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Abstract
An international and inderdisciplinary team of geoscientistscollected a series of water and

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

isostatic measurements duringi f ! f ygf ej uj po! NTN! 16014! myvesui f! SOV
Greenlandwaters between June 15 and July 4, 2007. This expedition improved our understanding

of the interaction between hydrosphere, geosphere,and climatic changesin West Greenland

coastal waters and its impacton environmental change during the Late QuaternaryUsing a set

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

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

Fnalizing a geodetical network that records glacio-isostatic adjustment in the central West
Greenland area led to the identification of vif suj dbm! ej t mpdbuj pot! pg! ui f
Greenland, whichhas been used for model parameterization. ii) Using multibeam echosounder

survey, mapping of the sea floor inthe Disko Bayarea and along the expeditions cruise track

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

directions of icebergs indicating variations in the flow path of ocean currents. iii) On board
measurements of ggochemical and sedimentphysical parametersrevealed the good quality of

the collected marine sediment cores for high-resolution, millennial to decadal scale,
paleoceanographic reconstructions and periodicity analyses iv) The impact ofanthropogenic

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

mining closeto Maarmorilik) OCmb d | | B hds beerl siglieal withit the Qaumarujuk Fjord

Kurzfassung

Ejf! Fygfejujpo! NTN!/'16014! gyisuf!ebt! GOT! ENbsj b!
und Schelfgebiete Westgronlands. Ein internationales und interdisziplinares Team von
Geowissenschaftlen untersuchte die Wechselbeziehung zwischen Hydrosphéare, Geosphare,
Anthroposphéare und Klimanderungen in Westgronldischen kistennahen Gewassernsowie
dessen Einfluss auf die Umweltbdingungen im Spatquartar. Durch Anwendung von
hydrographischen,  geophysikdischen, sedimentologischen, paldontologischen und
geodatischen Methoden konnten wahrend und nach der Expedition bisher folgende Ergebnisse
erzielt werden: i) Ein geodatisches MeRnetz zur Identifikation von glazio-isostischen
Bewegungen in Westgronland wrde komplettiert und Daten fir die Parametrisierung von
Modellen gewonnen ii) Seismoakustische Aufnahmen vom Meeresboden im Bereicder Disko
Bucht und entlang der Expeditionsroute auf dem Schelferméglichte eine morphologische
Kartierung von EisbergO Qmp v hi nb s | E WweRleduf strdnouhgsbedingte Anderungen
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 paldozeanographische Anderungen auf tausenjahrigen bis
multidekadischen Skalen aufzulésen und sich zur Durchfiihrung von Zeitreihenanalysen eignen.
iv) Spuren anthropogener Aktivitaten zeigen sich in Sedimenten des Qaumarujuk Fjords anhén
erhohter Schwermetallkonzentrationen. Diese Anomalien sind auf den Blei/Zink Bergbau in
Cfsfjdi! Nobbsnpsjmjl!)OCmbdl!Bohfm! NjofE*! {vsydl {



1. Introduction

Theexpedition MSM 05/03 on the German RE Nb s j b ! T fodkIdlace hetweea June 15
and July 4 in 2007on 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 climat change in the coastal
waters of West Greenland andto improve our knowledge on its impact onenvironmental change
during the Late Quaternary.The team of geologists, geophysicists, marine geochemists,
palaeontologists, geodesists, and paleoc-oceanographers performed an interdisciplinary
measuring and sampling campaign along transects from thénead of three Fjords, i.e. theNuuk
Fjord, NordreStramfjord, and Ummannaq Fjord towards the shelf edge, as well asin the Disko
Bay, and thereforecontributed to following researchtopics:

(1.) Reconstruction of climate and ice dynamics inMest Greenland during the late Pleistocene
and Holocene.
(2.) Influence of climate change and anthropogenic forcing on biogeochemical cycles during the
Holocene.
(3)Glacioj t uptubuj d! efgpsnbujpo!pg!uif!Fbsui!dsvtul!lb

Thesampling programand on-board measurements and postcruise work aimed to indentify
drivers of environmental and oceanographic changes within the fjords (EastWest transets) as
well as along the shelf between64° Nand 72° N(South-North transect). Figure 1 shows the work
areas:

- Nordre Stremfjord

- Disko Bay

- Vaigatand Ummannaq Fjord
- Nuuk Fjord

The spatiotemporal pattern of climatic, oceanographic and isostatic changes has been
investigated at selected sediment core siteswithin the Nuuk Fjad, the Nordre Strgmfjord, the
outer Uummannag Fjordand Disko Bugt area, ugng micropaleontological and geochemical
proxis. Within the Disko Bayarea, extensive seismoacoustic profiling led to the identification of
sedimentary basins that contained undisturbed and massive sediment packages ofHolocene
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 napping provided valuable information about
iceberg drift in the Disko Bayarea.

The NordreStrgmfjord 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 onrecent vertical crustal deformations and the
range of sealevel variations, geodetic observations have been carried out in the fjord using
autonomously operated GPS receivers and pressure tides gaugeshe impact ofanthropogenic
activity viamf beO{j od! njojoh! pg! ui f! E @mloahllehviBbonmehtah! Nj of e
conditions has been studied within the Qumarjuruk Fjord using geochemical analyses on set of
short sediment cores



This report presents all data collected during the expedition MSM05/03, i.e. onboard
mesurements on water and sediment samples and provides @ overview about post-cruise
studies, including publications.
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Fig. 1.1: Bathymetric map of central West Greenland including cruise track (red line) and the studgreas
(blue boxes) of theMSMO5/03 cruise in June/July 2007.



2. Methods and devices
2.1Subbottom profiling (R. Endler, G. Nickel)

Npsqipmphz-! ejtusjcvujpo-! boe! mbzfsjoh! pg! tfe]j
QBSBTPVOE! Q81l1le! tvccpuupn! gspgjmjoh! tztufn/ ! Ui f!
locations in the predefined working areas. Parametric echosounders work both as lodrequency
sediment echosounders and as highfrequency narrow beam echsounders (to measure water
efqui*/ ! Uifz! nblf! vtf! pg! uvuif! tp! dbmmfe! Eqbsbn
(secondary) frequency components through nodinear 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 dteral 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 compaable 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 usdb
depth range (penetration depth). Suitable for operations from 10 m to 10 000 m the ATLAS
PARASOUND P70 operates at primary frequencies of38kHz to provide secondary frequencies
as low as 500 Hz. With a secondary parametric source level of approxingly 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 cruiseThe 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. Parasoundfsj t nphsbnt! pg! ui f! Et fc
gsfrvfodze! xfsflejhjuj{fe-!gsfqgspdftufzgf! &g jgdo 4fed
gpsnbu! vt oh!-progfam BQfdrtaniatelyy thespfogrdm stores only the envelope, not
the full wave form. This makes he file handling easier, but a lot of information is lost and the
postprocessing possibilities of these data are limited. Therefore, rawdata were stored as
Eyyy/ btee! gjmft/ ! Up! hfu! uif! gvmm! xbwf! gpsn! ebub
sofuxbsfluppmt!ibt!up!cf!xsjuufo/!Cvu!lvqlup!opx! ui
The online prints were used for the selection of the coring stations. Acoustic profile images (from
ps3 8 files) of sampling stations were created using IOV8 software (see enclosure). An overview
about the morphology and the sediment cover of the Nordre Stroemfjord is dacted in Fig. 21.2,
as a composite of Parasound records.
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part) and locations of the sampling stations.

2.2 Multibeam echo-sounding (W. Weinrebe)
2.2.1 Kongsberg (Simrad) EM 20 deepwater multibeam echosounder

The EM 120 system is a deeprater multibeam echosounder providing accurate bathymetric
mapping up to full ocean depth. A system overview is presented in Fi@.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.hE 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 mamizes 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 2way-travel-time and the beam angk 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 providea 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.002 shallow-water multibeam echosounder
The EM1002 multibeamechosounder is a shallowwater system for surveying the seafloor

down to a depth of 1,000m. The nominal sonar frequency is 9%Hz 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 1,50@n

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 ordéo get better
guality 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, whenhe EM1002 is used the transducer has to be
mounted in the moonpool of the vessel. As the transducer sticks out about in 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 kots.

Onboard RV 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 fronvery shallow to deep.

2.2.3 BM-120 Multibeam data processing

The raw data from the multibeam echosounder were continuously processed onboard7R
Maria S. Merian during the cruise. Generally, processing of multibeam data requires two
sequences of processing steps: a profile8oriented sequence followed by an areabased
processing. The profileoriented processing of multibeam data comprises the chek& 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 wateicolumn taking into
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account the sound velocity profile, and removing artefacts ad 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 M& S. Merian. During cruise MSMO& - ' ui f ' Epqgf o! t pg
packages MBSystem CARESSand CHAYES 1996) and GMT\(EssEland 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 chapteB.1 andwithin 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
HYDROBIOEREEFLOW bottle rosette at 32 stations (Fig@.3.1). Continuous profiles of
temperature, conductivity for determination of salinity, pressure and dissolved oxgen. 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 ntrient 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 HANSENand KOROLEF&999. The detection limit was 0.05 pumott for nitrate, 0.02
pmollt for nitrite, 0.02 umoll- for phosphate and 0.1 umolf for silicate respectively. The GFF
filters for the determination of chlorophyll a were measured fluorometrically according to the
JGOFS protocols following the method desdred by Herbland et d. 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 Petdish 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(Fig. 23.3). For continuative results see
KrawcCzyet al. (2012, 2014).
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Fig.2.3.1: Locations of CTD profiling peformedat sediment coring sites (red dots). Samples for chlorophyll
a, SPM and nutrientmeasurementswere taken at discrete depthfrom all stations.
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Fig.2.3.2: Discrete samplesfrom CTD profiling,measured during MSMO0528 for nutrients (nitrate+nitrite,
phosphate and silicate).
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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 cepany gives its accuracy with <5 uS cifor conductivity and
<0.002°C for temperature (Fig2.3.1.]).
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Fig2.3.1.1 Surface temperature (a) and salinity (bjlong the cruise track of MSM0503 as measured using
the ship own thermosalinograph.

For chlorophyll a determination in the surface near water a flowhough fluorometer was
continuously operated over the entire cruise. The microFKChl from TriOS Optical Sensors GmbH
in Oldenburg (Germany) has an accuracy of 0.1 pgdnd can be operated optionally in the range
0-10 pg f*or 1:100 ug It

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 handbookAn Acoustic
Doppler Current Meter (ADCP) Ocean Surveyor Narrowband operated at 75 kHpw 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 setto 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 separationbetween the dissolved
and particulate phase was carried out. The determination of the organic compounds will be
performed with a gas chromatograph and mass spectrometer (GBIS) according to ICES
standard procedures (ICES 1996, 1997 & 1998, AnnexIR) inthe laboratory at IOW.
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Fig. 23.2.1: Insitu pump stations and ISP surface transects carried out during the cruise MSMO05/03.
Letters (s & e) indicate the start and the end of transects, where ISP was deployed pumping water from the
surface (5 m) tocollect large volume samples.

Table 3.3.2.1: List of imsitu pump stations carried out during the MSMO05/03 cruise.

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

ISP1 transect | 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 70°39.75 52°06.86 4h
21:34

ISP4,5 at5m& 400 m 29.06.2007 00:15 70°38.79 59°6.83 6h
06:15

ISP6 transect llla,b 29.06.2007 08:35 70°38.4 59°06.00 12h
20:35 68°30.52 55°35.55

ISP7 transect llic 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

ISP10,11f 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 samplinga Multi-Corer,a Giant BoxCorer (50x50x60 cm) and a Gravity

Corer (6, 12, 18 m) were used during the cruise. The Muliorer of theLeibniz-Institute for Baltic
Sea Researchand the Giant BoxCorershown in Fig.2.4.1 A and Bwere used to obtain up to 54
cm long cores ofundisturbed surface sedimentsin order to obtain a well-preserved fluffy surface
layer and including the bottom water. To gain long sediment cores a Gravid@orerup to 18 m in
length was used in the soft sediments.

The Gravitycorer (Fig2.4.2) consists of a steel tube with 6m, 12 m or 18 m length and top
section with discs of lead-weights, each 601 h/ ! Ui f ! SW! ENbsj b! T/ ! Nf sjboe
handling of Gravity-Corers with steel tubes of up to 24 m length. The 6 m steel tube (in &
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 ections 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 24.1: Multi-Corer (a) equipped with six tubes and the Giant Boxorer (b) from Leibnizinstitute for
Baltic Sea Research during station works of the MSMR0 3 cruise.



