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During RV Poseidon cniise 243 an international team of marine geologists and archeologists 
has investigated southwest Greenland inshore waters of the former Viking-age "Eastern 
Settlement". Main target areas were Tunugdliarfik and Igaliku fjord. These fjords were 
investigated using Poseidon's 18 W z  hull-inounted sediment echosounder, a C H I W  high- 
resolution (2-10 kHz) towed subbottom profiler System, a deep-tow EG&G 59 kHz side scan 
sonar, a 100 kHz Klein side scan sonar, and a Remote Operated Vehicle (ROV) underwater 
video system Furthermore, a liull-inounted ELAC multibeam system specially installed for this 
cruise was used For sediment sampling, a Reineck box corer and a 6-m gravity corer were 
deployed. Immediately prior to the cruise, the Royal Danish Administration for Navigation and 
Hydrography had made bathymetric charts for the study areas. Subbottom profiler data, side 
scan sonar information and the sedimentary sequences retrieved by coring correspondingly 
indicate that downslope sediment transport processes are a characteristic feature in both fjords 
investigated A well-defined multi-lobe debris flow complex was found in Tunugdliarfik fjord. 
Ice berg plow marks are widespread in this fjord at water depths of less than approx. 100 m 
The seabed of Igaliku Fjord is generally much less disturbed by iceberg reworking The 
CHIRP records indicate that undisturbed, acoustically laminated, sediments found in some o f  
the deeper parts of the fjords have a thickness of at least 30 m. 
The sonographs obtained revealed a variety of seabed features, o f  which only a few could be  
tentatively interpreted as to possibly represent human artifacts. As far as possible, some of the 
latter targets were investigated by ROV.The man-made origin o f  these targets could, however, 
not be further verified. Additional ROV seabed records from various bathymetric settings o f  
Igaliku Fjord showed major elements of the benthic flora and fauna of this fjord The 100 kHz 
side scan sonar records from shallow coastal waters (close to Brattahlid and Gardar) indicate 
the presence of a former coast line at water depths of 2-4 m below present mean sea level. 

Zusamn~enfassung 
Wahrend der Forschungsreise Nr 243 mit FS "Poseidon" untersuchte ein Team mariner 
Geowissenschaftler und ArchÃ¤ologe das wasserseitige Umfeld der wikingerzeitlichen 
"Ostsiedlung", Die zentralen Untersuchungsgebiete befinden sich im Tunugdliarfik Fjord und 
Igaliku Fjord Zur geophysikalischen Untersuchung der beiden Fjorde wurde ein schiffsseitig 
montiertes 18 kHz-Sedimentecholot, ein geschlepptes hochauflÃ¶sende 2-10 kHz Chirp- 
Profiler-System , ein tiefgeschlepptes 59 kHz- und ein flachgeschlepptes 100 kHz- 
Seitensichtsonar sowie ein unbemanntes Tauchgerat (ROV) eingesetzt. Die geologische 
Probennahme erfolgte mit einem Reineck Kastengreifer und einem 6m-Schwerelot. Direkt 
vor der Ausfahrt hatte die "Royal Danish Administration for Navigation and Hydrography" 
das Untersuchungsgebiet vermessen. Diese Daten wurden ab der 10-m-Isobathe durch weitere 
von FS "Poseidon" mit einem FÃ¤cherlo aufgenommene Vermessungsdaten ergÃ¤nz 
Aufnahmen vom Seitensichtsonar, von den profilierenden geophysikalischen Systemen und 
aus den Bohrkernen zeigen zahlreiche SchuttstrÃ¶m in beiden Fjorden. Ein charakteristisch 
ausgebildeter mehrlobiger Schuttstrom wurde im Tunugdliarfik Fjord entdeckt. Eisherg- 
pflugmarken sind hÃ¤ufi zu beobachten im Tiefenbereich bis 100 m Der Meeresboden im 
Igaliku-Fjord ist generell deutlich weniger gestÃ¶r durch EisbergaktivitÃ¤t Die CHIRP- 
Untersuchungen belegen, daÂ ungestÃ¶rte geschichtete ~ e d i m e n t e  in tieferen Fjordbereichen 
MÃ¤chtiakeite von mindestens 30 m aufweisen Die Sonaraufnahmen zeigen unterschiedliche 
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Muster am Meeresboden, von denen einige als Artefakte interpretiert werden kÃ¶nne Auch 
die Untersuchung mit dem unbemannten TauchgerÃ¤ (ROV) konnte diese als Artefakte nicht 
eindeutig zu identifizieren Die ROV-Aufnahmen zeigen zudem die benthische Flora und 
Fauna, vorwiegend aus dem Igaliku-Fjord. 



Resume 
Pa R V "POSEIDON1's sejlads 243 har en international gnippe af maringeologer og - 
arkÃ¤ologe undersogt sydvestgronlands fjorde i det tidligere nordboomrade, "Ã–sterbygden" 
Hovedmalsomr~det var Tunugdliarfik og Igaliku fjoi-dene Disse fjorde blev undersogt ved 
hjÃ¤l afPOSEIDON's 18 kHz skrogmonterede sediment ekkolod, et CHIRP towed sub- 
bottom profiler system med hÃ¶ oplÃ¶snin (1 - 10 kHz), en deep-towed EG&G 59 kHz side- 
scan sonar, en 100 kHz Klein side-scan sonar og et Remote Operated Veliicie (ROV) 
undervandsvideo system Yderligere blev der benyttet et skrogmonteret ELAC multibeam 
system (50 kHz), der var installeret specielt for denne sejlads Til sediment prÃ¶vetagnin bleb 
benyttet en Reineck box corer og en 6 rn gravity corer. Lige inden sejiadsen havde 
Farvandsvasenet lavet bathymetriske kort for undersogelsesomraderne. 
Ved at sammenliolde sub-bottoin PI-ofiler data, side-scan sonar information og 
sedimentsekvenser opnaet tned corings indikeres, at downslope sediment transport processer 
er karakteriske fanotiiener i begge de undersÃ¶gt Fjorde. Et godt defilieret multi-lobe debris 
flow koinpleks blev fundet i Tunugdliarfik fjorden. Plov furer fra isbjerge er spredt vidt 
omkring i denne fjord pa vanddybder mindre en ca 100 m Igaliku fjordens havbund er 
generell meget mindre forstyret af isbjerge CHIRP udskrifter indikerer at uforstyrede,akustisk 
laminerede sedimenter der fandtes i nogle a fde  dyhei-e dele af fjordene, liar en tykkelse pa 
mindst 30 in De optagede sonografiske billeder afdÃ¤kked en forskelligartethed af fanomener 
pa havbunden, hvoraf kun f i  kunne gÃ¶re til genstand for en tankt tolkning, der pegede pa en  
reprÃ¤sentatio af menneskelig fremstilling. Sa langt det var muligt, blev nogle af disse sidste 
mal undersogt med ROV. Disse mal kunne dog ikke blive verificeret som kommende fra 
menneskelig fremstilling Hertil viste ROV liavbundsoptagelser fra forskellige dybder i Igaliku 
Fjorden vigtige elenienter af undervandsflora og -fauna i denne fjord 100 kHz side-scan sonar 
optagelser fra kystnÃ¤r omrader pa grundt valid indikerer tilstedevÃ¤rels af en tidligere kystlinie 
pa 2-4 m dybde under den nuvarende genneinsnitlige vandstand 

Eqikkaaneq 
Umiarsuup misissuutip Poseidonip 243-ssaanik angalanerani immap naqqinik ujarassiuut 
itsarnisarsiuullu Nunatta Kujataata-kitaani kangerluit qallunaatsiaqarflusi~nas~~t Tunulliarfik 
Igalukullu Kangerlua aggustimi septembarimilu sapaatip-akunnerini pingasuni misissuiffigaat. 
Immap naqqani qillerilluni qalluinialersinnani qille~iffigiumasat sumiinnissaat 
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aalajangiiffigineqareermat atortorissaarutit pitsassuit atorlugit inimap naqqa imatut 
misissorneqaqqissaarallarpoq, Umiarsuup aqqutaa najoqqutaralugu innnap naqqa ammuinnaq 
uuttortaqqissaarneqarpoq, saniatigullu uuttortaat alla atorlugu sanimut uuttortaanerit 
ingerlanneqarlutik taamaalilluni immap naqqata qilleriffissap qaava nunap qaavatut 
takuneqarsinnaasunngorlugu Paasissutissat pisariaqartut pigineqalermata aatsaat sumerpiaq 
qillerisoqassatiersoq naggataatutaasutnik aalajangiiffigineqarpoq. Immap naqqa kiviorarnikunik 
meterit 30-t tikillugit issussusilinnik ukiorpassuit ingerlaneranni qallersorneqarsi~navoq 
makkuninnga Marraq, naasut inerittussaat allallu kuuit silaannaallu sunniinerata 
nassatarisinnaasagaat Qillerussuaq 6 meteritut takitigisoq immap naqqanit misissugassanik 
qalluinerrni atorneqarpoq, kiisalu immap uumassuseqarnera 100 meteri angullugu itissusilik 
misissorneqarpoq videomik assiliissussuaq ingerlaarteqattaarlugu umiarsuarmiit fjernsynikkut 
suna tamarmi isiginnaarneqarsi~~naalluni Tunulliarfik sermimik iigartartoqarnini pissutigalugu 
100 meterit tikillugit tikillugit itissusilik ilulissat itsinerisa assallatsertarsimavaat, Igalukulli 
Kangerluani naqqa assigiiaarneroqaaq akor~~usersorneqarsi~nannginneroqalunilu. 
Inuit s~iliarisimasinnaasaannik uuttortaaqqissaarneq iluaqutigalugu paasi~iiaaqqissaarnerigaiuit 
pissarsiffiunngitsoorput Igalikup Kangerluani itissutsini assigiinngitsuni video atorlugu 
assiliiortornerni il~~atsilluartumik naasunut uumasunullu tunngasuteqartuni 100 meterit tikillugit 
itissusilik pingaaruteqartunik pissarsiffigineqarpoq Uuttortaat pitsassuaq 100 Khz side-scan 
Sonar atorlugu sissainut qanittumi uuttortaanemp takutippaa qanga sissaq ullumikkornit 2-4 
meterinik appasinnerusiniasoq. 

3 



P i  tokt 243 rned forskningsfartefyet Poseidon undersakte et intemasjonalt team av marin 
geologer og arkeologer fjordomrider i sarvest Granland. Disse omridene er kjent sorn 
"asterbygd" i perioden for norran bosetning p i  Grenland. Hovedomridene var Eiriksfjord 03 
Einarsfjord. Havbunnen i disse fjordomridene ble undersakt rned Poseidons 18kHz skrog- 
monterte sedirnent ekkolodd, et CHIW hqoppleselig (2-lOkHz) tauet. bunnpenetrerende 
system, en EG&G 59kHz sidesakende sonar (pa dypt varm), et Klein (1 OOkHz) sidesekende 
sonar system ( p i  grunt vann) og en fjemstyrt undervannsfarkost (ROVt. I tillegg ble et skrog- 
montert ELAC multistrile System for batymetri installert sasrskilt for dette toktet. En Reineck 
bokscorer og en 6 m gravitasjons corer ble benyttet for sedirnent innsamling. Rett f0r toktet 
hadde det danske Farvandsvssenet laget batymetriske kart for fjordomridene. Data sarnlet inn 
rned bunnpenetrerende utstyr. sides~kende sonar og kjerneprevene indikerer at sterk 
sedirnentering er en viktig karakteristikk i begge ijorder. Et veldefinert sediment basseng ble 
funnet i Eiriksfjord. Skrapemerker fra isfjell er vanlig i denne tjorden ned til ca 100 m dybde. 
Sjobunnen i Einarstjorden er vanligvis mye mindre pivirket av isijell. CHIRP undersekelsene 
paviste at sedimentlagene i de dype delene av tjordene kan ha en tykkelse pa mimt 30 m. 
Sonogrammene viste rlere karakieristiske irekk ved sjobunnen. men bare noen t& anomalier 
som kunne viere kulturminner ble pavist. Disse ble undersakt rned ROV. :nen alle anomaliene 
viste seg a ha en naturlig forklaring. I tillegg ble sjsbunnen i Einarstjord undersakt rned ROV 
for & dokurnentere hovedelernentene av tlora og fauna i fjorden. Lndersakelsen rned lO0kHz 
Klein sidesakende sonar pa grunt vann yder  pa at det firmes en tialigere vannlinje pa et niva 
som ligger 2-4 rn iinder dagens nivi. 

I lei5angri RV Poseidon 243 rannsaka5i aibj68legur h6pur hafsbomsjar5frsainga og 
fomleifafreeainga hafsbom fjaraanna utan vi5 hina fomu v~kngabygga, Eystribygga, i SV 
Grsnlandi. A9airanns6knarsvas5ia var i Tunugdliarfik og Igaliku fir5i. Via ranns6knina var 
nota9ur dgptarmslir (l8kHz1 ranns6knarskipsins Poseidon, CHIRP endurvarpsÅ¸tbiina5u (2- 10 
kHz) Sem dreginn var via hli5 skipsins og rannsaka5i bykkt og gera setsins 6 hafsbominurn rne8 
h k i  upplausn, EG&G 59 kHz botnsja (dregin via hafsbotn), Klein 100 kHz botnsja og fjarstfr8 
nei7ansjavannyndavel (ROV). Einnie var notast via ELAC fjÃ¶lgeislamsl sern var komia fyrir 
ne5an 5 skipinu i leiaangrinum. ~e$jÃ¶rnur  Å̧ fjÃ¶r5unu var loks safna5 mea Reineck 
yfirbor9,skjarnataka og 6 m lÃ¶ngu failborskjarna. 

I leiaangrinum var stu5st vi9 itarleg dqptarkort Sem Royal Danish Administration for 
Navigation and Hydrography haf5i bÅ i̧ til skÃ¶mm fyrir leiaangurinn. 

GÃ¶g f r i  CHIRP og b o t n s j h ,  auk sethynda Sem saust i setkjÃ¶rnu sern safnaa var, svna 
a8 neaansjivar eajufl65 eru ra9andi ferli i b6aurn fjÃ¶r5um M.a. vom kortlÃ¶g vel afmÃ¶rku 
aurflo8 i Tunugdliarfik firai. FÃ¶ eftir borgarisjaka eru rnjÃ¶ algeng 6 hafsbotninurn ofan vi9 100 m 
dfpi i bessurn firai, en svipua fÃ¶ eru mun fmri  i Igaiiku fir5i. CHTRP gÃ¶gni s fna  a8 bar sern 
firaimu eru dqpstir ma finna btruflaa, lagskipt Set Sem er allt a9 30 rn bykkt. 

Mea gÃ¶gnur fr6 b o m s j h  var hsgt a5 kortleggja kennileiti ii hafsbotni. Pw sern bvi var 
via korni5 var fjarstyr8 neaansjavarmyndav61 (ROV) send til aa rannsaka slfk ummerki, en engin 
ummerkjanna sern vom sko5ua mea ROV reyndust vera hugsanlegar mannvistarleifar. A9rar ROV 
rnyndir fra fjÃ¶lmÃ¶rg dgpturn i Igaiiku fir9i sqna a5alkqndir hafsbotnsf5nu og -fl6ru fjaraarins. 
Ni5urstÃ–8u 100 kHz botnsjirgagnanna fra strandsvee5inu og grunnsasvi sqna eldri strandlfnu a 
um 2-4 rn dvpi. 



Using a multidisciplinary approach, the project aims to investigate SW Greenland fjords ( Fig. 
1 ) off the Eastern Settlement and adjacent coastal waters in order 1) to reconstruct Late 
Holocene marine environmental changes with a focus on the transition from the ,,Medieval 
Warm Period" (ca AD 900-1350) to the ,,Little Ice Age" (ca AD 1350-1850), and 2) to trace 
possible underwater archeological remains from the Norse settlement period 

Long before the Industrial Revolution human beings have had a profound impact on the face 
of the earth. Early human activities modified vegetation, soils, waters and wildlife of large 
parts of the earth. Changed terrestrial vegetation, which in turn alters the soil structure and 
water regime, is one of the factors to be considered when studying climate change. On the 
other hand, evidence has been found for a possible role of climate in the termination of major 
cultural evolution 

The old Icelandic and Norwegian saga's and medieval historical annals indicate that the first 
colonisation of SW Greenland by Eric the Red and his people (ca AD 985) coincides with the 
Medieval Warm Period. At middle latitudes over Northamerica this period was characterized 
by a greater drought intensity and frequency. Such extreme large-scale droughts did occur 
also in more recent times such as in the 1930's, a period during which northern polar ice had 
retreated, and the intertropical atmospheric pressure trough over the Atlantic was, on average, 
2-40 latitude farther north. Such favorable icefree conditions for transatlantic shipping 
between Iceland and Greenland must have prevailed at the time of the Norse colonisation o f  
Greenland, Iceland historical annals suggest the occurence On Iceland of larger areas with 
forest vegetation until a time between AD 1200 and 1300. The disappearance of these forests 
may have been caused by climate change, but may of course also (partly) have been due to 
overexplotation by the Islandic people. It is, however, evident from the Islandic annals that 
the climate on Iceland markedly deteriorated in the period 1291-1392 AD. 

With the results from the investigations proposed we hope to be able to reconstruct the local 
marine environmental conditions during the final phase of the Eastern Settlement The 
bearing idea is to study sediment cores from SW Greenland inshore and coastal waters for the 
immediate impact of large-scale climate range (,,Little Ice Age") On the hydrograpliic 
conditions of Eastern Settlement waters. It is evident that such an impact - as, for example, a 
more persistant ice Cover - could have had large effects On the availability of living ressources 
as well as on navigation, both crucial factors for the survival of the local population, Using 
primarely acoustic techniques such as side scan sonar and high resolution high frequency 
acoustic (e.g Chirp) technology principally required for selection of suitable coring sites, our 
further objective is to trace possible underwater cultural heritage as, for example, shipwrecks, 
lost cargo, constructions or other items from the settlement period. Once traced, such targets 
will further be investigated and documented by Remote Operated Vehicles (ROV) and, later, 
by divers. 



Fig l Regional setting ofthe study areas in Igaliku and Tunugdliarfik Fjord The location of 
core P0243-451 near Julianeliab is sliown as weil Black dots mark locations of remains from 
the Norse Eastern settlement 



THE CRUISE 
On August 23, 24 and 25 the scientific Crew and the scientific equipment arrived in the 
Reykjavik liarbour. After tlie installation and testing of the scientific equipment R.V. 
,,PoseidonM left Reykjavik on August 25 at 17.30 h and arrived at Julianehaab! SW- 
Greenland on August 29, 1998, 14 20 h. In contrast to the stormy weatlier, witli sonie seasick 
experienced scientists during the Passage from Iceland to Greenland, we Iiad wonderhl sunny 
weather during the whole time in the greenland fjords After arrival at Julianehaab the 
greenland televison came onboard to do a recording Escorted into the inner part of Igaliku 
fjord by SKA 11 and SKA 12, survey ships of the Royal Danish Administration for 
Navigation and Hydrography which shortly prior to the cruise finislied the bathynietric 
mapping of the investigation areas, R V ,,PoseidonM began profiling with tlie ELAC 
bottomchart-system in the working area at 20 00 h, 29.08 Due to dangerous squalls and 
icebergs tlie greenland a~itliorities onboard advised LIS against working during nighttime, what 
we did On August, 30th the anchor was raised at 05 12 h arid profiling was continued. At the 
same time 6 inembers of tlie scientific Crew made an excursion witli a rented speedboat to the 
norsemen settlements The mayor of Igaliku visited R V ,,Poseidon" on 30 08, while the first 
tracks with CHIRP sonar were run parallel to the ELAC-bottom mapping During tlie evening 
Reineck-boxcorer and gravity corer were used at two sites, located by the results of the chirp 
sonar. On 3 Ist tlie profiling with Chirp sonar and Deeptow sonar was continued between 
05'34 and 09.54, followed by coring activities with tlie two corers untill2 08 h During the 75 
sm long inshore transit in the admirable landscape of the Igaliku fjord and the Tunugdliarfik 
fjord tlie commander of SKA 11 and 12 (Jesper Hojdal) was on the bridge of R V Joseidon" 
to give nautical advice Close to Narssaq and in tlie SW-part of Tuniigdliarfik fjord several 
icebergs and growlers Iiad to be passed At 22 47 h, after nearly 11 hours, R V ,,PoseidonM 
reached tlie northern pari of Tunugdliarfik fjord, where a wonderhl display of the northern 
lights could be observed On Ist of september the hatliymetric survey witli the ELAC bottom 
chart system of Tunugdliarfik fjord began, often inter~upted by moving growlers and large 
icebergs At tlie Same time some excursions with tlie nibberboat gave the opportunity to 
observe some icebergs closer The nonvegian scientists made an excursion to Brattalhid, the 
historic settlement of Eric the Red under the guidance of tlie director of tlie National Museum 
of Greenland Emil Rosing, also a member of tlie scientific Crew In tlie afternoon two profiles 
with the deeptow sidescan sonar and Chirp sonar were run  followed by tlie taking of cores 
witli tlie box corer and gravity corer. 
In tlie early morning of 02 09 profiling witli the deeptow sidescan sonar and Chirp sonar 
were continued, parallel to tlie bathymetric mapping In the afternoon W Weinrebe was 
transported with the rubberboat to tlie airport Narsarsuaq for his return flight During the 
following thiee niglits Marek Jasinski stayed at the Hotel Narsarsuaq, as tvvo new members of 
the cruise arrived at 18 00 h by plane at Narsarsuaq JÃ¶r Tliiede, director of tlie Alfred- 
Wegener-Institute for Polai and Marine Reseaicli (Bremerhaven Germany) and Tlior-Olav 
Sperre (Trondlieim, Nonvay), Engeneer, owner and pilot of his Remote Operated Veliicle 
(ROV), whicli anived on the same plane The new Crew members and tlie ROV came onboard 
at tlie jetty of Narsarsuaq liarbour, wliere R V ,,Poseidon'' spent tlie night 02 I03 September 
untii 06 00 h Untii 22 12 h further profiles with deeptow sidescan sonar and Chirp sonai were 
run, samples were taken with box corer and gravity corei and at tliree sites tlie ROV was 
employed Simultaneo~is to tlie ROV operations five scientist and two members of R V 
,PoseidonsU crew ran profiles with the KLEIN sidescan sonar in tlie shallow water area close 
to Brattahlid 



On september, 4th, at 06 00 h R V ,,PoseidonU staited the Transit back to Igaliku Fjord, 
where tlie scientific work could be continued with sampling by box corer and gravity corer 
at 13 19 h, followed by ROV operations at three sites The ,,rubberboat-party" docu~nented 
with the KLEIN sidescan sonar, simultaneously to tlie ROV operations, the shallow water 
area close to tlie former seat of the bishop of the norsemen at IgalikuIGardar From 06 19 h 
until 08 28 h on 5th september two profiles with deeptow sidescan sonar and Chirp Sonar 
were run At 08'30 11 J Tliiede arid E Rosing lefl R V ,,Poseidon" for Narsarsuaq airport, 
another gravity core was taken and during tlie afternoon the ROV investigated features sliown 
in the sidescan sonar ~ecords  During the ROV activities the ,,rubberboat party" continued the 
sidescan sonar survey in the shallow water area dose  to lgaliku1Gardar At 19 36 h R V 
.Poseidon" left the inner part of Igaliku fjord with di~ection J~ilianehaab, wliere we arrived at 
21 5 1 h Thanks to the per~nission by tlie Gieenland Command of september, 5th two short 
Chit p sonar piofiles could be 1-1111 and samples could be taken by the box arid gravity corers 
during the inorning 06 09 dose  to Julineliaab The scientific work oti this cniise finished at  
11.00 h. Invited by tlie chief scientist and captain the commander and crew of the two survey 
vessels SKA 11 and SKA 12 weie invited to a ,,Thank Y~u'~-bruncli  onboard R V 
,,PoseidonN. Tlie extensive support fiom t1ie co~nmander and Crew of the Royal Danisli 
Administration for Navigation and Hydrography's vessels and tlie good atmosphere dming 
this coopei-ation was an essential factor in the success of this cruise After bruncli the 
Noi-wegian scientists left R V ,.Poseidon" for Narsarsuaq airpori R V ,,PoseidonM lefl 
Julianeliaab at 15 06 foi  anothe1- stormy transit with seasickness-proble~iis, to Iceland, wliere 
due to bad weather conditions we airived at 08.00 h, l Ith of september 

EQUIPMCNT AND METHODS 

All investigations done by R V ,,Poseidon" were positioned by a DGPS-positioning system 
Positioning during tlie sliallow water side scan sonai- sutveys by nibberboat was based 011 
terrestrial (compas) navigation 

A prerequisitc for all kincls OS marine geological and geophysical invcstigations is a good 
knowlcdgc of tlie bathymetry o f  the arca OS intcrcst. Thc Fjords in southwesi Greenland have 
been surveyed rcccntly hy the Royal Danisli Administration Sor Navigation and 
Hydrography (Farvandsvacsnet). but primat-ily for navigational purposcs. These survcys 
wer? cat-ricd out with single heam ecliosounders. 

During cruisc P0243 of R/V POSEIDON a multibcam survey was planncd to achievc a 
complcte coverage oS tlic area of investigation in the inner parts in Tunugdliarfik and 
lgaliko Fjord. As RIV POSEIDON is not equipped with a tnultibeam system, a temporal 
installation was ncccssary. The Kiel biised company L3 Communications ELAC Nautic 
p1ace.d ;I Bottomcliari Mk I1 multibcam echosounder to the disposal of the cruise PO243. 



Bottonicliait MK I1 - tcchnical specifications 

The ELAC Bottornchart MK I1 is available in two different versions for shallow and 
medium depth waters. As the expected dcpths in the inner parts of Tunugdliari'ik and lgaliko 
fjord were 300 in to 400 m on average, the Bottornchart system for medium depths was 
used on POSEIDON. 

Frequency 50 kHz 
Max swath widtli 150Â 
Max no of beams 126 
Max dcpth range 2,800 rn 

Bottomchart Mk I1 - installation on R/V POSEIDON 

The Boltomcliart system comprises two transducers, connection cables, an Ã§SEE30 
electronics cabinet, and a HP workstation with online and postproccssing software. Tlie 
electronics cabinet as well as the workstation were set up in the central lab.The two 
transducers were mounted in a V-shaped orientation with an angle of approximately 38O to 
a steel plate and placed in tlie ~noonpool. 

A reliable opeiation of a multibeam system requires additional data: 

Navigation infoimation An Ashtec differential GPS (D-GPS) system is available 
onboard R/V POSEIDON. The data stream is standard 
NMEA formal. Tlie Ashtec D-GPS system was interfaced 
to the SEE30 using a serial line 

Compass information R/V POSEIDON is equipped with an analog Ansch tz LR40 
gyro compass and a Ã§daughter compass with digital output. 
This uutput line was interfaced with the SEE30 using a 
serial line. 

Attitude information Continuous information on ship's attitude (roll, pitch, 
heave, yaw) is required for high precision multibeam 
surveys. However, there is no motion scnsor available on 
R/V POSEIDON, as there is no multibea~n system 
pei-manently installed onboard. The survcy during PO243 
was made deep inside tlie fjords at optimal weather 
conditions with reduceci ships speed al 4 knots, so roll, 
pitch, heave, and yaw movements of the ship were 
minimized. I-iowever, due to the rnissing motion Sensor, tlie 
achievable resolution was sliglitly reduced. 



A new ins[allation of a multibcarn system onboard a sliip rcquircs a co~nplete calibration of 
the system. Tliis applics to tlic temporal installation of the ELAC Bottomchart MK I1 
onboard R/V POSEIDON as wcll. Gcncrally, the exact positions of tlic trcinsduccrs relative 
to thc GPS antenna, a time ilclay in tlic navigaÅ¸o System, and thc prccisc angles of thc 
transducers to thc horizontal plane across (Ã§rol ofl'set~) and along (Ã§pitc offsctn) the ship 
havc to be detciniincd. Tlic tlicorctical background o l  tlic calibration process is outlined in 
clctail in Stccnstrup (1 996). 

Due U) strong constrainis in the light time schedulc only a reduced calibi'ation scheme could 
b e  accomplislicd. On scptembcr 2. a profile 3 km in lciigth iicross Tunugdliarfik frotn 
Qagssiiirssuk to Narssiissuak was incasurcd twicc by R/V POSEIDON in opposite 
dircctions. So a bias in tlic roll angle (%roll offset~) and in tlie pitcli angle (Ã§pitc offset~) 
which liavc thc grcatcst iiiflucrice (111 tlie data coulci bc cleterrnined, 

Watcr sound vclocity piofiles 

Crucial for thc dcptli ~ietcrmiiiations 01 batli~rnctric survcys is tlic cxact knowledge of tlie 
sound vclocities in the watcrlayers. During tlieir surveys in thc area the Danish 
Hydrographie Office (Farvandsvacsnct) recorded tlic watcr sound vclocity protilcs at many 
different locations. In tlicsc shallow fjord areas tlic watcr sound vclocity is priinarily 
depcndcnt on tlie watcr tcinpcrature and tlie inSlux of Cr-es11 water from rivers and glacicrs. 
As the velocity mctisui-cmcnts of the Danish Hydrographie Office wcrc made just days 
bclore P0243 cruise, tliese results wcre a good approximation to thc actual vclocity 
distribution arid were uscd to proccss tlie recordcd Bottomcliiirt data during P0243. 

Igaliko Fjord survey 

Tlic inner part of lgaliku [jod bctween about 60g 52' ani.1 60Â 59' northern latitude was 
rnappcd with Bottomc1ia1-t Mk I1 011 august 29 and 30. With 6 parallel profilcs in tlie 
soutliern part arid 4 parallel profiles in tlie northcrn part with a spacing of arouncl 500 m o n  
avcrage a completc covcragc o[ thc fjord arca could be acIiievei-1 ( Fig. 2 ). Due to drop outs 
in niivigation and gyro intorm;ilion onc profilc had to be rccordcd twice. 

Thc data wcrc proccsscd with ELAC Postproccssing software. Sound vclocity profilcs and 
calibration oKsets wcic taken into account. Prclimitiary rcsults arc sliown in Fig.3 as an 
isocontour map will1 contour intcrvals of 10 in. Generally Igaliko fjord shows an U-shaped 
cross profilc witli incrcasing deptlis from 60 m off thc villagc of Igaliko in tlie north to 
360 rn iit 60" 53 '  latitude in thc south. The gradual increasc in watcr dcptli is interruptcd by 
a sliglit stcp just north of tlic entrancc to Kujatdlcq [jord. Thc side walls of the fjord are 
gcncrally very slccp and rcficct the stcep ~iiount:iin slopcs onsliore. 



61' OO'N 

45" 30'W 45O 28'W 45' 26'W 45O 24'W 45O 22'W 45O 20'W 45' 18'W 

Fig. 2: Track chai-t witli mult ihca~n profiles (Igaliko Fjord) 



45O 30'W 45O 28'W 45' 26'W 45' 24'W 45" 22'W 45' 20'W 45O 18'W 

Fig. 3: Bathytnetry ol' Igaliko Fjord 



45" 32'W 45' 30'W 45" 28'W 45' 26'W 45O 24'W 45' 22'W 
Fig. 4: Track charts with ~nultibcam profilcs (Tunugdliarlik Fjord) 
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45' 32'W 45' 30'W 45O 28'W 45O 26'W 45O 24'W 45' 22'W 

Fig. 5: Biilhymciry ol' Tunugdl iar l ik  Fjord 



T u n u g ~ I l i a r ~ F j o r d  survcy 

Tlie inner part of Tunugdliarfik between about 61Â 0 2 , s '  and 61" 12' nortlicr~i latitudc was  
mappcd witli Bott~incliart M k  I1 on august 31 and septembcr 1 and 2.  In tlic inner Parts of 
tlie fjord a ncarly total covcrage was acliicved ( Fig.4 ). wlicras in thc soutli only tlie wcst 
sidc of Tunugdliarfik could be inapped due to many growlers and iccbcrgs ol'l' tlic entrance 
to Qoroq fjord. 

An isocontour map of Tunugdliarfik is sliown in Fig.5. Generally Tunugdliarl'ik lias an U- 
sliaped cross profile with incrcasing deptlis from 40 m in the north to 260 m in tlic snuth, 
interuptcd nortli o[ Qoroq fjord cntrance with a swell in a water~lcptli of around 170 in. 
Massive scdimcntary fans arc found in Ciont of tlic rivcr north of Narssassuak airport. Also 
in front of Qoroq fjord [ans arc evident. but not in such a regular pattcrn as in the nortli. 
Thc arca betwccn 61Â 06'  arid 61 08' north is esscntially flat witli a deptli of' 170 m. 

D ~ r i n g  tlie entire survey the liull-mounted 18 kHz sediment ecliosounder was used Maximum 
subbottom penetration depth in the area was 25 - 30 n~ Analogue data were displayed on a 
graphic recorder 
During acoustic profiling, tlie 18 kHz ecliosounder was ruti concurrently witli one of tlie side 
scan sonar Systems (59 or 100 kHz), whereas simultaneously a Iiigli-resolution (2 - 10 kHz) 
CHIRP subbottom profiler system was towed (pol? side) at approx. 4 111 deptli below tlie sea 
surface Data were analogue displayed on a grapliic recoider, wliile a Sony datiecorder was 
used for digital recording 

Side scan sonai seabed imaging 

Tlie sidescan used for this survey was a 59 kHz high-resolution deeptowed sidescan sonar 
(Mod 996, EG&G Cornp ) Tlie range of tlie swatli was 400m to each side with a beam 
widths Of l 3 degrees and a maximu~n resolution approx 2n1. Tlie sonar data were displayed 
online to a grapliic recorder (Mod 260, EG&G Comp ) and stored on analog tape for backup 
Sensor data (tempeiature, speed, heading arid depths) were collected on PC Due to tlie perfect 
weatlier conditions tlie sonar fisli could be towed witliout depressor and buoyancy fisli, with a 
towing speed of 2-3 knots over gioiind, at a depths of 40-60 in above tlie seafloor (wliicli 
con-esponds to 10-15 % of range used) Tlie side scan device was connected to a 1 1  mm 
double steel armoured coax cable on a HATLAPA deep sea winch witli a total cable lengths 
of 4620 m 

During the transit from Reykjavik to Gieenland a test of the deep-tow System with a short test 
cable sliowed no apparent failuies in tlie signal transmission A furtlier test after tlie deep-tow 
fish had been coupled to tlie HATLAPA deep sea conductor cahle indicated, Iiowever, severe 
problems witli tlie signal transmission from tlie fisli to tlie iecorder modem After a long series 
of tests it was found that tlie problern presumably was due to poor condition (corrosion) of tlie 
conductor cable giving way to an increased resistance In  order to compensate for tliis, tlie 
signal detection level oftlie recotdei modern was tuned more sensitive in order to better 
detect tlie returned signals 



Klein 100 kHz 

A 100 kHz Klein side scan sonar system with a fixed depressor was used on selected tracks in 
Tunugdliaifik fjord The fish was towed behind the ship (port sidej with an extra tow wire and 
a 100 m conductor cable Data were displayed on a Klein grapliic recorder, and 
siniultaneously recorded 011 a Sony 8-chamiel digital recorder Ship's speed was ca 3 knts. 

In addition, tlie 100 kIIz side scan sonar was deployed in shallow water from one of 
Poseidon's rubberboats During these shallow water surveys, that were carried out bot11 in 
Tunugdliarfik and Igaliku fjord, tlie transducer fish was towed without depressor at 1.5 to 1 . 8  
m depth below tlie sea surface, with a recording range of 75 rn The data were analogue 
recorded on the Klein glapliic recorder. Power supply was through a 24 V battery provided by 
the Royal Danish Administration for Navigation and Hydrography (SKA survey vessel) Tow 
speed was ca 2 knts most of the time. 

Sediment sampling 

Box coring 

In order to sample ~~tidisturbed surface sediments, a REINECK box corer was used witli an 
additional ballast weiglit of 300 kg (6 weights of 50 kg eachj The size of tlie boxes used is 
0 2 ~ 0 . 3 ~ 0  4 in Tlie inechanical setting of the corer for obtaining a good core quality with a 
sufficient sedinient penetration was inade based 011 previous experinients. The corer was 
lowered with tlie ship's wincli at a speed of 0.5 m/s down to a height of 20 m above the 
seafloor After a short stop here, the box corer was finally lowered to tlie seabed for sample 
collection 

Gravity cot ing 

For obtaining longer sediment cores, a gt-avity corer made by HYDROWERKSTATTEN 
KIEL (Germany) was deployed with a barrel lengtlis of 5.75 m Tlie inside barrel diameter 
was 130 mm. For collecting the sediment cores a PVC liner with an outside diameter of 125 
mm was used At one occasion, thin trasparent plastic was used for enabling an immediate 
onboard description of tlie entire sedimentary sequence cored in the fjord Tlie total weight of 
the corer also including the core barre1 is 1650 kg. This is the maximum weight in case all 27 
ballast weights (50 kg eachj are used. In our case, the mainly fine-grained sediments were 
relatively soft, wliich made it necessary to remove in total 500 kg ballast weight in order to 
prevent sediment distuibance of the top section of the core Depending 011 tlie sediment type, 
the corer was lowered at a speed of between 0 4 and 0 .9  m/s Similarely as with the box corer, 
immediately prior to sample collection the lowering of the corer was shortly stopped at 20 m 
above the seabed. 

The ROV investigation 

This part of the investigation was carried out by the Norwegian University of Science and 
Technology (NTNUj under tlie direction of Marek E Jasinski (Institute of Archaeology) and 
Fredt-ik Sereide (Department of Marine Systems Design) 



The side-scan sonar results obtained with the EG&G 59 kHz side-scan sonar in deep water 
(>30 m) were analysed arid interpreted with respect to locating cultural remains 011 the sea- 
floor. This revealed a variety of seabed features but only four which could be tentatively 
interpreted as human artifacts. Of these anomalies, three were situated in the Tunugdliarfik 
and one situated in the Igaliko fjord All of tlie anomalies were found on the relatively flat 
seafloor in deep water. Closer to the shore the terrain is steep with rocks and others features, 
making it difficult to separate cultural reinains from tlie natural features of the seafloor using 
a low frequency sonar 

The 3 anonialies in the Tunugdliarfik can best be described as thin, long spikes 011 the side 
scan sonar image This shape does not correspond to natural seabed features and a Remotely 
Operated Vehicle (ROV) was tlierefore used to investigate these sites The ROV system was 
built, owned and operated by tlie Norwegian company Sperre AS which cooperates closely 
with NTNU. This ROV could be operated down to 500 m depth in the present configuration 
and was equipped with thrusters that enable it to move in all directions, controlled by an 
operator on board the Poseidon. Control signals and power are supplied via a tetlier Tlie 
system was furtlier equipped with 3 video cameras, a scanning sonar to relocate the anotnalies 
and a one fi~nction manipulator arm to take saniples. Tlie 3 targets in Tunugdliarfik had tlie 
followitig positions (all positions reflect the position of the Poseidon as no underwater 
positioning system was used). 

Target 1: N 61 10 1543, W 45.29 1555, 40 111 water depth 
Target 2.  N 61 08 3736, W 45.30 0992, 60 m water depth. 
Target 3:  N 61.08 0933, W 45.29.7282, 140 m water depth 

These 3 targets were investigated on September 3. One natural feature was discovered 011 the 
seabed close to anomaly number 1 using the scanning sonar The top of a 30 m long hill had 
the same characteristic as the side-scan sonar anomaly and may explain tlie anomaly. In  the 
areas surrounding targets 2 and 3 nothing could be found which could account for the side- 
scan anomaly. It is tlierefore likely that these two targets were the result of noise distortions. 

Target 4: N 60 58,5535, W 45.22.2001 

Target 4 was the most interesting of the anomalies discoveied Several objects were situated 
on a flat seafloor in approxiniately 80 m depth, see Figure 2. This site in tlie Igaliko fjord was 
investigated by the ROV on September 4. While Poseidon was positioned 01% the site the ROV 
was sent down to inspect the area Tlie scanning sonar discovered two features with similar 
characteristics as the anomalies These targets were a pair of mounds, one 20-30 m long and 1 
m high and one 4-5 m long and 2 in high There were, however, no signs of man-made objects 
visible on the seafloor in this area, and even a small excavation in tlie largest mound using the 
manipulator arm could not reveal if man-made artifacts were hidden inside the mound, or give 
another explanation why these mounds had been created 

Additional seabed records made by the ROV cameras on September 5 over a Cross section of 
bathyn~etric settings in the Igaliko fjord showed major elements of the benthic flora and fauna 
of this fjord These unique video recordings will be analysed by biologists at tlie participating 
universities, Tlie documentation was made frorn approximately 250 m depth in tlie centre of 
the Igaliko fjord to the shoreline frorn starting position N 60 54 829, W 45 23 216 to 
position N 60.54.796, W 45 22 163. An additional area in shallow water (0-30 m) was also 
examined to locate possible ancient shorelines No evidence could, however. be found to 
support this theory in this area located around position N 60 53.247, W 45 29 058 



PRELIMlNARY RESULTS 

During POSEDON cruise 243 profiles witli deep-tow (59 kHz) sidescan sonar recording 
were mn bot11 in Igaliko ( Fig 6 ) and Tunugdliarfik Fjord ( Fig 7 ) On the first profile in 
Igaliku Fjord tlie recordings were delayed because of renewed signal problems caused by the 
wincli cable This time tlie problem was solved immideately by tlie technical staff, and the 
delay of tlie data collection was negligable Tlie direction of tlie profiles in tlie latter fjord 
were NNW-SSE, in tlie northern and the NE-SW in the more soutliein part of the flord 

The central, deeper part of the fjol-d is cliaiakterized by a featureless smootli seafloor with 
very low backscatter This can be asci ibed to the soft, fine-grained type of sediment found in 
the sedinient cores fiom tliis area The shallow (< 100 m water depths) areas sliow a generally 
higher backscatter value, vvitli some rock outcrop and blocks of rock material In contrast to 
these lines, tlie profiles iun close to tlie coast of the fjord show many rock outcrops, sinall 
iceberg plow marks, and sediment waves Soinetimes the sonar data were disturbed by tlie 
beam inteiference due to tlie thermocline piesent in the fjords 

In the northern pari oftlie surveyeci area in Igaliko Fjord, some seabed features with a 
maximum lengths of app~ox  25 m were detected, wliich could not be excluded to have an 
antliropic origin Water depths at tliis siie is aiound 80 in These targets were surveyed also 
with 200m and 100m iange in o d e r  to gain a higher resolution of the features, and they were 
finally invetigated with the Norwegian ROV. 

The deeptow survey in Tunugdliarfik Fjord ( see Fig 7 j includes 9 profiles Tlie main 
direction of the tracks were NNW-SSE arid N-S In tlie shallow area (water depths about 50mj 
iceberg plow marks are wideispread, but soinetimes also anthropogenic trawl marks could be 
found Tlie backscatter v a l ~ ~ e s  iange from very high (rock outcrop) and intermediate to high 
(debris flow material vvith blocks) to very low (sinooth seafloor with muddy inaterialj, At a 
water depths below 100m the iceberg plougli marks disappear, and the seabed becomes 
smootli an featureless down to about 400111 in tlie central part of tlie fjord 

Like in Igaliko Fjord sorne targels of possible anthropogenic origin were found Their size 
ranges from 10-30112 in length and 5-20111 in widtli These features were also investigated by 
ROV ( see above j 

Tlie acoustic profiles nin with the CHIRP subbottom profiler System are presented in Fig 8 
(Igaliku Fjord) and Fig 9 (Tunugdliarfik Fjord) Tlie location of tlie sedinient coring sites and 
ROV deployments is shown in Fig 10 (lgaliko Fjord ) und 11 (Tunugdliarfik j For hrther 
details, i.e tlie precise geographical coordinates of the survey lines and cores, is referred to 
the Annex Figure 12 and 13 indicate tlie areas wlieie 100 kl-lz side scan sonar profiles were 
run vvith R V. Poseidon and Poseidon's rubberboat I t  should be noted (see Annex, Table 3) 
that an additional box core and gravity core vvere taken off Julianaliaab ( Fig l ) 

Tlie deep-tow side scan sonar records and - to some extent - tlie niultibeam echosounder data 
fiom bot11 fjords clearly demonstiate tlie comnion occurence of seabed relief associated with 
the presence of debris flow deposits (Fig 14) 



45' 30'W 45" 28'W 45' 26'W 45" 24'W 45' 22'W 45' 20'W 45O 18'W 

Fig 6 Deeptow sidescan Sonar tracks (Igaliko Fjoid) 



45O 32'W 45" 30'W 4 5  28'W 45" 26'W 45" 24'W 45" 22'W 

Fig 7 Deeptow sidescan Sonar tracks (Tunugdliarfik Fjord) 
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45' 30'W 45O 28'W 45O 26'W 45' 24'W 45O 22'W 45O 20'W 45O 18'W 

Fig. 8: CHIRP subbottom profiler ti-acks (Jgaliko Fjord) 



45' 32'W 45' 30'W 45' 28'W 45O 26'W 45" 24'W 45" 22'W 
Fig 9 Cl1IR.P subbotloin piofilei tracks (T~~ti~igclliarfik Fjord) 

22 

1 O'N 



61 OO'N 

60' 58'N 

60' 56'N 

60' 54'N 

60' 52'N 

30'W 45O 28'W 45" 26'W 45O 24'W 45' 22'W 45O 20'W 45O 18'W 

Fig 10. Location ofsediment coring sites and ROV slations (Igaliko Fjoid) 
â‚ a 



45' 32'W 45' 30'W 45' 28'W 45' 26'W 45O 24'W 45" 22'W 
Fig 1 1  Location of  sediment coting sites ancl ROV stations (Tunugdliarfik Fjord) 
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58'N 

56'N 

45O 30'W 45" 28'W 45" 26'W 45O 24'W 45' 22'W 45' 20'W 45' 18'W 
Fig. 12 KLEIN sidescan sonai- II-acks (Igaliko Fjord) CI-oss-hatched sliallow watei- ai-eas weie 
surveyed by I-ubberboat 
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Fig 14 Example o f a  CHIRP subbottom piofiler iecord riom tlie central part of tlie Igaliko 
Fjord study area The recoid shows acoustically finely laminated sediments mainly in the 
upper part of the sedimentai y sequence, piesumably indicative of turbidite deposits 
alternating with intervals of authigenic f10i.d sediments The underlying, more transpaient 
units may indicate tlie presence of thick sandy debris flow deposits The watet- depths is 
around 290 m 



Also the sediment cores yield ample evidence for tlie relatively frequent occurrence ofdebris 
and turbidity flovvs The CIHIRP records from areas where downslope processes dominate 
display a relatively rough topography, whereas acoustic lamination is absent or rare, with 
thicker, acoustically more transparent (muddy silt-sand) units dominating However, some 
areas display regular and continuous acoustic lamination , suggesting a sedimentary 
environment less disturbed by debris flow activity CHIRP records from these sites sliovv that 
the sedimentary infill of the fjords deposited since the last glaciation lias a niaximum 
thickness of at least 35 m These areas were preferably selected for sediment sampling 

Fig 15 Sonograph from coastal waters off Brattahlid sliowing a drowned coastline at 3-4 m 
water depths 

The profiles run with the Klein 100 kHz side scan sonar in shalfow ( < 10 in ) and deep water 
are shown in Fig 12 ( Igaliko Fjord ) and 13 ( Tunugdliarfik Fjord ) The 100 kHz sonographs 
from the shallow water survey ( cross-hatched ares, Fig 12, 13 ) demonstrate the local 
presence of a drowned coastline ( Fig 15 ) at water depths of 3 - 4 m below present mean sea 
level (Tunugdliarfik Fjord). 
At water depths of less tlian 100 m both the deep-tow 59 kHz arid 100 kHz shallovv water 
sonographs demonstrate, however, a marked difference of the small-scale seabed relief, when 
cotnparing both study areas 
While the seabed of Tunugdliarfik fjord has been intensively reworked by grounded ice 
bergs, sonographs from the seabed of tlie Igaliku Fjord only rarely show the presence of 
iceberg plow marks 

Some seabed features observed On the sonoraphs suggested the possible presence of human- 
made artifacts 011 the bottom of the fjords. A ROV deployment on one of these targets could, 
however, not further verify the character of the target dealt with It must be assumed that 
generally the sedin~ent accumulation rate in the deeper part of the fjords is probanly that high, 
that after several centuries objects will be covered by meter(s) of mud A major difference 
between the two study areas with an immediate impact on ROV work is the underwater 
visibility While in Tunugdliarfik turbidity of the surface water layer caused a reduction of the 
visibility in this layer to less tlian 1-2 m, visibility conditions in the Igaliku fjord were inuch 
more favourable. ROV recordings made in the latter fjord at different water depths clearly 
showed major bentliic flora and fauna elements present in the fjord 



Sediments 
The sediment water interface was well preserved in all the box cores tliat were taken during 
the cruise. This was demonstrated by intact suiface wormtubes and an oxidized top layer (ca  2 
cm thick). The sediment in tlie box cores was soft mud to sandy mud, varying in colour k o m  
olive gray to brownish gray Faint layering was observed in some of the cores when tliey were 
subsainpled 
One gravity core was split during the cruise to get an Impression of tlie deeper sediments 
already during the cruise Core 243-431, wliich was sampled in a soft plastic tube, included an 
upper section with olive gray, mottled mudlsandy mud witli occasional pebbles (ca 0 5 cni in 
dianieter) and layers of well sorted sand Mollusc shells were found within tliis unit The 
middle part of tlie coie included appioximately 1,s m of matrix supported gravel arid pebbles 
(up to 2 cm), although some layering and upvvaid grading could be obsei-ved within tliis unit 
The third unit resembled tlie upperinost palt of the core and contained inainly mottled mud 
with occasional pebbles (<1.5 ein in diaiiietet-) Finally, the lowermost ineter of tlie core 
included coarser material with matrix suppo~ted coaise sandlgravel and occasional layers o f  
well sorted sand Evidence for downslope sediment piocesses (turbidity cun-ents and debris 
flows) aie ainple in tlie core wliich con-elates well with preliminary results from acoustic data. 
Examination of core catcheis and surface sediment froni the other gravity cores showed tliat 
the dominating sediinent type is olive gray mud 
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Annex 

1. Geographie cooidinates of acoustic piofiles (startlend position) 

2 Geogi aphic coordinates of sediment coi es 

3 Geogi aphic cool dinates of R 0 V  sitcs 

4 List ofparticipants ancl affiliation 

5 Crew List R V ,,Poseidon" 

I Geographie coo~dinates ofacoustic piofiles (staitlend position) 

Deep towcd sidc scan sonar D 
Chirp sonai C, 
18 kf-lz- A 
ELAC Bottom cliart System E 
Klein side scan Sonar S 

Igaliko Fjord 

TrackNo Start End Date Time Equipment 

60 56,24 NI045 22,23 W 
60 53,25 NI045 26,7 1 W 
60 56.20 NI045 21.05 W 
60 53,Ol NI045 25,48 W 
keine Pos , Geiatedefekt 
60 58,62 NI045 22,96 W 
60 56,24 NI045 21,s 1 W 
60 58.70 NI045 22,18 W 
60 56-60 NI045 20,68 W 
60 58,66 NI045 22,98 VV 



Tunugdliarfik Fjord 

TrackNo. Start End Date Time Equipment 

2. Geographie coordinates of sediment cores (witli water depth and core length) 

Reineck Box Cores 

No water depths position lengths area date 

P0 98 - 430 222 m 60 57,13 N 1 045 21,99 W 45 cm Igaliku Fjord 30.08.1998 
P0 98 - 434 296 m 60 55 I0 N I 045 24,lO W 60 cm 31 08.1998 
P0 98 - 435 178 m 61 08,lO N 1045 27,60 W 50 cm Tunugdliarfik Fjord 01.09 1998 
PO 98 - 437 136 m 61 10,22 N I 045 28,99 W 30 cm 01 09 1998 
PO 98 - 450 304 m 60 41,89 N 1 046 02,16 W 40 cin Julianehaab 06.09 1998 



GI avity Cores 

No. water depths position lengths area date 
~ - 

700 cm Igaliku Fjord 30.08.1998 
500 cm 3 1 0 8  1998 
580 cm 31 08.1998 
580 cm Tunugdliarfik 01 09.1998 
180 cm Fjord 01.09 1998 
180 cnl 01 09 1998 
600 cm Igaliku-Fjord 04.09.1998 
550 cm 04 091998 
560 cm 04 09 1998 
500 cm 05 09.1998 
350 cm Julianeliaab 06.09.1998 

3 .  Geographie coordinates of ROV sites 

No. water depths position Ai-ea DateITime 
------.--------------------.-----------...--------------------.-.-.-------------------------------------------- 

1 (440) 38 m 61 08,46 N 1045 30,20 W Tunnugdliarfik Fjord 01.09.1998 I 18.55-2042 

3(442) 135m 61 10,13N/04529,04W 01 09.1998 123.09-00:02 

4 (444) 92m 60 5856 N 1045 22,22 W Igaliku Fjoid 04 09.1998 1 17:28-19:23 
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Folgende Hefte der Reihe ,,Berichte zur Polarforschung" 
sind bisher erschienen: 

Sonderheft Nr. 111981 - ,,Die Antarktis und ihr Lebensraum" 
Eine Einfuhrung fÃ¼ Besucher - Herausgegeben im Auftrag von SCAR 
Heft Nr. 111982 - =Die Filchner-Schelfeis-Expedition 1980181" 
zusammengestellt von Heinz Kohnen 

* Heft-Nr. 2/1982 - ,Deutsche Antarktis-Ex editionl980181 mit FS ,Meteor'" 
First International ~ I O M A S S  Ex eriment ( ~ B E X )  - Liste der Zooplankton- und MikronektonnetzfÃ¤ng 
zusammengestellt von Norbert Klages. 
Heft Nr. 311982 - Ã£Digital und analoge Krill-Echolot-Rohdatenerfassung an Bord des Forschungs- 
schiffes ,Meteora" (im Rahmen von FIBEX 1980181, Fahrtabschnitt ANT III), von Bodo Morgenstern 
Heft Nr. 411982 - ,,Filchner-Schelfeis-Expedition 1980181 " 
Liste der PlanktonfÃ¤ng und LichtstÃ¤rkemessunge 
zusammengestellt von Gerd Hubold und H. Eberhard Drescher 
Heft Nr. 511982 - "Joint Biological Expedition on RRS 'John Biscoe', February 1982" 
by G. Hempel and R. B. Heywood 
Heft Nr. 611982 - Ã£Antarktis-Expeditio 1981182 (Unternehmen ,Eiswarte')" 
zusammengestellt von Gode Gravenhorst 
Heft Nr. 711982 - ,,Marin-Biologisches Begleitprogramm zur Standorterkundung 1979180 mit MS ,Polar- 
sirkel' (Pre-Site Survey)" - Stationslisten der Mikronekton- und Zooplanktonfange sowie der Bodenfischerei 
zusammengestellt von R. Schneppenheirn 
Heft Nr. 811983 - "The Post-Fibex Data Interpretation Workshop" 
by D. L. Cram and J.-C. Freytag with the collaboration of J. W. Schmidt, M. Mall, R. Kresse, T, Schwingharnmer 

* Heft Nr. 911983 - "Distribution of some groups of zooplankton in the inner Weddell Sea in sumrner 1979180" 
by I. Hernpel, G. Hubold, B. Kaczmaruk, R. Keller, R. Weigmann-Haass 
Heft Nr. 1011983 - ,,Fluor im antarktischen Ã–kosystem - DFG-Symposium November 1982 
zusammengestellt von Dieter Adelung 
Heft Nr. 1111983 - "Joint Biological Expedition on RRS 'John Biscoe', February 1982 (11)" 
Data of micronecton and zooplankton hauls, by Uwe Piatkowski 
Heft Nr. 1U1983 - *Das biologische Programm der ANTARKTIS-I-Expedition 1983 mit FS ,Polarstern'" 
Stationslisten der Plankton-, Benthos- und GrundschleppnetzfÃ¤ng und Liste der Probennahme an Robben 
und Vogeln, von H. E. Drescher, G. Hubold, U. Piatkowski, J. PlÃ¶t und J. VoÃ 

* Heft Nr. 1311983 - ,,Die Antarktis-Expedition von MS ,PolarbjÃ¶rn 1982183" (Sornrnerkampagne zur 
Atka-Bucht und zu den Kraul-Bergen), zusammengestellt von Heinz Kohnen 
Sonderheft Nr. U1983 - ,,Die erste Antarktis-Expedition von FS ,Polarstern' (Kapstadt, 20, Januar 1983 - 
Rio de Janeiro, 25. MÃ¤r 1983)", Bericht des Fahrtleiters Prof. Dr. Gotthilf Hempel 
Sonderheft Nr. 311983 - ,,Sicherheit und Ã¼berlebe bei Polarexpeditionen" 
zusammengestellt von Heinz Kohnen 

* Heft Nr. 1411983 - ,,Die erste Antarktis-Expedition (ANTARKTIS I) von FS ,Polarstern' 1982183" 
herausgegeben von Gotthilf Hempel 
Sonderheft Nr. 411983 - "On the Biology of Krill Euphausia superba" - Proceedings of the Seminar 
and Report of the Krill Ecology Group, Bremerhaven 12.-16, May 1983, edited by S. B. Schnack 
Heft Nr. 1511983 - "German Antarctic Expedition 1980/81 with FRV 'Walther Herwig' and RV 'Meteor'' ' - 
First International BIOMASS Experiment (FIBEX) - Data of rnicronekton and zooplankton hauls 
by Uwe Piatkowski and Norbert Klages 
Sonderheft Nr. 511984 - "The observatories of the Georg von Neumayer Station", by Ernst Augstein 
Heft Nr. 1611984 - "FIBEX cruise zooplankton data" 
by U. Piatkowski, I. Hernpel and S. Rakusa-Suszczewski 
Heft Nr. 1711984 - ,,Fahrtbericht (cruise report) der ,Polarstern'-Reise ARKTIS I, 1983" 
von E. Augstein, G. Hernpel und J. Thiede 
Heft Nr. 1811984 - ,,Die Expedition ANTARKTIS II mit FS ,Polarstern' 1983/84", 
Bericht von den Fahrtabschnitten 1, 2 und 3, herausgegeben von D. FÃ¼ttere 
Heft Nr. 1911984 - ,,Die Expedition ANTARKTIS II mit FS ,Polarstern' 1983/84", 
Bericht vom Fahrtabschnitt 4, Punta Arenas-Kapstadt (Ant-11/4), herausgegeben von H. Kohnen 
Heft Nr. 2011984 - ,,Die Expedition ARKTIS II des FS ,Polarstern' 1984, mit Beitragen des FS ,Valdivia' 
und des Forschungsflugzeuges ,Falcon 20' zum Marginal Ice Zone Experiment 1984 (MIZEX)" 
von E. Augstein, G. Hernpel, J. Schwarz, J. Thiede und W. Weigel 
Heft Nr. 2111985 - "Euphausiid larvae in plankton samples from the vicinity of the Antarctic Pemnsula, 
February 1982" by Sigrid Marschall and Elke Mizdalski 
Heft Nr. 22i1985 - "Maps &f the geographical distribution of macrozooplankton in the Atlantic sector of 
the Southern Ocean" by Uwe Piatkowski 
Heft Nr. 2311985 - ,,Untersuchungen zur Funktionsmorphologie und Nahrungsaufnahme der Larven 
des Antarktischen Krills Euphausia superba Dana" von Hans-Peter Marschall 



Heft Nr: 24/1985 - ,,Untersuchungen zum Periglazial auf der KÃ¶nig-Georg-Inse Sudshetlandinseln/ 
Antarktika Deutsche physiogeographische Forschungewin der Antarktis. - Bericht Ã¼be die Kampagne 
1983/84" von Dietrich Barsch. Wolf-Dieter Blumel, Wolfgang Flugel, Roland Mausbacher, Gerhard 
Stablein, Wolfganq Zick 
* Heft-Nr. 25/1985 - ,,Die Ex edition ANTARKTIS 111 mit FS ,Polarstern' 198411985" 

herausgegeben von ~ o t t h i l f ~ e m D e l .  
'Heft-Nr. 26/1985 - "The Southern Ocean"; A survey of oceanographic and marine meteorological 
research work by Hellmer et al 
Heft Nr. 27/1986 - , Spatpleistozane Sedimentationsprozesse am antarktischen Kontinentalhang 
vor Kapp Norvegia, ostliche Weddell-See'' von Hannes Grobe 
Heft Nr. 28/1986 - -Die Expedition ARKTIS 1 1 1  mit ,Polarstern' 1985" 
mit Beitragen der Fahrtteilnehmer, herausgegeben von Rainer Gersonde 

* Heft Nr. 29/1986 - .,5 Jahre Schwerpunktprogramm ,Antarktisforschung' 
der Deutschen Forschungsgemeinschaft." Ruckblick und Ausblick. 
Zusammengestellt von Gotthilf Hempel, Sprecher des Schwerpunktprogramms 
Heft Nr. 30/1986 - "The Meteorological Data of the Georg-von-Neumayer-Station for 1981 and 1982" 
by Marianne Gube and Friedrich Oblertner 
Heft Nr. 31/1986 - ,.Zur Biologie der Jugendstadien der Notothenioidei (Pisces) an der 
Antarktischen Halbinsel" von A. Kellermann 
Heft Nr. 32/1986 - -Die Expedition ANTARKTIS IV mit FS ,Polarstern' 1985/86" 
mit Beitragen der Fahrtteilnehmer, herausgegeben von Dieter Futterer 
Heft Nr. 3311987 - -Die Expedition ANTARKTIS-\V mit FS ,Polarstern' 1985186 - 
Bericht zu den Fahrtabschnitten ANT-IV/3-4" von Dieter Karl FÃ¼ttere 
Heft Nr. 34/1987 - ,,Zoogeographische Untersuchungen und Gemeinschaftsanalysen 
an antarktischem Makroplankton" von U. Piatkowski 
Heft Nr. 35/1987 - ,,Zur Verbreitung des Meso- und Makrozooplanktons in Oberflachenwasser 
der Weddell See (Antarktis)" von E. Boysen-Ennen 
Heft Nr. 36/1987 - -Zur Nahrungs- und Bewegungsphysiologie von Salpa thompsoni und Salpa fusiformis" 
von M. Reinke 
Heft Nr. 37/1987 - "The Eastern Weddell Sea Drifting Buoy Data Set of the Winter Weddell Sea Project 
(WWSP)" 1986 by Heinrich Hoeber und Marianne Gube-Lehnhardt 
Heft Nr. 38/1987 - "The Meteorological Data of the Georg von Neumayer Station for 1983 and 1984" 
by M. Gube-Lenhardt 
Heft Nr. 39/1987 - ,,Die Winter-Expedition mit FS ,Polarstern' in die Antarktis (ANT Vll-3)" 
herausgegeben von Sigrid Schnack-Schiel 
Heft Nr. 4011987 - "Weather and Synoptic Situation during Winter Weddell Sea Project 1986 (ANT Vl2) 
July 16-September 10, 1986" by Werner Rabe 
Heft Nr. 4111988 - Jur Verbreitung und okologie der Seegurken im Weddellmeer (Antarktis)" von Julian Gutt 
Heft Nr. 4211988 - "The zooplankton community in the deep bathyal and abyssal zones 
of the eastern North Atlantic" by Werner Beckmann 
Heft Nr. 43/1988 - "Scientific cruise repori of Arctic Expedition ARK IV/3" 
Wissenschaftlicher Fahrtbericht der Arktis-Expedition ARK IV/3, compiled by Jorn Thiede 
Heft Nr. 4411988 - "Data Report for FV 'Polarstern' Cruise ARK IVl1, 1987 to the Arctic and Polar Fronts" 
by Hans-Jurgen Hirche 
Heft Nr. 45/1988 - ,,Zoogeographie und Gemeinschaftsanalyse des Makrozoobenthos des Weddellmeeres 
(Antarktis)" von Joachim VoÃ 
Heft Nr. 4611988 - "Meteorological and Oceanographic Data of the Winter-Weddell-Sea Project 1986 
(ANT Vl3)" by Eberhard Fahrbach 
Heft Nr. 4711988 - ,,Verteilung und Herkunft glazial-mariner GerÃ¶ll am Antarktischen Kontinentalrand 
des cjstlichen Weddellmeeres" von Wolfgang Oskierski 
Heft Nr. 4811988 - ,,Variationen des Erdmagnetfeldes an der GvN-Station'' von Arnold Brodscholl 
Heft Nr. 49/1988 - ,,Zur Bedeutung der Lipide im antarktischen Zooplankton" von Wilhelm Hagen 
Heft Nr. 5011988 - ,,Die gezeitenbedingte Dynamik des EkstrÃ¶m-Scheifeises Antarktis" von Wolfgang Kobarg 
Heft Nr. 51/1988 - Ã£Okomorphologi nototheniider Fische aus dem Weddellmeer, Antarktis', von Werner Ekau 
Heft Nr. 52/1988 - ,,Zusammensetzung der Bodenfauna in der westlichen Fram-StraÃŸe 
von Dieter Piepenburg 

* Heft Nr. 5311988 - ,,Untersuchungen zur Ã–kologi des Phytoplanktons im sudostlichen Weddellmeer 
(Antarktis) im Jan./Febr. 1985" von Eva-Maria Nothig 
Heft Nr. 54/1988 - -Die Fischfauna des Ã¶stliche und sÃ¼dliche Weddellmeeres: 
geographische Verbreitung, Nahrung und trophische Stellung der Fischarten" von Wiebke Schwarzbach 
Heft Nr. 55/1988 - "Weight and length data of zooplankton in the Weddell Sea 
in austral spring 1986 (Ant Vl3)" by Elke Mizdalski 
Heft Nr. 5611989 - "Scientific cruise report of Arctic expeditions ARK IVl1, 2 & 3" 
by G. Krause, J. Meincke und J. Thiede 



Heft Nr. 57/1989 - ,,Die Expedition ANTARKTIS V mit FS ,Polarstern' 1986187" 
Bericht von den Fahrtabschnitten ANT V/4-5 von H. Miller und H. Oerter 

* Heft Nr. 58/1989 - ,,Die Expedition ANTARKTIS VI mit FS Polarstern' 1987188" 
von D. K. Futterer 
Heft Nr.. 59/1989 - Ã£Di Expedition ARKTIS Vlla, 1 b und 2 mit FS ,Polarstern' 1988" 
von M. Spindler 
Heft Nr. 60/1989 - ,,Ein zweidimensionales Modell zur therrnohalinen Zirkulation unter dem Schelfeis" 
von H. H. Hellmer 
Heft Nr. 6111989 - ,,Die Vulkanite im westlichen und mittleren Neuschwabenland, 
Vestfjella und Ahlmannryggen, Antarktika" von M. Peters 

* Heft-Nr. 62/1989 - "The Expedition ANTARKTIS Vll/l and 2 (EPOS I) of RV 'Polarstern' 
in 1988/89", by I. Hempel 
Heft Nr. 63/1989 - ,,Die Eisalgenflora des Weddellrneeres (Antarktis): Artenzusammensetzung und Biomasse 
sowie Okophysiologie ausgewÃ¤hlte Arten" von Annette Bartsch 
Heft Nr. 641989 - "Meteorological Data of the G.-V.-Neumayer-Station (Antarctica)" by L. Helmes 
Heft Nr. 65/1989 - ,,Expedition Antarktis VIV3 in 1988/89" by I. Hempel, P. H. Schalk. V. Srnetacek 
Heft Nr. 66/1989 - ,,Geomorphologisch-glaziologische Detailkartierung 
des arid-hochpolaren Borgmassivet, Neuschwabenland, Antarktika" von Karsten Brunk 
Heft-Nr. 67/1990 - ,,Identification key and catalogue of larval Antarctic fishes", 
edited by Adolf Kellermann 
Heft-Nr. 68/1990 - ,,The Expediton Antarktis Vlll4 (Epos leg 3) and Vlll5 of RV 'Polarstern' in 1989", 
edited by W. Arntz, W. Ernst, I. Hempel 
Heft-Nr. 69/1990 - ,,AbhÃ¤ngigkeite elastischer und rheologischer Eigenschaften des Meereises vom 
EisgefÃ¼ge" von Harald Hellmann 
Heft-Nr. 70/1990 - Ã£Di beschalten benthischen Mollusken (Gastropoda und Bivalvia) des 
Weddellmeeres, Antarktis", von Stefan Hain 
Heft-Nr. 71/1990 - ,,Sedimentologie und PalÃ¤omagneti an Sedimenten der Maudkuppe (Nordostliches 
Weddellmeer)", von Dieter Cordes. 
Heft-Nr. 72/1990 - Ã£Distributio and abundance of planktonic copepods (Crustacea) in the Weddell Sea 
in summer 1980/81", by F. Kurbjeweit and S. Ali-Khan 
Heft-Nr. 7311990 - Jur FrÃ¼hdiagenes von organischem Kohlenstoff und Opal in Sedimenten des sÃ¼dliche 
und Ã¶stliche Weddellmeeres", von M. SchlÃ¼te 
Heft-Nr. 74/1990 - Ã£Expeditione ANTARCTS-VIIII3 und Vlll14 mit FS ,Polarstern' 1989" 
von Rainer Gersonde und Gotthilf Hempel 
Heft-Nr. 7511991 - ,,QuartÃ¤r Sedimentationsprozesse am Kontinentalhang des SÃ¼d-Orkey-Plateau im 
nordwestlichen Weddellmeer (Antarktis)", von Sigrun GrÃ¼ni 
Heft-Nr. 76/1990 -*Ergebnisse der faunistischen Arbeiten im Benthal von King George Island 
(Sudshetlandinseln, Antarktis)", von Martin Rauschen: 
Heft-Nr. 77/1990 - Ã£Verteilun von Mikroplankton-Organismen nordwestlich der Antarktischen Halbinsel 
unter dem EinfluÃ sich Ã¤ndernde Umweltbedingungen irn Herbst", von Heinz KlÃ¶se 
Heft-Nr. 7811991 - ,,HochauflÃ¶send Magnetostratigraphie spÃ¤tquartÃ¤r Sedimente arktischer 
Meeresgebiete", von Norbert R. Nowaczyk 

Heft-Nr. 79/1991 - Ã£Ã–kophysiol~gis~ Untersuchungen zur SalinitÃ¤ts und Temperaturtoleranz 
antarktischer GrÃ¼nalge unter besonderer BerÃ¼cksichtigun des ÃŸ-Dimethylsulfoniumpropiona 
(DMSP) - Stoffwechsels", von Ulf Karsten 
Heft-Nr. 80/1991 -,,Die Expedition ARKTIS VII/l mit FS ,Polarstern' 199OV, 
herausgegeben von JÃ¶r Thiede und Gotthilf Hempel 

Heft-Nr. 8111991 - PalÃ¤oglaziologi und PalÃ¤ozeanographi im SpÃ¤tquartÃ arn Kontinentalrand des 
sÃ¼dliche weddellmberes, Antarktis", von Martin Melles 
Heft-Nr. 82/1991 - Quantifizierung von Meereseigenschaften: Automatische Bildanalyse von 
DÃ¼nnschnitte und Parametri~ierun~ von Chlorophyll- und Salzgehaltsverteilungen", von Hajo Eicken 
Heft-Nr. 8311991 - ,,Das FlieÃŸe von Schelfeisen - numerische Simulationen 
mit der Methode der finiten Differenzen", von JÃ¼rge Determann 
Heft-Nr. 8411991 - ,,Die Expedition ANTARKTIS-VIII/l-2, 1989 mit der Winter Weddell Gyre Study 
der Forschungsschiffe ,,Polarsternm und ,,Akademik Fedorov", von Ernst Augstein, 
Nikolai Bagriantsev und Hans Werner Schenke 
Heft-Nr. 8511991 - ,,Zur Entstehung von Unterwassereis und das Wachstum und die Energiebilanz 
des Meereises in der Atka Bucht, Antarktis", von Josef Kipfstuhl 
Heft-Nr. 8611991 - ,,Die Expedition ANTARKTIS-VIII mit ,,FS Polarstern" 1989/90. Bericht vom 
Fahrtabschnitt ANT-VIII / 5 "  von Heinz Miller und Hans Oerter 
Heft-Nr. 8711991 -"Scientific cruise reports of Arctic expeditions ARK VI / 1-4 of RV "Polarstern" 
in 1989", edited by G. Krause, J. Meincke & H. J. Schwarz 
Heft-Nr. 88/1991 - Ã£Zu Lebensgeschichte dominanter Copepodenarten (Calanus finmarchicus, 
C. glacialis, C. hyperboreus, Metridia longa) in der FramstraÃŸe" von Sabine Diel 



Heft-Nr. 89/1991 - ,,Detaillierte seismische Untersuchungen am Ã¶stliche Kontinentalrand 
des Weddell-Meeres vor Kapp Norvegia, Antarktis", von Norbert E. Kaul 
Heft-Nr. 90/1991 - ,,Die Expedition ANTARKTIS-VIII mit FS ,,Polarsternfi 1989/90. 
Bericht von den Fahrtabschnitten ANT-VIII/6-7", herausgegeben von Dieter Karl Futterer 
und Otto Schrems 
Heft-Nr. 9111991 - "Blood physiology and ecological consequences in Weddell Sea fishes (Antarctica)", 
by Andreas Kunzmann 
Heft-Nr. 92/1991 - ,,Zur sommerlichen Verteilung des Mesozooplanktons im Nansen-Becken, 
Nordpolarmeer", von Nicolai Mumm 
Heft-Nr. 93/1991 - ,,Die Expedition ARKTIS VII mit FS ,,Polarsternm, 1990. 
Bericht vom Fahrtabschnitt ARK Vll/2", herausgegeben von Gunther Krause 
Heft-Nr. 9411991 - ,,Die Entwicklung des Phytoplanktons im Ã¶stliche Weddellmeer (Antarktis) 
beim Ubergang vom SpÃ¤twinte zum FrÃ¼hjahr" von Renate Scharek 
Heft-Nr. 9511991 -,,,Radioisotopenstratigraphie, Sedimentologie und Geochemie jungquartÃ¤re 
Sedimente des ostlichen Arktischen Ozeans", von Horst Bohrmann 
Heft-Nr. 9611991 - , HolozÃ¤n Sedimentationsentwicklung im Scoresby Sund, Ost-GrÃ¶nland" 
von Peter ~ar ienfe ld 
Heft-Nr. 9711991 - ,,Strukturelle Entwicklun und Abkuhlungsgeschichte der Heimefrontfjella 
(Westliches Dronning Maud ~andl~ntarktika)", von Joachim Jacobs 
Heft-Nr. 98/1991 - ,,Zur Besiedlun~sgeschichte des antarktischen Schelfes am Beispiel der 
Isopoda (Crustacea, Malacostraca) , von Angelika Brandt 
Heft-Nr. 99/1992 - "The Antarctic ice sheet and environmental change: a three-dimensional 
modelling study", by Philippe Huybrechts 
Heft-Nr. I0011992 - ,,Die Expeditionen ANTARKTISIWl-4 des Forschungsschiffes ,,Polarstern" 
1990/91" heraus e eben von Ulrich Bathmann, Meinhard Schulz-Baldes, 
Eberhard ~ahrbach,%ictor Smetacek und Hans-Wolfaang Hubberten - - 
Heft-Nr. 10111992 - ,Wechselbeziehun en zwischen Schwermetallkonzentrationen 
Cd, Cu, Pb Zn im fdeewasser und in i%oplanktonorganismen (Copepoda) der 

Arktis und des Atlantiks", von Christa Pohl 
Heft-Nr. 102/1992 - ,,Physiologie und Ultrastruktur der antarktischen GrÃ¼nalg 
Prasiola cr~spa ssp. antarctica unter osmotischem StreÃ und Austrocknung", von Andreas Jacob 
Heft-Nr, 103/1992 - ,,Zur Ã–kologi der Fische im Weddelmeer", von Gerd Hubold 
Heft-Nr. 10411992 - Mehrkanali e adaptive Filter fÃ¼ die UnterdrÃ¼ckun von multiplen Reflexionen 
in Verbindung mit der'freien oberflÃ¤ch in marinen Seismogrammen", von Andreas Rosenberger 
Heft-Nr. 105/1992 - ,,Radiation and Eddy Flux Experiment 1991 
(REFLEX/)", von JÃ¶r Hartmann, Christoph Kottmeier und Christian Wamser 
Heft-Nr. 10611992 - ,,Ostracoden im E ipela ial vor der Antarktischen Halbinsel - ein Beitrag zur, 
Systematik sowie zur Verbreitung und Populationsstruktur unter Berucksichtigung der Saisonalitat", 
von Rudiger Kock 
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