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Vorwort 

Diese Dissertationsschrift gliedert sich in drei Teile. Im ersten Teil gebe ich 

eine EinfÃ¼hrun in die Thematik und eine zusammenfassende Ãœbersich Ã¼be 

den gegenwÃ¤rtige Stand der Forschung im Arktischen Ozean und im Unter- 

suchungsgebiet. 
Im zweiten Teil werden, in englischer Sprache verfasst, drei Publikationen 

vorgestellt, die bei verschiedenen internationalen Fachzeitschriften bereits im 

Druck oder eingereicht sind. Der Inhalt und die thematischen Zusammen- 

hÃ¤ng dieser Arbeiten werden in der Einleitung (Kap. 1.3) kurz erlÃ¤utert 

Diese Arbeiten sind zum Teil in Zusammenarbeit mit anderen Wissenschaft- 

lern entstanden, die als Autoren mit aufgefÃ¼hr sind. In der ersten VerÃ¶ffentli 

chung (Kap. 2.1) erscheint als Mitautor mein Betreuer Priv. Doz. Dr. RÃ¼dige 

Stein. Die zweite VerÃ¶ffentlichun (Kap. 2.2) beinhaltet unverÃ¶ffentlich Daten 

von Dr. Christoph Vogt. Seine Bestimmung des Dolomitgehalts als detritische 

Komponente des Karbonats im Kern PS2138-1 war notwendig fÃ¼ die 

Interpretation des Ã¼brige Karbonatanteils als biogener Tracer. In die dritte 

VerÃ¶ffentlichun (Kap. 2.3) flieÃŸe zum einen die palÃ¤omagnetische 

Ergebnisse der Kerne PS2138-1 und PS2741-1 von Dr. Norbert Nowaczyk 

und zum anderen die Ergebnisse der Tonmineralanalyse von Dip1 Geol. 

Claudia MÃ¼lle fÃ¼ den Kern PS2741-1 mit ein. Beide erscheinen neben 

meinem Betreuer als Mitautoren. GrundsÃ¤tzlic wurden alle Analysen 

selbstÃ¤ndi ausgewertet sowie die entsprechenden Textteile selbststÃ¤ndi 

verfaÃŸt Die Literaturzitate der VerÃ¶ffentlichunge sind mit denen der 

Rahmenarbeit in Kapitel 5 zusammengefaÃŸt um DuplizitÃ¤te zu vermeiden. 

Im dritten Teil der Arbeit werden in einer Synthese alle wesentlichen Ergeb- 

nisse der Publikationen mit unverÃ¶ffentlichte Daten zusammenfassend dis- 

kutiert, um das Gesamtbild der Arbeit abzurunden. 

Im Anhang werden die methodischen Details, die in den Publikationen nicht 

nÃ¤he aufgefÃ¼hr worden sind, aufgezeigt. Auf Datentabellen und Kernbe- 

schreibungen wurde verzichtet. Sie werden in der Datenbank PANGAEA am 

Alfred-Wegener-Institut fÃ¼ Polar- und Meeresforschung archiviert : 

Alfred-Wegener-Institut fÃ¼ Polar- und Meeresforschung, Abteilung Marine 

Geologie, Columbusstrasse, 27568 Bremerhaven, Tel.: ++49 471 4831 220, 

Fax: ++49 471 4831 149, E-mail: sepan @awi-bremerhaven.de, 

World Wide Web: http//www.pangaea.de 







Die starken Fluktuationen des Eisschildes im niederschlagsreichen Westen 
Eurasiens zwischen OIS 4 und OIS 2 und vermutlich auch im OIS 6 kor- 
respondieren mit bedeutenden EisvorstÃ¶ÃŸ und erhÃ¶hte Kalbungsraten des 

Laurentidischen Eisschildes. Die gute zeitliche Korrelation der IRD-reichen 
Lagen mit den Heinrich-Ereignissen im Nord-Atlantik spiegelt eine direkte 

Kopplung der zirkum-atlantischen Eisschilde wider. Die Ursache dieser 

Kopplung ist vermutlich in der direkten Reaktion des auf dem Schelf auflie- 

genden Barents-See-Eisschildes auf kleinere Meeresspiegelanstiege, indu- 
ziert durch die ErhÃ¶hun der Kalbungsrate des Laurentidischen Eisschildes, 

zu suchen und nicht auf atmosphÃ¤risc gesteuerte, externe "klima- oder klima- 

bezogene Mechanismen" zurÃ¼ckzufÃ¼hre In den niederschlagsarmen Gebie- 
ten im Osten Eurasiens dagegen sind grÃ¶ÃŸe Eisschild-Fluktuationen nur im 

unmittelbaren AnschluÃ an bedeutende Interglaziale (OIS 7 und OIS 5) zu 

beobachten. Es scheint, daÂ die lnterglaziall~lazial-ÃœbergÃ¤n von OIS 7 zu 

OIS 6 bzw. OIS 5 zu OIS 4 mit verstÃ¤rkte Einstrom von Atlantikwasser in den 
Arktischen Ozean und der daraus resultierenden Penetration von feuchtig- 

keitsfÃ¼hrende Tiefdruckgebieten in Ã¶stlich Richtung ideale Zeitpunkte fÃ¼ 
den intensiven Eisaufbau im Osten Eurasiens darstellten. Sie fÃ¼hrte 

schlieÃŸlic zum grÃ¶ÃŸt Eiswachstum des Kara-See Eisschildes wÃ¤hren der 

Saale- (OIS 6) und mittleren Weichsel- (OIS 4) Vereisung. 

Abstract 

Selected sediment cores recovered along the northern continental margin of 

the Barents and Kara seas were examined using a multi environmental para- 

meter approach in order to expand the knowledge of the Arctic Ocean paleo- 

environmental changes during the late Quaternary. The well-documented 

stratigraphy of the investigated cores and sedimentation rates up to 38 cmlkyr 
allowed detailed investigations of the organic carbon deposition, the long- and 

short-term paleoceanographic changes, and the ice-sheet history of the Ba- 
rents and Kara seas during the last glaciallinterglacial cycles. 

The multi proxy approach showed that single paleoceanographic proxies 
traditionally used in the North Atlantic are of limited value for paleoenviron- 

mental reconstructions in the study area. For example, variations in paleo- 



surface-water productivity are here not documented in amount and composi- 

tion of marine organic carbon as in lower latitudes. Instead, only a combina- 

tion of various proxies including organic, inorganic, and micropaleontological 

parameters elucidate distinct differences in late Quaternary surface-water pro- 

ductivity changes. The highest amount of marine organic matter was deposi- 

ted during the late Weichselian (25-23 ka) as a result of scavenging on fine- 

grained, reworked, and terrigenous-organic-matter-rich material released by 

the retreating SvalbardIBarents Sea ice sheet (Event I). A second peak of ma- 

rine organic matter is preserved because of sorptive protection by detrital and 

terrigenous organic matter, higher surface-water productivity due to perma- 

nent intrusion of Atlantic water, and high suspension load release by melting 

sea ice during late Termination l (15.9-1 1.2 ka) (Event 11). 

The predominant organic carbon fraction in late Quaternary sediments along 

the northern Barents and Kara seas, however, is of terrigenous origin. Al- 

though the high accumulation rates of organic carbon up to 0.45 gC/cm^/kyr 

are comparable to high productive upwelling zones in lower latitudes, deposi- 

tion of organic carbon is mainly controlled by transport of allochthonous terri- 

genous organic matter via icebergs, sea-ice, turbidites, and suspension load 

release by retreating ice-sheets. 

Generally, the environmental conditions along the northern Barents and Kara 

seas reflect a gradient from (a) a relatively stable ice-edge upwelling regime 

with at least subsurface Atlantic water inflow and a more frequent ice-sheet 

oscillations along the western margin to (b) a relatively permanent sea-ice co- 

verage with low surface-water productivity and less frequent ice-sheet oscilla- 

tions on the eastern margin during the last glacial/interglacial cycles. Tem- 

porary ice-free conditions enhanced by subsurface Atlantic water advection 

and coastal polynyas along the western margin accelerated the final ice sheet 

build-up during OIS 6 and OIS 2. A comparable two-step deglaciation Patterns 

is proposed for Termination II and I. The virtually complete dissolution of bio- 
genic calcite during interglacial intervals was mainly controlled by CO2-rich 

bottom waters and oxidation of higher amounts of marine organic carbon and 

indicates intensive Atlantic water inflow and a stable ice margin. Despite of 

ice-sheet build-up and extensive sea-ice coverage, periodically open-water 

conditions also occurred during glacial OIS 4. Signals of open-water condi- 

tions along the eastern margin are not significant. Slightly higher production of 



planktonic foraminifera, probably due to Atlantic water inflow, occurred bet- 

ween 38 and 12 1% ka and corresponds with periodically Atlantic water ad- 

vection penetrating into the Arctic Ocean. The interglacials are probably indi- 

cated by intense calcium carbonate dissolution caused by dense bottom water 

formation flowing along the continental slope and suggest more or less 

conditions comparable to the recent environmental situation. 

In the high-precipitation areas of western Eurasia, large ice-sheet fluctuations 

between OIS 4 and OIS 2, and probably during OIS 6,  correspond to contem- 

porary Laurentide surging events and indicate short-term climatic changes in 

the Arctic Ocean as has been recorded in lower latitudes. Distinct IRD-layers 

on the western Eurasian margin, contemporaneous with the Heinrich events in 

the North Atlantic, may suggest a link of ice-sheet dynamics in response to 

short-term sea-level rises caused by Laurentide surge rather than an external 

forcing by "climate or climate-related mechanisms". In the relatively low-pre- 

cipitation areas of eastern Eurasia ice advance onto the shelf occurred during 

OIS 6 and 01s 4 and followed only distinct interglacial periods. This suggests 

that during the initial cooling following OIS 5, and probably OIS 7, the com- 

bined effect of sustained inflow of Atlantic water into the Arctic Ocean and pe- 

netration of moisture-bearing cyclones into easterly direction supported major 

ice build-up during Saalian (01s 6)  and mid-Weichselian (01s 4) glaciation. 







Abb. 1.1.1 : Physiographie des Arktischen Ozeans (vgl. Herman 1989). Die wichtigsten 
OberflÃ¤chenstrÃ¶ werden durch Pfeile markiert (gestrichelt: kalt; durchzogen: warm) 
(TD: Transpolardrift, BG: Beaufort Wirbel). Die durchschnittliche Meereisausdehnung im 
Winter und im Sommer ist angegeben. Schematisch sind die zirkum-arktischen 
Inlandeismassen und Vergletscherungen dargestellt. 



sich in den Sedimenten widerspiegelt (Abb. 1.1 . I ) .  An Oberflachensedimen- 

ten sind entsprechende Untersuchungen intensiv vorgenommen worden @.B. 

Stein et al. 1996a und Beitrage darin). So lassen sich z.B. die Zufuhr von rela- 

tiv warmen Atlantikwasser durch die Fram-StraÃŸ und Ã¼be die Barents-See 

sowie die Eisrandzone im Arktischen Ozean durch hohe Primarproduktions- 

raten und Akkumulation von mariner organischer Substanz nachzeichnen 

z.B. Heimdal 1983, Stein et al. 1994b, Schubert & Stein 1997, Fahl & Stein 

1997). Die permanente Meereisbedeckung im zentralen Arktischen Ozean 

verhindert dagegen eine hÃ¶her PrimÃ¤rproduktio im Oberflachenwasser 

(English 1961, Subba Rao & Platt 1984, Wheeler et al. 1996). Nur in Regionen 

mit saisonal offenen Wasserbedingungen sind ProduktivitÃ¤tssteigerunge in 

den Sedimenten dokumentiert (Schubert & Stein 1997, Fahl & Stein 1997, 

Boetius & Damm 1998). 
Die OberflÃ¤chenzirkulatio und Wassermassen im Arktischen Ozean (vgl. 

Aagaard & Carmack 1994) werden in den Vergesellschaftungen planktischer 

Foraminiferen und in den Sauerstoffisotopendaten reflektiert (vgl. z.B. Heb- 

beln & Wefer 1991, Carstens & Wefer 1992, Spielhagen & Erlenkeuser 1994). 

Die Bildung von hochsalinen Bodenwassermassen auf den Schelfen, die 

einen erheblichen Beitrag zur Tiefenwasserneubildung im Arktischen Ozean 

leistet (vgl. Midttun 1985, Rudels et al. 1994, Jones et al. 1995, Anderson 

1995, Schauer et al. 1997), kann durch intensive KarbonatlÃ¶sun entlang des 

Eurasischen Kontinentalhangs belegt werden (vgl. Steinsund & Hald 1994). 

Die Zusammensetzung der OberflÃ¤chensediment (z.B. KorngrÃ¶ÃŸenverte 

lung, Tonminerale, Schwerminerale) reflektiert den Ã¼berwiegen terrigenen 

Sedimenteintrag im Arktischen Ozean Ã¼be Meereis, FlÃ¼ss und TrÃ¼bestrÃ¶ 

;.B. Darby et al. 1989, NÃ¼rnber et al. 1994, Stein et al. 1994a,b). Desweite- 

ren ermÃ¶glich sie die Rekonstruktion der Liefergebiete der umgelagerten 

Sedimente und deren Transportwege im Arktischen Ozean (NÃ¼rnber et al, 

1995, Vogt 1997, Behrends 1998, Wahsner et al. 1998). Von besonderer 

Bedeutung fÅ  ̧ das Ablagerungsmilieu im Arktischen Ozean ist vor allem der 

Sedimenttransport durch Meereis (vgl. Eicken et al. 1997 und Zitate darin). 

GroÃŸ Mengen zumeist feinkÃ¶rnige Sedimente werden auf den zirkum-arkti- 

sehen Schelfen ins Meereis inkorporiert (Reimnitz & Kempema 1987, Reimnitz 

et al. 1994, NÃ¼rnber et al. 1994, Dethleff 1995, Wahsner et al. 1998). Ãœbe 

die Transpolardrift im Eurasischen Becken und den Beaufort-Wirbel im 



Amerasischen Becken wird das Sediment in Regionen mit erhÃ¶hte Ab- 

schmelzraten transportiert und dort wieder freigegeben (Abb. 1.1.1 .; z.B. 

Gordienko & Laktionov 1969, Wollenburg 1993, NÃ¼rnber et al. 1994, Kas- 

Sens et al. 1995, Pfirman et al. 1997). Der geringe Eintrag von eisbergtrans- 

portiertem Material (IRD) spiegelt dagegen die geringen AusmaÃŸ der zirkum- 

arktischen Eisschilde unter den rezenten Bedingungen wider (z.B. Eicken et 

al. 1997). Nur in unmittelbarer NÃ¤h der Inlandeismassen am ostgrÃ¶nlÃ¤ 

dischen Kontinentalhang ist ein IRD-dominiertes Ablagerungsmilieu zu beob- 

achten (vgl. Marienfeld 1992, Stein et al. 1993, Nam et al. 1995, Stein et al. 

1996b, Nam 1997). Ausnahmen bilden die zentralen RÃ¼cke des Arktischen 

Ozeans. Dort lassen sich die Anreicherungen von Grobkorn auf das AusspÃ¼ 

len feinkÃ¶rnige Sedimente durch intensive bodennahe StrÃ¶munge zurÃ¼ck 

fÃ¼hre (vgl. Anderson et al. 1994, Jones et al. 1995). Ã„olische Sedimentein- 

trag ist fÃ¼ das Ablagerungsmilieu im Arktischen Ozean von untergeordneter 

Bedeutung (z.B. Darby et al. 1989, Smirnov et al. 1996). 

In Abbildung 1.1.2 sind alle wesentlichen umweltspezifischen Faktoren darge- 

stellt, die das Ablagerungsmilieu im Arktischen Ozean charakterisieren. Sie 

macht deutlich, daÂ genÃ¼gen klimarelevante "Werkzeuge" fÃ¼ PalÃ¤oumwelt 

rekonstruktionen existieren. Leider stehen die umfangreichen Erkenntnisse 

zur rezenten Situation in keinem VerhÃ¤ltni zu den geringen Informationen zur 

spÃ¤tquartÃ¤r Entwicklung des Arktischen Ozeans. Nur wenige, gut datierte 

Sedimentkerne erlauben eine langfristige Rekonstruktion der PalÃ¤oumwelt 

bedingungen wÃ¤hren des letzten Glazial/Interglazial-Zyklus (z.B. Zahn et al. 

1985, Mienert et al. 1990, Stein et al. 1994a,c, Darby et al. 1997, Nergaard- 

Pedersen et al. 1998). Sauerstoffisotopenstratigraphien und AMS^C-Radio- 

karbondatierungen stehen aufgrund geringer Abundanzen von kalkigen Mi- 

krofossilien zur Altersbestimmung spÃ¤tquartÃ¤r mariner Sedimente nur be- 

dingt zur VerfÃ¼gung Alternative Datierungsmethoden, z.B. Magneto- und Li- 

thostratigraphie sowie die Bestimmung von Radionukleiden (^Be, 230Th) 

kÃ¶nne zwar angewendet werden, liefern jedoch keine hochauflÃ¶send Stra- 

tigraphie fÃ¼ die marinen Sedimentabfolgen (Aksu & Mudie 1985, Phillips & 

Grantz 1997, Eisenhauer et al. 1994, Nowaczyk et al. 1994). Kondensierte 

Sedimentabfolgen mit geringer zeitlicher AuflÃ¶sun im zentralen Arktischen 

Ozean machen die Rekonstruktion von kurzfristigen spÃ¤tquartÃ¤r Klimaver- 



Ã¤nderunge gegenwÃ¤rti undurchfÃ¼hrba (vgl. Clark et al. 1980, Norgaard- 

Pedersen et al. 1998). 

Abb. 1.1.2: Umweltspezifische Faktoren, die das Ablagerungsmilieu im Arktischen 
Ozean und seiner Randmeere kontrollieren (Stein et al. 1996a). 

Aus den bisherigen Untersuchungen ist bekannt, daÂ die extrem niedrigen 

Sedimentationsraten in den Kaltzeiten durch eine weitgehend geschlossene 

Meereisdecke verursacht worden sind (Clark et al. 1986, Markussen et al. 

1985, Mienert et al. 1990, Stein et al. 1994a, C, Darby et al. 1997, Norgaard- 

Pedersen et al. 1998). ErhÃ¶hte IRD-Eintrag, verstÃ¤rkt SÃ¼ÃŸwasserzufu und 

hohe Gesamtakkumulationsraten reflektieren dagegen den Zerfall der zirkum- 

arktischen Eisschilde an den Glazial/lnterglazial-ÃœbergÃ¤ng der Sauerstoff- 

isotopenstadien (01s) 413 und 211 (z.B. Stein et al. 1994c, Nergaard-Pedersen 

et al. 1998). ErhÃ¶ht biologische ProduktivitÃ¤ im OberflÃ¤chenwasse aufgrund 

der zunehmend saisonal offenen WasserflÃ¤che wird fÃ¼ das OIS 5 ,  das mitt- 

lere OIS 3 (Eurasisches Becken), das spÃ¤t OIS 3 (Amerasisches Becken) 

und das HolozÃ¤ angenommen (z.B. Schubert & .Stein 1996, Darby et al. 

1997, Norgaard-Pedersen et al. 1998). Ein einheitliches Bild Ã¼be Ã„nderun 





mÃ¶glich So sind z.B. OberflÃ¤chenwassercharakteristika Liefergebiete und 

Eintragsmechanismen von organischer Substanz nur in Kombination von or- 

gano-geochemischen, mikropalÃ¤ontologische sowie kohlepetrographischen 

Daten mÃ¶glic (vgl. Stein et al. 1998, Fahl & Stein 1998). Stark variierende 

Sedimentakkumulationsraten erschweren auch die Interpretation des Eintrags 

von Radionukleiden, wie 10Be und *soTh sowie der Opal- und der biogenen 

Bariumkonzentrationen als Indikatoren fÃ¼ OberflÃ¤chenproduktivitÃ¤tsschwa 

kungen im Arktischen Ozean (vgl. Eisenhauer et al. 1994, NÃ¼rnber 1996, 

Spielhagen et al. 1997). Um das System "Arktischer Ozean" und seinen Ein- 

fluÃ auf das globale Klima dennoch verstehen zu kÃ¶nnen ist eine vollstÃ¤ndig 

Betrachtung der ZusammenhÃ¤ng von Zirkulationssystemen, Meereisbedek- 

kung, zirkum-arktischen Eisschilden und organischem Kohlenstoffkreislauf 

nÃ¶tig Es erscheint offensichtlich, daÂ dies nur mit einer Multi-Parameter-Ana- 

lyse an gut datierten Sedimentkernen mÃ¶glic ist. 

1.2 Der Eurasische Kontinentalrand: Wegweiser zum besseren 
VerstÃ¤ndni palÃ¤oklimatische Probleme im Arktischen 

Aus den geschilderten Untersuchungen ist bekannt, daÂ die am Eurasischen 

Kontinentalrand abgelagerten Sedimente folgende, fÃ¼ das VerstÃ¤ndni von 

(globalen) PalÃ¤oumweltverÃ¤nderung wichtigen Informationen beinhalten: 

(1) Die VariabilitÃ¤ der Ausdehnung und Verbreitung von Vergletscherungen 

auf den Schelfen der Barents- und Kara-See (vgl. Berger & Jansen 1994). 

(2) Die Lage von relativ warmen atlantischen zu kalten polaren Wassermas- 

Sen zwischen Svalbard und Severnaya Semlya als wichtige EinfluÃŸgrÃ¶ fÃ¼ 

Eisaufbau (Feuchtigkeitszufuhr) und -zerfall (WÃ¤rmezufuhr (z.B. Ruddiman & 

Mclntyre 1981, Larsen et al 1991, Hebbeln et al. 1994). 

(3) Die Bildung von charakteristischen Wassermassen, die globale klimati- 

sche Steuerungsfunktionen einnehmen: (a) Atlantische Wassermassen, die 

die Ausdehnung der saisonalen Meereisbedeckung in der Region kontrollie- 

ren, kÃ¼hle und sinken ab und bilden eine wichtige Komponente des Zwi- 



I.  Einleituna 

sehen- und Tiefenwassers im Arktischen Ozeans. (b) Hochsaline, bodennahe 

Wassermassen werden bei der jÃ¤hrliche Eisbildung auf den angrenzenden 

Schelfen der Barents- und Kara-See gebildet, sinken in den TrÃ¶ge der nÃ¶rd 

lichen KontinentalrÃ¤nde ab und erneuern tiefere Wassermassen im Arkti- 

schen Ozean. (C) FluÃŸwasser und SchmelzwassereintrÃ¤g sowie Nieder- 

schlÃ¤g verursachen die Produktion von geringsalinen, oberflÃ¤chennahe 

Wassermassen und unterstÃ¼tze die Bildung der permanenten Eisbedeckung 

(vgl. Aagaard et al. 1985, Aagaard & Carmack 1994, Rudels et al. 1996). 

Damit wird deutlich, daÂ in den Sedimenten des Eurasischen Kontinental- 

hange prinzipiell die relevanten VerÃ¤nderunge der Umweltbedingungen in 

Abhgngigkeit von den quartÃ¤re Klimazyklen dokumentiert sind. Leider be- 

schrÃ¤nke sich detaillierte Informationen aus marinen Sedimenten entlang 

des Eurasischen Kontinentalhangs bisher auf die letzte Abschmelzphase und 

das HolozÃ¤ (z.B. Polyak & Solheim 1994, Kassens et al. 1995, 1998, und 

BeitrÃ¤g darin, Lubinski et al. 1996, Polyak et al. 1997, Fahl & Stein 1998). 

Korrelationen von AtlantikwassereinfluÃŸ Meereisbedeckung und Auf- und 

Abbau der Eurasischen Eisschilde fÃ¼ die letzten Glazialllnterglazial Zyklen 

enden in der Fram-StraÃŸ und auf dem Yermak-Plateau (z.B. Baumann 1990, 

Pagels 1991, KÃ¶hle 1992, Kubisch 1992, Nowaczyk & Baumann 1992, Knies 

1994, Hebbeln & Wefer 1997, Vogt 1997). 

ubereinstimmungen Ã¼be spÃ¤tquartÃ¤ PalÃ¤oumweltbedingunge am nÃ¶rdli 

chen Eurasischen Kontinentalrand existieren insofern, daÂ die nÃ¶rdlich Ba- 

rents-See und die westlichen TrÃ¶g der Kara-See wÃ¤hren der letzten Verei- 

sung von einem ausgedehnten Eisschild bedeckt waren (Lubinski et al. 1996, 

Polyak et al. 1997). Der EisrÃ¼ckzu bis zur heutigen Kustenlinie war um 
-10.000 Ĉ Jahre vor heute vollendet (vgl. Landvik et al. 1992, 1995, ÃŸor 

man et al. 1995, 1996). Dieser vollzog sich schrittweise und ging mit einem 
verstÃ¤rkte Einstrorn von Atlantikwasser ab -13.000 ^C Jahre vor heute ein- 

her. Die Ausdehnung der ismassen bis zur Schelfkante ist in der Ã¶stliche 

Kara-See und westlichen Laptev-See nicht nachweisbar (Niessen et al. 1997, 

Weiel 1997, Kleiber & Niessen 1998). Stattdessen prÃ¤gte vermutlich lokale 

Vergletscherungen der Taymir Halbinsel und Severnaya Semlya das kaltzeit- 

liehe Bild dieser Region (vgl. z.B. Hahne & Melles 1997). Diese Annahmen 



lassen sich bislang noch nicht durch ausreichende Befunde aus marinen Se- 

dimenten belegen (vgl. Weiel 1997) 

Obwohl noch keine ausreichenden Erkenntnisse Ã¼be spÃ¤tquartÃ¤ PalÃ¤oum 

weltverÃ¤nderunge am nÃ¶rdliche Eurasischen Kontinentalrand existieren, 

kÃ¶nnt er Wegweiser fÃ¼ ein besseres VerstÃ¤ndni von Klimaschwankungen 

im Arktischen Ozean sein. Die ausreichenden stratigraphischen Grundlagen, 

die fÃ¼ den Eurasischen Kontinentalhang geschaffen werden kÃ¶nne (vgl. 

Lubinski et al. 1996, Polyak et al. 1997), und die um ein Vielfaches hÃ¶here 

Sedimentationsraten erlauben es, umweltspezifische Ablagerungsprozesse 

sowie lang- und kurzfristige KlimaverÃ¤nderunge des SpÃ¤tquartÃ¤ detailliert 

zu rekonstruieren. Damit kÃ¶nnte wesentliche Bausteine zur Rekonstruktion 

der spÃ¤tquartÃ¤r PalÃ¤oumwelt und Klimabedingungen in hohen nÃ¶rdliche 

Breiten geschaffen werden. 

1.3 Zielsetzung und Strategie 

Zielsetzung und Strategie der vorliegenden Arbeit basieren auf der Tatsache, 

daÂ die globale Bedeutung des Arktischen Ozeans fÃ¼ die kÃ¤nozoische Kli- 

maverÃ¤nderunge in keinem VerhÃ¤ltni zur geringen Zahl gutdatierter Sedi- 

mentkerne steht. Trotz der Fortschritte, die im Hinblick auf Kerngewinn und 

Altersdatierung gemacht worden sind, reichen die existierenden Informatio- 

nen nicht aus, um ein umfassendes Bild Ã¼be die klimatische Bedeutung des 

Arktischen Ozeans und seiner Wechselwirkung mit den zirkum-arktischen Eis- 

schilden und dem Nord Atlantik zu liefern. Einen Beitrag zu dieser Problematik 

wird die vorliegende Arbeit leisten kÃ¶nnen 

Die AufklÃ¤run der komplexen ZusammenhÃ¤ng im Arktischen Ozean am Eu- 

rasischen Kontinentalhang mit einem multivariablen Ansatz zu untersuchen, 

kann als SchlÃ¼sse zur KlÃ¤run der genannten Probleme im SpÃ¤tquartÃ an- 

gesehen werden. Auf der Basis einer guten stratigraphischen Grundlage er- 

lauben die dort um ein Vielfaches hÃ¶here Sedimentationsraten als z.B. im 

zentralen Arktischen Ozean die Rekonstruktion von lang- und kurzfristigen 

spÃ¤tquartÃ¤r PalÃ¤oumweltverÃ¤nderunge Mit dieser Studie soll die Voraus- 

setzung geschaffen werden, AnknÃ¼pfungspunkt fÃ¼ weitere Untersuchungen 

mit palÃ¤oklimatische Fragestellungen im Arktischen Ozean und seinen 
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Randmeeren zu liefern. Insgesamt wurden dazu vier Sedimentkerne entlang 

des Eurasischen Kontinentalhangs detailliert untersucht (Abb. 1.1.3). 

Da lÃ¼ckenlos Profile stabiler Sauerstoff- und Kohlenstoffisotope und damit 

die stratigraphische Grundlage fÃ¼ die Interpretation der Kerne nur im direkten 

Einstrombereich von relativ warmen Atlantikwasser zur VerfÃ¼gun stehen, 

wurde der westlichste Kern des Profils PS2138-1 fÃ¼ detaillierte 

Untersuchungen bezÃ¼glic der Eignung sedimentologischer und organo- 

geochemischer Parameter fÃ¼ PalÃ¤oumweltrekonstruktione ausgewÃ¤hlt In 

Abbildung 1.1.4 sind alle Methoden, die fÃ¼ diesen multivariablen Ansatz 

angewendet worden sind, dargestellt. Sie zeigt, daÂ ein umfassendes Bild der 

spÃ¤tquartÃ¤r PalÃ¤oumweltbedingunge in der Region aufgezeigt werden 

kann. Die dazu publizierten Ergebnisse sind in Kap. 2.1 und 2.2 

wiedergegeben; die Inhalte werden im folgenden kurz erlÃ¤utert 

Abb. 1.1.4: FluÃŸdiagram der angewandten Methoden und daraus resultierender Ziele. 
(AbkÃ¼rzungen vgl. Anhang). 
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Knies, J. and R. Stein. New aspects of organic carbon deposition and its 

paleoceanographic implications along the northern Barents Sea margin 

during the last 30.000 years, (Paleoceanography, Vol. 13 (4): 384-394). 

Die Ablagerungsbedingungen und die Transport- und Sedimentationspro- 

zesse am nÃ¶rdliche Kontinentalrand der Barents-See werden am Beispiel 

PS2138-1 fÃ¼ die letzten 30.000 Jahre vor heute diskutiert. In dieser Arbeit 

wird vor allem die Sedimentation von organischer Substanz hinsichtlich der 

Menge und Zusammensetzung, die kontrollierenden Steuerungsfaktoren und 

deren Beziehung zur Klimageschichte und PalÃ¤oozeanographi eingehend 

untersucht. ZusÃ¤tzlic wird die Ã¼berregional Bedeutung dieser Prozesse in 

hohen nÃ¶rdliche Breiten diskutiert. Ein weiteres Ziel dieser Untersuchungen 

ist es, die AussagefÃ¤higkei von organo-geochemischen Parametern auf ihre 

Klimarelevanz am nÃ¶rdliche Kontinentalrand der Barents-See zu Ã¼berprÃ¼f 

und ihre Anwendbarkeit zusammen mit etablierten Parametern, wie Grobfrak- 

tions-, Karbonat- und Opalgehalte, bezÃ¼glic PalÃ¤oumweltverÃ¤nderung im 

Untersuchungsgebiet zu beleuchten. Es wird gezeigt, daÂ traditionell ange- 

wandte klimarelevante PalÃ¤o-Trace allein betrachtet nur von geringer Aussa- 

gekraft sind. Nur eine breitgefÃ¤chert Datenbasis machte die Rekonstruktion 

von PalÃ¤oumweltverÃ¤nderung im Untersuchungsgebiet mÃ¶glich 

* Knies, J., Vogt, C. and R. Stein. Late Quaternary growth and decay of 

fhe Svalbard/Barents Sea ice sheet and paleoceanographic evolution in the 

adjacenf Arctic Ocean, (Geo-Marine Leiters, im Druck). 

Die stratigraphische Grundlage des Kerns PS2138-1 fÃ¼ die letzten 150.000 

Jahre vor heute wird in dieser Arbeit vorgestellt. Die Analyse organo-geo- 

chemischer Parameter, der biogene und detritische Karbonatgehalt, der IRD- 

Eintrag und die Akkumulationsraten ermÃ¶gliche die Charakterisierung der 

Warm- und Kaltzeiten am nÃ¶rdliche Kontinentalrand der Barents-See wÃ¤h 

rend der letzten beiden Glazial/Interglazial Zyklen. Der Zusammenhang zwi- 

schen Eiswachstum, Atlantikwassereinflu8 und der Ausbildung einer kÃ¼sten 

nahen Polynya in den Kaltzeiten wird aufgezeigt. Die Hauptabschmelzphase 

der letzten Vereisung wird datiert und mit Ã¤ltere Phasen verglichen. Warm- 

zeitliche Charakteristika werden bestimmt und in palÃ¤oozeanographisch In- 
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terpretationen umgesetzt. iel dieser Untersuchungen ist es, die Gemeinsam- 

keiten und Diskrepanzen zwischen den verschiedenen Kalt- und Warmzeiten 

herauszuarbeiten und einen Beitrag zur Vereisungsgeschichte und PalÃ¤o 

ozeanographie am n~rdlichen Kontinentairand der Barents-See zu leisten. 

Auf der Grundlage dieser rkenntnisse wurden drei weitere Kerne PS2446-4 

(NW Franz-Josef-Land) sowie PS2741-1 und PS2782-1 (N 

Semlya) ausgewÃ¤hlt die, basierend auf AMS14C-Datierungen und pal2oma- 

gnetischen Untersuchungen, ein zuverlÃ¤ssige stratigraphisches GrundgerÅ¸s 

aufweisen. Damit ist es rnegiich, zeitliche und rÃ¤umlich Klimaver2ndorungen 

Å¸be zwei Glazial/Interglazial-Zyklen entlang des Eurasischen Kontinental- 

randes zu verfolgen und neue rkenntnisse Å¸be die globale Klimarelevanz 

der Region zu gewinnen. Um die Vereisungsgeschichte und die Klima- 

entwicklung zu entschlÃ¼sseln werden verschiedene Parameter diskutiert, wie 

z.B. Lithologie, IRD-Eintrag, stabile Sauerstoff- und Kohlenstoffisotope, 

Gehalte an organischer Substanz und ihre Zusammensetzung, detritisches 

und biogenes Karbonat sowie biogenes Opal. Die wichtigsten 

sind in der in Kap. 2.3 beigefÅ¸gte Publikation ausfÅ¸hrlic beschrieben. Der 

Inhalt des Manuskripts wird an dieser Stelle kurz erlÃ¤utert 

Knies, J., MÅ¸ller C,, Nowaczyk, N., and Stein, R. A multiproxy approach 

to reconstruct the environmental changes along the Eurasian continental 

margin over the last 160,000 years. (Marine Geology, eingereicht). 

Mit dieser Studie werden die lang- und kurzfristigen Palaoumweltbedingun- 

gen am nÃ¶rdliche Kontinentalrand der Barents- und Kara-See fÅ  ̧ die letzten 

160.000 Jahre entschlÃ¼sselt Ziel ist es, die Vereisungsgeschichte der Eurasi- 

schen Schelfe anhand mariner Sedimente zu beleuchten und den direkten 

Zusammenhang zwischen Atlantikwassereinstrom, Meereisbedeckung, 

Feuchtigkeitszufuhr, Insolation, und Eisschild-Fluktuationen aufzuzeigen. Es 

wird dokumentiert, daÂ in niederschlagsarmen Regionen ausgedehnte Verei- 

sungen nur im AnschluÃ an ausgeprÃ¤gt Warmphasen erfolgten, wÃ¤hren in 

AtlantiknÃ¤h kurzfristige schnelle und abrupte Klimaschwankungen, wie sie in 

mittleren Breiten belegt worden sind, auch im Arktischen Ozean nachzuwei- 

sen sind. 
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In einer abschlieÃŸende Synthese (Kap. 3) werden die Ergebnisse der Unter- 
suchungen zusammengetragen und mit bisher unverÃ¶ffentlichte Daten kom- 
plettiert. Darin werden die wichtigsten Steuerungsprozesse der organischen 

Kohlenstoffablagerung und die AussagefÃ¤higkei der benutzten klimarelevan- 
ten Parameter sowie die Vereisungsgeschichte und die Palaoozeanographie 

entlang des Eurasischen Kontinentalrandes wÃ¤hren der letzten beiden Gla- 
zial/Interglazial-Zyklen zusammenfassend aufgezeigt. 
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Abstract 
We studied variations in terrigenous (TOM) and marine organic matter (MOM) 

input in a sediment core on the northern Barents Sea margin over the last 30 ka. 

Using a multiproxy approach, we reconstructed processes controlling organic 

carbon deposition and investigated their paleoceanographic significance in the 

North Atlantic-Arctic Gateways. Variations in paleo-surface-water productivity are 

not documented in amount and composition of organic carbon. The highest level 

of MOM was deposited during 25-23 ka as a result of scavenging on fine-grained, 

reworked, and TOM-rich material released by the retreating SvalbardIBarents 

Sea ice sheet during the late Weichselian. A second peak of MOM is preserved 

because of sorptive protection by detrital and terrigenous organic matter, higher 

surface-water productivity due to permanent intrusion of Atlantic water, and high 

suspension load release by melting sea ice during 15.9-1 1.2 ka. 

Introduction 
The Arctic's impact on the global climate system is significantly controlled by the 

inflow of Atlantic water masses [e.g., Hebbeln and Wefer, 19971. Relatively warm 

Atlantic surface water passes through the Fram Strait and the Barents Sea into 

the Arctic Ocean and thus maintains poleward heat transport and water exchange 

with the Atlantic Ocean [e.g., Blindheim, 1989; Rudels et al., 19941. Additionally, 

Atlantic water inflow coupled with the marginal ice Zone (MIZ) influences 

significantly the primary production rates in the Arctic Ocean [Heimdal, 1983; 

Anderson, 19951. Recent investigations revealed that the Arctic Ocean is 

dynamically coupled to the Atlantic and is much (probably by a factor of 10) more 

productive than previously thought [Macdonald, 1996; Wheeler et al,, 19961. 

Short-term Atlantic water advection to the western Svalbard margin and the Fram 

Strait that resulted in seasonally ice-free conditions with significantly enhanced 

primary production rates at the MIZ during the late Weichselian has also been 

reported [Hebbeln et al., 1994; Dokken and Hald, 19961. The enhanced bottom 

water formation due to brine release during seasonal sea ice formation enables 

the Arctic Ocean and its Atlantic-water-influenced seas to play an important role 

as a sink for atmospheric CO2 [Midttun, 1985; Broecker et al., 1990; Quadfasel et 

al,, 1988; Boyle, 1988; Anderson and Jones, 1991 ; Anderson, 19951. 



2. Publikationen 

In surface samples of the Arctic Ocean, minor amounts of marine organic matter 

(MOM) are preserved only in the vicinity of the Atlantic water inflow and in areas 

of seasonally open-water conditions [Stein et al., 1994b; Fahl and Stein, 1997; 

Schuber? and Stein, 19971. Generally, the organic carbon in the Arctic Ocean 

sedimentary record is dominated by terrigenous organic matter (TOM). This TOM 

is entrained within the sea ice On the Eurasian shelves and released during ice 

drift in areas of extensive melting andlor transported by turbidites [Stein et al., 

1994a; Schuber? and Stein, 19961. However, for areas where Atlantic water sub- 

merges into the Arctic Ocean, little Information about organic carbon deposition 

during the last glaciallinterglacial cycle exists [Thiede et al., 19961. Therefore a 

comparison of marine and terrestrial biomarker distributions with more conven- 

tional sedimentological climate proxies from an exceptionally well dated Arctic 

Ocean sediment core may give new insights into the carbon cycle in this high-lati- 

tude area. 

In this paper we use geochemical, sedimentological, and stable isotope data to 

decipher processes controlling organic carbon deposition and its paleoceano- 

graphic significance along the northern Barents Sea margin. The study compares 

biomarkers indicative for marine and terrigenous organic matter, respectively, 

with other climate proxies in order to show the importance of a multiproxy 

approach for paleoproductivity reconstructions of the northern Barents Sea mar- 

gin over the last 30 ka. Detailed investigations of the organic matter composition 

and its importance for interpretations in terms of surface-water productivity, pre- 

servation of MOM, and supply of TOM at the transitional Zone of Atlantic to the 

Arctic Ocean are the major objectives of this work. 

Material and Methods 
During RIV Polarstern cruise Ark Vllll2 [ÃŸachor 19921, gravity core PS21 38-1 

(81'32.1 N, 30'35.6 E; 995 m water depth) was recovered on the northern con- 

tinental slope of the Barents Sea (Fig. 2.1 . I ) .  Selection of core position was 

based on high-resolution Parasound echosounding system (4 kHz). The sedi- 

ments mainly consist of bioturbated mud, which is occasionally interrupted by 

laminated sequences and layers of sand and gravel (Fig. 2.1.2). 



<Â¥ warm -6+ submerging 0' 

Fig. 2.1 .l. Surface currents and average summer ice conditions in the European sector of 
the Arctic Ocean [Sudgen, 19821. Location of core PS21 38-1 is indicated by the solid circle. 
Abbrevations are TPD, Transpolar drift; BG, Beaufort Gyre; EGC, East Greenland Current; 
WSC, West Spitsbergen Current; WSCs, West Spitsbergen Current (submerging); ESC, 
East Spitsbergen Current; RAG, Return Atlantic Current; and JMPC, Jan Mayen Polar 
Current. A detailed description of the oceanographic setting in the study area is given by 
Hebbeln and Wefer [I 9971. 

Sampling and Bulk Analysis 

The core was routinely sampled at 5-1 0 cm intervals for sedimentological charac- 

teristics and lipid biomarkers; additional samples were taken in intervals of 

changing lithology andlor color. The characterization of lithology and structure 

was performed on X radiographs. Coarse-grained detritus >2 mm was counted in 

1 cm intervals from the X radiographs to evaluate the content of ice-rafted debris 

(IRD) [Grobe, 19871. To separate the sand and gravel fraction (>63 pm in wt. %) 

from the silt and clay fraction, each sample was rinsed through a 63 pm mesh. 

After drying for >48 hours at 50 Â¡C the coarse fraction was weighed. From the 

<63 pm fraction the silt and clay fractions were separated using settling tubes 

("Atterberg method") [MÃ¼ller 19671. 

Total carbon, nitrogen, and organic carbon contents were determined by means 

of a Heraeus CHN-0-RAPID elemental analyzer. The carbonate content was cal- 
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culated as CaCO3 (percent)= (TC-TOC)8.333, where TC (percent) is total carbon 

and TOC (percent) is total organic carbon [Stein, 1991, and references therein]. 

The carbon and nitrogen measurements have a standard deviation of 0.06% and 

0.02%, respectively. 
The dolomite content (percent) was determined by C. Vogt (unpublished data, 
1997) by means of a Phillips PW 3020 diffractometer equipped with a cobalt ka  

radiation. Measurements were performed from 2' to 100Â theta with a 0.02O theta 

step s-1 mode. The minerals were determined using the Qualit software package 

[Emmermann and Lauterjung, 19901. The precision of dolomite determination is 

Â±I% The amount of biogenic calcite was assumed by subtracting the dolomite 

from the carbonate content. 

The hydrogen Index (Hl) was achieved by means of Rock-Eval pyrolysis as de- 

scribed by Espitalie et al. [1977]. The Hl-value corresponds to the quantity of 
pyrolyzable hydrocarbons per gram TOC (mg HC (g T0C)-I). The reproducibility 

is Â±8% Biogenic silicate (percent) was measured by molybdate-blue spectropho- 

tometry on dissolved ground bulk samples using an automated leaching tech- 

nique [MÃ¼lle and Schneider, 1993, and references therein]. The standard devia- 
tion of samples with different opal contents is 4 5 %  [Bonn, 19951. 

Mass accumulation rates (g cm-2 kyrl) of bulk sediment (ARbulk) were calculated 

from linear sedimentation rates (cm kyr l ;  based on calibrated ages) and dry bulk 

density data (g cm-3) [van Andel et al., 19751. Dry bulk density was determined by 

weighing 5 cm3 of dry sediment, measuring volume and density by Accupyc1330 

(Micromeritices), and calculating wet bulk density and porosity according to Gealy 

[ I  9711. 

Mass Spectrometry Analysis 

Stable carbon isotope ratios of the organic fraction were determined On decar- 

bonated samples using a Finnigan MAT Delta-S mass spectrometer (AWI, 

Potsdam). Accuracy was checked by parallel analysis of international standard 

reference material (IAEA-CH-7). Results are expressed versus Vienna Pee Dee 
Belemnite (PDB). The analytical precision of the analysis is ~ Â ± 0 . 2 % ~  A Finnigan 

MAT 251 mass spectrometer (AWI, Bremerhaven) was used to perform stable 

oxygen and carbon isotope measurements On the planktonic foraminifera Neo- 

globoquadrina pachyderma (sin.). from the >63 pm fraction. Results are expres- 



2. Publikationen 

sed in the 8 notation (per mill versus PDB) and external reproducibility is 0.09%o 

for 8180 and 0.06%o for S13C [Mackensen et al., 19941. Results are calibrated 

against the National Institute of Standards and Technology (NIST) 19 standards. 

Several samples were chosen for AMS "^C dating (Kiel, University) (Table 1). 
The 1% dates are 81%-normalized and corrected for reservoir effects equal to 

440 yr [Mangerud and Gulliksen, 19751. The radiocarbon age was calibrated to a 

calendar age using the program Calib 3.0 [Stuiver and Reimer, 19931 for ages 

< I  8 1% ka and an extended second-order fit for the period >18 1% ka [Bard et 

al,, 1 9921. 

Lipid analysis 
For the lipid extraction, -2-3 g of each sample was freeze-dried and treated with 

10-15 mL methanol, methanol: dichloromethane (1:1), and dichloromethane. An 

internal standard (squalan) was added. The n-alkanes and long-chain unsatura- 

ted Cs7 alkenones were separated from the other fractions by column chromato- 

graphy with hexane and hexane:ethylacetate (97:3), respectively. The n-alkanes 

were analyzed using a Hewlett-Packard 5890 gas chromatograph (GC) fitted with 

a cold injection system by Gerstel and an ultra-1 fused silica capillary column ((50 

m)(0.25); film thickness 0.25 um). Helium was used as a carrier gas. Analyses 

were performed with the following sequence of oven temperature: 60Â° (1 min), 

150Â° (rate: 1OCC min-I), 300 Â¡ (rate: 4OC min-I), and 300Â° (45 min iso- 

thermal). The precision for the n-alkane analysis was better than Â± lOOh The frac- 

tion containing C37 alkenones was saponified with 1 M potassium hydroxide in 

95% methanol for 2 hours at 90Â°C The following temperature program was used: 

60Â° (1 min), 270Â° (rate 20Â° min-I), 320Â° ( lÂ° min-I), and 320Â° (20 min 

isothermal). Because of the low alkenone concentrations, results obtained by GC 

were checked by GCIMS technique. 637 alkenones could not be quantified in the 

core. Very low concentrations in two samples are presented as relative abun- 

dances of the total extract. 
Fatty acids were extracted in 15 mL dichloromethane:methanol 2:1 for 24 hours 

and spiked with an internal standard (fatty acid methyl ester 19:O). An aliquot of 

the total extract was transesterified for 4 hours at 8OCC with 3% concentrated 

sulfuric acid in methanol. Four mL of Milli-Q were added, and the fatty acids were 

extracted three times in hexane. One FL of the extract was analysed using the GC 



with DB-FFAP as liquid phase. The oven temperature program for the fatty acids 

was as follows: 160Â°C 240Â° (rate: 4OC min-I), 240Â° (15 min isothermal) 

(modified according to Kattner and Fricke [ I  9861). The precision for the fatty acid 

analysis was better than Â± 2%. Data for n-alkanes and fatty acids were acquired, 

and peak areas were quantified automatically using a HP Chem-Station. 

The abundance of chlorophyll-derived pigments was measured using a UVvis 

spectrophotometer by Kontron. The freeze-dried and homogenized samples are 

extracted in 90% acetone (25 mL). The total abundances of photosynthetic pig- 

ments (tetrapyrroles) were estimated by measuring the absorbance of the extracts 

in the Soret band (i.e., 410 nm). Maxima absorption in the Satellite band at 665 

nm apart from the Soret band at 410 nm shows the presence of chlorin-like 

pigments in the sediments [Rosell-Mele and Kog, 1997; Rosell-Mele et al., 19971. 

The turbidity factor (absorbance at 750 nm) has been subtracted. The re- 

producibility of the measurements was better than Â±7% 

esults 
Age Model 

The stratigraphic framework is based On oxygen isotope record of planktonic fora- 

minifera Neogloboquadrina pachyderma (sin.) (Fig. 2.1 -2). The definition of 

oxygen isotope stages (01s) and their conversion into absolute ages follow the 

timescale of Martinson et al. [ I  9871. The stratigraphical control is further modified 

by several radiocarbon (AMS^C) datings ( ~ a b l e  2.1.1). The chronology was 

supplemented by carbon isotopes of N. pachyderma (sin.), the percent of organic 
carbon, and the carbonate content (Fig. 2.1.2). During OIS 2, the heaviest 6180 

values (4%o-4.6%o) are observed. A prominent organic carbon peak dated bet- 

ween 22.5 and 19.5 "^C kyr on the western Svalbard margin and the Fram Strait 

is clearly identified in the core (Fig. 2.1.2) [Hebbeln et al., 1994; Elverhgi et al., 
19951. The OIS 213 boundary is indicated by a slight shift to lighter U80 and 

heavier S^C values. The beginning of the last deglaciation (Termination I) is 

dated at 15.4 ^C ka and is well defined by increasing 6180 values, decreasing 

6^C values, and a distinct input of coarse-grained material (Fig. 2.1.2). The OIS 

112 boundary is based on the measured AMSl4C age. A general 6180 decrease 

to Holocene levels is observed at 60 cm. The age control points were converted 

to calendar years and then linearly interpolated between these points to deter- 



mine numerical ages for each sample, assuming uniform sedimentation rates 

(Table 2.1 -1). When not specified as 1% ages, given ages are calibrated calen- 

dar ages. 

Dolomite (wt. %) 
X-Radiograph-description (C. Vogt unpubl. data) 

Bioturbated mud/enriched in dropstones 
m 

Bioturbated mud with layers of sand and gravel 

Laminated mud with layers of sand and gravel 

Fig. 2.1.2: Compilation of stable oxygen and carbon isotope records (Neogloboquadrina 
pachyderma sin.), total organic carbon (TOC) (wt. X), carbonate (CaC03) and dolomite 
content (wt. X), and lithological description of sediment core PS2138-1. Age control and 
stratigraphical framework are based On Accelerator Mass Spectrometry (AMS) ^C dates 
(cf. Tab. 2.1 .I),  and oxygen isotope boundaries are after Martinson et al. [1987]. Oxygen 
isotope Stages are displayed on the right. HP1 and 2, high productive zones, are defined 
according to Hebbeln et al. [ I  9941 and Dokken and Hald [ I  9961. 

Terrigenous Signal 

In the remainder of this Paper, profiles of organic carbon composition, sedimen- 

tary proxies, and accumulation rates are plotted against calibrated ages. In order 

to compensate for dilution effects caused by variations in sedimentation rates, 

biomarker data are normalized to gram TOC. Calculation of C/N weight ratios and 



Table 2.1.1 : Results of Accelerator Mass Spectrometry (AMS) ^C Datings, Corresponding 
Calendar Ages and Calculated Linear Sedimentation Rates (LSR) Deduced from the Strati- 
graphic Data. 

Core Depth in Material Corrected Ages, Calibrated Laboratory LSR 
Core, cmbsf "C yearsb Agesc ref. Number (cmkyr") 

PS2138-1 80 Bivalves 12600+140/-130 14796 KIA363 5.4 
PS2138-1 130 mixed f o r m  15410+130/-130 18325 KIA1283 14.2 
PS2138-1 160 N. pachyderma  in.^ 16230+210/-210 19111 KIA364 37.9 
PS2138-1 200 N. pachydertna sin. 16880+130/-130 20573 KIA2745 27.4 
PS2138-1 300 N. pachyderma sin. 20040+330/-320 24007 KIA365 29.1 
PS2138-1 331 N. pachyderma sin. 23 100+240/-240 27185 KIA2744 9.7 
PS2138-1 345 OIS213 boundary' 24000 28200 14.0 

Centimeters below the surface 
A 440 year reservoir correction was applied to all ages. 
The radiocarbon ages for the period up to 18 ^ ~ - ~ e a r s  were calibrated to a calendar date using the program Calib 

3.0 [Stuiver and Reimer, 1993; Bard et al., 19931 and an extended second-order fit [Bard et al., 19921 for the interval 
up to 30 ^C-years. 

Neogloboquadrina pachyderma sinistral. 
Oxygen isotope stage boundary 213. Age follows the timescale of Martinson et al. [1987]. 

determination of hydrogen indices were made in order to obtain first Information 

on the origin of the organic matter (terrigenous versus marine). In general, TOM 
shows CIN ratios >15, whereas MOM has low CIN ratios of -5-7 [Bordowskiy, 

1965; Scheffer and Schachtschabel, 19841. However, it has to be taken into 

account that CIN ratios are also low in illite-enriched sediments because of 

significant amounts of inorganic nitrogen [MÃ¼ller 19771. In immature carbon-rich 

(TOC > 0.5%) sediments, Hl <I00 mg HC (g T0C)-1 are typical for TOM, whereas 

organic matter with significant amounts of marine components has Hl values of 

200-400 mg HC (g T0C)-I [e.g., Tissot and Weite, 1984; Stein, 19911. Downcore 

variations of C/N ratios and Hl values indicate a clear dominance of TOM. CIN 

values vary between 10 and 20, whereas the hydrogen indices are lower than 

100 mg HC (g T0C)-1 throughout most of the core (Fig. 2.1 -3). Lower CIN ratios 

during OIS 1 and early OIS 2 are caused by high amounts of inorganic nitrogen 
(J. Knies, unpublished data, 1998). The S^Corq values vary between -24%o and 

-27%o during OIS 3, OIS 2, and Termination l and are widely regarded as an 

indicator of TOM in the Arctic Ocean (Fig. 2.1.3) [ÃŸuttenber and Gofii, 19971. 

Selected types of biomarkers are used to assess in detail whether the organic 

matter is of land or marine origin. Long- (Cg7, Cgg and 631) and short-chain (Cl7 

and Cl9) n-alkanes indicate the contribution of land-derived vascular plant 



2. Publikationen 

and C l9 )  n-alkanes indicate the contribution of land-derived vascular plant 

material and the input of autochthonous MOM, respectively [e.g., Egiinton and 

Harnilton, 1963; Gelpi et al., 1970; Blumer et al., 1971 ; Youngblood and Blumer, 

9731. The concentration of long-chain n-alkanes ranges from 50 to 350 pg (g 

TOC)-1 with no particular glacial/interglacial trend. The short-chain to long-chain 

n-alkane ratio (Cly,-ig/C27,2g,3~) shows a predominance of TOM during early and 

late OIS 2, Termination I, and the Holocene (Fig. 2.1.4). A distinct enrichment of 

long-chain n-alkanes is observed only during middle OIS 2 and Termination I, 

As a good indicator of iceberg or sea ice transport, we used the records of IRD 

(>2 mm) and the coarse fraction (>63 um) [Hebbeln and Wefer, 19971. Con- 

tinuous IR13 input occurs primarily during Termination l and the Holocene. Short 

events in OIS 2 correlate well with increased input of coarse fraction and light 
6^Corq values (Fig. 2.1.3). A distinct drop in IRD is observed in near-surface se- 

diments. Higher input of detrital dolomite (up to 6%) is generally observed in 

glacial sediments during OIS 2 (Fig. 2.1.3). 

Marine Signal 

In the Fram Strait and along the western Svalbard margin, calcite is well correla- 

ted to high numbers of planktonic and benthonic foraminifera [Hebbeln and 

Wefer, 19971. The hiqhest calcite concentrations (up to 12%) occur in late OIS 3 

and during OIS 2, whereas OIS 1 is almost barren of foraminifera (Fig. 2.1.3). A 
slight increase in MOM indicated by heavier &^Corg values (up to -22.5%o) occurs 

during t h e  i lolocerie, Short-chain n-alkane concentration varies between 25 and 

300 pg (g TOC)-1 with a distinct maximum during middle OIS 2. Short- to long- 

chain n-alkane ratios >1 are also found during middle OIS 2, which is consistent 

with high chlorin concentrations and the abundances of C37 alkenones and 

indicate a distinct higher input of MOM. Another peak of total chlorin, biogenic 

opal, and fatty acid (sum of 16:0, 16:1, and 18:l) concentrations and C37 

alkenones are observed during Termination I. The abundance of chlorins as a 

diagenetic product of chlorophyll has been related to primary producti- 

vitylpreservation of autochthonous marine phytoplankton in sedimentary records 

[e.g., Rosell-Mele and Kog, 19971. Additionally, in surface samples those fatty 

acids are described in algal material [cf. Kates and Volcani, 1966; Fahl and Stein, 

1997, and references therein], although a contribution from bacterial or terrestrial 



input can not be excluded [c.f. Boon et al., 1975; Prahl et al., 19891. Furthermore, 

long-chain unsaturated Cs7-alkenones synthezised by haptophytes are used as 

a marine source indicator [e.g., Volkman et al., 19801. 

Discussion 
Processes controlling deposition of MOM in the North Atlantic-Arctic Gateways: 

01s 2 

Regarding paleoceanographic reconstructions in the North Atlantic-Arctic Gate- 

ways region, meridional circulation patterns with seasonal or permanent Atlantic 

water advection have been reported during the last glaciallinterglacial cycle [e.g., 

Hebbeln et al. 19941. Two short time periods between 31.4-26.5 and 23-1 7.4 ka 

(27-22.5 and 19.5-14.5 ^C ka) of relatively warm water advections from the 

North Atlantic into the NorwegianlGreenland Sea (NGS) served as a regional 

moisture source for the SvalbardIBarents Sea ice sheet (SBIS) build-up during 

the late Weichselian [Hebbeln et al., 19941. These periods are associated with 

increased abundances of coccoliths and subpolar planktonic and benthonic 

foraminifera [Hebbeln and Wefer, 19971 and are designated as high productive 

zones (HP) [Dokken and Hald, 19961. Significant changes in composition and 

amount of MOM during these time intervals do not occur. Between 26.5 and 23 ka 

(22.5 and 19.5 "^C ka) an intensified input of TOM is observed on the western 

Svalbard margin [Hebbeln et al., 1994; Elverhni et al., 19951, which may indicate 

the first significant ice advance beyond the present coastline. In contrast, Dokken 

[I9951 argued that this input reflects instead a deglaciation signal in between two 

periods of glacier growth within the late Weichselian. A distinct layer of coarse- 

grained material overlaid by laminated sediments between the high productive 

zones in core 2138 (Fig. 2.1.2) supports this conclusion. 

In general, the idea is that the input of these TOM-rich materials by retreating gla- 

ciers between 26.5 and 23 ka might be transported by dense bottom water 

currents from the shelf through the westward dipping troughs of the Svalbard 

margin into the eastern NGS. Feeding into intermediate Atlantic water masses, 

the material can be traced along the entire Barents Sea margin to the north and 

east [Hebbeln et al., 1994; Elverhni et al., 1995; Andersen et al., 19961. Contem- 

poraneous events with an input of reworked organic-rich material are recorded 



along the eastern Greenland margin [Nam et al., 19951 from the northern Iceland 

Plateau and the Vering Plateau [Wagner and Henrich, 19941. 
High input of reworked TOM indicated by high C/N ratios (up to 20) and light S^C 

values (down to -27%o) between two high productive zones" (HP1 and HP 2) 

(calcite content: up to 12 %) during the late Weichselian is also observed in 

PS2138-1 (Fig. 2.1.3) and suggests similar paleoceanograhic conditions as 

described in the Fram Strait and at the western Svalbard margin [Hebbeln et al., 

1994; Elverh~i  et al., 1995; Dokken and Hald, 1996; Hebbeln and Wefer, 1997; 

Knies et al., 19981. The origin of the TOM-rich material could be related to sedi- 

ments of the Spitsbergenbanken and the central Barents Sea [B j~r lykke et al., 

1978; Elverh~i  et al., 19951. Organe geochemical studies of this material indicate 

that a reworked marine-derived source can be excluded. High C/N ratios (24), 

low hydrogen indices (70 mg HC (g T0C)-l), and low oxygen indices (10 mg CO2 

(g T0C)-I), and a high maturity (Tmax: 470Â°C confirm a reworked terrigenous 

source. In the remainder of the paper this time interval between 25 and 23 ka is 

described as Event I. 

0 10 20 
Dolomite (wt  %) 
(C Vogt unpubl dala) 

ra 
Fig. 2.1.3: Total organic carbon, carbonate and dolomite content (all wt. X), CIN ratio, 
hydrogen index (Hl), 8l3Corg (per mill versus Vienna Pee Dee Belemnite), >63 pm fraction 
(wt. X), and ice-rafted debris (IRD) (>2 mm) data versus calibrated age. 
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Fig. 2.1.4: Compilation of total abundances of chlorophyll-derived pigments (41 0-750 nm (g 
sediment-I), short- (marine-derived) and long-chain (terrigenous-derived) n-alkanes (pg 
(gTOC-I)), ratio of marine- and terrigenous-derived n-alkanes, fatty acids (sum of 16:0, 16:l 
(n-5) (n-7), 18:l (n-7) (n-9) (pg (g TOC-I)), opal content (wt. %), and chlorin-like pigments 
(665-750 nm (g sediment-I)) versus calibrated age. Abundances of C37 alkenones are 
indicated as relative abundances of the total extract. It should be noted that alkenones could 
not be quantified in the sediment core. Low concentrations of C37 alkenones were measured 
in two samples. Carbon Preference Index (CPI) 21 32) is reported according to Bray and 
Evans [1961]. Fresh terrigenous organic material h i s  a CPI of 3-10, whereas that of fossil 
material varies -1 [e.g., Hollerbach, 19851. 

However, during the high productive zones, various indicative Parameters 

demonstrate that the sedimentary organic matter is also predominantly of terrige- 

nous origin: CIN ratios are mostly higher than 12, and Hl values are lower than 

100 mg HC (g T0C)-1. Lighter 61% values are well correlated with distinct input 

of coarse- and fine-grained IRD (Fig. 2.1.3). This TOM most probably originated in 

the Mesozoic strata cropping out along the Western Scandinavian and 

SvalbardIBarents Sea shelf and was transported by glacial erosion to the deep 

sea [e.g., E l v e r h ~ i  et al., 1995; Andersen et al., 1996; Wagner and Henrich, 1994; 

Wagner and HÃ¶lemann 19951. Increased accumulation rates of organic carbon 



Fig. 2.1.5: Linear Sedimentation rate (cm kyr-?) buk mass accumulation rate (g ~ m - ~  kyr-?), 
accumulation rates of organic carbon, the >63 um fraction (without carbonate), and the <2 
pm fraction (all in g cm-2 kyrl) versus calibrated age. 

(up to 0.45 g cm-2 kyr-1) during OIS 2 indicate an even higher absolute supply of 

TOM (Fig. 2.1.5). However, a more detailed look at the marine- and terrigenous- 

derived biomarkers indicates that higher accumulation rates of MOM occur only 

during Event I. Despite the predominance of TOM during OIS 2 the ratio of short- 

to long-chain n-alkanes is generally > I  during Event I, which indicates a signifi- 

cant marine contribution. An enhanced marine influence is also documented by 

slightly increased fatty acid concentrations and abundances of long-chain unsa- 

turated C37 alkenones (Fig.2.1.4). The enhanced total absorbance of chlorophyll- 

derived pigments in this time interval cannot be easily related to MOM or TOM. 

However, a relative enrichment of chlorin-like pigments also reflects a slightly 

higher amount of MOM (Fig. 2.1.4). The inconsistency of these results may be 

explained by a paleoenvironmental model shown in Figure 2.1.6.. 



Fig. 2.1.6: Model showing possible paleoenvironment along tlie northern E5arents Sea 
margin during Event I. Reworked TOM-rich material transported by glaciers was picked out 
of the fraction >63 um. Total organic carbon and nitrogen were measured by the CHN- 
elemental analyzer and Hl and oxygen index (01) by Rock Eval pyrolysis. Information 
regarding the maturity of the organic material can be obtained from the temperature of 
maximum pyrolysis yield Tmax [Tissot and Weite, 19841. Climate-related sedimentary 
proxies in the sediment are listed in tlie shaded box. 

The input of the organic-rich debris from the Spitsbergenbanken by retreating 

glaciers during Event l probably explains the enrichment of MOM in the under- 

lying sediments. Ittekkot et al. [1 9921 described a similar process in the Arabian 

Sea, where increased vertical or lateral flux of fine-grained suspended material 

produces a scavenging and a higher adsorbance of autochthonous organic 

matter in the water column. Deuser et al. [ I  9811 observed that an increase in total 

mineral flux is accompanied by an increase in MOM flux. Considering the 

average surface-water productivity during OIS 2, we assume that during the 

entire period, export production was more or less constant. However, owing to an 

increase of total flux of fine-grained (1 1 g cm-2 kyrl) rather than coarse-grained (1 

g cm-2 kyr-l) reworked TOM-rich material and high ARbulk (40 g cmw2 kyr-l), a 



better preservation of MOM is achieved (Fig. 2.1.5) [MÃ¼lle and Suess, 19791. 
Thus the removal of MOM from the euphotic Zone to the sediments is increased 

because of a rapid incorporation into fine-grained organic-rich mineral matter of 

terrigenous origin. The continuous flux of turbid meltwater suspensions at the 

grounding line of the glaciers support this process. Therefore respiration and 

decay of MOM are restricted in the water column. In contrast, input of coarser 

TOM and high sedimentation rates (up to 30 cm kyr l )  during OIS 2 do not signifi- 

cantly influence the preservation of MOM (Fig. 2.1.5). 

This interpretation confirms partly a paleoenvironmental model by Wagner and 

HÃ¶leman [ I  9951. This model describes an enhanced coupling of lithogenic and 

marine organic particles for periods of diamicton deposition in the NGS. They 

suggest that a better preservation of MOM is not related to enhanced export pro- 

ductivity or intensified inflow of relatively warm Atlantic water but to a more effi- 

cient vertical transport of MOM to the seafloor. In our case, we believe that the 

release of fine-grained and TOM-rich material by retreating ice sheets and asso- 

ciated high sedimentation rates (Fig. 2.1.5) caused a more rapid transfer of MOM 

into the deep-water sphere by forming large aggregates of marine and terrige- 

nous particles than an increased input of coarse-grained material and high 

sedimentation rates would have. Therefore we assume that despite this terrige- 

nous organic background signal and assumed lower surface-water productivity 

during OIS 2 than that of the modern NGS, higher amounts of MOM were preser- 

ved during Event l rather than during the Holocene (with a stronger advection of 

Atlantic water) or at present [Stein et al., 1994b; Schubert and Stein, 19961. 

Although Wheeler et al. [I9961 measured higher primary productivity rates in the 

water column of the central Arctic Ocean than previously expected, the benthonic 

respiratory demand and well-oxygenated bottom waters result in a very low ac- 

cumulation rate of MOM in surface sediments [Stein et al., 1994a, b; Fahl and 

Stein, 1997; Boetius and Damm, 19981. Hence we conclude that the processes 

described during Event l and contemperaneous events in the NGS between 25 

and 23 ka [Wagner and Henrich, 1994; Nam et al,, 1995; Elverhgi et al., 19951 are 

more important for removal and preservation of autochthonous MOM in the Arctic 

Ocean and adjacent seas than are surface-water productivity changes (see 

discussion in, for example, Emerson et al. [ I  9851; Pedersen and Calvert [ I  9901). 



Termination 1 
At the beginning of the last glacial-interglacial transition a rapid 6180 depletion 

and a contemporaneous 61% minimum were recorded in the eastern Arctic 

Ocean at 18.6 ka (-15.7 ^C ka) and at the Svalbard margin at 17.7 ka (-1 4.8 

1% ka) [Jones and Keigwin, 1988; Hebbeln et al., 1994; Stein et al., 1994a1. 

These signals combined with a major contribution of IRD are interpreted as a 
major meltwater anomaly, which probably reflects the onset of the decay of the 

SBIS in the southwestern Barents Sea and the western Svalbard margin [e.g., 

E l ve rh~ i  et al., 19951. At the northern Barents Sea margin the first distinct signal of 

ice recession is marked by a small but significant input of IRD at 19.1 ka. This is 
consistent with a first distinct deglacial signals around 18.9 ka (- 16 ^C ka) at the 

southwestern Barents Sea margin proposed by Vorren et al. [1988]. A maximum 

pulse of IRD input at 18.3 ka may indicate the beginning retreat of the ice sheet 

from the shelf break (Fig. 2.1.3). A second pulse of deglaciation is indicated by a 
distinct meltwater event (6180, 3.2%0; 6^C, -0.57%0) and IRD input before 14.8 ka. 

Lubinski et al. [I9961 suggests that the northern Barents Sea margin at water 
depth 2470 m was deglaciated at 15.2 ka (-13 14C ka). Foraminiferal assembla- 

ges suggest that Atlantic-derived intermediate water may have begun to 

penetrate the Franz Victoria Trough on the northern Barents Sea margin 15.2 ka 
(-13 "^C ka) ago [Lubinski et al., 19961. This date is consistent with a permanent 

intrusion of Atlantic water to the NGS and along the western Svalbard margin 

[Hald and Vorren, 1987; Dokken, 1995; Sarnthein et al., 1995; Hald and Aspeli, 

19971. The retreat of the SBIS to the present shoreline was probably complete by 
11.2 ka (-10 1% ka), which is supported by terrestrial evidence from Franz Josef 

Land and eastern Svalbard [Forman et al., 1995, and references therein]. In the 

remainder of this paper the transition to postglacial marine sedimentation bet- 

ween 15.9 andl I .2 ka (13.5 and 10.0 "^C ka) on the northern Barents Sea mar- 

gin is described as Event 11. 
Biogenic calcite is often used as the surface-water productivity indicator in the 

North Atlantic but is probably of limited value in analyzing Event II [e.g., Hebbeln 

and Wefer, 19971 since the carbonate content (3%-5%) is mainly composed of 

detrital dolomite instead of biogenic calcite (Fig. 2.1.3). However, hydrogen indi- 

Ces exceeding 100 mg HC (g T0C)-1 reflect the presence of slightly more MOM 

and stronger advection of Atlantic water during Event II. However, a predominant 



terrigenous source of the organic matter is documented by light &^Corg values (- 

25%0) (Fig. 2.1.3). A ~ lose r  look at the organic matter composition during Event 1 1  

indicates that high concentrations of TOM and MOM were deposited (Figure 

2.1.4). In particular, long-chain n-alkanes, total tetrapyrroles, biogenic opal, 
chlorin-like pigments, and fatty acids reach maximum values. In contrast to Event I 

the TOM appears to be dominantly "fresh" material indicated by carbon 

preferences indeces (CPI) >4 (Fig. 2.1 -4). 

A possibility for better preservation of MOM during Event II could be a combina- 

tion of higher nutrient supply, increasing phytoplankton growth, and an increased 

vertical flux of mineral and TOM-rich suspensions. In particular, melting of sea ice 

in the vicinity of the incipient warm Atlantic water intrusion provides large 

amounts of mineral suspensions and significantiy increased surface-water pro- 

ductivity by the higher nutrients supply in the euphotic Zone [Nelson et al., 1989; 

Fahl and Stein, 19971. Because of mineral adsorption of organic particles, larger 

aggregates stabilize the MOM, slowing remineralization rates and effecting a ra- 

pid removal i n t ~  the deepwater sphere. A possible source for fresh TOM-rich 

material is the Laptev and Kara Sea shelf region [Stein et al., 1994b; Schubert 

and Stein, 19971. TOM on the shelf was eroded because of a rise in sea level 

transported by the Transpolar Drift and released because of intensive sea ice 

melting in the study area. Thus, labile MOM that was accumulated in the Arctic 

Ocean and its adjacent seas during Event II is optimally preserved because of in- 

creased primary production at the MIZ, higher settling flux of MOM, and sorptive 

protection by the high input of detrital and terrigenous organic material [e.g., 

Calverf, 1987; Mayer, 1994; Keil et al., 19941. In Summary, preservation of au- 

tochthonous MOM in Arctic Ocean deposits is, in particular, linked to the lateral 

flux and deposition of mineral or TOM-rich ballast. 

Conc lus ions  

1. Generally, fiuxes and variations of organic carbon composition in a sediment 

core on the northern Barents Sea margin do not reflect changes in paleo-surface- 

water productivity. 

2. The removal of biologically fixed CO2 into the deepwater sphere was in- 

creased between 25 and 23 ka (Event I) because of a rapid incorporation into 

fine-grained mineral matter and a subsequent rapid transfer to the deep sea. In 
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particular, the enhanced total flux of glacially eroded and fine-grained reworked 

TOM-rich material by retreating glaciers caused a better preservation of MOM due 

to a scavenging in the water column. 

3. These "mineral ballast effects" are presumably Seen in the NGS and are pro- 

bably more important for preservation of MOM than are surface-water productivity 

changes. 

4. The highest concentration of MOM was accumulated between 15.9 and 11.2 ka 

(Event 11) because of sorptive protection by detrital and terrigenous organic-rich 

material, high-suspension load and nutrient supply due to melting sea ice, and a 

permanent intrusion of relatively warm Atlantic water. 
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Abstract 
The paleoceanography in the Nordic seas was characterized by apparently re- 

peated switching on and off of Atlantic water advection. In contrast, a continous 

influx of Atlantic waters probably occurred along the northern Barents Sea margin 

during the last 150 ka. Temporary ice-free conditions enhanced by subsurface 

Atlantic water advection and coastal polynyas accelerated the final ice sheet 

build-up during glacial times. The virtually complete dissolution of biogenic 

calcite during interglacial intervals was controlled mainly by COg-rich bottom 

waters and oxidation of higher levels of marine organic carbon and indicates 

intensive Atlantic water inflow and a stable ice margin. 

Introduction 
During the late Quaternary, regional and perhaps global paleoclimate and pa- 

leoceanography were apparently controlled by the switching on and off of Atlantic 

water advection to the European sector of the Arctic Ocean (e.g. Broecker et al. 

1990). Recent investigations show that open-water conditions existed at least 

seasonally not only during the interglacials (e.g. Kellogg 1976) but also during 

the Weichselian glaciation (Hebbeln et al. 1994, Dokken and Hald 1996). It is 

assumed that the advection of warm Atlantic water to the Norwegian-Greenland 

seas (NGS) triggered the growth of the Svalbard/Barents Sea ice sheet (SBIS) 

(Hebbeln et al. 1994) and greatly influenced the atmospheric circulation through 

the last glacial-interglacial transition (Charles et al. 1994). 

Up to now, there have been major gaps in the understanding of preceding 

glacial-interglacial cycles in the NGS because of limited stratigraphic resolution 

of marine and terrestrial records. In particular, detailed information about major 

advances of the SBIS and the onset of deglaciation, corresponding to Atlantic 

water advection during oxygen isotope Stage 6 (Saalian glaciation), are still 

under discussion (Lloyd et al. 1996; Hebbeln and Wefer 1997). 

Here, we present stratigraphical, geochemical, and sedimentological data from a 

sediment core (PS2138-1; 81'32.1 N, 30'35.6 E; 995 m water depth) recovered 

during the ÃŸ/ Polarstern cruise ARK-VIII/2 (Rachor 1992) (Fig. 2.2.1) that 

elucidates the glacial-interglacial changes from the northern Barents Sea margin 

during the late Quaternary. The aims of this study are to reconstruct the timing 

and mode of Atlantic water advection to the northern Barents Sea margin and to 



correlate varying inputs of ice-rafted detritus (IRD) with deglaciation Patterns of 

the SBIS during the last two glacial-interglacial cycles. 

Fig. 2.2.1: Surface currents and average summer ice conditions in the European sector of 
the Arctic Ocean. Location of core PS2138-1 is indicated by the solid circle. Abbrevations 
are TD: Transpolar Drift; BG: Beaufort Gyre; EGC: East Greenland Current; WSC: West 
Spitsbergen Current; WSCs: West Spitsbergen Current [submerging]; ESC: East Spits- 
bergen Current; RAC: Return Atlantic Current; JMPC: Jan Mayen Polar Current. A detailed 
description of the oceanographic setting in the study area is given in Hebbeln and Wefer 
(1 997). 

Methods 
Stable oxygen and carbon isotope measurements of 10 to 12 Neogloboquadrina 

pachyderma sin. specimens from the > 63 pm fraction were performed using a 

Finnigan MAT 251 mass spectrometer (AWI, Bremerhaven). Results are 

expressed in the 5-notation (%o vs PDB) and are calibrated against the National 

Institute of Standards and Technology (NIST) 19 standards. 

Total carbon (TC), nitrogen, and total organic carbon (TOC) were determined by 

means of a Heraeus CHN-0-RAPID elemental analyser. The carbonate content 



was calculated as CaC03 (%)=(TC-TOC)*8.333, where TC (%)= total carbon and 

TOC (%) = total organic carbon. 

CIN weight ratios characterizing the composition of the organic matter were 

calculated as total organic carbonltotal nitrogen ratios. In general, terrigenous 

organic matter (TOM) shows CIN-ratios ~ 1 5 ,  and marine organic matter (MOM) 

shows CIN-ratios <10 (Scheffer and Schachtschabel 1984). The hydrogen Index 

[Hl in milligrams of hydrocarbon (HC) per gram of TOC] was determined by 

means of Rock-Eval pyrolysis. In immature sediments, hydrogen indices of <I00 

mg HCIg TOC are typical of TOMI whereas organic matter with significant 

amounts of MOM have Hl-values of 200-400 mg HCIg TOC (Tissot and Weite 

1 984). 

Stable carbon isotope ratios of the organic fraction were determined On 

decarbonated samples using a Finnigan MAT Delta-S mass spectrometer (AWI, 

Potsdam). Accuracy was checked by parallel analysis of international standard 
reference material (IAEA-CH-7). Results are expressed vs. Vienna-PDB. S13Corg- 

values between -24 and -27 %o are widely regarded as an indicator of TOM 

supply, whereas heavier values indicate significant amounts of MOM in Arctic 

Ocean sediments (Ruttenberg and Gohi 1997). 

The dolomite content was determined by means of a Phillips PW3020 
diffractometer equipped with a cobalt ka-radiation. Measurements were 

performed from 2 to 100 Otheta with a 0.02 Otheta stepls. Detailed description of 

preparation and analytical processing are outlined in Vogt (1997). 

To estimate the amount of IRD, which is assumed to be delivered by icebergs and 

sea ice and which is generally accepted to be a useful tool for reconstructing the 

activity of glaciers on land, the fraction >2 mm was counted downcore on X-ray 

radiographs of each centimeter, applying the method of Grobe (1987). The 

coarse fraction > 63 pm was determined by sieving 5 cm3 sediment over a 63 pm 

mesh. Percentages were calculated after excluding biogenic particles and detrital 

carbonate. 

Mass accumulation rates grams per Square centimeter per thousand years of bulk 

sediment (ARbulk) and of individual components like total organic carbon 

(ARToc), carbonate (ARcarb) and the coarse fraction (AR>63um) are calculated 

following van Andel et al. (1975). 
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Several samples were chosen for accelerator mass spectrometry (AMS) 1% 

dating (Leibniz Lab of Kiel University) (Table 2.2.1). The "^C dates are 81%- 

normalized and corrected for reservoir effects equal to 440 yr (Mangerud and 

Gulliksen 1975). The radiocarbon age was calibrated to a calendar age using the 

program Calib 3.0 (Stuiver and Reimer 1993) for ages < I 8  ^C ka and an 

extended second-order fit for the period > I8  ̂ C ka (Bard et al. 1992). 

Stratigraphy 
The stratigraphic framework is based On oxygen and carbon isotope records of 

planktonic foraminifera N. pachyderma sin. (Fig. 2.2.2). The definition of oxygen 

isotope Stages (01s) and their conversion into absolute ages follow the time scale 

of Martinson et al. (1987). The stratigraphical control is further modified by several 

AMS^C datings (Tab.2.2.1). 

Table 2.2.1 : AMS 1 4 ~  dates for PS21 38-1. 

Core Depth in Material Age uncorr. Age corr. Laboratory 
core (cmbsf) ^C years ^C years reference no. 

PS2138-1 80 cm Bivalves 13040+140/-130 12600 KIA363 
PS2138-1 130 cm mixed forams 15850+130/-130 15410 NA1283 
PS2138-1 160 cm N. pachyderma sin. 16670+210/-210 16230 KIA364 
PS2138-1 300 cm N. pachyderrna sin. 20480+330/-320 20040 KIA365 
PS2138-1 380 cm mixed forams 35340+1570/-1310 34900 KIA1284 

Although the global oxygen isotope signal may be significantly compromised by 

local meltwater events, the record reflects OIS 1 through upper OIS 6 in detail. 
Oxygen isotopic events 6.3 and 6.2 are indicated by a shift to lighter 6180-values 

(3.7 %o) and heaviest 6180-values (4.6 %o), respectively (Martinson et al. 1987). 

The light 6180-value (2.1 %o) at 542 cm core depth is attributed to the influence of 

light isotopic deglacial water and is interpreted as representing the OIS 615 
boundary (Termination 11). Substage 5.5 is indicated by light 6^0-values. 

Substages 5.1 and 5.5-5.3 are indicated by the occurrence of the benthonic 

foraminifera Pullenia bulloides (Haake and Pflaumann 1989; Lloyd et al. 1996). 

The OIS 514 boundary is indicated by a marked shift in the oxygen isotope record 

(0.7 %o) to heavier values. The OIS 413 boundary is coincident with an enhanced 

input of IRD, dated in the Fram Strait to approximately 50-38 ka (Hebbeln and 

Wefer 1997) and the Mid-Weichselian deglaciation On Svalbard (Mangerud and 



Svendsen 1992) (Fig. 2.2.3). The OIS 312 boundary is indicated by a shift to 
heavier 6180-values. The beginning of the last deglaciation (Termination I) is 

dated at 15.4 "^C ka and is well defined by the transition to low 6'80 values and 

prominent &^C minima. The OIS 112 boundary is identified by means of the 

measured AMS14C age at 12.6 ka. A general S180 decrease to Holocene levels 

is observed at 60 cm. The age control points and oxygen isotope events 

according to Martinson et al. (1987) were converted to calendar years and then 

linearly interpolated between these points to determine the numerical age for 

each sample, assuming uniform sedimentation rates. 

S^O vs PD6 (L) 513c vs PD6 (L) 

, ,? , -] -0:s ,+ 0:s 1 , Stages , 

no forams no forams 

no forams 1 'noforams 

Fig. 2.2.2: Isotope stratigraphy of core PS2138-1 based on stable oxygen and carbon 
isotope records of the planktonic foraminifer N. pachyderma sin. and several AMS^C- 
datings [arrows]. Isotope Stages and events are related to Martinson et al. (1987). The 
abbrevation P.b. indicates the appearence of the benthonic foraminifer P. bulloides within 
substages 5.5-5.3 and 5.1 (J. Wollenburg, Pers. comm.). 



The TOC contents range between 0.3 and 1.5 % but are in general < 1 % (Fig. 

2.2.3). Based on CIN-ratios (> 10), Rock-Eval data (Hl < 100 mg HCIg TOC) and 
Sl3Corg-values (C  -24 %o), the organic matter is mainly of terrigenous origin. 

Lower CIN ratios are caused by high amounts of inorganic nitrogen in illite- 

enriched sediments (Knies, unpublished data). Slightly higher amounts of MOM 
indicated by Hl > 100 mg HC/g TOC and Sl3Corg values > -23 %o were preserved 

during substage 6.3, OIS 5, and 4, early 01s 3,  and OIS 1. The carbonate 

contents range between 0 and 20 %. The highest calcite (without detrital 

dolomite) contents are observed during OIS 6, late OIS 3 and OIS 2, whereas 

detrital dolomite (up to 4%) are predominant during OIS 5 and 1. Variations in 

calcite concentrations are caused mainly by periodic changes in the levels of 

planktonic and benthonic foraminifera. Increased coarse fraction percentages 

>63 pm are slightly correlated to higher IRD input (>2 mm) and occur significantly 

during deglacial periods and to a lesser extent during glacials and interglacials. 

Indications of Atlantic-water advection during 01s 2 and 6 

Two short periods (27-22.5 and 19.5-14.5 ^C ka) of relatively warm Atlantic 

water advection have been reported during the late Weichselian in the eastern 

NGS (e.g., Hebbeln et al. 1994). As a regional moisture source, these periods 

had a major influence on the Â§BI build-up (Hebbeln et al. 1994) and also 

caused an increased production of coccoliths and subpolar planktonic and 

benthonic foraminifera (Hebbeln and Wefer 1997). Recurring ice-free conditions 

due to Atlantic water advection to the Fram Strait and NGS are also reported 

during OIS 6 for at least three time periods (145, 165, and 180 ka) (e.g. Lloyd et 

al. 1996, Hebbeln and Wefer 1997). 

The predominance of biogenic calcite rather than detrital dolomite in deposits 

along the northern Barents Sea margin during mid and late 01s 3 and OIS 2 may 

reflect the paleoceanographic situation described in the eastern NGS with a 

distinct Atlantic water influx (Fig. 2.2.3). 

Comparable high concentrations of calcite (up to 15%) during upper OIS 6 re- 

semble the situation during OIS 3 and 2 (Fig. 2.2.3). Additionally, the abundance 

of the benthonic foraminifera Cassidulina teretis during upper OIS 6 and OIS 3 





and 2 (J. Wollenburg, unpublished data) indicates that at least a subsurface body 

of Atlantic water reached the northern Barents Sea margin (e.g., Mackensen et al. 

1985). The increased occurrences of planktonic and benthonic foraminifera point 

to seasonally ice-free conditions during glacial periods because the production of 

zooplankton is largely a function of irradiance and nutrient concentrations and, 

thus, of Open water conditions (Smith 1995). However, owing to an extensive 

sea-ice Cover and only short-term Atlantic water surface advection during OIS 2 

and 6 compared to 01s 1 and 5 (see later discussion), we assume that highest 

accumulation rates of biogenic calcite (up to 6 glcm21kyr) On the northern Barents 

Sea margin are probably not related just to Atlantic water inflow. Hebbeln and 

Wefer (1991) and Kohfeld et al. (1996) argued that favorable conditions for 

biological productivity and high lithogenic flux resulting from the release of IRD by 

melting (Fig. 2.2.4) will also be found around polynyas that are caused by the up- 

Fig. 2.2.4: Sedimentation rate (cmlkyr), total mass accumulation rate (ARbulk), accumulation 
rate of total organic carbon (ARToc), carbonate (ARcaCOs), dolomite (ARDolomite) and terrige- 
nous coarse fraction (AR>63 um) (all in glcm*/kyr) versus calibrated calendar years. 



welling of relatively warm water. For example, investigations by Kohfeld et al. 

(1996) in the North East Water polynya (NE-Greenland) confirm that abundances 

of N. pachyderma sin. show maximum fluxes occurring at the Same time as 

maximum carbon fluxes to the sediments. In contrast, fluxes of N. pachyderma 

sin. decrease to Zero below complete ice Cover. Therefore, we suggest that an 

expansion of a coastal polynya at least to the northern Franz Victoria Trough, 

triggered by katabatic winds from the protruding SBIS and an inflow of sub- 

surface Atlantic water masses, may have supported the seasonally ice-free condi- 

tions and the enhanced flux of biogenic calcite, and provided additional moisture 

to build-up the SBIS along the northern Barents Sea margin during glacial OIS 3, 

2, and 6 (Fig. 2.2.5). A continuous terrigenous input along the ice edge or at the 

grounding lines of the ice sheet, documented by the high lithogenic flux (Fig. 

2.2.4), and a subsequent intensive supply of nutrients probably induced by 

upwelling of Atlantic water may have fostered the foraminiferal production in the 

water column. Indications of higher amounts of MOM, which point to increased 

surface-water productivity, do not occur during OIS 2 and 6 (Fig. 2.2.3) because 

highest accumulation rates of terrigenous organic material (up to 0.42 g/cm*lkyr) 
reflected by CIN ratios >15, low Hl-values, and light S^Corg values due to 

melting processes probably dilute the marine organic signal (Fig. 2.2.4). Visual 

inspection of the coarse fraction corroborates the high input of glacially reworked 

TOC-rich siltstones, which are indicative for a SvalbardIBarents Sea source, and 

confirms the high terrigenous organic accumulation rates. A similar scenario from 

the Antarctic ice sheet was proposed by Melles (1991). He argued, based on 

higher foraminiferal abundances in upper slope sediments of the Weddell Sea 

during OIS 2, that a coastal polynya triggered by katabatic winds existed in front 

of the Antarctic ice sheet. A seasonally coastal polynya in front of the protruding 

SBIS at least during OIS 2 (and presumably during upper OIS 6) (Fig. 2.2.5) 

would explain the distinct shift in sedimentation rates from 5 cmlkyr during late 

substage 3.1 up to 38 cmlkyr during OIS 2 due to release of IRD by melting of the 

nearby ice-sheet (Fig. 2.2.4). However, compared to OIS 2, the reduction of 

sedimentation rates by a factor of 4 or 5 resulted in lower terrigenous and 

biogenic fluxes for the upper OIS 6 (Fig. 2.2.4). Although the diminished 

sedimentation rates might be, at least partly, artificial due to a lower stratigraphic 



Fig. 2.2.5: Paleoenvironrnental model of the SBIS during Last Glacial Maximum (at 19 ka). Extension of ice-sheets and Atlantic water advection 
are based on CLIMAP (1981) and Hebbeln et al. (1994). All investigated cores (except PS2447 and PS2448) show enhanced abundances of 
planktic and benthic foraminifera in the coarse fraction (>63 um) during late OIS 3 and OIS 2 (Knies, unpubl. data) and can be correlated to PS2138-1. 
(WSC: Westspitsbergen Current; WSCs: submerging Westspitsbergen Current). 
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resolution, they may also reflect a closer sea-ice Cover andlor reduced melting 

processes during upper OIS 6 in relation to OIS 2. 

Deglaciation patterns along the northern Barents Sea margin 

Deglaciation patterns in the Fram Strait and the NGS are indicated by an intense 

input of IRD from the surrounding ice sheets (e.g., lverhai et al. 1995, Fronval 

and Jansen 1997, Hebbeln and Wefer 1997). 

Distinct layers of sand and gravel and the IRD data indicate recurring periods of 

increased glacial activity and enhanced supply of terrigenous material by 

glaciomarine processes along the northern Barents Sea margin (Fig. 2.2.3). 

In OIS 6, higher amounts of IRD were deposited during the deglacial substage 

6.3. Short-term IRD events during substage 6.2 correlate with layers of gravel and 
sand, light 613Corg values, and biogenic calcite peaks, and probably indicate 

higher calving rates of the Â§BIS Differences in the IRD composition during 
substages 6.3 and 6.2 indicated by 6^Corg values may delineate different 

source regions outlined in Hebbeln and Wefer (1997). 
The OIS 615 boundary is marked by a strong meltwater signal (6480, 2.1 %o; S^C, 

-0.56 %o) and an increased supply of IRD. Prior to this event, a second IRD peak 

was recorded in late OIS 6. Despite a lower stratigraphic resolution of OIS 6, this 

peak could be correlated with the initial melting of the ice sheets surrounding the 

NGS in late OIS 6 (before 130 ka) suggested by Fronval and Jansen (1997). A 

distinctly lower input of coarse-grained material and IRD during OIS 5 document 

that most of the Â§BI had already disappeared at the beginning of the Eemian. 

Moderate IRD input and low levels of coarse-grained material in mid OIS 5 do not 

reflect a glacier advance as known from the onshore glacial history of 

(Mangerud and Svendsen 1992). 

At the OIS 413 boundary and early OIS 3, a distinetly increased supply of IRD was 

caused by enhanced iceberg drifting produced by the rapid retreat of the SBIS 

during the Mid-Weichselian deglaciation On Svalbard (Mangerud and Svendsen 

1992). However, in contrast to the LGM and upper OIS 6, OIS 4 is marked by very 
low sedimentation rates, carbonate dissolution and heavier &^C-values and, 

thus, does not seem comparable with the Saalian and late Weichselian 

glaciation. 
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The SBIS build-up during the Late Weichselian is indicated by a very low input of 
IRD on the northern Barents Sea margin. Only short-term pulses of IRD -20 ka 

and 16.8 ka may reflect distinct deglaciation signals in between periods of glacier 

growth within the Late Weichselian. In contrast, Elverhoi et al. (1995) suggested 

that the IRD pulse around 20 ka documents the first significant ice advance 

beyond the present coastline on the western Svalbard margin. 

The first distinct signal of ice recession on the northern Barents Sea margin, 

which probably reflects the onset of SBIS decay, is marked by a small but 

significant input of 1RD around 16.2 ka. This is consistent with a first distinct 

deglacial phase at 16 ka at the southwestern Barents Sea margin proposed by 

Vorren et al, (1988). The drastic climatic change and the gradual retreat of the 

SBIS on the northern Barents Sea during the last deglaciation (Termination I) is 

documented by a maximum pulse of IRD at 15.4 ka. A subsequent second pulse 
of deglaciation marked by a distinct meltwater event (6180: 3.2%0; 61%: -0.57%o) 

and high IRD-input occurred between 14 and 13 ka. This is widely consistent with 

the deglaciation patterns on the East Greenland margin (Nam et al. 1995) and 

well-correlated with major meltwater anomalies in the Arctic Ocean and the Fram 

Strait (e.g., Jones and Keigwin 1988, Stein et al. 1994). Although the stratigraphic 

resolution of Termination l is much higher and the IRD events are more significant 

compared to Termination II, the two smaller IRD peaks at the transition of OIS 6 to 

OIS 5 may reflect similar deglaciation patterns. The lower magnitude of IRD 

events during Termination II might be explained by a more extensive sea-ice 

Cover, which might have prevented higher supply and accumulation of IRD at the 

continental slope (Nam et al. 1995). 

Low to moderate IRD input during the Holocene is comparable with OIS 5 and 

does not indicate major glacial activity. 

Interglacial sedimentary characteristics 

According to Hebbeln and Wefer (1997), substages 5.5, 5.1, and the Holocene 

were the globally warmest periods in the Fram Strait over the last 180 ka. 

However, indications for a surface ocean warming influenced by an intensive 

Atlantic water inflow and thus higher input of MOM on the northern Barents Sea 
margin are not documented by the data (Fig. 2.2.3). Only heavier S^Corg values 

(up to -22.5%o) indicate a slightly higher amount of MOM in the sediments (Fig. 



2.2.3). Additionally, the carbonate content used as a surface water productivity 

indicator in the Fram Strait (Hebbeln and Wefer 1997) is also of limited value in 

the study area. Particularly, the transitions from Terminations II and l to 

interglacial periods OIS 5 and OIS 1 are characterized by an extraordinary drop 

of biogenic calcite. The carbonate content is completely composed of detrital 

dolomite (Fig. 2.2.3). According to Steinsund and Hald (1994), the dissolution of 

biogenic calcite in sediments of the eastern and northern Barents Sea has 

increased during deglacial and interglacial periods due to a combination of 

Atlantic water influx, the annual formation of sea-ice, dense bottom water 

formation, and surface water productivity blooms. During seasonal sea-ice 

formation in the Barents Sea brines are ejected by sea-ice. These brines form a 

highly saline, COg- and oxygen-enriched water mass that descends in troughs 

and depressions on the eastern and northern Barents Sea margin (Steinsund 

and Hald 1994). Oxidation of MOM, which is highly accumulated near the ice 

edge (Hebbeln and Wefer 1991), is enhanced under such conditions and causes 

the net increase of metabolized CO?. When such a dense water mass overlies 

the organic-rich sediments, the degradation products of MOM will not be 

recirculated into the surface water, but will be concentrated in the bottom waters 

and thus reinforce dissolution of biogenic calcite. 

Hence, we conclude that dissolution of biogenic calcite and low MOM reflect the 

strengest advection of Atlantic water and enhanced surface-water productivity 

along the northern Barents Sea continental margin during OIS 5 and 1, and 
presumably during early OIS 3. Based On heavier S^Corg values and virtually 

complete disso-lution of biogenic calcite, we also speculate that during OIS 4 a 

continuous influx of Atlantic water occurred. 

Conclusions 
Our data document a continuous influx of Atlantic water along the northern 

Barents Sea margin during the last 150 ka. During the Late Weichselian and 

Saalian glaciations, moisture supply enhanced by seasonally variable Atlantic 

water advection and coastal polynyas, increased snowfall, and a minimal loss of 

ice as indicated by a lower input of IRD accelerated the final SBIS build-up. The 

coastal polynya in front of the SBIS expanded at least to the northern Franz 

Victoria Trough. Varying inputs of IRD indicate major calving events during the 
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last 150 ka. The almost complete dissolution of biogenic calcite during the 

interglacials was controlled mainly by dense, cold, saline, and CO2-rich bottom 

water and subsequent oxidation of higher contents of MOM. This indicates the 

strengest advection of Atlantic water and a stable marginal ice Zone during 

OIS 5, the Holocene, and presumably during early OIS 3. 
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Abstract 
Three well-dated sediment cores located along the Eurasian continental margin 

(Arctic Ocean) have been studied to reconstruct the environmental changes in 

terms of waxing and waning of the BarentslKara Sea ice-sheets, Atlantic water 

inflow, and sea-ice distribution over the last 160 ka. The stratigraphy of the cores 

is based On stable oxygen isotopes, AMS14C, and paleomagnetic data. We 

studied variations in marine and terrigenous input by a multiproxy approach, in- 

volving direct comparison of sedimentological and organo-geochemical data. 

Extensive episodes of northern Barents Sea ice-sheet growth during oxygen 

isotope stages (01s) 6 and 2 have been supported by, at least, subsurface At- 

lantic water inflow, moisture-bearing storms, low summer insolation, and minimal 

calving of ice. Ice advance during OIS 4 was probably restricted to the shallow 

shelf. Between OIS 4 and OIS 2 large ice-sheet fluctuations correspond to con- 

temporary Laurentide surging events and indicate short-term climatic changes in 

the Arctic Ocean as has been recorded in lower latitudes. In contrast, in low pre- 

cipitation areas in eastern Eurasia, glacial activity was rather limited. Only ice- 

rafted debris (IRD) input during Termination II and early OIS 3 reflects severe 

glaciations on the northern Severnaya Semlya margin during OIS 6 and OIS 4. 

We conclude that (1) oscillations of ice-sheets are less frequent along the eastern 

Eurasian margin than in areas with continuous moisture supply like the western 

Eurasian margins and that (2) major fluctuations of the Kara Sea ice-sheet during 

the last 160 ka apparently followed the major interglaciallglacial OIS 514 and 716 

transitions rather than the precession (23 kyr) and the tilt (41 kyr) cyclicity of the 

earths orbit for the Scandinavian and Barents Sea ice-sheet, respectively 

(Mangerud et al. 1996). 

Surface andlor subsurface Atlantic water masses coupled with seasonally ice- 

free conditions penetrated continously to at least the Franz Victoria Trough during 

the last 150 ka. However, sustained periods of Open water were largely restricted 

to substages 5.5, 5.1, and the Holocene as indicated by distinct carbonate 

dissolution and higher accumulation of marine organic matter. Signals of periodic 

open-water conditions along the northern margin of Severnaya Semlya are of 

less importance. Higher production of foraminifera, probably due to Atlantic water 

inflow occurred between 38 and 12 ^C ka and corresponds to periodic Atlantic 

water advection penetrating into the Arctic Ocean. However, marine organic 



proxies indicate a continuous decrease of surface-water productivity from the 

western to the eastern Eurasian continental margin due to a more extensive sea- 

ice cover over the last 160 ka. 

Introduction 
Build-up and decay of circum-Arctic ice-sheets, the extension of sea-ice cover 

and its influence on Earth's albedo, the Nordic Seas thermohaline system, and 

the Atlantic water circulation are key points for understanding the global climate 

system (e.g. NAD Science Committee, 1992; Aagaard and Carmack, 1994). 

However, a critical constraint for environmental reconstructions in the Arctic re- 

gion is still the enigmatic stratigraphic resolution of marine and terrestrial records 

e.g. Mangerud et al., 1996; Velitchko et al., 1997; Spielhagen et al., 1997; Ner- 

gaard-Pedersen et al., 1998). Therefore, the two major discrepancies concerning 

the extent and volume of the ice-sheets along the Eurasian continental margin 

during glacials have not yet been resolved (e.g. Denton and Hughes, 1981; 

Grosswald, 1993; Dunayev and Pavlidis, 1988; Velitchko et al., 1997; Pavlidis et 

al., 1997) and the recently found dynamic coupling of Atlantic water inflow and 

the Arctic Ocean hydrography (c.f. Carmack et al., 1995) could not be classified in 

Arctic Ocean records (Nargaard-Pedersen et al., 1998). 

However, both aspects are of primary interest for climatic reconstructions be- 

cause (1) the freshwater supply from the Eurasian ice-sheets may have triggered 

changes in thermohaline circulation of the North Atlantic (e.g. Oppo and Lehman, 

1995) and (2) the seasonal melting of sea-ice caused by intensive inflow of At- 

lantic water results in distinct changes of the surface albedo, the energy balance, 

the moisture supply and thus the ocean-ice-atmosphere interaction (e.g. Hibler, 

1989; Carmack et al., 1995). 

Recently, a few studies documented the connection between the build-up and 

decay of the BarentsIKara Sea ice-sheets, the outflow of associated meltwater 

discharge to the central Arctic Ocean, and the inflow of Atlantic water during the 

last glaciallinterglacial cycle (e.g. Hebbeln and Wefer, 1997; Nergaard-Pedersen 

et al., 1998; Knies et al., 1998). Lubinski et al. (1996) and Polyak et al. (1997) 

showed that the marine-based ice-sheets along the northern Barents Sea margin 

reached the outer shelf, probably the shelf edge, during the Last Glacial Maxi- 

mum (LGM). At least, it can be said that the subsurface inflow of Atlantic water 
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and the formation of coastal polynyas, resulting in seasonally open-water condi- 

tions had a major influence on the final ice-sheet build-up (cf. Hebbeln et al., 

1994; Knies et al., 1998). Major deglaciation of the ice-sheets between 15.4 and 

13.3 1% ka can be traced in sediments of the central Arctic Ocean and the Fram 
Strait by 6180 meltwater spikes (e.g. Jones and Keigwin, 1988; Stein et al., 

1994c; Norgaard-Pedersen et al., 1998). Glaciomarine sedimentation on the 

northern Eurasian continental margins induced by insolation and a rise in sea- 

level, and enhanced Atlantic water inflow at -13 I4C  ka has been established 

(Polyak and Solheim 1994). However, indications of Atlantic water inflow and 

build-upldecay of the ice-sheets preceding the last glaciallinterglacial cycle are 

still very rare (Lloyd et al., 1996; Hebbeln and Wefer, 1997; Norgaard-Pedersen 

et al., 1998; Knies et al., 1998). 

Knies and Stein (1998) postulated that paleoceanographic proxies traditionally 

used in the North Atlantic are of limited value for paleoenvironmental reconstruc- 

tions on the northern Barents Sea margin. That means that no single proxy can 

be relied On to give the whole story. Therefore, we tried to elucidate the environ- 

mental changes along the Eurasian continental margin over the last 160 ka with a 
multiproxy approach. Biomarker distributions combined with conventional sedi- 

mentological climate proxies were used to reconstruct the Atlantic water influ- 

ence along the Eurasian continental margin, the glaciation history of the Eura- 

sian ice-sheets, the meltwater influx and the sea-ice distribution. 

In order to examine the BarentsIKara Sea ice-sheet build-up and decay we 

studied the input of ice-rafted debris (IRD) and stable oxygen and carbon iso- 

topes in three cores, which are located northeast of Svalbard, along the northern 

Barents Sea margin, and northeast of Severnaya Semlya (Fig. 2.3.1). 

Information regarding Atlantic water inflow andlor seasonally open-water condi- 

tions, and sea-ice distribution along the Eurasian continental margin were 

achieved by determining mass accumulation rates, bulk organic analysis, bio- 

genic and detrital carbonate, biogenic opal, and several marine and terrigenous- 

derived biomarkers (n-alkanes, fatty acids, chlorins). We show that the intercorre- 

lation of those proxies, including specific organic compounds, elucidate glacial 

and interglacial paleoclimatic variations along the Eurasian continental margin 

over the last 160 ka. 



ceanographic core locations 
The present-day current Pattern in the eastern Arctic Ocean is dominated by the 

interaction of Atlantic water inflow from the Norwegian Sea through Fram Strait 

and over the Barents and Kara seas with its counterpart, the Transpolar Drift (TD) 

and the East Greenland Current (EGC), with their cold, low-saline polar water 

outflow (Meincke et al., 1997; Aagaard and Carmack, 1989; 1994). The per- 

manent sea-ice Cover in the central Arctic Ocean caused by high river runoff and 

Fig. 2.3.1: The main oceanographic setting in the eastern sector of the Arctic Ocean after 
Aagaard and Carmack (1994). Bathymetry and core sites discussed in this study are 
shown. Average ice conditions are adopted from Sudgen (1982). White arrows denote 
inflow of surface and intermediate Atlantic derived water masses according to Rudels et al. 
(1994). Black arrows mark modern sea-ice drift paths. TD: Transpolardrift, EGC: East 
Greenland Current. 

net precipitation is mainly controlled by the interaction of warm Atlantic and cold 

polar water masses (Vinje, 1977; 1985). The Transpolar Drift system governs the 

overall motion of sea-ice in the eastern Arctic Ocean and leads to a movement of 



sea-ice away from the Siberian coast, across the Arctic basin, and south through 

the western side of the Fram Strait. The Atlantic water is transformed and ex- 

ported into high density intermediate waters after entering the Arctic Ocean. 

These Atlantic water-derived intermediated water masses flow eastward along 

the Eurasian continental slope (Fig. 2.3.1). According to Schauer et al. (1997), the 

Atlantic layer is largely decoupled from the atmosphere, and its main 

transformations occur through interactions with plumes of dense water ejected by 

seasonal sea-ice production on the shallow Barents and Kara Sea shelves. In the 

Eurasian Basin, a tight loop brings the water back towards the Fram Strait 

following the Lomonosov and Gakkel Ridge. In the Fram Strait the Arctic Ocean 

intermediate outflow in the EGC encounters the recirculating water of the 

relatively warm West Spitsbergen Current (WSC). 

The sediment cores studied were located along the Eurasian continental margin 

and were recovered during three expeditions with R/V Polarstern (Fig. 2.3.1, 

Table 2.3.1) (Rachor, 1992; FÃ¼tterer 1994; Rachor, 1997). The selection of core 

positions was based on high-resolution Parasound echosounding system 

(4 kHz). 

Table 2.3.1 : Site locations and water depth of the investigated cores. 

Core Latitude Longitude Water Depth. Core Type 

PS2122-2 80Â°23.4 07'33.0E 705 m gravity corer 
PS2212-3 82O04.2N 15'43,OE 2550 m kasten corer 
PS2138-1 81Â°32.1 30Â°35.6 995 m gravity corer 
PS2446-4 82'23.8N 40Â°54.5 2022 m kasten corer 
PS2741-1 8 1Â°06.3 105'23.6E 2530 m kasten corer 
PS2782-1 79'36.6N 103'21.3E 340 m gravity corer 

Material and Methods 
All cores were routinely sampled at 5 to 10 cm intervals; additional samples were 

taken in intervals of changing lithology andlor color. Lithological characteristics 

and IRD contents were determined by evaluation of X-radiographs (e.g. Grobe, 

1987). All cores consist mainly of bioturbated mud, with occasional intercalated 

laminated sequences and layers of sand and gravel. The sediment color varies 

between brownish and dark olive. Core PS2446-4 contains intercalated debris 



flow and slump unit. Detailed core descriptions are given by FÃ¼ttere (1994), 

Rachor (1997) and Knies (1998). 

Bulk analysis 

For bulk analysis, 5 cm3 samples were taken, freeze-dried and homogenized. 

Total carbon (TC) and total organic carbon (TOC) were determined using a 

Heraeus CHN-analyzer. The carbonate content was calculated as CaC03 (%)= 

(TC-TOC)*8.333 (for details concerning the method See Stein, 1991). The 

dolomite content was measured by means of a Philips PW3020 diffractometer 

and determined using the Qualit software package described in detail by Em- 

mermann and Lauterjung (1990) and Vogt (1997). The hydrogen Index (Hl in 

mgHC/g TOC) was achieved by means of Rock-Eva1 Pyrolysis as described by 

Espitalie et al. (1977). Biogenic silica was determined by the NaOH extraction 

technique described in detail by MÃ¼lle and Schneider (1993). For clay minera- 

logy, the fraction <2 pm was separated by wet sieving and the Stoke's law settling 

method in Atterberg tubes (details in Vogt 1997). The measurements were carried 

out on a Philips PW1820 diffractometer with an automatic divergence slit, using 
CoKa radiation (40 kV, 40 mA). Identification of clay minerals was done at 17 A 
for smectite and 7 for kaolinite and chlorite. To differentiate kaolinite and 
chlorite we used intensity ratlos of the 3.58 A-kaolinite peak and the 3.54 A- 
chlorite peak. Relative clay-mineral contents were calculated by using empirical 

factors after Biscaye (1 965) and normalized to 100%. 

Samples for magnetostratigraphic analyses were taken every 2 to 3 cm with 6.2 

cm3 cubic plastic boxes. Remanence measurements and progressive alternating 

field demagnetization were performed with a fully automated, DC-SQUID-based 

2G 755 SRM at the GeoForschungsZentrum Potsdam. Determination of charac- 

teristic remanent magnetization and polarity was based on principle component 

analysis of all samples. A detailed presentation of the paleo- and rock magnetic 

results will be published elsewhere. 

Biomarker analysis 

The analytical procedure used for the determination of n-alkanes, short-chain 

fatty acids, and chlorins are described in detail in Fahl and Stein (1997) and 

Knies and Stein (1998). Approximately 2-3 g freeze-dried and homogenized 
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sediment was extracted with methanol and dichloromethane. An aliquot of the 

total extract was used for analyzing n-alkanes and fatty acids. The n-alkane-frac- 

tion was separated by column chromatography with hexane. To prepare the fatty 

acid methyi esters and free alcohols, the total extract was transesterified with 3 % 

concentrated sulfuric acid in methanol. 

The n-alkanes and short-chain fatty acids were analyzed by gaschromatography 

(HP 5890) with a flame ionization detector and a cold injection system (Gerstel). 

Helium was used as carrier gas. The n-alkanes and short-chain fatty acids (16:0, 

16:l (n-5),(n-7), 18:0, and 18:1 (n-7),(n-9)) were identified with authentic stan- 

dards and were quantified by internal standards (Squalane, and 19:O fatty acid 

methyl ester). Results are expressed as pglg dry weight sediment. 

The chlorophyll-derived pigments (chlorins) were determined by measuring the 

absorbance of their solvent extracts (extraction in 90 % acetone) at a wavelength 

of 665 nm (more details in Rosell-Mel6 et al., 1997). The turbidity factor at 750 nm 

was subtracted and normalized to dry weight sediment. 

Stable isotope analysis 
Stable carbon isotope ratios of the organic fraction were determined On decar- 

bonated samples using a Finnigan MAT Delta-S mass spectrometer (AWI, Pots- 

darn). Accuracy was checked by parallel analysis of international standard refer- 
ence rnaterial (IAEA-CH-7). Results are expressed in %o vs. Vienna-PDB. 

A Finnigan MAT 251 mass spectrometer (AWI, Bremerhaven) was used to per- 

form stable oxygen and carbon isotope measurements on the planktonic 

foraminifer Neogloboquadrina pachyderma sin. from the >63 Fm fraction. Results 
are expressed in the 5-notation (%o vs PDB). Results are calibrated against the 

National Institute of Standards and Technology (NIST) 19 standards. 

Several samples were chosen for accelerator mass spectrometry (AMS) 1% 

dating (Kiel, University), The ^C dates are &^C-normalized and corrected for 

reservoir effects equal to 440 yr (Mangerud and Gulliksen, 1975). Calendar years 

are calculated using the program Calib 3.0 (Stuiver and Reimer, 1993) for ages 

<18 1% ka and an extended second-order fit for the period > I 8  ^C ka (Bard et 

al., 1992) (Table 2.3.2). When not specified as ^C ages, given ages are calendar 

ages. 



Bulk mass accumulation rates (ARbuik) and AR of different components (ARCaCO3, 

ARTOC) were calculated as the product of the dry bulk density and the linear 

sedimentation rates (LSR) calculated from the interpolated calendar ages for 

each sample (van Andel et al., 1975). Dry bulk density for PS2138-1 was de- 

termined by weighing 5 cm3 of dry sediment, measuring volume and density by 

Accupyc1330 (Micromeritic), and calculating wet bulk density and porosity ac- 

cording to Gealy (1971). Dry bulk density data for PS2446-4 and PS2741-1 were 

adopted from N. N~rgaard-Pedersen (unpublished data). The accuracy and re- 

producibility of alt described methods are outlined in Knies and Stein (1998) and 

Vogt (1 997). 

Table 2.3.2: Results of Accellerator Mass Spectrometry (AMS) 4 ~ .  

Core Depth in Material Age uncorr. Age corr. Laboratory 
core (cmbsf) 1 4 c  years 14c years reference no. 

PS2138-1 80 cm Bivalves 12600+ 1401- 130 14796 KIA363 
PS2138-1 110 cm mixed forams 13590 + 801- 80 16294 KIA4765 
PS2138-1 130 cm mixed forams 15410+130/-130 18325 KIA1283 
PS2138-1 160 cm N. pachyderma sin. 16230+210/-210 19111 KIA364 
PS2138- 1 200 cm N. pachyderma sin. 16880+130/-130 20573 KIA2745 
PS2138-1 300 cm N. pachyderma sin. 20040+330/-320 23700 KIA365 
PS2138-1 331 cm N. pachyderma sin. 23 100+240/-240 27185 KIA2744 
PS2138-1 360 cm Bivalves 25800+280/-270 30161 KIA4766 
PS2138-1 380 cm mixed forams 34900+ 15701- 13 10 34900 KIA1284 
PS2446-4 6 cm N. pachyderma sin. 660+ 401- 40 648 KIA4760 
PS2446-4 150 cm mixed forams 12420+ 1001- 90 14600 KIA1286 
PS2446-4 180 cm mixed forams 15430+ 901- 90 18325 KU4761 
PS2446-4 357 cm mixed forams 19290+ 1401- 130 22830 KIA4762 
PS2446-4 420 cm N. pachyderma sin. 21 110+250/-240 24930 KIA1285 
PS2446-4 520 cm mixed forams 23140+240/-230 27230 KIA4763 
PS2741-1 160cm mixed forams 11600+ 701- 70 13527 KIA4764 
PS2741-1 200 cm N. pachyderma sin 37720+3500/-2500 37720 KIA0110 
PS2782-1 338 cm mixed forams >44 140 KIA2746 

Stratigraphy 
The sediment records along the Eurasian continental margin Cover oxygen iso- 

tope stage (01s) 6 to the Holocene (Fig. 2.3.2). The age model of core PS2138-1 

is based On the correlation of the stable oxygen isotope records of the planktonic 

foraminifera N. pachyderma sin. with the chronostratigraphy of Martinson et al. 

(1987) (cf. Knies et al., 1998). Deviations from the typical shape of late Quater- 
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Fig. 2.3.2: Oxygen and carbon isotope stratigraphy and AMS14C datings in the investigated cores. OIS Stages are displayed for each core. 
Abundances of Pullenia bulloides (P.B.) is marked by solid bars in core PS21 38-1 (J. Wollenburg, unpublished data). OIS events 6.2 and 
6.3 are indicated (cf. Martinson et al. 1987). Slumps/debris flows in core PS2446-4 are labelled. Paleomagnetic data for core PS2741 -1 and 
PS2212-3 (cf. Nowaczyk et al. 1994) are shown on the right hand side. Ages for several magnetic events are adopted from Nowaczyk et al. 
(1994). Distinct IRD-layer in early OIS 3 is correlated to isotope event 3.3.1 according to Martinson et al. (1987) and Nergaard-Pedersen et 
al. (1998). 
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nary isotope records are attributed to isotopically light meltwater or temperature 

shifts (e.g. Stein et al., 1994a,c). The stratigraphical control is further modified by 

several radiocarbon (AMSi4C) datings (Table 2.3.2). Beyond the range of 1% 

datings, the final chronology has been supported by carbon isotope records and 

the occurrence of benthonic foraminifera Pullenia bulloides during substage 5.1 

and between substages 5.5 and 5.3 (cf. Fig. 2.3.2, Haake and Pflaumann 1989, 

1991). 

Final age models of cores PS2446-4 and PS2741-1 were established by radio- 

carbon datings and paleomagnetic data. In core PS2446-4, the transition of the 
LGM, indicated by the heaviest 6180-values (4.5%o), to the Holocene is well de- 

fined by two low 6180 spikes and prominent 613-minima marking Termination la 

(cf. Fig. 2.3.2). The base of the core is estimated to represent the beginning of OIS 

2. 
Three paleomagnetic events, which were also found in other Arctic Ocean sedi- 

ment cores (e.g. Nowaczyk et al., 1994) have been identified in core PS2741-1. 

OIS 615 and 514 transitions are recognized by two paleomagnetic events: The 

Blake event at the beginning of OIS 5 (128-118 ka) and the Norwe- 

gian1Greenland Sea (NGS) event at the end of OIS 5 (86-72 ka) (Smith and 

Fester, 1969; Bleil and Gard, 1989). The age of the core base of PS2741-1 is un- 

known. Nevertheless, we speculate that the occurence of the Blake event in 

comparable core depths of PS2741-1 (370 cm) and PS2212-3 (393 cm) (cf. Fig. 

2.3.2) probably allows one to establish the age of the core base of PS2741-1. 

The Biwa l event (171 ka) in core PS2212-3 at 730 cm core depth is used to in- 

terpolate between the Blake event in PS2741-1 and the base assuming constant 

sedimentation rate (cf. Tab. 2.3.3). The Laschamp event dated between 43-34 ka 

(Bonhommet and Babkine, 1967; Nowaczyk et al., 1994) correlates well with 

AMS^C dating (37.7 1% ka) in mid OIS 3. The IRD layer at 264 cm core depth 

might reflect the mid-Weichselian deglaciation at the OIS 413 transition 

(Mangerud and Svendsen, 1992; Hebbeln, 1992). N~rgaard-Pedersen et al. 

(1998) correlate this major deglaciation event in the central Arctic Ocean with 

isotope event 3.31 (55.5 ka) (Martinson et al., 1987). We believe that the in- 

creased IRD input at the northern margin of Severnaya Semlya also corresponds 

to isotope event 3.31 and marks the OIS 413 transition in this region. The OIS 312 

and 211 boundaries are not clearly documented in the core. The AMS "^C age 
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Age cal. years (*1000) 

Fig. 2.3.3: Age-versus-depth diagram for the investigated cores PS2138-1, PS2446-4, and 
PS2741 -1. 

Table 2.3.3: AgelDepth fixpoints and mean sedimentation (LSR cmlkyr) and mass accumu- 
lation rates (ARbulk) in cores PS2138-1 and PS2741-1. The mean LSR and ARbulk of 
PS2446-4 are listed in parenthesis. 

0 cm Recentb 
80 cm 14.8 ka AMSI4C 5.4 (10.3) 9.0 (8.3) 

345 cm 28.2 ka 01s 213 21.2 (19.2) 42.8 (23.7) 
420 cm 59.0 ka 01s 314 4.4 6.7 
450 cm 74.0 ka 01s 415 2.0 3.2 
545 cm 130.0 ka 01s 516 1.7 2.9 
560 cm 135.0 ka Event 6.2 3.0 4.8 
610 cm 142.0 ka Event 6.3 7.1 12.2 

PS2741-1  
0 cm Recentb 

160 cm 13.5 ka AMSI4C 11.8 7.9 
200 cm 37.7 ka AMSI4C 1.6 1.4 
227 cm 43.0 ka Laschamps 5.1 3.8 
268 cm 55.5 ka Event 3.31 3.3 3.0 
322 cm 86.0 ka NGS 1.9 1.5 
340 cm 118.0 ka Blake 0.6 0.4 
370 cm 128.0 ka Blake 3.0 2.5 

further AMSI4C age-fixpoints for cores PS2138-1 and PS2446-4 are outlined in Table 2 
assumcd 
correlated to PS2212-3 (Nowaczyk et al. 1994) 



11.6 ka at 160 cm core depth rather reflects the OIS 211 boundary. The Mono 

Lake event (cf. Denham and Cox, 1971) dated in core PS2138-1 (23-20 ^C ka) 

(cf. Fig. 2.3.2) is identified in PS2741-1 between I 8 7  and 181 cm. Additional 

stratigraphic information to precisely define the age model is not available . The 

age control points are used to obtain average L. R and ARbulk of glacial and in- 

terglacial time periods (Table 2.3.3). 

Sedimentation and mass accun?u/a tion rates 

The LSR along the Eurasian continental margin vary between 0.6 and 21.2 

cmlkyr (Table 2.2.3) and show distinct differentes between glacial and inter- 

glacial periods (Fig. 2.2.3). On the western margin, the LSR are generally some- 

what higher during glacials (OIS 6 and 2) than during interglacials (OIS 5 and 1). 

The LSR during OIS 4 and 3 are comparable to interglacial values. On the 

eastern margin, variations in LSR apparently do not reflect glacial or interglacial 

trends. With respect to the low stratigraphic resolution during OIS 6, the LSR are 

generally higher during OIS 6 and 1 (8.4-1 1.8 cmlkyr) than between OIS 5 and 2 

(0.6-5.1 cmlkyr). In comparison to the western margin, L.SR during OIS 2 are very 

low (1.6 cmlkyr). Enhanced ARbulk values during OIS 1 (7.9 glcm2lkyr) are widely 

consistent with the spatial pattern along the Eurasian margin (PS2122-2: 12 

glcm2lkyr (Knies, 1994), PS2138-1: 7 g/cm2/kyr, PS2446-4: 8.3 glcm2lkyr). A 

possible reason could be sediment redistribution by lateral processes, i.e., con- 

tour currents andlor suspension downslope transport by brine formation as de- 

scribed for the northern Barents Sea margin (Elverh~i et al., 1989, Pfirman et al. 

1 994). 

Ice-rafted debris 

We use the input of coarse lithogenic IRD as a monitor of glacier fluctuations of 

the BarentsIKara Sea ice sheets (e.g. Hebbeln, 1992; Baumann et al., 1995). 

Peak values (>2 mm) indicating maximum output were reached during deglacia- 

tion, when large volumes of ice were released and subsequently melted. Signifi- 

cant IRD input and prograding debris flows occurred during maximum extension 

of ice sheets, when a broad ice front reached the continental shelf edge (e.g 

McGinnis et al., 1997). Additionally, instability of tidewater ice margins caused in- 



creasing calving rates and notable IRD input (Pfirman and Solheim, 1989). Peak 

values of the coarse fraction (>63 um) without biogenic carbonate are in good 

correlation with IRD records and can be used as tracer of significant terrigenous 

input by ice sheets (e.g. Hebbeln and Wefer, 1997). 

Increased IRD-input along the northern Barents Sea occurred during major 

deglacial phases, OIS event 6.3, Termination II and I, and at the OIS transition 413 

(Fig. 2.3.4a,b). Abundant peaks of IRD on the northern Kara Sea margin are 

found in mid OIS 6, Termination II, late OIS 5, and early and middle OIS 3 (Fig. 

2.3.4~). Debris flow and slump units are exclusively observed in PS2446-4 during 

early OIS 2 and Termination I. Whereas several smaller IRD pulses can be 

recognized along the northern Barents Sea during glacial and interglacial 

periods, IRD sedimentation is almost absent along the northern Kara Sea. 

Carbonate 

In general, carbonate contents in the study area mostly parallel the abundance 

curves of planktonic and benthonic foraminifera (cf. Andersen et al., 1996; 

Hebbeln and Wefer, 1997). Dolomitic carbonate is only of secondary importance 

(cf. Knies et al., 1998). In all cores, the highest biogenic carbonate contents are 

found in glacial sediments. Along the northern Barents Sea margin, peak values 

(up to 15 %) occur during OIS 6, late OIS 3 and OIS 2 (Fig. 2.3.4a,b). Highest 

amounts of biogenic carbonate (up to 4 %) are also observed during late OIS 3 

and OIS 2 on the northern Kara Sea margin (Fig. 2.3.4~). In contrast, significant 

carbonate contents during OIS 6 and early OIS 3 are of detrital origin. During in- 

terglacials, the carbonate content varies between 0 and 4 % and is mostly com- 

posed of dolomite. Only surface sediments contain minor amounts of biogenic 

carbonate. Pervasive evidence of dissolution during interglacials is Seen in the 

preservation of calcareous microfossils in the coarse fraction. During deglacial 

periods with rapid ice ablation (01s 413 transition, Termination l and 11), dissolu- 

tion spikes can also be caused by a distinct decrease in ventilation and exchange 

of bottom waters due to stabilisation of the water column by development of 

extensive meltwater lids at the surface (Henrich, 1989). 
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Biogenic opal 

Biogenic opal concentration is strongly affected by dissolution caused by the un- 

dersaturation of seawater with silica (Treguer et al., 1995). However, if we use the 

arguments of Treguer et al. (1995) assuming constant dissolution rates of opal 

over the past 160 ka, changes in opal abundance may reflect actual changes in 

the rain rate of biogenic opal due to variable nutrient supply. However, according 

to NÃ¼rnber (1996), preservation of biogenic opal in Arctic Ocean sediments is 

influenced not only by surface water characteristics, but also by accumulation 

rates, dilution effects and reworking processes. In this study, the sediments 

contain up to 3 % biogenic opal (Fig. 2.3.4). Because of the very low percentages, 

we do not calculate component AR of biogenic opal since AR would strongly 

overprint the opal values. Highest values along the Eurasian continental margin 

occur during OIS 5 and Termination l and early Holocene (Fig. 2.3.4). Generally, 

glacial periods are characterized by low biogenic opal contents (5 1 %). 

Total Organic Carbon 

The TOC content in marine sediments is related to productivity, preservation 

conditions and terrestrial input (e.g. Emerson and Hedges, 1988; Stein, 1991 ; 

Calvert and Pedersen, 1992). However, in high northern latitudes, terrestrial or- 

ganic matter (TOM) input released by sea ice, icebergs and gravity flows seem to 

have the strongest influence on the Arctic Ocean carbon cycle (Stein et al., 

1994a; Lundberg and Haugan 1996). Surface water productivity changes are 

hence of minor importance for deposition of organic carbon (Stein et al., 1994a; 

Schubert and Stein, 1996; Fahl and Stein, 1997; Boetius and Damm, 1998). Pri- 

mary productivity estimations range from < 1 to >I00 gC/m*ly depending on nu- 

trient and light supply and On ice-edge processes (eng. English 1961; Subba Rao 

and Platt, 1984; Wheeler et al., 1996). The highest level of marine organic matter 

(MOM) preserved in open-ocean sediments along the northern Barents Sea 

margin is probably coupled to (1) high accumulation rates and scavenging of 

MOM on mostly fine-grained TOM-rich material andlor (2) a higher surface-water 

productivity due to permanent intrusion of Atlantic water and ice-edge upwelling 

(Knies and Stein, 1998). Along the Eurasian continental margin, the TOC content 

varies between 0.4 and 2.5 % (Figs. 2.3.4). These values are significantly higher 

than in open-ocean marine sediments, i.e., in the central North Atlantic 



(Romankevich, 1984). Peak TOC values occur in debris flows and in laminated 

and IRD-enriched sequences during glacial and deglacial periods, respectively. 

We use the ARTOC values for interpretating the input of total organic carbon in 

order to avoid dilution effects by siliziclastic material. In this study, we assume that 

only two sources of organic matter input, i.e., marine and terrestrial, occur. The 

input of freshwater organic matter is most likely neglible. 

Type of organic matter (terrestrial vs. marine) 

As mentioned above, the organic carbon flux in high northern latitudes is pre- 

dominantly of terrigenous origin. Nevertheless, in order to reconstruct environ- 
mental changes, the variations of the input of MOM have to be considered (Stein 

1991). Biomarkers preserved in Arctic sediments contain a wealth of paleoen- 

vironmental information and can be used to distinguish between TOM and MOM 

(Stein, 1991; Yunker et al., 1995; Schubert and Stein, 1996, 1997; Fahl and 

Stein, 1997). In this study, we used long-chain n-alkanes (Cg7, c29 and 631) to 

trace the continental contribution to the organic matter (Eglinton and Hamilton, 

1967), which is mainly transported via melting sea ice, turbidity currents andlor 

meltwater input from retreating ice sheets (Schubert and Stein, 1996, 1997). 

However, it should be noted that the TOM in the sediments can not be quantified 

by this biomarker class. Bulk organic analysis of the total organic matter, like Rock 

Eval Pyrolysis and stable isotope analysis give a more comprehensive overview 

of the dominating organic fraction (e.g. Jasper and Gagosian, 1989; Stein, 1991). 

In immature TOC-rich sediments (>0.5 %), hydrogen indices (Hl) < I00  

mgHC1gTOC are typical for TOM (kerogen type 111) (Tissot and Weite, 1984). Hl 

values of c100 mgHCIgTOC occur throughout the entire records, reflecting the 

predominance of TOM input over the last 160 ka (Fig. 2.3.4). 
The determination of 61% values on the organic matter give insights into the 

marine and terrigenous proportions of the organic carbon deposited in Arctic 

Ocean sediments. Transects on the Mackenzie RiverIBeaufort Shelf to the Open 
ocean and the Lena RiverILaptev Sea Shelf show covariation of organic 613C 

values in surficial sediments explainable by a two-end-member mixture of TOM 

and MOM (Naidu et al., 1993; Erlenkeuser, 1996; Ruttenberg and Gofii, 1997). 
Along the northern Barents Sea margin, light 61% values (-27 to -24 %o) are 

characteristic for glacial and deglacial periods. They indicate a major contribution 
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of glacier-eroded TOM from old Mesozoic bedrocks from the Barents Sea during 

OIS 6, 4, and 2 (Fig. 2.3.4a,b) (cf. Hebbeln, 1992; Wagner and Henrich, 1994; 

Knies and Stein, 1998). Heavier values (up to -22.5 %o) between OIS 5 and OIS 

3, and during the Holocene indicate slightly higher proportions of MOM (Fig. 
2.3.4a,b). On the northern Kara Sea margin, lighter &^C values (up to -24.2 %o) 

occur during OIS 6 and early 01s 3. Mean SI3C values of -23 %o between OIS 6 

and OIS 1 may indicate similar proportions of MOM, as found along the northern 

Barents Sea margin, although neither results from kerogen microscopy (B. Bouc- 

sein, pers. comm.) nor extremely low Hl values (< 50 mgHC1gTOC) and C17+Clg 
n-alkane concentrations (< 0.1 pglgsed.) can confirm this 61% trend (Fig. 2.3.4~).  

On the contrary, these proxies indicate a predominent terrigenous source of the 
organic matter. Coal fragments with 61% values of up to -23 %o (Wagner, 1993) 

delivered by Siberian rivers onto the shallow Eurasian shelves and transported 

via sea ice andlor icebergs to the northern Kara Sea margin can probably explain 
the heavier 61% values in PS2741-1. 

Identification of contributions of MOM to the sediments are supported by short- 

chain n-alkanes (Cl7 and Clg) and chlorophyll-derived pigments (chlorins) 

(Harris et al., 1996; Rosell-Mele and Koc, 1997). Additionally, short-chain fatty 

acids (sum of 16:0, 16:1, 18:O and 18:l) are described in marine algal material 

(c.f. Kates and Volcani, 1966; Cranwell, 1974; Hinrichs et al., 1995; Fahl and 

Stein, 1997), although a contribution from bacterial or terrestrial input cannot be 

excluded (cf. Boon et al., 1975; Prahl et al. 1989). 

Mean concentrations of C17+Clg n-alkanes are significantly higher on the 

western (0.47 pg/gSed.) than on the eastern margin (0.1 pglgsed.). Distinct 
maxima in fatty acid contents and chlorin absorbance along the northern Barents 

Sea margin occur during deglacial and interglacial periods. Distinctly higher 

values occur during substages 5.5 and 5.1, late OIS 3, Termination l and late 

Holocene. Distinctly lower values occur on the northern Kara Sea margin. One 

single peak in chlorin absorbance is observed during early Holocene. Mean 

values of long-chain n-alkanes are higher on the eastern (1.0 pgIgSed.) than on 

the western margin (0.68 pg/gSed.). However, the highest contents are found 

during Termination l along the Barents Sea margin (up to 2.5 pglgsed.) and 

during the Holocene on the northern Kara Sea margin (Figs. 2.3.4). 
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The relation of odd-to-even carbon atom numbers of n-alkanes between and 

Cs2, defined as carbon preference index (CPI), is a measure of the maturity of the 

organic matter (Bray and vans, 1961). Along the urasian continental margin, 

CPI values between 1 and 2 generally indicate that fossil TOM-input predomi- 

nates throughout the investigated time period. Higher values (CPI 73) found for 

Termination l on the western margin imply higher input of rather fresh TOM 

(Hollerbach, 1985). 

Glaciation histoty and corrdation to the terrestrial record 

The glaciation curves of the Scandinavian (SIÂ§ and the SvalbardIBarents Sea 

ice-sheets (SBIS) during the Weichselian correlate well with the accumulation 

rates of IRD in the deep ocean along the western Norwegian and Svalbard mar- 

gins (e.g. Hebbeln, 1992; Mangerud and Svendsen, 1992; Baumann et al., 1995; 

Mangerud et al., 1996 for a recent discussion). Based on those results, major ice 

front fluctuations of SIÂ and SBIS during the last glaciallinterglacial cycle have 

been reconstructed (Fig. 2.3.5). 

Larsen and Mangerud (1990) concluded that the fjord and coastal areas in 

Scandinavia were glaciated and deglaciated several times. During the Weich- 

selian, the glacier front passed the coastline at least four times. This highly vari- 

able waxing and waning of ice is closely related to the near 23 kyr precession 

cycles of the earths orbit (Ruddiman and Mclntyre, 1981 ; Mangerud et al., 1996). 

The glaciation curve of the SBIS shows less extensive glacier advances than that 

of the SIÂ§ Significant ice advances to the western Svalbard margin probably oc- 

curred during OIS 6, substage 5.4, OIS 4 and OIS 2 (cf. Mangerud and Svend- 

Sen, 1992). Landvik et al. (1 992) concluded that the glaciers probably survived in 

the northern parts of the Barents Sea during the entire OIS 5. Based on IRD 
records in the Fram Strait, ice advance to the shelf edge could be confirmed 

during OIS 4 and OIS 2 (Hebbeln, 1992). Lloyd et al. (1996) suggest a major ad- 

vance during substage 5.2, which is not consistent with the terrestrial records. 

However, possible discrepancies in the IRD and terrestrial record preceding the 

radiocarbon dating resolution are mainly due to the problems in applicable dating 

methods on land and in the exact Interpretation of the IRD signal in the ocean. 
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Fig. 2.3.5: The glaciation fluctuations of the Scandinavian and SvalbardlBarents Sea-ice- 
sheet during the last glaciallinterglacial cycle (cf. Mangerud et al., 1996). 

Detailed investigations of SBIS extension during the late Weichselian are sum- 

marized by Elverhoi et al. (1995) and Andersen et al. (1996). They concluded that 
the first significant ice advance beyond the present coastline occurred -22 1 %  

ka and that ice advanced to the shelf edge at 18 14C ka. Disintegration of the 

SBIS began at 14.8 ^C ka, and a second stage occurred between 13 and 12 

1 %  ka. According to Mangerud and Svendsen (1992), the major glacier ad- 

vances of SBIS apparently follow the 41 kyr cycles of the tilt of the earth's rotation 

axis, which at this latitude is more important for the Summer insolation than the 23 

kyr precession cycles. Paleoenvironmental indications of glacier advance pre- 

ceding the Weichselian are mostly reduced to IRD studies in marine records 

(Hebbeln, 1992; Baumann et al., 1995; Lloyd et a\Ã 1996; Knies et al., 1998) and 

indicate a major glacier advance to the shelf edge during OIS 6. 

The glaciation curves of the central BarentsIKara Sea ice-sheets during the late 

Weichselian are still under discussion (e.g. Grosswald et al., 1993; Pavlidis et al, 

1997; Velitchko et al., 1984). Recently, Velitchko et al. (1997, also for an 

overview) concluded that the ice extent at the LGM on the Eurasian shelves in the 

east of Europe and Siberia was rather limited in size, compared to the SIS and 

the SBIS. Furthermore, they postulated a much more extensive ice-sheet Cover 

during early and mid-Weichselian glaciation, which is in good agreement with 
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marine studies by Niessen et al. (1997), Weiel (1997), and Kleiber and Niessen 

(1 998). 

The late Weichselian glaciation along the northern Barents Sea margin 

The glaciation history of the SBIS along the northern Barents Sea during the last 

glacial cycle can be deduced from the sedimentary records of core PS2122-2, 

PS2138-1, and PS2446-4 (Fig. 2.3.6). Due to high sedimentation rates (cf. Tab. 

2.3.3), oscillations of the northern SBIS during the last glacial cycle are preserved 

on a highly resolved time scale. 

During the early and middle Stages of ice growth, moisture supplied by intruding 

Atlantic water in combination with lower summer insolation that prohibited ice- 

berg calving, enforced the final build-up of the SBIS (c.f. Ruddiman et al., 1980; 

Hebbeln et al., 1994; Dokken and Hald, 1996). In accordance with Boulton 

(1990), ice advance onto the shelf and to the shelf edge culminated in deposition 

of debris flows at the continental margin -23 "^C ka ago (Fig. 2.3.6). After 

reaching the maximum extension at -20 ^C ka, huge amounts of sediment were 

released in the basal parts of the ice (Powell, 1984) and triggered extremely high 

accumulation rates (50 g/cm2/kyr, Fig 2.3.7). In contact with the sea, the ice first 

broke up at at 20 "^C ka (SB 2), as indicated by major IRD units overlaid by lami- 
nated sediments and distinct meltwater supply (6^O: 4 %o; &^C: -0.5 %o; cf. Fig. 

2.3.2); this corresponds to the contemporaneous Heinrich Event 2 in the North 

Atlantic (Bond et al., 1992). 

At least, three IRD pulses (a-C, cf. Fig. 2.3.6) reflect the waxing and waning of the 

SBIS on the outer shelf between 19 and 16.2 "^C ka. We postulate that the ice 

sheet collapsed several times due to repeated readvance to the shelf edge with 

subsequently higher calving rates. These events are in good correlation with IRD 

pulses recorded in the northern North Atlantic (Bond and Lotti, 1995; Fronval et 

al., 1995; Stoner et al., 1996) and may reflect synchronous fluctuations of the 

northern Hemisphere ice sheets on a millenial time scale forced by external sig- 

nals, possibly from beyond the North Atlantic region (e.g. Broecker, 1994; Bond 

and Lotti, 1995). However, McCabe and Clark (1998) suggest that a sudden col- 

lapse of the most extended SBIS could also have occurred in response to a rise 

in sea level caused by a Laurentide ice sheet surge (MacAyeal, 1993). 
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Rapid ice disintegrations along the northern Barents Sea continental margin 
started -15.4 ^C ka (Fig. 2.3.6), triggered by increasing summer insolation and 

global rise in sea level (Ruddiman and Mclntyre, 1981; Fairbanks, 1989). Con- 

temporary influx of meltwater and poorly ventilated low-saline surface water 
masses are indicated by prominent 61% minima and low 6180 excursions (cf. 

Fig. 2.3.2; Knies, 1994), and can be traced to the central Arctic Ocean and the 

Fram Strait (e.g. Markussen et al., 1985; Jones and Keigwin, 1988; Stein et al., 

1994a,c; N~rgaard-Pedersen et al,, 1998). Armadas of icebergs and extensive 

meltwater lids prohibited further decay of the ice sheets because of a significant 

cooling of the ocean triggered by positive ice-albedo feedback mechanisms and 

sea ice formation (e.g. Ruddiman and Mclntyre, 1981). After a short delay, a 
second major IRD pulse -13.6 1% ka reflects increased iceberg calving due to 

further ice-sheet decay by still rising summer Insolation and sea level. Moderate 

IRD input during the Holocene can probably be explained by surging of tidewater 

glaciers of Nordaustlandet or Franz Josef Land rather than by glacial readvance 

to the outer coastline. However, with the low stratigraphic resolution this assump- 

tion remains speculative. 

Upper Saalian (01s 6) to late Weichselian (01s 2) glaciation 

A scenario comparable to that described above is postulated for OIS 6 (Knies et 

al., 1998). A greatly extended ice sheet, probably reaching the shelf edge, is 
documented by high ARbulk values (15 g/cm2/kyr), 6^C values between -25%o 

and -27 %o (Figs. 2.3.4, 2.3.7), and highest kaolinite contents similar to those of 

the LGM (Knies, 1998). Mesozoic bedrocks of the Barents Sea, characterized by 
high kaolinite concentrations and &^C values down to -27 %O (Birkenmajer, 1989; 

Hebbeln, 1992), were eroded and transported by glacial activity during OIS 6 and 

delivered to the slope by suspension plumes when the maximum ice sheet 

extension was reached. A first significant deglacial event is recorded during OIS 

event 6.3 and corresponds to a contemporary event on the western Scandinavian 

margin (cf. Wagner and Henrich, 1994; Baumann et al., 1995). Although only a 

few stratigraphic fixpoints exist, we suggest that further IRD pulses between OIS 

event 6.3 and Termination II (Fig. 2.3.8) may reflect, similar to events of the LGM 

(Fig. 2.3.6), higher calving rates and deliverance of IRD after repeated 

readvances of the marine-based ice sheet to the shelf edge. A first step in the 



disintegration of the ice sheet is recognized at -134 ka. This age correlates well 

with enhanced IRD input in the NGS and is associated with melting of the late 

Saalian (01s 6) ice sheets (Fronval and Jansen, 1997). A delay of disintegration 

comparable to that found during Termination l can be observed. A second, 

distinct IRD pulse and distinct meltwater influx occurs between 128 and 126 ka 

(Termination 11) (Fig. 2.3.8). 
AR bulk ( g / c d k y )  

Oxygen 
Isotope 

Fig. 2.3.7: Bulk accumulation rates (ARbulk in g/cm2/kyr) of all investigated cores versus 
calendar ages. Oxygen isotope Stages are marked On the right hand side. 

During mid OIS 5, moderate input of IRD recorded along the northern Barents 

Sea margin and low ARbulk values suggest minor glacial activity onshore in con- 

trast to the western margin (Mangerud and Svendsen, 1992). Landvik et al. 

(1992) suggested that the ice margin was still at the outer coastline during the 

entire 01s 5. We suggest that smaller glacier advances during colder periods and 

episodic surging are reflected by moderate IRD input, probably during substage 

5.2, and at the boundaries 5.415.3 and 5.215.1 (Fig. 2.3.8). Nevertheless, minimal 

ARbulk values indicate that the ice sheet along the northern Barents Sea did not 

reach the outer shelf during OIS 5. 

During OIS 4, the SBIS expanded to western Svalbard margin, probably to the 

shelf edge (Mangerud and Svendsen, 1992). There are no indications for a 



greatly extended ice shee at the northern Barents Sea margin (Knies et al., 

1998). Even though significant IRD pulses at the end of OIS 4 (Fig. 2.3.8) hint to 

glacial activity due to ice growth onto the shelf, the lower ARbulk values of OIS 4 

compared to OIS 6 and 2 (Fig. 2.3.7) clearly indicate a lower terrigenous supply 

and thus a more restricted ice sheet extension and probably a closely packed sea 

ice cover (cf. Figs. 2.3.7 and 2.3.8). A major deglacial event between 57 and 52 

ka corresponding to OIS event 3.31 is indicated by very intensive IRD input (Fig. 

2.3.8) and can be traced far into the central Arctic Ocean. Norgaard-Pedersen et 

al. (1998) and Darby et al. (1997) correlated this deglacial event in Arctic Ocean 

sediment cores with ice sheet degradation and meltwater discharge subsequent 

to the mid-Weichselian glaciation, occuring around 60 ka On the Eurasian 

shelves (Mangerud, 1991 ; Mangerud and Svendsen, 1992; Velitchko et al. 1997). 
However, very low ARbulk values (-2 glcm2lkyr) indicate that sediment supply to 

the northern Barents Sea continental slope during ice sheet degradation at 01s 
event 3.31 was reduced compared to the LGM and upper OIS 6. Thus, 

sedimentation on the northern Barents Sea slope has not been directly affected 

by deglaciation phase in early OIS 3. A possible explanation is that a more re- 

stricted ice sheet On Svalbard during OIS 4 inhibited the deposit of huge amounts 

of fine-grained material and IRD during deglaciation, as occurred, for example 

during Termination I. 

Generally, moderate ARbulk values along the northern Barents Sea margin during 

mid and late OIS 3 (Fig. 2.3.7) confirm that the mid-Weichselian glaciation (OIS 4) 

was succeeded by a long ice-sheet-free period until the readvance 

started during the Late Weichselian (Mangerud et al., 1996). Hebbeln and Wefer 

(1997) suggest a closely packed sea ice cover with a subsurface advection of 

Atlantic water for this time interval in the Fram Strait. Between the major 

deglaciation event 3.31 and the onset of the last glaciation, three major IRD 

pulses (SB 5-3), contemporaneous with the Heinrich Events 5, 4 and 3 in the 

North Atlantic (Bond et al., 1992) are recorded northeast of Svalbard (Fig. 2.3.8). 

That record displays a much lower frequency of ice sheet oscillations than sug- 

gested for the western margins of SIS and SBIS (Wagner and Henrich, 1994; 

Baumann et al., 1995; Fronval et al., 1995; Andersen et al., 1996). McCabe and 

Clark (1998) suggested that major Laurentide ice sheet surgings resulting in IRD- 

enriched Heinrich layers in the North Atlantic could have triggered the collapse of 
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the ice margin in the north of Svalbard in response to a short-term rise in sea 

level. However, periodically surging ice margins like those common On Svalbard 

and Franz Josef Land today (Liest~l ,  1969) could also have delivered huge 

quantities of extraordinary sediment-laden icebergs concurrent to the Heinrich 

events in the North Atlantic. This could explain a near-synchronous response of 

the ice sheets triggered by external climate forcing beyond the North Atlantic as 

suggested by Bond and Lotti (1995) and Fronval et al. (1995). However, the tim- 

ing of these IRD events along the northern Barents Sea margin are not coincident 

with every Dansgaard-Oescher cooling as recorded in Greenland ice cores 

(Dansgaard et al., 1993) (Fig. 2.3.8). The better correlation to Heinrich events 

suggest that the SBIS probably did not respond to climate or to a climate-related 

mechanism as proposed by Bond and Lotti (1995). 
GRIP ice core 

6180 (Xo vs SMOW) IRD (No.>2rnm/lOccrn) 

-44 -42 .40 -38 -36 -34 -32 0 4 8 12 18 
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Fig. 2.3.8: Comparison of the oxygen isotope records of the GRIP ice core (Dansgaard et 
al. 1993) and IRD-records from the western (PS21 38-1 ) and eastern (PS2741 -1) Eurasian 
continental margin versus AMS "^C ages. AMS ^C ages are used in order to compare 
results from the western Svalbard margin by Elverhei et al. (1995), Andersen et al. (1996), 
and Dokken and Hald (1996). SB1-SB 6 mark pronounced IRD deposition events 
contemporary to the North Atlantic Heinrich event H1-H6. Isotope event 3.31 is indicated. 
OIS Stages are shown On the right hand side. 
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Glaciation histoty of the Severnaya Semlya ice sheet (SSIS) 
Our knowledge about the fluctuations of a possible Kara Sea ice sheet through 

the last glaciallinterglacial cycle has mostly come from research on land 

(Velitchko et al., 1997; for a recent discussion). To date, there are no well-dated 

marine IRD records from the area off the northern Kara Sea. The two cores 

PS2741-1 and PS2782-1 give therefore new insights in the glaciation history of 

the outer Kara Sea north of Severnaya Semlya (Fig. 2.3.9). 

The variability of oscillations in the SSIS seems to be much lower during the last 

160 ka compared to the SBIS. Short-term climatic changes presumably have 

lower influence on glacial activity in this low-precipitation area than on the 

western margin. IRD events occur only in mid OIS 6 (probably OIS event 6.3), 

Termination 11, late OIS 5, OIS 413 transition, and during mid OIS 3, indicating 

higher iceberg calving from the SSIS. Highest ARbulk values (1 0 g/cm*/kyr) indi- 

cate the widest extension of ice, probably to the shelf edge, during OIS 6 (Fig. 

2.3.7). However, fine laminated sequences and high contents of smectite and 

kaolinite preceding the IRD pulse at mid OIS 6 (Fig. 2.3.9) may indicate that 

sedimentation on the lower slope has not been directly affected by SSIS advance 

onto the shelf. Indeed, the predominance of srnectite a.nd kaolinite indicate 

bottom transport of suspension-loaded plumes delivered by submarine meltwater 

discharge from the advanced ice sheet, probably from Franz Josef Land, the St. 

Anna Trough andlor Voronin Trough areas (cf. Vogt, 1997). A second major IRD 

input occur during Termination II which rnight indicate the final retreat of the 

SSIS. During late OIS 5, a distinct IRD peak, probably at the OISubstage 

boundary 5.215.1 might reflect a readvance of the SSIS to the outer shelf, 

comparable to the SIS (cf. Baumann et al., 1995) (Fig. 2.3.8). 

The maximum position of the ice front during OIS 4 is probably indicated by a 

well-defined moraine ridge at 385 m water depth close to PS2782-1 (Niessen et 

al., 1997; Weiel, 1997). Additionally, OIS 4, interpolated from available infinite 

1% age (>44 ka) in PS2782-1, is characterized by a coarse-grained diamicton, 

which is interpreted as till or ice-marginal debris flow. This may suggest that the 

SSIS was grounded at the core site (340 m water depth). The diamicton is over- 

laid by laminated sediments and several IRD layers which mark the deglaciation 

in early OIS 3 (event 3.31?). Additionally, high IRD input and laminated se- 



quences during early OIS 3 in the deeper core PS2741-1 suppport this assump- 

tion (Fig. 2.3.9). 

IRD (~0110ccm) CaCO3 (M %) Srnectite Kaolinite oxygen 
IRD (No /10ccm) CaC03 (M. %) (,el.y) (rel-%) Isotope 

0 1 2  3 4 0  1 2 3 0  10 20 3010 20 30 StageÃ 

Fig. 2.3.9: Correlation of bulk analyses in core PS2782-1 (IRD, lithology, and carbonate) 
with IRD, and carbonate records, as well as smectite and kaolinite percentages of core 
PS2741-1 vs. "^C ages. OIS 4 in core PS2782-1 is interpolated from an infinite age (>44 
ka) in 321 cm core depth. Termination l is presumably reflected by a very thin coarse layer 
at 140 cm core depth. 

For the late (Valdai) Weichselian, we agree with Velitchko et al. (1 997, and refer- 

ences therein) and Pavlidis et al. (1997), rejecting the so-called "Pan-Arctic 

Glaciation of the Northern Hemisphere" model proposed by Grossvald (1993) 

and Denton and Hughes (1981) for the last glaciation. Very low ARbulk values 

and diminished IRD input during OIS 2 and Termination l in PS2741-1 and 

PS2782-1 may indicate instead a perennial sea ice Cover than an extended ice 

sheet onto the shelf (Figs. 2.3.7 and 2.3.9). Even in the shallow core PS2782-1, 



very low IRD values do not suggest an ice advance to the outer coastline (Fig. 

2.3.9). For the late Holocene, enhanced IRD input in PS2782-1 could indicate the 

Neo-glaciation as observed in alpine glaciers, and in the North Atlantic and 

western Arctic Ocean marine records (Denton and Karlen, 1973; Keigwin and 

Jones, 1994; 1995, Darby et al., 1997) 

Figure 2.3.10 summarizes the glaciation curves for the northern Barents 

Sealsevernaya Semlya ice sheets based On results of this study compared to the 

glacier fluctuations known from Scandinavia and western Svalbard. In more 

detail, (1) we modified the glaciation curve along the northern Barents Sea for the 

late Weichselian and may have indications for a high-frequently collapsing ice 

sheet on a millenial time scale similar to northern Hemisphere ice sheets. (2) 

Short-term climatic changes as recorded in lower latitudes during the last 

glaciallinterglacial cycle occur along the northern Barents Sea margin and may 

have influenced the interior Arctic Ocean environment as well (cf. Norgaard-Ped- 

ersen et al., 1998). (3) Furthermore, we conclude that (a) oscillations of ice sheets 

in low-precipitation areas are more limited and less frequent than in areas of 

continous moisture supply like the SIS and SBIS and (b) major fluctuations of the 

Kara Sea ice sheet during the last 160 ka apparently followed the major in- 

terglaciallglacial OIS 514 and 716 transitions as generally discussed by Ruddiman 

et al. (1980) and Velitchko et al. (1997) rather than the precession (23 kyr) and 

the tilt (41 kyr) cyclicity of the earths orbit for the SIS and SBIS fluctuations, re- 

spectively (Mangerud et al., 1996). 

Depositjonal environment along the Eurasian continental margin 

Several paleoenvironmental parameters, such as sea-ice coverage, terrigenous 

sediment supply, surface-water productivity, the dynamic coupling of Atlantic 

water inflow and the Arctic Ocean, and their changes, can be described for the 

Eurasian continental margin with our proxy data. In accordance with Henrich 

(1998), ARCaCO3 seems to be a suitable tool to identify periods with seasonally 

open-water conditions. The visualisation of biogenic carbonate dissolution time 

intervals along the northern margins are indicative of a marginal ice Zone with 

high primary production rates, of the formation of dense bottom watter on the 

shallow Barents and Kara Sea shelves and probably of the polar front position 
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(Steinsund and Hald, 1994; Knies et al., 1998). Higher amounts of MOM, indi- 

cated by bulk organic analysis and biomarker distributions, reflect at least period- 

ically open-ice conditions (cf. Stein et al., 1994b; Schubert and Stein, 1997; Fahl 

and Stein, 1997). However, highest rates of MOM during glacials could also re- 

flect rapid burial and lower oxygen exposure due to scavenging On fine-grained 

TOM instead of surface-water productivity variations (Knies and Stein, 1998). 

Strong variations of TOC contents in Arctic Ocean sediments are predominantly 

controlled by variable TOM input due to variable IRD-input. 

Recently, Nargaard-Pedersen et al. (1998) proposed a model for the late Quater- 

nary Arctic Ocean, describing surface ocean conditions and sedimentation pat- 

terns for the following three-end-member climate situations: (1) glacials with 

closely packed sea-ice Cover, low ARbulk values, and limited planktonic produc- 

tivity, (2) deglacials with enhanced meltwater production and high ARbulk values, 

and (3) interglacials with increased planktonic productivity and high ablation 

rates due to expanded open-water (lead) proportions. 

Extending this model, our refined multiproxy approach allowed a more detailed 

reconstruction of paleoenvironmental conditions with respect to the Eurasian 

continental margin for the last 160 ka. 

In general, the depositional environment through this time period is dominated by 

terrigenous supply, but with a significant variance related to glaciallinterglacial 

conditions. This varying, but predominantly terrestrially derived sediment-supply 

via sea ice, icebergs, river input, and gravitational transport is also well reflected 

in the composition of the sedimentary organic matter and is obvious from very low 

Hl indices (C 100 mgHC1gTOC) and significantly higher long-chain n-alkane 

concentrations characteristic for TOM (up to 6 pglg Sed.) (Figs. 2.3.4). Although 

the proportion of MOM cannot be quantitatively determined by a single marker, 

the pattern of distribution of short-chain n-alkanes and chlorins along the northern 

Barents Sea margin seems to reflect glacial/interglacial variations with higher 

values during warmer and lower values during colder periods (except Event l (*) 

and OIS 4, cf. Fig. 2.3.13; Knies and Stein, 1998). Furthermore, fluctuations in 

MOM records, e.g. the short-chain n-alkanes, show a distinct decrease in 

concentration from the western to the eastern Eurasian continental margin during 

the whole period. Extremely low concentrations on the northern Kara Sea margin 
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may reflect variations of significant environmental changes from an ice-edge 

upwelling regime with seasonally ice-free conditions during warm Summers on 

the western margin to a permanent and stable sea-ice cover with very low 

surface-water productivity changes on the eastern margin (Fig. 2.3.13). 

Glacials 
Peak glacials OIS 6 and OIS 2 reveal distinct differences between the western 

and the eastern margin. Highest accumulation rates of TOC and biogenic car- 

bonate (Figs. 2.3.11 and 2.3.1 2) along the northern Barents Sea margin during 

OIS 6 and OIS 2 reflect intensive terrestrial supply by advancing ice sheets and 

seasonally open-water conditions triggered by subsurface inflow of Atlantic water 

and coastal polynyas (Knies et al., 1998). This is conform with warming episodes 

described for the western Svalbard margin (Hebbeln et al., 1994; Hebbeln and 

Wefer, 1997) and implies huge amounts of moisture evaporating to Support the 
final build-up of the SBIS during peak glacials. In combination with light 6130 

values, the very high flux of organic carbon (Fig. 2.3.1 1) is indicative of enhanced 

input of TOC-rich mesozoic bedrocks eroded from the Barents Sea shelf by the 

advance of an ice-sheet to the shelf edge (Henrich et al. 1989; Hebbeln, 1992; 

Wagner and Henrich, 1994). Enhanced preservation of MOM, which could con- 

firm seasonally ice-free conditions, is almost diminished due to intense flux of 

siliciclastic and terrestrial organic material (except for Event l (*), Knies and Stein, 

1 998). 

On the northern Kara Sea margin, OIS 6 reflects the assumed colder climate, with 

extensive ice sheets onto the shelf and massive sea-ice coverage (Donn-William 

et al., 1962; Vogt et al., 1986; Arkhipov et al., 1986a, b). The first hints for a 

perennial sea-ice cover during OIS 6 rather than seasonally open-water con- 

ditions were obtained from the lack of foraminifera and neglectable amounts of 

MOM (Figs. 2.3.12 and 2.3.13). Additionally, laminated to slightly bioturbated 

sediments on the eastern margin probably indicate poor ventilation of the water 

column due to intensive sea-ice coverage (Fig. 2.3.4~)  (cf. Phillips and Grantz, 

1997). High contents of kaolinite and smectite, presumably supplied by subma- 

rine meltwater discharge from an expanded ice-sheet to the northern Kara Sea 

margin (Spielhagen et al., 1997), may indicate lateral transport processes en- 



forced by the Coriolis effect rather than a vertical flux via sea-ice melting or pro- 

ductivity changes (Fig. 2.3.9). 
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Fig. 2.3.1 1 : Accumulation rates of organic carbon and Ŝ  ^C Corg values along the Eurasian 
continental margin versus calendar ages. 

In accordance with Nergaard-Pedersen et al. (1998) and Darby et al. (1997), we 

interpret the low total flux rates at the Kara Sea margin during late OIS 3 and OIS 

2 as indicative of a closely packed sea-ice Cover, in contrast to the more seasonal 

sea-ice coverage at Western margin. Lowered sea level and more or less 

exposed and glacier-free Eurasian shelves during peak glacial periods probably 

reduced entrainment of sediment into sea ice, sediment supply via icebergs 

andlor meltwater discharge (Pfirman et al., 1990; Schubert and Stein, 1996). 

However, moderate flux rates of biogenic carbonate reflect open-water conditions 

from time to time (Fig. 2.3.12). It seems possible that a weak advection of 
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subsurface Atlantic-derived water masses as observed on the northern Ba,rents 

Sea margin, reached the eastern margin and triggered planktonic productivity by 
sea-ice melting and nutrient supply. Slightly heavier 61% values and higher opal 

contents may support this assumption (Figs. 2 .3 .4~  and 2.3.1 1). These would 

support the hypothesis by Dokken and Hald (1996) that each Heinrich Event 

between OIS 4 and 2 in the North Atlantic could have forced Atlantic surface- 

water to penetrate farther north into the Arctic Ocean and thus support the forma- 

tion of seasonally ice-free waters along the northern Kara Sea margin. However, 

the restricted ice growth on Severnaya Semlya for the entire period does not in- 

dicate enough moisture-bearing storms to have caused a build-up and decay of 

ice sheets as occurred along the western Scandinavian and Barents Sea margin. 

These results from the marginal areas of the ice-covered Arctic Ocean were not 

observed in the central parts by Cronin et al. (1994), Stein et al. (1994a,c), 

Markussen et al. (1985), and Nergaard-Pedersen et al. (1998) assuming very 

restricted productivity during the late glacial due to extensive sea-ice coverage. 

An exception exist in the Amerasian Basin where higher abundances of plank- 

tonic foraminifera between 28 an 24 ^C ka indicate a brief interstadial, which 

could further indicate a close connection to the periodically ice-free events along 

the Eurasian continental margin (Darby et al., 1997). 

During OIS 4 seasonally open-water conditions occurred along the western and 

northern Svalbard margin (Pagels, 1991, Dokken and Hald, 1996, Knies et al., 

1998), as well as in the Fram Strait (Gard, 1987; Hebbeln and Wefer, 1997). In 

the central Arctic Ocean, however, OIS 4 is interpreted as a peak glacial period 

with low seasonal variations in sea-ice coverage and diminished planktonic pro- 

ductivity (N~rgaard-Pedersen et al., 1998). Along the Eurasian continental mar- 

gin, horizons barren of planktonic foraminifera during OIS 4 do not permit con- 

clusions about environmental changes. However, decreasing amounts of MOM 

from the western to the eastern margin (Fig. 2.3.13) could indicate both the de- 

creasing influence of Atlantic water and the transition from the marginal ice Zone 

with enhanced productivity in the West to a more or less permanent ice Cover in 

the east. Although ice-sheet extension onto the shelves is proposed during OIS 4 

(Mangerund and Svendsen, 1992, this study), very low flux rates indicate a ne- 

glectable impact of icebergs or meltwater discharge On the environment. The 
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transport of icebergs was probably restricted by the extended sea-ice Cover along 

the northern Kara Sea margin. 

Interalacials 

Knies et al. (1998) suggest that the virtually complete dissolution of biogenic 

calcite along the northern Barents Sea margin during interglacial intervals OIS 5, 

early OIS 3 and the Holocene indicates intensive Atlantic water inflow and a 

relatively stable ice margin. Enhanced abundances of coccoliths in the Nansen 

Basin during these time intervals support this assumption (cf. Baumann, 1990). 

However, Hebbeln and Wefer (1997) argued that sustained periods of seasonally 

ice-free conditions in the Fram Strait were largely restricted to peak interglacial 

stages 5.5, 5.1, and the Holocene. In the central Arctic Ocean, high proportions of 

Open water are recorded during substage 5.1 and the Holocene, but also during 

mid OIS 3 (Stein et al., 1994a,c; N~rgaard-Pedersen et al., 1998). Schubert and 

Stein (1 996) also found indications of an interglacial environment with relative 

loose pack-ice coverage during substage 5.5. 

Distinct peaks in MOM input during substage 5.5, 5.1, and early Holocene might 

indicate an environment comparable to the recent situation with nutrient supply 

by ice-edge upwelling, sea-ice melting, and Atlantic water inflow, at least close to 

the Franz Victoria Trough (Fig. 2.3.13). On the northern Kara Sea margin, small 

peaks of enhanced MOM accumulation may indicate relatively higher proportions 

of open-water conditions and could correspond to the climatic optimum during 

early Holocene (Fig. 2.3.13) (cf. Hahne and Melles, 1997). As in the northern 

Barents Sea, carbonate dissolution probably limits the interpretation of the pa- 

leoenvironment during interglacials and deglacials (Fig. 2.3.12). A strong 

influence of highly saline and oxygen-enriched water masses with increased 

metabolic COg-concentrations is assumed (cf. Steinsund and Hald, 1994). 

Descending in troughs and depressions on the eastern and northern Barents 

Sea and flowing as boundary currents along the Eurasian margin, this could 

support CaC03 dissolution even on the northern Kara Sea margin (Rudels et al., 

1994, Steinsund and Hald, 1994; Anderson, 1995, Schauer et al., 1997). 
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sequent rise in the sea level, the flooding of the forrnerly exposed shelves re- 

sulted in large-scale erosion and distinctly increased supply of fresh TOM and 

smectite-rich sediments (cf. Vogt, 1997; Stein and Fahl, in prep.). These materials 

were entrained into sea-ice, transported through the eastern Arctic Ocean and fi- 

nally released in the marginal ice Zone between the Fram Strait and Franz Josef 

Land. High smectite concentration during OIS 1 on the northern Kara Sea margin 

(Fig. 2.3.9), however, can be explained by seasonal formation of dense brines On 

the flooded shelves that cascaded downslope and, probably as contour current, 

carried fine-grained suspension along the continental slope (Fig. 2.3.4~). Depo- 

sition occurs where velocities are low enough to allow settling and cause high 

accumulation rates (Fig. 2.3.7). 

Short-chain n-alkanes Short-chain n-alkanes Short-chain n-alkanes 
C i7+Cn  (uglgsed.) Ci7+Cls (iM/gSed.) C-i7+Ci9 (uglgsed.) Oxygen 

Isotope 
fi f i h  n n  0 0.4 0.8 0 0.2 0.4 0 6 0.8 1 Stages 

W Eurasian Continental Margin 

Fig. 2.3.13: Short-chain n-alkane concentrations (pglgsed.) and chlorin absorbance along 
the Eurasian continental margin versus calendar ages. Asteriks mark high accumulation of 
MOM during Event l described in detail by Knies and Stein (1998). 



Taking into account all the available information described above, it becomes 

obvious that the environmental conditions over the last 160 ka differed totally in 

the western and eastern Eurasian continental margin. However, the transition 

from the ice-edge upwelling regime with at least subsurface Atlantic water influ- 

ence in the west to the more stable sea-ice cover in the east has not much 

changed over the last 160 ka. 

Environmental changes over 160 ka have been studied along the Eurasian con- 

tinental margin. Seasonally open-water conditions associated with Atlantic water 

advection, extended at least to the Franz Victoria Trough, and, combined with 

moisture bearing storms and low summer insolation, had a major influence on the 

final ice build-up during glacial OIS 6 and OIS 2 on the western Eurasian margin. 

Large ice-sheet fluctuations on the western Eurasian margin, contemporaneous 

with major Laurentide ice-sheet surging events (Heinrich events) between OIS 4 

and OIS 2, suggest a link of ice-sheet dynamics in response to short-term rises in 

sea level caused by Laurentide surge andlor an external forcing by climate or a 

climate-related mechanism (Bond and Lotti, 1995; McCabe and Clark, 1998). 

In low-precipitation areas of eastern Eurasia, the local source of moisture for the 

atrnosphere was probably restricted due to a more or less closely packed sea-ice 

cover over the whole time span. Ice advance onto the shelf occurred during OIS 6 

and OIS 4 and follows distinct interglacial periods, A diamicton of mid-Weich- 

selian age indicates a grounding ice-sheet on the shallow shelf north of Sever- 

naya Semlya in at least 340 m water depth. This confirms the model of an asym- 

metry of the cryosphere in Eurasia during the last glaciation with a maximally 

extended ice-sheet along the western margin and an ice-sheet of limited size 

along the eastern margin. It suggests that during the initial cooling following OIS 

5, and probably OIS 7, the combined effect of sustained inflow of Atlantic water 

into the Arctic Ocean and eastward penetration of moisture-bearing cyclones 

supported rnajor ice build-up during Saalian and mid-Weichselian glaciation. 

Generally, the environmental conditions reflect a gradient from a more or less 

stable ice-edge upwelling regime with at least subsurface Atlantic water inflow 

along the western margin to a permanent sea-ice cover with low surface-water 



2. Publikationen 

productivity on the eastern margin over the 160 ka. Advection of surface andlor 

subsurface Atlantic water masses coupled with seasonally ice-free conditions 

occurred along the western margin during the last 150 ka. Sustained periods of 

Open water were largely restricted to substages 5.5, 5.1, and the Holocene. Sig- 

nals of open-water conditions along the eastern margin are insignificant. Slightly 

higher production of planktonic foraminifera, probably due to Atlantic water inflow 

occurred between 38 and 12 1% ka and corresponds with periodically Atlantic 

water advection penetrating into the Arctic Ocean. However, marine organic 

proxies indicate a continuous decrease of surface-water productivity from the 

western to the eastern Eurasian continental margin due to a more extensive sea- 

ice Cover over the last 160 ka. 



3. Synthese 

3.1 Die Ablagerung von terrigener und mariner organischer Sub- 
stanz am nÃ¶rdliche Kontinentalhang der Barents-See: Steu- 
erungsprozesse und Klimarelevanz 

Terrigene organische Substanz (TOM) 
Die Akkumulationsraten von organischem Kohlenstoff betragen am nÃ¶rdliche 

Kontinentalrand der Barents-See bis zu 0.45 gC/cm2/kyr. Diese Raten sind 

vergleichbar mit Angaben aus Auftriebsgebieten, z.B. vor NW-Afrika (0.1 bis 

0.6 gC/cm2/kyr; Stein 1991), sind bei nÃ¤here Betrachtung der Zusammenset- 

zung des organischen Materials jedoch auf vÃ¶lli verschiedene Ablagerungs- 

Prozesse und Liefergebiete zurÃ¼ckzufÃ¼hre WÃ¤hren vor NW-Afrika groÃŸ 

Mengen mariner organischer Substanz (MOM) abgelagert werden, herrscht 

im Untersuchungsgebiet die Zufuhr von terrigenem organischemlsiliziklas- 

tischem Material vor. Die Dominanz terrigener organischer Substanz (TOM) 

drÃ¼ck sich durch niedrige Hl-Werte (<I00 mgHCIgTOC), hohe CIN-VerhÃ¤lt 
nisse (> 10) und leichte 61% Werte (< -23.5 Xo) aus. Verantwortlich dafÃ¼ ist, 

neben dem Eintrag Ã¼be TrÃ¼bestrÃ¶m vorwiegend der Eintrag von eistrans- 

portiertem Material (IRD) Ã¼be Meereis und Eisberge. So wird "fossiles" bzw. 

'frisches" TOM durch Erosion und Kalbung der zirkum-arktischen Gletscher 

undloder bei der Bildung von Meereis auf den Schelfen des Arktischen 

Ozeans eingebaut und wÃ¤hren der Eisdrift durch Abschmelzprozesse wieder 
freigesetzt. Die 61%-Werte an partikulÃ¤re organischem Material im OberflÃ¤ 

chenwasser von -25 %o nahe der Kernposition 2138 im Eisrandbereich (vgl. 

Abb. 1.1.4) bestÃ¤tige den hohen terrigenen organischen Anteil an der Ge- 

samtfraktion (vgl. Andreassen et al. 1996) (vgl. Kap. 2.1). 

TOM kann weiter in seine Bestandteile differenziert werden. Vor allem lassen 

sich mit Reifebestimmungen an der organischen Substanz Liefergebiete und 

Transportwege im Arktischen Ozean nachvollziehen. So haben Schubert & 

Stein (1996) signifikante Mengen "fossiler" Kohlefragmente (Sibirien; vgl. 

Bischof et al. 1990), Mesozoische TOC-reiche Siltsteine (SvalbardlBarents- 

See; Bjerlykke et al. 1978, Merk & Bjorey 1984) sowie "frische" PflanzenhÃ¤ck 

sei (sibirische FlÃ¼sse z.B. Telang et al. 1991, Peulve et al. 1996, Fahl & Stein 



1997, Rachold et al. 1998) in zentralen arktischen Sedimenten nachweisen 

kÃ¶nnen 
Als Reifeindikatoren werden in dieser Studie, neben dem Carbon-Preference- 

Index (CPI) von Bray & Evans (1961), ein Verfahren von Villanueva et al. 

(1997)' und Ligningehaltep (J. Lobbes, unpubl. Daten) angewendet. Tmax- 

Werte sind aufgrund der z.T. sehr niedrigen Kohlenstoffgehalte kein geeigne- 

ter Reifeindikator im Untersuchungsgebiet (vgl. Peters 1986). 

Villanueva et al. (1997) beobachten hohe Anteile von "fossilem" TOM vor al- 

lem bei verstÃ¤rkte IRD-Eintrag im Nord-Atlantik (vgl. Henrich et al. 1989). 

Einen we-sentlichen Beitrag dazu leisten vermutlich Mesozoische TOC-reiche 

Siltsteine, die u.a. in der Barents-See Region anstehen und durch eine stark 

erhÃ¶ht thermische Reife gekennzeichnet sind (Tmax: 470 Â¡C CPI: 0.9) (vgl. 

Kap. 2.1, Abb. 3.1 .I). 
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Abb. 3.1.1: Die n-Alkanverteilung in Mesozoischen TOC-reichen Siltsteinen (PS21 38- 
1, 305 cm (Event I)). Die Zahl unter den SÃ¤ule gibt die KettenlÃ¤ng der n-Alkane an. 
CPI bedeutet Carbon-Preference-Index (vgl. Bray & Evans 1961). 

ErhÃ¶ht Ligningehalte korrelieren dagegen nicht mit verstÃ¤rkte Eintrag 

'fossiler" organischer Substanz, sondern bevorzugt mit erhÃ¶hte Zufuhr von 

relativ "frischem" TOM (s.u.). Im "Van Krevelen Diagramm" wird deutlich, daÂ 

die Inkohlung in den TOC-reichen Siltsteinen zu weit fortgeschritten ist, um 

das, ebenso wie der CPI-Index, auf der Verteilung der langkettigen n-Alkane beruht. 
einem Biornarker, der einen rein terrigenen Ursprung hat (vgl. Hedges & Parker 1976; Hedges 
& Mann 1979a, b, Hedges et al. 1997, fÃ¼ eine Ubersicht). 





3. ~~ 
Belege dafÃ¼r Zunehmender AtlantikwassereinfluÂ und steigende biologische 

Produktion im OberflÃ¤chenwasse verbunden mit der Ausbildung einer stabi- 

len Eisrandlage lassen vermuten, daÂ der vertikale PartikelfluB aus ab- 

schmelzendem Meereis eine zunehmende Rolle bei der Ablagerung von TOM 
einnimmt (vgl. Kap. 2.1). Die Kalbungsrate des zerfallenden 

rents-See-Eisschildes verliert dagegen nach 16.300 (1 3,600 ^C) cal. J.v.h. 

erheblich an Bedeutung. 

TOC (W. %) 

10 

CPI X n-Alkane IeaOrk9- non.reworked n.AlkaJxx Llgninpheno 
pg/gTOC S WAIkanD (In %) S "-Alkane (In Y-) (mg/IOOmgTOC 

0 1 2 3 4 5 0 1000 200040 50 60 70 80 0 10 20 30 40 50600 0.1 0.2 

b. 3.1 -3: Zusammenstellung der Reifeindikatoren fÃ¼ TOM (CPI-Index nach Bray & 
Evans 1961, aufgearbeitete ("fossile") und weniger-aufgearbeitete ("frische") langkettige 
(Ca-C32) n-Alkane (in % an der Gesamtsumme der n-Alkane) (vgl. Villanueva et al. 
1997) und die Gehalte an Ligninphenole (mg/IOOmgTOC)) (J. Lobbes, unpubl. Daten) 
sowie des IRD-Eintrags (Anzahl >2 mm/10 ccm) und des Smektitgehalts (rel. %) im Kern 
PS2138-1 vs. Kalenderjahre (cal. J.v.~.). Event l und II sind markiert und werden aus- 
fÃ¼hrlic in Kap. 2.1 erlÃ¤utert Die Zuordnung der Sauerstoftisotopenstadien Ill-l erfolgte 
nach Martinson et al. (1 987) (TIa: Termination la). 

Dieses "frische" TOM wird Å¸berwiegen von Sibirischen FlÅ¸sse transportiert 

und auf den Eurasischen Schelfen abgelagert (z.B. Rachold et al. 1998, Fahl 

& Stein 1997, Belyaeva & Eglington 1997). Berechnungen ergaben, daÂ wÃ¤h 



rend des spÃ¤tglaziale Meeresspiegelanstiegs die durchschnittlichen holozÃ¤ 

nen Akkumulationsraten von organischer Substanz entlang des Eurasischen 

Kontinentalhangs (0.3 gClcm2lkyr) um GrÃ¶ÃŸenordnung hÃ¶he liegen (bis zu 

15 gC/cm*/kyr) (Stein & Fahl in Vorb.). Vermutlich hatte zunÃ¤chs der ver- 

stÃ¤rkt FluÃŸwassereintra durch Abschmelzprozesse im Hinterland wahrend 

der Termination l eine hohe Zufuhr und Akkumulation von "frischem" TOM auf 

den Eurasischen Schelfen zur Folge. Mit ansteigendem Meeresspiegel wur- 

den die TOM-reichen Sedimente erneut aufgearbeitet. Die daraus resultie- 

renden hohen Suspensionsladungen konnten sich im nun bildenden Meereis 

anreichern und Ã¼be die Transpolardrift bis an den nÃ¶rdliche Kontinentalrand 

der Barents-See gelangen und dort sedimentieren. 

Ein zusÃ¤tzliche Hinweis, der diese Annahme stÃ¼tz und auf die Verlagerung 

des Liefergebiets und die verÃ¤nderte Ablagerungsprozesse im Event II hin- 

deutet, sind die hohen Smektitgehalte (bis zu 18 rel. %; Abb. 3.1.3). Vogt 

(1 997) interpretiert dies fÃ¼ den nÃ¶rdliche Kontinentalrand der Barents-See 

als Meereissignal aus der Ã¶stliche Kara-See. Er postuliert, daÂ mit der Ãœber 

flutung der vermutlich trocken-gelegenen Kara-See groÃŸ Mengen Sediment 

ins Meereis aufgenommen worden sind und bis in das Untersuchungsgebiet 

transportiert und dort an der Eiskante wieder freigegeben wurden. Diese 

Theorie deckt sich sehr gut mit rezenten Modellierungen von Pfirman et al. 

(1997), die die hohen Smektitgehalte in rezenten Meereissedimenten am 

nÃ¶rdliche Kontinentalhang der Barents-See bis in die westliche Laptev- und 

Ã¶stlich Kara-See zurÃ¼ckverfolge konnten (vgl. NÃ¼rnber et al. 1995, 

Washner et al. 1998). 

Im HolozÃ¤ ist der Transport von umgelagerten "frischem" TOM und Smektit 

aus der westlichen Laptev-See bzw. Ã¶stliche Kara-See deutlich schwÃ¤cher 

CPI-Werte um 2, niedrige Ligninkonzentrationen und leicht erhÃ¶ht Anteile an 

fossilen" n-Alkanen sprechen eher fÃ¼ einen verstÃ¤rkte strÃ¶mungsinduzier 

ten Transport aus sÃ¼dliche Richtung. Dort stehen in der Region Norwegischer 

Schelf und westlicher Barents-See vorwiegend Mesozoische TOC-reiche 

Siltsteine an, die Ã¼be bodennahe StrÃ¶munge erodiert und bis in das Unter- 

suchungsgebiet transportiert werden konnten (z.B. Elverh~i  et al. 1989, Heb- 

beln 1991, Wagner & Henrich 1994). 



Marine organische Substanz (MOM) 
Die Akkumulation von MOM im Arktischen Ozean ist quantitativ von unterge- 

ordneter Bedeutung (z.6. Stein et al. 1994b, Schubert & Stein 1997, Fahl & 

Stein 1997, 1998). Die permanente Meereisbedeckung schrÃ¤nk die PrimÃ¤r 

produktion deutlich ein (vgl. Subba Roa & Platt 1984, Wheeler et al. 1996). 

Grobe AbschÃ¤tzunge ergaben, daÂ nur etwa 2 % des organischen Kohlen- 

stoffs im Sediment marinen Ursprungs ist (Schubert 1995). Unter weitgehend 

oxischen Ablagerungsbedingungen sind grÃ¶ÃŸe Mengen von MOM nur bei 

verstÃ¤rkte fluviatilen Nahrstoffeintrag, im Eisrandbereich und im Einstrombe- 

reich von Atlantikwasser sowie bei erhÃ¶hte Sedimentationsraten erhalten 

(vgl. Kap. 2.1; Stein et al. 1994b, Schubert & Stein 1996, 1997, Fahl & Stein 

1997, Boetius & Damm 1998). 

TOC (wt. %) 

Abb. 3.1.4: Korrelationsdiagramm zwischen TOC (Gew. %) und Schwefel (Gew. %) 
im Kern PS2138-1. CIS-VerhÃ¤ltniss > -2.8 kÃ¶nne nach Leventhal (1 983) oxische Ver- 
hÃ¤ltniss anzeigen. Niedrigere Werte weisen eher auf dys- oder anoxische VerhÃ¤ltniss 
hin. 

Oxische Ablagerungsbedingungen prÃ¤ge auch den nÃ¶rdliche Kontinental- 

rand der Barents-See. Sie werden durch sehr niedrige Konzentrationen von 

Schwefel3 (0 0.15 Gew. %) (Abb. 3.1.4) (vgl. Leventhal 1983) und von den fÃ¼ 
anoxische Bedingungen sensitiven Spurenelementen Zn (ZnIAI: -1 0) V (VIAI: 

-17) und Ni (NiIAI: 2-3) angezeigt (F. Schoster, unpublizierte Daten) (vgl. 

der durch Reduktion von Sulfat bei Abbau der organischen Substanz unter dysoxischen oder 
an-oxischen Bedingungen entstehen kann. 



Brumsack 1980, 1989). In diesem Milieu fÃ¼hre vorwiegend Kopplungspro- 

zesse von primÃ¤ produzierter organischer Substanz an lateral zugefÃ¼hrte 

TOM bei gleichzeitig erhÃ¶hte Sedimentationsrate zur verstÃ¤rkte Akkumula- 

tion von MOM (vgl. Kap. 2.1, vgl. Ittekkot et al. 1992). Wesentliche Ã„nderunge 

der OberflÃ¤chenwasserbedingunge im Wechsel von Kalt- zu Warmzeiten rei- 

chen allein nicht aus, um die Schwankungen von MOM im Sediment zu erklÃ¤ 

ren (vgl. Schubert & Stein 1996). 

Im letzten Hochglazial sind im Untersuchungsgebiet mit die hÃ¶chste Gehalte 

von MOM abgelagert worden (Event I). Trotz glazialer Umweltbedingungen 

und daher vermutlich niedrigerer PrimÃ¤rproduktionsrate als heute sind die 

Anteile an erhaltener autochthoner organischer Substanz (MOM) hÃ¶he ge- 

wesen als zu jedem anderen Zeitpunkt der vergangenen 30.000 cal. J.v.h. 

vgl .  Kap. 2.1). Beispielhaft fÃ¼ alle untersuchten "marinen" Parameter doku- 

mentieren maximale Konzentrationen von Brassicasterol4 (24-Methylcholesta- 
5,22E-dien-3p-01) (bis zu 0.52 pglgsed.) dies sehr eindrucksvoll (Abb. 3.1.5; 

Kap. 2.1). DaÂ die Gehalte an Dinosterol4 (4a-23,24-trimethyl-5a-cholest- 

22E-en-3p-01) vergleichsweise sehr niedrig sind (Abb. 3.1.5), liegt vermutlich 

an der spezifischen Zusammensetzung des MOM zum Zeitpunkt der Ablage- 

rung (vgl. Brassell 1993, fÃ¼ eine Ãœbersicht) Die Voraussetzung fÃ¼ gÃ¼nstig 

Ablagerungsbedingungen fÃ¼ MOM im Event l wird trotz niedrigerer PrimÃ¤r 

produktionsraten durch die Adsorption an glazigen aufgearbeitetem, fein- 

kÃ¶rnige TOM (hier: TOC-reiche Siltsteine) bei gleichzeitig hohen Sedimen- 

tationsraten durch abschmelzende Eismassen des SvalbardIBarents-See 

Eisschildes geschaffen (vgl. Kap. 2.1). 

4 Dinosterol ist als biosynthethisches Produkt von Dinoflagellaten (Boon et al. 1979) und 
Diatomeen (Volkman et al. 1993) bekannt. Brassicasterol dagegen wird hÃ¤ufi als Biomarker 
fÃ¼ Diatomeen und Coccolithophoriden verwendet (Volkman 1986). 

96 



3. Synthese 

AR TOC C17+C19 Dinosterol Brassicasterol 
(glcm*yr) C27+C29+C31 uglgsed. ~g lgsed.  

0 0.2 0.4 0 0.5 1 1.5 2 2.5 0 0.05 0.1 0.15 0 0.1 0.2 0.3 0.4 0.5 

Abb. 3.1.5: Konzentration an Dinosterol und Brassicasterol (pglgsed.) sowie das 
VerhÃ¤ltni kurzkettiger zu langkettiger n-Alkane und die Akkumulationsraten von organi- 
schem Kohlenstoff (glcm2lkyr) im Kern PS2138-1 vs. kalibrierte Alter (cal. J.v.~.). Event l 
und II sind markiert und werden ausfÃ¼hrlic in Kap. 2.1 erlÃ¤utert Sauerstoff- 
isotopenstadien lli-1 nach Martinson et al. (1987). 

Die Ã¼berregional Bedeutung von Event I, sowohl (1) fÃ¼ die PalÃ¤oozeanogra 

phie im EuropÃ¤ische Nordmeer als auch (2) fÃ¼ die Ablagerungsbedingun- 

gen von MOM, wird in Abbildung 3.1.6 deutlich. Sie zeigt alle Kernpositionen, 

in denen Event l bisher nachgewiesen worden ist und, soweit verfÃ¼gbar die 

jeweiligen Akkumulationsraten von organischem Kohlenstoff. 

(1) Die pÃ¤lÃ¤oozeanographisc Situation wird durch einen deutlichen Gra- 

dienten von hohen TOC-Akkumulationsraten entlang des westlichen und 

nÃ¶rdliche Kontinentalhangs des Svalbard-Archipels (bis zu 1 gClcm21kyr) zu 

zunehmend niedrigeren Werten in Richtung zentrale Fram-StraÃŸ ( 4 . 0 4  

gC/cm2/kyr) (vgl. Hebbeln 1992) verdeutlicht. Am nordÃ¶stliche Kontinental- 

rand GrÃ¶nland wird Event l nicht mehr beobachtet (Notholt 1997); hier domi- 

niert der EinfluÃ der Transpolardrift aus der zentralen Arktis das Ablage- 

rungsmilieu. Dagegen tritt Event l in Sedimentkernen Ã¶stlic des Scoresby- 



Abb. 3.1.6: Alle Kernpositionen im EuropÃ¤ische Nordmeer und Arktischen Ozean 
(dunkle Kreise), in denen Event l nachgewiesen worden ist (vgl. Hebbeln 1991, Heb- 
beln 1992, Knies 1994, MÃ¼lle 1995, Elverhei et al. 1995, Nam et al. 1995, Andersen et 
al. 1996, Vogt 1997, Nam 1997, Stein & Fahl 1997, J. Knies, unpublizierte Daten). 
TOC-Akkumulationsraten (g/cm2/kyr) im Event l sind, soweit verfÃ¼gbar ebenfalls ange- 
geben. Kernpositionen (gerasterte Vierecke) am nordÃ¶stliche Kontinentalhang GrÃ¶n 
lands beinhalten Event l nicht (vgl. Notholt 1997). Durchzogene Linien markieren die 
Ausdehnung des SvalbardIBarents-See und des grÃ¶nlÃ¤ndisch Eisschildes im LGM 
(CLIMAP 1981). Pfeile um Svalbard zeigen das potentielle Liefergebiet fÃ¼ Mesozoische 
TOM-reiche Siltsteine an (Elverhei et al. 1995). Charakteristische OberflÃ¤chenstrÃ¶mu 
gen sind angegeben: NC: Norwegen Strom; WSC: Westspitzbergenstrom; EGC: Ost- 
grÃ¶nlandstrom TD: Transpolardrift; GIN Sea: GrÃ¶nland/lsland/Norwege See. 

Sunds wieder auf (Nam et al. 1995)5. Obwohl bisher keinerlei Hinweise fÃ¼ 

Event l in Regionen nÃ¶rdlic des Scoresby-Sunds existieren, ist ein strÃ¶ 

mungsinduzierter IRD-Transport Ã¼be das zurÃ¼ckflieÃŸen Atlantikwasser 

mÃ¶glic (vgl. Wagner & Henrich 1994). Vorausgesetzt das dominierende Ma- 

terial im Event l (TOC-reiche Siltsteine) stammt von den Ã¶stliche Kontinental- 

5 Dort sind, wie im PS2138-1, hÃ¶chst Anteile von MOM mit verstÃ¤rkte Akkumulation von TOM 
(vermutlich TOC-reiche Siltsteine) verbunden (J. Knies, unpubl. Daten). 
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rÃ¤nder des EuropÃ¤ische Nordmeeres, kÃ¶nnt dies ein Indiz dafÃ¼ sein, daÂ 

Event l das meridionale StrÃ¶mungssyste im LGM des EuropÃ¤ische Nord- 

meers, wie es von Henrich (1992) postuliert worden ist, widerspiegelt (vgl. 

Diskussion in Sarnthein et al. 1992, 1995, Hebbeln & Wefer 1997). 

(2) Schubert (1995) kalkulierte, basierend auf dem Modell von MÃ¼lle & Suess 

(1979) und rezenten arktischen PrimÃ¤rproduktionsraten daÂ im Untersu- 

chungsgebiet bis zu 16 O/O des organischen Materials marinen Ursprungs ist. 

Unter der Annahme, daÂ vergleichbare Mengen MOM im Event l erhalten 

sind, kÃ¶nnt die Einbettungsrate entlang des SvalbardIBarents-See Kontinen- 

talrandes bis zu 0.16 gC/cm*/kyr betragen haben. Diese Werte sind durchaus 

vergleichbar mit Ergebnissen aus Gebieten mit hÃ¶here PrimÃ¤rproduktions 

und MOM-Akkumulationsraten, z.B. in Auftriebsgebieten (vgl. Stein 1991). Be- 

sonders fÃ¼ die Diskussion von organischer Kohlenstoffixierung in Tiefseese- 

dimenten wÃ¤hren der letzten Kaltzeit und mÃ¶gliche Konsequenzen fÃ¼ den 

glazialen CO2-Partialdruck der AtmosphÃ¤r erscheint es daher von groÃŸe 
Wichtigkeit, die Einbettungsraten entlang des Eurasischen Kontinentalrandes 

mit in die Kalkulation des globalen Kohlenstoffhaushalts einzubeziehen (vgl. 

Berger et al. 1989). 

HÃ¶chst Gehalte an Dinosterol (bis zu 0.13 pg/gSed.), marinen FettsÃ¤ure 

und Chlorin werden in der zweiten Phase des Zerfalls des Eischildes, am 

Ende von Termination la und im Event 11, registriert (Abb. 3.1 -5 ,  Kap. 2.1). Die 

Anteile an kurzkettigen n-Alkanen und Brassicasterolkonzentrationen sind 

dagegen vergleichsweise niedrig (vgl. Abb. 3.1 5) .  Kennedy & Brassell (1992) 

argumentieren, daÂ erhÃ¶ht Brassicasterolkonzentrationen eher mit verstÃ¤rk 

tem FluÃ an Diatomeen bzw. Zooplankton korrespondieren. Dinosterolmaxima 

sind dagegen mit Dinoflagellaten-BlÃ¼te verknÃ¼pft die u.a. durch zunehmen- 

den fluviatilen NÃ¤hrstoffeintra induziert werden kÃ¶nne (vgl. Westerhausen 

et al. 1993). Am nÃ¶rdliche Kontinentalhang der Barents-See fÃ¼hrt der RÃ¼ck 

zug der Gletscher, der zunehmende EinfluÃ von Atlantikwasser und die NÃ¤hr 

stoffanreicherung durch ein am Eisrand induzierten Auftrieb vermutlich zu ei- 

ner VerstÃ¤rkun der PrimÃ¤rproduktio im OberflÃ¤chenwasse wÃ¤hren Event 

I Starke Anreicherungen von Sediment mit hohen Anteilen an Smektit und 

relativ "frischem" TOM (vgl. Kap. 3.1) im Meereis, die am Eisrand ausschmel- 





3.2 PalÃ¤oumweltbedingunge am n6rdlichen Kontinentalrand der 
Barents-See wÃ¤hren der letzten 150.000 Jahre 

Glaziale 
Die Ablagerungsbedingungen in den Glazialen am nÃ¶rdliche Kontinental- 

hang der Barents-See werden durch extreme Unterschiede in den Sedimen- 

tationsraten geprÃ¤gt Sie schwanken zwischen 3 cmlkyr in OIS 4 und 37 

cmlkyr in OIS 2. Die Ursachen dafÃ¼ sind variierende Meereiskonzentrationen, 

Massenumlagerungen und intensive Sedimentzufuhr durch bodennahe 

Transportprozesse, induziert durch vorrÃ¼ckend und abschmelzende Eismas- 

Sen (vgl. Kap. 2.2; Hein & Syvitski 1992, Elverhei & Henrich 1996, Vorren & 

Laberg 1996, McGinnis et al. 1997). 

Die hÃ¶chste Sedimentationsraten in OIS 6 und OIS 2 sind eng mit der Aus- 

dehnung des SvalbardlBarents-See-Eisschildes bis an die nÃ¶rdlich Schelf- 

kante verknÃ¼pft Damit stehen fÃ¼ den Sedimenttransport am Kontinentalhang 

groÃŸ Mengen an glazialerodiertem Material zur VerfÃ¼gung Niedrige Sedi- 

mentationsraten in OIS 4 sprechen dagegen eher fÃ¼ eine weitgehend ge- 

schlossene Meereisbedeckung als fÃ¼ die Ausdehnung der Eismassen auf 

den Schelf (vgl. Lloyd et al. 1996). ZusÃ¤tzlich Hinweise fÃ¼ diese Befunde 

liefert die Tonmineralverteilung zusammen mit dem IRD-Eintrag im Kern 

PS2138-1 (vgl. Abb. 3.2.1). Sie zeigt, daÂ der Aufbau des Eisschildes zwi- 

schen 30 und 20,000 "^C J.v.h. (Mangerud & Svendsen 1992)6, wie auch die 

Interglaziale 018 5 und HolozÃ¤n durch eine hohe Konzentration des Tonmi- 

nerals Illit in den Sedimenten gekennzeichnet sind. Vermutlich steuerten 

zunÃ¤chs die vorrÃ¼ckende Eismassen des Svalbard-Archipels, dem poten- 

tiellen Liefergebiet fÃ¼ Illit (Stein et al. 1994b), den Sedimenttransport am 

nÃ¶rdliche Kontinentalrand der Barents-See. Niedrige Illit- und erhÃ¶ht Kao- 

linitkonzentrationen mit verstÃ¤rkte IRD-Eintrag sowohl im OIS 6 als auch 

zwischen 20.000 und 15.400 ^C J.v.h. dagegen deuten auf eine Verlagerung 

des Einzugsgebiets der vorrÃ¼ckende Eismassen hin. Potentielle Quellen fÃ¼ 

Kaolinit sind die Barents-See und Franz-Josef-Land (Birkenmajer 1989, El- 

verh0i et al. 1989, Stein et al. 1994b, Vogt 1997, Wahsner et al., 1998). Durch 

das VorrÃ¼cke der Eismassen auf dem Barents-See-Schelf, wie es von Elver- 

hei et al. (1993) und Siegert & Dowdeswell (1995a,b) modelliert und von Lu- 

Der Eisaufbau in OIS 6 ist nicht dokumentiert. 
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Smektite (rel. %) Illite (rel. %) Kaolinite (rel. %) Sand (wt. %) IRD Oxygen 
(No. > 2 mm/IOccm) Isotope 

0 5 10 15 2030 40 50 60 700 10 20 30 40 500 5 10 15 20 0 2 4 6 8 10 

Abb. 3.2.1: Tonmineralverteilung (rel. %) (C. Vogt, unpubl. Daten) und Grobfraktions- 
gehalte (ohne biogenes Karbonat, Gew. %) sowie IRD-Eintrag im Kern PS2138-1 
gegen die Tiefe. AMS14C Datierungen fÃ¼ PS2138-1 sind in der IRD-Kurve mit aufge- 
fÃ¼hrt Die Sauerstoffisotopenstadien Vl-1 nach Martinson et al. (1987) sind grau hinterlegt 
(Tl und TU: Termination l und 11). Die Korrelation erhÃ¶hte Kaolinit- mit erhÃ¶hte Grobfrak- 
tionsanteilen sind durch Pfeile markiert. 

binski et al. (1996) bis in Wassertiefen von mindestens 470 m bestÃ¤tig wor- 

den ist, werden kaolin-reiche Mesozoische Gesteine erodiert und schlieÃŸlic 

bei maximaler Ausdehnung an der Schelfkante wieder freigegeben (vgl. Pfir- 

man & Solheim 1989, McGinnis et al. 1997). Die Korrelation von Kaolinit- und 

Grobfraktionsmaxima mit extrem hohen Gesamtakkumulationsraten zwischen 

20.000 und 16.800 ^C J.v.h. (vgl. Abb. 2.1.5 und 3.2.1) zeigt an, daÂ die Eis- 

massen immer wieder aufschwimmen und dabei groÃŸ Mengen an Eisbergen 

mit basalem Detritus abbrechen (vgl. Hughes 1992). Der Grobfraktionseintrag 



nimmt ab, sobald die Grundlinie auf dem Schelf wieder erreicht und der Zerfall 

abgeschlossen ist (vgl. Grobe & Mackensen 1992). 

Bemerkenswert ist trotz der geringen zeitlichen AuflÃ¶sun die Ã„hnlichkei der 

Sedimentzusammensetzung und damit der Ablagerungsbedingungen im OIS 

2 mit OIS 6. Parallel zu erhÃ¶hte Grobfraktionsgehalten werden Spitzenwerte 

im Kaolinit registriert. Obwohl der Eisaufbau im OIS 6 nicht dokumentiert ist, 

kann davon ausgegangen werden, daÂ die Eismassen, Ã¤hnlic wie im OIS 2, 

Mesozoische kaolin-reiche Gesteine des Barents-See-Schelfs erodierten und 

an der nÃ¶rdliche Schelfkante bei erhÃ¶hte Kalbungsraten wieder abgaben. 

Ein vergleichbarer Zusammenhang ist fÃ¼ das glaziale OIS 4 nicht zu beob- 

achten und unterstÃ¼tz die Argumentation fÃ¼ eine begrenzte Ausdehnung der 

Eismassen und einer intensiven Meereisbedeckung am nÃ¶rdliche Kontinen- 

talrand der Barents-See nachhaltig (vgl. Kap. 2.2). 

Die drei- bis vierfach hÃ¶here Sedimentationsraten und erhÃ¶hte biogenen 

Karbonatakkumulationsraten im OIS 2 gegenÃ¼be OIS 6 lassen sich vermut- 

lich durch variierende Meereiskonzentrationen erklÃ¤re (vgl. Kap. 2.2). So ist 

offenbar die Zooplanktonproduktion durch eine ausgedehntere Meereisbe- 

deckung in OIS 6 erheblich eingeschrÃ¤nkt Allerdings existieren in beiden 

Kaltphasen eindeutige Hinweise fÃ¼ saisonal eisfreie Bedingungen, die mit 

dem Einstrom von Atlantikwasser und der Ausbildung kÃ¼stennahe Polynyen 

verbunden sind (vgl. Abb. 2.2.5). Dies wird vor allem auch durch die hohen 

Abundanzen der benthischen Foraminifere Cassidulina teretis angedeutet 

(vgl. Abb. 3.2.3). Ein kausaler Zusammenhang von anhaltender Feuchtigkeits- 

zufuhr durch Einstrom von Atlantikwasser, abnehmender Insolation und sin- 

kendem Meeresspiegel' sowie maximaler Ausdehnung des SvalbardIBa- 

rents-See-Eisschildes ist somit auch am nÃ¶rdliche Kontinentalrand der 

Barents-See sowohl fÃ¼ die spÃ¤t Weichsel- (OIS 312) als auch fÃ¼ die Saale- 

Vereisung (OIS 6) eindeutig belegbar. 

Die Zerfallsmuster der Eisschilde am Ende der Kaltzeiten (Termination II und I) 

sind trotz der geringen zeitlichen AuflÃ¶sun offenbar ebenso eindeutig ver- 

gleichbar wie der Eisaufbau wahrend OIS 6 und OIS 2 (vgl. Kap. 2.2). Paral- 

lelen im IRD-Eintrag und den Kaolinitgehalten sind erkennbar und belegen 

wie er in der Norwegen/GrÃ¶nlan See diskutiert wird @.B. Vorren et al. 1988, Larsen et al. 
1991, Hebbeln et al. 1994, Dokken & Hald 1996, Rasmussen et al. 1996). 
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dies (Abb. 3.1.8). Auffallig ist, daÂ das erste IRD-Maximum zum Zeitpunkt des 

initialen Zerfalls des Eisschildes am Ende von OIS 6 bzw. 15.400 "^C J.v.h. 

noch mit hohen Kaolinitgehalten verbunden ist, wÃ¤hren der zweite IRD- 

Schub schon mit erhÃ¶hte lllit-Anteilen korreliert. Dies deutet darauf hin, daÂ 

sich die Eismassen zum Zeitpunkt des zweiten IRD-Schubs um 128.000 

(Termination 11) bzw. 13.600 ^C J.v.h. bereits im inneren der Barents-See 

befanden (vgl. Landvik et al. 1992, 1995 Forman et al. 1995, 1996). Der IRD- 

Transport konnte vermutlich zu diesem Zeitpunkt nur noch Ã¼be sedimentbe- 

ladene Eisberge von Svalbard aus erfolgen. Man kann daraus schlieÃŸen daÂ 

von einem synchronen Verhalten des SvalbardlBarents-See-Eisschildes nicht 

nur zum Zeitpunkt maximaler Ausdehnung im OIS 6 und OIS 2 auszugehen 

ist, sondern auch signifikante Ã„hnlichkeite im Zerfallsmuster8 wÃ¤hren Ter- 

mination II und l zu vermuten sind. 

EinschrÃ¤nken muÂ betont werden, daÂ hohe Smektitgehalte, wie sie am 

Ende von Termination l auftreten (vgl. Kap. 3.1), wÃ¤hren Termination II nicht 

registriert werden (Abb. 3.1.8). Vermutlich sind die groÃŸe Eisschilde Sibiriens 

irn OIS 6 (vgl. Arkhipov 1986a,b, Vogt et al. 1986) verantwortlich dafÃ¼r daÂ die 

ausgedehnte Ãœberflutun der Schelfe und der verstÃ¤rkt FluÃŸfrachteintrag 

wie er fÃ¼ die Termination l postuliert wird, nicht stattfinden konnte. Damit 

konnte weniger Suspensionsfracht Ã¼be Meereis an den nÃ¶rdliche Kontinen- 

talrand der Barents-See transportiert und dort freigesetzt werden (vgl. Kap. 

3.1). 

In terglaziale/Inters tadiale 

Die Interglaziale sind, verglichen mit den Glazialen, durch niedrigere Sedi- 

mentationsraten gekennzeichnet (OIS 5: 1 cmlkyr; OIS 1: 5 cmlkyr). Das Ver- 

schwinden der Eismassen auf den Barents-See-Schelf am Ende der Kaltzei- 

ten ist dafÃ¼ verantwortlich. Der IRD-Eintrag an der Grundlinie des Eises, z,B 

auf Nordaustlandet oder Franz-Josef-Land, trÃ¤g in den Interglazialen nur 

noch geringfÃ¼gi zur Sedimentation am nÃ¶rdliche Kontinentalhang der Ba- 

rents-See bei (vgl. Pfirman & Solheim 1989). Die deutlichen Unterschiede in 

den Sedimentationsraten sind vielmehr auf den intensiven bodennahen und 

induziert durch verstÃ¤rkt Insolation und steigenden Meeresspiegel (Ruddiman & Mclntyre 
9 8 1 ) .  





Meereiskonzentrationen und terrigenen Zufuhrraten im Untersuchungsgebiet 
zurÃ¼ckgefÃ¼h (vgl. Eisenhauer et al. 1994). Vor allem die VerdÃ¼nnun durch 
verstÃ¤rkte Eintrag von siliziklastischem Material im OIS 2 und wÃ¤hren Ter- 

mination l verÃ¤nder das "^Be-Signal erheblich (Abb. 3.2.2). Dagegen hat der 

verstÃ¤rkt IRD-Eintrag im frÃ¼he OIS 3 offensichtlich keinerlei EinfluÃ auf die 
"'Be-Konzentrationen, was vermutlich mit den sehr viel niedrigeren Sedimen- 

tationsraten als im OIS 2 (Faktor 10 bis 20) zusammenhÃ¤ngt Es ist anzuneh- 

men, daÂ wÃ¤hren OIS 5 und OIS 1 sowie im frÃ¼he und mittleren OIS 3 weit- 

gehend Umweltbedingungen vorgeherrscht haben, die der rezenten Situation 
entsprechen. Das bedeutet zum einen einen verstÃ¤rkte EinfluÃ von Atlantik- 

Wasser und saisonal eisfreien Bedingungen und zum anderen Phytoplank- 
tonblÃ¼te und lithogenen PartikelfluÃ in der NÃ¤h des Eisrandes, induziert 

durch Ausschmelzprozesse, Bildung von Auftriebszellen und ausreichende 

NÃ¤hrstoffversorgun (vgl. Hebbeln & Wefer 1991). 

^ ~ e  (1 ogat/g) B a r i u m  bio (ppm) Sedimenta t ionra te  
icmlkyr) 

0 0.2 0.4 0.6 0.8 1 100 200 300 400 0 10 20 30 40 50 

(6a)terra (A1)~robe (~a/Ai)~rdkruste 
(Ba)bio a (Ba)ges - (AI 0.0065) 

(Wedepohl1991) 

Abb. 3.2.2: Zusammenstellung der ^Be-AktivitÃ¤ (109 atlg) (Schulz 1997), des bioge- 
nen Bariumanteils (ppm) und die Sedimentationsraten (cmlkyr) im Kern PS21 38-1. Die 
Berechnung des biogenen Bariumanteils ist mit aufgefÃ¼hr und kann detailliert bei 
NÃ¼rnber (1 995, 1996) nachvollzogen werden. Die Sauerstoffisotopenstadien Vl-l nach 
Martinson et al. (1987) sind grau hinterlegt (Tl und TU: Termination l und 11). 



Weitere Hinweise auf erhÃ¶ht ProduktivitÃ¤ im OberflÃ¤chenwasse werden 

durch hohe Barium/Aluminium (Ba/AI)-VerhÃ¤ltniss bzw. biogene Anteile 

@bio) der gesamten Ba-Konzentration (Batot) angezeigt10 (vgl. Abb. 3.2.2). In 
arktischen OberflÃ¤chensedimente wurde Babio nach der Berechnungsme- 

thode von BostrÃ¶ et al. (1973) ermittelt (vgl. Nurnberg 1996). Bei Verwen- 

dung des detrischen BaJAI VerhÃ¤ltnisse von 0.0065 (Wedepohl 1991) sind 

deutliche Babio-Maxima in EisrandnÃ¤h und damit im Einstrombereich von 

Atlantikwasser am nÃ¶rdliche Kontinentalrand der Barents-See zu erkennen 

(Nurnberg 1996). Zwei deutliche Babio-Maxima im OIS 5.5 und im HolozÃ¤ 

(Abb. 3.2.2) lassen auf 'vergleichbare Ablagerungsbedingungen schlieÃŸen Im 

frÃ¼he und mittleren OIS 3 treten keine deutlichen Maxima auf. Allerdings ist 

zu beachten, daÂ die Probendichte sehr gering ist, so daÂ eindeutige 

SchluÃŸfolgerunge nicht mÃ¶glic sind. AuÃŸerde ist zu berÃ¼cksichtigen daÂ 

die Berechnung der Babio-Akkumulationsraten maximale FluÃŸrate im OIS 6 

und OIS 2 ergibt. GrÃ¼nd fÃ¼ diese Ã„nderun sind zum einen die terrigene 

Komponente des Bariums, die in Kaltzeiten durch verstÃ¤rkte IRD-Transport 

das ProduktivitÃ¤tssigna Ã¼berlager (Dymond et als 1992, Schroeder et al. 

1997), und zum anderen, die Ã„nderun des detritischen Ba/AI VerhÃ¤ltnisse 

durch die hohe DiversitÃ¤ der zirkum-arktischen Liefer-gebiete fÃ¼ IRD und 

fluviatiles Material (Nurnberg 1996; vgl. Bonn 1995, NÃ¼rn-ber et al. 1997)ll , 

Aufgrund der geringen zeitlichen AuflÃ¶sun in OIS 5 und OIS 1 sind Unter- 

schiede in den Ablagerungsbedingungen am nÃ¶rdliche Kontinentalrand der 

Barents-See nicht genau zu entschlÃ¼sseln Nach den Ergebnissen dieser 

Studie sind keine nennenswerten Unterschiede bezÃ¼glic der Meereisaus- 

dehnung, der Eisrandposition und der IntensitÃ¤ von Atlantikwasser in den 

Warmzeiten zu erkennen (vgl. z.B. Baumann et al. 1995, Hebbeln & Wefer 

1997, Fronval & Jansen 1997). Bei der Betrachtung benthischer Foramini- 

ferenvergesellschaftungen fÃ¤ll jedoch auf, daÂ hÃ¶chst Abundanzen der At- 

^ ~ i e  biogene Komponente des Bariums gelangt Ã¼be Barytkristalle, die vermutlich im 
Mikromilieu von kieseligem Plankton beim Abbau organischer Substanz enstehen, ins 
Sediment (2.B. Bishop 1988) und wird weitlÃ¤ufi als Indikator fÃ¼ 
PalÃ¤oproduktivitÃ¤tsrekonstruktion verwendet (z.B. Gingele & Dahrnke 1994, Dymond et al. 
1992, NÃ¼rnber 1996, Nurnberg et al. 1997, Bonn et al. 1998). 

 er globale Durchschnitt fÃ¼ das detritische BaIAI VerhÃ¤ltni schwankt zwischen 0.01 und 
0.005 (Taylor 1964, RÃ¶sle & Lange 1972). Die Annahme, daÂ ein konstantes Ba/AI 
VerhÃ¤ltni fÃ¼ alle Proben (hier: 0.0065; Wedepohl 1991) zur Bestimmung des terrigenen Ba- 
Anteils angewendet werden kann, ist fÃ¼ die Quantifizieruna des bioaenen Anteils bei 
generell niedrigen Ba-Konzentrationen vermutlich nicht zulÃ¤ssi ( ~ u r n b e r ~  1996, Nurnberg 
et al. 1997). 



lantikwasser-spezifischen Formen Pullenia bulloides, Discorbinella berthe- 

lothi und Eilohedra nipponica (J. Wollenburg, pers. Mitt. 1998) im Untersu- 

chungsgebiet in Peak-Warmzeiten OIS 5.5 und 5.1 sowie wÃ¤hren Termina- 

tion l auftreten (vgl. Abb. 3.2.3). 

Akkumuiationsrate Akkumulationsrate oxitm 
NoJlOg Sed. NoJlOg Sed. h0tope 

0 5000 10000 15000 20000 0 50 100 150 

Ã ‘O  Total Flux Pullenia bulloides 

Ã‘Q cassidulina teretis Ã‘<> Discorbineila berthelothi 

U Eilohedra nipponica 

Abb. 3.2.3: Abundanzen benthischer Foraminiferen im Kern PS2138-1 (J. Wollenburg, 
unpublizierte Daten). 

In der Fram-StraÃŸ widerspricht dies den Annahmen von Hebbeln & Wefer 

(1997), daÂ das OIS 5.5 im Vergleich zum OIS 5.1 und dem HolozÃ¤ eher 

einem Interstadial statt einem Interglazial in hohen nÃ¶rdliche Breiten 

entspricht. Vielmehr deutet das Vorkommen dieser Foraminiferen am Konti- 

nentalrand der Barents-See auf einen ausgeprÃ¤gte Gradienten zwischen 

'Arktischer DomÃ¤ne (zwischen EGC und WSC) und "Atlantischer DomÃ¤ne 

(WSC) hin. WÃ¤hren in der zentralen Fram-StraÃŸ vermutlich arktische Was- 

sermassen das Sedimentationsmilieu beeinflussen, kÃ¶nnt ein verstÃ¤rkte 

Atlantikwasserzustrom entlang eines "schmalen Bandes" am Ã¶stliche Konti- 



nentalhang der NorwegenlGrÃ–nland-Se bis weit in den Arktischen Ozean 
gereicht haben. Obwohl eine deutliche Verlagerung des instroms von Atlan- 

tikwasser abweichend vom Haupteinstrom in westliche Richtung (Island-See) 

wÃ¤hren OIS 5.5 postuliert wird (vgl. Bauch 1993, uch et al. 1998), kann 

eine intensive Zufuhr von Atlantikwasser im direkte instrombereich entlang 

des Norwegischen bzw. ÃŸarents-See-Kontinentalhang nicht ausgeschlossen 

werden (vgl. Fronval & Jansen 1997). Der starke, jedoch begrenzte Zustrom 

von Atlantikwasser bis an den nÃ¶rdliche Kontinentalrand der Barents-See 

wÃ¼rd die Ergebnisse von Mangemd & Svendsen (1 992), die fÅ¸ Fennoskan- 

dinavien wÃ¤rmer klimatische Bedingungen im OIS 5.5 als heute postulieren, 

nachhaltig unterstÃ¼tzen 

Hinweise aus marinen Sedimentdaten belegen das direkte Zusammenspiel 

von oszillierenden Eismassen, OberflÃ¤chenzirkulationsmuste und Meereis- 

bedekkung am nÃ¶rdliche Kontinentalrand der Barents- und Kara-See (vgl. 

Kap. 2.3). So wird augenscheinlich, daÂ die Distanz zur Feuchtigkeitsquelle, 

d.h. zum Atlantik, die ausschlaggebende GrÃ¶Â fÅ¸ die HÃ¤ufigkei der 

schildausdehnung in der Region ist. Die Insolationsschwankungen fÃ¶rder 

dagegen nicht automatisch das Wachstum der Gletscher, vor allem nicht in 

den niederschlagsarmen Regionen der Ã¶stliche Kara-See (Abb. 3.3.1 und 

3.3.2) (vgl. Serreze et al. 1996, Velitchko et al. 1997b, Nargaard-Pedersen et 

al. 1998). 

RegelmÃ¤ÃŸ eisfreie Bedingungen sind am nÃ¶rdliche Kontinentalrand der 

Barents-See, zumindest bis zum Franz-Josef-Land, in Warm- und in Kaltzeiten 

registriert worden fvgl. Kap. 2.2). Sie f~rderten vor allem zusammen mit niedri- 

gen Sommertemperaturen an Land, minimaler Insolation und geringen Kal- 

bungsraten die Ausdehnung der Eismassen bis zur Schelfkante im OIS 6 

(Saale) und OIS 2 (SpÃ¤t-Weichsel) Ein weniger intensives Zusammenspiel 

dieser Faktoren erklÃ¤r vermutlich die eingeschrÃ¤nkt Eisausdehnung im gla- 

zialen OIS 4 und den Interstadialen von OIS 5 und OIS 3 (vgl. Kap. 2.3). Die 



3. Synthese 

Amplitude des IRD-Eintrags erreicht regelmÃ¤ÃŸ ihr Maximum am Ende der 

Kaltphasen OIS 6, OIS 4 und OIS 2, mit zunehmender Insolation und steigen- 

dem Meeresspiegel. Massiver IRD-Eintrag und SuÃŸwasserzufuh ist, wie fÃ¼ 

den zentralen Arktischen Ozean bisher angenommen, jedoch nicht nur auf die 

Terminationen beschrÃ¤nk (vgl. N~rgaard-Pedersen et al. 1998). Hochfre- 

quente IRD-SchÃ¼be vor allem zwischen OIS 4 und OIS 2, aber auch im OIS 6, 

lassen sich in HÃ¤ufigkeit IntensitÃ¤ und Muster durchaus mit den schnellen 

und abrupten Klimazyklen in grÃ¶nlÃ¤ndisch Eiskernen und Sedimentkernen 

im Nord-Atlantik korrelieren (Abb. 3.3.1) (vgl. Bond et al. 1993, Broecker 

1994b)12. Daraus ist zu schliessen, daÂ palÃ¤oklimatisch UmweltverÃ¤nderun 

gen im Arktischen Ozean, zumindest im EuropÃ¤ische Sektor, unter verstÃ¤rk 

ter EinfluÃŸnahm von Atlantikwasser durchaus synchron auf schnelle Klima- 

schwankungen im Nord-Atlantik reagieren. Die Ursachen dieser VerÃ¤nderun 

gen werden derzeit noch debatiert, einhellige Meinungen gibt es bisher noch 

nicht (siehe Diskussion in Broecker 1994b, Bond & Lotti 1995, Alley 1998). 

Bond & Lotti (1995) z.B. argumentieren13, daÂ nicht die InstabilitÃ¤ der zirkum- 

arktischen Eisschilde die auslÃ¶sende Faktoren der schnellen Klimaschwan- 

kungen sind, sondern vielmehr "externe Klima- oder klima-bezogene-Mecha- 

nismen", vermutlich atmosphÃ¤risc gesteuert (Bond & Lotti 1995), in Betracht 

kommen. Jedoch kÃ¶nne derzeit existierende Modelle und Theorien noch 

keine plausiblen ErklÃ¤runge fÃ¼ derartige klimatische Sprunge im System 

Ozean-AtmosphÃ¤r liefern (Broecker 1994b). 

l2 In ~ ^ 0 - ~ u r v e n  grÃ¶nlÃ¤ndisch Eiskerne, aber auch in hochauflÃ¶sende Sedimentkernen im 
Nord Atlantik sind im letzten glazialen Zyklus insgesamt 20 kurzfristige Erwarmungsphasen 
(sog. Dansgaard-Oeschger Interstadiale) erkannt worden (z.B. Dansgaard et al. 1993, Grootes 
et al. 1993, Bond et al 1993). Charakteristisch dabei sind extrem schnelle 
Temperaturzunahmen, meist innerhalb von Dekaden, und etwas langsamere Abkuhlungen, 
zumeist innerhalb einiger hundert Jahre. Diese Dansgaard-Oeschger Zyklen (D-0 Zyklen) 
werden bei fortlaufender AbkÃ¼hlun und plÃ¶tzlichem neuerlichen Temperaturanstieg (der 
einen neuen D-0  Zylus auslÃ¶st in einen sog. "Bond-Zyklus" gebÃ¼ndel (vgl. Bond et al. 
1993, Broecker 1994b). Die fortlaufende AbkÃ¼hlun in einem "Bond-Zyklus" kulminiert 
schlieÃŸlich induziert durch "surgende" Eismassen des Laurentidischen Eisschildes 
(MacAyeal 1993), in einer plÃ¶tzliche Zunahme der Kalbungsraten mit hohen Anteilen 
basalen Detritus, die im Nord Atlantik im allgemeinen als Heinrich-Ereignisse bekannt sind 
(Broecker et al 1992). Die HÃ¤ufigkei dieser Oszillationen und Zyklen ist um einige 
GrÃ¶ÃŸenordnung hÃ¶he als die dominierenden, durch VerÃ¤nderunge der Orbitalparameter 
induzierten, globalen KlimaverÃ¤nderungen 

l3 basierend auf verstÃ¤rkte IRD-Eintrag verschiedener Eisschilde im Nord Atlantik wÃ¤hren 
jeder D-0 Abkuhlung und nicht nur zum Zeitpunkt der Heinrich-Ereignisse. 



Am nÃ¶rdliche Kontinentalrand der Barents-See ist im letzten Gla- 

zialllnterglazial Zyklus verstÃ¤rkte IRD-Eintrag nur zeitgleich mit Heinrich-Er- 

eignissen im Nord-Atlantik und nicht mit Dansgaard-Oescher (D-0)  

-AbkÃ¼hlungsphase festzustellen (vgl. Kap. 2.3; Abb. 3.3.1). Daher ist ein Be- 
GRIP ice core Sea level Insolation at 70Â° Oxygen 
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Abb. 3.3.1: Vergleich zwischen der 6180-Kurve (%o vs SMOW) des GRIP Eiskerns 
(Dansgaard et al. 1993), der gobalen Meeresspiegelkurve (Chappel & Shackleton, 
1986, Fairbanks 1989), und der Juni Insolation auf 70 O N  (Berger 1978, Berge & Loutre 
1991) mit den IRD-Kurven der Kerne PS2138-1 und PS2741-1 am nÃ¶rdliche Eurasi- 
schen Kontinentalrand zwischen Svalbard und Severnaya Semlya fÃ¼ die letzten 
150.000 J.v.h.. Heinrich-Lagen (H6-H1) im Nord-Atlantik (Bond et al. 1992), angedeutet 
durch schwarze Balken, korrelieren zeitgleich mit IRD-Ereignisse am westlichen Eurasi- 
schen Kontinentalrand (SB6-SI). Die Korrelation von IRD Ereignissen am Euraischen 
Kontinentalrand mit Insolationsmaxima werden durch Pfeile markiert. Die Sauerstoffisoto- 
penstadien Vl-1 nach Martinson et al. (1987) sind grau hinterlegt (Tl und TU: Termination 
I und 11). 

zug zu "externen Klimasignalen", wie Bond & Lotti (1995) vermuten, fÃ¼ das 

Arbeitsgebiet wahrscheinlich auszuschlieÃŸen Stattdessen ist der regelmÃ¤ 

ÃŸig Kollaps des Eisschildes, ob nahe der Schelfkante oder im Inneren der 

Barents-See, wohl eher auf schnell vorstoÃŸende sog. "surgende" Eismassen 

des Laurentidischen Eisschildes und daraus resultierender kurzfristiger 



Meeresspiegelanstiege zurÃ¼ckzufÃ¼hr (vgl. McCabe & Clark 1998). Sie 

kÃ¶nnte zur InstabilitÃ¤ des SvalbardIBarents-See-Eisschildes und damit zur 

VergrÃ¶ÃŸeru der Kalbungsrate unabhÃ¤ngi von regulÃ¤re Glazialllnter- 

glazial-Zyklen beitragen. Allerdings, und das sollte betont werden, tragen die 

kurzfristigen Ã„nderunge der Kalbungsrate des nÃ¶rdliche Barents-See- 

Eisschildes wesentlich dazu bei, daÂ grÃ¶ÃŸe Mengen SuÂ§wasse Ã¼be den 

Arktischen Ozean in den Nord-Atlantik transportiert werden. Dieses bestÃ¤tig 

die palÃ¤oozeanographisch Hypothese von Dokken & Hald (1996) fÃ¼ den 

letzten glazialen Zyklus im Nord-Atlantik. Daraus geht hervor, daÂ wÃ¤hren 

eines jeden Heinrich- oder zeitgleichen Ereignisses eine Armada von 

Eisbergen ein ozeanographisches Regime auslÃ¶se kÃ¶nnte das eine In- 

tensivierung der OberflÃ¤chenzirkulatio mit verstgrkter Atlantikwasserzufuhr in 

den Arktischen Ozean hinein nicht nur in den Interglazialen, sondern auch 

wÃ¤hren der glazialen OIS 6, und OIS 4 bis OIS 2 zulassen wÃ¼rde 

In niederschlagsarmen Gebieten der Ã¶stliche Kara-See spielen dagegen die 

genannten Faktoren fÃ¼ die Ausdehnung der Eismassen nur noch eine unter- 

geordnete Rolle. So gelangt im OIS 2 einfach nicht mehr genÃ¼gen Feuchtig- 

keit in die Region, um fÃ¼ verstÃ¤rkt Schneeakkumulation und Eisbildung zu 

sorgen (Abb. 3.3.2). Der Arktische Ozean ist weitgehend mit Meereis bedeckt 

und grÃ¶ÃŸe Mengen Feuchtigkeit aus der Atlantikregion werden durch die 

Ausbildung der sibirischen Hochdruckgebiete abgeblockt (vgl. Velitchko et al. 

1997b). Obwohl glaziale Bedingungen vorherrschen, sind keine Eisaus- 

dehnungen auf die nÃ¶rdliche Schelfregionen der Ã¶stliche Kara-See zu re- 

gistrieren (Abb. 3.3.2). In OIS 6 und OIS 4 dagegen sind, vergleichbar zur Eis- 

ausdehnung am nÃ¶rdliche Kontinentalrand der Barents-See, eindeutige In- 

dizien fÃ¼ Eiswachstum bis in eine Wassertiefe von mindestens 380 m er- 

kennbar (Abb. 3.3.2) (vgl. Weiel 1997). VerstÃ¤rkte IRD-Eintrag und Schmelz- 

wasserzufuhr aus der Ã¶stliche Kara-See in den Arktischen Ozean treten da- 

her vor allem wÃ¤hren Termination II und im frÃ¼he OIS 3 (3.31) auf (vgl. N0r- 

gaard-Pedersen et al. 1998). Diese Tatsache bekrÃ¤ftig die These von Ruddi- 

man et al. (1980) und Velitchko et al. (1997b), daÂ am Ende einer ausgeprÃ¤g 

ten Warmphase (hier: OIS 7 und OIS 5) und einsetzender AbkÃ¼hlun (hier: 

OIS 716 und OIS 514) die Wahrscheinlichkeit, daÂ Tiefdruckgebiete und damit 

"fester" Niederschlag aus der Atlantikumgebung die niederschlagsarmen Ge- 





biete im Osten erreichen, erheblich grÃ¶ÃŸ ist als in einem glazialen Maximum 

(OIS 2) (Abb. 3.3.2). Eine Assymetrie der KryosphÃ¤r Eurasiens, wie sie von 

Velitchko et al. (1997b) fÃ¼ die Weichsel-vereisung angenommen wird, ist 

demnach nicht zu erkennen, sondern beschrÃ¤nk sich lediglich auf das OIS 2 

(vgl. Abb. 3.3.2). Die Vermutung von Nergaard-Pedersen et al. (1998) wird 

hiermit bestÃ¤tigt daÂ die Eisschilde in niederschlagsarmen Regionen, z.B. der 

Ã¶stliche Kara-See, weniger stark auf "surgende" Eismassen im Nord-Atlantik 

und kurzfristige Klimaschwankungen reagieren als z.B. die nÃ¶rdlich Barents- 

See. 
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4. SchluÃŸfolgerunge und Ausblick 

Die spÃ¤tquartÃ¤r PalÃ¤oumweltbedingunge und Ablagerungsprozesse am 

nÃ¶rdliche Kontinentalhang der Barents- und Kara-See kÃ¶nne nur mit einer 

Multi-Parameter-Analyse entschlÃ¼ssel werden. Traditionell angewandte Pa- 

lÃ¤o-Trace haben dagegen allein betrachtet nur geringe AussagefÃ¤higkeit 

Folgende SchluÃŸfolgerunge sind aus den vorgestellten Resultaten zu zie- 

hen: 

Die Zufuhr von terrigener organischer Substanz (TOM) dominiert den 

Kohlenstoffhaushalt am nÃ¶rdliche Kontinentalrand der Barents-See. Akku- 

mulationraten von bis zu 0.45 gClcm2lkyr sind zwar vergleichbar mit jenen 

aus biologisch hochproduktiven Auftriebsgebieten niederer Breiten, resultie- 

ren jedoch fast Ã¼berwiegen aus allochthonem Sedimenteintrag Ã¼be Eis- 

berge, Meereis, gravitativen Umlagerungen sowie der Suspensionsfracht im 

Schmelzwasser zerfallender Eisschilde. TOM-Reifeindikatoren machen eine 

Liefergebietszuordnung mÃ¶glic und erlauben die Rekonstruktion der domi- 

nierenden Umweltbedingungen und Transportprozesse am nÃ¶rdliche Konti- 

nentalrand der Barents-See wÃ¤hren des letzten Glazialllnterglazial-Zyklus. 
Die marine organische Substanz (MOM) spiegelt nicht die Ã„nderunge 

der OberflÃ¤chenwasserproduktivitÃ im Untersuchungsgebiet wider. Die 

hÃ¶chste Akkumulationsraten von MOM sind stattdessen gekoppelt an die 

Adsorption von lateral zugefÃ¼hrten feinkÃ¶rnige und aufgearbeiteten TOM- 

reichen ("fossilen") Sedimenten bei gleichzeitig erhÃ¶hte Sedimentations- 

raten, induziert durch kurzfristige Abschmelzphasen des SvalbardIBarents- 

See-Eisschildes im letzten Glazial zwischen 25 ka und 23 ka (Event I). Ver- 

stÃ¤rk wird MOM ebenso akkumuliert bei erhÃ¶hte vertikalem FluÃ von relativ 

"frischem" TOM und siliziklastischem Material aus abschmelzendem Meereis, 

zunehmender OberflÃ¤chenwasserproduktivitÃ bei ausreichender NÃ¤hrstoffzu 

fuhr und verstÃ¤rkte Einstrom von relativ warmen Atlantikwasser im Ãœbergan 

vom letzten Glazial zum heutigen Interglazial zwischen 15.9 und 11.2 ka 

(Event 11). 

Die Akkumulationsraten von MOM bis zu ca. 0.16 gClcm21kyr entlang 

des westlichen und nÃ¶rdliche Kontinentalrands der Barents-See im Letzten 

Glazialen Maximum sind vergleichbar mit jenen aus Auftriebsgebieten nie- 
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derer Breiten. Damit erscheint es von Ã¼berau groÃŸe Bedeutung, die Region 

zwischen Svalbard und Franz-Josef-Land zukÃ¼nfti mit in die Diskussion Ã¼be 

Kalkulationen des globalen Kohlenstoffhaushalts bezÃ¼glic der mÃ¶gliche 

VerÃ¤nderun von atmosphÃ¤rische CO2 durch verstÃ¤rkt Fixierung von or- 

ganischem Kohlenstoff in Tiefseesedimenten miteinzubeziehen. 
e Die PalÃ¤oozeanographi der letzten 150.000 Jahre am nÃ¶rdliche 

Kontinentalrand der Barents-See wird durch wechselnde IntensitÃ¤te von At- 

lantikwasserzufuhr geprÃ¤gt Jedoch konnte ein Ausbleiben zu keinem Zeit- 

punkt festgestellt werden. In den Kaltzeiten OIS 6 und OIS 2 fÃ¶rdert Feuch- 

tigkeitszufuhr durch saisonal eisfreie Bedingungen und der Bildung kÃ¼sten 

naher Polynyen den finalen Eisaufbau bis zur Schelfkante. Deutliche Ã„hnlich 

keiten im Auf- und Abbau der Eisschilde in beiden Kaltzeiten sind erkennbar. 

Die offensichtlich starke KarbonatlÃ¶sung induziert durch die Bildung von 

Cop-reichen und hochsalinen BodenwÃ¤sser auf den flachen Schelfen sowie 

verstÃ¤rkt Oxidation von grÃ¶ÃŸer Mengen MOM, deutet auf die Ausbildung 

eines stabilen Eisrandes und der verstÃ¤rkte Zufuhr von Atlantikwasser in den 

Warmzeiten OIS 5, frÃ¼he OIS 3 und dem HolozÃ¤ hin. Auch fÃ¼ das glaziale 

OIS 4 sind, trotz Aufbau eines Eisschildes und dichter Meereisbedeckung, 

gelegentlich saisonal offene Bedingungen und stabile Eisrandsituationen er- 

kenn bar. 
e Die starken Fluktuationen des Eisschildes am nÃ¶rdliche Kontinental- 

rand der Barents-See zwischen OIS 4 und OIS 2, und vermutlich auch im OIS 

6, korrespondieren mit bedeutenden EisvorstÃ¶ÃŸ und erhÃ¶hte Kalbungs- 

raten des Laurentidischen Eisschildes. Die gute zeitliche Korrelation der IRD- 

reichen Lagen mit den Heinrich-Ereignissen im Nord-Atlantik spiegelt eine di- 

rekte Kopplung der zirkum-altantischen Eisschilde wider. Die Ursache dieser 

Kopplung ist wohl eher in der direkten Reaktion des Barents-See-Eisschildes 

auf kleinere Meeresspiegelanstiege, induziert durch die ErhÃ¶hun der Kal- 

bungsrate des Laurentidischen Eischildes zu suchen (vgl. McCabe & Clark 

1998) und nicht auf externe "klima- oder klima-bezogene Mechanismen" zu- 

rÃ¼ckzufÃ¼hr (vgl. Bond & Lotti 1995). Allerdings ist der EinfluÃ der kurzfristi- 

gen Klimaschwankungen, wie er in gemÃ¤ÃŸigter Breiten sowohl an Land als 

auch im Ozean festgestellt worden ist, ohne weiteres auch im Arktischen 

Ozean erkennbar und kÃ¶nnt maÃŸgeblic zu TemperaturverÃ¤nderunge im 
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Ozean-Eis-AtmosphÃ¤re-Syste der Arktis im letzten Glazial/Interglazial-Zyklus 

beigetragen haben. 
a ie Umweltbedingungen der letzten 150.000 Jahre entlang des Eurasi- 

schen Kontinentalrands werden (a) von einem mehr oder weniger stabilen 

Eisrand-Auftriebs-Regime mit zumindest geringem Atlantikwassereinstrom 

und stark oszillierenden Eisschildfluktuationen im Westen und (b) von einer 

eher permanenten Meereisbedeckung mit niedriger OberflÃ¤chenwasserpro 

duktivitÃ¤ und schwach oszillierenden Eisschilden im Osten geprÃ¤gt Signale 

von saisonal eisfreien Bedingungen im Osten sind so gut wie unbedeutend. 

Die leicht erhÃ¶ht Ãœberlieferun planktischer Foraminiferen zwischen 38 und 

12 ka korrespondiert mit episodischer Atlantikwasserzufuhr in den Arktischen 

Ozean. Die Interglaziale werden offenbar durch KarbonatlÃ¶sun geprÃ¤gt die 

auf den Transport von dichten BodenwÃ¤sser entlang des Kontinentalhangs 

hinweist und eine rezenten Umweltbedingungen Ã¤hnlich Situation andeutet. 

In den niederschlagsarmen Gebieten im Osten Eurasiens sind grÃ¶ÃŸ Eis- 

schild-Fluktuationen nur im unmittelbaren AnschluÃ an bedeutende Intergla- 

ziale (OIS 7 und OIS 5) zu beobachten. Es scheint, daÂ die Glazial/IntergIa- 

zial-ÃœbergÃ¤n von OIS 7 zu OIS 6 und OIS 5 zu OIS 4 mit verstÃ¤rkte Ein- 

strom von Atlantikwasser in den Arktischen Ozean und der daraus resul- 

tierenden Penetration von feuchtigkeitsfÃ¼hrende Tiefdruckgebiete in Ã¶stliche 

Richtung ideale Zeitpunkte fÃ¼ den intensiven Eisaufbau im Osten Eurasiens 

darstellten. Sie fÃ¼hrte schlieÃŸlic zum grÃ¶ÃŸt Eiswachstum des Kara-See- 

Eisschildes wÃ¤hren der Saale- (OIS 6) und mittleren Weichsel- (OIS 4) Ver- 

eisung. 
e ie Studie zeigt viele neue Aspekte, die kÃ¼nfti bei Betrachtungen von 

Ablagerungsprozessen und PalÃ¤oumweltbedingunge in hohen nÃ¶rdliche 

Breiten berÃ¼cksichtig werden mÃ¼ssen Desweiteren zeigt sie, daÂ mit einer 

Multi-Parameter-Analyse umweltspezifische Fragenkomplexe im Arktischen 

0zea.n besser gelÃ¶s werden kÃ¶nnen Obwohl sicherlich nicht alle klimaspezi- 

fischen Aspekte berÃ¼cksichtig werden konnten, leistet diese Arbeit einen Bei- 

trag zum ESF-QUEEN Programm (European Science Foundation - Quater- 

nary Environment of the Eurasian North) und steuert neue Erkenntnisse zur 

Bedeutung des Eurasischen Kontinents und seiner KontinentalrÃ¤nde bezÃ¼g 

lich seiner globalen Klimarelevanz bei. 



5. Literatur 

5. Literatur 

Aagaard, K., J.H. Swift, and E.C. Carmack (1 985): Thermohaline circulation in the Arctic 
Mediterranean Sea. J, Geophys. Res., 90 (C3): 4833-4846. 

Aagaard, K., and E.C. Carmack (1 989): The role of sea ice and other fresh water in the 
arctic circulation. J. Geophys. Res,, 94 (C10):14485-14498. 

Aagaard, K., and E.C. Carmack (1 994): The Arctic Ocean and climate: a perspective. In: 
Johannessen, O.M., R.D. Muench, and J.E. Overland (Eds.): The Polar Oceans 
and their Role in Shaping the Global Environment: The Nansen Centennial 
Volume. Geophysical Monograph. vol. 85: pp. 5-20, AGU, Washington, D.C., 
U.S.A.. 

Aksu, A.E., and P.J. Mudie (1 985): Magnetostratigraphy and palynology demonstrates 
at least 4 million years of Arctic Ocean sedimentation. Nature, 318: 280-283. 

Andersen, O.G.N. (1989): Primary production, chlorophyll, light, and nutrients beneath 
the Arctic sea ice. In: Herman, Y. (Eds.): The Arctic seas, Van Nostrand Reinhold, 
New York, pp. 147-1 93. 

Andersen, ES., T.M. Dokken, A. Elverhai, A. Solheim, and I. Fossen (1996): Late 
Quaternary sedimentation and glacial history of the western Svalbard margin. 
Marine Geology, 1 33: 1 23-1 56. 

Anderson, L.G. (1995): Chemical oceanography of the Arctic and its shelf seas. In: 
Smith, W.O., and J.M. Grebmeier (Eds.): Arctic Oceanography: Marginal Ice 
Zones and Continental Shelves, Coastal and Estuarine Studies, vol. 49, pp. 183- 
202, AGU, Washington D.C., U.S.A.. 

Anderson, L.G., and E.P. Jones (1991): The transport of CO2 into Arctic and Antarctic 
Seas: Similarities and differences in the driving processes, J. Mar. Syst., 2: 81 -95. 

Anderson, L.G., G. BjÃ¶rk 0. Holby, E.P. Jones, G. Kattner, K.P. Koltermann, B. 
Liljeblad, R. Lindegren, B. Rudels, and J. Swift (1994): Water masses and 
circulation in the Eurasian Basin: Results from the Oden 91 North Pole Expedition. 
J. Geophys. Res., 99 (C2): 3273-3283. 

Andreassen, l., E.-M. NÃ¶thig and P. Wassmann (1996): Vertical particle flux On the shelf 
off northern Spitsbergen, Norway. Mar. Ecol, Progr. Ser., 127: 21 5-228. 

Andrews, J.T. (1 987): The late Wisconsin glaciation and deglaciation of the Laurentide 
ice sheet. In: Ruddiman, W.F., and H.E. Wright (Eds.): The Geology of North 
America, vol. K-3. North America and adjacent oceans during the last deglaciation, 
pp. 13-38, Geol. Soc. of Am., Boulder, Colorado, U.S.A.. 

Arkhipov, S.A., L.L. Isayeva, V.G. Bespaly, and O.Y. Glushkova (1986a): Glaciation of 
Siberia and northeast USSR. Quat. Sei. Rev., 5: 463-474. 

Arkhipov, S.A., V.G. Bespaly, M.A. Faustova, O.Y. Glushkova, L.L. Isayeva, and A.A. 
Velichko (1 986b): Ice-sheet reconstructions. Quat. Sei. ÃŸev. 5: 475-483. 

Bard, E., M. Arnold, and B. Hamelin (1992): Present status of the radiocarbon calibration 
of the late Pleistocene. In: 4th Internat. Conf. on Paleoceanography, abstract, 
Rep. 15, pp. 52-53, GEOMAR, Kiel, Germany. 

Bard, E ,  M. Arnold, R.G. Fairbanks, and B. Hamelin (1993): 230Th-234U and ^C ages 
obtained by mass spectrometry On corals, Radiocarbon, 35: 191 -1 99. 

Bauch, H. (1 993): Planktische Foraminiferen im EuropÃ¤ische Nordmeer - ihre Bedeutung 
fÃ¼ die palÃ¤oozeanographisch Interpretation wÃ¤hren der letzten 600.000 Jahre. 
Ber. Sonderforschungsber, 313, vol. 40: 108 pp., University of Kiel, Germany. 



Bauch, H., H. Erlenkeuser, K. Fahl, R.F. Spielhagen, M.S. Weinelt, H. Andruleit, R. 
Henrich (1998): Evidence for a steeper Eemian than Holocene sea surface 
temperature gradient between Arctic and sub-Arctic regions. Palaeogeogr., 
Palaeoclim., Palaeecol., in press. 

Baumann, K.-H., K.S. Lackschewitz, J. Mangerud, R.F. Spielhagen, T.C.W. Wolf- 
Welling, R. Henrich, and H. Kassens (1995): Reflection of Scandinavian ice sheet 
fluctuations in Norwegian Sea sediments during the past 150000 years. Quat. 
Res., 43: 185-1 97. 

Baumann, M. (1990): Coccoliths in sediments of the Eastern Arctic Basin. In: Bleil, U. 
and J. Thiede (Eds.): Geological History of the Polar Oceans: Arctic versus 
Antarctic. NATO ASI, C308: pp. 437-445, Kluwer Academic Publishers, Dordrecht, 
Netherlands. 

Behrends, M. (1 998): Rekonstruktion von Meereisdrift und terrigenem Sedimenteintrag im 
SpÃ¤tquartÃ¤ Schwermineralassoziationen in Sedimenten des Laptev-See- 
Kontinentalrandes und des zentralen Arktischen Ozeans. [Dissertation], 
unpublished, University of Bremen, Germany, 187 pp. 

Belyaeva, A.N., and G. Eglington (1997): Lipid biomarker accumulation in the Kara Sea 
sediments. Oceanology (English translation), 37 (5): 634-642. 

Berger, A.L. (1 978): Long-term variations of Caloric insolation resulting from the Earth's 
orbital elements. Quat. Geol., 9: 139-167. 

Berger, A.L., and M.F. Loutre (1 991): Insolation values for climate of the last 10 million 
years. Quat. Sci. Rev.,l 0: 297-31 8. 

Berger, W.H., Smetacek, V., and Wefer, G. (1989): Productivity of the Ocean: Present 
and Past. Life Sci. Res. Rep. 44, John Wiley & Sons, New York, U.S.A, 471 pp. 

Berger, W.H., and E. Jansen (1994): Mid-Pleistocene climate shift - the Nansen 
connection. In: Johannessen, O.M., R.M. Muench, and J.E. Overland (Eds.): The 
Polar Oceans and Their Role in Shaping the Global Environment: The Nansen 
Centennial Volume. Geophysical Monograph, vol. 85: pp. 295-31 1, AGU, 
Washington, D.C., U.S.A.. 

Birkenmajer, K. (1 989): The geology of Svalbard, the Western part of the Barents Sea, 
and the continental margin of Scandinavia. In: Nairn, A.E.M., M. Churkin, and F.G. 
Stehli (Eds.): The Arctic Ocean. The Ocean Basins and Margins, pp. 265-330, 
Plenum Press, New York, U.S.A.. 

Biscaye, P.E. (1965): Mineralogy and sedimentation of recent deep-sea clays in the 
Atlantic Ocean and adjacent seas and oceans. Geol. Soc. Am. Bull., 76: 803-832. 

Bischof, J., J. Koch, M. Kubisch, R.F. Spielhagen, and J. Thiede (1990): Nordic Seas 
surface ice drift reconstructions: Ice-rafted coal fragments during oxygen isotope 
Stage 6. In: Dowdeswell, J.A., and J.D. Scourse (Eds.): Glacimarine 
Environments: Processes and Sediments. Geol. Soc. Spec. Publ., vol. 53: pp. 
275-291, The Geological Society, Lon-don, U.K.. 

Bishop, J.K.B. (1 988): The barite-opal- organic carbon association in oceanic particulate 
matter. Nature, 332: 341 -343. 

Bjarlykke, K., B. Bue, and A. Elverhai (1978): Quaternary sediments in the 
northwestern part of the Barents Sea and their relation to the underlying Mesozoic 
bedrock. Sedimentology, 25: 227-246. 

Bleil, R., and G. Gard (1989): Chronology and correlation of Quaternary 
magnetostratigraphy and nannofossil biostratigraphy in Norwegian-Greenland 
Sea sediments. Geol, Rundschau, 78: 1 173-1 187. 



Blindheim, J. (1 989): Cascading of Barents Sea bottom water into the Norwegian Sea, 
Rapp. P.-V. Reun. Gons. int. Explor. Mer., 188: 49-58. 

Blumer, M., R.R.L. Guillard, and T. Chase (1971): Hydrocarbons of marine 
phytoplankton, Marine Biology, 8: 183-1 89. 

Boetius, A., and E. Damm (1998): Benthic oxygen uptake, hydrolytic potentials and 
microbial biomass at the Arctic continental slope, Deep Sea Res., 45 (213): 239- 
275. 

Bond, G.C., H. Heinrich, W.Â§ Broecker, L. Labeyrie, J. McManus, J. Andrews, S. 
Huon, R. Jantschik, S. Clasen, C. Simet, K. Tedesco, M. Klas, G. Bonani, and S. 
Ivy (1992): Evidence for massive discharges of icebergs into the North Atlantic 
ocean during the last glacial period. Nature, 365: 143-147. 

Bond, G.C., W.S. Broecker, S. Johnson, J. McManus, L. Labeyrie, J. Jouzel, and G. 
Bonani (1993): Correlations between climate records from the North Atlantic 
sediments and Greenland ice. Nature, 365: 143-147. 

Bond, G.G., and R. Lotti (1995): Iceberg discharges into the North Atlantic on millenial 
time scales during the last glaciation. Science, 267: 1005-1010. 

Bonhommet, N., and J. Babkine, (1 967): Sur la presence d'aimantations inversees dans 
la Chaine des Puys. C. R. Acad, Sc. Paris, 264: 92-94. 

Bonn, W. (1995): Biogenic opal and barium: Indicators for late Quaternary changes in 
pro-ductivity at the Antarctic continental margin, Atlantic Sector, Rep. on Polar 
Res., 180: 186 pp.. 

Bonn, W., F.X. Gingele, H. Grobe, A. Mackensen, and D.K. FÃ¼ttere (1998): 
Palaeoproductivity at the Antarctic continental margin: opal and barium records for 
the last 400 ka. Palaeogeogr., Palaeoclim., Palaeecol., 139: 195-21 1. 

Boon, J.J., J.W. de Leeuw, and P.A. Schenck (1975): Organic geochemistry of Walvis 
Bay diatomaceous ooze - I. Occurence and significance of the fatty acids, 
Geochim. Cosmochim. Acta, 39: 1559-1 565. 

Boon, J.J., W.I. Rijpstra, F.D. Lange, J.W. De Leeuw, M. Yoshioka, and Y. Shimizu 
(1 979): Black sea sterol - a molecular fossil for dinoflagellate blooms, Nature, 277: 
125-1 27. 

Bordowskiy, O.K. (1 965): Sources of organic matter in marine basins, Mar. Geol., 3: 5- 
31. 

Bostrom, K., 0. Joensuu, C. Moore, B. BostrÃ¶m M. Dalziel, and H. Horowitz (1973): 
Geochemistry of barium in pelagic sediments. Lithos, 6: 159-174. 

Boulton, G.S. (1990): Sedimentary and sea level changes during glacial cycles and their 
control on glacimarine facies architecture. In: Dowdeswell, J.A., and J.D. Scourse 
(Eds.): Glaciomarine Environments: Processes and Sediments. Geol. Soc. Spec. 
Publ., vol. 53: pp. 15-52, The Geological Society, London, U.K.. 

Bowen, R. (1991): Isotopes and Climates, Elsevier, London, U.K., 465 pp. 

Boyle, E.A. (1988): Vertical oceanic nutrient fractionation and glaciallinterglacial CO2 
cycles. Nature, 331 : 55-56. 

Brassel, S.C. (1 993): Application of Biomarkers for delineation marine paleoclimatic 
fluctuations during the Pleistocene. In: Engel, M.H., and S.A. Macko (Eds.): 
Organic Geochemistry, pp. 699-733, Plenum Press, New York, U.S.A.. 

Bray, E.E., and E.D. Evans (1961): Distribution of n-paraffins as a clue to recognition of 
source beds, Geochim. Cosmochim. Acta, 22: 2-1 5. 



Broecker WS., G. Bond, and M. Klas (1 990): A satt oscillator in the Glacial Atlantic, Pa- 
leoceanography, 5: 469-477. 

Broecker, W.S., G. Bond, M. Klas, E. Clark, and J. McManus (1992): Origin of the 
northern Atlantic's Heinrich events. Clim. Dyn., 6: 265-273. 

Broecker, W.S. (1994a): An unstable superconveyor. Nature, 367: 414-415. 

Broecker, W.S. (1994b): Massive iceberg discharges as triggers for global climate 
change. Nature, 372: 421 -424. 

Brumsack, H.-J. (1980): Geochemistry of Creataceous black shales from the Atlantic 
Ocean (DSDP Legs 11, 14, 36, and 41). Chem. Geol., 31 : 1-25. 

Brumsack, H.-J. (1989): Geochemistry of recent TOC-rich sediments from the Gulf of 
California and the Black Sea. Geol. Rundschau, 78 (3): 851 -882. 

Calvert, S.E. (1987): Oceanographic controls on the accumulation of organic matter in 
marine sediments In: Brooks, J., and A.J. Fleet (Eds.): Marine Petroleum Source 
Rocks, Geol. Soc. Spec. PubL, vol. 26, pp. 137-1 51, The Geological Society, 
London, U.K.. 

Calvert, S.E., and T.F. Pedersen, (1992): Organic carbon accumulation and 
preservation in marine sediments: How Important Is Anoxia? In: Whelan, J.K. and 
J.W. Farrington, (Eds.): Organic Matter: Productivity, Accumulation, and 
Preservation in Recent and Ancient Sediments, pp. 231-264, Columbia University 
Press, New York, U.S.A.. 

Carmack, E.C., R.W. Macdonald, R.G. Perkin, F.A. Mclaughlin, and R.J. Pearson (1 995): 
Evidence for warming of Atlantic water in the southern Canadian Basin of the Arctic 
Ocean: results from the Larsen-93 expedition. Geophysical Research Leiters, 22: 
1061 -1 064. 

Carstens, J., and G. Wefer (1992): Recent distribution of planktonic foraminifera in the 
Nansen Basin, Arctic Ocean. Deep Sea Res., 39 (Suppl. 2): S507-S524. 

Cattle, H., and J. Crossley (1996): Modelling Arctic climate change. In: Wadhams, P., 
J.A. Dowdewell, and A.N. Schofield (Eds.): The Arctic and environmental change, 
pp. 1-13, Gordon and Breach Publishers, London, U.K.. 

Chappell, J., and N.J. Shackleton (1986): Oxygen isotopes and sea level. Nature, 324: 
137-1 40. 

Charles, C.D., D. Rind, J. Jouzel, R.D. Koster, and R.G. Fairbanks (1994): Glacial-inter- 
glacial changes in moisture sources for Greenland: Influences on the ice core record 
of climate. Science, 263: 508-51 1. 

Clark, D.L. (1990): Arctic ocean ice Cover; geologic history and climatic significance. In: 
Grantz, A., L. Johnson, and J.F. Sweeney (Eds.): The Geology of North America, 
vol. L, The Arctic Ocean Region. Geol. Soc. of Am., pp. 53-62, Boulder, Colorado. 
U.S.A.. 

Clark, D.L., R.R. Whitman, K.A. Morgan, and S. Mackey (1980): Stratigraphy and 
glacial-marine sediment of the Amerasian Basin, Central Arctic Ocean. Geol. Soc. 
Am. Spec. Pap., vol. 181 : 57 pp. 

Clark, D.L., M. Andree, W.S. Broecker, and A.C. Mix, A. (1986). Arctic Ocean 
chronology confirmed by accelerator ̂ C dating. Geophys, Res. Lei ,  13: 319-321. 

CLIMAP (1981): Seasonal reconstruction of the Earth surface at the Last Glacial 
Maximum. Geological Society American Map and Chart Series MC-36. 

Craig, H. (1 957): Isotopic standards for carbon and oxygen and correction factors for 
mass-spectrometer analysis of carbon dioxide. Geochim, Cosmochim. Acta, 12: 
133. 



Cranwell, P.A. (1974): Monocarboxylic acids in lake sediments, indicators derived from 
terrestrial and aquatic biota, of paleoenvironmental levels. Chem. Geol., 14: 1-14. 

Cronin, T.M., T.R. Holtz, and R.C. Whatley (1 994): Quaternary paleoceanography of 
the deep Arctic Ocean based on quantitative analysis of Ostracoda. Marine 
Geology, 1 19: 305-332. 

Dansgaard, W., S.J. Johnsen, H.B. Clausen, D. Dahl-Jensen, N.S. Gundestrup, C.U. 
Hammer, C.S. Hvidberg, J.P. Steffensen, A.E. SveinbjÃ¶rnsdottir J. Jouzel, and 
G. Bond (1 993): Evidence for general instability of past climate from a 250-kyr ice- 
core record. Nature, 364: 21 8-220. 

Darby, D.A., A.S. Naidu, T.C. Mowatt, and G.A. Jones (1989): Sediment composition 
and sedimentary processes in the Arctic Ocean. In: Herman, Y. (Eds.): The Arctic 
Seas - Climatology, Oceanography, Geology, and Biology, pp. 657-720, van 
Nostrand Reinhold publishers, New York, U.S.A.. 

Darby, D.A., J.F. Bischof, and G.A. Jones (1997): Radiocarbon chronology of 
depositional regimes in the western Arctic Ocean. Deep Sea Res., 44 (8): 1745- 
1 745. 

DeMaster, D.J. (1981): The supply and accumulation rate of silica in the marine environ- 
ment. Geochim. Cosmochim. Acta, 45: 171 5-1 732. 

Denham, C.R., and A. Cox, (1 971): Evidence that the Laschamp polarity event did not 
occur 13300-30400 years ago. Earth Plan. Sci. Let., 13: 181 -1 90. 

Denton, G.H., and W. Karlen (1973): Holocene climatic variations their Pattern and 
cause. Quat. Res., 3: 155-205. 

Denton, G.H., and T.J. Hughes (1981): The Last Great Ice Sheets. Wiley-Interscience 
publisher, New York, U.S.A., 484 pp. 

Dethleff, D. (1 995): Sea ice and sediment export from the Laptev Sea flaw lead during 
1991192 winter season. In: Kassens, H., D. Piepenburg, J. Thiede, L. Timokhov, 
H.-W. Hubberten and S.M. Priamikov (Eds.): Russian-German Cooperation: The 
Laptev Sea System. ÃŸep on Polar Res., 176: pp. 78-93. 

Deuser, W.G., E.H. ROSS, and R.F. Anderson (1981): Seasonality in the supply of sedi- 
ment to the deep Sargasso Sea and implications for the rapid transfer of matter to 
the deep ocean, Deep Sea Res., 28: 495-505. 

Dokken, T.M. (1 995): Paleoceanographic changes during the last Interglacial-Glacial 
cycle from the Svalbard-Barents Sea margin: Implications for ice sheet growth and 
decay. [Dissertation], Institute of Biology and Geology, University of Tromse, 
Norway, 175 pp. 

Dokken, T.M., and M. Hald (1 996): Rapid climatic shifts during isotope Stages 2-4 in the 
Polar north Atlantic. Geology, 24 (7): 599-602. 

Donn-William, L., W.R. Ferrand, and M. Ewing, (1962): Pleistocene ice volumes and 
sea-level lowering. J. Geol., 70: 206-21 4. 

Dunayev, N.N., and J.A. Pavlidis (1988): A model of Late Pleistocene glaciation of 
Eurasiatic Arctic Shelf. In: Kotlyakov, V.M. and V.E. Sokolov (Eds.): Arctic 
Research - Advances and Prospects, 2: pp. 70-72. 

Duplessy, J.C. (1978): Isotope studies. In: Gribbin, J. (Eds.), Climatic change, 
Cambridge University Press, London, U.K., pp 594-598. 

Dymond, J., E. Suess, and M. Lyle (1992): Barium in deep-sea sediments: a 
geochemical proxy for paleoproductivity. Paleoceanography, 7: 163-1 81. 

Eglinton, G., and R.J. Hamilton (1963): The distributions of alkanes, In: Swain, T. (Eds.): 
Chemical Plant Taxonomy, pp. 187-217, Academic Press, New York, U.S.A.. 



Eglington, G., and Hamilton, R.J. (1967): Leaf epicuticular waxes. Science, 156: 1322- 
1325. 

Eicken, H., E. Reimnitz, V. Alexandrov, T. Martin, H. Kassens, and T. Viehoff, (1997): 
Sea-ice processes in the Laptev Sea and their importance for sediments export. 
Cont. Shelf Res., 1 7 (2): 205-233. 

Eisenhauer, A., R.F. Spielhagen, M. Frank, G. Hentzschel, A. Mangini, P.W. Kubik, B. 
Dietrich-Hannen, and T. Billen (1994): ^ ~ e  records of sediment cores from high 
northern latitudes: Implications for environmental and climatic changes. Earth Plan. 
Sci. Lett., 124: 171-184. 

Elverhei, A., S.L. Pfirman, A. Solheim, and B.B. Larssen (1989): Glaciomarine 
sedimentation in epicontinental seas exemplified by the Northern Barents Sea. 
Marine Geology, 85: 225-250. 

Elverhei, A., W. Fjeldskaar, A. Solheim, M. Nyland-Burg, and L. Russwurm (1993): The 
Barents Sea ice sheet-a model of its growth and decay during the last ice 
maximum. Quat. Sci. Rev., 12: 863-873. 

Elverhei, A., E.S. Andersen, T. Dokken, D. Hebbeln, R.F. Spielhagen, J.I. Svendsen, 
M. Serflaten, A. Rernes, M. Hald, and C.F. Forsberg (1995): The growth and 
decay of the Late Wechselian Ice Sheet in Western Svalbard and adjacent areas 
based on provenance studies of marine sediments. Quat. Res., 44: 303-31 6. 

Elverhei, A., and R. Henrich (1996): Glaciomarine Environments 'Ancient Glaciomarine 
Sediments; Chapter 5. In: Menzies, J. (Eds.): Past Glacial Environments- 
Sediments, Forms and Techniques, pp. 179-21 5, Butterworth-Heinemann Ltd., 
Oxford, U.K.. 

Emerson, S., K. Fischer, C. Reimers, and D. Heggies (1985): Organic carbon dynamics 
and preservation in deep sea sediments, Deep Sea Res., 32 (1): 1-21. 

Emerson, S., and J.I. Hedges (1988): Processes controlling the organic carbon content 
of Open ocean sediments. Paleoceanography, 3: 621 -634. 

Emmermann, R., and J. Lauterjung (1 990): Double X-Ray analysis of cuttings and rock 
flour: a powerful tool for rapid and reliable determination of borehole 
lithostratigraphy. Scientific Drilling, 1 : 269-282. 

English, T.S. (1 961): Some biological oceanographic observations in the central North 
Polar Sea Drift Station Alpha, 1957-1958. Arctic Institute of North America, 
Research Paper, 13: pp. 1-80. 

Erlenkeuser, H. (1996): Stahle carbon isotope composition of the Laptev Sea 
sediments. Terra Nostra, 96, 87. 

Espitalie, J., J.L. Laporte, M. Madec, F. Marquis, P. Leplat, J. Faulet, and A. Boutefeu 
(1 977): Methode rapide de chararcterisation des roches-mere de leur potential 
petrolier et de leur degre d'evolution, Rev. Inst. Trane. Petrol., 32: 23-42. 

Espitalie, J., F. Marquis, and I. Barsony (1 984): Geochemical logging. In: Voorhess, K.J. 
(Eds.): Analytical Pyrolysis, Techniques and Applications, pp. 276-304, 
Butterworth, London, U.K.. 

Fairbanks, R.G. (1989): A 17.000-year glacio-eustatic sea level record: influence of 
glacial melting rates on the Younger Dryas event and deep ocean circulation. 
Nature, 342: 637-642. 

Fahl, K., and R. Stein (1 997): Modern organic-carbon-deposition in the Laptev Sea and 
the adjacent continental slope: Surface-water productivity vs. terrigenous supply, 
Org, Geochem., 26 (516): 379-390. 



Fahl, K., and R. Stein (1998): Biomarkers as organic-carbon-source and environmental 
indicators in the Late Quaternary Arctic Ocean: "Problems and Perspectives", 
Marine Chemistry, in press. 

Farrimond, P., J.G. Poynter, and G. Eglinton, (1990): Molecular composition of 
sedimentary lipids off the Peru margin. In: Suess, E., R. von Huene et al.. (Eds.), 
Proc. ODP Scienti-fic Results, 11 2, 539-546. 

Faure, G. (1 977): Principles of isotope geology. John Wiley & Sons, New York, U.S.A., 
464 pp. 

Forman, S.L., D. Lubinski, G.H. Miller, J. Snyder, G. Matishov, S. Korsun, and V. 
Myslivets (1 995): Postglacial emergence and distribution of late Weichselian ice- 
sheet loads in the northern Barents and Kara seas, Russia. Geology, 23 (2): 11 3- 
116. 

Forman, S.L., D. Lubinski, G.H. Miller, G. Matishov, S. Korsun, J. Snyder, F. Herlihy, R. 
Weihe, and V. Myslivets (1996): Postglacial emergence of Western Franz Josef 
Land, Russia and retreat of the Barents Sea Ice Sheet. Quat. Sei. Rev., 15: 77- 
90. 

Fronval, T., E. Jansen, J. Bloemendal, and S. Johnson (1995): Oceanic evidence for 
coherent fluctuations in Fennoscandian and Laurentide ice sheets on millennium 
timescales. Nature, 374: 443-446. 

Fronval, T., and Jansen, E. (1997): Eemian and early Weichselian (140-60 ka) pa- 
leoceanography and paleoclimate in the Nordic seas with comparisons to 
Holocene conditions. Paleoceanography, 12: 443-462. 

Funder, S., C. Hjort, J.Y. Landvik, S.4. Nam, N. Reeh, and R. Stein (1 998): History of a 
stable ice sheet margin - East Greenland during the Middle and Upper Pleistocene. 
In: Elverhei, A., J.A. Dowdeswell, S. Funder, J. Mangerud, and R. Stein (Eds.): 
Glacial and Oceanic History of the Polar North Atlantic Margins. Quat. Sci. ÃŸev. in 
press. 

FÃ¼tterer D.K. (Ed.) (1 992): ARCTIC '91: The expedition ARK-Vllll3 of RV "Polarstern" in 
1991. Rep. on Polar Res,, 107: 267 pp. 

FÃ¼tterer D.K. (Ed.) (1994): The expedition ARCTIC'93, Leg ARK-1x14 of RV 
'Polarstern" 1993. ÃŸep on Polar Res,, 149: 244 pp. 

Gard, G. (1987): Late Quaternary calcareous nannofossil biostratigraphy and 
sedimentation Patterns: Fram Strait, Arctica. Paleoceanography, 2 (5): 519-529. 

Gealy, E.L. (1971): Saturated bulk density, grain density, and porosity of sediment 
cores from the western Equatorial Pacific. Proc. DSDP Init. Repts, 7, 1081 -1 104. 

Gelpi, E., H. Schneider, J. Mann, and J. Oro (1970): Hydrocarbons of geochemical 
significance in microscopic algae, Phytochemistry, 9: 603-61 2. 

Gingele, F., and, A. Dahmke (1994): Discrete barite particles and barium as tracers of 
paleoproductivity in South Atlantic sediments. Paleoceanography, 9: 151 -1 68. 

Gordienko, P.A., and A.F. Laktionov (1969): Circulation and physics of the Arctic Basin 
waters. Annuals of the International Geophysical Year, 46: 94-1 12. 

Grasshoff, K., M. Ehrhardt, and K. Kremling, (1983): Methods of Seawater Analysis. 
Verlag Chemie, Weinheim, Germany, 417 pp. 

GRIP Members (1 993): Climate instability during the last interglacial period recorded in 
the GRIP ice core. Nature, 364: 203-207. 

Grobe, H. (1987): A simple method for determination of ice rafted debris in sediment 
cores. Polarforschung, 57 (3): 1 23- 1 26. 



Grobe, H., and A. Mackensen (1992): Late Quaternary climatic cycles as recorded in 
sediments from the Antarctic continental margin. In: Kennett, J.P., and D.A. Warnke 
(Eds.): The Antarctic paleoenvironment: A perspective on global change, Antarctic 
Res. Series, 56: 349-376. 

Grootes, P.M., M. Stuiver, J.W.C. White, S. Johnson, and J. Jouzel (1993): 
Comparison of oxygen isotope records from the GISP2 and GRIP Greenland ice 
cores. Nature, 366: 552-554. 

Grosswald, M.G. (1993): Extent and melting history of the late Weichselian ice sheet, 
the Barents-Kara continental margin. In: Peltier, R. (Eds.): Ice in the climate System. 
NATO ASI Series., vol. 12: pp. 1-20, Springer Verlag, Berlin, Germany. 

Haake, F.W., and U. Plaumann (1 989): Late Pleistocene foraminiferal stratigraphy on the 
Varing Plateau, Norwegian Sea. Boreas, 18 (4): 343-356. 

Haake, F.W., H. Erlenkeuser, and U. Pflaumann (1990): Pullenia bulloides (Orbigny) in 
Sediments of the NorwegianIGreenland Sea and the Northeastern Atlantic Ocean: 
Paleo-Oceanographic Evidence. BENTHOS '90, P. 235-244, Tokai University 
Press, Sendai, Japan. 

Hahne, J., and M. Melles (1 997): Late- and post-glacial vegetation and climate history of 
the south Western Taymyr Peninsula, central Siberia, as revealed by pollen 
analysis of a core from Lake Lama. Vegetation history and Archaeobotany, 6:  1-8. 

Hald, M., and T. Vorren (1987): Foraminiferal stratigraphy and environments of Late 
Weichselian deposits on the continental shelf off Troms, Northern Norway, Marine 
Micropale-ontology, 12: 129-1 60. 

Hald, M., and R. Aspeli (1997): Rapid climatic shifts of the northern Norwegian 
during the last deglaciation and the Holocene, Boreas, 26: 15-28. 

Hamilton, E.L. (1 971): Prediction of in situ acoustic and elastic properties of marine sedi- 
ments. Geophysics, 36: 266-284. 

Harris, P.G., A. Rosell-Mel6, R. Tiedemann, M. Sarnthein, and J.R. Maxwell (1996): 
Chlorin accumulation rate as a molecular indicator of paleoproductivity changes in 
Quaternary marine sediments. Nature, 383: 63-66. 

Hebbeln, D. (1991): SpÃ¤tquartÃ¤ Stratigraphie and PalÃ¤ozeanographi in der Fram- 
StraÃŸe Berichte, FB Geowissenschaften, vol. 22, UniversitÃ¤ Bremen, 174 pp. 

Hebbeln, D. (1 992): Wechselian glacial history of the Svalbard area: correlating the 
marine and terrestrial records. Boreas, 21 : 295-304. 

Hebbeln, D., and G. Wefer (1991): Effects of ice coverage and ice-rafted material on 
sedimentation in the Fram Strait. Nature, 350: 409-41 1 .  

Hebbeln, D., T. Dokken, E.S. Andersen, M. Hald, and A. Elverhai (1994): Moisture 
supply for northern ice-sheet growth during the Last Glacial Maximum. Nature, 
370: 357-359. 

Hebbeln, D., and G. Wefer (1997): Late Quaternary paleoceanography in the Fram 
Strait. Paleoceanography, 12 (1): 65-78. 

Hebbeln, D. (1 998): The Polar North Atlantic - Environmental setting and paleoceanogra- 
phic tools. In: Eiverhai, A., J.A. Dowdeswell, S. Funder, J. Mangerud, and R. Stein 
(Eds.): Glacial and Oceanic History of the Polar North Atlantic Margins. Quat, Sei. 
Rev., in press. 

Hedges, J.I. and P.L. Parker (1976): Land-derived organic matter in surface sediments 
from the Gulf of Mexico. Geochim. Cosmochim. Acta, 40: 101 9-1029. 

Hedges, J.I., and D.C. Mann (1979a): The characterization of plant tissues by their 
lignin oxidation products. Geochim. Cosmochim. Acta, 43: 1809-1 81 8. 



Hedges, J.I., and D.C. Mann (1979b): The lignin geochemistry of marine sediments from 
the Gulf of Mexico. Geochim, Cosmochim. Acta, 43: 1803-1 809. 

Hedges, J.I., and R.G. Keil (1995): Sedimentary organic matter preservation: an as- 
sessment and speculative synthesis. Mar. Chem. 49: 81 -1 15. 

Hedges, J.I., R.G. Keil, and R. Benner (1997): What happens to terrestrial organic 
matter in the ocean. Org. Geochem., 27 (516): 195-212. 

Heimdal, B.R. (1983): Phytoplankton and nutrients in the waters northwest of 
Spitsbergen in the autumn of 1979, J. Plankton Res., 5: 901-918. 

Hein, F.J., and J.P.M. Syvitski (1 992): Sedimentary environments and facies in an arctic 
basin, Itirbilung Fjord, Baffin Island, Canada. Sedimentary Geology, 81: 17-45. 

Henrich, R. (1986): A calcite dissolution pulse in the Norwegian-Greenland Sea during 
the last deglaciation. Geol. Rundschau, 75: 805-827. 

Henrich, R. (1989): Glacialllnterglacial Cycles in the Norwegian Sea: Sedimentology, 
paleoceanography, and evolution of Late Pliocene to Quaternary Northern 
Hemisphere climate. In: Eldholm, O., J. Thiede, E. Taylor et al.: Proc. ODP Sci. 
Res., 104: 189-232. 

Henrich, R. (1992): Beckenanalyse des EuropÃ¤ische Nordmeeres: Pelagische und 
glaziomarine Sedimentflusse im Zeitraum 2.6 Ma bis rezent. Habilitation 
(unpublished), University of Kiel, 345 pp. 

Henrich, R. (1 998): Dynamics of Atlantic water advection to the Norwegian-Greenland 
Sea - a time-slice record of carbonate distribution in the last 300 ky. Mar. Geol., 
145: 95-1 31. 

Henrich, R., H. Kassens, E. Vogelsang, and J. Thiede (1989): Sedimentary facies of 
glacial-interglacial cycles in the Norwegian Sea during the last 350 ka. Mar. Geol., 
86: 283-319. 

Herman, Y. (1989): The Artic Seas - Climatology, Oceanography, Geology, and 
Biology. Van Nostrand Reinhold Company, New York, U.S.A., 888 pp. 

Hibler 111, W.D. (1989): Arctic Ice-Ocean Dynamics. In: Herman, Y. (Eds.): The Arctic 
Seas -Climatology, Oceanography, Geology, and Biology, pp. 47-91 , van 
Nostrand Reinhold publishers, New York, U.S.A.. 

Hinrichs, K.-U., J. RullkÃ¶tter and R. Stein (1995): Preliminary assessment of organic 
geochemical signals in sediments from hole 893a, Santa Barbara Basin, offshore 
California. In: Kennett, J.P., J.G. Baldauf, and M. Lyle (Eds.): Proc. ODP Sci. 
Res., 146: 201-211. 

Hodgson, D.A. (1989): Quaternary geology of the Queen Elisabeth Islands. The late 
Wisconsin glaciation and deglaciation of the Laurentide ice sheet. In: Fulton, R.J. 
(Eds.): The Geology of North America, vol. K-1. Quaternary Geology of Canada 
and Greenland, pp. 443-477, Geol. Soc. of Am., Boulder, Colorado, U.S.A.. 

Hoefs, J. (1 987): Stahle Isotope Geochemistry, Springer Verlag, Berlin, Germany, 237 
PP. 

Hollerbach, A. (1 985): Grundlagen der organischen Geochemie, Springer Verlag, Berlin, 
Germany, 190 pp.. 

Houghton, J.T., G.J. Jenkins, and J.J. Ephraums (Eds.) (1990): Climate change: the 
IPCC scientific assessment. Cambridge University Press, London, U.K. 

Houghton, J.T., B.A. Callandar, J.T., and S.K. Varney (Eds.) (1992): Climate change 
1992: the supplementary report to the IPCC scientific assessment. Cambridge 
University Press, London, U.K.. 



5. Literatur 

Huc, A.Y. (1973): Contribution a l'etude de l'humus marin et de Ses relations avec les 
kerogenses, Thesis, University of Nancy, France, 150 pp. 

Hughes, T. (1992): Theoretical calving rates from glaciers along ice walls grounded in 
water of variable depth. J. Glaciol., 38 (129): 282-293. 

Imbrie, J., J.D. Hays, D.G. Martinson, A. Mclntyre, A.C. Mix, J.J. Morley, N.G. Pisias, 
W.L. Prell and N.J. Shackleton (1984): The orbital theory of Pleistocene climate: 
support from a revised chronology of the marine d 1 8 0  record. In: Berger, 
A.L.(Eds.): Milankovitch and Climate, Part I. NATO ASI Series, vol. C126: pp. 
269-305, Reidel Publisher Company, Dordrecht, Netherlands. 

Ittekkot, V., B. Haake, M. Bartsch, R.R. Nair, and V. Ramaswamy (1992): Organic 
carbon removal in the sea: the continental connection. In: Summerhayes, C.P., W. 
L. Prell, and K. C. Emeis (Eds.): Uppwelling Systems: Evolution since the Early 
Miocene, Geological Society Special Publications vol. 64: pp. 167-176, The Geol. 
Society, London, U.K. 

Jasper, J.P., and R.B. Gagosian (1989): Glacial-interglacial climatically forced 61% 
variations in sedimentary organic matter. Nature, 342: 60-62. 

Jones, E.P., B. Rudels, and L.G. Anderson (1995): Deep waters of the Arctic Ocean: 
origins and circulation. Deep Sea Res. 42 (5): 737-760. 

Jones, G.A., and L.D. Keigwin (1988): Evidence from Fram Strait (78' N) for early 
deglaciation. Nature, 336: 56-59. 

Kassens, H., D. Piepenburg, J. Thiede, L. Timokhov, H.-W. Hubberten und S.M. 
Priamikov (Eds.) (1 995): Russian-German Cooperation: The Laptev Sea System. 
ÃŸep on Polar Res., 176: 387 pp. 

Kassens, H, H.A. Bauch, I. Dmitrenko, H. Eicken, H.-W. Hubberten, M. Melles, J. 
Thiede, and L. Timokhov (Eds.) (1998) Land-Ocean Systems in the Siberian 
Arctic: Dynamics and History. Lect. Notes in Earth Sciences, Springer-Verlag, 
Berlin, Germany, in press. 

Kates, K., and B.E. Volcani (1966): Lipid components of diatoms, Biochem. Biophys. 
Acta, 1 16: 264-278. 

Kattner, G., and H.S.G. Fricke (1986): Simple gas-liquid chromatographic method for 
simultaneous determination of fatty acids and alcohols in wax esters of marine 
organisms. J. Chromat., 361 : 31 3-31 8. 

Keigwin, L.D., and G.A. Jones (1 994): Western North Atlantic evidence for millenial-scale 
changes in ocean circulation and climate. J. Geophys. Res., 99: 12377-1241 0. 

Keigwin, L.D., and G.A. Jones (1995): The marine record of deglaciation from the 
continental margin off Nova Scotia. Paleoceanography, 10: 973-986. 

Keil, R.G., D.B. Montlucon, F.G. Prahl, and J.I. Hedges (1994) Sorptive preservation of 
labile organic matter in marine sediments, Nature, 370: 549-551. 

Kellogg, T.B. (1 976): Late Quaternary climatic changes: Evidence from deep-sea cores 
of Norwegian and Greenland Seas. In: Cline, R.M., and J.D. Hays (Eds.): 
Investigation of Late Quaternary paleoceanography and paleoclimatology. 
Geolocal Society America Memoir 145: pp. 77-1 10. 

Kennedy, J.A., and S.C. Brassell (1 992): Molecular stratigraphy of the Santa Barbara 
basin: comparison with historical records of annual climate change. Org. Geochem., 
19 (1 -3), 235-244. 

Kleiber, H.P., and F. Niessen (1998): Late Pleistocene paleoriver channels on the 
Laptev Sea shelf - implications from sub-bottom profiling. In: Kassens, H, H.A. 
Bauch, I. Dmitrenko, H. Eicken, H.-W. Hubberten, M. Melles, J. Thiede, and L. 



Timokhov (Eds.), Land-Ocean Systems in the Siberian Arctic: Dynamics and 
History. Lect. Notes in Earfh Sciences, Springer-Verlag, Berlin, Germany, in press. 

Knies, J. (1994): SpÃ¤tquartÃ¤ Sedimentation am Kontinentalhang nordwestlich 
Spitzbergens. Der letzte Glazialllnterglazial-Zyklus. [unpubl. Diploma thesis], 
Justus-Liebig-University, GieÃŸen Germany, 95 pp.. 

Knies, J., C. Vogt, and R. Stein (1998): Growth and decay Patterns of the Svalbard- 
Barents Sea ice sheet and paleoceanographic evolution during Saalian and 
Weichselian glaciations, Geo-Marine Leiters, in press. 

Knies, J., and Stein, R. (1998): New aspects of organic carbon deposition and pa- 
leoceanographic implications along the northern Barents Sea margin during the last 
30.000 years. Paleoceanography, in press. 

Kohfeld, K.E., R.G. Fairbanks, S.L. Smith, and I.D. Walsh (1996): Neogloboquadrina 
pachyderma (sinistral coiling) as paleoceanographic tracers in polar oceans: 
Evidence from Northeast Water Polynya plankton tows, sediment traps, and 
surface sediment samples. Paleoceanography, 11 (6): 679-700. 

KÃ¶hler S.E.I. (1992): SpÃ¤tquartÃ¤ palÃ¤o-ozeanographisch Entwicklung des 
Nordpolarmeeres and EuropÃ¤ische Nordmeeres anhand von Sauerstoff - und 
KohlenstoffisotopenverhÃ¤ltnisse der planktischen Foraminifere Neogloboquadrina 
pachyderma (sin.). GEOMAR Report, vol. 13, Kiel, Germany, 104 pp.. 

Kubisch, M. (1992): Die Eisdrift im Arktischen Ozean wÃ¤hren der letzten 250.000 Jahre, 
GEOMAR Report, vol. 16, Kiel, Germany, 100 pp.. 

Kusakabe, M., T.L. Ku, J.R. Southon, J.S. Vogel, D.E. Nelson, (2.1. Measures, and Y. 
Nozaki (1 987): Distribution of ^Be and gBe in the Pacific Ocean. Earfh Plan. Sci, 
Let., 82: 231 -240. 

Laberg, J.S., and T.O. Vorren (1 996): The Middle and Late Pleistocene evolution of the 
Bear Island Trough Mouth Fan. In: Solheim, A., F. Riis, A. Elverhai, J.J. Faleide, 
L.N. Jensen and S. Cloetingh (Eds.): Impact of Glaciations on Basin Evolution: 
Data and Models from the Norwegian Margins and Adjacent Basins. Global and 
Planetary Chance, Special Issue, 12: pp. 309-330. 

Landvik, J.Y., M. Bolstad, A.K. Lycke, J. Mangerud, and H.P. Sejrup (1992): 
Weichselian stratigraphy and palaeoenvironments at Bekund, Western Svalbard. 
Boreas, 21 : 335-358. 

Landvik, J.I., C. Hjort, J. Mangerud, P. MÃ¶ller and 0. Salvigsen (1995): The 
Quaternary record of eastern Svalbard - an overview. Polar Res., 14 (2): 95-103. 

Larsen, E., and J. Mangerud (1990): Marine caves: On-off signals for glaciations. Quat. 
Intern., 314: 13-1 9. 

Larsen, E., H.P. Sejrup, L. Olsen, and G.H. Miller (1991): Late Quaternary land-sea in- 
teractions: Fennoscandia and Svalbard - The Nordic Seas. Quat. Intern,, 10-12: 
151-159. 

Leventhal, J.S. (1 983): An interpretation of carbon and sulfur relationships in Black Sea 
sediments as indicators of environments of deposition. Geochim. Cosmochim. 
Acta, 47: 133-1 37. 

Liestal, 0. (1969): Glacier surges in West Spitsbergen. Can, J. Earth Sci,, 6 :  895-897. 

Lloyd, J.M., D. Kroon, G.S. Boulton, C. Laban, and A. Fallick (1996): Ice rafting history 
from the Spitsbergen ice cap over the last 200 kyr. Marine Geology, 131 : 103-1 21. 

Lorenzen, C.J. (1 967): Determination of Chlorophyll and Pheo-Pigments: Spectrophoto- 
metric Equations. Limn. Oceanogr., 12: 343-346. 



Lubinski, D.J., S. Korsun, L. Polyak, S.L. Forman, S.J. Lehman, F.A. Herlihy, and G.H. 
Miller (1996): The last deglaciation of the Franz Victoria Trough, northern Barents 
Sea. Boreas, 25: 89-1 00. 

Lundberg, L., and P.M. Haugan (1996): A Nordic Seas-Arctic Ocean carbon budget from 
volume flows and inorganic carbon data. Global Biogeochem. Cycles, 10: 493- 
51 0. 

MacAyeal, D.R. (1993): BingeIPurge oscillations of the Laurentide Ice Sheet as the 
cause of the North Atlantic's Heinrich events. Paleoceanography, 8: 775-784. 

Macdonald, R. (1 996): Awakenings in the Arctic, Nature, 380: 286-287. 

Mackensen, A., H.P. Sejrup, and E. Jansen (1985): The distribution of living benthic 
foraminifera on the continental slope and rise off southwest Norway. Marine 
Micropaleontology, 9: 275-306. 

Mackensen, A., H. Grobe, H.-W. Hubberten, and G. Kuhn (1 994): Benthic foraminiferal 
assemblages from the eastern South Atlantic Polar Front region between 35O and 
57OS: Glacial-to-interglacial contrasts. In: Zahn, R., T. Pedersen, M. A. Kamins and 
L. Labeyrie (Eds.): Carbon cycling in the glacial ocean: Constraints on the oceans 
role in global change. NATO ASl Series I, vol. 17, pp. 105-144, Springer Verlag, 
Heidelberg, Germany. 

Madureira, L.A.S., M.H. Conte, and G. Eglinton (1995): Early diagenesis of lipid 
biomarker compounds in Noth Atlantic sediments. Paleoceanography, 10: 627-642. 

Manabe, S., and R.J. Stouffer (1980): Sensitivity of a global climate model to an 
increase in CO2 concentration in the atmosphere. J. Geophys. Res., 85: 5529- 
5554. 

Mangerud, J., and S. Gulliksen (1975): Apparent radiocarbon ages of recent marine 
shells from Norway, Spitsbergen, and Arctic Canada. Quat. Res., 5: 273-296. 

Mangerud, J. (1991): The Scandinavian Ice Sheet through the last interglaciallglacial 
cycle. In: Frenzel, B. (Ed.): Klimageschichtliche Probleme der letzten 130.000 
Jahre. PalÃ¤oklirnaforschung 1 : 307-330. 

Mangerud, J., and J.l Svendsen (1992): The last interglacial-glacial period on 
Spitsbergen, Svalbard. Quat. Sci. Rev., 11: 633-664. 

Mangerud, J., E. Jansen, and J.Y. Landvik (1996): Late Cenozoic history of the 
Scandinavian and Barents Sea ice sheets. In: Solheim, A., F. Riis, A. Elverhei, 
J.J. Faleide, L.N. Jensen and S. Cloetingh (Eds.): Impact of Glaciations on Basin 
Evolution: Data and Models from the Norwegian Margins and Adjacent Basins. 
Global and Planetary Chance, Special lssue, 12: pp. 1 1-26. 

Marienfeld, P. (1992): Recent sedimentary processes in Scoresby Sund, East 
Greenland. Boreas, 21 : 169-186. 

Markussen, B., R. Zahn, and J. Thiede (1985): Late Quaternary sedimentation in the 
eastern Arctic Basin: Stratigraphy and depositional environment. Palaeogeogr., 
Palaeoclirnatol., Palaeoecol., 50: 271 -284. 

Martinson, D.G., N.G. Pisias, J.D. Hays, J. Imbrie, T.C. Moore, and N.J. Shackleton 
(1 987): Age dating and the orbital theory of the ice ages: Development of a high- 
resolution 0 to 300.000 years chronostratigraphy. Quat. Res,, 27: 1-27. 

Mayer, L.M. (1 994a): Surface area control of organic carbon accumulation in continental 
shelf sediments, Geochim. Cosmochim. Acta, 58 (4): 1271 -1 284. 

Mayer, L.M. (1994b): Relationships between mineral surfaces and organic carbon 
concentrations in soils and sediments. Chem. Geol., 114, 347-363. 



McCabe, A.M., and P.U. Clark (1998): Ice-sheet variability around the North Atlantic 
Ocean during the last glaciation. Nature, 392: 373-377. 

McGinnis, J.P., D.E. Hayes, and N.W. Driscoll (1997): Sedimentary processes across 
the continental rise of the southern Antarctic Peninsula. Marine Geology, 141: 91- 
109. 

Meincke, J., B. Rudels, and H.J. Friedrich (1997): The Arctic Ocean-Nordic Seas 
thermohaline system. /CES Journal of Marine Science, 54: 283-299. 

Melles, M. (1991): PalÃ¤oglaziologi und PalÃ¤ozeanographi im SpÃ¤tquartÃ am 
Kontinentalrand des sÃ¼dliche Weddellmeeres, Antarktis. Rep. on Polar Res., 81 : 
190 pp. 

Mienert, J., L.A. Mayer, A. Jones and J.W. King (1990): Physical and acustic properties 
of Arctic Ocean deep-sea sediments: paleoclimatic implications. In: Bleil, U., and J. 
Thiede (Eds.): Geological History of the Polar Oceans: Arctic versus Antarctic. 
NATO ASI Series C, vol. 308, pp. 455-474, Kluwer Academic Publishers, 
Dordrecht, Netherlands. 

Midttun, L. (1985): Formation of dense bottom water in the Barents Sea. Deep Sea 
Res., 32 (1 0): 1233-1 241 . 

Mark, A., and M. Bjoray (1 984): Mesozoic source-rocks on Svalbard. In: Spencer, A.M. 
(Ed.): Petroleum Geology of the North European Margin. Graham and Trotman, 
London, U.K., pp. 371 -382. 

MÃ¼ller C. (1 995): SpÃ¤tquartÃ¤ Sedimentationsprozesse in der Ã¶stliche FramstraÃŸe 
[unpubl. diploma thesis], WestfÃ¤lisch Wilhelms-University, MÃ¼nster Germany, 
84 PP. 

MÃ¼ller G. (1 967): Methods in sedimentary petrology, Schweizerbart Verlag, Stuttgart, 
Germany, 283 pp.. 

MÃ¼ller P.M. (1977): CIN ratios in Pacific deep-sea sediments; effect of inorganic 
ammonium and organic nitrogen compounds sorbed by clays. Geochim. 
Cosmochim. Acta,, 41 : 765-776. 

MÃ¼ller P.M., and E. Suess (1979) Productivity, sedimentation rate, and sedimentary 
organic matter in the oceans. 1.- Organic matter preservation, Deep Sea Res., 26: 
1347-1 362. 

MÃ¼ller P.M., and R. Schneider (1993): An automated leaching method for the 
determination of opal in sediments and particulate matter, Deep Sea Res., 40 (3): 
425-444. 

NAD Science Committee (1992): The Arctic Ocean record: Key to global chane (initial 
science plan of the Nansen Arctic Drilling Program). Polarforschung, 161 : 102 pp. 

Naidu, A.S., R.S. Scalan, H.M. Feder, J.J. Goering, M.J. Hameedi, P.L. Parker, E.W. 
Behrens, M.E. Caughey and S.C. Jewett (1 993): Stable organic carbon isotopes 
in sediments of the north Bering- south Chukchi seas, Alaskan-Soviet Arctic shelf. 
Cont, Shelf Res., 13 (516): 669-691. 

Nam, S.I., R. Stein, H. Grobe, and H. Hubberten (1995): Late Quaternary glacial-inter- 
glacial changes in sediment composition at the East Greenland continental margin 
and their paleoceanographic implications, Marine Geology, 122: 243-262. 

Nam, S.I. (1 997): Late Quaternary glacial history and paleoceanographic reconstructions 
along the East Greenland continental margin. Rep. on Polar Res., 241: 157 pp. 

Nelson, D.M., W.O. Smith, R.D. Muench, L.l Gordon, C.W. Sullivan, and D.M. Husby 
(1989): Particulate matter and nutrient distribution in the ice-edge Zone of the 



5. Literatur 

Weddell Sea: relationship to hydrogaphy during late Summer, Deep Sea Res., 36: 
191 -209. 

Niessen, F., D. Weiel, T. Ebel, J. Hahne, C. Kopsch, M. Melles, E. Musatov, and R. 
Stein (1 997): Weichselian glaciations in central Siberia - Implications from marine 
and lacustrine high resolution seismic profiles and sediment cores. Abstract Volume 
EUG 9 Conference, Strasbourg (European Union of Geosciences), Terra Nova, 9, 
Abstr. Supl. 1: 208. 

Notholt, H. (1 997): Die Auswirkung der "NorthEastWaterl'-Polynya auf die Sedimentation 
vor NO-GrÃ¶nlan und Untersuchungen zur PalÃ¤o-Ozeanographi seit dem 
Mittelweichsel. Rep, on Polar Res., 275: 183 pp. 

Nowaczyk, N.R., and M. Baumann (1992): Combined high- resolution 
magnetostratigraphy and nannofossil biostratigraphy for late Quaternary Arctic 
Ocean sediments. Deep Sea Res,, 39: S5674601. 

Nowaczyk, N.R., T.W. Fredrichs, A. Eisenhauer, and G. Gard (1994): 
Magnetostratigraphic data from late Quaternary sediments from the Yermak 
Plateau, Arctic Ocean: evidence for four geomagnetic polarity events within the 
last 170 Ka of the Brunhes Chron. Geophys. J, Int., 117: 453-471. 

Nergaard-Pedersen, N., R.F. Spielhagen, J. Thiede, and H. Kassens, (1998): Central 
Arctic surface ocean environment during the past 80.000 years. 
Paleoceanography, 13: 193-204. 

NÃ¼rnberg D., I. Wollenburg, D. Dethleff, H. Eicken, H. Kassens, T. Letzig, E. Reimnitz, 
and J. Thiede (1 994): Sediments in Arctic sea ice: Implications for entrainment, 
transport and release. Marine Geology, 1 19: 185-21 4, 

NÃ¼rnberg D., M.A. Levitan, J.A. Pavlidis, and E.S. Shelekhova (1995): Distribution of 
clay minerals in surface sediments from the eastern Barents and southwestern 
Kara Seas. Geol. Rundschau, 84: 665-682. 

NÃ¼rnberg C. (1995): BariumfluÃ und Sedimentation im sÃ¼dliche SÃ¼datlanti - Hinweise 
auf ProduktivitÃ¤tsÃ¤nderung im QuartÃ¤r GEOMAR Report, vol. 38, Kiel, 
Germany, 105 pp. 

NÃ¼rnberg D. (1 996): Biogenic barium and opal in shallow Eurasian Shelf sediments in 
relation to the pelagic Arctic Ocean. In: Stein, R., G. Ivanov, M. Levitan, and K. 
Fahl (Eds.): Surface-sediment Composition and Sedimentary Processes in the 
Central Arctic Ocean and Along the Eurasian Continental Margin. Rep. on Polar 
Res., 212: pp. 96-1 18. 

NÃ¼rnberg C., G. Bohrmann, and M. SchlÃ¼te (1997): Barium accumulation in the Atlantic 
sector of the Southern Ocean: Results from 190.000-year records. 
Paleoceanography, 1 2 (4), 594-603. 

Oppo, D.W., and S.J. Lehman (1995): Suborbital timescale variability of North Atlantic 
deep water during the past 200.000 years. Paleoceanography, 10: 901 -91 0. 

Pagels, U. (1991): Sedimentologische Untersuchungen und Bestimmungen der 
KarbonatlÃ¶sun in spÃ¤tquartÃ¤r Sedimenten des Ã¶stliche Arktischen Ozeans. 
GEOMAR Report, vol. 10, Kiel, Germany, 106 pp.. 

Pavlidis, Yu.A., N.N. Dunayev, and F.A. Shcherbakov (1997): The late Pleistocene pa- 
laeogeography of Arctic Eurasian shelves. In: Velitchko, A.A., P.M. Dolukhanov, 
N.W. Rutter, N.R. Catto (Eds.): Quaternary of northern Eurasia: Late Pleistocene 
and Holocene landscapes, stratigraphy and environments. Quat. Intern,, 41/42: 
pp. 3-9. 

Pedersen, T.F., and S.E. Calvert (1990): Anoxia vs. Productivity: What controls the 
formation of organic-carbon-rich sediments and sedimentary rocks?, AAPG Bull., 
74: 454-466. 



Peters, K.E. (1986): Guidelines for interpreting petroleum source rock using programmed 
pyrolysis. Bull. Am. Ass. Pet. Geol,, 70: 318-329. 

Peulve, S., M.-A. Sicre, A. Saliot, J.W. De Leeuw, and M. Baas (1996): Molecular 
characterization of suspended and sedimentary organic matter in an Arctic delta. 
Limnol. Oceanogr., 41 (3): 488-497. 

Pfirman, S.L., and A. Solheim (1989): Subglacial meltwater discharge in the Open marine 
tidewater glacier environment: Observations from Nordaustlandet. Marine 
Geology, 86: 283-31 9. 

Pfirman, S., M.A. Lange, I. Wollenburg, and P. Schlosser (1990): Sea ice characteristics 
and the role of sediment inclusions in deep-sea deposition: Arctic and Antarctic 
comparisons. In: Bleil, U., and J. Thiede (Eds.): Geological History of the Polar 
Oceans: Arctic versus Antarctic. NATO ASI Series. C, vol. 308: pp. 187-21 1, 
Kluwer Academic Publishers, Dordrecht, Netherlands. 

Pfirman, S.L., D. Bauch, and T. Gammelsrod (1994): The northern Barents Sea: Water 
mass distribution and modification. In: Johannessen, O.M., R.D. Muench and J.E. 
Overland (Eds.): The Polar Oceans and their Role in Shaping the Global 
Environment: The Nansen Centennial Volume. Geophysical Monograph, vol. 85: 
pp. 77-94, AGU, Washington D.C., U.S.A. 

Pfirman, S.L., R. Colony, D. NÃ¼rnberg H. Eicken, and I. Rigor (1 997): Reconstructing the 
origin and trajectory of drifting Arctic sea ice. J, Geophys. Res., 102 (C6): 12575- 
12586. 

Phillips, R.L., and A. Grantz (1997): Quaternary history of sea ice and paleoclimate in 
the Amerasia basin, Arctic Ocean, as recorded in the cyclical Strata of Northwind 
Ridge. Geol, Soc. of Am. Bull,, 109: 1101 -1 11 5. 

Polyak, L., and A. Solheim (1994): Late- and postglacial environments in the northern 
Barents Sea west of Franz Josef Land. Polar Fies., 13 (2): 197-207. 

Polyak, L., S.L. Forman, F.A. Herlihy, G. Ivanov, and P. Krinitsky (1997): Late 
Weichselian deglacial history of the Svyataya (Saint) Anna Trough, northern Kara 
Sea, Arctic Russia. Marine Geology, 143 (114): 169-1 88. 

Porter, S.C. (1989): Some geological implications of average Quaternary glacial 
conditions. Quat. Res., 32: 245-261. 

Porter, S.O., and Zhisheng, A. (1995): Correlation between climate events in the North 
Atlantic and China during the last glaciation. Nature, 375: 305-308. 

Powell, R.D. (1984): Glacimarine processes and inductive lithofacies modelling of ice 
shelf and tidewater glacier sediments based on Quaternary examples. Mar. Geol., 
57: 1-52. 

Prahl, F.G., L.A. Muehlhausen, and M. Lyle (1 989): An organic geochemical assessment 
of oceanographic conditions at Manop Site C over the past 26.000 years, 
Paleoceanography, 4 (5): 495-51 0. 

Prahl, F.G., J.R. Ertel, M.A. Goni, M.A. Sparrow, and B. Eversmeyer (1994): Terrestrial 
organic carbon contributions to sediments on the Washington margin. Geochim 
Cosmochim. Acta, 58: 3035-3048. 

Quadfasel, D., B. Rudels and K. Kurz (1 988): Outflow of dense water from a Svalbard 
fjord into the Fram Strait. Deep Sea Fies,, 35 (7): 1143-1 150. 

Rachold, V. and H.-W. Hubberten (1998): Carbon isotope composition of particulate 
organic material of east Sibirian rivers. In: Kassens, H, H.A. Bauch, I. Dmitrenko, H. 
Eicken, H.-W. Hubberten, M. Melles, J. Thiede, and L. Timokhov (Eds.), Land- 
Ocean Systems in the Siberian Arctic: Dynamics and History. Lect. Notes in Earth 
Science, Springer-Verlag, Berlin, Germany, in press. 



Rachor, E. (Ed.) (1 992): Scientific Report of RV "Polarstern" Cruise ARK-VIIIl2. Rep. on 
Polar Res., 1 15: 150 pp. 

Rachor, E. (Ed.) (1 997): Scientific Report of RV "Polarstern" Cruise ARK-XII1, Rep. on 
Polar Res., 226: 157 pp. 

Rasmussen, T.L., Tj.C.E. van Weering, and L. Labeyrie (1996): High resolution strati- 
graphy of the Faeroe-Shetland Channel and its relation to North Atlantic 
paleoceano-graphy: the last 87 kyr. Marine Geology, 131 : 75-88. 

Reimnitz, E., and E.W. Kempema (1987): Anchor ice, seabed freezing, and sediment 
dynamics in shallow arctic seas. J. Geophys. Res,, 92 (C1 3): 14671 -14678. 

Reemtsma, T., V. Ittekkot, M. Bartsch, and R.R. Nair (1993): River input and organic 
matter fluxes in the northern Bay of Bengal: fatty acids. Chem. Geol., 103: 55-71. 

Reimnitz, E., D. Dethleff, and D. NÃ¼rnber (1994): Contrasts in Arctic shelf sea-ice 
regimes and some implications: Beaufort Sea versus Laptev Sea, Mari. Geol., 
1 19: 21 5-225. 

RÃ¶sler HJ., and H. Lange (1972): Geochemical tables, Elsevier, New York, U.S.A., 468 
PP. 

Romankevich, E.A. (1 984): Geochemistry of organic matter in the ocean. Springer Verlag, 
Berlin, Germany, 334 pp. 

Rosell-Mele, A., and N. Koc (1997): Paleoclimatic significance of the stratigraphic 
occurrence of photosynthetic biomarker pigments in the Nordic seas, Geology, 25: 
49-52. 

Rosell-Mele, A., M.A. Maslin, J.R. Maxwell, and P. Schaeffer (1997): Biomarker 
evidence for Heinrich events, Geochim, Cosmochim. Acta , 61 (8): 1671 -1 678. 

Ruddiman, W.F., A. Mclntyre, V. Niebler-Hunt, and J.T. Durazzi (1980): Oceanic 
evidence for the mechanism of rapid northern hemisphere glaciation. Quat. Res., 
13: 33-64. 

Ruddiman, W.F., and A. Mclntyre (1 981): Oceanic mechanisms for amplification of the 
23.000-year ice-volume cycle. Science, 21 2: 61 7-627. 

Rudels, B., 1996. The thermohaline circulation of the Arctic Ocean and the Greenland 
Sea. In: Wadhams, P., J.A. Dowdeswell, and A.N. Schofield (Eds.): The Arctic and 
environmental change, pp. 87-1 01, Gordon and Breach Publishers, London, U.K.. 

Rudels, B., L.G. Anderson, and E.P. Jones (1996): Formation and evolution of the 
surface mixed layer and halocline of the Arctic Ocean. J. Geophys. Res., 101 
(C4): 8807-8821. 

Rudels, B., E.P. Jones, L.G. Anderson, and G. Kattner (1994): On the intermediate 
depth waters of the Arctic Ocean. In: Johannessen, O.M., R.D. Muench and J.E. 
Overland (Eds.): The Polar Oceans and their Pole in Shaping the Global 
Environment: The Nansen Centennial Volume. Geophysical Monograph, vol. 85: 
pp. 33-46, AGU, Washington D.C., U.S.A. 

Ruttenberg, K.C., and M.A. Gohi (1997): Phosphorus distribution, C:N:P ratios, and 
813Corg in arctic, temperate, and tropical coastal sediments: tools for characterizing 
bulk organic matter, Marine Geology, 139: 123-1 45. 

Sarnthein, M., E. Jansen, M. Arnhold, J.C. Duplessy, H. Erlenkeuser, A. Flatoy, T. 
Veum, E. Vogelsang, and M.S. Weinelt (1992): 8180 time-slice reconstruction of 
meltwater anomalies at Termination l in the North Atlantic between 50' and 80Â°N 
In: Bard, E., and W.S. Broecker (Eds.), The Last Deglaciation: Absolute and 
Radiocarbon Chronologies. NATO ASI Series, l 2: pp. 183-200, Springer Verlag, 
New York, U.S.A. 



5. Literatur 

Sarnthein, M., E. Jansen, M. Weinelt, M. Arnhold, J.C. Duplessy, H. Erlenkeuser, A. 
Flatay, G. Johannessen, S. Jung, N. KOG, L. Labeyrie, M. Maslin, U. Pflaumann 
and H. Schulz (1 995): Variations in Atlantic surface ocean paleoceanography, 50- 
80Â°N A time-slice record of the last 30,000 years. Paleoceanography, 10 (6): 
1063-1 094. 

Schauer, U., R.D. Muench, B. Rudels, and L. Timokhov (1997): Impact of eastern Arctic 
shelf waters on the Nansen Basin intermediate layers. J. Geophys. Res., 102 
(C2): 3371 -3382. 

Scheffer, F., and P. Schachtschabel (1984): Lehrbuch der Bodenkunde, Enke-Verlag, 
Stuttgart, Germany, 442 pp. 

SchrÃ¶der J.0, R.W. Murray, M. Leinen, R.C. Pflaum, and T.R. Janecek (1997): Barium 
in equatorial Pacific carbonate sediment: Terrigenous, oxide, and biogenic 
associations. Paleoceanography, 12 (1): 125-146. 

Schubert, C.J. (1 995): Organischer Kohlenstoff in spÃ¤tquartÃ¤r Sedimenten des Arkti- 
schen Ozeans: Terrigener Eintrag und marine ProduktivitÃ¤t ÃŸep on Polar Res., 
177: 178 pp. 

Schubert, C.J., and R. Stein (1996): Deposition of organic carbon in late Quaternary 
Arctic Ocean: terrigenous supply vs. marine productivity. Org. Geochem., 24 (4): 
421 -436. 

Schubert, C.J., and R. Stein (1997): Lipid distribution in surface sediments from the 
eastern central Arctic Ocean, Marine Geology, 138: 11 -25. 

Schulz, V. (1 997): Datierung von Sedimentkernen aus dem Arktischen Kontinentalhang 
der Barents- und Laptev-See mit den Radionukleiden ^OTh und ^Be. [unpubl. 
diploma thesis], University of Heidelberg, Germany, 69 pp. 

Sharma, P., R. Mahannah, W.S. Moore, T.L. Ku, and J.R. Southon (1 987): Transport of 
^Be and 9Be in the ocean. Earth Plan. Sci. Lett., 86: 69-76. 

Serreze, M.C., Barry, R.G., Rehder, M.C., and Walsh, J.E. (1996): Variability in atmo- 
spheric circulation and moisture flux. In: Wadhams, P., J.A. Dowdeswell, and A.N. 
Schofield (Eds.): The Arctic and environmental change, pp. 15-24, Gordon and 
Breach Publishers, London, U.K. 

Siegert, M.J., and J.A. Dowdeswell (1995a): Numerical Modelling of the Late 
Weichselian Svalbard-Barents Sea Ice Sheet. Quat. Res., 43: 1-13. 

Siegert, M.J., and J.A. Dowdeswell (1995b): Late Weichselian ice-sheet sensitivity 
over Franz Josef Land, Russian High Arctic, from numerical modelling experiments. 
Boreas, 24: 207-224. 

Silva, J.A., and J.M. Bremner (1966): Determination and isotope-ratio analysis of 
different forms of nitrogen in soil: 5. fixed ammonium. Soil Sci Soc. Amer. Proc., 30: 
587-594. 

Smirnov, V.V., V.P. Shevchenko, R. Stein, A.P. Lisitzin, A.V. Savchenko, and the ARK- 
XI11 Polarstern Shipboard Scientific Party (1996): Aerosol size distributions ove 
the Laptev Sea in July-September 1995: First Results. In: Stein, R., G. Ivanov, 
M. Levitan and K. Fahl (Eds.): Surface-sediment composition and sedimentary 
processes in the central Arctic Ocean and along the Eurasian continental margin. 
Rep. on Polar Res., 212: 139-144. 

Smith, W.O. (1995): Primary productivity and new production in the Northeast Water 
(Greenland) Polynya during Summer 1992. J. Geophys. Res., 100 (C3): 4341- 
4356. 

Smith, J.D., and J.H. Foster (1 969): Geomagnetic reversal in Brunhes normal polarity 
Epoch. Science, 163: 5654-567. 



Spero, H.J., J. Bijma, D.W. Lea, and B.E. Bemis (1997): Effect of seawater carbonate 
concentration On foraminiferal carbon and oxygen isotopes. Nature, 390: 497-500. 

Spielhagen, R.F., and H. Erlenkeuser (1994): Stable oxygen and carbon isotopes in 
planktic foraminifers from Arctic Ocean surface sediments: Reflection of the low 
salinity surface water layer. Marine Geology, 11 9: 227-250. 

Spielhagen, R.F., G. Bonani, A. Eisenhauer, M. Frank, T. Frederichs, H. Kassens, A. 
Mangini, N.R. Nowaczyk, N. Nargaard-Pedersen, S. SchÃ¤per R. Stein, J. Thiede, 
R. Tiedemann, M. Wahsner, and P.W. Kubik (1997): Arctic Ocean evidence for 
Late Quaternary initiation of northern Eurasian ice sheets. Geology, 25 (9): 783- 
786. 

Stax, R. (1 994): Zyklische, Sedimentation von organischem Kohlenstoff in der Japan 
See: Anzeiger fÃ¼ Anderungen von PalÃ¤oozeanographi und PalÃ¤oklim im 
SpÃ¤tkÃ¤nozoiku Berichte, Fachbereich Geowissenschaften, 47, University of 
Bremen, 150 pp.. 

Stein, R. (1991): Accumulation of organic carbon in marine sediments. Lecture Notes in 
Earth Sciences, vol. 34, Springer Verlag, Berlin, Germany, 217 pp. 

Stein, R., H. Grobe, H.-W. Hubberten, P. Marienfeld, and S.I. Nam, (1993): Latest 
Peisto-cene to Holocene changes in glaciomarine sedimentation in Scoresby Sund 
and along the adjacent East Greenland Continental Margin: preliminary results. 
Ge0 Mar. Let., 13: 9-1 6. 

Stein, R., C. Schubert, C. Vogt, and D.K. Futterer (1 994a): Stable isotope stratigraphy, 
sedimentation rates, and salinity changes in the Latest Pleistocene to Holocene 
eastern central Arctic Ocean. Marine Geology, 1 19: 333-355. 

Stein, R., H. Grobe, and M. Wahsner (1994b): Organic carbon, carbonate, and clay 
mineral distributions in eastern central Arctic Ocean surface sediments. Marine 
Geology, 1 19: 269-285. 

Stein, R., S.4. Nam, C. Schubert, C. Vogt, D.K. Futterer, and J. Heinemeier (1994~):  
The Last Deglaciation Event in the Eastern Central Arctic Ocean. Science, 264: 
692-696. 

Stein, R., G. Ivanov, M. Levitan, and K. Fahl (Eds.) (1996a): Surface-sediment 
composition and sedimentary processes in the Central Arctic Ocean and along the 
Eurasian Continental Margin. ÃŸep On Polar Res,, 212: 324 pp. 

Stein, R., S.4. Nam, H. Grobe, and H.-W. Hubberten (1996b): Late Quaternary glacial 
history and short-term ice-rafted debris fluctuations along the East Greenland 
continental margin. In: Andrews, J.T., W.E.N. Austin, H. Bergsten, and A.E. 
Jennings (Eds.): Late Quaternary paleoceanography of the North Atlantic 
Margins, Geological Society Special Publications, 11 1 ,  pp. 135-1 51. 

Stein, R., and K. Fahl (Eds.) (1997): Scientific cruise report of the Arctic expedition ARK- 
Xllll2 of RV "Polarstern. ÃŸep on Polar Res., 255: 235 pp. 

Stein, R., K. Fahl, F. Niessen, and M. Siebold (1 998): Late Quaternary organic carbon 
and biomarker records from the Laptev Sea continental margin (Arctic Ocean): 
Implications for organic carbon flux and composition. In: Kassens, H, H.A. Bauch, I. 
Dmitrenko, H. Eicken, H.-W. Hubberten, M. Melles, J. Thiede, and L. Timokhov 
(Eds.), Land-Ocean Systems in the Siberian Arctic: Dynamics and History. 
Lecture Notes in Earth Science, Springer-Verlag, Berlin, Germany, in press. 

Stein, R., and K. Fahl: Holocene accumulation of organic carbon along the Eurasian 
Continental margin (Arctic Ocean) and its paleoenvironmental significance, in 
prep.. 

Steinsund, P.I. and M. Hald (1994): Recent calcium carbonate dissolution in the Barents 
Sea: Paleoceanographic applications. Marine Geology, 11 7: 303-31 6. 



Stoner, J.S., J.E.T. Channell, and C. Hillaire-Marcel (1996): The magnetic signature of 
rapidly deposited detrital layers from the deep Labrador Sea: Relationship to North 
Atlantic Heinrich layers. Paleoceanography, 1 1 : 309-325. 

Stuiver, M., and P.J. Reimer (1993): Extended ^C data base and revised CALIB 3.0 
I4C age calibration program, Radiocarbon, 35: 215-230. 

Subba-Rao, D.V., and T. Platt (1984): Primaty Production of Arctic Water. Polar Biology, 
3: 191 -201. 

Sudgen, D.E. (1 982): Arctic and Antarctic - A Modern Geographical Synthesis. Blackwell 
Publication, Oxford, London, U.K., 472 pp. 

Suess, E. (1 980): Particulate organic carbon flux in the oceans - surface productivity and 
oxygen utilization. M u r e ,  288: 260-263. 

Taylor, S.R. (1 964): Abundance of chemical elements in the continental crust: A new 
table. Geochim. Cosmochim, Acta, 28: 1273-1 285. 

Telang, S.A., R. Pocklington, A.S. Naidu, E.A. Romankevich, 1.1. Gitelson, and M.I. Gla- 
dyshev (1 991): Carbon and mineral transport in major north American, Russian, 
Arctic, and Siberian Rivers. In: Degens, E.T., S. Kempe, and J.E. Richey (Eds.): 
Biogeochemistry of Major World Rivers. SCOPE report, vol. 42: pp. 75-104, John 
Wiley & Sons, New York, U.S.A. 

Thiede, J., A. M. Myhre, J. V. Firth, G. L. Johnson, and W. F Ruddiman (Eds.) (1996): 
Proc. ODP, Scientific ÃŸesulfs 151 : College Station, Texas, U.S.A.. 

Thiede, J., and A.M. Myhre (1996): Non-steady behaviour in the Cenozoic polar North 
Atlantic system: the onset and variability of Northern Hemisphere glaciation. In: 
Wadhams, P., J.A. Dowdewell, and A.N. Schofield (Eds.): The Arctic and 
environmental change, pp. 173-185, Gordon and Breach Publishers, London, 
U.K.. 

Tissot, B.P., and D.H. Weite (1984): Petroleum Formation and Occurrence. New York, 
U.S.A., 699 pp. 

Treguer, P., D.M. Nelson, A.J. Van Bennekom, D.J. DeMaster, A. Leynaert, and B. 
Queguiner, (1 995) The silica balance in the world ocean: A reestimate, Science, 
268: 375-379. 

Treshnikov, A.F. (1977): Water masses of the Arctic Basin. In: Dunbar, W. (Eds.): Polar 
Oceatis, pp. 17-31, Arctic Institute of N. America, Calgary, Alberta, Canada. 

Tveranger, J., V. Astakhov, and J. Mangerud (1995): The margin of the last Barents- 
Kara ice sheet at Markhida, Northern Russia, Quat. Res., 44: 328-340. 

Van Andel, T.H., G.R. Heath, and T.C. Moore (1975): Cenozoic history and 
paleoceanography of the Central Equatorial Pacific. Mem, Geol. Soc. Am., 143: 
134 pp. 

Velitchko, A.A. (Eds.) (1984): Late Quaternary Environments of the Soviet Union, 
University of Minnesota Press, Minneapolis, U.S.A., 327 pp. 

Velitchko, A.A., P.M. Dolukhanov, N.W. Rutter, and N.R. Catto (Eds.) (1997a): 
Quaternary of northern Eurasia: Late Pleistocene and Holocene landscapes, 
stratigraphy and environments. Quat. Intern., 41/42, 191 pp. 

Velitchko, A.A., Y.M. Kononov, and M.A. Faustova (1997b): The last glaciation of Earth: 
Size and volume of ice-sheets. In: Velitchko, A.A., P.M. Dolukhanov, N.W. Rutter, 
N.R. Catto (Eds.): Quaternary of northern Eurasia: Late Pleistocene and Holocene 
landscapes, stratigraphy and environments. Quat. Intern., 41/42: pp. 43-51. 



Villanueva, J., J. Grimalt, E. Cortijo, L. Vidal, and L. Labeyrie (1997): A biomarker 
approach to the organic matter deposited in the North Atlantic during the last 
climatic cycle. Geochim. Cosmochim. Acta, 61 (21): 4633-4646. 

Vinje, T. (1 977): Sea ice conditions in the European sector of the marginal seas of the 
Arctic 1966-1 975. Norsk ~olarinst i tutthok, pp. 164-1 74. 

Vinje, T. (1 985): Sea ice distribution 1971 -80. Norsk Polarinstitutt Skrifter, 179D: pp.12- 
20. 

Vogt, P.R. (1 986): Seafloor, topography, sediments, and paleoenvironments. In: Hurdle, 
B.G. (Ed.): The Nordic Seas. Springer Verlag, New York, U.S.A., pp. 237-410. 

Vogt, C. (1997): Regional and temporal variations of mineral assemblages in Arctic 
Ocean sediments as climatic indicator during glaciallinterglacial changes. ÃŸep on 
Polar Res. 251 : 335 pp. 

Volkman, J.K., G. Eglinton, E.D.S. Corner, and T.E.V. Forsberg (1980): Long-chain 
alkenes and alkenones in the marine coccolithophorid Emiliania hyxleyi, 
Phytochemistry, 19: 261 9-2622. 

Volkman, J.K. (1986): A review of sterol markers for marine and terrigenous organic 
matter. Org. Geochem., 9(2): 83-99. 

Volkman, J.K., S.M. Barrett, G.A. Dunstan, and S.W. Jeffrey (1993): Geochemical 
significance of the occurrence of dinosterol and other 3-methyl sterols in a marine 
diatom. Org. Geochem. 20: 7-15. 

Vorren, T.O., M. Hald, and E. Lebesbye (1988): Late Cenozoic environment in the 
Barents Sea. Paleoceanography, 3: 601 -61 2. 

Vorren, T.O., and J.S. Laberg (1 996): Late glacial air temperature, oceanographic and 
ice sheet interactions in the southern Barents Sea region. In: Andrews, J.T., 
W.E.N. Austin, H. Bergsten, and A.E. Jennings (Eds.): Late Quaternary 
Paleoceanography of the North Atlantic Margins. Geol. Soc. Spec. Publ., vol. 1 11 : 
pp. 303-321 .The Geological Society, London, U.K. 

Wadhams, P., J.A. Dowdeswell, and A.N. Schofield (Eds.) (1996): The Arctic and 
environmental change, Gordon and Breach Publishers, London, U.K., 192 pp. 

Wagner, T. (1993): Organisches Material in pelagischen Sedimenten: 
Glazialellnterglaziale Variationen im EuropÃ¤ische Nordmeer. Ber .  
Sonderforschungsber, 313, vol. 42, University of Kiel, Germany, 138 pp. 

Wagner, T., and R. Henrich (1994): Organe- and lithofacies of glacial-interglacial 
deposits in the Norwegian-Greenland Sea: Responses to paleoceanographic and 
paleoclimatic changes. Marine Geology, 120: 335-364. 

Wagner, T., and J.A. HÃ¶leman (1995): Deposition of organic matter in the Norwegian- 
Greenland Sea during the past 2.7 million years, Quat. Res., 44: 355-366. 

Wahsner, M., C. MÃ¼ller R. Stein, G. Ivanov, M. Levitan, E. Shelekova, and G. Tarasov 
(1998): Clay mineral distributions in surface sediments from the Central Arctic 
Ocean and the Eurasian continental margin as indicator for source areas and 
transport pathways - a synthesis. Boreas, in press.. 

Wedepohl, K.H. (1991): The composition of the upper earth's crust in the natural cycles 
of selected metals. - Metals in natural raw materials. In: Merian, E. (Eds.): Metals 
and their compounds in the environment, VCH Verlagsgesellschaft mbh, 
Weinheim, Germany. 

Weiel, D. (1997): PalÃ¤ozeanographisch Untersuchungen in der Vilkitsky StraÃŸ und 
Ã¶stlic von Severnaya Zemlya mit sedimentologischen und geophysikalischen 
Methoden. [unpubl. diploma thesis], University of KÃ¶ln Germany, 138 pp. 



Westerhausen, L., Poynter, J., G. Eglinton, H. Erlenkeuser, and M. Sarnthein (1993): 
Marine and terrigenous origin of organic matter in modern sediments of the 
equatorial East Atlantic: the 6^C and molecular records. Deep Sea Res., 40 (5): 
1087-1 121. 

Wheeler, P.A., M. Gosselin, E. Sherr, D. Thibault, D.L. Kirchman, R. Benner, and T.E. 
Whitledge (1 996): Active cycling of organic carbon in the central Arctic Ocean, 
Nature, 380: 697-699. 

Wollenburg, I. (1 993): Sedimenttransport durch das Arktische Meereis: Die rezente litho- 
gene und biogene Materialfracht. Rep. on Polar Res. 127: 159 pp. 

Wollenburg, J. (1995): Benthische Foraminiferenfaunen als Wassermassen-, 
Produktions- und Eisdriftanzeiger im Arktischen Ozean. ÃŸep on Polar Res., 179: 
227 pp. 

Youngblood, W.W., and M. Blumer (1973): Alkanes and Alkenes in Marine Benthic 
Algae, Marine Biology, 21 : 163-1 72. 

Yunker, M.B., R.W. Macdonald, D.J. Veltkamp, and W.J. Cretney (1995): Terrestrial and 
marine biomarkers in a seasonally ice-covered Arctic estuary - integration of 
multivariate and biomarker approaches. Mar. Chem., 49: 1-50. 

Zahn, R., B. Markussen, and J. Thiede (1985): Stahle isotope data and depositional 
environments in the late Quaternary Arctic Ocean. Nature, 314: 433-435. 



Danksagung 

Offiziell danke ich Herrn Priv. Doz. Dr. RÃ¼dige Stein und Prof. Dr. RÃ¼dige Henrich fÃ¼ die 
Begutachtung des Manuskripts. 
Herr Prof. Dr. D.K. FÃ¼ttere hat dazu beigetragen, daÂ ich alle notwendigen Mittel fÃ¼ diese 
Arbeit zur VerfÃ¼gun hatte. DafÃ¼ herzlichen Dank. 

Beginnen mÃ¶cht ich bei der Laborarbeit. Da sind vor allem Martina Siebold und Kirsten 
Fahl zu nennen. Beide habe einen wesentlichen Anteil daran, daÂ ein "Allroundchaot" in die 
Geheimnisse der organischen Geochemie eingeweiht worden ist. Ihre Geduld und Hilfestel- 
lung bei der Diskussion der Daten wird mir immer in Erinnerung bleiben. 
Die notwendige Begeisterung fÃ¼ methodische und fachliche Details steuerten Carsten 
Schubert und Dirk NÃ¼rnber bei. Ich habe ihnen sehr viel zu verdanken. 
Der Weg vom Labor zum Schreibtisch gelang mir meist nur Ã¼be Umwege. Carsten, 
Regina, CD, und Uta gestalteten sich immer wieder als hervorragende Stolpersteine fÃ¼ 
einen kurzen Plausch. Ich mÃ¶cht nicht wissen, wie oft ich die genannten Personen vom 
Arbeiten abgehalten habe. Danken mÃ¶cht ich auch Rita FrÃ¶hlking Michael Seebeck, Gabi 
Traue und Lutz SchÃ¶nicke ohne deren Hilfe ich nie soweit gekommen wÃ¤re 
Die Denkzelle im Container D, Zimmer 9 war fÃ¼ drei Jahre mein zweites zu Hause. FÃ¼n 
Personen haben mit mir gelitten und sich mit mir gefreut. Christoph Vogt und Seung-11 Nam 
haben sicherlich die meiste Zeit mit mir verbracht. Sie werden mir als beste Diskussions- 
partner und Freunde in Erinnerung bleiben. Balkan, Jens Radtke und Renate Volkmann 
sorgten wÃ¤hren der Schreiberei fÃ¼ unglaublich angenehme Bedingungen. Bessere Kolle- 
gen kann man sich kaum wÃ¼nschen 
Den Arbeitsgruppen "Arktis" und "Antarktis" am AWI mÃ¶cht ich fÃ¼ viele gemeinsame und 
fruchtbare Diskussionen danken. 
Am Ende der Arbeit, als alles drunter und drÃ¼be ging, standen mir RÃ¼dige Stein, die beiden 
Jensens (Matthiesen und Hefter) und Carsten Schubert zur Seite, um mein Manuskript kri- 
tisch und gewissenhaft zu begutachten. DafÃ¼ mÃ¶cht ich mich herzlich bei ihnen bedanken. 
Von auswÃ¤rt danke ich vor allem Norbert Nowaczyk (GFZ Potsdam), der mir in einer un- 
glaublichen Session die PalÃ¤omagneti meiner Kerne bestimmt hat. Jutta Wollenburg 
(UniversitÃ¤ Kiel) danke ich dafÃ¼r daÂ sie die Begeisterung fÃ¼ meinen Kern PS2138-1 ge- 
teilt und mir unverÃ¶ffentlicht Daten zugeschoben hat. In bester Erinnerung bleiben mir 
0yvind Sylta (IKU Petroleum Research, Trondheim), der mir in meiner Endphase ein Ein- 
zelzimmer mit Blick auf Trondheim gab, und damit einen wesentlichen Teil zum Gelingen der 
Arbeit beigetragen hat. Marie-Jose Nadeau und Pieter Grootes (Leibniz Labor fÃ¼ Alters- 
bestimmung, Kiel) danke ich dafÃ¼r daÂ sie mir wunderbare AMS14-Alter geliefert haben. 
Niels Nargaard-Pedersen (Geomar, Kiel) danke ich fÃ¼ die Bereitstellung unverÃ¶ffentlichte 
Daten und fÃ¼ zahlreiche Diskussionen. Allen Praktikanten und Hiwis, die ich in den letzten 
Jahren kennengelernt habe, danke ich vielmals fÃ¼ ihre UnterstÃ¼tzung 
Meinen beiden FÃ¶rderern Lorenz King und Martin Volk, danke ich ganz besonders dafÃ¼r 
daÂ sie an mich geglaubt haben, und meinen Wunsch, Polarforschung zu betreiben, nach- 
haltig unterstÃ¼tzthÃ¤be 

- 

Privat hatten natÃ¼rlic jede Menge Leute Gelegenheit, meine Hochs und Tiefs zu erleben. 
Zu nennen sind natÃ¼rlic meine Familie und meine WG (Bettina, Ute und Renate). Sie ha- 
ben mir Ã¼be manches Tief hinweggeholfen. DafÃ¼ danke ich ihnen sehr. Meinen Freunden 
Rahel, HP, Jan, Carsten, Regina, Niels, Dudi, Anke, Martin, Schubi, Chrissie, Gernot und 
Nam danke ich fÃ¼ all die Dinge, die ich nie vergessen werde. 

Eigentlich finde ich es schlimm, daÂ man der wichtigsten Person erst am Ende der Danksa- 
gung Tribut zollt. Es hat sich leider so eingebÃ¼rger und ich mÃ¶cht keine Ausnahme sein. 
Deshalb beende ich mit ihr den wesentlichen Teil dieser Arbeit: Ute, die Gute. 
Was bleibt ist die Tatsache, daÂ ich im "Kleinod" eine groÃŸartig Zeit hatte. Mal sehen, was 
mich in Norwegen erwartet. Auf bald, Euer Jockei. 



I. Materialien und Methoden 

I Material und Methoden 

Die bearbeiteten Sedimentkerne und -oberflÃ¤che wurden entlang des nÃ¶rdli 

chen Kontinentalrandes der Barents- und Kara-See wÃ¤hren der Expeditionen 

ARK-VIIIl2, ARK-1x14 und ARK-XI11 mit FS Polarstern" genommen (vgl. Rachor 

1992, FÃ¼ttere 1994, Rachor 1997). Die Stationsbeschreibungen sind in Tabelle 

1.1 aufgefÃ¼hrt Die Schwerelot- (SL) und Kastenlot- (KAL) Kerne wurden in 1 m 

langen Segmenten bzw. Hartplastikboxen archiviert und bis zur Bearbeitung bei 

4 ' C  gelagert. An Sedimentkernen, die fÃ¼ Detailuntersuchungen ausgewÃ¤hl 

wurden, wurde der dazugehÃ¶rig GroÃŸkastengreife (GKG) ebenfalls bearbeitet, 

um eine mÃ¶glichs ungestÃ¶rt Beprobung der SedimentoberflÃ¤ch 

vorzunehmen. Die an dem Material angewendeten Untersuchungsmethoden 

sind nachfolgend detailliert beschrieben. Sobald die Methoden bereits in den 

Publikationen beschrieben wurden, wird darauf verwiesen. Das gilt auch fÃ¼ ihre 

AnwendungsmÃ¶glichkeiten 

Tab. 1.1: Liste des bearbeiteten Probenmaterial (SL: Schwerelot; KAL: Kastenlot; GKG: 
GroÃŸkastengreifer 

Kernnr., 

PS2129-1 
PS21 38-1 
PS21 38-2 
PS2445-4 
PS2446-4 
PS2447-5 
PS2448-4 
PS2741 -1 
PS2742-5 
PS2743-9 
PS2782-1 

GerÃ¤ 

SL 
SL 

M G  
KAL 
KAL 
SL 
SL 

KAL 
SL 
SL 
SL 

Position 
Geogr. 
Breite 

81Â°22. N 
81Â°32. N 
81Â°32. N 
82'46.0 N 
82O23.8 N 
82"09.7 N 
82'07.4 N 
81Â°06. N 
80Â°47. N 
80Â°44. N 
79O36.6 N 

Position 
Geogr. 
LÃ¤ng 

17'28.3 E 
30'35.6 E 
30Â°34. E 
40'13.6 E 
40'54.5 E 
42'02.7 E 
42'29.8 E 

105'23.6 E 
103O48.9 E 
103'09.2 E 
103'21.3 E 

Wasser- 
tiefe(rn) 

875 rn 
995 rn 
862 rn 

2999 rn 
2022 rn 
1025 m 

553 rn 
2530 m 
1890 m 
1020 m 

340 m 

I .  Probennahme und Bearbeitung der Sedimentkerne 

Fahrtab- 
schnitt 

ARK-VIII l2 
ARK-VIII l2 
ARK-VIII l2 
ARK-1x14 
ARK-1x14 
ARK-1x14 
ARK-1x14 
ARK-XI11 
ARK-XI11 
ARK-XI11 
ARK-XI11 

Kernge- 
winn(crn) 

4 0 0  
6 3 1  
3 5 

7 2 5  
6 5 0  
41  7 
3 5 2  
6 3 7  
3 8  1 
1 4 0  
5 2 0  

Nach dem Aufsagen der Schwerelotkerne in eine Archiv- und eine ArbeitshÃ¤lft 

wurde der Kern zunÃ¤chs photographiert und anschlieÃŸen detailliert beschrie- 
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ben. Unter konstanten LichtverhÃ¤ltnisse wurden u.a. Farbwechsel (Munsell Soil 

Color Chart), Textur, KorngrÃ¶ÃŸ ÃŸioturbationsspure und eistransportiertes Ma- 

terial berÃ¼cksichtigt Die Kastenlotkerne wurden nach der Kernnahme sofort ge- 

Ã¶ffnet photographiert und beschrieben (vgl. FÃ¼ttere 1994, Rachor 1997). 

FÃ¼ RÃ¶ntgenprÃ¤para (Radiographien) wurden 27,5*10*1 cm dicke Sediment- 

scheiben entnommen und zur Archivierung eingeschweiÃŸt StandardmÃ¤Bi 

wurde alle 5-10 cm Proben entnommen. Proben fÃ¼ organisch-geochemische 

Untersuchungen (5 bzw. 50 cm3) wurden bei -30 ' C  bis zur Bearbeitung 

gelagert. Zur Bestimmung der stabilen Sauerstoff- und Kohlenstoffisotope (siehe 

Kap. 2.1) sowie der Zusammensetzung des eistransportierten Materials wurden 

ca. 50 cm3-Probe Ã¼be einem Sieb naÃ gesiebt (>63 pm) und anschlief3end 

getrocknet. 5 cm3-Proben wurden fÃ¼ die KorngrÃ¶Benanalys in Leitungswasser 

bei Raumtemperatur bis zur Bearbeitung gelagert. Alle in dieser Arbeit 

angewandten Untersuchungsmethoden sind in Abbildung 1 .1 .4 dargestellt. 

Wassergehalt 

Der Wassergehalt wurde direkt nach der ntnahme der Probe bestimmt. Die 

nasse Probe wurde zunÃ¤chs gewogen und anschlieÃŸen Ca. 24 h tiefgefroren. 

Nach vollstÃ¤ndige Trocknen der Probe im Gefriertrockner (Lyoval, LEY 

HERAEUS) wurde die Probe erneut gewogen. Der Wassergehalt (in Gew. %) er- 

rechnet sich, bezogen auf das Naagewicht, nach folgender Formel: 

Korndichte, NaÃŸdicht und PorositÃ¤ 

In einem Pyknometer (Manual AccuPyc 1330, MICROMERITICS) wurde die 

Korndichte (Gd in glcm3) der zuvor getrockneten und in der KugelrnÃ¼hl 

homogenisierten Probe bestimmt. Die NaBdichte (Wd in gIcm3) und PorositÃ¤ 

(PO in %) errechnet sich nach folgenden Gleichungen (vgl. Gealy 1971, 

Hamilton 1971): 
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NaÃŸdicht (glcm3) = 100 / ( ( I00 - HgO) 1 Gd - Hg0 * 3.5 l(96.5 * 2.1) + 
Hg0 * 100 1 (96.5 * 1.024)) [1.21 

PorositÃ¤ (%) = 100 * (H20 * 100 1 (96.5 * 1.024)) I ((1 00 - H20) 1 Gd - 
H20 * 3.5 I (96.5 * 2.1) + H20 * 100 1 (96.5 * 1.024)) E1.31 

wobei 
Hg0 = Wassergehalt (%), Gd = Korndichte (g/cm3), 
1.024 = Dichte (gIcm3) von Meerwasser bei 23OC, 
3.5 = SalinitÃ¤ (X), 
and 2.1 = Dichte von Salz (g/cm3). 

Akkumulationsraten 
FÃ¼ die Bestimmung der Akkumulationsraten werden neben der linearen Sedi- 

mentationsrate, die PorositÃ¤ und die NaÃŸdicht berÃ¼cksichtigt Damit wird die 

MÃ¶glichkei gegeben, Kompaktionseffekte im Sediment durch Auflast zu minimie- 

ren, und die tatsÃ¤chlic abgelagerte Sedimentmenge pro Zeit und Flache zu be- 

rechnen. Dazu wird folgende Gleichung angewendet (vgl. van Andel et al. 1975): 

MAR = LSR * (WBD - 1.026 * (POI100)) i1.41 

wobei 
LSR = Lineare Sedimentationsrate (cmlkyr) 
WBD = NaÃŸdicht (glcm3) 
PO = PorositÃ¤ (%). 

Die Akkumulationsraten einzelner Komponenten errechnen sich nach 
Gleichung: 

MARcpx = (CP1100) * MAR [I-51 

wobei 
CPx = Sedimentkomponente (%). 

Analyse der KorngrÃ¶ÃŸenverteilu 
Die Sand/Silt/Ton-VerhÃ¤ltniss wurden an einer 5 cm3 Probe bestimmt. Dabei 

wurde die Probe zunÃ¤chs naÃ gesiebt (63 pm) und der Ã¼berstan getrocknet 

und gewogen. Auf eine quantitative Abtrennung der Kies- (>2000 pm) von der 

Sandfraktion (63-2000 pm) wurde verzichtet. Die Fraktionen c63 pm wurden fÃ¼ 
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die weitere Bearbeitung in einem BehÃ¤lte aufgefangen. Zur Trennung der Silt- 

(2-63 pm) und Tonfraktion (c2 um) wurde die Atterberg-Methode angewendet. 

Die Probe wurde dabei in Suspension gebracht (0.003 %ger AmoniaklÃ¶sung 

und nach der Sedimentationszeit fÃ¼ das Grenzkorn (Stoke'sches Gesetz) die 

verbleibende Suspension abgesaugt (vgl. MÃ¼lle 1967). Der Vorgang wurde Ca. 

acht-bis zwÃ¶lfma wiederholt, bis schlieÃŸlic die Tonfraktion vollstÃ¤ndi getrennt 

von der Siltfraktion vorliegt. Die Siltfraktion wurde getrocknet und gewogen. In 

der Tonfraktion muÃŸt zunÃ¤chs das mit Amoniak versetzte, demineralisierte 

Wasser abzentrifugiert werden. AnschlieÃŸen wurde die Probe ebenfalls 

getrocknet und gewogen. Ãœbe das Gesamtgewicht und die Einzelgewichte 

wurden die Gewichtsanteile der verschiedenen Kornfraktionen ausgerechnet. 

Nach Melles (1991) verbleibt ein restlicher Tonanteil im Silt nach der Atterberg- 

Trennung von weniger als 8 %. Um die Anteile der organischen Substanz und 

des Karbonats in den drei Fraktionen noch bestimmen zu kÃ¶nnen wurde auf 

eine Vorbehandlung der Proben durch H 2 0 2  (Oxidation der organischen 

Substanz) und 30 %iger EssigsÃ¤ur (LÃ¶sun des Biogenkarbonats) verzichtet. 

Quantitative Auswertung des eistransportierten Materials 

Die Bestimmung des Anteils an eistransportiertem Material (IRD: ice rafted 

debris) erfolgte an Radiographien der entnommenen Sedimentscheiben. Die 

Radiographien wurden in den RÃ¶ntgengerÃ¤t HP 43805 bzw. HP 43855A 

(Faxitron Serie) der Fa. HEWLETT PACKARD erstellt. Bei konstanter StromstÃ¤rk 

(3 mA) und Spannung (35 kV) kann die Bestrahlungszeit je nach Lithologie und 

Textur erheblich variieren (8-16 min). Nach dem Prinzip von Grobe (1987) 

wurden die KÃ¶rne >2 mm in 1 cm mÃ¤chtige Horizonten an den Radiographien 

ausgezÃ¤hlt 

1.111 Elementaranalyse und Rock-Eval Pyrolyse 

Bestimmung von Gesamtkohlenstoff, Gesamtstickstoff, Gesamtschwefel, organi- 

schem Kohlenstoff und Karbonat 

Die Messung der Gesamtkohlenstoff- und -stickstoffgehalte wurden an einem 

CHNO Rapid Elementaranalysator der Fa. HERAEUS durchgefÃ¼hrt Dabei wur- 

den ca. 30 mg Sediment in ein Zinnschiffchen eingewogen und luftdicht gefaltet. 
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Der Analysevorgang beginnt mit der Verbrennung der Probe unter Sauerstoffzu- 

fuhr. Bei Temperaturen von 1400 'C in direkter Umgebung des Sediments, wird 

die Probe vollstÃ¤ndi aufgeschlossen. Bei der Verbrennung entstehen u.a. Koh- 
lendioxid und verschiedene Stickoxide (NOx). Diese werden Ã¼be ein Helium- 

TrÃ¤gerstro durch ein mit Kupferdraht gefÃ¼llte Quarzrohr geleitet, wobei die 

Stickoxide zu N2 reduziert werden. An einer mit Silicagel gefÃ¼llte Kupferspirale 

wird anschlieÃŸen der Kohlendioxid-Anteil der getrockneten und gereinigten 

Gase aufgefangen, wÃ¤hren der Stickstoff in einem WÃ¤rmeleitfÃ¤higkeitsdetekt 

(WLD) gegen einen unkontaminierten Helium-Vergleichsstrom gemessen wird. 

Sobald dieser Vorgang abgeschlossen ist, wird die COg-Falle erhitzt und das 

freiwerdende Kohlendioxid in einem zweiten Analyseschritt gemessen. Das Aus- 

werteprinzip beruht auf einer Grundeichung des GerÃ¤tes die bei jedem Start mit 

einem Standard (Acetanilid) korrigiert wird. Die Quantifizierung von Kohlenstoff 

und Stickstoff erfolgt Ã¼be die FlÃ¤chenintegral relativ zu dem eingesetzten Stan- 

dard. Mit Doppelmessungen wurde die Reproduzierbarkeit der Messungen Ã¼ber 

prÃ¼ft Sie ergaben eine Standardabweichung beim Kohlenstoff von 0.06 % und 

beim Stickstoff von 0.02 %. Zur Kontrolle der Messungen wurden in 

regelmÃ¤ÃŸig AbstÃ¤nde interne Standards (Wremer Wattsediment WRE) 

gefahren: 

Standard Kohlenstoff (Gew. %) Stickstoff (Gew. %) 

Acetanilid 71.09 1 0.36 

WRE (intern) 2.19 0.12 (n=40) 

Der Gehalt an Gesamtschwefel wurde mit einem CS-125 Analysator der Fa. 

LECO bestimmt. 150 bis 200 mg Probe werden in einem Hochfrequenzindukti- 

onsofen bei ca. 1600 OC verglÃ¼ht Am getrockneten Verbrennungsgas wird der 

SO2-Gehalt in einer Schwefel-Infrarotzelle durch Absorption bestimmt. Mit einem 

Kalibrierungsfaktor, der zu Beginn der MeÃŸreih ermittelt wird, erfolgt die Um- 

rechnung in Gewichtsprozent. Die Standardabweichung der Messungen liegt bei 

0.03 % (vgl. Stax 1994). Zur Kontrolle der Kohlenstoff- und Stickstoffmessungen 

wurden Vergleichsmessungen im LECO CNS-2000 Analysator durchgefÃ¼hrt In 

reiner SauerstoffatmosphÃ¤r wird die Probe verbrannt. Die Verbrennungsgase 

CO2, SO?, N2 und NOx werden durch zwei Infrarotzellen zur Bestimmung des 

Kohlenstoff- und Schwefelgehalts sowie durch eine TC-Zelle (WÃ¤rmeleit-fÃ¤hi 
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keitsmessung) zur Bestimmung des N2-Gehalts geleitet. Die Standardabwei- 

chungen der Messungen liegen bei 0.04 % fÃ¼ Gesamtkohlenstoff (TC) und 0.02 

% fÃ¼ Gesamtstickstoff (Nges). 

Zur Bestimmung von organischem Kohlenstoff (TOC) und Karbonat (CaCOi) 

muÃŸt zunÃ¤chs der anorganisch gebundene Kohlenstoff in der Gesamtprobe 

vom organisch gebundenen getrennt werden. Dies geschah mit Hilfe 10  %iger 

SalzsÃ¤ure Die Probe wurde solange mit der SÃ¤ur betrÃ¤ufel bis keine Reaktion 

mehr erfolgte. Danach wurde die Probe mehrfach mit demineralisiertem Wasser 

ausgewaschen. Wenn ein ph-Wert von 5.5 erreicht war, wurde die Probe bei 60 

'C getrocknet und anschlieÃŸen nochmal im HERAEUS-CHN gemessen. Der 

Anteil an TOC wurde aus dem Gehalt an Gesamtkohlenstoff (TC) und dem Koh- 

lenstoff der karbonatfreien Probe (TOC') nach folgender Formel errechnet: 

[ I  00 - (8.333 * TC)] 
TOC (M,%) = ........................... 

[(I 00 1 TOC') - 8.3331 
[1.61 

Der Karbonatgehalt im Gesamtsediment wurde aus TC und TOC nach folgender 

Formel berechnet': 
CaCO3 (W%) = (TC - TOC) * 8.333 F71 

Vergleich der unterschiedlichen Analysenmethoden 

In dieser Arbeit wurden nur MeÃŸwert des HERAEUS-CHN verwendet. Um die 

Vergleich- und Reproduzierbarkeit des MeÃŸverfahren zu gewÃ¤hrleisten wurden 

zahlreiche Kontrollmessungen mit unterschiedlichen Analysemethoden durchge- 

fÃ¼hrt Eine detaillierte Betrachtung der verschiedenen Aufbereitungsverfahren fÃ¼ 

die Messung von organischem Kohlenstoff und Fehlerrechnungen sind in Heb- 

beln (1991), Stax (1994) und Schubert (1995) zu finden und werden an dieser 

Stelle nicht weiter aufgefÃ¼hrt In Abb. I.IIl.1a und 1 b sind Korrelationsdiagramme 

von Messungen des TC und Nges mit dem HERAEUS-CHN und dem LECO 

CNS-2000 dargestellt. Erkennbar ist eine zufriedenstellende Korrelation der Da- 

ten mit einem Korrelationskoeffizient von R2=0.99/0.92. 

1 Dabei wird vorausgesetzt, daÂ das gesamte Karbonat in Form von Kalzit 
(Umrechnungsfaktor: 8.333) und nicht z.B. als Dolomit (15.353) vorliegt. 
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TC (wt. %) CHN TC (wt. %) CHN + Integrator 

0,02 0,06 0,lO 0,14 0,02 0,06 0,lO 0,14 
Nges (wt. %) CHN Nges (wt. %) CHN + Integrator) 

Abb. 1.111.1 : Korrelationsdiagramme von Messungen des Gesamtkohlenstoffs und Gesamt- 
stickstoffs mit dem HERAEUS-CHN (mit und ohne Integrator) und dem LECO CNS-2000. 

Um Schwankungen der Nullinie durch eine Basisliniendrift wÃ¤hren der Elemen- 

taranalyse im HERAEUS-CHN zu minimieren, wurde ein externer Integrator (SP 

4200 11) der Fa. SPECTRA PHYSICS an das GerÃ¤ gekoppelt. Kohlenstoff- und 

Stickstoffmessungen ohne diesen Integrator zeigen, daÂ nur die Kohlenstoffmes- 

sungen ideal reproduzierbar sind (Abb. l.ll l.la/a'), daÂ jedoch leichte 

Abweichungen bei den Stickstoffmessungen auftreten (Abb. l.lll.lb/b'). Die 

Ursachen liegen vermutlich in den Schwankungen der z.T. extrem niedrigen 

Gesamtstickstoffgehalte. Bemerkbar machen sich diese Differenzen vor allem bei 
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der Berechnung des TOC/Nges VerhÃ¤ltnisse (kurz: Corg/Nges). Abb. 1.111.2a zeigt 

deutliche Abweichungen der Korrelation zwischen Corg/Nges (ohne Integrator) 

und Corg/Nges (mit Integrator) (R2=0.33). Da der externe Integrator bei den 

Messungen nicht stÃ¤ndi zur VerfÃ¼gun stand, wurden alle MeÃŸreihe in dieser 

Arbeit auf Standardsubstanzen, die durch Vielfachmessungen im HERAEUS- 

CHN +Integrator kontrolliert wurden, normiert. Abb. 1.111.2b zeigt eine 

zufriedenstellende Korrelation der normierten Corg/Nges und der Corg/Nges 

(+lntegr.) VerhÃ¤ltniss (R2= 0.68). 

Abb. 1.111.2: a.) Korrelation von Corg/N es-VerhÃ¤ltnissen die mit und ohne angekoppelten 
Integrator zur Kontrolle der ~asisliniengrift im HERAEUS-CHN gemessen worden sind. b.) 
Korrelation von normierten Corg/Nges VerhÃ¤ltnisse (interner Standard WRE: 0.1 2 % N) mit 
Corg/Nges+ Integrator Ergebnissen. 

Bestimmung des anorganischen Stickstoffanteils am Gesamtstickstoff 

Der Gehalt an Stickstoff im Sediment wird fÃ¼ die Berechnung des C/N 

VerhÃ¤ltnisse benÃ¶tig (S.O.). Dieses VerhÃ¤ltni gibt einen ersten Hinweis zur 

Unterscheidung von marinem und terrigenem organischem Material (vgl. Kap, 

2.1). Hohe Anteile von anorganisch gebundenem Stickstoff, der als Ammonium 

bevorzugt an die Tonminerale Illit und Vermiculit adsorbiert wird, kann die C/N 

VerhÃ¤ltniss stark erniedrigen (vgl. MÃ¼lle 1977). Bei Sedimentproben, die hohe 

Konzentrationen an Illiten enthalten, sollte eine quantitative Trennung des 

anorganisch gebundenen Stickstoffanteils durchgefÃ¼hr werden. Das in dieser 
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Arbeit angewendete Verfahren ist von Silva & Bremner (1 966) beschrieben 

worden. 

Zu 1 g homogenisiertem Sediment wurde 20 ml Kaliumhypobromid-LÃ¶sun 

(KOBr-KOH) zugefÃ¼hrt Das Gemisch wurde homogen geschÃ¼ttel und verbleibt 

Ca. 12 h unter dem Abzug. Danach wurden 60 ml destilliertes Wasser dem Ge- 

misch zugefÃ¼hr und anschliessend aufgekocht (ca. 5 min). Nach dem AbkÃ¼hle 

wurde die LÃ¶sun dekantiert und zentrifugiert (10 min, 2500 Ulmin). Die Ã¼berste 

hende LÃ¶sun wurde dekantiert. Der verbleibende Rest wurde mit 0.5 molarer 

Kaliumchlorid- (KCI) LÃ¶sun aufgefÃ¼ll (ca. 40 ml). AnschlieÃŸen wurde zentrifu- 

giert (10 min 2500 Ulmin) und der Ã¼berstan dekantiert. Dem wiederum verblei- 

benden Rest wurde 30 ml destilliertes Wasser zugegeben und erneut 

zentrifugiert (1 0 min, 2500 Ulmin). AnschlieÃŸen wurde die Probe getrocknet und 

homogenisiert. Unter der Voraussetzung, daÂ der organische Stickstoffanteil 

wÃ¤hren der Behandlung mit Kaliumhypobromid vollstÃ¤ndi in gasfÃ¶rmige N2 

Ã¼bertrit (siehe Gleichung 5.7), sollte nun lediglich der gesamte anorganische 

Stickstoffanteil in der Probe im HERAEUS-CHN gemessen werden. 

2NH3 + 3 KOBr -Ã N2 + 3KBr + 3H20 i1.81 

Die Ergebnisse in Abbildung 1.111.3 zeigen, daÂ in den Proben ca. 60 % des Ge- 

samtstickstoffanteils aus anorganischem Stickstoff (Nanorg) besteht. Dies lÃ¤Ã sich 

durch den hohen lllit-Anteil von Ã¼be 60 % in den bearbeiteten Sedimenten 

erklÃ¤re (vgl. Abb. 3.2.1). 

Abb. 1.111.4a verdeutlicht einerseits die Beziehung des anorganisch gebundenen 

Stickstoffs mit den mitgehalten, andererseits zeigt sie die Antikorrelation zu Kao- 

linit (Abb. 1.111.4b). Berechnet man die korrigierten Corg/Norg VerhÃ¤ltniss und ver- 

gleicht sie mit den ursprÃ¼ngliche Werten (Corg/Nges), wird deutlich, daÂ die or- 

ganische Substanz in den Proben vorwiegend terrigenem Ursprung ist (Abb. 

l 1 . 5 ;  vgl. Kap. 2.1). Diese Methodik wurde nur an ausgewÃ¤hlte Proben ange- 

wendet. Da jedoch der Anteil an Illit in allen Proben zwischen 30 und 60 % 

schwankt (vgl. Abb. 3.2.1), ist davon auszugehen, daÂ ein GroÃŸtei des Gesamt- 

stickstoffs in den untersuchten Sedimentkernen aus anorganischem Stickstoff 

besteht. Dadurch ergibt sich eine deutliche Verschiebung der Corg/Norg VerhÃ¤lt 

nisse zu hÃ¶here (terrigenen) Werten. 
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Depth (cm bsf) 

Abb. 1.111.3: Vergleichsmessungen von Nges (Gew. %) und Nanorg (wt. %) im Kern 

0,02 + , 
St. Dev. of CHN-Analyser . \ 

3t. Dev. of CHN-Analvser 0,02 4 
30 40 50 60 70 0 10 20 30 40 

Illite (rel. %) Kaolinite (rel. %) 

Abb. 1.111.4: Korrelationsdiagramme von a.) Illit (rel. %) und Nanor (Gew. %), und b.) 
Kaolinit (rel. %) und Nanora (Gew. %) (St. Dev.: ~tandardabweichun~j. 



Depth (cmbsf) 

Abb. 1.111.5: Corg/Nges und Corg/Norg VerhÃ¤ltniss im Kern PS2138-1. 

Rock- Eva1 Pyrolyse 

Nach Espitalie et al. (1977) dient die Rock-Eval Pyrolyse zur Bewertung der 
QualitÃ¤ und der thermischen Reife der organischen Substanz. Schrittweise 

werden ca. 60 mg ~ediment aufgeheizt, wodurch die thermische Diagenese der 

organischen Fraktion simuliert wird. Die Pyrolyse erfolgt in drei Stufen (vgl. Abb. 
l.ll1.6) (Tissot & Weite 1984). Die leichtfluchtigen Kohlenwasserstoffe werden bei 

300 'C (3 min) freigesetzt und in einem Flammenionisationsdetektor (FID) 

gemessen (SI-Peak). Die verbleibenden Kerogene werden von 300 bis 550 OC 

(30 'Clmin) aufgeheizt, in leichtere Kohlenwasserstoffe aufgespalten und im FID 
registriert (S2-Peak). Die Temperatur, bei der die maximale Freisetzung von 

Kohlenwasserstoffen erfolgt (S2-Peak), wird als Tmax ('C) angegeben. WÃ¤hren 

der Pyrolyse des organischen Materials wird das zwischen 300-390 'C 
enstehende CO2 in einer Falle aufgefangen2. Nach Beendigung der S2- 

Detektion (550 'C) wird die Falle auf 250 'C aufgeheizt und das freiwerdende 
CO2 in einem WÃ¤rmeleitfÃ¤higkeitsdetekt (WLD) gemessen (S3-Peak). 

^ei hÃ¶here Temperaturen wÃ¼rde die COg-Gase der Karbonate ebenfalls' registriert 
werden. 
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Abb. 1.111.6: Schematische Darstellung des Analysevorgangs bei der Rock-Eval Pyrolyse 
einschlieÃŸlic der Anwendungs- bzw. InterpretationsmÃ¶glichkeite in quartÃ¤re Sedimenten 
(modifiziert nach Tissot & Weite 1984). 
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Vergleich der Rock-Eva1 Pyrolyse am Gesamtsediment und an Kerogenkon- 

zen traten 

Die Rock-Eval Pyrolyse wurde sowohl am Gesamtsediment als auch an 

Kerogenkonzentraten durchgefÃ¼hrt FÃ¼ die Herstel lung von 

Kerogenkonzentraten werden die Proben zunÃ¤chs mit 10 %iger SalzsÃ¤ur 

entkarbonatisiert (S.O.). Danach wurde das Material zur Entfernung der Silikate 

mit 40 %iger FluÃŸsÃ¤u versetzt. Mehrmaliges Dekantieren (ca. 5-8 mal) der 

Proben und WiederauffÃ¼lle mit FluÃŸsÃ¤u gewÃ¤hrleiste eine nahezu 

vollstÃ¤ndig LÃ¶sun der Silikate. Im AnschluÃ daran wurde die Probe 

neutralisiert, getrocknet und homogenisiert. Abbildung 1.111.7 zeigt, daÂ der TOC- 
Gehalt in den Konzentraten 6-10 mal hÃ¶he ist als in den Gesamtsedimentpro- 

ben. Der deutlich parallele Kurvenverlauf der beiden MeÃŸreihe deutet zunÃ¤chs 

an, daÂ durch die SÃ¤urebehandlun keine signifikanten Ã„nderunge in der 

Gesamtzusammensetzung des organischen Materials (marin vs. terrigen) zu 

vermuten sind. 

Abb. 1.111.7: Organischer Kohlenstoff im Gesamtsediment und in Kerogenkonzentraten des 
Kerns PS21 38-1 . 
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Die Klassifizierung des organischen Kohlenstoffs in einem "van Krevelen Dia- 

gramm" zeigt jedoch, daÂ erhebliche diagenetische VerÃ¤nderunge in einem 

Gemisch aus quartÃ¤re und aufgearbeiteten Sedimenten auftreten kÃ¶nne (vgl. 

Abb. 1.111.8). Das Gesamtsediment wird geprÃ¤g durch Kerogen Typ 1 1 1  

(Wasserstoffindizes (Hl) C 100 mgHC/gTOC; Sauerstoffindizes (01) 200-600 

mgCOgIgTOC), der im wesentlichen das terrigene organische Material klassifi- 

ziert (vgl. Kap. 2.1). Die hohen 01-Werte sind typisch fÃ¼ rezent quartÃ¤r Sedi- 

mente, da labile organische Komponenten, z.B. Biopolymere, durch hohe Anteile 

an Sauerstoff in ihrer chemischen Struktur gekennzeichnet sind. Durch die 

SÃ¤urebehandlun bei der Herstellung der Konzentrate werden diese 

Komponenten zerstÃ¶r (Huc 1973). Abbildung l.III.8 dokumentiert diese 

ZerstÃ¶run durch die extrem niedrigen 01-Werte der Konzentrate. 

D Total sedirnent 

Kerogenkonzentrate 

Oxygen Index (mgCOT/gTOC) 

Abb. 1.111.8: Darstellung der Wasserstoffindex (Hl) und Sauerstoffindex (01) Werte des 
Kerns PS21 38-1 (Gesamtsediment vs. Kerogenkonzentrate) in einem van-Krevelen-Dia- 
grarnm. 



Dagegen wird fossiles bzw. thermisch reiferes organisches Material mit 

niedrigen Hl- und 01-Werten bevorzugt angereichert. Bemerkenswert ist, daÂ in 

oberflÃ¤chennahe Sedimenten nur geringe Unterschiede im H l  von 

Gesamtsedimenten und Konzentraten existieren (vgl. Abb. 1.111.9). In tieferen 

Abschnitten des Kern dagegen liegen deutliche Unterschiede im 

Generierungspotential vor, die mÃ¶glicherweis auf "Mineral-Matrix-Effekte" 

zurÃ¼ckgefÃ¼h werden kÃ¶nne (vgl. Peters 1986). In oberflachennahen 

Sedimenten sind die geringen Unterschiede in den Hl-Werten von 

Gesamtsediment und Konzentraten mÃ¶glicherweis auf die ZerstÃ¶run labiler, 

wasserstoffreicher Komponenten bei der Herstellung der Kerogenkonzentrate 
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Abb. 1.111.9: Vergleich der Hl-Werte im Gesamtsediment und der Kerogenkonzentrate 







I. Materialien und Methoden 

. V  Gaschromatographie un 

Gaschromatographie 

Bei der Probennahme wurden je nach Lithologie alle 5-10 cm eine 50 cm3 Probe 

genommen und in einem GlasbehÃ¤lte tiefgefroren (-30 'C). FÃ¼ die Extraktion 

wurden je nach TOC-Gehalt 1-3 g Probe eingewogen. Die Aufbereitung der Pro- 

ben fÃ¼ die Bestimmung der n-Alkane, Alkenone und kurzkettigen FettsÃ¤ure 

sind in Kap. 2.1 aufgefÃ¼hrt Ebenso wird die Methode bei Farrimond et al. (1990), 

Schubert (1995) und Fahl & Stein (1997, 1998) detailliert beschrieben. Tabelle 

l.V.1 gibt einen Ãœberblic Ã¼be die verwendeten Reagenzien und Standardsub- 

stanzen. Am Beispiel der Steroide wird nachfolgend die Gesamtextraktion noch 

einmal Ã¼berblickshalbe erklÃ¤rt 

Gaschroma tographie/Massenspektrometrie 

Aufbereituna der Proben fÃ¼ die Bestimmuna der Sterole 

FÃ¼ die Bestimmung der Sterole wurden ca. 5-6 g Probenmaterial eingewogen. 

FÃ¼ die Quantifizierung der Sterole wurde zunÃ¤chs 20 p1 deuteriertes 
Cholesterol (cholest-5-en-3ÃŸ-ol-2,2,3,4,4,6-d6 als interner Standard 

dazugegeben. Extrahiert wurde mit ca. 15 ml Methanol (MeOH), ca. 15 ml 

Methanol/Dichlormethan (DCM) (1:1, VIV) und ca. 15 ml DCM. Im Ultraschallbad 

wurde die LÃ¶sun jeweils 15 min lang homogenisiert und anschlieÃŸen 3 

Minuten bei 2500 U/min zentrifugiert. Bei der nachfolgenden Extraktion muÃŸt 

darauf geachtet werden, daÂ das FlÃ¼ssigkeitsgemisc mit Eis gekÃ¼hl wurde, um 

VerflÃ¼chtigunge zu vermeiden. In einen 250 ml SchÃ¼tteltrichte wurde dann das 

Gemisch mit ca. 30 ml 0,88 % KCI in Reinstwasser versetzt und ca. 5 min 

ausgeschÃ¼ttelt Nach Absetzen der organischen Phase wurde diese in einen 

Rundkolben abgelassen. Die Ã¼berstehend wÃ¤ssrig Phase wurde nochmals mit 

DCM versetzt3, und nach der Phasentrennung ebenfalls in dem Rundkolben 

aufgefangen. In einem Rotationsverdampfer (WB2001, Fa. HEIDOLDP) (30 'C, 

450 mbar) wurde das Extrakt eingeengt und das restliche LÃ¶sungsmitte unter 

StickstoffbelÃ¼ftun abgeblasen. 

um auch die verbliebenen organischen Bestandteile zu lÃ¶sen 



I. Materialien und Methcden 

Fraktionieruna der Sterole 
Das Gesamtextrakt wurde in 2 ml Hexan gelÃ¶s und mit 100 pl BSTFA (Bis-trime- 

thylsilyl-trifluoroacetamid) silyliert (60 'C fÃ¼ 2 Stunden). Nach AbkÃ¼hle der 
Probe wurde 4 ml Reinstwasser (Milli-Q) dazugegeben. Die Probe wurde ge- 

schÃ¼ttel (VORTEX) und nach der Phasentrennung das Hexan abgenommen. 

Dieser Vorgang wurde 2 bis 3 mal wiederholt. Die Probe wurde am Rotationsver- 

dampfer bei Ca. 60 ' C  eingeengt und in 100 pl Hexan aufgenommen. 

Analvtik 
Das GCIMS-System setzt sich aus einem Gaschromatographen (HP 5890, 
SÃ¤ule 30 m l  0.25 mm; Filmdicke 0.25 pm; FlÃ¼ssigphase HP 5) und einem 

Massenspektrometer (MSD, HP 5972, 70 eV ElektronenstoÃŸ-Ionisierung Scan 

50-650 mlz, 1 scanlsl Termperatur der lonenquelle: 175 'C) zusammen. lnjizieri 
(splittlos) wurde 1 pl des derivatisierten Extraktes. Das TrÃ¤gerga ist Helium 

(DurchfluÃŸ 1.2 mllmin bei 6Q '(2). Die Aufheizrate wÃ¤hren der Messung ist 

folgendermaÃŸe programmiert: 60 'C ( I  -55 min), 200 'C (20 OC/min)l 300 OC (5 

'Clmin). Die Auswertung der Massenspektren erfolgte Ã¼be den 
Retentionszeitenindex und die Fragmentierungsmuster. 

Quantitative Analvse und Zuordnung der Komponenten 
Die Zuordnung der n-~lkane und FettsÃ¤ure bzw. -alkohole erfolgte Ã¼be die Re- 

tentionszeiten verschiedener Standardgemische. FÃ¼ die n-Alkane (Cl5-C34) 

stand ein kommerzielles Gemisch von c14-Q~ Verbindungen zur VerfÃ¼gun 

(siehe Tab. ). Mit einem Marin01 Standard, der von J.R. Sargent (Schottland) zur 

VerfÃ¼gun gestellt wurde? konnten die Retentionszeiten der kurzkettigen FettsÃ¤u 
ren (Cl6-Cl8) ermittelt werden. Die Quantifizierung wurde durch die Zugabe von 

internen Standards (Squalan bzw. 1 9 0  FettsÃ¤uremethylester ermÃ¶glicht Die 
Quantifizierung der Sterole (Dinosterol: 4~-23,24-trimethyl-5a-cholest-22E-en- 

3ÃŸ-01 Brassicasterol: 24-Methylcholesta-5122E-dien-3ÃŸ-ol erfolgte Ã¼be den 

Vergleich des MolekÃ¼lionen-Peak des internen Standards mit denen der zu un- 
tersuchenden Einzelkomponenten. 



I. Materialien und Methoden 

Tab. 1.2: Verwendete Reagenzien und Standardsubstanzen 

Methanol Chromasolv Riedel-de Haen 

Dichlormethan LiChrosolv Merck 

Hexan Zur RÃ¼ckstandanalys Merck 

Ethylacetat LiChrosolv Merck 

Aceton zur Spektroskopie Merck 

SalzsÃ¤ur (37 Yo) Riedel-de Haen 

SchwefelsÃ¤ur (95-97 Yo) zur Analyse Riedel-de Haen 

Brom zur Analyse Merck 
Milli-Q-Wasser aus einer Milli-Q-Plus 185 Anlage mit UV-Lampe 

Kieselgel 60 reinst (I2O0C geglÃ¼ht 2h) Merck 

Natriumsulfat reinst (6OO0C geglÃ¼ht 6h) Riedel-de Haen 

Kaliumchlorid zur Analyse Merck 

Kaliumhydroxid zur Analyse Merck 

Squalan Aldrich 
Alkane Cl4-C36 Aldrich 

OctacosansÃ¤uremethyleste Fluka 

FettsÃ¤uremethyleste 19:O Sigma 

Marin01 Standard J. Sargent 

Cholest-5-en-38-01-2,2,3,4,4,6-d6 (97,4 %) 

Cholesterol d6 Deutero GmbH 

BSTFA (Bis-Trimethylsilyl-trifluor(o)acetamid) Mackerey-Nagel 

Chlorophyll a,b Sigma 
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Hefi Nr. 1811984 - ,,Die Expedltlon ANTARKTIS I1 m ~ t  FS ,Polarstern' 1983/84", 
Berlcht von den Fahrtabschnitten 1, 2 und 3, herausgegeben von D. FÃ¼ttere 
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