the water depth dependent on depth and the character of the seafloor. 

The angular coverage sector and beam pointing angles may be adjusted in order to get better 

quality data or wider coverage. The beam spacing is normally equidistant with equiangle 

available. 

 

 The transducer of the EM1002 is cylindrically shaped. It is not permanently installed under 

the hull of RV Maria S. Merian. Instead, when the EM1002 is used the transducer has to be 

mounted in the moonpool of the vessel. As the transducer sticks out about 1 m below the keel, 

the system can not be operated when sea ice or floating ice is present. The survey speed is 

limited to a maximum of 7 knots.  

 

 Onboard R/ V Maria S. Merian only one operator station is used to control both multibeam 

echosounder. Thus only one of the systems can be used at any time, which is not optimal 

particularly while surveying in areas with water depths varying from very shallow to deep. 

 

 

2.2.3 EM-120 Multibeam data processing 

 The raw data from the multibeam echosounder were continuously processed onboard R7V 

Maria S. Merian during the cruise. Generally, processing of multibeam data requires two 

sequences of processing steps: a profile Ȣoriented sequence followed by an area-based 

processing. The profile-oriented processing of multibeam data comprises the check of 

navigation data, interpolating missing navigation values, the calculation of the water depth and 

position a of the footprints of the beams by raytracing through the water-column taking into 
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account the sound velocity profile, and removing artefacts and erroneous data points. Area-

based processing comprises the calculation of a digital terrain model (DTM) and the visualisation 

of the data in various different presentations. For these purposes a software package from 

Kongsberg is available onboard RV Maria S. Merian. During cruise MSM05/4-!uif!Ȩpqfo!tpguxbsfȩ!

packages MB-System (CARESS and CHAYES, 1996) and GMT (WESSEL and SMITH, 1995) were used 

beside the Kongsberg applications for the processing of the multibeam data. Processed data 

sets from the surveys during the cruise are presented in chapter 3.1 and within the enclosure (p. 

83).  

 

 

 

2.3 Hydrography (J. Waniek, E. Trost) 

 CTD measurements were carried out using a Seabird sbe911 system combined with a 24 10L 

HYDROBIOS-FREEFLOW bottle rosette at 32 stations (Fig. 2.3.1). Continuous profiles of 

temperature, conductivity for determination of salinity, pressure and dissolved oxygen. The 

system was operated with an altimeter for the determination of the distance between the CTD 

and sea floor. At all stations discrete samples for the determination of chlorophyll a 

concentration, suspended particulate matter (SPM) content and the nutrient concentration were 

taken at selected depth (Fig. 2.3.2 and 2.3.3).  Samples for nutrients, chlorophyll a were stored 

on board in a -20°C room and transported frozen to the home laboratory after the cruise for 

chemical analysis. 

 Nutrient concentrations (nitrate, nitrite, silicate and phosphate) were measured using an 

auto-analyser devise in the laboratory at the IOW in August 2007 according to the methods 

described by HANSEN and KOROLEFF 1999.  The detection limit was 0.05 µmoll-1 for nitrate, 0.02 

µmoll -1 for nitrite, 0.02 µmoll -1 for phosphate and 0.1 µmoll-1 for silicate respectively. The GFF 

filters for the determination of chlorophyll a were measured fluorometrically according to the 

JGOFS protocols following the method described by Herbland et al. 1985. For the determination 

of the SPM content 2L of seawater were filtered through 45 mm filter, which were dried and 

weighted in the home laboratory prior to the cruise. Each filter was stored in a Petri-dish and a 

plastic back in order to keep them dry.  

 After filtration the filter were frozen at -20°C until analysis at IOW. Here the filters were dried 

in the drying chamber at 60°C over a period of 12h and weighted. The SPM concentration was 

calculated using the difference of the weight of the filter (prior and after filtration) and the 

filtrated volume of water, and was expressed in mgl-1 (Fig. 2.3.3). For continuative results see 

KRAWCZYK et al. (2012, 2014). 
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Fig. 2.3.1: Locations of CTD profiling peformed at sediment coring sites (red dots). Samples for chlorophyll 

a, SPM and nutrient measurements were taken at discrete depth from all stations. 



14 

 

 
 

Fig. 2.3.2: Discrete samples from CTD profiling, measured during MSM05/3 for nutrients (nitrate+nitrite, 

phosphate and silicate). 

 

 

 
 

Fig. 2.3.3: Discrete samples measured during MSM05/3 for chlorophyll a and suspended particulate matter 

(SPM). 
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2.3.1   Continuous underway measurements  

 Over the duration of the cruise, continuous measurements of surface temperature and 

conductivity (for determination of salinity) by means of a thermosalinograph were carried out.  

The system from Sea & Sun technology GMbH in Trappenkamp (Germany) is installed 

permanently on board. The company gives its accuracy with <5 µS cm-1 for conductivity and 

<0.002°C for temperature (Fig. 2.3.1.1).  

 

a)       b) 

            
 

Fig.2.3.1.1: Surface temperature (a) and salinity (b) along the cruise track of MSM05/03 as measured using 

the ship own thermosalinograph. 

 

 For chlorophyll a determination in the surface near water a flow-though fluorometer was 

continuously operated over the entire cruise. The microFlu-Chl from TriOS Optical Sensors GmbH 

in Oldenburg (Germany) has an accuracy of 0.1 µg l-1 and can be operated optionally in the range 

0-10 µg l-1 or 1-100 µg l-1. 

 The RV Maria S. Merian operates an automatic weather station on behalf on the DWD 

(Deutsches Wetterdienst). The meteorological station contains sensors for monitoring of the 

wind speed, wind direction, air temperature, humidity, water temperature (2 m below surface) 

and air pressure. Details of the installed sensors are listed in the ship handbook. An Acoustic 

Doppler Current Meter (ADCP) Ocean Surveyor Narrowband operated at 75 kHz in low resolution 

mode (long range profile) was used to monitor the currents in the water column over the entire 

cruise. The ADCP was set up to record the currents in 45 layers each 16 m wide with a blanking 

distance set to 8 m. 

 

 

2.3.2  Hydrochemistry  

 An in-situ pump was deployed at selected positions to collect large volume samples for the 

determination of PCBs, PAHs and DDTs. Additionally large volume samples were obtained along 

selected transects (Fig. 2.3.2.1, Tab. 2.3.2.1) hereby a phase separation between the dissolved 

and particulate phase was carried out. The determination of the organic compounds will be 

performed with a gas chromatograph and mass spectrometer (GS-MS) according to ICES 

standard procedures (ICES 1996, 1997 & 1998, Annex B-11) in the laboratory at IOW.  
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Fig. 2.3.2.1: In-situ pump stations and ISP surface transects carried out during the cruise MSM05/03. 

Letters (s & e) indicate the start and the end of transects, where ISP was deployed pumping water from the 

surface (5 m) to collect large volume samples. 

 

Table 3.3.2.1: List of in-situ pump stations carried out during the MSM05/03 cruise. 
 

Sample Description Date Time (UTC) Latitude (N) Longitude (W) Duratio

n 

ISP1 transect I 21.06.2007 14:00 68°18.87 51°22.48 3h 

   17:00 69°16.61 51°26.40  

ISP2 transect 2 27.06.2007 00:45 70°41.87 52°01.05 4h 

   04:15 71°02.42 52°19.92  

ISP3 surface (20m) 26.06.2007 17:45 

21:34 

70°39.75 52°06.86 4h 

ISP4,5 at 5 m & 400 m  29.06.2007 00:15 70°38.79 59°6.83 6h 

   06:15    

ISP6 transect IIIa,b 29.06.2007 08:35 70°38.4 59°06.00 12h 

   20:35 68°30.52 55°35.55  

ISP7 transect IIIc 29.06.2007 22:00 68°30.52 55°35.55  

  30.06.2007 05:10 67°25.57 53°54.42 7h 

ISP8 transect IVa 01.07.2007 13:35 67°26.72 53°51.96 7h 

   20:50 66°06.60  53°56.83  

ISP9 transect IVb 01.07.2007 21:05 66°03.37 53°54.52 8h 

  02.07.2007 05:00 64°32.71 52°43.37  

ISP10,11 20 m & 500 m 02.07.2007 19:20 53°57.94 53°55.4 4h 

   23:20    

ISP12 transect V 03.07.2007 01:55 63°59.45 53°58.21  

   06:00  63°58.72 53°52.83  

ISP13 surface (20 m) 03.07.2007 08:20 64°21.96 51°36.34 4h 

   12:20    
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2.4 Sediment Sampling (M. Moros) 

 For sedimentological sampling a Multi -Corer, a Giant Box-Corer (50x50x60 cm) and a Gravity-

Corer (6, 12, 18 m) were used during the cruise. The Multi-Corer of the Leibniz-Institute for Baltic 

Sea Research and the Giant Box-Corer shown in Fig. 2.4.1 A and B were used to obtain up to 54 

cm long cores of undisturbed surface sediments in order to obtain a well-preserved fluffy surface 

layer and including the bottom water. To gain long sediment cores a Gravity-Corer up to 18 m in 

length was used in the soft sediments.  

 The Gravity-corer (Fig 2.4.2) consists of a steel tube with 6 m, 12 m or 18 m length and top 

section with discs of lead-weights, each 60 lh/!Uif!SW!ȨNbsjb!T/!Nfsjboȩ!pggfst!b!sbdl!gps!uif!

handling of Gravity-Corers with steel tubes of up to 24 m length. The 6 m steel tube (in a few 

cases 12 m) was used with foil to gain cores, which were opened on board for description. Gravity-

Corer steel tubes loaded with plastic liners (diameter 125 mm) were used to obtain cores which 

were cut into sections of 1 m and split on board. Splitted sections were run in the Avaatech XRF 

scanner and surface magnetic susceptibility was measured using TAMISCAN provided by the 

GBSC Lund. A few closed cores will be studied in the labs of the participating institutes.  

 

a)                                                                                           b) 

                      
 

Fig 2.4.1: Multi-Corer (a) equipped with six tubes and the Giant Box-Corer (b) from Leibniz-Institute for 

Baltic Sea Research during station works of the MSM05/0 3 cruise. 
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Fig 2.4.2:  During station works within Disko Bay the Gravity-Corer was equipped with a 18 m long steel 

tube. 

 

 

2.5 Lithological core description (K. Perner)  

 Back on board the gravity corer have been brought to a horizontal position and afterwards the 

liner, filled with sediments, was pulled out of the device and cut into 1m sections. The sections 

have been split into two halfs by a core-cut-device. The working part was prepared for following 

lithological description and further measurements on board, by cleaning with a knife or an old 

credit card to receive a clean and undisturbed sediment surface (Fig. 2.5.1 A and B)  

 

 
 

Fig. 2.5.1: (A) Plastic liner from the Gravity-Core splitted using a core cut device. (B) Splitted gravity core 

with cleaned sediment surface. 

A B 
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 Furthermore, photographic documentation of each core section was conducted for all 

cores. The lithological description based on grain size composition, structure, 

consolidation and also fossil content of the sediment. If possible, molluscs were 

determined to species level and collected. The sediment colour was determined by using 

the Munsill Soil Color Chart. In this connection is to note that variations in determining 

colour probably created by the artificial light at the hangar. 

 

 

2.6 Diatomological investigation (A. Witkowski)  

Samples collected during Maria S. Merian Cruise 

1. Inland samples collected from 4 GPS stations 

 Moss Ȣ 19 samples 

 Sands/sediments Ȣ 19 samples 

 Moss squeeze Ȣ 11 samples 

 Scarpe/pool rocks Ȣ 12 samples 

 Macroalgae Ȣ 4 samples  

2. Samples collected onboard for the diatom species composition of phytoplankton and of the 

uppermost sediment layer 

Gravity Corer Ȣ 1 sample 

MUC Ȣ 19 samples of the uppermost sediments layer 

 Boxcorer Ȣ 2 samples (0-1 cm interval) 

3. On October 23-24th in Warnemünde selected MUC and gravity cores for diatom species 

composition and palaeoemperature evaluation were sampled. The samples were taken at high 

resolution intervals e.g. 0-10 cm at 0.5 cm and 10-downward at 1 cm interval. The most important 

of which is MUC and gravity corer site 343320. From this site MUC corer samples (35) have already 

been processed for LM study and await analysis.  

 

So far 77 samples were prepared for microscopic analysis. Some samples were already studied 

by means of Scanning Electron Microscope (SEM) and Light Microscope (LM). In addition 24 

phytoplankton samples collected within the Nuuk Fjord were qualitatively and quantitatively 

analyzed. 

 

In samples collected during the cruise special focus was paid to: 

1. The patchiness of diatom distribution in the surface sediments of the Western Greenland 

Waters and of Disko Bay in particular 

2. The species composition. This issue is of special importance as the dominant diatom 

species are indicative of particular water masses (temperate versus cold waters) and 

therefore important in evaluation of palaeotemperatures. 

 

In addition freshwater acidic habitats were sampled for terrestrial diatoms and representatives 

of genus Eunotia in particular. The diatom species belonging in this genus inhabit  pristine waters 

though very little studied in Greenland so far. The material collected during the cruise gives an 
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excellent opportunity to broaden our knowledge on diatom flora of habitats which are very 

sensitive to human impact and endangered in many places world wide. 

 

To achieve the expected results of the above scheduled issues during the cruise superficial 

sediment samples from multicorer (MUC) were collected. From a single MUC up to 6 samples 

were collected. Selected were samples collected from sites: 343300 (3 samples), 343310 (4), 

343420 (5), 343330 (6), and 343340 (2). From each of the corers permanent slides for LM were 

prepared and two of them were subject to SEM analysis. The samples were processed as follow. 

ca. 1 g of the dry sediment was treated by means of 10 % HCl to remove carbonates. Then samples 

were washed several times with distilled water. Next samples were boiled in hydrogen peroxide 

(37%) to remove organic matter and again washed with distilled water. Naphrax® was used as 

the mounting medium. Diatoms were examined by means of light and electron microscopy. Light 

microscope observations were made with a Leica DMLB with a Plan-apochromatic 100x (1.4 n.a.) 

oil immersion objective.  For SEM, cleaned material was air-dried onto cover slips.  The cleaned 

suspension was mounted onto stubs and after drying sputter-coated with gold. Observations 

were made on a Hitachi S-4500 at the Faculty Biology, Institute of Ecology, Phyolgeny, Diversity, 

J.-W. Goethe-University, Frankfurt am Main with an assistance of Manfred Ruppel. All the LM 

slides are deposited in Diatom Collection of Andrzej Witkowski (AW) at the Institute of Marine 

Sciences, University of Szczecin and their numbers are 12111-12135; 12194-12212; 12213-12248.  

 

1. Analysis of the slides prepared from different MUC sites from superficial sediments indicated 

that diatom abundance differed between particular cores. Distinct differences in diatom 

abundance were observed. At one MUC site in some cores diatoms were abundant in others 

rare. However, the dominant forms were always the same. 

  

2. Usually the most abundant were undetermined resting spores of Chaetoceros spp. resting 

spores of Ch. furcellatus and numerous Thalassiosira species two of which i.e. T. kushirensis 

and T. antarctica var. borealis are the most abundant. Less abundant were representatives of 

cold water Fragilariopis taxa and other cosmopolitan species e.g. Thalassionema 

nitzschioides. The resting stages of Ch. furcellatus are indicative of cold Arctic water inflow. 

The major problem of palaeotemperature significance is distribution of two above mentioned 

Thalassiosira species. T. antarctica var. borealis is thought to represent plankton diatom 

association of Arctic cold waters. In earlier diatomological investigations carried out in the 

Disko Bay area (even involving SEM application) only this taxon was recognized in the 

Holocene sediments (e.g. MOROS et al. 2006). Therefore the palaeotemperature interpretation 

based on such identification was strongly biased towards cold impact. Routine application of 

SEM analysis in this study and the careful interpretation of its results has revealed that in fact 

in the surface sediments (but also down core) two taxa of Thalassiosira are present. One of 

them, which in superficial sediments is less abundant is T. antarctica var. borealis. The most 

abundant, however, as clearly shown in our SEM study is T. kushirensis. This species has an 

optimum of occurrence in temperate zone ocean waters (e.g. HASLE & SYVERSTSEN 1996). 

Therefore its abundant occurrence in Disko Bay area must be indicative for an inflow of West 

Greenland Current waters. An implication of this discovery must be reevaluation of 
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palaeotemperatures distribution and of palaeoclimatic conditions during the Holocene in the 

Western Greenland and in the North Atlantic area. 

 

The diatom assemblage studies have been continuously persued  in co-operation between the 

University of Szczecin, the Leibniz Institute for Balitc Sea Research Warnemünde and the 

Greenland Institute of Natural Resources, Nuuk. Main results are published by  KRAWCZYK et al. 

(2012), KRAWCZYK et al. (2013), KRAWCZYK et al. (2014). 

 

 
 

Plate I 

(1, 2, 5, 6) Thalassiosira kushirensis (resting spores); (3) Thalassiosira antarctica var. borealis (resting 

spore), note the presence of central strutted process (arrow) which are missing in T. kushirensis; (4) 

Thalassiosira tenera. 
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Plate II Ȣ ( 7-12) Thalassiosira antarctica var. borealis. 

 

 
Plate III 

(13) Thalassiosira oestrupii; (14) Thalassiosira spec; (15) Thalassiosira nordenskioeldii; (16) 

Thalassiosira rotula; (17) Thalassiosira rotula; (18) Fragilariopsis atlantica. 
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2.7 Biogeochemistry (S. Rysgaard, N. Risgaard-Petersen)  

 The upper sediment layers were used to describe present-day carbon and nutrient cycling in 

Arctic sediments. Rate measurements covered oxygen respiration, denitrification, anammox and 

carbon mineralization as well as fluxes of dissolved inorganic carbon and nutrients across the 

sediment-water interface. Furthermore, sampling in the upper sediment layers for identification 

and activity measurements of benthic foraminifera was made on various stations. In addition, 

the depth distribution of O2, NH4+, NO3-, dissolved inorganic carbon, CH4, organic carbon and 

nitrogen as well as 13C and 15N in the sediment will form basis for interpretation and modeling 

biogeochemical transformations in the sediment (RYSGAARD et al. 1998, BERG et al. 1998, BERG et 

al. 2003). Our investigations will be combined with a detailed ongoing sampling program in 

Godthåbsfjord in the Nuuk area including annual measurements of the vertical flux of particulate 

matter (total flux, carbonate, chlorophyll, particulate organic carbon and nitrogen) to the 

sediment and will serve as input to model present carbon and nutrient cycling. Combining our 

data with sedimentation records and proxy data of palaeo-climate conditions from the other 

research teams during MSM 05/03 we will attempt to model historical carbon and nutrient 

cycling. 

 

Material for completion of four tasks was collected during the cruise: 

a) Investigation of the decomposition of organic carbon as function of age and composition. 

b) Investigation of nitrate accumulation and nitrate respiration in Arctic for-aminifers. 

c) Investigation of temperature adaptation of aerobe Arctic bacteria. 

d) Investigation of the biogeography of thermophilic sulphate reducing bacteria. 

e) Investigation of factors controlling pCO2 in surface waters of the Arctic. 

 

a) A 6 m long gravity core were collected from station # 343340, and sliced into 7 sections, each 

representing c. 500 years.  In addition one multicore was sliced into 3 sections.  All sections were 

transferred to gastight plasticbags and incubated at 4 oC.  Sampling from the bags were initiated 

on board and will continue at the GRNI in order to follow changes in central parameters (mainly 

dissolved inorganic carbon (TCO2), NH4+ and CH4) and rates of decomposition. Sediment samples 

for DNA extractions were transferred to PCR vials and frozen. On return to laboratory the microbial 

diversity in the different sections will be analysed using PCR, DGGE cloning and sequencing on 

the extracted DNA. Sediment samples for enumeration of bacteria were transferred to vials with 

buffered formaldehyde. Counting will be performed after DAPI- staining in the lab. Samples for 

analysis of amino-acid composition in the different layers were transferred to plastic vials and 

frozen. Amino acids (D and L-forms) will be determined after hydrololization using HPLC.  

Samples for TCO2 and NH4+ determinations were extracted from the sediment porewater and 

transferred to vials. Dissolved inorganic carbon samples were conserved with HgCl2. NH4+ 

samples were frozen. TCO2 and NH4+ will be analysed in the laboratory using flow-injection. 

Sediment samples for CH4 determinations were transferred to gastight vials together with 

distilled water and ZnCl2. Methane will be determined on a gas chromatograph.  Samples for 

determination of organic carbon/nitrogen content and isotopic composition were frozen for later 

analysis in the laboratory using an elemental analyzer coupled to an IR-MS. In addition samples 

for the porewater concentration of NH4+, NO3- , intracellular NO3- and TCO2 were collected from the 
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top 10 cm of the sediment with a resolution of 1 cm. The microdistribution of O2 were measured 

with an O2 microsensor with a depth resolution of 0.5 mm. Exchange of O2, TCO2, NO3- and NH4+ 

between the sediment and the water were measured on board on cores collected with the 

multicorer. Bacterial N-transformations (denitrification and anammox) were measured on the 

same cores using 15N-techniques. 

 

b) We have recently discovered that some foraminifers, with preference for anoxic environments 

accumulate nitrate intracellular, which is subsequently respired to dinitrogen gas (RISGAARD-

PETERSEN et al. 2006). During the cruise we have collected foraminifers from the Norde Stroem 

Fjord and the Disko Bay and transferred individuals to PCR-tubes. The foraminifers will be 

analysed for presence of intracellular NO3- as described in RISGAARD-PETERSEN et al. (2006) on 

return to the GINR. On board the ability to respire with NO3- was tested using acetylene inhibition 

and N2O microsensors (RISGAARD-PETERSEN et al. 2006). 

 

c)  Bacterial oxygen consumption in intact sediments has been measured using O2 microsensors 

on several stations. In addition material for determination of organic carbon in these sediments 

has been collected. The relationship between organic carbon and bacterial respiration will be 

compared with relationship derived from data from temperate marine environments. Depending 

on the outcome further studies focusing specifically on temperature regulation of bacterial 

activity will be performed in the laboratory. 

 

d). It has been shown that arctic sediments from Svalbard contains bacteria that only are active 

at temperatures above 40oC. (KNOBLAUCH and JØRGENSEN 1999). In order to obtain more 

information about the distribution of these bacteria and their origin, samples from several 

stations, has been collected and transferred to gastight plastic bag. Presence of the bacteria will 

be determined on Max Planck Bremen using molecular techniques. 

 

e) It has recently been suggested (RYSGAARD et al. 2007) that sea ice may act as carbon pump in 

polar seas. During sea ice formation in polar seas, brine rejection increases the density in the 

underlying water column and thereby contributes to the formation of deep and intermediate 

water masses in the world ocean. Evidence has been presented that TCO2 is rejected together 

with brine from growing sea ice and that low temperatures may result in a significant change in 

the ratio of TCO2 and alkalinity in Arctic sea ice compared with surface waters. At MSM05/03 we 

collected surface water samples in the ice melt zone to be able to verify previous model 

calculation showing that this sea ice-driven carbon pump affects surface water partial pressure 

of CO2 significantly in polar seas and potentially sequesters large amounts of CO2 to the deep 

ocean. In short, surface samples from the water column were collected at each CTD station for 

the determination of dissolved inorganic carbon (TCO2), total alkalinity (TA), 18O, nutrients and 

chlorophyll contents. Care was taken when filling the gas tight glass bottles (250 ml) for TCO2, TA 

and 18O determination to avoid bubble trapping and to ensure sufficient overflow. Samples were 

preserved with 50 µl HgCl2 (saturated solution) and kept cold (2oC) until analysis. Water samples 

for nutrients and Chlorophyll determination were frozen (-18oC) until analysis. Standard methods 

of analysis will be performed on these samples on the return to the laboratory in Nuuk. 
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Fig. 2.7.1 Sensors:  Set up used for measuring oxygen concentration in surface sedimments  

 

a)                                                                                                            b)  

        
 

Fig. 2.7.2: a) Microscopy:  Looking for live foraminifers in mud at in situ temperature. b) Flux: Set up used 

for measuring bacterial N-transformations and exchange of nutrient between the surface sediment and 

the overlying water. 

 

 

 
 

Fig. 2.7.3: Porewater presser: Equipment used for extracting porewater from sediments.  
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2.8  Surface scanning magnetic susceptibility (P. Sandgren, I. Snowball) 

 Magnetic susceptibility is a measure of the ease by which material can be magnetized 

(THOMPSON and OLDɧELD 1986). It can provide an independent stratigraphic record of 

sediment sequences and quantitative information about the concentration of magnetic 

minerals.  Sliced sediment samples of 0.5-1 cm intervals from individual Multi -Cores, 

which contained the surface sediments, were placed in Petri dishes and covered with 

thin plastic fil m. The magnetic susceptibility was measured with a Bartington 

Instruments MS2E1 high-resolution surface scanning sensor connected to a MS2 meter. 

Split gravity core sections were covered with plastic film and measured with the MS2E1 

sensor coupled to a TAMISCAN-TS1 automatic logging conveyor (SANDGREN and SNOWBALL 

2002). Units are expressed in the SI system.                                

  

 
 

Fig. 2.8.1:  The TAMISCAN-TS1 magnetic susceptibility automatic logging system onboard RV Maria S. 

Merian. 

 

 

2.9 X-ray fluorescence (XRF) logging (T. Richter)  

 X-ray fluorescence (XRF) logging is a non-destructive method tracking downcore changes in 

chemical composition. Compared to XRF analyses with conventional laboratory instruments, 

results are somewhat less accurate and may display a lower signal-to-noise ratio: Conventional 

X-ray fluorescence is carried out on homogenous and dry samples with a flat and smooth surface. 

Split sediment cores do not meet these requirements; accordingly, results are also affected by 

changes in other sediment properties (grain size, water content, porosity) and by irregularities 

of the core surface. On the other hand, XRF logging provides non-destructive and rapid results 
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(~1 minute per multi-element analysis) with minimal sample preparation. Effects of sample 

inhomogeneity and surface roughness are particularly pronounced for sediments containing 

abundant medium-coarse sand-sized particles, but less significant in most fine-grained 

sediments. Applications of XRF logging include, among others, preliminary stratigraphic 

interpretation, provenance studies of terrigenous material, lithological characterization and 

assessment of (anthropogenic) heavy metal input. Results can provide constraints on sampling 

strategies for various subsequent (shore-based) analyses on discrete samples, commonly at 

lower resolution and/or over selected core intervals. 

 For the duration of the cruise, the containerized Avaatech XRF Core Scanner (RICHTER et al., 

2006) of the Royal Netherlands Institute for Sea Research (NIOZ) was temporarily installed 

onboard RV Maria S. Merian. XRF analyses were performed on the surface of split sediment cores, 

generally within hours to days after core retrieval. Sample preparation includes careful flattening 

of the sediment surface to remove irregularities from core slicing. Subsequently, the sediment 

surface is covered with thin (4µm) Ultralene film, further diminishing surface roughness and 

preventing contamination of the measurement unit during core logging. During XRF scanning, a 

prism unit is lowered onto the core surface at each measurement position. Incoming radiation 

generated in the X-ray tube enters at an angle of 45º; the detector for outgoing radiation is 

likewise installed at an angle of 45º (see Figure 2.9.1). The entire measurement system is flushed 

with helium to prevent partial or complete absorption of emityed radiation by air.  

  

 
Figure 2.9.1: Views of the Avaatech XRF Core Scanner. a)  General overview of the instrument. b) 

Measurements on a split sediment core. Arrow on core surface depicts (stepwise) movement of 

measurement system along the core surface. c) Detailed view of X-ray tube (A), filters that can be placed 

in the incoming X-ray beam (B), prism lowered onto the sediment surface covered with Ultralene film (C), 

and XRF detector (D). 
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 A step size of 1cm was applied; analyzed elements comprise Al, Si, S, Cl, K, Ca, Ti, Mn and Fe. 

The response depth of elements to incoming radiation depends on their atomic weight; varying 

from 0.05mm (Al) to 1mm (Fe). For selected core sections from Qaumarujuk Fjord, additional 

measurements (separate analytical runs) were performed for the (anthropogenic) heavy metals 

Pb and Zn. The processing software provides total XRF counts (peak areas for each element, 

corrected for spectral background), data are exported into Excel files. Long-term stability of the 

instrument was verified through daily analyses of reference standards. 

 

 

 

2.10 Geodetic measurements (R. Dietrich, A. Richter) 

 The geodetic fieldwork during the MSM05/3 cruise was focussed on the installation and first 

observation of new GPS markers on bedrock for the determination of recent deformations of the 

earth crust Ȣ with an emphasis on east-west gradients of the vertical deformations Ȣ after a 

repetition of the GPS observations. An additional aim was the determinations of the tidal signal 

in the Nordre Strømfjord. 

 The first GPS station was put into operation on June 16, 2007 on the already existing GPS 

marker NOSF located at the easternmost end of Nordre Strømfjord. New GPS markers were 

erected on the northern shore of the central part (NOSC) as well as at the mouth (NOSW) of this 

fjord. Further GPS markers were established near the western tip of Nugssuaq Peninsula (NUGS) 

and at the north-eastern end of the Qaumarujuk fjord (WGNR). The latter thus represents now the 

northernmost marker of our West Greenland GPS network (Fig. 2.10.1). The coordinates and 

occupation times for the GPS markers are summarised in Table 2.10.1. 

 The markers consist of specially designed threaded bolts screwed into bedrock that have 

proven effective in West Greenland for many years (Fig. 2.10.2). In this way they are well suited 

for repeated observations after several years guaranteeing an exact relocation of the antenna 

onto the screw. The exact locations of the new markers were chosen considering: 

a) a spatial distribution suitable for the determination of recent crustal deformations, 

b) a minimum horizon shadowing for the reception of a maximum of satellite signals, 

c) a solid, reliable rock basement guaranteeing long-term stability,  

d) an effective and flexible access for repeated occupations. 

 

 Immediately after their installation, the markers were occupied with GPS receivers for a first 

observation. At this geodetic dual-frequency receivers Trimble 4000SSi were used. At the already 

existing sites, exactly the same antennas were used as for the previous occupations in order to 

minimise systematic effects. At the beginning and the end of the observations, the azimuth 

orientation of the antennas was documented. The GPS data were logged in most cases with a 

rate of 15 sec, or 30 sec otherwise (Table 2.10.1). In order to provide the autonomous receivers 

with power for two weeks, accumulators and solar panels were used (Fig. 2.10.3). 

 Near the GPS sites NOSC and NOSW, two pressure tide gauges Aanderaa WLR7 were deployed 

on the bottom of the Nordre Strømfjord at water depths of about 5 m in order to record 

continuously the water level changes in the fjord. The instruments were mounted in rugged steel 



29 

 

frames ensuring a stable position throughout the observation period. The tide gauges were 

recovered successfully after 13 days of observations each. 

 

 After the deployment of the tide gauges, as well as at 20 additional locations during the entire 

cruise, kinematic GPS measurements were carried out using a GPS buoy in order to determine 

exact instantaneous sea-level heights. While the measurements near the tide gauge sites are 

used to refer the obtained sea-level records to a global height reference system, the other 

measurements can be used to validate both ocean tide and geoid models. 

 

 
 

Fig. 2.10.1: Map of the West Greenland GPS network. New markers established during the MSM05/3 

cruise are displayed in red color. 
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Table 2.10.1: Coordinates (in the IGb00 reference system) and occupation times of the geodetic GPS 

markers observed during the MSM05/03 cruise. 
 

Marker Latitude [N] Longitude [W] Height [m] Start obs. End obs. 

NOSF 67°53,982 50°26,748 224,94 16.06.07 30.06.07 

NOSC 67°41,128 51°44,917 73,72 16.06.07 30.06.07 

NOSW 67°29,175 53°38,887 52,23 18.06.07 31.06.07 

NUGS 70°39,484 54°32,343 51,10 23.06.07 28.06.07 

WGNR 71°08,684 51°12,441 46,30 27.06.07 27.06.07 

 

 
 

Fig. 2.10.2: Installation of the new GPS marker WGNR, Qaumarujuk Fjord. 

 

 
 

Fig. 2.10.3: Example for the setup of a GPS station at the site NSFC. On top of the rock outcrop, the 

antenna is mounted. The GPS receiver and the accumulators are stored in an aluminium box, solar 

panels are used for the power supply. 
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2.11 SPM and aeolian dust (V. Shevshenko) 

 Water samples were obtained from the water column by Niskin bottles and from the 

surface by plastic bucket. The filtration of water samples was carried out through pre-

weighted Nuclepore filters 47 mm in diameter (pore size 0.45 µm) and Whatman GF/F 

filters. After filtration filters were washed with distilled water and dried at 50Ȣ55°C, 

packed in plastic Petry diches and then sealed in plastic envelopes for later analyses in 

the land laboratory. In more detail working procedures are described elsewhere (LISITZIN 

et al., 2003). 

 Air was filtered through AFA-KhP-20 acetate-cellulose filters with working surface of 

20 cm2-!xijdi!usbq!bmm!qbsujdmft!?1/6!Ưn-!jodmvejoh!qbsujdmft!pg!tfb!tbmu/!Cmbol!gjmufst!xfse 

treated similarly with sample filters, except the air was passed through for only 1 min. 

The content of chemical elements in filters will be determined by instrumental neutron 

activation analysis (INAA, SCHEVCHENKO et al., 2005). In more details the aerosol studies 

are described elsewhere (SHEVCHENKO, 2003). 

 In 3 places (near NOSF and NOSW GPS stations and on the shore of Nuuk Fjord)  

mosses and lichens were collected to study aeolian input of heavy metals. Samples were 

collected in clean plastic bags using plastic gloves. In the land laboratories the 

elemental composition of mosses and lichens will be determined by INAA and ICP-MS). 

 One snow sample was collected on the July 1 on the land (on the shore near NOSW 

GPS station). Snow was collected in precleaned plastic bucket. Sample was melted at 

+20ºC and filtered the same way as water samples. 

 
 

3. First Results 

3.1  Mapping (W. Weinrebe) 

3.1.1 Mapping Illulissat Icefjord 

 The most remarkable feature in the Disko-Bay area is the Ilulissat Icefjord, a UNESCO world 

heritage site since 2004. The 25 km long and about 1 km wide fjord connects the inland ice with 

the sea. The fjord is filled completely with large icebergs. The front of icebergs spanning the 

entire width of the fjord is moving with a speed of about 1 meter per hour towards Disko Bay 

where the icebergs start floating towards the open sea. This area is denoted as the most 

productive iceberg generating area of the northern hemisphere. 

 The area adjacent to the mouth of Ilulissat Icefjord has never been mapped before with 

multibeam echosounder systems, as navigation is difficult for survey vessels due to the 

abundant number of floating icebergs. As icegoing vessels such as R/ V Maria S. Merian are well 

suited to map such areas, a survey of the area was planned and successfully completed during 

the cruise MSM05/ 03.  

 Water depths in Disko Bay range between about 200 m and 500 m according to the GEBCO 

global bathymetry data set. This depth range is very well suited for the shallow water multibeam 

echosounder Kongsberg EM1002 of R/ V Maria S. Merian. However, this system cannot be used 
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in areas with sea ice or iceberg covering, as its transducer has to be mounted in the moonpool 

and sticks out about 1 meter below the keel of the vessel. Therefore the deep water multibeam 

echosounder Kongsberg EM120 was used on profiles close to the icefront. The transducers of 

this system are permanently installed in the hull and protected by bo!Ȩjdf!xjoepxȩ/!Xifofwfs!

ice conditions allowed, the transducer of the shallow water system was mounted in the 

moonpool and the EM1002 was used, which performed considerably better in this depth range.  

The survey was started on June 21 in the morning close to the icefront. Profiles were planned in 

south Ȣ north direction, however the vessel could not always maintain to follow the straight 

profile lines as it had to detour around floating icebergs frequently. In total an area of about 250 

km2 was mapped in 32 hours along 397.66 km profile lines applying 72,509 pings (Fig. 3.1.1.1) 

 

Table 3.1.1.1: Details of multibeam surveys off Ilulissat Icefjord. 
 

Date System No. of pings Duration (h) Length (km) 

21.06.2007 EM120 21,345 9,55 108,16 

21/22.06.2007 EM1002 22,311 10,08 125,98 

24.06.2007 EM120 28,853 12,36 163,52 

 

 

 
 

Fig. 3.1.1.1: Southern Disko Bay with surveyed area off the mouth of Ilulissat Icefjord. 
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3.1.2 Morphology of the Ilulissat Icefjord Area 

 The area off the mouth of Ilulissat Icefjord is dominated by a large basin with a diameter of at 

least 15 km. The rims of the basin to the South, West, and North have only partly been mapped. 

Generally the basin shows a smooth surface gently dipping westward from a water depth of about 

250 m in the vicinity of the ice front to about 450 m at the western rim of the surveyed area. The 

western rim of the basin is marked by a series of elongated ridges or highs, partly crescent-

shaped. These ridges have lengths of 2 km to 5 km, widths of about 1 km and heights of 50 m 

and more. The sides facing the ice front are generally very steep whereas the far sides are dipping 

gently. The ridges probably act as a kind of a backstop for larger, deep-reaching icebergs. This is 

documented by abundant iceberg plow marks on top of some of the ridges, particularly on the 

ijmm!bu!7:±21/9ȦO-!62±46/9ȦX!jo!b!xbufs!efqui!pg!371 m which is intensively scoured by drifting 

icebergs. The plow marks do not show a distinct pattern indicating probable changes of the 

prevailing drift directions in history. More plow marks are found close to the ice front. Generally 

the surveyed area is divided into two parts. The southern part is characterized by fluvioglacial 

denudation and deposition processes displayed in some elongated depressions and steep holes 

about 20 m deep and 120 m in diameter (kettle holes?). The northern part shows slightly less 

water depths and is shaped by the drift of icebergs which have been detached from the ice front 

of Ilulissat Icefjord. Elongated ridges and grooves stretching in northwest direction clearly 

document the prevailing drift direction. This is also demonstrated in the satellite image shown 

in Fig. 3.1.2.6. Large ice blocks and icebergs, which can be identified at the surface of the ice 

stream close to its mouth, seem to follow this direction. 

 

 
Fig. 3.1.2.1: Area off the mouth of Ilulissat Icefjord surveyed with deep-water multibeam echosounder 

Kongsberg EM120. 
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Fig. 3.1.2.2: Area off the mouth of Ilulissat Icefjord surveyed with shallow-water multibeam echosounder 

Kongsberg EM1002. 

 
 

Fig. 3.1.2.3: Isocontour map of the surveyed area off the mouth of Ilulissat Icefjord. 
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Fig. 3.1.2.4: Relief map of the surveyed area off the mouth of Ilulissat Icefjord. 

 

    
 

Fig. 3.1.2.5: Perspective image of the surveyed area off the mouth of Ilulissat Icefjord, view from the 

south (190°) elevation angle 33°, illumination from north (24°). 
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Fig. 3.1.2.6: Shaded relief image of the bathymetry of the surveyed area off Ilulissat Icefjord 

combined with a satellite image of onshore areas and the Icefjord. 

 

 

3.1.3 Mapping iceberg drift in the Davis Strait 

 The multibeam system was operated continuously also during transits between different 

working areas. During such a transit an area tremendously sculptured by iceberg plowmarks was 

mapped by dibodf!bu!7:±56ȦO-!68±47/6ȦX!)Gjh/ 3.1.3.1). Several distinct patterns of directions of 

iceberg drifts can be identified, which represent different phases of drift. This is displayed even 

more clearly in Fig. 3.1.3.2, in which the directivity of the digital terrain model is shown. Different 

directions of the gradient (direction of steepest slope) of the digital terrain model are coded with 

different colors, enhancing the directivity of the seafloor morphology. Broader, wider and 

probably older grooves in the surveyed area are oriented more towards the north, whereas 

steeper, narrower furrows are oriented towards the northwest. The water depth in this area varies 

between 200 m and 240 m documenting rather deep going icebergs. 

 The planned geodetic fieldwork has been conducted successfully. Our GPS network of West 

Greenland has been densified and extended to the north by the establishment and first 

observation of four new GPS markers. Based on the obtained observation data, exact marker 

coordinates have been determined in a global reference frame. The inference of recent crustal 

deformation rates, however, requires the repetition of the GPS observations on these markers. 

The pressure tide gauge records obtained at two locations in the Nordre Strømfjord allow the 

determination and analysis of the water-level changes in the fjord. The water-level variations are 
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clearly dominated by the tidal signal with a range of 4 m. At this, the tidal amplitudes seem to 

increase towards the east. The tidal constituents resulting from a harmonic tidal analysis of the 

sea-level signal can be compared to the predictions of ocean tide models for 

a) a regional validation of the tide models, and 

b) investigating the modification of the tidal signal within a long, narrow fjord. 

 

 In addition, high-frequency sea-level changes such as surface seiches can be studied, and 

the simultaneously registered water temperature and conductivity records can be analysed 

regarding oceanographical questions. 

 

 

 
 

Fig. 3.1.3.1: Abundant plowmarks along 

the track in Davis Strait. 

Fig. 3.1.3.2: Directivity analysis of bathymetry 

shown in Fig. 4.1.3.1. 

 

 The observed tidal signals were compared to the predictions of the global ocean tide model 

FES2004. At the outer coast, a good agreement was found. Inside the fjord, however, the model 

performs worse and tide gauge observations may still be indispensable when accurate tidal 

signals are required. The tide gauge records reveal also significant shallow-water tidal effects, in 

particular compound and overtide amplitudes reaching several cm. 
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3.2 Biogeochmistry - early diagenesis in fjord and bay sediments  

(S. Rysgaard, N. Risgaard-Petersen) 

 We are continuing the experiments in the labs of GRNI and still need to perform both 

chemical and genetic analysis of much of the material sampled during the cruise. First 

experimental and analytical work was expected to be finished by the end of 2007 Ȣ 

beginning 2008. Below we describe briefly the preliminary results obtained so far. The 

presentation is focused on data obtained through the study of microbial activity in the 6 

m long core collected at station # 343340. The presentation is only based on a subset of 

expected data and should therefore be regarded only as very preliminary. 

 

 DIC increases with depth from app 2 mM in the surface to more than 10mM at 5 m 

depth (Fig. 3.2.1a) The profile indicates DIC production in the upper m and DIC 

consumption at 4-6 meters depth, the latter being due to methanogenisis. Direct 

measurements of DIC production and consumption confirm this pattern. Yet the activity 

estimates are still based on few data and more a will be provided during the next months 

together with data for distribution and turnover of methane.  The depth integrated DIC 

production (estimated as DIC efflux from incubated cores of surface sediment), is 100% 

balanced by the oxygen consumption of the sediment indicating complete reoxidation 

of reduction equivalents produced during organic matter decomposition  (e.g. H2S, Fe++, 

NH4+). Oxygen consumption is confined to the upper two cm of the sediment (Fig. 3.2.1b), 

while we can measure DIC net production down to at least 60 cm. Nitrate respiration, 

measured as denitrification (i.e. the respiratory pathway that succeeds oxygen 

respiration) is probably confined to the upper 2-4 cm of the core (which will be confirmed 

by data from NO3- profile measurements) and accounts for less than  1% of DIC 

production.  

 

a)                                                                                 b) 

                
 

Fig 3.2.1: a) Concentration of DIC in core 343340 and b)  Concentration of O2  in core 343340 from the 

south-western Disko Bay shelf. 
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3.3 Disko Bay, fjord, and shelf sediments Ȣ paleoceanographic / paleoclimatological 

interpretation  

3.3.1 Analyses during the expedition (J. Lloyd, M. Moros, K. Perner, P. Sandgren, I. 

Snowball, J. Harff, T. Richter) 

 During the cruise a series of long (up to 12 m) gravity cores and short multicores were collected 

from a series of locations within Nordre Strömfjord, shelf west of Disko Bay, the Vaigat and the 

Ummannaq fjord complex and shelf. The exact timing and nature of deglaciation from the LGM 

maximum position near the shelf edge is rather poorly constrained for this section of the 

Greenland Ice Sheet. Long gravity cores were collected to investigate this deglaciation history 

from a number of locations, particularly in the Disko Bay and Ummannaq areas. Long cores were 

also collected from locations of known or assumed high accumulation rate for high resolution 

studies of oceanographic variability linked to climate change and also possible ice sheet 

instability during the Holocene. Multicores were collected from each location to provide an 

undisturbed record of sedimentation over the recent past (often lost during the gravity coring 

process). These samples can also be used to investigate the present day distribution of 

foraminifera and diatoms to help in the palaeoenvironmental studies from the long cores. 

 To investigate the deglaciation history from the shelf into the coastal areas a series of core 

transects were collected. The first transect runs from mid way to the shelf break west of Disko 

Bay into the deep trough (Egedesminde Dyb) that runs into Disko Bay.  These cores will provide 

an extension of previous coring expeditions within Disko Bay itself. A second transect was 

collected along the Vaigat, the deep water trough exiting north from Disko Bay into the 

Ummannaq fjord system, into Torsukattak Fjord northeast Disko Bay. This transect will provide 

evidence of deglaciation of the trough itself, but also a history of northwards ice flux from Disko 

Bay.  The final transect of cores was collected from the shelf into Ummannak Fjord. 

 Preliminary investigation of the foraminifera from the surface samples of the multicores 

shows a clear trend of faunal change in relation to the temperature and salinity of bottom waters 

at each site. This clearly relates to the relative weakening/dilution of the relatively warm and 

saline West Greenland Current from south to north and also the absence of the WGC from Nordre 

Strömfjord (dominated by relatively cold and lower salinity bottom waters). 

 Preliminary investigation of the cores from west of Disko Bay also provides some insight into 

the deglacial history of the area. The magnetic susceptibility and the abundance of certain 

elements identified from the XRF scanning (e.g. Ti and S) completed onboard provides 

particularly valuable information. In this report we will discuss preliminary results from 343340, 

343300 and 343310 from the Disko shelf area, from 343260 from the Nordre Strömfjord, and from 

343520 from the from the Ummannak shelf area 

 

 The magnetic susceptibility (MS) record from 343340 and 343300 (Fig. 3.3.1.1.) show initially 

high values in the basal sections of the cores (550 Ȣ 1150 cm and 300 Ȣ 1050 cm respectively), 

then low values for the upper sections of the cores. Based on previous analyses from long cores 

in eastern Disko Bay the high magnetic susceptibility is interpreted as a signal produced by high 

concentration of terrestrially sourced glacial detritus (rock flour and coarser material). The 

concentration of Ti from the XRF scanning shows similar trends in both cores, high in the lower 

sections and low in the upper sections. This also relates to increased levels of Ti from glacially 
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eroded material from the Greenland landmass. The high MS and Ti levels from the lower sections 

of both cores therefore suggest when this sediment was deposited the ice margin must have 

been very close to the respective core sites. As MS and Ti values decrease the ice margin must 

have been retreating eastwards, as the ice margin becomes more distal from the core sites the 

high MS and Ti signature from the glacial detritus is reduced and sedimentation is dominated by 

in situ marine productivity (supported by the increase in S values from the XRF scanning data). 

These cores therefore provide an accurate history of the timing and nature of deglaciation of the 

Greenland Ice Sheet east across the shelf and into Disco Bay during the earliest Holocene.  

 
 

 

Fig. 3.3.1.1: On-board magnetic susceptibility (K) and XRF scanner (sulphur and titanium, counts per 

second) data of 343340 (left) and 343300 (right). 

 

 Typical signals for the fjord environments can be read form the MS of core 343260 from the 

Nordre Strömfjord (Fig. 3.3.1.2a). As one can see form the Parasound record (Enclosures, Fig. 

E6.2) the core were taken within an isolated basin sheltered against marine influences by a 

dominant sill. The rhythmic structure of the MS signal of a change between high and low values 

is due to the lithological sequence of pelitic/sity  to sandy sediments. By an first interpretation 

the corser layers reflect events due to warmer periods causing increased melt water inflow into 

the fjord together with increased transport energy and, probably, slumping of sandy sediments. 

A dating of the sedimentary sequence will allow the analysis of the periodicity of these  events. 

 

 Preliminary results from 343310 (Fig. 3.3.1.2b) highlights the suitability of this core for high 

resolution investigation of mid to late Holocene oceanographic evolution along the west 

Greenland margin. The MS record for the whole of this core (10 m gravity core) is relatively low 

(similar values to the top sections of 343340 and 343300). This suggests the full record from this 
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